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[ Abstract] Objective A mouse model of ulcerative colitis with spleen deficiency and dampness syndrome was
established, and the function of T lymphocytes in this model was studied. Methods C57BL/6 mice were randomly divided
into Control, FXY (folium sennae), 3%DSS (dextran sulfate sodium salt, DSS), FXY + 3%DSS, and FXY + 2%DSS
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groups. A mouse model of ulcerative colitis with spleen deficiency and dampness syndrome was established by DSS and
senna leaf. At the end of modeling, HE (hematoxylin-eosin) staining was performed to observe structural changes in colon
tissues. ELISA (' enzyme-linked immunosorbent assay) was performed to measure the concentrations of proinflammatory
cytokines in colon tissues. Flow cytometry was used to analyze CD4/CD8 T lymphocytes, Th1/Th2 cells, and Th17/Treg
cells. Results In the FXY group, the clinical symptoms of mice with spleen deficiency and dampness were mainly
diarrhea, and mice treated with 3% DSS colitis mostly showed blood in stool, whereas mice with spleen deficiency and
dampness colitis in FXY + 3%DSS and FXY + 2%DSS groups mostly showed diarrhea and blood in stool, but the survival
rate of mice in the FXY + 3%DSS group was as low as 50%. Compared with the Control group, body weight, colon length,
and concentrations of anti-inflammatory cytokines IL-10 and TGF-B1 were significantly lower in 3%DSS group, FXY + 3%
DSS group, and FXY + 2%DSS group, while the DAT ( disease activity index) concentration, colon weight, colon weight
index, colon weight/colon length, and proinflammatory cytokines TNF-a, IL-1f, and IL-6 were significantly increased,
and significant ulcer formation and inflammatory cell infiltration were observed by light microscopy. Compared with the
Control group, the percentages of CD4, Thl, and Th17 cells in mesenteric lymph nodes of FXY + 3%DSS group and FXY
+ 2%DSS group were significantly increased, while CD8, Th2, and Treg cells were significantly decreased. Conclusions
The combination of senna and 2% DSS successfully establishes a model with ulcerative colitis with spleen deficiency and
dampness evidence in mice, showing typical CD4/CD8, Th1/Th2, and Th17/Treg cell imbalances.
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Figure 1 Methods of grouping and model establishment of mice
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Figure 2 Trends in daily body weight and DAI of mice for each group(x + s)
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Figure 3 Comparison of survival rates, colon index and spleen index parameters among groups

B4 SinALUEEL

Figure 4 Histomorphological structure of the colon in each group
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Figure 5 Concentrations of inflammatory cytokines in colonic tissues of each group
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Bl 6 24l RO EES i T 40K

Figure 6 Levels of T cells in mesenteric lymph nodes of various groups

7 KRBT ST Th1/Th2 Fl Th17/ Treg 40K
Figure 7 Levels of Th1/Th2 F Th17/Treg cells in mesenteric lymph nodes of various groups
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#:F OPG/RANK/RANKL 15 5 i %
PRTERBEF X5 CIA KB B IR
A B 97 18
B, TR ek, R R, s '
(M BEZRAY: B 550025)

[fE] BB B0 R RETE S M1 R (collagen induced arthritis, CIA ) #8578 K BRI #7287 FH M
OPG/RANK/RANKL {5 S B BRI, 735 MEPE Wistar KB 60 R A3, IE % 4 AEHI4] BHE 24 4 (P 2 0t
M MTX) ARFRIEA PR B EREA, RHRIESUARE S35 TR BB R B 524 TR R & g ST CIA K
R BN N5 A THE B 4520 IR 4H . 45T 10 mL/ (kg-d) A= BIER K BERUZH . 2457 10 mL/ (kg-d) ZE3Eh
K BYEZS A IR A T 2.0 mL/ (kg-d) MTX, B J] 3 UC; BREE I, o & 00 i 2 B 43 00 45 7 0. 25 ¢/ (kg d) |
0.5 g/(kgd) 1.0 g/ (kg-d) ; FELLHE BIRYT 25 do 3810 R BUAREE ; WEER K BRUR I AR B 5 R BB OG5 RAB BT
4% smicro-CT WIEZER 55 4H 41 BB AR ; JR AR Z ML (HE ) Y (8 X0 K BT 56 15 1 20 2005 B B3R A s 50305 /4 1R
PR MR I ( TRAP ) J& (0 75 A6 W0 08 £ 1 B 200 R 4500 (9 20 4% s PCR K B {97 2 (OPG) A% F-kB 32 74 35 1 711
(RANK) .RANK fic#4 (RANKL) | i 8 3K 8 R 7 ( TNF-o ) F1B T 8K 11 2 ( BMP-2) ) mRNA 7K, OPG,RANK
RANKL TNF-o £ BMP-2 25 AR X e 7k faAar I FH A (1 42 BN 20 5 ( Western Blot) , DI 2 B % 28 KU OG5 48 K
RGBT VR R B ST IR T 25 B, R BURSITE R R, SIER 4L, CIA KA ERK
g (P < 0.05), BJEIEEIEM(P < 0.05) , B IS B AR 78 B 2 SUNS WS A1 BT O i R 1) o B AR A
A T 20 0398 A 00 S 3 A 3R s Miero-CT £5 R /R - 5 R A L AR A2l I il b i, BROG T 3%
T MM A SMEASSEEE BRI FR 18 1 BE WS WA B BT IR | & Rt 2 5 E R A AR L & TR AR AR (L # AN W] 1 ; HE
Yoty o LAY R BUBRICHT B OCT BE AR A8 B 2 G W B ST I 90 PR 084 A 0 58 M 4 i 32 e 6 B i
SR AN L A P R 2 R USROG B L S A AN MR B U s TRAP Y (8 S50 W 4L e, B 2
WeE BRSPS FEATHT TRAP Yo o B PR B 40 A5 B # /b ; qRT-PCR Y45 5, | 5 R 20 A
e A% SR = 2H OPG \BMP-2 mRNA AHXS ik & FH i (P < 0.05) ,RANK \RANKL . TNF-o mRNA X 3R 3K 5 A%
(P < 0.05); Western Blot &5 5, 5HIBI A b, %, &7l &4l OPG,BMP-2 & I AHXT KB EF & (P < 0.05),
RANK ,RANKL TNF-a 2 AN Rk EIEMK (P < 0.05) . £t SEETF T AEE 275 OPG/RANK/RANKL {5518
FEEE i RA K U P 9808 BB , & 4 BT ISR RALEHI VR .
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Exploring the protective effect of helleborus thibetanus franch alcohol
extract on bone destruction in CIA rats based on the
OPG/RANK/RANKL signaling pathway

SHAN Wenting, WANG Xiao, YANG Xiaolong, Al Fei, LIU Yang, WEI Xin, LIU Xia"

( Guizhou University of Traditional Chinese Medicine, Guizhou 550025, China)
Corresponding author: LIU Xia. E-mail ; liuxia0851@ 126.com

[ Abstract] Objective To investigate the anti-inflammatory effect of helleborus thibetanus franch on collagen-
induced arthritis (CIA) model rats and its effect on the OPG/RANK/RANKL signaling pathway. Methods Sixty female
Wistar rats were divided into normal group, model group, positive drug methotrexate ( MTX) group, low dose group,
medium dose group, and high dose group. The CIA model was established by injecting bovine type Il collagen into the tail
root of rats using the collagen antibody induction method, and drugs were administered by gavage after the model was
successfully established. In the normal group, 10 mL/(kg-d) saline was administered. In the model group,
10 mI/(kg-d) saline was administered. In the positive drug group, 2 mg/(kg+-d) MTX was administered three times a
week. In low, medium, and high dose group, 0.25, 0.5, and 1.0 g/ (kg-d) were administered, respectively. Continuous
gavage treatment was applied for 25 days. Body mass of rats was recorded to observe the degree of foot swelling. The ankle
arthritis index score was calculated. Micro-CT was used to observe histopathological changes in the ankle joint bone.
Hematoxylin-eosin (HE) staining was performed to observe pathological changes in ankle joint bone tissue and synovial
membrane. Changes in the number of osteoclasts were determined by tartaric acid phosphatase (TRAP) staining. PCR was
used to measure mRNA levels of osteoprotegerin ( OPG ), nuclear factor-kB receptor activator ( RANK), RANK ligand
(RANKL) , tumor necrosis factor (TNF)-a, and bone morphogenetic protein 2 (BMP-2). Relative protein expression of
OPG, RANK, RANKL, TNF-a, and BMP-2 was measured by Western Blot. helleborus thibetanus franch on rats with
rheumatoid arthritis and its potential pharmacological mechanism for osteoarthritic protection. Results Compared with the
normal group, CIA rats had a lower body mass (P < 0.05), increased thickness of the plantar foot (P < 0.05),
narrowing of the joint cavity in the ankle joint, gnawing-like bone destruction, and pathological changes in the synovium,
such as inflammatory cell proliferation and abnormal synovial hyperplasia infiltration. Micro-CT showed that, compared with
the normal group, model, low and medium-dose groups showed an uneven ankle joint surface with an incomplete shape and
gnawing-like bone destruction, and the high-dose group showed no significant changes in all indexes. HE staining revealed
that the ankle joint of the model group showed joint cavity narrowing, gnawing-like bone destruction, synovial tissue
proliferation, and inflammatory cell infiltration. Pathological changes, such as destruction of bone tissue, synovial tissue
hyperplasia, and inflammatory cell infiltration, were found in the ankle joint of rats in the model group. Compared with the
model group, bone tissue hyperplasia and inflammatory cell infiltration in the ankle joint of rats in low, medium, and high
dose groups were significantly improved. TRAP staining showed that the model group had the largest number of osteoclasts,
and the number of TRAP-positive osteoclasts was reduced in low, medium, and high dose groups compared with the normal
group. qRT-PCR showed that, compared with the model group, relative mRNA expression of OPG and BMP-2 was
increased in low, medium, and high dose groups (P < 0.05), and relative mRNA expression of RANK, RANKL, and
TNF-a was decreased in low, medium, and high dose groups (P < 0.05). Western Blot showed that, compared with the
model group, relative protein expression of OPG and BMP-2 was increased in low, medium, and high dose groups (P <
0.05), and relative protein expression of RANK, RANKL, and TNF-a was decreased ( P < 0.05). Conclusions
Helleborus thibetanus franch may alleviate the inflammatory response in RA rats through an anti-rheumatoid arthritis
mechanism involving the OPG/RANK/RANKL signaling pathway.

[ Keywords ] rheumatoid arthritis; helleborus thibetanus franch; bone destruction; OPG/RANK/RANKL
signaling pathway
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E IR TR (rheumatoid arthritis, RA) J& T —
Pt MEEAT A B e it L B R A A 5 1
PERAEIZ I M 5 R AT B R ik i R A
SETTIEIR | HE 92 95 W 01 T 5 B0 DR 2% 1 9 R T
H RA VM R % T B, BUR R 2R
HE 1% ~ 2%, FRGIG R M TIR97 RA 1%
DABUXGA 25 ) M K BT 3R S AR el 500 o 3=,
0% IR R B R (TNF) o 03615510 L 1 40 i
F(IL-6) 4l 5] 2 5ve IR T | X s 25 Py hf
T RA RO A A7 R, T JIE 8 B9 A R OB 8 22 HL
Wk G ot LT Z AR BRI YT RA J7 T 32 A
IR SRS B 2454

I RA BIURE BRI &4 5 KRR TS
T ML TR 6 T 1A 58 | Bk 9 28 25 W) 7E i
FBI 10 I PR L FH o T AR AR Ay Ak B 2k
BT (helleborus thibetanus franch) ¥ 44 B E-tH /M
Lt JUEF WHEAE Tz JLELT, A SRt
## ( Chimonanthus ) J& 5 % B # ( chimonanthus
praecox L. Link) & L1 i& 4 ( chimonanthusitens Oliv)
(g TRRAR ) 24 RIS SRy AR T M RO AR, M T ok
o FUA SRR O AR A R R R
WHITIRIT RA AT U0 e M s AL S 24
i PR AT 5% 4152 56 F 5 44 © I B R AR 7 B 4R )
Bt 35 DA 36 106 55 S i 3 2 DA B QT 1 A B
Rt AT RE S & (0 B A%t AR LSRR
AERA

HIREPE (osteoprotegerin, OPG ) J& i 54 IR 5E
F3Z K (tumor necrotic factor receptor, TNFR) & —,
Wit 58 W F «B 52 K TS A LA (receptor
activator of nuclear factor-«B ligand , RANKL) 3& 4+ £
4545 RANK(NF-kB SZ 375 ) , BB RANK 51
BCARGE 5, 490 7] B B 4 B 190 0% A R i 28 15 S i
AP T, i, OPG/RANKL/RANK {5 5 i 4%
A ST P 42 0 24 | AN AL 42 B 200 1 SR R
A, AR B IR A SC P ok 2 O EAYAE
A FE R KR OCTT R A b il A M A 50
PEIL RIS 5T AL W A 2 5 RA 1Y B
I AT VA1 o] 0 1 4 B %) T Ak R BB IR T XN
(OCHE , Tt A BT R I S AN 5 42 B IR A
R CTA KRR 5E i A B T3 CIA K
B 3697 3R B OPG/RANK/RANKL {5 53l ¢ 6
FEPR RN | DA I A - B O Bl R
Bt BIL , S ERBETIRYT RA BE5E SR LAl

1 #R57FE
1.1 #F#
1.1.1 SEshY)

60 H 5 JE# SPF 9% Wistar BEMEfER K B, (K&
110 ~ 150 g, H il DUfR (AL ae) AW HoRA R w4
[ SCXK(5%)2019-0010] . AHBF5E T % P FE 21
~ 25%C ,MXHEE 40% ~ 50% ,%F HOYGHREHE 5 h
IS HEAT i 35 T 5t M v B2 24 A7 Sl W F 5 S v
L[ SYXK(#5)2021-0005] , 38 15 55 4 Hp B2 2 K2 5
K s 1e B 2 b1 22 AL (20220108)

1.1.2 2%

BRE I8 T 5 BT 5 2 X =YL A ), 4 50
R 2 R AR 22 B A 2 O S AT A M R
R L AR R A AR M AR 2R TR Y Bk
B TG Be 55 2R BT J5 , AT G 1 4 AT R
B, FREUK IS 2R HE T 1000 g, 7 i it FF B [l 37 2
B2 Yk BRR3 h R AT R IR s T RHR & B0k
WO IR LIRS B U, V80 vk 46 I TE /K i e 2
BT THE 828 TR IRE B A 4°C vk
FEPRAT, s 25 25150 25% £ T i LA 3k 2 BT 75 A
YU, LA 0.25.0.50. 1. 00 g/kg 1E A & 4L 52 56 1)
HIURIE O AR R 2 R R,
113 F=EG 50

R e (Bl EEIEA T ARA A,
197220704) ;24 1T #4 B e B A 11 ( 2 1 chondrex 2
A],20022) A2 43 A (3218 chondrex 2\ A,
7002 ) ; Molpure® Cell/Tissue Total RNA Kit
(YEASEN /A #], 19221ES50) ; PrimeScript"’ reagent
Kit (5 H BEAEYIHARA R R, RROA7A) [ TB Green™
Premix Ex Taq™ II (Tli RNaseH Plus) (5 H E4 )
TARABRZ F], RR820A ) 5 75 A F G (UL FE LR
YR PR, G1004 ) 5 PHET Yo i (A ARt 34
YR A B B 4E /N 7], YE2080) ; TRAP (8387 &
({@E‘ Sigma-Aldrich, 387A-1KT) ; i Ys 5 11 Marker
(abclonalRM, 19001 ) ,RANKL ( abclonal , A2550) . B-
actin ( abclonal, AC033 ) . OPG ( abclonal , A12997 ) |
RANK ( abclonal , A2100) ,HRP Goat Anti-Mouse IgG
(H + L) ( abclonal, AS003 ); TNF-a ( boster,
BAO0131 ) ; BMP-2 ( proteintech, 66383-1-Ig ) ; Goat
Anti-Rabbit IgG (H + L) HRP ( Affinity,S0001) , 3£
W56 E it (qRT-PCR) A (DU P4 B Bk 2 A7 BR 2
A)) B U R AL (2016 FEE R R ) s LU AL
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(HMIZRIC B R (AR ) s JY-SCZ4 + RIS E LK
R (U RUE AR T UK A A FRA R 5 88 7 I 240
W ERLCT R 2 A R R A BR A E]) o
1.2 Ak
12,1 hi¥psrdl K S8 1

BEHLKE B 53 1E K 2H ( Control ) | A5 7Y 24
(Model) \BHYEZ5 20 (MTX) ARF) 4, o) 2 40
i, dhe 21, &40 10 B T 240 (50
mg/ kg ) X TE 20 LLAM 04 3 22 K BR R A7 I S 3 SRR
I, AT 1 UHR0 ( Day 0) « 764 H R RLUIG B AR
# 3 em PN EIEAT R RS 0.2 mL /2R 1T AR
FEEFLAAE L RBPET 7 d AT 2 RGP AE R R
B RARTE 3 em BYALE T 0. 4 mL 4= 11 i 585 (5L
FULA DN G se s, B I 2 1 L300 i) T o« o S AR
Y 2 mg/mL 4 1T B IA W S 1 mg/mL A58 4
I (A FNR A AE VKRS N AT s i P 5 48
HF R AL, f5 4 T AR R A 3L e 271k
Ji (FLAR 25 « FLIBGH /K T B ERAR , AN ) L & T
K AR, DA SkE B s J5 2 11 A A8 PE RN G 3% , CIA A
RIS o (A5 7 B DA o . AR 5 RO )
AR B SES MK = 6 mm) , T—IK MBI 14
KIEHH SRR 3 5IVEE 10 mL/ (kg d) #RE
0. 9% HEERIK ; FHME 2 WA 257 MTX, 438 3 ¥k, 3
Fie BRI J 11530 25 24 15 AIOR) 2 4 | o) 1 A
AL ,0. 25.0. 50 1. 00 g/kg ¥R BERREE T4
KR, ELREB 424525 d,
1.2.2  JEESEbR6 I A BOh

RIRGZG 5 AE 8K 1 d, IR ES H 24 (50
mg/ kg ) I8 I T S A RIE RS T W SAL I8 KRR, T ok I
BUAE BRI B LS A, A —80°C UK AR Hh AR
fE, BB B8, 2 R Wl — a4l
L MY R KA A IE DI R 6 um TR
AWV R & M, F ok B BCE 42403 B AR 4
10% EDTA BiA5wcH 1 H . PBS ZZ il bt 3
WO 1 mL 2R AR BOR A B b B2V E A
TR 5 S04k B0 BT, AT
1.2.3  — B

KREARE TR AT HIRE RS- R
Olo HWEbRR R B7E 7,14 20,26 32,38 d Ml i
TR UM J Jz Jieb B R
1.2.4 Micro-CT ¥l

RN E RA KRR, XF 45 20 K BG4t
AT Micro-CT Al 14 18 B ARG i 4 ZU5K

BB RT3 (bone volume/tissuevolume , BV/TV) |
‘B % & (bone mineral density, BMD) M B & H AT LY
(bone surface area/bone volume ,BS/BV) .
1.2.5 BRS8N HAA Mg (HE Yefa)

4% 22 5 W I K BB OG5 B 48U 2 48 h
J& K B A B 47 () 10% EDTA 85 15
LA H L, BRESHLSVE T 75% LK 30 h 85%
LBEMIIK 4 h 95% LK 8 h 100% &, B i 7K
2h, 100%ZEK 1T h, —HHET ZHEITL 45
min $E17 17 AL B G EAT A WA, A DT R (TR ok
4 wm) , FHE LGS 20K, R 45 bR AR 9 i B 4% i
Sk A BT ARAR-UTA (HE) Y F e
MBS W BRI T4 HT
1.2.6 BT HSUR PSS (TRAP Jn)

AUEY) R H LB S =K, VIR T 4K S min
Ja WKW T, BT LK e &, Ak
37CHFHE 2 h, fEIZHL EaiKs , PR B AR
&, IIEAF Y rap TARR S 2B S TR AL
T 37°C ARG R EY (7 20 ~ 30 min, HIZEYLI, K
VEBE R, FHPUIE A TR MRS IR EHR S 1 ~ 2 min (B
BRI LL A, AR R ) KU VIR 4 3 IR
ToIK L FFR S min, B —H K 2 K, BFYK S min,
Feye ) R i WIS 0 b P A 3 7 550 %% 540
A, UV TR S 7 BB T e H AT %, JF kAT
EUGRAEFN AT
1.2.7 qRT-PCR $ AR BR G5 41 8L rf OPG
RANK .RANKL TNF-a . BMP-2 LK 5

MA—=80°C 8 A1 it VK A B 1 VR A7 1 B DG T i A
2 AT WS S, $5 TRIzol 1075 45 1 BH 42 B
RNA, A 4 3 5 5% 380 500 &5 1 B 43 0 47 44 4 3R
¢DNA, L B-actin fE WIS, 519 LilgE T AEY)
TREHARMRSABRA &6 8, Pk 1 fr
/No RT-qPCR ¥ 341K 224 20 wL; Template ( DNA)
2 L, EFH5I4 0.8 ul, I #2518 K 6.4
pLo BN 42°C T ME 2 ming &3 SO 2 95°C
KU 35 s,55°C O 30 s,72°C R 30 s, WAE 54t
{55, 3L 45 DMEI 15 i ih 4k 55 ~ 95°C, § 38 ) i
TE QuantStudio 2 5 5Z i %4 it PCR X L i#E47,
KH 27 5 ¥k, B 4% 41 OPG ., RANKL . RANK
BMP-2 TNF-ae mRNA AHXF ik 7K
1.2.8 Western Blot £¢ ARG M ERSCHT 4HZL OPG |
RANK .RANKL TNF-a . BMP-2 % [13iA

TE-80C T, MR AF I 5 HEUR A& H 2%SDS
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P = =

F1 LHEER

3% PCR 514

Table 1 Real-time quantitative fluorescent PCR primers

EIR B i

Primer name Upstream

i

Downstream

B-actin 57 -GGGAAATCGTGCGTGACATT-3’ 5’ -GCGGCAGTGGCCATCTC-3’
BMP-2 5’ -AAGCGTCAAGCCAAACACAAACAG-3’ 5’ -CCCCACATCACTGAAGTCCACATAC-3’
OPG 5’ -TGTGTCCCTTGCCCTGACTACTC-3’ 5’ -CTCGGTTGTGGGTGCGGTTG-3’
RANK 5’ -CAAGGGACGACGGAATCAGATGTG-3’ 57 -TGAAGAGGAGCAGGACGATGAGAC-3’
RANKL 5’ -GAGCGAAGACACAGAAGCACTACC-3’ 57 -GAGCCACGAACCTTCCATCATAGC-3’
INF-a 5’ -CACCACGCTCTTCTGTCTACTGAAC-3’ 5’ -TGGGCTACGGGCTTGTCACTC-3’

2w ) Ep B b U AR ER | A0 288 b
%,%{E{ﬁiﬁ 20 min, fEZE R T 2L 10 000 r/min Bl
30 min, HUEVEW, H BCA 1€ il & X E H
HEATRE i, I %) L S B TEA T O A, 4% S 3 ZH B 50
wL, 7E 95°C 24 T A8 15 min, B 30 wg KL,
JH 10% SDS-PAGE HLIK/FFS 1 h, ZJ5 FAE S e 7%
F| PVDF Jii I fF =R T, FH 5% IR W3k PVDF
JEEFFAT 1 ~ 2 h, TBST YEAR 3 ¥k, JF7E 4°C B AET
YR H OPG(1:2000) .RANK (1:2000) , RANKL
(1:2000) [ TNF-a(1:2000) .BMP-2(1:2000) ., B-actin
(1:50000) By —HiF & i 5, F4BEH TBST BE¥ 3 1K
J5 , S EAE AL YIEE (HRP) FRIC 09 1L 0% —Hi
1A 1gG F B ZZ wh37) (1:5000) 7EEIRIFHF 2 ~ 3 h, 2K
I ECL 2t B2 H A, LA B-actin BB HAE NN
Z: W Tmage J KA HEAT 4500 K BEABL 53, I DAIE
WHG RN 1, X & HE A RRGE R H 1
AbFH
1.3 SitESH

SR ME £ iR (v £ 5) Ko, T A B
H{di ] SPSS 26. 0 il GraphPad Prism 6 4t itk 44

FFEHE T o PR ALAEAS (8] 1) FL R F o A6 LA
K 2500/ B2 T 5 22081 (ANOVA ) i 47
HZ LR, DL P < 0.05 WEAG T E L,

2 &R

2.1 —RRR R BB AR B RS &0

YR TR B SR L 0. 25.0. 50,
1.00.2.00.4.00.8.00.16. 00 g/kg FtHe 6 BE AT
S 2 ERE TR, K PL 1,00 g/kg DL bk B AT B
KERICT, 76 2B 1 v B B0 B8 AT 50 A 0 ) 2
B 1.00 g/kg DA BB BREEYE SOV, 8 1. 00 g/kg
WAL, SRR (0. 25 g/kg) 17
2 (0.50 g/kg) (EFIEEZH (1. 00 g/kg) o

— W ARRE R T RAd s R MR RS G R
FEEL R (3R 2) , & 2 KRR B 3 4 R AR f 1 O
(B 1A) RIEEEBUCEE L (WA 1B,1C), TEH
HRBRAH BRI $EBFOCR, HE WG B K
A B IE R ; 5 1E 5 4 L, B2 K BRAE IR
TP AR W TR MRS A%, B K
AL 5 BT AR A | DB EA i ik, 44

K2 NERINS AN RO LBt E SR (x £ 5,0 = 10)

Table 2 Results of body mass and toe swelling of mice in each group at the end of drug administration

were measured(x = s,n = 10)

20531 2 2 BEF K BE (mm) A 2 K BE (mm) KAT R4 (41) HE(g)
Groups Swelling of left toe( mm) Swelling of right toe( mm) Arthritis score ( score ) Wight(g)
Ay
IE%4 2.24 £ 0.21 2.23+0.19 0 233.37 + 3.75
Normal group
B TR ]
B 5.33 £ 0. 83" 5.32 £ 0. 87" 7.30 £ 1.57° 194.08 + 1.52°
Model group
PEZ5 M4
KH K25 e 4.21 £ 0.54" 4.87 +0.86 5.00 + 2.08" 192.94 + 4.20
Positive drug group
Fl 2
fie 2t 4.83 = 1.03 4.78 + 0.91 5.67 + 1.91" 203.49 + 5.06
Low dose group
H| 4
,EP“JEE—’E 4.41 = 1.02 4.67 = 1.15 5.33 £2.07" 200.96 + 3.72
Medium dose group
=Y
FFI AL 3.75 + 0.76" 3.80 + 0.73" 5.03 + 2.26" 208. 46 + 3.07"

High dose group

T HIEWAMIL, P < 0.05; SHUMALLE, P < 0.05, (FE/ZEFR)
Note. Compared with normal group, *P < 0.05. Compared with model group, "P < 0.05. ( The same in the following figures and tables)
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B 1 BT RA KEUAE R MK EE RS2 (& £ 5,0 = 10)

Figure 1 Effect of helleborus thibetanus franch on body mass, foot and plantar swelling in rats with RA(x + s,n = 10)

HRPFE(P <0.05) ; SEERIGIMIEL, FHTEZ5 45 5
FEH KR — MR AR (P < 0.05) 2 M ik B
(P < 0.05) ¥ 055
2.2 ERXET microCT E’J Al|
IEFHBCT RO IMEZEE(F2), 5
A H, AR 2 R OGN ORSE SME R 5
BB AL SV E OB AR B IR, R
(BMD) FlE AR B3 80 (BV/TV ) ¥ 2 TR (P <

VE L I LGN
B2 PR R R

Note. White arrow. Bone tissue destruction.

0.05) , B RMAUAFLL (BS/BV) M8 FH& (P <
0.05) , SR, PHAE 24 40 4 OG5 R e 1
HMESERE . AL BS/BV BIFEAL(P < 0.05) ; BMD |
BV/TV Fhm (P < 0.05) . SFHPEZ Y4 AH HE, AR
Hp ) 2 R G Y 2 T A I Y AN AME S SR
22 T B AR B B IR ; BS/BV REAK (P <
0.05) ;BMD BV/TV FHE# i (P < 0.05) o =5

BT R HEOEH, AMESEEE . BS/BV W AR

H 241 Micro-CT FYSEIH (x + s,n = 3)

Figure 2 Effect of helleborus thibetanus franch on Micro-CT of bone tissue in theumatoid arthritis rats(x = s,n = 3)
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(P <0.05),BMD . BV/TV Bl BT} E (P < 0.05) , /5

BEFHI N, BS/BV AKX N &2, BMD .BV/TV

FRHNCR S YR AT (2 3) . WIILBER B THea LR IR T2 RO &

R3IPHETRZERIRIETT R K HZHZ Micro-CT FUSZIA (x £ s,n = 3)

Table 3 Effect of helleborus thibetanus franch on Micro-CT of bone tissue in rheumatoid arthritis rats(x = s,n = 3)

5 HEAIL(%) BRI (%) HEE (%)
Groups Bone mass percentage (%) Bone surface volume( %) Bone density (%)
s
IE% 4 84.07 + 4.81 6.87 + 0.28 0.76 = 0.01
Normal group
SRilK
B 59.66 + 7.21° 12.41 + 1.90° 0.59 = 0.09°
Model group
254
PEE252201 69.71 + 2.85" 10.77 + 0.76" 0.68 + 0. 15"
Positive drug group
=4
e 83.87 + 7.04" 8.25 + 1.97" 0.76 = 0.07"
Low dose group
1) 54
.FP%J% & 81.21 £ 9.38" 7.80 £ 2.05" 0.76 + 0.10"
Medium dose group
F=lhe
i 83.18 + 3.55" 7.10 = 0.52" 0.78 = 0.02"

High dose group

2.3 BXTAHLREZHEN(HE £6)

TEH AR B 56 5 B 20 b A R 4 e
YIS AR HES , HL25 0 o8 5, Wi S T e, 1
AR TRICR IR (UL 3) s BRI 2 B Ky
Js PR R T A4 240 T R R 1 1) 4% R AN = Vi
T R TR P DL < ™ A B A R ) 40 i
FINHLIN , S5 s 3 A Mk @ Kb i i
L AR A I S ek A T Y B ) 4 M AN M 3 i R
A Hod A T R R X R O Y T R A SR

HAE B E MR VER .
2.4 BRATHL(TRAP #)

BREAR o s AR AER T RA KR, B E
YUY TRAP Ye i 25 5L 1E & 418k & 4l e %k H B B
BUD  BOAVZH A AR A B B (E 4) A
PRI TE B ; 5 B AU A L, 2R v 55 o 28 R
R R 2 T B0 o A i g e e, K R
PR FE W IR W] T AT LA RANK 5%
AR 24 L ) A i

TE BOHT R A IR 35 Tk  SAEAN MR I s S (UK DG R T IR
3 AU RBUEBOCT AR 40k HUE 5% W (HE B4 60) (x £ 5,n = 3)

Note. Black arrow. Gnawing bone destruction. Blue arrow. Inflammatory cell infiltration. Green arrow. Synovial tissue.

Figure 3 Observations on different histopathologic morphology of ankle joints of rats in

various groups ( HE staining) (x £ s,n = 3)
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T W GRTk eE ai

4 AR BB B IS AL TS DOULEE (TRAP B () (x £ s,n = 3)

Note. Blue arrow. Osteoblasts.

Figure 4 Observation of osteoclast activation in the ankle joint of rats in each group( TRAP staining) (x £ s,n = 3)

2.5 BXTHBHZLA OPG,RANK, RANKL, TNF-
o BMP-2 EERIZH N

K qRT-PCR X 28 XU OG5 48 R RRBR OG5
ZHZH TNF-oo, RANKL . RANK . OPG . BMP-2 mRNA
AR (B 5) . G5 R IR, SIERE AL (E
4) B R FRUBROC 1T B 4141 OPG mRNA Fik/KF
BETFFE(P < 0.05), TNF-o . RANKL .RANK .BMP-2
mRNA 35 BETHE (P < 0.05) ; SHRIZIAH I, 2k
BT A R RUBROC T 5 41 40 OPG .BMP-2 mRNA
FIRFHEG, TNF-oo RANKL \RANK FIRREAR, BB 2R
AW (P < 0.05), SEMEYL4AE L, Zpi+rh

4 OPG . BMP-2 mRNA F AT (P < 0.05),
TNF-a RANK FIKFEMR(P < 0.05) ; BB 750 & 41
KEUR XC T B 4141 OPG . BMP-2 mRNA %3k TH i,
TNF-o FRREAR, BA —& BEEEEH(P < 0.05)
2.6 BETFBEHAL OPG,RANK,RANKL, TNF-
o BMP-2 & B RIZHIF M

HIEFAMIL (£ S5) , BRI KRB H A
2 TNF-a ,\RANKL \RANK 35 R IK KT (P <
0.05) ,0PG .BMP-2 AR IEIKF-FEIR(P < 0.05) 5
SRR R A2 A R TR AR
SRR & Wi I 4 2 TNF-oo . RANKL .RANK 7 4 3%

F a4 BRI R KRB HL T OPG/RANK/RANKL 58 % mRNA #357K (% + s,n = 3)
Table 4 Effects of helleborus thibetanus franch on mRNA expression levels of OPG/RANK/RANKL pathway in bone tissue

of theumatoid arthritis rats(x = s,n = 3)

2H F1
L) 0PG RANK RANKL BMP-2 TNF-a
Groups
2ty
IER 4L 1.00 = 0.00 1.00 + 0. 00 1..00 + 0. 00 1.00 + 0. 00 1.00 = 0.00
Normal group
I 4
Bl 0.27 + 0. 05" 1.63 + 0.02" 2.59 + 0.28" 0.46 + 0.07* 4.46 + 0.04
Model group
P25 2
FE.‘ 2512 0.76 + 0.09" 1.04 + 0. 12" 1.05 + 0.13" 0.34 + 0.01" 1.02 + 0.13"
Positive drug group
K4
IR B2 0.28 + 0.01 1.94 + 0.03" 2.76 £ 0.05 0.23 + 0.01" 3.44 = 0. 06"
Low dose group
H 4
.E'J“Jm'ﬁ 0.31 = 0.04 1. 60 + 0.06 1.41 + 0.05" 0.29 + 0.02" 2.27 £ 0.08"
Medium dose group
I
Al AL 0.60 = 0.02" 0.88 + 0. 14" 1.00 = 0. 04" 0.31 = 0.02" 1.42 + 0.05"

High dose group
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RS PHFXZRRICTT RKRUE AL OPG/RANK/RANKL i 5 OCHEHR 113835 KF (& £ 5,n = 3)
Table 5 Expression levels of key proteins of OPG/RANK/RANKL pathway in the bone group of rheumatoid arthritis rats by

helleborus thibetanus franch(x + s,n = 3)

2H 5
20 5] orG RANK RANKL BMP-2 TNF-a
Groups
=g
IE% 4 1.25 0. 13 0.24 = 0.02 0.50 £ 0.09 0.64 £ 0.04 0.11 £ 0.01
Normal group
ERIVE
Bl 0.44 £ 0.05° 0.56 = 0. 05" 0.78 £ 0.07* 0.19 £ 0.02° 0.59 £ 0.04°
Model group
PEZ M4
@ﬁz%ﬂ 1.06 + 0.11° 0.40 + 0.03" 0.64 + 0.06 0.56 + 0.03" 0.28 + 0.01"
Positive drug group
X5
fim 2 0.69 + 0.05 0.51 = 0.03 0.73 + 0.06 0.31 = 0.03" 0.47 + 0.03'
Low dose group
354
ngﬂ 0.91 = 0.08" 0.43 + 0.03" 0.64 + 0.05 0.40 = 0.03" 0.41 = 0.02"
Medium dose group
R
il AL 1.03 = 0.08" 0.41 = 0.04" 0.61 = 0.07" 0.52 = 0.04" 0.34 = 0.02"

High dose group

KPR (P < 0.05) ,0PG . BMP-2 H [ 3RIK K-
FHE (P < 0.05) , T AR B0 50) 0 2 5 PH I 25 W 41
iR IR EE(P > 0.05),

W D aEWdH; I AR W B2 IV ARGR R Ve
FIEAL VI m R AL,

5 BRBE T EMGR T R A

4 Zh OPG/RANK/RANKL i % G it

BHRBKF (2 £5,n = 3)
Note. I . Normal group. II. Model group. Ill. Positive drug group.
IV. Low dose group. V. Medium dose group. VI. High-dose group.
Figure 5 helleborus thibetanus franch on the Western Blot
expression level of OPG/RANK/RANKL pathway in

bone tissue of rtheumatoid arthritis rats(x + s,n = 3)

3 itig

RA S —Ff LS5 Jl oA T 5 5 o 98 2 | Il 55
AR Z B R s BERR AE A X AR VRIS 1 B 5
FEPAG o AR I AL 1) S 3 L 2R A E Ao A
Hh T TR L0 2 PR A I BSR4
B n FEOCTTWE M AEE R, e BE AL T Bl

2 P TR TS A5 45 4 R I 5 R P 8 R 4
RO S AR 7 ks fe PR 7 45 P 3L [ A F S
A AEITIGE , RIE N FAE RA K & ik
FHEZEMEM . RA LW R 2 8 E 55 i
ik JEAARF R AR R P ES S
SR IOL b 4> B VeI KORE NEDR T RERY AL
R RA FEIGIRIAYT h S — i i e, an il A
Y F) BEEHD HR MTX 2505 F 5477, (2 Bk 25
PIFFAERAR 2 A KRR, VAT 35T AN BARL TR I
SHENER /N BIF R UIHt RA 25915y EH 2,

7E RA AR CIA BB A ol )iz,
5K RA TEIEA % LA Z MM Z AL, 45 1
BSOS AR X DL AR R
I, ASHIFTE R AR A T A B J5RIAS 58 42 9 AR 5]
Hic e SR 1 FL A5 RA R BB Y | 780 21 K B
I ERORIR AR DA% 2T K B T v 45 Al
SR, 28 RA K EUBERY A4 s D ST

2B —Fp A PR R R XU 1
FHE 5%, 36 KRR B R B S5 F UL AR
WAE , ST G H TR T WAR R AT B 1 24
Y1z — RFFIE BRI, el e T aE A
Ry TR L, SOV R 2 iR T
BEIEA F LUV R BTk T “ i imiss " « il 4
T AR, B S BRI 3 20 I W Lk
PIDIR, BEAL BRI 2 W 25 B B A& i £ %
FeEte

WFFEUE S, e+ AT U IE  BURAE T il
1B Z 07 T I DI RE , AR U X RA A3 8 411
TRITVER , BB VSER OG5 b R B2 410 il it 35 4% i P
T TNF-a IL-18 , PAF , 38 BE B & T 30 ¢ 5 4 41
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HIF-1a & VEGF MMP-3 ffyg2ik!"2)

RA Jey kb B il 8 3 8 e A A6 540 1 1 45 5%
B b RN E B /NG AL LA R Ak 2 28 4
JiL RS 5 3 B SN S s R 0 )
b2 RA 10 BB IR i G 8 #4717 . RANKL/RANK/
OPG {55380 [H6 2 B 240 L 5 0l 1) — o B85 A5 5
T, 76 RA &9 18 i R o F b % ¥ AR A
RANKL .RANK % OPG )& T4 1, RANKL .OPG
RS A & A D 00 e A ) 43 Ak
FEPE 1 RANK 28 7E R4 B 200 LT 4% 240 A s
ik, RANKL AT LUE i3 175 5 0% i 40 i 2 5 08 i B
JEREIR i OPG W A] LA 2+ 90 i RANKL 5 H. 3z {&
RANK 456 R B 1E B BURE IR RA S B i v = Az
(I ZZFPIE 58 AN B R L R A 53 %, SR 30 m 15- 4m
LRI, TS 30E R, LB IR RA B IR
[T RANKL F1 OPG 3k 2 [l A - A B T
TR FNGIT H IR . A 5L 5038 5 Micro-CT Al . 7
B EIR T v, AW AR A, ) e Ak
B B R BB B B P S e R AR AR
B AR T A R N RA KB 56 B R IR
ER TP ER ) TRAP Je @45 B4R R . 55
YA, PRI A A E R AT BT TRAP 4
IH A ik B 200 0t sl /L, R A R T RA R
B G 1 M 1 200 L %) A JRN TE Al aE — A5 A & SR
R 7E qRT-PCR 550 f BR B 7 AR ) & 3 41X
e, OB ERBE TR A 240 OPG mRNA X235 1 G
(P < 0.05) , iERH AT 7] LUA R ] RANK
(G SRk | [ HE 3E OPG  BMP-2 [ %% 5 Fil 2
kP DB T A R A cGE SR o e, b
aE R R | BB 1T B i 8 Y OPG/RANKL/
RANK {5538 %, 40 0 1 40 A A A6 i 55 95 4k, A
XFRA K EE RS SREH

A3 H ) RANKL/RANK/OPG 248 A M,
Ml G R SR Y £ BE 25 as AR ) 1k 2y | 2 3
DL T A 2 S T B, MR R TXF RA
PIAITVER, SR BT O, 78 SCER B 3R 97
RA BBk PR H& A7 1 L i
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TMAO f R 5 Jig 1A K B A Q3 Y 52 oy S 7 10
NA T HAEH
AF F R
(L AL THEZ KA PGELS S 24BE, PR 110847;2. il T 25 K2R S R F# 5B 42408 T fH 110847)

[BE] HE AR E R TMAO I 5 Ak Ui K S AS B a5 g |, I F— 1
WEDNE T THFIE RS TRENLE ., % SD KRB . A A (CH) ;= AxX M4 + DMB
(C+D4),DMB X TMAO $HI5 ; 14 = IR MUAE L (PG 41) ; M R IR IMLAE + DMB 41 (PG + D 4H) ; LK =5 IR L
+ FANE FIAHL (PG + XSH) . B C4l.C + D AIMSAME LLS7 P51 BE F 0 Mg T AR 45 A 2 S 190 5 I I o
PR (AR 12 J8]) BEREST S C + D 41 PG + D AR RIKAK T 4T 1%9DMB, PG + XS 44 K B HWANE T
(K 11.34 g A2 /ke) , HAR B TR A BIEDK 4 J8 5 HEAT OB AN . 4 A 3h Az 4k A0 I B i B 7% /2t HE 4
B LT O Yo B IR K SRR TE B G ST R B0 ELISA S A6 K B FFA 284k 350 &R 45 240 K R TG . TC
it LC-MS AR B SE TMAO 7 & ; qRT-PCR #4610 K U PERK ,FOXO1,SREBP-2 , ABCA1 ,miR-33 mRNA
AN 235 7K - ; Western Blot ¥ K BUIF SREBP-2, ABCA1 R A £ 1k, &R (1) PG A KK H TC. TG FI
LDL-C % C 471 &8, HDL-C & &4 C N IR 3 PG KERUF41Z1% FFA TG \TC &84 C 3B 2 ; i

BTUTRNEE C 4R, BRIV 23 W50 K B340 s LA B #8hnh C + D 45 C AR E 2R ;PG + DA PG +
XS 45 PG HAH W] B FAR R BRI TC TG A1 LDL-C &4, TH HDL-C i, FRARATZH 4 h FFA TG . TC &
i GRATHS U RTINS WD BFZS 3, PG + D 415 PG + XS AHZ I REMZE R, (2)5 C 4L, PG
ZH R B T TMAO & 50390 B3, AT PERK 1 FOXO1 ., miR-33a mRNA #H %} & 4k B B34, iF SREBP-2  ABCA1
mRNA FIEE BB R 2 L 3665 C + DA CH KRR EM 2T, PC + DA KX PG + XS4l5 PG4
A HE AT S 25 B AR K B TMAO & &, B AIUIF PERK 1 FOXO1 ,miR-33a mRNA #3ik, FHE IiF SREBP-2, ABCA1
F [ mRNA MEHFIE ;PG + DALE PG + XSAZ MW EM2ER, &8 TMAO gL PERK/FOXO1 i
2 SREBP-2/miR-33a/ABCA1 {5 538 i 5 [ R BN IR AL, b7 B 117 T REl i 0 il TMAO 55 3K 241 i)
FFRR AR ZETL .
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[ Abstract )

metabolism in rats with splenic deficiency and hyperlipidemia, and to further explore the possible mechanism of Xiangsha

Objective  To investigate the effect of TMAO, a metabolite of intestinal flora, on hepatic lipid
Liujunzi Decoction in the treatment of hepatic lipid metabolism disorder. Methods SD rats were divided a blank control
group (C group), blank control + TMAO inhibitor DMB group (C + D group), spleen deficiency hyperlipidemia group
(PG group) , spleen deficiency hyperlipidemia + DMB group (PG + D group), and spleen deficiency hyperlipidemia +
Xiangsha Liujunzi Decoction group (PG + XS group). Except C group and C + D group, the other groups were used to
establish a spleen deficiency hyperlipidemia model (12 weeks of modeling) by combining excessive fatigue and a high fat
diet. After model establishment, C + D group and PG + D group were administered 1% DMB in drinking water every day,
and the PG + XS group was administered Xiangsha Liujunzi Decoction (11.34 g crude drug/kg) every day. The other
groups were administered the same amount of normal saline. Blood lipid levels were measured by an automatic biochemical
method after 4 weeks of intragastric administration. Morphological changes of the liver were observed by HE staining. Lipid
deposition in the liver was observed by oil red O staining. Liver FFA, TG, and TC were measured by ELISA. Plasma
TMAO content was measured by LC-MS. Relative mRNA expression levels of PERK, FOXO1, SREBP-2, ABCA1, and
miR-33 in the liver were measured by qRT-PCR. SREBP-2 and ABCA1 contents in the liver were measured by Western
Blot. Results Serum contents of TC, TG, and LDL-C in the PG group were significantly higher than those in the C group,
and HDL-C was content was significantly lower than that in the C group. FFA, TG, and TC contents in liver tissue of PG
rats were significantly increased compared with those the C group. Compared with the C group, lipid deposition in the liver
was aggravated and vacuoles were increased significantly. There was no difference in the above indexes between group
C + D group and C group. Compared with the PG group, PG + D group and PG + XS group had significantly reduced
serum contents of TC, TG, and LDL-C, increased HDL-C content, reduced FFA, TG, and TC contents in liver tissue,
alleviated lipid deposition in liver tissue, and reduced liver vacuoles. No significant difference was observed between
PG + D group and PG + XS group. Compared with the C group, the plasma TMAO content of the PG group was
significantly increased, mRNA expression PERK, FOXO1, and miR-33a in the liver was significantly increased, and liver
SREBP-2 and ABCA1 mRNA and protein expression was significantly decreased. No difference in the above indexes was
observed between C + D and C groups. Compared with the PG group, PG + D group and PG + XS group had significantly
reduced plasma TMAO content, decreased mRNA expression of PERK, FOXO1, and miR-33a in the liver, and increased
SREBP-2 and ABCA1 mRNA and protein expression in the liver. No significant difference was observed between PG + D
group and PG + XS group. Conclusions TMAO may regulate the SREBP-2/miR-33a/ABCAL1 signaling pathway through
the PERK/FOXO1 axis to cause liver lipid metabolism disorder in rats, and Xiangsha Liujunzi Decoction may inhibit liver
lipid metabolism disorder by reducing TMAO content.

[ Keywords] TMAO; spleen deficiency and hyperlipidemia; lipid metabolism; Xiangsha Liujunzi Decoction; rat
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LA 7 o o Bl ok ok B B Ak 250 1l 48 A
RAEVEEM ST R Z —  BEE ATH &R E
b, MBS S 0 A R S B AR i R
BE 2\ A I A A8 e o 5 L2k i 0 DR A I
FUIREOC RIS, T e i B AR SR Akl
PRUB SN iz 2k W), A S A 3F , SO 8 g oy i
MEAL . LR 5 | RS A It O A 35 S 0 5 R B
DUBRERG S ny DL i s AR | JFF R AR 22 A1 AE 7
— i IR WFFE IR AR ZE LT R i I A8 S 2
T VE FHBILER B A 8208 5L

A = H B (trimetlylamine oxide , TMAO) |
B s RE AR A, WFSE & B TMAO K15
IR PRI AR B A DG TR TMAO W] LAAE Ry
LT I 2 A R VR S BE A AR BT Ok

K- F LS R A N T I ( protein kinase R-
like ER kinase , PERK) >A7 P4 Ji o 185 i 26 1, L] 3 i
St B AT B R S K EI R B 4 e 8 40 0 1
MEHERE 01 (forkhead box O1,FoxO1) J& FOX %
Ji& FOXO SRR R 52 22— il A AR R A Y
UL AL U0 FOXOT m] 45 R i 1 EE R Y o0
4 4t & 5 -2 ( sterol-regulatory element-binding
protein-2, SREBP-2) '"") SREBP-2 #k 1ifj A 5 42 °F ¥if7
miR-33a'"? | [FB} miR-33a 25 F I = W % I 15 45
G Bz K A(ATP-binding cassette transporter Al ,
ABCAL1) A8 45, #F1f FOXO1 w] i iF SREBP-2/
miR-33a/ABCA1 {5 5 %l 5 wi JF A5 AX 5 8 4% 3
), Chen %1 %% 3 TMAO/PERK/FOXO01 {5 %
BmTRE 5 0 A 45 % AR G, A B 5T e R
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TMAO 5 H it = Fe 8 B — 2 i i),
1, 38 5 99 By A/ UK A2 TMAO 7K SF- AT g 2 15 By AT
AL 52 5 & A K e B A ROR W, I 25
R 2 24 0 B 7S i o] U0k 5 IR IUAE K
SR RIS o SO SR AL RO /E T B s
T TE E TMAO Qi 5 i fig K Re AR 3 55 50 S 7
W75 1% J2 15 3 4 I 458 I 18 TR RE ARG I ) TMAO
HEAT I T AL ) 30 75 2R 2 IR 5T . AT 5% LA
TMAO A EE V) A &, i Hi# id PERK/FOXO01
HhiE#E SREBP-2/miR-33/ABCA1 {5538 % 5% 1 JiF
BEAC 2% AL A AE FHMLE, LT &S E 5
XFT T RE A 5w LT R R 5 TMAO A ¢, LU
W1 v = 2 B 96 R AR S R R — e
Al

1 MREA®

1.1 ##
111 SEERsh¥y

50 H 7 JE#% SPF 2% SD Mtk KL, 45 180 ~
220 g, W10 TRAA AR AR A R A [ SCXK
(1L)2020-0001 ], AL 7° o [ 25 K2 g ) 55 9 %
[ SYXK(1)2019-0004 ) 47 % HLGA 5% (fH iR 22 ~
25°C fHIE 40% ~ 60% , /37452 Ba A ) |, FRAE
RARACE) EWRHH A RA R 4L, SCE
LThmBENR¥LRH YR ME NS HM
(21000042022008)

1.2 FERF S5

Anti-SREBP-2 ( Proteintech, 28212-1-AP ) , Anti-
ABCA1 ( Abcam, ab66217) , DMB (3, 3-— i 3&-1-T
M| bR BEAK, D832026) ,4% 2 R W EE 5 K & Y
WAL O Yl (LI < K P0099 ., CO105S,
CO0158S) , MH [ i) & Hh = Bl &, (ot
A 20210806 , 20210809 ) ; K KLU 25 i 17 R ( FFA)
ELISA 2 & (_ETIEA | YI566656)

4 H AR ( H 7, 7180 B HAR) (£3)
A4 K BEFR AL ( SpectraMaxi3, MD, £ [ ) ; = Pk HE
HAKHL(ASP 6025, Leica, HZA) FrrHH Bk
Wif% 2 5t ( M8, Precipoint, 85 [# ) ; 52 B} 9¢ Y6 & &
PCR 1% (7500, ABI, 35 [H) ,

1.2 FHik
1.2.1 ol K Ss 1

50 HRRIER 1 JE G, HEHLA A 5 4L, 250 .

D75 FX HRZ (C A1) < 3838 faDRk i I IE 8 IROK

Q@aS XTI + DMB 41 (C + D 4H) - 3 fal el 1] M
T3 12 FJSRK R IA 1% DMB(TMAO ##il#])
AT 4 8 ; QR R IR MAE A (PG 41) < R =i g 1]
RE+ R A RN R 12 J @R R
M4E + DMB 41( PG + DMB 41) . SR &gtk +
RS AR R 12 B, Z R 45T DMB (1K
KA 1% DMB) ,4 Jil; @ &5 A5 ILAE + >
ANHEFHA(PG + XS A) R ARFEE + fEE
AR ER 12 L EEEDAE T4
JE HEmT A R B AR 11,34 ¢ 422/ ke,
HAR SR A 2 B 10 H

1.2.2  Hubt

R B 25 25 1 058 Wi, I8 S sl kCR i
AP FHE 2 h J5 B0 20 min (3000 r/min ) B
A I A, — 3 A 4 i B B 4 R 1L (3000
r/min 2.0 20 min ) BCEIE L3 FFZH 2053 5] 4325 [
FE T 4% 22 R W h S RAAAE-80°C VKAR
1.2.3 4 [ 3hA AR o Bt 785 1f iR 25 1k

N HIA A AP Hr G T R BUMTE TG |
TC .LDL-C .HDL-C & & Ak
1.2.4 &Y (HE Je 0 et 0 e ) Wigg
AR Ak

WIS B AP (AT A 5 D) 1, B AE 4% I/ HE
Pt R AT G AR 10 x 40 f558 T 4R,
[ 58 1 B9 I 41 2L OCT A 38 b MLk A7 vk R ¥
(6 wm) , MRYEHL O Yok G THAE, Hih i
e F )G 10 x 40 {5455 T HIRE .

1.2.5 ELISA 35 K BFR G0 & kil i TG\ TC
FFA &

i B ELISA 328 77) &5 i pm 0 500 6 i 22
KGHGEL R AL i W AT AR, 2 )5 22
PR ZEIETHE AT FFA TG . TC K-,

1.2.6 LC-MS Al il % TMAO 7K~

PRV AR IR 80% L NE /K WA TR
BULVE ; TR 25 L 25 [ VR 28 LR AR AR
HIA 25 pL AR AT 50 pL 80% Z M KIs R AT
DUVE 3 B L IRHEA 3 51 e 1R 21 J5 , 4°C 520> 30 min
(3500 r/min) , #2050 WL FI5wIRE EAL,

1.2.7 qRT-PCR #4501 PERK ,FOXO1,SREBP-
2 . ABCA1 .miR-33 mRNA #ik/KF-

RNA J5 #2BUR S s mRNA 2 J5 A7 474
WZ K GAPDH U6, 2 3Lk 17 feJa et /4, 51
YIFHI(% 1),
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&1 519F5)

Table 1 Primers sequence

A S5 -37) TS5 -3")
Gene Forward primer(5°-=3") Reverse primer(5°-3")
GAPDH AGGTTGTCTCCTGTGACTTCAA CTGTTGCTGTAGCCATATTCATTG-3
PERK TCGGATACGGCATTTGGCTT CGTCTTCCACGGTCACTTCG
FOXO1 CAGCCAGGCACCTCATAACA TCAAGCGGTTCATGGCAGAT
ABCA1 GCAGCGACCATGAAAGTGAC GAGGCGGTCATCAATCTCGT
SREBP-2 GGGACATCGACGAGATGCTA CCAGGGAAGGAGCTACATAGT
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
miR-33a ACACTCCAGCTGGGTGCAATGCAACTACA TGGTGTCGTGGAGTCG

1.2.8 Western Blot Ki{ill it SREBP-2, ABCA1 £ H
o

PRI A, 8 H e i ( BCA ¥5) /KT
FE R R 4°C R —HUIEE  TBST BRI — 4t
1 h TBST ek M e /e 4520 B8, i J5 i FH Tmage
Studio X447,
1.3 FitFESR

SPSS 19. 0 G it45 WA, P HIMH + il
(x = s) 7, 240 LR FH B R O 22001, P <
0.05 XRBEAGIH2 L,

2 FR

2.1 IMmAEZEE{k
5 C ML, PG KEUMME TC TG .LDL-C 7K

e W1 &, HDL-C 7K FREAL (P < 0.05 B¢ P <
0.01),C + DA EL; 5 PC ML, 5%
T TMAO #iifil57) DMB 3 B &5 H )5, PG
+ D A1 PG + XS KR IEH Y TG \LDL-C 7K
B F&A , HDL-C /KETHE (P < 0.01) 4541 TC %
HAROER TR EH2ER ;5 PC + D 4lML, PG
+ XS 41k LDL-C &/ b R E RN (P < 0.01) ,
RIA(FE?2) .
2.2 BTHE #f

HE Ze ] WL C 20 K% C + D 20 1T 40 i 5 b 1
A1, TN AS L, 5 ¢ A, PG 4 H BT A%
WIS, 5 PC ML, PG + D 4} PG + XS 4K
B 2H 2 9 4 M A J57 2 Y6 000 I 5 ek 2 240 L s o
HITRE (K1),

T2 BHKBIMIEKFE (% + s,mmol/L,n = 6)

Table 2 Serum lipid levels of rats in each group(x = s,mmol/L,n = 6)

4

TC LDL-C HDL-C
Groups
4]
‘C A 1.62 + 0.23 1.47 £ 0. 14 0.34 + 0.05 0.59 = 0.07
C group
+D4
C+DA 1.63 = 0.35 1.35 +0.33 0.32 = 0.06 0.54 = 0.08
C + D group
il 2.00 +0.35" 2.16 £ 0.17™ 0.51 £ 0.05™ 0.30 £ 0.05™
PG group
D + 4]
PG + D4 1.72 + 0.28 0.58 + 0. 08" 0.35 + 0.05% 0.45 + 0. 10"
PG + D group
G + XS 4
PG+ XS 41 1.73 + 0.30 0.67 = 0.40" 0.44 = 0.05"4 0.52 = 0.06"
PG + XS group

5 CHME, *P <0.05, ™ P <0.01;5 PG ML, ™P < 0.01;5 PG + D AAML,*2P < 0.01, (FFIRH)
Note. Compared with C group, * P < 0.05, ™ P < 0.01. Compared with PG group, *P < 0.01. Compared with PG + D group, **P < 0.01. (The

same in the following tables)

2.3 RFEERRIMARIER

HATVHEL O e AT s A C 4 .C + DA
KEFTCNE IR 5 ¢ AL, PG 4K BT (4
I, AR IS 5 PG 414
b, PG + D 4K PG + XS A K BT IR BTN 4
A—E BRI (K 2) .,
2.4 BFFFA.TG.TC & &

5 C @M, PG HK B FFA TG . TC /KF-F+

IR (P <0.01),C + DAHATBENER, 5 PG
A, 457 TMAO il 51 DMB F&Hb75H 1 7
WS, PG + D 4 K PG + XS 4 Kl FFA [ TG .
TC K FHARIA (P < 0.05,P < 0.01) ; 5 PG + D
AL, PG + XS TE B EM 2R (£ 3),
2.5 I3 TMAO & EXAF PERK ,FOXO1 mRNA
T

m#k 4 B, 5 C M, PG 41K B 2%
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B1 £4KEAF HE

Figure 1 HE staining of liver of rats in each group

B2 AR BTN BHTRE O

Figure 2 Liver lipid deposition of rats in each group

R3 HYKEF FFA TG TC Fik(x +s,n = 5)
Table 3 Liver FFA, TG and TC contents of rats in each group(x £ s,n

!
FFA ( mol/L) TC(mmol/L) TG ( mmol/L)
Groups
CH
1442. 11 + 129. 64 1.31 £ 0.05 18.23 + 3. 12
C group
4
C+Dd 1466. 08 = 80. 52 1.41 £ 0. 16 15.68 = 1.18
C + D group
PG 4 " " "
il 1754.82 + 218.48™ 2.90 £ 1.18™ 24.80 + 2.87™
PG group
PG+DH 4 # #
PG + D group 1374.35 + 64. 19 1.73 £ 0. 17 21.48 £ 3.25
PG + XS £
il 1383.73 = 115. 19% 1.62 + 0.22% 19.61 = 2.27%

PG + XS group

F. 5 PG AMIEL,*P < 0.05, (TF#E[)

Note. Compared with PG group, *P < 0.05. (The same in the following tables)
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TMAO 7K3F AT PERK . FOXO1 mRNA kKI5
BEP<0.01),C+DYIFLBEEEELR, 5 PC
M, PG + D Z0H PG + XS 4K EUHIM2E TMAO
JKF JH PERK \FOXO1 mRNA ik /KP4 AR G
(P<0.01);5 PG + D 414t PG + XS 41 PERK
mRNA FRIEFERUIE (P < 0.01)
2.6 FFd SREBP-2 miR-33a , ABCAImRNA 254},
5 c HMIL, PG 4 K AT SREBP-2, ABCAL
mRNA ZEFEME (P < 0.01), miR-33a mRNA # ik
THE (P <0.01),C +DXBHALBEENEZER, S5
PG #4111, PG + D 41 K SREBP-2 mRNA ik T+
B (P < 0.05), miR-33a mRNA # k&K (P <
0.01) ,ABCA1 mRNA ik th Ft = (H 2 TG i & 7k 22
5 ,PG + XS 41 K FUIF SREBP-2 , ABCA1 mRNA ik
FHE (P < 0.01), miR-33a mRNA FEikFEK (P <
0.01) ;5 PG + D 4, PG + XS 2 SREBP-2  ABCAL1
mRNA Fikift— T+ (P < 0.01) , miR-33a mRNA
RiFF P REH BB ENER(GRS) .,
2.7 BF SREBP-2 . ABCAl1 EERIETL
mFEe K3 iR, 5 CHMt, PG 4K BT

SREBP-2 ABCA1 & [ kML B (P < 0.01),
C+D XA TRENZER; 5 PCHLL,PC + D
4] SREBP-2, ABCAl A £ S A EWE (P <
0.05) ,PG + XS 41 SREBP-2 ABCA1 % A3k T
(P<0.01);5 PG + D #4lH,PG + XS 41 SREBP-2
ABCAl HHFEXFFE (P <0.01),

B3 KEUF SREBP-2 ABCAI & 13k 1k
Figure 3 Relative contents of SREBP-2 and
ABCAT1 protein expression in liver of rats in

each group

x4 HHKREIME S TMAO ZAT PERK . FOXO1 mRNA 254k (x + s,n = 3)
Table 4 Plasma TMAO content and liver PERK and FOXO1 mRNA expression levels of rats in each group(x = s,n = 3)

e

. TMAO(ng/L) PERK FOXO1
Groups
4
cd 344.86 + 17.40 1.00 + 0.02 1.00 + 0. 08
C group
4
,C +D4 328.38 + 46.93 1.11 = 0. 16 1.06 + 0.06
C + D group
PG 4
il 721.52 £ 3.26™ 9.11 £ 0.50™ 2.22£0.10™
PG group
PG + D4
: 194.78 + 10. 54% 3.17 = 0. 06% 1.49 = 0. 18%
PG + D group
PG + XS4 ## #AA w
PG + XS group 193.86 + 3.33 1.54 £ 0.02 1.37 £ 0.25

&5 AU SREBP-2 miR-33a , ABCA1 mRNA 35K F(x £ s,n = 3)
Table 5 mRNA expression levels of SREBP-2, miR-33a and ABCAL in liver of each group(x £ s,n = 3)

e

y SREBP-2 miR-33a ABCA1
Groups
i
CH 1.00 = 0.02 1.08 = 0.54 1.00 = 0.07
C group
4
‘C+D’E 0.96 + 0.07 1.11 = 0.31 1.07 £ 0. 11
C + D group
PG 4
il 0.15+0.02™ 7.23 £0.41™ 0.25 +0.02™
PG group
+ 4
le D# 0.21 + 0.02% 2.70 + 0.39% 0.26 = 0.01
PG + D group
- < 4]
PG+ XS4 0.38 = 0. 02744 2.51 = 0. 14" 0.53 + 0.03™44

PG + XS group
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R 6 FULIKEUF SREBP-2 ABCA1 & 1R IAARAN
HE(x£s,n = 3)
Table 6 Relative contents of SREBP-2 and ABCA1 protein

expression in liver of rats in each group(x = s,n = 3)

4340 Groups SREBP-2 ABCAI1
P
¢ Al 1.17 + 0. 13 1.09 + 0. 16
C group
4
C+DA 1.29 + 0,04 1.16 £ 0. 11
C + D group
PG ¢ -
. il 0.74+0.11™ 0.57 +0.01*
PG group
PG + D 4l . "
PG + D group 0.92 + 0.01 0.84 + 0.04
PG + XS 4 ” #A
PG + XS group 1.01 + 0.21 1.07 + 0.07

W5 PG+ DAMIL, P < 0.05,
Note. Compared with PG + D group, P < 0. 05.

3 g

R AL 2 51 & N8 I I | 3l o #F s 4k
TR B IILAE 45 2 5, L 45 JR A ok T H R4 5
U RN AR IR Y 2 . (F ) - gk
SER Y UL KA T Wk, DR, MR
BORE, b3 T il G R K, R g e, K
fjgeeeees”, AIALBGE LAY ZAME < mAg” 0T
HEE B ARG 0 A stk T RE 5 iR AR i
PRI A5 % D) SC B, < L2 52 Ak, i i ik
(AP UG IR Rl - BRAK VR ) =« “ AP B A% AR, LA
T ASCORF, ZE M PR AT UL E T RR 6, Bl R I
S EEE T REIRES , E— 5 R M A R
SR I K, 2 RO IR I 2 AL, 3T e
SER I 38 R R AR AR TMAOY™ > H i
R TMAO SRR ZEALS 142 ASCVD By &4
RIREA—2 MM, K25 T shlichremmie ™
SR 2 B A 2 R I K A R R A
K RAER P R, I EHESEY & AW FLAT
B ZDY04 R 5E TMAO 55 1) ApoE ™~ /NRUA P Y
ks FERE AL, FEHLH] AT B 8 i AR E RCT 2 5
IEANE B TMAO 5 i 5 BEH (T8 BA #R 561, OF Rk
O AL P ) 06 1) A2, I S BRI R
A0 e B TMAO AT 3 3 52 WA U B R A
T /NEEASEAEHEO T IR LA, $278 TMAO 7K
AL ASCVD % 1 & Jg 2 X F 2, TMAO 17
FEIRIRIT ASCVD BRI A FORM 2 —, FWAE
Tt ACE 52 BETTE) , AT AdE 5 E
BRI S e 2 — s i T /e R A
WA B F AR IR 25 BA — e

FHAEH , BARBLI A e

AL UG AR v S DA AT A By i, FE AL
JE IUCAE RS RSB AL |43 25T TMAO #4551 (DMB) |
FANE T AT T, WEE TMAO X 4% fdt iz 51
LT Mt i e i 5 | R 1) B B T R A 5% i) B & D
NEFHN TGS . AREH PG 41K Fum
NRAEAL JEZS ARk K i 3 o TMAO A8 4k 55 141 BA i
gk R —5 | R K BUF TG TC  FFA 7K1 &
4 45 F DMB % TMAO #4711, & B DMB A
DL 6] TMAO (4 B, LA TMAO ##0 il J5
CIER AN Ay GG G R AW e
% WA T &P 75 H T ) 38 2 B AR I 5%
TMAO it , JF 17 e i AR FCI 2L I RE AR 25 6L
FIIRGE , HACR LT TMAO $41 %) DMB, {A&hsz2
ISR TMAO XJ PN it ) R it # A — 2 1+
P s Saaoud S [RIRE A BN I P BT (ER ) B 34
i PERK ( TMAO AZ 1K) , = #4il TMAO 75 5 1)
HAECs 1% . XCSKHE (forkhead box FOX) 5% 5
ARG ekt 2 1 e s I Y SR B R FOXO1 &
5/ BT 20 S8 S ORR A 5 10 Tl e 2 R O
0 100785 5 95 %) S B R 5T FOX O 38 i Ty
Wt o T SR RS 1 A T Sl koS A A A 45 g
J51°) . Chen 4 & J PERK 5 TMAO %54, i 1
WG PERK 43¢, A i — 2015 3 5% 5k I F FOXO1,
TS0 LG 72 5 SR 1 A K i, 278 TMAO/
PERK/FOXO1 {55l m] i 5 g £ G ¥ B UIAH G

AR ER, PG ALK UMLK TMAO & &7,
T &% - PERK (FOXO1 mRNA K 7K 14 £ 35 W I 14
Jin, #2785 TMAO I LLJS 3 PERK/FOXO1 #l1 & 5
FOXO1 X FEAs A 109877 ; 45 7 DMB J5 o] L)L i
FRER TMAO 1Y & i T ) R I PERK  FOXO1
B2k RIFES T /W NE Fima, vl DL a4
TMAO 4] TMAO/PERK/FOXO01 fliiY 1k,

FOXO1 A& 5 N ZF0 K1 Ahia 4y, w5
7 [ BEE 5 TC 45 & 26 11 -2 ( SREBP-2) 1] LUFE 5 5%
K F g FOXO1 45" SREBP-2 % 5 JIH [ AL,
RS R O R R R R4S S LDLR . HMGCR 45 5
RS 5 R LT 1 3 5 R % SCAP/SREBP-2 i
S T s A o A BRI R A g S AL A B 5 i
Hh/INEL W 41 i IR Bt & AR 5 SREBP2 3K ik AH
SO0 IR RT3 S BN 1 R I K SRR e
FR M B 25 &L 7T BE 5 miR122a/SREBP-2 i B A
S miRNAs E—2AE4i % RNA, 2 50Uk N £
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PR g 20 #20%  miR-33a H1 SREBP %E[H &
Fo %, 2 5 BR800 o & B
miR-33a 7] 5 SREBP-2 Bt & $ i 40 it P JE [ /K
S, I i BE AR ZE AL, 9T L miR-33a 5
SREBPs P[] 15 FH S A2 i P 5T 1000 OG5 20 3R .
SHERRARAT S A BBk A(ABCAL) 25 HDL 4
Bt e P A 32 3] miR-33 B EHE , miR-33a 7K F
RS T34 I ABCAT 28 35 F 40 it P AH [ B oh 7
NEAR NS miR-33 R EE ] ABCAL ik, 4
RO B R miR-33 19 75 09 /0 BUAR Y
ABCA1 kM E Al UL ABCA1 /2 miR-33 ELIFEfY#T
FRIER

SREBP-2/miR-33a/ABCA1 =/ KL | I AL
JEAE R A A A I B, 5 ) I B B DR B 1 &
KET, ALK LU, /£ PC 41K BT+
SREBP-2 ABCA1 mRNA M 2K [13% ik #4 A [ 2 B [
X, miR-33a mRNA £k 3% ;457 DMB 51
PIik— {2 ik SREBP-2 ABCAImRNA M 7& ik,
M miR-33a mRNA £ ik, [ FEA RPN H F X
SREBP-2/miR-33a/ABCA1 f A%/ H 5 DMB —
., AT UL DMB AT LLidE i ] TMAO (132 35 T 5%
iy TMAO/PERK/FOXO1 %4 5 19 F i SREBP-2/
miR-33a/ABCA1 3 fi M i 410 1 A g 48 1 25 L = 3%
MIRE BT UC AR B 4 B D /S B 7 1 Al nl i o 4
TMAO A9 3348 252 0 TMAO/PERK/FOXO01 44
S0 F % SREBP-2/miR-33a/ABCA1 18 8% 15 FH , ik
11T AR A QI ZE L A4 | B2 280400 1 K BRUFF i B ie
BUREMERE,

Zi b pr ik, TMAO 1] BBl i3 2 5 ¥ #% PERK/
FOXO1 1 i %, 2 ) & % A SREBP-2/miR-33a/
ABCA1 {553 %, B0 ABCA1 3k, PET 51 & T i
FRUUR RS T o] A i TMAO 193635,
P4 PERK/FOXO1 fU i #l1, % i T~ ¥ SREBP-2/
miR-33a/ABCA1 3 % , #F Ifif ol 35 1 A ) 2= AL 9
%, (AARMFRAATAE— & R R, FASE T
SR A T T I PR T B TMAO 19 48 FH HIL il
RN AL E R R IR AT,

£ % X Bk (References)
1] MWL, SR, MSO®. Bl i b B AT i (1]
FREEZ AR, 2022, 50(2) ; 10-13.
Bai F, Tang LL, Shang WB. Discussion on TCM classification
and treatment of hyperlipemia [ J]. Acta Chin Med Pharmacol,
2022, 50(2): 10-13.
(2] BOERE, BOCH, WA, S NI S M EIE TR TS

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

S EEEESEEZ [J]. PEARE, 2013, 54(20): 1793
-1795.

Jia LQ, Yang GL, Zhang Z, et al. Discussion on the transfer of
ointment and fat and the reverse transfer of cholesterol from the
theory of “spleen governing transport and transformation” [J]. J
Tradit Chin Med, 2013, 54(20) : 1793-1795.

2%, WAL, ORI, A JET IR B ) e 0 0 I X
PR IR INUAE RS2 M S N3G 2R (0], AR R 224 T, 2020,
38(7): 55-59.

Li X, Cao HM, Song N, et al. Effect of spleen deficiency on
hyperlipidemia and its time-effect relationship based on reverse
transport of cholesterol [ J]. Chin Arch Tradit Chin Med, 2020,
38(7): 55-59.

Wang Z, Klipfell E, Bennett BJ, et al. Gut flora metabolism of
phosphatidylcholine  promotes cardiovascular disease [ J ].
Nature, 2011, 472(7341) ; 57-63.

Jonsson AL, Bickhed F. Role of gut microbiota in atherosclerosis
[J]. Nat Rev Cardiol, 2017, 14(2) : 79-87.

Xiong X, Zhou J, Fu Q, et al. The associations between TMAO-
related metabolites and blood lipids and the potential impact of
rosuvastatin therapy [ J]. Lipids Health Dis, 2022, 21(1) : 60.
Konieczny R, Kuliczkowski W. Trimethylamine N-oxide in
cardiovascular disease [ J]. Adv Clin Exp Med, 2022, 31(8):
913-925.

Minamino T, Komuro I, Kitakaze M. Endoplasmic reticulum
stress as a therapeutic target in cardiovascular disease [ J]. Cire
Res, 2010, 107(9): 1071-1082.

Xing YQ, Li A, Yang Y, et al. The regulation of FOXO1 and its
role in disease progression [ J]. Life Sci, 2018, 193, 124-131.
Peng S, Li W, Hou N, et al. A review of FoxOl-regulated
metabolic diseases and related drug discoveries [ J]. Cells,
2020, 9(1): 184.

Guo Y, Zhao M, Bo T, et al. Blocking FSH inhibits hepatic
cholesterol hiosynthesis and reduces serum cholesterol [ J]. Cell
Res, 2019, 29(2) . 151-166.

Rottiers V, Niir AM. microRNAs in metabolism and metabolic
disorders [ J]. Nat Rev Mol Cell Biol, 2012, 13(4) : 239-250.
Babashamsi MM, Koukhaloo SZ, Halalkhor S, et al. ABCA1 and
metabolic syndrome; a review of the ABCAI role in HDL-VLDL
production, insulin-glucose homeostasis, inflammation andobesity
[J]. Diabetes Metab Syndr, 2019, 13(2): 1529-1534.

Chen S, Henderson A, Petriello MC, et al. Trimethylamine N-
oxide binds and activates PERK to promote metabolic dysfunction
[J]. Cell Metab, 2019, 30(6) : 1141-1151.

EN, R, Wr2z, % 3Tl i w8 % TMAO/PERK/
FOXO1 SRR BITERD 7S 17 X L mi g a3 K B T
TM=BRA MRS e e AL (0], W EEEZ, 2022, 33
(2):286-291.

Wang J, Song N, Chen S, et al. Based on the regulation of
TMAO/PERK/FOXOL1 by intestinal flora, this paper discusses
the effect and mechanism of Xiangsha Liujunzi Decoction on the

synthesis of liver triglyceride in rats with spleen deficiency and



o [ SE 56 sh W~ 3 2023 4F 10 A5

331 B

10 ] Acta Lab Anim Sci Sin, October 2023, Vol. 31,

No. 10 1269

[16]

[17]

[18]

[20]

[21]

[23]

[24]

hyperlipidemia [ J]. Lishizhen Med Mater Med Res,
(2):286-291.

wE, B, TR, & FUNH T % S A miR-182/
FOXOT % [ H w5 Mg 0 K B JF AR I T 70 B 52 g B T i )
P [7]. AR BOR-R EZG B, 2022, 24(7) : 2677
-2683.

Leng X, Cao Y, Wang Y,

2022, 33

et al. Effect of Xiangsha Liujunzi

Decoction on liver lipid deposition in rats with spleen deficiency

and hyperlipidemia by regulating miR-182/FOXO1 and its

possible mechanism [ J]. Mod Tradit Chin Med Mater Med World

Sci Technol, 2022, 24(7) . 2677-2683.

Wz, RId, BEA, & FR7SH F 50 N &5 8 i 5 5
IR BRI [ 30 ) B im g s me (U], b BE AR, 2019, 60

(17): 1493-1498.

Chen S, Song N, Cui XY,

Decoction on reverse cholesterol transport of spleen deficiency and

J Tradit Chin Med, 2019, 60

et al. Effect of Xiangsha Liujunzi

hyperlipidemia model rats [ J].
(17): 1493-1498.

TXER, NI, EEA, S b E e P4 FE (2023 4F)
[J]. "PETEFRIERR, 2023, 38(3): 237-271.

Wang ZW, Liu J, Li JJ,
management (2023) [J]. Chin Circ J, 2023, 38(3)- 237-271.
JAk, BRE, FHRIOR. MBIRIA IR IILE [J]. KEPEZKR
2240, 2016, 32(2) : 309-312.

Zhou J, Chen J, Wei SS. Traditional Chinese medicine based on
J Changchun Univ Chin

et al. Chinese guidelines for lipid

spleen for treating hyperlipidemia [ J].
Med, 2016, 32(2): 309-312.

TP, KB, ALOER, A FET MATBOR ” BEIS R I IRk
%%N”EEE%EEMH’W# ALK (] LT R R
i, 2021, 23(6): 111-114.

Wang Y, Liu Y, Kong DZ, et al. Based on the theory of “Spleen
Qi Distribute Essence” to explore the regulating mechanism of
“Jian Pi Qu Tan’ methodon the grease transport disorder [ J]. J
Liaoning Univ Tradit Chin Med, 2021, 23(6) . 111-114.
AL, . IR ULAE MR R [J]. R PP RS S
Z4ii, 2017, 12(4) : 577-580.

Li WN, Feng L. Discussion of the treatment of hyperlipidemia on
the basis of spleen theory [ J]. World J Integr Tradit West Med,
2017, 12(4) . 577-580.

KB Wes, S ST AR AL B AR IR i B mE K
Sk R FERE AL BFTIE o 1R LR [T]. I PP R 2 5 2
i, 2015, 35(7) : 823-833.

Zhang L, Zhang Q, You Y, et al. Investigation of evolution rules
of phlegm and blood stasis syndrome in hyperlipidemia and
atherosclerosis by ~NMR-based metabolic  profiling  and
metabonomic approaches [ J]. Chin J Integr Tradit West Med,
2015, 35(7) . 823-833.

Zeisel SH, Warrier M. Trimethylamine N-oxide, the microbiome,
and heart and kidney disease [ J]. Annu Rev Nutr, 2017, 37.
157-181.

Koeth RA, Levison BS, Culley MK, et al. y-Butyrobetaine is a

proatherogenic intermediate in gut microbial metabolism of L-

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

carnitine to TMAO [ J]. Cell Metab, 2014, 20(5) : 799-812.
Y JEDUE. ’fﬂhjmﬂﬁﬁﬁﬁ]ﬂﬂ*ﬁiﬁﬁ%%ﬁ?ﬁﬂfﬁ
[J]. DHMERFEIE, 2022, 43(6) : 542-546.
Li YN, Pei HJ. Trlmelhylamme N-oxide promoting atherosclerosis
[J]. Adv Cardiovasc Dis, 2022, 43(6) : 542-546.
Hm, bl BegEss, AR A =TRSO I F
FEHERE (1], ECERBTSE, 2022, 20(7) : 643-649.
Han JM, Gao ZS, Duan HL, et al. Research progress of TMAO
in coronary heart disease [ J]. Chin J Cardiovasc Res, 2022, 20
(7): 643-649.
Zhuang R, Ge X, Han L, et al. Gut microbe-generated
metabolite trimethylamine N-oxide and the risk of diabetes; a
systematic review and dose-response meta-analysis [ J]. Obes
Rev, 2019, 20(6) : 883-894.

it 20808, SR, A5 MAFLAT IR ZDY04 fif 3 R[5
W16 38 R TMAO 75 S B9 ApoE ™™ /1N L3l ik 38 B T
[J]. PEMAESFIGE, 2022, 34(3) ; 249-256.
Tang JH, Qin MM, Tang L, et al. Lactobacillus plantarum
ZDY04 reduces trimethylamine N-oxide-induced atherosclerosis
by promoting reverse cholesterol transport in ApoE ™™ mice [J].
Chin J Microecol, 2022, 34(3) . 249-256.
Senthong V, Wang Z, Li XS, et al. Intestinal microbiota-
generated metabolite trimethylamine-N-oxide and 5-year mortality
risk In stable coronary artery disease: the contributory role of
intestinal microbiota in a COURAGE-like patient cohort [ J]. J
Am Heart Assoc, 2016, 5(6) : e002816.
b, )5, IR, A AL = A A AR B
UM T /NG TR N o sy [ 7). o [ R B 2
7, 2020, 36(6): 1034-1041.
Jin B, Ji FF, Zuo AJ, et al. TMAO aggravates heart failure by
promoting T-tubule remodeling in adult mouse cardiomyocytes
[J]. Chin J Pathophysiol, 2020, 36(6) : 1034-1041.
HEH, BUERE, T, S FWISHE T 0 SR B i
78 [J]. AR ERZSET, 2016, 34(7) : 1620-1623.
Lyu MJ, Jia LQ, Wang ZD, et al. Philological study and analysis
of Xiangsha Liujunzi Decoction [ J]. Chin Arch Tradit Chin Med,
2016, 34(7) . 1620-1623.
B, R, RAKE, 4 @W"ﬁﬁ?@ﬂf’*ﬁ'ﬁ' [PigeS
VRIT DR AN R PRYTOWEE [J]. o I 9206 5 0 2
&, 2017, 23(20) : 157-162.
XiJY, Zhu YQ, Zhu YP,

Liujunzi Tang combined with acupuncture therapy in treatment of

et al. Clinical efficacy of Xiangsha

syndrome of deficiency of spleen qi and stomach qi of functional
dyspepsia [ J]. Chin J Exp Tradit Med Formulae, 2017, 23
(20) ; 157-162.

TR, ATHE, AOCRE, 4F. B
Aﬁﬁ%ﬂﬁw&éﬂﬂﬂ‘@%&%ﬂj‘%{*%?ﬁﬁ (1]
i, 2020, 36(2): 193-199.

Wen RH, Ke SY, Shi GY, et al. Role of endoplasmic reticulum

JOL A AR A = T fie
- L B A

stress in trimethylamine N-oxide-induced oxidative stress in
human umbilical vein endothelial cells [ J]. Chin J Pathophysiol,
2020, 36(2): 193-199.



1270

[ S EG B 2E R 2023 4 10 A 31 B55 10 ] Acta Lab Anim Sci Sin, October 2023, Vol. 31,

No. 10

[34]

[35]

[36]

[37]

[38]

[40]

Saaoud F, Liu L, Xu K, et al. Aorta- and liver-generated TMAO
enhances trained immunity for increased inflammation via ER
stress/mitochondrial ROS/ glycolysis pathways [ J]. JCI Insight,
2023, 8(1): el58183.
IWHE, BRT. SCRHE (FOX) 3 R R I i Je st Jie []].
I e B A5 BOCH, 2017, 17(52) : 72-73.
Li XF, Chen J. Overview and progress of FOX gene family [ J].
World Latest Med Inf, 2017, 17(52) . 72-73.
Liu YZ, Peng W, Chen JK, et al. FoxO1 is a critical regulator of
hepatocyte lipid deposition in chronic stress mice [ J]. Peer J,
2019, 7: €7668.
Menghini R, Casagrande V, Iuliani G, et al. Metabolic aspects
of cardiovascular diseases ; is FoxO1 a player or a target? [ J]. Int
J Biochem Cell Biol, 2020, 118 105659.
ZEEZR. 1 CRTC2 i@id FoxO1/SREBP-2/HMGCR ##745 JiF ik i
R & B TESE 2 TSH i IR ATAEF CRTC2 f 2Rk f2
PEFRERER AR ABETE [ D], BFR: INARR; 2017,
Li YJ. 1 study on CRTC2 regulating the synthesis of hepatic
cholesterol through FoxO1/SREBP-2/HMGCR 2 study on TSH
promoting hepatic gluconeogenesis by up-regulating the expression
of CRT C2 in liver [ D]. Jinan: Shandong University; 2017.
W, KRS, BRI, 4F. 3T SCAP/SREBP-2 i f§ #R1:f H
Bt I AR K BRUIE PR R o s (0], SRS, 2023,
48(4): 325-330, 338.
Wu H, Zhang ZQ, Chen L, et al. Electroacupuncture mitigates
hyperlipidemia via improving cholesterol metabolism mediated by
SCAP/SREBP-2 signaling in liver tissue in rats [ J]. Acupunct
, 2023, 48(4) : 325-330, 338.

ey UH PRaE AEE, 4. PLIN2 i 5 45 SREBP2 {2 i#F
RAW,q, , EWRAIMINE BT AR ()], hEHAE B, 2021,

[41]

[42]

[43]

[44]

[45]

37(1): 1-9

Jiang SP, Zhang R, Li XG, et al. PLIN, promotes lipid
accumulation in RAW,¢, ; macrophages by regulating SREBP2
[J]. Chin J Pathophysiol, 2021, 37(1): 1-9

RIA, SUERE, Boesk, 45 MU RN MU R BUMFAE miRNA-
122a MK BL 5 SREBP-2 BRI LR [J]. e
ZiZik, 2016, 31(3): 975-979.

Song N, Jia LQ, Yang GL, et al. Expression of mi RNA-122a in
liver of hyperlipidemia rats with syndrome of spleen deficiency
and its regulation correlated with SREBP-2 signaling pathway
[J]. China J Tradit Chin Med Pharm, 2016, 31(3) . 975-979.
BLPSHE, B, SN, microRNAs 38 2o I 5 JIF JNEA% A5 1R
IR 5 AT [T]. P AR Y 2240, 2020,
42(6) : 1063-1070.

Wei HZ, Zhong LC, Gao BH. MicroRNAs regulate hepatic
insulin resistance by regulating hepatic glycolipid metabolism
[J]. Chin J Cell Biol, 2020, 42(6) : 1063-1070.

Gerin I, Clerbaux LA, Haumont O, et al. Expression of miR-33
from an SREBP2 intron inhibits cholesterol export and fatty acid
oxidation [J]. J Biol Chem, 2010, 285(44) : 33652-33661.
Zhao GJ, Mo ZC, Tang SL, et al. Chlamydia pneumoniae
negatively regulates ABCA1 expression via TLR2-Nuclear factor-
kappa B and miR-33 pathways in THP-1 macrophage-derived
foam cells [ J]. Atherosclerosis, 2014, 235(2) : 519-525.
RIS, RE. miRNA-33 XA AGIR Y [J]. (RE A,

2018, 7: 189-190.
Zhang HB, Zhu L. Regulation of miRNA-33 on lipid metabolism
[J]. Sports World, 2018, 7. 189-190.

[WRmEH] 2023-07-13



2023 4F 10 H o [ S5 Bh P A A October 2023
314 10 ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 31 No. 10

TIERE 25, R o, A5 18 ML ZE Ll B & JF 18 1 B R USSR S S0 [J]. R SEs sh i, 2023, 31(10) :
1271-1277.

Fan ZY, Li Y, Li SY, et al. Model establishment and evaluation of chronic obstructive pulmonary disease complicated with chronic
kidney disease in rats [ J]. Acta Lab Anim Sci Sin, 2023, 31(10): 1271-1277.

Doi: 10. 3969/]j.issn.1005-4847. 2023. 10. 004

P P BH 2E PE il 952 955 6 911 P B e K iR
PR AR 7 5 PR
G BTN EEE A B R

(1. TR E 2GR 2F 8 — IR R BE 24 B, AR 45004652, Al g BE 25 R 2E55 — R BE B
223 (PN ) SO VAT R 4 W B TR BE 2 E SR A KRN 4500005
3. T R 2 R A AR — B R B N RE KM 450000 ;4. TR R 2R A
WP 5 2 B TR 48 ER L B R A8 o N 450046)

[WE] HE @ 51T R ERL I (COPD) & 3712 M 5 (CKD) K EMER . ik K 40 HMfilE
-2 SPF 9% SD K ERBENL > XF BBZH ( Control 4 ) ,COPD 4H .CKD 4 ,COPD & Jf CKD # %I (COPD + CKD 4),
R 10 H SRR AN S5 % B A 20 H i T T T £ COPD K SRR | 1) IR M4 35 S 57, CKD Kk RS T o)y
A COPD & Jf CKD AR BRUAR Y, 8 Ji i B I i | 5 T fi , W4 41 400 25 2 B I T A8 TR 1 2R 3k 7K
T, R EBURINE COPD + CKD 4k BUTHAETS #5 FVC FEV, , & FEV, ,/FVC B EK(P < 0.01) JiligH 2R
I B2 e LA il v BE KT 2R A ) Al P e AR B 5 AN MR 5 I Cr (BUN & 24 h JREEEH B THE (P < 0.01) B4
fpﬁﬂspﬁéﬂﬁ%‘d\ﬂ%%ﬂ%ii,%fﬁéﬂ%J?'%/J\%THK&I‘%@%&{&,ﬁﬁz AR 715 5 /N IR 2 A 1 R 4 1A
& SRS B INE LR RRLS R RSS2 113 1L-6 11-13 IL-1B I TGF-B1 K BEF (P < 0.01) , A
”ﬂ‘ﬁim?ﬁ*ﬁ*”ﬂ(F <0.01), #ig ﬁﬁﬁﬁklkl%%%ﬂa%éﬂi@mﬂ/*ﬁ 2. 5% WRIERS 75 T 1) )5 B T T
# COPD HJf CKD BYRFRBERY, 21 S5 i AT BETE COPD & Jf CKD 2 PR vt SC s /E M
[SE4EIR] M2 EBH ZE R il s 18 '%fvﬁ-ﬁ?ﬂ*%i”
[hEH3ES] Q95-33 [ XEIREB] A [XEHS] 1005-4847 (2023) 10-1271-07

Model establishment and evaluation of chronic obstructive pulmonary
disease complicated with chronic kidney disease in rats

FAN Zhengyuan'?, LI Ya*?, LI Suyun®** | LI Gaofeng', LI Jingmei'

(1. the First Clinic School, Henan University of Chinese Medicine, Zhengzhou 450046, China. 2. Chinese Medicine
Pharmacology ( Respiratory) Laboratory, Henan Key Laboratory of Traditional Chinese Medicine for the Prevention
and Treatment of Respiratory Diseases, the First Affiliated Hospital of Henan University of Chinese Medicine,
Zhengzhou 450000. 3. Respiratory Department of the First Affiliated Hospital of Henan University of Chinese
Medicine,, Zhengzhou 450000. 4. Co-Construction Collaborative Innovation Center for Chinese Medicine
and Respiratory Diseases by Henan & Education Ministry of China, Henan University of Chinese
Medicine, Zhengzhou 450046 )

Corresponding author: LI Suyun. E-mail: lisuyun2000@ 126.com

[EEWA | K A AP EEE ST _ BT (82074413,82374416) , {01 195 A B W& 0B 2 4 70T H (222301420081

Funded by National Natural Science Foundation of China (82074413,82374416), Science and Technology R&D Program Joint Fund Project of
Henan Province (222301420081).

[EE BN ]IEIELE (1994—) , 2 AEE LRSS A  AF 587 1) R 25 BV PR R e 90 . Email : fanzhengyuan0225@ 163.com
[BEEE]TE S (1965—) , 8%, FATEIN, BF5E 716 . E PR RE5K . Email ; : lisuyun2000@ 126.com



1272

[ Abstract] Objective
combined with chronic kidney disease (CKD) in rats. Methods Forty SPF grade SD rats were randomly divided into
Control group, COPD group, CKD group, and COPD combined with CKD model (COPD + CKD) group, with 10 rats in
each group. The COPD rat model was prepared by cigarette smoke exposure combined with the bacterial drip method, the

To establish and evaluate a model of chronic obstructive pulmonary disease ( COPD)

CKD rat model was established by adenine induction, and the COPD combined with CKD rat model was prepared by both
method. Results  After successful modeling, lung function indexes incluidng forced vital capacity ( FVC), forced
expiratory volume in 0.1 s (FEV,,), and FEV,/FVC were significantly reduced in the COPD + CKD group (P <
0.01), and lung histopathology showed emphysematous changes with alveolar wall fracture and fusion as well as
inflammatory cell infiltration. Serum Cr, BUN, and 24 h urine protein were significantly increased (P < 0.01). Renal
histopathology showed glomerular mesentery proliferation, basement membrane thickening, tubular dilatation, and
interstitial fibrosis. The ultrastructure showed that glomerular capillary loops were partially closed, foot processes were
fused, renal tubule mitochondria were fused and disintegrated, and lysosome was increased. Serum 1L-6, 1L-13, IL-1B,
and TGF-B1 levels were significantly increased (P < 0.01) and were significantly higher than those in single model groups
(P < 0.01). Conclusions

successfully establishes a model of COPD complicated with CKD in rats, and the inflammatory response might play a major

Cigarette smoke exposure combined with bacterial infection and 2. 5% adenine induction

role in the process of COPD complicated with CKD.
[ Keywords] chronic obstructive pulmonary disease; chronic kidney disease; rat model
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12 4 BH ZE 4 il 75 ( chronic obstructive pulmonary
disease, COPD) J&—Fh 4714 & J (R 18 Pk Sl e
T AGE A (B il i 2 87 T T BORLE AR T
O 58 4] 39 18 U 52 R AR I Y I I 2R e IR
Bk 3 B R4 BR AR = KO BB T R
COPD )3 B A= BRAS A AN A Ja) B T TE Fll AR, 5
MR es  BHA ZR G IR RGNS LR
BAE, H A 18 M 5 5 (chronic kidney disease, CKD)
J& COPD W WL IF K AEZ —  BHGHK 6.5% ~
26.2%", E 4 COPD . # K Wi % mi ik 31% ',
CKD 2 —FgvEgE A7 B B , LU 254 F D RE ek
ARARFAE , BRI A 109% , BT 2040 44 L
A BRSO BERFE T JEA Y COPD &9 CKD
AT 203 T £ 0 A3 B R R] | ZE T XU 128 B 7
I 9RT H AT 55 COPD A3 CKD [HF5E 24
T PRV T 7 VA A, AH DG Y SRR A S AT AR AT
B, PRI ASATF 5T 4802 7. COPD 4 Jf CKD K U Y
RRAARDIE AL KA 007 I ik S s
Uve i

1 M5 R*®

1.1 ##
1.1.1 SEE3h

40 H 6 ~ 8 Al SPF 9% SD faFE KB, A 180
+ 20 g, MEREASF | bRt DUAR A B R A R /A
FEAE [ SCXK (51) 2019-0010] , fi] 57 PR 45698 &2 o

45% ~ 55% HEFE 25°CTHIR, BER 12 h J R 3 R 1
MR 1R AR SR e A s 2 R — i s B
thl B2 8 = SPF s W 5 [ SYXK () 2017 -
0001] , ZASHIFST HhinT g H B 2 2 50— i s e 5
15 e 2 61 & Arilad (YFYDW2021002)
1.1.2 40

i 48 5 B AR FF I (46117) , W [ [ 2 2 41 1
PR B L
1. 1.3 20 e

W 1T A M A BR T AR L R 10
mg , S —F AR A 12 mg, B 1.0 mg,
1.1.4 254

HRIEERS (V900471) 4 H 25 [ Sigma A,

L5 FERF S

HE %% ¥ ( CR2203235) . PAS % & ( CR2206
022) Masson L ( CR2203222 ) i 7] & Wy [ 587 3§
AR AR A R A F L RE AN E-6(1L-6,
E-EL-R0015¢) . 1 40 Jft /v %-18 ( IL-1B, E-EL-
R0O012¢) . 1 40 ffi 4 Z5-13 (1L-13, E-EL-R0563¢ ) . Jif
JERIE I -0 ( TNF-o, E-EL-R2856¢ ) i 771 & 1 [ i,
I Elabscience 72 Al ; ¥ {6 4= K ¥ B1 ( TGF-B1,
KE20010) i 5] &) H € [# Proteintech 23 )

IVC- I b Sy 6 JXURRG 25 8 2L (VL RS2 56 )
YL A RN A 3 FinePointe™ A PFT I i 2 48 )
4 B RFHEC R 58 (35 [F BUXCO A7) ; URIT-1600
R4 A BRI BT A CREAROE AR B2 7 L A BR 2
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Hl); C8000 4 H 3h A Ak A% (25 [ A 15 28w ) 5
Donatello Il 7KL . Giotto FI Y A1 ( KA Diapath
N Fl) 5 SpectraMax i3x # fiff 45 42 ( 3€ [ Molecular
Devices 28 F) ) ; RM2245 #14] HHL . DM6000B Y% .
e 4 H IR AL B, 4 A SR D AL (FE
Leica 22 F]) ; EM-1400 A3 5 HE 7 I8 455 ( H A JEOL
JNH]) sBS210S HL TR (TEEFEZHIETAH) .
1.2 Ak
1.2.1 3hsrd Sabss

B K FEAL A A X BRZH ( Control 4H) 12 4 FH 28
PERTHRGHAZH (COPD 4) 181 B A A4, (CKD
2f1) .COPD & Jf CKD BifIZ4] (COPD + CKD 41) , 5
H410 H,
1.2.2  COPD R %

1~ 8 Ji W K BZE 2 S AAS , (AR P 55 vk
iKF) 3000 + 500 ppm, FE M FFE 30 min, B K 2 K,
[FIEPE R BE S 6 x 10° CFU/mL 4 i 48 52 B A1 AT 16
WA K&, 5 H 0.1 mL,5 d 1., Control 4H
25 5 SRR A B K 5
1.2.3  CKD HERIp il %

1 ~ 2 AARNTH 3 ~ 6 AT RESH
2. 5% R4 ) CMC-Na 2,250 mg/ (kg-d) J#
B .7 ~ 8 JAW A 125 mg/ (kg-d) #EE . Control 4145
FEEAFL 0. 5% CMC-Na IARHES .
1.2.4 #37 COPD & CKD iRl

SR FH A 0 2 58 1K A5 200 R JER e 5 O IR IR S 5
(77 1 Ur A g7 COPD 457 CKD KRERAA, 1 ~ 2
ST IR BRI A AN B, 3 ~ 8 IR L
it B AT 2. 5% RIS REE |
1.2.5 REHuUN SR il FAHSRAR

TEMEZE SRS K R 24 h RGN SE 24 h JREE
1 3 288 3 2h BRI, 4329 i 38 s D ) e e 4R AE
77K s b B8 ) Je BBl B A AT L U A
SR,
1.2.6 fifitaea

Pk 3% 3G EL LG22 M BRI K B (60 mg/ kg, I T
S JE S A RN R B ) S R (FVC) V5
0. 1 #H IS A5 F(FEV, )} FEV, ,/FVC,
1.2.7 JlZHZURE2E IR

W KR A A Wl 43 85, S FL AT 32 3R, A2 %
MM ARG, H 4% P WOHE T B 7€ 20 min, LK,
[, A U1 5 R4 T HE Yt A K R
WA RE N SR AL

1.2.8 'BEIhRERI

N 4 A s A Al AR R BRIV R R A
(BUN) FILEF( Cr) KF-
1.2.9 B 41BN

PR B A B 25 B A0 B, B — 38 43 2 2L B
1 mm? /J\ij%,Gluta %{&%,ééﬂﬂ7k\§ﬁ\@iix
RE U et 5 oE AT B0 i B W 2 B 218U T
SERAR AL (R IR R R T R R 2 R L 0 4
) o KR HLSREYNER R 3 mm AL [
FE A I )R 43 BE T HE \PAS J Masson 4t
o WE I RV SE AR BT 285 | 5 I R B ) Jo &7 4
bk Az
1.2.10  SAEHFH

B BRUMAR , #2300 & Ui B 5 ELISA A5 I 1
B 9RE - 1L-6 IL-1B \IL-13 I TGF-B1 /K-,
1.3 Zit=ZEHH

K HH SPSS 25. 0 843 w7 £l , 45 1 LLF-241{E
+ PRifEZE (x = s) o, AL 8] Fb Bl B R & 7 224y
Mr, Jr 22 55 0 A fe /b B F (A %, I 22 R ST
Dunnett’s T3 3, DA P < 0. 05 XA G #E X,

2 #R

2.1 KRAIhEEER

5 Control ZHAH LY, COPD 241 Kk KU T AE(H B 2
FEAIR(P < 0.01) , CKD 4K BUIM o AE 5L A Ha %
{25 Control 4 #H L TG 1 ¥ M 22 %, COPD + CKD
ZH R BRUAT 2 E 5. KT Control 41 (P < 0.01), H.
FEV,, & FEV, /FVC & L F COPD 4 (P <
0.01), WK1,
2.2 KERMALKRETK

Control 41 iy 45 #4) 56 8% , K/NI 5] B 48 A
A/ DR R AR, COPD ZHL i 60 B Wy 2 i 760 i
Bl B, I 960 s P e A A T 8 vk e
R 25 A Bl oy Re 15 O U8 B kG COPD R LS
. CKD iy 254552 %% {25 Control ZHAH LR
T R NAFTE R B B S PR, COPD + CKD 41
FRFLE AR [F] COPD 41, HLI A<, 4 240 it 3= i) 7 B
T AT AR s, WA 1,
2.3 XKE'SIheEER

55 Control 4140 I, COPD 40 K LIl Cr 2 24 h
REFERDETE (P <0.05), CKD 41} COPD
+ CKD 21 K Bl Cr . BUN & 24 h JREEH¥ B #E &
F Control 41(P < 0.05), H. COPD + CKD £ K ifiL
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R1 KEUTTIEERE M (x £s,n = 8 ~ 10)

Table 1 Pulmonary function of rats(x + s,n = 8 ~ 10)

B N =R =3 N D= /L{
205 JH 770t 2 (mL) % 0.1 PR A(mL) FEV, ,/FVC(%)
Groups FVC(mL) FEV, (mL) -
. 4
Control 21 8.19 + 1.46 7.51 £ 1.03 92.28 + 3.79
Control group
COPD 41
COPD group 6.07 + 0.44 4.70 + 0. 14 77.66 = 5. 13
4
CKD 2 8.05 + 1.70 6.77 + 1.04 84.97 £ 5.14
CKD group
PD + CKD £
o CKD Al 4.80 = 0.71" 2.72 £ 0.76™" 57.36 = 15. 54"

COPD + CKD group

. 5 Control AL, *P < 0.01;5 COPD 4HAHIL,"P < 0.01, (F#RF)

Note. Compared with Control group, P < 0.01. Compared with COPD group, P < 0. 01. (The same in the following tables)

B 1 KR 2%

Figure 1

Cr .BUN f 24 h JR#EE H/KF& COPD 21 J CKD 2
BRZEIE (P <0.05), W#E2,
2.4 KRBHAARELTL

Control 25 /INER B /INEF B B () Jo o DL BH i 5=
H ., CKD 215 /K &R B A | BRI R R4 s
Pk, BN AN R IR BE A Y 5K, R LA .4k
AR, B R B 6 A =0, 4R Rl 2 A 4558
DIfeRIM VLA CKD K BB AUAG & i 2, COPD 41
B /INERA DL A 8 S, B /N R AR HE S 2L
2 ek LB % £ R 38 TR B AT 422U A
COPD + CKD A ¥ 7E [7] CKD 26, A UL 5 B 4 11
B /INEY R AT A, TLIE 2,
2.5 KRBALBHEHNYET

55 Control ZHAHEL , COPD 2H K 5L 'B /NER /& 41 it

Lung pathology of rats

THi070 el i = AN O 58 NS TR L N < T
/>, CKD 205 /INEK P Bz 4 M3 A= | 26 48 1655 45830
P, i G S JRE B AN 347, 2 A0 i A SR il L T B
1k, B /N AN B 24, b AR A 0 A AR
b VSRS Z2 . COPD + CKD 488 45 ke i 25 7]
CKD 41, H ' /NEAE N BRI, ULIET 3,
2.6 KRMFREREFFRIE

g 3 przs , COPD 4 .CKD 2 }2 COPD + CKD
ZH I35 1L-6 IL-13 F1 IL-1B 7K F3 25 T Control
H(P < 0.05), CKD 4] &% COPD + CKD # Ifi i
TGF-B1 FiA %L Control 41 B E T+ (P < 0.01),
Hdr, COPD + CKD 41 1% 1L-6, 1L-13, IL-18 A0
TGF-B1 /KA T COPD 4, 75 T CKD 4 (P
<0.01),

K2 KEUBEEWEDN (x £ s,n = 8 ~ 10)

Table 2 Renal function of rats(x £ s,n = 8 ~ 10)

21531 JRZE A (mmol/L) JULIF ( pumol /1) 24 h JREEHE# (g/24 h)
Groups BUN( mmol/L) Cr( pmol/L) 24 h urine protein( g/24 h)
i IR
YHRAL 9.39 £ 1.73 69.85 + 29.23 27.91 + 6.22
Control group
CoOPD 4 a aa
COPD group 14.23 £ 1.02 179.50 + 27.36 70.59 + 14. 60
KD %
‘C il 17.40 £ 2.44* 299. 60 + 47. 86™ 166. 70 + 22.95*
CKD group

COPD + CKD 4

aabbce
COPD + CKD group 32.48 £ 7.33

577.20 = 111.30%" 194. 60 = 26. 52%0

24 Control KA, *P < 0.05; 5 CKD 4iARIL,°P < 0.05,°P < 0.01, ( F&[)
Note. Compared with Control group, *P < 0. 05. Compared with the CKD group, P < 0.05, “P < 0.01. (The same in the following tables)
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B2 KRE4ZURRE
Figure 2 Renal pathology of rats

B3 KREFHLEMEH

Figure 3 Renal ultrastructure of rats

3 ABUMERIENFEE(x +s,n = 8 ~ 10)

Table 3 Serum inflammatory factor expression of rats(x + s,n = 8 ~ 10)

21 31 4 #-6( pg/mL) FI/rR-13(pg/mL) FIA&-1B(pg/mL) AL A K H F-B1(pg/mL)
Groups IL-6( pg/mL) IL-13( pg/mL) IL-1B( pg/mL) TGF-B1( pg/mL)
X R ZH
63.06 + 12.47 22.80 + 2.99 5.95 +3.70 4.62 + 0.58
Control group
4
COPD 103.40 + 13.04* 35.32 + 3.22¢ 48.34 + 20. 82" 11.88 + 1. 69
COPD group
4]
,CKD A 119.90 + 10.93* 47.03 £ 3.45" 44,41 + 15.42* 22.21 £ 7.83"
CKD group
COPD + CKD 4
i 176.30 = 21. 00> 65.41 + 15. 61> 91.58 + 16. 04°bbee 54.45 + 8. 98

COPD + CKD group

3 itig

Mok FIT W | CKD J& COPD B B4
FHEZ —, T CKD & Fe B, 510 5 B 216 IR
SR B & BT T BE K 2 2 P i d ik A 4R
BR'EFERRIB YT, M JC A 00 15 e LA AE 28 B ) RE
L1 CKD 7E COPD & IAE B y7 463 32 v HEE 1
{7, WK T COPD AYAET KU Fniayr g "

K, & 37 COPD & Jf CKD K BB &I, %t g B
COPD 5| k& CKD W53l , TR B g7 F B2
KEE,

COPD KRB BL 7 N AR K G5 H R
S0 RS T I T A A 0 R I A A R M i
HRE AT, TR EE COPD K BUBIRL, 45 B A
REEFH COPD BIARIHAF & A2 COPD A3 A 21
FRAE , HLAS B g ARBFGE R COPD 217
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S bR B Al DI B AN 245 45 il B 27 2% % ) COPD
KB R) 45 20 H COPD + CKD ZHfilishhESs
bR FEV, , .FEV, /FVC & ZXF COPD 41, fili 41
i A5 e K 4 240 3 ) o B

ITAE SR BFFTHRE Bo— COPD ALY BV AT 5| % 5 4
B, BRAAEDT AR B S A T AR 2 s T
i1 28 d #57 COPD KRB, &I COPD 41 KRR
Cys-C 35 0 T+, B R B 0] DU /NAS | 2
20 RK , R B 45 # BICE s Pabon 451 L BAL 4 0
Fh7% 6 1~ H @37 COPD /)N RAR A, % PHME 1 7 40 2
e T BB /BRI RS 5 1) o e S L RRUR /N
AR IRUURY, AWML R 5L s A —5L,
COPD A ARHIM Cr &% 24 h JREAEE B ETE,
INERER AT L SR, B /0N AR I ik, S A A D
b R I SR AT 4 £

CKD Wi kA FART W =55 %, %
BB T ARBRAEFE T 8w AT T H 280 45 A
B AR IR RIS 5 3 1 37 CKD K RS
B4R Cr . BUN 24 h JR#EE 1 E &7 CKD 1l
PRIZ I T7R0H 5 | o) P s AU A g v HL A 5 o T 22
LA BRIZERS T A A BOME VA MERY 2, 8-
SERRERS A B /NG TR B A 3 I Ce A
BUN JK-, =R R FUBR , I0175 & B /NS 25 4 R[] Joi
LFYEfk, X 5 CKD B I A BEARAE AL,
LRI 5 S i Bt T2 0 FH R CKD & ML
AT B gE Y ARHIRIE 4G A B T BE 2 B 4l
21 B AF AL AIE 52 CKD K RS AL & il B 2y, ] s
COPD + CKD 41| Uifig$8tr b 3 = T CKD 41, /)
Yk KA AT AT B D, AR A R R BN
YA P BRI DORL DA 85 IRIESE COPD AT
CKD K B 45 21

WF5E ¢ B £ s B4 BRALHIE 3 coPD &5
CKD [y SCBRME , Her A M R 175 & 1 e 38 S i I
A fEfE COPD &7 CKD Wi #I B E/EH ™, Al
B AR R ARG B B — B B 2k, 32 45 Fh AN ER B
AR G} A I AP RS e o s e Nt |
T IO 20 PR A P AT T 2 i S 22 e 2 A
B ETRE B TL-6  TL-18 25 2 R4 22 41 Jifd IR 1A
HETEIR T A S O 4L GUREIR P A il A R
32 BRAGEI P 48 R e 012 VR AT 3 4 B R R A
S &M A & NIRRT TGF-B 28 B, il
LT YA SR 4L | IR 00 B S5 AN M A 0, 5 S T
YL AR, CKD B FH R 1L-6 1L-13 | IL-

1B S TGF-B /KT i, H R ARSI E 5 B
AE N RERIEASE P WA, BG5S T R AEN
TR BRAS 2, SCRT E — 20 i i il 38 2 s, A 5 41
i CKD /NFRUTZH 20 4% 40 i 3230 8] ot 25 4 1k, Ak
73K S T v 00 5 B e ot R R RRURE AR o
TNF-a 7K VTR, 175 R IR SRE T 15, T2 Bt 5 53 e
0 P A1 R0 AR BF 9T 45 S & B COPD ., CKD,
COPD + CKD Z IfiL 7% R AE P 57K V- 24 by B 5 2H
T 2, m TR AR XS g R —
UESE T RAE N FE COPD &3 CKD H g B E H

25 b, i a0 R R ) fi S 2 4 B 2 1
25 B R A R A0 55 2 8 B 5 A TR IR e 5 9 2. 5%
PRIEER S S 7 AT BT #4 ## COPD & Jf CKD 1y
KR AHA T 5 — B A IR R A fili B
AE HZUEA: RAEFE b5 7 R I I I 00 22 5
U AP SR T L B A AT i — 2D R ke i e, 5
I FEAR 254, 7] W FH T COPD &3 CKD fY KLt F
5% fHH T B Er i & IF AR 0 AH S92 i AS 72
g A it — SR EAG AR M AR
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[ Abstract)

healthy SD rats through serum non-targeted metabolomics. Methods

Objective To study the effect of Huanglian Jiedu Decoction( HLJD) on the physiological function of
After 7 days of adaptive feeding, 24 rats were
randomly divided into blank group (group N) and high-dose HLJD group ( group H), medium-dose HLJD group ( group
M), and low-dose HLJD group (group L) with six rats per group. Group N was gavaged with physiological saline, group
H, group M, and group L were gavaged with 6.250 g/kg, 3. 125 g/kg, and 1. 560 g/kg HLJD, respectively. Rats were
gavaged with 1 mL twice per day for 21 d. Before collecting serum samples, fasting and water deprivation were performed for
12 h. After anesthesia, blood was collected from the abdominal aorta, and serum was separated. Changes in metabolic
products in the serum were detected by Gas Chromatography Time-of-Flight Mass Spectrometry ( GC-TOF-MS) . Multivariate
analysis by Orthogonal Projections to Latent Structures Discriminant Analysis( OPLS-DA) and univariate statistical method
were used to screen differential metabolites, and then metabolic pathway analysis was conducted using the Metabo Analyst
platform. Results Compared with the group N, metabolic small molecules were significantly altered in the serum of group
H, group M, and group L, which mainly included cholesterol, cholic acid, ribose, paclitaxel, cortisol, oleic acid,
succinic acid, linolenic acid, acetic acid, and acetone alcohol (P < 0.05). Correlation analysis showed that HLJD
significantly affected the metabolism of primary bile acids, alanine, aspartic acid, and glutamate in a-linolenic acid and
glycerol phospholipid metabolism, and its in vivo effects may be related to the intake dose, providing a reference to further
reveal the mechanism of HLJD in promoting bile acid metabolism. Conclusions HLJD promotes the production of primary
bile acids in vivo and enhances the effects of the bile acid metabolic pathway.

[ Keywords] serum metabolomics; Huanglian Jiedu Decoction; GC-TOF-MS; bile acid metabolism
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¥ % fi# 5% ( Huanglian Jiedu Decoction, HLJD)
B HOAE | EN HE O B 24 20 AR, DR T
PR 75 s, TR AL etk 3 | = R Uk
ZAUE, B R ER I R I ¢ S [FIIE 7 O e i
fEBEEATENR IR b U T etk i | =Rk
WERRIT , 76 B BE 27 i B 52 8 F 100 10 1l 487
o B BT 23R i SR S A RIS, R S
R TIE S 8037 fiff 75 1 EAA B RN BT R P BT
IR PN BE R L BN R I B Rk A 2 B A AR
FAU L FEARH 2= AR FE 7 T B I 3 R R
DL i A P 0 | 1T 2 A 4 27 DL R A S 4
i R A 25 D R AR R AL AT BRI S 18 3
LB AR EH 2702 X ML B A3 BT A 35 1) A W A 3
YA A TR ST, DT & B S A R fEfa i 5
YA T A S X, AR RRJE HLARESE IR B AN
LR LU RE QA AR v BR A% L [R5 e 21 Y )
JBT, T IX =R 2R W) S AE A A AR e v A AR
Fedge, MU Hh R IR B G, A Uy v LA LC-
MS/MS 1 7 B R %5 B Jae im0 T I i AR i 41
70 T AR RE [ A 3 A DU AN H B A T R
b AEREAS I H 55 E 2 A AH OC /Y A BT, 5
FEEARIH 2 AR 55 255 70, AT BE o 4 T
R IR FR A A AL

ARWFFEERS T 18] Sy v 3 fifk 25 T WA B R BRI
TE AR A2 5250 PR A 35T I [ 52

o

1% ( gas chromatography tandem time-of flight mass
spectrometry , GC-TOF-MS ) FE # [r] £, 15 21 2% $ A i
FrAGn i 8 %8 1 22 A, R I BE R
AT RET 5 AE 1R A A G Y A 3E s, E T 20 B
S HAEHUA P2 e JE T R 5 i VR HIALAR]

1 #R57F%

1.1 ##
1.1.1 SCishdy

SPF 2 SD K24 H,10 ~ 12 A, /A 200 ¢
KAy WERE A5 W F At s A B AR R R iy A
RN ][ SCXK (52)2019-0008 ) . fil 35 3 1) [ HH ok
7K, i MR AR R ER B M R 2 R S B )
WS AT i, R SRR . B IR 45 A6 R R M B
THIE 40% ~ 70% , I JEHEHITE 22 ~ 25°C R T 5t
B 24 R 2 S sl W AE 5 T [ SYXK (85) 2021 -
0005] . A #AESLRE G ST M BE 25 K252 5 5 W)
WFFE BT S 56 48 B2 5K (TACUC 20210091) o
1.1.2 244

B N T BRI A (3K T b R A Bt
FHAIE) o
113 FZH 5

L-2-50R & R (5 103616-89-3, 1 iff 1H A1
PR o AR ARG (Agilent 7890A ; Agilent 2
A, & H) ; Bii% 4 (PEGASUS HT, LECO;LECO 2%
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"), EE) ;34 (DB-5 MS,30 m x 250 pm x 0. 25
pm ; Agilent UNGIESIES DR

1.2 A&
1.2.1 TEEMFEHNSIE

I 90 ¢ HET- 90 g A 60 g HE % 60 g,
FRIZGH P, 0 10 5= A 4K 1 h, g s 5
WU KR 40 min, (5] 257, AR50 4 5 R R 2tk
H KT 30 min, B IFEGTR, e o0 AR 46 & 0. 63,
0.31.0. 16 g/mL(HAEZRTTH) WIS #4821,
BHI AT 4CUKFE IR L
1.2.2 o JAEAR

SD KFUEMPEMESE 7 d o, BEHL 4 4. =5
HAL(N ) HLID SRl s (H 4) P RlEd (M
) EFEA (L4, Hdl6 X, H4 M4 . L4
IyHILL 6.25 .3.125 1. 56 g/kg B HLID RiFIHEE
R mL, &K 2 K, HAHA M A LHGFRER
0.63.0.31.0. 16 ¢/mL, N 203§ £ BEL K, & A &
SLYG25 21 d, SLIESTRAEEAEIK 12 h 5, RREE
J& 8 BRI, % ##E 40 min, 3500 r/min &
> 15 min, B IE B A I3 .

1.2.3 R A E

16 1.5 mL JCECEE ) Ep & IR INA 50 pL
MEFEA 200 pL A FEHHEE 5 pl L-2-50K N &
f2 (1.0 mg/mL) , BRI SEAT Q0 #24F . I BETR )
30 s, KK B 10 min, 4°C 12 000 r/min &5 (>
15 min, Jii#% ( quality control, QC) FEA & MEEAR
FHL 40 wL IRA A, B 200 pL VSR T LS
mL Ep B, 78 AWk dn e b T 32 L, #H 30
L B4R 100 ( CH, CINO 20 mg/mL, i3 CH,N)
RIS EHE 80°C M PR 0.5 h, i) )4
AEES P IIA 40 WL C,H,F,NO(1% C,H, CISi) , &
HIBENLIEEL 6 AFEAS AT EHUAGIN
1.2.4  HUD

R . 1 pL; i Splitless Mode ; [ #4ik
I 3 mL/min; A R 1 mL/min; A4
FHEFRF :50°C 4843 1 min, LA 20°C/min (1332 T} 5]
310°C , 1445 6 min; BTHERE IR B 280°C ; f& 4 £k i
i 280°C ; & TR 250°C ; B HLE-70 eV i
W (m/z) 150 ~ 500; S HCR R 12,5 5615 i
FIZEIR 4. 78 min,

1.2.5 $daabr

B | B L I | A A AR g AR A3 | Akt

FFAESY MK Chroma TOF {4 (V 4. 3X, LECO) it

FEU o TG A B I i AR VT I A5 5 A A
BT R LECO-Fiehn Rix 5 (i i bR A
TG ER RO i 5y AT D 0 T AR R
TS5 B0 25 B K T 50% I 45 3R i 2 (8P Je/IMEL Y
172 3138, 555 R BREA T IH — R ab
L3 HiIFESN

f8i ] SIMCA 15. 2 BRAFXF [t Fs 00 B0 326 47 1
At 7N — 3 322 H 531 43 BT (orthogonal partial least-
squares-discriminant analysis, OPLS-DA ) , il i 5 —
F2 53 0 A AR 7L 22 FE (variable importance in the
projection , VIP) {H & I Wi 25 5 (A ' [l ish R
H Student’ s T 56 M4 45 4H 0] 22 7 09 8 &1, JF
B B log2 (fold change) . &I LA VIP > 1 Hl
P < 0.05 735l 0 38 1 22 AR, X T 0 32k Hh ok
AU 15 ) A MetaboAnalyst ¥ 5 3 17 #1 8 4
At AR B AR AR B

2 &R

2.1 [RIREIER AL IE

JEERER AL 6 4 QC FEA AN 30 A LI AEAR,
MRS R E] 586 M
2.2 OPLS-DA 43#f

FHMFEA X A3 R AR 2 F LT 95% B AF
AN, 76 BB 56 (200 1K) , 525 4L HL#, H
HR*= 0.693,0%= 0.95;M 41 R*= 0.652,0Q° =
0.964;L 4 R*>= 0.654,0Q% = 0.963, &% 5 3 B 1 1Y
S HAREE(E L),
2.3 ERRiFWHITHIE

OPLS-DA 73 #fr 4 4 K B iE N2, VIP > 1
BN R 2 T R, AR REAS ¢ A
P < 0.05 Bl kel i) 22 AR, AR v
FhGe vt i B B 14T 22 S A 1T 40 i 20 44t o B30
AERE (L 2,3 1), MRS SR A, H 44 .M
H L AHKF/NF,3 Hor ikt 16 .27 25 fli2E &
R,
2.4 ERRiGWHKEHERRSS T

183 MetaboAnalyst 4. 0 XJ 22 AR Py 04718 %
TR (E 3) s I ARAR A 1gp (-log(P) ) , 2K H il
% AR AT AR 10 S MK, PN Tgp
R, 7 T P 0 R RS 5 R A s T A B ) R T (L
(Impact) , >k [ 38 FEHFN AT, AR AU B 0452 e
FEBE 9 5 2 Tmpact [AHCK, T5 5Bk, DA
Impact > 0. 05 S FRAEFRE 5= LA 1, BRIV 7E Y
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WA~ CABAHA M4 LAS NASHUEELD ~ F 409000 HA4L M 40 L4145 N 4UB08 B b 56 K
1 4521 OPLS-DA #EFL 1) 43 B0, B S B A AG 5

Note. A ~ C. Scattered point plots for group H, group M, group L and group N. D ~ F. Permutation test graphs of group H, group M, group L and

group N models respectively.

Figure 1 Scatter plot and permutation test of OPLS-DA model scores in each group

R MEZEFACY L

Table 1 Comparison of serum metabolites

BRI I (min)
Yyl H4/M4H/LA PAH AR B PR
Substance Retention time (min) P value VIP Trend
group H/group M/ group L
B
2 #UC@& ! -/5.75/5.75 -/0. 0362/0. 0299 -/1.40/1.48 1
2-ketone isovalerate 1
ﬁ@ﬁ . -/6.15/- -/0. 0048/~ -/1.61/- 1
Sulphuric acid
. iﬁ?iﬂﬁx#@ 2 6.29/6.29/6.29 0.0333/0. 0345/0. 0263 1.98/1.72/1.81 1
Succinic semialdehyde 2
F-3
" 6.58/6.58/6.58 0. 0407/0. 0472/0. 0314 2.10/1.81/1. 81 1
Naphthalene
N—IﬁE%EﬁN}EH‘; : 7.04/7.04/7. 04 0.0417/0. 0454/0. 0317 2.22/1.92/2.03 1
N-cyclohexylformamide 1
EH%‘ -/=/1.14 -/=/0.0011 -/=/1.01 !
Maleic acid
! ’4_%6#%]. -/=/7.22 -/=/0. 0453 -/=/1.67 1
1,4-cyclohexanedione
BEIAR
F. f'?‘%‘ . -/7.24/~- -/0. 0008/~ -/1.09/- !
Succinic acid
T
. B2 B . 7.3/7.3/7.3 0.0015/0. 0422/0. 0168 2.22/1.23/1.67 1
Bis (2-hydroxypropyl) amine
i g s
Wipree 7.83/~/- 0.0027/~/~ 1.58/~/- 1
Thymine
o TR
Z—H}[',%LV_EU?E.E& . 8/8/8 0. 0067/0. 0098/0. 0143 1.69/1.45/1.52 1
2-deoxytetraenoic acid
ak ~/~/8.02 ~/=/0.0434 ~/-/1.28 |
Suose
6o B 2L TR
42611 2 2-ME R 8.46/8. 46/8. 46 0. 0001/0. 0001/0. 0001 2.56/2.21/2. 34 1

4-hydroxy-6-methyl-2-neneneba pyranone
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gx1
15 B4 15 ] ('min)
Yy H41/M 41/1 41 P A AR B RR E s
Substance Retention time (min) P value VIP Trend
group H/ group M/ group L
N = -
GRS ~/8.75/8.74 ~/0.0001/0. 0044 -/2.27/1.98 t
Glutamine
Wk 0 ¥ATJE AL iR
 FAPRERERM ~/9.09/~ ~/0. 0286/ ~/1.23/- 1
Sumu-B-hydroxy aspartic acid
B-1 -/9.15/9. 15 -/0.0017/0. 0053 -/1.45/1.30 !
B-glutamate
N H#a
ﬁéjﬁ]‘ f‘ﬁ*ﬁ ! -/9.17/9. 17 -/0. 0485/0. 0392 -/1.53/1.62 1
Digitalis toxin 1
&*ﬁ 9.42/-/9.42 0. 0054/-/0. 0086 1.87/-/1.70 1
Ribose
PN T
Acetonte aloohol /9.67/ /0. 005/ /1.50/ 1
PR 4 9.67/-/- 0.0258/-/—- 1.39/-/- 1
Acetone 4
D-(HH 1-BE) 9.98/9.98/9.98 0. 121/0. 0014/0. 0019 1.45/1.62/1.69 1
D-( glycerol 1-phosphate)
I — B
i D — R ~/=/11.04 ~/=/0.0175 ~/-/1.08 l
Mandelic oxide
I, 128 1A
N ~/~/11.33 ~/~/0. 0372 —/-/1.34 1
Guanine
ﬁ:m{ﬂi@ﬂ . 11.42/-/11. 42 0.0243/-/0. 0034 1.03/-/1.04 i)
Palmitoleic acid
J/T{ﬁsz 11.72/11. 72/~ 0.0016/0.001/— 1.14/1. 31/~ i)
Uric acid
D- iy R -/12.00/11.97 -/0. 0066/0. 0061 -/2.04/2.18 1
D-glucose heptose
IR 12.10/12. 10/12. 10 0. 0053/0. 0001/0. 0001 1.8/1.91/2.03 1
Plant alcohol
{FHE& . -/12.32/~ -/0. 0394/ - -/1.05/- 1
Oleic acid
. IEW\E& . 12.31/12.31/12. 31 0. 0043/0. 0001/0. 0001 1.55/1.71/1. 80 1
Linolenic acid
A=A
L ~/12.61/- ~/0. 0305/~ ~/1.07/- t
Cystine
HEZ*Z@? -/13.57/- -/0. 0389/ - -/1.15/- 1
Piceatannol
LR -/13.85/~ -/0. 0069/~ -/1.19/- 1
1-monopalmitol
» A f
,2 s 1‘1‘,1:"' -/14.53/14. 53 -/0.0064/0. 03 -/1.50/1.20 1
2’ -deoxyguanosine
AT §5 M- 11 B-F%-3,17-
A-androstene-11p alcohol-3, 17-dione -/15.53/15.53 -/0.0147/0. 005 -/1.32/1.44 1
4+ﬂ(%§)& 15.80/15. 80/15. 80 0. 0005/0. 0079/0. 0044 1.73/1.02/1.51 1
Hexadecanoic acid
SRR LIS
3’7’12, JFEHIE 16.81/16. 82/16. 81 0.0194/0. 0368/0. 0167 2.36/2.03/2. 15 1
3,7,12-trihydroxy coprostane
H =] 3
,E I 17.03/~/~ 0.044/~/~ 1.13/-/- 1
Cholesterol

T T E LT | R,

Note. T . Content increases. | . Content decreases.
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W MNEELARK Y N 45 H 4 NAS M4 NAS LA R,

&2

A ER) HLID 575 F 2 22 AR R Kk i &1

Note. Comparison results of group N and group H, group N and group M, group N and group L from left to right.

Figure 2 Volcanic map of different metabolites between HLJD and blank group

PRI IS AR . 5 N AR, H 4 515 I 7R 50
PR A2 Sy B GBI R A= W) J ( primary bile
biosynthesis ). H i B A5 U
( glycerophospholipid metabolism ) | a-\V. Jbik 2 18 5
(alpha-linolenic acid metabolism) ; M 21 5 1E % 2H 4
Ll e Ao 31 0 7 S b A QO B AR A - H il A 1
( glycerophospholipid metabolism) | P2 R . K4 % R
& m A ( alanine, aspartate and glutamate
metabolism) B 1% ( sulfur metabolism) | o=V K iR

acid

{18} (alpha-linolenic acid metabolism) ;L 25 1E % 21
FR L, 0 e 45 3] 0 7 B A AR A2 o - s s AR
i N ERR K A E RN Z R A o W RRRR A
TESE R B0 H ZAHECT M 4R L 21 s i e 77
i HLID A BELE W BRI R A W& Al s A 7 A
SRAHDCHE M ZHAT L 4N &R R AR AT = R
R BEARAROCE BE A AT /], H 2 M 4 L 4 3 T4
XF T ou- SV JRR IR A 35 60 i 5 A Q38 1 R DG Pk AR
AHTA]

W MNEELARK Y N 45 H 4 NAS M4 NA5 LARRLE R,
B3 =5 g

Note. Comparison results of group N and group H, group N and group M, group N and group L from left to right.

Figure 3 Metabolic pathway diagram of differential metabolism

3 g

JFEARIE A L I P ) £ L 1 s it )
o3 W A AR RO R IR 2 S WLk £
Foft I A2 BEALRE T Bl , 1 A LB JE R 5 A
ARARMEEARS I o RE 32 A A Al e 3 if 35 v AR
WP BEAT 255 o0 Hr R HHE Ui 245 06 A 3 R A Gl 1 £
JHBLH AN 03 55 2608 9 A QI 9 22t A 7E A —
B, X BT R T R

G, 2 AU o A ] A% 5 B A R
VAR AT T T o0 JRR R A58 A0 H i B AR AC . Bar
AL N AR 2L 5 R B G T R ST T
TR DR RS 4 L 3 A 0 ) A 82, T g 79 0
fiprE et TR IR AR I, HIHE R N AR
KA TR Z IR AR = A s A SCVE T X
FU BRAUZE iy 391 5 36 v 2 Ao A QI 2 2 Py A 0 45 2R A
BLH M AL AT LS s AU A s AR e,
SIS 570 1 U LG, HZH R MZE R 5 26 [
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PR YA ERAR DG H ZH R M 2R 2 ZUBE A
SEARSC T H 230 B AT 55 ek AR s 7 7R
AW E B SR A CME M LR 5 SRR
FRIRACHT i 2 TR A, 00 G IR 1R A B 5 A G
PR DL, A AR A A i v AR 2 A A
B RO 235 5 v AT SC IR 1 32 B W BT R AR
R TR R A R AR s MR A AR
RIS TER R IR IR A
R ERRIRARIR L TR MR | W R A
T R AR T LA A A P AR A
PO AR r R eI T 5 ) A 8, 2 52 0 ) 2 L R
5 A

HUR X LR SR SR> 2 2R e
(& 2) MR e 0 S 5 0 19 D 0 ) 2 S A
A M 2 KM REAS 2 JIE [ ) S T I A
JRER IR, 5 R [ 2 EL it 1R A s B A8 114 B
G T JIEL R A2 FEL T 2 T 1 B A 43 23

FEREA IR B it o 250G a1 4R 9 IR R A
B AH RN TR o A, BRI A A 2 -5 R 1
IPITEZEEAREAR H AR M IEREA M 4 L 41 [
Tt , o 55 )86 R A — ol ply S i S ik R 20 R AN o8 4
SRR AR A v ) S AR, IE R IS BT 46
FERNZACH P A «- B —RIF S 5 = RIRE
RSt I — D T U T I A A v R i
T A 348 i 2 17T 751 6 ) IR Y R 2B MG, B TR
PEZSMREA T & R 8 R [ M AE S FEAS T A
M 20 1T B R A D R P A 2 R A% i A1 ) o
AR R R A T2 22 P 1 A 1) 3 22 B it ok IR [
BRI S AT L3 Ao R Ao B R Ak R TG
PIBRIRER , W IR EE 76 W0E Ml 3 AR M 2% Rl
iz ORI AR R T S 4 B AR BRAE B TR
AR R IR R 2 R 9 1 i st ) o B2 A B 43>, 2%
EREA B TR 7 2t R AT T I V7 R AR v B 2 T v
HIBR R A SR R R TR A 4 o

R 2S5 HEAEZE Al AR 4

Table 2 Same substance in differential metabolites of serum and feces

P4 B4 B5F 8] ( min)
Yyl H4l/M41/L 4 Pa AR L e
Substance Retention time (min) P value VIP Trend
group H/group M/ group L
2H-H 7.968/ -/~ 0.002/-/- 1.755/~/~- 1
2-ketone isovalerate 1
TR
. L 8.863/8. 863/8. 863 0.017/0.019/0.014 1.544/1.387/2. 107 !
Sulphuric acid
EB;EQ& -/14.239/- -/0.025/~ -/1.198/- 1
Maleic acid
YN
2>HEE¥WEU?FF.W& . 12. 470/12. 470/12. 470 0. 008/0. 007/0. 009 1.313/1.739/1. 383 !
2-deoxytetraenoic acid
4-F7 -6 H BL-2- it npg
4-hydroxy-6-methyl-2-nenencha 13.373/-/- 0.027/-/- 1.50/-/- 1
2
&*ﬁ 15.513/15. 513/~ 0. 004/0. 045/ - 2.374/2.152/—- 1
Ribose
0%
Hf@l . 29.526/~/~ 0.008/~/~- 2.094/~/~ 1
Cholic acid
%.HE]YFHM . 19.396/19. 181/~ 0. 020/0. 016/ - 1.538/1.105/— !
Palmitoleic acid
H [ i
AL B -/28. 569/~ -/0. 046/ - -/1.303/- 1
Cholesterol

Ho e LT | AR TR, BEERWEIDRETC AR Mg,

Note. 7. Content increases. | . Content decreases. The data is sourced from previously published research ') .

RE R AR50 R s R B | it g S | B Ik ok
BERRAL S5 22 o M 56, B W SR TP FE A
FWELEA P 0 5t L T e s 454 b A HEAEH,
H AN, D- A28 2 — i R SR A TE 1Y 5-lk SROpE T3
T BB 25 48 (K TR ) A& A% 2 ( DNA AT RNA) | il i
(NADH .NADPH .FADH2 F1 Z B4l il A) FlAE & 43

F-(ATP (GTP 55) 45 U HITIA , 7640 72 D-RXBE Y .0
JIE v B WA R 5% vh J BAT LA 500 LR L S
(RO LR R BE S AR S0 205 B A e
FM G FEAS A A AR I T Ik ] 3 % i 5
HRENS IS O IE T BE . Bermadez 251 #1597 4 B0 1ML
I TP BRI IR 1 5 KT S50 DR s R IE A G
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RPN PR S 8 T 5 2 Rk | B A i T
Gl R RN VA S M E W 1B 4 R 3 R
i i A 7K SF- 55 HDL-JH [5 B2 T 5 | LDL-JH [ B2 R
AR =k H AT T A G, AR A Rk
BRI 775 R0 288 (5 AR A e ok R AR T e, E 1 o 1 7
WA A O I R PR AH B I AE T, Eh ok
PR RIS SRR 1) DX 31 7E 13 R R 2 A A R R 1T
A A IR IR, & RS =Y, 55
AR IR BN S 44 4, 6 = R TR A1 B rp m] 0 i e
AW ED  EREREAR M A
T, W MLEREAS L 4100 B, i B o 0 A 55 7 e
TR B TR IR , (20t = FRRIG PR, 2-M 42 10 4
PR E 2o e 2 S AG I 1 T (E A o 75 R AR o ) 4
BB B, 4-F5 55 -6- FF -2k g ) 4 1L 375 A A R R
Tk ABAEFAEREA P B TR R H 4, MR i
PEWFFE R/, H RTTE R 9 A5 R 5 W, (H
T L 775 R 25 A6 e 2 A0 I 09 28 Ak AT 1 A v e A i
Yy, LA ST Hegh S mT L& B, P AR AR 2 2 v A
FEAR—SU KB, 54N Deng 450" FE 47 26 8
TR 35 7= 40 A Lb 358  3 At A  Bf  BR A 5 0
FIEAR I3 (A — SOOI AR, T HE B 3 175 100 1)
JER PR S o i 7 1 70 A AS () 5 SO LA 7 A Y
SR

FERTIAF 5T rp & B0 4 40 1) 35 3 1 55 3 L A 4R
afi J5 75 K B 25 T 9 25 0 v IR e 2B R 5 ) T
K, 3 AT RESE RO 4R 4l 0 A R R A PR T Y =

o TR RS O A B v P R R R A

B RAE 7, HAE F A — s M IF Sk, o
sl A 015 S I 20 M (R R0 5 0 T, T v I
T P H At B 2 T S A 22 B [ P 3 A T T DL R
TV A S5 I 26 1 48 ff ik Pl F 2l bk, o) M )
FEAH FHAE 7 S A K BRI 775 S 2% 5 JE T 1R 14 e
FERIL,FET R 400 mg/kg HIHE 1 BRI AT S 2T
457 , X 2 (58 A0 L 775 R A e ) o L TR ) 5 e 1Y)
MR —E 22 5, X 5T T 45 AR, 2
T RN 2 2E AR R AR B G g i
PRI A T 2t — 29T

ZEA UL LSS R P AS A5 18 L i AR
i S P R T ) 22 S AR 7 ) R R R AR B A
BEF o % R, 5 it 75 7 1T 38 ek 0 1) 98 1L H
[ R AW | R RS | B I | IO JRR T R i
LKV T A PN A0 20 BEL T 1 A S a2 TG 398 i AR T TR
AR
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[ Abstract] Objective Ankylosing spondylitis ( AS) is an immune-mediated chronic disease involving axial joints,
peripheral joints, and intestines, but the etiology of peripheral knees and intestines is unknown. This study examined the
main pathological changes and mechanisms of knee joints and intestines in cynomolgus monkeys with AS. Methods The
main characteristics of peripheral knee joint and intestinal tissues of AS were examined and the possible pathogenesis was
preliminarily analyzed by histomorphology and immunohistochemistry. Results ~ The pathological characteristics of
peripheral knee joints in AS cynomolgus monkeys were mainly cartilage erosion on the joint surface, exposed subchondral
bone, and a jagged joint surface in the early stage. In the late stage, the knee joints mainly manifested as ectopic
hyperplasia of cartilage superficial hypertrophy of chondrocytes, osteophytes formed through chondrogenesis and
fibrogenesis, and loss of cartilage. MMP-3 expression in cartilage and blood vessels was upregulated, causing cartilage

destruction and stimulating angiogenesis. AS cynomolgus monkeys had severe atrophy of small intestinal villi and obvious

crypt hyperplasia, and a large number of y8T cells was seen in the mucosal intestinal glands of the jejunum and ileum.

[ S EG Sh A4 2023 4 10 A5 31 B55 10 ] Acta Lab Anim Sci Sin, October 2023, Vol. 31, No. 10

Conclusions

Pathological analysis of knee joints and intestines in AS cynomolgus monkeys revealed their main

characteristics in this spontaneous model and suggested the possible pathogenesis. This study provides new insights into the

potential link between autoimmunity in bone tissue and intestinal tissue lesions in AS.
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Figure 1 AS cynomolgus monkey knee joint X-ray

and specimen appearance
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Note. HB. Heterotopic bone. Red dashed line. Hyaline cartilage border. Blue dashed line. Cartilage erosion cavity. Green dashed line. Ectopic

hypertrophic cartilage mass. Red arrow. Blood vessel. Blue arrow. Inflammatory cells and bone marrow-like cells. Yellow arrow. Fibro-osteogenesis.

Figure 2 Pathological progression of the lower femur in AS cynomolgus monkeys ( HE staining) (n = 3)
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Note. HB. Heterotopic bone. Green line segment. Calcified cartilage layer. Orange dashed line. Border between mast chondrocytes and new bone.

Green dashed line. Border between mast chondrocytes and fibroblasts. Red dashed line. Neovascular network. Yellow arrow. Fibro-osteogenesis.

Red arrow. Blood vessels.

Figure 3 Pathological progression of the upper tibia of the AS cynomolgus monkey ( HE staining) (n = 3)
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B S HEEH RS,
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T FH SRR A s BTk PR UE s AR B Rl R IR B s O SRR BEAE x 40 UBF R EAT 0 &, 06 BAR R AR R R
W SIEFAML, " P <0.05. (FEIR)
B4 AS EERBCE T BER PO R L AR Z (SO B 1) (n = 3)
Note. FH. Fibrous hyperplasia. Yellow arrow. Fibrous osteogenesis. Red line segment. Thickness of cartilage on the surface of the femur.
Cartilage thickness was measured in x 40 field of view and joint diameter was measured using vernier calipers. Compared with normal group,
“P < 0.05. (The same in the following figures)
Figure 4 Variation in cartilage thickness and diameter on the surface of the lower femur in AS cynomolgus

monkeys (SO staining) (n = 3)

¥ : HB ; Heterotopic bone S0 B ; 1 A g 2k . A= KA FL 20 (6555 3k - 4%,
B 5 AS M E B MMP-3 BY263K (THC Y4 (5) (n = 3)
Note. HB. Heterotopic bone ectopic bone. Red dashed line. Growth plate boundary. Red arrow. Blood vessels.

Figure 5 Expression of MMP-3 in the lower femur of AS cynomolgus monkeys (IHC staining) (n = 3)
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€ B K 20 6 S TR,

Bl 6 AS BEMR/MATME S IR (HE 3¢) (n = 3)

Note. Orange. Villi length. Red. Crypt depth.

Figure 6 Measurement of small intestinal villi and crypt foci in AS cynomolgus monkeys (HE staining) (n = 3)

B 7 AS EEREIE yOT 4 THC Y (n = 3)
Figure 7 [IHC staining of intestinal y3T cells in
AS cynomolgus monkeys(n = 3)

3 it

AS KRl 0o B K TN ST WA H A
A4S AS BT RS A1 J 1Y B B S b 5, 9F
H i e IR E 5 AS WK E R AT & H
AISCHK . ARBFFELL AS BB M I 51 M AR A
XFG RIT T AN O 1 g B Jie L% i 3l R A vl e
4 A A AL

AT HE T 5 A5 2 A 5T TSR 17 46 A
S5 AT DD B RO 1y e AR DU
FMAN Ry 32, W 5 A2 2 B DL R 1T ) T B
S, AT T B N BB B BE A
WIS HT R I, BT AS P B aE | R OG0 R 2R 1
BRI AL CE B S B i — 2 kR O AR
b, R EF 2 5, 507 MR AR B, 90 4 i 42
U MAER S SRS LR AS HE
B s B oK, R H OB R B W R R, THC
ZEREIR, AS AU T B MMP-3 23k B X iR
T P A DA B AR R IR 2 T AS R
MMP-3 ()35 LS8, X5 AS & B H$
MMP3 £ k50 Y25 L —2 ", MMPs 2 —41 2
BV LR A A 5T 1Y) AT 5 A 240 4/ 5 5T I, B R
it 20 M A1 5K 5T 1 Z2 b B 4, B 9 R 1 22 0 RBE 2R
Mo J4RE , AS A5 MMP-3 7K-F- s, Hl
THAKF5 AS %K T 345 40 BASDAL J¢ AS %5 Y)
REFE 2L BASFI 42 1EAH G ; 1 Ly MMP-3 7KF-JCie#E
Il PR 5B IR YT TS MMP-3 1 %35 K5 ESR #i
CRP AR AIAHCH: (R B T MMP-3 5 AS &%
S TG S B VIR OC . PRI, MMP-3 AJ HE2E AS 1Y
WEEEW AR EY, L E0T LIAEN AS A 451
P 00 JR ) s S T PR -7 AR g AR A
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KAGE AS HM R ST, B 50 T A AE A B i Ji 22 (]
PREAEIR R, R H SR TT AN O e S L3 i =
EF 0B

T AP EZ A (TCR) A o B .y PURPIKEE .,
R TCR 5 ZRAR M A R4 B, 71K 53 TCR
off Fll TCR vd PIFPZEAY  RePE FITBEAS AAH A,
HTCR yd 40 3= 22 53 A1 76 R AN | fe 2l 2 i
ENSME A T A ESE0Y 1% ~ 5% , BA T
JE IR R A0 A B TR, ST R R Y
PUISOE A e T2 3 4 5, IFN-y Fil TNF-o 45
ZFURE F S 5 R, AT RAE RN, B 98
B I AR5 S B % D5 ARV T B, e AFF 9 — 218 Pk
PR HILTER h 32 B OCTE . ARFFE R, FE T vOT
AN AAE AR S i U E . PSR IL-
23 ZARIE (1L-23R) 5 AS Wt 2 AMH 2T,
AS HBFAMNEIM A FEIL IL-23R B vOT 40 Mok = b iF
WA 3 ~ 5 4%, AS B F I 1L-23R J1#4 vdT
B = A TL-17, R I Th17 BEGREE RN, vOT 4
gk e A 17 48 B SpA SR T B RIBE I, L)
KA SpA FRAE I HARE ST T, X R B v T 4
AIRETE AS M9 A& HL ] A & B AR
PRI, AS7F 9 38 o ARG 0 i 3 v ST 40 At B9 B e,
7N AS B A RN R 5 9 R AH 1Y v T 4 i 4k
H L LT iEA 2R A R AS N E —
FERREE O B 240 R s 2 AR ST 45 SR 8
T OAS“ i 2 e B B A TEE B ), B & AS
(AT I Bk R AE 200 i T R T < B T LT e B i A
B BB R BAGERAT , AS SR il e R A B R 2
AN AT REAEDK Sl AS R 1 4 B 50 PR A O A
FH . T ST £ iz 18 41 23 b BT 49 3 1) At 2 AR A i
JRA B AN AT T S RN, 38 A W i A 2 P A
SRR A L, A2 TR S R A A A e O ek — 2
SEHET,

i RARE B K A SR T B 1 e 9 3R G 0k 20t
E DR SOt i 1) i 32 177 5 S A, AT LA 2o gk
ARG BRI R O FLE A RDE AT 51 R R S
AR AR B OGS UM S5 s BV, & A B
FERW A 70% 5% AR R B35 A il &
JEBNG, o 57% ~ 70% 42 % & J b JH 567
£ I H, B AE S AS BRI M UG A E,
TH AR AE R Y R A HOC Y RAEAR WAL BT
TGt P AR G2 ST A8 2k 1 A A o
BV SRR &, AN E ST B AR S T T R

HE ) A EFEANTT 28 o A SCHRAIE ,20% ~ 45%11 AS
BE B SNA RTTI AL BUF R A B
SRS M 40 0, LA 15 BB 1 2
JRZ 8 N RT RN A Z R,

He SR T i B il SR AE 5 AS RIRA Ok
IR E A, =& AL 5 R ALE bah
72 A BOR A R ), SR, TR AM A O
9 B T8 S 4 AR LR 5T B AT AT R R
e, AT TS X AS A 1 1 JE 4 AU AT B
HYWITFE, I AS B EERIEOCTT i 748 T 202 MMP-
3 BIMRTE W IE RS RRAE DL yST 4R F R 321
TEHAWG 23 AS B8 AT LU 3 T A 58 H
E XS vOT AN FT B LR AT AS 2
Wkl 18 T REAZ AL RIS, 2 BUARBEFE T By A & 1
A AS BEAL 5 ilm K B R B T & AR
PERT X HISWEE AS TRYT BE B AR Y S 90 Ll A
W57 1]
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JE J £ IR B 6 T 38R TR A Al o T A
NLRP3 & E /MR R 18 i 3%
N ERCE RS %
B R, R IE, FEE, AN R HEE
W I B A

(1. Y ESBE=MRER, R Y 453003;2. #1 S BEEpE R E A R S 453003,
3. W o B =2 R B g 453003;4. WA E AL AT SSLRE W Hg  453003;
5. O BHTA R O A FRA F] L VI3 Bl 226000)

[fBE] BH HiPEEE A K (collagen peptide, CP) BEE W3 FREM ( sodium alginate , SA ) X1 P IR 1455 1Y
BRI, ik 4 48 H SPF itk CS7TBL/6N /NRFHHL A NI F AR A ARAIHFIRIT A, 445 16 H,
AL SR Ak /N B F 5 300 ) B TR 95% £ s 1 —F 5 PR BS540, il 45 /0N BV s R A Y s I FF R A )
TG 0. 9% L BRER K s VRIT AL 10 B 1 5 95% LBE)E 45 T B i CP + SA BB, TR 7 d J5 B4 433
8 HUNBURBERAH T AT, HE Yo g/ R 75 4 4UR B A2 28 L MR Masson = (ALY (ST 5 N
JEELT AL I s Western Blot K1 75 41 21 Fp 48 AE IR 7 NLRP3 ASC . Caspase-1 IL-1B \IL-18 & 4 %35 7K - ; ELISA £
DU/ BRUALTE P A AE R F TL-18 IL-18 BYRIE . 45 ARIATH) 8 FU/NRL BMEME LLB R 12558 D 745 41/ RUE IR %K
i, THEURES 14 KAMSEIEIR/N L IC SRR R . B8R (1) ST ARLAA L, BRI R,
BN ELFAEARIG N, OF A SCRE A IR, kAN BRI - 2 2 v AR E Al T NLRP3 (ASC, Caspase-1,IL-1B il IL-18
B H K DL A R IL-18 A IL-18 /KSF-H 8 35 5 FIRF R (P < 0.05) . (2) SR 16I7
/N BT B P B R T N AT 2 A R R 4 RE AN R Y A IR T A e A AU R E R T
NLRP3,ASC ,Caspase-1IL-1@ il IL-18 5 F #3A7KF K IL3E Fp 5 T IL-18 F1 1L-18 7K -1 K TR (P <
0.05), (3) SIRFARAAMLL, BAIL/NRAEFLRE S FHE(P < 0.01) SR AR L, 1677 2/ LA B AR D W Il Bl
(P<0.01), &5 CP Fl SA WA N I R0 B okl i AR AL /N BT 2 U B AR | D 18 B 4 L ¢
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[ Abstract)
sodium alginate (SA) on endometrial injury. Methods Forty-eight SPF female C57BL/6N mice were randomly divided

Objective To investigate the repairing effect and mechanism of collagen peptide (CP) combined with

into sham, model, and CP + SA groups, with 16 mice in each group. In the model group, the intrauterine adhesion model
was established by injecting 95% ethanol into the uterine cavity through the cervix to induce endometrial injury. In the sham
operation group, 0. 9% normal saline was injected into the uterine cavity. The treatment group was injected with a mixture
of CP and SA after injection of 95% ethanol into the uterine cavity. At 7 days after modeling, eight mice in each group were
selected to provide samples. HE staining was used to observe pathological changes in mouse uterine tissue. Modified Masson
tricolor staining was used to observe endometrial fibrosis. Western Blot was used to measure protein expression levels of
proinflammatory factors NLRP3 | ASC, caspase-1, IL-1B, and IL-18 in uterine tissues. ELISA were used to measure IL-13
and IL-18 in serum. The remaining eight mice in each group were cohoused in accordance with a male : female ratio of
1: 2, and the number of pregnant mice in each group was recorded. Pregnant mice were euthanized on day 14 of
pregnancy, and the number of embryos was recorded. Results (1) Compared with the sham operation group, the model
group had a thinner endometrial thickness and increased endometrial fibrosis and inflammatory cell infiltration.
Additionally, the protein expression levels of proinflammatory factors NLRP3, ASC, Caspase-1, IL-1, and IL-18 in
uterine tissue and the serum levels of IL-1f3 and IL-18 in the model group were significantly lower than those in the sham
operation group (P < 0.05). (2) Compared with the model group, the treatment group showed reductions in the degree of
endometrial injury, endometrial fibrosis, and inflammatory cell infiltration. Additionally, the protein expression levels of
NLRP3, ASC, Caspase-1, IL-1B, and IL-18 in uterine tissue and the serum levels of IL-13 and 1L-18 in the model group
were significantly lower than those in the sham operation group (P < 0.05). (3) Compared with the sham group, the
reproductive ability of the model group was decreased (P < 0.01). Compared with the model group, the reproductive
ability of the treatment group was significantly improved (P < 0.01). Conclusions Combined application of CP and SA
effectively improved pathological changes of uterine tissue, reduced endometrial injury, inflammatory responses and
fibrosis, and improved the reproductive ability of mice. The mechanism may be related to downregulation of NLRP3
inflammasome expression, which provides a reliable experimental basis for combined application of CP and SA for treatment
of intrauterine adhesion.

[ Keywords] intrauterine adhesions; collagen peptide; sodium alginate; NLRP3 inflammasome
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RV EAREAY, E2 2 H NLRP3 ZRHEH |
PRI T AH 2 B9 BE 55 FE 8 H (apoptosis-associated speck-
like protein containing a CARD, ASC) RS R 26 H 2
ot 22 IR Y R A% 2 R it - HiT 44 ( Pro-caspase-1) 3 FA[]
ISR ER ALK, 2L G e R s & A= i i v
HEE BT, BF5E L B NLRP3 RIE/MES
S N WA £ B8R AR AR AR 1 R R R R T
NLRP3 4B /IMA S £k 7] I8 5% 9 E S5 o7 4T 2 b A
JEPT SR, NLRP3 RAE/IMATE TUA HF B4R FH i
KRILHGE . WF5E 7R ) 2R 1K (collagen peptide,
CP) FilV 3 B2 M ( sodium alginate, SA) A IR 2
PO T B A A ST Rg P (H I TUA A4 FE B
WHREMN— LT, B, ARBFF0E CP AN SA B
RT3 )5 /N BT 5 9 IS, R 151 LT TUA JE Y
SoM R IG R BIG TUA S8t i0va 7 B
1 #R5RF=*
1.1 ##
1.1.1 ZE%zhY

48 H SPF g i HoR 52 BC i CS7BL/6N
INELL9 ~ 12 JEIA  IRER 19 ~ 24 o, TR 3 5 D
WA ) B H I A B 2 R Bh 52 56 o [ SCXK
(#)2020-0005]), #E% 5 H, WG RIE 20 ~
26°C JRJE 40% ~ 70% , YCREBAREATE]) A 12 h/12 h,
TEER R, 4] 77 300 1) 45 4 /N B Pl AR BB o R £
KSR T H 9 BB SE 5 s ) vl SPF A5
[ SYXK(#)2020-0011]) , # #iE N 1 J5 T35,
ST SARES AT AT & BB — B R R e
S BNYIACHRAE A DGR (K2021-033-01)
1.2 FEEH SR

52 i 6 1 ARV i R i (el 3 o BT A R R £
FBRAF, ), S5 (PRI T B IR 7 AR a4
ABRAR, ), 2R HEE (E 25 LR R A
PR, HE) , HE 443K 71] & ( Beyotime, C105S,
FE), 2K Masson = & 4 3K 7 & ( Solarbio,
G1345, 1 [ ) , NLRP3/NALP3 ( Adipogen, AG-20B-
0014-C100, 35 [# ) , ASC ( ABclonal , A11433, H [H ) ,
Anti-Caspase-1( Abcam, ab138483 , B [F ) , Anti-IL-18
( Abcam ,ab9722 e [E) 1L-18( ABclonal , A20473, 1
[E) , GAPDH ( Proteintech, 6004-1-1, f1[& ) , B-Actin
( Beyotime,, AF5003, H [ ) , AR g 45 i 1L =F $T %
(ZSGB-BI0,ZB-2301, 1 [#) , BAR BA5 i th SEHi /)N
FL(ZSGB-BIO, ZB-2305, H1 [# ) , /N 1L-1B ELISA

X7 & ( CUSABIO, CSB-E08054m , 1 [ ) , /N TL-18
ELISA i 7 & ( MULTI SCIENCES, EK218-96, H
B o /Nsh ORI (B iR, R ) HFES0E
B2 IRE WS (Nikon NI-U, AAS) /N B L vk
HEN R4 (Bio-Rad, £ ) .
1.2 A%
1.2.1 /NELTUA #ERY gy

AP K L) 95% £ AR F T 78 I S|
LB BB AL 2 M50 00 | 9 0E S I B £F A Ak Sy i
Tilt, My e e HAT /N R TUA BRI
B RGN B, T g I, P IR
et /NS T VR JRR B BIL 36 1 R T, 4> /1N BRI A 2%
~ 3%V FE (1) S BE R 75 SRR, F/NRUE T
INENIERAE S B TRFEENA 1.5% ~ 2.5% 75
St A FF PRI, PO FH % B v R (0 1 BT R A
H 2B 95% Ll H 2 W EHI A L B2 BB
FUEH, 4E4F 1 min, P28 H7E S 0. 9% A B AR K
2 mL MUETEENRRI OB,
1.2.2  SEEesh¥ora ks Bi

¥ 48 SUNRBANL S R 3 41, 0 B B FAR 4
BRI FNAYTLH (CP + SA) 154 16 B, KR4 5%
BRI IE SN T E S I S 95% £ B T T
BB A TUA B TP AR L/ N
i) B RS EST 0. 9% A BRER K, JRIFHL(CP + SA)
28 /N BB 0 ) R B 95% L IR A T 3 AR S T
) B TS 5%CP + 2. 5%SA IRG W . &40/l
BRI 0] T IR H A
1.2.3  FEARHUM Ak 38

WA 7 d S5 AL REHLE 8 FH/INEREUH , SR 2%
~ 3% BRI, BUMLS | 250, B2 585
f£, T ELISA 5285, HUFE 414, #50 # T -80°C
PAEEH T E A & B E ;3 B K i i &
1) 4% 22 B P RER h 15 , W A sy i T
JE SR RIE A F YA L) N B B Masson — a4 fh,
1.2.4  AFHEE KM

AL/ T YERE 7 d 5 i B e B4 L L
B1: 27 20.00 &5, 55 2 K 8:00 MR H K64, L
WA N WA L AR IRES 1 K /N B A1
O, 0 SR A LU IR/ BRI, TUE RS 14 RALSELT
PR/, IE SRR B |
1.2.5 ARZEPL (HE) Y@ML T 5 N I TE &5
AL

FTEALT FH A 2K, AR A
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5 min, R AN ARKPHBEL 10 min, JHELGL
1 min, BEACER, b A 5 B B, BEFS 7 10 x 4 £%
F110 x 20 £ 0 G058 T WS+ E7 P BB R 25 22 AR
I IR, ] Image J BAOHECT B IR ARSI
1.2.6 PR Masson — (A L ELE 5 N LT 4R 4L
FREE

FEHSY) A U 2K, Y A A Bouin ¥
WYL 2 h, REA WY 2 min, Mayer Jj KK YL {4
2 min, MVECEEMEIE AL 10 s, B PRI VA W Ak 22
10 min, ZEREIEYLAD 5 min, 5 EAL I 2 min, KB
W, rh MR 3 ), 7E S RS T ST P B AT
EALFETE 10 x 4 f5H1 10 x 20 175 . f8ss F 3R,
Image J FAF53 17 45 2 F 5 AR AT AEAL TR B
1.2.7 Western Blot ¥l £ 2H F ‘& 21 41 NLRP3
ASC ,Caspase-1 IL-18 . IL-18 & FH ik 1F M

WA AN EHA SR G, R BGE AR E
R EE ORI TIC I | B FE LUk L B,
A3 9 B R N A — B0 R B, YRR S FE Azure HELAL
2RICHAL R G 85 , i Image-Pro Plus 3K 453 #7
R HWEARANSEAKEHE,
1.2.8 ELISA I yE IL-18 Al IL-18 [ &

W 2H /NI Y , T A% 4% B ELISA A I a5 &
MR TLRE , R I 5 2H /N BRI 3 TL-18 R0 IL-18 1Y%
i, IR sl W BE VRN AL A5, LA OD fH AR AL b, 1
P, TS T REAS v BRI B8 1 7K F
1.3 FHitFESH

AW EIE SEE + b2 (x £ 5) Fom R
H Image J. Image pro-plus 17 & & 43 #r, >k H

GraphPad Prism 8. 0 #1748 1122 0 i fE K, 24 1a]
Bt LR B K 3R J7 22 93 91 (One way-ANOVA )
MZ BB R AT 7M. LA P < 0.05 Ron 2250
HAREME,

2 &R

2.1 INRFEHAHE LEFEFNR

LA ST AR H, BRI T P
AR RN TR KT R R N TR AR A ik
b EFHARFEM(P <0.001), IR L 40
YU, SEFYLLAH E IR YT AL TR P R A
FEWT R B3 , 5 N IR JEE B2 R 1S 0, 8 M 20 M iR
TR, B P9 R R 5t A R 8 T, 22 5+ BLA
WEM(P <0.05),
2.2 IRFEHALAKR Masson — B EER

A 2 AT 0L SR F AR L R R FE
ZH RPN AT D s Y i FRIE 0 R R I TR 4T A 4
%2 LS HAABEE(P <0.001) . T PIEE 540
MRS AR A HES ZE 0L, 3 A A3, IR R4 4k 5
WUZAGE , 75 s 21 4 i 3= i 38 2, 4R R /N B
B ERE AR ST, SRR A, CP + SA JRYTY
AT B LU T Y i S 2T o v B oL 22 5 L
HBEMP <0.001),
2.3 Western Blot # ]/ R F 5 4 28 NLRP3,
ASC.Caspase-1.IL-1B8.IL-18 EHRIA=

A 3 AT SEFARLM L R/ N
ZH#1 NLRP3 (ASC ,Caspase-1IL-1B IL-18 #& 4 4H %}
FikEBHUI B I E, 25 A REEP < 0.001,

A HE a1 PAG i HEUEEFA51E B H Image ] 2 75 PR AR RS ST ARAAMLEL, ™ P < 0.001; SHERIHM L, P <

0.05, (FHEIAE)

1 TEHHASHRIIP S MNE

Note. A. HE staining was used to evaluate the morphological changes of uterine tissues. B. Image ] was used to quantify the number of

endometrial glands. Compared with sham group, “* P < 0.001. Compared with model group, *P < 0.05. ( The same in the following figures)

Figure 1 Morphological observation of transverse section of uterine tissue
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AR Masson = (e (A PEAR LT AL AR BT | S £ AE RO R TR 1, WLEF RO LT (5 s B . JT Image J /8 T 5 WIRLFAEAL AR S
RIZAHLL ™ P < 0.001, ( FEH)

2 TEHALBEYILT g WAL
Note. A. Modified Masson tri-color staining was used to assess the degree of fibrosis. The collagen fibers were dyed blue and the muscle fibers were
dyed red. B. Image J was used to quantify the area of endometrial fibrosis. Compared with the model group, **P < 0.001. (The same in the

following figures)

Figure 2 Observation of the degree of transverse fibrosis in uterine tissue

T HSERTFARIMLL, * P < 0.05, ™ P < 0.01; SHEALLL,#P < 0.01, (FEIRE)
3 BT EHL NLRP3 ASC  Caspase-1 1L-18 IL-18 HJFE H ik
Note. Compared with sham group, * P < 0.05,* P < 0.01. Compared with the model group, #P < 0.01. (The same in the following figures)
Figure 3 Protein expression electrophoresis of NLRP3, ASC, Caspase-1, IL-1B and IL-18 in uterine tissues of each group
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P<0.0l 3P <0.05), SEMHAMIL,CP + SA
BIT 4L/ BT B 41 40 NLRP3 | ASC | Caspase-1 | IL-
18 IL-18 AN FRIL W] WAL, 22 55 B A W
FEVE(P < 0.001 3, P < 0.01),
2.4 /MRMFESF IL-18 0 IL-18 K14 E F 2 b 7k
TR

H 4 AT UL, SR FAR LA H AR 2 /)N B
HIL-18 A1 IL-18 MY/K-F-34 I o Ty, 25 5 HoAT 1o 3
PE(P < 0.01 B P < 0.001), SHEAIAM L, )T

WA ME T IL-18 A58 /K - 5 B IME T 1L-18 1943 K-,

ZH/INBUMIE P IL-1B 1 IL-18 AR 7K 25 I i FRARG 22
SHAREE(P <0.01 5 P < 0.001),
2.5 INRAEFEBEAKN

S A0 SRFARYUA B R 2 /N BT IR
AN =S W N IE 2 0 i B ey = S g
JRECE AR R G, Z 5 B A B &M (P < 0.01),
SEUAIA L, CP + SA YR A1/ BUT IR AE 1 M
TENEREGER SN BT &, 25 58 B &%
(P<0.01),

B4 KH/NFIES IL-18 F 1L-18 F4M WK -

Note. A. Serum IL-1B secretion level. B. Serum IL-18 secretion level.

Figure 4 Secretion levels of IL-1B and IL-18 in serum of mice in each group

T A /D BUEIRECE ; B AR RS IR IR Bt AL K]

B5 A4l RUIEYRE

Note. A. Number of pregnancies in mice. B. Quantitative map of number of embryos after pregnancy.

Figure 5 Pregnancy of mice in each group

3 it

TUA ZZF 8 TR SR G5 17 I KAE,
AR T EEN R E a4, B4 IUA Bt
A A S8 5 R B R IR 2 R A 22
A Mz BB A ST S BT E IR AR

HEE, B MIMAEART R E W™, FEGIL
BN R ZBRAGEAEAST . BRI R LT
TUA B TR , & Z ARG B & & 4%
FEERYES AL A BRI T AR A DL S 25 W) 25
BRI oA Yy e R /N | T R A
P AREEE ARG R S O A, 7E TUA BB IR h &
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FEELZEMN., CP 2N\ H S b S By —Fh B
HHUE AL R 0 A W0 K, B B E IR
B R AFA RV TE AR | R I 19 A ) AH 25 1 R A= )
R S | PTAIE TE JoR T 4 0 i %) A K R ) R R
(G B, U S S5 I, DT AR 20405 11 1 A, E 1
2y R B PR S T Y SA fE
R —Ff G 8 P RS G KSR A e B B B F 2R
B, 665 BH B T Al B i, AR 25 R AR B T
RN, R EA R RS R4
FHZE 1 A0 A= 4 B fige T K A 0 T RORE 1
R

L, FEABE g, il 45 T —Fh i CP Al
SA AP ESHE AW ER T2 /N5
PR WREE CP AT SA 156G R N8 N IR & 1) 5%
M, 25 R, 58 F AR b, AL N R 7R
PIEEH S A2 8, 78 P9 AR AR B U 2D, T P R
R AEALSAS A IR TUA FRIE, SARIZ A
L, CP Fll SA JRY7 2N B 5 P RS0 40 8 B b vl
T N R AR B N, LR N R AT
AR, $E8 CP Al SA BEG I X TUA AYIE
B B A CE R

VIFERISE R, RAE W 5 4 AR B 5 e
BYIAADC, W R A B | A AR B 2 R b &
AR ZR A YR, N CP SA 45, B
TEBIBENE 8 35 107 11 A v (0 JOE S B I iR
RIS P AT 38 i AR R RE R TL-18 i 11-18
RS- BB R /N RS B T A L 32l SA Uk
YR 58 O S o A1 7 I 2 A ) R R AR R S g
ARWFFTLE R B A%, CP Al SA BeA h F vl /b i 95%
LA T 0 TUA FT 7= A 9 SR iE S

NLRP3 RAE/NMAAF 53 [ 78 9 0E o 2 v & 4%
HEAEM., NLRP3 R4E/MMAZ H NLRP3, ASC Al
Pro-caspase-1 ZH W[ 2 85 11 Bt & 4K, 1E 15 I
™, NLRP3 RAE/IMALL TR A SR Z B R
JEZEHIM)E ,NLRP3 5 ASC Z M HAER, ASC 5
Pro-caspase-1 Z [BJ A1 HAEH , #iF Caspase-1 55 H
FRVIE T 58 AE 240 L P 19 ORI 28, 1L
18 A IL-18"") , AWF5E /R, S5 TR, TUA
FERL/IN B T8 41 21 Fh NLRP3 ,ASC , Caspase-1,IL-1B
FIL-18 £ [ A KF i 2 T+ &, i v TL-18 Al
IL-18 Py7K-FAs i & s, SRR A [, CP il SA
RITH/ N T H 420 NLRP3 ,ASC , Caspase-1 . IL-
1B 1 1L-18 & [ FRB A AR AR BEFEAR , 1038 H 1L-

18 1 IL-18 FY/K-F- o @ EREAR, Ak, eI 1 i
BE /NI AEFE BE 7 , & B 20 /)N BT Ok i S
SRR J5 WG T R 1T CP R SA YR YT 4/ BRAT Uik
Bt AR 5 W R i W] W m TRIRLA $20R CP
FISA 155 I A 208G /N RUEFEARE ) . LA BT
FEAR], CP A SA 1-& 1 H W 40 i) NLRP3 | ASC.
Caspase-1 IL-1B Fll IL-18 Ay ik, #&78 CP Fl SA BX
AR AT REE S A NLRP3 SAE/MA , E il 17
IL-1B Fl TL-18 SEAE PR F-HY 731 , o2 1 7 A= 1 R AE
PR BN, P 3 15 N BB 52, DT 42 125 /N Bl A= B
RETT,

25 LTIk, CP A SA WA I AT A R il 8y
PRI 05 i 1 2 B, N 8 IR & il
INRAESERE S . HAEHIALEI W 65 F 4 NLRP3 &
JE/NMEZRIEAE &, CP A1 SA B4 b A B T ek
SR T E NREREE, $2 5 A T R A P
RITRCA, M BT TUA 1 & AR 4R T —FP ok 19
A,
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/INERML R BB BUR B /Y HPLC-MS/MS 7€ &
IR VRS ESE A DA S SR (RS

ZEE" RAEY,EALFAR  THhE  FRT,
e, IBE FHET KR

(1. hE P ERREBE B 2E S5 sy 65T R 25 B I6 T K SR o S S =
demt 10070052, FEFERREBE RS, LT 100700)

[{#ZE] B @/ R EHRE B i 80R A 635 - %5 A ( HPLC/MS-MS) & =0T 7 i,
IR T HAE N IR N2 B 1280 E . FiE KM /NECR R # K5 (20 mg/kg) JE ST (20,40 F1 60 mg/
kg) FITE (200,400 F1 600 mg/kg) 45255 , 76 0.5.30 min 2 1.2 .4.6.8.12.16 F1 24 h HRJEEHH K BRI, 2325 1l 3%
B HPLC-MS/MS e 8 R BCEHAUER B MMREE T2 103l T2 580, 3R E M AN RIS AR 44 25 T 31 BLE AR
HBMAEWHME, £8 16£0.2 ~ 800.0 ng/mL ¥JEIER P, R ELHIME B &HXRRE (r = 0.9995) , &
TBRA 0.2 ng/mL, #E i BE7E -8.50% ~ 12.50% , 4% % FEAE 1.73% ~ 12.03% , H JC W] b 3 5T %50 7 ( 88. 68% ~
102. 04% ) , BIEIZ T 238 /N B3R 3 R B B B0 4T, Z0tah 45 R SR HAME B 18
Jos T S I 8 45 24 ) AR R PR I A TR I 2T FEAE 25 24 0. 083 h BRI AH, A6 I i 7 5 20 ~ 60 mg/kg FITE H 200
~ 600 mg/kg 20 I R AP AR ) Skl B R AR B A4 X AR YR BE NG s i B A 25
53.29% ,FEE A2 1.38% . 58 WIS A9 HPLC-MS/MS 5E f 40 J7 v, 1 /E il s R 0% &, sh
N T/ INERLE 2R FCEHAER B 2B J1 AR e R 5T

[88iR]  #RSAME B; 258015 AW R H B s HPLC-MS/MS

[HE>ES] 095-33 [ XEEREM] A [ XEHS] 1005-4847 (2023) 10-1304-10
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[ Abstract] Objective To create a high-performance liquid chromatography-tandem mass spectrometry ( HPLC-
MS/MS) method for the quantitative analysis of Flavokawain B in plasma, and to investigate its pharmacokinetic
characteristics in mice. Methods Flavokawain B was administered to KM mice via intravenous injection (20 mg/kg) ,
intraperitoneal injection (20, 40, and 60 mg/kg) , and intragastric(200, 400, and 600 mg/kg) routes. Blood was drawn
from the venous plexus of the eye fundus at 0, 5, 30 min and 1, 2, 4, 6, 8, 12, 16, and 24 h and then the plasma was
separated. Flavokawain B levels in the plasma samples were analyzed by HPLC-MS/MS, and its pharmacokinetic
parameters and bioavailability following the different routes of administration were calculated. Results Flavokawain B
showed a good linear relationship in plasma (r = 0.9995), with a low limit of quantification of 0.2 ng/mL, accuracy
-8.50% ~ 12.50% , precision 1.73% ~ 12.03%, and no obvious matrix effect (88.68% ~ 102.04% ). HPLC-MS/MS
was verified as a suitable method for the quantitative evaluation of Flavokawain B in mice plasma. Flavokawain B showed
rapid absorption in vivo, with a peak of plasma concentrations at 0. 083 h after intraperitoneal or intragastric administration.
Flavokawain B showed good linear pharmacokinetics following intraperitoneal injection of 20 ~ 60 mg/kg and intragastric
administration of 200 ~ 600 mg/kg. The absolute bioavailability of Flavokawain B was 53.29% following intraperitoneal
injection and 1. 38% following intragastric administration. Conclusions The current quantitative HPLC-MS/MS technique
provides a straightforward, precise, and sensitive method for investigating the pharmacokinetics of Flavokawain B in mice.
Flavokawain B; pharmacokinetics; bioavailability; HPLC-MS/MS
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K ECHEH AL ( Piper methysticum ) J&—Fl J5 7= F 4
RV 1l DX 1Y) 245 B[R] 5 400, Ja S BURE ) A 2498 2
FERNR AR ZE, TE Y4, R ICEHME Dy —Fh R
i A BN B AR AR IR 1Y F AR 9Tk, i R 2 T T
PHFEAR DU ZE R TR P B A
UEAE  HAR S0 & A g AR AL J7 24 SR A s m 57 ik
AW FE G, TE IR OCHGE S, #R LAME
B( Flavokawain B, FKB) & M\ -R FLEAMUH 4355 ok 1Y
— B RAR B A EER AR o
PR PUMAE A R R G T AR 2 FR YT AR
o FKB FEIRY MR Oy R o, U E
I R I 0 B N LR T R TR AR
H, 508 T 2Bk iz k>, Ji5h FKB 1
FERIRFREVERGE " (A Z HEr, % FKB 4Py
R TR FE S, BB FKB 1Y 254X 30 ) A A
i, ASBIF 5 ) v 28080 AH €5 3% - 51 1% 16 ( HPLC-
MS/MS) & 57 I 259 B2 R o A 07 i, IF it — AP 1
BT Rk G2 R TE S A S 45 25 )5 K FKB
253l 3~ R A R AR R RE 20, 18 FKB
AL L VRIS A — 2 T A SR A D7 A
IR

1 MR57AE

1.1 ##
L1 SEREhY

168 H SPF 2R /fet: KM /N, 7 ~ 8 JEIi%, 1A
(31.0 = 1.5) g, g B AL 5t B A Wy RHE B4 A PR

AT [ SCXK(51)2019-0008] . 7E/E R A H W] 18
IR(23 ~ 25C) EIR (49% ~ 51%) FREE o 35
d, WERNAFRIRAEE, A IREOK, SLRETEE R 12
~ 16 h, AMYOK, Frfshiia 3 7 i E i Rk
B o B LRI S AFST T [ SYXK (5%)2021-0017] , 55
B P2 it v ] e B B2 Bt IR 2 S PO (8 R
2:4itifE (ERCCACMS21-2106-08) .
112 EZEH S

KRR Z (it . RDD-00702005014) | %R KL
HZ B (#t5 . RDD-H-02802301004 ) 4 T 5 & 5 2%
PR R A | SR K T 98% ; —
FEAP AR ( Sigma A F], L5 103209528 ) , F& HI JL 4 4
ZHN(EZ54EH 15 :20120330) , Tween80( MCE 23
), it 5 : HYS000006634 ) , PEG-300 ( MCE 72y ], 4t
7 :HYW000084018) ; HH i | & JIF (LC/MS 2, dt 3¢
N R (LC/MS 9, 26 [H Sigma 23] ), H
%k (LC/MS 2%, 35 [ Sigma A #)) , HAli 713 Ky
srprali,

Targin VX- Il 22 45 8 e % ¥ #ir (AL 50 B 80 B 4
HIRAF) Milli-Q Integral 5 R Al K] AN (3
Millipore 2% ) ; KQ-500DE 7 ¥ ¥4 8 75 Il 75 Uk #%
(Bl 5 s A B2 7] ) ; Rotanta 460R (= # 12
PREGDAHL(FEE Hettich A F]) , HPLC-MS/MS &4t
(3HE AB Sciex 22 H]) , 34 ExionLC-20AC /& 20K
FEAFEY Ton Drive™ Turbo V B T-JE  Sciex6500" =
DU AR AT RS I 2% . Analyst 1.7 £08E R £ R % M
MutiQuant 3. 0. 3 FHEAL P R 5055,
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1.2 Fi&
1.2.1  ZyahBcH

(1) R DK T 5 20 R B 3 S 20 . FR BB it 1
FKB , LA BT 25 AR LAY 49 — W 5600, 7843 %
D25 5E AV ff, BN T 75 25 WA FR 1Y 40%
PEG-300 F1 5% Tween80, I Ji5 fill A 43 (AR A5 #E
K PR G AL 60 s, BLil A 4 mg/mL .8 mg/
ml 12 mg/mL ) FKB % .

(2) ¥ H 4 RBGE R Y FKB, A 4% — H 3
BT 5% Tween80, IR G JE ¥ T 0. 5% R H BL2F 4
Z0, IR IHBAL IS 60 s, A HC I 40 mg/mL
80 mg/mL 120 mg/mL F¥) FKB {5
1.2.2 sh¥sess

7 JathfErE KM /N B BEAL B 7 AN (1) 8
ST (v, 20 mg/kg) | (2) 1R I e o S 4
(i.p. 20 mg/kg) | (3) H 7 & I8 R v T 40 (i p. 40
mg/kg) | (4) {0 4t I8 I 1 5 4 (i p. 60 mg/kg) |
(5) A H 41 (i.g. 200 mg/kg) | (6) H 7 i
B 2 (i.g. 400 mg/kg) | (7) =i 77 1 18 2H (i. g. 600
mg/kg) , BN 24 HU/NERATAE 11 A BRI s 8] 45
(B H/NEL 3 AU TR] 550) | BRI R AP AT 6 B
INE, SRR T/NREAZ5)5 0.5.30 min J2 1.2.4.6,
8.12,16 24 h, THRIEHEHIK IR 100 pL, A
EDTA - Na, i H 7 4°C 4362 v/min 51 F &0
15 min, FFUCHE, B JZ 155 T8 Ep &, -80C
TRAESE
1.2.3 B

(1) X BRI WRTC ) < A 25 R FKB X B AT 24
10 mg,BIA 5 mL B, INAHEE, B 5 min
B P VR R 2 20 B AR ST ENAS . BT RN &
WAL R 2 mg/mL, B YA R F135] 1.0.2.0.4.0,
8.0.16.0.32.0.61.5.125.0.,250.0.,500. 0,1000. 0
2000. 0 F1 4000. 0 ng/ml ¥ JE (1) X} B8 & 28 515 T
BT -80CIRIEAE I,

(2) PAbR ¥ YA TC T« AR 3 R BB JoR 6 2% R
2510 mg, Bl A 5 mL 25, J5 A B R R S
5 min B B0 WO R 2 20 35 5 RIS 9 A B
W, -80°C VKA A . Il T Y B P A Bl
i Fen 10 wg/mlL N FRIAW

(3) BTt F ] (QC) A b iy L il BUMG v &
3 ANV BE X R TR, A — R Y 25 1 I K A
SHRA RS RIS 4% (LQC,0. 5 ng/mL)
WS 45 (MQC, 20 ng/ml) 1R ¥ JEE i #25 ( HQC,

600 ng/mL) FE 5, B F-80°C 24 N R4 .
1.2.4  IRAE B AL 3

MRS 7R =R AL, R A R % &
50 pl, BT 0.6 mL T B .08 RS MA 10
wL ARSI 140 WL Z i, 6000 r/min IR €A
5 min, 4°C 13 795 r/min &> 10 min, B M 1§,
4°C 13 795 v/min FRHKEC 10 min, BERERA
1.2.5 HPLC-MS/MS %4

(1) %41 A% H N XSelect® HSS T3 7%
FE(2.5 pum,2. 1 x 50 mm, 2 [H Waters A7) ; i 3h
AR ACK, & 0.1%HFR) :B(LHE-FNEE[ 50 ¢
501), BRJEVEB R F W R .0 ~ 4.0 min, 20% ~
100% B;4.0 ~ 6.0 min,100% B ~ 100% B;6.0 ~
6.1 min,100% B ~ 20% B;6.1 ~ 8.0 min,20% B
~ 20% B, A 35°C s FEMETE N 4°C ;A
0.3 mL/min; #FFEE N 2 pl,

(2) BTk 2% 11« W W 25 25 U (ESI) , <A <
(N,) N 40 psi, filfi 8 T(N,) 4 9 psi, W25 AL +
5500 V, 55 ALIREE y 550°C , 5 46< (GS1, N, ) Fildf
WIS(GS2,N,) Y928 55 psio SE5 R 22 0y e )
(MRM) #5520 IE B 34, FKB R AR K R R B 1
X BFH I P 25 7% FRL Rl 4 R o PR B R IR S T
SRR 1,

1.2.6 JriksfmEsr 550E

(1) B FEMLE 6 H/NEZS (IR, BRA N
PIFR (SEARFRAE KR AR ) A1, He 1. 2. 47 T 75 4t
1§, #E47 HPLC-MS/MS 4347, IF- 1 s AR R ) i 5
18 o 03 A 3 B PR (limit of quantification, LOQ)
BEAL INRAS ISR RE S RN R4 25 )5 I 3R R
E7 3 WRiNipued i

(2) S Bl S i B . B FKB X 8 i 3R 9103
W, o B BE AL AN B2 i, 753 0.2,0. 4,
0.8.1.6.3.2.6.1,12.5.25.0.50.0.100.0.200. 0,
400. 0 11 800. 0 ng/mlL Ay #5400 2 W) #F i, [A) A 4%
“1.2.47 TR J5 i RAE, 64T HPLC-MS/MS 437,
BEARBR XM IMAE S TP AR (VR B AR AR Y R
RO 5 P bR A AR EAE, 17X S AER R AL, 1015
SR IR R/ N e i, e 449 B 45 LA bR o
M2 MM, & A LOQ &5tk S/N =
10 TH5, L LOQ VE b ph £ 1 S ARV J3E

(3) BT80N 5 FEHU R . B QC Fi LOQ A
ai, B VR EETC ] 6 1y, #e 1. 2. 47 T 5 4R,
HERE TS 3] FKB 5 AR 1) €3 e i R LG (D A 5 R
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FREEKBCHI LA L 550 B RO RE 5, R 43 B 15 2] FKB
55 bR Y o3 0 T AR U AEL B 59 BEAILERC A i3
Fe1. 2,47 WUF e, b A R N A Tk R B ) TR
s R PR AR 5 T80 A T 2R 3R B b v R,
RIS AT A5 FKB 5 AR B9 (438 W4 Ti AR U 1B C
A5 BRI, A 5 C /Y H{F BP 2 B
Ml

(4) MERRE 5K ®E . LOQ BES AN QC AR 1 d
ZHIE 6 R, HiEs: 3 d %, 15 H N, H
ST S ER

(5) 588 . BUE & L IRFE S #5041 2.47 0 F )
R SR G AR 25 T RE O 5 I R i SR 454 3 IR,
ZIGG— TS R R 5R R

(6) MBI 51k . W] 6 (MBIl AE MRE &y, 24 10
% QC A5 B (6000 ng/mL) , #i B 2 600 ng/mL
(2 FMERRE) e 1. 2. 47 (D TR FRAE , EARE
PAGIIT , B30 T8 S A0 o 0 R 8 BN %

(7) FesE e B 3 A RDR EE B QC BEAR 42
“1.2.47 D RRERAE 58 I AR T R = TR
B 0.5 h F12 h; e e M2 it 4°C & T
JICE 12 h 1 24 h; 25 580k AR E MR 38 1 - 80°C TR
fE, R EE, B4 3 WK 2 2K I RS Pk A i
-80°C HfF1 1A,

B QC #Eidh , B —WREERCHI 3 47, P48 1.2.4”
TR 4 AE 4°C TR 12 h Fl1 24 h, B2 5 15
SEME MR RACE 0.5 h F12 h, B8R IR ETE;
2215 3 Rk (—80°C ViAr , ML) , B E VRl

FEME; E-80C &£ PR 1 DA, HHERKBIR
e
1.3 SFHitESH

ARSI AF FH MutiQuant ( JRAS: 3. 0. 3, 3£ [F AB
Sciex /A ) ) AL FREHE , Origin Pro 2016 ( U4 . b9. 3.
226, %[ OriginLab 2\ F] ) Fll ChemBioDraw Ultra ( bt
A :14. 0, 35 [H PerkinElmer 23 ] ) 22 8] DAS #0F (Ji
A:3.00, BB Z) IR B EABITR AR S
K, BORINZGHIE (C,,,, ) MR R (T, ) 3290 5
D&, >R HI BB B ¥ 71 530 I 1) 9k B2 il 48 T i A
(AUC) ] AUC,, FIAR B 25 245 7] 5 i A7 22 51 B2 46
PRI,

2 4R

2.1 JRiESH

VEFR I+ AR k4T FKB 9SS 5047
S5 00E B R W T B AR A I R
R FKB REARM + H] "W, XM + H] I
T BT T, E R 1,

PR F B d ey ELRSUE T A 1 B8 T X (285, 1/
181. ) M it B % T FKB B E & 5047, 3 5h
PERE — X 3= B e HORR e TR A Y B8 % (285, 1/
131. D) EREMERE 73X T FKB B8N,

i FKB 1 JC # b Ak i R R R Anic ol
HEA AR SR BE 14 PN AR 2 B T 2R L G A R
B OTEIE AT AR R R T B R
TRHAL, 45 F WL 1, 7E MRM #3 T, FKB Fl N

1 TR BT A A L

Figure 1 Product ion spectra and chemical structures with the fragmentation pattern
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PR A R R 22 0 5 2 —F X6 A 4% B s (i) Alf 48 5 AT 2%
SRR - B S B R LR 1,
2.2 FEEER
2.2.1 FREARY

o FH 5 = MR B FKB R B LA 9 B i (800 ng/
mL) K N #r, % %% XSelect® HSS T3, XSelect® HSS

PFP 25RO 3EAE U 5R BE |, 45 5 XSelect® HSS T3 {4
TERETR B /b s W K LK L -5 TR -
IKERFE VR AR R T RGN, 45 R 2 E-F N
B K YER A5 F T ok B fe b S5 SR LR 2, R BL
XSelect® HSS T3 i kE L 2,1 -5 P9 BE-7K 4 e M A
D ST W RE =L TATI

R ERIWHIMER B MINARA R RIS AR @3 il 24

Table 1 Optimized liquid chromatography-mass spectrometry parameters of Flavokawain B and internal standard luteolin

SEHT A SERETE () SRR (V) REREAERL (V) TR R ] min)
Analyte Ton pair Dwell time(ms) De-clustering voltage( V) Collision energy(eV) Retention time( min)
R
A_Eﬁ;ﬁﬁ*ﬂ%B 285.1/181. 1 100 105 27 4.06
Flavokawain B
AR ALE (PFR) 287.1/153. 1 100 150 44 2.65

Luteolin ( Internal standard)

FAT AT B REHAME B(800 ng/mL)/HHs (1S) 76 H B /K VR MR R T AR B 0B 7o B T, B 1. # R EL#HIAE B (800 ng/
mL) /FR(IS) FE LG -KBRIBAR R T AR B PR C T, CT 3R ECHIHE B(800 ng/mL) /NHx (1S) 7 £ & -5 PR BE- /K PRI 5=

TERE IR TR,

B2 AFEEBART R E O

Note. A I , AIl. Extracted ion chromatogram of Flavokawain B (800 ng/mL) / internal standard (IS) in methanol-water elution system. B I |

B II. Extracted ion chromatogram of Flavokawain B (800 ng/mL) / internal standard (IS) in acetonitrile-water elution system. C 1, C1II.

Extracted ion chromatogram of Flavokawain B (800 ng/mL) / internal standard (IS) in acetonitrile isopropanol water elution system.

Figure 2 Carry-over results under different elution systems

2.2.2  BEBUAIESE

¥ FKB (9 B 48042 B 5 (100 ng/mL) 4%
“1.2. 47 U I AR, B4 FKB M bR AR B R
TE 3 FEHVBERT 3 A5 ISR AF T B3 0R . $23
REERLM 31520 (FKB 4 97.08% + 6. 60% 1S
H92.12% + 4.24%) ML T 3 £5 W B (FKB h

84.70% + 1.89% IS "N 96.83% + 4.50%) , K It K
FH 345 G VE R BRI R AT 5 225 27 ik
2.3 FHEFEWIE
2.3.1 ks

QI3 Frs, o DU R 43 W8 3 B RO 34T
FKB H W4 B} [6] 29 4 4. 06 min, PY A H 06 B[R] 24 S
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2. 65 min, /)N ERUML2E AR 222 Hp 9 N DS o AR
PR EAAN T, LT R
2.3.2  ZMEjulE foe kR

I3 FKB SR (R pn i & mlH 7 B2l v =
0.010X + 0.0033, #HOCHREL r 7 0.9995,7E 0.2 ~

800 ng/mL i [l INZ 56 R RIF, &5 ML S/N =
10 THE 1% LOQ 4 0. 2 ng/mlL,
2.3.3  HEBURUN 5 R EUE R

LOQ #f §h S 45 W FE QC FE 5 19 3 o 3% 1 N
88.68% ~ 102.04%, & B ol it R E 95.42% ~

A F 2 MR RR S BREUES THA B, G 25 FLIMR AR S A AR (IS, R HEZE) Fl FKB( LOQ ¥ ¥ ,0. 2 ng/mL) B HEEUE T K ; C, H.
N R B4 25 0. 083 b JE AYIMLAR S ERIGE T D, T /N RUIE s 1 59 25 24 0. 083 h J5 A9 I 3EFE S R IS TR B EL T /N 18 45

24.0. 083 h Ji B I3RSl B U T I

B3 P E R IUHR B FINARAY MRM (@55 4]

Note. A, F. Extracted ion chromatogram of blank plasma sample. B, G. Blank plasma samples spiked with internal standard (1S, luteolin) and

Flavokawain B ( LOQ concentration, 0.2 ng/mL). C, H. Extracted ion chromatogram of plasma sample obtained 0. 083 h after intravenous injection

in mice. D, I. Extracted ion chromatogram of plasma sample obtained 0.083 h after intraperitoneal injection in mice. E, J. Extracted ion

chromatogram of plasma sample obtained 0. 083 h after intragastric administration in mice.

Figure 3 Multiple reactions monitoring chromatogram of Flavokawain B and internal standard in plasma
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101. 55% , 2 WA S A BSURN 23 B 7 7 R
2.3.4  UEBHEE SRS

50 WoR, LOQ A X iR 22 7F - 4.45% ~
12.50% , 4% ¥ & QC A% b AH XT 12 22 7E - 8.50% ~
9.70%; H N F1 H [H] K5 25 £ LOQ #F dh 1Y RSD 7E
13.00% VAN, £ ¥ BE QC FE 5 B RSD 7E 10. 00% LA
P, R IA AT e RRE T AT,
2.3.5 FRE SHRRUY

HERE IR QC FEM G, 25 IR & Y 5% BE 241K
T NFRIE Y 0. 03% Ik T LOQ #E i Ay 11.03%;
RS RE S UETR BE ] 2. 43% ~ 8. 62% , K B &
h 2. 48% , 3% W 43 MY 7 % 1) 8% B R R T HE
KAt
2.3.6 FoEM

DZEAS =R QC AE S 7EAS A Ab B A% 1Y

Fare e, Seme 4% W FKB 78 25 IR 8 2 h( [k
R.92.89% ~ 109.20%) , Ze it 3 YA R ( [l R
95.69% ~ 103.98%) ,-80°C &4 F kA7 1 A~ H ([l
. 90. 86% ~ 103.46%) , M A 38 i FE 5 A 1F
FEZ N LE 24 h( IR 109. 04% ~ 111.70%) ,
FOEPERA R AT,
2.4 HBR}HZELER

/INERAE# K (20 mg/kg) M JEE I 5T (20,40 F0
60 mg/kg) FIFE H (200,400 F1 600 mg/kg) 2424 5 A
KPR A BN, FKB (4 SF- 349 24 e e B il £ 0, 12
4 TR FELLH I F SR 2, FKB 7E/M B
PRI FEAR I, 4% 25 25 A5 1 AR LA (1] A5
0.083 h Bl g Wi ; 14 P4 Wiy B4 B (0] MRT,, 3880, hy
2.78 ~ 4.51 hy RWI A B FREBK, B T 243. 63
L/kg, 55 # K 5 I s 0 G 45 25 (F 5 0.

T A/ NRBHIKTE SR 255 3R FCWIIRR B B9S2 iR BE M 4R s B /D RUBIE TR S 4R 255 3R ECWIAR B B9 P X9 iR £k ; €. /b
FRUHE B AR 25 TR FUIIAGR B BOFII 2R B IR s D /N U RS 20 25 )5 38 R O B A5 0 ~ 4 h {9~ X 25 I o J 1 22 Jmy ot ek
Pl E /N BE 4525 TR ICHAMUE B 72 0 ~ 4 h i X2 vk B2 i 2 R il R L

B4 DRSS ERLVIBE B VAN EML (% £ 5,0 = 6)

Note. A. Mean concentration-time curve of Flavokawain B after intravenous injection in mice. B. Mean concentration-time curve of Flavokawain B

after intraperitoneal injection in mice. C. Mean concentration-time curve of Flavokawain B after intragastric administration in mice. D. Partially

enlarged plot of the mean concentration-time curve of Flavokawain B from 0 ~ 4 h after intraperitoneal injection in mice; E. Partially enlarged view

of the mean concentration-time curve of Flavokawain B in mice after intragastric administration from 0 ~ 4 h.

Figure 4 Mean concentration-time curve of Flavokawain B in mice after administration(x + s,n = 6)
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K2 /PRRERIKGES N TS A 3R IUOIRR B R K 25 Ush 2 S 5 (»

+s,n=60)

Table 2 Pharmacokinetic parameters of plasma Flavokawain B in mice after intravenous injection, intraperitoneal injection,

and intragastric administration (x = s,n = 6)

S8 i.0.20 i.p.20 i.p.40 i.p.60 i.2.200 i.g.400 i.g.600
Parameter (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
AUC,, (h-ng/mL) 852. 940 529.320 786. 960 1436. 280 154. 490 217. 640 292. 130
AUC,_,. (h-ng/mL) 898. 820 578. 840 898. 560 1437. 080 158.310 341. 190 299.710
MRT,,(h) 4.510 4.220 3.270 5.090 3.730 3.580 2.780
MRT,_,, (h) 6. 060 5.830 6. 350 5.100 3.990 11.250 3.090
ty,(h) 7. 600 4. 890 8.330 2.040 1.810 8. 840 2. 180

T (h) 0.083 0.083 0.083 0. 083 0. 083 0. 083 0. 083
Vz/F (L/kg) 244. 060 243. 630 534.920 122. 950 329. 080 1495. 880 630. 400
CLz/F L/ (h-kg) 22.250 34. 550 44.520 41.750 126. 340 117. 240 200. 200
Cs in o C,. (ng/mL) 503. 860 294. 160 532. 460 602. 390 62.290 97.510 211. 440
F(%) - 62. 060 46. 130 56. 130 1.810 1. 280 1.140

4.89 ~ 9.70 h;THBRFR.22.25 ~ 44.23 L/ (h-kg) #
b, FKB B 245 25K N 01 (1. 71 ~ 2.78 h) B2
/N TR R (1263, 38 ~ 2001.95 L/ (h-kg) ) B i
TR, SRk A 25 R EE I 1 S FKB )46 %) A )
FIF R 46.31% ~ 62.06% , HEH FKB 2455144

FIHEALK 1.14% ~ 1. 81%, NE 5 e 5T A B 4
24 FKB Z R R a5 R UL EL 5, v AR
TERR IS 20 ~ 60 mg/kg K iEE 200 ~ 600 mg/
kg A 2GR BRI, 254080 ) 2=l B S U I i ik
25 (Pearson’s r > 0.97) ,

T A/ BB TR S 45 25 )5 R R 3R FLIRUR B I AUC,, 5 43 25500 1 18] A9 e M5 2R 5 B/ BRHE 28 255 K P BRI B 1Y

AUC,, SA LRI MMM R,

B s /NESAZE M E R UAME B 19 AUC,, SALAFIRAIMANE LR (x £ 5,0 = 6)

Note. A. The linear relationship between AUC,, and dosage of Flavokawain B in plasma after intraperitoneal injection in mice. B. The linear

relationship between AUC,, and dosage of Flavokawain B in plasma after intragastric administration in mice.

Figure 5 Linear relationship between AUC, and the dosage of Flavokawain B in the plasma of mice after

administration(x = s,n = 6)

3 it

TR FUEAAH i 77 v FKB A 25 50 5 7
A 2, 0 HPLC-RAMETE T | R 2 s ik |
RGP D 1% 1 F HPLC-MS 46110 A FKB 7£
HE WA i HRORG N T 3 B9 4R GE AR X 3 /D Kanumuri
EDIRGE T R R R N P FKB AR e s A
(UHPLC)-MS J5 ¥, Yang 4572 4 38 T K fR I 2%
FKB 9 UHPLC-MS 773 , LA b 7 2k 9 i 2 4

A3 R NFIR B, 2 5 FR 23314 0. 25 ng/mL Hl
0. 53 ng/mL, £/ B T FKB AN 75 3% i oA DL
RiE, HIEA T # FKB 7/ AR P 2548 3h )1 2%
FRAE , ASWF 58 ) ] HPLC-MS/MS 2 57 5 8 M
15 PR I 25 9 B 43T O i, O i — 2P R THZ T R AE
BRIk I U s 1 R 4 2 R [ 5 2
2R FE AT HT 038 M, 0B O JE 1 FKB FE /N BRUA Y
BB B 7 o i S B e oA G D € 1 L L
KL FKB 5 e ik R 8 R b fe 7 AN A €
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FERUAS IR BRI 25 A BR B8 32 85 T FKB S A I
JE RIS I 2 5 T R i B RN, 4 il e i 1B,
IRFHE 2/ FKB R H Y, IF H i gk
FEAE AR SR A BT S8 LAk, A D7 46 FKB
f LOQ fIZ 0. 20 ng/mL, Fl_E IR J5 A A —E 1)
E, A SCHE ST ) FKB 9 HPLC-MS/MS 43 #7 7
B, SRR G v 25 3 A R B o B iR R =
JECOU Y ) R AT [ sl A /DS BURE A bk R B MR
RN S 4 25N TR FKB 5 I 2% 25 4 Tk
FORE SR RGN (0. 34 ~ 1814.32 ng/mL) , Jf5e& 2|
TR ZIEA M T FKB 25 utth <k, s i T
FKB (1258 8) 1 2= ik S A= Wy R EE AT GE

SCHRIRE FKB /N B 705 500 me/kg' ™,
FEULIEA AR YR 020 1 S0Pk B 1 45 0 R = E AT
TR, FKB W R 50 i i Bl i s 1 25 20 ~
60 mg/kg JHEH 200 ~ 600 mg/ kg, FE#IkTE SN 20
mg/kg, TEREANTLE AR T/NRORE R AP, KA
B BN R

/0N BRTHE 5 R s T I, FKB I A3k 38 AR B
I 25 FEAE 25 25 )5 55— AR LA [B] 455 min BP0
{8,383 PubChem 3525 ] FKB [ 7K 43 Bt & 44
LogP 4y 3.8, A FKB M lgiA MM B @ e, ikl
A2 LA Py AR Y E LR R, FKB R 4 A
R (E T 243,63 L/kg) 1 KT/ B 1 T 44
(0.73 L/kg) ) 5B FKB 78/ BUAR P 8 23 45 1
J7iZ., FKB W B 45 245 09 4o % A= Wy F) A R A 22
(1.38%) ,iX 57 B 25 25 W A R I I 1 o 0 A0
T BRRECPAT O, Sk 38 A 7R R 45 B R 25 B oy
R T 22, ORI DA R 2T =0 e A i /2D, I
HZ5 YW 5 32 B W A i R g 8w R 52
M2 JRAE B AR R A 25 A AR A X
PE/RTEIT ] FKB A9 AH G 1 78] - a8 v o A= 9 )
FHEE 5 ZLRE 0 &8, T3 A6, 78 FKB 5T 3% A8 I 119
285. 1/181. 1 B FXFiiE [ 29 2. 69 min AbFH — i
W 3H ~ 3)) , JFRf FKB A9k AR fh i 2 A 1k
Ak HEWT T RE R FKB T A Y, I FKB A9 4
WERE R AT 55 3 — P LB M B . 56T FKB 1R 4
T BRI B ARSI M R BIFT , 4R 21 R g 20—
HHEE, FKB I 0 e 56 40 24 1 4 % A 0 R EE
53.29% , AHLLHE B 45 25 A AR KRBT, 9F HAE 20 ~ 60
mg/ kg 2525 7)Y N 2 B P i 25 10 3h ok
T2 3% 0 (5 R s 45 25 DEA T FKB A 56 24 FRMIL I (1 3R
FIAE T

TERE Y, R A2 1K Z5 ) FKB % BEAIR (0. 012
g/L,25°C) , JL-FAE T K, W iff FH 5% Tween80
1 4% DMSO HkHBI . IR Tween80 Al DMSO J2&
LR R Bl 0], (5 3% =30 48 Im RO 5E 2 8, A
/D it Aol e 28y 3 S R0 H R AN RS
T Tween80 AHXE " WAL, @5 75 B9 DMSO #fik
TEST AT RE 2t SR mIME T R, AR5 rh ik
T XA BRI B TE— AR Z
b, TEAARMTTE 8 22308 1o 1 2 18 i 55 T B g
T FKB ¥ it 2 w20 24 3 Rk B 2 Dy ke ek 2
BlvA 00 00 FH et 08 TR O T L 244080 g 22 A SCF
Fio B2 ARBFFTEEN ) HPLC/MS-MS 5 /) Bl
b FKB By 7 (8 ER R B0, 35 T FKB
FE/IN LSR5 A Bl 1y 2 AR R AR W) ) T BEBIE 5
WFFEEE RN FKB AH G50 i 3 — 250 58 T & f 1t
TR IES %

5 % 3 #k(References)

[ 1] 3, SfEsm, JEEW, & Wb Ensr AMERMKS
RICHIAXS L [J]. P28, 2002, 27(5): 328
-333.

Wei K, Dou DQ, Pei YP, et al. Chemical constituents and
pharmacological effects of pepper and comparison with kava
pepper [ J]. Chin J Chin Mater Med, 2002, 27(5) : 328-333.

[2] FJest, WA, sKIBOT. I~ BUHAMUL 2% 8053 K 2 353 Mk
el [J]. W2y, 2001, 32(9) : 855-858.

Wang EZ, Pan SL, Zhang SF. Advances in chemical and
pharmacological studies on kava Piper methysticum [ J]. Chin
Tradit Herb Drugs, 2001, 32(9) . 855-858.

[ 3] Lin CT, Senthil Kumar KJ, Tseng YH, et al. Anti-inflammatory
activity of Flavokawain B from Alpinia pricei Hayata [ J]. J Agric
Food Chem, 2009, 57(14) ; 6060-6065.

[ 4] Yiannis C, Huang K, Tran AN, et al. Protective effect of kava
constituents in an in vitro model of oral mucositis [ J]. J Cancer
Res Clin Oncol, 2020, 146(7) . 1801-1811.

[ 5] Abu N, Mohamed NE, Yeap SK, et al. In vivo antitumor and
antimetastatic effects of Flavokawain B in 4T1 breast cancer cell-
challenged mice [ J]. Drug Des Devel Ther, 2015, 9. 1401
-1417.

[ 6] Celentano A, Tran A, Testa C, et al. The protective effects of
Kava ( Piper methysticum) constituents in cancers; a systematic
review [ J]. J Oral Pathol Med, 2019, 48(7) : 510-529.

[ 7] Mohamad AS, Akhtar MN, Zakaria ZA, et al. Antinociceptive
activity of a synthetic chalcone, Flavokawin B on chemical and
thermal models of nociception in mice [ J]. Eur J Pharmacol,
2010, 647(1-3): 103-109.

[ 8] Rossette MC, Moraes DC, Sacramento EK, et al. The in vitro
and in wvivo antiangiogenic effects of Flavokawain B [ J ].

Phytother Res, 2017, 31(10) : 1607-1613.



rp [ S sh 2 2023 4F 10 A5 31 55 10 8] Acta Lab Anim Sci Sin, October 2023, Vol. 31, No. 10

1313

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Abu N, Mohameda NE, Tangarajoo N, et al. In vitro toxicity and

in vivo immunomodulatory effects of Flavokawain A and
flavokawain B in balb/C mice [ J]. Nat Prod Commun, 2015, 10
(7): 1199-1202.

Hua R, Pei Y, Gu H, et al. Antitumor effects of Flavokawain B
flavonoid in gemcitabine resistant lung cancer cells are mediated
via mitochondrial-mediated apoptosis, ROS production, cell
migration and cell invasion inhibition and blocking of PI3K/AKT
Signaling pathway [J]. J] BUON, 2021, 26(2) : 645.
Palko-Labuz A, Kostrzewa-Sustow E, Janeczko T, et al.
Cyclization of flavokawain B reduces its activity against human
colon cancer cells [ J]. Hum Exp Toxicol, 2020, 39(3). 262
-275.
Hseu YC, Lin RW, Shen YC, et al. Flavokawain B and
doxorubicin work synergistically to impede the propagation of
gastric cancer cells via ROS-mediated apoptosis and autophagy
pathways [ J]. Cancers, 2020, 12(9) . 2475.

Li X, Pham V, Tippin M, et al. Flavokawain B targets protein
neddylation for enhancing the anti-prostate cancer effect of
Bortezomib via Skp2 degradation [ J].

2019, 17(1): 25.

Cell Commun Signal,

Zhu Y, Fan W, Wang Y, et al. Flavokawain B weakens gastric
cancer progression via the TGF-B1/SMAD4 pathway and
altenuates M2 macrophage polarization [ J]. J Immunol Res,
2022, 2022, 4903333.

Jhoo JW, Freeman JP, Heinze TM, et al. In vitro cytotoxicity of
nonpolar constituents from different parts of kava plant ( Piper
methysticum) [J]. ] Agric Food Chem, 2006, 54 (8). 3157
-3162.

Zenger K, Agnolet S, Schneider B, et al. Biotransformation of
Flavokawains A, B, and C, chalcones from kava ( Piper
methysticum ) , by human liver microsomes [ J]. J Agric Food
Chem, 2015, 63(28) . 6376-6385.
Kanumuri SRR, Mamallapalli J, Nelson R, et al. Clinical
pharmacokinetics of kavalactones after oral dosing of standardized
kava extract in healthy volunteers [ J]. J Ethnopharmacol, 2022,
297 115514.

Meissner O, Hiberlein H. HPLC analysis of Flavokavins and
kavapyrones from Piper methysticum forst [ J]. J Chromatogr B,
2005, 826(1-2) : 46-49.

Dharmaratne HR, Dhammika Nanayakkara NP, Khan TA.
BC NMR

spectroscopic analyses [ J]. Phytochemistry, 2002, 59(4) . 429

Kavalactones from Piper methysticum, and their

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

-433.
Yang X, Zan T, Yan H, et al. UPLC-MS/MS determination of
flavokawain B, a novel anti-tumor chemotherapeutic agent in rat
plasma and its application to a pharmacokinetic study in rats [ J].
Biomed Chromatogr, 2019, 33(2) . e4391.

B R 2, AR N RSLAE 25 8- 03K [ M. Jbst o
Il B 2GR ) R 5 2020.

National Pharmacopoeia Commission.

People’ s Republic of China. Part IV [ M].

Pharmacopoeia of the
Beijing: China
Pharmaceutical Science and Technology Press; 2020.

SC, Leitzman P, O’Sullivan MG, et al.
A and B

Narayanapillai
Flavokawains in kava, not dihydromethysticin,
potentiate acetaminophen-induced hepatotoxicity in C57BL/6
mice [J]. Chem Res Toxicol, 2014, 27(10) : 1871-1876.
Davies B, Morris T. Physiological parameters in laboratory
animals and humans [ J]. Pharm Res, 1993, 10(7): 1093
-1095.

Wang X, Chen B, Xu D, et al. Molecular mechanism and
pharmacokinetics of flavonoids in the treatment of resistant EGF
receptor-mutated non-small-cell lung cancer: a narrative review
[J]. Br J Pharmacol, 2021, 178(6) : 1388—1406.

Rudrapal M, Khan J, Dukhyil AAB, et al. Chalcone scaffolds,
bioprecursors of flavonoids: bioactivities, and
pharmacokinetics [ J]. Molecules, 2021, 26(23) . 7177.

BR¥, B, IR LA 80 ML AT [J]. B
R B 2B AR, 2018, 41(6) : 90-95.

Qiu L, Duan WG. Analysis on the safety of the excipient

chemistry,

polysorbate 80 for injection [ J]. J Yunnan Univ Tradit Chin
Med, 2018, 41(6) : 90-95.

KA, AR, R, AF. o2 i SR A PR RDRE R L B R
80 &AM AT [J]. b E S Iy 22k, 2019, 25
(20) : 160-165.

Zhang Y, Yin H, Li Y, et al. Analysis on safety of polysorbate
80 as a solubilizing excipient in traditional Chinese medicine
injections [ J]. Chin J Exp Tradit Med Formulae, 2019, 25
(20) : 160-165.

BUREIZR, W, H ARG PR 1 22 2 I P AR T R
R [J]. EFREEEESAA4E, 2010, 31(11) ; 1284-1286.

Jia GR, Xie B. Research status of safety of clinical application of
dimethyl sulfoxide at home and abroad [ J]. Int J Lab Med,
2010, 31(11); 1284-1286.

[KFEEHHI] 2023-03-03



2023 4F 10 H o [ S5 Bh P A A October 2023
314 10 ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 31 No. 10

WoR e, IVEREE 2R I, 2. T M 2 TR A R B i A PR AR A TR AR 26 e MR AR R B R WL [ 0] v I S5 6 3
Y, 2023, 31(10) ; 1314-1323.

Yang ZT, Sun TF, Li XJ, et al. Pathogenesis of hyperlipidemia in rats under various dietary conditions based on intestinal flora and
short-chain fatty acid metabolism [ J]. Acta Lab Anim Sci Sin, 2023, 31(10); 1314-1323.

Doi; 10. 3969/j.issn.1005-4847. 2023. 10. 009

F T 18 TRV R EE R DT R AU IR T AN [ Tk
4R v B i RE R B e ML
WEgR" IR ER AT RAE), R, ot 2T R
(1. Bt RFsheEEpe, 22 M 73007052, ILARAE T EIIIRE, 5FF 250014)

[ZE] B AUFFSIOT H BIRh R R R I i T 215 5 A0 1 Mg e R R 18 T A 1k 5 B M o 1 g
FRAE , AT 2R 38 B R - 0 A0 B R i I U T RE RO SOU LT . i3k SPF 2% SD KRN IEH IR &4 (CG
) AR BRAERFRDRL B AR IR 4L (HFDT 40 - A K M2 12 1) M o2 Mg A ek s R i AR AKX 4 (HFD2 A1) - K PR i ]
SRR TR 80 g, ANBR IR 4RI A 15 4Rk}, 8 JRJE ARG I I 5 Ak IE BT ( TC) L H I =R (TG ) AR5 BE g AR 14 I [ e
(LDL-C ) e %5 B i 85 1 IH B i ( HDL-C) 7K 5 R AR -JH 41 (HE ) G (0, W0 K BRF-2H ZURN ' A B 1o 2% 728 Ak B
AN IEAT 16S rDNA w3l il T, VLS M 18 v E 45 10 55 DR 0 22 £k, IR 25 B P9 25 9 v 4 Mg iy 7 1) 5
., R 5 CC4IfHEL  HFD1 41F1 HFD2 41K R & & TR, R ETH & ; & TC TG \LDL-C 348 2 7} & ; iF 4l
2% A B BRI AR B SR G 7 B e M 2 5 = e T T80 R B pR AR X 3 3 i 25 AR A, I h LA B R AR X
IO R, RS AN Th RE AR LA B, BUEENE R . MR . TR S TR TREE, &1t WAEIRRa iy
A5 K R I IUEE , H & WL AR — B, B 505 B LA S 18 R R LA 56, 45 H BR ) — a2 B9 v i ) At 4]
MR A (ST 68 R AU 5 B e e R BB BRI 52 i), S B4R w8 K R v B IR ASE T80 ) 8 (0 R e, 2 — I (EL AR T B
PR B e B A R o 8 T 1%

[E881R]  WilRMAE ; B 8 P A ; R AR TR ; Kbl il

[RESES] Q95-33 [SCEftRREL] A [XEHS] 1005-4847 (2023) 10-1314-10

Pathogenesis of hyperlipidemia in rats under various
dietary conditions based on intestinal flora and
short-chain fatty acid metabolism
YANG Zongtong'?, SUN Tiefeng®* , LI Xiaojing?, XU Dongchuan?,

YUAN Min®, JIN Guanggian®, WANG Wenhui'®

(1. College of Veterinary Medicine, Gansu Agriculture University, Lanzhou 730070, China.
2. Shandong Academic of Chinese Medicine, Jinan 250014 )
Corresponding author: SUN Tiefeng. E-mail: suntiefenglove@ 163.com; WANG Wenhui. E-mail: wwh777@ 126.com

[E£T B IR E ARG SR (R BE) (2020LYXZ011) .
Funded by Shandong Provincial Technology Innovation Guidance Plan ( Shandong Chongging Science and Technology Cooperation )
(2020LYXZ011).
[MEER N IS (1992—) , 5, BUBIBEE 01 BFE J7 o] - 2 S e 2 3 K 253%% . Email ; YangZT2021@ 163.com
[BEEE ] ERZE(1962—) , %, B4R, 1A W BFFE )5 1) - SRR S i 2 RISy B2 5 S i 27
Email ; wwh777@ 126.com;
PNEREE(1989—) , 5, TEEE g 4 B PRWESE 51, WSS O 1) . Fip EELE A LAl . Email . suntiefenglove@ 163.com,
* LR 1R



rp [ S sh 2 2023 4F 10 A5 31 55 10 8] Acta Lab Anim Sci Sin, October 2023, Vol. 31, No. 10

[ Abstract] Objective To compare changes in intestinal flora and the characteristics of short-chain fatty acid
metabolism in hyperlipidemic rats induced by two different high fat diets, and to explore the possible mechanism of
SPF SD rats were divided into a normal

diet group (CG) and two high fat diet groups (HFDI and HFD2). Rats were fed an 80 g high fat diet and unlimited

hyperlipidemia from the viewpoint of host-intestinal flora metabolism. Methods

maintenance diet. After 8 weeks, serum levels of total cholesterol ( TC), triglyceride (TG ), low density lipoprotein
cholesterol (LDL-C), and high density lipoprotein cholesterol ( HDL-C) were measured. Pathological changes in liver
tissue and perirenal fat were observed by hematoxylin-eosin ( HE) staining. Colon contents were collected for 16S rDNA
high-throughput sequencing to assess changes in the structure and function of intestinal flora and the intestinal contents of
short-chain fatty acids. Results Compared with the CG group, food intake was decreased and body weight was increased,
serum TC, TG, and LDL-C were increased significantly, liver tissue showed obvious steatosis and perirenal fat showed
inflammatory lesions in HFD1 and HFD2 groups. After high fat intervention, the relative abundance of intestinal microflora
in rats was changed significantly and sex differences were observed, in which the relative abundance of Lactobacillus was
decreased significantly, and the structure and function of Lactobacillus were decreased significantly, including total short-
chain fatty acids, acetic acid, butyric acid, and isobutyric acid. Conclusions The two kinds of high-fat diet caused
hyperlipidemia in rats. The pathogenesis was essentially the same and related to lipid metabolism and intestinal flora
disorder. Daily restriction of a certain amount of high fat diet reduced the effect of high fat on appetite and improved stability
of rat hyperlipidemia model establishment.

[ Keywords] hyperlipidemia; gut microbiota; short-chain fatty acids; pathogenesis
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155 I8 IMLAE ( hyperlipidemia , HLP ) J&— & UL )
FRBIZEELAEE , th T i 05 A0 2 L 1M 3 A 1t A
JRARAE PR - 2 BE I LR IE R B total
cholesterol , TC) . H il =5 (triglyceride, TG ) K% B
A5 £ F BH [# B (low density lipoprotein-cholesterol ,
LDL-C) 7K Tt =5 50 %% 8 I8 25 11 JIE [ B ( high
density lipoprotein-cholesterol , HDL-C ) 7K FER#AK, X
ol ML S 82 H 00 22 T 0 A B TR XU,
i i A RS IR R sh ke AR AR A H
BATAE TG R RO B i, A= 0 O st & AR TR K
(AR AL AR T 23 bR LA B A g B Y TR O A
BT R AR IMLAE 19 & A AR BTN, AR R R
0 H 450 A s ) (e ) E B R

WF5E 3 W 110 A F & e 3ok 2 52 i 3 T
FfE EACH R B B R sE e B R S R
Z5EYH AW B IR 5 Y B R, 1 R e
TR TIRE, T 520 = i M AE AL JRE Bz HEAH 5C
PR R A R R Y AR Er R R R
il 23 R M T TR 110 i M 22 R 0O i T
BOH AFIT G AR A AR DT R ( short-
chain fatty acids, SCFA ) F1 17 i A4 90 18 B £z 40
K, O AE EAC B RE i, S 4R SR R Y
B BT TE I T8 v Rk A5 2 YRR K R A T

ST R R T8 R G I E DI RE BT R B
bR R4 i PR 36 36 2 dl AR LY e R 7 R
KRB A AL 1 A 3 45 10 , o 38 o A T el A
Iy B R T TR A S W AR A , DA AR AT 5 42
H o T A A 25 WL i B DR 5%, M 3 T ]
S 1o I HILAE B I BT 2

il £ R A B AR AE B e IR LA Bl A A L
LRI 5 r R i LR Y 495 BIL A T 7 AL
7R MAE B OCH B, [ R E N AMIESE R DL
HENZ TS v MR T MR i RV o e i R A 5 AR TR
BT AT T, %07 1 W UL 55 R Z2 80w IR
LA £ 1)1 1L R1 R & s BIL ok AR 1EL 2 A S
3 rh A BRI B0 e i I S BBOR U B T o %
B RS AAZE R BRI i AR B AN
o, FRAIR T REEL IR £ iR DR, AR ST
HA R P e D A R ] ) MR AN IR A2 A5 R £ 94 ol R
775 ST R MR DR SRS Y | 5 T fg 1 TR A2
L5 BE I R AR AR A 20 A A A = - 3 T - A
FRESRT R UAE 7T B8 B ROULBILAR] , U)o s i
iE AR B ORI T B AR 7 10 5 5 8 A o e i A PG
7 ST R B L 3 A A AR A T B 1
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1 #R5F=E
1.1 ##
111 SEsh¥

30 H 5 JE#% SPF 2% SD KRR, M b 452, (K
150 ~ 200 g, W T35 g JI 058 55 35 2 1) 5 5 A7 PR )
[ SCXK(%)20190003] . 1l 5% [A] £5 20 KB H B K
K SRR (5 8 AR 23, 76% , HLEF 4k 5%, JIg iy
3.5%) , = AR EH B T 26% , MHEF4E 8% , IR
21.5%) ., Fii 22 ~ 25°C , FHXHEE 50% ~ 60%,
12 h B SS B AR b ) 35 F IR A B 2
K3t 5% Bt 2l ) 55 40 % [ SYXK () 2018-0013 ] .
AP 28 1L IR AR R 25 B S 5 3 ) A R
SEMZE 5 2 (SDZYY20210106001 ) , H ™ #%
Fie ROBRAC DD A A < 3R R
112 FZH 5

BCA & M ¥ B W & X H & ( Sparkjade,
EC0001); 7% A -t 4. (HE) ¥ @ K # &
(Sparkjade , EE0012) ; 8 [ b 2244 (13 A 2215 R
fE A R s 2y B )T, 120505 ) ; T-CHO I it £
(20220110) TG ML £ (20220111) (HDL-C 3K &
(20220110) .LDL-C i & (20220110) #4104 A 4 5L
BN T AR ST 5 B BR T 4 B ) & ( Qiagen,
Valencia, California, USA) ; Phusion ® High-Fidelity
PCR Master Mix with CG Buffer ( New England
Biolabs, M0531S ) ; Phusion ® High-Fidelity DNA
polymerase ( New England Biolabs, M0530S) ; DNA i
b B Y 3 57 & ( TianGen, DP214 ) ; 2 JFE i 7 &
(Illumina, E7370L) . &2 & 1 ( Sigma, CG-MS 4%,
240370 ) ; £ PR ( Sigma, A6283); N M2 ( Sigma,
402907) ; T & ( Sigma, B103500) ; 5 T R ( Sigma,
11754) ; 1% #2 ( Sigma, 240370 ) ; 5 /% M2 ( Sigma,
129542) ; CL 1% ( Sigma, 153745) .

RO HL( VELOCITY 18R ; Dynamica , 75
) WAL BT (EPOCH ; BioTek , 35 [ ) ; H
FRF-( BSA224S-C ; Wsartorius, 28 ) ; £ = [ )
ZH U KL ( Excelsior AS ; ThermoFisher Scientific , 3¢
) ; 2H 21 49 3 HL ( HistoStar ; ThermoFisher Scientific,
) R A ML (531CM-Y43; Leica, fEF ) ;
Bio-rad T100 & PCR {(T100;Bio-Rad, 32 [F ) ; 3
R 4% ( Novaseq 6000 ; ITumina , 3& [#) ;- Bk FH
X ( Agilent 7890A/5975C ; Agilent, 35 [H ) ; 4 1% F:
(Agilent DB-WAX; Agilent, 2 [# ) B4+ 30 m x

0.25 mm ID x 0.25 pm,
1.2 FHik
1L.2.1 ol BB il &

30 H SD KRR, MR, 38 WM R R SR AR
TRl 3 d, 2R ERARIK 12 h G FRE PR E, AR 40 1A 5 Fif
MU AL 3 41 IE W IR a4 (CC H) HIRkad
(HFD1 @) BR 7 & B Ik & 4 (HFD2 2H) , &40 10
H, CCH . 5 RABR 2 1m BEAERrfRpkL HEDL 4 . 4
FABR ] ML v IR GDRE s HFD2 2 4 K T A VR g
BRIEAL 80 g, wi B IR RHIZ 52 J5 AN B 2 1] M AR5 A A
ST R B 1R PR I A TR 2 1 T ST, WA
U ST J 2k 252 1) WS g i G T 45 004G 00 48 A 1) 52
Mo , 4 J& J& 4 3 D0 2 45 40 K BRI 3 TC . TG, LDL-C
HDL-C /K, 51EH X B4 A Eb , L3 TG 8% TC B
LDL-C Fhi, 22 5 HoA W 20k, Hl a0 1T ; =i B
TR R 8 S
1.2.2 FEACREE R Ab 3

(1) MTEFEAS . 23 5] T o BE e BL R SR 1 56 4 A
FES 8 JAHUML , AR IBUMATEE 12 h, 55 4 AR AR
HEE F 0 R AR I3 AL 5 26 8 i) >R FH 3G 2 L 22 A R
e 8 E s ki, A3 mbEf 2z E, /T
#E 30 min ZJ5,4°C 3000 r/min &.0> 10 min P4
FIEW, -20°C RAFAE . (2) BRI FIIFAH 2. KR
3 B DK I Ak B i i ) U g I RN, R BT
AT R AR S 5 BT ot A R T B, 43
BAEAN B R B S TR LA A 2 — O 4l
A B R AR B s T 1 2L, o B IS 4 2
BT 42 RWEERPEE, 3)BmENEY . H
TR fRRT], FETCRRAS T B B A 7 38 7E R A
PG YT HCES dAr, FC T F AR TJIZ BN 4
Yy, S BRAE VK B3R AT 53 2R ic s 40 3 4 e S B
AT AR, BT -80°CIRAT
1.2.3  REUAE R K As ki

BRMEER R —BORES (BE WG HEE
ARSI EILES S RTRe N RN R RSP
PRI S8R R R B i, THA A B R
Pt . ARBTG5 IR RN AE 4 SR AN
8 JE4H K B TG . TC .LDL-C Al HDL-C &,
1.2.4 KREUF BN LU =%

KU NG 05 41 2L 0E 47 95 ARG - 21 (HE ) %
(S W VIR 2SN e T
1.2.5 KREMENZY 16S tDNA P 315

K CTAB J7 i NS5 I N 259 th 32 JUS, DNA,
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FXF DNA 2 M S HEAT AN . 16S rDNA 473
FIM ¥ (16S rDNA amplicon sequencing) , ¥ il £ 2H
PN BN A I RL
1.2.6 K EUIE A2 R 5 R 107 I G

BT AU @ 1B ] (CG-MS ) B ARG I 45
LR U A 9 2 T A O O 7 0 e i O MU 1
G
L3 GZitF5Hh

ARG ISP EIE + ARUEZE (2 £ 5) B, 2R
SPSS 21. 0 il GraphPad Prism 9. 0 Ziit2f 5 F #k47
Geit o, I LB BRI R T 225087, P < 0. 05
NG EE XL,

2 #HR

2.1 SEERAENARGE BRERMNAEKEN
=2

K R OGR4, 1E & 2 & oK i HE
fE WG A, TAET S, I 1 AT 25 4R R
PR ¥ A AN [R) R B AR Ak, ) RS R AR 3 R
HFD1 171 HFD2 1A K BUARE 3 5& F CG 41,6
Ji HFD2 i KRR ERF &S T CC 4 (P <

0.01) , 20 KA 4 i A7 76 AN R R AR Ak
T = NS TRRE 4 RS HED1 201 HFD2 41 Kk B At 5%
EREWIET CG 4, H HFD1 A KRB 8T
HFD2 21 (& 1B) 43 B i Mg R B % R B (A = AT 4%
BRI A A5 2 e R, U0 1) ML o s el 5 i K B
BAR, BRI T R B H8 & i, B R B 4 ] ML 15 i 1)
LT DLstR v B Ak X I B A % 5 ), 184 ok E
HRGH

Rl 2 4 8 JE 4% 41K B ¥ TG . TC . LDL-C il
HDL-C & &, 5 CGC A AH LK, 55 4 J& HFD1 40
HFD2 20 KB TC TG ¥ B ETHE (P < 0. 05,
P < 0.01) , 54 K KM% LDL-C ¥ B & T (P <
0.01) ,HFD1 41 HDL-C 7KV EREAKL (P < 0.05) ;
%5 8 J& HFD1 £ F1 HFD2 20 K B3 o TC . TG Fil
LDL-C ¥ & T (P < 0.01) ,HDL-C /K- i %
flR(P < 0.01) , 253 BoR e 28 gtk & oy X451k
KA AR AL, A SR IMAE (R 1) .
2.2 SEREX ARSI ALARSEHENE

IR A H R BUITHZUR B CG TR DG 2
54 €, Jo Ml 22 450, HFD1 4 B 00 i i, o B SR 4 (0
MUBE, HFD2 214 B (A 8 ih 2k B, JIF HE

TE A s IR IREX K B TR S5 0 s B 2 s R TR B X A U B RS 5 15 CG 4HA L, * P < 0.05, ™ P < 0.01, (‘FIE/ZF)
1 R X KR E AR AR (v £ 5,0 = 8)

Note. A. Effect of high-fat diet on the body mass of rats. B. Effect of high-fat diet on food intake of rats. Compared with CG group, * P < 0. 05,

P < 0.01. (The same in the following figures and tables)

Figure 1 Effects of high-fat diet on body weight and food intake of rats(x + s,n = 8)

F1 SR REXEMER BRI KW (x + 5,0 = 8)
Table 1 Effects of high-fat diet on blood lipids in obese rats(x + s,n = 8)

21 5 I fi] SVH A B ( mmol /L) Hl = (mmol/L) o 25 BENE 1 (mmol/L) IR BE AR 3 1 (mmol/L)
Groups Time TC( mmol/L) TG (mmol/L) HDL-C ( mmol/L) LDL-C( mmol/L)

CG ] 2.249 £ 0.054 0.967 = 0.050 1.288 + 0.178 0.486 + 0.079
HFD1 44;51(5 2.690 £ 0.103" 1.321 + 0.063 " 0.810 = 0.139~° 1.088 + 0.039 ™
HFD2 3.458 £ 0.218 ™ 1.410 = 0. 135™ 1.214 £ 0. 155 1.096 £ 0.073*

CG . 2.271 £ 0.108 0.765 + 0.035 1.785 + 0.199 0.708 + 0.055
HFD1 3 iwjfelks 3.638 £ 0.304 ™ 1.470 + 0.204™ 0.655 = 0.150 ™ 1.348 + 0. 146 ™
HFD2 4.160 = 0.224™ 1.542 + 0. 145 ™ 0.762 = 0.163™ 1.372 £ 0. 182
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et R W CG /It v FF 4 RS T /i
SEFTE O, JHF 200 AR 2 R HE S o U A0 A
FAE 40 M350 ; HFD1 A1 HFD2 28 JiF /N i 35 o 90 Bl
WA v, AR 3 2, o] UL B B Bk AEAR (LI 2)
HFD2 41 Hh B R HESI ZE AL, 385 I A M 24, /)N

M-ZE RO (UL 2) . B RRE I HE B4 (KB, CG
2B TR NG T 4 2 A M HES B %, KN 5] HFD L 4
F1HED2 4118 195 25 248 R /NAS 347 /o 448 i o
Wrsd i 25 A, B 7 4 i AE B4 (DL 3)
HFD2 41g M 24tk 2 i iR ( ILIET 3)

B2 iRk R BT R R

Figure 2 Effect of high-fat diet on liver tissue of rats

B3 mARTE R RS R R AU

Figure 3 Effect of high-fat diet on perirenal adipose tissue in rats
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I1(p _ Firmicutes) ZEIE W I (p  Proteobacteria) . Gemmatimonadetes) ZEESH1(p  Chloroflexi) J&1f

AT E T (p _ Actinobacteria) FJEWH 1 (p  HEIT(ILE 4D) , 78 732K 1, ShPk ik i 5
Verrucomicrobia) $UFFE ] (p _ Bacteroidetes) . ¥ P B 10 WEE, BE A, A EE (g
I'T (p __ Cyanobacteria ) . BR ¥F W& 1 (p __ Lactobacillus) % /RS (g Ralstonia) % i}
Acidobacteria ),  #F O W 11 (p X E B (g Romboutsia) BRAKHEIE (g

WA SRR o ZHEPEHT ;B A HFEATERE PeoA 43HT;C ASV 4ERRE; D . [ K F R E AR G E . JBKE R
TEREVIREALIK

B4 mlEREx K EImE A (0 = 6)
Note. A. Analysis of a diversity of microflora in each sample. B. PcoA analysis of microflora in each group. C. ASV Venn diagram. D.
Composition of intestinal microflora at the gate level. E. Composition of intestinal microflora at the level.

Figure 4 Effect of high-fat diet on gut microbiota in rats(n = 6)
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Turicibacter) BEEK A J& (g Streptococcus ) (% Wi (&
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R EE (WA 4E) .

2.4 SEAMMKXRBENTYREKELFESE
WIR SR F E AT RE R T

LEfSe ( LDA effect size ) 73 72— AE S 801
Kruskal-Wallis DA & Wilcoxon BN 56 | 5 26 P H) il
AR (linear discriminant analysis, LDA ) A=

A CG 411 HFD 2 ) L Hyhn 59 1 LDA B 4345 7, LDA W43 REN > 4;B.CG 401 HFD2 4118 4= #bn 4 (9 LDA {5504 &5 0 &,
LDA 43BN > 4;C . 3T Bray-Curtis A IPEAY A E WAE VI RE DI RE SR TTAY PLS-DA , H6IE E05 B4 0. 95 D« 2H 8] 7 38 DA B 2 S AR %, 23
o BE AR R LA FEA T (19 32 BE A AR (ZL 60 AR = BE 85 5 W 62 AEE R BEAR)

5 SRR K B E A KT R A bR R A 0 =F B D) RS I

Note. A. Histogram of LDA value distribution of biomarkers between CG group and HFD group, threshold of LDA score > 4. B. Histogram of LDA value

distribution of biomarkers between CG group and HFD2 group, threshold of LDA score > 4. C. PLS-DA of intestinal microflora functional unit based on

Bray-Curtis similarity. The confidence of ellipse is 0.95. D. There are different metabolic pathways of intestinal flora among groups, and the color

intensity represents the abundance distribution of species in each sample (Red. Corresponding high abundance. Blue. Corresponding low abundance) .

Figure 5 Effect of high-fat diet on the abundance and function of regulating biomarkers at the level of intestinal contents in rats
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(effect size) 25 G 19 53 B F- B vl AR A AN [7] Y
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BOAR SR YIEHE [ SA FIE 5B Kk LT
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e CG 41H 4 T HFD 41, Kl 5B L FF i 16
CG A IM=FE =T HFD2 41, FLFFF & v R e A 14

.5 CG HMLIL, ™ P < 0.001, (FEIM)

PAEHME)E, B 5C R 3 AT IFEDRE LA
XSy, 2550 S R BAE e A L 1 28 KA
WER A& B S U A EEAEH (K 5D)
2.5 BERENARBENTYERENRSE
gp=A1c|
Wi GC-MS J7 ik iz i N 25 ) Ja s IR T R,
gERINE 6 s, HED1 415 CG 4l [l AH L, JE 5 A

B 6 itk xR U E AR R & BRI (2 £ 5,0 = 6)
Note. Compared with CG group, “* P < 0.001. (The same in the following figures)

Figure 6 Effect of high-fat diet on the content of intestinal short-chain fatty acids in rats(x + s,n = 6)

TE:A:HFDI A5 CG A28 57 B 25 SR HE MR TR BOR BRARSGIESM AT s B HFD2 215 CG 21 28 SRR R 22 S L BE IR 07 R B2 IR AR AT SR

SMHT RO FRAR SR

B 7wl b B R AR I AR S b

Note. A. Correlation analysis between differential microflora and differential short-chain fatty acid Pearson in HFD1 group and CG group. B. Correlation

analysis between differential microflora and differential short-chain fatty acid Pearson in HFD2 group and CG group. Color indicated correlation.

Figure 7 Analysis of the relationship between intestinal flora and short-chain fatty acids in high-fat diet
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[ Abstract] Objective To study the characteristics and application status of animal models of ovarian cancer and
provide guidance for standardized preparation of ovarian cancer models. Methods Using “ovarian cancer” and “animal
model” as the main topics in CNKI, Wanfang, VIP, and PubMed databases, the databases were searched for animal

experimentation literature on ovarian cancer from establishment of the database to March 1, 2023. A total of 1428 relevant

[EEUE ] HEK AR EIH (81803979,82074430) , )7 AR JEAH-5 B AW ST AL 10 H (2022A1515011674) AR A4 1 B 2 e BHF I
H (20241062) , ¥ B Ko 2022 47 B2 I GG QU QI I 2140115 B (202210559067) .

Funded by National Natural Science Foundation of China (81803979,82074430) , Basic and Applied Research Foundation of Guangdong Province

(2022A1515011674) , Scientific Research Project of Traditional Chinese Medicine Bureau of Guangdong Province (20241062), Jinan University

2022 National College Student Innovation and Entrepreneurship Training Program Project (202210559067).

[EZE R ] %4 (2000—) & FES L0 SELE, 580714 . R R 25 BA L MBI . Email: yichu@ stu2022.jnu.edu.cn

[EEMEE ] PURIK(1986—) , 5 i YR, #5205 [ . EE 2595 3R Lo M MR . Email ; 871655006@ qq.com



rp [ S sh 2 2023 4F 10 A5 31 55 10 8] Acta Lab Anim Sci Sin, October 2023, Vol. 31, No. 10

articles were collected. From the experimental animal species, age, experimental modeling method, detection indicators,
and other aspects of the summary, we established a database for systematic analysis. Results A total of 178 studies were
obtained after screening. Female BALB/c mice were selected to establish the animal model of ovarian cancer. Most choices
were 4 ~ 6 and 6 ~ 8 weeks of age. The most common modeling method was ectopic transplantation, which was mostly
subcutaneous injection in the axilla. In terms of modeling method of ovarian cancer in animals, transplantable models were
the most used, and ectopic transplantation was more often employed than orthotopic transplantation. Ovarian cancer cell
lines used were mostly human. Most detection indexes were the appearance of tumor tissue, tumor pathology, and
immunohistochemistry. Conclusions  Animal models of ovarian cancer are widely used in ovarian cancer research, but
standard preparation and evaluations are lacking. We analyzed the application status of animal models of ovarian cancer in
detail through literature collation and data classification analysis to provide a reference to establish standardized animal models
of ovarian cancer. BALB/c mice are the most selected, and human ovarian cancer cell line SKOV3 at 1 x 107 cells/mL is
commonly injected into the subcutaneous axillary area for 10 days. A large number of models can be obtained in a short time
with a high tumor formation rate and small individual differences, which provide a reference to study ovarian cancer.
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ovarian cancer; animal model; model characteristic; application analysis; detection index
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Figure 1 Flowchart of literature search
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Table 1 Distribution of application of ovarian cancer animal model experimental animals

BIEYLES BEL(K) [Epigia AEIY
Animal species Frequency ( times) Percentage Age
BALB/c fil 4~6JH.6~8J
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IR SR (SCID) B 19 10.56% 6~ 8JA.4~ 6/
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PR BEAREEFIAS R RO MG B, P, A 6 F S0
B2 AL, 3 R SCE B 3 AR, 7E P L
Bl T g v DR B T A A L R Ol
UL, ORI R AT, WL 4,

T S A AR I, i 2 1Y R R IR
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Table 2 Application of modeling methods for ovarian cancer animal models

L/l R S

Classification of animal models

N A 43 L

Percentage of

il # 77 i

Preparation method

application
A ) He o ye 20 2 el A MR RS A 315 Bh W B 2 SRR O AR A A
e - > . 6] The tumor tissue or cell suspension is transplanted to the site corresponding to the 17%
%&EEJ{‘%{L‘Q Orthotopic transplantation animal organ tissue.
odel o . . e R A = < s g
e lantation - MBS A ML 153 0 S0 O M B
0 tﬁ tomic eraft Tumor tissues or cell suspensions were inoculated into non-ovarian sites in 1%
clerolopic g experimental animals.
e e PEBR R B ST VR S % A R, 3 P R O s & 7
Model of elicitation To induce tumor in animals under the condition of carcinogenic factors, dimethyl 6%
benzoanthracene reagent is commonly used to induce!”).
P FARRZE. r
Spontaneous model Spontaneous generation.
T FE L DNA PN S MR R AR S L R A S Y (AR R 4 (8
S R Y ZRERBIFREIB LR (U —JA R S
- A kind of tumor animal model in which foreign tumor genes or related genes are 2%

Transgenic animal models

introduced into animal chromosome genome by recombinant DNA technology to

make them stably expressed and can be passed on to offspring.

0.2 mL, XBVF 5 S5 S W O PR EAH G, 98 40 vk R4 AR ST L 2% 8 AL A 23 A7 i

B HEZHE 1 x 107/mlL , I58 1 i e B LA Table 4 Cell line inoculation site and application
FEM LS frequency distribution of each site
o]
b HAERAL B () AT
T3 P E RS A A0 R N I 0 Number Site of inoculation Frequency(times) Percentage
. . . . = <7 >
Table 3 Application of ovarian cancer model cell lines 1 & _ 49 32.24%
.y ., Subcutaneous axilla
b Sl K (90 FIAME
Cell strain Source Frequency ( times ) Percentage 2 WAt 32 21.05%
Intraperitoneal injection
SKOV3 H }\, 67 47.86% iRy
uman 3 Subcutaneous on the 17 11. 18%
HO-8910 A 24 17. 14% back of the axilla
Human A e | .
B Subeutz ) he back 0 6.58%
NUTU-19 11 7. 86% ubcutaneous on the bac
Mice LR
R 5 e 30 19.73%
D8 10 7.14% Deep ovary
e Ve
A2780 A 7 5.00% 6 Under the renal capsule 3 1.97%
Human
A EUFBECR
3A0 H 6 4.29% 7 Upper and lower limbs 3 1.97%
uman were subcutaneous
A 9 Er
OVEAR-3 Human 3 2. 14% 8 Pflinfla 2 1. 32%
SW626 A 2 1.43% &
Human 9 . 2 1.32%
i Right buttock
OVHM MLche 2 1.43% R e
10 Lateral abdominal wall 2 1.32%
RMG-1 . A 2 1. 43% subcutaneous
uman I R A L )
ES-2 A 2 1. 43% 11 Retroperitoneal surrounding 1 0. 66%
Human the right iliac vessels
cocl A 2 1. 43% HHRE R T
Human 12 Right chest wall was 1 0. 66%
N subcutaneous
COC2 1 0.71%
Human
N 2.4 DNEERENMIEBIAME
0C-3-VGH Human 1 0.71%

FERAA I 25 BB 520 SCF, (T BH 24
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AT 41 Fi SCHR . AR B SCRR A e R gt i
Y1 BLIRR SRR T v BH A 24 35 e B p 2 WA , 791
ZHEH 2 mg/ (kg-d) o HUOWEIZEE R PADERE
1 S-SRI WESE BHVE 2, BARE RIS L L3 6., 45
257 NEAEHE B RS R KIS
RS AR L IR A S L
Table 5 Cancer cell line concentration and use

frequency distribution

AR E (/mL)

A= g B (W) [EE g4
Number Concentration of cancer Frequency(times)  Percentage
cells (/mL)

1 1 x 107 45 29.61%
2 2 x 107 32 21.05%
3 5 x 10° 18 11. 84%
4 1% 10° 13 8.55%
5 5 x 107 6 3.95%
6 3 x 107 6 3.95%
7 2 x 10° 6 3.95%
8 1x 108 5 3.29%
9 2 x 108 4 2.63%
10 4 x 107 3 1.97%
11 1 x 10" 2 1.32%
12 iﬁs 12 7. 89%

R 6 YA S PO B 245 I O

Table 6 Positive drug use in animal models of ovarian cancer

AT (IR
e P25 4 5 ? KK
iti requency
Number Positive drug name . Percentage
(times)
i
! o 27 65.85%
Cis-platinum
m )
: Paclitaxel 8 19.51%
il )
; Carboplatin 2 4. 88%
EANTHITS
4 Cyclophosphamide 1 2.44%
SRR ILE
> ; » o - 1 2.44%
5-fluorouracil
—+= h."‘i“
6 o E{L (% 1 2.44%
Gemcitabine
” .
. IR RS LA 1 s

Liposomal doxorubicin

R UNEESh YIRS, 2 I
Table 7 Administration cycle of ovarian cancer

animal model

2.5 DREEREIMETLHEH

FEBRAR 25 1 52 96 1 ST Je R Ul BA 45 24 T 01 19
SCHRJG , 75 321X 20 SRR 44 0, Hob 2 REAAE 3
Fhea 25 R, 2 T A 2 P 245 SR 4, SRR 50
U, B 25 IS DU WL 3% 7, RO RO R SE T 2
7R ORI S22 LATE 18 | R A 0 e A
W AT 4a 25, geit SCikh 25 s 25 A 1A, 10 d
1 UK 25 25 R S B b UL

LRSI B () A
Cycles of administration Frequency ( times ) Percentage

5d 1 2%
6d 1 2%
7d 1 2%
8d 1 2%
10d 9 18%
12.d 1 2%
13d 1 2%
14 d 5 10%
16 d 1 2%
18 d 5 10%
27 d 1 2%
30d 3 6%
21d 7 14%
28 d 6 12%
31.5d 1 2%
354d 1 2%
42 d 1 2%
50d 1 2%
56 d 1 2%
60 d 1 2%
126 ~ 168 d 1 2%

2.6 BREEREINMRBGNIEIR

EEM/N MR B LR WR B
ALY A e H A A RS EA
BB S0 VR R ML S kA SR AR A O L M
TR AUA TN OLAE 7 T HEA T GE T IA | AN TR A 0 i
PR SCEMT ST AR N A A K, BAR BT WL 8,
GeitRa=R ], >4 AR A Sl M A R 22 5 1 ) R
LU F LG b | b5 41 2005 2 % g 4 Ak 2
TERG O SR S AR R vpr | AT S S T 4 2 e R 1Y
A ROPR DL B2 e 4 2 A BELAS R i xh T4 L 5l )
MR E LA S, SR, B8 Bl (5 as eIk
A B X SRR b AL 5 T 345 01 HLBE EOWL
Wb S WS YIS R R R DL . T3 A X XA rp R
UERAR SRS DI T A — E 2% 0 3, I,
B T B AL AN AR A, TR A R YRR R
s w] R XS S A BRI B S TE . Ak, i AT g
PR R0 220 W P A B iR 25 B AR 14
F 30 SE R A2 B0 SR8 S WA R A R A 05 5, AT i
YN S S N AT

3 e

OISR IERH DL R v R O R R
FRIUT R G A S AR RS A T, 1) R B



rp [ S U B 2023 4F 10 A4 31 %55 10 8] Acta Lab Anim Sci Sin

,October 2023, Vol. 31, No. 10 1329

R 8 UNHLE S YRR DN b i D

Table 8 Application of detection indicators in animal models of ovarian cancer

iRl il (D) £ 5
Types of detection indicators Frequency ( times) Percentage
JiEE LR IR (IR AR AR A EEE)
C . . . 121 21. 12%
Apparent indicators of tumor tissue ( tumor volume, diameter, number, etc.)
o 4H 211 Y
ﬂ*ﬁ;iﬁr/\ﬁﬂi % 15. 71%
Tumor histopathology
Pragya
ﬁ&‘/ﬂ’f{ . 71 12.39%
Immunohistochemical
ANERFIL CRFAICRES 15 3l HERE IR XA RONEAE ) 55 9. 60%
Mouse epigenetics( mental state, activity, defecation, diet, response to the outside world, etc.) ’
AR ENT (VEGEF NF-KB  Bel-2 , Caspase-3 55) 35 6. 11%
Western Blot (VEGF, NF-KB, Bcl-2, Caspase-3, etc.) S
JibEa bR 4 (4 CA125 .CEA AFP CA-199 %) 3 5. 76%
Tumor markers( such as CA125, CEA, AFP, CA-199, etc.) ’ ¢
I s 228
m”;}: 30 5.24%
Anti-tumor rate
LA P AR bR (ALT ZLRR I ZURG | AL SR FE A 28 4.89%
Biochemical indicators in serum( ALT, LDH, SCR, BUN, etc.) ’
JBI 2H 41 4] H1T-%
qugzﬂf/\,mﬂﬂﬂti. 95 4.36%
Apoptosis rate of tumor tissue
- e i s
HERSRE R IF 05 8 5) 2 4 1o
Organ metastasis( liver, kidney, spleen, etc.)
PR AR S R e AR EL AR (P53 P16 Fas KI-67 55) 21 3. 66%
Detection of cancer-related genes and proteins (P53, P16, Fas, KI-67, etc.) (OO
AL A B T PR A 205
{l_lﬁifﬂr'/\gziﬁsfﬂr/\leﬁﬁi'f% o 20 3.49%
Fluorescence imaging of living or stereoscopic tissues
Jiv9eA 14 485 E (MVD)
. . 11 1.92%
Tumor microvessel density( MVD)
5A R e
*/@gaﬂﬁfﬂ 7 1.22%
Color doppler ultrasound
-
G IEAR (MRI) 2 0. 34%

Magnetic resonance imaging( MRI)

Jie AR | 8 i A IR B - e R R T s 3 AT
DEHREART  HORE MR L A 7T 2 B A MR B e
P RS AR ST Sl TR B R AR
YK A 45 R A IR b e, IR BE 7 bk B2 45 i K,
el R A B S A e v B2 2N g B L 2 o
TIE T M, AT oh A 100 S 20 L™ 1) 75 7

JEEFBOm 0 e B U R S A R < B
TR AEINE Y 7EIRYT L, DLERIE AR
ATRYT IR, 8 T B A 2 A B SR AR R
FURIT, P 222700 B SR8 1) B A PRI 9 AL ) 7 R
T T, 40U 290 M Dk XA T LA Al 7 2 25 1 X
TR B F AT bR RigTh R
P ER , R BT BOW O S8 IR I R IB B A
A3 T AR, B A IE A AE T 28 A 1 ) B R
SRR . DRI, A KT B 89 1) S 56 F 5, A
SR DT ) B S0 52 56 sh My R A B T 1 B 5
(0 P B R L, D ify ST T SRR

3.1 IREEIPERENE
3.1.1 shishk

TESCERFFE Y, BRSO B0 S8 0 sl 4 A A fef
S EANISILY/ Y~y T BURS A s IR NN E 2]
ST YR DL BALB /¢ i & Y BT
% HUOE SCID /MR, BALB/c J&IEAZ &R /MR,
) 22 S, SR S A A, SRR E, H
BALB/C XF&Us K 8O, 2B 7= PERE R 4, 258 )
K, g gl R B A B f el A M SCID
B AR — ol 200 L 0 AR V™ BB A A 4 S R AR AT 1Y)
i VAN R X NS YL R 7 DRSNS 3
UL 4 M A T S ) R EE SR AR Y S RE R T
e PR i S 56 sh s e )
3.1.2 sh¥ i

FESCE S ) RS e £ 1 N 4 ~ 6
JAWEL 6 ~ 8 JAIMW 5 K ERLF- Xk FH A 0% A B0 34 K
NRFA AW, 246 8 B 7247, Ml R AEK
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S NRIERK R 4 ~ 6 B, SRR ECIEE
BT Sz s AT AR B A VR 4T 2R R X A
JETE YRR 4 ~ 6 AW, /Ny S £
ik W AT T2 Ty R, B e S I A R A
FIF5 Lyt 1] Jl o i As
3.2 ERAXRES

TEOR S S YRR S AT I i L AR AR
PERBCALE i 22, Horp S B B o T IR RS R Y
oI, B8 AR B SR 9 B A R ol P A 240 A ok B
U 4 2 22 S AU, X N 2R R B R
BEUST L ROAE I O LA S AR R i A B A fT o, L
S AR A i A M O B R P R P
PRSI0 S Py 1A P, BRI, B oy O B398 BF 5% b fil
e IZ PR BRI B B A MR A R ) £
SRR R R A — B0 AR 22 S/ D s R
L TAEARREAE S B A ML i T 75 O S Bl fe 7
(AR )2 AR AR AT A PRI ME | I () AR 15, LG
TSR R RS MR R AR A AR R 2 3k
FHBREL, ARG A N B e EIOABE , A — 3 )
BT

U O S g Sh ARG /N BB A AR, T
WO BEALFEEs P B E—2
Blesi HBA A SRS kb CAEY AT
H DMBA #4311 75 & O 58968 R & P gg kD B 98
A, R R R P R R IR I B O A
FIE A4 78 25 70 40 s T 1 S5 0 o 1) N AE A=
Ytk

A TAF LS R 5, B & T s A i
E 5 NPT R B S O AL, B R R AR A
PRHCE A SR, BLAA AT R o LR RN S8 1145 B A& B
MU R Z (R 7 R & AR 1S S 25 A8 5
ANBE SIS T] P AR A5 R S B A R | B ) ) B A
DAL G NS N E T

DI SRR S PR TR AR R SRR R PR /N BRUBE AR ) AR
52 A= B 9PN e NG AN i D e R R g 1
BSOS A S A AR
AL R/INERL ™) Teng 4570 25 A 1 Y L 2 FL AN
CRISPR-9 45 11 Jk PR 2 40 % A= ol 1 440 i B9 S50 /)
BRSSP 5 2 36 6 58 A8 A RS 1) XSl
RIE B HLE IR AR A 2 E L, CRISPR/
Cas9 FEARTE ISR L1 N H 2 2 | AR A% 15 {5 b i &
FE DR R R AR 1 O S 98 5 AL Sl A AR | 1 24 B[] A
R ALAS , T LA B R P i s 356 A1 s ke R 7

PSR A G SE P sh A i T o e 2
TET ) S P 45 A AN ] 6 K] B B39 sl
3.2.1 AR O H

LR R7 s K7/ R iR R 4 L DN 8 ot N R S
SKOV3 2 ifd & ff FH 5 fie =5 (67, 47.86% ) , HL ik Ji
HO-8010(24,17. 14%) ., H Fij X1 7 F 40 it ok 0 5
BORURA HEST 1 O SLE s W B RV Oy i, 448
T, 76 9 S5 95 20 i v B 1 s % I, T U R e v 1)
WeRE 1 x 107/mL, fEHERNRAL L LUREB 2 T 7%
R R e, LR I I RIS &0 5 T M i £, ik
FHEE T 1 SR AN 7 2 i 6 ] DR KRR B |
EGR/IN B B 3 Bl X R 3 B T, B 5 T
RN e X B S sh WA R R 1T 25 4 S R
WS R SCHER T, Ge it o B A& B, 25 24 ) 30 A i DL 1Y
10 d, FIZEZ5 W 8 O S AR VR IR T i L FH 25
W0 AEARIT 2 L PR 2 22 0k A,
WRERE,
3.2.2 AP I R AR A ) ) AR A

PG T 43T, B0 S g 37 3h YA R A FE 30 e ]
51 d, KA 14 A S FHED HE R AR TR
i R AFAS TR s Jieh 96 200 M 2 0 F BALB/c A RUEY
WEF 1 d JE RV AR AT 25 50 86, 55 i R4
FAEEON S SCID /)y BRASE AR B | N 8 38 1k 5L
SR P AR TR, R A K =
1 em® ZEA7 0 AbBES B8 R4 T BR RS AR, 7 4
548, DIl 14 A A ¥\ 09 SLm A5 AR sh s

FRIE A G T s | AR A AR A5 B ) Y i
BEALAG DLR AW O 2 (1) o ROME R, w4
S AR EE b R v O SRR U DR A R, A H
DU AR e R/ VAR K R FR AR B2 Al A B 56 10
K BRI R AR B 145 ~ 155 mm® ) 5E My ik
BALT . (2) Bl de i B AR, AR 45 B 5
APFFIFAL T 20T 01 5598 2R BRURS A8 4 A 1 4 0
PT-sZm ey, LU MR K 2 HAAY 3 mm B
R SA ) 2 BT SRR Sh A R AR A T, (3) iR B
PRAGHGAT A o A A R G SR 4 B R UK, e 40 A
51 RE K JR R AL 3%, g iy 4 4 2 2 S O
SR MR B R R R — B, BRI PR P AR
B PR RIS Wi AR E S (4) — MRS B L.
BB IR B HBRAE T TS T Sl R i ke S A 0L
TR R TR R R 5 ST R
3.3 KiIER

BLUIF SRR 5 23 IR e BT 1Y) ) B 98
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I PR, A ebtR IS PRI K kSRR
Oy T H A TR E — S A5 B
SCHRAR A [FIFFE 9 25, % B9 53988 3l W A B f) 48 A
PEAT TARSCAGIN , g 2 2R AR b il sk e 2, e
U e ZH 200 BIAG Ar | Syle AL

4 EEDNMEBRLFEENTIER
Bt ik
4.1 BROJRERBEE

B T A& 3h A 7 5 3 Aok AT AL
RINBOR R Z 75 K1k LR B A P 0 S 3 )
LAY AN B AR T 1l A 90 O 56 0 1) R R A O
REAAL N IS 0 1) AR o, Bl 20 A S B0 B &= iy 1
P, ARETE M A IR IR, 33X AP R G b B8 1Y) L4
e, G 9 9 BRI ML AR, I R BR S0 B )
BRI A R R 2 B i A A ) S e k.
ST = A 0 )R A TR A B e i A A
RIIRY % i B AR IR AE 58 1 5
X TF B 425 T 5 R 38 )RS B R AROK iR 97 AR
RIZH R s e T R A IR OK 5 T K | e B A 5%
AR AR IR B R LRk 5e 3% T
TR RE A
4.2 BROG—EMNEREZERIEERH.GHE
HkE

ZRARPR 2 GLAN R, 1 o5 — M e i, g
X IXANE O, AT A X 25 R i PP 43 FRAK AT F Ak
30T, R E Ak IR 25 07 XA A, 38 2 A 3
FIRIAANRAE B, AT 3 — 20 30 B 98 2 ) 155 50 )
ASH,
4.3 BRORZEIERIEMN AR

{UAE 5% B 4 M T A0 A1 100 B — R A e
Je B 43R 97 0, R B 3h R B LA I Bl AR £
RS F AT A B, — FBOIR S R B R o] Fh R
JEA SRR ARG ), IR AR 22 /0 AR e B Y
UiE . PR, i R G PN O A B T AR o
AL BP SIS AL R, Qo] AT RS A DE A i
T LARWITRAMGY A 58— 50 35 W br 1fE U1 5396 50
PIBRA S8
4.4 FWHEIEEHNEAERB

GErt IR, TG4 A v S UE A L) 1Y) B S 2
YIBRIR Z | HEZ X p BEE R bR i iR, 456
SRR 7Ry iV | AN RS b A 7S b 7 N 7S
TEABE 4 v I R T i A 3R B A A R A 2 3 AR

DRI SE T, 25 2 P8 B 58 36 AT, T
R R L M RS £ I SR 2
IS, A 7D 2 D 9 55 o P A 5
S BSR4

5 #iE

A SC S BCE F2 18 06T B T OP S S A AL Y
of G SR T 34, A5t B 98 2l 52 55 vh i Y
BRI 4 ~ 6 RS 6 ~ 8 FIRAY
BALB/ ¢ Wit B 2 5 B8 A 1 O 8 958 2 40 A3 784 fifi )
RIgE ZEH 1 x 107/mL He B A N D 5595 40 i
SKOV3 TN K T 44 2 B 53968 S Fh RS AE s )
FBETRY AR AL B Dy i, R ) ik Jeg 4 21 3R A8 s, A
55 i JRg ZH 20 BRAF A5 R AR 1) iR 2

YT, XTI SR R IH A TR W R &R
o ARSCIRA BT T 24 1 B 5595 2h ) B AL i 5 81
AR, SRtk — 2L R B S 2 A A A STy ik AR L
B SLER EFHEARTEL,
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[ Abstract]  Atherosclerosis ( AS) is a potential risk factor for common cardiovascular and cerebrovascular diseases.
Prevention and treatment of AS and research and development of anti-AS drugs have been a focus in the field of medicine.
Selection of the ideal AS animal model is important to study prevention and control measures of AS and to research and
develop traditional Chinese medicine for AS. The ideal animal model of AS should have similar pathogenesis to human AS,
consistent pathological and biochemical reactions, high repeatability, simple operation, and easy adoption. Mice have the
characteristics of strong reproduction, high heritability, good plasticity, and fast modeling of AS, and they have become

ideal animals for AS research. In this article, the replication method of the mouse AS model established by various
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intervention factors were compared and analyzed to provide a reference and ideas for prevention and treatment of AS and

research and development of traditional Chinese medicine for AS.
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VAN = G U/ S | I 1 = A e < L1 D (-
LDLRFbn1™~¢"%%¢* = SEGAIF 58 AW Al H > i/ BROH F
BEH YL 525G B A BiEdE
2.3 SR-BI7"AS #&#l

THiERZIR B 24 T %I (SR-BI/SCARBI) ¢ #] #
RIJE—FMEERE A, 7T 5 — R KR AE i A5
EAZA, FE SR-B 1 J2—Fhm s i & % g &
H (high density lipoprotein, HDL ) 4= B Ji 5 9 52 14,
HE T B 40 M A 5 HDL W kr b BE [ A RS
(cholesteryl ester, CEs) () BB . SR-B 1
e UE 0 i M HDL 2 [a] %iF 2 R [E BE ( free
cholesterol , FC) [ B[] 38 ' BRIFAM, SR-B T £
5 4T 0 PR R 0 v K AT R R
SR-B I #l ATP 454 & %% ia 8511 A1 (ATP binding



P E SIS 2E AR 2023 4E 10 A48 31 555 10 ] Acta Lab Anim Sci Sin, October 2023, Vol. 31, No. 10 1337

cassette transporter A1, ABCA1) 1 7 JH [&] 52 M\ P 4%
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TAREIG N L4596 1 K R SRt R B Ik e 1Y) K I
FAPET- A FALH] AT B i T2 T R P 2
P05, ELE O W5 40 B, A 2 36 U 40 R O
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e AS BEH | Figueiro %'V 457 LDLR /N
AR B I, A RIS 4 d (G WIS 3 d O
FLHH % (rotating shift schedules, RSS) #iz(, FF4E 11
Ji, 25 3 B RSS BT (/8 B AL AR I AS
A5 R D £ Ak J5 S0 20 I 3401 A T R R
20 O TR 7 P B R AE X, finsd T LDLR™ /)
FLAS KR, BLAb, ApoE™ ™ 7545 J3 18 14 Ny 1 2 2%
12 Al J5, 5K % 8 ApoE™”™ /N AH b, & 2 W
ApoE " /INELI AS BEHL T BUE I T —£5 Ui
e I ORI e AR IR E 52 G PR 28 X 5k R g 8/ B AS
7 2 S AT AR SR B[Rl VE T

5 #iE

HAN TR 10 3 dar /b BROAS B8 % A R 5
(F 1), ApoE” /NPT LU & PERI =42 AS 45,
FEHEST AS U LR LDLR A2 1 6 Bl 2 56 N A%
A IR MLAE 5 (10 AS , (H 5 28 5 A 7 ) B 5
YEA RESCUF M52 BE AS %748 . ApoE3-Leiden. CETP
ANERE R T 2 BN R R R N SRR B AR
BB, (A 75 2 7 BR M J%, SR-BI”" | ApoE/LDLR
dKO IL-19/LDLR dKO /MR TC K- T, ik AS BE
HOU R, 25230 AS P i ik (0 5y i ™ A
] 2€, § 8oad FAE TS, T ApoEFbnl ™74
LDLRFbn1 ™"~ /NRALRI GRS 7 &1 AS BEHLAE
24, 2B AR A B P BRI S 2 8N B A K
AL TR AR Y (05 2 AR (R TR A0 o fRp
—HHRAMSE, MicroRNA FFR/NEUBE IR AS 548

Zi b, g AS /N R RUAT il T i R R 2
AN AS KRS/ B H s i

x1

Table 1 Advantages and disadvantages of each type of atherosclerosis mice

THHE

Intervention factors

A
Advantage

By

Disadvantage

ApoE_/_ VR
ApoE™" mice

LDLR ™~ /MR,
LDLR™" mice

dKO( ApoE™~ \LDLR™~ |
IL-197~ SR-B17" /ML)
dKO( ApoE™~ .LDLR™~ |
IL-197~ SR-B1™”~ mice)

AAV-PCSK9 /MR,
AAV-PCSK9 mice

ApoE3-Leiden /)M
ApoE3-Leiden mice

MicroRNA /)R,
MicroRNA mice
SR-BI™" /MR
SR-BI™™ mice

ApOEanl -/-C1039G + /- /]\ [‘f_:'L\
ApoEFbn1 7/ ~¢10396 /= mjce
LDLRFbnl -/-C1039G + /-
N
LDLRFbnl -/-C1039G + /-
mice
BB R IR AS /Ml
Maternal inheritance of
offspring to AS mice

18 P4 7 38/ Bl

Chronic stress mice

Jeit IR % B R PEIE AL AS AR, W IR AR T
I

No need for high-fat feeding to spontaneously form AS
lesions, which worsens under high-fat feeding

HOMAFE ARG TR , LDL A2 1A% (1 Bl 2 S 5 i
AR

More in line with the human lipid profile, the absence
of LDL receptors has no effect on inflammation

AS [ AR BESG N, B8 B A MY RUBE B R
JIUAESE

Severity of AS increases and can spontaneously form
plaque rupture and myocardial infarction

T L E A, BT

No genetic manipulation required, high economy

CETP A5 A G i« AL
CETP expression of lipid metabolism is closer to
*“humanization”

NS AS 528 Al 5

More in line with the process of AS lesions

T AS 19TE

Accelerate the formation of AS

FI R M I R 2R LS

Spontaneous  formation of plaque rupture and

myocardial infarction

FI 2 MR B RS 2R JLEAE

Spontaneous  formation of plaque rupture and

myocardial infarction
BELUIG L& A ) BOm AR, J5 AU A 3
Simulate the pathogenic fetal

incidence of

process  during

development, resulting in a high

offspring lesions

e RN IRK(ErEN

In line with the current way people work

ApoE HIZ 0 U E L AN E B A 18 i BE R @ 2R A0 L
B

ApoE multiple functions, inability to spontaneously form
plaque rupture, and myocardial infarction®’
o A i P T e IR MR T B BT

Pathological ~ process —requires  high-fat feeding or

physical intervention

By R R 28 S B0 e T

Prone to severe lumen occlusion, leading to

premature death'7°!
PAET BT, T REAEAE ST 79 1 B S Sy 7
Pathological changes require dietary intervention, and there

may be an antiviral host immune response”"]

PSP 2 s IR R IR O EL Bk 2 52 2% 28 A E AR
Pathological process requires high-fat feeding and lacks
evidence of complex lesions

2 AL HUEE T
Lack of evidence for complex lesions

Low survival rate

[72]

Wl A 7 P R I, Bt BAE T

As the feeding cycle prolongs, death is prone to occur

B2 A IR UESE

Lack of strong evidence

IR A ER RS

Complex operation with many uncertain factors

A ) s B RS JE TR IR TE = AS
Use of pressure or high-fat feeding alone cannot successfully
induce AS lesions
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AIFERE , {H Al & UL E] MicroRNA 78 /) BUA N 31
A5 AS W5 A8 B HiGE , AT S — 20, BREEA
B, DL AAV R ER RS PCSK9, T804k 4 LDL #1
BN AS /N RS RS 2458 700 45 1 iy, {H mT
REAEAEDUR R FRIE RN, IR /R AS
RURE , HT I sl it 2 Bl iR AS v 2558 25801 & 1)
R B 2 ML) ApoE ™ /INBRL, TR A48 4 i B Tl et
KA TR U S il AS BEBRR 24 8.0 LREAE
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[fBZE] shaetkHIb A R (functional dyspepsia, FD) 42 DL E A1+ 38 I X 38k 2 BEFE 5% 0 3 A0 AR 48 5t P 50
PR AR LR S E R AN B TR S IR A3 D R A TR CFF B AR AR IR AR ) I S R A A
B HEIE(59) SEME AR, PEEZGIRIT FD SUR B B2 B m , MR IESS & 10 sh PR AL e R AR S B 58 19
FERAIHTIE . UL, AR SCH LA B9 FD S5 TESS & Sh A B A 58 b A T A BRI 40, % LR S A7 sCRIPEAN 48 b 1 18
BEIF R EAT R, W F AT SE AR B 2 Ak AN 40 )5 FD RIESS & sh A BEm iU o 4R A S0 5

[X@R]  DIREHIHA R SRR IEZS G ; T B IE

[hESEE] 095-33  [XEIFEEB] A [XEHES] 1005-4847 (2023) 10-1342-09

Research progress of functional dyspepsia animal models
based on the combination of disease and syndrome
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(1. Graduate School of Tianjin University of Traditional Chinese Medicine, Tianjin 301600, China.
2. School of Nursing, Tianjin University of Traditional Chinese Medicine, Tianjin 301600)
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[ Abstract]  Functional dyspepsia (FD) is a non-organic disease that is mainly due to regional dysfunction of the
stomach and duodenum. In traditional Chinese medicine (TCM) , it is classified as epigastric fullness and epigastric pain,
and divided into the syndrome types of spleen deficiency and qi stagnation, spleen-stomach deficiency-cold ( weak ),
spleen-stomach damp-heat, liver-stomach disharmony, and cold-heat complicated. TCM has a significant effect and high
acceptance for treatment of FD, and the animal model with the combination of disease and syndrome is the basis and
prerequisite for relevant research. Therefore, we organized and summarized the existing research on animal models of FD
combined with disease and syndrome and explored the reasons for selection of specific modeling method and evaluation
indicators. We identified the shortcomings of the current research to provide support for future research on animal models of
FD combined with disease and syndrome.

[ Keywords] functional dyspepsia; animal model; combination of disease and syndrome; TCM syndrome
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MR E B SR E 0 24. 7% 23.2%
AR TS PR BRI [ R R & S0 22 53, 38 AN [ b
X BIAFFEIERS M E R, o7 AR i EL AR i A 55 H
(R Ek AT 72X, BBk Al A0 E AL S5 2R 4 X6 1 i A
MR, HEDFD MR EAS R R A S —E e, &
BLEE(DREEHEAANR P EZIY & XL E W
(2017) ) 7 R IS WA TR A6 R S IE T R
FNIE JGS W2 AGIE | I6 B R € (55 ) UE A FE IS ZHiF
5 FPIERL, R ARA W 5T 2 B, S B 0] B i Y R AT 3
BRI FD B I R R B, Ik, AR SO FD
SRR )RR A 40 R R A1 0 28 5 0 R I
PRAUEFYARZE A, DA B8 Shy 4 T8 U5 44 H WG 30 I R A8
I ESH AL

2 AENEE FD sh¥#EB R & H &
2.1 MRESHE FD sh¥tEsy

J R S, O PR & FD ) E BRI —
HEZSCH IR Fisfl, T E 5298, B B, )is
ACTERH, AT () sl BE 4 55 49 L 0 A HL FEL

it (FHELE) =R, dhdudi 287 AR
TR FD B E E HEAS 18R I 0% sh g, 5
[ 2 v R S 3 R A BRI A — 3

A4 7E SD KB 10 ~ 16 HidHT 4 K4
T 0. 1% LR 2% FEAHR A9 0.2 mL EH
1,16 d ~ 6 Ji i i 1a] AL 5%, 6 Jal i Jm >R FH K
BN BT BABR H AR & 4RERIE 3R 14 d S5 it
ATREFRYPEAY, 07 FH IS 78 i Ty 6 fke i 204 ks
IBIT FD KRBT R, b, HE %D sy
VORI B MR + Wk + ARUIKE 2R
RE A W BIL AT R A%, B B H R4
2.5 h, IfEUk 10 min, B HES (0 Ri2E 21 d, IR
ARSI 8 LI 95 UE B TR YR T ROR

X RELRE A IR S A R | H A i Ay o
A3 R — 2R Ve 2 T B R A TR 1 &G
BRI /NG 3k 57, 1B 2 B W) 1 4F T i, Fl
FHL 2, e 15 B 25 11 20 23 Joe SE Ak s 730 N E 8 9
W W U T AL FD P e AR 2 [ A SR B
IR Gl AR S I s, A5 G TR
T 28 5 o5 — S0 B A U 5 ML 1) s L, BSR4
PEARCER SRE WETK K PR BTN B il 37 A B0 2k
55 22 DR B2 AN AT 0 R 98, At A5 A8 5l 4 K 10
97 IR E AT, RBURSAT B AR R H s
IR = A S HIE” SRR . 45 B I R 52 B
5 0 FHNBL R A 04 7 R B, S A5 5 =X RT sk
FERS T 5B AT () AT, 1K AL [a] ) [F] i
G R SR S 56 Bl ) 7 A i 52 5 W) i 2% i
B,
2.2 FF4RE! FD Zh¥pEsy

JHF B AN FIRD IS M 2 7R R R AR A A I R
HRAS R UL B PR Y FD SEAY, 3% T ek
Sy At SU TR A= E7R) KAl 7= VNS DT N
F it , AR MR AR, IS + s ik, AR B
BB R A] 2 AR £, B EE 2
AN FD 2 M- B8 2 AL A s, H FD &
BRI TIAR ARGt AR R R R
o FLIRELAE (A L BARBL AT A B e b R
S R RT RBG R0 AR AR B BRI
AR Z5AR T 5 e R A B U RB A B AT Y
ff R
2.2.1 JHEAMAE

RN 3 22 R FH 5 R 2= 92 2 il 25 T
ARFAL FD Zhy 120K 2 3 e e %
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Y Al e A 26 0 A BT S K S
KRG R 2 AR R e i R
fEFER) FD BIARIGI Tk, BEEXT FD MR IR A,
TEAE 1 R I ML R0 i e S A i B2 4 FD B 1)
W B At B — B e BRI A AR AR A
HZNREARB A AR, W3R IR AR R
FRME R | H o i 38 Y DK 06 AT/ BRU™ AR 9%
FRAS LT 10 30 d =, 38 3 BE 7K 1 #E 52 56 i B
ANERE AR AR AR S B i A B S AL B
Y
2.2.2  JHFABRG K R

“Je BRI + PR R H R E
IS G U A5 7 =X, e R o mT AR S B sh i i
AHE T 7 Az AR AR T XL H AN KLU K £ AT {5
Bz bR I8, DT R |, 38 45 4 nl % AR g
FEUE AR AL A TR S I SO SR 1 P 9
+ JE R + IR BT LS AR 28 d JE it
TTRERIPEAY | VPO 48 A AL 45 S0 sh ) — et o L B
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A H R i) £ HH AR A9 K 78 FD R RRABEARY , I 1 2l
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I R RN
2.2.3  JHAHBA AL

TR AR SR 0 AR R 3 X S
YA TR, BRI i S 18 TR B YRR
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HHEOR AT &, 352E 21 d J5 AT PR 22 1
BRI, I 5 AL S 24 5 2 R X AR S e
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HIRE + WAL B R EEREZ NS TT
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BRA LM TR 42 d J5 SEAT R RIITA, XL 2
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TE7 M 326 1] FD AHFH A 36 B (11. 04%) &
JE I 5 KB FEIE , DR I 12T R A s A A S 2% T LA
FHETUHEM, T BEEN R B0, H &G
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A (1) A5 S IE BRS04 SCRkAR 1 M R
UEZE G SRy H s B 75 AT e i 58 o 1 42 3 i
FTIERE , P A IR IR 28 00 AN A5 5 iR B 1) & S AL
il LG5 A H AR G HIE , MR R UE R A g L 1 4



1346 oh [E SE B4R 2023 4F 10 A 45 31 4555 10 8] Acta Lab Anim Sci Sin, October 2023, Vol. 31, No. 10
R 1 FD & WIRIESS & sy al A 4
Table 1 Induction of FD common diseases and syndromes combined with animal models
. B g S AR [ . - SC kA R
i e S AT Wi LK
Syndrome type Animal strain Modeling method delng Evaluating indicator ’
time source
— e oL, B HEAS % MY Ghrelin
REBBRERREH + KRR MTﬂf r\F;IP C?Iifi}g o
SD R R CHEdE) 111)54 S T . (8]
SD rat (male) Todoacetamid ture + m 20 d General condition, gastric emptying
A 2 3 0 SD rat (male odoacetamide sucrose mixture + sma rate, serum  Ghrelin, MTL, VIP.
Spleen deficiency platform standing in water environment CCKS. T1-6. TI-10
and qi
stagnation type . Ml % GChrelin, MTL, GAS, VIP
PR + Wk + KA ’ ’ ’ ’
SD KB () Chronic  restraint + swimming + 21d CCK CCRP (10]
SD rat (male) . diet Plasma Ghrelin, MTL, GAS, VIP,
improper die
CCK, CGRP
W, R R RIS N i
SD Kk B ( M A 45 HEEE, I3 MTL GAS .CCK
4 e ’ N N
k) IRAEAAY + RS + KR AT Weight,  gastric  emptying rate, :
Chronic restraint + excessive fatigue + 21 d (s
SD rats (half male . liet pathological morphology small
and half female) tmproper cie intestine propulsion ratio, serum MTL,
GAS and CCK
Wistar A i, ( M A — AL, B, E A AT
%) Je R HIH 5 Ghrelin ik
Wistar rat ( half Pinch-t f] timulati 14 d General condition, food intake, gastric [40]
male and  half tneh-talt stimutation emptying rate, Ghrelin expression in
female) hypothalamus and antrum
*ﬂﬂ*/ﬁl P, 12!§E, B2 3,
AN 7K i S O 1 )
SD e BLCHERE) BHERETF + JC IR + IREAT GAS MTL )
SD rat 2‘ ale) Chronic ~ fatigue  +  tail-clamping 28 d Generally, food intake, weight, gastric (4]
rab A mae stimulation + improper diet emptying  rate,  small  intestine
propulsion rate,, pathological
morphology, serum gas and MTL
o 4 Vil 7jil] ¥ K=Y
E‘i%i;i MU —fig 1 L, 5 T 41 41 NPRB, BDNF
SD K L (HEHE) o - ik ]
JiiRi[Eitl Chronic  restraint + swimming + 28 d (42]
. . SD rat ( male) . . X . General condition, expression of NPRB
Liver stagnation electrical stimulation + concussion + s
. . and BDNF in hippocampus
type improper diet
— RO, HARE R N T
Tl 15 52 5-HT 23k
S I
SD e BLCHERE) ?Ufﬁ] %+ )\ﬁ;r:j i N 2d General condition, gastric residual [15]
SD rat (male) e aml();.nf stmutation rate, small intestine propulsion rate, 5-
tmproper €ie HT  expression in  hypothalamus
and antrum
— AT, W I, R D-ANEHE M
SD KB (HEME S MRMERAE + SRR + Wk + R T B FE %% CCK CGRP £k
) AT 21 d General situation , open  field [17]
SD rat (half male Chronic restraint + tail-clamping experiment, urinary D-xylose excretion
and half female) stimulation + swimming + improper diet rate, CCK and CGRP expression in
hypothalamus and gastric antrum
W3S WK I GF 256, 1H AR R,
PSR + Je AR + vk + Hufl JGBEAEIEZS | LT MTL SP 5-HT, i
p L 4
KM ML) T RLRRSY R H1ZL 5-HT -
Chronic ~ restraint  +  tail-clamping 30 d Open field test, sugar water preference ;

KM mice (female)

stimulation + swimming + electrical
stimulation + fatigue

test, gastric residual rate, pathological
morphology, serum MTL, SP, 5-HT,
brain tissue 5-HT
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Zx1
s - TR 5 A [ R e ARk T
i Bt R TS PRI b DR
. . . Modeling Lo Literature
Syndrome type Animal strain Modeling method . Evaluating indicator
time source
— DL, SR WK i S 8, 0
Gi9es, Hlkas R N B HERE AR L
S . - -HT, K BAIE A
WP RBORER  yepeu + schel + ans SHLRAERS
) . . . . v General situation, food intake, sugar (31]
Tail-clamping stimulation + 8°C HCI + 14 d ) o
SD rat (half male . diel water preference test, open field test,
and half female) tmproper 1o gastric emptying rate, small intestine
0 B 9 (55 ) pro}f:ullsi(.)n l rateh, | serum  5-HT,
Spleen and stomach N pathological morphology
deficiency and - Wivar KB (R L R IR 2 ,
cold (weak) type . - 10d General  condition, food intake, (30
Wistar rat  4°C vinegar .
pathological morphology
(female)
e A L — DL, JEE EAE
L2 R S + Bevk + Tk i ijki HoR, BEzR
E: oy s flﬁiﬁ:?‘ﬂ:ﬁaﬁp
SD KRR AT 3 o -
. . 14 d General  condition,  weight, food )
SD rat (male) Todoacetamide  sucrose  mixture — + . . .
. ing + improper diet intake, gastric emptying rate,
swinming pathological morphology
EH i‘—;;»\ =3 - H - E %
A “‘ F o+ REART . N ‘
Cold and heat Tail-clamping stimulation + feeding 14 d astme - cemplymg e, serum (33]

SD rat (half male

mixed type and half female)

4°C) + improper diet

with hot and cold water (40°C and

acetylcholine,
acetylcholinesterase ,
acetylcholinetransferase

AR PR 2R B T B H S FT R ADL B AR I
E R, (2) TR I R AR AE AN L A
i FERI AN FE AL A A pF S 3R /D | ik 5 A
JAAC RN R AR B v 5% S0 3h ) B AE T A
PRI DG o PRIt 3R] S0 19 3 43 R 1 T PR 3% 1 0 K
FEEAN T 25080 T LA E, 1A, H Al oA B
SE]RERY A BRI FD B WAL R A5 7 ik, vT LA
R S [RlYa ™ A e A SRR 57 S A T B 1 A%
TR RGO, (3) TR bR 0 3 £ = WM
PEU A RN 52 38, Lk /0 X6 e B ik 10 T 4 4
FD A28 00 ) 5 75 i AR A A AP R I , 1
BARIR 2RI & A B 1 G50 04T £ BB DF
B EUPERR . AN PEAN FEARAT AR G LATE g BRARR
SUATHERE R S P IR AR RO R, R TR
WA B W 3= 1%, (EATS AT AR 45 A 3R 0 IR 2 A7 E A 3
W, SR S B L B R B A ROk
T G — VPR 2, 18 TN 45 75 5 5 BURRAIE N
Hh BE IR AR S R DN 5 B | H5 IS LB Afr 1) 2 LA
SR SRR 2 RE S 2L
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Research progress on animal model establishment and
evaluation of TCM syndromes of gastric ulcer
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[ Abstract]  Gastric ulcer is a common digestive system disease. Traditional Chinese medicine (TCM) has a
significant effect in treatment of this disease. However, its treatment mechanism is unclear. Establishing a scientific and
objective animal model and model evaluation system is of great significance to promote development of TCM in this field.
This article organizes the literature related to treatment of gastric ulcer by TCM in the past 10 years and summarizes method
for establishing and evaluating animal models of TCM syndromes relating to gastric ulcer. The method were reviewed for
liver and stomach disharmony syndrome, spleen and stomach dampness-heat syndrome, blood stasis in stomach syndrome,
deficiency cold of spleen and stomach syndrome, stomach Yin deficiency syndrome, and liver depression and spleen
deficiency syndrome. The current animal models of gastric ulcer had the following problems: the typing of TCM syndromes
was not unified, the method and syndrome types of the models were limited, the standards of model establishment method
were different, the combination of disease and syndrome of models was not close enough, and the model evaluation system
was not standardized. Suggestions for model improvement are proposed to provide a reference for research in this field.
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Table 1 Evaluation methods for different TCM syndrome models
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[ Abstract]  With the process of the aging society, the incidence rate of neurodegenerative diseases is increasing

year by year. Zebrafish as a model organism has been widely used in various research fields of medicine and life science due

to its many advantages that other model organisms do not have. This article reviews the application and progress of zebrafish

in the research of several common neurodegenerative diseases in recent years, including Alzheimer’ s disease, Parkinson’s

disease, Huntington’ s disease, amyotrophic lateral sclerosis, spinal muscular atrophy, hereditary spastic paraplegia, and

other diseases related to the nervous system.
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B 1 B A T B AT A

Figure 1 Zebrafish models used in the study of neurodegenerative diseases
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R A% 3 RN T AR A B X BT, Kiper
AL FHBE £ 6 R 58 AD 195 B 3k e
HEAT T PRI G FLEE,

TESE L A psen] S8 78 XFHLIA (14 52 1] 5 4F %
A, BN, FEAFEIE R 7 d BOBE S psenl LR 28
ST S AL A ) SR AL BRI AL | 40 i 0 B BT R R B
FRAAE M AE A BE D 40 (4RIt .6 ~ 24 H)
psenl J PR 98 748 AR B8 T B I 0 IR 4R Y J
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FEBRBELAS T 22 1 B RE A 22 T I A 5 BEIR park7
(dj-1) BEPRE 0 S A WA T Ao o I TG X i e S 4
HRER W TG (iron responsive element, IRE ) Z K 5%
PRI, 5 RS ORI D BB B2 BV parkin FE
PR 5 | R 20 Ak 2y 1 e A R 22 B g A o 26 o0 25 k)
o KT k2 FENIIER, 245 &2 ARE
PR Urrk2 R R S BOR S IR IG & B WL | B 22
Fo A it BH M b2 ST H R B P, JE R, Ren
SFUTEMIE B SR A E R, R BE R A I SR 0 4
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B hee B F R BB £ R 35 2 50 Fieh
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RGBSR AT A AT TG, 7R B D Y
BRI EBAEM B AR N b B
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2.4 AZEHEHEMEENEE

AL 25 45 7 ) &R 4 1k SiE ( amyotrophic lateral

sclerosis, ALS) & — N & AR B 88 I T Fliz g )2
)1z Bl P 28 0 e P 25 2R R P 28 A% B R i
FAIB BI2 T0 52 40 1Y W Rl 22 IR AT PR, R
B FERM AW HATIEZES, WLk T maR FIR &
PEREIE , W30 7T B L 0 VAT R U o 226 IR P W 5
ML T, F W 5 v ALS 5 # & 1k 9 157 1
(superoxide dismutase, SOD) 3& K SOD1 ) % 48 A
ST SRR R — Rl G i SoD /i AL R
WA LI AL & 0 7T LAKS SOD1GI3R 28728 B 1 it ALS
AL IZ ShRE i 30% Y BR T SoD1 B,
fih 5 A 40 FUS ( fused in sarcoma ) . TARDBP
C9orf72 A5 ALS WA 5K, i, BE 5 fh
Sfus B R G AR R B 28 iUy R ) BE T fR Py
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Table 1 Application of zebrafish models in the study of other nervous system related diseases

PR BEIh £ A B dagtdid 275 3CHk
Disease Zebrafish models Major effects/ changes Reference
S5 PR g /- TELE T PEREALAE , Bopfe sk 1~ SPI/PU.T _LiH
. . WP A B Tsc2 _ . - [52]
Tuberous sclerosis Wwild WT d Teer/- Upregulation of pathogenic transcription factor SP11/ 2
complex( TSC) ild type ( ) and Tse PU.1 in TSC
Bz AL, B B (oscl: Gald) q26 FI % Kk
L (14xUAS : memTagRFP-T) ML (53]
Retina disease WT, Tg (wsxl; Gald) q26) and Tg ( 14xUAS: Neurogenesis and differentiation
memTagRFP-T)
SERARRL BRI mydss R A1 (5]

Multiple sclerosis WT and myd88~~

Myelin and axonal damage

AT AT RER B AL

Ji Uiz Bl i

Fetal akinesia

/NI T

Spinocerebellar ataxia

18 et gk

Inherited blindness

ROR IR SR A AE

Wolfram syndrome
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Research progress of bronchoalveolar lavage in mice
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[ Abstract]  Bronchoalveolar lavage is an important technique to study respiratory diseases and has been widely used
in disease research. Currently, the procedure of bronchoalveolar lavage in patients has been gradually standardized.
However, in mice, as an important model animal for studying lung diseases, standard collection and testing procedures for
bronchoalveolar lavage fluid are needed. An unstandardized procedure can hinder the promotion and application of this
technique in research and affects the accuracy and reliability of experimental result. This review presents a systematic
summary of domestic and international studies of bronchoalveolar lavage method for mice to provide a reference and
guidance for researchers applying and establishing a standardized lavage procedure.

[ Keywords] bronchoalveolar lavage; lung disease; mice
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Table 1 Common anesthetics for mice
IR A2 Vi B R 275 ik
Types of anesthesia Name Usual dose Characteristic Reference
W RIS R A, 7T S0 WU SR . /N BT
SN 80 ~ 100 mg/kg . TPV TS A M SR KO
TG PR FEEN ROREYE O HORBEE S ~ 10 mg/kg Ketamine/xylazine is a commonly used injectable anesthetic [9-10]

Injectable anesthesia Ketamine,xylazine  Ketamine 80 ~ 100 mg/kg,

Xylazine 5 ~ 10 mg/kg

SRR P 8l

30 ~ 50 mg/k
Injectable anesthesia Pentobarbital sodium e e

TG RREE =R
Injectable anesthesia ~ Tribromoethanol 240 mg/kg
FIRBEE I 2% ~ 3%
B, ARl 1.5% ~ 2%
W N JRRT: ST e
Inhalant anesthesia Isoflurane Induce anesthesia: 2% ~
3%, Maintain anesthesia;
1.5% ~ 2%

drug combination that can achieve an effective analgesia effect.
It has little effect on total cell or total protein levels in the
bronchoalveolar lavage fluid of mice.

JRRIAEAR AR ELZE R I ) 85 <, (B AT B 1 Ak 3 0 9 1l T T
Wi S R A

Although sodium pentobarbital has the advantages such as
rapid onset and a long duration of anesthesia maintenance, it
may cause a drop in blood pressure and respiratory depression
in animals.

JRRIE R (R S R ASC e . X6 ly4y f) i A O I Xy i 3% A 410 o
TE B 55 R IR A S 4E

Tribromoethanol has a short anesthesia time and rapid onset of
action, but it has inhibitory effects on respiration and cardiac
function and is prone to cause inflammation at the injection

site.

A AR 3 AR AL, I EL BT B0 4% il 0 80 2 R K -
ARSI BUHEHE DR S AT O

Isoflurane can induce anesthesia quickly and the recovery is
rapid, and can also precisely control and adjust the level of
anesthesia. It may cause elevated total cell counts in alveolar
lavage fluid in mice.

[9]

(9]

[9-10]
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Table 2 Summary of bronchoalveolar lavage parameters

N T iRV A TR BB Sk
Mouse Lavage fluid Lavage sites Frequency  Centrifugation parameters References
CS7BL/6 PB; ?ifffﬁég',éloﬂ'&) Lcﬁfng 3 4,350 g,5 min .
Balb/c sﬁjﬁﬁﬁ(ﬁﬁ] '1(.)0m;£) Rigﬁﬂing 3 4%, 1500 g, 10 min [24]
N et et SN PR PP
Balb/c PB; I(gifeﬁzﬁle?lsom; ;L) Lezfﬁfng 3 4°C, 1000 g, 15 min o
CSTBL/6N PBSPI(siifﬁ;g',sostan) thlljﬂliung 3 4,200 ¢,10 min .
Balb/e PBSP E(;;Eeﬁ:ﬁle(lislm; ;L) Whﬁ? Tung 3 4C,1200 /min, 5 min i
Balb/e PBSP ?ilf-ﬁiﬁl;g,sofn; ;L) Whi/;‘jﬁl]_ung 6 4,250 r/min, 5 min o
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[ Abstract)

The main challenge of therapeutic peptides and proteins is their short plasma half-life due to rapid

protease degradation. Drugs combining such peptides and proteins with albumin are defined as albumin-related drugs. Such

a combination effectively prolongs their plasma half-life. Animal models are an important and indispensable tool to study

drug pharmacokinetics. This review summarizes the two main animal models, rodents ( wildtype mice, gene-modified mouse

models, and rat models) and non-human primates ( monkeys) ,

and their development and application in albumin-related

drugs. This review provides a reference for further studies on albumin-related drugs.
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Jefiftit—EZ%,

1 BER/MEXAYNEE XY EE

WA 288 2l M AR DR LR AR TR AR 5 5 L B
BRI R AR 28 U | R P i AR Tz
T 25 R ET 252074 . H AT, &G
kAT SIS 30 P A R 3 5 5% B A R BRUASE 1R R B A £
i/ IN BRI K
1.1 FFERU/NREER

PP A A (wild type, WT) /N 52 1) B L1y

SR AR 2 RS RSO A, B N ZE
F KL 90% WAL HE A, 1/ 22 A P B AE IR IR -2
FACH R R 1R PR DG 25 ) 25 1% 3l T 2 A
GEI—ZRAAL ) RS G A R 1
5 45 1 8 ( designedankyrin
DARPins) ") 5 B 1% 11 ( mouse serum albumin,
MSA ) AN S5 G J5 T A BN A BN R e, £ 5 il 3%
ORI L B E K F 50 h Ze Ay, e —
B 5 A E A4 A Y DARPins 25 89 1 5 I b
DARPins Z5 38045 5 I, 118 AR G 25 W0 7E /)N BRURY
W — AR T 48% 7Y BRILZ AL, 7E WT
AN R Rl S B S e A NG R B R e B W
a5 A P AR, A0k BE R R AR T G OAE A
(albumin-binding domain, ABD) 5 Herceptin f9 Fab
(fragment of antigen binding, Fab) A Bt . —H1E#& /)
BRI 25 A e/ B PRSI 4 B 1M 3% 2 o 301 4
B 2.1 h 4 F] 20.9 h 5.6 h FEKF] 47.5 h Al
30 min ZEKF] 41 b7

FeRn & U8 R R Y 2808755 K5, 1441
W7 W /7 B FeRn ( mouse FecRn, mFeRn) X MSA
45 A RE T L X HSA MISs A BE 1 25 57,
I, BRI AR R DG 24 W A 1A I 2 e 2 S R T
WT /MU R R s DAY, (. mFeRn X T 44 Py
MSA 455 JI T RES 55 mFeRn 255 HE A
AHOCZ B s/ | S O B A /IS BROPE A Ei 40 1
A 2521 2 1 i 3R A5 B9 £ v BB AR T SEPRAEL
CLIEM P EnEF P ENEAAAEAR
TR WAL T IR W BRI T 4 ~ 5 4%, 35X 7]
RS2 T 3 IR PE R X FeRn B2 IR0 56 4
A SR EANAEHS FeRn 2140
SGEE I, NI FBOHL A S WA T 1 8 A
B,

mFcRn Xt F MSA J& HSA 454 71 1w 2 44
di45 WT /N BUSEES TP LR A G 25932 3] o
BE, IR =R IE R T — FR ) B L G i 5 s Al
AT HE A Y 258 T 250
1.2 ERFEEMHNREE

SEPRME R /I BB AR 2 i 3 ik 35 DR 44 8 o) /)N B
R DR A T R T AR A e Gk H R R/ R, 1
SRRz N T A 2RI IR AT BF ST . E AT
TP A AR G 245 9 254K 30 5 25 1 ik RAB A /)
BRALFELIT 325 (1) A FeRn(human FcRn,hFcRn)
FAEPMEN (hFeRn™ ") /N (2) hFeRn /DR 18R

repeat  proteins,
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3£ A (mouse albumin, mAlb) B I X & K & 1
(hFcRn*™" ", mAIb™" ) /NE; (3) hFeRn, N H E H
(human albumin, hAlb ) X % [F & i ( hFcRn™" ™,
RAIL* ) /B
1.2.1  hFcRn BIEEPUEM (hFeRn' ") /MR

E A BFIEE I mFeRn X MSA Jz HSA 454 6k
IR RSN T EF I E S FeRn
Z IR AH EAE B TAE BT hFeRn® " /NER,
FERY | FBALHE Tg276 Fl Tg32!7 | X Wi/ N AR
FEIH AT TE mFeRn 55— 4 404 A Neomycin i 3R
INERNTERE mFcRn W52 FR3K . H-HH hFeRn 5
/N mFcRn 32N, Tg276 /NERAE CAG J3 81 Ty
Pethil N 1k hFcRn FEP cDNA, 1M Tg32 /N U 7E
hFeRn J& 81F 6 T 3238 547 5248 hFeRn 54
DNA 581 HSA i 3 W% F T WT /iR
62.4 + 2.4 h, 7E Te32 AU M HK =W Hh 139.2 +
12 W' 5 HSA 75 A2 1 1 5 2 5 1000 42
T, UG Z AR R AR AR T WT /)N BURE % 1R 17 3 455 411
HSA 7E AR RSN . Te32 /MR FeRn R A
JTAE AR (KS73P) BI85 WT /NEAE
Fo, M 30.6 h #ERKF] T 95.2 W' BA 3 FhE L
IR B 1 1 98728 1K QMP ( E505Q/T527 M/K573P)
Tg32 /NI IMIE 1 (4.8 d) [l WT HSA 7Ei%
AN RS (2 d) I fiF R £ TE hFeRn™ "
Tg276 /N R H, 0 W EE 2] 7 AR AL A9 45 SR, Schmidt
LL2) 2 P AN ARG FeRn B 18 32 R0 0 0 F 2R 1
SRR HSAS (V547A) Fl HSA7( V547A/E505 G) T
Tg276 /N B ARSI AH 07 149 1 5 2= 32 30, e B 9 o
HSA AR 5314 46. 2 h Fil 44,9 h AHEL
T WT HSA f2E5ER(29.2 ~ 314 h) WIEK T 1.5
fizidi . VA S5 REMH hEcRn® " /)N BURE B 4 i A
FUXT hFeRn AT 385 55 FU ) HSA AR RTE AR N
ARG Bl . BRILZ AN, hEcRn® /N HETF WT
/N B BB A% B i b A 400 E 4 1 B L AR Y
25830 S, BN, Lombardi 2514 F) QMP 5% I
HFVIZE 4, IRTE Te32 /NI, & Bx LT 5
HSA 255 1BEIM A 7 VI (2 d) , Hg K T i
(7 d)

S hFeRn*™ */NRIE SR T HGE HSA Y254k
1, BN T A AL AU 5 HSA K K B4 A2
Yrre Ny B AR, (& B B 95 2 B MSA X}
hFcRn Y 4% & J1J& HSA (% 5 f5>790 0 [H i,
hFcRn** /NPT ME MSA 435 HSA 3541 45

4 hFcRn, MM 52 W 11 8 (1 25 9 25 1R 3 ) 2
AT

1.2.2  hFcRn. mAlb X3 K A& i ( hFeRn'’ ",
mAlb™ ™) /N,

M T v R N IEME MSA 5 HSA sE MRS A
hFeRn Xf H 8 H 2590 254X 80 1 22 PPl >k 19 17 T 52
i) , Roopenian 25 i 1+ TALEN $% R7E FcRn AR
fb(Te32) /N FEfly itk — SRyt = A B 1 &
F 2R Y 5 2R (Te32-Alb™" ), BIAE Tg32 /)N B Ak B il
LR ANER P IR YE MSA FEH 4 5 4h T 2bp,
SR R R T TR S A B AR 2R A I
K, 1%/ AT HERR 1T IR MSA A5 | 350 3E
G TV HSA 254080 T2 BBz R A &
P HSA AU 18 24 d, 578 AR A 22 1)
(19 d) A%, H I, NN IXFF hFeRn™ " mAlb™~
(Tg32-Alb™") /N FUAHE 78 JE: — Fofr 6 6% AR - b AR LA
IRIPAN 1 2R 259 2580 T 2= I kv 2R Bl A A
XA BEH] T hFeRn 1Y 77 76 FER = 55 4 10 P 5 M
MSA TE4r Al AU AR5 WT HSA , b7 1R B B A#

BAR hFeRn*™ " mAlb™ /)N ELBE 7 g 6% fi HSA
PSR R AR K 2 5 AR A Y, B E A& A
YAt R EEE RIER, B2 S HER LY
Je ANEE A E A S IR E HSA S kg A
FeRn 524K 1 hFcRn* " mAlb™~ /)N RS BE 1E 5 B0
PR 38 4, BUITZ AR T LR A A AN 32

i BE
1.2.3  hFcRn. hAlb U [ & i ( hFcRn®' ",
RAIL™ ) ZINER

AR hFcRn*™ " /NERARIY JZ hFeRn* ' .mAIb™ ™ 7]\
BLAT LA #L hFeRn X HSA 9 45 4 fiE 11, 1H &
hFcRn*™” */NE MSA %f hFeRn f92E F1 735 & T HSA
Xt hFeRn 3R AT ffi Y JE4E MSA H HSA T 5)
ZES hFeRn 32447 ,hFcRnJ'/+ mA T /NRERZ N
e VR S MR R A e A 25 A hFeRn 52
T, AT LS BT R N TR 2
HSA 5 hFcRn Z MW B 58 4+ 25 4, Viuff 2572 F 2016
AEFEST TS — A N TR S 3 7 O L A B
W7 hFcRn A1 HSA FEH (hFcRn™ " hAIL™ ™) 1 W%
FEPR/N RS 58 385 hFeRn ¢DNA JE f5 48 A S B
mFcRn B 1) 2 S48 g 74t [A] BF K5 2 A HSA 1)
cDNA FH5E Bifi A/NEL MSA R 1 5408 T4t
PRt , hFcRn F1HSA 1 23K #8323 /1N BT 1 5 R Y
JEPERR ZhF 4l . 20 RS I s HSA Wk
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17 mg/mL, 1 53 41 30 Ff L7 %43 (4 7K -5 B A=
RU/INERAR Y, RSN S 56: B0 U5 T2 3 IR 8 A/ B
(I3 1148 71 (501.9 + 101.2 nmol/L) SRJE T A
MM 5 P18 1 (641.1 = 89.7 nmol/L) FlI KSR T3]
A E A AL IE A& (797.9 + 155.0 nmol/L) Xf
hFcRn £ % MH L 0 45 & g J1, if — 2R H
hFcRn*”*  hAIL* " /NERIEAT IR N 525, & B FeRn
BA LGRS 09455 2219 (low binding protein,
LB) IfiL 5 2= W4 29 + 3 h, & 454 & [ (high
binding protein ,HB) B2 R 80 + 18 h,ﬁéﬂlﬂ
FEEFEEW N 57 + 13 b0 24 rp LB (1 3% 2 2 1)
B, HB B = K

BRI [E I SR T FeRn AR 145 S 1A 6
22 5 B AMEPE 5 R B 1S FeRn 45 G 7 7E
T AT W ME R, RE O A M RN S A B AR, S
1A I ORHR 25 W R 254K 30 00 2 5 s AR A

2 BAEAMEXHYIEMEEINMRE

Wi 1A S Bl Wy B IR A 25 W) 245 AR B0 ) 24 i PR i AT
FEF AR ERAE L, O 1 8 259 Ik PR IR 5 £
fET RPN (R WG U 2 S M e A BRARAE 5N
R Z IR ZERBOR 5 Z AN N A AR w4 2R 3h ) B

55NN B i A BRARRAE , TT LA G b i 25 )
N Oz AV A e o e (1 E 1SS i Y = B g =
S W 15 2 B ) 32 BN B A R AT
Wi S AE N R K 2231 % ( nonhuman  primates,
NHPs) ,

NHPs (B8 R R S5 ) 76 4 38 g 28
2205 5 NI AR, s AR W) R T LS
Nk H) 98. 5% AIRITEE " Kk, NHPs BEf% T
L A AR PRI 2% 1, 7 SRR 0F 45 b HSA 24
Wi sh S ottt

FEEEEM D HSA 192k 131 ~ 169 h |1
B AR A TE 1 A A i I e R Ol 144
h'>2 %) il HSA e S BRI A & 5 BB
B ES J1 . B0, Steiner 22°° % DARPins
SRR U A G O B P U ok
WIAETFAE WT /NP (3,42 ) SERK E 20.7 d, X
SR E| AR 50. 3 d BRI, 55— IE
bR eI P VILCRVID) 5 N AR RS S # ko
SRR R 2 PV 5K 5] 56,1 ~
66.1 h, lLATEZH M FVIIGAN 2.6 ~ 5.0 F%1*)

AR NHPs X L FAEmG 2K sh ) 5 A\ 2 R4 &
SO 1 55 2 06 ZR , (AR R BT R A W 0 (E 2

R 1 ARERAMNSCYI LRSI L

Table 1 Comparison of albumin-related drugs in laboratory animals

S B Pesi

Laboratory animal Advantage

Shortcoming Reference

BRAARAS BT ARAVEAEHE A 1 WA A 1 4RI

By AU/INEL B
Wild type mice

growth and breeding cycle, easy access

JRASKEXT B A K BT W1 . N IR AL FeRn

,\_TA‘
hFcRn*” * /N ERAE Y 1k

Pt/ .
hFeRn mouse cycle, humanized FcRn

receptor

Relatively low cost, convenient operation,

Relatively low cost, short growth and reproduction

HARMEREIE, AE S FeRn ZIR5 547
eI BT R

[25,49-51]

short  Relatively distant from humans, obvious species

differences between albumin and FcRn binding

B3 YR MSA Xt FeRn B2 AR 1045 &, 7746 P I
T MSA £:5 HSA 354+ FeRn 52 M4 I 52 1R 245 497

2R b
The binding force to MSA is improved. Endogenous 7 7
MSA competes with HSA for FcRn, affecting the

efficacy evaluation

hFcRn*™’* mAlb™~
ANt
FcRn humanized , MSA
knock-out mouse

hFcRn*’* hAIb* *
/N AR AR
hFcRn*’ ", hAID*”*

mouse

PEARKZE

Nonhuman primates

PRASARRTHAR A=A BTH A U1 A5k MSA, HSA
TE MSA MR/ T 2 s 0] 5 7E AR iy
AR

Relatively low cost, the growth and reproduction
cycle are short, the MSA is knocked out, the half-
life of HSA in MSA knock-out model mice is
equivalent to that in humans

AR BT, R AIRAL MSA 5 FoRn 324K
Short growth and reproduction cycle, humanized
MSA and FcRn

NS FAR TN SR 5% , 3 Ay -5 N2 o
)R, A BRI 5 A0

The relationship with human is closer, the genetic
material is  highly homologous with human,

physiological characteristics are close to human

N2 HSA Rk, 5ZBRAIA
HSA in human are not knocked out, which is
inconsistent with this model

AR 5 NRZE R

Physiological conditions differ greatly from human

A ARG BT P BRI 3 Bt B AT
TERE TS 1) A8 1)

Relatively high cost, long breeding cycle, general
singleton reproduction, ethical and moral issues

[44]

[53]

[43,46]
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AR, S M 1 X FeRn 1Y 5 A
F1E T L8 X FeRn B35 R0 X fE
—SEFRE FFHAS T FcRn 5 HSA MO454, R i
TAEHLAZE T BR ], A7 A I RS0 9 )32 g
F 52 81— Bl

3 REERE

HEAERNAYBAN EZEAH LML S
FeRn 52 169 AH B AR FH Ok 28 K 245 9 174 1l 3 2 s 3
SIERUE IR A 2R i EE TR
4 ST A AT S i — 3843, B R AR (R
FIAH G 2459 24548 501 1 2 11 2y Py A 7 A 55 5 145 24 ( B
A RIS LB /N BB RD ) 5 3R mE 5 () IR
%, MTHEMYS FeRn eSS HEDFIZE R, §
TGS B A /N BA S hFeRn™ /N ERAS 3]
(25X ) 77 22 B R H A BEAR I Mo B 481 13 25 A AH 5%
GE AR IR 25 ) T2, DRk PR DR 1 /DN B
FE AWt S FeRn 32 K454, 8 T3 m
FLSCH A A N & 254 S HSA 5 hFcRn 532
RIS 4454 il 4 FeRn 1L EE 1SN TR AL 9 3
YRl 2 e E L I, Howard HIBAZEST. T FeRn A1
2R OB TR AR G /N R, Sy 9 2 1 A G 25 4
FEARME T A A /N R AR )

ANRS ANREARKEE AR AR
/NGE T TRTARAH 225K, ARA5 14 55 56 B3040 AN BB L5 J
W R 1 25 7E AR S BRI R, R E B (k2
PRI R 241X 3l 1 2 ik 5 H R 35 2 JE )Y 20K B
2115 PR AT 2548 30 1 24 0F 5 1o 18 FH 25 /0 Wi R sl 4, 40
FEMGUF AR MG 5 25, SR, 85 ik, BT A&
FIAT FeRn BN R AL 14 A1 G 15 25 o) ) 65 R g o 28
ST AR T AR AT, BN IR AN B
YRy 2R PR AR AR AR T 3 0 SR AR A A —
ERLREE FRILT HSA 5 FeRn 76 AR N BA B AEH
KA AR it ARG 508 HSA 554
454 FeRn ZARM A FRA . NHPs 5 A & W
AL | A 435 A B AR I /K P 45 78 R O & 15 T LA
TERIFETE ARVF L FETEE HSA 5 FeRn SUNEAL
1Y) NHPs A1 B8 F X FOS A 8 46 NHPs 45 Y A]
DIME N e AR T A A DG 25 W 25 X Bl T 22 1
SIL7L i

B2 KT WG IR AT AR 5T, sh Wi B % 45 45
F AR, ST A A% o 4 i ASE 0L A 2 A B R AE Y
SRR EAT RIS R, B E SRS FHE AR &

& SR KSE B4 &, PR AR AR DG 25 9 Sl A
RUKG 230N 58 35 , A R T 5L S M S 0L R AR AIE , 4
AR ALY E DR S AR,
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