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Bioequivalence of Bioactive Markers
Between Concentrated Herbal Formula
And Traditional Herbal Decoction in
Humans

Hou Yu-Chi
China Medical University

ABSTRACT

There are two dosage forms usually used in clinical Chinese
medicine, 1.e. concentrated herbal formula and traditional herbal
decoctions. Only the concentrated herbal formula is covered by health
insurance. However, it seems that there were no studies to evaluate the
bioequivalence between herbal concentrate and traditional decoction. In
order to provide the data base for clinical application, this study attempted
to assess the bioequivalence between herbal concentrate and traditional
decoction.

San Huang Shel Shin Tang is a commonly used formula in Chinese
medicine. The contents of aloe-emodin, emodin, chrysophanol, rhein,
baicalein, baicalin, wogonin, coptisine, palmatine, and berberine in San
Huang Shel Shin Tang ( SHSST ) were quantitated by HPLC method. By
comparing urinary recoveries and blood pharmacokinetics in humans, we
attempted to evaluate the bioavailibility and bioequivalence between
traditional decoction and commercial extract of SHSST .

The results showed that coptisine, palmatine, berberine were not
detected in urine, indicating null bioavailibility of the parent forms of
these three alkaloids. Baicalein, wogonin, emodin, aloe-emodin, rhein,
chrysophanol were found predominantly as sulfates/glucuronides in the
urine, only baicalein,rhein and chrysophanol existed in part as free form.
After ingesting SHSST decoction or commercial extract, the polyphenols
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of SHSST in these two dosage forms were largely not bioequivalent. All
constituents demonstrated enterohepatic circulation. The excretion
half-lives of all constituents ranged from 3.9 to 15.0 h and the variability
among individuals was large.

The results of blood assay showed that all constituents and their
sulfates/glucuronides were not detected in blood using HPLC-UV method,
indicating that extremely low concentrations of these biomarkers in
circulation after ingesting SHSST decoction or commercial extract.

Keywords : San-Huang-Shel-Shin Tang ; pharmacokinetics ;
bioavailabilities ; bioequivalent
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Table I  Comparison of various contents (umoL) in the hydrolysate of decoction and

commercial extract of SHSST

Constituents Decoction Commercial extract
(umoL/120 mL) (umoL/3 g)
Baicalein 309.6 449.2
Aloe-emodin 19.7 22.1
Wogonin 121.3 33.7
Rhein 28.6 9.2
Emodin 54 6.2
Chrysophanol 8.3 4.7

Table 2  The regression equations, concentration ranges and correlation coefficients

of constituents of SHSST in urine.

Constituents Regression equations  Con.c range (ug/mL) r
baicalein Y =0.827X-0.024 0.19 ~12.0 0.9999
aloe-emodin Y =1.451X+0.096 0.06 ~ 8.0 0.9998
wogonin Y = 0.908X+0.043 0.20 ~25.0 0.9998
rhein Y =1.262X+0.018 0.09 ~12.0 0.9999
emodin Y = 1.151X-0.002 0.16 ~20.0 0.9997
chrysophanol Y =1.621X-0.108 0.08 ~5.0 0.9999

Table 3 Intraday and interday analytical precision and accuracy of baicalein in urine

Intraday Interday

Conc Precision Accuracy Precision Accuracy
(ug/mL) Mean + S.D.(C.V.%) (%) Mean £ S.D.(C.V.%) (%)
12.0 124£02 (1.4) 3.0 122+04 (2.9 1.8
6.0 6.0£0.1 (0.8) 0.5 6.0+£0.1 (1.4) 0.1
3.0 29+£0.1 (1.8) 2.1 29+£0.1 (24 -1.7
1.5 1.5£0.1 (2.8) -3.3 1.5£0.0 (1.1) -1.0
0.8 0.7+£0.1 (2.5 -0.8 0.8£0.0 (1.5 0.4
0.4 04+£0.1 (24 5.1 04£0.0 (5.6) 10.3
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Table 4 Intraday and interday analytical precision and accuracy of wogonin in urine

Intraday Interday
Conc Precision Accuracy Precision Accuracy
(ug/mL) Mean + S.D.(C.V.%) (%) Mean + S.D.(C.V.%) (%)
8.00 8.27+0.12 (1.41) 3.3 8.00 £0.52 96.53) 0.1
4.00 4.07£0.07 (1.72) 1.7 3.97+£0.19 (4.76) -0.8
2.00 1.95+£0.02 (1.03) -2.3 1.96 £0.01 (0.45) -2.1
1.00 0.94 £0.02 (2.47) -6.3 0.95+0.01 (1.36) -4.6
0.50 0.46 £0.01 (1.14) -8.9 0.46 £0.02 (3.96) -8.4
0.25 0.22+0.01 (3.75) -12.2 0.22£0.01 (2.30) -11.4
0.13 0.13£0.01 (8.65) 1.9 0.12+0.01 (6.53) -34
(13.05
0.06 0.06 £0.01 ) -3.5 0.07 £0.00 (0.89) 4.1
Table 5 Intraday and interday analytical precision and accuracy of emodin in urine
Intraday Interday
Conc Precision Accuracy Precision Accuracy
(ug/mL) Mean £ S.D.(C.V.%) (%) Mean + S.D.(C.V.%) (%)
25.0 258+£03 (1.3) 3.3 251+£14  (5.5) 0.3
12.5 12.7£0.1  (0.8) 1.8 125+0.3 (2.5) -0.2
6.3 6.2+0.1 (L.1) 0.0 6302 (2.7 0.3
3.1 3.0£0.1  (2.0) -4.1 3.0£0.1 (3.1) -5.6
1.6 1.5+£0.0 (0.9) -5.7 1.5+0.0 (3.0) -4.8
0.8 0.7£0.0 (1.2) -53 0.8£0.1 (7.4) -1.0
0.4 04+£0.0 (1.1 4.6 04+00 (8.9 10.5
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Table 6 Intraday and interday analytical precision and accuracy of aloe-emodin in

urine
Intraday Interday
Conc Precision Accuracy Precision Accuracy
(ug/mL)  Mean + S.D.(C.V.%) (%) Mean + S.D.(C.V.%) (%)
12.0 12.3£0.1 (0.9 2.5 11.9+£05 (4.4 -1.2
6.0 6.1 £0.1 (L.1) 1.5 59+03 (4.6) -1.4
3.0 3.0+£0.0 (1.3) -0.1 3.0+£0.1  (2.1) -0.5
1.5 1.5£0.0 (2.1) -2.3 1.4+£0.0 (2.3) -3.9
0.8 0.7+£0.0 (0.9) -3.8 0.7+0.0 (6.2) -1.7
0.4 04+£0.0 (2.1) -6.6 04+0.0 (5.8 -5.0
0.2 02+0.0 (8.0 3.5 02+0.0 (9.1) -5.1
0.1 0.1£0.0 (3.1) -3.0 0.1£0.0 (9.5 5.7

Table 7 Intraday and interday analytical precision and accuracy of rhein in urine

Intraday Interday

Conc Precision Accuracy Precision Accuracy
(ug/mL) Mean + S.D.(C.V.%) (%) Mean + S.D.(C.V.%) (%)
20.0 20504  (2.1) 2.5 205+£04 (2.0 23
10.0 10.2 £ 0.1 (0.8) 1.5 10.1 £0.1  (0.8) 1.0
5.0 51£0.1 (1.2) 1.7 51+0.1 (1.3) 1.8
2.5 26+02  (7.2) 3.6 2602 (7.0 33
1.3 1.3+0.1 (7.0) 4.3 1.3+£0.1 (3.9 1.7
0.6 0.6+0.1 (9.0) -3.3 0600 (7.9 -4.7
0.3 0300 (13.2) 2.5 03£0.0 (11.5) 9.4
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Table 8 Intraday and interday analytical precision and accuracy of chrysophanol in
urine
Intraday Interday
Conc Precision Accuracy Precision Accuracy
(ug/mL) Mean = S.D.(C.V.%) (%) Mean £ S.D.(C.V.%) (%)
5.0 53+£03 (6.3) 6.0 4904 (7.7) -1.5
2.5 26+0.1 (3.9 5.7 25+£02 (7.1 -0.7
1.3 1.3+£0.1 (4.6) 1.6 1.2+0.1 (9.5 -0.7
0.6 0.6+0.0 (3.8 -2.2 0.6+£0.0 (5.7 -3.2
0.3 03+£0.0 (4.8 -4.0 03+£0.0 (10.3) -4.5
0.2 02+0.0 (10.2) 3.8 02+0.0 (6.4) 14.5
0.1 0.1+0.0 (3.7 3.6 0.1£0.0 (3.4 3.7

Table 9 Recoveries (%) of various constituents of SHSST from urine

Conc. Spiked

Recoveries (%).

Constituents 2 3
(ng/mL) Mean + S.D
6.00 92.87 95.70 95.11 94.56 + 1.50
Baicalein 1.50 104.07 106.65 10243  104.39+2.13
0.38 113.58 120.48 117.05 117.04 £ 3.45
4.00 86.67 89.59 88.98 88.41 £ 1.54
Wogonin 1.00 95.20 95.62 91.88 94.23 £ 2.05
0.25 103.60 109.67 105.84  106.37 £3.07
12.50 84.47 86.17 87.12 85.92 £ 1.34
Emodin 3.13 94.42 95.96 93.11 94.50 £ 1.43
0.78 112.57 117.86 11436  114.93 £2.69
6.00 86.87 89.12 89.09 88.36 £ 1.29
Aloe-emodin 1.50 93.05 95.41 91.82 9343 +1.82
0.38 98.42 102.12 99.34 99.96 + 1.92
10.00 68.91 74.97 71.51 71.80 + 3.04
Rhein 2.50 69.26 71.75 75.94 72.32 £ 3.38
0.63 87.81 92.24 87.13 89.06 £ 2.77
2.50 78.85 82.54 87.39 82.92 £4.28
chrysophanol 0.63 80.35 92.43 94.25 89.01 £ 7.56
0.16 93.04 105.07 93.04 97.05 £ 6.95
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Table 10 Urinary excretion (% of dose) in each time interval and t;; (h) of baicalein

after dosing of SHSST decoction to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean+S.D
0-2 08 03 06 03 04 07 02 0.5+0.2
2-4 02 02 03 02 01 04 0.1 0.2 40.1
4-6 04 01 04 02 03 02 09 0.4+0.3
6-8 02 01 02 02 04 04 04 0.3 +0.1
8-10 02 01 03 04 02 03 03 0.3 +0.1

10-12 0.1 0.2 0.5 0.4 0.2 0.2 0.1 0.3£0.2
12-24 0.5 1.9 0.4 1.1 0.9 0.9 1.0 1.0 0.5
24-36 1.3 0.9 1.3 2.1 1.5 1.3 0.9 1.310.4
Total (umol) 3.6 3.8 4.1 4.9 3.9 4.5 3.8 4.110.5
% of dose 1.2 1.2 1.3 1.6 1.2 1.4 1.2 1.3 +0.1

ti2 (h) 187 363 153 189 169 140 11.0 18.7 £8.2

Table 11 Urinary excretion (% of dose) in each time interval and t;, (h) of baicalein

after dosing commercial extract of SHSST to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean £ S.D
0-2 01 02 01 01 02 03 02 0.2 +0.1
2-4 00 01 01 01 01 01 0.1 0.1+0.0
4-6 01 00 01 02 01 01 06 0.2+0.2
6-8 01 01 01 01 01 00 03 0.1£0.1
8-10 00 09 01 01 01 01 02 0.240.3
10-12 01 02 01 01 01 00 02 0.1+0.1
12-24 01 01 03 02 04 03 05 0.3 +0.1

24-36 05 10 04 08 04 07 02 0.6 0.3

Total (umol) 1.0 2.6 1.3 1.8 1.6 1.5 2.0 1.7 +0.5
% of dose 02 0.6 0.3 0.4 0.3 0.3 04 0.4 +0.1

ti2 (h) 222 142 158 185 138 238 6.3 16.4£5.9
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Table 12 Urinary excretion (% of dose) in each time interval and t;, (h) of baicalein

sulfates/glucuronides after dosing of SHSST decoction to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean = S.D.
0-2 0.7 1.7 1.7 1.2 1.0 0.8 1.6 1.2 £ 04
2-4 0.6 0.8 0.7 0.5 0.7 0.3 0.8 0.7 £ 0.2
4-6 34 0.5 33 1.1 2.0 0.4 3.2 20 £ 14
6-8 3.2 0.7 6.1 1.1 4.4 1.9 4.6 3.1 £ 20
8-10 2.5 1.5 4.4 0.8 2.6 1.8 34 24 £ 1.2
10-12 1.4 4.8 2.5 1.9 3.9 1.6 3.1 27 £ 1.3
12-24 05 113 7.7 2.0 5.7 1.7 5.1 49 £ 38
24-36 54 8.0 2.7 4.7 3.8 0.8 3.9 42 £ 23

Total (umol) 17.7 294 29.0 134 242 94 256 212 £ 79

% ofdose 5.7 9.5 94 4.3 7.8 3.0 8.3 69 £ 25

ti2 (h) 122 119 62 152 79 6.0 7.8 9.6 £ 3.5

Table 13  Urinary excretion (% of dose) in each time interval and t;; (h) of baicalein

sulfates/glucuronides after dosing of commercial extract of SHSST to seven

volunteers.

Time (h) 1 2 3 4 5 6 7 Mean = S.D
0-2 1.1 1.4 0.9 0.8 2.3 0.4 0.8 1.1 +0.6
2-4 0.7 0.7 0.8 0.6 0.2 0.2 0.7 0.6 0.2
4-6 3.2 0.9 0.8 2.5 1.5 1.5 4.1 2.1+1.2
6-8 2.8 1.0 1.8 3.9 1.5 1.6 3.5 23+1.1
8-10 3.0 1.6 2.8 2.8 1.6 1.8 3.1 2.4+0.7
10-12 1.6 4.2 2.6 3.8 0.6 1.0 2.3 23+1.4
12-24 3.6 140 3.6 7.4 2.9 34 3.9 5.544.0

24-36 28 128 0.5 1.3 2.8 3.1 2.6 3.7+4.1
Total (umol) 18.8 36.6 140 23.1 135 13.1 21.0 20.0£8.3

% ofdose 4.2 8.2 3.1 5.2 3.0 2.9 4.7 4.5+1.9

ti2 (h) 7.8 145 45 5.1 10.5 102 7.1 8.5+3.5
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Table 14 Urinary excretion (% of dose) in each time interval and t;, (h) of

aloe-emodin sulfates/glucuronides after dosing of SHSST decoction to seven

volunteers

Time (h) 1 2 3 4 5 6 7 Mean = S.D.
0-2 0.6 0.6 0.5 0.4 0.4 0.3 23 0.7 £ 0.7
2-4 0.4 0.5 0.0 0.1 0.4 0.1 0.6 03 £ 0.2
4-6 0.5 0.0 0.0 0.1 0.4 0.1 1.0 03 = 04
6-8 0.5 0.0 0.0 1.3 0.4 0.1 0.8 05 £ 0.5
8-10 0.5 0.4 0.0 1.2 0.4 0.1 0.1 04 = 04
10-12 0.3 0.4 0.1 0.8 0.5 0.2 0.5 04 = 0.2
12-24 1.5 1.7 0.1 3.0 1.8 1.1 29 1.7 £ 1.0
24-36 1.4 1.0 0.1 3.8 2.4 3.0 1.6 19 £ 13
Total (umol) 5.7 4.7 0.8 107 6.7 5.1 9.7 62 * 33

% ofdose 28.8 237 42 546 338 260 494 315 * 1638
ti2 (h) 1.7 113 98 141 159 323 98 150 £ 79

Tablel5 Urinary excretion (% of dose) in each time interval and t;» (h) of
aloe-emodin sulfates/glucuronides after dosing of commercial extract of

SHSST to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean = S.D
0-2 1.0 02 0.5 0.9 1.5 0.2 0.9 0.7 £0.5
2-4 0.8 0.2 0.3 0.4 0.0 0.2 0.6 0.4+0.3
4-6 0.8 03 0.3 0.9 0.5 0.5 1.0 0.6 +0.3
6-8 0.9 0.1 0.1 0.7 0.3 0.2 0.5 0.4+0.3
8-10 0.7 0.1 0.0 1.0 0.5 0.3 0.8 0.5+0.4

10-12 0.5 03 0.0 0.8 0.6 0.3 0.7 0.5%0.3
12-24 2.6 1.2 0.2 3.8 1.7 1.5 2.6 20+1.2
24-36 26 09 0.3 1.8 1.3 1.2 2.0 1.4 0.8
Total (umol) 9.9 3.2 1.7 10.3 6.5 4.4 9.2 6.413.4
%ofdose 448 147 7.7 466 293 198 41.6 29.2£15.6
tiz (h) 123 124 13.0 9.0 10.8 11.7 10.6 114+1.4
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Table 16 Urinary excretion (% of dose) in each time interval and t;/, (h) of wogonin

sulfates/glucuronides after dosing of SHSST decoction to seven volunteers

Time (h) 1 2 3 4 5 6 7 Mean + S.D.
0-2 04 03 14 00 01 15 1.0 07 %06
2-4 00 00 03 01 00 00 0.1 0.1 £ 0.1
4-6 1.0 01 27 00 08 00 38 12 £ 1.5
6-8 13 01 25 03 11 03 01 0.8 * 0.9
8-10 06 05 16 05 05 01 0.1 05 * 0.5
10-12 05 10 05 01 05 00 0.1 04 * 03
12-24 03 23 33 04 07 01 05 1.1 + 1.2
24-36 00 08 09 04 00 00 00 03 =*04

Total (umol) 42 51 132 1.8 37 20 5.7 51 3.8

%ofdose 34 42 109 15 31 17 47 42 % 32

ti2 (h) 27 82 58 95 41 39 27 53 = 27

Table 17 Urinary excretion (% of dose) in each time interval and t;, (h) of wogonin

sulfates/glucuronides after dosing of commercial extract of SHSST to seven

volunteers
Time (h) 1 2 3 4 5 6 7 Mean £ S.D
0-2 0.0 0.0 0.0 0.2 0.0 0.4 0.9 0.240.3
2-4 3.7 0.0 0.0 0.0 0.0 0.0 0.6 0.6+1.4
4-6 0.0 0.0 0.0 0.6 0.0 3.7 1.0 0.8+1.4
6-8 0.2 0.3 0.8 0.4 0.3 3.2 0.5 0.8+£l1.1
8-10 0.6 0.7 0.2 0.6 0.2 1.8 0.8 0.7 0.5
10-12 0.9 0.5 0.1 0.5 0.2 1.0 0.7 0.5+0.3
12-24 2.1 1.0 0.0 1.0 0.7 1.0 2.6 1.240.9
24-36 1.7 0.5 0.0 0.0 0.0 0.0 2.0 0.6 +0.9

Total (umol) 9.1 3.1 1.1 32 14 11.1 92 55442

% of dose  27.1 9.2 3.3 9.6 4.0 33.0 272 16.2+12.4

ti2 (h) 3.5 10.0 7.7 2.1 5.9 94 2.8 59432
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Table 18 Urinary excretion (% of dose) in each time interval and t;/, (h) of rhein after

dosing of SHSST decoction to seven volunteers

Time (h) 1 2 3 4 5 6 7 Mean+S.D
0-2 11 05 04 04 02 03 04 05403
2-4 11 13 02 01 04 03 07  0.6%05
4-6 03 04 02 05 02 03 04 0301
6-8 01 02 00 01 01 02 01 01201
8-10 01 01 01 01 00 01 01 01200

10-12 00 01 00 01 00 01 00 00200
12-24 00 04 01 04 00 02 02 02402
24-36 05 00 00 06 00 03 03 02402

Total (umol) 32 31 1.0 21 10 19 22 21409
%ofdose 113 110 33 72 34 65 76 72432
ti2 (h) 49 39 28 140 1.7 70 93 62443

Table 19 Urinary excretion (% of dose) in each time interval and t;,, (h) of rhein after

dosing of commercial extract of SHSST to seven volunteers

Time (h) 1 2 3 4 5 6 7 Mean £ S.D
0-2 31 24 33 29 26 19 35 28 05
2-4 20 14 25 14 25 22 23 20 05
4-6 14 13 19 20 16 08 14 1.5 +04
6-8 09 09 15 11 13 12 17 12 03
8-10 07 10 1.1 10 08 05 12 09 03
10-12 06 10 1.0 06 08 05 06 08 02
12-24 05 19 20 19 13 08 08 13 06
24-36 00 00 00 00 00 00 00 00 %00

Total (umol) 9.1 10.0 134 109 109 7.9 11.5 105 1.8
%ofdose  99.1 108.7 1459 118.7 1192 86.6 1254 114.8 +19.1
ti2 (h) 0.7 33 9.7 5.5 6.6 3.7 2.1 45 +3.0
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Table 20 Urinary excretion (% of dose) in each time interval and t;;, (h) of rhein

sulfates/glucuronides after dosing of SHSST decoction to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean+S.D
0-2 31 24 33 29 26 19 35 2.8 0.5
2-4 20 14 25 14 25 22 23 2.0 £0.5
4-6 14 13 19 20 16 08 14 1.5 0.4
6-8 09 09 15 1.1 13 12 17 1.240.3

8-10 0.7 1.0 1.1 1.0 0.8 0.5 1.2 0.9+0.3
10-12 0.6 1.0 1.0 0.6 0.8 0.5 0.6 0.8 £0.2
12-24 0.5 1.9 2.0 1.9 1.3 0.8 0.8 1.3 £0.6
24-36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 £0.0
Total

(nmol) 9.1 10.0 134 109 109 7.9 11.5 10.5£1.8
%ofdose 31.8 349 468 38.1 383 278 402 36.8+6.1
ti2 (h) 3.0 5.2 4.4 4.7 3.9 3.6 3.0 4.0+0.8

Table 21 Urinary excretion (% of dose) in each time interval and t;;, (h) of rhein

sulfates/glucuronides after dosing of commercial extract of SHSST to seven

volunteers.

Time (h) 1 2 3 4 5 6 7 Mean + S.D
0-2 4.1 2.4 1.6 2.6 5.4 2.4 2.2 3.0+1.3
2-4 2.3 0.0 2.2 1.6 0.8 2.0 2.4 1.6 £0.9
4-6 1.6 1.7 1.8 1.5 1.3 1.2 1.1 1.54+0.3
6-8 0.6 0.6 09 1.0 0.9 0.5 0.8 0.8 +0.2

8-10 0.6 0.4 0.4 0.6 0.7 0.6 0.6 0.5+0.1
10-12 0.4 0.6 0.2 0.6 0.5 0.3 0.5 0.4+0.2
12-24 0.5 1.5 0.8 1.7 1.0 1.1 0.7 1.0+0.4
24-36 1.2 0.0 0.0 0.2 0.4 0.0 0.2 0.3+0.4
Total
(nmol) 114 72 7.8 9.8 11.1 8.1 8.5 9.1%1.6
% ofdose 123.8 78.6 852 1069 120.5 885 92.7 99.5+17.8

ti2 (h) 7.8 145 4.5 5.1 10.5 102 7.1 8.5+£3.5

238



v %?i‘m‘ﬁﬁ 278 %1

Table 22 Urinary excretion (% of dose) in each time interval and t;; (h) of emodin

sulfates/glucuronides after dosing of SHSST decoction to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean £+ S.D
0-2 0.1 0.3 0.2 0.2 0.2 0.1 0.2 0.2 0.1
2-4 0.1 0.0 0.0 0.0 0.1 0.0 0.0 0.0 £0.0
4-6 0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.0 +£0.0
6-8 0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.0 £0.0
8-10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10-12 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 £0.0
12-24 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 £0.0

24-36 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 +£0.0

Total (umol) 0.2 0.5 0.6 0.4 0.5 0.3 0.2 0.4+0.2

% of dose 4.0 9.6 11.3 8.2 9.7 4.8 4.2 7.4+£3.0

ti2 (h) 2.8 6.2 6.4 34 2.7 4.5 1.5 39+£1.8

Table 23  Urinary excretion (% of dose) in each time interval and t;» (h) of emodin

sulfates/glucuronides after dosing of commercial extract of SHSST to seven

volunteers.

Time (h) 1 2 3 4 5 6 7  MeantS.D
0-2 0.2 0.3 0.0 0.2 0.2 0.0 0.2 0.2 +0.1
2-4 0.0 0.1 0.0 0.0 0.1 0.0 0.1 0.0 0.0
4-6 0.1 0.0 0.0 0.1 0.1 0.0 0.1 0.1£0.0
6-8 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.0
8-10 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 £0.0

10-12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 +£0.0
12-24 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0
24-36 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 £0.1

Total (umol) 0.5 0.6 0.2 0.6 0.4 0.2 0.7 0.5+0.2

% of dose 7.6 9.2 34 10.4 7.0 29 10.5 7.3 +3.1

ti2 (h) 3.6 6.2 114 123 3.0 8.1 2.7 6.8 4.0
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Table 24 Urinary excretion (% of dose) in each time interval and t;, (h) of
chrysophanol sulfates/glucuronides after dosing of SHSST decoction to

seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean+S.D
0-2 03 03 05 03 04 04 05 0401
2-4 01 01 02 01 01 03 01  0.1%0.1
4-6 01 00 01 01 01 01 00 0100
6-8 00 00 02 01 01 01 01 0100
8-10 01 01 01 01 01 01 01 0100
10-12 01 01 02 01 01 01 01 0100
12-24 01 02 04 03 04 03 00 0202

24-36 00 07 06 00 08 07 00  04+04

Total (umol) 09 1.6 23 12 22 20 08  1.6+0.6
%ofdose 112 187 277 142 259 236 9.6 187473
ti2 (h) 122 119 62 152 79 60 78  9.6435

Table 25 Urinary excretion (% of dose) in each time interval and t;, (h) of
chrysophanol sulfates/glucuronides after dosing of commercial extract of
SHSST to seven volunteers.

Time (h) 1 2 3 4 5 6 7 Mean = S.D
0-2 0.3 0.5 0.3 0.3 1.0 0.4 0.3 0.4+0.2
2-4 0.1 0.1 0.2 0.1 0.3 0.1 0.1 0.1 £0.1
4-6 0.1 0.1 0.1 0.2 0.2 0.1 0.1 0.1+0.1
6-8 0.0 0.1 0.1 0.2 0.2 0.1 0.2 0.1 £0.1
8-10 0.1 0.2 0.1 0.1 0.1 0.4 0.0 0.1+0.1

10-12 0.1 0.0 0.2 0.1 0.3 0.0 0.1 0.1 +0.1
12-24 0.4 0.1 0.2 0.4 0.5 0.4 0.0 0.3+0.2
24-36 0.0 1.5 0.5 0.0 0.0 0.9 0.0 0.4 +0.6

Total (umol) 1.1 2.6 1.6 13 27 25 08 1.8 40.8
%ofdose 239 550 343 286 57.1 522 174  383+162
ti/2 (h) 78 145 45 51 105 102 7.1 8.5+43.5
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Table 26 Excretion (% of dose) of various markers and their conjugates in seven

volunteers after administration of decoction and commercial extract of

SHSST.
Decoction Commercial extract
Mean + S.D. Mean £ S.D.

Baicalein 1.3%0.1 0.4%0.1
Baicalein sulfates /glucuronides 6.912.5 457%1.9
Total 8.212.4 48119
Aloe-emodin N.D. N.D.
Aloe-emodin sulfates /glucuronides 31.5%16.8 29.2+15.6
Total 31.5%16.8 29.2%15.6
Wogonin 0.6 £0.6 0.3%0.5
Wogonin sulfates /glucuronides 42132 162124
Total 4.813.7 16.5%12.2
Rhein 72132 114.8 £19.1
Rhein sulfates /glucuronides 36.8 £6.1 99.5%17.8
Total 44.015.1 214.3123.8
Emodin 0.310.7 0.510.9
Emodin sulfates /glucuronides 7.4%3.0 7.3%3.1
Total 7.713.1 7.8 %3.1
Chrysophanol 5.6 4.4 19.8 £10.9
Chrysophanol sulfates /glucuronides 18.717.3 38.3%16.2
Total 24.319.1 58.1119.3
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Table 27 Urinary excretion amount (umoL) of various constituents in urine after
dosing decoctions and commercial extract of SHSST to seven volunteers.

Decoction Commercial extract

) 90% Confidence

Constituents )
Mean Mean interval of C/D

Baicalein 25.3 21.7 66 ~ 114 %
Aloe-emodin 6.2 6.4 80 ~ 154 %
Wogonin 5.8 5.6 32 ~285%
rhein 12.6 19.6 *** 144 ~ 170 %
Emodin 0.4 0.5 76 ~195 %
chrysophanol 2.0 2.7 105 ~ 181 %

%% P<0.001

Table 28 Urinary excretion half-life of conjugate metabolites in seven volunteers

after intake of decoction and commercial extract of SHSST.

Decoction Commercial extract
Baicalein sulfates/glucuronides 9.6 +3.5 8.5+3.5
Aloe-emodin sulfates/glucuronides 15.0£7.9 11.4+1.4
Wogonin sulfates/glucuronides 53427 59432
Rhein sulfates/glucuronides 4.0 +£0.8 4.6+0.9
Emodin sulfates/glucuronides 3.9+1.8 6.84+4.0
Chrysophanol sulfates/glucuronides 13.4 +£8.6 15.0 +12.1
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Fig. 1. HPLC chromatogram of the commercial extract of SHSST
1. coptisine 2. baicalin 3. palmatine 4. berberine 5. baicalein
6. aloe-emodin 7. wogonin 8.rhein 9. emodin
10. chrysophanol 1.S. : 2-methylanthraquinone
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35

minute

Fig. 2. HPLC chromatogram of urine in a volunteer after taking decoction of
SHSST. (A) standards spiked in blank urine ; (B) blank urine ; (C) urine
sample; (D) urine sample hydrolyzed with sulfatase /glucuronidase

1. baicalein 2. aloe-emodin 3. wogonin 4. rhein 5. emodin
6. chrysophanol L.S. : amyl paraben
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minute

Fig. 3. HPLC chromatogram of plasma in a volunteer after taking decoction of
SHSST. (A) standard solution ; (B) blank plasma ; (C) plasma sample; (D)
plasma sample hydrolyzed with sulfatase /glucuronidase

1. baicalein 2. aloe-emodin 3. wogonin 4. rhein 5. emodin
6. chrysophanol L.S. : amyl paraben
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Fig. 4 Mean (£S.D.) cumulated excretion amount (umoL) of baicalein
and baicalein sulfates/glucuronides in urine of seven volunteers
after intake of SHSST decoction (a) (12 g/120 mL) and
commercial extract (b) (3.3 g).
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Cumulated amount of aloe-emodin conjugates (umoL)

40
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Fig. 5 Mean (+S.D.) cumulated excretion amount (umoL) of aloe-emodin

sulfates/glucuronides in urine of seven volunteers after intake of
SHSST decoction (a) (12 g/120 mL) and commercial extract (b)
(339
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Fig. 6 Mean (£S.D.) cumulated excretion amount (umoL) of wogonin
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sulfates/glucuronides in urine of seven volunteers after intake of
SHSST decoction (12 g/120 mL) and commercial extract (3.3 g).
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Fig. 7 Mean (+S.D.) cumulated excretion amount (umoL) of rhein and
rhein sulfates/glucuronides in urine of seven volunteers after
intake of SHSST decoction (a) (12 g/120 mL) and commercial

extract (b) (3.3 g)
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Fig. 8 Mean (£S.D.) cumulated excretion amount (umoL) of emodin
sulfates and glucuronides in urine of seven volunteers after intake
of SHSST decoction (12 g/120 mL) and commercial extract (3.3g)
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commercial extract (b) (3.3 g)
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Fig. 10 Mean (£S.D.) urinary excretion rate (% of dose/h) of baicalein
sulfates/glucuronides in seven volunteers after intake of SHSST
decoction (12 g/120 mL) and commercial extract (3.3g) during

each time interval.
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Fig. 11 Mean (ZS.D.) urinary excretion rate (% of dose/h) of
aloe-emodin sulfates/glucuronides in seven volunteers after
intake of SHSST decoction (12 g/120 mL) and commercial

extract (3.3g) during each time interval.
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extract (3.3g) during each time interval.
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