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1 E:. BrY ETPHSFEREY (quality marker, Q-Marker) FIMES:, 0 E RSB bt XS5 4 (acute gouty
arthritis, AGA) KERHIVAITIEM, Fr i EREIREITE EH KR &K AGA KRNI HBATRSY, NIEBE Q-Marker i g 12t
Wi, F55  RARBRINE . AGA KRRAL, HEEHHEIINT AGA KW ITARTEE. & 2 R BE R AR 4H 4L AR
b, 28 EEIREYINT AGA KRG T A4/ %-1p Cinterleukin-1B, IL-1B). EMELHM & 5 H-10 (macrophage
inflammatory protein-1a, MIP-10) F1 MIP-2 7KF 5200 . SR FRAH EL - T ZFT- K AT B (B ER IDE 3 (LC-Q-TOF-MS/MS) HiR
o FERESEIAEAT VAT, RTIEH KR AGA KK ig JERERIIE NIy (55R  SHBANE, JERIRIA X
RO M P R B S 3 BB AR (P<<0.05. 0.01), EREFIWIE . HAIREMEARKRIMIEH IL-18. MIP-1o F1 MIP-2 7K
HIREEL (P<<0.05), JEREIRIWIE. thi S 2 K RIS 2% A IR s . AR IY h % AR ISR 2. 35
K. OANRE. HURE. BT ABELESE 53 Mg, HPEVBRISMEERA TRy, FHHEN TR,
M. AHEE. &S RIGM R FIRMERE: BN KRS S w R W el A 20K TR 4
ANEGY, AGA KRG AP 5 e 5 UNHERR . R FES AU RO R 4 Ny 450 JEIEREU ARSI Bk
3 AGA KRFETM, FFIMES IL-18+ MIP-1a & MIP-2 /KT, FEHMHI 4B ; SRA LC-Q-TOF-MS/MS $i AR R PRk 4
SE R KSR E B A WLIERISAEERZS, EaE 2. WML, SRR AT CHiatRig. RERR. R8FRKRB. 7
SZIERR AL RERER C FEJLATERTE AGA KR LAF B o BRI AN L, FIVEREEIETT AGA 1] Q-Marker.
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Study on Q-Marker for treating acute gouty arthritis with Ipomoea pes-caprae
based on serum pharmacochemistry
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Abstract: Objective To study the therapeutic effect of Ipomoea pes-caprae extract on acute gouty arthritis (AGA) rats and analyze
the transitional components in blood of normal rats and AGA rats based on theory of quality marker (Q-Marker) of traditional
Chinese medicine, and provide experimental basis for the determination of Q-Marker. Methods AGA model was induced by
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sodium urate. The effect of 1. pes-caprae extract on joint swelling index, foot pad swelling and synovial tissue pathological changes
in AGA rats were evaluated. The effect of 1. pes-caprae extract on interleukin-1p (IL-1B), macrophage inflammatory protein-lo
(MIP-1a), and MIP-2 levels in serum of AGA rats were observed. LC-Q-TOF-MS/MS was used to qualitatively analyze 1.
pes-caprae extract, and then the blood components of normal rats and AGA rats were identified after ig /. pes-caprae extract. Results
Compared with model group, joint swelling index and foot pad thickness of rats in . pes-caprae extract group were significantly
decreased (P < 0.05, 0.01), IL-1B, MIP-1a, and MIP-2 levels in serum of high- and medium-dose I. pes-caprae extract groups were
significantly decreased (P < 0.05), infiltration of inflammatory cells in synovial tissue were reduced in high- and medium-dose 1.
pes-caprae extract groups. 53 components were identified from 7. pes-caprae extract, including resin glycosides, flavonoids, organic
acids, coumarins, nucleosides, lignans, among which organic acids and flavonoids were the main components. Fragmentation rules of
some compounds of resin glycosides, flavonoids, organic acids, and coumarins were also speculated. Four components including
malic acid, caffeic acid, methyl caffeic acid and 4-hydroxybenzoic acid were identified in normal rat sample plasma. Four
components including scopoletin, caffeic acid, methyl caffeic acid, and 4-hydroxybenzoic acid were identified in AGA rat sample
plasma. Conclusion [. pes-caprae extract can significantly relieve joint swelling of AGA rats, inhibit IL-1p, MIP-10, and MIP-2
levels in serum, and inhibit inflammatory response. Main chemical components from /. pes-caprae extract were rapidly identified as
organic acids and flavonoids by using LC-Q-TOF-MS/MS. Scopoletin, caffeic acid, chlorogenic acid and its isomers (neochlorogenic
acid, cryptochlorogenic acid, isochlorogenic acid B, isochlorogenic acid A, isochlorogenic acid C) and protocatechuic acid were
injected into the blood in form of prototype components or their metabolites in AGA rats, which could be used as Q-Marker for the
treatment of AGA with 1. pes-caprae extract.
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I e MR WA 2R Lt B ™ AH 23 O A
% SR ERH RIR Eh 45 S UTiE T 51 R A, 3RIE
JERRIR 2 1%~3%, AR THERFIE 2 AR
S U2, SR KUME R T R Cacute gouty
arthritis, AGA) 2J G MER AR E KRR,
RARHLI 5 9 RE S5 WA 7 PR R IAE 25 ) AH BT, H
ATIGIR EEFXT AGA G222 2 NROKALEE. E
SARRTIR G PR USRS, HRAEAR
SRS, PR B2 38— iR . H ATk 2
R T TR PR R ES A RN T, RBPEAER
57 AGA I3

JE % Ipomoea pes-caprae (Linn.) Sweet NEfE
R EEEY), AT B 7 IR X 8 e
2y, HURE. B, MEMEE, 3. . B Kigg,
HA BRI HHBE . WEEMII, FH
TIRITRENLDT 45 KBTI Bm ol B RA
PiR B PR, PR, SRS
PSR PLRTENE S R BRI IR F S S D) R
PIAHSR, #l A HEEW A AEH . Bt bR
TEIEW T 24T AR IR R D Z T, AR I HAR
FANLRIBAT IR FURHRIE, AR WA HAL 22 1y
S BAE R 2 A R AT U iRkiE . BT 5
F P LB i E AR E Y (quality marker,

Q-Marker) [IMES, ANHTE TR FH AR (i - DU 25 FF -
TKATI ] R R RS (LC-Q-TOF-MS/MS) R, 7
WA I RTEE R, A IR KR AGA KR
ig RGN0 & AR 0T, N R
Q-Marker I € S L2544 (1) 5 & bm AE T 72 32 A4
P AR
1 R
1.1 B4

SPF 2R /ftE SD KE, 6 AWk, #mi&E (200+
10) g, T 51 R i oo S A SE A FR A =], 3)
YIFAIES SCXK GHD 2016-0002. sh#5 3% T
JE (234+2) C. B 50%~60%- 12 h/12h B4
LIRS, HBEEoK. shpseihs v
HEAG RGBT RS (S
DW20190418-015).
1.2 75

JEHET 2019 4 4 H 20 HR AT FRIRMG AL
CHOERF AR X, & FHREGRKEFR
B S w NIRACFHEY) E B I pes-caprae (L.)
Sweet.
1.3 @55

JREZEN (b5 U2875-5G) WY HEE Sigma 2
") BOKALEE N (S 180101) 1 [ P8 XU LN M
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2l ATl 4% 2 KHEE (S 70120900) 1 H
Biosharp AF]; EDTA Ji&5¥ (fit'5 E1171) WA
EHERERBEARAA:; B4 EA F-1B
Cinterleukin-1B, IL-1B). EME4H i & VL& A -1a
(macrophage inflammatory protein-la, MIP-1a)+
MIP-2 £ KFilkF& (iS5 64325505) M9 H EE
BIO-RAD A ; Jliith g HEE . 51 H 3 [ Thermo
Fisher Scientific A#]); BEHHFRIEE HA TCI
AF; MR (5 DST180108-006) 1
HE B4R Ewmaa; gEBRTES (S
AF8112791) g H AL AE B A R
SRS (S PS020323) W H B AR
AT PIEEES IS (S MUST-18032928) 1
Rl 2 B A F RS RK R ikS
190329). FLEJRER C (L5 190507). FERJEIR A
(5 190423). R4EEER B (iS5 160822). Biin
1% (4lk'5 160803) ¥ H _F iRl R B2 258 HE A PR A A ;
DL b5 HE i 5 B0 2503 = 98%
1.4 Y5

ExionLC AC yEAHERE(C. X500R QTOF i
X SCIEX OS 2.0 ##fa b # i f+ (S&HE SCIEX 2
A]); CPA225D Jispz— RV (EIEZEZ Rk} 2
XL AT KQ-500DE Uzt A (Bl
A AT D Hei-VAP AUjig#t 28 KA (1
Heidolph A 7]); TGL-16M % & 3 R A4 25 0L
CHI R A e B AR R AR AR D X-200
Luminex £ IJHem A S FFEA (3£ E Luminex A7)
2 7k
2.1 EERREUIRSIE

FREE et B30 KB N 12 R /K & e
FHT 30 min, JET: AN 10 FFE/KERE 1 X,
HIE 2 IETR, 55 CIRUEIRZE EHE .
22 YISE. BIERSHRZ

KERFEHL A R L BRI AKKALAK (0.27
mg/kg) HFERBIEIIE. . KFIE (928.80.
464.40. 222.90 mg/kg, 7 HIAH ST RN R H A A
2541 50, 25, 12g) 4, &4 10 X, HEENLIEE 3
FAENIER R M . SR 24 ig FHRZY), B4
254 ig EERENY) (928.80 mg/kg), S HEZH R
Y ig LARRAK, 1 0d, ES:Td. 57 R
LhJa, K ip 10%/KAE#E (3 mL/ke) MREE, 1E
W R 2GRN R K R T4 S B DG B4 0.1
mL TREAEEIK, HREHKXR T A G

RS 0.1 mL JREZENE (0.5 g/10 mL), 37 AGA
BRI, SERE, ST ig M2, 1 kA,
HL 2 d,
2.3 ERHREUIN AGA XRERXTIhEKIE BAIA
B REEENFN

TE L 5255 2H R RO I IR A A 5 2 2 i ik
FEEE, FEFE T KR4k

K7 b B = T 5 I T 5 56345 R A — s o6 T A 4
24 EEREIN AGA KRIMIMFS IL-1p.
MIP-1a F1 MIP-2 7K RS0

KEREEGAEK 120, KIRGH)E 1h, 13
ik R 1122 55 2 M R LA, 3000 t/min 2540 10
min, HUEIEW, e R S Ul B e % 4K B
MiEd IL-1B+ MIP-1a Al MIP-2 7/K°F-.
2.5 EREIUIN AGA KRIBIRELFIETILRY
Al

K R JBE STUME AL B, B A% 4K BRI O H A 2 2,
RIBT 4%Z KW, 8 5 6T A0 i Bl
MR, BERMAGAR-FL (HE) B, B
BN Mg A SR AL
2.6 iR EAROEE

HUE & E RIS T KILF, 55 CKIB
BT, B0 g IR AR, FE%FRE, M 20 mL
50%HEE, HIEMER R, AT 30 min, A
FEERGHERRERE, PLS0% AN E, 2
%), 4 0.22 pm WALIEREE, RIAS AL I
27 XREAROEH

SR R R UNHERR . M. RS
L GER IR E, FEEME, N H R
B A B R A 10 pg/mL VR 2 S 8 v W
SR SEERR C. FEJERR B, FaERE A BT
RS E, I EEECHI RO S AN 10 pg/mL
IR AT
2.8 [MEIZHRAEIE

W IEH A2, RHRA. AL, BRI
A EARIA MRS, W 1 mL, A 3 f5&E
HEE- 0 (10 D ERPTIESE E, il 3 min, 4 C.
15 000 r/min &0 10 min, B FIEW, £ 0.22 pm fil
LI g, AT R ALK, FRE A 200 pL H
g, #7= 3 min, JRHERS] 1 min, 4 “C. 15 000 r/min
B50 10 min, MR EEEEAT 204
29 EBEERSEMEIL

JEJT CNKI. PubMed 55348 E A0 38 5 JE R AH G
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HISCHR, X R B 2 B 3R AT 4, R R F 119
MR FIH ChemBioDraw 34, PubChem
Chttps://pubchem.ncbi.nlm.nih.gov/) . Chemicalbook
(https://m.chemicalbook.com/) Z&F & UEELL 22 Rl 7
AR, ol SR, M7 B EAEE R
210 BIERH

Hypersil Gold &34 (100 mmX2.1 mm, 1.9
pum); VAN 0.1%HRKER (A) -2 (B),
PeMiFEF: 0~30 min, 5%~95% B; HEUREN
0.4 mL/min; #EFEECN 3 pL: #EilRN 40 C.
2.1 FREFH

W% TurboV BFI; 1B/ B T4 77 s
ARG m/z 100~1500; 1EB-FURHLHA 5500 V,
U FIRHELE Y 4500 Vi BRI 600 C:
FASE 1N 55 psi (1 psi=6.895 kPa), HHBISIE
7179 55 psi, ALY 35 psis BEE TREEREE
N -10V: ZARHIEN 80 V: F PR
-35V,
212 HIEALIE

¥y LA x + 5 %%, R Graphpad Prism 8.0 %X

PEALER, ZH IR HOBCR T ¢ A
3 #R
3.1 EREEWIR AGA KFRIRXTIMAKIESAIEM0
mFE 1 fw, SEAtE, GRS 4~24
AN, BEARSZH K BRBROCT P Ik Fe R E s (<
0.01), TIEMJGH 12 /NEHERIFAK g, SR
YL ELES, IEBEE 5 24~48 /N, JEESREUYIAL K R
BROCT K Fi 2R BRI (P<<0.05. 0.01),
3.2 ERREEWIN AGA ARAREEREENEN
w2 fon, SR, ERES 4~24
JINIF, AR K BR A I AR R RS S 2 N (P<<0.01);
A A, IERE S 8. 24 /NI, JEBEIREU
HR A G R RJZE B EFFL (P<0.05. 0.01).
33 EBRERN AGA KRMFES IL-1p.
MIP-10 1 MIP-2 7K EHIEZ0E
W 3 fiR, SR b, MR KRR i
1 IL-1B MIP-1a Al MIP-2 /KT 5 3 T 5 (P<0.05.
0.01); HEIMALE, EREIYIE. FHil=EH
KFILE T IL-1p MIP-1a A1 MIP-2 7K i 3% FEAIK
(P<0.05),

#1 BRI AGA KRBRXTMAKIERAEM (x+5,n=10)
Table 1 Effect of I pes-caprae extract on joint swelling index of AGA rats (x +s ,n=10)

Az #E/(mg-kg™) Ghs
- ERNT ERENT 12 /) 2 24 /R 2B 48 /NS
o HE — 0.042+0.102 0.022£0.065 0.01740.089 0.006 =0.086 0.02840.053
R — 0.37940.112%#  0.641£0.125%  0.76610.151%  0.61810.160%  0.44640.125%
FRARAF 0.27 0.250+0.159 0.310+0.225"  0.44740.193"  0.4254+0.080"  0.24240.093™
JE TR EUY 928.80 0.299+0.180 0.449+0.326 0.6161+0.320 0.391+0.211"  0.241+0.200"
464.40 0.30940.180 0.457+£0.219 0.61940.234 0.407+£0.143**  0.289+0.131*
222.90 0.28140.166 0.451+0.194 0.606+0.187 0.398+0.193**  0.288+0.184"

SxIR4LLE: *P<<0.05 #P<<0.01; SHRIELLE: *P<0.05
#P<0.05 *P<0.01 vs control group; P < 0.05

*P<0.01, TR

**P < 0.01 vs model group, same as below tables

K2 EERERYN AGA XREAREREEMEN (x+s5,n=10)
Table 2 Effect of I pes-caprae extract on thickness of right hindfoot pad of AGA rats (x+s ,n=10)

H 1] GRS
A e ke —GONE Fa i B B B4 as T
o HE — 6.041+0.04  6.1410.11 6.1940.08 6.1940.08 6.0510.18 6.0910.06
i) — 6.01£0.06 6.371£0.09%  7.194+0.29% 730+0.41% 6.85+027% 6.5240.18"
KA 0.27 6.001+0.11 6.26+0.11"  6.60+0.22" 6.66+024" 6.59+0.28°  6.431+0.20
JE TR EY 928.80 6.04+0.10 6.3310.14 6.74+0.39"  6.98+0.51 6.58+036"  6.40%0.31
464.40 6.02+0.06  6.30%0.13 6.74+030"  6.9940.45 6.55+0.15"  6.4510.16
222.90 5984+0.12  6.4040.10 6.87+0.30°  7.03+0.29 6.61+0.15° 6.48+0.16

£3 EERERYIX AGA XFRILES IL-1. MIP-1a F1 MIP-2 KEHIEM (x+s,n=10)
Table 3 Effect of L. pes-caprae extract on levels of IL-1p, MIP-1a, and MIP-2 in serum of AGA rats (x + s ,n=10)

2H i/ (mg-kg ™ IL-1B/(pg-mL™") MIP-1a/(pg-mL™1) MIP-2/(pg-mL™")
Xt & — 182.874+102.08 163.61+38.04 26.92+10.81
it — 389.97+193.91% 294.114+112.13% 49.07414.33#
KA 0.27 152.094+61.15" 162.134+31.43" 26.38+6.04™
JE SR 928.80 178.62+181.47" 184.61+55.92" 28.61+13.39"
464.40 197.55+193.36* 194.79+124.61* 34.82+12.95*
222.90 245.47+174.07 226.10+71.40 44324839
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3.4 ERFREUWIN AGA KFBIRALRFIETHE 35 EEREIWHPHUERS RERIERMBME
AL R

B 1 s, RPTIREEOK BRI RS A T I 72 %
TEREH T RN E AR I S AT A S8 A A
R BRI A B R A2 R, DA% 23 i o
PERIAH B AN TR ALk o ., AR R
A AR TEIR AL, TR BEAH A% [ 26 o A LTIk e,
AR TS B 5K, BN TR KR K
KANBRZEL N 5 S S v+ 75 e 2L K B T R 45 4
Beimr, BT ERAZMTE, A BN R
eSIEL SRR Ry S 7L = DN e L ]
B TR K R AR B R

-.

%J(;MJJM

928. 80 464.40 222. 90
JERESEIU (mg kg ™)
B 1 EFERYN AGA XRIBRALRETILHF N
(HE, X400)
Fig. 1 Effect of I pes-caprae extract on synovial tissue
pathological changes of AGA rats (HE, x 400)

KH LC-Q-TOF-MS/MS AR, ZRIEREN S
JE . SCIEX U4 e . of HEh Lot R BA SCiRk i,

X JE SR U (1 Ry AT oo i, IR 53
MLy, IR IERE TR 3 A Bk

43 10 A H LR T 26 A~ B E RIS 5 4.
BRI 2 A AR 2 D I 2
ANy ARBEERE 1A RITUINHEIR 1 AZE
AR 1A, FRHEN T AR 2 i (R R g
1. BEREPMEE TRELE 2, BEmRy &F
Firf5 B 4.

B ‘ "“"v

I ;&W’"W
| | 4
I e Jt ‘_l‘, 1 S ..w*"‘“ \*

et

10 12 14 16 18 20 22 24 26 28 30
t/min

B2 HiEFER (A) MESFER B) TEBRKRERY
‘l%s%%iﬁ

Fig. 2 Total ion chromatograms of 1. pes-caprae extract in

0 2 4 6 8

negative ion mode (A) and positive ion mode (B)

#x4 EHRREIMPLERINEE
Table 4 Identification of compound in I pes-caprae extract
‘ - Mo FIRE iz R - e
5 wmn ATA ETRA —et R RE o 4 %9
1 0.66  CiHiOs IM—H] 1910561 191.0543 =97  173.0450,127.0394,109.0292 % gl AN
2 069  CsHsOr M—H]  191.0197 1910193 =20  129.0192,111.0079 FrERERY EplNves
3 0.70  C4HeOs [M—H]" 1330143  133.0144 09 1150035 R AR
4 090 CiHiNsOs  [M+H]" 2681040 2681031 =35  136.0621,119.0369 R0 BHR
5 091  CiHiNsOs  [M—H]"  282.0844 2820845 04 150.0420,133.0156 ) AES
6 099 C4HyOq [M—H]" 1170193 1170191  -18  117.0192,116.928 7 BB AN
7 113 CHeOs IM—H]  169.0143  169.014 4 0.8  125.0239 BB HHER
8 165 CoHiNO»  [M—H] 1640717 1640718 0.8 147.0451,118.0656,103.0553  HFHER!Y FHERE
9 193 C7HOq [M—H]" 1530193  153.0191  -17  109.0292 Ji LA BRU4 EEpiNves
10 214 CigHisOo [M—H]" 3530878 353.0872  -23  191.0548,179.0339,135.044 1  Hi&HEI AR
11 245  CyHpN:0:  [M—H]"  203.0826  203.0824  —12  186.0542,159.0932,116.0507 (% RIS FHERE
12 250 CisHieOs [M—H]" 3390722  339.0727 17 177.0195,133.030 4 R FRE0 FOER
13 2.68  C7HeO0s [M—H] 1370244 137.0241  -2.7  137.0243,119.0141,108.021 6  JiJL7EEE( AR
14 302 CigHisOo [M—H]" 3530878 353.0868  —29  191.0540,127.0400 SRR HHIRE
15 303 CioHsO4 IM+H"  193.0495  193.0496 05 178.0279,150.0333,133.0306, HEE=Z FOER
122.038 4
16 319 CigHisOy [M—H]" 3530878 353.0866  —34  191.0550,179.0339,173.0443, FRa&EELI HHIRE
135.044 0
17 324 CoHeOs IM+H]" 1790339  179.0334  -27  151.0403,123.0456,105.0349  Zfz &0 FOER
18 328 CoHi02 [M—H]"  149.0608  149.0613 30 149.0626,121.029 7 4-LIFHBOIARR  AHIIRE
19 333 CsHsOs [M—H]  151.0401 151.0402 10 136.0177,108.021 6 JihE HHIRE
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SR 4
+/ = =
B wmn o hT mrk RS IR 4 5
20 340  CoHsO4 [M—H]" 179.0350  179.0344  -32  135.0438,107.050 1 IR HNEE
21 344 CpHuOs  [M—HJ 3130718 313.0724 19 269.0816,147.0453,129.0342,  3,7-dihydroxy-54- #HE%
101.040 2 dimethoxy flavone
2 389  CyHuNsOs [M+H]' 3771456  377.1455 =02 377.1478,243.0897,172.0897  #i4:% Bal7 iy e
23 418  CuHxOis [M+H] 4810977  481.0976  -0.1  319.0469 W18 % 3-0-p-D- HEAE
M SRS
24 451 CyHxOny  [M—HJ 6251410  625.1418 13 300.0281,271.023 8 FRRE 1) GBS
25 454 CoHgOn M+H]" 147.0441 1470435  -38  119.0509 FEE HOEE
26 456 CiHiOs  [M+H] 179.0703  179.0706 17 133.0664,105.035 6 LTS HNEE
27 468 CxnHuO  [M—HJ 6812400 6812409 13 357.1357,151.039 3 MRREE ZHHE RIEER
ﬁ[ZO]
28 509 CiHsOs  [M+H] 193.0495  193.0489  -33  178.0280,150.0332,133.0299, SREzEM FOEE
122.038 1
29 527 CwHwOs  [M+H] 195.0652 1950659 3.6 177.0564,149.062 1,145.0300,  FZERRI4 HHIRE
117.034 8
30 531  CyHxOi [M—H] 609.1461  609.1446  -24  300.0280,271.025 1 P04 GBS
31 533 CuHagOiz [M+FA—H]" 7872666  787.2682 20 579.2090,417.156 5 sl Fu ey R
ky) 552 CuHnOn [M—H] 463.0882  463.0861  -45  300.0255,301.0342,271.024 1, Rl GBS
255.029 5
33 566 CuHxOn [M—HJ 463.0882  463.0867  -33  301.0336,300.0253,271.0235, it % & -7-0-p-D- K
255.029 2 R
34 584 CyHxOis [M—HJ 5931512 593.1513 02 284.0327 EB-3-0- 55 #IRK
ﬁi[ﬂ]
35 604 CisHiOs  [M+H] 2870550  287.0555 17 153.0202,121.028 8 &4 R
36 611  CuyHxOn [M—HJI 4470933 447.0935 04 284.0322,255.0296,277.0350 & RHH R
37 624 CusHuOn [M—HJ 5151195 5151173 -43  353.0852,191.0543,179.0329, 45 B2V EepilNves
173.043 5
38 635 CusHuOn [M—HI 5151195 5151171 46 353.0853,191.0539,179.033 1, &K AL EeplNves
173.0452
39 636 CuHpOs  [M+H] 209.0808  209.0819 51 1770570, 103.0552 WNAERR 2. 18 EepiNves
40 651 CxHnOn  [M—HJ 5191872 519.1868  -0.6  357.1345,151.0399,136.0162  {AMlE & -p-D-MLME HHEE
AR
41 675 CpHyOs  [M—H 4171555 417.1563 19 387.1069,181.0515,166.0273, T &MH&EL HHER
137.024 8
42 694 CpHuOn [M—H 5151195 5151167 =54 353.0847,191.0546,179.0330, 4t (20 HHER
173.043 4
43 809 CyHuOn [M—H 5291352 529.1337 =26 367.1033,353.0871,179.0349, 35-"MiHEEtZ e HHEE
173.045 1 A 4,5-=
I R 2 JE R
R EL 3,4- —ufne
Tt 2 Je G PR R )
44 826 CuHOn [M—H] 6611563  661.156 5 03 515.1174,499.1255,353.088 5,  3,5-—-O-UBE-4- A HERE
191.056 0, 179.035 2 O-&EMERR
45 939  CisHiOs  [M+H] 3201020  329.1025 17 314.0791,299.0559 4RIE3 5 7 SR
46 1096 CxHssOn  [M+AFA—H]" 6954012  695.401 4 02 4873435 INES el (&S
47 1103 CyuHzOi  [M—H] 8071931  807.1920  -13  645.1618,499.1255,377.0937,  4,5-di-O-caffeoyl- HHLEHK
179.035 5 1,3-di-O-couma-
roylquinicacid
48 1L11 CisHnO:  [M+H] 2331536 233.1537 03 215.1453,187.1482,159.1190, SR+ AFE M #i%
109.104 0 AT A B
49 1257  CoHeOs  [M—HJ 8213965 8213958 09  351.0573 HERRE EeplNves
50 1894 CpHuO:  [MAH] 203.1067  203.1071 20 185.0998,161.0978,121.0665  2-hydroxy-4,4,7- FHIEE%

trimethyl-1(4H)-
naphthalenone
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o ~ — X435 B (mz)
F5  wmin  5FR Bt W - Wl

(X107

RE RAETme) o %3

51 2391  CeHis02 [M+FA—H]" 12677056 1267.7053

52 2482 CeHisOs [M+FA—H]" 12817213 12817154

53 2575 CeHuoOu [M+FA—H]" 12957369 1295.7361

-0.2 1221.700 4, 1 049.557 3,
417.285 8,163.061 6
1235.719 8,1 133.651 6,

5273224,417.2873

pescapreins XXX R R

-46 (118)- & 4 R BR -11-0- MRt
a-L- THE T IR 4 o -
(1-3)-04-0-25)2-
PR T AL
B 2= i 3L -(1-4))-0-
Q-0-IE+ — Je k3 )-
a-L- THE T IR 4% o -
(1~4)-0-0-L- T &,
2 3E (1-2)-B-D-
I IRACHH

(118)- 2 F i ] -11-0-
a-L- THE TR B, 2 i 2 -
(1-3)-0-[4-0-25)-2-
R T 2oL
RZEREIE-(1-4)]-0-
(-0-IE+ Z 1R E)-
a-L- TR T R 2 i 2 -
(1->4)-0-a-L-THL 1 &
2 i B (1-3)-p-D-
R

—0.6 1249.733 4,1 147.666 7,

1049.555 6,417.286 5

PERRREHF R

351 WRMEE RMEGWIUE T WK R
WEDIRRIA N BRI EY), HEWE R, —K
HKBE TR IE A T 5 A RIS . FhaR) b e
JRABE, FESAM TR EEEY R, DL
pescapreins XXX A, #EFHEAT, 52 m/z
1267.705 3 [M+FA—H] W5+ 5 7 0%
FETF mliz 1221700 4 ERFREIEHRAIM—H]
MBS FI&, miz 1 049.557 3 NERK—KEEAGITIIRIE

| | I I o L .

BT B [M—H—CioH2002] 5 m/z 417.285 8
N miz 1 049.557 3 JRAREH BT KM —H—
C10H2002—Ca9HaaO15] FIBE BT, m/z 163.061 6
N miz 417.285 8 ERKHERITERIE MMM —H—
Ci0H2002 — C2oHusO 15— C16H3002] 5 HRIF1ZALE W)
PORSHAAENT T IlE. —RiER 2e =, Sxh
pescapreins XXX, H T RILEILE 3, g
fifiE e WA 4.

600

750 1200

m/z
[#] 3 pescapreins XXX B 2R i

Fig.3 Secondary ion mass spectrometry of pescapreins XXX
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Fig.4 Main fragmentation pathways in mass spectrometry of pescapreins XXX
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352 HEERMEVIEE ST R EMER
IRFL V2 ARAE, RGN FEF RN — LA
& 32, 33 Afl, EHEFEXT, & 55H
5.52. 5.66 min, 737152 m/z 463.086 1 [M—H] !
m/z 463.086 7 [M—H] [WHES> T BT, £ 25
W5 S ELC R m/iz 3004 301, 271 255 IREFT,
A% M [M—H—Glc—H] «~ [M—H—Glc] - [M—
H—Glc—CO—2H] . [M—H—GIlc—CO—OH—H] ,
IR 488 22 A AR SR T R 22 00 A e A Bz A
Fe R -7-0O-B-D-HEMEH Tt AN, A SAH (03
VR R B, A 32 RRMET, (EW
33 i 3R -7-O-B-D-Fi &I, H U iiE E L 5,
DA R B A, PT RE AR A DL 6.

353 HBHBRBUEVFE ST BB H AL

PRS2 , T8l 2~3 Fl oy i 1R 43 S KAk K
HATHEMIMZ GRSy, £ R s h a5 Rk
H,O. CO 55451 F . tbBW 37, 38 42 1) tr 50 5IAN
6.24. 6.35. 6.94 min, fEFEFHAT, B2
m/z 515 [M—H] W F &0, £ giigd, [#
K22 AUMHERERE, B m/z 353, 191, 179, 173
RFETERE B 1, HENDN Rk iR . et )5R B
KRN R N 6.14 min, FEEJEFR A XHEE T r
N 6.26 min, FEEJERR C XHE A &= N 6.80 min,
HREA miz353. 191, 179, 173, 135 [ 07,
PR 5565 BE LT o s A 0 b A 0 i S5 L % SR oot
BRI, HEML &Y 37, 38. 42 73N RERIR B.
FRAFER A, BEJER C. LRSGER A A, H
TSR L 7, ATRERIBIZIE S LA 8.

0 150

450 600 750

150 300

miz
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B 5 SMEHE (A) FRKER-7-0-8-D-BEEE (B) M_RRKRIL

Fig. 5 Secondary ion mass spectrometry of isoquercitrin (A) and quercetin-7-O-$-D-glucopyranoside (B)
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Fig. 6 Main fragmentation pathways in mass spectrometry of isoquercitrin
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Fig.7 Secondary ion mass spectrometry of isochlorogenic acid A
HO —Hl —Hl

HO
HO Aot —co ]©\/

—C5H;005 m/z 179.033 1 m/z 135.043 9
= O O N ()H
7C9H(03 HO /
O

| “H
OH OH
/z515.117 1 /z 353. HO_~ .OH HO.
miz m/z 353.0853 —C;;B}‘ 1o
=, —_— y
O=<" OH o<""0H
OH OH
m/z 191.053 9 miz 173.045 2

B8 REFRER A WRIETEWEIE

Fig. 8 Main fragmentation pathways in mass spectrometry of 1sochlor0genic acid A

354 HFERBUEWL ST DMED 12 K &) 28 1 1r 9 5.09 min, 78 1F 5 TR T 13
%, N 2.50 min, #ES>T B FUEA m/z339.0727  F m/z 193.048 9 [M+H] HIHED T8 7%, LLiZLE
[M—H] , —ZRiEEEERE mkz 177019 5. BT MS/MS 1, BRI LW ET miz
133.0304, ZHMESTFEFER 1A Gle, HLELR 178.0280, NHESTFETER 1 5T CH G
1 COL TR A B 1 MR Z A — Rk E ST miz 133.029 9 RlEDFETER 1 7

%\ THERGTT A OCERIRIENY, B NRE R, CHOH 4k ZEk 1 7307 CO JEHG: BT miz

H o E WK 9, wl E’Jﬁ”ﬁcp BE I 10, 150.033 2 NBFETER 1 70T CHy Ja, BEK 1
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Fig. 9 Secondary ion mass spectrometry of esculin
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Fig. 10 Main fragmentation pathways in mass spectrometry of esculin
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73 F CO TBs, RELE5 1 01 CO JER miz 122.038 1
PR o ARIE DL RT3, 45 XTI &L
BREEXTUY, e b SN RS 5. H o Ris
B 11, wTRERZR ST ILE 12,
3.6 EEEEER AGA KEPANMBESLEE
BXHRAL. IEWA A, BRI, ElEaTE
HIMAAE M MAEIE. B TR N7, %4
245 2159 3 IO R0 ot B ZEL 1 PR Ry, i i
B AL L5 29 A I 2R S T AN E 0 R L I R 1 1 4
RISy s R, R f B 2 A9 2 e B
TR () NIRRT o N IS FRRS BF A G 40+

| ‘ . ‘ L

R S B R R IR % 4 R LR
L8, MPYERNM RS . MBS 2HYID %
JE 4 MNILELSY,  MERRSEIU & A B0 %
o4 MRS, 2 HFEMEFERS A 3 A ALK
SUEERNE S, 6, RETHELE 13, 14, &
B Fi el | L 15, 16,
37 BEEAETER AGA XKEHANMES S
IEH KR, &~ 0.69 min FILEPILE G
BT, 8% m/z 133.0146 [M—H] HI#ED T
B, R EEA m/z 115.0057 [M—H—
H,O0] « m/z71.014 5 [M—H—H,0O—COOH] , ¥

0 110 120 130 140 150 , 160 170 180 190 200 210
mi/z
11 RREFHNHKRILE
Fig. 11 Secondary ion mass spectrometry of isoscopoletin
+i | | +a | iy
HO HO HO
X —CH Xy —CO —Co .
OO, = JOO™ 00 ™ <D
~o 0 o 0 0" o o o o
mlz 193.048 9 — CH{OH—CO miz 178.028 0 miz 150.033 2 m/z 122.038 1
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o A\
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miz 133.029 9
12 REESHRIEFZMHILERE
Fig. 12 Main fragmentation pathways in mass spectrometry of isoscopoletin
*5 ERRIMEEEXRPANLRIEELER
Table 5 Identification results of blood components of 1. pes-caprae extract in normal rats
. s HEX 20 B (m)z) B I ,

A ES = £ /*\ KH
wmin PR BTN G T (X10°) WA EF(m/5z) 4 el
0.60  C4HOs [M—H]" 133.0143 133.0146 2.4 115.0057,71.0145  3ERR JR AR SY
2.87  CoHsO4 [M—H]" 179.0350 179.0353 1.8 135.045 0 Wi R JF A R4 BAR Y =)
304  CiwHiOs [M—H]" 193.0506 193.0506  —0.2 178.0257,134.0374  UiHERR H BR (i
631  C7HeOs [M—H]" 137.0244 137.0245 0.8 93.034 9, 65.040 0 MEERTR By

=6 EIEEUWIE AGA KRB ANMAE ST LTS
Table 6 Identification results of blood components of 1. pes-caprae extract in pathological rats
. S HX 2 TR (m/z) RZE N ,
4 2 - > 7 7]
290 CoHsOs  [M—H]” 179.0350 179.0355 2.7 135.044 3 IHERR JF AR S3 BAR =)
302  CiHsOs  [M+H]" 193.0495 193.050 1 2.5 178.026 8, 150.033 0, Bz JR B p 5
133.030 7, 122.039 1
307  CwHioOs [M—H]" 193.0506 193.0508 0.6 134.037 4,78.960 2 WS S BT
632 CiHeOs [M—H]" 137.0244 137.0244 —03 93.034 4, 65.039 1 MEERFR Ry
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Fig. 13 Negative ion mode of total ion current for plasma sample in control group (A), Blank administration group (B), model
group (C), and high-dose 1. pes-caprae extract group (D)
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Fig. 14 Positive ion mode of total ion current for plasma sample in control group (A), blank administration group (B), model
group (C), and high-dose I. pes-caprae extract group (D)
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Fig. 15 Extracted ion chromatogram of blood components of I pes-caprae extract in normal rats
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Fig. 16 Extracted ion chromatogram of blood components of L. pes-caprae extract in AGA rats

ZUAVREHAR T E. s R, M
JE RIS e A IR, SRR, Ko
R DL 17, tr 9 2.87 min LS WIAE 17088 T4
RF, B3] m/z179.0353 [M—H] HIHED T2 7I&,
TR E B RN EEAR miz 135.0450 [M—H—
COOH] , M %WAEVREIHAEN 7> FHE. —H
JEE S, FERE R e 45 R, BER
R, H RS LA 17, & 4 3.04 min )16
HEYESME AT, 58] m/z 193.050 6 [M—H]
e T B TU,  EMERRUHE 7 T 25 T 0% m/z 179
M—H] £ 14, $#&/R38n1 4 CHy, KA HEAL
N, G55 RIS R m/z 178.025 7 [M—H—CH3] -
m/z 134.037 4 M—H—CO,—CHs] , 5MiHEfiR 2%
Rk AE B R, TR AR A R . AR AL
Y —HFEE R RS B 5 TR,
S SE JyMERR FR RO, i L 17, e A
6.31 min ML EGMENE FHERT, B2 mi:2
137.024 5 [M—H] W#ES T2 706, A FEA
m/z 93.034 9 [M—H—CO,] « m/z 65.040 0 [M—H—
CO,—CO] , I %WED—LRIEEE . SRR
T IS5 SR BB, S AR AR R, HE
DA B E e FE 2 RS (SRJRTR . BRI Fe
SRIRIR) TEAAR AR 2 JE B gk — 5 AR AR et
FREIR IR, B R LRRRAER N R A 52 5
RN R, e A R L 17,

AGA KB, e 3.02 M EYITEIER
TR, 53] m/z 193.050 1 [M+H] B> 75
T, HoRW R FEH miz 178.026 8 [M+H—
CHs]" m/z 150.033 0 [M+H—CH;—CO] . m/z

133.030 7 [M+H—CH;—CO,]", H4EiZILE YIRS
X —EEE, 5B % e
SRR, ¥wEhEES, LU E A 17.
AGA KERFBATHREE 54, HAR%E s
5 SR IE 5 K BRI 2 R AT R — 3K
4 g

AGA J2 RN S AR DU BT B D155, IR IR
ROUNFKATL, By . I8, EREE ORI %
TR, R HLH 3B R AR B S
RIESR L. FEA SRR EAE N FERAE 5, AIiE ik &
NLR ZKJ#& Pyrin 383 4 3 (NLR family Pyrin domain
containing protein 3, NLRP3) #¥E/MA, 724 K&
IL-1B, Bl AIE R ME, IL-1p 7£ AGA HIRFR T
PR R B o BB PR IR h i A v R
W 4 BB AL R MIP-1as MIP-2 ZKFTHE, R4 E
WA VST, A Fgs R R, SxFHRAI,
FEROA KRR OGTT . LR BEMAK, MiE+ IL-1p.
MIP-la. MIP-2 /KP4, 1BEALA R 2 R 1%
PRE . MRS, RH AGA BEAYH] % R
s SRR LR, ROKANTREE AN R B B =
Hh R B 2H KRR DG A S K B B R A, I
IL-1B+ MIP-la. MIP-2 /K-35 FAIC, T B 46 14 4 i
BRI, KRR AT H AGA KR 20E
SV o

g 2N O b 2, DIRZGEEANLIAR S 25
TSR, RA RSN ML BLo A 7T B K5
ZiR. A MTE A IS, AR 225
() Jot B A TS it 7 RFE 0T VERS . AT SR
LC-Q-TOF-MS/MS HAR B 5ext [ S B ik
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Fig. 17 Secondary ion mass spectrometry of blood components of IP
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AGA K I MR BEAT 7047, a5 RRW], Rk
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FATAEY), HOONI M AR S s SR &
Y. FPLERSECRBEBSEUO y R iR s, 5
JERRL R G . A IIE 2L A0 T4
2Lty RN (8] J R 7 AT 2, A FER I
5 R A LRSI, 1 d. L T7d
i2e 257530, B OR T 25 26K 2 B AR R Y If 24 74K
FEYERFAE — D IEATEE IR WHFURBIY, fHefi:
IR LI () AR B2 25 )5 0.5~2 ho Rl )5 Uil
WA LSRRI HRIER K AR A T57%5. L
KR AL AT SRAF B MR EHAS 2 R ARV L, & T
BRI s HRLFEE i Fik MR L AT S B REL N 1) 1A 22 K
i, ERMERAD. FHEESERRIE AGA

RIS B FE AR M7 2T, 25 R R HE RS
ik I 22 VR ML AT 2 068 R B A SO BN B S L
s, H AGA NEMEEA, KRS EIHER,
ABEB R AR UCK LN S AE R AR BOIRES . 25 L,
RHFRRIA KRG Z) G 1 h EESCR M. ig JFHE
RGN KR MR e 3R R ok
P2 WNHERR R« 0 FRAE IR R 4 Ry fE AGA
K BRI 4 5 IR R L BEA 5. WIHRIR FH s
TR FIR 4 Ry, BREZE SO, HRmionrty
5 JE R UL IR H K BRI TP AR AT iy — 2. &
il b TR LR JE DR AT A K SR I RS A ELAR
& N YR — R 22 W, AR ELRES TR
00 JEE TN ML 5 5 B RE A U2 W) i PO BEIR A AR A
AFEARE . Hoh, B S N R AR B IR I,
IEER AN JE R P A 2 By, R SRR S
Ik CaEiR. REEK. RaFK B, R
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JRER A, REEIR C) /KRG AR =B334,
IO E TR PR P g e PR A A TR A S ST R, X F2
2% TR AT E B v Pt 2 T R AR AR B i iR ) L
RKIRRAE LRI Y. B, Eas. ik
BR. SRR HZRRER . BRSRRER . F4RRAIR B,
SRR A FaEERE C KR ) LR B AT N JE R A
J7 AGA 1) Q-Marker. HFFCAIL, WIHERR o] 3 %4 2%
il R 98 (rheumatoid arthritis, RA) KR
JE TR AN JERE 20 LR, B2 B A% R T kB
(nuclear factor kappa-B, NF-xB). 7 ¥l 3 F£5
1 1 (chitinase-3-like protein 1, CHI3L1). IL-1.
B & )8 & A M -9 (matrix metalloprotein-9 ,
MMP-9). IfilE N A K7 (vascular endothelial
growth factor, VEGF) Ml ¥ it & % & 0 I -3
(Caspase-3) ik, MIMAIEDT RA fERHB, JHL
RIERREMEHIH] NF-«B IS O/ S InE R EA
(AKt/mTOR) {5 5i@EE, MIMHNH] RA LF4ERETE
JELEH L ) BE 58 5T A 1), SRR RIR A HLARIG TR e
510 NLRP3 R 1% & s A NF-«B BERR LR
TR R0, 2 JEE IR AN M W 30 ok 7 oA 4 L A 9 1k
% H H#E (reactive oxygen species, ROS), #fiiil| p38
PRIXBIR A NF-xB {5 5 IH R R AN 1L-8 AL,
M RIESRAER T, B s Rl fE A T2 2
JRiEE 0 (mitogen-activated protein kinase,
MAPK) /ZE ¥ C (protein kinase C, PKC) /3§
T R I 1 ) Bt 45 & B (cAMP response
element binding protein, CREB) B, il 44
FETE IR AR ™ A5 TL-6, AT BSCas A 77 28 547 48 KBS,
TR I JONE FH R B BB 8T . A HIF 90 4 i B S 2 e o
Bb, AR T e T R S, HED T R
NRLPKAGR T B¢, # & ERIL, SRR
WO ML AR 2410 BEAIG

VR ZH AT OISR T2 € 15 0k DA R 7R Dy o)
M, 0 EREHEAT E VR, TR RO i
VEREIN T R BEAR B RS « SRR SRR
FOERE B FAERR AL BRI C 6 M
TR, RN TR 5 Ty IR 2K R 23 WA O JE T I
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