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Abstract: Objective To investigate the plasma metabolic profile of rats with osteoarthritis (OA) and regulatory effects of Yinyanghuo
(Epimedii Folium)-Chuanxiong (Chuanxiong Rhizoma) on metabolism of osteoarthritic rats based on ultra performance liquid
chromatography-quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MS) metabonomics technology. Methods SD rats
were randomly divided into normal group, sham group, model group, pathological evaluation group during the process of OA modeling,
Epimedii Folium group, Chuanxiong Rhizoma group, Epimedii Folium-Chuanxiong Rhizoma group (40 g/kg), and positive drug group
(glucosamine hydrochloride 0.12 g/kg + celebrex 1.00 g/kg). Osteoarthritis model was established by cruciate ligament-meniscus injury
surgery in model group, pathological time evaluation group and administration groups, and corresponding drug interventions were

given to each drug administration group at 6th week of modelling. Equal amount of distilled water was given to the normal and model
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groups. Plasma was collected from rats at 0, 2, 4, 6, 8, 10, 12 and 14 weeks. The drug efficacy was evaluated by pathological histology
and the results of matrix metalloproteinase-13 (MMP-13) assay. The plasma metabolic profiles of rats were analyzed by UPLC-Q-
TOF-MS technology, and changes in plasma metabolism-related biomarkers were detected by combining with multivariate statistical
analyses in each group. Results The level of MMP-13 was increased after four weeks of modelling (P < 0.01) and decreased
significantly after eight weeks of drug administration (P < 0.01). Based on metabonomics, two potential biomarkers were found to be
significantly changed in the plasma of rats in administration group, namely lysophosphatidylcholine (16 : 0) and phosphatidylcholine
(18 : 0/20 : 4), which were mainly involved in phospholipid metabolic pathway. Conclusion Epimedii Folium and Chuanxiong
Rhizoma alone and the combination can reverse the differential metabolites for the treatment of osteoarthritis in rats, and the
combination is more effective than the single use.
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Fig. 2 Pathological morphology of rat knee joints after eight weeks of drug administration (week 14, x 25)



FED 2023FE 118 B54% B 28 Chinese Traditional and Herbal Drugs 2023 November Vol. 54 No. 22

- 7449 «

3.3 MMP-13 &8

3.3.1  OA MUK M 2K MMP-13 /K-FZE 0 PPAN
W 1R, SIEEHRE, BTEARH MMP-13 /K
PR Z R, BAAHER 2 B 5§ MMP-13 /K-F i

ZFE (P<0.05. 0.01).

3.3.2 RGN OA KB IM3E Fh MMP-13 /K1

FIsin  Hen 2l 156 12, 14

JA ) MMP-13 7K

BRI B4 B R (P<0.0D). £ -

=1

JIES 2H RN BH M 259 40 1 2% MMP-13 7K P 8 2K T
EEREHMNEH (P<0.05. 0.01). BEHAHM:Z5

.

BEE. S 5SR-S HAHIRIT OA

AT, HECAT A P R R

3.4

RBHEF

3.4.1 OA KEBRAWA N KA KM 0~8
JH MR AR SIS B T OA (IR, Wil 3 fiw,
0. 28, 3 AmIAEAACHEI B, 28 4.
FHAREHERMIZH MMP-13 KFEX (X+5,n=6)
Table1 MMP-13 level in plasma of rats in each group (X + s, n=6)

MMP-13/(ng-mL"")

2H 53 HE/(gkg™h) 0T 2 Y T
1EH — 2.87+0.23 2.9540.40 2.8940.13 2.8340.32
[EEN — 2.87+0.10 2.93+0.40 2.924+0.13 2.904+0.06
it — 2.861+0.21 3.374+0.25" 3.76 0217 451+£0.17""
B 40 — — — —
JIE 40 — — —
EEEINE 40 - o o
SRAFEE AN RS 0.12+1.00 — — —

. -1

45 A/ (g ke™) 8 Jil lmyMPBM@ma;% 14 4
EH — 2.9340.21 2.9740.08 2.9240.07 2.9440.06
RFAR — 2.9440.05 — — —
T — 46110207  4.75+0.66* 4.8240.26™ 4.8940.13*
EARE 40 439+0.42 4.11+0.43 3.9340.0844%A% 3.8840.1444#AN®
JI= 40 4.48+0.34 4.35+0.20 4.1940.1444#A" 4.10£0.1144#nA1
EEE- N 40 434+022* 4.05+0.46 3.7510.15%41  3.554£0.21441¢
SR AEE AN IR T 0.12+1.00 4.3240.40 4.07+0.15 3.7810.1244" 3,58 +£0.13441**
HIE®EALLE: *P<0.05 "P<001; SETRAMKE: “°P<0.01; SHAALLE: 4P<0.05 A4P<0.01; SHIEZY GEREILEEN+

e AT A *P<0.05 #P<0.01

. *P<<0.05 **P<0.01

*P<0.05 **P<0.01 vs normal group; ““P < 0.01 vs sham group; 4P < 0.05
(glucosamine hydrochloride + celebrex) group; "P < 0.05

s SRS AR "P<0.05

Folium group; *P<0.05 **P<0.01 vs Chuanxiong Rhizoma group

“P<0.01; HEFEALE:

A4p <0.01 vs model group; *P < 0.05
P <0.01 vs Epimedii Folium-Chuanxiong Rhizoma group; TP <0.05

tP<0.05 11P<0.01; S5)IZ4LL
#P<<0.01 vs positive drug

P <0.01 vs Epimedii

40 0/ 2 4 60 44
40 20
20 ;
o, | 20 m
g 0 ., ° 0 \ — | : -\). .
' -20 X e
-20 .
40\\\i::ii////
—40 -
20 40 60 -80 —60 —40 —20 0 20 40 60 80 °0 g0 60 —40 —20 0 20 40 60 80
64 6 t[1] 8 Jil t[1]
40
20 . ® i
-: /_ [ ] E’Fﬁ'
g (i :
0 o EFA
—40 |

—-80 —60 —40 —20 0 20 40 60 80

t[1]
3

—60
—80 —60 —40 —20

0
t[1]

FLEKRR 0~8 FMRNKiH PCA BHE

20 40 60 80

Fig. 3 PCA scores of plasma metabolism in rats from 0—8 weeks in each group
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Fig. 4 PCA score trajectory plot of plasma metabolism

analysis in rats from 0—38 weeks
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Fig. 6 Plasma metabolism analysis of OA rats after drug intervention



* 7452 «

FED 2023FE 118 B54% B 28 Chinese Traditional and Herbal Drugs 2023 November Vol. 54 No. 22

x1 EFRHYLIETHER
Table 1 Changes of differential metabolite content

J¥'5 tr/min R A1 B m/z P Library ID VIP
1 11.13 LysoPC(16 : 0)  CxHsoNO7P [M-+H]" 496.3402 0.0023 HMDB: HMDB10382; KEGG: C04230 4.83
2 18.11 PC(18 : 0/20 : 4) CssHssNOsP [M-+H]* 810.6008 0.0116 LMID: LMGP01010801 5.78

0.022 0 3.88
3 18.12 PC(18 : 0/20 : 4) CasHsaNOsP [M-+Na]" 832.5835 0.009 8 6.00
0.008 4 4.51

LysoPC-i# I B G M NE AR, PC-13i ARk JIEL ik
LysoPC-lysophosphatidyl choline  PC-phosphatidyl choline

1.5 N 1.5
hd X 7
- 1.0 E % = 1.0 ; & l %
= 054 = % E 0s- = E = %
- =l - = - =1l
. L (= _ .l = =l
i g A 2 PR 3 @ B
B & A
HIEWHLIE: "P<0.05 “P<0.01; SERALE: *P<0.05 #P<0.01
*P<0.05 *P<0.01 vs normal group; *P <0.05 **P <0.01 vs model group
& 7 FEKXRMER P ESFRGHIETTIEEIRAELER
Fig.7 Comparison of relative peak area of differential metabolite in plasma of rats in each group
3.6 [MRARIFERR 54 FREL ELL 11 BALAEN OA K BRI 2520 T

TELERIAEYIbR EXE T HBENE, 41 LysoPC.
PC, HEARACHIEEAHIC, RUNEETTREN OA 1)
RIFHLE 2R -NIEX OA K RAE ML $2 L
R
4 e

AWFFE KA UPLC-Q-TOF-MS i A £ I vPAfr
OA IR FE A 2 IR IEAR Y AT MMP-13 7K
Msh#&AR4, BEMER T OA KRR N )Zm
FIRIRIIZE, BTN OA HIF- IS IR ALK 5 .
WEIT TR ) S AT OA KRARM I 1E
H, %25)a & AR R L, Ha R 54
U B 22 A MMP-13 YR I 2880 FH— 5 E T
HAEUIIBIT OA &M, ¥IB3RE 2 MWk &
1, 43514 LysoPC (16 : 0) F1PC (18 : 0/20 : 4),
5 A VT R A K

IR FTIAE S FE- IS AR (101,
1:20 20D X% OA KRHIZHAEH, WAL S
(HE. SO #:ff), MMP-13. IL-1B 64k 5% W%

. HORBREEE)IE D R EERALE.

ZH PP OA IEBUEFE T, 28 6 Ji OA Biflz
3L, 558 JH OA WAL — D nE ., — R+
TR HIRI ] OA 4k NREL OA FH1i2 W,
FHENRIT IS, AR UEERERS 6 FHH T4
TF-IRRFIT o B A I AT (] A, B ZH KRR M 2%
Ht MMP-13 Rk /K-FIZE 8 T, #&7- K MMP-13
MR IR ACTFENTEN OA BRI ST H)— MR 4R
Wro RZJE, FEIA NI MMP-13 KPRE4E 2
IS [] () ST PRI, 7 MMIP-13 KPRl T
I7 3PP

K ARYIL IR 2 DNEWARED, 50N
LysoPC (16: 0) fI PC (18 : 0/20 : 4), LysoPCs Al
PCs RN T2 MRS 5, P AR T E5 IS
ST, OA SBEARMA M TR E BRI
Ko PCs [MER=, Hpilie & A KAENR D7 BRI AN Al
PCs, W] Be2x 3G BRI SEOCT HF 1. PCs
ALEL A AERE A2 (PLA2) /KARZER LysoPCs, Tfij
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OA M4l PLA2 () m#ik vl {2k IL-18. TNF
RV F 1 RIELO2T, Zhang &P TR I,
LysoPCs 5 PCs LGP HT1ll OA, SiEW A
FHEE, OA B MK H LysoPCs /KPR, PCs /K
TFEUK. FASBR A FE OA, MiEMEAAE
TERT, A DMEAE PCs 46N LysoPCs®l. OA #E
G R B R T 24 200 B R g o 240 A 35 mT 7 A i R
B AE AR i T S A — AL R R 4 ]
DUIE I B U UK BRSPS i, T3
B LA AR 2420,

AT 5T AR 2 5 2 TV 0 fE R R -1 5
XFOA KRERMIMERMLH], E AR A, shas
W OA HEEANEF3E- N E IR T I A R, iR
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