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Comparative pharmacokinetics of active anthraquinones ingredients after oral

administration of Rhei Radix et Rhizoma and Niuhuang Jiedu Tablets to rats

LIU Yuexin, WU Xiao, GUAN Rong, HANG Taijun, SONG Min "
Department of Pharmaceutical Analysis, China Pharmaceutical University, Nanjing 210009, China

Abstract The study aims to investigate different pharmacokinetic profilesof anthraquinones after oral administra-
tion of Rhei Radix et Rhizoma and Niuhuang Jiedu Tablets (NHJDT) in rats, respectively. Rats were administra-
ted with 96 mg/kg of Rhei Radix et Rhizoma( 1. 83 mg/kg of total anthraquinone, equivalent to 0. 28 mg/kg of
rhein, 0. 30 mg/kg of emodin, 0. 81 mg/kg of chrysophanol, 0. 23 mg/kg of aloe-emodin and 0.20 mg/kg of
physcion) or 250 mg/kg of NHJDT (equal dose of total anthraquinone as Rhei Radix et Rhizoma, equivalent to
0. 33 mg/kg of rhein, 0. 38 mg/kg of emodin, 0. 71 mg/kg of chrysophanol, 0. 24 mg/kg of aloe-emodin and 0. 17
mg/kg of physcion), respectively. Followed by protein precipitation with methanol, the anthraquinones in plasma
samples were determined by LC-MS/MS. The pharmacokinetic parameters were calculated by WinNonlin 7. 0. The

CaxOf Thein were (121 £103) and (474 £251) pg/L, and the AUC,,were (275 £176) and (406 +194) pg-h/
L for Rhei Radix et Rhizoma and NHJDT, respectively. The ¢, of chrysophanol isomer were (2 325 +1 390) and

max
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(3580 +2 169) ng/L, and the AUC,,were (8 170 £2 661) and (8 856 +4 023) pg- h/L, respectively. Emodin
in very low levels was only detected in rat plasma samples after oral gavage of NHJDT. The ¢, , AUC and ¢,,, of
rthein, as well as Vd and CL of chrysophanol isomer were observed with a much increased degree in comparison

max ?

with Rhei Radix et Rhizoma counterparts. However, much shorter ¢, was found in NHJDT group. Therefore,

max

NHJDT with co-existing components enhanced the absorption and influenced the pharmacokinetic behaviors of

active ingredients in Rhei Radix et Rhizoma.

Key words Rhei Radix et Rhizoma; Niuhuang Jiedu Tablets; LC-MS/MS; pharmacokinetics
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Figure 1 Chromatograms of blank plasma ( A) ,blank plasma spiked with standard solution (B) and plasma sample obtained 1 h after oral adminis-
tration of Niuhuang Jiedu Tablets (C)

1:1,8-Dihydroxyanthraquinone (g 5.2 min) ;2 : Chrysophanol (¢ 5.8 min) and chrysophanol isomer (#; 4.0 min) ;3:Emodin (¢; 5.1 min);
4 ; Aloe-emodin (¢ 4.3 min) ;5:Rhein (g 3.9 min) ;6 Physcion (i 6.6 min)

Table 1 Inter-and intra-batch precision and accuracy of rhein, emodin, chrysophanol , aloe-emodin and physcion(x +s,n=6)

Inter-batch Intra-batch

Analyte (ngj/mL) Measured concentration/  Accuracy/ RSD/ Measured concentration/  Accuracy/ RSD/

(ng/mL) % % (ng/mL) % %
Rhein 5 5.13 +0.34 102. 53 6.73 5.47 £0.74 109. 36 13.49
100 108.04 +9.93 108. 04 9.19 106.01 +4.33 106. 01 4.08
480 494.04 +32.01 102.92 6.48 468.42 +64.19 97.59 13.70
Emodin 1 0.99 +0. 06 99. 40 5.62 1.02 £0. 10 101. 59 9.83
4 3.94 +0.17 98.38 4.24 4.10 +£0.59 102. 56 14. 39
16 14.47 +0. 87 90. 47 6.04 15.22 £2.13 95.15 13.99
Chrysophanol 20 19.03 £1.42 95.17 7.45 18.63 £ 1. 66 93.13 8. 89
80 79.19 +£2.99 98.99 3.78 79.09 +3.87 98. 87 4.89
320 329.81 +28.28 103. 07 8.58 326.98 +14.00 102. 18 4.28
Aloe-emodin 20 20.29 +2.49 101. 43 12.30 19.00 +2.24 95.02 11.78
80 83.51 +£6.08 104. 38 7.28 83.53 +6.46 104. 41 7.74
320 330.86 +17.21 103. 39 5.20 334.04 £9.63 104. 39 2.88
Physcion 20 21.61 £3.22 108. 07 14.91 20.23 +4.08 101. 16 20. 19
80 73.21 £3.96 91.51 5.40 71.61 £5.56 89.51 7.77

320 307.59 +£33.72 96. 12

(=]

. 96 321.06 +28. 62 100. 33 8.91
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Table 2 Matrix effect and extraction recovery ofrhein, emodin, chrysophanol , aloe-emodin and physcion(x +s,n=6)

Analyte ¢/ (ng/mL) Matrix effect/ % RSD/ % Recovery/ % RSD/ %

Rhein 5 158.61 +14.29 9.01 71.13 £1.48 2.08
100 157.90 +4. 90 3.11 64.29 +£3. 86 6.01
480 179.55 £17.07 9.51 66.21 +3.93 5.94
Emodin 1 18.29 1. 71 9.33 80.44 +4.09 5.09
4 15.18 +0. 84 5.55 85.46 +2. 84 3.32
16 18.55 +£1.06 5.73 90.78 £2.61 2.87
Chrysophanol 20 110. 72 £ 14. 61 13.20 72.28 +14.40 19.92
80 100. 12 +12.42 12.40 77.30 £ 10. 66 13.79
320 110.69 +7.03 6.35 88.71 £5.99 6.76
Aloe-emodin 20 61.29 +14.31 23.34 86.08 +11. 66 13.54
80 53.23 £3.67 6.89 72.89 +4.83 6.62
320 80. 65 +8.22 10. 19 79.41 £2.76 3.47
Physcion 20 92.82 £18. 11 19.51 58. 68 £8.03 13. 69
80 96.52 +7. 41 7. 68 87.77 +17.01 19.38
320 83.57 +6. 81 8.14 90. 34 +10. 54 11.67

3.5 R MRS ENE, 25 R LR 30 RIEIR R B R R

FET MIKAEAL T (25 C) T E 8 h,3 1k
VREL A0 PR 00 3R RE dh EAE AL (15 °C) B 24 h

PIERBR MR R P B X O] w2tk faE
PERGE

Table 3  Stability of rhein, emodin, chrysophanol , aloe-emodin and physcion(x +s,n =3)

Autosampler (15 °C)

Freeze-thaw cycles Room-temperature (25 °C)

Analyte < Measured concentration/ . Measured concentration/ } Measured concentration/ .
(ng/mL) RSD/ % RSD/ % RSD/ %
(ng/mL) (ng/mL) (ng/mL)

Rhein 5 5.51+0.46 8.29 6.11 +0. 84 13. 80 5.04 0. 36 7.24
480 499. 33 +60. 07 12.03 506. 28 +23.98 4.74 433.70 +£26.96 6.22

Emodin 1 0.99 +0. 10 9.61 1.10 £0. 12 11. 11 0.85+0.15 18.02
16 13.29 +2.03 15.31 14.91 +0.94 6.32 15.96 +1.54 9.63

Chrysophanol 20 16.15 +2.05 12.71 16.35 +2.34 14.34 18.22 +3.00 16.43
320 283.49 £31.23 11.02 318.30 +21.61 6.79 349.31 £29.02 8.31

Aloe-emodin 20 23.18 +5.82 25.11 23.08 +4. 80 20.77 20.00 +2. 61 13.03
320 281.03 +17.83 17.83 337.83 £37.75 11.17 329.26 £24.39 7.41

Physcion 20 17.87 £3.00 16.79 16.40 +2.94 17.95 19.05 +1.31 6.90
320 351.71 £37.71 10. 72 315. 14 £23.36 7.41 302.53 +£33. 15 10. 96

3.6 HRIHAFHA
KB B KB e F B e Ja AN [l ) ok
B3 PP R A0 P24 0 24k - T il 2k L 2,

P B 2 WinNonlin?. 0 Hcfb 8251t 3 122 %
AR LF 4,
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Figure 2 Mean plasma concentration-time profiles of rhein ( A) , chrysophanol isomer ( B)and emodin ( C) in rats after oral administration of Rhei
Radix et Rhizoma and Nivhuang Jiedu Tablets (NHJDT) ,respectively (x +s,n=10)

Table 4 Pharmacokinetic parameters of rhein and chrysophanol isomer(x +s,n =10)

Rhein Chrysophanol isomer
Parameter
Rhei Radix et Rhizoma NHJDT Rhei Radix et Rhizoma NHJDT
o’ (1g/L) 121 £103 474 £251 8 757 +5 226 13 467 +8 153
Lax” D 0. 14 £0. 08 0.11 +0. 08 0.47 £0.22* 0.25+0.16"
t1n/h 5.2+1.9" 6.9+3.5" 3.4 £0.86 4.0£2.0
AUC,,/(pg-h /L) 275 £176 ¢ 406 194 * 30 879 +9 984 33342 +15 105
AUC,_ ., /(pg-h /L) 329 +198 * 590 +353 * 32937 +10 248 37 727 £16 442
Vd/ (L/kg) 3406 +2 607 5204 +3 340 15.4+£5.7* 43.3£24.6"
CL/(L-kg/h) 427 +260 566 +292 3.1+0.72" 7.8+3.0"
* P<0.05
PRFTENN R M L ] BELE AN 3 B o AR Hp DR
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Figure 3 Chemical structure of chrysophanol isomer
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