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Tissue distribution of total glucosides of paeony after long-term administration
in collagen-induced arthritis rats
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Abstract: Objective To study the tissue distribution of paeoniflorin and albiflorin, the main components of total glucosides of
pacony, in collagen-induced arthritis (CIA) rats after long-term administration. Methods UPLC-MS/MS method was established to
determine the distribution of paeoniflorin and albiflorin in heart, liver, spleen, lung, kidney, small intestine, thymus and synovium of
rats after long-term administration. Results After long-term administration, paeoniflorin and albiflorin were mainly distributed in
small intestine and kidney, followed by spleen, thymus, synovium, liver, lung and heart. The tissue distribution of the two components
in CIA rats were mostly lower than that in normal rats. Conclusion The tissue distribution characteristics of total glucosides of pacony
after long-term administration are revealed, which provides a reference for exploring the target organ of total glucosides of paeony in
the treatment of theumatoid arthritis and improving the curative effect.
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KHWHZ I OAE, B AN Z 8 G5001). M4 W & AE KK (vascular endothelial

RIRB ARG, Sz AN R RIS AR
HADAGTT . BeAh, CHEX AR BH 255,50
F2 KM IEE ), ERESY R . T
PEIRIE, AT AR M DG 2B RY K R I
KR8 AT N R 2702, A TR A
AT R KRR 2B FHE, DR R R
TERMLEIZ AR R, AHIFFCAE BT TAERRA I,
HENL TR AR i BRI (UPLC-MS/MS)
%, P EIIRIRG 2507 %, IE AAT S K
gy 2y e AE R R 5 3 MR T & (collagen-induced
arthritis, CIA) KRAIE®R KRG FF B i
B R ENERS DU SN TR R S e A
F2 B AR S AT 25 RO 25 P R IR 205 A
R HAEBGRAAIE LR R LS5,
1 R
1.1 ¥

SPF 2 ffEtE SD K, AR (2204200 g, 1
H AL 4@ RS SR AR AT, FAIES
SCXK (F) 2015-0001. sh¥iasE T o #ERK
SISO BRI, iR 22~24 °C, FHXT
MBRE 55%~60%, FHYGHE 12 h, HBEUOK, S5
A& RPETRFE 7 do AR B B 2 i Al R LR 52560 3))
YIEIEZ R 2sitE (IbiE'S AEEI-2014-128).
1.2 AR5

HAT R FE (SRR, [E 24537 H20055058,
fit'5 210502) W H TR ALALHIZARAF, NED
0.3 g/bL, &4 37.98%~T25 1 11.70%A5 2] N IR 5
SHE A 25 (b5 PS161215-02, FRE D=
95%) ATANEEH (LS PS010200, & 4r%>
97.5%) T H BRI B AE IR A A PR A F] s R
Yy E RS T I2IAEH (S 6-EOD-111-1, JRES 4>
98.0%) M H TRC AF]; EIEHFHEE. LN, HIR
¥ 5 ZE [E Thermo Fisher Scientific A #]; 4k
O (s 631618, R E>98.0%) WHK
AT B E AR AT GRS IS 4% KIE 3 Bt
INEER I AR AR FHEEIRERES (S
160425). 5EAFBIRMET] (L5 160410). AN5E43h
IAEF (A5 160417) #4014 H 3£ [E Chondrex /A & ;
EDTA W5 (#L'5 E1171) WHEILERZEER L
HIRAT: FARER-HFL (HE) Jei (L5 G1005).
R (pH6.0) HLEBEEW (S5 G1202). 41
7 E 2 E (bovine serum albumin, BSA, #it5

growth factor, VEGF) #iif& (b5 GB11034). 41k
W& DAB B (s G1211) 1y 3 BN FE4E /R
EVRA R AR R (5 100041600 1
H B 2SS E R A F s —ht (5 K5007)
1 H DAKO A .
1.3 {X&5

1290 TInifinity 7Y 8 /5y RO AH (i 4, BCA
G4220A £, G1316C FHiAH. G4226A HEFEAR .
G1330B fHiE#F (EEZHERAF]D; QTRAP 6500
T = H PR AT 5 BOR  ER A A (UPLC-MS/MS),
ESI V- FEE 557U, Analyst i TAESG A (3£
Applied Biosystems A F]); MG-2200 B WAL
(HZA Eyela 2 #]); 3K15 BE.LHL (E£E Sigma 2
H] ) SI-T246 A3 i 4k 34X (35 B Spectral
Instruments A 5] ); PRO200 F i3 5] ¢ 2% (S [E PRO
Scientific A &]); MKIEVKFE (ZE[E Fisher Thermo
Scientific A% ); DV215CD #4 1/10 J3 HFKF (L
W PSR ) Matrx VMR /NS SR BREEHL (35
MIDMARK ).
2 7k
2.1 CIA KRIERAEST

PR R A T AR S IR T VR AR O A 11 A
IR G584 b e 10 1 iR & Ak 54, I
¥ 0.1 mL LI PN RS T K BRUR 0 2 R AR 36
1.5ecm4b. 21d )5, B4 T ARE S 5452 IK
etz 11 R A A e 4, ¥ 0.1 mL ZFLH
B ST K SR B EE B AR 1.5 cm &b HRAE 2
FLLBEAN IO 4T R AR BEREAT VRS, 4 SRR
H R TR AR K 7840 Carthritis index, AD. 7E
B 28 K, AI=4 K RAUNIER R .
2.2 THIETNETS

B IEH KRN N IER HM QAT SR &
FE (158, 474mg/kg) 41, F4 12 H. 3% CIA
KERBEHLSY 9 CIA 4A CIA+ B2 MK, &
(158. 474 mg/kg) 4, M4 12 H. {HAEHHES:
ig AA RN EY 28 d, KR Z5)E 15 min,
30 min. 4 h. 24 h il R RAATEIFRED . .
B il B M. BORR. TEREA LR, R
R M35 IR AR 2 2 R K s RS
TS AT R, @A E R S AR R
THEESR TR PEREIN, E1EE 10%H 4R
IRE ke
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2.3 HE REYPRBRXTIHIELWL

KB TAE 10% AR R AR p i E 48 h ),
F1 20% EDTA [t 45 28 ¥k, CEEBK, A,
SRIGHYONERY) Fr, HHT HE Jett, FORERMET T
MEIHA I
2.4 HREBLENBES VEGF Rk

TEIRALZH 10%FVERR /R AR E R, LR
K, AR, H3%H0. 0 H, B THERET
W UEAE S . BSA H1A1JS, 47l H VEGF 4t
AP E, DAB . U1 FHIARKS & 4e4n i
%, HYER IR %S 44, H Image Pro Plus 6.0 4K
PExT R HEAT AL ], BENLTEE 5 AL R B AR
B, BCPBERT S .
2.5 BIEFH

Waters Acquity UPLC HSS T3 {4 il F: (100 mm X
21 mm, 1.8 pum), VANAHA 0.1%H R 0.1% 1K
FRKIEIR (A -5 0.1% TR CHEH (B), 6
BESeRi: 0~1min, 80%A; 1~2min, 80%~60%
A; 2~4 min, 60% A; 4~4.5 min, 60% A~100%
B: 4.5~6.5min, 100% B; #Hifi 25 C: AR E
0.3 mL/min; #EFEAFL 1 pl.
2.6 FRIEFH

KAV % 2 T, BB R, 2 RN
BT RIEL S (MRMD % A7) 40psi (1
psi=6.895 kPa); Wi% HLE 3000 Vs &7 JRIEE
120 C; ZASETT 55psis HBVSE T 55psis 5
AN 10V RS A 13V; 2 Fsor kW
PRI B E TAE S BLEE 1.
* 1 LC-MSMS FENEBAEES 2 MRS UKRARY
BE LIESH
Table1 Determination of mass spectrometry parameters of
two components and internal standards in total glucosides of
paeony by LC-MS/MS

5y QL (m/z) Q3 (mlz) EEHIE/N HlEEfEE/eV

ASNESTE 481.0 1974 100 18
AU 4980  179.0 35 22
2L 386.0 1220 50 46

2.7 MERMEARHIE

FE BRI AT N AT ISR,
N S AR R RN 10 ug/mL FRRA XTI Sh fif
I, 20 CLRAE, M. BURAXT R i &
I, il R EER R 0.016. 0.040. 0.080.
0.200. 0.400. 1.00 2.00. 5.00. 10.0 pg/mL 5§, 0.05.
0.10. 0.20. 0.50. 1.00. 2.00. 5.00. 8.00. 10.0.

20.0. 30.0~ 40.0. 50.0 pg/mL [ RAE A FrifE TAE
W FEEMEBUE =R T IRIAEE, W EE-o G
(11D WS T SRR o R N 0.05 pg/mL
1) A ARV -

2.8 ALAMESRTIF

FEEFESFAL 0.5, A 3 EEFAKLE
FRERIK, VKIKIBAI3, 4 C . 5000 r/min 50> 15 min,
I BN ZRE S 5D - A B 100 uL 2%
W, YN 10 pL FEEE. 200 pL B E N 0.05
ug/mL B T IR B -2 (10 1) %90, iRieiR
4 1min, 4 °C. 14 000 r/min B.C> 10 min, W
EROFRAWT, IR I 100 pL FHEE, 8
5 min R HE 1 min £, 4 ‘C. 14 000 r/min &L
10 min, " _EIEWBEAE ST .

TR A R H R, BN KR AN 2
0.02g, KULAEHRRIGEIEL, I 30 fFETA A4 2
K, VKBS PR SIRIEIR R iE AT A
2.9 GITESI

FIF Analyst 1.6 ELH:15 2IFEARE S A 0 2500k
& (Cwads DL T ANTEH SR 2k =
(Cay), IFMBIEHATE (Wan) HRBAEH
RS E (Can)y AN ng/g, THETERIL
X +s#Fox. I SPSS v21 Bt i#E4T =K &7 4%
B, VP S H S HE 2= R R E .

C3=C pa

C un=C s XV s/ W i
v A
3 %R
3.1 BHREX CIA BEXRNARFMRR
3.1 EALETEX CIA KRR AT BsZm IEH 410K
SR HEIC I A BRI K (AT=0). 5 IEH AL,
CIA ZHKBRIEISERT A 14 JRINF 0 20 B A i K A
FEBIN (AI=6.34+0.14), 7E55 28 KI5 R TR H0H
—BIN (A1=9.63+0.14, P<<0.01). CIA+HAj
BHEG. @R R RSB sk, =
5 CIA HIH:, 755 14 K (CIA+ A B HKHIE
4 AI=4.37+0.18, CIA+HAXNBETFEHEL Al=
3.87+0.24) M 28 K (CIA+ A2 BF R R4
Al=599+0.26, CIA+ AARHEREAEH Al=
4.55+0.46) Bf Al BEFFIL (P<0.01), BHAEA]
SHREE CIA KR KT RILEE .

3.2 AT K R R AR HE F rRe e o
1R, SIEFARE, ANSTHK. mrEd
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A CIA HMAEFEHCE S (P<0.05. 0.01); 5
CIA ZLLE, CIA-+ AT EFART B LRI R 50
EREKL (P<0.0D), BEHEATETFRT CIA KR EAE
TRB R GRS G257 EA G, AFEGHIE AT
HRZ M AT BEA ] o AHIF AR IS B (AT R IE
A CIA KR I RRFEE I sEmn, (E7E 8 4 5T T
RAEI AN SIS 12 5 5] BRI R de
31, Wl Re S A T 2 TR A %

3.1.3  EALEE R R ERSSTR A E Y VEGF
Fikmggm  nE 2-A B, CIA TR Bk
20, WEIELH NG A, R K BRIER R ) 5
FIAT S T DRSO, S I 2 A
WK 2-B. C fin, EWEAKRBRTEREG b E

oS

i) VEGF FHIE4IAKIE, CIA 41 VEGF RiL B EF
B (P<0.01); 5 CIA dEE, CIA+ AR REK.
=7 EA VEGF 1A BB R(P<0.01). UiLH] CIA
KT VEGF ik B 38hn, EA7 a8 ] L
SANHIFIE N, Z5RCE SR CIA K BRUE AR Ih
HAA S CIA KEEARLGIT R, FjaE skt
AT LGS AT T BE 8 T et

32 FEFER

321 BREM RN 6 AAFKRIREMSAA
1. IR AR S AR S AL, AT R R
R 2 G 24 h KRR N A SREAR G, 25 [ KR
WIS NIED A THAT N BT . ATZE 1)
Wre, iELEERE, SHSAEEEIE 3.
E%

TGP-L

TGP-H

CIA

CIA+TGP-L
CIA+TGP-H

ERDEDLD

TGP-LAIE AR B TGP-H-mif & AA AT HIEFANE: "P<0.05 "P<0.01; 5 CIA 4lIL#&: 44P<0.01, E 2
TGP-L-low-dose total glucosides of pacony, TGP-H-high-dose total glucosides of pacony "P < 0.05 **P <0.01 vs normal group; 44P < 0.01 vs CIA

group, same as fig. 2

1 BARENARMARMEIEESHIFNE (X£s,n=6)

Fig. 1 Effect of total glucosides of paeony on spleen and thymus indexes in rats (X = s, n = 6)

TGP-H

CIA CIA+TGP-L

CIA+TGP-H

CIA CIA+TGP-L CIA+TGP-H

=R

= TGP-L

= TGP-H

= CIA

m CIA+TGP-L
= CIA+TGP-H

VEGF X} ik &

B2 BARENKREBEXTHHE (A) fEEHR VEGF RIE (B) BIFEM (X+s,n=06)
Fig. 2 Effect of total glucosides of paeony on ankle pathology (A) and VEGF expression in synovium of rats (X + s, n = 6)
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A-blank tissue sample

B-tissue sample added with internal standard, albiflorin and paconiflorin  C-tissue sample after last administration for 24 h

B3 FHHEARHANEE. SHEMARRREEITE

Fig. 3 Typical chromatograms of albiflorin, paeoniflorin and internal standards in tissues

322 FRAEMIER MR o EGG . B .
N AR RS IS 100 ul, B4
I 10 pL AR FE ) R ARG B AR AN 200 pL
JREIRE N 50 ng/mL BT WRIAE FHEE- 208 (12 1)
VST, HARTRAEFIE “2.87 TN AL, A R4 I
43N 1.60. 4.00. 8.00. 20.0. 40.0. 100. 200.
500~ 1000 ng/mL [ R FHLRE S FE4 B BT 5

AL 100 uL, $2 08 R T vk e ) A5 il
A 5.00. 10.0. 20.0. 50.0. 100. 200. 500.
1000~ 2000. 5000 ng/mL f] RFIHLIEER, LARRI
VIR B AR A bR (X0, FrllP5 AR T IR ERER ()
W TRIAR EUAE N AL AR (YD, UINAUR /N —3feidifE 2k
PEENE, A5Z5NEEERE N 1/X2, A2 ALE
N UXe B E B 1 EE TR R 2.

*2 BURHETRALATMEMEREAESLMETEE

Table 2 Regression equations and linear range of total glucosides of paeony in different tissues

H D% MERIE TR r M6 Fl/(ng-'mL™h E R/ (ng'mL™
O AN Y=0.894 1 X+0.536 9 0.998 1 1.60~1 000.00 0.80
ISEZRzs Y=2.740 5 X+1.733 6 0.999 4 1.60~1 000.00 0.32
FEAE ATZNERH Y=0.001 7 X+0.039 1 0.996 8 5.00~5 000.00 5.00
S hES Y=0.003 2 X+0.064 5 0.996 2 5.00~5 000.00 5.00
AR AT Y=0.107 9 X+0.123 8 0.998 1 1.60~1 000.00 0.80
ISEZRzs Y=3.0952 X+1.499 6 0.9972 1.60~1 000.00 0.32
s AT ER Y=0.910 5 X+0.336 0 0.998 6 1.60~1 000.00 0.80
ISEZRzs Y=2.7013 X+2.121 3 0.998 5 1.60~1 000.00 0.32
TR AT ¥=0.002 0 X+0.029 2 0.998 0 5.00~5 000.00 5.00
AJH Y=0.003 6 X+0.021 9 0.999 2 5.00~35 000.00 5.00
Mg ATZNBE Y=0.441 0 X+0.389 9 0.997 5 1.60~1 000.00 0.80
ISRz Y=1.2942 X+5.500 5 0.997 3 1.60~1 000.00 0.32
Rapg  AZ5 N EeT Y=0.707 4 X+0.428 2 0.998 0 1.60~1 000.00 0.80
ISELhER Y=1.860 1 X+4.180 0 0.996 4 1.60~1 000.00 0.32
W AT NERE Y=0.9172 X+0.3190 0.996 2 1.60~1 000.00 0.80
ESh:D Y=2.868 6 X+2.3777 0.999 4 1.60~1 000.00 0.32
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323 KEERIAERREL %k “3.2.27 UM EEERAE,
e O B I N R RIS AT
A2 R AR P v R R I T (4,00
40.0. 800ng/mL) FIF. BEATHH . AT NEEH
PR A IR B R i (5.00+ 200+ 5000
ng/mL), AR 6 MRSk B AR b

EELEREFE 3 d, A0k 2 R I I T AR AT Y AR
e A 8T EEARL, AR BEAT b ofe i 20 55t A L AR L
THEARE PR R L Ak IRDAS S SRR . 5 1E
PR R AER LI E 45 R IR 3. AT AR,
Hy 3 AN REIRE R 2 Pl EAH R 2 2R RS
FERAERERSI /N T 15%, 7565 AR WIRE A DI AR 25K

&3 KB LC-MSMS EMERRIARF RS EREMERE (X+s,n=6)
Table 3 Precision and accuracy of ingredients in different tissues by LC-MS/MS (X £ s, n=6)

i /(ng-mL™")

¥ 955 FE RSD/%

1 A V= T 0
#21 Ly TR ST By B EOERE%
L fE SESIOILERES 4.00 4.1140.20 4.8 4.9 2.7

40.00 39.00+1.81 3.9 4.6 -2.4

800.00 810.024+29.20 4.0 3.6 1.2

IS hER 4.00 4114024 6.9 5.8 2.7

40.00 38.90+1.93 5.7 5.0 -2.9

800.00 774.05+31.80 2.9 4.1 -3.3

JHE SESIOILERES 5.00 4.99+0.34 7.0 6.9 -0.2
200.00 209.21£8.86 43 43 4.5

5000.00 5263.03+172.00 2.8 3.3 5.3

ISEZRzs 5.00 5.09+0.33 6.4 6.5 1.8

200.00 209.31+8.95 4.1 43 4.5

5000.00 5226.22+174.00 3.1 3.3 4.5

iy SESIOILERES 4.00 4.17+0.24 2.8 5.7 42
40.00 39.02+1.82 5.3 4.7 -2.4

800.00 810.304+29.20 3.5 3.6 1.2

I hER 4.00 4.04+0.22 7.1 5.4 1.0

40.00 39.03+2.11 5.7 5.5 -2.5

800.00 781.11+35.60 2.9 4.6 -2.4

Jiti AJH BT 4.00 4114027 6.3 6.7 2.7
40.00 39.20+2.33 6.4 5.9 -1.9

800.00 805.24+33.40 4.8 4.1 0.7

INEShES 4.00 4.15+0.23 6.7 5.4 3.8

40.00 39.3042.50 6.8 6.4 -1.8

800.00 780.05+47.00 6.4 6.0 -2.4

{=gilid AJH BT 5.00 4.97+0.46 8.2 9.2 -0.6
200.00 194.02+11.80 6.2 6.1 -3.0

5000.00 5299.414201.00 3.6 3.8 6.0

ISESRES 5.00 4.844+0.37 6.6 7.5 -32

200.00 198.06+15.20 7.6 7.7 -1.0

5000.00 5156.40+242.00 4.9 4.7 3.1

N7 N YN R 4.00 3.95+0.32 7.0 8.1 -12
40.00 41.00+2.28 5.1 5.6 2.6

800.00 777.30+31.20 24 4.0 -2.8

ISESRES 4.00 3.97+0.27 6.0 6.9 -0.7

40.00 41.90+1.93 2.7 4.6 47

800.00 769.20+38.60 3.0 5.0 -3.9

it N Y R 4.00 4.034+0.21 4.8 5.3 0.7
40.00 39.00+1.81 3.9 4.6 2.4

800.00 810.30+29.10 4.0 3.6 1.2

ISESRES 4.00 4.081+0.26 7.1 6.4 2.1

40.00 38.90+1.93 5.7 5.0 -2.9

800.00 774.11+31.80 2.9 4.1 -3.3

el Ri2 N e 4.00 42040.18 5.6 43 49
40.00 39.80+2.43 6.1 6.1 -0.6

800.00 810.20+37.00 5.2 4.6 1.3

ISESh:] 4.00 3.96+0.24 5.2 6.0 -1.1

40.00 41.20+2.42 5.7 5.9 3.0

800.00 841.22+33.00 3.9 3.9 5.1
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324 FaEt WEASIEKW 100 uL, % “3227 R KINHAARE . WK 4 P, 163 FEE%

BUN BB, A nlEeHG. B @R ESE R, AR P & 3 DN BEIREEANE R AR
MR, FENRERIE S MR . EEIRNE 240 SRR E EAMERR AN T 15%, T ERE&M T
JRitRE, BE=EETEMREL. ERTGHEET REER.

—80 CUKFHHIRAE, SRJEHUH =R MR, Wit
SRR 3 UOREREI AT, 5 3 IR AR E T % “3.227 BUNJAERAE, A nIBCHIG. .
FEA T EE T—80 CUKFATRAE 30 d JmitFE T, RiBUEIRFEERI PSR S, FA TR 7 5 (R

®4 KA LC-MSMS EMNEZRBRAFHEANREEER (X£s,n=5)
Table 4 Stabilities of ingredients in different tissues by LC-MS/MS (X £s,n=15)

3.2.5 REEURIRCERSERMN B AL 100

\ B —— i?ﬁ/}%%%ﬁ% _ ?;O‘d, —80 C _ Eg4h§75’1

MBI ety KRR oo e rpy, SRR pop o rEes  FWIVERIES p o 00 rEm,
(ng'mL™) (ng'mL™") (ng-mL™)

OE AjZENBEH 4.00 4.02+0.08 20 05 4.10%0.10 25 26 4124024 58 3.0
40.00 39.70+1.48 3.7 —0.9 39.90+2.14 54 —03 38.10+2.21 5.8 —48
800.00 806.01+14.10 1.7 0.8  791.07+£1420 1.8 -1.1  81034+42.00 52 1.2
AU 4.00 4.0340.12 3.1 038 3.9640.10 26 —0.9 4.10+£020 50 25
40.00 40.3040.32 0.8 0.7 40.70+1.18 29 1.7 39704237 6.0 —0.7
800.00 804.03+18.60 23 0.5 81931+1650 2.0 24  81321+41.60 5.1 1.6
JERE A5Z5NEEE 5.00 4.95+0.45 9.1 -1.0 4.67+0.32 6.8 —6.6 5.084+0.41 80 1.6
200.00 209.02+8.62 41 45  20520%9.00 44 25  21241+921 43 6.0
5000.00 523420+216.00 4.1 47 4684.04+2200 47 —-63 5338.00+113.00 2.1 68
SEShER 5.00 5.10+0.45 89 2.0 5.16+0.43 82 32 507+033 65 14
200.00 20523+1220 60 25  211.06+6.92 33 55 211384649 31 55
5000.00 541821+225.00 4.2 84 4652.00+£215.00 4.6 -7.0 5132.00%£120.00 2.3 2.6
PEAE ATZGNBRTE 4.00 4.0240.08 20 05 4.1010.10 25 26 4124024 58 3.0
40.00 39.70+1.48 3.7 —0.9 39.90+2.14 54 —03 38.104+2.21 5.8 —48
800.00 806.33+14.10 1.8 0.8  802.15+1830 23 0.2  810.08%£42.00 52 1.2
ISEZR=s 4.00 4.03+0.12 3.1 08 3.96+0.10 26 —09 4.10£0.20 50 2.5
40.00 40.3040.32 0.8 0.7 40.70+1.18 29 1.7 39704237 6.0 —0.7
800.00 804.02+18.60 23 0.5  811.234+9.30 1.1 14 81334+4150 5.1 1.6
e ATZGNEST 4.00 4.08+0.18 44 2.1 4.10%0.09 23 25 3.984024 59 —06
40.00 39.10+1.56 40 -23 38.90+1.14 29 2.7 39204197 5.0 -2.0
800.00 7944241440 1.8 —0.8  830.33+1550 1.9 3.7 82326%2660 32 29
AJUT 4.00 4.054+0.13 3.1 13 4.0340.11 28 0.8 4224038 89 55
40.00 41.50%1.21 29 37 413041.82 44 33 40.70+4.19 103 1.7
800.00 807.0016.50 0.8 09 811.24+11.10 14 14  76435+46.10 6.0 —44
'BHE ASANERE 5.00 5.10+0.51 99 20 472+0.43 9.0 6.0 5.11+0.33 65 22
200.00 193.00£8.80 46 -3.5 19737£1270 64 -15 1924241470 7.7 —4.0
5000.00 5178.06+£299.00 5.8 3.6 488820%152.00 3.1 22 5236.00%218.00 42 4.7
ISEZa= 5.00 4.99+0.38 7.6 —02 5.20+0.35 6.6 4.0 5.05+0.44 8.6 1.0
200.00 196.27+13.00 6.6 -2.0 20503+16.10 7.9 25 194.08+1630 84 -3.0
5000.00  5320.10£202.00 3.8 64 496620+217.00 44 0.7 5206.00+255.00 49 4.1
W AZIREETE 4.00 4.1340.17 42 3.1 4.054+0.17 6.7 1.1 4284009 42 7.1
40.00 42.00+1.98 7.7 5.0 40.50+1.07 28 12 41.70+1.15 34 43
800.00 819.06+23.10 55 24  785.03+46.10 1.7 —-1.9  781.40+11.90 24 -24
AU 4.00 4.1440.17 41 3.6 4.034+0.26 50 06 3.97+0.11 40 -0.7
40.00 41.10+222 105 27 41.50%1.18 33 3.8 42.8010.49 1.7 7.0
800.00 797.09+1520 4.8 -03  801.05+1230 29 0.1  803.07£18.10 2.5 04
MafR A5 NERE  4.00 4.08+0.20 49 2.1 421+0.20 48 52 4.1240.13 3.1 3.0
40.00 38.30+1.12 29 43 37.80+1.69 45 -5.6 40.20%1.01 25 06
800.00 7973642630 3.3 -03  796.20%1020 1.3 —0.5 821.39+£22.60 2.8 26
ISEZa= 4.00 4.02+0.16 41 06 4124023 57 3.0 4194+040 95 438
40.00 40.20+2.33 58 -0.1 40.60+0.98 24 1.6 40.50+136 34 1.1
800.00 797.41+7.85 1.0 —-04  80521+1540 19 0.6 82635+43.70 53 33
W AN 4.00 3.964+0.14 3.6 -1.0 4.1740.16 37 43 4194009 2.1 4.7
40.00 40.10+1.87 47 02 38.00+0.89 24 5.0 38.40+2.14 56 -39
800.00 809.37+12.50 1.5 1.1 7812242040 2.6 -24  783.40+59.50 7.6 -2.1
ISEZRER 4.00 4.04+0.17 43 1.1 421%+0.19 44 51 4.07+0.26 6.5 1.8
40.00 41.0241.07 26 26 41.90+1.75 42 47 43.10%1.01 23 717
800.00 809.33+28.70 3.5 1.1 8283241060 13 3.5 8462242690 32 57
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HARFBAR 6 N2 AHE, AB G R HT 3RS
FHSLETAMEIIE (4.

FEES () 100 ul, I 10 pL FEE ., 200
pL -2 (10 D 3, W& ERIAS AR
VAW, BS503R s, ZART, I 10 uL
FEE. 200 uL AR, HIRIK. Fy & 3 AN E
WREER AR Z BRI REAE S, BN SR FE 23 A
Rk EAANFEHEART 6 25 AHS, A E R BT

PAFFHRIEIAEINE (420

AN [ Jo B3 P55 (P b HE VA BN ORI, 80
SRT G BB RAE. . @ 3 AN REIREE T
PRI IERE A, BRI ERIRE 4% 6 MFESL, IRISAH
IS UG TR IAME (A3) 0 L Ar/As THESRERBICR, Ao/As
THEEEPUN . W3 S s, EWI S
K 89.57% ~ 117.24% , b & W) 1y 2 i 2 B K
88.45%~109.24%, UtHHZ ik 2R AT 1.

#5 ARARF 2 MRSHERMNFENEEE n=06)

Table 5 Matrix effect and extraction recovery of two components in different tissues (n = 6)

- Bk B ST -1 EES I J RN
A5 oy SRR (ng-mL ™) IR % RSD/% T % RSD/%
i AJZ BT 4.00 98.40 5.9 97.81 4.1
40.00 104.32 4.1 96.93 1.4
800.00 93.03 4.5 102.07 4.4
INELRER 4.00 102.32 5.1 103.30 48
40.00 99.31 6.2 92.64 2.5
800.00 92.12 2.0 98.52 3.1
JHEAE ISzl RS 5.00 93.81 6.8 102.09 7.3
200.00 92.72 5.9 94.10 6.5
5000.00 96.30 4.0 94.51 24
IS hER 5.00 88.52 8.0 98.73 7.5
200.00 90.41 5.8 100.95 3.9
5000.00 94.62 4.8 96.04 22
JE A ISPz ]IER 4.00 105.95 5.3 97.94 6.2
40.00 103.57 1.4 95.45 2.7
800.00 95.52 6.6 100.63 1.1
INEShES 4.00 113.64 2.7 95.48 5.8
40.00 107.28 4.1 90.64 3.7
800.00 95.73 5.1 97.93 2.1
fiti i S]] UER 4.00 104.99 5.3 97.93 6.2
40.00 104.01 1.4 95.52 2.7
800.00 95.52 6.6 101.02 1.1
I hER 4.00 114.03 2.7 95.51 5.8
40.00 107.24 4.1 90.63 3.7
800.00 95.74 5.1 97.92 2.1
(=gii3 S]] UER 5.00 97.30 6.9 101.43 9.3
200.00 94.52 6.8 95.52 48
5000.00 107.97 2.8 108.37 25
ISESRES 5.00 100.21 8.1 109.24 8.6
200.00 95.51 6.2 93.92 6.2
5000.00 109.21 3.1 105.28 3.6
N7 ISl R 4.00 96.59 5.9 93.50 2.6
40.00 101.66 1.5 91.69 14
800.00 89.72 2.1 99.81 1.1
ISESRES 4.00 97.10 3.0 93.01 2.7
40.00 95.96 3.4 93.97 2.0
800.00 9437 3.2 96.77 1.6
ifulisd AJH N e 4.00 95.65 7.8 92.93 2.6
40.00 103.78 0.9 91.83 0.8
800.00 103.04 2.0 88.45 1.8
ISESRES 4.00 91.97 5.8 95.19 6.8
40.00 93.66 3.4 90.30 2.7
800.00 89.57 4.2 100.86 3.0
T SESISLLERES 4.00 100.75 42 91.33 5.6
40.00 105.10 2.6 95.95 3.4
800.00 99.99 1.7 99.87 2.1
ISESh:] 4.00 93.56 5.2 94.10 4.7
40.00 104.89 1.9 93.03 1.9
800.00 99.94 2.1 100.88 3.2
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33 HRADHHAR

WK 6 Fias, AAT BT EA 24 5 750K P RaE 5 i
£ 30 min 2 N &AW ERT . AJH S RIA T
WA, TEIAIX 2 PR o WS B, i B TR 3] %
ANHL, MITEAZ) 240 Ja &R, Uil HAR G
FERER, ROERNER. XS HAZ F Ry &
B LURBL, ATZNERT. ATSEENR S R
T HAR S A, EERATANERE . AT
BT /NG, BN B & X — 45 T 5
BT AT SRR B A Y B D EL BR B TR 4. B
MR ATZg N ERTE . AT B S,

b m )

*6 ARAHFEAE

BEAWEFCEE KT LURIL, AT 25 25 5 m] LAREAR
CIA KEIEHERE N2 AR R I FI 4 2
JAAT 2N IR AIAT 25 E CIA K BT P PRI B
FERIROEH g, XU CIA KB AT EH 25
B4R 24 J5 AT 2 N IR EE RIAT 245 B BE R 0 A 2R
JE,  ELAE R B A T o g HeAl LA rp AT 25
BEH . ATZGH S BANEAR, XA A T e
AIZINERH . AT R ] LA AL S R TA]
IEH AR K A e Z 5, UIREDIRES
XFRRIAR B R T—E RIREm,  AITRE 7 4143
AR DL

MNH (Xts,n=3)

Table 6 Tissue distribution of rats after administration (X £ s, n =3)

=55 (ng-g™")

AR ez A 15 min 30 min 4 h 24 h
DFE AjZ4ABEE TGP-L 16.42+6.11 9.6945.10 ND ND
CIA+TGP-L 13.72+8.72 5.70+3.71 ND ND
TGP-H 85.36+22.50" 54.16+6.81* ND ND
CIA+TGP-H 71.3147.0044 13.27+4.92# ND ND
AU TGP-L 112.07+38.90 61.93+43.10 ND ND
CIA+TGP-L 101.47421.42 54.54417.10 ND ND
TGP-H 364.461+28.41" 226.21+18.32* ND ND
CIA+TGP-H 290.694-42.7144% 108.21475.83% ND ND
FEAE AjZ5ABEH TGP-L 113.01+66.70 402.01+144.32 102.47+34.00 ND
CIA+TGP-L 340.04£222.03 190.02+28.60 59.404+10.00 ND
TGP-H 779.20+£250.03* 248.11+103.11 161.08+61.81 ND
CIA+TGP-H 600.50=173.01 728.01+65.91# 73.20+16.72 ND
AJUE TGP-L 501.60+196.00 891.12+278.09 118.32+35.60 ND
CIA+TGP-L 1218.04+289.01* 362.22+114.00" 63.42+12.00 ND
TGP-H 2 466.23+686.20™ 686.01+239.11** 90.12419.30 ND
CIA+TGP-H 2360.62+426.014 1225.034143.1144% 129.43+48.43 ND
AR A5ZGAEEE TGP-L 3232.261+418.84 324.08+£107.02 108.08 £36.12 ND
CIA+TGP-L 2 440.00+460.13 395.174+96.42 137.09438.40 ND
TGP-H 3112.70+£244.78 1029.324+572.09 206.06+22.31% ND
CIA+TGP-H 2496.07£895.94 3399.23 +781.024% 284.34458.50% ND
AU TGP-L 12 695.08+2 352.21 1 259.00+536.06 309.33+84.40 ND
CIA+TGP-L 10 211.70%692.00 1157.01£134.08 396.324+257.46 ND
TGP-H 11 389.0241 759.32 3014.05+1282.03 355.06+103.22  81.00%9.33*
CIA+TGP-H 12 154.4442 969.11 2718.26+804.394 1 063.00+467.06 ND
filifE  AjZGNEEE TGP-L 202.861+46.82 46.87+15.43 35.83+3.13 8.64+3.80
CIA+TGP-L 331.16+112.01 144.65+44.52 37.3349.90 38.3742.93*
TGP-H 203.544101.99 573.79+161.82** 112.95+37.50% 17.16 £1.51
CIA+TGP-H 513.0477.40%%# 41.58+£21.70% 49.45+23 81* 32.4249 .20
AjHH TGP-L 1316.50+90.70 348.95+81.24 207.07+£21.92 40.71429.71
CIA+TGP-L 1 725.204620.50 395.324+113.81 111.66+42.91"  114.86+26.43"
TGP-H 2312.80+383.80" 4117.90+128.73* 481.08+69.52**  59.51+12.60

CIA+TGP-H 3 705.40+175.1024%

370.13+36.22% 143.89+12.43%  102.85+21.10
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B$EK6
. RS E/(ng-g™)
AR By A 15 min 30 min 4h 24h
BE 525N EEE TGP-L 3 638.70£692.09 1 131.21 £606.08 357.32+£39.60 ND
CIA+TGP-L 1 765.04+756.90" 2101.024938.09 910.43+218.09* 80.014+13.83"
TGP-H 1412.084+435.55* 4013.00%1 838.49 2 743.344390.07*  52.40+6.72"*
CIA+TGP-H  2539.094+1031.43 5002.06+757.334 1 678.27+302.485 ND
AP TGP-L 13726.99+1 877.34 4328.29+1912.09 2 089.05+539.09 4330+13.84
CIA+TGP-L  8303.57+2 724.78" 7915.06=775.41" 757.00%75.40" 92.21+15.14*
TGP-H 4169.34+566.43* 10 582.00+1423.33" 3 471.21+697.07 60.72+24.31
CIA+TGP-H 2 256.42+884.002 14 772.48+£2210.00%% 4 470.42+831.074 ND
N A2 BT TGP-L 3 602.34+434.63 3298.04+589.67 305.08+124.00 63.14+33.60
CIA+TGP-L  1975.70+491.97 1 887.16+541.39 171.3549.10 76.77+37.84
TGP-H 16 078.11+6 978.84* 3 668.88 =1 496.90 381.01+67.90 47.94+5.92
CIA+TGP-H 17973.78+£1917.88%% 6 790.90£2 569.2024%  650.71£202.10%% 32.53+12.14
SER= TGP-L 13 882.43+3 389.91 12 501.80+£2 921.30 1248.40+580.54  204.64+122.60
CIA+TGP-L  9622.60+3 121.61 6 485.30%1 560.60 289.00+48.51*  205.79+78.23
TGP-H 40 858.77+5 786.00™ 14 467.49+3 163.00 514730£372.62" 193.26+49.51
CIA+TGP-H 47 087.90+3287.20%4 23 000.30=7 294.0144 2221.15+137.1024% 128.63 +43.30
Hafg A525 NBsTH TGP-L 785.34+192.40 309.51+168.21 3529+15.52 20.31+4.60
CIA+TGP-L 600.28+172.87 196.08 +18.02 33.1249.70 17.47+8.32
TGP-H 1 443.204+293.52* 222.77+27.83 313.09+32.80" 48.48+25.40
CIA+TGP-H  1087.40+81.374 226.99+67.01 120.40£32.30%2%  4.68+1.80
O EIRES TGP-L 5225.80+£742.93 2 305.80+443.90 269.38+60.10 45.80+12.91
CIA+TGP-L  2678.60+£712.70" 1308.40+71.70" 229.79+7.30 162.36+42.31"
TGP-H 6702.81%£1175.76 1 541.20%322.20 1537.72£327.54"  254.67+£32.21"
CIA+TGP-H 4 833.15+613.224% 1 855.50+44.30% 638.24152.428% 9048 £6.704#
W ~jZ A B TGP-L 63.60+28.81 352.58+14.90 308.43+163.33 ND
CIA+TGP-L 279.30+31.51" 417.40%65.20 255.534100.74 ND
TGP-H 583.10£63.60" 1514.01£533.01* 405.20%+157.60 ND
CIA+TGP-H 592.30+15.5084 466.20+76.13# 635.40+183.428 ND
Aj YT TGP-L 537.10+£114.70 2752.96+435.20 1523.804+349.84  199.43+47.30
CIA+TGP-L  1035.894109.00" 1458.384+110.50 202021445831  445.90+94.91™
TGP-H 2 533.004347.50* 5198.80+1812.40° 1760.52+128.52  355.00+19.00™
CIA+TGP-H  2399.914111.30% 1 782.434268.50% 1452.641+493.60  180.2020.2220%
ND-ARAGME]; TGP-LALH & [ATRTF, TGP-H-wiflE A2 8T 5 TGP-L 4Lb#: "P<0.05 “P<0.01; 5 TGP-H 4LL#: *P<0.05
#p<0.01; 5 CIA+TGP-L ZHEb#: 4P<<0.05 24P<<0.01

ND-no detected; TGP-L-low-dose total glucosides of paeony, TGP-H-high-dose total glucosides of pacony
AAP <0.01 vs CIA + TGP-L group

#P<0.05
4 e
4.1 M ERML

FEIE B TR 0 milxs Ay sl v 2 AN 5 ik
ATHTI, R IAETESAE F 0 N T 2E 2% 2H 43 FL B 1)
LR JE W N SR, AR BRI Syt HUTiE, b
FEAEAE RAXAREE, MOER 0.1% /% . Aj25H
WL Ry, SR AR A, ik B Re
ORI MG, FERGKBRET IR [R)B CE B A A0
AN 0.1%H g, WHGEEATZH RGO
4.2 MR RYEEE

PR AT IR iR B, AT KA ZiRe e
ik CIA KEMIMAR (4525 12 D, MRS (442

#pP<0.01 vs TGP-H group; *P < 0.05

"P<0.05 *P<0.01vs TGP-L group;

8 JiD, &K CIA KR VEGF HIRIE, I
32 ElEY STASES)SS NP ETE 362 (O V.NwN AN 7]
HAR y THLE (interferon-y, IFN-y) &, T
NI A U A FE BR B - A (secretory immunoglobulin
A, SIgA) 7k, T T AR S N, FF 7T A
Y 1E CIA KR -5 1E% K BUAHE bE i i T8 s B 2L, IE
BT BAT R CIA KRG T E - AT Re 5 miE
Ko BeAb, @RI ARG BT AT DA I A ) Sz A
FEARUA, ik R A0 L 2 B S e A 1), M I
T R R T 4 1) B B AR AL LT, i R G
JEEAE R IR A 5T R BRI B ﬁi%fﬁﬁﬁ“go
I, ARSEESIE 70 FF B W B EARSS
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PAS N B A5 e i 4 N 32 B AR AH 21
AR, DARI AN S E AR SRS 78 IR AT Y
K B H R 23 A A
43 RAHTER

AREFRI, BATRE AT N BEELE CIA 1
UK BRAFH LI R 3 Ay > B > > i
IR > > > >0, FE IR R ERA RIH R 1
SRR e > > M > T 5 > i i > JHF > firlg >
Ly AR AT HAE CIA B RASFRIAH LR
eH ) o AT N = i > B > > i i > g JisE > JH >
Jiti >0y, FEIEH K RARIHL AR AN : >
B > 1> i i > 1B > fi > >0 AT LN 2R
AJANERERIAT A E S B S T HARAL, 4G
PR FT IR R4 5, D W AT R & A AT R
() 32 BEAE AL, A2 N R RIS 258 78 B I 43
M2, E—FRME S T AR H AR RAAN
VA B R L B IS R 2 PRI 518 00T, T AT 24 P B R AT
RO E. R RME. Bt RN R b A
L5

AJEGNBRE « AT25HAE IR H R BRI R A 20 A
CIA HZ . KFIEL AR, ATHNETE . AT HE
IEFHHA NN 2T CIA A SAES LN,
ATEIAERT . AT EAE IR A EN R A 2 T
CIA 4, Xuesb L nr e 5 P-HE & 1 (P-glycoprotein,
P-gp) MIAMIEA 5, P-gp & —Fhfg & U 2544k
g, v DL ZHBR N IR 2509 th4m i, AT B IR 2
P FR 25 ik FE 1201, P-gp —E L0 A1 T 25 R B L
WA, WAEAE T, A, ISR LR,
CIA KERTE B BEAE A7 1E th P-gp HIRIEHE 5
TIEH/NRED, REZECCERIEAATZ4E 2 P-gp 1)
JERA23-25), A7 SCHR SCREAT 24 N i AT e P-gp IR
YR, WA FE WAL NERE RTREAZ P-gp
JEART-281, AR H ZAH P-gp & BEANRIA K 2 F Al e
FeAJA N B E MAT 2 A Z R IR 2 — o iR
I P-gp BV PEAN KT il 25 6 i 200 i ) s A
CD3 K (3G I 4 Ao, 1 28 Mg 58S 4 v]
2 CD3 K- F =B, [Flt P-gp [ PRS- AE AR A
MM el gem T IEW 4. EAFEENE, 1E&5T
HIRURT, CIA HpiE AR AT N B FIAT 2
HEHIEFH M E L, KRR T P-gp 24, AlfE
A HA R R 52 TGP 2= ZLR 53 BRI - 1KLL R 2R
A7) B 1Y 00T 3 AT BRI T P-gp RZNA o

Ao HFE R JHF U w25 245 PN T AN AT 24 ) R

i, 1 A H— LB FUR B O A I 2 Th AT 24
P EEEAIAT 255 & B m TS, I AT R T AR
FoHO COEA IR AR BEAT HE SR, BR 2% T KB IR
S HARERL)E, AJLABRE AT LR
o HEMERGE, (B EHER AR O 2 IE T HRIEY, X
WA RER AP T B AT S S B BN R . TR
fi i b gD, BRSBTS AAH SRR T
FFs oGy i, UERAECEEIEAL, AT NBE AT
2y R G RIS A, i AL 7
WHFT

gi b, BT R R R A YA IR,

ZHIEG )R, AT KRR K AR T,

FE R FEME AR M. TR AT R A A b

HHRIATH BT . AR AP BREUR,

Z2)JE 4~24 h REH K> A H R & BRI,

YW AAT RS EERD B G EENER. 877

S R AR A PRI TS BRI N R R R 2

Read, VIERFR N ZGPKF . BERTHTFC R I B AT

SRS CIA KRR e e B350, 45772

WHET . AT EIEH L KRR A, IpiEH AT

REAZ AT EVHVRTT RA A BORALANEE 51, HATE

HA T RE ELRAE F] T Wil , 4ERE I R o1

KIERITVE -

Rl BAR FTANEHYERARALEA TR

SEH

[1] Chaudhari K, Rizvi S, Syed B A. Rheumatoid arthritis:
Current and future trends [J]. Nat Rev Drug Discov, 2016,
15(5): 305-306.

[2] W, [k, AR, AE. BATEHES B B S
PR K SR 6 1 e e [ i 3 R KD 20 0] Hh B
24,2021, 52(11): 3269-3277.

81 BF&Sh, R¥ER, T SE AR 1 UPLC/Q-
TOF-MS 4 [J]. #-#ridie =, 2013, 32(7): 113-117.

[4] Zhang X, Zhang D Y, Jia H J, et al. The oral and gut
microbiomes are perturbed in rheumatoid arthritis and
partly normalized after treatment [J]. Nat Med, 2015,
21(8): 895-905.

[5] Vaghef-Mehrabany E, Alipour B, Homayouni-Rad A, et al.
Probiotic supplementation improves inflammatory status
in patients with rheumatoid arthritis [J]. Nutrition, 2014,
30(4): 430-435.

[6] Liu X F, Zeng B H, Zhang J, et al. Role of the gut
microbiome in modulating arthritis progression in mice [J].
Sci Rep, 2016, 6: 30594.

[71 Zhao MM, Wang Q. Pharmacokinetic and tissue distribution



« 3178 «

FEH 2023FE5H $£54% B 108 Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 10

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

studies of paeoniflorin and albiflorin in rats after oral
administration of total glycosides of pacony by HPLC-
MS/MS [J]. J Chin Pharm Sci, 2014, 23(6): 403-411.

Fei F, Yang H L, Peng Y, et al. Sensitive analysis and
pharmacokinetic study of the isomers paeoniflorin and
albiflorin after oral administration of total glucosides of
white paeony capsule in rats [J]. J Chromatogr B, 2016,
1022: 30-37.

wKIGAE, %, EEE, & AATRTEEER KRAE
WAL AR (1. RS IT K, 2012,
24(8): 1040-1046.

Jiang F J, Zhao Y L, Wang J B, et al. Comparative
pharmacokinetic study of paeoniflorin and albiflorin after
oral administration of Radix Paeoniae Rubra in normal rats
and the acute cholestasis hepatitis rats [J]. Fitoterapia,
2012, 83(2): 415-421.

KEAE, XUIMUE, R, & AATE AR R
iR AANIZGB 50t 7E (0], b E 2B iR,
2011, 27(10): 1462-1466.

IR, WS, BN, 55 AT BRI
KRR IEH KEAAARZ 2R (1], T ESET
72k &, 2016, 22(20): 86-89.

A, WE, BT, & ETREMAN P EACHTT
B AT 0 3% R4y R (0] Z9VE R B AL, 2021,
44(2): 329-337.

Peng J E, Lu X R, Xie K L, ef al. Dynamic alterations in
the gut microbiota of collagen-induced arthritis rats
following the prolonged administration of total glucosides
of paecony [J]. Front Cell Infect Microbiol, 2019, 9: 204.
Zhao C B, Li X Y, Wu N, et al. Effect of Arisaema
erubescens (Wall) Schott rhizome extract on rheumatoid
arthritis [J]. Trop J Pharm Res, 2016, 15(4): 805.

Hu W, Xia L J, Chen F H, et al. Recombinant human
endostatin inhibits adjuvant arthritis by down-regulating
VEGF expression and suppression of TNF-a, IL-1P
production [J]. Inflamm Res, 2012, 61(8): 827-835.
Szekanecz Z, Besenyei T, Paragh G, et al. New insights in
synovial angiogenesis [J]. Joint Bone Spine, 2010, 77(1):
13-19.

Zaiss M M, Wu H J J, Mauro D, et al. The gut-joint axis in
rheumatoid arthritis [J]. Nat Rev Rheumatol, 2021, 17(4):

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

224-237.

Sun H J, Wang J F, Lv J. Effects of glycyrrhizin on the
pharmacokinetics of paeoniflorin in rats and its potential
mechanism [J]. Pharm Biol, 2019, 57(1): 550-554.
BN, IRk 2K B W 0 A S IR S AR F
[D]. VERH: ILTHERE R, 2019.

TWHEDT, I, JHIE, 5. RS R FVB/NCrIVr /Ml
TR AE I 7T [J]. HHE 255244, 2012, 47(18):
1493-1497.

HE, B, NER, F BT HORTE T2 R
W BTRIE AR IR (0], 2, 2015, 46(20): 3117-
3124.

Asano T, Kushida H, Sadakane C, et al. Metabolism of
ipecac alkaloids cephaeline and emetine by human hepatic
microsomal cytochrome P450s, and their inhibitory effects
on P450 enzyme activities [J]. Biol Pharm Bull, 2001,
24(6): 678-682.

REEHE, e, Bl LC-MS/MS RSN 21 230
G Sk B S AR R 1. 2 o B ok A 2012,
32(11): 1923-1928.

JiHY, Liu K H, Lee H, ef al. Corydaline inhibits multiple
P450
enzyme activities
Molecules, 2011, 16(8): 6591-6602.

Dogterom P. Development of a simple incubation system

cytochrome and UDP-glucuronosyltransferase

in human liver microsomes [J].

for metabolism studies with precision-cut liver slices [J].

Drug Metab Dispos, 1993, 21(4): 699-704.

Brendel K, Jay Gandolfi A, Krumdieck C L, et al. Tissue

slicing and culturing revisited [J]. Trends Pharmacol Sci,

1987, 8(1): 11-15.

Teensma A, Beamand J A, Walters D G, ef al. Metabolism

of coumarin and 7-ethoxycoumarin by rat, mouse, guinea

pig, cynomolgus monkey and human precision-cut liver

slices [J]. Xenobiotica, 1994, 24(9): 893-907.

KUAH, skdksm. 29 RSNFACBBE R B FEBERE (1],

Fp [ 2 =22 4R, 2018, 38(10): 2015-2019.

A, W, B, 2 LC-MS A E B AR K R #E

TR N BER T Bo & B R (0], P2

W HIRRZH, 2013, 24(1): 70-74.

RIS, H HE RO BRI R S T AR Bl R

i J s ML 7T D). Kb SRR, 2010.
[Tttt Fx48]



