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Analysis of metabolites of the main chemical components of
Periploca forrestii in normal and rheumatoid arthritis rats’

plasma, urine and feces”
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LI Yue —ting', GONG Zi — peng', JIN Yang’, LIU Ting', HUANG Yong'**
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Abstract Objective:To investigate the metabolites of Periploca forrestit in plasma, urine, and feces of normal

and adjuvant arthritis( AA) rats, and explore the effect of rheumatoid arthritis( RA) on the metabolism of active
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components of P. forrestii. Methods: AA rat model was made by means of Freund’ s complete adjuvant. Plasma,
urine and feces of normal and AA rats were analyzed by UPLC — Q — TOF — MS" method using ACQUITY UPLC
BEH C (100 mm x2. 1 mm, 1.7 pm) column with 0. 01% formic acid water —0. 01% formic acid acetonitrile

as mobile phase gradient elution at a flow rate of 0. 25 mL + min "', and electrospray ion source under negative ion

mode. Results: Two and three prototype components, 32 and 35 metabolites were detected in normal rats and AA

model rats. The metabolic pathways mainly include monocaffeoylquinic acid reduction, methylation, ring — open-

ing cleavage, glucuronidation, dicaffeoylquinic acid reduction, methylation, acetylation, isomerization, sulfation

glucuronidation, etc. Conclusion: The metabolites in plasma and urine of AA model rats are more diverse than

those in normal rats, and the disease state of RA may affect the metabolic pathway of effective components of

P. forrestit in the body.

Keywords: rheumatoid arthritis; Periploca forrestii Schlir. extract; monocaffeioylquinic acid; dicaffeoylquinic

acid; metabolite; UPLC — Q TOF MS"; metabolic pathway

T T Oy 8 EE L AL A0 R A W) B T8 Periploca
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KPR EA D HARABRAF, 7 A HIES SCXK ()
2014 -0011, 2 5t M EERL R 2= L i sh W (R P25 0t 4%
Lo, #HLifES 1503017,
2 HEEER
2.1 BRI H &

P 254 30 kg, i 8 £ 70% £ BEHE L 2
U AR R] 20 3 R 1.5 1.0 h, 3k 0, & 9 0B, v
JEWAEE 1 g - mL™ (LIAZGTT) ,45 C s T4, |
o $RIBCENT.68%
2.2 AA BIRIENT ST
2.2.1 AABRIAEES, B SD KRR 24 H e
JE RGBT AR A, TR R KRRAG
SRR NS CFA 3307 0. 1 mL,7 d J5 PR e,
w21 d,

FEK BGE BERT M A F5 , FH A Bk 2 FR) o A U
FE R FREBROC T S LR 288, I FHARORUR K BRBR 5G4y
JAR AT E . ERIEE R N, IE 5 4 7E b Bt 72
W R R SR ST SR LT e AR Ak, B 7R 2 1 A
JE 292 h SRR R K, 2 ~7 d FFa I, —
URPESGH 2 K (59 K) & 2H K BUL S BUFN 2 i ik
IRUEMH . 5 0EH A B, 1SR 2 K R A R SR G
RS SRR DI
2.2.2 YA SEZ EEIRE 24 HSD K
B BENL N 3 4, a5 4l 12 B 2Rl Je i/ R il
Y1456 H, 45 257000k AT AR L) 87 ¢ - kg™ (4
R Y SN 2 R B S T
RFL0.5% CMC - Na /KiFH 3 d, 5K 2 Ik,

SRR 24 s B i K BRL, 40 41 RN 45 25 711
i i
2.3 YRR

KEAZIRIAEE 12 h, RESK, AR IKG 2
Ja 1 h, S BKEU 5 mL BT IRA 1% B F R4
EP 4 H1,8 000 r - min "' B0 10 min, b3 AP M I
R PRI/ 24 530 & T AR, Uik 0,
12 24 36 .48 .72 h B} [a) Bt 1 PRI S 258, 0 5% 45 1t
[i) B ) PR AR FR DL BT e 2y i i, T - 20 C
TAfE, &
2.4 EPIRE S ETAL
2.4.1  IMmHAEFAEEE BUMKAE S T mL, i 10% H
K %5 200 pL, i3 2 min, fin B2 4 mL, §5 75
3 min, # 7 (i % 40 kHz, 2% 300 W) 5 min,
8 000 r - min ' B0 10 min, FIE T 37 CF N,k
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T, 5% FHEE 1 mL PLyE & A BT O O
I mLERRGTTER 1, BT 37 °C N, PRI, 5k
) 50% Hifs K 200 Wl &3, 5.0 (14 000 r + min ™',
10 min) , b 35 WA A 2R AE R
2.4.2  PREAESAEIR BURIE 1 mL, i 10% /) F R
JKEEW 200 pL, TR 2 min, #7575 (Ji 2 40 kHz, )%
300 W)5 min, il 52 4 mL, % 7E 3 min, 85 (55
40 kHz, 7fj % 300 W) 10 min, 8 000 r - min "' &[>
10 min, FVEW T 37 CN, RO, BRI EE 1 mL
DUV, BBV O i 1 mL FRRTE R, -
THW T 37 C N, FIRT, 5% DL 50% H 7K 400 pl
SV B0 (14 000 © - min ™', 10 min) , Y5 BRBORE
FE A
2.4.3 EMEHGEI BULT RIS 0.5 ¢, 1]
A PR K B 1 K 25% ST 3K TR AT, R (B 40
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S 500 pl, n A HEE 2 mL, Wi 5 min, #
“2.4.27 T [{ “HE T (H % 40 kHz, I 2% 300 W) 10
min” EHEAE , HIARZEAE i R
2.5 RZEaF
2.5.1 s %Al ACQUITY UPLC BEH C,,
(100 mm x2.1 mm, 1.7 pm) A, H: 7 40 C, LA
0.01% HR/K(A) -0.01% W R LN (B) N shHd,
FAREVER (0 ~2 min,5%B;2 ~22 min,5%B—15%B;
22 ~ 28 min, 15% B—30% B;28 ~ 35 min, 30% B—
98%B;35 ~37 min,98%B—5%B) , i 0.25 mL -
min "' FEREAFL 1wl
2.5.2 JEikscfE

R P 55 25 IR (EST) |, 4948 07 =Xk 71 4
FECESI™, m/z 50 ~1 200), E 40145 1 JE 4.5 kV
(ESI7), & F IR B 120 C, < (N,) KA
0. 12 MPa, 25 3% F| =il FE 300 °C, i i 7 <0 &=
600 L« h™" HEFLHRES0 L - h™' S RAHRERE 15 ~32 V3
S (Lock Spray™ ) FEa IRMRHERK m/z 554.262 0 15K
SERRAEAZIE ; BT R A S AL HRER 1 MasslynxV4. 1
TAEs, 4 MS™ Continuum 58,
2.6 4
2.6.1 JREEREEUYAE IEH AT AA BRI BRI 3R
PRV ZEME PRG540 Jdiad UPLC -
Q TOF MS"i 4% A= W B i E A7 A0, >R Strip #14
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TEHAN AA BRERYR SR 3% o0 G I 1) 2.3 A4 5t
BT, T R BRI PR S A 23 A 21 6
10,16 M4y, AA BERLR BRMLIK | PRI S Fe (o
Sy kI 8 12 15 A 1y, 5 R W 1, AU
BARILIE 1 ~ 3 S RFM, KRR AT R A5

0 1A G KA AL ) A IDARAC S (B
FRIRAL AT BEERR L L S TAE) o 2 FRREE T R B
KSR PR = A7 A — € 22 5%, 26 P I e
ZE5E, PE/R RA AT RE 2 R R T T P 0 R SR
WIS R

x1 REBRIZNSELEEM AAFEBXRME KK EEFHEZRBE =Y

Tab.1 The main metabolites of the main chemical components of P. forrestii in plasma, urine and feces of normal and AA

model ratss of normal and AA model rats

ey T Ef A o
B st BT fpest R AT AR (normal group) (AA model group)
Im= IR s . -2 .
(No.) min (ion (quasi — (formula) (enror_)ﬁ/ (fr'agment (meta%mhte \ — ‘ ‘ —
form) molecular x 10 ion) reaction ) IMm3F R FE Mm% R E
ion)m/z (plasma) (urine) (feces) (plasma) (urine) (feces)
Ml 0.84 [M-H]™ 277.0025 CoHy0,S 2.5 233.012 5 WiHEER/K & BiREARR L (hydrated reac- - +
197.046 1 tion and sulfation of caffeic acid)
Pl 1.43 [M-H]  353.0885 C4H;;0, 3.4 1910561 5-0 - WMHEMEREZE TIR(5 - 0 —caf-  + +
feoyl quinic acid)
M2 2.18 [M-H]™ 373.1532 C,Hy;s0, 9.8 355.102 5 FnEfEdEZs T ARIS IR /K (reduc-  + +
tion and dehydration of monocaffeioyl
quinic acid)
M3 244 [M-H]~ 261.0087 CoHy0,S 6.9 181.051 2 —SUMHEER AT BRES AL (sulfation of di-  + +
hydrocaffeic acid)
P2 257 [M-H] 353.0875 C¢H;;0, 0.6 191.0559 3 -0 -WMHEMEREZE TR (3 - 0 —caf-  + +
feoyl quinic acid)
M4 2.89 [M-H]™ 258.9934 C,H,0,S 8.5 179.034 9 WIHERR &7 MR G 1k ( sulfation of caffeic - +
135.047 7 acid)
P3 3.23 [M-H] 353.0875 C¢H;;0, 0.6 179.0349 4 -0 - NHEMEREZE TR (4 - O — caf- - +
feoyl quinic acid)
M5 7.21 [M-H]™ 165.0557 CoH,0; 3.0 121.065 2 [A] %% 3% K B g (3 — hydroxybenzoic + +
acid)
M6 7.54 [M-H]™ 195.0653 C,H;0, -2.1 193.049 2 S ZRR( dihydrocaffeic acid) + +
165.054 5
M7 869 [M-H] 1630392 CoH,0; -1.8 119.048 9 Wk iR it ¥% 2k 1k ( dehydroxylation of — + -
caffeic acid)
M8 11.56 [M-H]~ 167.0344 CgH,0, -1.8 123.044 8 FHFER(vanillic acid) + +
M9 28.16 [M-H] - 543.277 6 C,H,;30,; =5.3 515,118 7 ZMfEALZs TR — F 24k (bismeth- - +
ylation of dicaffeoyl quinic acid)
MI0 1.39 [M-H]- 305.0524 CgH;;0,4S 5.9 291.037 9 HAFA LR 2% {2 7 BR B AL . /K & (sulfa- + +
273.028 9 tion and hydrated reaction of monomethyl
ferulic acid)
Ml 2.24 [M-H]~ 242.9957 CoH,0,S 2.5 163.039 7 WiHERRAGZHAL FRRRER 1k (dehydrox- - +
ylation and sulfation of caffeic acid)
MI2 2.48 [M-H]~ 341.0871 C;sH;;0, —-0.6 181.049 3 SRR ZAGHESS 54 ( dihydrocaf- + -
137.059 3 feic acid bound glucose)
MI3 2.54 [M-H]~ 2429957 CoH,;04S 2.5 163.042 4 WiHEERI 2  BiBRAE f ( dehydroxyla- - +
tion and sulfation of caffeic acid)
M4 275 [M-H]~ 242.9957 CoH;04S 2.5 163.042 4 MR 2 5L RBRTR {k ( dehydroxyla- - +
tion and sulfation of caffeic acid)
MI5S 2.90 [M-H]  341.087 1 C;sH;;0, 0.6 181.049 3 —SMHERZ 491545 &4 ( dihydrocaf- + +
137.059 3 feic acid bound glucose)
MI6 5.73 [M-H]~ 39.0931 C;;H,0,;, 1.0 355.103 1 FiiE e Zs T FR A J (reduction of + -
193. 072 2 monocaffeioyl quinic acid)
M17 7.67 [M-H]~ 357.1179 CxH, 0y 2.0 181.049 3 HAmiifl: ik 3 45 1 R i JR (reduction of + +

monocaffeioyl quinic acid)
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%1(2)
— T . - ‘ 1WA AA FRY
BE 1 st BT fpaest R WHET A (normal group) (AA model group)
2 R I . ERSe .
(No.) min (ion (quasi — (formula) (enror_)ﬁ/ (fr'agment (meta%mhte \ - ‘ ‘ .
form) molecular x 10 ion) reaction ) m3E R\ MR Rl 2EE
ion)m/z (plasma) (urine) (feces) (plasma) (urine) (feces)
MI8 817 [M-H]™ 367.1056 CH,0, —3.3 179.034 9 FMHERESELZS T ER FF 34k (methylation - +
of monocaffeioyl quinic acid)
M19 13.60 [M-H] ™ 595.075 6 C,sH);0,5S —0.3 515.117 5 —WHEMERLZS T IRFERRNR fk ( sulfation + +
of dicaffeoyl quinic acid)
M20 19.45 [M-H]~ 273.006 1 C,(H,0,S -2.3 193.051 O iR F AL AR AR TR 1L ( methylation | + +
179.034 9 sulfation of caffeic acid)
M21 22.76 [M-H] "~ 343.1027 C;sHO,y —0.6 181.051 1 —Z(MIMEER T % bE4S A4 (dihydrocaf- + +
137.061 2 feic acid bound glucose)
M22 24.58 [M—H]~ 397.1355 CisHys0p, 2.3 221102 1 A Z T WM 564k AT e iR 1k, + +
( bismethylation and glucuronization of
dihydroquinic acid)
M23 24.90 [M—H]~ 397.1355 C,sH;s0,, 2.3 221102 1 —AZ TR 54k A2 e i1k + +
( bismethylation and glucuronization of
dihydroquinic acid)
M24 115 [M-H] 3551042 C,cH,gO, 3.7 181.054 8 FuliMEfE I Zs T FRIE Ji (reduction of + +
monocaffeioyl quinic acid)
M25 2.06 [M-H]™ 355.104 1 C¢H,O, 3.4 181.049 3 HumfimE L 2 7 BRAE i (reduction of + +
monocaffeioyl quinic acid)
M26 2.34 [M-H]™ 355.1045 CcHoO, 4.5 181.049 0 HmpimEmE L 2 7 BRAE i (reduction of + +
monocaffeioyl quinic acid)
M27 3.67 [M-H]™ 211.0589 C,,H,,05 -81 167.071 0 Wikfz F %Ak, /KA (methylation and + +
151.042 6 hydrated reaction of caffeic acid)
M28 6.81 [M-H]™ 165.0558 CyH,0, 3.6 121.065 2 [a] 3% 3 %% H R (3 - hydroxybenzoic + -
acid)
M29 7.21 [M-H]~ 1950653 C,H,0, -2.1 165.0545 —SPZRAR(dihydroferulic acid) + +
M30 860 [M-H]~ 529.121 0 C,Hy0,5 3.2 353.087 2 FiidERESLZS TR AT MBS R L (glu- + +
curonization of monocaffeioyl quinic
acid)
M3110.15 [M-H] "~ 575.1389 C»H, 0, -2.1 5571972 —WiMEBE AL 4 TR L BEfb. K & + +
515.118 7 (acetylation and hydrated reaction of di-
caffeoyl quinic acid)
M32 11.45 [M-H] "~ 515.118 7 C;sH;0,, —0.6 353.087 2 —MiHERE 3L 4s 7R 55+ #4 1L (isomeriza- + +
tion of dicaffeoyl quinic acid)
M33 12.36 [M-H]~ 561. 1622 Cy,Hy O3 2.5 543.150 9 Zmimmf ik 25 57 ik — W 34k K & + +
515.118 7 (bismethylation and hydrated reaction of
dicaffeoyl quinic acid)
M34 12.95 [M-H]~ 531.148 7 CxHyy 0, 3.0 520.135 1 WRfERE3E 245 77 R A JR  H 4K (re- + +
515.118 7 duction and methylation of dicaffeoyl
quinic acid)
M35 13.32 [M-H] "~ 519.1475 CxsH,,0,, -5.4 515.118 7 Wil 3 45 T R 18 JR (reduction of + +
353.087 2 dicaffeoyl quinic acid)
M36 19.99 [M-H] "~ 519.1522 CxsH, 0, 3.7 515.123 4 Wil 3 45 T R 18 JR (reduction of + +
355.099 1 dicaffeoyl quinic acid)
M37 20.89 [M-H] - 375.130 9 C(¢Hy 0,y 6.4 357.116 6 FAMMMEREREZS T BRI J5 . /K 4 (reduc- + +
353.087 2 tion and hydrated reaction of monocaf-
feioyl quinic acid)
M38 26.51 [M—H] "~ 719.179 6 C;3HysOpg 3.8 543.153 4 il B2 5 W s 4 b XU Al + +
515.109 4 FZHHEE R 1L ( bismethylation and glu-
curonization of dicaffeoyl quinic acid)
M39 27.95 [M-H]~ 543.1521 C;,H,,0,, 3.3 515. 118 7 BAMIHERRIELAS T* BR AU H4k ( bismeth- + +

ylation of monocaffeioyl quinic acid)

H(note) ; +. Fil3](detected) ; —. FAG 5] (undetected )
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5 50 | M36 5 504 ‘
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Fig. 1 ESI~ base peak difference of metabolites in plasma, urine and feces of P. forrestii extract in normal rats(A) and AA model rats(B)

2.6.2 RS fba® PLP2 P31, 2K
1.43.2.57.3.23 min, = F WS T8 F 409N
[M-H]  m/z353.088 5.353.087 5.353.087 5, i
Moy ¥ CgH,; 04,5 5 — O — WMMHEBEREZE TR |
3 -0 - WNMEREILES TR 4 - O — WIHERE 3L ZE T R X
M —3%, B LA PL.P2 P3 2351 5 — O — ik
L2 TR 3 — O — WIAEMEILZE 72 4 — O — Wi MERE I
ZETR
2.6.3  FIMEEERLZE TERIAE Y M2 W ok
2. 18 min, {4 FE T N[ M -H] ™ m/z373.153 2, %
W53+ € Hys Oy 1 78S m/z 355 BEHEST 115
Fm/z373 /0 18 (H,0) , &5 BA M MERE 3 45 T2 R m/z
353 Z2 2(2H) , B Hfe il M2 Sy S il ik 5 245 7 iR iR
B IKEARE

MI8 1) ¢, 8. 17 min, S FEFH[M-H] "
m/z 367. 105 6, Wil 4> T8 C,, H,y O, , 55 Bl fi
HAS T m/z 353 £ 14( - CH,) , B m/z 179 [
Jr BT CRRIME P 5 25 7 R W RR AR A R B8 1) it
DU MA8 Ay LM P 2 77 R i Y AR AR 40 o

M24 M25 M26 [ ¢, 4> ]k 1.15.2.06 2. 34
min, 3 TE TN (M-H] ™ m/z 355.104 2,

[M-H] m/2355.104 1 [M-H] m/z355.104 5,
4T 3N CooHiy Oy, =140 W] 1 15 1 8 7
m/z 353 BUESY T8 F m/z 355 /0 2(2H) B T
m/z 181 g BTG B 2 T R P 5 IE B - 85 1, Wi o
) M24 M26 M27 $45 g B0 5 4 2 3 R 1 36 A
=

M30 1) 1, 8. 60 min, /> FEFH[M-H] "
m/z 529. 121 0, i 43 F 3 A Cp Has Oy, R B F

m/z 353 BHESY FESF m/z 529 /b 178 (2H, - C H, 0, ),
TN M30 Ay S e 1k 36 25 7 R A 3 JBL ) 6 W T
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Fig. 2 Possible metabolic pathways of monocaffeoylquinic acid in rats
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