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Abstract: Objective To observe the regulating action of Zushima Gancao Tablet on abnormal metabolites by analyzing the changes
of endogenous metabolites in plasma of rheumatoid arthritis (RA) rats, and to explore the mechanism of Zushima Gancao Tablet in
treating RA from the perspective of metabonomics. Methods Rats were divided into normal group (NG), model group (MG), positive
medicine group (PMG), and Zushima Gancao Tablet group (ZGG). Adjuvant arthritis (AA) rats were established with freund complete
adjuvant, rats in PMG and ZGG groups were ig administered with tripterygium glycosides and Zushima Gancao Tablet respectively for
a month. Plasma samples were collected on days 1, 10, 20, and 28 before and after administration. UPLC/LTQ-Orbitrap-MS was
applied to analyzing the metabolic profile changes of each group in different durations of the disease and mechanism of drug
intervention. Results The related pathways of AA mainly involved metabolisms of amino acids, lipids, nucleic acids, and vitamins.

Zushima Gancao Tablet had great effect on AA by regulating 12 biomarkers. Conclusion Small molecule metabolites in AA rats are
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deviated from the normal ones. The effects of Zushima Gancao Tablet and positive medicine (tripterygium polyglycoside) on AA are

similar, but the mechanisms were different. Zushima Gancao Tablet down-regulates the level of LPC in secondary lesions while

tripterygium polyglycoside tablets could effectively inhibit the metabolisms of a variety of amino acids during acute inflammation.
Key words: Zushima Gancao Tablet; UPLC/LTQ-Orbitrap-MS; metabonomics; rheumatoid arthritis; biomakers
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LTQ Orbitrap XL B4 H 1651 4% (3% [E Thermo
Fisher 24 7] ); UltiMate 3000 78 & R A (a3 (36
[5 Thermo Fisher /A ] ); CPA225D AYHL T KF (1l
Sartorius A ] ); Allegra 64R ZUE.OML (SE[H
Beckman Coulter /A 7] ); Vortex-Genie 2 i ie k% 75
(ZE [ Scientific Industries A7) ); Revco UXF KA
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ST HIMRR - 259 CLIAHITIRR IR R 25 2 11 2 £ i
P8, 2700 mg/kg) .

2.3 HAREFTRALE

FIERRT. SRS 1. 100 200 28 K, 442
1 h JEHEATHRIES B KA, 43 2K SRC4E 0.5 mL
FIFRIKIAL, B T4 10 pL JIF 2451 EP 4P, 5 000
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AR 0.35 mL/min; A1 40 C; BEAFRE S uL.
242 iS4 LTQ Orbitrap XL 7 EREFIGA,
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Fig. 1 TIC of plasma of rats in each group
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1-plasma sample before modeling 2-plasma sample in 1st day
3-plasma sample in 10th day 4-plasma sample in 20th day
S-plasma sample in 28th day

2 REVAFFIZEZLH PCA BHE
Fig.2 PCA score plot of MG rat plasma during course of disease
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Fig. 3 OPLS-DA score plot of each group during course of disease
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Table 1 Identification of potential biological makers
s . N AR A
L) ghin - omlz B e TR R AR A vs BTAL R TR vs BT
L-AR5 % 1.24 140.0674 a,b VT ! !
L-THE R 1.26 116.0696 a tr v |
JULi 1.28 132.0758 a,b T t t
L-75 T A, 1.30 1621114 b T ! !
LRI 1.42 114.0653 a t v |
L- LT A, 1.47 2041219 a,b,d t” | v
L-FRR AR 1.52 150.0575 a T ! !
JumziE 1.54 112.0498 a,b e v |
LB IR 1.54 182.0802 ¢, d V v |
=W ONES 1.54 228.0966 a,d tr v v
Sk 1.69 123.0543 a t v |
Np- B E-4-MEe-3-F B 171 175.046 6 a t v v
N BEA B 2.40 218.1375 a T t t
L-KENER 247 166.0852 a,b,d T t .
LR 4.42 205.0960 b, c t | |
0 JRIR 5.52 180.0643 a T t |
LPC (16: 1) 10.29 4943218 b,c tr | v
LPC (15:0) 11.12/18.14 4823222 b, ¢ . ! v
LPC (20:4) 11.20 5443375 ¢ e t |
LPC (18:2) 11.32 5203381 ¢, d . v v
LPC (20:5) 11.33 5423212 b,c . ! e
W TR 12.42 2462412 d T t .
LPC (16:0) 13.27 4963380 b, c . t |
LPC (18:1) 1430 5223530 ¢, d t v v
LPC (20:2) 15.92 5483686 ¢ . | I
LPC (17:0) 16.30 5103530 b,c . t v
TR 18.35 2742725 b, c,d V i t
AT 2 18.91 3182985 «¢,d b ! !
LPC (18:0) 20.40 5243685 b,c . t |
LPC (20:3) 20.42 5463528 ¢ . | |

a FORIEREEE 1R, b RORIERIEEE 10 K, ¢ RoRiai)Ess 20 K, d FRoRdhi)ass 28 KX

t Fos B, V&R TR TP<0.05 T P<0.01

a-plasma sample on day 1, b-plasma sample on day 10, c-plasma sample on day 20, d-plasma sample on day 28; 1-up-regulated, |-down-regulated; P <0.05 “P<0.01



)

Chinese Traditional and Herbal Drugs

HA8E H10H 2017ES H * 1969 »

RAERAZ IR LPC B ET A, ARk B g )
WayE, EuRILAEWERGE ), HOARVEA R RE, 3
BIE R DS EEI . WAFOAN RA BHEMN
PRS- R N 985 K- TNF-a. IL-1B KI5
A I5l-1 (paraoxonase, PON1) [ mRNA ik i
PONI1 & —Fhesein], 1 T B4 M5 T2 s 1.
SRR AR TS AR 2 1 A MR 2 AR i 1 o
mr=8y, 16 (WD WERS A PIERH T, =
5T e AEM RN .. CAWHRE, RA B
ML P AR A, T 205 Al 1 AR v o2,
R FH B2 B NMR %t RA #3535 AR
AT T W, RILEFIE N-LWE-B-D-16 %5 6
Bgil 2, UM ISR (AR RN U IR AN ISz IR
) WIACEEPT R B, SR8 AR, A
SIS FUEE 5 1K SR —F
5 g

AR AR T B, M UEVEACE e
A EVIP RV T RA 1A ML A 5207 AEIT RR
FPT RA [IVERIMLE . 5T UPLC/LTQ-Orbitrap-MS
BT RA BIIMLR AR A2, I K B AT 47
A SRR DI OG, PO 2R Ul 2R b 2
R MRS AP 5 . ARSI T
SE ) OPLS-DA BRI A . BiMA . A HEZ
TR HAE AR AT X 7, SR A T
Wi tE25 25 3 d 5, BeA AW Sk 2 e 2 M
FERRACU I s, A, ARG TBiEH . 5
WA AL, ST AR 20 KRG
A G2 5E A X 4y, Ut B 7 AL RR v 1 25 34 ¢
A, JLAE P EZLE Y LPC &5 12 Fhoe i AR
YKV IEFRSW R . 28 B, &7 HINRR
JrR RA IR R Sl i 2% e 1 25 L R AH DA R B AT
AIERT, A SRR P 1 AR BRI 52 AELUTRR
J I LTS T AR

S Ak

(11 A #F, ok 9%, B, RGBT R L
WU [J]. SRR P EE =B 4Rk, 2014, 36(5):
44-47.

[2] ZESCHT, PMEZR, dka A, 25 28X ICT 2899 H 2%
MEER 7], H SRR 2, 2012, 19(5): 11-12.

[31 & &, 5T F, BB, %R G H A AR
Uit JRR B K B D671 R B SR IR B AT [J]. R 2,
2014, 45(10): 1418-1426.

4] % 5. EEARWAY M) B BlERIEEREA

(3]

(7]

(9]

[10]

[14]

HiRRAL, 2011,

BhoHE, AT, W B SRR T R AR AL
AT RAE R 0] h P E 2w, 2015, 30(10):
3585-3588.

Qi Y, Pi ZF, Liu S, et al. A metabonomic study of
adjuvant-induced arthritis in rats using ultra-
performance liquid chromatography coupled with
quadrupole time-of-flight mass spectrometry [J]. Roy
Soc Chem, 2014(10): 2617-2625.

Zhang H W, Fu P, Ke B L, et al. Metabolomic analysis
of biochemical changes in the plasma and urine of
collagen-induced arthritis in rats after treatment with
Huang-Lian-Jie-Du-Tang [J]. J Ethnopharmacol, 2014,
154(1): 55-64.

Kapoor S R, Filer A, Fitzpatrick M A, et al. Metabolic
profiling predicts response to anti-tumor necrosis
factor therapy in patients with rheumatoid arthritis [J].
Arthrit Rheum, 2014, 65(6): 1448-1456.

IR, K, BRRE, . AHIRE iR 2y
W bl 73kl AR 26 16 97 S8 KGR R K1Y
KA P RN B E, CN 103463310 A [P].
2013-12-25.

AW, £ P, E 5k, S RTA A AEORE
KT 18 LS h RE 525 9 AE I HLRIOE ST (0],
24,2012, 43(2): 312-315.

AR, gk, FhifFlg, 55 GC-MS ARSH4L Y7
A 3 288 HT TR AR B K B W A 0 AL R AR A B
(1], R, 2015, 46(13): 1931-1936.

Madsenl R K, Lundstedt T, Gabrielsson J, et al.
Diagnostic properties of metabolic perturbations in
rheumatoid arthritis [J]. Arthrit Res Ther, 2011, 13(1):
R19.

Smolenska Z, Ryszard T, Zdrojewski S Z. Plasma
concentrations of amino acid and nicotinamide
metabolites in rheumatoid arthritis-potential biomarkers
of disease activity and drug treatment [J]. Biomarkers,
2016, doi:10.3109/1354750X.2015.1130746.

Wang Y M, Guo X J, Xie J B, et al. A GC-MS based
metabonomics study of rheumatoid arthritis and the
interventional effects of the simiaowan in rats [J].
Molecules, 2015, 20(12): 21364-21372.

Fuchs B, Bondzio A, Wagner U, ef al. Phospholipid
compositions of sera and synovial fluids from dog,
human and horse: A comparison by 31P-NMR and
MALDI-TOF MS [J]. J Anim Physiol Anim Nutr, 2009,
93(4): 410-422.

Fuchs B, Schiller J, The
phosphatidylcholine/lysophosphatidylcholine ratio in

Wagner U, et al



* 1970 -

)

Chinese Traditional and Herbal Drugs

F48% F 108 2017ES A

[17]

[18]

human plasma is an indicator of the severity of
rheumatoid arthritis: Investigations by 31P NMR and
MALDI-TOF MS [J]. Clin Biochem, 2005, 38(10):
925-933.

KZRTE, %6 B JEXGRTT 2 EH 0 A -1 W%
VAR AL 5 B ik ol ARG E B [9]. BULACER 2%, 2012,
40(2): 244-247.

Zhi G S, Wei Z, Yu S W, ef al. Human paraoxonase
gene cluster transgenic overexpression represses
atherogenesis and promotes atherosclerotic plaque

stability in ApoE-null mice [J]. Circ Res, 2009,

[19]

[20]

104(10): 1160-1168.

Kiziltunc A, Cogalgil S, Cerrahoglu L. Carnitine and
with
1998, 27(6):

levels rheumatoid

Scand J Rheumatol,

antioxidants
arthritis  [J].
441-445.
Krihenbiihl S, Willer B, Brithlmann P, et al. Carnitine
homeostasis in patients with rheumatoid arthritis [J].
Clin Chim Acta, 1999, 279(1/2): 35-45.

BRBHAT, SCHREN, sZulal, 5. LIS 3 H R %)
& X 5K JE I AU ) IR AT ST (9], P AR I R
o AAR A N A% 7, 2011, 5(4): 283-287.

in patients





