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Abstract: Hollow fiber liquid phase microextraction ( HFLPME) coupled with high performance

liquid chromatography ( HPLC) has been developed to analyze the emodin and its metabolites in
plasma and urine samples. The abilities of the absorption and metabolism for the active compo—
nents in traditional Chinese medicines between the male and female rats were compared and
the biological metabolism and transmutation of the analyte were detailed discussed. Emodin
and its metabolites in plasma and urine samples were extracted into n-octanol (acceptor) in
hollow fiber. The acceptor phase was dried and dissolved by 50 wL methanol and then analyzed
by HPLC. Under the optimal conditions the linearities of the analytes were all very good in
biological samples (r >0.996 0) the detection limits of the analytes were within the ranges of
0.1-3.0 wg/L. The enrichment factors were 12.2 to 26. 3. The relative standard deviations for
intra-day and inter-day precision were lower than 11. 0%. The average recoveries of the analytes
in plasma and urine samples were all in the range of 97. 9% to 103%. HFLPME-HPLC can elimi-
nate interference from complex biological samples improve the sensitivity and reduce the
detection limit thus this method is suitable for the determination of trace compounds in com—
plex sample.
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Fig. 1 Effects of HCI concentration in the donor on the extraction efficiencies of
analytes in (a) plasma and (b) urine samples
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Fig. 2 Effects of extraction time on the extraction efficiencies of analytes in (a) plasma and (b) urine samples
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Fig. 3 Effects of volume of the donor on extraction efficiencies of analytes in (a) plasma and (b) urine samples
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Table 1 Linear relationships detection limits and enrichment factors ( EF) of analytes
in urine and plasma samples obtained by HFLPME

Matrix Analyte Regression equation Correlation Linear range/ Detection limit/ EF
’ coefficient (r) (mg/L) (pg/L)
Urine aloe-.emodin y =1094.5x +47.3 0.9983 8.0x1073 -10 3.0 17.8
rhein y =1213.1x -26.2 0.9995 4.0x107°=5.0 2.0 18.6
danthron y =897.6x +9.2 0.9997 1.0x1073 -12 0.2 19.6
emodin y =827.7x +41.4 0.9999 1.0x107% - 12 0.1 26.3
chrysophanol y =552.9x +23.7 0.9991 8.0x1073-5.0 2.0 21.6
physcione y =140.4x +14.3 0.9960 6.4x1073 -4.0 3.0 12.2
Plasma aloe-emodin y =1310.5x -30.6 0.9997 8.0x1073-10 3.0 18.0
rhein y =1106.6x -24.1 0.9985 4.0x1073-5.0 1.5 19.3
danthron y =1091.7x -22.3 0.9997 1.0x107% -12 0.6 20.5
emodin y =729.2x —43.6 0.9983 1.0x1073 -12 0.4 24.3
chrysophanol y =704.3x -22.3 0.9999 8.0x1073-5.0 2.0 23.3
physcione y=184.1x +7.6 0.9983 6.4x107° -4.0 3.0 17.5
y: peak area; x: mass concentration mg/L.
2 (n=3)
Table 2 Results of intra-day and inter-day precision test of analytes in urine samples (n =3)
Spiked / Intra-day precision Inter-day precision
Analyte
(mg/L) Found/( mg/L) RSD /% Found/( mg/L) RSD /%
Aloe-emodin 8.00x107? 8.03x107? 7.5 7.83x107? 11
0.200 0.199 6.0 0.183 9.5
5.00 4.97 5.0 4.98 5.1
Rhein 4.00x10 3 3.90 x10 ? 7.7 3.93x10°? 8.2
0.100 0.104 3.9 0.104 5.8
2.50 2.50 5.6 2.50 5.7
Danthron 9.60 x 10 ~* 9.47 x10°* 5.3 9.80 x 10 * 11
0.240 0.234 6.5 0.232 7.7
6.00 6.18 5.0 6.18 5.6
Emodin 9.60 x 10 ~* 9.43x107* 7.1 9.10 x 10 ~* 9.1
0.240 0.244 6.6 0.237 6.5
6.00 6.00 2.4 5.99 2.3
Chrysophanol 8.00x10 73 8.51x1073 8.9 7.97 x10 73 8.9
0.200 0.206 7.0 0.205 8.8
5.00 5.04 5.6 4.99 5.8
Physcione 6.40 x 1073 6.56 x10 73 11 6.07 x10 73 7.6
0. 160 0. 160 7.5 0. 166 6.2
4.00 4.05 3.7 4.02 5.3
3 (n=3)
Table 3 Results of intra-day and inter-day precision test of analytes in plasma samples (n =3)
Analy Spiked/ Intra-day precision Inter-day precision
nalyte (mg/L) Found/( mg/L) RSD /% Found/( mg/L) RSD /%
Aloe-emodin 8.00 x 103 7.77 x10? 7.1 7.93 x107? 8.2
0.200 0.217 7.0 0.217 7.5
5.00 5.073 5.1 5.13 4.4
Rhein 4.00 x10 ? 3.83x107° 9.2 3.87x107? 9.1
0.100 0.104 6.4 0.114 8.3
2.50 2.34 3.2 2.36 4.1
Danthron 9.60 x107* 9.83 x10 11 9.93 x10 ~* 9.8
0.240 0.235 9.1 0.239 10
6.00 6.00 3.2 6.00 2.6
Emodin 9.60 x 10 ~* 1.06 x 10 ~* 11 9.40 x 10 ~* 5.9
0.240 0.236 7.2 0.241 5.5
6.00 5.98 3.3 6.09 3.1
Chrysophanol 8.00 x 1073 7.87 x10 73 7.0 7.83 x1073 8.2
0.200 0.194 4.1 0.195 5.4
5.00 4.92 5.7 4.99 5.8
Physcione 6.40 x1073 6.55 %1072 8.2 6.00 x10 73 9.1
0.160 0.157 7.7 0.156 8.1
4.00 3.97 4.2 4.01 4.3
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Table 5 Results of recovery test of analytes
3 in urine samples
A Analvt Spiked/ Found/ Recovery/ RSD/%
1.7 HPLC o falyte ng e % (n=9)
3 Aloeemodin  4.00x107>  4.02 x10 > 100 6.10
1.00 0.997 99.7
97.9% ~ 103% 4
25.0 24.8 99.4
5o Rhein 2.00x1072  1.93x10°2  96.7  5.30
4 0.500 0.519 104
Table 4 Results of recovery test of analytes 12.5 12.5 99.8
in plasma samples Danthron 4.80x107%  4.70x1073 98.6 5.50
Spiked/ Found/ Recovery/ RSD/% 1.20 1.17 97.4
Analyte bt ne % (n=9) 30.0 30.9 103
Alooemodin 4.00x10-2  3.88 x10 -2 97.1 6.40 Emodin 4.80x107* 4.70x10? 98.3 5.30
25.0 25 4 101 30.0 30.0 100
Rhein 2001072 1.92x1072  95.8  6.20 Chrysophanol  4.00 x107*  4.30 x10 "2 106 7.10
0.500 0.521 104 1.00 1.03 103
12.5 11.7 93.6 25.0 25.2 101
Danthron 4.80 %102  4.90 x10-3 102 7.70 Physcione 0.320 0.328 103 7.30
1.20 118 98.0 0.800 0.798 99.8
30.0 30.0 100 20.0 20.3 101
Emodin 4.80x107%  4.90x1073 102 7.10
1.20 1.18 98.5 2.6
30.0 29.9 99.7 1.6
Chrysophanol 4,00 x107%  3.93 x 102 98.3 5.60 1.7 HFLPME
1.00 0.970 97.0
25.0 24.6 98.4
Physcione 0.320 0.317 99. 1 6.40 6
0.800 0.785 98.1 7. 0.5h 24 h
20.0 19.9 99.3
4a.b,
6 . (n=6)
Table 6 Contents of emodin and its metabolites in plasma samples of male and female rats (n =6) mg/L
Administration time
Rat Analyte - - - -
5 min 10 min 15 min 30 min 1h 2 h 4 h 5h 6 h 8 h 12 h 24 h
Male aloe-emodin 1.82 2.25 2.64 3.85 4.30 7.43 8.35 18.4 15.1 14.8 14.0 2.27
rhein ND ND ND 1.20 ND ND ND ND ND ND ND ND
danthron 1.07 1.48 1.98 ND ND ND ND ND ND ND ND ND
emodin 5.56 5.97 5.62 4.79 4.17 4.46 4.97 4.42 4.12 3.88 3.60 3.45
chrysophanol 3.04 5.00 1.67 ND ND ND ND ND ND ND ND ND
physcione 2.30 3.20 1.61 0.96 1.09 1.56 1.26 0.98 0.8 0.76 0.73 0.61
Female aloe-emodin 1.30 2.37 2.57 3.13 3.49 4.47 14.7 16.29 25.2 9.97 1.98 1.17
rhein ND ND ND ND 1.25 ND ND ND ND ND ND ND
emodin 3.18 3.50 3.53 3.32 3.30 3.42 3.58 3.81 3.95 4.02 3.55 3.42
physcione ND 0.430 ND ND 0.660 0.430 ND ND ND 0.61 ND ND
ND: not detected.
6.7 4 (1) mg/L; N 12 h
. 108 mg/L 193 mg/L. (3)
9
- (2)
N - 5h o
6 h 18.4 mg/L (4) .
25.2 mg/L 24 h 2.27 mg/L 1.17 N N o
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Table 7 Contents of emodin and its metabolites in 5
urine samples of male and female rats mg/L .
———— 7 S min 12 h 24 h
Administration time /h
Rat Analyte 7
: 12 24 36 48 ( )
Male aloe-emodin 108 24.0 3.83 1.53
rhein 1.61 2.90 3.39 1.77
danthron 1.28 3.57 2.88 0.56
emodin 121 467 474 148 ;30 min
physcione 27.6 46.9 40.0 5.42 1h
Female aloe-emodin 193 49.5 1.72  1.34 12 h 24 h
rhein ND 1.90 1.87 2.84
danthron ND 0. 800 0.662 0.125
emodin 59.1 448 374 198
physcione 11.4 21.5 11.7 1.97
ND: not detected. .
6
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4 (a) (b) Fig. 5 Metabolic process of emodin in rat
Fig. 4 Chromatograms of analytes in (a) plasma
and (b) urine samples
Administration time: a. 0.5 h; b. 24 h. 3

I. blank; II. standard solution of analytes; IlI. female rat;
IV. male rat.
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HFLPME-HPLC
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