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Pharmacokinetics of rhubarb anthraquinones in rats
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Abstract: Objective To establish HPLC-MS/MS method for the determination of rhein, emodin, aloe-emodin, chrysophanol,
physcion and sennoside A from rhubarb anthraquinones in rats plasma, and study pharmacokinetics of hubarb anthraquinones in rat.
Methods HPLC-MS/MS method was adopted on Shimadzu VP-ODS C;g column (150 mm x 2 mm, 5 um). The mobile phase was
consisted of water (0.1% formic acid and 2 mmol/L ammonium acetate) - acetonitrile with gradient elution at a flow rate of 0.3 mL/min,
and the temperature was 40 ‘C. Electrospray ionization (ESI) source and multiple-reaction monitoring (MRM) was performed in the
negative ion mode. SD rats were ig administered with 37.5, 75, and 150 mg/kg rhubarb anthraquinone, respectively, an then serial
blood samples were collected at 0, 0.083, 0.25, 0.5, 0.75, 1, 2, 3, 4, 6, 8, 12, and 24 h, respectively. The plasma concentration was
determined by HPLC-MS/MS method, and Mean plasma concentration-time curves were drawn. The data were analyzed by
WinNonlin software, and the pharmacokinetic parameters were calculated. Results There were good linear relationships of rhubarb
anthraquinones in the concentration ranges. Under low, medium, and high concentrations, the extraction recovery and matrix effect
were 88.22% — 102.04% and 89.26% — 106.01%, respectively. Rhein, emodin, and aloe emodin were detected only in 37.5 mg/kg
dose group. Rhein, emodin, aloe emodin, and chrysophanol were detected in 75 and 150 mg/kg dose groups. Emodin and sennoside

A were not detected in all three groups. Rhein was absorbed rapidly and the maximum blood concentration (Cy,,x) was reached within
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30 min in three dose groups. Cp.x and AUC_,, of rhein, emodin, aloe emodin, and chrysophanol were increased with the increase of

dose, and it had a dose-dependent manner. The plasma clearance rate (CL/F) and apparent distribution volume (V/F) did not change

significantly with the increase of dose. The pharmacokinetic behavior of these 4 rhubarb anthraquinones showed a linear dynamic

characteristic. Conclusion HPLC- MS/MS method is established for the simultaneous determination of rhein, emodin, aloe emodin,

chrysophanol, emodin and sennoside A in rat plasma, which is suitable for pharmacokinetic study of rhubarb Anthraquinones in rats.

Key words: rhubarb anthraquinones; rhein; emodin; aloe-emodin; chrysophanol; physcion; sennoside A; pharmacokinetics; HPLC-MS/MS
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Table 1 Quantitative ion and MS parameters
GRllk] BT m/z T miz PR LV INAY A L /v
N1 283.0 183.0 110 22
N &3 269.0 241.0 160 40
PR R 269.1 240.0 170 32
Nl 253.1 225.0 140 40
KBt H T 283.1 240.0 185 35
HEH A 861.1 699.1 160 45
WERR CPIFRD 269.1 145.0 180 55
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Fig. 1 HPLC-MS/MS chromatograms of blank plasma (A), blank plasma + reference substance + IS (B), and plasma sample (C)
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10 L, #ETRSHMAAMYE 100 uL, BRI REOY VX0 /D SRIEHATAERIE, 15K
(7 NIPN-¢ NIEE-PN-F NN Z PN SN NILE DN 5 NN NN E LR
JRIR VG 5~1 000 ng/mL, FVSTF A &t 1 A WEIRE, WK 2, SiAURWIRS BRI 7>
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Table 2 Calibration curves and linear range

D% PR r Lk (ngmL ™) & B (ngmL™)
K Y=0.240 00 X+0.109 00 0.999 5 5~1000 5
NS Y=0.004 66 X+0.018 80 0.998 9 5~1 000 5
IEE-INS Y=0.090 10 X+0.107 00 0.999 2 5~1 000 5
K ¥Y=0.001 09 X+0.014 90 0.997 4 5~1 000 5
PN il Y=0.001 02 X+0.004 83 0.997 8 5~1 000 5
FI5H A Y=0.002 62 X+0.040 70 0.999 6 50~10 000 50
2.7 EREFBEEIRE SEE 3 d, FESARHERT G RN ERE, TH R R sE

A3 AN [F) T B B AR A 0 RSV, SR DU, SECHICEIR LR, T e R
% Wy w3 AN REIREM RIS RES S S 4y, #% 2.4 KSR, 45 W% 3. HN. HIRKE RSD {4
UUR A S 3R 2 . HINEERE 5k, HIEIE /N F10.11%, #ERIEEE 92.55%~105.01%.

£3 HBEERBRER ( xxs, n=5)
Table 3 Results of precision test (n =5)

o R Tk Elkikals H [)R 2%
(ngmL™) SEPN IR (ngmL ™) RSD/%  RE/%  Seill Sk (ngmL ™) RSD/% RE/%
KHER 10 10.20 6.16 2.00 9.65 7.95 -3.50
100 97.72 5.15 -2.28 94.55 3.40 -5.45
1000 1008.40 5.74 0.80 1032.67 4.83 3.26
NS 10 10.11 4.67 1.10 9.32 7.98 -6.80
100 103.24 1.78 3.24 92.55 10.11 ~7.45
1 000 981.80 1.87 -1.82 983.94 2.35 -1.60
FEER 10 9.68 5.06 -3.20 9.54 6.10 —4.60
WHE 100 98.08 4.79 -1.92 97.47 5.30 -2.53
1 000 992.40 2.88 -0.79 997.17 3.74 -0.28
K 10 9.42 2.79 -5.80 9.77 6.55 -2.30
100 94.76 5.35 -5.24 95.60 6.79 —4.40
1 000 963.24 3.06 -3.67 963.84 6.36 -3.61
PN 10 9.31 437 -6.90 9.89 8.42 -1.10
P ik 100 96.66 7.10 -3.34 96.90 4.93 -3.10
1 000 985.20 2.77 -1.48 1037.00 7.51 3.70
FIEH A 100 98.66 6.70 -1.34 94.39 433 -5.61
500 514.20 6.84 2.84 490.91 6.30 -1.81

2 000 2100.12 4.29 5.01 2 090.40 2.09 4.52
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Table 4 Results of stability samples

i IR R IR 3 RVl EWE T 6h

oy (ngmL™) SR RS (ng-mL ™) RSD/% S5 R E ing-mL ) RSD/%

N1 10 9.41£0.1 1.06 10.094+0.2 1.98

100 9572493 9.71 101.3+8.0 7.89

1 000 928.20419.2 2.06 1089.02+19.2 1.76

N E 10 9.71+0.2 2.06 10.20£0.6 5.88

100 102.04+8.5 8.33 98.03+14.7 14.99

1 000 981.80+21.2 2.16 1082.01+105.4 9.74

FERER 10 9.88+0.3 3.07 10.09+0.4 3.96

100 96.19+7.6 7.90 98.04+5.5 5.61

1 000 952.50+18.3 1.92 1081.06+10.5 0.91

K 10 8.824+0.4 4.53 9.274+0.5 5.39

100 92.58+6.5 7.02 96.40+19.2 19.91

1 000 903.20+17.1 1.89 1078.02+16.1 14.93

R 2% 10 8.9140.2 2.24 10.50+0.4 3.81

100 89.66+3.5 3.90 96.45+3.5 3.63

1 000 905.20+18.1 20.18 1036.20+17.1 1.65

TS A 100 90.66+5.5 6.06 100.204+0.9 0.90

500 454.20+10.2 2.24 526.20+23.7 4.50

2 000 1860.40+12.4 6.66 2166.02+16.9 0.78
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i ARSI, Wi ikats, 20 i B i il
FEOTHTs (3) LA S A KA 2R, % (2) 7
ORI R R T, SE RN, MR P
3ANTIRIRIE T 6 P sy IRFI ISR 2 88.22%~
102.04%, FEJFRRLN A 89.26%~106.01%, % HI K
I3 AL AN S I B Sl . S5 R WK 5.

B SD RE 18 K, BENLA A 3 4, 739l ig 37.5+
75, 150 mg/kg KEEEE, 530 T4525)5 04 0.083,
0.25. 0.5, 0.75. 1. 2. 3. 4, 6. 8. 12. 24 h H
K IR HE s ik A B, JHF 2R BiE, 4 000 r/min B0
5 min, B L2, KA HPLC-MS/MS &
MZFREE, bl 253k 5 - W ihk, WK 2. K
H WinNonlin A 247 04 73 8, TR 2587 24,
W 6. 1F 37.5 mg/kg FIEAH, ASURINE]KC IR
KEEFP R E, I3 Flses TR A AR i
258 b ; 7E 75, 150 mg/kg Fl &4,
RO BRI, KB, AR R AT, ik
4 PR AT R ERIE AL 2532 bR S . 1 3
AT A v B ARSI B K B 2 R RS 1 A K
WERAT AR P IE G, 3 AN HY7E 30 min
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Table 5 Results of matrix effect
L% BRIV (ngmL ) PR R/ % FE TN/ %
KR 10 94.14 106.01
100 95.72 97.72
1 000 92.82 96.42
K HE 10 97.06 101.06
100 102.04 104.40
1 000 98.18 98.18
PRI R 10 98.84 100.84
100 96.19 104.08
1 000 95.25 99.24
KH 10 88.22 90.62
100 92.58 90.58
1 000 90.32 89.32
KB 2 10 89.06 91.06
100 89.66 89.26
1 000 90.52 90.52
TEH A 100 90.66 92.66
500 90.84 93.84
2000 93.02 93.40
15 80 607 PR -~ 37.5 mg/k
)\E@ . N = R . 2/KZ
P - 37.5 mg/kg . KHZHE =375 mg/kg T = 75 mg/kg
‘ 60
'é 10 = 75 mg/kg TE] = 75 mg/kg Eo 40 —+ 150 mg/kg
E: -« 150 mg/kg 240 - B0mghe S
=5 = ®
® ¥ 20 & 207
S S =
E 0 =
0 r : \ 0
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
t/h
60 80 7 80 -
-2y~ 37.5 mg/kg " ~ A
~ Ky - nere 760 RARTH - 375mghke W wih 375 mg/kg
I k A - -
2 40 N 75 mg/kg 2 = 75 mg/kg ) -=-75 mg/kg
& 150 mg/k <
< mee g’ 40 4 - 130mglg 40 1 - 150 mg/kg
20 S =
é g\\ 20 g\zo |
=
0 . UF TTT I - —8 0 e
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
t/h

2 KRMITF 6 X s & ARAY I 24K E - A (8] fh 2

Fig.2 Mean plasma concentration-time curves of six rhubarb anthraquinones in plasma of rats
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Table 6 Pharmacokinetic parameters of rhubarb anthraquinones at three doses in rats
|5y ZH L) 37.5 mg/kg FIELH 75 mg/kg FlEA 150 mg/kg #l =4
KR Chnax ng-mL™* 3338.3+525.0 7104.6+980.7 13 077.2+615.8
fnax h 0.38+0.14 0.40+0.14 0.40+0.13
tin h 6.20+1.07 6.43+1.28 6.23+127
AUC,_,., h-ng'mL™ 15 888.2+2822.6 29 606.9+3 908.4 60 596.1+4 808.1
CL/F Lh kg™ 0.80+0.16 0.8740.20 0.90+0.11
V/F Lkg! 8.02+0.90 8.22+1.36 8.51+0.80
K# Cinax ng-mL™* 22.84+337 32.10%3.50 70.4749.71
fnax h 4.0040.00 3.80+0.45 3.80+£0.45
tin h 6.32+1.03 6.10-0.64 6.420.94
AUC,_,., h-ng'mL™ 297.3420.5 458.8+57.9 870.34+128.2
CL/F Lh kg™ 33.68+2.74 39.77+3.89 41.45+4.93
V/F Lkg ! 365.1429.5 399.74+49.1 422.1+67.7
PRI E Coa ng-mL™* 10.74+2.29 21.1142.93 36.861+2.63
fnax h 5.600.89 5.60-0.89 6.000.00
tin h 5.33+0.35 5.49+0.67 5.66+0.84
AUC,_,., h-ng'mL™ 164.6+26.5 306.94+28.9 536.7+62.6
CL/F Lh kg™ 31.65+1.94 33.47+0.73 36.79+2.16
V/F Lkg ! 208.4+34.7 331.54+42.7 357.6+£47.8
KE Crnax ngrmL™ — 18.17+3.55 46.92+3.00
fnax h — 1.80+0.45 1.8040.45
tin h — 8.22+0.56 8.54+1.00
AUC,_,., h-ng'mL™ — 23214233 476.7+63.4
CL/F Lh kg™ — 5.25+1.04 5.4340.86
V/F Lkg ! — 78.70+7.41 80.74+5.28
3 g XL PN A2 WIN S TR PN & L

AL T HPLC-MS/MS i) s #8300 K Bl I
K6 MUE RS A 07 E, e T DM SCERE 2
SKHI HPLC-UV #ill 7 ikP), Bt S e b 2%
T, $em 7RSI RO . TR S T 2% Ak
HUT L, A E B R kA A AR,
TR R SRR AR, nl e G 2R A v
ST AR R T AT I #5105 G, B K R
AT TEIESCR B BE PGSR USAS o

TELBN T, RBERRAE K BRI 2R P PRk 2
BEB B, MRTEER . LRI R RE 1)
POE TR . IX ] RE L BT R SR 70 K R e
Frimds (42.95%), 1548 3 N o R (O
WA 26.72%. 14.69%. 1.5%). H KFEEMS LK
Gy N N R IR 2 DN O T &€

PRI, KB 25 PR K LA A SR b BRI €0.49%),
WA K BRI 2R S A 3 o B V5 A 75K
MR R ECN 3.91%, HE T RHEE (1.5%) i
KECFE T (0.49%), (HAER B RAE At A A
WEILIRA S gy, JR R AT BEAE T3R5 1 A LAgS&
BRI AR, A R B R AT AWy LA S T
LRSS A U2, AR N REA B~ 26 K
FEEEACI 0 B, PR R
PRI, IXAE— e R 38 T K B P K BRI FE
gE b, ABFFCEENT T RIS e K R SE 6 Fh
KRR 1) HPLC-MS/MS J7i%, Al LIk,
A I 5 1 2 ot B SR R o kB, HLIE
TRBCREIRAE K AN 258, K32
AR YT LG IR R 5 254 55
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