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[ Abstract]  Objective To investigate the effect of Angelica polysaccharides on the balance of Th17/T-regulatory
(Treg) cells and the expression of related inflammatory factor proteins in the bone marrow of mice with aplastic anemia.
Methods 50 male BALB/c¢ mice were randomly divided into a normal group, model group, cyclosporine A( CsA) group,
and angelica polysaccharide low-( APS-L) and high-dose ( APS-H) groups. A mouse model of aplastic anemia was prepared
by combining irradiation with allogeneic lymphocyte infusion. After modeling, the mice were orally administered with
corresponding drugs for 28 days. The general condition, weight changes, and spleen index of the mice were observed.
Blood samples were taken to test for changes in basic hematological parameters of peripheral blood, and hematoxylin and
eosin staining was used to evaluate the pathological changes in mouse bone marrow tissue. An ELISA method was applied to
detect bone marrow TGF-B1. The expression levels of proteins such as IL-10, 1L-17A, and IL-6 were analyzed, and flow
cytometry was used in detecting the bone marrow Th17/Treg cell ratio. Results Compared with the normal group, the
model group mice showed clumsiness during activity; lethargy; pale eyelids, lips, and ears; and reduced food and water
intake. Both body weight and spleen index were significantly decreased. Peripheral red blood cell, white blood cell, and
platelet counts and hemoglobin concentration were significantly reduced. A disordered bone marrow tissue structure and
significantly reduced proliferation of hematopoietic tissue were seen. The expression of IL-17A and IL-6 proteins was
significantly upregulated, and the expression of TGF-B1 and IL-10 protein was significantly downregulated. The proportion
of Th17 cells in bone marrow significantly increased, the proportion of Treg cells significantly decreased, and the ratio of
Th17/Treg cells significantly increased (P<0.01). Compared with the model group, the general condition of the APS-L
and APS-H groups improved, showing an increase in food and water intake; a significant increase in body weight and
spleen index; a significant increase in peripheral red blood cells, white blood cells, platelets, and hemoglobin
concentration (P<0.05); an improvement in bone marrow tissue structure; and an increase in hematopoietic tissue
proliferation (P<0.05). The expression of IL-17A and IL-6 proteins was significantly downregulated. The expression of
TGF-B1 and IL-10 protein was significantly upregulated (P<0.05 or P<0.01). The proportion of Th17 cells in bone
marrow significantly decreased, the proportion of Treg cells significantly increased, and the ratio of Th17/Treg cells
significantly decreased (P <0.01). Conclusions Angelica polysaccharides can improve bone marrow hematopoietic
function in aplastic anemia mice, and its mechanism of action may include the regulation of Th17/Treg cell balance.
[ Keywords] Angelica polysaccharide; Th17/Treg; inflammatory factors; aplastic anemia; Danggui Buxue Tang
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Figure 1 Effect of APS on weight in AA mice
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Table 1 Effect of APS on weight and spleen index in AA mice

21 51 KH/g TS (me/g)
Groups Weight Spleen index
iEH 20 Normal group 29.12+2.51 3. 80+0. 46
FEHIZH Model group 17.23+2. 03" 2.14+0.31*
FAIZE A ZH CsA group  27.64+2.37" 3.25+0.29"
APS K4 APS-L group  26.39+2. 60 3.2240.31°
APS F R4l APS-H group  28.68+2.52* 3.65+0.36 "

TE HIEWAAMLL, "P<0.05; SHBI4IMALL, " P<0.05,
Note. Compared with normal group, *P<0.05. Compared with model
group, " P<0. 05.
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Table 2 Effect of APS on basic blood parameters of peripheral blood in AA mice

51 LLAf/ (%10 /L) P14/ (x10°/L) IR/ (x10°/1) £ H/ (g/L)

Groups Red blood cell White blood cell Platelet Hemoglobin

IEH# 2 Normal group 10. 0320. 84 6.31=0. 54 1750+105 165.2+13.2

BEHIZ] Model group 3.16+0. 37" 2.15+0. 32" 912+87" 91.3+9. 4%
IFTE A 41 CsA group 6.94x0.49 " 4.98+0.51" 1473101 " 130.6£12.0*
APS A4 APS-L group 6.38+0.71" 4.92+0.53"* 143599 * 122.5+11.9*
APS B4 APS-H group 8.66+0.75™ 5.47+0.55™ 1629+112 ™ 138.6+12.7"

VE: SIEWAILL, "P<0.05; SEURAMIL, * P<0.05, ™ P<0.01,
Note. Compared with normal group, *P<0.05. Compared with model group, * P<0.05, ™ P<0.0l.
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ﬁ;
X I 2 B A JE BT AR A 41 APS 5 A P (32s,n=10)
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R W S 1 2 U A B T R (P < 5 B ISR %
0 05) IJ_]L‘%:Z 3 Fé—] 2 (; ) Proliferation degree of
' ; e :E“ " ° roups medullary hematopoiesis
2.4 HENREHE TGF-BI‘IL-IO‘IL-17A A 1L-6 1E% 40 Normal group 90. 23+6. 17
£B8 ;Eij_;]quﬁg tt !_FS-‘Z FEAIZH Model group 41. 48=+5. 02*
e 4 B, 5 1E A LA Ee OB LR SR A4 gy 71.7026.49°
IL-17A IL-6 3 {1 ) 335 B & 1298, TGF-B1  11-10 APS LA APS-L group 68. 59:6.96
APS B4 APS-H group 77.40+7.05"

HEHMWFRIEW T IE (P<0.05) ; SEEAIAAALL, 36

0. HIEHF A, *P<0.05; SHERIAAHLL, * P<0.05,

@% A Qﬂ APS ’fEE ; Uiéﬂ IL-17A IL-6 E El E/J%% Note. Compared with normal group, *P<0.05. Compared with model

PAHH R (P<0. 05 8% P<0.01) , TGF-B1 IL-10 &  &ow. P<0.05.
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Figure 2 Effect of APS on bone marrow tissue pathology in AA mice
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Table 4 Effect of APS on protein expression of TGF-B1, 1L-10, IL-17A and IL-6 in AA mice

20531 TGF-B1/ 1L-10/ IL-17A/ 1L-6/
Groups (pg/mL) (pg/mL) (pg/mL) (pg/mL)
IE# 41 Normal group 8.31+0.92 75.68+6. 33 35.71+2.72 110. 35+9. 47
HRIZH Model group 3.520.37* 47.82+5.61% 94.28=+8. 62* 190.29+18. 38"
HIE A4 CsA group 7.28+0.61" 68.39+6.03 " 42.50+3.79" 141.1713. 92"
APS fiRFIH4H APS-L group 7.15+0.69 * 70.52+6. 84" 46.92+4.27" 136. 14x12.75 "
APS Fi#l42H APS-H group 7.84+0.75 " 76.37£6.69 * 39.40£2.93 125.08+11.69 *

T SIEWALLL, *P<0.05; SEOMLIARE, ©P<0.05, ™ P<0.01,
Note. Compared with normal group, *P<0.05. Compared with model group, * P<0.05, ™ P<0.0l.
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Table 5 Effect of APS on ratio of Th17 and Treg,
Th17/Treg in AA mice

215! Groups Th17/% Treg/% Th17/Treg
1E# 2 Normal group 13.05+1.37 9.16+0.91 1.85+0.23
FEHIZH Model group 23.12+3.09%  4.22+0.39" 6.76x0. 52"

I Z A4l CsA group  17.54x2. 117 7.3720.48* 2.35£0.25*"
APS K5I HE2H APS-L group 18.08+1.90% 6.35+0.62° 2.85x0.26""
APS FifiliE24H APS-H group 15.53+1.84™ 8.14+0.71% 1.91+0.24™

S IERAMLIL, *P<0.05, #P<0.01; SR, * P<0.05,
" P<0.01,

Note. Compared with normal group, *P<0.05, *¥P<0.01. Compared
with model group, * P<0.05, ™ P<0.01.

B3 MR RN BB BE Th17 il Treg 40 L 5] 4 52 i

Figure 3 Effect of APS on ratio of Th17 and Treg cells in bone marrow in AA mice
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Effect of folic acid on the expression of Flotillin-1 and 3-amyloid protein
in the brain of mice with Alzheimer’s disease inflammation

MA Zewei', HUANG Li', ZHENG Yunqgin', ZHANG Meilin"** | LIU Huan'**"
(1. Department of Nutrition and Food Science, School of Public Health, Tianjin Medical University, Tianjin 300070, China.
2. Key Laboratory of Prevention and Control of Major Diseases in the Population, Ministry of Education, Tianjin 300070.
3. Tianjin Key Laboratory of Environment, Nutrition and Public Health, Tianjin 300070)

[ Abstract]  Objective To observe the effects of folic acid (FA) supplementation on the expression of Flotillin-1
and B-amyloid protein ( AB)-metabolism-related proteins in the brains of inflammation-stimulated Alzheimer’ s disease
(AD) mice. Methods Twenty-seven 6-month-old male APP/PSI mice were randomly divided into AD, AD+LPS, and

AD+LPS+FA groups, with nine mice in each group. Nine C57BL/6J male mice born within the same month were used as

[E&mHE]EE A AR HAE (82173516)
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the Control group. The AD +LPS+FA group was given folic-acid-supplemented feed (8 mg/kg) for 3 months of

intervention, while the other three groups were fed normal feed. Lipopolysaccharide solution (LPS, 250 pg/ (kg « d) ) was

injected intraperitoneally into mice in the AD+LPS and AD+LPS+FA groups 1 week before the end of the experiment, and

saline was injected into the remaining two groups. The serum inflammatory factors TNF-a and IL-6 levels and brain tissue

AB,_4 and AB,_,, levels of mice in each group were detected by ELISA. Flotillin-1 protein expression in brain tissue was

detected using Western blot, and the co-expression of Flotillin-1 and AB,_,,, APP/PS1/BACE1 in the cortical region of the

brain was detected via immunofluorescence double-labeling. Results

After ANOVA analysis, we found mice in the AD

group had elevated serum TNF-a and IL-6 levels (P<0.05), elevated levels of AB,_,, and AB,_,,(P<0.05), increased
expression of Flotillin-1 protein ( P<0.05) , and increased co-expression of Flotillin-1 and AB,_,,/APP/PS1/BACEL in the

cortical brain tissue (P<0.05) compared with the Control group. Compared with mice in the AD group, those in the AD+

LPS group had further increases in serum inflammatory factors and AP levels in the brain ( P<0.05) and increased co-

expression of Flotillin-1 and AB,_,,/APP/BACE1 double-labeled proteins in their cortical brain tissue (P <0.05).

Compared with mice in the AD+LPS group, those in the AD+LPS+FA group had lower in vivo inflammation levels and AP

content in the brain (P<0.05), lower brain tissue Flotillin-1 protein expression ( P<0.05), and lower Flotillin-1 and

AB,_,,/APP/PS1/BACE1 protein co-expression in cortical brain tissue (P < 0.05). Conclusions

Folic acid

supplementation may reduce Flotillin-1 protein expression and AR deposition in the brain of AD inflammatory mice.

[ Keywords]

folic acid; B-amyloid protein; Flotillin-1; Alzheimer’s disease; inflammation
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PWHAGRA A, 15 . 2F-0316) 5 LTS
KPR EREAEYEARARAR, P HE, %
2. EF0004) ,

ChemiDocTM XRS &% & %t ( Bio-Rad, 3£ [, !
5 :721BR03087) ; Z I fie i i 1Y ( Bio-Rad , 5[5 , A
5 : SYNERGYMx ) ; H3 Uk X ( Bio-Rad, 3 [, %15,
024BR09569) ; 8] & 9 ¢ 1. 18 BE ( Olympus, H 7, 5
2 .1X2-UCB) ,
1.3 EXWHE
1.3.1 i 5 T

W EMESE 1S B CSTBL/6] /N BRAE A B

H= % R ( Control ) 4, APP/PS1 /N ELBEHL 2> 4 AD
20 AD+LPS 4l AD+LPS+FA 4, 44149 H ., AD
+LPS+FA 41257 M@ #b 71k (8 mg/kg) T 3 4
H A 3 45T m R R LA AT 1
X} AD+LPS 20 5 AD+LPS+FA ZH/NEUE s 5t Ig £
BEZR I (LPS,250 pe/ (kg « d)) , HAYPLH 3 5 A4 28
oK, SEEREEH pr /NS R, SRR A O,
IRACAL B BRI I W7 Sk B o7 R ki 2H 21, g 4 Bl
HLIEIC 5 Ry ok Ja /A7 T-80 CukFi s M, o)
Gh 4 HF 4% 2 R FEEREE , - 7AW XY A,
1.3.2  BEHE S a5 (ELISA)

O o I 4L 2, $e i /AR Bk 12 9 A PBS
SRR WL S SR 2 RIF GRS T 4
°C 14 000 r/min &.0> 15 min, B EWEREH., #H
INELAB, ,, AR, B ELISA i85 &, AR 5 Ui i 45
Y5 AR 2D TR AT A, AR 00 2 25 FL RO
H.( A450) , AR 5 b o il £, D o i 41 20 50 3%
AB\ o F1 AR, MIMREE, fi ] BCA & 11 € it 1l 7
EME MG 25 W B R o, e R R
FEAEENIRIE A KA N AR W&, B
A, 250045 2 i v, 4 /N B TNF-a A1 IL-6 1Y
ELISA 200 & , 4% RR U6 45 2D BRERAE A I /1N BRLAD 5]
I TNF-o IL-6 155,

1.3.3 Western blot f:jll

B /N BRI AL 2503 I RIPA 24 i 4
BUBER T, BCA 7 & s 2 vk B i - e
FEEA 44 — 2R TR s P B 458 1 FL VK ( SDS-PAGE) 43 5
ML R EH A ENE AR R ER MR
(PVDF) i I, 5% Wi AR Wby £ 0, TBST VIS, Fs
PVDF 5 A — 0 # B W ( Flotillin-1 (1 = 2000) |
GAPDH(1:10 000)) 1,4 CHHF IR, HFE—
Fi B, TBST A5 3 ¥, AR 10 min, ITA — 4 (1
10 000) , IR E 1 h, TBST VMR 3 5 , /8 ECL
WA & 2R, &8 8h BB A I, A Image
Proplus 6.0 %4 i1 57 & > 54 19 JK BE{H. DA
GAPDH N NZ: , Control 404 1 HEFTH— 1L AL 3, it
A2 Flotillin-1 8 F A AHXT Rk &

1.3.4 Gty

K FH %6 6 BUbR 7 WL 5% ik 2 28 Flotillin-1 5 AD
HHXE A AB,_,, JAPP PS1 BACE1 BN, $A
YR T 60 CHHIRA#E R 15 min J5 #4758 50
Jutt,  ARUCHEAT NS KAk R T BR A TR 4R
ALY BUREMBRE L B A A R, SR
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TEFE T BT Flotillin-1 (1 : 100) , B 3T AB, , (1 :
100) BT APP(1 : 100) (BT PS1(1 = 100) | BT
BACE1(1:100)4 CH#¥H 12~16 h,PBST #Ei&YI H
J& , SPSHBE P (L AEBT %R 1 2 100 FHLEEST R
1:500) % HEBFE 1 h J5, & DAPI BToOL T
AN BB DO W NS, BENLE B B
ANERIGZH 21 3 A~ JE E S R T DX Y e A B AL T (x
1000) , A3 B TR 98 AUhR 19 2 1A% 10, BT
PIE DA AL H A
1.4 FitEHRZE

B di 4 3R ] SPSS 25.0 Fl GraphPad Prism
8. 0 Gt , T TR R LIS S B A i 22 (rs)
TN HCBCR I 22508, T HLAR T LSD A6 50 8
Welch #1F )5 2% ] Tamhane’ s T2 #:55., P<0.05 N
LZRAGIEEY,

2 HR

2.1 MmiFEREEKFE

2/ TS RAE ] 7 TNF-o S B 1Y 8, 4
TEN, ZRAFITFE X (F=68.625,P =
0.000) , 5 Control ZL A EL, AD 41/ EUA N TNF-a
KT (P<0.05) ;5 AD 441 H, AD+LPS 41 /)\
L TNF-a 7K -t — 20 F+ 185 (P<0.05) 5 5 AD+LPS
AL, AD+LPS+FA 4/ UM TNF-a 1 52 FF A%
(P<0.05), 205 2250 M, 25 4/ BUILTE 20 X
-6 ZREAZRIT¥E X (F=14.359, P =
0.000) ,5 Control ZHAH L, AD ZH/NER 11-6 7K F-FF

1 (P<0.05) ;5 AD 41AH H, AD+LPS 41/ BRI ¥
1L-6 7K V-3 — T (P<0.05) ; 5 AD+LPS 2H A
Fb,AD+LPS+FA 2/ UM E 11-6 & m K (P<
0.05), L% 1,
2.2 MMZHZLA ABKFE

FA/NRIGAH L AR, M, & 25
Wi, 2R ARSI FE L (F=10.271,P=0.001), 5
Control ZHAHEL , AD Z/INERAG P AB, o KT+ (P
<0.05) ;5 AD dHAHIL , AD+LPS ZH/NERUIR Y AR,
KFEFHE (P<0.05) ; 5 AD+LPS 4140 [t , AD+LPS+
FA /NN AB_, FEIR(P<0.05), &5 2557
B, S A/ NRURHL AR, TR ZERHAG I
BN (F=13.613, P=0.000) ,5 Control I, AD
M/ AR, K FFHE (P<0.05) ;5 AD 414H
Fo,AD +LPS /NG N ARy, K F T (P <
0.05) ;55 AD+LPS 4 At , AD+LPS+FA 41/ BUIG
N AB,_, K (P<0.05) ,AB, .,/ AB,_,, WEA [FHFE
My 22, Wk 2,
2.3 FNZE4E Flotillin-1 fRIZEARIE

/N BUIRZH S Flotillin-1 85 2R 1 LR,
2t Control 213 —fLALBIS 7 220087, 2 A Geil2#
B (F=35.385,P=0.000) , 5 Control 14 t,AD
ZH/NEUIK Y Flotillin-1 35 H AN (P<0.05) ; 5
AD I EL, AD+LPS 41/ U N Flotillin-1 2 (3
IKER TG FE ;5 AD+LPS 4L, AD+LPS
+FA 41/ BUIR N Flotillin-1 & FH ik &/ (P<
0.05), LK 1,

F1 HA/NRIMT TNF-a 5 10L-6 F i (x+s,n=5)
Table 1 Levels of TNF-a and IL-6 in the serum of mice
205 Groups Control AD AD+LPS AD+LPS+FA
TNF-a/ (ng/L) 93.12+4.911 175.94+15.82** 221.96+21.91" 174. 43+9. 08"
IL-6/ ( pg/mL) 6.730. 65 9.10£0. 67 ** 10. 49+1.60 7.83+0.50"*
5 Control 41HLEZ, * P<0.05;5 AD+LPS 41H#%, *P<0.05,
Note. Compared with Control group, * P<0.05. Compared with AD+LPS group, *P<0. 05.
x2 %éﬂ/]\ﬁﬂﬂfﬁﬂgﬂ ABFAO 5 ABisp é\ﬁ(ii57”:5>
Table 2 Levels of AB,_,, and AB,_,, in the brain tissue of mice
215 Groups Control AD AD+LPS AD+LPS+FA
AB_4( pg/mg) 102. 54£9. 31 130.24=13.08 " 160. 10+27. 63 119. 56=10. 83"

AB - (pg/mg) 17.74+2. 04 26.50+5.25 "

AB _pn/AB 4 0. 17+0. 01 0.20+0. 02 **

36.84+7.15" 24, 68+2.93**%

0.23+0.02* 0.21+0.01**

7 .5 Control ZHHLES, * P<0.05;5 AD+LPS 4145, *P<0.05,

Note. Compared with Control group, * P<0.05. Compared with AD+LPS group, *P<0. 05.



14 Hh ] R PR 22 24 7 2024 4F 8 45 34 445 8 1 Chin J Comp Med, August 2024, Vol. 34,No. 8

2.4 ALRKEKRRK Flotillin-1 5 AB, ,, 7 E
*

e 2 PR, 25 /U ZH SR R IX Flotillin- 1
BB AR IR 2S5, WA
T B R 2O BB 5 4 T Y BUR:, SRR R

T 5 Control 41 ILEZ, * P<0.05;5 AD+LPS 41 1L, *P<0.05,
1 54/ B2 Flotillin-1 #1123k (n=5)
Note. Compared with Control group, * P<0.05. Compared with AD+

LPS group, *P<0.05.
Figure 1 Expression of protein Flotillin-1 in

brain tissues of mice

Flotillin-1 5 AR SACHIAH G I ILFRIRTE I, 45
LW, K AW EFA R FEE X (F=73.300,P=
0.000) , 5 Control ZHAH I, AD 2 /N EUIK N Flotillin-
1/AB,_y, MAREHIIN(P<0.05) ;55 AD AL,
AD+LPS A XbRE FHIE N (P<0.05) ;5 AD+LPS 4
HHEL, AD+LPS+FA £ Flotillin-1/AB,_,, XUbR 2 F U8
B(P<0.05), W 2,
2.5 MALARERK Flotillin-1 5 AR £ HBXEH
(APP .PS1.BACE1) 553t Rix

WK 3~ K S s, £ 41/ B 4121 5% it X
Flotillin-1 5 AR AR AHCE A2 RIB L, &
Jr 2000, R BA G247 SL(APP F = 52. 256,
P=0.000; PS1: F=30.693,P=0.000; BACEL: F =
62.549,P=0.000) , 5 Control ZHAH F, AD #H/)N B
4 Flotillin-1/APP Flotillin-1/PS1 Flotillin-1/BACE1
H AR IS 22 (P<0.05) ;5 AD dAH L, AD+LPS
#2H Flotillin-1/APP _Flotillin-1/BACE1 XbR 25 134 Jin
(P<0.05) ,Flotillin-1/PS1 XbpE A LG 245 X
5 AD+LPS ZHAH [, AD+LPS+FA £H /)N BN 40 21
B [X. Flotillin-1 5 APP PS1.BACE1 L5 i Fik i1y
AW (P<0.05)

W KAL) A AR R = 10 pm (1000x) . 5 Control ZH IL#E, * P<0.05;5 AD+LPS #H1L#:, *P<0.05,
B2 £4/DRIRAL Flotillin-1/AB,_,, SEEIEEEH (n=4)

Note. Brain biopsy scale = 10 pm (1000x). Compared with Control group, *“P<0.05. Compared with AD+LPS group, *P<0. 05.

Figure 2 Immunofluoressence result of Flotillin-1/AB,_,, in the brain tissue of each group of mice
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IR Z A AR R =10 wm (1000 ) , 5 Control 4 [L#5, * P<0.05; 5 AD+LPS £ HL#¢,* P<0. 05,
B3 &4H/DEUREL Flotillin-1/APP % 455 (n=4)

Note. Brain biopsy scale=10 um (1000x). Compared with Control group, * P<0.05. Compared with AD+LPS group, *P<0. 05.

Figure 3 Immunofluoressence result of Flotillin-1/APP in the brain tissue of each group of mice

TE L H FR R =10 wm (1000x) , 5 Control 4L HLES, * P<0.05;5 AD+LPS 41 b4, *P<0.05,
B4 FH/DEINAL Flotillin-1/PS1 fHETE L5 H (n=4)

Note. Brain biopsy scale=10 wm (1000x). Compared with Control group, *P<0.05. Compared with AD+LPS group, *P<0. 05.

Figure 4 Immunofluoressence result of Flotillin-1/PS1 in the brain tissue of each group of mice
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IR Z A AR R =10 um (1000 ) , 5 Control 20 HL#2, * P<0.05;5 AD+LPS £l L#, *P<0.05,
B 5 £&H/DFIR4L Flotillin-1/BACEL D G4 R (n=4)
Note. Brain biopsy scale=10 um (1000x). Compared with Control group, * P<0.05. Compared with AD+LPS group, *P<0. 05.

Figure 5 Immunofluoressence result of Flotillin-1/BACEL in the brain tissue of each group of mice

3 itig

RAEE AD 9 T A J 25 V) AH G, i 48 ROAE fi2
HE AR M= E SRR ARBFSER X APP/PST
/IN B Fis T 558 LIPS 1) 5 12 A S DA R s 1 A A A R
K AR FRFRFFIE, 455 A B, LPS Hl# AD /LA
RAE K 3 IS AB, L, 5 AR, , & i
S RTE S 1IN

Flotillins {3 21 il P 7 41 g S b e o R A8 v i
BUKEH, FES5ESHSME-EAHEEEM,
H ok &2 (3E 38 1 Flotillin-1 AU 25 AD Y
PERAT X Flotillin-1 %5 APP ZEERRE L, B 5
TEMRESE A R ARG KL, 5 Control 41
/NER EE, AD ZNER B AD 42 E /N BUI A Flotillin-1
B3R B RN, AT B2 Flotillin-1 [ & 1A 145
i APP AR AR 1 TAE V-3 2, 3E M S 3 AR 1Y
PP, AR, M AR, BT REMI M,
DY SRR, A E R ZEE . AR5
%f Flotillin-1 #1 AB,_,, 2 APP . PS1 BACE1 #1771
IFENIRGI , 5 R%&BL, 5 Control 41/ L, AD
F AD +LPS ZH /)N BLH N Flotillin-1 5 AB,_,,/
APP/PS1/BACE! HAric I Rk W HH £

W] Flotillin-1 5 AR ARMHAH SCHE 11 A AHOC M3 3%
AN AT AD 2H, AD+LPS 2H /)N BLR il Bz J5i X rp
5 AB,_, Ml APP BACEl HAricE i — L1 £,
PR RIENERZS TR, Flotillin-1 F5 145 AB, _,, XHi
&) APP Jiff BACE1 Z[A] ] BB 2% 7™ A5 B i (1) AH G 1k
SAHEAER, A% APP (N T, S0 APP Ay 2
fift . BLAN, Flotillin-1 804 AP A AR I 2 11, PRk
AD /N Flotillin-1 #3538 2 32 W] BEAA 7R M A
oY B—YE M RE AR AR AT DO dE REAL AT I
HEIMN AR AKF IS A AR

IR 2 T ) O B 3R 2, T R b e (R 4 1
F AR R KSR A IR T E
ZEM, #hFE R T AD /BN 4140 AB T
0T HHLHI AT BE S R 0 BACEL ik & ifi
DNA HIEEAL 22 s i AR AL 3¢ miRNA 23k
A ARBEFE K E S T Flotillin-1 &, %A
A ST LN AT T 3 AN H By b 72 1
T, 45 5 B, R X 4 AE IR B ARy, A
AB_yo VIR AE F= A D055 M ., I 82 4 78 7T R AR
AD JAE/INEUB N Flotillin-1 85 [ 1Y 28 3% &, 18 /0 ik
N5 X Flotillin-1 5 AB,_,, .APP PS1 BACE1 3t
FE A B R IR, X R B AR e ek R nT DL T
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Flotillin-1 & 1A 2635, 182> AR, H H.I R % i 21 21
AB ULFRIIVEFH AT RE 5 Flotillin-1 A4 ¢, 1R 2H Fif i
W5 & B, iR B = Al 52 ma R 4h N2a-APP 4 fig A
SAMNBR A i 20 R X Flotillin-1 (14998 45
S et AT Re i S I AR A AR AH AR 1A ik
WL REVE R, AR W58 & B, MR T 101 i % R AIX
AD RAE /N BN A R GE K, 5 BE A0 5T 45 R —
OO R R AR — e R RS T R AN T
X AR TUARAIE #EAE H

Zi b R R AN TR TR BB MBIk /> AD R AE
/NI Flotillin-1 S AR AR, WIRE MR IH
AD $RAGHINR R, SR, R FARAFE—EA R,
W FRTE IS PR R v e B R AR TR REAZREAIL AD
RAE/NEUR N Flotillin-1 K A AR A 6 & A £ ik
X, i AN BEIE B R A2 5 0 Flotillin-1 #F 17
W AR AR B, 5 S 5T T R B R Flotillin-1
FHOCTE PRI DA — 2 B0 ik, e Ah, i AN 335 2 8 A U8
TEM TR AT Flotillin-1 3 B2 52, A SRAT) L2 4k 22
AR MR AD B VR FALH
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[ Abstract]  Objective To assess the feasibility of establishing a nude mouse model of endometriosis fibrosis of
human origin and to determine whether endometrial mesenchymal stem cells are involved in inducing endometriosis fibrosis.
Methods Four endometrial tissue specimens were collected and transplanted 1 @ 3 into 12 BABL/c¢ nude mice by
subcutaneous injection. The morphology and volume of the lesions were recorded. The nude mice were sacrificed on the
15th day after transplantation to observe the morphology of the lesions and their adhesion to the periphery of the abdominal
wall. HE staining was used to judge the result of modelling, Masson staining was used to assess the extent of fibrosis, and

immunofluorescence was used to track the role of endometrial mesenchymal stem cells in the fibrotic process of
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endometriosis. Results The volume of ectopic lesions in nude mice increased over time and showed restricted, vesicular-

like changes. The tight adhesion of the lesions to the abdominal wall, endometrioid glands, and collagen fiber deposition

were seen microscopically. The success rate of the modelling was 83.4% , and the collagen fiber volume fraction of the

lesions was significantly higher after modelling (P<0.01). Confocal imaging suggested that endometrial mesenchymal stem

cells (SUSD2") differentiated into myofibroblasts (a-SMA™) in vivo. Conclusions The nude mouse model established by

human allogeneic transplantation via subcutaneous injection was consistent with the lesion characteristics of endometriosis

fibrosis. The modelling method is simple and feasible and provides a better reference model for further investigating the

pathogenesis of endometriosis fibrosis. In addition, in wvivo observations using the model indicated that endometrial

mesenchymal stem cells are involved in inducing the formation of endometriosis fibrosis.

[ Keywords ]

mesenchymal stem cells

endometriosis; animal model; xenotransplantation; fibrosis; BABL/c nude mice; endometrial

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

T B NI SAAE ( endometriosis , EMS) 8 T B M
IS A B [B] 5 A= K AE 15 i AS R, R
AL PR Ao JRE B MR R A R R R ¢ R
" R 10% ~ 15% B Itk . 4k
S A W B 2R R AR T A AR AR R Tk
EMS £ 3 4 R KO R E =R S
EMS 2144 14 A AL o R BB B4 W58 4 BT
"B PR E] 725 T 40 MY ( endometrial mesenchymal stem
cells,eMSCs) 55 EMS £F 4ifb pERE S PIAI S BE
P14 P M DM IR ) 1 PR S5 e X 1 S92 6 14 AT R
WA E AT SR ) Sh RS S U B, ARG 24
TR BT V5 B RN U T N R 0 T i
7 EMS ZF4EA#R BB HY ) PP Ak 2R B ST Y T R
P, 72 IR AR P IB ER eMSCs HYfiriz, it — 2
IE EMS LR4EAL B AL 25067 St al {5 /Y
TR BESESERL

1 #eFnrE

1.1 SEIHM
1.1 SE8shy

Wik SPF 4% BABL/c #1512 2,6 F#s, (A&
18~22 g, T4 K 2% F AL B 2ty [ SCXK (F5)
2022-0009 ] , TEVLIRA H BE 2581 5 B sh ) vh o gk
Frocs [ SYXK(750)2021-0025 ], A< S5 3347 3R Jit
U 3E Ak VT 48 v R 24 0 5T B 2 ) S 0 40 3 A
(AEWC-202211125-250) ,
1.1.2 FpA

SR E WA 2Lk H 2023 423 A, [+
BV AE R MR VLIS h I RS E BT
I 2 W R B R B 3 A 4 ] R AR RS 23
~48 %, FARTT 6 A WA MR RilCE
BNEEEREE 2 B RE E R S e B R S 3

A E IS, 2 B R A W e N AR AR AR R
CLIE A VL5 48 v s 45 6 5 B 48 B 25 51 S it
(2023-LWKYZ-016) .

1.2 FERFSNE

DMEM/F12 #5373 (R P0CE 4 58 4 a5 A TR
3], PM150316) ;3 89 20 2 [ 5 9 (I FE 4 /R
YR A RS 7], G1101-500ML) ; 8 R £h 2% wh ik
( phosphate buffered saline, PBS, Y175 1 3& 4= ¥ 5 K
JeAn A BN 7], KGB5001 ) ; 5 £ -85 XN W
(Gibeo, 2 [, 15070063 ) ; o —F 1 WLALSH 5 1 («-
smooth muscle actin,a-SMA) A (&5 ( HiE) 4
VIR A PR N 1], abs130621) ; SUSD2 ( Sushi domain
containing 2) HTK (Sigma, ZE[E ,HPA004117) ,

1300 F51 11 9% A2 RIA: W% 4 A (TR KR
(TN XA B, 1374) 5 HLFRR AN (3 BT
XA I3 A 2% T, 13300 ) 5 Ji 7K #L ( DIAPATH,
Donatello) ;£ HE AL ( #4275 HL T BR A W, JB-
P5); i H D) AL (R R ALER AR A AL
RM2016) ;% &5 (R IR A F A FRA AL IB-LS) ;
LM BL (U LA A A T BR b AU 5 5 A BR A
A, KD-P) ; 657 G (AR (R ED A BRA
A),CKX41) ; IRBIBY AR BREE (1L A BT e BT 25 I
A BRA T 520 mL — A FAMIFL G B %5 24 7 5
A1 mL — WP JC B R G 2 (L 7R R e AR A
HmaFhls A RARD)

1.3 SLWAHE
131 ARAREL S Ab 2

WA E RS N 2EARMNETE B HZ5
T BRI B I PR o B2 A 08 3 4 S5 WO
ST R, BHR T LR 1/4 FH T E R A
YIR e, AR ET IR R -HERRR D, K&
MR E YR AR B K A A i B R TR AR



rp [ A PR 2 A A 2024 4F 8 H AR 34 555 8 ] Chin J Comp Med, August 2024, Vol. 34 ,No. 8 21

W45 A A B C.D, [a]— 35 A 0 A B 2H 2 9
A1 PBS R 3 WE AR I i sk Ea, 4140
T5I R GRS RV I N 2 2 o i L3R 1, AR} Y
P H BTN 4 mm® K/ANIRER 10~ 12 Hhy—
4,5 T 0.3 mL 1 DMEM/F12 #5355 50 R4, ke
AL IR B 2 oY) D MEAS 45T | B4 b 2 ) 2 42
1E 30 min N,
1.3.2 B RS AR

TEHCH B E h & 54 T 7Lk s Zerb i it
BE A A DN R 5 R RE 2 [ i A3k 5= A Sk oA
R 1 mL B RETRIRCE AT RSO TR AR,
HEHZ 20 mL AL S8 5T K WRGRTI ST RAT , 58 4
W 2R e e R 2 A A2 T IR ITORR B 7 B2
JoR PR FERR BRI R AR, 2R 5T 550 R0 B RV 22, ST R F
Ca) b A7 P A 28 At 300 dhgF e m b4 S e
J& B SeHEAt FE AL, TR T I 5 R N I A 2 2%
P TH B A He TR E A5, R b A oW R AL
ZUm R G 1 BN A SR A S 3 AR L
PRARICSG Ab B B TS B AR~ (B 1) .
1.3.3  JRkEHUR

FERTY H 30 DO, D15 F0AHE I F 2 b SE 4 L,
THEENE AR IR, 5 IR ) 59 U5 I8 rf 46 89 JF )2 Bk, 487
By i R R S AR AR KA R A kL, PBS
PEUk)E 4 °C [ T AV 2L 2 W, 24 h S5 BRI
WA A EY) A
1.3.4 WEHER

R — RS B AR A IR . B DO &
HOURER IR POK G A JC 5% 06 sl 4, id ¢ 5 H
BREU b B TR AP, D15 5 88 ik kE L4
H5 I RERG % I | 3R 1A TG B 40 I B A 5 ekt

x 1 AT ENBEHBORPIG R TR

Table 1 Clinical data of human endometrial tissue in four cases
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Note. A, Hysteroscopic scratching of endothelial tissue. B,
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suspension. D/E, Subcutaneous push grafts. F, Lesion

measurement.
Figure 1 Establishment of a nude mouse model of

endometriosis fibrosis of human origin
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Note. A, Lesion morphology on the skin surface at different times. B, Lesion morphology after skin exposure at D15.

Figure 2 Lesion morphology by naked eyes
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Note. A, Histogram of frequency distribution of limited lesion formation. B, Histogram of frequency distribution of vesicular lesion formation.

Figure 3 Histogram of frequency distribution of characteristic lesion morphology formation



H ] LA R 2 24 2024 4F 8 H 5 34 555 8 1 Chin J Comp Med, August 2024, Vol. 34,No. 8

23

2.2 RKERT

P v e DX IR T 7S, 2o A i Y A VR AR A 8 T
W, gkt SR B, 2SS B D) A ZH S UK R A B D B ER
JAEAARFRAE D3 B IR B4 E, 5 kTR A R IR UL
AHAT s Bl s £ X BT/, 22K TR C RO k1A
FRBERF ] 48 /)N, 78 D9 D13 /N T4 4155 B D #
UL, 2 50 Gt L (P<0.05), D15 B 22 5
3 (P<0.01) ,HE G037 20 2R PR AR B AL
A1 AT, DA B 7R BT ) A U 78 5 kL i
e T, JCAACRR A 37 82 0 T L UR S e i 52 45 SR
(El4),
2.3 BTHELAENT

TR B A7 I 2H bR A B SR 1 5 P IR
PRI JoT 25 4, AR b e S AR HE S, AR AT UL ZS
W RS H 2 T8RN LA J6 6 40 1 45 f
LR ARG A 2 BG A Bl ) T A B IR A 5 B 1)
O s SR R Ay DA S R A | R TR B, 5 R R
PRESSRAMAT, WS SO AR AR & RN A
HEA MO SN AR A 9 1 O B0 A e
N7 et V- BB AR AR L K Ta) R AN — | ] BT
LRI A L BAIME P44 8 (E 5) .
2.4 AHENEEITRE

Masson %@E, T AL N IR ZH 4 A0 iR 2SO E

TE: AR 2, D9 D13, D15 I, 5 LUK ¢ #
BURALABURIIL, * P<0.05, ™ P<0.01;B. £1 {0 B2 42 7 Bl X 45
WY D15 RHEHZURIR A B .C.D BREU Bkt
4 TR

Note. A, Lesion volume change curve. At D9, D13, and D15,
compared with the volume of lesions in tissue-derived C nude mice,
*P<0.05, "™ P<0.01. B, Area circled by the red dotted line is
the skin surface lesions of tissue sources A, B, C, and D nude
mice at D15.

Figure 4 Lesion volume change
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Figure 5 Histological comparison before and after modeling



24 T A R

2024 4F 8 A4 34 555 8 1 Chin J Comp Med, August 2024, Vol. 34,No. 8

W, T €0 M T A A AL 5 T AR S R kR D) R R AT
DL S e D T A SR A 18 T 1 A 96 P ] DL /D i
LRAEDTRY, 3 B k2 2 A M 4T A 28 B A B
WETR (P<0.01) , ZRAGIEE X (K 6),
2.5 HEBERGER

R GLE R B, TR R T 5 N

T A SERET 5 RRET e 04 ; B 3 BEAT G

R SEER A SUSD2 #4557 b 32 38 T 1M A A, /b
DB 2T 40 1 o-SMA |, 2 J6 I g 36 5 A ; 1 1 A
J& SR AR T eMSCs A B L I E S
a-SMA B IE 7 Rk 2 AFHE (B 7) , 2B eMSCs
TE EMS 27 2 A6 55 k8 ik 72 b ) L8 21 4% 41 g
AN

BIRAB L, SEMRTHLEL, ™ P<0.01,

B 6 EEIHT . &S Masson et 5 CVF

Note. A, Distribution of collagen fibers before and after modeling. B, Collagen volume fraction before and after modeling. Compared with

before modeling, ** P<0. 01.

Figure 6 Masson staining and CVF before and after modeling
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Figure 7 Comparison of immunofluorescence staining before and after modeling
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[ Abstract]

Objective To analyze the morphological and structural changes to pulmonary arterioles in rats induced

by smoke exposure combined with Klebsiella infection, and to evaluate the severity of the pulmonary arteriolar lesions.

Methods Pulmonary arteriolar images from lung sections of control and model rats treated with smoke exposure combined

with Klebsiella infection were analyzed by qualitative and quantitative method. Victorian-blue-stained sections were used for

the detection of pulmonary arteriolar muscularization, vascular wall thickness, vascular occlusion score, the intima

thickness and media thickness of muscular arterioles, and neointima proliferation. Hematoxylin and eosin-stained sections

were used for the observation and detection of inflammatory cell infiltration and plexiform lesions around arterioles. Van

Gieson-stained sections were used for the observation of collagen fibers in the intima and detection of the percentage of

collagen fiber area in the arteriolar wall. Based on the above analyses, the degree of pulmonary arteriolar pathology was

rated according to Heath-Edwards criteria. Results

For <50 pm diameter arterioles, the percentage of non-muscular

vessels was significantly decreased( P<0. 01) , the percentage of muscular vessels was increased( P<0.01) , the percentage

of partial muscular vessels was not significantly different( P>0.05) , the thicknesses of the non-muscular vessel walls and

muscular vessel walls were significantly increased ( P<0. 05,P<0. 01), and the occlusion scores of both non-muscular and

muscular pulmonary arterioles were significantly increased in the model group compared with the Control group( P<0.05,P

<0.01). For 50 wm<diameter<<100 pm arterioles, the percentage of non-muscular vessels was significantly decreased( P<

0.05) , the percentages of muscular vessels and partial muscular vessels were not significantly different( P>0. 05) , the wall

thickness and occlusion score of muscular vessels were significantly increased (P<0.05),

and the wall thickness and

occlusion score of non-muscular vessels were not significantly different in the model group compared with the Control group

(P>0.05). Compared with the Control group, the model group showed significantly increased intimal thickness and media

thickness and significantly increased perivascular inflammatory infiltration score in both muscular arterioles of <50 pwm

diameter and 50 pm<diameter < 100 pm( P<0.05,P<0. 01).

In the Control group (n=9), only one section with two

neointimal lesions was found, and the degree of neointima proliferation was 1. 61%. In the model group (n=10), five

sections had neointima lesions, and the degree of neointima proliferation was 1. 04% to 17. 14%. No plexiform lesions were

found in any section. For pulmonary arterioles with a diameter of

<100 pm, there was no change in the expression of

intimal collagen fibers in the model group compared with the Control group, and there was no significant difference in the

percentage of collagen fiber area in the vessel walls (P>0.05).

According to Heath-Edwards criteria, the pulmonary

arteriole lesions in the model rats did not reach grade III. Conclusions The model rats showed pathological manifestations

such as pulmonary arteriolar muscularization, thickening of the intima and media, and mild to moderate inflammatory

reactions around arterioles. The low amount of neointimal proliferation and collagen fibers in the vascular wall and the

absence of plexiform lesions suggest that the model may be up to grade Il lesions, according to the Heath-Edwards criteria.

[ Keywords ]
evaluation; neointima;

infection ; rats

plexiform lesions;

pulmonary arterioles remodeling; grade II lesions ( Heath-Edwards classification ) ; pathological

cigarette smoke exposure combined with Klebsiella
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Figure 1 Process of pathomorphological examination of pulmonary arterioles
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Figure 2 Morphology of non-muscular, partial muscular and muscular pulmonary arterioles (TANAKE Victoria blue stain)
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Table 1 Percentages of N-MPA, P-MPA and MPA of rats between the two groups
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X I ZH
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S
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T SR, " P<0.05, ™ P<0.01,

Note. Compared with Control group, * P<0.05, * P<0.01.
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rats between the two groups
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Table 4 Small pulmonary arterial wall thickness of
rats between the two groups

e o GE] £ T T F/ A WRURE R
Diameter, D Groups N-MPA MPA Diameter, D Groups Intima thickness Media thickness
i IR T HE 2
AL 2.400+0. 555 4.213+1. 160 MR 1.860+0.413  2.354+0. 816
Control group Control group
50<D - 50<D R
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i R apiliEs
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74 4 =2 .
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T X AL, T P<0.05, T P<0.01,
Note. Compared with Control group, * P<0.05, ™ P<0.01.

TE: S5XHRALMLE, * P<0.05, ™ P<0.01,
Note. Compared with Control group, “ P<0.05, ™ P<0.01.

B3 KREM/NIIKEE BRI (L2 RV g ) 4 )
Figure 3 Morphology of pulmonary arterial wall in rats (TANAKE Victoria blue stain)
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Table 5 Inflammation scores of small pulmonary arterioles and

plexiform lesions of the vessels between the two groups

j KE/}{E LN N R
) - RKES A N>
D$1r{um0 G,Etv] ) Inflammation score I/ %
iameter, roups (score/avessel)  Plexiform lesions
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L 1. 2280. 590 0
Control group
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BRI ZH w 0
Model group 2.005+0. 552
i HE 4
X4 e 1.611+0. 551 0
50<D=<100 Control group
<10 g *
: 2.271+0. 525 0
Model group
VE: SXHRALMILE, © P<0.05, " P<0.01,

Note. Compared with Control group, * P<0.05, ™ P<0.01.

B4 i/ N cET A BT I

Figure 4 Neointima formation in a arteriole

B 5 fili/Nal bk B S0 4 IR T -2 (HE B ()

Figure 5 Scores of inflammatory cells infiltration around a pulmonary arteriole ( HE stain)

B 6 ili/Nsh ke IR 4T 4 i 2 5 (Van Gieson Je{f)

Figure 6 Collagen fibers of pulmonary arteioles ( Van Gieson stain)
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Research on potential dominant diseases of traditional Chinese medicine
in the treatment of geriatric diseases based on bibliometrics

ZUO Yiming'?, YANG Zhihan'*, SHI Guohua'?, LYU Shichao'** , LIU Xuezheng'**
(1. First Teaching Hospital of Tianjin University of Traditional Chinese Medicine, Tianjin 300381, China.

2. National Clinical Research Center for Chinese Medicine Acupuncture and Moxibustion, Tianjin 300381)

[ Abstract ] Objective  Bibliometric approaches are used to investigate the characteristics and benefits of
traditional Chinese medicine treatments for dominant diseases that can be applied in clinical therapy to effectively manage
geriatric diseases. Methods Clinical research literature on the use of traditional Chinese medicine in the treatment of
geriatric diseases within the past 10 years was retrieved from CNKI, Wanfang, VIP, and CBM databases. The research
trends and clinical efficiency of each disease were statistically analyzed to determine the dominant diseases of TCM. Results
A total of 22 859 articles were collected, with 3768 included in the research. In accordance with the International
Statistical Classification of Diseases and Related Health Problems (ICD-11) of the World Health Organization, the diseases

were classified into 17 categories and 149 diseases. The diseases primarily affect the circulatory system, skeletal
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musculoskeletal or connective tissue system, and digestive system. Conclusions Traditional Chinese medicine clinical

trials on the treatment of geriatric illnesses cover a diverse spectrum of diseases, although the distribution of focus is

unequal. Potential dominant illnesses were eventually identified to include osteoporosis, constipation, and hypertension,

with heart failure, stroke, coronary heart disease, diabetes and its complications, and insomnia being potential sub-

dominant diseases.

[ Keywords] bibliometrics; traditional Chinese medicine; geriatric diseases; dominant diseases
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Figure 1 Flow chart for document screening
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Figure 2 Annual publication trend chart
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Figure 3 Distribution of disease systems in proportion
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Table 1 Literature quantity statistics by systematic classification

P 43 2% (1CD-

1 s SBR gy g Ry g
. X Number of Number of
Classification of Disease articles Percentage articles Percentage
diseases (ICD-11)
HELRIE e (14) EER12) SRS (7) “ oo . 2
and Herpes zoster( 14) ,tuberculosis(12) , viral hepatitis(7)
parasitic diseases
; sy
%ii;ﬁfzﬁ the SLHE(S) TREGECD) 6 0.2 2 1.3
. Acquired immunodeficiency syndrome(5) ,sjogren’ s syndrome( 1)
immune system
Jififes (60) \HRE(18) (E MR (16) (AMERER HMAE (12)
FE(10) KIAJE(6) JIFE(6) Lhlma(4) IR (3)
(3) CEBERE (2) A2 MR A A i (1) B (1) (ETS AR
QL) HRIOE (1) VEBUE (1) 7 E B (1) 328
(1) HAh(4)
fipryed Lung cancer(60) , gastric cancer( 18) , rectal cancer( 16), acute 151 4.0 19 128
Neoplasms myelogenous leukemia ( 12), esophageal cancer (10), colorectal ’ ’
cancer ( 6 ), hepatocellular carcinoma (6), colon cancer (4),
ovarian cancer(3), lymphoma(3), myeloma(2), chronic myeloid
leukaemia( 1), bladder cancer(1), prostate cancer(1), thyroid
cancer ( 1), cervical cancer (1), endometrial cancer (1),
gallbladder cancer( 1), others(4)
WLV 55 3 10 &% B
. . LM (11 /RIS AE (3) 5B ( 1)
Diseases  of the Anemia(11) , thrombopenia(3), purpura(1) 15 0.4 3 2.0
blood and blood- ’ ’
forming organs
B S st %Wﬁﬁﬁﬁﬁﬂ( 152) \%‘HEEMIQO‘) \TE-P:?%KE(Q \ﬂlﬂiﬂé
e iil) HURBRIIREWGRAE (3) MiA [RHURARSE (3) HRAR DI E
Endocrine JUIRAE(1) 189 5.0 7 4.7
o Diabetic and its complications ( 152 ), hyperlipidemia ( 20 ),
nu[rmorfal . and malnutrition(6) , obesity (4), hypothyroidism (3), Hashimoto’ s
metabolic discases - dis(3) . hyperthyroidism( 1)
i IR R
KE R TARRERF(63) (MLE PRI (20) (FEBRLAT (10) WU (1) K
Mental, behavioral — #143Z44E (1) 95 25 5 14
or Depressive disorder(63) , vascular dementia(20) , anxiety disorder ’ ’
neurodevelopmental ~ (10), epilepsy( 1), schizophrenia(1)
disorders
4 e T
PEIRSERERE i (176) I VEBERIRIP T P45 A E(2)
Sleep- R . 178 4.7 2 1.3
. Insomnia( 176) , obstructive sleep apnea syndrome(2)
wake disorders
JRiE T (163) /R BRI ERE (108) A4 FREH A AE (34) IR
S IR AT (27) WSk (6) JRIHE(2) RS (2) (]
M REPR JENLTE ST (1) = XER (1)
Diseases of the Stroke( 163), Alzheimer’ disease ( 108 ), Parkinson’ s disease 344 9.1 9 6.0

nervous system

(34), herpes zoster postherpetic neuralgia (27), migraine (6),
facial paralysis (2), neurasthenia (2), myasthenia gravis (1),
prosopalgia( 1)
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PEy
PR o+ 2 (1CD- M-, .
11) i SAK 1oy g, TP /%
Classification of Disease Num.ber of Percentage Num‘ber of Percentage
diseases(ICD-11) articles articles
W LR (218 ) 5 bR 20 Jik 305 o B A A0 I ( 174) L0 T %38
(163) AN (52) JRTEFMBRILAERL 5 (41) 2Rk LR &
AE(21) MO ERS (17) F RSl Bk Ak P 2648 (12) | Bl ik
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TR RS ﬁﬁﬂﬂi({) IR O (4) \%Hﬁ(ﬁé(%) \/E‘Hﬁﬁﬁﬂﬁﬁﬂ)
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disease ( 17 ), lower extremity atherosclerotic occlusive disease
(12), atherosclerotic plaque formation ( 6 ), deep venous
thrombosis(6) , pulmonary arterial hypertension (5) , hypotension
(4), viral myocarditis(4) , phlebitis(3), valvulopathy(2)
Wi (129) 15 B EHE B 105 ) % 500 6 (71) %
(51)  EFPUGERRYL (13) Al (12) M4l (4) 2 RE
I 2R G950 PIRAE(3) R (3) (BIL(3) MR (1)
Diseases of the Pneumonia (129 ), chronic obstruct pulmonary disease ( 105), 395 10. 4 11 7.4
respiratory system bronchitis (71 ), asthma (51 ), upper respiratory tract infection
(13), emphysema ( 12), pulmonary fibrosis (4), bronchiectasis
(3), rhinitis(3), epistaxis(3), pleural effusion(1)
IHREVEERE(341) 184K % (39) IHREMI LA R (21) 1k
PTG (19) MEYERRYE (15) FRE(14) HEE R (13) A HTRE
(12) SRR E R (9) JHEL A (6) MR (5) MR
(4) ZyPHERFIE (2) N FALLEGAE (2) IBE R
(2) FFEC1) BRR (1) LIHAE T (1) FAE(8)
ML RGP Functional constipation ( 341 ), chronic gastritis (39), functional
Diseases of the dyspepsia(21), peptic ulcer ( 19), chronic diarrhea ( 15), 515 13.7 20 13.4
digestive system hemorrhoids ( 14 ), cholecystitis ( 13 ), ileus ( 12), reflux
esophagitis (9 ), calculus of bile duct (6), fatty liver (5),
pancreatitis(4) , drug-induced liver injury(2) , temporomandibular
joint disorder syndrome(2), cholangitis (2), liver cirrhosis (1),
appendicitis( 1), upper gastrointestinal haemorrhage ( 1), others
(8)
FHIE % (40) JREEE(25) EThREA 4 (22) (TSRS A (19) |
PREGEES (11) JBEMEDIRERSAT (8) VB WA A 1F (8) 2R R
o . PEEWE(6) FEFESR(S) E/ANBRE R (4) BERBER(2) VFIR
o TR ) wE () Jek)
. Colpitis(40) , urinary incontinence(25) , renal insufficiency(22) ,
Diseases of the X . . X . . 153 4.1 14 9.4
o prostatic hyperplasia(19) , urinary tract infection(11), functional
genitourinary disorders of bladder(8) , nephrotic syndrome(8) , chronic uric acid
system nephropathy (6 ), pelvic inflammation (5), glomerular nephritis
(4), pyelonephritis (2), calculus of lower urinary tract (1),
uroschesis( 1) , others( 1)
AR A DGR B BE AR ME (18) (AR ME NI (8) (AR T R AE
Wb R BP0 (4) TG (2) Bt S E (2) B A (1)
Diseases of the Age-related macular degeneration( 18) , senile cataract(8), senile 35 0.9 6 4.0
visual system dry eyes (4), glaucoma(2), ischemic optic nerve damage (2),
vitreous disturbranse( 1)
H e FL =B
Diseases of the ear ~H-MG(15) ZAEMEEE(13) ML (2) 30 0.8 3 2.0
and Tinnitus( 15) , presbycusis(13), Meniere’ s disease(2) ’ '
mastoid process
BSEE (45) ARB (16) FHRIB (4) HIEW (4) (2T 4E
B R (3) iR R (2) 74 20 6 4.0

Diseases of the skin

Cutaneous pruritus(45) , eczema(16) , urticaria(4) , psoriasis(4)
ephidrosis(3) , allergic dermatitis(2)
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FR1
PR 43 3 (1CD- -
SCHRAIR . j X
1) Pl IR g IR 5 /%
P . Number of Number of
Classification of Disease el Percentage el Percentage
artic articles
diseases(TCD-11) areles arees
BIRBIA (173) VBT 4 (167) JEHE N 55258 A (49) 2K
TEIEHT 58 (30) AR 19 T HBIIR (26) B (20) L JF A
RO17) JER(16) LB (13) BB (10) KR
(6) JEMEMEAE B (4) BRI (4) R (3) (B BT A:
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2 EE LV
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iseases >
seas;- K lot | © intervertebral disc (49), rheumatoid arthritis (30 ), unspecified 549 14.6 21 14. 1
musc
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'm an
syste L & periarthritis(17) , gout(16), sarcopenia(13), limb pain(10),
connective tissue . . . ..
rheumatism ( 6 ) , lumbar spinal stenosis (4 ), rotator cuff injury
(4), bursitis (3), osteoproliferation ( 3 ), osteopenia ( 2 ),
ankylosing spondylitis (2 ), systemic lupus erythematosus (1),
femoral head necrosis (1), sicca syndrome (1), degenerative
meniscal injury( 1)
HoAtb HHBALE T (261) WEHERAE (9) BURAE(8) 278 73 3 2.0
Others Fracture(261) , pyemia(9), enuresis(8) ’ '
R 2 OBAEAI Tl (5 55 B A ROR
Table 2 Number of cases and effective rate of potential dominant diseases
HeP S SCHRAR A A5 -3 5115 Il KA R/ %
Rank Disease Number of articles Total number of cases Average number of cases Clinical efficient
1 f&{‘fi@%‘ﬂ‘ . 341 14 988 43.70 91.83
Chronic constipation
2 FalliL A 218 11 863 54.42 91.63
Hypertension
"
3 J(HE 176 8127 46. 18 90. 16
Insomnia
4 AL R 174 11 726 67.39 90. 84
Coronary heart disease
1, \
5 P B 173 9524 55.05 92.97
Osteoporosis
L e g
6 H%FJ‘(, 167 7666 37.40 91. 86
Osteoarthritis
-
7 LR 163 8557 47.28 91. 07
Stroke
8 CI18 163 7875 46. 60 91.62
Heart failure
P N Ht AN =
9 . ﬁﬁ(ﬁ&,\#kﬂ . 152 6454 41.90 90. 84
Diabetes and its complications
x5
10 I ¢ . 129 5666 38.28 92.38
Pneumonia
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Figure 4 Publication trend of potential dominant diseases
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Figure 5 Keywords co-occurrence map and hotspot map
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[ Abstract ]

induction method of potassium oxazinate combined with adenine and yeast feed to observe the intervention effect of Qiling

Objective  To establish a rat model of hyperuricemic nephropathy ( HN) using a multifactorial
granules (QLG). Methods Fifty-eicht SPF-grade male SD rats were selected, and 10 rats were randomly allocated to the
normal control (NC) group. The remaining rats were induced by multiple factors to establish HN rat models. After 2 weeks
of modeling, submandibular blood samples were taken to detect serum UA, CREA, BUN, TG, and TC. Forty HN rats with
bleeding clearance UA and body weight close to the mean were selected. They were randomly divided into a model (M)
group, QLG low dose (QLG-L) groups, QLG high dose (QLG-H) group, and a positive control (PC) group, with 10 rats
in each group, using a stratified randomization method. Each group was given corresponding drugs by gavage daily, and
after continuous administration for 4 weeks, submandibular blood samples were taken to detect serum UA, CREA, BUN,
TG, and TC. After euthanasia of the rats, liver tissue was taken to detect XOD and ADA activity. Renal tissue was taken
for HE and Gomori hexamine silver staining, and the protein expression of GLUT9, OAT1, VCAM-1, and TGF- in the
kidneys was observed using immunohistochemistry and Western blot method. Results Compared with the NC group, the
M group’ s serum levels of UA, CREA, BUN, TC, and TG, as well as liver XOD and ADA activities, were significantly
increased (P<0.01). The renal tissue of the model rats showed significant pathological changes. The area of renal tubules
positive for urate and the expression of GLUT9, VCAM-1, and TGF-B proteins in the kidneys were significantly increased
(P<0.01, P<0.05), while the expression of OATI was significantly reduced (P<0.01). Compared with the M group,
each treatment group showed significantly reduced serum UA levels, liver XOD, ADA activity, and renal VCAM-1 protein
expression (P<0.01, P<0.05). The serum CREA and BUN levels and renal TGF-B protein expression of rats in the QLG-
L group were significantly reduced (P<0.05, P<0.01). The serum CREA and BUN levels and renal GLUT9 protein
expression of rats in the QLG-H group were also significantly reduced ( P<0.01, P<0.05). The urate deposition and renal
injury caused by each treatment were reduced to varying degrees, but there were no significant differences among groups ( P
>0.05). Conclusions A stable HN rat model can be induced by gavage of potassium oxyzinate and adenine in
combination with yeast feed. QLG can effectively treat HN by improving UA metabolic disorders, reducing the renal
inflammation and urate deposition that cause renal damage in HN model rats. Its mechanism of action is related to a
reduction in serum UA, CREA, BUN, and TG levels; liver XOD and ADA activities; and the expression of GLUT9,
OAT1, VCAM-1, and TGF-B proteins in the kidneys.

[ Keywords] hyperuricemia; urinary acid nephropathy; hyperuricemic nephropathy; kidney injury; Qiling granules
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H)) s JRE R (220928101) LT (220809101 ) Al PR iR
(220612101 ) A7) £ 308 1 36 e AR PR e iy
A BR S E] 5 S S S AL B (20230228 ) FAR 11 i 22
it} (20230308 ) A5 Ik 1) 5 35 ) B et AR T
FRBF5E T ; PR R G 61050 £ (20221230, 3 F R
YR R ) s T G (121886) (TR R R YLk
(123196) ¥1 [ 3 [ Epredia 2 7 ; 8 F 482 BOR 5
& (20230404 ) F1 BCA & 11 & & A& I 3K 5 &
(20230316) ¥ A VLIRS A W B AR A R w5

WL IZ TR [ 9(26486-1-AP R B LE 1 £ 500) \F4 1k
AR F-B(21898-1-AP Bt L 1 : 500) A HLEH
B THIE R 1(26574-1-AP  F B 1 1 = 500) Hidk,
POy ) D= T A= B A A BR 2 ) 5 L 200 i e
PRlF 1 (DF6082, Fi B L 1 = 500) $L ikl |/ 3%
Affinity /A H] ; IRDye 800CW Goat anti-Rabbit 1gG ( H+
L) (926-32211, Fi B L 1 = 5000) 1 11 3% [ LI-COR
Nl

AQLGO4 — H 43 #f X °F ( METTLER, %fi 1) 5
AF100 &5 ££ 1R il K HL ( SCOTSMAN, 26 [# ) ; H 7.
3110 4x H 3h B AL 73 M A HT7800 i 4 i 1\t el B
(HZL, HA); RM2245 Y] J7 Bl ( Leica, 8 ) ;
STP120 i /K #l, AP280-2 fL 3 #l , HM335E 1] ) #l
(MICROM , #&[#) ; NanoZoomer K7V R 4 {X (1
W6 F, H A ) ; Varioskan Flash £ I)j 6E [ #5 1%
( Thermo ,73%) ; Precellys24 i%ﬁ;ﬂ/ﬁﬁﬁﬁu Bertin
Technologies , 1 [ ) ; Western Hi, 3K 5 % 5 %% & ( Bio-
Rad, &) ; Odyssey X (AL 4 2¢ 64148 R 4t ( Gene
Company Limited , FE) ,

1.3 EWHE
1301 (R BRIR B R UL ) 57 5 245 ) 1

MEE N 180 ~220 g 1) SPF 2 lfiE: SD KB 58
B3 PR ) 5 R F AR E BE LI 10 H K Ry 1 8 %
A8 (normal control, NC ) 20 , H: 4% K BU7E 1 56 1 (] 24
M 109% B RERDRE, IF 7R A e 1 W5 H 45 7
ARTRER 250 mg/kg 5 BRI 150 mg/kg BX A
M 26 B R F 45 T R 250 me/
kg SRS 100 mg/kg BRAWE S , Z R RiF S A
a7 HN R AT,

SR 2 JA 5, 6T B A I 1L 7 PR R (uric
acid, UA) . ILEF ( creatinine, CREA) | JR Z A ( blood
urea nitrogen, BUN ) | H il =i ( triglyceride, TG ) F1
S JHE B (total cholesterol, TC) 7K, i it 40 HifiL
i UA FATE B2 BB Y HN KR, 7R 1 43 2 Bl
B 4 41, RIVEEALXS I (Model , M) 41 (2E7K) |
QLG K57 & ( Qiling granules low dose, QLG-L) 21
(4.16 g/kg QLG) QLG i ifll & ( Qiling granules high
dose, QLG-H) 4 (8.32 g/kg QLG) . FH £ XF I&
(‘positive control ,PC) ZH (10 mg/kg AT ) , £:2H 10
Ho 5 1R], & H W55 20 R U AR IE FIFE T %0
JEHE B 25 T AHN 1Y 25 W) sl gtk B RO SRR E %
gign2h 4 s R BRIBUMIFAT ZIEAR B
1.3.2 A=A FE bR E

ZREGH 0 4 Ty RS EOREROK 12 h JFAT



o [ H A PR 2 275 2024 4F 8 A5 34 %45 8 ] Chin J Comp Med, August 2024, Vol. 34, No. 8 53

SRIfiL 0. 5 mL,3000 r/min B 10 min,ﬁ’—;’%lﬂlfﬁg,ﬂ:‘”
4 A FE A H (UG I 7 UA  CREA BUN | TC
TG KF,
1.3.3 RIS PEAG I

U e K8 A7 - 80 °C VKA, AR 4L Bl AL L B 6
ANFEAS SRR ) 100 BH 5 A6 T T B3 R 08 S AL il
(xanthine oxidase, XOD) Fl i H i 2 [ ( Adenosine
deaminase , ADA ) 7514
1.3.4 LGV B A A

WA BRI, — 2 BT 4% HERE 2 24 h,
WK IR (4 pm) J5 , BAIBREPLEEER 6 ~FE
A AT HE e RN G e 20 AR, L% B 40 4055 48
TOL; 73— 8 K S [ i 0, B 4L BE DL ik
B 6 AMREA, 54T Gomori 75 AR YL €6 WLEZ PR R 1
TURIENL

SRRV E DT ANT < (1) HE 34485 41 40
REEEPE Sy . DL BRSO NVEY K VE NS
Z45 F/NE B R (8 IRBE) | ] BT S AE 4
B AR BTLF 4eil” AR bR, & W 22108 0
G VLN T 15%18 8 1 53, 16% ~30%1C 4 2
55 ,31%~50%12 8 3 47, KT 50%ic 2k 4 431 B
AL R R TR 24 73, (2) Gomori 7N i HE e (5
ERE R TE 20x Y BEALEF T 23 B 6 K R/
Ry, 11 1PP 6. 0 UGB fF kAT G o3 i, 4%
e BHPE TR LG A5 % = FH A TR AR/ B 2H 2 0T FH x
100% " 355 PR #h 45 it PR P T AR LU 31
1.3.5 et

FREHLIE Y 6 R B ZHZUI 60 C
FERAHLIE 2 h, il Z K, &5 R B I 3% XU
KK 10 min i I0—HT,4 CREFLA K H 37 C
A2 30 min J& , TN 40,37 CHH 30 min; DAB
B GRARRE YL, SR K, I AGER]
PER R R, 255 R PR PR 3ROk S AR B () A A
W, B H S EI6 Tk 20 [ BB F IR AR
FIPP 6. 0 R I Ak A 3eqs H A 25 1 BH A G (0 T
S T AAL BH M T AR B B % = BH A % (o T R 2 4
TR X 100% , LA FHPA: 167 A LG 51 1) 7 229 {8 S 2% 5
W 2H 21 4 4 BE % 32 82 9 (glucose transporter 9,
GLUT9) . A5 #LFH B ¥ %% iz 45 11 1 ( organic anion
transporter 1,0AT1) | ML 41 BORGBF R -F-— 1 (vascular
cell adhesion molecule-1, VCAM-1) Flfs{bA: KR T -
B ( transforming growth factor-beta, TGF-B) AY 3 i&
LIRS

1.3.6 g B vk AG

R FEHLIEER 6 HOK A B L LUR H H & A
KA RS A SURE IR BCA IR TR A&
A2 I, R G BN ik (Western blot ) K il
GLUT9 OAT1 ,VCAM-1 I TGF-B HIZE I FIATHM
1.4 FitFEHZE

A RO 5 LU S8+ R AR 22 (x2sx) TR,
' 2H 2 B 2R S VT 43R FH R ARG 56 77 B3 S {1
HABKHRTHER T4 5 2 £ bn o 22 Sh B0 Kd . 24
[ B L5 R FH AR A 56 ( One-Way ANOVA) 43
Br,P<0.05 ErnfiREMNER 2BXRH
GraphPad Prism 8 {4,

2 #R

2.1 —fEWE

TRER I ], 25 20K BCIR S RAF, R B AE T 1
o HE 1A ONC R BRI RE IE K ; 5 NC
ZHHEAE MK R AR X FRAR , ELFE RS 5 6 JE] I
TR (P<0.05) ;5 M 4 i, & 4 25 iR T 1
T EZER(P>0.05),
2.2 [Nnj& UA,CREA BUN 7k

A 2 /L, 5 NC AHIbE, M 4 K UA,
CREA BUN K38 E T = (P<0.01) . 5 M 4Lt
BB R A 25 4 RN UA K1 g 25 1%
i (P<0.01),QLG-L 4 H1 QLG-H 41 KAy CREA
Fl BUN 7K V-84 I A1 (P<0. 05,P<0.01)

T 5 NC 4lHh#, *P<0.05,
1 REDEDN
Note. Compared with the NC group, *P<0. 05.
Figure 1 Weight changes



54 Hh ] AR PR 22 24 7 2024 4F 8 45 34 445 8 1 Chin J Comp Med, August 2024, Vol. 34,No. 8

2.3 Mmi#& TC.TG KF

H 3 ATIL, 5 NC 41k, M KB TG Fi1 TC
HEERETE(P<0.01), 5 M A HE, &£42
HKFELZY 4 R TG A1 TC 7K -4 AN R A2 )i
FIREAG, Horf, QLG-H 41K U TG /K B 2% F& 1%
(P<0.01),
2.4 BF XOD #1 ADA &%

HE 4 AT 0L, 5 NC 44 Fbds, M2k R 37

.5 NC A E, #P<0.01;5 M 4114, * P<0.05, ™ P<0.01,

XOD Fll ADA V& 7 . 3 F+ &5 (P<0.01) ; 5 M 41k
B2 4 TR R B XOD Fl ADA i 7
) 5 ZRAK (P<0. 05, P<0.01) ,
2.5 BHARGESREBIRER

F 5 AT UL, NC 41K BB 2 20 04 S5 i I 45
TH 5 B/ NER AR FRTC B 1 R B N B INVE e A
RESLAR o s b ak | /0 b Bz i) LA B K b (E G AR
PEERIRFE 5 F MR 5 0 1E A= 18] 5 G B 4 2R 4 41 i

2 3% UA CREA 1 BUN /K-
Note. Compared with the NC group, #P<0.01. Compared with the M group, * P<0.05, ™ P<0.01.
Figure 2 Serum UA, CREA and BUN levels

.5 NG E#, #P<0.01; 5 M ZHHL#, ™ P<0.01,

3 1L TG I TG KT
Note. Compared with the NC group, *P<0.01. Compared with the M group, ** P<0.01.
Figure 3 Serum TG and TG levels

0.5 NC 4, #P<0.01;5 M 4H L, * P<0.05,

B4 it XOD Hl ADA 351
Note. Compared with the NC group, *P<0.01. Compared with the M group, * P<0. 05.
Figure 4 Activity of liver XOD and ADA
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R R IR PR IR ER 45 A UTRY . 5 NC 41 H R,
M 20 B A ZUE5 A ZE L, e o B /INER B e s b5 R
I /NEE R H Y R R o] WK R R
PFREREE ORI o A, R b B 20 i 25 o A g ok
FEARE % b B2 2R MR FE L 7% | Rl AR % k2K [ Jox
TR BE A IRl Bl 2 200 R SR T8 1 YR, o AR R B
SRR ER PRV T AR 2+ H (P<0.01) . 5
M ZH H 4, QLG-L 401 QLG-H 2H K BB 414U 200
ARG OL Y BT I TR S5 bR R 0 AR A T
R Ty e R DT e AN R e TR S S S 5
POETCEXER(P>0.05)
2.6 HEALKNE GLUT9,0AT1,VCAM-1 0
TGF-B EAXRIX

5 NC A b, M A KR /ME L GLUT9 1
VCAM-1 DL /NG B TH BT TGF-B 1 PR Rk 1y

LA AEDRAS S HE Yo B AR AN Gomori ARG C. F AL

A, *P<0.01,
B 5 BN

K, E P AR AR 2 i (P<0.01) BN |
B OATY 85 1 FHE 2 350820 BH M 1 FH %
FREAR(P<0.01) ;5 M 4, QLG-L 41 #1 QLG-H
HAK B AL GLUT9 [ TGF-B #1 VCAM-1 & H FH
PEFRIB A PT/D , B T BRI A — & 1) TR
P OAT1 B I BH M5 A e s hn, P4 18 AR 2
Frim, Hod QLG-L 4 KB 4141 TGF-B & 11 1Y [
PEHFUR B TR (P<0.01,£ 1,K 6)
2.7 Western blot #&ill'5 GLUT9,0AT1, VCAM-
170 TGF-g EAXRIE

MIE 7 AT, 5 NC 41 #, M 41 KRR 4l 4t
GLUT9 TGF-B HI VCAM-1 & 1 /K V-1 & & 7 &
(P<0.01,P<0.05) , 0AT1 %& 4 /K F i 3 FEAK (P<
0.01); 5 M A H, &4 250 KB VCAM-1 &
M ik B FREAK(P<0.01) ,QLG-L4 . QLG-HZH

R RERE VA0 D B A BURBRER P AR G452 . 5 NC

TS e B PR TTUAR TG £

Note. A, HE staining for typical renal lesions. B, Gomori hexamine silver staining for typical renal lesions. C, Score result of the degree of renal

tissue lesions. D, Statistical result of the positive area rate of urate in renal tissue. Compared with the NC group, *P<0. 01.

Figure 5 Degree of renal tissue lesions and uric acid deposition
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F1 FHL GLUT9 OATI TGF-B Al VCAM-1 S 21k Ye (o 1y B 1 RS i 4301/ %
Table 1 Semi quantitative analysis of the immunohistochemical staining’ s positive area rates of renal tissue GLUT9, OATI,

TGF-B and VCAM-1

21531 HIHIPELIZ R 9 FHLAE FRZEA 1 HApAERKKEF-B Jiik=giliog S|
Groups GLUT9 0AT1 TGF-B VCAM-1
4
NC 4 24.54%5.57 28.12+3.91 8.41+4.48 3.16£1.73
NC group
M 4
i 41.29=+4. 43% 11. 68+2.31% 31.42+1.87% 27.23+6. 37%
M group
LG-L 4
QLG-1. 4 39.91+3. 49 12.21+5.75 23.17+2.02* 21.24+5.89

QLG-L group

QLG-H 41

7.91+3. 4 12. 85+2. 25.10+4.57 18.76+2.2

QLG-H group 37.91+3. 46 85+2.50 5.10+4. 5 8.76+2.28
PC 4

. 40. 18+9. 08 14.00+5.91 22.51+6.05 18.35+4.91
PC group

5 NC 418, *P<0.0155 M 4LHE, ™ P<0.01,
Note. Compared with the NC group, *P<0.01. Compared with the M group, ** P<0.01.

6  SIEALRIE 4121 OAT1 GLUT9 \VCAM-1 Fl TGF-B & Rk
Figure 6 Immunohistochemical detection of renal tissue’ s OAT1, GLUT9, VCAM-1 and TGF-B protein expression

KEUE GLUT9 fil TGF-B B AR BIA ARNFERER  FK(P<0.05), 1 OAT1 ik Frsg i, (57 &
BAlk, Hod  QLG-H 4 KBS GLUT9 B EA R FE  FER(P>0.05),
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45 NC A, *P<0.05, #P<0.01;5 M AL HE:, * P<0.05, ** P<0.01,
Bl 7 Western blot &l ¥ 4141 GLUT9 ,0AT1  TGF-B VCAM-1 & A5
Note. Compared with the NC group, *P<0.05, #P<0.01. Compared with the M group, * P<0.05, ™ P<0.01.
Figure 7 Western blot detection of renal tissue’ s GLUT9, OAT1, TGF-B and VCAM-1 protein expression

3 it

ARk B EbE | i EERS SRR B R ARIR
B AT, BRI BILAAR P A R 35 25 6L i L
() HUA 76 B i) RO 308 A T i 5 K 01 HUA X
SAHRERAWITURE B |, 51 % HN, =8 ] &
h B AR AL, B R, H H RTIG R B R A
ARIRIT 25, s e pm i 55 5 25 Y i
RWEE T H Wit 253 & HUA @B % H 3h
Y1 05 NZARTR], AR N A 0] PR R 43 i 51 HE

(O PRR TG , 5O 5 e 2 i DRI, DAL T AE HUA A5 221 1)
i PP R FH PR TR B 4 o) AR e T R A R SR
FRAP e R P A DR R T8 400 1f] , ] 400 o) R TR I 35
P D8 SRR 5 R WERS B R 25 SRR AT 1A )
JRORIE REFY 1R A 458 v W g Tt ] 3 3ol 2 JR 7R
AT G| % HUA , {H IR ERS 25 47 1 W 251, 77 4
B 5 T EE AT BRI AR HUA R
Pyl R AT T P Ao AN ) 5 R 3k
FHFIAS[R]5) 5 P LU R B iy HUA BRI AR [ AR
SYIFET R A AR I LU S AR E W AR Y HUA
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B BO A 2 ik B A B B iR
IO s SR N 3 2 E s T R0 w7 N i
S A, B AT A B, 3 A A 30 A R R R
TR RIS, 25 7 S8R R AP (250 mg/ (kg - d) ) SR
WERS (150 mg/ (kg « d) ) IBREHEE 1 UG, ] WA
PRIG K- 1025 T e, NS 2 o] R e it M2 v 5] o A1
2100 mg/ (kg - d), Akekrb i 5 &, 561 ] JosE
To&E, Hrl R RIRREE LT, IF6ES] & HN,
PR, AR T H SR 10% P ek 4 i i) [R] i, 25 7
AEFRE (250 mg/ (kg - d) ) SHRIER (150 mg/ (kg
S d))BRAESHEE 1 G, A T A BERE (250
mg/ (kg + d)) GRS (100 mg/ (kg - d)) & LEHE
B 5 A" @y HN R ERUBERL, 25 5L R, 6 JAl 1 i
Wi N R R A R AT, HY NC 4, M 41k
FUAY I UA .CREA .BUN ,TC TG 7K FIAF XOD |
ADA 15 PR W TH g HE Ye @ n] DB A gk =
AL, B/ NS RE SR YT IR L b B A S MR
WORLRE A PRI HH B IR FE MV 55 MR ki 2k | [R] T 4%
P 0 R 1 9 ) 45 B ' 9 AR 1 40 5 Gomorid 75
BRG] DL /NVE oA R R R L Y PR R AR DURR
PRIZ AR BHPE TR 25 7 5 ' GLUT9 . VCAM-1
TGF-B ik ¥ i 2 FF i, OAT1 ik B B B A%, LI
SRR RIS EEST A HN AR A I UA
TRV HAFTE T b 9 R R A 25 L A Al 25 6L
B0, 5 Wen %67 4RGE A9 HN I PR 2 B0 S50
FEHEARAT

M UA KA R KT & HN kAR
BRI UA ZKOF (8 = AT S BRpLAAR UA AR
ZALASE ; CREA 1 BUN W] P4 B /NER 8 o T e A
PR AE D RE , HoK VT SR B 8 L T Re a2
it T XOD 2 BERS 73 fif AC 31 v 9 B B, ADA 2
Z: 5 PRIG A0 OC B it , 55 PRI 10 W] 5 B g b
TC . TG /K- Tt i, o I [ it ] 45 XOD 1y 3 Pk
W R ARG S UA RIS I4EL" . HE Y
81 Gomori 75 e 4% €8 AT 43 5j1] FH SR W22 1 2 40
NG ARFRER DUBUE LY . AR as R R, 5
M 4 bEE A 2R A 24 4 JERT IS UA KF
FUH XOD (ADA 1434 1 2 F A%, QLG-L 411 QLG-
H 44 K i CREA .BUN \TC TG 7K FFIif XOD  ADA
TGV AN TR RR BE (R AR, PRIRER DO S L5 1 & 1)
' AR AR P 3 R TRRR BE %, 26 B QLG W] FAAIK
HN BAY K BUMLTE UA ZKF BeERR B G AL 5
PGB, BEn QLG ] 7 R0 X i R R ' s , HAE

FHBLHN AT 68 5 B A% HN K B % UA  CREA .BUN,
TG KFEFIF XOD  ADA 35, Wk bR R £k VTR
SRR EIA R,

PRIG e 3z 38 AU FE PR R A 2o 72 rh ol o 224
JH,GLUT9 J&—F 8 By JR IR F W W i 1, F %57
ATAEIT /N LN AMIU R, 7T 38 3 5% 1 4 4 0 R
B R R B T U OAT1 25 8 X A HLIH B 1
HITH R, e — P S S IR IR HE A 1, E 800 A 7
I IV A0 AR RGBS, P DR R D Il % i 2% )
UEH P NVE AN VCAM-1 B —F B 7, &
5T U2 M B RN A RE A0 AR T ek R, 7R = IR R
B, VCAM-1 Y ZRIAIG N 5 35 S AE 20 i 76 15/
BRIX Sk A, M i B 245 . TGF-B & —2K M
A AE R A R AR AT R HN R B Ay
LT R UA B0 , 5 B /NE R 2R A, 2 1T 5300
ARG AR AR R, 5 M A, QLG-L
ZHA QLG-H 4K E'E H GLUT9 ,VCAM-1 il TGF-B
1Y ZRIB I A AR R FE B BEAR, OATL 3k A fir 1Y
LR QLG W] gk 3% HN BB K U GLUT9 .,
VCAM-1,TGF-B F1 OAT1 & 1 B 5% %3k, #8
QLG I3 i T GLUT9, VCAM-1 . TGF-B il OAT1
B RIB RIS HN BAUR B UA AL
FRAR L RAE RN 5 4F AL R

25 IR 25 O B B 4 4 R Y [ I 457
SRR 5 IS I 5 1 AT e T AR E 1Y HIN
KRR ZAEHLE T HN AH & 259 (7 F L
HlAFSY ; QLG AT i M0 3% HN ALK R UA R 3=
L AR B RAE 5 PR IR R DU S H 5 | e 1 5 4 493 0f
ARAGIT HN, HAEHPLE 5 BRI UA CREA |
BUN TG /KFFIF XOD ,ADA &P LA K2 & GLUT9 .
OAT1 VCAM-1,TGF-B & FHHRIEAH K,

S 3k
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JNH AL B SR BT 982 208 400 i) 48 5
fie PEJH T R 5% Sl A o

FHER, XRER"

(LT U EZ ) P e th 25 22— e ey 2 BT S 5000 %, T 53020052, PU A B2 2225 2= B , /g 77 530200
3.0 VG R 2 R I e R R B AR — X, T 530011)
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[ Abstract]  Objective To investigate the effects of ethanol extract of Akebia trifoliate ( Thunb. ) Koidz (EEATK)
on the proliferation and apoptosis of human hepatocellular carcinoma Hep3B and Huh-7 cells and to explore its underlying
mechanism. Methods Human Hep3B cells and Huh-7 cells were cultured in vitro and separated into control group,
Sorafenib group (5 pmol/L), and EEATK groups (0. 10 mg/mL, 0. 15 mg/mL, 0.20 mg/mL, 0.3 mg/mL) and given
the corresponding drug interventions. A CCK-8 assay was used to measure the impact of the different interventions on the
proliferation of Hep3B cells and Huh-7 cells to screen the optimal action-inducing concentrations for subsequent
experiments. EdU staining assay and colony formation assay were used to explore the effect of EEATK on proliferation, and
Annexin V-FITC/PI double-staining assay was applied for apoptotic rate analysis. Transcriptome sequencing ( RNA-seq)
technology was used to analyze differentially expressed genes ( DEGs) related to cell proliferation and apoptosis in the
control group and EEATK (0. 15 mg/mL) groups of Hep3B cells. DEGs were analyzed for function with Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes ( KEGG) pathway enrichment. The Comparative Toxicogenomics
Database(CTD) was used to validate the expression of key proteins related to cell proliferation and apoptosis, and the
findings were verified by qRT-PCR. Results  Compared with the control group, different concentration of EEATK
significantly inhibited the activity of Hep3B and Huh-7 cells (P <0.01). Hep3B cells were treated with 0. 15 mg/mL
EEATK, the EdU-positive cell rate and clone formation rate significantly decreased (all P<0.01). At the same time, the
apoptotic rate of the EEATK group significantly increased (P<0.01). Transcriptome sequencing of Hep3B cells showed
that EEATK induced significant changes in the expression of 1577 genes ( P<0.01) , of which 942 were up-regulated and
635 were down-regulated compared with the control group. GO functional enrichment analysis revealed that the DEGs were
mainly enriched for cholesterol synthesis, inflammation, and extracellular matrix. KEGG pathway analysis showed that
EEATK plays an anti-tumor role, mainly through the TFG- and NF-kB signaling pathways. CTD and qRT-PCR analysis
showed that EEATK significantly down-regulated the expression of apoptosis-related genes such as BIRC5 and CDK1 ( P<
0.01) and significantly upregulated the expression of CDKN1A and EGLN3 (P<0.01). At the same time, EEATK caused
the significant downregulation of cell-proliferation-related genes such as FAM83D and MKI-67 ( P<0.01) , and significantly
upregulated the expression of MYC and FOXC1 (P<0.01). Conclusions EEATK can inhibit cell proliferation and
induce apoptosis in a manner that may be related to the regulation of TGF-B and NF-«kB signal pathway-related gene
expression.

[ Keywords)] Akebia trifoliate (Thunb. ) Koidz; hepatic carcinoma; proliferation; apoptosis; transcriptomics

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

JF41 99 (hepatic carcinoma, HCC) J2& ¢ & UL
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M Ai# Akebia trifoliata( Thunb. ) Koidz. BT 11T i,
AR, DMEM MEM 15727 Fil CCK-8 A6 12 71
&G F Biosharp ZEWIRHE 24 F] ; CLARK i 2R 13
WA 1 5 A R A BRZA 7 BeyoClick™ EdU-
488 RIPA 4l il 24 ff % . BCA 25 vk B I o a7 &
WA = RAEYHARABRAF ;A RNA S0 &
Big AR A a2 A B A BR A A Scientific
RevertAid RT 15 & BEIRME 22 2R 8 F bk -2¢ %
2 /M N IE ( Annexin V-FITC/PL) I 146 1377 &
I [ 3% [ Sigma 23] ;qRT-PCR 514 W03 1, i
REAEWEARARA G A, <DM2500 %!
88 W AT (151 Leica A H]) ;Forma TM 31 T Co,
MM REFEFE (€ [E Thermo 23 7)) 3 Picol7 I 3 B
ML ( € [ Thermo 23 7] ) ; HBS-1096A 4= 3 RE fiff b1t
(R R BRI 2 A FRA H] ) 5 SW-CJ-2FD #U
HTAES (LIS A BRA ) s MF52 BI%E S
BB ()M ERHE A RAF]) .

1.3 ZWHE

1.3.1 EEATK % ¥ &

BONH AL A 500 g, #EHE L (m/v, 1 2 8) H
A1k 4000 mL [FIGEBLAE 2 K, K 1.5 h, #1224
AT S 8 A5 250 1L 1Y 95% £ T In] It 4
B2 h, 28 A 6 50 75% L BE RN EEC L. 5 h,
BRI 6 5 R 50% B NR SR I 1 b, 3 g
B IFENM, U IR B, JF W 4 UR B, 2 UR T
WG AT TH
1.3.2 ZHjudEss

KA 10% B2 135 (100 U/mL HEZE 5 100
we/mL 4% 5 E ) DMEM 55 3% ¥ 55 5% Huh-7 409,
Hep3B 4B LIAHIE 2515532 T MEM 35381, 1% 2
~3 4R, PRI TELE 37 °C 5% CO, MR
ST SR AR E W IS TR 70% ~ 85% I , N
A 0. 25% B I A AR A RO 2504 4 309 1) 40 i

FHT 55,
1.3.3  CCK-8 K40 s 11

XA KW ) Huh-7 A1 Hep3B 4L L) 2% 10%/
FLEERN T 96 FLAR . K AR o O IR R
JE ¢ ( Sorafenib, 5 wmol/L) Fl EEATK 2H (0. 10,
0.15.0.20.0. 30 mg/mL) , B4 FATi%E 6 NEAL,
VEFRAHML 24 h J5 W sk IRtk i L oo i BE 4L 92 18
JMA 10 pl CCK-8 T AR, 4k L1555 4 h J5 B 85
Frti, 78 450 nm #A T 2 D REREAR I 2 &AL
HCEEME(OD {H) 4% F T4l R = (1-4424
FLFEH OD {E/ %) FEFLF-24 OD 1) x100%
1.3.4  EdU £ 0040 i 3 5 fig

XA KA Huh-7 1 Hep3B 2, 4351 LA 1x
10°/FLEEFN T 6 FLAR, K 20 Jf 43 A 25 11 6] HE 41 R &
Wl M 0.15 mg/mL () EEATK 4, F 4% 3 M E
fLo 25 I IR AT 22 Fh 40 M 5 B85 =R AN A 259,
EEATK ZHIM AL E R 0. 15 mg/mL A5 359 ; LA
LA ANLT 37 C 5% CO, AN & 1F T 3557
24 h J5 1% B8 BeyoClick™ EdU-488 4 Jfd 8 % 6 I it
) B UL I B 5 1 5 B 20Ok BB n R %,
1.3.5  SaBETE B S g0 A ) 4t i o B T B

KPR AE KWK Huh-7 F11 Hep3B 40 M0 $% 1x10%/
Lo 22 Fh T o6 LA, g 4 K hn 2 vk B TR
“L3.47T0F AEH 24 h G 64 fLan e i1k, ot
FHAH R ARG 57 8 T 2 A1 A ] e %o 1 i 2 40 i i
TPV 15 H 4Ll 3000 44 2 24 fLAR T, 254
20 e T 8 A M 2 AR AR FR A FD 24 LR, 6 FLIRE T
37 °C 5% CO, A TR 10 d, P E b 2 d 465k
1R, FR AR BT B (29 20~ 30 41 ) Ji5 4% %
R E 15 min, 0. 1945 5 L% W 4 (4 20 min,
B L b e T 16 T = A 5 A <O
1.3.6  an 2 AL SR 00 248 e o 12 %

Hep3B 4043201l “1.3. 4" Wi F /EH 24 h 5

%1 qRT-PCR 51¥F%1
Table 1 primer sequence for qRT-PCR

FEH EmG1%) B 5149 S BUK B /bp
Gene Forward primer Reverse primer Length field
BIRCS 5’ -AGGACCACCGCATCTCTACAT-3’ 5’ -AAGTCTGGCTCGTTCTCAGTG-3’ 118
CDK1 5’ -AAACTACAGGTCAAGTGGTAGCC-3’ 5’ -TCCTGCATAAGCACATCCTGA-3’ 148
CDKNIA 5’ -TGTCCGTCAGAACCCATGC-3’ 5’ -AAAGTCGAAGTTCCATCGCTC-3’ 139
EGLN3 57 -CTGGGCAAATACTACGTCAAGG-3’ 5’ -GACCATCACCGTTGGGGTT-3” 106
FAM83D 57 -GGGAAGGTTCACGAAAAGTTCA-3’ 57 -GACTGGGCATACAGGATTCGG-3’ 167
MKI-67 5’ -GCCTGCTCGACCCTACAGA-3’ 5’ -GCTTGTCAACTGCGGTTGC-3’ 127
MYC 5’ -GGCTCCTGGCAAAAGGTCA-3’ 5’ -CTGCGTAGTTGTGCTGATGT-3’ 119
FOXC1 5’ -TGTTCGAGTCACAGAGGATCG-3’ 5’ -ACAGTCGTAGACGAAAGCTCC-3’ 112
GAPDH 5’ -ACAACTTTGGTATCGTGGAAGG-3’ 5’ -GCCATCACGCCACAGTTTC-3’ 101
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W T R5 SR, FH 0. 25% e il 0 45 4% 41 40 i, FH 7%
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Frhain 400 wL PBS, 7. B FH 37 2 20 i ARG
THEAEIA T,
1.3.7 4B EEATK T 7 Hep3B 40 ifg
S PR 2 5 3R A Y5

Hep3B 4014320 [F) 1. 3. 47 Wi R AL B, 24 h )5
WCKE 20, 03 40BN A 1 mL TRIzol 3 7] &b B 441
Ji, PRI RNA Jo il 5 40 M 5 B s , 647 4 skl
DT, s 2l e phy a0 R S8 A B AR A FRA R Db
Wi5E ., FIH DESeq2 3 kA7 BN 22 7 3Rk 19 41
Mr, 2255 Fak J ) (i brifE: | logFC | >1 K& P<
0.05) ;2K H cluster Profiler 54X ff i 1 H > (1) 22
SRR AT GO A b, e ik 2H BOHE B A B PR
( Comparative Toxicogenomics Database , CTD ) 4317 22
SEFRIRFER h 5T T AR G R OGS A 3T A
FH 7E 28 8K F ( https ://bioinfogp. cnb. csic. es/tools/
venny/index. html ) 2 i =5 BL&]
1.3.8 SEHIZEIERE i PCR(RT-PCR) &l

Hep3B 4 i 43 4[] “ 1. 3. 47 W F , & 41 3% 3
AL A0 24 h SRR, B AR T mL
TRIzol 257 kb BRA A, $2HCE RNA 5 i) B 40 A 2 8
W5 , W Scientific RevertAid RT 7 &4 i cDNA
J& ,qRT-PCR #9lf BIRC5 ,CDK1,CDKN1A ,EGLN3 .

T 52 PXHRA g, ™ P<0.01,

FAMS3D  MKI-67 ., MYC, FOXC1 (¥ ik, %4 LU
27N IR, ACT=HIERN Gt H-WEHENH G
i, AACT=HH (Ct( HRFER)-Ct (NS
) ) —XFHELL (Cr( HIWZER) -Ct( BN ),
1.4 SFitEHZE

SIS HE LA BB R UE 2 (w+s) Fom, N
SPSS 22. 0 GEit #FHE 47 40 Bt , 4 18] L 458 R FH A I
R 22581, P<0.05 B2 R HA G5 L,

2 #R

2.1 EEATK ##] Hep3B ¥ Huh-7 4ABI8E 5
PIRPIAER (5 wmol/L) R X IR | i FHAS ] 2 o
J£(0.1.0.15.0.2 F10.3 mg/mL) A EEATK 43 5i4E
FH Hep3B J Huh-7 41fifl 24 h J& , FIFH CCK-8 a5l
For I A0 BTG 7 AR Ak, S5 R WoR 528 FIXT R L
i MR BB N, EEATK 4% 2H 40 i i OD {H i
FIEE () P<0.01) , WK 1, 4 EEATK £ M K
0. 15 mg/mL i, Hep3B A Huh-7 ZH I 1401 R4
WM 38.29% 21. 40% , 424 5 4 0. 20 mg/mL i
X} Hep3B S Huh-7 4 )40 il 35 b 3 7 85, 4333l
9 94. 10% F1 65. 43% , A BF 52 H] 0. 15 mg/mL
LR AT IS SR
2.2 EEATK %] Hep3B % Huh-7 AR AL 5E
EdU #0045 54347 % B, EEATK + FU nT 3%
PR 40 2 ( Hep3B . Huh-7) 71 EAU BH 4 40 Ji %k
(P<0.01) ; SLRETE B30 73 AT & 3K, EEATK T FilJ5
A A 00 o P98 40 ) SRR I (P<0. 01 ), n &
2 R,

1 EEATK X} Hep3B Hl Huh-7 4% J1 5200 (x+s ,n=6)

Note. Compared with the control group, * P<0.01.

Figure 1 Effects of EEATK on the viability of Hep3B and Huh-7 cells respectively
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Huh-7 4 p I T2 3B s 0 B2 4 2 35 T g, 22

2.3 EEATK {Zi# Hep3B % Huh-7 4R AT
SHAS = X (P<0.01) , %0 EEATK 7] figi@

U8 T AN 25 K B, EEATK 41 %) Hep3B K

E: A:EEATK TG EdU AN 40 HH9 50 8E 7172 1L ;B .C: Hep3B Huh-7 i/l EAU FHAE4NEESE 1 ; D: EEATK T 1S 3¢ KR AL
SEER ARG AN M eI AR AL, S EWIRAL LA, T P<0. 01,

2 EEATK %} Hep3B # Huh-7 20 {345 A /15200 (2+s,n=3)
Note. A, EdU was used to detect the changes in Hep3B and Huh-7 cells of proliferation ability after EEATK intervention. B/C,
Statistics on the number of EdU positive cells in Hep3B and Huh-7 cells. D, Clone formation assay was ued to detect the changes in

Hep3B and Huh-7 cells after EEATK intervention. Compared with the control group, ™ P<0. 01.
Figure 2 Effect of EEATK on proliferation of Hep3B and Huh-7 cells
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b A 20 B A T T A A A DL 3
2.4 EEATK X{BT4E Hep3B AN E R RIZERH
sEA

2.4.1 ZERFRBFNMIHIE

FIH DESeq2 L iE 47 2% 5 3k FE A LA 43 #7
TN | log2FC | =1 H P<0.05, log2FC B
22 RIMEBFHLLL 2 AR XT 4L, log2FC =1 R
Jy bR SR log2FC< -1 N F A2 Rk
FEA

KL 7R EEATK 40 1T Hep3B 1Y

= SRR I SRS A M, I v Rk s ORE 3 i) i A

SRR, B 7 A% v R B S Y SR 3R IR
BOHE AIA TR T — A b P S A5 20 A B SR 2R 85 1,
EIT R SR 3 R A AL 95 ALE ) 5 AR
0L, 23Hr & B EEATK 414525 14 %6F 1R 41 1) 41 6] 2%
SE, ARG E L (P<0.01) , 555 (X R4
P EEATK ZH 845 i 35 25 S ARk LR 4L 1577 1,
o ar @ R A X 1 22 R 942 A i (A ROR
AR T 8 25 3 635 4, ULIEN 4, BEHX log2FC =4
Je 1og2FC <-4 W22 5 RIB L T4 R I 2,

. G Ex A e, ™ P<0.01, ** P<0.001,

2.4.2 ZEFFIKEEN GO REE H T

GO ARif i LR 3 A4 20 0 A= W i 7
( biological process, BP ). 4l ffd B 43 ( cellular
component, CC ) I 43 F I BE ( molecualr function,
MF) , X% EEATK T Hep3B 40} J5 1Y 22 57 %1k
RN AT GO ThREE £, BILR1G T 3232 4>
GO WA H,BP [ CC Al MF & £ 73 2% H %0 il 2
2284 378 1 570 >, F2 B AR 9 LR W ad B A 455 R
[ B ) et A S L 4 | ARE S g | 448 i A ]
BT Z I WA 5 32 2 5 4 00 4t A B 43 o o
PRI D P G T D 200 L A/ R I 40 i A 3
(extracellular matrix, ECM) ., 5 & %15 T g
HHFE S 2R G SAsPE AR K G P UDP -
BEREAS W 15 M AN £ W ST TR AR, DL SA R
®3,

2.4.3 ZRFIBEEN KEGG w4/

KEGG £53#: /R , EEATK filil 7 Hep3B f 24
SRR S At 332 Sk RN FEE LT
2L A1 L T (extracellular matrix, ECM ) ZZ &4 H.AE
AT TGF-B 1% 538 B NF-kBA 53 B 41 i (5 2 4%

B 3 Annexin V-FITC/PI X4t ik4610 EEATK % Hep3B K Huh-7 4HM0H TR AR (225, n=3)

Note. Compared with the control group, ™ P<0.01, ™ P<0.001.

Figure 3 Annexin V-FITC/PI dual staining method was used to detect the effect of EEATK on the apoptosis rates of Hep3B
and Huh-7 cells
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11 : CN1~CN3 %5 FIXBRA s M1~ M3 A\ AL Z BEER I 2H 21 6 AR o 22 S AR HE PR | W8 S AR T 9 22 e eab Bk A

4 EEATK T-FUFEA0ME Hep3B 1425 7383k B B 25400

Note. CN1~ CN3, Control group. M1 ~ M3, EEATK group. Red represents relatively upregulated differentially expressed genes, while blue

represents relatively downregulated differentially expressed genes.

Figure 4 Cluster analysis of differentially expressed genes in Hep3B liver cancer cells treated with EEATK

®2 ERRBEH
Table 2 Differentially expressed genes
Gene ID log2FoldChange P value padj
OLAH 7.26 2. 78E-08 3.75E-07
TLR4 6.67 1. 31E-06 1. 34E-05
LINCO01629 6.50 4. 01E-06 3. 69E-05
ABCC8 6.42 6. 04E-06 5. 40E-05
TNS4 6.24 1. 26E-05 0. 00010532
BLOCI1S5-TXNDC5 6.22 5. 68E-05 0. 0004108
LOC100130744 6. 19 9. 83E-06 8. 38E-05
DMBT1 6.13 3. 40E-05 0. 00025738
C110rf96 6.13 2. 63E-05 0. 00020496
ADHIA -5.03 2.79E-09 4. 30E-08
SLC13A2 -5.03 4. 54E-13 1. 08E-11
ABCD2 -5.05 0.01129 0. 043513
F13B -5.05 2. 64E-05 0. 00020564
ADHIC -5.07 2. 86E-05 0. 00022114
LOC102723675 -5.08 0. 0020963 0.010319
FOLH1B -5.27 0. 00023351 0. 0014691
KLHL3 -5.35 0. 00081067 0. 0044587
TLR10 -5.47 0. 0005805 0.0033142
PGLYRP2 -5.58 0. 00038032 0. 0022732

T R T HSYEGET 10 £ 22 545 80>4, P<0. 05,
Note. Top 10 for both upregulation and downregulation, multiple of differences>4, P<0. 05.
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AR A B | 2 [ B R A A A
FEUF X L5 v (1 2 5 e 58 B DR AT B S ) 400 L )
HATH A AR T, LB 5B &R 4,
2.4.4 EEATK M AT Hep3B 20 i 55 20 it 38 4
PR T 28 52 L DR 1 5 2 B 30 F

ATIFFT B A0 5256 B 28 3E 52 EEATK 100561 T8

YT THETE AT RE SRS S U TSI, 22 R A A B
FTAETE TGF-B NF-kB {75 530 B, 1 1 4% 15 45 18 i
5 PSR 0 L T U R O, AR S5 1o A
ZH2EIE Ay TCD Bl B2 42T , 07 26 1 EEATK 410 il JF
9 Hep3B 40l 55 44 B 465 A ¢ f) 2% 57 e ik 3 1 (&
6) , 45 L) padj<0. 05 2 . F w4 IR I BAEL

A ZERRIBIENK GO ThAEM T ; B 22 7 RIAE WA KEGG &0,
5 ERFRARERK GO UIREM T K KEGG & 0

Note. A, GO functional analysis of differentially expressed genes. B, KEGG enrichment analysis of differentially expressed genes.

Figure 5 GO functional analysis and KEGG enrichment analysis of differentially expressed genes

®3I ERFBEN GO FAELRE

Table 3 GO enrichment annotation table for differentially expressed genes

ID ﬁﬁﬂ—: GO_Class P value padj
Description
s A
G0 :0006695 ngﬂ@?i% " bkd*i BP 4. 04E-17 1. 09E-13
Cholesterol biosynthetic process
4 | 4H 40
G0:0030198 'Hﬂﬂ@ﬁi\lﬂﬁﬁ’ﬂ'/‘ - BP 0.001183 0. 022086
Extracellular matrix organization
Tp. P
GO ;0045540 ﬂﬂm&aﬁi% - EEJ;%EE”F].F BP 6. 17E-16 8. 34E-13
Regulation of cholesterol biosynthetic process
G0:0008202 . %EM1U% BP 1. 01E-08 3. 60E-06
Steroid metabolic process
R )
G0 :0006954 RAE S BP 1. 54E-07 5. 95E-05
Inflammatory response
G0:0042493 2GS BP 1. 60E-09 8. 56E-07
Response to drug
4 kL
G0O:0007155 (mﬁ@*ﬁm BP 4. 10E-07 0.000111
Cell adhesion
21 4 g
G0:0042730 V$(.ﬁ£ E{ﬁﬁ BP 9. 09E-06 0. 000541
Fibrinolysis
s [ AR 3
G0:0008202 . Klﬁl@{tlﬂj BP 1. 01E-08 3. 60E-06
Steroid metabolic process
G0O:0045121 TR CC 0. 0001056 0. 004393
Membrane raft
GO ;0005788 N WE&WP& CC 9. 76E-09 3. 47E-06
Endoplasmic reticulum lumen
A s 14 i
G0:0062023 IR 1 19 S CC 2. 15E-11 2.31E-08

Collagen-containing extracellular matrix
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1D Deiiijftion GO_Class P value padj
p N
G0:0031012 AL . CC 1. 92E-06 0. 000399
Extracellular matrix
3 il
G0:0016323 A CcC 0.0012822 0. 043974
Basolateral plasma membrane
G0:0031093 /1M o FURS cc 9. 37E-06 0. 000543
Platelet alpha granule lumen
4 3
G0.:0031410 . ’Hﬂﬂﬂﬁﬂjd\@, CC 1. 43E-05 0.001464
Cytoplasmic vesicle
G0:0072562 [Ifll{ﬁuﬂﬂ . cc 6. 93E-09 3. 17E-06
Blood microparticle
Ti s o i
G0:0016324 . I L CcC 0. 000173 0. 005804
Apical plasma membrane
oy T h Lk A
G0:0005102 . {nﬁﬁdﬁi)‘ﬁ:/u o MF 7. 89E-05 0. 003194999
Signaling receptor binding
e 59 A S
G0:0038023 . 1r'731§§f—)4{7,wﬁ ﬁ MF 6. 71E-05 0. 006257259
Signaling receptor activity
ok A A
G0.:0005178 = ?fn o MF 8. 69E-05 0. 007835062
Integrin binding
1 K B T
G0 ;0008083 J‘k%{ﬁ ﬁ . MF 1. 80E-07 6. 10E-05
Growth factor activity
kL R i T
G0:0008194 UDP-MRRERCERGILE MF 5. 90E-09 2. 53E-06
UDP-glycosyltransferase activity
YN
G0:0008201 Jﬂ:%/n. H MF 2. 13E-08 5. 08E-06
Heparin binding
BZEAF
G0:0030247 R MF 0. 00027 0. 00751
Polysaccharide binding
4 I & J
G0:0005201 'Hﬂ@ﬁ“%ﬂﬁﬁ’n Ry . MF 0. 000272 0.007513
Extracellular matrix structural constituent
TEEJBE R (NADP +) 15 1k . ]
600008106 Alcohol dehydrogenase (NADP+) activity M 5. 00E-06 00003458
R4 ERFBIEP TR
Table 4 Analysis of main pathways of differentially expressed genes
ik .
D Description P value padj

4 L — 22 A M
map(04512 ARSI XMWDEM}PFH 2. 51E-06 0. 000387199
ECM-receptor interaction

TGF-B 1551
TGF-beta signaling pathway
NF-kB 17553 #%

map04064 NF-kappa B signaling pathway 2.32E-05 0. 001649486

map00980 240 i (2 A QO N A8 1. 20E-09 5. 41508

Metabolism of xenobiotics by cytochrome

AR - 2K P450

map04350 2. 68E-05 0. 001649486

map00982 Drug metabolism-cytochrome P450 4 17E-11 3. T6E-09
e
map05204 oo 9. 42E-06 0. 000347588
Chemical carcinogenesis
M ZRA B
map00900 Terpenoid backbone biosynthesis 0. 004558131 0. 047509755
2K ] e 3 LA
map00140 RIEBHR DGR 2.21E-11 2. 99E-09
Steroid hormone biosynthesis
BHE RS AP0
map04975 . HEH.H”%] fugi . 0. 000759099 0.011428659
Fat digestion and absorption
A A 1 5 [
map00072 A 7L 5 i 0. 000675403 0.01019245

Synthesis and degradation of ketone bodies
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TE A AN MBS BE AR DGR A 776 5 B+ qRT-PCR ASI B8 UE 2 g S B A S 28 X B IE 5 C . 40 MO T2 AR S 6 PRI 977 028 5 D - qRT-PCR S I 36 1k 200 e o 1A

RIEH IR, 525 XA s, ™ P<0.01,

B 6 EEATK Xf Hep3B 4UMIIGFE I8 T HH 5 HL K 23k i 52 )

Note. A, Screening the cell proliferation related gene. B, qRT-PCR was used to verify the expression of genes related to cell proliferation. C,

Screening the apoptosis related genes. D, qRT-PCR was used to verify apoptosis related genes. Compared with the control group, ™ P<0.01.

Figure 6 Effect of EEATK on the expression of proliferation and apoptosis related genes in Hep3B cells
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Dioscin promotes apoptosis of HepG?2 cells by inhibiting Wnt/3-catenin
signaling pathway

LIANG Yugiong', HUANG Qing** , HUANG Juanjuan', LIANG Fang', TENG Lijuan', ZHENG Yang'
(1. Experiment Teaching Center, Faculty of Chinese Medicine Science Guangxi University of Chinese Medicine,
Nanning 530222, China. 2. Department of Pharmacy, the First Affiliated Hospital of Guangxi University of
Traditional Chinese Medicine, Nanning 530023)

[ Abstract ] Objective  To detect the apoptosis effects of dioscin in HepG2 cells and its possible anti-
hepatocellular carcinoma mechanisms. Methods HepG2 human hepatocellular carcinoma cells were exposed to 0. 25,
0.5,1,2,4,6, or 8 pmol/L dioscin, and cell proliferation was measured via MTT assay. The half-maximal inhibitory
concentration (ICy,) was calculated with the software. A scratch test was used to analyze cell migration ability. Western

blot was employed to evaluate the expression of apoptosis and Wnt/B-catenin-pathway-related proteins. Results Compared
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with the control group, the dioscin-treated HepG2 cells’ proliferation was significantly more inhibited, and the inhibition
increased in a time- and dose-dependent manner ( P<0.01). HepG2 cells showed morphological characteristics of apoptosis
after they were treated with 1 pmol/L or 2 pmol/L dioscin. The scratch test indicated that the migration distance of HepG2
cells was remarkably reduced when treated with dioscin. In the Western blot experiment, the expression levels of Caspase-
3 and cleaved Caspase-3 were visibility up-regulated, while those of Bcl-2 and B-catenin were significantly down-regulated
when the cells were treated with dioscin for 24 h (P<0. 05, P<0.01). When LiCl reagent was added to the HepG cells to
activate the Wnt/B-catenin signaling pathway, the expression levels of Wntl and B-catenin were remarkably increased
compared with those of the control group (P<0.01). Compared with the LiCl group, the LiCl + DIO group’ s expression of
Wntl, B-catenin, and GSK-3B was significantly decreased (P<0.01). Conclusions DIO can promote the apoptosis of
HepG2 cells by inhibiting B-catenin protein expression and thereby down-regulating the Wnt/B-catenin signaling pathway.
This inhibits apoptosis-related gene Bcl-2 expression, which leads to the induction of cell apoptosis. Therefore, DIO can
have an anti-hepatocellular carcinoma effect.

[ Keywords] dioscin; HepG2; hepatocellular carcinoma; Wnt/B-catenin signaling pathway ; apoptosis
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s BU—EB 20 B T B 248 h Ak 2 3 37 LR A
MIHEAT R 22525
1.3.2 MTT £ HepG2 21 134 57

PR KW HepG2 4RI AL, LA 2x10* /4L
FERPAE 96 FLAR,24 h J5 W F AN W, In AN [H]
WIE(0.25.0.5.1.2.4.6 F1 8 wmol/L) DIO, H-BExT
HEZH (AN hn DIO) Fn2s AL (Todiii) , i 6 5
flo 24 h 48 h J&5 , L5 A 10 pL MTT(5 mg/
mL) 4kZ2 85 5% 4 h, W EFLAN KT IR, in A DMSO
(B£L 200 pL) , R HEFFRIX 490 nm Ko £ LG
{8, TH 40 A i
1.3.3  Hoechst33258 Y& (@ £ 40 A8 1~

HepG2 4 HEFTE 6 FLAL(1x10*/4L) , K5 3% 24
h J5 AR R 3 AL R, HOLEE IR (SN
1 wmol/L DIO ZH il 2 wmol/L DIO 4, &4 3 &
fLo 4533 A DMSO FIAS ] e B /Y DIO 24 h
Jei , 4% HEA R G v B 45 G o 40 i, 11 HE i Si 400 f OA
T,
1.3.4  RIJESCHEAIN AN RSN T RS E

I 2 mL HepG2 4fiJffl (% >4 5%10°/mL) Fl T 6
LA 24 h, 41K 2 80% ~90% I}, 4 FL A AR Sk
HATRIR I Ve dl g, $5 BE 1. 3. 37 W T Jy ik b AT
ST S4B 3 NESL, 25T 0,24 h g
TR N AY HepG2 400, FA1E
1.3.5 Western blot Kl HepG2 4 ffd rh 8 T-4H ¢
FE[A M B-catenin HEHEIA

FER“1.3. 27 WU T kX HepG2 4 g #E 17 4b
B VRN B R 1% 10°/ mL, I A B FRA g
BB, A5 A X B AT 1 wmol/L DIO 4 .2
pwmol/L DIO 4H, }i3% 24 h J&, 454> 1% 3% L1 400 Jfd
JIA 300 wL RIPA Z4#, 10 min J5 7K b &)
YA, B O IR AN M B 1 AR I A5 R T A
A AWSERGI IS, SDS-PAGE 1% L Uk /3 85
JE% %) PVDF B L, 5% BiAg W5k &6 1 h 5, 5351
A —%T ( Caspase-3 . cleaved Caspase-3 ., Bcl-2 Fll B-
catenin)4 CHFE 17, TBST LRI, N A 314 15507
H 2 h, ¥ PVDF I '® T Bio-Rad B¢ W14 £ 48
5o AR Image J AT S5 K EEAE
1.3.6 Western blot £l DIO X} Wnt/B-catenin
1 %FH DG AR 1 2RI 15 )

BOsHE A K HepG2 40 4%A0 2] 6 FLARH,
Ay RN ZH LiCl 4H (20 mmol/L) | LiCl+DIO 4H (2

pmol/L) , B 6 MEfL, WAL 24 h )5, [F]
“1.3.57 30T 2 HCAH A O DU 2 R WK BE . Western
blot 5 45 Il Wnt/B-catenin 8 [ #H 5¢ 25 1 A 32 ik
K-,
1.4 Sit=EFHiE

i R SPSS 19. 0 #AFGE T4 #r,  2 BE R
DAY AR E 22 (225 ) Foon, PHALIA] LA « K50
P<0.05 hESAGITFEL,

2 H#R
2.1 DIO *t HepG2 AT 40 patEsE HIHI H11E
EXIRA1(0 wmol/L) FL#% , HepG2 42 DIO

(0.25.0.5.1.2.4.6 F1 8 wmol/L) H#4 24 h .48 h
Je , HOAT G 2E R 40 MG AE (P<0.01) , HEEE 452
B[R] A SEE A R e B 1 3 fm LA A I 3 5, 281t
B 1C5)(24 h 48 h) {E43 5124 4.19 2. 32 pmol/L,
RSS2 % 1.2 wmol/L DIO T il HepG2 41l
JeL, WS R AR T A SCHILR], WLIET 1,
2.2 DIO ¥t HepG2 FFEMA T HESFH I
Hochest 2% 654 (025 8 7R | % BRZ1 40 g & 1 3R
PHTHFAE, SR, AHE T X IR 4L, 1.2 wmol/L DIO
ZH 20 BT AR g R T A SRR, R LRI
g € ST 40 R AR TR R BOR v g I R s E
65 [T, HepG2 41 DIO 3 5 98 T 72 B
Bl DIO ¥ B 110 45 i S B i 1 o i ka4, 27K DIO
AENSIA 'S HepG2 4 BLIA T- AL ZS 75 S 40
Mg T, WL 2,
2.3 DIO %t HepG2 BT 20 i T 7 6 /189 %20
e 3 fos RS A R R, 4525 24 h i,

TS X AL, ™ P<0.01
B 1 DIO X} HepG2 4l i34 FH MM il /EH (%s,n=6)
Note. Compared with the control group, ** P<0.01.

Figure 1 Inhibition of DIO on proliferation of HepG2 cells
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X2 HepG2 ML RN . 55X B4l Heds, 2.4 DIO X HepG2 FFEHAMATHXERIZEY
1.2 pmol/L DIO HWRIEAIA [RIBR, di it BB 2 &im

B 46 %5, A1, DIO KA [E] 71 HepG2 AT 41 iy WE 4 FrR, 53 L, 1.2 wmol/L DIO 41
] AN A AL B TS 21l Y Caspase-3 . cleaved Caspase -3 75 F 3¢ 34 7K -3

B 2 DIO X HepG2 4RI IAT-IE A B0
Figure 2 Effect of DIO on apoptosis features of HepG2 cells

3 PR
Figure 3 Changes of migration in HepG2 cells

E:A:HepG2 AN AT FRIEZ : B: HepG2 MM T8 AN R A4, SXIIRALILEL, " P<0.05, ™ P<0.01,
4 DIO MHAT AR HARIAIEE I (xxs ,n=3)
Note. A, Protein expression band of Caspase-3, cleaved Caspase-3 and Bcl-2 in HepG2 cells. B, Relative protein expression of Caspase-3, cleaved
Caspase-3 and Bcl-2 in HepG2 cells. Compared with the control group, * P<0.05, ™ P<0.0l.
Figure 4 Expression of DIO on apoptosis-related proteins of HepG2 cells
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B B T1E , Bel-2 8 H #3A /K- . 3 F#AIK (P<0. 05 . P
<0.01) , HH 2 wmol/L DIO %t Bel-2 M4 kI /E FH
3. H#ER DIO Al fE ik HepG2 40 & A T-/EM, H
SR B R R
2.5 DIO X HepG2 #fi fl B-catenin & H F XK
B

5%t B2 g, DIO Ab BRAAY 40 B B-catenin
B B BT T R 3G T a2 R (P<0. 05 . P
<0.01) , ¥/~ DIO A] LAf#i HepG2 4fi ffd 1 (1) Wnt/B-

. A:HepG2 A B-catenin 2& [ 3355577 ; B: HepG2 ML B-catenin & (AN Fik i, SXF A HAER,

catenin {5 5 18 IR, AFEPT HCC /EHT, L
K5,
2.6 DIO ¥t HepG2 ZH A Wnt/B-catenin i & 16 %
EARIENFM

WK 6 s, 55 B H R, LiCl 41 HepG2 41
i Wntl | [B-catenin B2 R IR K W& (P<
0.01); 5 LiCl 41 Fo %, LiCl+DIO 4H HepG2 4 ity
Wntl ,B-catenin GSK-38 I [ 15 B % T (P<
0.01),

*P<0.05, ™ P<0.01,

B 5 DIO X} HepG2 Al B-catenin £ H F ik RN (x+s,n=3)

Note. A, Protein expression band of B-catenin in HepG2 cells. B, Relative protein expression of B-catenin in HepG2 cells. Compared with the

control group, * P<0.05, ™ P<0.01.

Figure 5 Expression of DIO on (-catenin proteins of HepG2 cells

¥ : A HepG2 41E P Wnt/B-catenin i 5 55 1 25 45H7 ; B: HepG2 I8 1N Wnt/B-catenin i 5 (AN LA &, SXTRA L, ™ P<

0.01;5 LiCl #H L%, *P<0.01,

B 6 DIO X HepG2 4 ifd Wnt/B-catenin 18§ 25 FH 235 BN (x+s,n=3)
Note. A, Protein expression band of Wntl, B-catenin and GSK-3B in HepG2 cells. B, Relative protein expression of Wntl, B-catenin and GSK-

3B in HepG2 cells. Compared with the control group,

** P<0.01. Compared with the LiCl group, *P<0.01.

Figure 6 Differential expression of DIO on Wnt/B-catenin singal pathyway related proteins of HepG2 cells
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EBAE F IR R BE SETT BR |, 2040 AR T 1
140 J3 )9 ), HLFFEAE T NE L 2020 4F3 fin
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KIS 4R DIO W E I HepG2 41 i i1 1
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PRI AR B T B S AR g R 4 HL
SERERE L DL gE UL DIO BEAS I i 41 i 3 s
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DIO #ff S8 3 5 AR T & 4 HAT HCC AEH

W5 2] Wnt/B-catenin {5 518 I 7E HCC 5%
WAL, L% BT Bl 8 40 0 8 T L Ok TR A

M B-catenin SIS Wit/ B-catenin i 56 i3 #Y)
FEERZ W K F, 24 B-catenin £ 5 kBT 1 S
B, NI 52 Wntl | GSK-3B 45 A 56 4 S SL I 10 36
Ky, G ], B IE DIO S 75 3 i 410
Wnt/B-catenin 15 53 [ & 91 HCC 1EH , A0 5
B K B-catenin BRI 2R, g5 TR, DIO 1E
F124 h J5,HepG2 ZH ' B-catenin £ [ ik i %
TV, B DIO 1] ULl 33 52 I Wnt/B-catenin 38 1
RAFPL HCC AE /T, Besh, S5 W1 DIO i 8 5
Wnt/B-catenin {5 5 i # [H] 19 X &R, AW 5E L — 22
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Y, 255 o, SxF AL F A, LiCl 41 HepG2 4 fifd
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GSK-3B Rk B FE T, LI L4 R,
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G5 L T, #ETMT G Ak Caspase-3, # i T i AH OC
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(LT FEITE 2 E BB R T BB WAL RL, R T8 3520005
2.1 R P R 2 AR — BB EE B OG8N 450000)

[#WZE] BB W% IL-23/Th17 SAEHE RS 555101 32 30 kORI & 28 & e, w1 25 JC b 2 45 7T
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A /N S kIR (B AR AL R HE et Von Kossa Yt 8 Sy 41 YL ELISA RS2 262 & PCR #E4THH
KARFRE, &R SHEBLIALL, AT RS2 10 4 S, G865 W25 MK 3 20 ORI (% 1 5 7 78 ( P<
0.05) , AR LY TL-6 1L-17 \IL-23 JKF-(P<0. 05) ;5 5] 25 JU BT 2H AH LL 465 8 20 i )5 12 B S 1 hn HLA SE 2 19
FELER VTR e AL 25 51 10 7 ) 2 A7 U S bu 4l 5 AR 4l A BL, e o I 20 ( P<0. 05) L IL-17A ( P<0. 05) |1L-23
(P>0.05) REB/>, PCR 45 R 487K , S At , B EAT JL BT 419 STAT3 . BMP-2 J% o-SMA mRNA [ ik
YW 250 (P<0.05) , £5i8  1L-23/Th17 RIEME S5 T 8540 1 F sh DR BOm 1) & i #2 , &/ & o i+
TG /N BUREIE Y 20T | LT 4 AL s oA B S ARIE DU 38 BT it , =12 25 JU 240 7T RESE S ] 1L-23/Th17 4848 %
T A 22505 T

[ £4#iR)  1L-23/Th17 ;45401 3 30 O R 3 JEAE 5 w112 45 o s
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Exploring the effect and mechanism of action of secukinumab on calcific aortic
valve disease based on the IL-23/Thl7 inflammatory pathway

LI Xinxin', ZHANG Ning®, FENG Guangling’, LAN Zhenzhen’, GUO Jiao®, LIU Xincan®*
(1. Department of Gastroenterology, Ningde Municipal Hospital of Ningde Normal University, Ningde 352000, China.
2. Heart Center, the First Affiliated Hospital of Henan University of CM, Zhengzhou 450000)

[ Abstract]  Objective To observe whether the IL-23/Th17 inflammatory pathway is involved in the development
of calcific aortic valve disease, and whether secukinumab can delay the progression of calcific aortic valve disease by
inhibiting this pathway. Methods  Forty-seven mice were divided into a blank control group, model group, and

secukinumab group according to the random number table method. The blank control group was fed normal chow, while the
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model group and secukinumab group were fed pro-calcification chow for 16 weeks to establish a calcific aortic valve disease
model. After intervention with secukinumab for 4 weeks, peak flow velocity changes in the aortic valves were detected
under Doppler ultrasonography in all mice. Relevant indexes were determined by hematoxylin and eosin staining, Von
Kossa staining, immunohistochemical staining, ELISA, and qPCR. Results Compared with the model group, the
secukinumab group showed significantly reduced peak flow velocity (P<0.05) and serum IL-6, IL-17, and IL-23 levels
(P<0.05) in the aortic valve. Compared with the secukinumab group, the model group’ s leaflet thickness was
significantly increased, and there were more calcium deposits. Immunohistochemical result showed that macrophage
infiltration (P<0.05), IL-17A (P<0.05) and IL-23 (P>0.05) levels in the valve leaflets were reduced in the
secukinumab group compared with the model group. PCR result suggested that the expression of STAT3, BMP-2, and a-
SMA mRNA was significantly lower in the secukinumab group than the model group (P<0.05). Conclusions The IL-23/
Th17 inflammatory pathway is involved in the pathogenesis of calcific aortic valve disease. The inflammation, fibrosis,
osteogenic differentiation, and calcification of mouse valves were alleviated after intervention with secukinumab, which may
delay disease progression by inhibiting the IL-23/Th17 inflammatory pathway.

1L-23/Th17; calcific aortic valve disease; inflammation; secukinumab
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RNA J& , % L4l B A BE A 700 22, FRFF RNA 36 4%
SELBITERUE G AR YE AR R IR K SE i HE
1T PCR ¥4, 17 40 R, &£ 519 P 51 WL 3R 1,
PCR 474 DU H Wl 1 - 3 - W 12 i =0l ( GAPDH ) J: 4]
PR TR REAR L 3 R Rk A A X
1.4 FitEHZE

S 45 TR SPSS 25. 0 BAF AT Gt A
Br, it BORER P 8 e bR 22 (v es) RoR , 24
PR ] LR FH O 22 3T, O 25 53 AT R 7 LE 35 el e
FLSD %, VL P<0.05 NAEBEMEZR, R
Image J Xf G e 2H AL I8 Fr 647 58 5 20 #7, R Graph
Pad Prism 7 B HITEG T,

2 #R

2.1 —RIER

Ze AR ST RN 2 IR s B O 45 AL SRR
BB I T . 28 (AN IR 15 H, Bmig] 14 1
A EATUIRTAL 14 H, BRI Ko m) R A JU s

R IWFOLER PCR KT
Table 1 Primers used for the PCR

7R G145
Name Primer sequence
STAT3 S:5’ -TGCGGAGAAGCATTGTGAGTG-3’
A5’ -TCTTAATTTGTTGGCGGGTCT-3’
BMP-2 S:57 -GCTGACCACCTGAACTCCACT-3’
A5’ -CCTCCACAACCATGTCCTGATAA-3’
-SMA S:57 -GTACCACCATGTACCCAGGC-3’
A5’ -GAAGGTAGACAGCGAAGCCA-3’
GAPDH S:57 -CCTCGTCCCGTAGACAAAATG-3

A5’ -TGAGGTCAATGAAGGGGTCGT-3’
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PEIE A [B] PR/ BUR B4 T 3R B0t 45 1 5 AL A
5510 B 1 /N AT RE A A 22 AN SR A5 4k
TRk OGS T AT, R A LRIl A 1 H
ANERTESS 16 S8 Jo B P A6 I o 38 313 A s DA |
HHERR
2.2 ZELEHBHLOIHERMNER

TE/N BT IS B HT S5 16 J8 K56 20 JAl (RP
g52 4 JAJE ) B X A /N BREAT 3 B0 ORI 1 I
VR B ORI YEMERT 3 4 RNZAE AR IS T
SL(P>0.05), 16 JEIE, 23 7 6 BE 4 I ] 5
AJCERBTA I 1 H/NRZ A0, Ha/ N R 3 3 ko
WA I8 SIS B BE RIS IR T 15% (P<0.05) . 452}
4 )G, w1 A LT AL 32 Sl bR G 0 15 B
TUZH AR HAT BT AR (P <0. 05) o 25 O IRZH /)N LAY
T2 ) IR {1 U B 7 A BRI A 16 JR AER 20
AR 22 50 (P>0. 05) 5 AR A4 K ] 4 2
JCERBTE /N B 3= B Ik A e {2 U7 8 7 365 A T | S A
5516 Ji] )5 20 JE PRI 1 25 5P (P<0. 05,3 2)
2.3 EFhBkIEEHEZAK HE % Von Kossa
BLER

it HE Be @ 3 ik mie 5281k, 4581

R, 523 N LA B, 55 PR 2 0 R 4% J2 45 7
AL HJRFEYG | JF v 55 A 2 R R4 T U I | )
AT U BT 2 SV R A TR 2 N (T 1)

13 Von Kossa J& {0 WL 2545 £ DRV i, A {4,
TURLEN R SR TR, S5 BN, 28 FOxE R AL /N BT
F BRI WS, AR T A R B T 2 B
WORLITAR , W PEAT U SR A A7 A 2 i S 8 ORI
FR, 328 30T s 20 S 109 340 2 L 43 A1 AR S
VLR IR 28Uk A Tk (B 1)

2.4 EERIBERBHAUFLEER

CD68 LA HH T 0l g A2 e R 20 21 % M B s 24
HLAIZ A B, 25 % R 4 A e /N i o e B R
TR v A B A, AN 2 BRAR /> 1% 2 1555 BH 2 40
JHL T R 25 A A R 2 oy, BH P 20 =2 A T
i 2B FANE 110 B AL DA B2 A4t B R O, B 3R 58 5 R i
7 ) 247 0 SR 4 RS ) D B 2 I 20 B b e 4
CD68 1y & I WAL TR (P<0. 05,181 2)

IL-17A JH 46 D0 3 5 2 20 rp TL-17A 19 323k
0L, B WSS 32 3l kO 4 21, 25 11 % BE AT v
JE /N2 BRA S TL-17 A 8 2635 5 T A8 B AL 2 o
KT IL-17A B R RERE, H EZ 0 TR

T2 AU/ TR ST = Sl KA 04 L 0L 0 B (s )

Table 2 Aortic valve peak flow velocity in various groups of mice at different times

451 25 0 IR [ ECE A PR LA
Groups Blank control group Model group Secukinumab group
SRS g
AR 3 S BRI (I H/ (mam/s ) 581.03+39. 00 578.02+39. 51 594.92:+41.81

Pre-modelling AV peak flow velocity
RS 16 J8 E B BRAE IR/ (mm/s)
AV peak flow velocity at week 16 of modelling
TSRS 20 Ji B KA (mm/s)
AV peak flow velocity at week 20 of modelling

597.07+42. 47

615.68+43.91

833.94+56. 08 * & 850.30+47.74* ¢

922.80+45. 62+ % 768. 34£42. 53 **&*

T 5 I 2 O B L, " P<0. 05 ; 5 R —WHHBIE AR LY, #P<0. 05; 5 [R1 40 /o] & B RT AR 1L, $P<0.05; 5L 16 AL, *P

<0.05,

Note. Compared with blank control group in the same period, * P<0.05. Compared with model group in the same period, *P<0. 05. Compared with pre-

modelling in the same group, ¥P<0.05. Compared with week 16 of modelling in the same group, *P<0. 05.

B 1 FEhREL414] HE & Von Kossa et

Figure 1 HE and Von Kossa staining of aortic valve tissue
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7L SRR F14) S FES P B2 AT L o 3 L B A 2 K i R R
)R A U BAGUHRIE  IL-17A ik A% T4
BRI I HFR R — M, 25 BA R E L (P<
0.05,2),

1L-23 47044 FH 46 I3 A 21 4 v 1L-23 ) %36
T, B U E S kR4 4, & B as 1 oxt B4
MR I/ 1 1L-23 A ERR B2 v 1L-23 K
AT H AR 5 v B A7 JU PR BT RS 1Y) 1L-23
FeIR R AIRE R AR AR AR TR R4 (H 22 %
GiiteEa X (P>0.05) , =401y 1L-23 /3 A E &
I A8 A PR RE RS P 2 240 B S0 (1B 2)

2.5 ELISA #&ln & IL-6, IL-17 . IL-23 &5 ¢

R R, B A 5 23 (0 R AE B A, Il T
HIL-6 1L-17 (1L-23 ¥R B2 b5, i A 2 41 0 5
PreH SR A b AL, i vE e TL-6, TIL-17  IL-23 %3
THAILH (P<0.05) 5 7 2 &7 U HAPT AL /N B Il TH
IL-6 W BEREAR T8 U0 IR (H 22 R RG22 3 X
(P>0.05) , Al FEAT JUHAPULH /N BRUAY IS 1L-17 ,1L-
23 R B TS IR IR (P<0. 05,3 3) .
2.6 EHHRBRAEESHNER

STAT3 J& 11-23/Th17 4 JiE 18 4 9 (1) 88 0 1,
3 g R 525 R R AR EL AR R4 Y STAT3

A F AR B IL-17A5C. 1123, 5% AU IRAIAA L, © P<0. 055 SHERZAAHH L, *P<0. 05,
B2 EFBORIEAIS T E A IL-17A TL-23 Sae gL
Note. A, Macrophages. B, IL-17A. C, IL-23. Compared with blank control group, *P<0.05. Compared with model group, *P<0. 05.

Figure 2 Immunohistochemical staining of macrophages, IL-17A, IL-23 in aortic valve tissue

® 3 H4UNRULTE IL-6 1L-17 F1 TL-23 /K- (xs)
Table 3 Serum IL-6, IL-17 and 1L-23 levels in mice of each group

451 25 X R R ZH CilZ SN E el
Groups Blank control group Model group Secukinumab group
FAr % -6 IL-6 19.51+12. 54 36.44+16.79 " 13.93+12.96 "
HAZE-17 IL-17 52.07+12.47 174.94+36. 08 " 131.30+21. 74 **
142 -23 1L-23 45.68+13.91 128.80+25. 62" 87.34+22.53**
TE 52 A B L, * P<0.05; SR, *P<0.05,

Note. Compared with blank control group, *P<0.05. Compared with model group, *P<0. 05.
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L SERAM L, * P<0.05,

B3 Ehk PR AT B G 1 mRNA A

Note. Compared with model group, * P<0. 05.

Figure 3 Expression ploidy of mRNA for lesion formation-associated proteins in the aortic valve

mRNA FEA M550 W34 ( P<0. 05) |, 7 EEAF I 8t
ZH %) STAT3 mRNA FIAHEC B2 1 2080/ 0 (P<
0.05)

BMP-2 2 H b bR, 2R BN, 55 A
XiF FRZAAH LY BRI ZH 1) BMP-2 mRNA IR A5 5] i
BN (P<0.05) , SERIAI A EL , &) Ay U S 4L
BMP-2 mRNA FIAAH5EUR /D (P<0.05)

a-SMA TN T B AFYEfb B, 45
R EERIZA R o-SMA mRNA FEIA550 A 0 IR
LHI G (P<0.05) , 1M &) A e Syt 4/ By
a-SMA mRNA 2 A B AR Y 20 W) 5 25 98 /D (P <
0.05) .

3 itig

AR, CAVD & AR U P I L 1l Ry & ik
] S L )0 U R S5, PRI I, R CAVD AH
K oy FHLE] T HRIETE IR T 0 SR AR Bl A
FXF CAVD WA, A R T I RE 12 W SR 97 19 8T
Wz,

CAVD 53k sts A Ak Co IS A7 2 W] 9 s
Wor PRI 2R, s 1 v O v UL S R R~ 45 45
B E A — R AL Z A, (R 5 il A8 BE A 5 N
] {4, 32 3 ko b A 20 20 A ) R i O 3h
SN EKE REMAEREER ) E TR
R 2 i 2 P UL T s 1 At VT S 24 0 2 — LB o)
ik ok A B Ak M O I 99 B A AR 25 9, (R LR
CAVD &R C W B ek /e ™ . ST Hil
5T CAVD MR Y7 F S, KRBT 0l 4 K8 56—

2, Notch1 38 % 1937 7 ¥ 5 F5 85 8L 1 - 11 . IncRNA
H19 .miRNA-34a RANKL ;%% —3% | 3 bk ks R A Ak 5
AR IR A IR a(Lp(a) ) JATE 1L
FitE Al B 9 W 2R 9 AU (PCSK9) | 4k it Gla # H
(MGP) #1414 i S ( Cathepsin S) | Sortilin; 4 =
25 AR AR OG0 A1 RTE S  R I (sGC) |
P2Y RUSERAZAR 2 ik SR ALY AR S i ) O S AR y
(PPAR-y) KB IR Eh 5512 /& 1 (NPT1) LR
INWETR7SEAER (INSP6) | —IKEERKES 4 (DPP-4) ;5
VU2, G # P2 AR 5. A Bk R 1 3244k 2
RT3 2B 2RO BRI BEAR I R SR
ANBTEFHIAIT CAVD (VRS A — i,
B2 BRI A RIT CAVD MG K258, R L, X
T CAVD S HIL I R RAT 75 4k 2L

CAVD AFEIAN S R AF W 15 1M e Az 114 a7 B¢
PR R, MR 2 W R E 20 Eahii 145 2R,
Horpr JAE S N BE9E T CAVD T R 45 A 31895, X
PR R K RS T B EE MBS, 1L-23 f1
TL-17 7E5P SO0 A SCHEAE 25 P 3 Al 2 i Jl
Pk S TE AT TR JAE , 38 % P TR 0 2 i J) 22 el
RIEVEBR (Ansh ks BERE 1k AR JE i 5k B A
R &R H, TSR BT 14 22 LT TL-
23/Th17 WG R 5T, IL-23/Th17 R T #5450 H &
SRR A Ay BB AIR YT L A, IL-23 SR S Pk A
JHL PRI, FE 2 bR W A4 R AR 2 R A e A i
HMNEE S IR RS, BREh Th17 40 /3 AL R Ak
72 IL-17A IL-17F I1-6 . IL-22 I TNF-o' ), 1L-17
EEL M RAEN T, FERIE T Th17 400, i IL-
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17A Z IL-17F 418, 7T DL e S 32 AR 45 6 o
o7 L 240 B R TR R B T A A PR I35 kb MR A i
fifi e RE R F K BT B K — R IV RAE Y i
CD4'T 41 /& Th17 B RTIARZIM, TGF-B . 1L-6 Al IL-
21 40T LIS T k40 M 942 2 ThO 41 M 1) Th17
R A 434k, TS 3 Th17 40 B X% 1L-23 B S,
J& Th17 4NffRaE Y38 2 6 B f B |, 78
Th17 405k B, RORyt 2 5 g et 4 e 57 A
FZ—, 51L-17 £[FZ5 T ZF A 5 BRI
PR IL-23 M Th17 ZIEMZE S5 NG S
e Je STAT3 #iG ALt RORyt Kik¥Gm, JfF H 5
1L-17 B S 0 RORE 454 A2 #E Th17 4a
SRR IL-17C, [R5 1023 454 )5 19 Th17 20
JHi BEASE 1 TNF-o N2 NF-kB 18 5655 22 U 38 430k 1L-
17 Wik — 2 518 RAE R &4, JAK2-STAT3 %
i 3 [ T A 1 A0 T ) 43 AR B A, 3 BE 3 £k
AL R (0 TL-6, TL-8 25 1 352 35 5 250 i 45
i, JF £ = 40 M Ah 5L R ES AR UT AL R W T
%i[ﬂ—}ﬂ .

FEF DL AHIE S 3 I 4 85 0 1R R 3R N BROK
#37 CAVD A JF7E R B B 45 7 ) 2 45 JC SRt
T CAVD /L, 4558 &P, £ CAVD #5581/ B
1 1L-23/Th17 483 i rhAHSC I 3Rk 3 mr , FL bk
YN SEAENS 22 | A AL 9 STAT3 . BMP-2, a-SMA X
ML H TL-6 TL-17 TL-23 K349 T8, I e 28
A IR B Eh DORR, Ud W45 AL g B rh 1L-23/Th17
YN I B IS S R B TR R R Y R E 4T
el BUE LA, R BOSE CAVD /N B
A7 a] PEAT JC BTy 300, /0N B 3 3 ok e e {1 1L 37
R e 1L-6 1L-17 \1L-23 £7 Fr B, I I b B2 48 1Y
G 20 L S 5 ER IRk /b | R 23 0 SR % AR 1)
RIE LFHEAL U oAb BB AR 035 i 2 | 1
B ) 43 U BT AT RERELIEE T TL-23/Th17 JAE i #%
TR T RAE RN, SESE T RS AL i kAR . T B
JETE IL-23 5 Th17 945G )5, STAT3 # 3% 4k i fff
RORvyt 26153401, 20 Th17 40 M B K 1L-17A
IL-17F IL-6 IL-22 fl TNF-a %5 R %EH T, IL-17A 4
JiE A FIE 4 TL-17RA Fl IL-17RC 5 RIKE &
RAHAES, LA S SO0 20 7™ A 40 1L-6 S5 42 2% 240 ffd
R 7, SO AR AR i F2 I 04 & A=, AT T PR o A 5
fk. TWE A SCBAGIVE R IL-17A FMHIF], o7 DLk
PRI 255 40 N T TL-17A ) TG B 340 137 10-17
/b AT R TL-23 [ T ARG T 46 1k

A% Th17 , W E—2E40H T 1L-17 . IL-6 \ TNF-« FJRE
i IRGE T — FRBNIAE R, AT BE AR 11L-17
WG T JAK2-STAT3 {5515 %, DT 5 SO B 41 Jifd
ANEE A R KA DU AT IL-6 . BMP-2 B2 83 5,
LW 240 M 7 s 2 F0 3 2l DO A A5 R0 3 1Y) 495 A e ot
AR, SR ARE B B A AR AR G, B
4 T V7 Ak R B i 5 1k 78 B, TN U i o HEAE
CAVD RIMEHECEE 7 it gtk M1 B g4
MafE oy B AF A T CAVD Y 5 W 40 i 30 BE, 76
CAVD i & g st o, JF AW B 51 & RAE Zk
JNE , DT A8 32 4 928 200 32 R s ik J . M
I 210 it 1T 3 2k 3 b TNF-o F1IL-1B 412 48 40 it Al
T2 2T AL AR A VIC B UL 2T 4 20 i 2% 355 OF
o P | FEAE A 4 TL-6 4 1 2 146 1 UL 4F 4 4
L 1) o5 A AR A, DT A5 R R DA 27 A b e 22
AL

ARIFGTRAMAFAE— SR R, 5 —, AR5 A
CAVD WAL BA — M 2ES, £, T/>
B B WO AR 20 83 /N, FEAS S 88 /0 R AT 3R
BNl sy, 55 =, CAVD Hui{h & A #tdE b i ik
ST B G TC T B X R

1241k, CAVD XfF ANFER BiAT) & —Fh Pk %
PP , 2 AR B 2 M A S 5 A R BRI
TR FMGIT 254, B8 0 IE 9 P g ik e sl il 38
UG BT 25, (A e 2 ZMBEE RIS, A&
T BRE LW AF T 1IL-23/Th17 RIEE K S 5
CAVD W78 1 8 , {H )& 1L-23/Th17 44 % T H
PRBLHIAS T 205 A S0 00 R R IO UE, Rl P22
XF CAVD B BBk i, AR A AN A ok —
REXTHE A T AT A TA R, 53R 3 R A A RL
IRITZ5Y), 1 CAVD BB RAm .
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Establishment of sterile golden hamster model

GUO Yaxi, DU Xiaopeng, LIU Kaihui, WANG Zhaohua, ZHU Hua "
(Institute of Laboratory Animal Sciences, CAMS & PUMC, National Center of Technology Innovation for animal model ,
NHC Key Laboratory of Comparative Medicine, National Human Diseases Animal Model Resource Center, Beijing 100021, China)

[ Abstract]  Objective A sterile golden hamster model was established by cesarean section purification. Methods
SPF-grade donor female golden hamsters were selected, and males and females were mated 1 @ 1 and separated after
mating. The cage time of the surrogate mothers was 1 week earlier than that of the donor mothers. Parturient golden
hamsters underwent hysterectomy on a sterilized workbench, and the uteruses were transferred into isolation kits and
stripped. To obtain sterile milk for milk replacement, sterile ICR mice and sterile SD rats were used. After successful
separation, the hamsters were transferred to isolation kits to prepare for feeding. The sterility status of the feeding isolation
kits was tested monthly. Results Three caesarean sections were performed, but the first and second lactations failed. The
third milk replacement was successful, and 18 young hamsters were obtained with survival rates of 88% and 66% after
weaning. All hamsters were quality tested by GB/T 14926. 41-2001. Conclusions Using a cesarean section purification
technique and sterile ICR mice and SD rats for microbial-free milk replacement, a sterile golden hamster model was
obtained.

[ Keywords] golden hamster; sterile animals; cesarean section purification; isolator
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Figure 1 Technical roadmap for purification of cesarean section
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Table 1 Third caesarean section operation ICR female mice lactation
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. Number of pups o Number of pups Survival number of Survival rate of
Donor mice Lactation time Fostermothers . .
been collected been fostered weaning pups weaning pups
1~5d I(:R /J\Eﬁ‘ 16 / /
4 b B 18 ICR mice
Golden hamster N
6~21d SD KB, 15 12 66
SD rats
®2 T E A O
Table 2 Reproduction of sterile golden hamster
T B 4pr L
# R 1 2 3 4 5
Pregnant rat number
ERE
9 7 8 3 0
Number of litters
2 Jl I AT R Ay H K
Number of piglets remaining 3 7 8 3 /
at 2 weeks of age
ML A KL
Number of successful 0 7 8 3 /

milk separations

B2 A H IO B

Figure 2 Germ-free golden hamsters of different ages

B3 THE&EMWRMNER
Figure 3 Cecum of sterile golden hamsters
2.2 SEMREERSHERFRGN SRAE 4 H M BRI M RE AR 22 B GB/T 14926. 41-2001
AL Y s Pl i i 12 H, 7 M 5 M AT TSR, Ko as S5 45 (K5) .
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Figure 4 Nursing status of sterile golden hamster
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Figure 5 Detection report of sterility status of golden hamster
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Reflections on and practical applications of combining teaching and training
to promote the standardization of animal experiments for medical postgraduates

CHEN Qin, LI Jianmin, GAO Yun, QIU Chen”
(Animal Experimental Center of Medicine and Pharmacy, Key Laboratory of Model Animal, Nanjing Medical University,
Nanjing 211166, China)

[ Abstract]  Graduate students are the main practitioners of animal experiments in universities. However, a lack of
professional skills and management standards for education on laboratory animals in medical graduate student courses has
led to frequent violations of animal experimental guidelines and poses a significant biosafety risks. To ensure the quality of
animal experiments and improve the research quality and skills of graduate students, with reference to current practices,
this article proposes an innovative teaching model combining a Laboratory Animal Science course with training for medical
graduate students. We suggest reforms to teaching content according to scientific research needs, recommend improvements
in teaching method, and analyze the significance of the teaching-training model. Our review was written to propose new
ideas for strengthening graduate students’ awareness of animal experiment standardization and improve their scientific
research literacy, as well as provide a reference for animal experiment standardization for educators of domestic medical
students.

[ Keywords] training; medical graduate student; animal experiment
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Ferroptosis and its role during experimental acute lung injury

GUO Huanrong' , WANG Jing'?*, ZHAO Zigang'~ , NIU Chunyu'*"
(1. School of Basic Medical Sciences/Institute of Microcirculation, Hebei North College, Zhangjiakou 075000, China.
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[ Abstract ]

Ferroptosis is a non-apoptotic mode of cell death characterized by iron-dependent lipid-peroxide-

accumulation-induced membrane lipid peroxidation and mitochondrial atrophy. It differs from other programmed cell deaths

in its morphological and biochemical properties. Ferroptosis is regulated by a variety of metabolic pathways that are involved

in the acute lung injury induced by hemorrhagic shock, ischemia-reperfusion, sepsis, and radiation. This article reviews

the main regulatory mechanisms of ferroptosis and its role in the pathogenesis of acute lung injury in various animal models

with the aim of providing new strategies for the prevention and treatment of acute lung injury.

[ Keywords)
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T AR TR ,ﬁt%xf_\m%@ﬂ erastin A% EALAEH —
H B, &l HAR R, 2008 4F, Yang Al e
FEG I T X Ras 572 i 40 ] BAT — & R B B
ATPIRR TR S, TR Hofin 444 Ras BB HEIESOE
/IN51F-( Ras-selective lethal small molecule , RSL)3 /1
RSL5, & ¥l — #1753 1 40 B 58 T2 RE B~ e K 4 il
Pt A0 BH 1k, 2R DL B kB A ) e R 2 Bk
( deferoxamine mesylate, DFOM ) FIHT 8 L 4% E
i, FEHEIERE I Dixon 25 WLEEE F erastin 4b
PR Ras 572 e 40 B ME—FRIE 00 S 3N Zobi A i
A /INFIIEE AR BRI, 55 B A 1 S K Bt Ak
(1) R TIAR G 5 B IS 1 F 52 DR B2 — R K
Y AR TR B AN A T 07 5, IR X R AR T
JrAIER A A BRAETS" . 2015 4F Dixon 451§
R i A B I BE Z WL 4 (acyl-CoA
synthetase long-chain family member 4, ACSI4) ¥ Il
Wi g P9t JIE A 15t 2 4% 72 | 3 ( lysophosphatidylcholine
acyltransferase 3, LPCAT3) 58k FE T 1) & 4= 2% ) A
K HTE 5 Z AR DR & A K, 5 & 5 IR
HIMHK,
L2 HETHHS

BRBE TR AR 2 40 N B B A (lipid
peroxidation , LPO ) F BRI E LA i iy, S9HT- . A
Wt IRFEIE I TSR IR AE v 4l ML SE 1 07 R RIAE TR
B A MA Y= T A B R R, BRIE
TR F2 SRR 2 A0 MRS 5 2ok A 1 T 285 2
S AN IR S DA DR R0 R 3 SOk A S
DA% 8 1 o 0 e v /D BT 2R O 3 A AP
DAY £ FE R I ROS k2 1

B 22 25 AL H B (mitogen-activated protein
kinase , MAPK ) 3 i | ¥ Jbb 2 R 5% IR 4% b H ik
( glutathione , GSH ) #E 35 . ££ 4= PU 44 & ( arachidonic
acid, AA) SRR 5 40 F R 0 RN A RS
Jiff 2 ( cyclooxygenase 2, Cox2) (ACSLA KK ke i 122 nd
% TR B IR ( nicotinamide adenine dinucleotide
phosphate , NADPH ) %8 fb /i 1 3k B, A e H kit
ALY 4 (glutathione peroxidase 4,GPX4) | Jii K
05 7 L 11 (‘solute carrier family 7 member 11,
SLC7A11) BREEFIRIE T, B e s RE e
21 i S AL 8 JE B 3 (recombinant peroxiredoxin 3,
PRDX3 ) 1t 5 411 il D 22 2 $5% I B R T T, o e
FAE TR T 40 b, Sk w5 A ALY PRDX3 158
PRCYIR R N/ RS B BRBE T A I R BT T K
A= B, PRDX3 7K F iR

1.3 SRIETHIRENH

L3.1 B S8t

Bt LPO FREMPIL T A Fr b ms 1, AR
W T E AL TR R A AE , DL 3o 5 A 1 3 422 0
P BIRA AERERITE I B ST, T 4
R KT I sk S ok 1 1Y Fe™ AR, F6i8 At A7
EAZETRE T, JEIF Fe' il it H Ak B A 321K 1
(transferrin receptor, TFR1) T A4l , 7638 )5 B
THRECH Fe™ s Fe™ it M &R & Tk 1 A
S, NAZ DA N AR L BT, 3 BOTE SRR 8 1 Bk
(labile iron pool ,LIP) ; 24X Fe™ #A7 T 41 Jifd K )
%32 3 1 (ferroportin, FPN) %32 21| 41 Jilg 1, LA Il
RPN BRAR S . T B2 4% i A5 I 1l 0 A
5, B Fe I T AR AE BT BT A I L
I T HA EU A P | SO M PN 3 5 Y Fe® S8
T 5 R ER A R A, e E ROS 77 AR T 2R

BN R A AR, A DR R AET
MG, Fe™ 5 FPN 254 T R B 145 &
(transferrin bound iron, TBI) ; t4h, G /D EEA L
FPN &% &, Bl 3E 5% 82 55 A 45 & ¢ ( non-transferrin
bound iron,NTBI) , Ji #{E 4L T, NTBI 3% Z 8\ K
W5 A F i 57 AR 1A A 2 PEVE T, T
] S Hkst T,

BRI 12 458 30 3 22 B B I 20 M b R RS E
MRk, SR BRAE T, IEH RO T, AN A0 b i
BROK SV %, 5% ) 25 8K 5 &R 1 (iron regulatory
protein, IRP) 5#EEE K mRNA I 198k )2 b T4 (iron
responsive element , IRE ) 454, 1 1 8 1o 8 #2824
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WA OC JE IR 3R 35, A Rr BR AR AN 7E IFE O 4i il
IRP1 G PEH Fe-S #EFH, Y 40 Mk % B (KA, IRP1
N5 Fe-S #4h G MiiE T 5 27 mRNA 737256 9F
O AH N P10 BSOR 14 I 240 Bk 7 a5 X A e
B amey, —EH A WE IRP1 5 mRNA 4565
BARARMERE . SR, th T Fe-S #5225 A LW
(RIS | 1 AL MTIE AE Fe-S #, IRP1 AT39R 212 #E 40
R0y | e W AW [ B R R R S E L]
FET- TR A,
1.3.2 BEBfCi SekstTs

Z A F G B BR ( polyunsaturated fatty acid,
PUFA) VR 40 MRS 1 21 56 43, nT 15 2 R A= 43
g, (HH THBEM C-H HEAEAE T WU T8 S0 &,
SH PUFA B9t Ak, B4 i i A PUFA % B A
Jig it A B 45 Y R LG A R TA R, PUFA
KU P B 7 8 11 ot A 2 AR A R AR T R A 1 O Bt
AT W PUFA S A5 B b f )
WO 2D 1 5 BT AR B 5 IR I A AR B
YIMHG, ACSL4 3% 5, #E LPCAT3 2 51, lif &
PUFA 5 w4 ig 45 4 T i PUFA-PE'"" | PUFA-PE
FERSE A BEA T A2 S 0 R, FE B LPOM™ It
Hh oAb FE AA BUHAR B X B9 PUFA, 8 25 (i K &
PUFA AALFIAR TR A o BL /Y742 > LPO 2
i B 25 | R A 7, ST
1.3.3  ZAmMA 5T

20 R RSE 14 JOE SR A SRR 1) R B AR R B X,
DAL s 1 L e i a6 1) 542 UMM IR A
IR AR RG Xe—JR nlKE I E R 38 I N
KA, 5 E 2S5 GSH & W, GPX4 fff GSH i fk
LPO i JFUR TCHE A L (8, GPX4 2 —Fh £ ik
B, S MH G AP 505 (GPXs) oAtk 51
M, Bz R, LR e, LA M
Rk 5w R 8 & A2 A 08 X8 Rt & 4 g
i, iR ARG B 8k . GSH J& GPX4 & #51E
FH O B85 B R 3l 3 B R S8 Xe — (B n i 4%
SLCTA11 33K ) BHAS GSH Ay I, S50 GPX4 i
PERRAR, 40 bt A AL BB T B AIK, i o2 77 1 SR HE AR
SN A A L PERE T, il R BB T,
1.3.4 S5¥FET-REMAE S5 FIEN

BrRumA AR e AR R S 5
FET- 1 & A A, BRBE T4 i B 1 ( ferroptosis
suppressor protein 1,FSP1)  p53 BHe K TR 2
FHIEHF 2 (nuclear factor erythroid 2-related factor 2,

Nrf2 ) S5 53 FEA [ RE BE 3 2k i 59 A DG A
R, 25 TYIETm & EDLT

FSP1 AV F 20 i o 5 I, 3 o 3 N o PR 5 e Ak
B REPUBRIE T AR S BEAL Y FSPL W] LLK
PR I T Y 4 T, 80 I #E NADPH. 9 if
JEL R BB i R Q (coenzyme Q, CoQ) 10 i N
CoQH2, CoQ 3k i ¥ = BB A8 41l 35 A ot i 44k A #H
FIFBHIE LPO MY BB W 484 R E Ml 5
SERFETUS AR, RSP AT AR CoQ10 {2 HE 5
JE £ B Hi B Al 4K BT % AK A ( radical trapping
antioxidant, RTA ) £ %, RTA & 4541 E AL VE M IA
RBH IR LPO s i RBL M BRI Tk A B K
B, BIF GPX4 Al FSP1 /e HEF AR B RS H ¥
TR (mevalonic acid, MVA) IR AHAS . ek —
W52 (isopentenyl pyrophosphate , IPP) fa 52 T fifi{€ 2
e S (RNA 5 LTS GPX4 78 A Al
fifg I 75 14, IF H CoQ10 1EA MVA & 428 iy e 24X
Yz — W2 FSP1 B F R, A e i 41 il
MVA SEAEFEAR IPP 7P, AT LA B A% A A 2 JhE 20 iR
tRNA U, HE— 254 GPX4 45 WUF1 FSPL MyHiak
FETAER], BREFET= . WL, FSP1 2 55T T
BIBLR S 9T AR A R | =R A G

YRy — Tl N2 i g 400 1 S R ps3 3 3 %k 22 A
5 s R 2 SO AR T, 5 e R A RS |
BRI ROS 45 Z AR AR, 175 5 IR 40 i gk st
T, 410 P A B 8 A A, R AR
Op53 ik 2 EE IR A A A2 TR 45 i 20 M RSB T2 2 p53
AN SLCTATT BHIr b b 20 W iy 55 0, 3 EeAm
HEL P2 ez R & /b, R i GSH & Ui 2D, 75
SERANLEY GSH #E 3 AR IE T, AT 410 ] Jie 96 2=
KU A 2 S BE R 2 (glutamatase 2, GLS2) £
SRR o — 20 A @B 1L 8 GSH
MBS R 2R, A A RE 1 = RIRIEA S 5L
B A P RE R AT pS3 5 GLS2 HH ) Bl
T X BB DIRENE p53-DNA Z5 G Il AHSE &, B TRk
RRREIR Dyfg, (2 #E ATP 7= A fE AL 2 IR 1 K
BT I R SE Xe WP, 38 BT - Ui b 20 iR
BIORIE TR A AL T @p53 aE i g AT
AR RAET  p53 LIS WA/ Ki ik N1-2
PRSI 1 (2 Wi o fire A i) PR it ) 7 o =3
AA-15- 54U 13 M A 3R 38 7K F, 42 5 LPO K
S, R SR AR R T

HEHRZAR ,Nef2 5 Keleh #£ ECH MR A 1



102 Hh ] AR PR 22 24 7 2024 4F 8 45 34 445 8 1 Chin J Comp Med, August 2024, Vol. 34,No. 8

(Kelch-like ECH-associated protein 1, Keapl ) 254 ;
AL I T B0 AR AL b B R T I, Nef2 55
Keapl i 25, 354 7% 3 41 f 4% b 5 e S Ak S 0y ook
S, e 1 R0 L DR s DA R e A R 8 2R L B
P NI AIAR ) . SRR T S A O
() 225 R A2 31 Nef2 19 5% s 8 455 5038 2 BH
Nrf2 REfgE , B4 Nef2 7KSF- AT DR R RE R GPX4 4
RV e R % L/ SLCTALL 53¢ 34 40 i 2k
JET, BT GPX4 Fl SLCTALL 41, FPN L) K 4 fifd
G R AR A7 2R A2 Nef2 5352 IR 3l
T Nrf2 38 fi ) 2 B2 45 M e 2R T L Ui R 4
¥ RAIRST PSR I I iR ez —

g5 Bk GARiE AR B | S R A K A
PLK FSP1.p53 \Nef2 2545 571Xk e R 2 1)
L, 25 TR TR LA (K 1), w5
T I RNRI RN , A7 TR kA T S K G i
ANAET

2 BTSSR

ABDIRZSS, B AR M Ay AR BB
IPIRE |- Bz 2 1 A4 3L S8 A 1 AP I T8 2F B AR R
RGRYEFS I BRAR S ARMTEOR N R, — BRR
T AR, il 2 e A S A AR 7, SR ERAE T

UTARSR  BRFETTE HS /R i WRREAE 25 200G B AE
SIS ALL W/ E FH 32 3 56T
2.1 HS5|EH ALI

HS J& , BRI A W A U, L2 i S Ak
fie i3, 77 2R KA ROS, FTHE T A F 56 A7 Ay
RESP . — ORI, B4/ Bl it A0 2R 1A 3 B 3 i
A 5, Duan 2 ST & B HS J5 M b R ek B
K2 F1 ( dynamin-related protein 1, Drpl) #3756 ,
LT R ZORAAR S L, iE A Drpl BT AR 1 417
TR A= ) FIAE A IR A L A I R 5 | 4000 o 2 b A
SR ~A 1D T IRACE , 2 BEL DBy G At — 2 3 2ok A
R, LA &R - 2 AU 4E 4= R E HOM:
B, P ROS IWEM R, s — PTG EH Drpl
R ROS BURS 5 T K55 i (il A ) 4 20 0
8 5 [ Th RE Y IR T, R 0 IS I T R A
A IR R A B BRI W B 1 AR R
ELVR [ i BTG IR, 2 5 S 4 B S S5 I 2% 45 F 5
& HS Fl5 405 i DG B R T N2 1 Ay A Py
AIPL R AR E 7, 8 MR (sulforaphane , SFN)
J& Nif2 3R A2 A AT 77, Liang 552 26 F/N L HS
A I SEN ik T I8 Nef2 iR AR (9 il 2H 21
TR 2 4 i PR 5~ AT & $ET R AE RT3 92 o
HLUTIR L, vl it v M 240 A 322 10 AR 3R AP i o 4

B BRI R AL

Figure 1 Mechanisms of ferroptosis



o [ H A PR 2 275 2024 4F 8 A5 34 %45 8 ] Chin J Comp Med, August 2024, Vol. 34, No. 8 103

LB K-, e ALL, T Nef2 VE RERSET SRR )
SRR Rt m] g T e AR A D 3
KGRI, UL, #RBET AT e $:2 5 HS Mt
Bitl R R A, Wang 25128 3@ i+ 2 W45 82
OYMTERE T ALL AR 5 ERBET A G A B SE IR, IFAE
S HS /N ZVERIET- A 40 F GPX4  ACSLA Al
SLCTALL i 04k, XS g5 ]k — PUEsE 1
HS Ji it A SR AT (AR G H B Z i uE A 7
LB E,
2.2 I/R5|#2# ALI

it I/ R P4 2 — 2 B 1 BOOE S 14 T T 1 it 8
PRFEPRR AT IAE T AR A BN G 2 410 i A T AR
KIHEA ARRAE RS AR Ol &2 5 AR SMIG 2 Fifidi
P FELEG LT RS H R il /R AR R —
PR 11 &2 4% 1) 9 0E I, A 46 P9 B2 A0 1 Bz #8349/
DIRERERT , RAE UM R M TR DAMPs (1) B i LA
K ROS % & A R 1 A A AR 1l 536 il 41 2045
P HER /R fad R, ACSLA 2k TN Rk
( malondialdehyde , MDA ) & & i Z 380, AL T fR 9P
I GPX4 KIABE R AN A, H /R S 308
GSH Pa0, 42 R ZRAE T30 il 70 F1)E w b T -1
(liproxstatin-1, Lip-1) FilAb ¥ | [&K T MDA Fl1& P
PR F K TH IR T Bl /R 8405 X6 AR 5 4 1) S i e
A2 A (hypoxia/reoxygenation, H/R ) Zb ¥ i1y Jiifi I 7
290 M 7L, TR O S O P T R S R R, AEBR
ACSLA HE RS AT 1, A 80/ 41 M g it ROS
R, AR X H/R M RUREDY A s &
B, ARBOT R A T P E TR I B P R A ) A
ACSLA A MDA ZKF-Z #i i, GPX4 /K F-FEAIL,
LRt 25 Bl i ST SEE 4, IR & B A T 38 B i) g 25 AR
b, AR SET /Y 2 A S Bt A el 56

BIETBRS 5l VR 4551, IR 1678 2 1l 1) 20
LU B R F RIS S /R 51
ALT HFREAE I, el VR %55 ALL (/) iUk
FET- AN, I HLBEE 1/R FREEitfal (38 A0, GSH 14
FE,MDA I Fe iy B 43 bbb =2 386 i, 4 2 Mk AT
THNHIFA R 2 — 1 (ferrostatin-1, Fer-1) Zb P 55 7
RS AR S YR AR T L R 0 A A5 i 3 o
PEFY ) Dong % i SERAIE N I/R 41/ 1T 7Y
Y R 240 v B R B TR O A R 1 kL
(USRS YA N N 3T A i 1 K A
FRYZFEEBE N, WL IE T IR F A Rk >, R
R ATRETE /R WM& i EkAET it R bk

Fe il Fer-1, &I Fer-1 Il 5 24035 /)N B 7K i 4100 6]
R B Al SEm E B AN g s AR 4 5 T Fe
LA R AR A, AR S BRBE TR SR Y A T T
i ROS-Nif2 s A2 P84 SLCTALL 55 Ah , ik
Nef2 J5RERS 18 ZFh ROS 35 , 4] 4 1L 21 2 i
fiti 1 (heme oxygenase-1,HO-1) """ &% N2 7] LA
AT SLCTALL Fl HO-1 2 AR KK {23k LPO
HER UL Nif2 A gl £ 9475 SLC7A11 #1 HO-1 3%
SRR HHTRRIETAE

ERRE PS5 Tl /R LU AS 1/R
G ALL B9 2R e ; DABRAET A% O AL A
WAWFRBRIETAEN /R #5105 9 EdupL A B
TSI LR B0 S A 8T B T, S A R
17 SR
2.3 BREFREMIRG

JHRBERE S S 221 e 2% D B IR0, Wi R |- e 5 L
RV R G RE R G, 32 BRI R 0 A AT
PEAG S IMAE , 5 & JE o ALL, &9 R I 300 45
8 TN £ B (lipopolysaccharide , LPS) i55 ALI
BB b R BLREAE LPS % 5 I [A] 19 4 < fili b Bz 48
JgH ROS JKF-HIT Fe KP4, GPX4 25 K iK%
WA s R TR MR B Fer-1 AR FR At I K7 20 At S5, 40
I RO, AR T3 ROS KSR Fe® 7KF-
ERALD . BAEHLEALD R K BUREERE S | Il
ZUH IR R AE S LA K 5405 5 Fer-1 TUAL BRI
TR A B, 9 LA I 0 e 28 Y S i 0> it
IR, it 0 B JRE JBE A8 9 8 240 M R W ), R
RE STV , W B sh A T R 0 X ST 3R
W, BRIET-S 5 T HERAE ALL B 20 R, 2Rk
SY DI G D BR A T R AR T R AF B BT M T A S
PER

R 20 R AL 2754 I ( neutrophil extracellular
traps ,NETs ) 7E ALL DL S 580 Je v 2R 2 v i 7 A2
BT, T NETs B3l PR JIR A 2 19 5t 19t i T
4( peptidylarginine deiminase 4,PAD4) NETs 2431
il 790 76 24 ) Al 7 R NETs JE B[R], 37 T LPS
5 S/ BUFE TP B 0 L ) R AT AR T i o 4
BV A B BB 74 4w A R AT R /N B R
AR S 4P N B 2 Mg 6 LIPS fE 5]
JIN BRI I Bz 240 i ( MLE12 2001 #R3E T 1 R, s
B9 T N B M R 3 ( endoplasmic reticulum  stress,
ERS) bR 8 IR A Y 8 1 78 TR AL S IA T 4
H1 C/EBP [l P4 FH A IX  H0E 5 A A5G 32
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PRFFIUARTE S5 134 BB B AR 35 B A% LPS 5
ERERSE T 5 ERS, SRR T 55 4E /1 B 45
P54, LPS 380 T /Iy BT 20 20T e 3% 56 A1 ol ik
“F (stimulator of interferon genes, STING ) ik, 5[
THRFET, STING WEBRIBHE T LPS 512 i i 8 4 iE
R A A BRBE T, B T SIS LR 3
(signal transducer and activator of transcription 3,
STAT3) (BERR L #35 ; BRAE 12155 TR i 5% 1 STING
R | S Y S E 22 -5 Bk SE T8 /b, STAT3 411 il 57
W7 STING iR & B BRAE T, B STING i i
STAT3 25 LPS SR MRS T, Sl IR 4]
i AR FE T AR — B, Nef2 B2 7R I 5 T e 7 AE
ALL (A2, GSH , GSH/ & AL 7 23 Bt H BK (oxidized
glutathione , GSSG) LLfEFT MDA 7Kt 8L 1 [a] A5 4k,
4— A FRR Y- ( 4-octyl itaconate ,4-O1) Y& 52 il f51 47
PUBR 0T o S 7 TR0, BB 4-01 Btk s T
VRO Nif2,, X SE 55 R W], NETs B \ERS L
St STING-STAT3 Nif2 5545 5 215 1 st h i 45 13
BRIE T K AEBLA
2.4 HBIFSHRERMRG

J R (oleic acid, OA) BN Z5T OA A 5]
i ALL, WF5E I, OA XoF il A B 40 A 42 R 1k
SRR L, 5 & 6 40 A4 5 i 8] 5L/ il 96
KM o T a4 B A R T B AR A B e ROS
PR PR R KA I TS 7E 0A BUNR
ALL BT | Jils 20 25 7K HE 34 i o6 388 585 40 38
HLBE LGS 3 11 AU - H 200 B A7 78 LR AR Wi i il
LRIV 2L PG 5 OA 5Bk B A it 2 4 b
FEHN  GSH THFEFT MDA FUR | ili41 41 GPX4 1 Fu
B AFAE KO TN i s g LI PR AT A
OA 5% ALL By A tIL b A AR
2.5 MRS

TS P Bl 45 473 ( radiation-induced lung injury,
RILL) J2&48 15 il 2H 294 2 453 403 B 5 2 ) T 1
PERAE . /D EUEE RILL SE5 v, Bl 25 JESS o) i) 228
il ROS 7K P48 58 Sy B 58, Jili b A 7 10 J 2 1
LB, [F] B GPX4 3 F A mRNA JK ¥ 8 & T
JHI Lip-1 397 BRAR T RILI /MR ROS 5 R
PRI F KO, 325 T GPX4 Nif2 &3k, Nif2 {5
AL S AT LR TGF-BL, FF A% A 45 RILI
TEPI I 27 A AL PR o X BB T I T 3R AT
RILI BRFE TR BEAR , TR A BFTER A B RILL A4 it
Pt TR

3 REERE

BLAST AT BEA ) 26 0 , 200 4Rk 38 7
RSN, A B AR = & B, 51 R
AR S M, SIRAIET, 7E 2RI ALT ()
R SRR AR BRAC T B & A T RRAE P ke
BTN GSH JHFEM ROS BAN, Uit i 75 ™ ., ifF
— A R i 5 ST R 5 T 68 FH A 8 T 0 7 3R o gk
BRVRENS A S50 55 45 Fh IR K 51 & B Il it 1 57 Bt e
TRERERT , IR FET- 0 ALL, RS 7E B AR R AT
TP PEHLE T S T A 2 K e (H B gk
T HAE T WUk AE T 5 72 vl RE A7 B T B AR 7
ALL, B FRRIE TR 3 ALL 193 40 WL AT) 7 4k 2 45
2[R, BT ERIET 5 ALL AARSCIF 5T U i 1
SR R SR SN ST B B, ELTE sh ) 52 56 v fil
FHBFETAHIIEE, R T 7E A 2k 3G B
ZYRUA LN, T 0 — A R Al R T R 4
GRAE . WEAb RFE T I R0 A 1 1 3 R A
TEAR KRR AR, B, AT ZEXT ALL 5
BRIET-Z B 1 6 R EAT O 4 1 VR A T, IF
DAL R LA ¥ ) BRIE T T & B ALL TN 259,
HYSRIGIRBIR ALL $ 8 236 7t
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Research progress on the mechanism of action of Morinda officinalis
oligosaccharides on depression

HE Mengjie, DAI Xueling, HUO Qing, LI Xin"
(Beijing Key Laboratory of Bioactive Substances and Functional Food, Beijing Union University, Beijing 100191, China)

[ Abstract]  Depression is a psychosomatic disorder. The rising incidence rate of depression in recent years is
placing a heavy economic burden on societies around the world. Morinda officinalis oligosaccharides ( MOOs) are active
substances extracted from the Chinese herb Morinda officinalis that can soothe depression and calm the mind, tonify the
kidneys, and benefit the intellect, as well as improve cognitive disorders in patients to a certain extent. On the basis of the
hypothesised pathological mechanism of depression, this study explains the link between MOOs and depression by reviewing
existing studies. We propose that MOOs can improve depression through mechanisms that regulate the levels of monoamine
neurotransmitters, enhance neuroplasticity, regulate the function of the HPA axis and levels of cytokines, and influence gut
microbiota. This paper provides new ideas for research on the antidepressant effects of MOOs.

[ Keywords] Morinda officinalis oligosaccharides; depression; mechanism of action
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BUEEE ol &R 54k & BT B o & AR
RE I R 22— A W9 3 7 22 Fh i 38 40
T I B AR I T R 2 4 o i R AR ) AR e XL
W, 4537 e 5 T 3 40 T 2 SR AE A T TR O Y 1
W — 204878 T i i 18 AR 05 | RS 1 AR i J
I RERE M AT 245 . BT, IR )2 i i
TR 2454y 32 SR [ BRI 22 36 Jo S HL 32 A4 B
Jriz 48 Ak T F1 ] F) ( monoamine oxidase inhibitor,
MAOI) . =P AB 24 ( tricyclic antidepressants ,
TCAs) JEFEME 5 -5 €0 e - 45 B ] 51 ( selective
serotonin reuptake inhibitors, SSRIs) A=05) ARTT X
SEHTHNAR 25 W 0 B — AN RO A R W
SIARIE H B AL ZE S, 15 2538 T] R 3 BOHKT 521
FIMARAE S &, S BUN 25 R R, A RE 58 /01097
MARBAE'® . PRIIL, R TT R0 4 &k i A L 2y
S/ BER L

tLE K 55 4 ( Morinda officinalis oligosaccharides,
MOOs ) IR TAEGE R 25 L R AR, S ISR Kt
PARVE T E2E RS FABREFE R BT, DA L
K JmAE ) T R AR S RO 18 LR Y 5 FhEEREZE
LAY, BA B PUmaRiEsE" B T IR
A, MOOs FEFHRAE 1 A AL il 228 3 B B
T MOOs 5 HARAE K HUR AL Hl HH OGO Tt A R &5
Il , FET UL, AR SO MOOs XiF AR AE 1 FH AL il Y
WESE AR B — 253 {5 HE 24 BRAL0N RE A% 1 B 4 1 P
fi# , 2 MOOs Ilfi R I FH T AR E 19 364 T7 AT 52 £ A1
PR

1 MOOs ik

2 ALY B 88 K ( Morinda officinalis How ) 6
BB AR AR AR R A AR ) T OR B TR AR 5 2 Tl
Gy, Fr b i SRR ) B AT B0 1) A W T R
SRR 24 T 0, o B R oy 5 Y 50% DA L, A
A W R E BTN ERE Y . MOOs J2 M EL
FRRAR PP IR SR, 1k 25 106 35 I RD 2 L 1Y
SRR (1) — R L ROR T MR SR S W 58
VEHKT B BE (inulin-type oligosaccharides of Morinda
officinalis ,JOMO) , H:45 ¥4 41 5% i 5005 D — 7 265 0% A1
D =R A [7) L A9 ¥ 182, 46 0 Mt — S 2 BEE M o) —
A2 495 FRUAIR 28 B ( Fructooligosaccharides , FOS ) J&
ELE R PO A B — 2R SR 5 1, 40 ey SR 2
JC, H— i M AL SRR R IE  TOMO AT AL
TETTIIERAE , X4 ARAE 2 W45 B f) e MR i3 BAT
B FES FOS BBk KSR %, T F
2012 4F9 H [ B 25 il W B 48 #LRUR) ( China Food
and Drug Administration, CFDA) #t#E MG 52  H
AR AR B IRAR 5 251 IR Y7 R Th BB g
ROANHL T8 BTN AR, ] Syl R A A e BT A AR
2R

T340 ,MOO0s HA 20 24 3AE FT A0 Lok g H]
BRI LN NUCR) A B el 0 i L S
Y H,0, fERI NG 75 SERE RSN L1 37 R
SRR WA 8O IEE DNA 19784k, % 8 MOOs
REORA AZEHS 7~ DNA 52 H,0, 140 L Sy 5 AR
B ) BE'Y, Deng SN K& B AR BT IR U R R

1 DRSS

Figure 1 Structural formula of Morinda officinalis oligosaccharides
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(Alzheimer’ s disease, AD) N ,MOOs 7] L)
B D—2FFLBE R AB25-35 5 1 AD KR 4R
FrVEAR X SO RN e 2R B 2 R4 7E T . MOOs
TE 2 PEN47 (acute lung injury, ALL) H-t 8 21 i35
YEH, MOOs 7] LA 3k %% s 22 B% ( lipopolysaccharide,
LPS) 175519 ALL /]> BV #4515 , BRI 48 4 i R
R AN STt — 22 3R I, MOOs {2 55 LPS
P M1 B Ak, ) LPS i 59 HSP9O Hl NF-«B
RIES TR R S S S ARE A BT AR Ik Kk R
LR AR IR 5 1l AT A% 47T SIS 245 4 b e
VEFIZCR A, B AR KA BLam Bt

2 MOOs FEHNERIE H HI1E R AL

2.1 MOOs 125 B R LM EZE K T i S ERE

R By BE AR T i PN 5T A2 A 48 5T 5 i i AN
5 fil J5 JE- 5 T b 22 388 JoT 1) A E AR T, o i 22
128 TR AV ARAE Y 4 JE F I PR 26 B b A — € IV
TVHISAE 1) B0 e 2 P 28 38 T I 36N O v AR 22 2R B
( central nervous systems, CNS) Z& fih [|1] it v PR Bz 25
ZRB U BE KT R BE T [, (bl 2245 3 0 AT
HRIZ R, FEAMRIER B 1R R UL
JHe2ks fih 2 386 5, 5 — 2 €8 1 ( 5-hydroxytryptamine , 5-
HT) . Z B % ( dopamine, DA ) | £ H % L It R
( norepinephrine , NE) J i A7 7E T A, 76 CNS H EL
BEZMFEER-, 5-HT 20k Ry R s
TR GE, SCHLE Fr A ik DX, HKSP #9728 46 5 30 AR
FEAT RREARFIAR 1A D) BB B A6 A OC ; DA T 5745 3))
PLENEE AR ICAC RN 3 1, Hoo3 Wb 6 0 185 i A%
i T LAY SR AT S sh AL AT SR A 15 O, OGS N2
R RS SMIBGEEZ B NE 2
SR IE 45 IR T B8 N IS Ny A 22 B A B
e, 45 5-HT #1 DA FE[IE I RYIRK - NE AT LA 5
DR Ytk T T S AILAE T A A AR
Mo AUEHRRD], CNS Y MIZ 18 iUAE (40 DA BE) 1£
128 PR 2 L ) R I 199 T D RE S A AR, X
JEANARE S BE A AR 1) SR 2 — 1)

R, A A BT AR 245 I P 7T, 32 2 5a i fH
AT P g Ao 225 388 3 P PE-BESBURIT in 2 fisk [ B v 5-HT
DA Fl NE 17K -2k & 48 Hr i AR 7 HM™ . Zhang
AP AE R SD KB H IRATY MOOs A /R T
J 18 T RE , £330 &8 I % 5% BE ( blood brain barrier,
BBB) {2 #E I 5-HT 074, RAEHTIARVER] . #F
G N, MOOs (Pg) B¢ = R BT 9 A1 24 Hh 5 iy B

( DIM) BEWE 4171 il 2 ST i ( corticosterone , CORT) 1755
) PC12 ZHMIJA T, MY s 288 3R I 73R8 $ & 5-
HT 1 Gs-AC-cAMP 3 i 4 | T ZZ A >
2.2 MOOs 1855 22 7] 28 {4 o4 & H BB AE

P 52 21 2% B NSRRI, 25512 CNS
SOELT ok I BOI N - ER T IV i et 0 = L LN T N 7
I AATAZFNRBRAZ A5 224 1 DX 43 24 R BE 5 i Al
RS S, T OG22 PR B D RE A, AT
BAMARIEAR ) Horh PPN B 26 n] AP 1 B B AR A
NRAE IR T RN G R E 2205 T CNS Y
FA) ik V5 P il 25 %5 5% I T ( brain-derived neurotrophic
factor, BDNF) & 5 #1 & JC A7 1% 4340 Fn AR K AH ¢
s g2 R BDNF 7E CNS E KR L &
ib R R A Y IR AR e A A
ZITIE L, AT 5 0 A 4 | 9 8 52 1A 5 i LA
B 22388 JEORE L , M TTT PR 47 48 28 70 4. 32 I 385 | ke 1Y)
0 . BDNF K- FEAR £ 5 R i #8243 )
B P RE T R, R HIE , IARAE B A 4
RUL7R PFC W BDNF Ah i T 1V B 335 W] e %
i), Xtsh¥it 47 BDNF i 7 D) GE 0 G kg 36 1
TRAT N

5% & B, 7E 18 M A AT 3050 N ( chronic
unpredictable mild stress, CUMS ) FI5: 316 7 37Kk 52 56 P4
FRPPERELR R BB 5, MOOs 677 RE 1% 2 i7F K FR
X I PR SR BE 7, A S A O I I B BT ( medial
prefrontal cortex,mPFC) H' BDNF # 2 fk.—Ser9-GSK-
3B B R NS i 2 Rk R 0, AT A
% BDNF-GSK-3B-B— 3% PR 8 115 538 i 52 LT Al
YEF™Y, AUFHE R W, 76 CORT i T 1Y PCI12 4 ji
BEADHAIAE A8 25 ik A 28 T e A8 RS 58 T, MOOs
SR IZSOBE (THS) 3% PC12 4l NGF mRNA 7K
[R5 A%, b AC-cAMP-CREB {5 5 i 4 o 42 5
BNDF ({335, I %) N-HUEE-D - KA R0 3 i K
BRI ik H J2 4 L B A DR 4 AT AR AR T, DAk pih
PR VR FH 2 B MR 25 4 % WAL Z —77 . Zhu
AT 0 A S 3 AR ( poststroke  depression,
PSD) KBl mPFC 7% BE 1M #E 1 KA, A 45 Wi e iz 25
FI—-3(GLUT3) K Ik /b, fii 7] 2 4 QI 52 2 i
il MOOs i i3 1842 PKA/pCREB i %1% S mPFC
GLUT3 W33k LI, i GLUT3 ¥k &2 £ 1E % /K7,
T A3 M 2 o I 0TS DR B, ) ] e AT, 35 50 5 ik
e, BEEIARTT A
2.3 MOOs 875 HPA BT ETTH B E AR AE

HPA fili b T Fe G 38 (A5 0 B i B J5 114 fii
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I LH L, R 28 N 43 A 2R 8 11 i A R
3 W E T AL BL S B B 28 N SR R B, B
S LA B Z B0 S, OF R S JE A% B O 42 2
CNS'™' ML SZ SN A iR gt | K i p J22
S RN o AR 46 B R ik, 0% HPA
Bl 5 BT i ) A 2 A R TR R R B
W B % K ( corticotropin  releasing hormone ,
CRH) , CRH 3k I 0] 3 e A4 iy k5 18G5 70 A R
B bR R B & (adreno-cortico-tropic-hormone
ACTH) , KEERY ACTH 225 |2 W b JiR B BOAUIR A 73
WM BB AR | S B B K T e, AT I
B R AR D X i U D X2

1, FEAVERIE ) & . WFIE R, HPA SR
(¥ 3 Fh = Z i FE A CRH,ACTH 1 CORT, ¥ £
HRAE R HEAT TIRAWISE , AT SHHERAE S HPA %
(% ] < Bk, Ho P CORT 2 B 38 9 £ B FE 4s
Chi F K2 CUMS R Ab 3 4 J&) 17 AT
WG, &K BRI H CORT /K F- 3% T+, FOSs
97 3 AU, B AR H CORT 7K 2 %
15, (5 738 2 B T 9 CORT /K- & %1 1E # 7K
I HPA 2% CUMS JE AR IR B4R
AT,
2.4 MOOs T 4R B F 7k T 2 & AR AE

TVHRAE 28 1 DS 7~ 1 UE DA A SR i — ol 5 £
JEE IV 2% ZR GE A DG I i 200 B G 038 3R AL AR , A1
B Z GUICE R B £ 58 4N PHL 1, 02 % 40 i X
Tt BBB #E A KK, B 220 o AL 15 T RE , 5
Wl HLAAKS B3 3, 7 AR A R AR AR DG AT Sy, 5 BAl
PRI S A | 3 T A b 28 PN o A AR 2 A b K 2R
BRI PRUESE 2 I A2 A 4 i P TG 2 4l
WA £ 1 ( interleukin 1, IL-1) F 40 e - &% 6
(interleukin 6,1L-6) | 14/ 1B (interleukin 1B,
IL-1B) M IRFE I F —a (tumor necrosis factor, TNF-
o) FZPEI SR ) CRP 1Y 55 7T B S BB SE 1Y)
KA EEMERE

WFE .78, MOOs i i IkB/NF-kB p65 155 18
FEAM ] LPS + ATP Ak 2 1y J5U AR K B/ I 5 20 i
NLRP3 SAE/IMATE AL, , B AR A A v 5 414 I Bl sk 1f
Y55 X 1L-18 \IL-1B Fl NLRP3 AAE/IMA 15 e 4 il
RAEFN , B KA AARFEAT ' (£ 1), Zhu
SEUSTRIE 5T % PR, 6 18 1k 5% B Vi ( chronic mild
stress , CMS) B&L/NE Bl LPS 1 ATP B3 % BV2 41

Jirh, CMS S E2F2 #il My D88 i mRNA ik [
&, MOOs i i 31 h] E2F2 845 19 My D88/PI3K {5
K ff E2F2 My D88 .p-AKT .p-NF-kB p65 #il p-
PI3K (& FH KT, i CMS /N BRIAR 1T R il
RAE, TESHYIWFFE T, MOOs A1 3L 7] PH K >4 55
fifi T, o 2 B v VA 4 3 TR A 28 3R IR T K
LRI CMS N B S e A TR T CMS ) B
CNS /B A il Ak it 72, 22 /N BRUP AR pl 48 R 52
CNS /N [0 40 i 38 38 06 R0 9 0 SRR, 72 HE T A A
WD FRE, Lai 2508 4 B 18 M 2 5 %
( chronic restraint stress, CRS) 1 LPS i 5 LRI /N
AT, &L CRS I8 o 2 /)N 5 S5 440 i ot
B4, 28 d IOMO JR¥7 i EREAL CRS #2191 5 4%
PEAII PR F TL-6 (335, 0 25 300 i /0N e o 40 e %) 3
A, (5 /0N Jg 55 440 R 1 345 1 1 Ak, TOMO R Y7 I8
REWTIR A LPS 55 5|2 1) INOS \NLRP3 %4 /)
Mi\caspase—l IL-1B BFR A THE, AU RN,
MOOs B35 T i L £ B A1 AT ik A5 750 A B i 4 4 A%
VAR R MEIRE SR A b ik A% [ 45 e 28 0 45
BB, At T e P AR AE S TE] LPS 3 2B
Ji2 440 L PR A2 4% 40 B X TNF-o  T1-6 1 IL-18 FY
PSR AR 7, ILAb, 7650 F /K F 1, MOOs if
AT RIE RS Mfn2 2R3k 3G PI3K/Aky/
mTOR iBEF AT 1 B T8 I 5T 40 A Hh i 2ok i 11 I,
AT 2 B BT I o 440 v A2 4 B e b A, 2R L M T
AR EEED
2.5 MOOs 3N f7iE B &% e ZE BB IE

1% — Wi St 12 4 W T T A 0 R E R 4 22 ] 1 3T
] A, E B IR ST AR AE (1) — A BT 5 A HE AN
AHGERR, MR B h AR Z M A TE, X e iy 18
TR P ANASURT AR 48 28 338 S 7K SF G0 LR B AN XL
AT TR A 7= Ay — % 56 T 2 (y-aminobutyric acid,
GABA) FVZH i , KW ¥ 3 v 72 4= 5-HT DA Fil NE,
M H e A R AE A iR GBS M CNS & 5 AN
IHAE , W 1 £ BEANAT M AE S SR, 7E
TEH B4 FF, GABA  5-HT Hl DA K RE % i
BBB, Ifif 546 b 22356 o7 (1) i /438 . BBB %% b A 1
YRR T, Ho ) 2R 2 G R AT A, L
AT FHAE A2 i 38 40 TR Y 520 AR i S RN, e T AT DA
TG R PR AR IR W, T8/ B 17 284 )
BRI, B, A R IR 2R 76 AR e A5 19 &
FRALH AR AR
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Table 1 Antidepressant mechanism of action of Morinda officinalis oligosaccharides

SRR T U

[EIRIE 3 . B Eigva TR B L YEFIBL B a4 342
R Animal model and R . . . . .
Investigator . . Site of action Depression hypothesis Mechanisms of action and regulatory pathways
intervention study
B8 S SUEASN RSN
MOOs ( P )  CORT %S PCI2 o1 25 ] YA AR U iﬁb{_ﬁ'ﬁ” 5-HT & \HPA‘&[hIJJﬁEfL‘i%ﬁ?SE%"% R
§ (21] Monoamine 1 Gs-AC-cAMP 3 B35 14
¢ DIM i)} PC12 4 . . -
. ) neurotransmitter Increase in 5-HT content, normalization of the
MOOs ( Pg ) CORT induced PCI12 cells . . K . L .
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Animal model analysis of atherosclerosis based on clinical symptoms
in traditional Chinese medicine and Western medicine
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[ Abstract]  On the basis of the clinical characteristics of atherosclerosis ( AS) in traditional Chinese medicine
(TCM) and Western medicine, this paper analyzes common animal models of AS. The coincidence of clinical
characteristics of the models was scored in the hope of providing new ideas and a reference for those studying AS.

This paper reviews the varieties, modeling method, modeling principles, and characteristics of common animal models of
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AS. Moreover, similarities among common animal models, in terms of their clinical diagnostic criteria and symptom
characteristics, were assessed. High-fat feeding type, mechanical injury combined with high-fat feeding type, genetic
engineering combined with high-fat feeding type, chemical induction combined with high-fat feeding type, and combined
Chinese clinical syndrome and Western disease AS models are widely established. Comparative analysis showed that balloon
injury combined with high fat feeding type, ApoE receptor-knockout mouse combined with high-fat diet type, and phlegm
and blood stasis type models of disease and symptom combinations showed a comparatively high level of clinical agreement
between Chinese and Western medicine. Presently, most animal models of AS have a high degree of relevance to Western
medicine, and the evaluation criteria used for the models are predominately from a Western medicine perspective. Models
that combine disease and syndrome are lacking, hindering the development of wholism concepts and treatment through the
differentiation of syndromes used in TCM. Therefore, establishing an animal model with a high degree of accuracy and

coincidence between TCM and Western perspectives that combines the disease and its TCM symptoms is a top priority for

Chin J Comp Med, August 2024, Vol. 34 No. 8

studying the prevention and treatment of AS.
[ Keywords ]

coincidence degree

atherosclerosis; combination between disease and syndrome; diagnostic criteria; animal models;
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I 3RATC % B A 2 11 DR PN B2 44 i A2 ok A B, Ik
AR AR 2% FE A 25 1 (Ox-LDL) 5 [RIB, R
720 B R B TE P TS, B8 A PN I 1 Sk 5 I 200 e,
FEA I AE Ox-LDL (4E I 4% 728 S o0 R 410 I T2 1l
BRI IR 280 T AL Y I T 43 6 2 i A
K A0 IR 1, 8 ok Bk 2R K e g
4 M AT T AL R T W 0 5k i B oA 6 UK 400
HB R AL 28 PN R A B 4 9, 49 0 i R 5 g
FYEIE LT HENE ), B2, 27 2 W AL S8R T 4 8O
LT BB
1.2 HERERI

AS FF TR S — B9 BE 24 44, (E AT AR 40 HC kg
N E = W N = S U ) S TRE VAW R
ARSI R AE IR, B LU g T Mg g < O < rp
R SEa g PRI AS SARE A
T AR ARE S T FEAE R AR O AS
SRHILAT 43k M SE PR AN 5 T, R R 1E i, i A F
PR R, 5927 ARSI FR 8 o8 ol TSR
T RE S I Zp T8 B8 L | s | S FARE TR
H45 LS R BHI K4S, e 28 B3l kol A i Ak
BEER A 2 g s A AL, KRS O R
TR, AL D) el 0t iR R ek B SR R s I 22 6
P KSR, Dl A< i B BH B R Tk 4% A2 0 A
T e, A &, PR B, R S BUR R S AR
AW BESIE AL
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2 BHEKWHERE LIS W AR

2.1 AELERE

VY B= =2l i SRR AL | 250 = A A S
Gt A 5 0y 2, 45 G BB A S AR AN I PR 2
AR SC S B (BN Tk o R R AR b P BE B YR R R AR R
(2021) )" 2018 4F R A9 ¢ P9 RE 2 )T
BT kR BUE LT AS PSS ibRifE, B R
TSP 150 ISR 2R 8 b | LT 22 8
AP A HOAT S B, AR E B bR, 45 I
53 40% , Horf CT 138 18 52 W 4) 20% , i A4 A% i
T R N 28 38 75 4 3 10% 5 AR H8 4%+ LDL-
C W51 30% , SAE TR 53 10% 5.0 B3 LA A R 7S
DBl IR | RS A% 20 A 2 | 7 7 ik 50 S A
BNAE IR B bR, % W5 4%, 23t 100%, W
1.
2.2 HEZHTERAE

H BE 2 BT FRHEAR B 2017 4F Ffy [ v B2 24 1 it

RATICPBENEREY Y (koK R Ak b v B B
HEF I (2021) ) 1 B SCHR bR s I R
Hh B I R2 W s ks R A AL LR R B F20E . D
TEARAE Ak, @1 0/ Kz 0 (o i /0 A& 5 (3D Bk B f] o0
Tk DARIRA; ® B F = 07, UCRE 4 UF A
AFEER , dE . Q25 Q1 4521k ; ORENCIRE
@R B ; @ H AL £ UERUA R E R, 76 H]
W 5 = I PRI WA o W & BE I, 4 6 320 — 00
8 15% , £ A& UCIE — TR 5%, B0 100%,
WA B2 Wb o BT LCKE o) Jiko AR B 4k 1) op B B
UEA R R L2 PR B E5IE R E 2500E B
HEAIE S MURAIE SR IMBSIE ™, W 2,
3 BRI ST
3.1 HEEHYEIEE

HAT AS shPi Al 2 sl o 7e KR /N R

INRESFE RS Hoh RERIR R AS B
TR P RITTE X R o B P 28 i e 5 N AR 3

R SIKOHARREAL Y X2 Wikt

Table 1 Diagnostic criteria of western medicine for atherosclerosis ( AS)

iR I PR B
Indicators Clinical features
OCT ML (CTA) (20% ) - BB M s TR M A2
(DCT angiography (CTA) (20%) :Stenosis or dilatation of blood vessels
WAREAR b @RI AR 5 (MRA) (10%) « ILEF B PE S bk Mg 28
(440%)_ (@Magnetic resonance imaging angiography ( MRA) (10%) : Stenosis or dilatation of
Imaging indices blood vessels
(40%) )
@Z T (10%) - NI 1% BRI A5 A8
@Doppler ultrasound (10% ) :Blood flow and vascular disease
@I BE N 11 IR # B (LDL-C) 3 (15% )
FEIEIR @Increased low-density lipoprotein cholesterol (LDL-C) (15%)
(80%) e UL BIFELCTC) 5 (5%)
Key indicators LA 4565 (®Increased serum total cholesterol (TC) (5%)
(80%) (30%) — e
2 Fe b Lipid indices ©Hh =14 ( TC) ia.lm (5%)
(40%) (30%) ©Increased triglyceride level (5%)
Sorm ko, DR R MRS (TC) (HDL-C) B (5% )
(40%) (DDecreased high-density lipoprotein cholesterol (HDL-C) (5% )
RIER @M 6 (1L-6)  FIAIMLAH 1 (IL-1) IR FEH 5 (TNF-o) | C S 2K
(10%) (CRP) %
Inflammatory ®Interleukin-6 (IL-6) , interleukin-1 (IL-1) , tumor necrosis factor receptor-a ( TNF-at) ,
cytokines C-reactive protein (CRP) , et al.
(10%)
.0 LB G A
@Eleclrocardiogram
@M .LBE
PESER (@Echocardiographic
— @M % D IER A
.o (®Radionuclide cardiac
indicators
(20%) @B

(@Stress test

(ONIRE SR TERTAES

(®lntravascular ultrasound imaging
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Table 2 Traditional Chinese medicine syndrome differentiation of AS

FihAT WA 13
differentiation Main syndrome Secondary syndrome Pulse and tongue
OIERAE F 273
(DPhysical obesity (DPhlegm
Phlegm @Dll{l (:()I‘nplexiona @IHII\&{})II]IY [ GR A R
wrbidity  and M) Lo K% @k Tongue is purple and dark or
blood (3Oppression in the chest, palpitations, dizziness ~(3Restlessness at night spotted, the moss is greasy or less
- @IIRRRAR 2 @RAET44 fluid, the pulse is stringy and
stasis syndrome @Numbness and flaccidity of limbs @Constipation slippery or unsmooth and stringy
OBFWZ7 ORI = FR 5

PRIA T LR
Phlegm-heat
accumulation
syndrome

ST IR
Qi and yin
deficiency
syndrome

A IILFRIE
Qi-stagnancy
and blood

stasis syndrome

(®Physical fatigue

OB AL

(DPhysical obesity

QT A

@Dim complexion

(@I SH

(3Chest tightness, pain and dizziness
DIARBRA P, ) BCPE AT | T8t 9 I
9, LR (48) T A

@Limb numbness, pain, intermittent
claudication, acromegaly ulcer and gangrene or
joint shedding

OHW=Z7

(®Physical fatigue

OB

(DThin body

Qi 4

@Bad complexion

@) Er SN e
(3Chest pain, dizziness
DR RRA

@Limb numbness
O =
(5Mental fatigue

DI

(DThin body

Qi 5

@Purple complexion
QIR I, 5E P

(@Local bloating, unfixed pain
DA JRA B

@®Numbness or hemiplegia of limbs
OiE= )

(B®Mental fatigue

(®Local lump, local tingling

O SR BF7H FAR BT AN 22
(DSnoring at night or restlessness at night
@rFE IR

@Dry mouth or fetid mouth odor

QR AET L5 TR A 9

(@ Constipation or sticky
(@M 2 B

@Yellow urine

G5 &

Brritability

OB T4k

(DDry mouth

QKAMET Iyl T-45

@Constipation

B TR

(3Spontaneous sweating and night sweats
@RIk EE

®Insomnia and dreams

Gt 75

(®Aggravated by exertion

DB i 5 5%
(DExposure of skin blue veins
QN EMAR

(@Emotional depression
LS &

(3Impatience and irritability
@R AETZ

@Stinging, tenderness
ORI | JRyF 5 4 b ik
(®Hard lump, local bruising

and swelling

AL B, Bk
B B LT, B D kAN

Tongue is red, the moss is yellow
and greasy or yellow and dry,
tongue is
crimson, the moss is less and the

pulse slip number,

pulse is thin

TRLLEOR , &0 kA5
Tongue is red or light red, the
moss is less, the pulse is thin

T JUEEE B URE, Ik

Tongue is purple or have

ecchymosis, the pulse is stringy

L AR 0 FR AR MR T S T B S
Rtk W T AS SER g, Hod /N TR
RS /N e A7 110 DR T A A T4, W 3 3k 35 A
TREEAGEE ApoE ™ /N LDL-R™ /N B DA 45 J B
TR B )R, 238 T AS RAE Ffe iz
T B AL B 2 5 L SD R B AR 26 0 ok Blxt
HNBFFEAREEAE T 32 75, H PTG 68 1%, i
W T EREBA S ARETRERE, K

BT R IR B BB, W B A AR M BT R R
HA T 5 R ()R Sl R g A5 2 A T
PEVELF o TR AR AE A, 38 6 3 T B BT ia
JPEERE T, BRIMR S AS JRAE R Z HRH R
J AR, ME LI RS R B4 2 2 BB, [] ikt 47 7
AR SET R R R H AT, T
HAS LR Sl ) i A5 A LA e R I HFE
O, AR S8 A% R 2% P e 5 3 1) sl A A
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YERBFFERTS

3.2 BEKREEAIMERSIERSESNYEE
AS BRLE TR A5 kA m e R IR AL 2540

AU AU 15 B 5 v B MR R AR R TR v A

MEFRAY AL K G B G w5 U M e 4 &

BAY BARTERE )y AR R KRR WA R

FIEHLANER 3 Fs

3.3 MMIEER

FEARFIAT R F7EAL  AFE S RS MRS B K
FAFNE B ; QUG LR FEFRAG I . ELISA 55 J7 i
TC TG \HDL . LDL ox-LDL . 14 % - 10 (1L-10) %,
O HIE A2 ke Ay . AR LES HE e Jh4r O Yt
o FEBE TR A5 D7 0 ARG 0 It A R BB v R LA L B
B @ AR EIR b NS R A 23
8 SeEIR BN K M0 A8 1 5 45 T i WS S ik i AME B
17, RERO ISR, A TG 5 R BEH 45 I Gk

WL AS SRR B4 b A BN R JLZE: DR M

R3H LSRR RERE L S Hh VG I I RO UEAE k) BE S A

Table 3 Consistency between common animal model of AS and clinical symptoms in traditional Chinese medicine and western

A2 A FE S0 2 DK PN L 7 0 A 124628

medicine
STy (1A BoRe R A S PaNi:s
oA S 44T A7 B o BB SIGTTSIEA L) 551
. . - odel advantages and Consistency with clinical

Model type Animal name Preparation method and principle disadvantages disease characteristics
R A A 2, A A, B F PR A A B bR D
%/\fjiﬁ{ﬁﬁ‘]%ﬁ,ﬁﬂﬂl@'ﬁ BBWOOO®, W«

e e I 12 FE i NHAR L 70%
N g ORI L ERE Gl e R ) 4 DS,
YLt N " o WA, I AR E 1 AS BEH 4 309

High-fat feeding model

New Zealand
rabbit

Rabbit was fed with HFD for 12
weeks to induce

hyperlipidemia[ 29-30]

SEEAR DK 72 il M S 45 5L, BT
ML 51 A AT

il AN
Ligated model Sprague- ngalfe coronary artery  left
Dawley rat anterior descending branch to
block blood flow and change
shear forces in luminal >'~3)
LR SIKERBEBG AR IES = IR
ey TEMESE 12 8 R e Y Sk
i it _E 4547 A L
New Zealand  Rabbits underwent right iliac

rabbit

artery balloon injury combined
with HFD for 12 weeks'*”

B IRERPES Y15 i R R

_ 3 = Jr] L [34]
WL b I SD KR LﬂugsJad -
TN Sprague- Rats underwent aorta balloon
B s Dawley rat injury technique combined with
Fel TR TR 47 HFD for 6 weeks!*"
Mechanical & fE IR =7
injury Balloon injury  spfm =g/ SARSIK LGS P9 B H A 6 A i
(:(?mbined combined with ik Retk iR g F 3]
W}th HFD model China Pigs underwent coronary vascular
hlghffat experimental  endothelial injury combined with
feeding miniature pig  HFD for 8 weeks ™
type

UL 5 G R 2 JA 7 3540 3
KSR 3 1A 0050 5 Dk ek

common

/N o

Pﬁﬂﬁk | ﬁ:ﬁ e 4505

Tibet  mini- -

. Pigs underwent left
p1g

carotid artery balloon combined
with HFD for 2 weeks "]

Advantages; Simple operation, low
price

Disadvantages: Difficult surgical,
longer mold-making period, failure
to form stable plaques

Pesd AT R MR AT

B TR R B, TARBAE R
ES NS

Advantages: High repeatability and
high feasibility

Disadvantages: Sophisticated
equipment, difficult and demanding
surgical operation

DO s 38 MR 10, B R I

TR BRI AR AR A I R B
Advantages ;
period,  high

success

change and coagulation indexes

Longer mold-making
rate,
significantly change of blood flow

Western medicine primary
index: DADEHOD®),
70% match

TCM primary evidence; @O
®, 30% match

TG VIS 2485 .
DRO®; K E 1
O, V)4 B 58%
FamEZE EEOQ
& ;WA 45%

Western medicine primary
index: O @ G © @;
secondary index: 58%
match

TCM primary evidence ; @
2®), 45% match

4 74 =2 W 32 AR
15 DODEOD®; ik
BRI ®, VIR E 75%
FEhEZ W 5 ©
QB), W& 45%
Western medicine primary
index: D@D OD;
secondary index, 75%
match

TCM primary evidence:
DB, 45% match
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SN . T LRI S5l PR 7 A W) 5 B
e DA S 7 B IS BURLLGR AT RE A HI0) £ 152
. . . Model advantages and Consistency with clinical
Model type Animal name Preparation method and principle . . -
disadvantages disease characteristics
5 v A A VEEIS W IS FR .
THEACHRIE A 1 KR 8 L
PT— A BN LEUBETERE g e i, AL, Y
Ui TR SRR A FRE T B A i O
EQW IR ;ld$thE Rabbts were underwent airdrying — HAL . AN FEE g?\}t %};%ﬁ}:ﬁ@’
Airdrvi J‘ methods combined with HFD for 8  Advantages: Shorter mold- W Dl - nd. . .
' ]?lmi Jith E;]P?neéih.t weeks, to damage inner membrane  making period, high repeatability . gs e@@gnéla)n%)%m(%ry
(Iz;)PinDlned ]WI white rabbi activates  tissue  plasminogen  and simple operation 162)6;’(. atch ’
mode activator, Disadvantages: Instability TC]\?I mate .
. [37] primary evidence:
prostacyclin ®@, 30% maich
1t 1 1 - AV EIL W 2 AR5
FEIRBTRMANE 12 8, ApoE ™™ MO AR DE R
Apok. 3 A i INEU B P 0 gy DEATAS ORI % DODEOD® W it
u {5 PRI 1 g = .
AL 4 5 11 PR, kT 7t Sl BRI S AR IR 0%
ﬂ“&%i‘%ﬂ A OF—/— /J\ %—[38—42] /J\\ﬂ‘g‘j’%’fqﬁjm{'fﬁ#%"& ,ﬂzﬂiﬂd ﬁl:l rh"glzlifﬁﬂ‘:ﬁ:@@
RIBE - Apol . . AS A LA T 4 ] ®); Ui : @, W FE 50%
poE receptor i Mice were fed with HFD for 12 A ioh . ;
knockout Ao~ K d ApoE~"~ mice h dvantages: High success rate Western medicine primary
e po weeks, ﬂl“ Apok d m};?l‘“; V¢ Disadvantages:  Different  lipid  index; D@@EO©D®),
b d with mice a severely 1mpaired a thity -to metabolism,  small size, few 70% match
(]Z;)];HD lned 1W1 clear plasma lipoproteins, with . oiap1e Blood samples and lack of TCM primary evidence: (D
mode clevat{eg_émplasma cholesterol ¢} cap . secondary
levels' evidence: @, 50% match
QEL"# AR S 96 IF 5T T AR
LDL-R 2[H i FiE e kLR SR 12 M, Lol ' o o A
DLR 201 B e b B SRR R AR B A TR S I A A
[S//:E;JE*DI‘:'JHEI R J FﬂJI[[:-fZEPHuﬁEI Flg, N 2 mE ] A N I
W A LDL-R™™ /N I KT g 194) %ﬁﬁ% J@ﬁ@ﬁiﬂéhﬂ@ ASHE DBWEOD®), W) & B
- : N " AN EA LT HElE 70%
5 - . £
iDLk rteceptor R - LDL-R™" mice were fed w1lh Advantages: More stable in the Western medicine primary
nockou ”_)I‘_R HFD for . 12 wfeelfs, with experimental  studies  of lipid index; D@@DEO®D®,
mouse ) mice increased lipoprotein in plasma o 0. 70% match
Ic:;)}ir‘rg)12;3((1] 1wllh and 1?;:?&?6(1 blood cholesterol Disadvantages: Low success rate,
oce levels feed regulation requirement and
lack of fiber cap
i A ApoE 1 RANRCECIRTE 22 Ji, Apofd il ff f . AS 1 T R 001, fi
o LDLRXUE W 4 4 L%gg%zgﬁ@i%fﬁ gﬁ%? Y BRI L DL
9 N /- JHEJ] B0, B B kAT . . -
g o BORapE A e AR R e g w4
poE  receptor R, AR
Srfniizzrin and LDL {%?L R/ ApoE™” LDL-R™" mice were Advantages: Increases severity, %ggn®dlu§n2 Eri?r??
corgnbined & receptor AnoE~~ fed with HFD for 22 weeks, and  spontaneous  formation plaque index. ®®@®p Ty
x;xfith ’ knockout po - mice have a severely impaired rupture and myocardial infarction 60% ;nalch ’
hieh-fat mouse L]?L'R ability  to clear  plasma Disadvantages: Prone to severe .
fefdin combined with  ™ic€ lipoproteins and the lipoproteins ~ lumen occlusion and  premature
type ¢ HFD model were accelerated 574 death
- L PR AKAGEL FE R By, 1 B
Bl R R RIS
AR AAV-PCSKO™ 3 A1 ISR et st T B R B e
A RIS \Avpesk  LDL ERHORER T 25 R I e R il
“f}iFIJ - 7S - i 0Oy
HLm N Mice were injected with AAV-  Advantages: Do not rely on ®®®@®’% HE.SO/C
AAV-PCSK9 AAV-PCSK9  PCSK9"Y and fed with West transgenic animals, shorter mold Westemn _medicine_primary
- and fed wi estern sgenic S, s > -
mouse mice diet for 3 months, to enhancet making period index; DASO®, 50%

combined with

HFD model

Ak & D3 IRk

SR LSS
G

Fed with HFD
combined with
vitamin D3
solution
intraperitoneal

injection model

Wistar K
2 SD K
Wistar  rats
or Sprague-
Dawley rat

the degradation of the hepatic
LDL 1recept01rMﬂ

e MR AU IR 5% (] B AT 3 d
T I S 4 A2 3R D3 I (6%
10° U/kg) , T 3 BE B P9 45 070
B R B )

Rat were fed with HFD combined
with D3
intraperitoneal injection (6% 10°
U/kg ), accelerating calcium
deposition in the plaque and
[48-49]

vitamin solution

stabilizing the plaque

Disadvantages: Feed regulation
requirement, lack of evidence of
complex lesions

Peni: ZUF, A8 01, 9k AL 72
B , I IR 1ok ke B 4T
TIRBYRAZ

Blesi HE2E R D S AL AR
Advantages : Low price,
timesaving, stable lesion process,
easy to form later plaque and
calcium deposition lesions
Disadvantages : Unpredictable dose

match

TFE VIR LW EE 4817 .
DORDEOD®, W #
70%

e EZWFEE.Q,
WG 15%

Western medicine primary
index; D@ODEO®D®),
70% match
TCM  primary
@), 15% match

evidence :
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rhE HeAs R

&R3
bS] Zh) 2y
Model type Animal name

TR e i

Preparation method and principle

RERIAIE 5 A
Model advantages and
disadvantages

55l RAGAE 1 1 BV 5 L

Consistency with clinical
disease characteristics

SR
=
EE

Chemical
induction
combined
with
high-fat
feeding
model

kI I %
WHIK S i i

AR A

Intravenous IS
treatment with  New Zealand

lipopolysaccharide rabbit
combined with

HFD model
model
FOREST 1L
i 198 10
gﬁ%@ﬁ&
Intravenous %2{& KEHH
treatment  with N )
bovine  serum  Japanese
album/ white rabbit
combined with
HFD model
model

ok 3 .
7/;;?:;}/” i ?gj‘lﬂ%«u‘[d\
Phlegm  and a%
blood stasis ma |
syndrome  AS experimental
model miniature pig

FFARIE AS #
i

ApoE™ /)
Liver b
depression ApoE™~
syndrome  AS  pice
model
Wi o T
AS B ApoE /s

pleen El%j

deficiency and ¥ /-
phlegm Apokl
syndromes AS ~ Mice
model

T%ﬂnﬁﬂﬂm??: BEE 1 H i
KRS AT E LPS (100,200,
1000.2000 ng/kg) 1525 8 Ji 5]
%UWE‘%EJA JRE, B 9
4>

Rabbits were fed with HFD and
different doses of LPS (100,200,
1000,2000 ng/kg) were injected
once a week for 8 weeks, to cause
a severe systemic inflammatory

response  and  damage the
endothelial cells™’

B Bk A 1 3R
(250 mg/kg) , B2 T i3 49 B 35
FEM (2.5 m k}g_) 757
YiE S 062 v N B R T I 8
- 2]

Bovine serum albumin ( 250
mg/kg) was injected at the ear
margin and ovalbumin ( 2.5
mg/kg ) was injected
subcutaneously  to induce
immune response combined with
HFD for 8 weeks 317!

BIARITE 2 i, A A
ﬂJﬁZjJﬂmmAW&? 1JJ 1?5?
CATEN S SeEy R

FHIE R, R0 L4

Fed with HFD for 2 weeks, pigs
underwent  coronary  vascular
endothelial injury, to induce the
dysfunction  of  spleen in
transportation, the accumulation
of dampness and phlegm stasis
and blood stasis'’

CUMS ik LS5 REE 6 h,
WHERSE 6 h, PRIELAT b 22 i
FEIEF 2 h iR EZE 6 h,
?&P@Eﬁﬁ@il h. 3 15 min

N S mi
K 24 h AT 24 b 8 FO7IE
iﬁﬂicﬁl? T%UHT‘ﬁBIE IS
S )
CUMS method: Live in groups
after isolation for 6 h, live in
wet environment for 6 h, rapid
light exchange and white noise
for 2 h, tilted rat cage for 1 h,
lighting all night for 12 h, tail
clipped for 15 min, water
prohibition for 24 h, fasting for
24 h, 8 methods were randomly

.

arranged to simulate liver
depression syndrome, and loss
of liver function causes Qi

stagnation and blood stasis 3!

F R RN SR 12 A, 1 A
T Iz, B
Mice were fed with HFD for 12
weeks, excessive HFD caused
dysfunction  of  spleen in
transportation, the accumulation
of dampness and  phlegm
- [54]
stasis

LRt Sl S AS TP S BSART
SR TE IR S 5| e B R e
Ry BT

Advantages: Suitable for studying
the inflammatory signaling pathways
in AS

Disadvantages: Easily
septic shock and death

=

cause of

SN TN R =
SE L

B @ﬁi&zb B e GRS
H%ﬁ?énlﬁlﬂﬁ 51

Advantages :

E

]=

Shorter mold-making

period, high success rate, stable

models and well controllable

Disadvantages : Longer  mold-

making period

ﬁE 5 ”ﬁf%%%*l’?ﬁﬁmfﬁ
LB, BRG0Py P I R

A BRI A

Advantages: Accordance with the
theory of etiology and pathogenesis
of TCM, high success rate, good
performance  on  the  clinical
characteristics of traditional Chinese
and Western medicine

A« BB SR S v 7 R I DR AR
AT R B

B R R N A
Advantages: High success rate,
good performance on the clinical
characteristics of traditional Chinese
and Western medicine
Disadvantages : Complicated method

M AR B S, o v Y % i PR
B A B B
Advantages: High repeatability,
good performance on the clinical
characteristics of TCM and Western
medicine

NN T
D35 000 1Al
FF 4 B W7 g D,

Western medicine
index;: D@@D®
70% match

TCM  primary
@D, 15% match

Tl m dl'y

evidence :

Western medicine primary
index; DB ©® D@,
50% match
TCM  primary evidence:
@, 15% match

FE5 7Y B2 T 1 B b
%g@@@@@, W& L
FEMELE L. DO

g52 YAE: D@, W) & i

Western del(“lnE‘

index; DA@
70% match
TCM primary evidence: D

rlmary

s secondary
evidence: @ @, 55%
match
FFEVE RS W £ 2 I8 b5
7@()&7@@@@@,%%&7
AL W E

Western medicine

index: DA@DE)

70% match

TCM primary evidence; @
; secondary

@ ®, 5%

rlmary

evidence ;
match

9
%
&

Western medicine primary
index; DB ©® D@,
50% match

TCM primary evidence: (D
@ ®; secondary

evidence ; @ 50% match
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o B4 HEHO BSR fonibi SMRTSERS R 90 5
. . . Model advantages and Consistency with clinical
Model type Animal name Preparation method and principle . . -
disadvantages disease characteristics
NEMFLAEH 3 )R , R bk R THEIS W b5
\ SN LT B 468. 75 me/ BWEED. W) 4 40%
A 9 ke, KK 20 min, EREMIK, o w0 w2 g e E S O
A5 f g mes > R ERETIERIS G e @ e soi
Qi stagnation ~ Wistar K [H After 3 weeks of fat milk gavage, Western_medicine primary
and blood stasis ~ Wistar rats calf serum protein 468. 75 mg/kg ﬁldvanta%ebt_' lA LLO‘I‘dj.ln(,(“: ll"lN ith the‘ index; @@DOOD), 40%
syndrome ~ AS was injected into the tail vein, in feri‘)EYMO ctiology and pathogenesis .\ h’
model ice water for 20 min, lasting 8 TCM primary evidence: D
weeks,  which  caused  cold @ ®; bccondary
pathogen obstruction > evidence : @ 50% match
FE VIS T 25 4R
g LR IR 14 14, AR R DQDE@©D, W+ K
535 ML R 5 UL N i ST TEE 70%
BT 4 TR B o FEe B I A, @
I AS B o L BB AP ERTA (5): T2 B3 11 2
dam gness and EEF Mice were fed with HFD for 14 LA B 50%
bloog stasis Z E/ weeks, which caused  Advantages: Accordance with the  Western medicine primary
syndrome  AS po dysfunction  of spleen in theory of etiology and pathogenesis index:
godel . mice transportation, the accumulation — of TCM secondary index: 70%
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R " fr
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Chinese ® phlegm ¥ Mice were \inlei"vened by dry- U ESO%
linical obstruction ApoE ™~ 1d . ¢ and YHF]T))’ Advantages: Combination internal ~ Western medicine rlmar
¢ 1néca evidence mice 0(;1_ henv1r0nmen a}?] d and external environment with diet index; D@D
Zlyrflr(l1 rome o drome S w ich can cause L£)7 egm an 70% mateh
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e JIE 1 W A ) M R 4+ A L 2 A ~
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SRR AR 8, A 0 1 P A 39@63@@,%5
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TR 5 ) . ‘ X . X ﬁ:!‘q:'@%%ﬁ}:ﬁ @,
WAREAS B g e were fed with MID.and g LLMOR ol AN 8,05 W @@ O), 11 4 I
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L S . Advantages: Accordance with the  Western medicine primary
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for 6  weeks,  imitating ) . .
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PG P WIR Z AR AR
AL T
N _ . . F FhE .
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Qi-deficiency Wistar K fil Rats were fed with fat milk AY¥%] [‘i Western medicine
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stasis syndrome fatigue combine ligation of mold match
AS model coronary arleryLSQJ TCM primary evidence: @
s secondary
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_ ey ZWIRE AR b5 .
RS SAEIRE £ Nt
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o i O £ % 1AL, € £ o 5 Ui : DD B),
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mo pitutrin, with cold evil being secondary
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s - NI LR AL A 5511 PRI RE 45 W A R
B DA S 7 B IS HBURLLGR o1 9 I AAAE 504 (O 2312
. . . Model advantages and Consistency with clinical
Model type Animal name Preparation method and principle disadvantages disease characteristics
5 K 5 S E 6 U/ - -
e R AT T

ES ?Eé}JF]fIJl R IE FE AR R b 5 L1

L S AL
é:lj;%j: SD K 6 U/kg pituitrin was injected at
oasulation and Sprague- femoral vein, causing intense
coagrialion ane - payley rat spasm of the coronary artery for
blood stasis AS ’

model a long time and

cold causing diseases

kﬁ 57| R TEEAR B ok I e ] 5
FlERZE ) 2otk LBk I, B4

acute

myocardial ischemia, imitating

the characteristics of Pathogenic
61]

A WPL A G T ER HAF @, 5 4%
BlnRAECEIR A EA IR FFG D BE LI EIE. O
9 A A UE : DO, W55 1 25%
Advantages: Accordance with the  Western medicine
theory of pathogenesis of TCM and  secondary index; @, 4%
the acute angina pectoris induced — match

by pathogenic cold of clinical TCM primary evidence:
character @), secondary evidence:

@3, 25% match

(1) PEERISWILE 15(2) PSS 2. A SRR AS PUESISINrRRifl K rf B I 20 AR SCHR >0 9 5 % HL e o BRI ks o 7 IR
B, 255 SCHR P Sl A R A — A B KA N AR T ) 5 T, [R] IR A ) B2 Dby o o AR =00, I PR ) 3 BE = 70% N /5, 50% ~ 70% h H

<50% M1,

Note. (1), See Table 1 for Western medical diagnosis. (2), See Table 2 for Chinese medicine diagnosis. According to the diagnostic criteria of Western

medicine and TCM syndrome differentiation of AS and based on the literature

201 this paper assign values to the diagnostic criteria of TCM and Western

medicine. Then, combined with the usual manifestations and detection indexes of animal models in the literature, the coincidence degree is calculated and
is classified into high, medium and low levels. Calculated value =70% means high consistency, calculated value between 50% and 70% means medium

consistency, and calculated value <50% means low consistency.
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Analysis of ankylosing spondylitis animal model based on clinical characteristics
of traditional Chinese and Western medicine

ZHANG Fangzhi, MIAO Furui® , FAN Yushan, HE Yujun
(Faculty of Acupuncture, Moxibustion and Tuina of Guangxi University of Chinese Medicine, Nanning 530001, China)

[ Abstract]  Ankylosing spondylitis is an autoimmune disease with sacroiliac arthritis and spinal arthritis as the main
manifestations. The disease mainly occurs in young men, has a high disability rate, and is a serious threat to the life and
health of patients. Biological agents are expensive, and many adverse reactions to hormones, non-steroidal anti-
inflammatory drugs, and anti-rheumatic drugs have been recorded. Traditional Chinese medicine can regulate the immunity
and anti-inflammatory effects of the disease, and has good clinical effects. To promote the further study of the pathogenesis
of ankylosing spondylitis and the development and screening of therapeutic drugs and therapies, in this paper, we
summarize the method and mechanisms of modeling of the existing animal model of ankylosing spondylitis and analyze the
advantages and disadvantages of the model. To evaluate the agreements between Chinese and Western medicine clinical

characteristics, we compare the characteristics of Chinese and Western medical syndromes of the animal model. Building an
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animal model of ankylosing spondylitis with a higher degree of consistency between traditional Chinese and Western

medicine is the key to innovative research into traditional Chinese medicine method of treating ankylosing spondylitis. To

lay the foundation for research into traditional Chinese medicines and acupuncture for ankylosing spondylitis, this paper

analyzes the degree of concurrence between the Chinese and Western medicine clinical characteristics of animal models.

[ Keywords]

ankylosing spondylitis; animal model; clinical syndrome characteristics
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Table 1 Traditional Chinese medicine syndrome differentiation and typing of ankylosing spondylitis
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Syndrome differentiation

and classification
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Tongue and pulse

Tt f

Assignment
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Damp heat

obstruction syndrome
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Table 2 Evaluation of traditional Chinese and Western medicine syndrome in ankylosing spondylitis animal models
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J< QMM i ; &AM A O
R ©FF (1) %5 .xﬁfi%}ﬁ?
ZAP-70 J& T 41 Jfy i @%ﬁ’ﬁ*m%}ﬁ Eﬁf@;?%
. LAP-/0 G 12 70% 5 15 I FH.
fezaro f9 i 4110 RRWES R0 i O B
B R TS0 SU2 i ©) F AR O IR X 15
S5 o 7 B 4 o "Tj— B A ) B AR ) 3l g i [ 5% LT P 3 UCAE . QIR IR )
DA D e e L T T e
BERh B BUE AL T B TE B e g i HEEREEC  line with the  clinical
A5 SpA f%}_ = H“I%Eiﬁrﬂ:/ﬁ\;ﬁ Uﬁ%ﬁﬁ %ﬁﬂ@ﬂ%#ﬁiﬁ?{ﬂ manifestations of Western
SpA Lii};ease E induced  JEEFREE] ﬁg%ﬁﬁiﬁ: CD4"T  medicine: D axial arthritis; @
%Efiﬂ%grmijj SK(; 121\ irf) SKG  mice with Adve;nta;es- short cycle émﬂﬂlﬂ inflammatory lower back pain; ©
YT L2732 . . N _ Y Mutations in the gene peripheral —arthritis; © finger
. defects in the SH2 time, simple operation, . . .
Animal models SKG tructural  domai ¢ sender diff ) encoding the structural ( toe ) inflammation
of inflammation  mice ;2“;;6“ omain l;) I]IDO °3n e: ! ('%ren(,es domain of ZAP-70 inflammatory bowel disease; ©
induction [27-32] traveritoneal  iniecti i ‘tltsat.van atgesl,h ‘[.)ay SH2, a key signaling psoriasis-like skin or nail lesions;
LIE rdé)_eriuocr;zd 01;1]6:1;)2 :ne'ri‘(izzlen(: c}?anre;m']r% molecule in T cells, with a degree of match of 70% ; in
Ivs g.h‘ rides I_y bb th Vi vin n’m ot ]g 1 i pair  positive  and  line with the Chinese medicine of
polysacchanides = or by ¢ environmental  tora negative selection of T  the damp-heat paralysis syndrome,
inoculation of Chlamydia  can affect the severity of s in the th ) h e .
muridarum  into the the dis [33] ce b in the thymus, t-e main symp‘tom; morning
ducti wact  of € disease leading to the stiffness; @ spine, lumbar-sacral
reprodue IEC mL‘ . 01 production of pain; & redness of the eyes and
mlczb. . Y vagina arthritogenic swelling  pain; redness,
swabbing autoimmune CD4% T swelling, heat and pain of the
cells in the thymus 1271 joints of the limbs; the sccont%ary
symptom ; @  heavy  limb
sleepyness ; with a degree of match
of 54.3%
A T 4
ﬂ@%g(ﬁjg%ﬁ%%ﬁ%bﬁ
BALB/c /INBUIE 5 P 1 PR R, TN %
SR T 100 pL PBS AAREA Rz 0 @ﬂ'%ﬂﬂggi‘;ﬂ@@@i
(0. 14 mol/L AL S PR ) e D IR g)%ﬂﬁ: %O 1k (B ) % » @
F0.01 mol/L A& #h JHHR L RBE 5 I 4:;'7@%#?%&# E'pﬁ# e
SEahi, pH 7.2) R BALB/c /N R EA7 g o
RN % e o FEAE| B NE B BE70% ;556 *E{ﬂ?j‘fhﬁﬂﬂ:
ELIZHATILE R T s A O BV A
VAL R4 R AR RN i o
/NEUE VAT PBS of " RS o
A T T A 3 FGAS 58 4 Dt BRAR T L ELR SomeT cell epitopes of Wi 30. 9%
e o e =1 teoel ep ph Clinical manifestations of Western
BALB/c d . B s B M 2% R s M proteoglycans . ave medicine: O mid-axis arthritis ;
¢ BALB/c¢ mice were RIS BLER R been characterized as @i in: @
/]\[34’35] injected intraperitoneally /I BUER 5 dominant/ inflammatory low back pain;
BALB/c 'Jth pl Ivean: Advantages ; easy to use, arthrit i and origin and destination
. ¢ Vin Ived .pn])(i;lg y[can? high modeling rate arthnt O.g(??.lc’ afn inflammation ; ®  peripheral
rr;:ﬁ(;s] ;)]];SSO (Vg IZ] l/LMl\f gl Disadvantages : gender 1mmuntl?i:1]10n OBALB/ arthritis;  ©  dactylitis; O
' dissol d . ngl la/L differences, high Suscephy ffth h ¢ psoriasis-like skin or nail lesions,
‘IZS.O ved m T h mr;ll prevalence of disease in mlcte IWI - .umar? with a degree of match of 70% ; in
;0 f}um H 7p20)bp ‘dg female mice Pm €08 y('dr‘lbl BB e with the Chinese medicine of
Fu .Er’, p | .t an an a .Oltrtlmliﬂe the damp-heat paralysis syndrome ;
uchs - compiete . response - agamst M€ @) Jumbosacral, spinal and dorsal
adjuvant, 'afld the mice mice, inducing pain; spinal mobility
TNetr'e r<e—1'n Jec;ef(;is ‘flltg é‘lrthr:lni.t.‘ | lanfi restriction; the secondary
;n l.}glcr,ls I.H let an ;pU}I: y“zl’ aue to ‘} symptom; @  heavy  limb
uehs - neompiete '8 eeree © sleepyness ; with a degree of match
adjuvant after 1 and 4 sequence homology £30. 9%
weeks between human and © 77
mouse  proteoglycans

[35]
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A e P PR IR 490 (DRl 1
R QRIEMTTI ; DA 1k 755
@5’[‘ 15645 % , @ % s Ti%}ﬁ?
W) JE 60% -4 P BRI A A
SE, S s R A59F AL B
o §i s OF R 211552 B R - )
TNF 945 5 F ARE  [LASE U143 33, 4%
TNFAARE 0 55 857 A R E‘Jﬂ’i’i%‘ﬁ lNl‘ J;LF{ In line with the clinical
TNF & ARE N D ) R B TNF Bl EREE 2 F R ME Fik, BEFWHIERIE  manifestations of Western
ot e 1 b [36] .. . .
/J\{35-3ﬂ g1 ARE 351 FE e S B F SpA medicine; () axial arthritis; @
CorAARE TINFAARE model Advantages: high mold Deletion of the TNF inflammatory low back pain; @
ll.\ll* modeling method for formation rate; regulator ARE leads to  origin and destination
I'I;:Zsﬂ targeted knockdown of Disadvantages: complex TNF  overexpression, inflammation; ® peripheral
. ARE sequence in  operation, technically  inducing intestinal  arthritis, @ inflammatory bowel
murine TNF difficult and expensive inflammation and SpA  disease; with a degree of match of
[36] 60%; in line with the Chinese
medicine  liver and  kidney
deficiency syndrome, the main
symptom; (3) lumbosacral, spine,
heel pain; @ spinal mobility
limitation ; the secondary
symptom; @ thin muscles; with a
degree of match of 33. 4%
??A‘Cgﬂ:rg iﬁl@@@'—l—' i Sl
- , R QRAEMETT 1k RIS
AN LR (5)51 1 e 15 5 s Wy 44 ¥ 50% 3 74
kB LR AR - S e -
A ISEUTNF BB Achpi 45 A0 20, E A OB
AG AT muTNF .y B ’?EE' (muINFy o) A5 BV s D5 2
HoE &P 85 IR TNF G U R R 2R v QML R v A
BamHI-Sal I)#Ez‘j"f"i s 5 AR LB 55/ 72[3 B 33.4%
wOH # ( CBA X *H{/er = TNFR 551 '\Ell‘fl\l? In line with the clinical
TgA86 C57BI/6) F2 Zes /N L PRE R 4 s JE K Eﬁljtﬁifﬁé(ﬁﬁ:ms manifestations of Western
7N PRS2 4 0P Advantages : high  This transgenic mouse medicine: D central axis

RS BamHI-Sal 1 fragment  similarity to  human  overexpresses a mutant arthritis; @ inflammatory low

TgA86 containing the  pathological transmembrane protein  back pain; @  origin  and
mice muTNF ., bead  manifestations, high  of murine TNF  destination  inflammation ;

38,11 protein hybrid gene was ~ mold-forming rate; (muTNF ., ), and peripheral arthritis, with a degree
microinjected into Disadvantages: complex ransmembrane TNF  of match of 50%; in line with the
fertilized eggs of (CBA  operation, long cycle time  mediates its  Chinese medicine liver and kidney
X C57BI/6) F2 hybrid arthritogenic  activity ~ deficiency syndrome, the main
mice through synergistic ~ symptom: ® pain in  the

p55/p75 TNFR  lumbosacral region, spine, and
signaling mediates its  heel; @ limitation of spinal
arthritogenic activilny] mubi.lily; the secon.dary symptom
(Dthin muscles; with a degree of
match of 33. 4%
2]
?ﬂ‘A@EEH %%I)@ @k 1k i
25 45 PR ;@ () & ;
X ; WE, R Ry s KSR i ;
P 5 N5 3 % e @fFﬁJﬁﬁ&’ﬂﬁjﬁa H A2 s 1)
SIEIEI Ry g sy OF |
HRALARE o5 , BURSE 6 7 , k T DBA/L /) ﬁ‘( W g B 40%; 4 £ o B AT A R
EHIE %k RLT ﬁ EJL.@E@,@EJM&r,
i AT PR 22 5 FR ?EEE"JEEZ{%JJ YIE: @ F D G W 4
fﬁ‘%%’,}ﬁlﬁiﬂt/z R 30-41) 33.4%
Advantages : high . In  line with the clinical
5% DBA/1 868 g o
i y R N U similarity ~ to  human Ho@onal, 388> anifestations of Western
%){ﬁ?ﬂ /. FEEMEE DBA/1 /MR ) environmental , . . .
. [39-40] . pathological . medicine; @ starting and ending
Animal models  Fi Senescent male DBA/1 N X . behavioral, and stress - N A
R . manifestations , high . . point inflammation ; &) peripheral
of adhesion DBA/1 mice . . factors are involved in - )
- . [39-40] modeling rate, simple h ) arthritis;  ©  finger ( toe )
pitting mice . the spontaneous . . Lo .
operation ; devel ‘ B inflammation; (@ psoriasis like
Disadvantages : gender ,;\rie‘l?pmetn .Ot skin or nail lesions; 40% fit; in
differences, attachmen POML - Jine with the Chinese medicine
. inflammation . . .
environmental .. ’ .. liver and  kidney deficiency
. arthritis, and  joint .
differences, long lead A syndrome, the main symptoms :
. ankylosis in DBA/1 K
times [ 30-41] morning  stiffness; ©® local
mice

soreness; the secondary symptom
@ hand, foot, and heart heat;
with a fit rate of 33. 4%
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L BRI IRBCE TRA XS T NZB 0
s R A8 77 %
i TR S A0 I Y R AT P
et Azt M AIEMS S roct (TR S R I
A 5 ERALE TR S A,@ﬁl‘ﬁﬂi R WIA 20%
ﬁtﬂﬂgﬁﬁﬁ&ﬂﬁnn P Hb‘J ?kALP[:H?I%TEI FE. ®
ge MEPE LRGP PNy A Wty B FETEHEIEE LA
AERUE, J R R 0 BMP g I © 03 B U E
(BXSB x S e s [12] 23.4%
il X In i ith  the  clinical
NZB) F1 Advantages: easy to Combined action of me W e chamea
s . perform, high rate of susceptibility alleles manifestations of Western
( BXSBx ( BXSBXNZB) F1 /N, 1d £ i derived f medicine: @ inflammation at the
( BXSBXNZB) F1 mice mf) ormation ; erived from BXSB and starting and di G
S . g and ending points;
NZB) F1 Disadvantages:  gender- NZB is involved in the . - .
BNETS e o ) ) peripheral arthritis; 20% fit; In
mice specific, males present pathogenesis of i ith th ditional Chi
with ankylosing adhesion  arthropathy and may be me with the tradition mese
LY . . medicine  liver and  kidney
pemphigoid, females  associated with  the deficiency  svnd h .
present  with  systemic  upregulation of IFN-y eliciency - syndrome, - the main
. symptoms are; (D morning
lupus erythematosus, and IL-17 mediating . ;
) S ) . . stiffness; © local soreness; fit
onset of disease does not the BMP  signaling 23, 49
involve the midshaft joints  pathway [12] S
ANK Zifith— B2 T
BLAE IR £ 1) 5 1 2R
) 8 ot PEE VY BRI AR B PR G A5
FI,ANK JIfiE e R il
R T R ORI 650 X1
NGB R S J}A@?Eu(f'tlltl)x 4 50% ;
o et 4 = BT N PR,
ANK 85 /N BI04 A {lst JERE B2 53 S e (R TEHIE R, L O
A 265 P ] h];#,ﬁ]\ e LT SR, QIEM BT LR,
AR I e T e COPFHEE 30 52 L Vo : DL
(COHeB/Fel x CSTBL/ G, NI Fafldg SHEPREL gl o 5. 1
- 25 Juzs SRy ) 2 i Tinics
ANK/ ?i?t%gli%ﬁix ?'E’j\gg}lg;T PSR A transmembrane protein Cons;st(intt N “n.h ‘;{/hr‘uml
ANK /I ) that transports manifestations in Western
B4 5 ANK A Advantages:  no  sex chorean medicine; (D axial arthritis; @
ANK/ Heterozygous male  differences, high gﬁl 1(? hat and inflammatory lower back pain; ®
progeny of ANK mutant  similarity to human SpA pyrophosphae, an peripheral ~arthritis; © finger
ANK : 8
. = . . loss of ANK function . . -
mice mice were crossed with  disease; How hosoh (toe) inflammation; 50% fit; In
[42-43) ( C3HeB/FeJ x C57BL/  Disadvantages : long cycle allows pyrophosphiate 1oy, " ihe traditional Chinese
L g ‘ . | : be deposited . . .
6J-AY") F1, and the time, complex operation, intracellularly . leadin medicine  liver and  kidney
cross progeny continued — progressive tonus in mice o 'C’XCCSSY’ Cé:;lciungl deficiency syndrome, the main
to repeat the cross to is non-inflammatory hydroxvapatite symptoms  are: morning
maintain the ANK gene mediated yeroxyap stiffiess; 3  pain  in  the
deposition and lumbosacral : inal. and heel
calcification  of the ~roosacrali_spmat, - and hiee
intervertebral discs or B3 @ ° limited  spinal
cartilage resulli;lu in mobility; and the secondary
ankyloiis of the joignl op  SYmptoms are:  thin muscles; fit
’ 45. 1%
. [42]
spine
ﬁ%@,\%ﬁ%i% @ 1k
3 R AN
R W WA 20%
B fic Ao A EFE A RIE, F45E: O
e 3 W g JEIE,
( ki P RAER R, AR A © F AR s W B
2)3]‘1/ et FAT P 2 5 HE ft&':%(]'un"‘tent ith the clinical
ency  HIPIR Fas SERRUN PRERRRE, KA AW 57 SR@kaEr | comisent with the dinica
R BUBATARSS, (MRL/rpl  RPGT A Y EBUER A 0 SO T
Ho Al i i [44] xC3H/1pr;MC) F1 Advantages:  easy to FUFL[EIMEFIAHSE medieme : . orgin an
Oth A il T . . . destination  inflammation;
ther  animal ( MRL/ Hybridization by two perform, high rate of Associated with the co- . . >
. . . . . peripheral arthritis; the degree of
models | 9 Fas-deficient mice, mold formation occurrence of dominant incid s 200 L
P (MRL/1pl x C3H/Ipr;  Disadvantages: gender and Y-linked loci on comaidence 15 o; s
C3H/ . ) . consistent with the evidence of
) MC) F1 differences, high  chromosome 7 . . . . .
pr; - . c insufficiency of liver and kidney in
MC incidence in males, onset . . .
) F1 . X . Chinese medicine, and the main
[44] of disease not involving .
mice" the mid-axial joints symploms  are; mormng
stiffness; © localized aching

pain; the degree of coincidence is

23.4%
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ey H /3 MOLL Pyt
A20 T 4 45 40 s fa A QRIEMEFT A ; DR 1k R 5
A NFkB IEqE . OFNECT R 5 @) R T I
B 0 2 iz, DG VAL 60% K B IR A A
TS A20 /MBS IE,HE{\EE‘:A@%{E;‘@HE%&\ﬁﬁ\
WG %R DC % JEHRE R ; @B AR IS B 2 IR

i 8 O HBEI ; VIR L 46. 8%
LT A AT T inical
A20 B T YA 0 S B G 25 onsistent witl clinical
[ 7N 175,5\ s AR ;. Tl man1fe?stat10ns in 'Western
f (45746 il B /J\ﬁg’%]: - A20 maintains immune med1c1ne; @ axial arthrltl's; @
A20"" Cdllc-Cre /MR Advantages: high rate of . e inflammatory lower back pain; @
A20- Wi . 1d formation homeostasis,  inhibits ot and & int
deficient ~ A20 Cd11e-Cre mice Irl)lo d orn:‘d 1011-, ice di NF-kB activation, and S T'l' 1ng ali drf enamng 1;011‘11
mice tsadvantages; - mice die 0 fammatory  "ammation; peripheral
[45-46] easily reSpOnses Mice arthritis; @ inflammatory bowel
1 {: ) AZO i DC disease; 60% fit; In line with the
dac 11n 8 1“ traditional Chinese medicine liver
Dege ;)ftivat?fr?n Zl'}lf‘z):ﬁ and kidney deficiency syndrome,

activation, and T-cell

the main
morning stiffness; ® pain in the

symploms  are:

expansion leading to .
N p . gHﬂ lumbar, sacral, spinal, and heel
immune disorders '™

regions; limited  spinal
mobility; ® local soreness; fit
46. 8%

TE AR, T EE=T0%, FHEE =75% ;—RWIE T ,50% < B2 <70% ,55% < P B <75% ; M1 & B, T B2 <50% , P <55% .,
Note. High degree of anastomosis, traditional Chinese medicine =70% , Western medicine =75%. General fit, 50% < traditional Chinese medicine<
70% , 55% < Western medicine<75%. Low degree of anastomosis, traditional Chinese medicine<50% , Western medicine<55%.

RM ARG BRI ) &R HILEHT
ANK/ANK /)N BB PG = ) 5 BEAR, 755 & P 5 i
B RIE, ANK/ANK /MR 5 A2 AS FEAQ27 28 A
RLRE w5, (H X Fh i 2 AR A R AR
( MRL/rplx C3H/Ipr; MC) F1 /] FUBE 1 rb G [ W) 4
JEMR, A TP EFE R IR, R ELE & 0758 AS
B s 22, (AN A B 5 RERTHS , R B 345 . A20™"
Cd11c-Cre /INRAR AL PG B2 W) & B — i, W) & B
FEFTA S R e & A7 A P BB S 2 OE, itk
BRI E R AR Bk &, K A e, Rha)
PR RIPG B W) & v, P R E B W) A AR, 7
AS B PAsR E UAR B B2 bR it

VOIS B AR B 1A 2 B0 X 24 | A= Wy o 500 2 e vk
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RAEFNARAEFH B 1A RO, hE IR W)
BB 1 Bl AR R X v 2 BF e HA E B S
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HT T PY 1R AN [R] i A8 075 32 8 Bl 14 3l A R 1) 1 AN
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R R )45 BE 8 B L UE vl o o R B TN
TAAERBAU AR IR | [F] I e B e A |

B TR SR AR IR R S RO 4 I
PRIETT S AT PRARBEAL , AS FE IR BH UEA AL H
BUCEL TN AR R 400 A FE R PR 58 5 sl o A7 B
Bk B R KA SFETPAT 5 AR AS SRR i 5 RE LE
D 3 3 W VK 45 T 5 109 185 3 1A e w1 AE 3
FRK S A 5 A o6 i 5 o A B R A JERIR
AR BB B B HEATPRAY B TR AR R
BT PEAGORITIN o R B 0 I 9 0 U i A MR AL 0 5
AS B FH 5 HE TS R FHTHE B R R IR T R A
R BRCH B i 22 | DU BRI A R | B R kL
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Role of NLRP3-pyroptosis in experimental sepsis-induced lung injury

LI Yuting', NIU Chunyu'**, ZHAO Zigang'*"
(1. Basic Medical College & Institute of Microcirculation, Hebei North University, Zhangjiakou 075000, China.
2. Hebei Key Laboratory of Critical Disease Mechanism and Intervention, Zhangjiakou 075000)

[ Abstract]  The Nod-like receptor pyrin domain-associated protein 3 ( NLRP3)-mediated pyroptosis of pulmonary
parenchymal and immune cells plays a key role in the pathogenesis of lung injury during sepsis. NF-kB, JAK2/STAT3 and
MAPK signaling pathways are involved in NLRP3-mediated pyroptosis. Targeting NLRP3-pyroptosis and its related
signaling pathways, pharmacological interventions with Physalin B, schisandrin, erythropoietin, and physical therapies
such as acupuncture at Zusanli and Feishu points, as well as NLRP3-specific inhibitors like ergolide, have all shown
effective anti-septic effects in treating lung injuries. This article reviewed the roles and mechanisms of NLRP3-pyroptosis in
sepsis-induced lung injury, as well as the experimental progresses made in targeting NLRP3 pyroptosis as a therapy. We
aim to highlight the importance of NLRP3-pyroptosis as a target, providing insights for the prevention and treatment of
sepsis-induced lung injury.

[ Keywords] Nod-like receptor pyrin domain-associated protein 3; pyroptosis; sepsis; lung injury
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RN 5 e Tl i, o R 0 A B R Rk 6
E AN M RF S , A A R g
A5 B E LA % i 1) it 8 8 i S, i 283 78 Ry 2
PENi$51475 (acute lung injury , ALL) J% 2 20 R0 38
ZEAIE (acute respiratory distress syndrome, ARDS) .
— B OL , SAE /MR TR SR e B A 25 5 I L
I, SR RAE S, TE AR Z SAE /M NOD #:3Z
R 45 # 38AH O 2 3 (nod-like receptor
thermal protein domain associated protein 3, NLRP3)
RAE/ MW I N 5853 B —Fh, EZE TRl
VIENHT A B 2008 25 F B — 1 ( pro-caspase-1) 1% 2
WEZ PR -1 ( Caspase-1) e AT/ 3R - 18
(interleukin-1B,IL-1B) I IL-18 JRZVHIR i . 40
U5 T 3 Ay 4 Ry 8 i D A T S 5 1 ke
FeSE, E 2% FL AR M B, HE T 2 8 R E A
Jox, 5 R ARIE SN LA B I 52 0 2H 2Rl A B 45 A FN )
RETR A ik 22 Fh B0 R 2R 5 1 kS e 2 0 M 45 47
PIOCHERLT 22— S 1 T A 7S I B S Jif 453 45 1Y
J AL LK NLRP3 -2 i £ 17 e 245 il 43 47 o
AT KA L, O LLIRCIE 1B B By 6 SR, ~% & A1
ST 220 S g e B It B A AR A E R AR
JHeRERE il 45 47 i it A ) Al |, SR £R NLRP3 11k
FHG RN T, 387 1 A OCAE 538 e e
S5 493 VR T, DR X NLRP3 — 240 i £5 72 FF J|
TV Z R EERE I AR 1) SE R ME B IR IE Y . AR SCER
R NLRP3 S-S (14 200 M 45 1 7 52 06 P e 74 Ik 7
Fiti s 405 T 4 S LA, AR 19) NLRP3 — 4 fifd £
T IR I Jt 458 13 1) S S0 IF 5 e

1 NLRP3 HiEEE5HMET

1 by — P =0 51 32 /& (pattern recognition
receptor, PRR)  NLRP3 R AE /IMA GEME B 145 Fif Bk 42
PEFNAR G A P IR B MR ST 790, B0 05 A
K43 T #5320 ( damage associated molecular patterns,
DAMP ) 5l JFEAAR AH 5 43 F 185 28 ( pathogen associated
molecular patterns, PAMP ) "' 3 Fift J&& %01 BE 7 1 15
NLRP3 REAE L i) 17 A A N SN A ] g, )3 5
RAETSRE , AHUARTRUEA B B . NLRP3 JAE
/MACHT 3 AR G AR S 2H K, L AE — N & S e J R
& ¥ ¥ (leucine rich repeat domain, LRR) £5 438,
BA A ShREAE 51 BIRE Sy, — > HAT ATP i
WP IE A T B R SE R AL R g B TR 45 A

( nucleotide binding and oligomerization domain,

NOD) , 3Bk NACHT Z5#538, LA be—4> N R i i
FI 45 44 33 ( pyrin domain, PYD) "', NLRP3 # $iE />
PRTE AL A A 52 4%, 7T LA 22 il sl 5 ik o, 49
F5 PAMPs (B4 55 RNA B 2E 93 2 R 40 74 2 1
J853) LA K DAMPs (451 30 PR IR & 14 ATP | 40 4 550 11
B-VEMMEIR) o HHETIA N, NLRP3 i 32 2 AL 4% 22
i AR MR AU 3 Fhag A, A AR T i
S S IR IR K AR A 0 R DG A T
DU KA T R P2 0 F1 Caspases 25, 5 NLRP3
SEE /AT AFDOE I, 200 A T R A ) R AR )
A Caspase-1 25 81L& 12 Fil Caspase-4/5/11 qf 4 i
i,
1.1 ZHREFEER

NLRP3 &4 /M 28 Sl 1 42 W] 3 S P AS 6
BB B 5 s FEGE . 78S 3B B, NLRP3 Al pro-
IL-1B FEFE SR K- b, 3 — ok A Al 3 5 200 22 A
PAMPs 5 DAMPs, sl iof {2 2 40 N 7% %, 22X
15 5% [ F — kB ( nuclear factor--B, NF-kB ) #15 F1
Besk. Br 7R R AN, 5 2 Rk nT LU 4
NLRP3 IR M, npkie b sz K1k, Z R
SEPERKES 1 (ubiquitin-specific peptidase 1, USP1) A
KK F- 1 (ubiquitin-specific peptidase 1-related factor
1, UAF1) 224 NACHT 1 LRR 45#58 | 1) K48 25
17 ZALEE B 6 NLRP3 32 R M A0 5 (A A
AR AE HE NLRP3 3#3% ', L4k, ABROL 2
R Z MRS YR — DI, HAr 5 NLRP3 1
S194 WERR LA NLRP3 JEAE /M ZH 2 F i o 2 5
JCHEVEFI . 5 b e shAb R Ao e Sk R4 R
JE XS NLRP3 EAE/MA RS 2T 2,

FESCTE P Z AR T, KA L CLAM i Na™ N
i Ca® Bl G| 2k A ) BE B 6% | 15 Pk 48 (reactive
oxygen species, ROS) J= 4 2RI IR DNA FEiL | %5 il
RG> BRI B P B, by S E /AR 1) 4 2R FTRG
PP S, S A REE A
T- A0 ¢ B 55 8 H (apoptosis-associated speck-like
protein containing a CADR domain, ASC ) fi& i
NLRP3-ASC A WIL I, 2#2 (19 CARD SAEG 1Y
pro-caspase-1 1) CARD &R A B 3% 4% | i — 20 35 Jn
pro-caspase-1 ik, I H LR A# g p20 1 pl0 M
ANMEED 3 A I 1 DU SR AR TE LA T
Caspase-1, JE 11 Y] #] pro-IL-18 Fl pro-IL-18, ¢
Caspase-1 {HiME TL-18 F1 TIL-18 Y 30E ARSI, [F)
i}, Caspase-1 PR 2 2 -D( gasdermin D, GSDMD) ¥J]
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FIHL GSDMD 9 N=A 3 1 GSDMD [ C—A 3 X35k,
FeRe R AN R 1P LB, SIS 4 M fE T, R BUR
PRAE A LA F IL-18 1 1L-18 J8 5 GSDMD FL %%
TR M AR PR S 5 RE RN, I IR T g
IfiE.
1.2 FEHHFRER

5 Caspase-1 28 L% B 12 AN [A], NLRP3
RAFE /MR MG B JEKAS Caspase-4/5/11 5¢
B o =2 CQBAPE TR HE A7 0 200 A, 3 ok o3 figp 4 A
BE RN Z 8 (lipopolysaccharide , LPS) . LPS 454
I ] 3% /N BU Caspase-11 % N Caspase-4/5, T
Caspases Z-RALFI B YIE, Wi 52 NLRP3 HF #HL7Y
g TEALEY Caspase-11 ANAE H 11 E) pro-IL-
18 F pro-1L-18 , fH 1] DL /K fift GSDMD £ 1%, GSDMD-
N, GSDMD-N 5 5 J5 Ffv ity Wik i | W 12 56 JUL It o
W22 Z R4S &, T AE 41 ffL B B 28 1L, 75 % K™ 4
T, SEd AT Caspase-4/5/11 F4 G A2
L) ATP i 8 H 32 i #: 8 H - 1 ( Pannexin 1,
PANX1) #1% , i 3 ATP Rl ; PANXT 55 BERS E 2
& ( purinergic receptor P2X, ligand gated ion channel
7,P2XT) FHEAE M AT IR 18, P3O B i, A
IM#E NLRP3 R AE/IMAT 5T Caspase-1 315 1Y £
SART R AR IRk, NLRP3 4E /MR B h 3 42
B AU LAY AR TR AR I OCHE ALY
1.3 NLRP3 BEREHERE

B AU NLRP3 SE/IMAROE Rifs—ME 5, 1%
BARAUATAE T N AL ML, Ferb Toll BE3Z 1K 4
(toll-like receptor 4, TLR4) ¥ 1| )8 4 LPS, i i
Caspase-8/FAS — #H 3¢ A€ 1= 45 ¥y 88 & H ( FAS-
associated death domain protein, FADD) /32 {K%5 & 24
FIRPLEE 3 (receptor binding serine kinase 3, RIPK3)
H S T NLRP3 35 AL MR A T e, (H X
REEGIHE ASC BEf 8 W, AR 804 s -t
Ak, 28 # H C3 (apolipoprotein C3, ApoC3) L HE
BE NS Caspase-8 #KH A& NLRP3
PAE/IMA , ApoC3 5 TLR2 1 TLR4 A1 H.AF FH T 55
HS T — R Ak, SR 538 i TLR2/4 Je HL A 42 1
SCIMP ( SLP65/SLP76,
protein , SCIMP ) — i & i2 25 H I i ( tyrosine protein
kinase , Lyn ) — I8 1% Z 2 % 1 ( spleen tyrosine kinase
Syk) - Wik I K 7 2% HL 2 PH S T A A ( transient
receptor potential melastain 2, TRPM2) Hlif2 #f Ca™ I
i \ROS 7=/ \NADPH AL A% fL 1l Caspase-8 i

csk-interacting membrane

i, JR4E Caspase-8 J&: #7% B 18 NLRP3 R AE /)
PRI Sk Lo (AR VIBILH] i ARV 2E
1.4 AMETREINEMER

T’fq%%%ﬁ:?, %H*@%%? ot(tumor
necrosis factor-ac, TNF-ac) . GSDME 15 2 iA 5, 3 26 4k,
IT 2552 | Caspase-3 BENE 175 S GSDME #H ¢ A9
FETC, GSDME 7ML I8 T FikyT 25 i 2 i fE T
ZIRFEY T — A RHITE, X GSDME Rk, &
A AETT; #E GSDME fIR F ik B, T4 il &0 1k
4M,B% T GSDMD Al GSDME Z 4}, GSDMA/B/C
FEREZEFL RN AN M AR T R R EAE T S AT
FRIRAN,F AN IRGE T Caspase-3 4K 4 4 12 F1
Caspase-free T B e CHE T A T
il AIAIR, Wt — IR R BT SR R A T
RS LA

2 NLRP3-#HR & T 5 16 IR S fE A48 {5

Jili & M B AE 51 1) Z 48 B Bl FE Th i o 2
TE, FECRAE R A A 8 L R L
P LG RS SR BT PR T FR T BRIE T A5 2 F
M BET 0 MR AE S ALL/ARDS i
A SO R 2 CAngn R R e A R TR R
250 ) BTG P 92 20 L, ol R S R B RRE A I AN
RN N -, P LA P B A, A2 4 B il B 4 i AE
PN B AN 3553 il 2 2 1 2% 2 e e A e, Rk R R
TEAREAN BT, R At 5 98 RE R L, [ B, 4t e A5
IR aE R 40 i R AR IR B A 2L, L H LA
P 210 LRI 5 A4 e R SR Oy = ok R T AR Y S i 4
JRLTEE B P 22 2% A 5 T S %, TR K o A e
T, T2 A TE A0 BT Ak 5 98 E A TR TR A A A A
W TR AE K, 5 | R il 25 2L 40 453 4 , i 2R
I 6 20 LG5 PR B2 S W 45 ) 100 S S 2, 1 o it 3 375
P, S35 L 20 iV I R R 1 i K i A A e
TEAE MR AT R A LI 5 R, NLRP3 -
A AR T AE R B RE il A5 1k A A SRR E
2.1 LWHRESEMBGEEFERECHED
FHMESBEE
2,11 ZHAET- A SRR

YR AE TSR] - 40 B 0 T, e b S R AT
T AT W B 5 DN R B A A A S B R
M T R AR AYE Caspases 25, MR
2 L 5 P R A e S A e K e 2R R
RN AN T R A R A
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FAAl LR Y 00 R 7 G A 4 DNA I 4 R0 4% (A
RN Beah, T £ 51 TL-18 , 11-18
RN B F B, 51k 2ok BE 5% R, i — 20
0 32 A A L) PR A 2 D B 5 i) 4 L 2 1) 2 g
EEH X —AR 5 40 B BE T A 5 10 % 0% 0
REEALA K,
2.1.2 TR SIHER

ZMEEGRMAMET- S5 T M i
) % A o B, 25 3D ) 57 ( necrosulfonamide
NSA) s&2—HU/NrFAE Y, ATE D A AR T OG5 4y
FZ— GSDMD Hy#i il NSA EH#%5 GSDMD iy
Cys191 454, 1] p30-GSDMD #:44: F1 GSDMD-N i
FEVRSMRIA N 09 52 54k, AT BHL 1 55 P AL B,
il IL-18 S5 4 RE A TR ™ . X %W NSA 7 DA%
SRR 9 AE A0 ML FE T 9 A9 2 PR B IO , AT
AR T GSDMD AR T, AMA €3 2
IR AR B R0, 240 L B v 2 A2 C3a M C3b,
#MA C3a-C3aR fili5 Caspase-11 BYAH EAE H 2 )
YFLFE TS FEBE M BT C3a-C3aR 15 538 % Al LA
Tl A LA T 1 TR DT D 4 e 5 R /0N BB 544
U 0 A 3k 4% 7 e 1 A TP R FEAR R TSR Y
i 4h, WA B R B A Bl (high mobility group
protein B1, HMGB1 ) 2 —Fj IEPEAE R A T, 38 1 H
AR AL L= W) 521K (receptor for advanced glycation
end-products , RAGE) {215 S MM LT, 7
XAt AR, HMGB1 i i RAGE /B T 5 W 4 il
P53 HMGB1 3l 7 & F AR M o 4R, 3610 )5 3
TRy T A, A H A E N B
( cathepsin, CatB ) 3 7% Jf- M 224 %) 375 T4 v R ke o
ok LI T /IMA s Caspase-1, MM 202
Mg fEARE FEANM AT Y 2, NLRP3
ML AR T L 5T JE S Tz BRI IR AT T R G
{# NLRP3 - SANM AR T &
2.2 ZEMRBSEMBGEEFLZEETHAR

TEMEEAE S NLRP3 -4 BT, E &
LRSS T AT R, AL 46 Al 5 40 i (n
Jii b 5z £ e Aol T A PN B A ) A R £ 28 200 ik (
ELWRA A e PR 2 M) o 3 8 AN (] A A A8 i 1Y) £R
T AEMEEERE It 45 Hh 8 & ¥ S B, 2 24
KRS 5T BT R e, oA HL R
JHe A Mt 4 ) A AL B 2L T S 2 LA
2.2.1 iS4 i

It 9L B 20 R 453 A7 2 R A I 407 1% 45 g

filt, A0 B AR R AR R R R | e A B AR PR A
ZFPH R IR g B AR TR O AR 4
5 IR T S BNE, I AR B 22 1Y) B 5 AN i 3R AR
TESZA X, 5 R A AE B AT RN, FE T Bl |
B AR AR 0 BT it 9 B D RE Ak R RS R S
VRS, 51 5% il 7K Jib 5 WF W ) R e 27 o R
B, N R PE $T B K ( endogenous  antimicrobial
peptides , LL-37) X fifi_b fz 40 i H AT B2 P fE T4k
Fo M b 40 E LPS Al ATP ) (Rl  F
RAFETIW LL-37 Rik W3 BT AR08 R AE I
IO, AT fife i ok B AR T LR A A 49

N A0 EE T LA Caspase-11 #CH8 AY 40 At 24 /¢ |
GSDMD ik L At 5 20 M 9 1 RO RR AR, LPS 3%
1% Caspase-4/5/11, #E 1M fil & £ 172 IF T Bl 9 12 B
R I K il 51 493 1) B 780 IR ; Caspase-11 & I8 7
LPS 55 P Bz 40 g £ T v i A0 AR, N B 40
Caspase-11 UK fE . 3F W ALI™ 55 —J5 1, &
A% RNA OPA MHEAEIE A 5 S 1
( OPA-interacting protein 5 antisense transcript 1,
OIP5-AS1) i@ ¢ miR-1297/NLRP3 i fin & fik ¥ 4
ALL, #fik OIP5-AST Al A% LPS AbBH A A i i A
PN R AN ARAR T S SR I R
2.2.2 A

Jili 70 5 W5 40 Bt ( alveolar macrophages , AMs ) FF4E
i JBE SR 2 R 7 A il 451 43 A ML A A DG BRI R 2
— LPS H# 7] # 5 Caspase-1 Fil NLRP3 % i /)]s
R, SECAMs TP AMs 75 e /D il e i g
219 (interstitial macrophages , Ims) 321 , T 431 AMs
FISEEEH IMs 1] M1 BUAR ALY M1 28I 20 ffd
BT AMs BlCR EAR R A A i E 1, 5
AMs AHEAE FHE— 2D TR SAE 47, TR i 760 P e
LB 256952 [ B, 4% 2 11 HMGBIL ARl —Fh
DAMP i i3 1F S AB AL B T NLRP3 il Caspase-
1 R AR T A I R RE A B A

rh PR L 98 2R 8 R IR AR A R Y
SNBSS o RS B AE ] | I Y b R 4
HEO BB b i IR ek B AR AL TR A
it ok 4 P Tl R G Al o870 2 RS0 ) UKL , T 1l v
21 JL A BE B ( neutrophil extracellular traps, NETs) ,
NETs 7] LLAG 28040 3R A6 26 b (g A2 90 IR AR, 4%
T, H P 20 R ) ek 3RS 2 5 S0 A it 45
i, WF5ERM, H NLRP3 - AT m &
IS M R 4 i fk I 7 (C-X-C chemokine
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ligand 12, CXCL 12) 75 S P RC 40 L 7%, i i i
i1, BRT NLRP3 Jr R T, ki 4l i 22 &
PR 25 11 Jiff ( neutrophil elastase , ELANE ) E % i i A
Wi Caspasel/11 BB VIHI D 22 , B 4% 0%
GSDMD , AT filh 2 Pk 4 A £ T
TE R BERE it 475 it W 48 5 v P 4

Z AR S 2= AR ELAE AL, rb Ak 40 7 5L
{ﬁﬁc*?ﬁﬁﬁz NETs AU Sy 5 782 240 g 22 1] B 475

2 EREVE T EEA M K AR fR T NETs 3 2=

WA B P4 958 77 4E K BE ROS, iX 28 ROS @ it 2 5
NLRP3 484 /IMA Y 26 12 AL T 4L %< 5 2, fioh %%
Caspase-1 0% DL R Bt i EL W i o f2 070 99—
7, 3@ R NETs 5950 NLRP3 G2 /MAA G
HEHRFRIL, AT LAAT R BH 1 B W 40 A £ T, AT
WA R
2.3 NLRP3-HAMETSERSEMRGIES
18 B

FET NLRP3— 20t T 7 e aii Ak 453 4 o 9 5%

HAER, 2 #4875 T NF-kB | Janus /i 2 ( janus
kinase 2,JAK2) /{55 F% 5 St s AL H ¥ 3 (signal
transducer and activator of transcription 3, STAT3) I

5 4 J? (ﬁ ﬁ(; % E] 77'?)‘( Eﬁ ( mltogen activated proteln

kinase , MAPK) 15 5 il i £ NLRP3 - MPEETZ5
JeREAE A5 13 B VR HIBLAR] (181 1) , A #E15 NLRP3
— 20 A TR B VA R E I R R A A T
B

2.3.1 NF-«B {558 %

TE R RE 8 A5 0 H0 5T 10 P42 240 MR i 3 1
P NF-xB {5 590805 , OF H-5 Mg e a0 )™ B R
JEBYIARSE . NF-kB AU e B8 AE 15 i 452 3
it v B 1 5 18 2R 4 A S B R R NS
NLRP3 SAE/INMA I 2R e T e MeREAE 311
BRI NF-B 55 18 i o o 20 e LPS Tt
o H 145 $L % FL (cecal ligation and puncture, CLP)
i%fdﬁ LPS 512 NF-xB 1 p65 R AL F1 5 1, T3

SN/ IMAFH S 3 ( NLRP3  pro-IL-1B il pro-IL-18)
???:RLJZJFJ, JE 0 4 15 Caspase-1; Bl 5, ASC Fll
Caspase-1 9% # 55 I 41 %¢ i R i &2 & 14, NLRP3 FlI
IL-18 mRNA FIH HRIEIG I, NF-kB p65 B L1
5, IL-18 1 IL-18 31k, JF 5 S A M AL T, 1 NF-
kB 1 i 7] BAY11-7082 1] [# X pro-caspase-1 . pro-
IL-18 .NLRP  BYYJHY Caspase-1 F3k DL I L3 Afi2H
ZUIL-18 A1 IL-18 /K CLP 7E 5| L I B 5E /)
BRU 2 458 0 1) [m] i), 4 v 1l 2H 21 p-NF-kB |

1 NLRP3 4 g 5 778 e B AE M43 475 v () £
Figure 1 Role of NLRP3-pyroptosis in sepsis-induced lung injury
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ASC NLRP3 | Caspase-1 HI i fig 1k % (1 ¥ B B ( p-
Akt) 7K, Akt 38 1o 58 NF-kB A% 5 407 o 38 hn e 4
MM, SR AT X Eegh R NF-
kB 25T NLRP3 -4 Jitd £ 74 5 e 25 0 il 2 493 149
KA,

2.3.2  JAK2/STAT3 {5530 %

FE LPS 75 3 il 1 47 /)N BB 2L rpr | il 41 20 JAK2
F1 STAT3 #f MR 1k & 35 T B 2 20 40 M 2B it R
(erythropoietin , EPO) 7E I i JAK2 F11 STAT3 B2 ft
(14 RIS, 8 5 R ARG 1 M 342 b | S A4 Ml T4 0 Uk TR
( bronchoalveolar lavage fluid, BALF) J& 25 H Fl & i
A AL W) B ( myeloperoxidase, MPO ) ¥ B, # ] T
NLRP3 # 4 /MM & 1k, B I T NLRP3 Al IL-1B
mRNA FI & [ £k, WA T IL-18 A IL-18 7= 4,
EPO A % H AT 9% 40 fs 32 171 EPO 2Z & (EPOR) #Il
i35 EMP-9 JAK2 #l14il51] Fedratinib ,STAT3 11l 5]
NSC-74859 L) M NLRP3 H: M @b bR, X —45 3
Vi JAK/STATs 2 5 7 NLRP3 45 e 25 Jili 53 13
(& AEHLH Y (05 0 M AR T A S R AT B Y
TEHE
2.3.3 p38 MAPK {5 S p%

MAPK {5 5825 T LPS i S M4 21 R
SV It A A 455 A il 405 v & SRR AE R Y TL-
1B . TNF-a F1 1L-6, FEE 230 i p38 MAPK 15 518 j#%
PR, TE LPS i Sl sh WA Al b ROS 15 &
T p38 MAPK i ik f Al NLRP3 3% 1k, # 343 10
NLRP3 ] gt — 151k Caspase-1, fit i AY 1L-1B
FIL-18 433, 51 L 5 B 9 A S 0, Jom Je fii 88 4t
15t ZRh 23 i BB MAPK i 72 sl il iR 1k ]
P LPS 512 i) A AE S vz, BT p38 MAPK AJ A%
Y O A s 5 e YN 2 R (o e S 1
EhEEEY ) BRI AT R R AN R F TL-18
FIL-18, J2& LPS 75 S Il 1 2 i S5 7 2 4 (438 4 I
K, 24 552 96 R 40 JfL S 36 52, LPS Ak 3£ Bl
p38 MAPK {5 53 % # 7if , NLRP3 4 5E/IMA AN 1L-
1B .IL-18 [ %3k L J Caspase-1 (1424 i 3 T &
p38 MAPK il il 7] SB203580 i 25 41l 1 fiti-451 43 5h
YR B RORE SR, A NLRP3 A TL-18 A5 LI
Caspase-1 ¢35 ; SB203580 TiiAb B K F NR8383 I
A AR , 2 0T S R A A T AN 1% £k R NLRP3/
IL-1p Fak ™ 25 ik, BT p38 MAPK 55l
¥ T e 2 P ) W40 B NLRP3 — £ 772038 ik
a0 L Hre

T MR I 45 52 2 B A AL o R T ok
WS 5 NLRP3- R T 4k, i A 24 K 7
TN 1 04 A R g v 4% B AR, 4 RAGE |
IL-6 Il 45 4= i & 2(angiopoietin 2, Ang 2) %' *! 7
Ah, WO FE M A R W 4 ( mammalian target of
rapamycin, mTOR ) {5538 % G 0% A7 R 5 N B2 40 i
FTIZ M Noteh {558 HREN/D M1 B E w40
PG Ak, VBl FH A 5 | S 1 A E B i S
PR AR LI BRI P B T BT AR
ANTRIWE T AR R Z2 00 9 34 2 Ry R T 405 2 8 7R ke %
PRFE T B RO VE . X SE 55 0 T Z IR A AE
PR O HT RN, LA KB AT R AR VR 2 B 32 %)
ZFPR R A5, DRI 4 T AR X S 3 [ R
TAEMERERE M5 7 v B 23554 3B 75 E R A4 K
Tt 9, 878 3K 6 A5 5 43 5l B 2 4] /Y
VEFIBALHR , A BE S R i 451 40 S AH S 9 ¥R
SR A 8

3 #B[@ NLRP3-4HiE 13877 RS IEM IR

YT NLRP3 120 6 A5 T 7 e 5 5 il 453 49 v 1)
SEHEAE R, &1 X NLRP3 F40 i A2 7 (0 4 56 {5 5l
% R AR 1] 200 0L £ T YR T BT R I, A R o
VAR U B PR I 0, vl 2 R 7 B 1 TS AR A7
T ALK R IF R G R R AL 2
3.1 AT

Physalin B(PB) %Mﬁ%éjﬁ(lj alkekengi) i
B — TP 2 S A5 PB AL B R AT I B A
/BRI R EE /T 2 L LA IV A BALF H1 i MPO
TEHEF ROS K-, BRI BALF i 2H 2141 46 P
F TNF-a IL-6 1 IL-1B A& & M H mRNA %3k, If
I LPS W i Il ZH 2R S i1 . PB FilAb 31
J& ,PB A 3 ¥ B ROS #li] NLRP3 #iG , M 1
NF-«B 1 NLRP3 8%, H 5 PI3K/ Akt A K,
FET PRI AR TR ORI B Rk, T S R T
JHe R AE 5 S B i g 0

T T2 (Schisandrin, Sch) & H R T AN E 1Y
FES . Sch BEA AT AR 250 3l fili 21 21 %
SIE A7 A R BB A% 5 Sch S JAK2/STAT3 G %
I AG490 HE 1 ] 40 i p-JAK2 F1 p-STAT3 %
ik, Sch FAb BE & 2 HI 6] T NLRP3 48 AE /MA IS
FEAR T IL-1B8 . IL-18 il IL-6 /K F, M3 T LPS S
A AE T 45 SR Sch Js 52 il 461 47 4 1
55l NLRP3 1 JAK2/STAT3 4 4 i B 1805 25 47
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I, ATRBFSE 2B, EPO 38 i JAK2/STAT3 15
S 3 A NLRP3 JE /MA TS 1h U 42 20 i 2
T, NI ZE M LPS 55 it 454

B I I 2 B AR A B A B Y R
ARUKSY o BEA 03 AR T MR A O R ity 2 21
p38 MAPK NLRP3 Fll Caspase-1 [ 2K 423k, MM
TRl A L T 5 M 4 44 47 5 p38 MAPK ¢ 5 P FHL
W7 SB203580 HUAS 15 B A 11 AH [\ 1 25 2R, i W]
BRI LPS 5l 493 iV 5@ 2 41 1 p38
MAPK/NLRP3 SZ8 (115

GYY4137 j&—MZ R4 AL 2 (hydrogen sulfide,
H,S) HbA I ST GYY4137 ks CLP /ML 7 d
AR Ul R 4T IR R A B, B A
SORER T2 RN T BALF FIARJE il A4t 42 I
TR, 82 40 il 41 40 p-NF-xB, NLRP3, ASC .
Caspase-1,IL-1B Fl p-Akt £ F &35, M FEAL T
NLRP3 #RAE/MATHE 8% T i far=

4—FFT-I5 2 (4-hydroxynonenal , HNE ) ANV 2
Rt A Ak =, i BAE N — R E NG S 0T,
FEA R BE T, o] DA e 5 P 0 7 /N BRI I 4 i
NLRP3 5 i /A IS , 106 58 E K217, ok 20 240 it £
T2, HNE AJ Jlt 37 FAZ 2040 i 2 AH G -+ 7
(nuclear factor erythroid-2-related factor 2, Nrf2) I
NF-kB {5530 % , BT /IS BRI 958 240 it A0 A 2 J& ol o
IMZ B ( peripheral blood mononuclear cell, PBMC )
H NLRP3 SAEA S AL T A TL-18 B 7R T
H1%5 NLRP3 Z54, il NLRP3 5 NEMA 6%
fif 7(never in mitosis gene a-related kinase 7,NEK7)
AR E AR
3.2 §tflIF

JE =R I B 20 £z B
B = BEA PR R G 5 R R L A )
& BH B 28 1 BB T, B R IR YT I e,
RN BRI 2 Hz RV 1S Ha (4 F BT 500 38 e 9 0
FKER R = BLFNAG AT 7, 2 25 BRI AT 4 2 45405 1F 4
il K&, FRAT4141 NLRP3 ASC | pro-caspase-1
F1 GSDMD-N # 1k, FEAIL IL-18 1 1L-18 7% &5
NLRP3 005 75090 4] 1 41 ok 2 i 5 405 % vl 38 4 G
P A RAFTEFR Y S5 0T, B BT L = HL X
AU G < AT g 38 2 410 ) NLRP3 4 511 | Caspase-1
MR 2 SILAT B A T A, DT D 2 e 25 K A
it
3.3 NLRP3 ## %+

W31 F 3.2 gEREHRTLIE Y JH NLPR3 Ay

S A LA TN T 9 A e B I B 45 B A AR
FH. L, 5T NLRP3 SAE/IMA A8 2 2400 1l 770 B
JT, EFXE NLRP3 R PE/MA NACHT 454 35k ()
5% & #, NLRP3 A 2 0 §l 7 CY-09 & & F
NACHT 4593k >, il Je "4 v] %45 A NACHT 45
B, I 8 i FH A5 NLRP3 2 58 4k 1 7 42 40 1l
NLRP3 JifL"  — 6K SR A9 A 50 At Bk iE
WIXT NLRP3 45 /MA A il 7, in & B R
(oridonin, Ori ) & NLRP3 [ 3t 4 1 46 7], L 452 5 1)
NLRP3 ) NACHT &5 4838 | & 40 R AE 5 22 £
g (ergolide, ERG ) 3 33 AN 1] 386 () 45 &5 NLRP3 [
NACHT 5438, L1 NLRP3 S8 /)MA 2H 25 FEEE
AT ik 25 B AR I A /N BRI BE TR Ik % LPS 5
AT A5 ), TR 2 I ) NACHT 45 R4k
o T4t NLRP3 /9 ATP 5P, NACHT 25 #4385 A
JJ& NLRP3 /NF- 3l 71 fe 25 2 R ¥4 R 8
W AP R 25 R A,

4 BREERE

NLRP3 JIE /M A T 10 20 it 45 7 7 e 75 i fid
A3 ) Sz HE AL v % G B  NLRP3 40 /M
TR T 20 0 £ T AN ) 3 48 A7 o 5 0 il 463 45 v 1)
VERIATY T iE— 25 PRANBI 5T, ARAE I | 48l fk 1 38K
BT T 5 2k B R it 45 1 BOG PR 36, NF-kB |
JAK2/STAT3 MAPK “5{5 5 %2 5 T NLRP3 4
SR M AL T ¥ ) NLRP3 - 41 i A5 12 b HoMH 5645
S, PG EE 25 WO vk DL RN 3R B 4
KAET R B B Bt 405 1, (H 3k 2835 7 1
Jiti P A A AL ) Bl #0840 B, b4, T
X NACHT 45 #4) B35 - NLRP3 4 E /A H: S k4
R ERAS T — 26k i | (HL 3 SE 310 ] 590 XoF T e 75
B 0 B AR E IR T Z R AT, N E
), H AT [ NLRP3 — 20 i £ T~ 75 e 25 i i 453 43 14
AHOCHIF 9% 22 46 rh 7 3h i 2 560 ol 200 b 52 560 J22 1, ]
W X SEAIF 5T SR 5 AL N T IR, T & B 259,
A T B T TS A AR T i e T8 i P 454
13 B BB e, A R A B EE . Aok LUE
EF%F NLRP3 RAE/IMA R 20 & B RS i,
1S PE NLRP3 #0461 B, A Rt 2 g 2 1
REAPR e B R T 0 A B8 G2, I R i 45 4% 2 —
AN 2R g B AR A R B — 7 Ik B IR T E i 45
PP RE 2338 2 Mk LA 2k B30, 75 222 FH A 1E IR
RGBT T BRI IRIT T %
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Advances in bee venom research: novel drug candidate library
for the treatment of inflammatory skin diseases
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(1. Nanchang Medical College, Nanchang 330052, China. 2. Jiangxi University of Chinese Medicine, Nanchang 330004 )

[ Abstract ] Inflammatory skin diseases (ISD) are characterized by persistent inflammatory cell infiltration and
lingering and intractable skin lesions. At present, corticosteroids are the main drugs used in the treatment of ISD.
However, due to the characteristics of recurrent and intractable ISD, long-term use of these hormone drugs may cause
serious side effects in patients. In recent years, increasingly more studies are confirming that bee venom has significant
anti-inflammatory, anti-apoptosis, anti-fibrosis, antibacterial, and other effects and could effectively treat ISD. In this
paper, the main active components and anti-inflammatory mechanisms of bee venom are reviewed. The latest attempts to
use bee venom for acne, atopic dermatitis, psoriasis, urticaria, and systemic lupus erythematosus are discussed, providing
a reference for basic research and the clinical treatment of ISD.
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WY, 1SD A1 550 ML A A 27 AR RE" 7 A5 9
TR VIRESE . I, ISD ™ B R 0 £ A 0 oI, 45
AR N SR ok A B 0 B U 4 5T 1SD
WA RaE T BA R A2 T

ISD J2 K2 JIR = v 22 R 0 3R 10— 2B , 4
TEIE M v B A8 A Ml P Bz 58 R P B R R
JE I A 25 22 0 B S . SR, HRTERXS 1SD &=
FER SRy ER B ST [ 1 T 2 i LA % e 41 o 5] 25
Y ILATIRYTY . XL YIREAT B 1SD SRR, (5
TCILIRFNA A 1SD B H A, B I HT, XE Lk 5
FEAEALA AR I, SRR 1SD B ek
FIEST I, ORI S R T AER YT 1SD U5

Iz S 2R R . HAn, BT e T
T PESAE | 45 4 2H ZUB 0 (A RGR A A1 5E T 48 ) (i
S DK BRI YR TT T . AR SRR T AR A
7 1SD J T A9 e i 58 R, AR 1SD A IIG PR IR
7 KT IR K5 RS

1 ¥ERSSESTE

1.1 ESTERENS

YRR SR P o 0 IS IR AR 3 DA 1) — b T BR 3%
AR TR VR AR, 2 0 B Al B 1) Ll e e 7
Z)5 A 88K, ot 1 s K BN LE WG (R
BEIR B R YR, ST AR 5 M R
Wil B A, ( phospholipase A,, PLA,) . W Jg i B
(PLAB) (375 B Jou 192 ity 192 1 3 T2 Tl 1 o — 7] 4 0
Pitf ; JIKZS A0 75 75 K ( melittin) | BT WA BT JIK (apamin ) |
% JE K (adolapin ) | 2§ K i ( secapin ) . T K &
(‘tertiapin ) S AE K 4H B B KL BK ( mast  cell
degranulating peptide , MCDP ) %5 ; A= ¥ & M 40 28 % |
B ERREAE  Hd melittin 24 TR EEAY K
1, Hi 26 F e SRR ALK, b H oY 40% ~ 50% ;
PLA, F1 MCDP 73 5 /i ¥ 3 19 10% ~ 12% 1 2%
~3%[9] .

MR LA B Tz 0 B P 2 B T Y
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200 5 JE 0 N B ) A 1) A Y B R S AN S 1Y
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% AT STAT R #1004l Jil 98 98 56 I F - o« ( tumor
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IFN-y) 75 5 14 2 E 41 i B 7 At 4k B 7 K7
W REIZ I IR R M 249 o W 75 T Y 1. 5% ~ 2% , BOFR
g A RE IR T, RETE I 5 e 4 G2 A e B M I
PRI e, AR T A 0 A O A AN,
FOE BRI R I TE L R Z R L

M, BRI R A YRR, Sl
AR, AH— 7 T B — i A XG4
A S R 5 55—y T R A5 A A T2
A S BRE L D MR TR I PR P 10T 5 T
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1.2 EFTE
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RGERIARARTT 7k, i 2 E e e =01
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Table 1 Main components of bee venom and their biological activities

0%y J Y25

Compound Component class

TWFEE %

Dry powder abundance

23 R P

Pharmacological or toxicological activity

== e[ 19-21] EA
HIR ¢ ZIk 40~50
Melittin Polypeptide
IR A, [LFS -1
PLA, Enzymes
R ik e
Hyaluronidase Enzymes ’ ’
il [6,24] .
Bar ey ﬂﬂii} gﬁ‘l\. 1L0-3.0
Apamin Polypeptide
Bk 15 L1k
' . . <1.0
Adolapin Polypeptide
1 [6,26]
FER A %Hi(. 1 0-2.0
Secapin Polypeptide
HE R 2 ps e e 13- £k
. 1.0~3.0
MCDP Polypeptide

BUR PO HURTE INHI LR E v R R SE T4
Anti-inflammatory, anti-cancer, antiviral, inhibit mitochondrial
autophagy, inhibit iron death, etc.

BUR PO ST MY i BUR BUR S

Anti-inflammatory,  anti-cancer,  antiviral,  neuroprotective,

allergen, pain, etc.

S G RReR Uik

Diffusion factors, allergens, etc.

gt UM M LRI Ber e sy

Anti-inflammatory, anti-tumor, neuroprotective, anti-fibrosis, etc.

FERPVEUR LR I RS
Antipyretic, analgesic, anti-inflammatory, allergen, etc.

PUAF AL TR VAR DU LT 2 VS i AT AE W I PR 56
Anti-fibrinolysis, anti-elastic ~ fibrinolysis and  anti-microbial
activity, etc.

PR MEREMES

Anti-inflammatory, neurotoxic, etc.

1,2,3,6— Y& BE 75 5 1 /) BRUA <6 AR AR A v i1y 2
ELRERERI T FENG IR0 T, e s R AL TE
A4 FR IR 1T 2 1 4% | Berg -7 5 2 A1 30 m 47 A
[i] 7 THT S4 A d 3 i ot i L T DA b 2
IRAT PRSI A /N BRUBAT 7 ¢ T R 114 2 Je 3 3 ik
DG SRR AR M AL 2L e R AR T M A
RPN S & REIG s IB 7 VR T, T B2 5T %
AT LAY R R FE Ve S i PR A AL o 1
PR RS PRI IR & PR, e T R IR YT R
WA AR R KU R PR AR BROCT HL
BFEIPIR I REBCEALTT S & 1Y JA R 29 A
SREIENE DT MEERLEIG IR AR R B R
At 10 N A A AR 22 4 i 5 28 AL A i R i TR
NSV TC B K R I 4l Ak e | K RS TE R T
A A 0 P 3 B AR 700 4

2 EEMSHTRILE

PAT S B S ) — A R, R 2
P 02 T X A N A6 A 8 S s SRR Rl 1 5
Y RIOT ik &0 melittin BIPTR I PR H £
MOBLH ™ A2 1, 2 ZALHR AN toll £ 524K (toll-like
receptors, TLRs ) 2. F 40 i 50 fL HT i 14 ( cluster of
differentiation , CD14 ) AL/ MR AT AE A K R 7321k B
(PDGF-B) W 15 5 i %, F& AL p38 & 11 ¥4 M

(p38MAPK) 4HAEA MM & (1 ( ERK1/2) (K
P B(PKB) ARG Cy 55 (PLCy1) BY3E T LI K
NF-«B [a) 4 {4 1) 2y 6 o 33 Ffr 400 1) A 2D 1 Je
ik Bk ST BRI 2R S RE

Apamin JIK € 9 4 i A Ak B - 2
( eyclooxygenase , COX-2) , Ak TNF-o , FHAIIES K -
1 (interleukin-1,1L-1) | = éﬂﬂﬂ@fl\?—6( interleukin-6,
IL-6) F1 NO Fy/K-F-120 ) eah 58 A WF5E R0, a4
il NF-kB H{5 5% 5 M SR I 7-3d s STAT 19
PO Y [R]] | apamin 328 RES I Th2 AHOCE LR 5 Fi
HAotfe RAnE 7,

MCDP 7EfIRu& B 513 HE I 40 3t A0k 0 4
iR L e W E R, MCDP fE b —Fhdit R4k &
W), BERSAN L e i) B . MCDP 5 TgE A # 57
ST ZAREL A, 5 IgE A4 s , IilfE =
6] IgE 1) 5 3 A 1 32 4K FeeRI WfE 3%, A HFIT50
P8 MCDP 7] L) 53 8652 R 255 | AT 41 i 3 26 52
5 1gE M54 e AR B

WA, e RE S R o3 VR4 A 2 A8 i B 2
PRI EZHLH] . Bourgeois ¢ B 77 F 5L e 75 77
WRTI L CD1a 28 FO0E AZE T 4000, Ih PRAF 9T 3R
B, AR R T VR ST R PLA, J5 51 NS B & & 1 )
BRECEE I8 AR BT W) 5 e Ak O BN B R o G 2

BREA CD1 EHN T T 4T M X 2L )
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XFF MBI TE PLA, JH°1 T 41 B AT 14 B IR 57 i Jak
JRA % 98 A B JRs AL A R 255

PRIt , SRR A% F8 Sl e A 9 ek JBE G 2 S
DA KA S AR A7 5 S LS BT 58 A9 VR T (I
Bl 1), TSR ISD AR YRR .

3 HEFMH7E ISD BT hEI N A

3.1 EE(NEFEFE)

HHE LA 35 | e R4 35 1) e JR D b i, e —
& A AE B R B B Y A RE PR B
FRAEEO B R A ] 508 O W R T B
SR BT T A 3R e 8 2l SR B AT 2%
SR AL AR RIE s iy TB s
FRFT B4 ( Propionibacterium acnes, P. acnes ) #{ 1IN N J&
A O A, 0 R A S B R R O A7 7 1 4
FR, (E G B2 G 1 S 1) i e Pl 3 O A

FH L A o 5% A R B A0 B | B2 i 400 B R 2R 20
7 £ 6 E 240 DR (R S 14 S S g 4

A DFFCUESE 1 3 R L o B A 80T
RERTE 10 L An SV TR R KT TR R P9 T
SPEVNRE S i e BOR S5 R SR R
HMERIRYT WA B | R IR S 1) 4 M R
RS TNF-o F1F 40 M 28 (IL) -18 (Y 3RIB K,
HIFEST 21 Toll #EAZAK(TLR)2 .CD14 /K-, HA%
Kl -kB (NF-kB) FIFIE S H (AP) -1 FU45 6515 T
JURTE S EiT

Gu 2 [yBIF 6 B e K H: 35 4% melittin
8 it BHWT Akt/mTOR/SREBP 15 S-3# i#% , M ii y 2F
BRIMIE 58 PR 3R 7K SF- |, 18 31 38 8 B AT B
JiR I ZEAE A K F - 1 (insulin-like growth factor 1,
IGF-1) 15 519 T H By iR 0 B Y, AT WL, e 12
LRV A 1) AR BTN 25, PUAR 05 A= B, $t

T B2k AT AR 20 2 DR i B SR 9 E T e ) T2 L), e 745 it i 45 AR MR T 32 MR 45, 40 = p38 MAPK (NF-kB 48

FEAE 5, AT ] 40 58 44 X 3K sk 20T 1SD I

1 SRR IR RAE B

Note. The interaction between skin leukocytes and non-leukocytes is the main mechanism for the progression of skin inflammation. The components

of bee venom bind to cell surface receptors, mediating the activation of inflammatory signaling pathways such as p38 MAPK and NF-kB, thereby

suppressing the levels of inflammatory cytokines and achieving an anti-ISD effect.

Figure 1 Anti-skin inflammation mechanism of bee venom components
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SNBSS P R AT A1 345 2 L e s A 35 24
BL
3.2 YFMMERK

RN 7 R (atopic dermatitis , AD ) A& — Ff i 4
TG M SR RE P B R, h a4 | 8 0 N fo 8 S
S R AR I B k5 I BB TR R | R T
PRLL I 1gE A T 1% Z2 M AR BT R ) S 1 U
R BidREZs SR AR AT 5 25 0 g
HIF M TIRIT AD, BRE R, X2y ™
AR RS, W v A 2 2 Y H A, A
FHEMZRMN KR YT T4, AD BACG7H],
WG CIESSIATT AD EA I PR 28 4 3 i 4
P, Lee %51 2 BLIE IR YT 0 BRAR T 482K
BRI ( phthalic anhydride, PA) 175 & B9 AD /)N B Y Il
PRIT43 5 30 FN 58 2 B JEE 5, il 17 Bz k41 41
(Y Tk ZKF et T S pe AN IR i, B AR T i v R
RE AR DR T B K AN, ST 0 ) Rz JEk 4 41
S A — & 1k A A B (inducible nitric oxide
synthase , iNOS ) H1 ¥ %8 1k i - 2 ( cyclooxygenase-2,
COX-2) B35 LA K PA 155 3 19 22 24 s 00T 28
fii (MAPK) 1 NF-xB AJTG . JHBR T RAW 264.7
F1 HaCaT 4L s 2 H5 8 TNF-o/ IFN-y 353 1) NO
P2 INOS 1 COX-2 #Y#3A LL & MAPK il NF-kB
fr 5 TE 5, X BB 45 L3R W W 15 1T RE 2 AD AOTETETR
TR T

Gu 7 BRI T e X Ui B 1 (OVA) I3 1)
AD B Rz JER 95 28 1) 1 g K LML, 25 2R S o i 1o i
58 P 2 it ) e 75 ROk A AD SRR, S0 T g R
P AT RN R R 4 M IR . Kim 450 & B R 7
BHIETEIRYT 1 -4 -2,4- 552K (DNCB) IS 1Y
AD BE/NEL BRAE T I3 C3 F kB fE 2 &Y
FK -, A2 E CD55 1Y 3R ik, TA 8 4 Bl o 5 =
CD55 fliAMA RS 0E , LISk 3% AD SEdR

Sur 25V HEGH T M A (BVA) X i K = R
BF(TMA) 5 519 AD Bz Jk A5 19 /)y B R34 77V
TEMRJE UM K T 3 S 9% 8 (0. 3 mg/kg) , FFEE S d,
53R R BVA JRYT 0 AD /)N BLUH-3 K Jik A
WRELZE 1 AYEE B T 408 (Thl) A1 Th2 40 B 1
FRAKF, WE R T AD BE /N B a0 0 Rz
RFNEEE | 8 S A E14 235 o b 250 o PR IR, 3 I
SE AV 1 S5 0 2 R I o) A A RS, A AR
AD B F JRIR7E
3.3 RER

BT g S — b R UL A LA R R B 18

by TR 1SD , HAFIE 2 i1 S i) £ BREBE S, |
A7 o A 1 B . R A X T (B0 G TNF-
o JL-6 F1IL-1B) (TG PRI Sy S 4R i & 2F 1Y 5
PR FAR & AT A 7K 7 o] BB Bh T Bl s
Eltaher %5 i FH % 25 75 by it [ 14 ) BR Atk B HOIR 4R
JE&# (RLPP) BEARIAT P77, R TR 4 R s, 25 12
M REIRYT IS, RLPP X 47 2 122 Jgt 70 41 B IR 97
FORAFAE R 3 25 5 (P<0.001) . 524,
ST A 92% B R ARAT S8 KA, TNF-a W5 T
K, ELIERST 20 R LB B &2, 45 R AR R e 35 AT L 22
EHHIAYT RLPP, £ Hegazi sl gy i gx rh , R
AT K T A W RN T A R o TR
FEE AR R BOE o FUME IL-18 ZK-F- 1 1 35 I
PR IT 20 7 Ja i BEHOIR R i 9 2 A 3L
RIVE B/ IN i, HLUR 3RS 9 T S e i L 1 iR g
JRITR B AT SR IR YT RCR .

3.3 HREMSEKR

$2 fitk 3o B0ME B2 R (allergic contact dermatitis
ACD) J& i B8R S PR T 4B MS Ak Sy TV LR
RFRGLN ), RO T 44814 TFN-y 1 IL-
4 JE51 % ACD RAE RN A EZ AN 7 il
RONE T 20 L A 34 58 A6 AL R T ACD 1A A% HL
A HIRARNE . AHTEANDITFR T —FEET DC #E
) o—BE 55 IK— 44 K UKL ( nanoparticles , NPs ) [ 47 Y
YUK SEIRIT I, TR A R BT A2 X 511
IO K R AR B o= BE K - NPs 4101 i) ok i
Y DC G, I 3k — 250 i o B A S e T 4
FRLSE SN AL, DT A R0 A2 Ao 80 e o e iz 2% o
Th1 FI Th2 45K 3h Y e )%

R B e — TR R ) I PR, 2 52 T B Jik
FE T, S HUR R R, I & 3 5
Yk, BB S R R (RTTHR T 1 R
B AILT i AN TE AE 3 A B R 114 TR 2 B
EPICE M SAE R £F AR A5 IE i, H i, 3%
AR B B B9 25 003R Y7 . Hwang 517 BF5E T
WEREIRYT RE B Y N 4 2R, TR A0t BRI YT,
PRI, B PR S WA Br ks, 5 1E W B kAR AL,
F W T ATV ) FHAERE B 1) Jmy R IR 9T

KRN R R NP R I R, ek 5 3k
e TSI I K B0 74, 190 108 % TN
RAEVEBEIT , WRR I Tk B 2 R f 1k i R AR
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Table 2 Anti-inflammatory skin effects of bee venom and its components

YRR MY A

Bee venom ingredients and

e K s

Inflammatory dermatosis . .
administration

A FAIL A sl P L FH 25

Mechanism of action or clinical application effect

7 K HUM ) Melittin AMg

Bee venom and its ingredient

iy 525

Acne

T Toll \NF-kB S 5AE(R 5, BRI A I, SR ats B JRAT T A SR A Ak

Inhibiting Toll, NF-«kB and other inflammatory signals, and lipogenesis, improving

R p e 20

Atopic dermatitis

HUB O

Psoriasis

BEAL R )

Allergic contact dermatitis
18 e g7

Scleroderma

I
Alopecia

Melittin coated

BERRIE N BT R
Bee venom injection or

acupuncture

WERFIT A

Bee venom injection

SR K- A R PR

Melittin-nanoparticles
K412

Bee venom acupuncture

WETEINGR

Bee venom on top

acne symptoms mediated by dermatobacter acnes

1] T A 4 L IS R 0 i 6 5 A LR 5 S AR R B G T
RAW 264. 7 Hl HaCaT JUMLIAE , B35 AD B2 AS

Inhibit the infiltration of immune cells such as eosinophils and mast cells, induce
the inactivation of complement system, reduce the inflammation of RAW 264. 7 and
HaCaT cells, and improve AD-like skin lesions

T TNF-o TL-18 3K , BT i o 1 B SR AR RO T 43

Expression of TNF-a and IL-1p was inhibited, and the score of psoriasis area and

severity index was decreased

M T 20 G GE AN AL, TR Th 1 Th2 20 19K 3l 1 558 e i
Inhibits T cell proliferation and activation, thereby reducing Th1l and Th2 cell-

driven immune responses

T Bz o SRR | B RARAS s, T B B i 1) SR R T
Pruritus of scleroderma patients is reduced, the skin condition is improved, and

scleroderma can be treated locally

AR Sa—iR JFEG/K T, 03 hDPC 418 IGF-1R \VEGF \FGF2 \FGF7 % /E K A
TFFk, UAR B R A TR B 20 i

Reduce the level of 5a-reductase and stimulate the expression of IGF-1R, VEGF,
FGF2, FGF7 and other growth factors in hDPC cells to promote hair growth and

stimulate hair follicle proliferation
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Analysis of animal model of psoriatic arthritis based on Chinese and Western
medicine characteristics

SHI Yajin, LI Hanbing, LI Genlin, WU Suhui "
(Henan University of Chinese medicine, Henan Health Aging Industry Engineering Research Center, Zhengzhou 450046, China)

[ Abstract] 1In recent years, psoriatic arthritis has become a major problem in the medical field, with cases
gradually increasing in China, and it is still incurable. Here, we summarize the pathogenesis and clinical characteristics of
currently available animal models of psoriatic arthritis based on Chinese and Western medical evidence. Literature in line
with this topic was collated and summarized. The etiology and pathogenesis according to Chinese and Western medicine of
existing psoriatic arthritis models were given agreement scores; the diagnostic criteria of Chinese and Western medicine
were compared; and the models’ characteristics and degree of agreement with clinical observations were assessed. This
study found that the human leukocyte antigen transgenic mouse model, the multiple hybridization transgenic mouse model,
and the mannan-induced mouse model had the highest agreement scores. As psoriatic arthritis is more common in Europe,

methods for the preparation of animal models have been mostly imported from abroad, and very few animal models have the
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characteristics of Chinese medicine; therefore, the model fitness scores of Western diagnoses were higher than those of

Chinese diagnoses as a whole. We hope to leverage the unique diagnosis and treatment method of Chinese medicine further

to improve the types of psoriatic arthritis animal models available. This study provides a basis for the construction of

improved animal models of psoriatic arthritis with combined traditional Chinese and Western medicine characteristics.

[ Keywords]

psoriatic arthritis; clinical characteristics; animal model; coincidence degree
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Table 1 Diagnostic criteria of PsA Western medicine

S 3
Classification Presentation
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bR T BL/INHTIRE (TR ) (PR A R R B B8 s OF-H8 FBHIE I K ; @ L ASE IR AHE R Ol Il 45 e 55

Clinical symptoms

— ek A

General inspection

o PR AR
Pathological changes

LR E R A

Laboratory examination

(DHeat, pain, swelling, and tenderness in the joints; @Silver-white flakes on the scalp, trunk, and limbs, which are easy
to peel off, and red bumps; @Nails may form small indentations (concave surfaces) , chip, or fall off from the nail beds;

@Swelling of the fingers and toes; (®Complications such as visual loss, spondylitis, and cardiovascular disease.

OS5ZERIBIATHE (RA) LE, ARG 9 14 5619 PSR ] REACR ; QR A e s sl s g i R A o s D4R 2%
R YA CT 434 R BB 2R, D5 18T (MY AN A8 ST S AE T B B B S 4%

(DPsoriatic arthritis may have less joint tenderness than rheumatoid arthritis (RA) ; @Patient has a family history or a past
history of psoriasis; (3Imaging tests: radiographs and CT scans show loss of cartilage, unevenness of the articular surfaces,

and signs of new bone formation due to joint inflammation.

oA S S A0 MO R B 0 2 AL, A B 2T A AR5 1 5 7 TR U IR A N R B K A AN AR L BU A /D i
BRI A ST, R AN K AN AR ;o A I T AT AR R G 2 AR R/ B TR

Early lesions of synovial cells mild proliferation and hypertrophy, with a small amount of fibrin-like material exudation;
middle lesions of synovial cells under the mild edema and fibrous tissue hyperplasia, small blood vessels obvious
hyperplasia, congestion, with a small number of lymphocytes, plasma cells infiltration ; lesions of advanced synovial fibrous

tissue increased significantly, residual small blood vessel thickening, lumen narrowing.

@ FCAe S A FH i AMAK 1 5 s QRAEFRAEY C BN A A (CRP) T 151 5 G BV b e Mok 4 it 0 1 4
A 2 @2 RO BT
(DAccelerated blood sedimentation, increased inflammatory factors, and increased complement levels; @) Elevated C-

reactive protein (CRP), a marker of inflammation; @3 Increased neutrophil and leukocyte counts in synovial fluid; @

Negative rheumatoid factor.

2.2 HEZHTERAE

Phrb [ A g B 5 A 25 2 5 T S i RO 25 R AR
23N I CRR B R 1 56T 4 Y vh B BEIE T 253R 97 41
B 7 AL B R FRIRYT PsA IR R
WA, VAN PsA B R BEBFUE X B AN Y0 AU BELIE |
RBEZALEUE S B M UE | FE VR BH 25 UE | 9 i g I
R UE AR 4 SCRT > B b a4 4 Y
WIREXT PsA LR R 43 KA, 5 o =1 R 2
Wrbn i 53R FEUERNRAIE , 43 313153 eV & 5%k
UEMEH, A A FEUEM I ( OCT5 5 BJE RN 2 )
W45 FE BRI IR AT 30% , 7545 UCIE 7S 3 (e 3%
I FEI B RUMESE) W) BE I 53 ) K
6. 67% , M AT{H 100% , B £ UF B 1) A R ELAR 2 R
FRUELE R 2,

3 PsA BMRBEINM G E S TR ERERE

3.1 PsA REFYHIERE

HAETHIT PsA shi) S AR AR 2 4046 PsA
FONERBEHY PsA Sl PsA Js Ay 46 E {1 #0
AXWEERZHRE 2 K EFEENRES, EEER
Birp 5 O L MBS B R B e R KL sh A 25

oL PsA BYRERR A AR | 2% 18 30 3 S P A A0 52 56 14 W]
Tk, — Mk H PsA K /N BB AR A Oy 32 B2 ) S 56
OE SR
3.2 PsA ZhIiEEIFEHEM S BTN

PsA JETERR JE R 1 Al T Ariss 10— Fh O %
PEPSG | 5 CNKI, J7 77 PubMed %5 225042 i 48
R “ psoriasis arthropathica” “ psoriatic arthritis ™ 55 J& 8
1] A5 PsA ShPA B R 2 Hh 4 )8 s sh A B Fn 2
FhOCTT RAESH YRR K RN, I LN 2438 5
ST Bl B H 0L b R B, T BRI ACE
ARWI A FETE 43. 4% ~93. 5% , H BE It PRAE AR W) & B
75 30% ~ 80% , Hirp L HLA-B27 %% 3 [H K /)N B
A KS. Stat3C : F759 4 5E K /N UL B H 2 RS 5
(/N BT TR oG B8 23 5 PP 4, W5 BE 207 83%
~87% , RERAF G BE i, (H AT i 4S9 1 T 2 A 41K | 3
W M E e . PsA SR I8 3 P 44 B LA
I BRI DL R v BRI IR W) B 4y
Brin 3,
3.3 hEEMAETEN PsA SRR H U NAR A&

ARHIF5E 22 A 5 SCHR O AR 2. 1.2.2 12
FRUERIR 1 O EAG PsA S HAs 0 vh 7 122 1 R )
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Table 2  Diagnostic criteria for TCM syndromes of PsA

I3 FiiE Yk ok
Typing Main symptom Secondary symptom Pulse and tongue
OB L G2, ZEEEEN , AR
MR, QT4 RS LLI R JE OFFE;,QBAME ;@B DRET;®
T B RH Ik IR, T SAH /MERL ; @05 % WAL, HHE, WkexE
Damp-heat (D Rash color bright red, thick scales, (D Iiching; @ Hair loss; @ Thirst; @ Dry Red tongue, yellow fur,

paralysis syndrome

B ZAEUE
Heat-toxin

amassment pattern

JHFE B Kk
Liver-kidney

Yin deficiency

FENRBHZIE
Syndrome of cold-
dampness

blocking collaterals

PR 25 F
Accumulation  of

phlegm stasis

LR RERAIE
Signs of heat in the
blood and dryness

in the wind

obvious; @

Fingers, toes joints red, swollen, pain,

with  pitting hemorrhage

pressure pain, adverse activities

ORERFTEEE)E ; @6 AbJE A
), B PR

(DRepeated large erythematous scales; 2
Unfavorable flexion and extension of the

Jjoints, squatting difficulties

Oy H A HE UL 1% 5IR 415 )
AT IRAE IR , R I

(DDisease for a long time, see the skin
lesions dark or reddish; @]Joints stiff and

painful, or deformed

OB ER LI A BEE , Ei5eiR
ST QAT LLI I A e AL S
e

(DSkin lesions dark red color with scales,
oyster shell joints; @ Joints red, swollen
and painful, the pain has a fixed place,

aggravated by the cold

OB N WG L@ BEY % 5 NE IS HLI
B 5 01 Ak R B9 T {5 5 A 0[]
EAF

(DLesions are dark red plaques with thick
and tightly attached scales; @ Severe
tingling in the joints with a relatively fixed

location

ORZEBESR, FEER A A8 EET
$8 s @G LT AR , B VR R, firh 22 R
7t

(D Reddish plaque, covered with silver-
white scales, hypertrophy and dryness; @
hot and painful,

Joints red, swollen,

when the heat pain is sharp, the

temperature rises when touched

stools; 3 Short and red urine; © Upset

and irritable

OMT R @b J1I80E ; @S558 5
@2 ; QR @KET

(DMorning stiffness of hands; @ Loss of grip
strength; @Pain in wrist and knee joints; @
Poor appetite; & Poor sleep; @Dry stools

OFi P2 ; QI ; @0 BRI ; @I
TS ; O IR ; ©/MET K

(DMuscle constriction; @Hot flashes and night
® Heartburn insomnia; @
Coldness; ® Lumbar and back pain; ©

Prolonged urination

sweats ; and

OERERA ;O RE ;@MW shZR; @1
BER; OIEIK ; ©FE

@DCold feet and limbs; @ Muscle and flesh
constriction; 3 Restriction of movement; @
Thirst and desire to drink; & Abdominal

distension; ®Loose stools

O Qi ahign ; OF G5 %, D=
J1; @B IR ; @A iR

(Dltching; @ Dullness of the face; @ Blue
lips; @ Tiredness; & Loss of appetite; ©
Drinking does not quench thirst

O AR ; @48 H R 198 HA 98,3
BORALE SR ) it ; B Ik T4 @/ ME (5
2, HER I R PIE @ K T-45

®ltchy skin; @Thickening and folds under
the fingernails; @ Sleeplessness at night,
restlessness and easy to wake up; @Dry skin;
® Yellow urine,
urinating; ©Dry and knotty stools

burning sensation when

slippery pulse

B, H O, BKZ
Dull tongue, yellowish greasy
and

moss, stringy

slippery pulse

TBURLL, &0 A IKTLAR
Tongue pale red, moss less

white, pulse sunken and fine

TRIR,HH BT

Tongue pale, moss white,

pulse dull and slow

R AR, 5 A
B, ket

Purple and dark tongue with
petechiae, white greasy moss,

dull and astringent pulse

WAL, B KA
Red
stringy pulse

tongue, yellow moss,

FRE T AR PsA BB e B ULINARHEAN R < (1)
PR D ICTT RAEIR (AL G 48 BRIGEOC T R 18
BESG T 48 O R B IR A ) s @8R B AR
CHRJE B Bt I B3R B | 2 B4 IR | B B2 S 1
ABHYAE) ; OH AL (H TR | Bk e 20 v
%) s @HAALTR AR (C RV RIEH 7 it 2
WIENT) s @B A (X O .CT %R ) 5 (2)

jﬂ:g‘i%%o

P= . DB IR BEGR 5 7 (858 2 BB Bl i+
BRARIE ) s @O 0 (3% 3 BE P 28 20 i e A
JEE TERR) s OFFBEREIR (RO JERR NG B 1
AR K IR R/DMESE) o BB BEC T PsA
(I LA PRI 491 43 A LA K 3 S ik 220 ik
T A S LR S R R B 22 57, 7 R Ty 2
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Table 3 Characteristics of animal models of PsA and analysis of the degree of agreement with the clinic

FREHI A UL RS il & 7 =X R BRI R & B2
Model type Animal name Preparation method Model evaluation Consistency with clinical symptoms
(1) FRAE 5 TUR G T5 1 58 ELR G 28 (AE)
FEAEA BIBE ST A2 25 7] B A AR s ke
Beds; () T E IR KW A OO @, & 44 MK (1
P B RE BAER 80%; (3) MEIRIKRMI& BHAELE, FiIEDQ),
F /it 4k L) TIED@®), L B IE 80% .
g€ A8 #5 B % ¥ DBA/I Wit DBA/1 fh &/ Advantages: high (1) Characteristics; ankylosing attachment point
?jﬂ[zs_zg: Hm ML PR T 2 R TN Sk morbidity; easy to operate inflammation ( AE) of the joints around the hind
Spontaneous/ - . ¥ Inbred through 7\ S v N ] f/ﬁ, B2 claws, accompanied by osteitis of the toes and nail
ic SpontaneityDBA/1 inbreeding in the DBA/  JP9ps 728 H B a2 involvement; psoriasiform skin lesions may appear
genetic model ice inbreeding in the AL T b involvement; psoriasi y app
mutation 1 strain of mice Disadvantages: no major spontaneously; ( 2) Clinical match in Western
models joint damage; fewer skin medicine D@ @@ @, with a combined value of
lesions present 80%3; (3) Clinical match in Chinese medicine
(CM) : Damp-heat paralysis type, with the primary
symptom(D@), and the secondary symptomDR @),
with a combined value of 80%.
(1) FRAE 58 B 2 SRR R W] 2, Gy (3 AT
Posi: W RAER W] LSS B SRR AN N IR T B O Ak B B f= k5 (2)
A IE R ETL HEIE K &DOO@D®, £ & K {H 56. 68%;
H % AR HEVE CSTBL/10 /0 Advantagffs; . . joint (3)'_'—;%1{5‘%”2]%mﬁﬁ%ﬂ,ﬂilﬁ@,ﬁ(l&@
iy £ C57BL/10 EU L BLAY B1O. BR inflammation %s evident; @@,,ﬂ: a M{H 5.0%O ' .
ED ML (H-2k) /ML Th::ret. e;r;:l disorders  of [(i .1) Characu:nzatmr.l : ?nt]?/flosmg .atftlachmerl pmrﬁ
. intestinal flora isease symptoms, joint stiffness, inflammatory ce
Gene' C§7BL/10 BIO BR.( H-2k ) mice Bl 5. SPF ¥ 58 & % % infiltration and bone erosion at the joints can be
mutation  mice ansmg - in e.lged male 1% s TC R R A observed; (2) Western clinical match D@®D®@)
model CS7BL/10 mice Disadvantages : low  with a combined value of 56. 68%; (3) Chinese
environmental incidence of  medicine clinical match: heat-toxin accumulation
SPF; no skin lesions type, primary @), secondary D @ @), with a
combined value of 50%.
PR R R B T (1) RAE 48 () R AR 8 B2 A ™ E 1Y
MR FREAR R BB, RS B AR L, #E
W5 AZEAE R Zk; () WERKY G, DO@D®@ %A IHE
Advantages ; high  56.68%;(3) H E I KW A - 1 34 XU A, E3F
HLA-DRA R /E’Z‘ﬁ MHC 1 2§ prevalence; joint D, WIFDQD), LA MAE 43. 34% .,
35 A /N 3 [, I # #% HLA-  histopathology and imaging (1) Characteristics: significant finger (toe)
Tk B PR AR Y [31] DR4 A similar to humans inflammation and nail lesions, severe bone damage,
Transgenic B Knockdown of BN TCRII LT RAE  thickening of the surrounding epidermis, and the
model HLA_DR_4 endogenous MHC class  ZFMLAIASI  AE FHLEIAN  appearance of “sausage-like” toes, which are more
tre.msgenlc I genes and transfer of  BAHf frequent in females; (2) Clinical match in Western
fiee the HLA-DR4 gene Disadvantages: no typical medicine, D@®@®), with a combined value of
manifestations such as skin  56.68%; (3) Clinical match in Chinese medicine;
lesions and joint  blood-heat-wind-dryness type, primary symptom (D,
inflammation; mechanism  secondary symptom (D@, with a combined value of
of action unclear 43.34%.
(1) FRAE . CT5 RAEIR I WA R E A 40, TR
BF L T AP o R R i A A 22 O, LA st
Posi BRI, 5 A BRI (2) WEIRKYS, D20@ED®LE
HLA-B27 ¥4 HLA-B27 LA B2 RIRIEARAR . ‘Eﬁwﬁ 93.‘35‘%;(3) *Ellﬁﬁﬁﬁ:@f&ﬁm@,i
L2 S B N Advantages: rapid onset of IEDQ), KIFD@@D), Z5 A {EH 80%
AR B PR AR 1 2 5 A K disease, similar to human (1) Characteristics: arthritis with psoriasiform
: NP ’ ' y
L32] Introduction  of HLA- onset symptoms lesions, inflammatory bowel disease and nail
HLA-B27 B27 and human 2 ﬁﬂ%ﬁ?’iﬁ}:ﬁ{fﬁ, WM lesions, androgenic, with genetic characteristics;
transgenic i) 35 (2) Clinical match in Western medicine, DO2QB@

rat  mouse

model

microglobulin genes into

large mice

Disadvantages lower
incidence, longer molding

time

B@®, 93.35% of the total value; (3) Clinical
match in Traditional Chinese Medicine ( TCM ) :
Damp-heat paralysis type, the main symptom (D@,
the secondary symptom D@ @, with a combined
value of 80%.
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Model type Animal name Preparation method Model evaluation Consistency with clinical symptoms

JunB/c-Jun
AR
ﬂ[ﬁj
JunB/c¢-Jun
transgenic
mouse
model

K14-AREG
B 3 TR B
RN
K14-AREG
transgenic

model mice

BMPs-6 %
M % ik
JNELE3S)
BMPs-6
gene
overexpres-
sing mice

KS. Stat3C:
F759 %% Ik
/N
KS. Stat3C:
F759
transgenic
mice

R26STAT3
Cstopfl/
{ICD4Cre
FEEIN

/J\ Eﬂ [37]
R26STAT3
Cstopfl/
fICD4Cre
transgenic
mice

BB JunB A c-Jun X
FEA SRR 4 JunB
A c-Jun R /MRS
K5-Cre-ERT %% 3 [K /)
Bl 24 38 O 1 A B2

Knockout of JunB and c-
Jun  dual genes or
crossing of mice carrying
JunB and c-Jun genes
with K5-Cre-ERT
transgenic and
injection of tamoxifen

mice

Kt K14 Ji3 3 AL G
b3 AREG #fi A F)
FRLBE DRI P 4 i Hid
Fik

Insertion of the KI14
promoter and the murine
coding gene AREG into
the murine genome to
control its
overexpression

¥ ik BMP 1y cDNA
SIABRLH, LU
10 R RIBHAK HEH
A BMPs 3% 3k 1 5
SEINRL

Transgenic mice with
high expression of BMPs
constructed by
introducing BMP-
expressing ¢DNA into
the plasmid and using
keratin 10 as  the
expression vector

were

Gp130F759 %% 5L A /)
Bl K5. Stat3C 3£ H
/N AR AT R
Gp130F759  transgenic
mice were crossed with
K5. Stat3C  transgenic
mice

R26STAT3C %% % K /)
fl5 C57BL/6J /R[]
i, bt J5 5 CD4Cre /N
R26STAT3C transgenic
mice were backcrossed
to C57BL/6] mice and
subsequently crossed to

CD4Cre mice

D : AL TR, B2 A5
LA

Advantages: rapid onset,
visible skin lesions

Bt A6 B, Tk

Disadvantages : expensive,
no major joint inflammation

DURL: BEASUAE R ] 2., TG
P 22 57

Advantages : obvious
symptoms of skin lesions,
no gender differences fe
5 BRAEIRE, A% B
PEREIE (i

Disadvantages: difficult to
operate, more expensive,
low survival rate

DL o TR T )
5

Advantages: rapid onset,
no gender differences
Bl MR B BT, TRk
T JAE KRB AR Bz 4
Disadvantages: expensive,
no major joint inflammation
or psoriasiform lesions

Dor  LRZU B 5 A2
AL, KA i
Advantages : histopathology
similar to humans, rapid
onset of symptoms &t ¥
BRI ORI RAE
Disadvantages:  complex
operation, no major joint
inflammation

DL TR )
K5

Advantages: rapid onset,
no gender differences
S R P SN S
T IRAE SR B AR B4
Advantages : expensive, no
major joint inflammation or
psoriasiform lesions

(1) ZRAE - 43 )8 P i B e M 7Y /N 565 98 A8 B
W, AR E AT B B R (2) PH R IR R W) &
DRBDEGLEAMEIL 86. 68%; (3) ThELIfi K
& MR FIEOQ, KIEDQ), £ 4 IR H
73.34%

(1) Characterization; psoriasis lesions are typical,
inflammation of small joints is obvious, and bone
erosion can be observed on imaging; (2) Clinical
match in Western medicine, D@@@®DB®), with a
combined value of 86. 68%; (3) Clinical match in
Traditional Chinese Medicine (TCM) ; blood-heat and
wind-drying type, primary symptom (D@, secondary
symptom (D@, with a combined value of 73. 34%.

(1) AT S BRI E , A 20 (BT Ee B A W, 56
A A PR KM R S PsA BT ]2
B (2) B R 0@, £5 & W E 66. 7%
() PRV A IR FUEOQ), KAk
@, LA R 66. 7%

(1) Symptoms: skin hair loss, red plaques with
scales, inflammatory infiltration and synovitis in
joints, which is a pre-presentation of PsA; (2)
Clinical match in Western medicine @ @ @), with
a combined value of 66. 7% ; (3) Clinical match in
Chinese medicine; Damp-heat paralysis obstruction
type, primary symptom (D @), secondary symptom
), with a combined value of 66. 7%.

(1) FRAE 45 (k) Mk B W 32 8, R R MR M
ORI REREM A AR R ; (2) PRI IR A
OOGZEE A 43. 4% ; (3) PEEIE RV & BB
FEHAL, 3RO, WIEDQ), L5 AW 43. 4%,
(1) Symptoms: finger (toe) swelling and nail
involvement, epidermal inflammatory infiltration and
thickening accompanied by desquamation and hair
loss; (2) Clinical match in Western medicine, (D
®®), with a combined value of 43. 4%; (3)
Clinical match in Traditional Chinese Medicine
( TCM ): Damp-heat paralysis type,
symptom (D, secondary symptom D @), with a
combined value of 43.4%.

(1) FAE th BB K 53 B 6 J )58 T (kW 52
FE) 8 B IR IE LA K B2 o R 0E OG5 25 iy | B
¥ (2) WEIERY) 6, DQ@@DEOD@L: A I {H
93.35%; (3) I RY) & . FEMBH 2 8, F23ED
@, UAE@®, £ A W{E 73. 34%

(1) Symptoms: thick psoriasis-like scales on the skin
(oyster shell-like) , deformed nails, inflammation of
the attachment points, and flexion and deformation of
the joints; (2) Clinical match in Western medicine,
DRBDED®), 93.35% of the total value; (3)
Clinical match in Chinese medicine: cold and
dampness blocking the collaterals, the main symptom
@@, and the secondary symptom ® @, with a
combined value of 73.34%.

FAE . B2 R T-J8 ELISE Rz ™ o 3% 11 A7 V5 a0 4R A
A RO A R IR A 56 LA BN T
R RAEE ; (2) THE IR IR &, DQE®D
®ZEATRIF 86. 68% ; (3) TERIE I & - 1 AU
B, FiEOQ, YiFDQ), Zr A RE 73. 34%

(1) Characteristics: dry skin with severe molting,
thick  psoriasis-like the surface,
spontaneous synovitis, adhesion point inflammation
and inconspicuous inflammatory lesions in the joints
of the model rats; (2) Clinical match in Western
medicine , @@@@@, with a combined value of
86.65%; (3) Clinical match in Chinese medicine :
blood-heat and wind-dryness type, primary symptom
D@, secondary symptom D@, with a combined
value of 73.74%.

primary

lesions  on
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Model type Animal name Preparation method Model evaluation Consistency with clinical symptoms
(1) RAE 585 T T BEIR | A 3 IR B
B i 58, 78 2370 B AR AR T o o B R 5 (2)
FEEIGRY &, DQB©D® L & M {H 86. 68% ;
W i 1L-23 B RCER AR AT REERGR, R (3) PEIRKY A R HUELE, ZIEOQ), WIE
DNA FA/NEL /N i @, LA 66. 67%.,
IL-23 3 % fRpNaE ek 123 3L A advantages ; greater (1) Characterization: bones, joints, paw nails were
/N Introduction of  reliability, high morbidity destroyed,  synovitis and  attachment  point
1L-23 microcircular DNA  BREAEMEAE R A 4% inflammation  occurred, and psoriasis-like  skin
overexpressing encoding  IL-23  into % lesions appeared in some mice; (2) Clinical match
mice mice and overexpression  Disadvantages ; Low in Western medicine O @ @ ©® @ @, with a
of the IL-23 gene in incidence of psoriasiform  combined value of 86. 68% of the total value; (3)
mice lesions Clinical match in Chinese medicine; Damp-heat
paralytic blockage, the main symptom D@, and
the secondary symptom (D, with a combined value of
66.67%.
¥ DBA/T /UL A i
I B/I0 B G 9% fif 7€ CFA/ICFA (1) FRAE NF R K A7 18 598 RE A0 B2 DRy
DBA/L /N, = J)J M Py T A 2!—"4‘&1& ” N LRARIE 50% ; (3) P EEIG KM & M RS LAY
BB M EERFEEA Avantazes. hish moldine  EIED,UHED LR A 36. 67%
SRR (CIA) 3% DBA/I1 mice  were su(c‘::ir::%ztbe: léfvern;zst;ng (1) Characterization: red and swollen paws with
Type I/II injected  intradermally A R £ e 4 ¢ synovial inflammation and bone erosion, mostly seen
Induced : ) gl TAREAE RS, R T S . . s
del collagen- with type I/II collagen R in males; (2) Clinical H.ldt(:h in Western medicine
me induced dissolved in  CFA/ Disadlvantases D@ @ ®, with a combined value of 50%; (3)
DBA/1 ICFA, and f“_“f‘fmdg“l’ L 1.“0 Clinical match in Chinese medicine; Damp-heat
mouse homogeneous  collagen pborlaS}L;r.m esions, ate paralysis obstruction type, primary symptom O,
model was injected onset ol disease secondary symptom (D, with a combined value of
(CIA) intraperitoneally  three 36.67%.
weeks later
o g o BRI AL (R B R ) | 22 DL i (2) PH IR
B — 2 Pt SRR ey o (DG @5 AR 50%: (3) HEENGIR
% F SKG . s Advantages: simple model A AR B, ), YCIE TS, 27 A R
AR OB A5 SKG /N RUBLAR Py construcztjion. no gender 30%. - .. ..
sy [40] QT %ymf)san . differences > ( 14? Character}sn'es; .spond.yloarthrlt.ls, flactyhtls,
B-glucan bK(J mice vxiere mJect.ed e BB RE R SRR 1le.1tls dI:lf] psoriasis -skm h‘esmns (thlck(-en-l?g of the
induced !ntraperllonea"y with i F‘,pldermla) s |n0§t!y in females; (2) .C]ml(,al m.atch
Zymosan Disadvantaces: lat , i Western medicine ®@, with a combined
SKG mouse flsa van flge.?' ae lon.se value of 50%; (3) Clinical match in Traditional
model © psoriastiorm 1N Chinese Medicine (TCM) : Damp-heat paralysis,
symptoms primary symptom (D, secondary symptom none, with
a combined value of 30%.
(1) RAE ; IR R IR E PGS A B4, A AR BE it
B , 2 5674 BLZL KA 5 (2) 79 BRI PR 1Y)
P R 2 i, R &, DQBODED®LE & M 93. 35%; (3) HIE
H o R A0 BON R ES Rk G RW) G RHUE A, FIEOQ, IIEFD @), £
i SR N R R R A R Advantages : ARG 73.34%
Bl 4 Bl comprehensive symptoms, (1) Characteristics ; inflammatory psoriasis-like skin
Mouse Intraperitoneal injection  proven inflammatory  lesions, mild moulting hair loss, redness, swelling
models  of of mannan produced by  modeling and pain in many joints; (2) Clinical match in
mannan- brewer’ s yeast in B RIRRER Western medicine DQ@@GE®), with a combined
induced susceptible mice Disadvantages low value of 93.35%; (3) Clinical match in Traditional
prevalence Chinese Medicine; Damp-heat paralysis type, the
main symptom (D@, the secondary symptom D@,
with a combined value of 73. 34%.
(1) FRAE : 42 B 2 Bk 1 BRI A 72 W IR 5G
HYOR, 2 0T HEVE; (2) WWERIRIKY &, DO
1L-23 JIf 9% B 1L-23 FRIRG TR 2 AR 2 e R S R B (@O 50%,(3)EPI£IIEW A TR HERH
A e i ﬂﬁli&J o) ﬁg o = 1, EUED, YAED , LR A IR 36. 67% .
R A NOD/ shijl M 4 /)™ B T .+ (1) Symptoms: generalized psoriasis-like skin
1L-23 ] f;z;?ot;lg:b: rapid onset of lesions, destruction of the bones of the lumbar and
adenovirus- Adenoviral vectors for [oR - ) knee joints, mostly in females; (2) Western clinical
induced 1L-23 were injected into %é:hvljlff[:’iﬂ%’}r%{ist match Q@@ @), with a combined value of 50% ;
mouse NOD/shijl female mice a1 8 t l'l'tc (3) Chinese medicine clinical match; damp-heat
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Research development on the interaction between neuroimmunity
and inflammation in the treatment of depressive disorder by traditional
Chinese medicine

GUO Dongjing' , PAN Wenchao’ , WANG Sijia*, MAO Qiancheng' , ZHAGN Hongxiu®* , MA Ke'*
(1. Shandong University of Traditional Chinese Medicine, Institute of Traditional Chinese Medicine, Jinan 250355, China.
2. Center for Disease Control and Prevention, Jinan 250021. 3. Shandong University of Traditional Chinese Medicine,
First Clinical Medical College, Jinan 250014. 4. Third Affiliated Hospital, Beijing University of Chinese Medicine, Beijing 100029)

[ Abstract]  Depression, a common mood disorder, has a complex pathogenesis. In recent years, the accelerated
pace of life has been accompanied by an increase in the prevalence rate of depression, leading to extensive attention being
given to this condition. External stress and inflammation synergize to damage blood vessel and brain functions, induce

immune disorders, cause microglia activation, and increase the expression of pro-inflammatory cytokines and their
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receptors. Inflammatory reactions continue to escalate, which affects the normal metabolism and metabolism of the

neurotransmitter system. The abnormal functioning of molecular pathways leads to mutations in brain cell and nerve genes,

and further formation of the immune-inflammation-neuron cycle pathway becomes an important mechanism in the occurrence

and development of depression. A large number of studies have shown that traditional Chinese medicines can improve

depression symptoms by restoring neuroimmune inflammation homeostasis.

This article explains neuroimmune

inflammation’ s close connection with depression and its pathogenesis and reviews the role of various traditional Chinese

medical therapies in improving and treating depression by participating in the regulation of neuroimmune inflammation. This

review provides new perspectives on the precise treatment of depression and the development of immune-targeted drugs.
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depression; neuroimmune inflammation; traditional Chinese medicine; interaction

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

HVHISAE S — Tl 28— A 23 b — B B S LR 0
FRT2BRE A 3.5 AC N R IERAE B, 57 e il %
PENE AT , 42 BRI Rl A A AR F8 2 L B AR
SEIR VAR L Z BTSN T 174 DLENY U E SN T
FEEAE PR R AN R AL . SIVARAE K AL 52 4%,
TR ARZ | AR 28 G B SAE ML ] 52 BIAATTH )™
R, HARR PN 2 B e e ok I — P — Tk
PPN 32 8 45 J7 25 DS X -5 A0 Jil 4 00 1) S 32
A A 2 SR A /N IR T A i A A A R A
BN JRAE B B 28 T4 45  NLRP3 AL/ MA Y
W& | Notch FIAZ K F B 155 38 B I00E 55 5 & 0
fBAE >

FI R AE 167 32 282 il AT 45 2R UM AR 25
Wy BT 23 8 52 4, HLAF AR 7 2018 RIAE
Z JFEA 2GR ARFRRE, PEGHAZH
A PR F IS R TR T SO0 AT AR AT S A
AT FEIMARAE 1 B TG P P BE 2R T R A R E
LU HR = 24 4 T RS PR 98 9 04 TSRS A5 4 VAT AE K
T RILT 52 A% 9 B AR S5, 6 IR 19 AL M 28 G g %
i RS 28 G BE RS A5 A A LR 35, A R o
R A ] 2 A 3 R R i) e e =5 ), 2B H
MR 28 G 8 S E AR S SCHIAR B4 AL i 1 e 22 36 5
TP RAE A ARG ARE A Bt e, B
B A 2 B 16 MARAE LA K A S BT AR 25 Byt &
R’ %,

1 WE%ESEME

1.1 #HEGRERESMERER

VARRAE AR AL S8 25 52 2%, B A 2 A A
B 22 3 ST | A I B U A, JEL I R L
AR B — BT A BTN AR 2580 A R 173 18
FAFENGAR |, PR B 4% A B U6 1Y 58 S i %
BRI R SCH R, AR 2 WF 546 718 i 28 B 8 R AE 7T

DUBA G T B — TR -5 1 B4l 338 ( hypothalamic
pituitary adrenal axis, HPA axis) , F AR FH £5 T
SRPEARASE , A B A AR Bl 1A ARAE A S A
111 BRSSPl 28 e SE

YL A 2 366 T AR 15 2 A AE IABAE A v L I
b e AR, ZRA Y ERE ERR
( norepinephrine, NE ) #l 5 ¥ {4 i ( 5-
hydroxytryptamine , 5-HT ) R AR 2 $ AR AE %2 i 1) o 2L
JEIA  FERAAIESE NI PR 52 56 2 ] (0 2 R — R IR A TR
1842 (tryptophan-kynurenine , TRP-KYN ) 1,34} i 12 4%
L RE PO 22 0 5-HT [ /R (0 2 R & s b, 77 A H
A PP BE T A P R 17 A AR E Y B A
[T, AR 3 -2 RE R IR MR AT , s ke B BE PEAE
R JEE 5 5 AE K- i IR G, = 80 TRP-KYN i fi#%
rhs D 23— RN AU 68 2R 2, 3 - XU g 3
T A 15 PR 2 5 RAE I AT
112 HPA i 5 i 22 G 4T

HPA il 2 AL o A i 28 P o B, o 2 P e
TR N A DG HP AL il e R 97 5 15 8 1 T g
VEE b M & ( glucocorticoids , GCs) KEF 5
KGR RN e VAR AE & AR R E A 2T
Yy scs bk BAEAE R A0 A TR BB R R, T/ B
i GCs BB IS Jo K & TLR {5 5 18 I JF 14 i
TLR2/TLR4 323K ; BELAL, 38 F] 31 P2Y2 I A
NLR3 Gk /IMACE LN (19 2 3k , T 1A P9 S A BB, I
BCEMEARIR S IR LT, B R T R B AR LT
AOBT AN, S ] 9 A I BE & BAT iz ok B Rk
Z 7 HIE R R W] S8 P OIR S T R
JiE T A A 4 PR il GCs 11 3 itk o L ) A ik
R, HP A il 7 S 5t ) Dl e 2k 181 5 HHARE R A
Pl AR AR, R AR R . A Ok,
PR ARAELE HPA RhOTHE R 458 HE PR
11,3 Fgs nl BRI 1o 28 e A

Pl T IB VAR RN R i SR A 5 1 o R B



o [ H A PR A 2475 2024 4E 8 A5 34 45 8 ] Chin J Comp Med, August 2024, Vol. 34, No. 8 169

U5 M M 28 % 5% I ( brain-derived neurotrophic
factor, BDNF) AE (I /b LI & mTORC1 {5 it i 1%
ik S 1 A 228 T 9 P 4 A0 B2 BIR 5 0 BB RE A7 7R
AT IR FR 5 U AR OB B9 R 2 B/ R o 4
UL R e 5 R i 48 T A O R i A 28 T BB P Y
S G FHON g M R OE A R R A
AN 5] IR A DX 338174 /) 12 J5 48 i ( microglia, MG ) |, 3 J&
PR RO AE A MG 3 WA 28 A0 B AL 1 LA RE A 4
CERAE KL AN 28 ST BIAR 7 W) I 52 Wi pft 28 7]
IAPEREIARRE R A= LA, Liddelow 4511 3 i
PRI RSM S 56 4t T Ik S s 07 /0N I Joit 40 i 375
PR ELE 2T TER A1 R RIAY 2R I 40
(astrocyte, AS) , 75— SCHRHIA FRiZ 40 M &5 2 IF
TITEIRE 28 98 i AR 22 78 M | TR] RS T 1 A 3R - 1B
(interleukin-18, IL-18 ) . i J& 3K %€ A ¥ ( tumor
necrosis factor-o, TNF-a ) Z5{E 58 I K+, v/ D i 22
B R A S 22 TT R D) REFTE A AS -
ZICHAES SIRER KA R Li SN s
P LA /IS BRUBE AU 8 78 1 /N I 5 A i ik e 3k
[ 9 AE/IMA NLRP3 J23 3 caspase-1 15 5 1 [ E il
PRETEME A1 TR i I 40 A 04 T8 1, 75 & AR A
A58 o FHIHG AT 20/ i S5 40 i i 28 o0 AR O G Jot
20 S O 28 5 R 5 A ARBAE 114 2 HE 1) T ) A
SN 5-HT HPA fihi A1 28 m] 28 9 S 2 AT
B8 ST 2 h T 2 PR ORI A ) S R G
V18 [T A7 e 2 S5 I R i oy A e 28 et B LA e DAk
Y MG Ay 3 0 X G 22 i 38, BRI AD ] 5928 S s st
JEEOE 5 | AR AR 2 A A PR R BT B T EOR
B A S 2, 5-HT A k2D, AT HPA BT
HE TR BRI I, GCs T, [ B 48 PR 384
T IfiLfi%i 57 & ( blood-brain barrier, BBB) A1 7 , [A It
HEAHIX G MG B AL AN R fi 28 58 9, — O T
A B P BEIERY AS 5200 B 28 70 1A T p 22 a] 9
PEDIRE, 53— TR ALY MG 43 W6t 7] 43 WA A 4 41
Ji Ak R 7 280t BBB 3 2 A1 E gl 2 5
BB H TG BB A IR MR AE S S T R
TRP-KYN fRHEA2 0 5-HT A= sl /b, BB HPA %
SR B2 TR e o W s L, SCRT REJE: HPA il
S IR HP A RlRI 28 2% 2R 50 22 8] 1) R A0 2
fliph 2 e A/ DL K 2 i] SR 55 ) T35 2 410
HRAES o 1 A 25 o0 25 #) R ) RE 4 S R L 4 il
HPA BRI 5-HT AR A7 B b 28 5 s 2k
SR ATV 95 119 DG B8 DR 3%, — 38 SR A o e 1 AR

SRR ER T B IR E 45 R SE KA
ES QTS I A e A LR e B = € o 1 ) [
JZ i PR XTI AR AE 8 AT BT R IA YT, HAE AR
PR3 W I 05 |t A IR I B BB AR 25 2 A Bt
RAEFTS ) HR RAEFTE & MG Mk 1 3h A5 18 A8
T BRSEANARAE V697 R U A E 2299 A5, WA MG )
25T TRP-KYN fRififik 48  HPA %l 5% % DL &
ZTCRIR ) I MG R R P47 8 75— 5 T
REf A 28 RAE AT BB, 53 — 7 1R SLBHLAS T 42
R TFiE ASPEIGE SR AE SN, 157 36 24 1) J)
T, DT e A ARAE 5% 1
1.2 /N4 REAR AL FEHD BB AE & 7% R RO 4E

HY L3R AT 2 S B R Bl R N A M R R
L, =& AR & B RAE SMARRE B VIAHOC, HA
o T SR 1 N R T A0 AR Sy v X R 8 R G A
—TH HRUE B 2 A2 R T R ki f P 5 25 L N R 48 AR E
FA) L 200 M, A IS i e DA A R D R T A M 9
W MG WAl S 20 R Y ELAR R B 5, S HL
32 B A 5 RX B g8 s g 7 A R AR 48 TR R
S PR35 W B S0 A AL R B M1/ M2 T8 MG & #
AFLE B4 i 28 75 4 R i 22 P B R 4 TP R R 28 R GE
M1 B MG PR CD68 INOS il COX-2 ZE4xi
T T WA 538 1 53 WA 4% o 4 JE 20 1t R 1 n ) 4% A
JLNE T e B Sk i) M2 AU £ 363k (40 i oAk 4
Ji CD163 .CD36  Arg-1 %5, —J5 T B TR HT % 240 g [H]
T M1 BB 5 BE SRE N 5 3 — 7 TH M2 Al
MG BN 28 8 S R 19 43 b, A1 300 1 5 i i 22 %
A FNZH ZUE A G il il 2 R

Stenovec 220 PG A ST b & B, AMARSE H A%
g N B e ] AR i 0 P v A7 R TS A Y MG,
H Ik BEIRAL A R A A KT 3 T S s AR E
BE MR AETE R AR, i sLged, Ky
25 IR AT AR TR 5 /)N e 5T 41 i 1) O R 5%k BLATD
ABIRAS S & B A0 i T | AR B A2 55 i X R A7
TEAN[FIRRBE A ARE | 38 3 S e 9O FR 1 S g BN 3k |
RA N A HOR T BOil th M1 AR GA 2
UL AR 4 M R 7 (TL-18 . TNF-a  IL-6 . INF-y FI
iNOS) L FF M1 AL % 8 A DL 0 4t 248 RRE 51 kS
Iy 225 AR I 5 ik T 98P ) A A RT floh b 2 AR A 22
PPN T P 28 e A 1 S A, AR A 4 i S
ISR E TR MG 55/ )N e ot 40 i 22 38 2 AN [ 15 5 711
(LPS . IL-4 IL-10 #1 IFN-y %) {2 fff MG [ 58 fih 2%
S B A R AR R BRT OR LR ) ML i 8 7 ff 4



170 Hh ] AR PR 22 24 7 2024 4F 8 45 34 445 8 1 Chin J Comp Med, August 2024, Vol. 34,No. 8

A il AR A M2 e 5 Y T ) A Ak & FE A I )
A& AR A D35 %) 10 28 AT ] 428 Pft 28 9, T g
i JIE /M 77 £ F Noteh {75538 I F0 800 175 & 1
filbRE >

JRE RSN Py 2 50 2 [R] 2R B MG A Ak 2
CISn -2 -3 S I A T = AN (i ) o S|
RTAFFE AAISAE &2 955 ML i (AR S0 S 56 7 FH I Al i =2 —
LPS 55 MG A8 EE i 28 98 i 1 ) I ARAE (AR 1 512
IS AR R R T i 48 L 8E R BURDR & s ML A B e
MAERZG Y7 R T T B e AMA P 52 56 v 3
1A /N RIS LPS i 5 4 28 R VR A AE AR A, K2
PRI A7 76 LA M B 22 189 /08 G T 400 A A6 1
L M 3R S AR A 3R A v 25 RO 43 B AT LA
il /INES AN A M1 B AR, SCRT AR B g M2 T R A
MG AR T g2 i >, LAY MG 2
A2 RV BIOKe LR — PR D ABLE VA 7 (18T s

2 HEHHIIERRI A R KL

2.1 HERATFTHEEERERINEESERM

UEAESR , AMTTZ AR B IR S AR RS B4R
PRIV A 28 G B8 RAE A5 I 2 B BOEAS B T
AR SRy B I , e — T 4= B Pk i e 9m 7 5 F
FEPMABAE 2 7 M\ FJm 3 R AR B 2R AR 1A
TR AANE N — A HE R R G0 22 (0] B 52 Wl 1
FAVABA X —id FE . LR T, fh2 f gE RE
MG A2 X 5 A1 B 285 R 5 2 T, ML FH X 1)
AR S BT B, 3¢ F A F B B on e A 1Y
X5 B AR IAR R G

BITRHE o B 22 Fe A 2R AR AR i BB SE A, e
SRR SN, IR NG A = REW
WRE,EZA,ARFIE”“ R E, A 20k
B, HRCHIEZ =& mET I ESEERR R
S8 L A SR NS DN N DO T VA &S
Gk B T 7 AR A A AR T 2 B 8 A L A Y
PR 5 | AL 405 5 B 06 LB 42 4 1 =) it
PR SHLR X — X AT G, vl H A E T B
BH (920 JE 1A 2R 20, BRIV S BUMARAE 1 % Al A
BF BH A B2 e, AR AL BRI | A 5 4 28 9 0 S
() CERE AR I MG AT B0 A M1 {2 e B sl M2 TR
T s RGBSR DA e IAIRE A 0 S i Rt v, M1 Y
PIE SN TR B, i M2 U LIk o EIRH,
AIAE A 9a ) 3 R B AR | A T — Fh 5 2218 M R iR
A HD M1 AL MG HF2E 3G B, B BH B 2l 245 O i g 4T

1, 50 1 % A5 24 JE b B A B P 5 U P Y BE R
BREE

H 3R A, MG A Ak 2 A 28 G 8 2 I 1) 2 22
BT LR Al AR v rfoiix DL R AN R AR R
BT S (A3 TL-18 IL-6  TNF-o 2541 %8 48 Jfd
PRI ) 32E M7 A R AR AE o R Ik, YR 97 i 48 g 4%
i 175 T ) AT E AN R AN AN H G 7 HE AR A [ 1 — B
i ) SR KR AE , 1T 2% 1 BT 9 2 It
HlRE & AR IR M B MR R, SRR E &
A ST (A0 MG TRk Y R B T SR
Pl A SCELR A RN A BB R BB ) (AR IE
B RET) BRI WK TR IR 5 X %)
AR G N8 & V5, Hrh BRI s
i b ELA 0 1) S B SL A RN = ) SE R 5
T SHMAL Y R B A g Y
2% 24 2 22 A5 I 7 A 028 R RE 1 Kk FE BT AR A
FHIRIR AR R34 e B Rk 3 bk, S nT 4T
X IR 90 kb HEAT IR T, BT bR A SR 1 WE T 8K
(El 1),
2.2 HEHIRAEN R R S E BB E

I R ZE w2540 AR T TR A8 3 AR
F A RS R RS PRI A , B AR KR/
HEZ R BRI
25 FeAZ e A, T I £ 2 9 B 2% A7 1
. B2 GRS AT AR 25, 2
PREE R WT 38 28 B2 7 Th i N 25 133 Fil
YRR, B B R PTMARTT R TR R, i
fits IR A0 9 S U 3 O T /N I A e A
Tha-1/iNOS H:3e 3k [HM: 40 ik S AR Rk H T A
T ARAE P K /N A1 i M1 B Ak A BT
RFENGUIER AL EAE Al 50 BF 5 & B0 ke
IR AHYZ 0 53 4 HMGB1/TLR4/NF-xB i@ f% , ffi MG
KAk M2 PLR AL R B E ML TT, 3t 4T
REAAR,, SRARAE WL 21) 45 0 B I 1 e i 5% 12
PEAST] T3 ) %4 B2 V7 38 ( chronic unpredictable mild
stress, CUMS ) B K UL 30 ) 244845 , T 6] MG
ek, 75 BDNF TrkB/p-ERK 15538 4% , & #4141
HRAIE

Zhang 25" R Z NS A Rbl AEIE i i
1% PPARy {55l K5 SR AI 2 U MG #2462 M2
FEFAY M M1 R P AR bl 28 1Y) 9 RE S
R RAFHINARAAE T, PRV 78 245 21 R
KB B 5 3 ] JAKL/STAT3 15 53 5% A i



rp [ A PR 2 A ks 2024 4F 8 H AR 34 555 8 ] Chin J Comp Med, August 2024, Vol. 34 ,No. 8 171

1 PR A0 EAE ORI LA B i B 4 K A2/ Jo 240 Mt 7 B 3l 25 Al

Figure 1 Neuroimmune-endocrine interaction induces depression and TCM regulation restores the dynamic balance of yin and

yang in microglia
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Table 1 Summary of traditional Chinese medicine regulating neuroimmune inflammation

B gy YEIEAR
Classification Traditional Chinese medicine Mode of action
iy [45-56] TEESEMETRE S SR (LR ISP H Wb HAP Bl SRt 200 0T M 32 0k R PEAN I A b 22
M R EFET i)
onomer Polygala  oligosaccharides  esters, total ginsenosides, ~HAP axis, monoamine neurotransmitters and their receptors,
kaempferol, velvet cinchoside H, quercetin, icariin inflammatory cytokines, nerve cell
[57-59] RSNV TIRER=Si V8727 NSt . e
ik AR 11 S G I L T
Monomer Total flavonoids of eucommia ulmoides, aqueous extract of . )
K N o 5-HT or monoamine neurotransmitters
Acorus tatarinowii, paeoniflorin
g SRR B 35 BERI R
) Aqueous extract of Prunella vulgaris, motherwort,  BAREISHIZ ST RAEANIE T
Monomer . . . . .
anemarrhena total saponins Monoamine neurotransmitters, inflammatory cytokines
2k zg6) t VI - INSESINE RS

Single Chinese herb

s o)
Single Chinese herb

gﬂﬁ[%, 65-71]

Compound

|:F,)52—2’1“_4][33,72773:
Chinese

patent medicine

Bupleurum, Pinellia ternata, radix paeoniae alba, bighead

atractylodes rhizome

B EA]

Acorus gramineus, radix paeoniae alba

TWIEH N BT (R SRR NG
Xiaoyao San, minor bupleurum decoction and similars, Sour

jujube kernel soup, Banxia magnolia soup

TR ARSI AR BT

Kaixin powder, Zhijieyu decotion, Huazhuojiedu decotion

Hofty 7680 e HATH R
Others Acupuncture, five elements music

P2 5T P2 e D 5

Neurotransmitters, nerve cell, inflammatory cytokine

5-Fz A
5-HAT

H e 25 IR e L BZ R CHPA b W2 T 9B | gt
Monoamine neurotransmitters and their receptors, HAP axis,

neuroplasticity, neuroimmune inflammatory responses

M JAE (TP M2 E 5 =)
Neuroimmune inflammatory ( kaixin powder) , neuroprotection
(‘the latter two)

HURAEM (BF ) (IATE SR (MLHIASH)
Anti-inflammatory effect( acupuncture) , five elements music

( mechanism unknown )
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