HPLC
propylparaben 2-methylanthraquinone

20 1
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Y 0006X 0031 R 0.99 12.5
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Fig. 1-5 HPLC chromatogram of traditional decoction: (a):GZ (148.9 ng/ml),
(b):propylparaben
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Table 1-1 Intraday and interday analytical precision and accuracy of GZ

Intraday (n=3) Interday (n=3)
Concentration
Precision Accuracy Precision Accuracy
(mg/ml)

Mean + S.D. (C.V.%) (%) Mean + S.D. (C.V.%) (%)

400.0 397.8 £+1.5(0.4) -05 405.8 + 6.2 (1.5) 15
200.0 192.4 + 0.7 (0.3) -3.8 190.8 +5.8 (3.1) -4.6
100.0 105.9 £ 2.2 (2.0) 5.9 112.2 +5.0(4.5) 12.2
50.0 47.0 £1.0(2.0) -6.1 47.8 £ 0.3 (0.6) -4.4
25.0 23.5 £ 0.6 (2.4) -6.0 24.0 £ 0.8 (3.3) -3.9
12.5 12.7 £0.7 (5.3) 1.4 13.6 £ 0.5 (3.6) 8.9

Table 1-2 Recovery (%) of GZ from traditional decoction of licorice (n=3)

Constituent spiked Concentration (ng/ml) Recovery (Mean = SE.) (%)
12.5 975+21
GZ 50.0 101.5+0.6
200.0 108.8 +0.8
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Table 1-3 Contents of GZ in traditional decoction of licorice (mg/g)

Constituents

Grade

GZ

Mean + S.E.

25.4
29.8
17.3
31.4
28.8
29.7

27121

18.1
211
24.0

21117

31.2
28.3
33.3

30915

A W N P O DN PP [WOODN PP O OO p O DN P

22.0

25.5

35.2
7.3

22.5+5.8
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Table 1-4 Contents of GZ in commercia extracts of licorice (mg/g)

Constituents GZ Mean + S.E.

Samples

67.6
62.3
36.2 54.0+4.5
56.1
48.2

o 0o B~ W N P

53.3

Table 1-5 Contents of GZ in decoctions of untreated and honey-treated licorice

(mg/g)
Sample Licorice Honey-treated licorice
1 28. 9 32. 4
2 27 .7 29. 2
3 29. 8 30. 3
4 32. 4 31.1
5 31. 8 30. 3
6 32. 3 32.0
7 29. 9 29. 4
8 29 . 4 25. 2
Mean + SE. 306 3008
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1 6

125 - 50.0 ng/ml Y = 0.194

X—-0.025 r=0.999 0.125-80ng/ml Y =1.016 X
+0.008 r=0.999
1 6 1 7
1 8 100.7 1129
97.9 1128
[imit of quantitation 1.25 mg/ml 0.12 mg/ml

limit of detection 0.30 ngy/ml 0.04 ng/mli

1 10 1 7
1 12 1 13
T e 28 70
AUC;
AUC; 47.9 16.3 nmgeh/ml 57.0
nmoles h/ml MRT 4.8 12.7
GAMG 3 =
GAMG 3
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3-

Imai et.al. GAMG
GAMG
GAMG
123,124
T max MRT 2.8 4.8
T max MRT 7.0 12.7
Wang et.al
12 Wang et.al
Crrax AUCy 6.7
nmg/ml 47.9mge Wml Chax 1.6 ng/ml AUCy;
16.3 mgeml
1 11 1 7
1 13 Chnax 1L.3my/ml Tax
17 AUC; 3.0mgehml 6.4 nmole h/ml
MRT 2.8
GAMG

b-glucuronidase

GAMG
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AUC

443 p 0.01
T max 7.0h 53h
Ak&) 121
MRT 12.7
MRT 2.8
3
300 mg/kg
128
propylparaben
1 14
Y 0.001X
0003 R 0994 100 2000 my/ml
1 16 99.8 1082
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15 Y
0116 X 0009 R 0.999 12 80.0
g/ 1 16 939 99.7
0.07
1
17 1 18 1 8
1 19 T
56 88 Con 101 27.8 myml
AUC; 149.9 499.9 mge /ml MRT 8.9
11.2 AUC, 70
p 005
Ozaki **°
24
48
mg/kg T mex 55 8.0
Cantelli-Forti ™ 480 mgkg
Too 10 12
Raggi. ™ 1600 mg
T max 6 8 8 10
Coros 123 93ngml 48 15
mym 14 23 05 0.7 ng/ml AUC,, 881 686
nmgehVml 534 209 ngeyml  27.2 30.8 13.6 16.7
nge Vml
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20 1 21 19
1 22 T mex 124 100 Conex
33 40nmyml AUC,, 475  72.6mgehiml
MRT 145 182
AUC,, 35 p
0.05

1 231 24 1 25

1 10
Crnax  AUCqy
1 26 300 mg kg

300 mg /kg 600 mg /kg

T max 8.8 6.8 1.2 Crnax
27.8 9.0 27.5 my/ml  AUC,, 4999 2544 505.1
nge Wml MRT 11.2 193 11.9 300
mg /kg Crnex MRT

1 27 1 28 1 29
1 11
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600 mg /kg

12
300 mg /kg
12 600 mg kg
300 mg /kg
300 600 mg /kg
1 30 T max 10.0
184 24.0 Cinax 40 1.3 1.7 nmg/ml AUC,
72.6 25.2 46.4 mge Wml MRT 18.2 194
22.0 600 mg /kg T max
p 0.05 300 600 mg /kg
Crmax  AUCo p 005
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Fig. 1-6 HPLC chromatograms of (A): peak (8):GZ (6.4 nmgy/mL), peak (b):
propylparaben and (B): peak (c) 2methylanthraguinone, peak (d):GA
(2.5 ng/mL) in serum sample.
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Table 1-6 Intraday and interday anaytical precision and accuracy of GZ assay

In serum
Intraday (n=3) Interday (n=3)
Concentration
Precision Accuracy Precision Accuracy
(mg/ml)

Mean + S.D. R. E. Mean + S.D. R. E.

50.0 50.6 £ 0.4 (0.8) 1.2 50.7 £1.7 (3.3) 1.3
20.0 19.5+0.4(2.2) -2.6 19.9+0.6 (2.9) -0.3
10.0 9.8 £0.02(0.2) -2.3 10.0+£0.2(1.8) 0.4
5.0 5.0 £0.01 (0.3) -0.1 5.1+£0.1(1.5) 1.4
2.5 2.6 £0.03(1.1) 4.2 2.6 £0.05(2.0) 2.0
1.2 1.3 +0.01(0.8) 4.4 1.3+£0.04(3.0) 3.7

Table 1-7 Intraday and interday analytical precison and accuracy of GA assay

In serum
Intraday (n=3) Interday (n=3)
Concentration
Precision Accuracy Precision Accuracy
(my/ml)

Mean + S.D. R. E. Mean + S.D. R. E.
8.0 7.2+0.01(0.2) -9.3 7.7+£0.4(4.8) -4.3
4.0 4.0+ 0.0,(0.3) -01 4.3+£0.2(5.3) 6.7
2.0 2.0+ 0.02(1.0) 1.6 2.2+0.1(6.2) 7.4
1.0 1.0+ 0.04(3.6) -2.2 1.0+ 0.04(3.8) -16
0.5 0.5%£0.00(0.2) -01 0.5%£0.01(1.2) -13
0.2 0.2+ 0.00 (0.5) -13 0.3+£0.01(4.8) 4.8
0.1 0.1£0.00(3.9) 2.1 0.1+£0.01(6.2) 12.1
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Table 1-8 Recovery (%) of GZ and GA from serum (n=3)

Constituents spiked Concentration (ng/ml) Recovery (Mean = SE.) (%)

5.0 108.0 + 4.6

GZ 10.0 100.7 + 0.4
50.0 112.9+4.9

0.5 100.2 +5.2

GA 1.0 97.9 +2.7
4.0 112.8+3.1
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Table 1-9 GZ concentrations rg/ml) in serum after ora administration of GZ
150 mg/kg to rabbits

Rabbits 1 2 3 4 5 6  MeanzSE.
Time (h)
1 9.5 5.7 4.1 19 16 5.1 47412
2 114 7.4 3.8 2.8 4.1 6.2 6.0+ 1.3
4 5.2 6.4 3.0 23 4.8 8.1 5.0+ 0.9
6 3.7 3.4 14 12 3.2 9.5 3.7+12
8 2.6 3.0 0.8 0.8 2.2 6.4 26+0.8
10 16 2.1 0.7 05 18 6.8 23+10
12 15 15 0.5 0.4 0.8 5.2 17407
24 0.3 0.3 ND. ND.  NOD. 2.9 0.6+05
36 N.D. 0.3 N.D. ND. ND. ND.
48 ND. ND. ND.  ND. __ND. __ ND.

N.D.: not detectable

Table 1-10 GA concentrations (rg/ml) in serum after ora administration of GZ
150 mg/kg to rabbits

Rabbits 1 2 3 4 5 6  MeanzSE.
Time (h)
1 ND. ND. ND. ND. ND. 0.2
2 N.D. 0.2 0.2 N.D.  N.D. 02  0.1+0.0,
4 05 0.1 0.4 0.3 05 0.3 0.4+0.1
6 14 1.0 1.2 18 1.2 05 12402
8 14 1.2 0.7 0.9 0.6 0.9 1.0+0.1
10 0.8 15 0.4 0.5 0.9 1.0 0.9+0.2
12 0.7 0.4 0.2 0.5 0.7 10 0.6+0.1
24 0.2 0.2 0.3 0.4 0.2 0.7 0.3+0.1
36 N.D.  N.D. 0.1 0.1 0.1 05 0.1+0.1
48 N.D. _ N.D. 0.1 0.1 0.1 0.4 0.1+0.1

N.D.: not detectable
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Table 1-11 GA concentrations (rg/ml) in serum after oral administration of GA
84 mg/kg to rabbits

Rabbits 4 2 3 4 5 6  Mean+SE
Time (h)
0.25 0.9 0.6 1.3 0.7 2.2 0.2 1.0+03
0.50 0.3 0.4 1.2 0.6 2.8 0.2 0.9+0.4
0.75 0.2 0.4 0.8 0.7 15 0.3 0.7+0.2
1.0 0.3 0.4 0.9 0.7 1.2 0.3 0.6+0.2
15 0.3 0.3 0.4 1.0 0.5 0.3 0.4+0.1
2 0.1 0.7 0.5 13 0.4 0.3 0.6+0.1
3 0.3 0.3 0.7 05 0.2 05 0401
4 0.2 0.9 0.3 0.5 0.1 04 0401
6 0.2 0.3 0.3 0.2 0.2 01  0.2+0.0;
8 0.1 0.3 0.2 0.2 0.1 01  0.2+0.0;
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Fig. 1-7 Mean serum concentration-time profiles & S.E.) of GZ and GA after
oral administration of GZ (150 mg/kg, 178.5 nmol/kg) and GA after
ora administration of GA (84 mg/kg, 178.5 nmol/kg) to rabbits.
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Table 1-12 Pharmacokinetic parameters of GZ after ad administration of GZ

(150 mg/kg) to rabbits

Drug Rabbits
. 1 2 3 4 5 6 MeanzxSE.

administered  pyameters
Tmax (h) 20 20 10 20 40 60 2807
GZ Cmax (My/ml) 114 74 41 28 48 95 6.7+14
AUC (ngeh/ml) 543 482 172 84 299 129.7 47.9+17.9
MRT (h) 41 47 28 23 48 99 48=%11

Table 1-13 Pharmacokinetic parameters of GA after ard administration of GZ
(150 mg/kg) and GA (84 mg/kg), respectively, to rabbits

Drug Rabbits
. 1 2 3 4 5 6 MeanztSE.
administered  pyometers
Tmax (h) 6.0 6.0 6.0 6.0 6.0 120 7.0+10
Gz Cmax (MG/mI) 14 28 12 18 12 10 16+03
AUC(ngeh/ml) 144 163 9.2 161 13.0 29.0 16.3+27
MRT (h) 100 81 108 145 103 223 12.7%x21
Tmax (h) 0.3 4.0 0.3 2.0 0.5 30 1.7%0.7**
GA Cmax (mg/ml) 0.9 0.9 13 13 2.8 05 1303
AUC (ngeh/ml) 1.9 3.9 3.7 4.1 3.2 1.3 3.0+0.5**
MRT (h) 3.5 3.7 2.9 2.9 15 24 28+0.3**

** p<0.01 compared with oral administration of GZ
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Table 1-14 Intraday and interday analytical precision and accuracy of GZ assay
in concentrated decoction

Intraday (n=3) Interday (n=3)
Concentration
Precision Accuracy Precision Accuracy
(mg/ml)

Mean = S.D. (C.V.%) (%) Mean £ S.D. (C.V.%) (%)

100 100.1 £ 2.0 (2.0) 0.1 102.7 £ 2.6 (2.5) 2.6
200 234.9 £0.8 (0.3) 17.4 234.6 £ 0.8 (0.3) 17.3
400 414.2 + 1.6 (0.4) 35 413.8 + 1.8 (0.4) 3.4
500 472.8 £ 0.7 (0.1) -5.4 473.5 £ 1.1 (0.2) -5.3
1000 891.4 + 2.6 (0.3) 10.8 886.7 + 4.3 (0.5) -11.3
1600 1737.1+£3.3(0.2) 8.6 1740.2 £5.0(0.3) 8.8
2000 1935.2 + 3.0 (0.2) -3.2 1936.4 £ 2.3(0.1) -3.2

Table 1-15 Intraday and interday anaytical precision and accuracy of GA assay
In concentrated decoction

Intraday (n=3) Interday (n=3)
Concentration
Precision Accuracy Precision Accuracy
(mgy/ml)

Mean £ S.D. (C.V.%) (%) Mean £ S.D. (C.V.%) (%)

80.0 80.2 £1.9(2.4) 0.2 80.3 £1.2(1.5) 0.4
40.0 40.2 £1.0(2.5) 0.6 39.6 £ 0.7 (1.7) -0.9
20.0 18.3 £ 0.4 (2.0) -8.7 18.8 £ 0.7 (3.7) -5.8
10.0 11.2 + 0.4 (3.4) 11.9 11.4 £ 0.2 (1.7) 13.8
5.0 5.0 £0.2 (3.6) 0.4 5.0 £0.2 (3.5) -0.2
2.5 2.5+ 0.05(2.0) 1.9 2.4 £0.05(1.2) -3.2
1.2 1.3 £0.03(2.8) 7.3 1.2 £0.04 (3.4) -5.8
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Table 1-16 Recovery (%) of GZ and GA in concentrated decoction

Constituents spiked Concentration (nmg/ml) Recovery (Mean £ S.E.) (%)
400.0 100.1+0.8
GZ 1000.0 99.8 + 0.6
1600.0 108.2+ 2.1
5.0 93.9+29
GA 10.0 99.3 2.1
40.0 99.7+04
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Table 1-17 GZ concentrations (hg/ml) in serum after oral administration of GZ

(300 mg/kg) to rabbits

Rabbits 1 2 3 4 5  MeantSE
Time (h)

1 6.0 3.0 10.5 5.9 10.0 7z%3.
2 7.6 5.9 10.6 7.7 9.3 8+ D.
4 10.6 7.6 11.1 9.0 9.2 9+ .
5 11.0 8.1 11.1 8.9 11.010+00.
3 10.6 8.3 10.4 8.7 6.4 8+ D.
10 8.3 7.9 10.0 7.8 5.2 7+ 8.
12 6.7 6.9 10.5 6.7 4.2 786 1.
24 2.1 2.1 5.0 2.3 1.2 2+9.
36 0.9 0.7 0.9 1.1 0.8 0% 9.
48 0.7 0.8 0.7 0.7 0.7 0+ 0.

Table 1-18 GZ concentrations (mg/ml) in serum after oral administration of
licorice decoction 300 mg/lkg GZ  to rabbits

Rabbits 1 2 3 4 5  Mean*SE
Time (h)

L 8.4 6.3 12.4 3.6 1.5 6%4.
) 14.3 11.2 24.7 9.2 5.112%93
A 27.8 25.8 38.0 13.8 8.722%85.
6 6.7 30.5 38.6 15.4 9.124:15
o 19.7 36.1 39.7 16.3 10. 124245
10 15.4 42.5 41.7 11.6  8.323%097
1 12.2 43.1 41.8 10.5 7.122%98
04 1.3 26.8 12.9 2.3 1.7 9%G.
36 0.3 7.0 2.3 N.D. 0.3 2+a.
A8 0.3 1.6 0.3 N.D N.D. 0z®.

W W O O U1 0O W N W ©

N.D.: not detectable
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Fig. 1-8 Mean (x S.E.) serum concentrationtime profiles of GZ after oral
administration of licorice decoction (300 mg/kg GZ) and GZ (300
mg/kg) to rabbits.
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Table 1-19 Pharmacokinetic parameters of GZ in rabbits after giving licorice

decoction (300 mg/kg GZ) and GZ (300 mg/kg)

Drug Rabbits
. 1 2 3 4 5 Mean + S.E.
administered  pyameters

Timax () 40 120 120 80 80 8.8+15

Licorice Cmax (mg/ml)  27.8 43.1 418 16.3 10.1 27.8+6.6
AUC (mgeh/ml) 302.4 1009.8 827.3 219.0 141.1 499.9 +174.9

MRT (h) 80 167 122 93 96 11.2+15

Timax () 60 80 40 40 60 5.6 +0.7

GZ Cmax (MU/ml) 111 83 111 9.0 11.0 10.1+0.6
AUC (ngeh/ml) 158.3 137.5 214.8 146.9 91.9  149.9 +19.7*

MRT (h) 92 98 104 95 55 8.9+0.9

* p<0.05 compared with licorice decoction
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Table 1-20 GA concentrations (rg/ml) in serum after ora administration of GZ

(300 mg/kg) to rabbits

Rabbits 1 2 3 4 5  Mean+SE
Time (h)

1 0.2 0.1 0.3 0.1 N.D. 0.1+0.1
2 0.5 0.3 0.8 0.5 0.3 05+01
4 2.7 0.6 2.1 1. 4 1.7 17+04
5 3.8 0.7 2.3 1.7 2.8 23+05
3 3.0 0.7 1.2 3.1 2.1 20+05
10 1.3 1.7 0.9 3.5 3.4 22+05
12 2.5 2.7 1.0 3.2 2.0 23+04
24 1.0 0.1 2.8 1.2 0.9 12+04
36 0.2 N.D. 0. 4 0. 4 05 0.3+0.1
48 0.1 N.D. 0.1 0.1 0.4 01+01

N.D.: not detectable

Table 1-21 GA concentrations (ng/ml) in serum after oral administration of
licorice decoction 300 mg/lkg GZ  to rabbits

Rabbits 1 2 3 4 5  Mean*SE
Time (h)
L 0.5 N.D. 0.6 0.8 0.1 0.t40.
) 1.3 0.2 1.1 1.1 0.3 0.280.
A 7.3 0.3 1.1 1.6 0.5 2.#21.
6 3.8 0.5 2.3 2.0 14 2.:00.
o 5.5 0.9 2.5 2.8 1.7 2.470.
10 2.8 1.7 3.1 4.2 2.0 2.:80.
15 3.1 1.6 3.8 4.5 2.6 3.10.
04 0.9 0.9 2.0 2.1 1.9 1.#60.
36 0.6 0.5 1.0 1.3 0.3 0.470.
A8 0.2 0.6 0.5 0.4 0.2 0.240.

N.D.: not detectable
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Fig. 1-9 Mean (+x S.E.) serum concentrations-time profiles of GA after oral
administration of licorice decoction (300 mglkg GZ) and GZ (300
mg/kg) to rabbits.
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Table 1-22 Pharmacokinetic parameters of GA in rabbits after giving licorice
decoction (300 mg/kg GZ) and GZ (300 mg/kg)

Drug Rabbits
o 1 2 3 4 5 Mean + S.E.
administered Parameters
Trmax (h) 4.0 10.0 12.0 120 120 10.0+1.5
Licorice Cmax(myml) 73 1.7 38 45 26 40+1.0

AUC (mgeh/ml) 82.0 387 862 97.8 582 72.6+10.6

MRT (h) 13.4 218 189 184 184  182+13
Trmax (N) 60 12.0 240 100 100 12.4+3.0
Gz Crax (TG/MI) 38 27 28 35 35 3.3+0.2

AUC (ngeh/ml) 53.9 107 59.9 589 541  47.5%9.3*

MRT (h) 13.0 8.7 195 143 17.0 145+1.8

* p<0.05 compared with licorice decoction
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Table 1-23 GZ concentrations (mg/ml) in serum after oral administration of
licorice decoction 300 mg/lkg GZ to rabbits

Rabbits 1 2 3 4 5  Mean*SE
Time (h)

L 8.4 6.3 12.4 3.6 1.5 6%4.
) 14.3 11.2 24.7 9.2 5.112:9%.
A 27.8 2.8 38.0 13.8 8.722%85.
6 26.7 30.5 38.6 15.4 9.124%15,
o 19.7 36.1 39.7 16.3 10.124%45
10 15.4 42.5 41.7 11.6  8.323%07.
1 12.2 43.1 41.8 10.5 7.122%+98.
04 1.3 26.8 12.9 2.3 1.7 9% G.
36 0.3 7.0 2.3 N.D. 0.3 2+a.
A8 0.3 1.6 0.3 N.D. N.D. 0z®.

W W O O U1 0O W N W ©

N.D.: not detectable

Table 1-24 GZ concentrations (mg/ml) in serum after oral administration of
commercial extracts of licorice (300 mg/kg GZ) to rabbits.

Rabbits 1 2 3 4 5  MeanSE
Time (h)
L 4. 4 4.2 3.5 3.5 3.6 3.:80.
) 5. 6 5.8 6.2 6.9 6.6 6.420.
A 5. 6 9.0 6.4 9.3 6.8 7.0,
6 5. 7 10.5 7.6 8.8 7.8 8.:10.
o 5.6 12.3 7.3 8.7 6.5 8.%11.
10 5.6 13.6 6.4 7.3 6.3 7.:81.
15 5.3 14.4 6.1 6.4 5.4 7.#51.
04 3.0 12.8 4.2 3.1 3.5 5.#31.
36 2. 4 8.7 2.4 2.6 2.5 3.471.
A8 2.3 5.0 2.2 2.3 2.4 2.480.
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Table 1-25 GZ concentrations (mg/ml) in serum after oral administration of
commercia extracts of licorice (600 mg/kg GZ) to rabbits.

Rabbits 1 2 3 4 5  Mean*SE
Time (h)

L 5.4 3.4 12.2 1.9 11.1 6%&.
) 11.1 6.8 14.0 15.1 18.613%12.
A 15.0 7.1 15.5 20.7 46.520%%
6 15.4 11.2 19.9 14.7 44.221%15
o 14.8 12.1 28.2 13.3 43.622%46
10 14.4 12.4 36.4 11.3 35.722%05
15 13.2 10.7 43.0 9.2 29.221%16
04 4.4 3.6 38.7 4.2 8.211%8
36 0.3 0.3 11.1 0.8 1.3 2:x®.
A8 8 N. D 2.3 0.4 N.D. 0x@.

A B 00 O N O © 00 O B

N.D.: not detectable
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Fig. 1-:10 Mean (x S.EE.) serum concentrations-time profiles of GZ after oral
administration of licorice (300 mg/kg GZ) and commercial extracts of
licorice (300 mg/kg GZ and 600 mg/kg GZ) to rabbits.

1-90



Table 1-26 Pharmacokinetic parameters of GZ in rabbits after giving licorice
decoction (300 mg/kg GZ) and commercia extracts of licorice (300

mg/kg GZ and 600 mg/kg GZ)
Drug Rabbits
. 1 2 3 4 5 Mean £ SEE.
administered Parameters
licorice Tmax (h) 4.0 120 120 80 8.0 8815

decoction Cmax (M/ml)  27.8 43.1 418 163 101 27.8+6.6
(300 mg/kg GZ) AUC (ngeh/ml) 302.4 1009.8 827.3 219.0 141.1 499.9 £174.9

MRT (h) 80 167 122 93 96 112+15

commercial Tmax (D) 6.0 120 6.0 4.0 6.0 6.8 £1.4
extracts of Cmax (mg/ml) 57 144 76 9.3 7.8 9.0 £1.5%
licorice AUC (mgeh/ml) 173.5 4929 202.8 209.2 193.6 254.4 +59.8

(300 mg/lkg GZ)  MRT (h) 19.3 219 187 178 189 19.3+0.7*

commercial Tmax (h) 6.0 100 120 40 4.0 7.2 +1.6
extracts of Cmax (My/ml) 154 124 430 201 465 27572
licorice AUC (ngeh/ml) 260.3 1955 1146.5 234.1 689.1 505.1+183.3

(600 mg/kg GZ) MRT (h) 10.1 101 190 94 108 11.9+18

* p<0.05 compared with licorice decoction
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Table 1-27 GA concentrations (ng/ml) in serum after oral administration of
licorice decoction 300 mg/lkg GZ to rabbits

Rabbits 1 2 3 4 5  Mean*SE
Time (h)
L 0.5 N.D. 0.6 0.8 0.1 0.t40.2
) 1.3 0.2 1.1 1.1 0.3 0.480.2
A 7.3 0.3 1.1 1.6 0.5 2.#21.3
6 3.8 0.5 2.3 2.0 1.4 2.#00.5
o 5.5 0.9 2.5 2.8 1.7 2.470.8
10 2.8 1.7 3.1 4.2 2.0 2.#80.4
15 3.1 1.6 3.8 4.5 2.6 3.#10.5
04 0.9 0.9 2.0 2.1 1.9 1.#60.3
36 0.6 0.5 1.0 1.3 0.3 0.#70.2
A8 0.2 0.6 0.5 0.4 0.2 0.#40.1

N.D. : not detectable

Table 1-28 GA concentrations (mg/ml) in serum after oral administration of
commercial extracts of licorice (300 mg/kg GZ) to rabbits.

Rabbits 1 2 3 4 5  Mean*SE
Time (h)
L 0.2 N.D. 0.1 0.3 0.2 0.+0.1
) 0.3 0.1 0.1 0.4 0.6 0.$30.1
A 0.7 0.2 0.2 0.8 0.7 0.#50.1
6 1.4 0.2 0.4 0.8 0.9 0.470.2
o 1.3 0.2 0.4 1.3 1.0 0.480.2
10 1.4 0.3 0.3 2.0 0.9 1.#0.3
15 1.8 0.2 0.4 2.4 0.8 1.#10.4
04 0.8 0.4 0.8 0.6 0.5 0.#60.1
36 N.D. 0.4 0.3 0.2 0.6 0.430.1
A8 N.D. 0.2 0.2 0.1 0.2 0.10.0

N.D.: not detectable
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Table 1-29 GA concentrations (mg/ml) in serum after oral administration of
commercial extracts of licorice (600 mg/kg GZ) to rabbits.

Rabbits

1 2 3 4 S Mean + S.E.
Time (h)

1 0.5 0. 4 0.3 0.1 0.2 0.£30.
> 0.6 0.5 0. 4 0.2 0.2 0.#40.
4 0.9 0.6 1.0 0.3 0.4 0.#60.
6 1.2 0.6 0.6 0.5 0.8 0.+70.
8 0.8 0.8 1.0 0.7 1.0 0.490.
10 1.7 0.9 1.2 1.0 0.7 1.#10.
12 1.5 0.8 1.5 0.9 1.0 1.+#10.
24 2.8 1.0 1.9 1.1 1.6 1.+£70.
36 1.0 0.3 1.0 0.5 0.6 0.£70.
48 1.1 0.1 0. 4 0. 4 0.4 0.450.
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Fig. 1:11 Mean (£ S.E.) serum concentrations-time profiles of GA after oral
administration of licorice decoction (300 mg/kg GZ) and commercia
extracts of licorice (300 mg/kg GZ and 600 mg/kg GZ) to rabbits.
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Table 1-30 Pharmacokinetic parameters of GA in rabbits after giving licorice
decoction 300 mg/kg GZ) and commercia extracts of licorice (300

mg/kg GZ and 600 mg/kg GZ)
Drug Rabbits
o 1 2 3 4 5 Mean + S.E.
administered Parameters
decoction Cmax (ng/ml) 7.3 1.7 3.8 45 2.6 40+1.0

(300 mg/kg GZ) AUC (mgeh/ml) 82.0 38.7 86.2 97.8 58.2 72.6 +10.6

MRT (h) 134 218 189 184 184 18.2+1.3
commercial Tmax (D) 120 36.0 240 120 8.0 18.4 £5.1
extracts Crnax (mg/ml) 1.8 04 0.8 2.4 1.0 1.3 £0.4*

(300 mg/lkg GZ) AUC (mgeh/ml) 27.2 153 200 362 273 252 +3.6*

MRT (h) 12.2 271 235 137 201 19.4%28
commercial Tmax (h) 240 240 240 240 240 24.0£0.0*
extracts Crnax (mg/ml) 2.8 1.0 19 11 1.6 1.7 £0.3*

(600 mg/kg GZ) AUC (mgeh/ml) 72.8 27.1 56.3 32.6 431 46.4+8.2*

MRT (h) 240 174 228 229 230 220+12

* p<0.05 compared with licorice decoction
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Table 1-31 GZ concentrations (hg/ml) in serum after oral administration of GZ

(150 mg/kg) aone to rabbits.
Rabbits 4 2 3 4 5 6 7 8 MeantSE.
Time(h)
1 1.779.0 6.0 3.2 4.3 6.3.D 7.66x®.0
5 7.83.2 9.5 6.7 9.15.92.85. QQ1+23. 4
4 13.842.217.714.524.5 6.3 4.27.88+9%. 4
6 10. 926.618.815. 722. 5.0 4. 28.36+53.2
8 8. £6.917.311.45.6 4.8 7.M9. 13+8.6
10 6. 0.40.6 6.532.6 3.6 7.34.80+3L.9
12 4.92.51.9 5.38.03.20.710.88.+41. 3
24 1.3 4.2 2.10.6 1.9 0.4 1.41.9.+70. 4
36 N. D. .14 0O.®&N.D. O0.AN D.N D.N D.0.#30. 2
48 NND. O.ND.ND. O0.3ND.N D.N D
N.D. : not detectable
Table 1-32 GZ concentrations (ng/ml) in serum after oral coadministration of
GZ (150 mg/kg) with honey (5 g) to rabbits.
Rabbits 2 3 4 5 6 7 8 MeanSE
Time(h)
1 1.0 3.40.9 5.5 1.4 3.7 2.40.9 2+4.6
5 1.8 7.04.217.7 6.3 7.4 4.53.4 6+58.7
4 6.018.35.832.215.631.1 8.69.515+093. 8
6 5.820.33.530.912.421.812.17.714+33. 3
8 4.835.62.6 16.28.316.517.46.413+53. 8
10 4.023.72.113.05.113.511.24.5 9+@&.5
12 3.121.21.7 9.65.211.39.4 3.4 8+12.2
24 1.3 3.80.32.31.03.13.20.6 2+@.5
36 0.5 O0.&.D.N.D.N.D.O.4 0.6N.D. 0.1
48 0.4 0. N.D.N.D.N..D N.D.O. 4N. D.

N.D.: not detectable
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Fig. 1-12 Mean (x S.E.) serum concentration-time profiles of GZ after oral

administration of GZ (150 mg/kg) alone or coadministration with
honey (5 g) to rabbits.
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Table 1-33 Pharmacokinetic parameters of GZ in rabbits after oral giving GZ
(150 mg/kg) aone and coadministration with honey

Drug Rabbits

1 2 3 4 5 6 7 8 Mean+SE.

administered  parameters

Trmax () 40 40 60 60 40 1.0 120 60 54+1.1
Gz Cmax (My/ml)  13.8 42.2 18.8 157 245 6.5 10.7 28.3 20.1+4.0
done  AUC (myeh/ml) 135.0 446.7 245.1 114.8 235.4 57.7 135.2 297.2208.4 + 44.1

MRT (h) 84 93 90 61 83 56 108 81 82+06

Tmax (h) 40 80 40 40 40 40 80 40 5006
GZwith  Cma (Mg/ml) 6.0 356 5.8 32.2 156 30.1 174 95 19.0+43
Honey  AUC (mgeh/ml) 74.1 380.8 38.2 297.6 99.0 276.4 193.2 66.6 178.2 +45.2

MRT (h) 98 99 55 79 60 89 103 63 81+0.7
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Table 1-34 GA concentrations (rg/ml) in serum after ora administration of GZ

(150 mg/kg) alone to rabbits.

Rabbits 4 2 3 4 5 6 7 8 MeantSE.
Time(h)

1 N. D.N. D.N. D.N. D.0. 1 N. D.N. D.N. D.

5 N. D.N. D.N.D.N.D.0.1 0.5N.D.0.101+01
4 0.2N.D.N.D.N.D.0.1 0.7 0.1 0.6 02+01
6 0.50.10.30.20.90.60.10.905+01
8 1.0 0.10.7 0.81.80.40.20.807+02
10 0.8 0.40.6 1.40.50.80.20.707+01
12 0.5 0.30.30.40.70.40.30.504+00,4
24 0.6 0.1 0.1 0.60.20.40.20.403+01
36 0.3 0.10.170.1N.D.0.1N.D.0.10.+D.0s
48 0.2 0.1N.D.N.D.N..D 0. 1N.D.N. D.

N.D.: not detectable

Table 1-35 GA concentrations (rg/ml) in serum after oral coadministration of
GZ (150 mg/kg) with honey (5 g) to rabbits.

Rabbits 2 3 4 5 6 7 8 MeanSE
Time (h)

, O0.3N.D.0O.2N.D.N.D.N.D.N.D.O. 10100,
, 05 N.D.0.40.10.10.90.10.503%01
4, 0.5N.D.0.60.10.10.70.11.705+02
g 1.30.11.10.30.40.90.12.108%02
g 1.30.31.40.91.20.90.21.610£02
.o 0.80.61.50.60.50.90.21.608%02
5, 0.7 0.40.90.80.50.90.312 07401
4 0.4 0.20.40.20.20.40.20.403+00
36 N.D.0.10.10.10.20.3N.D.0.50.:D1
46 N.D.O.1N.D.0.10.10.2N.D.0.10.£D0

N.D.: not detectable
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Fig. 1-13 Mean (£ S.E.) serum concentration-time profiles of GA after ora

administration of GZ (150 mg/kg) aone or coadministration with
honey (5 g) to rabbits.
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Table 1-36 Pharmacokinetic parameters of GA in rabbits after giving GZ (150
mg/kg) alone and coadminigtration with honey

Drug Rabbits
1 2 3 4 5 6 7 8 MeanzSE

administered Parameters

Trmax () 8.0 10.0 8.0 10.0 8.0 10.012.0 6.0  9.0+0.6
GZ Cmax (My/ml) 1.0 0.4 0.7 1.4 1.8 0.8 03 09  09+0.2
adone  AUC(ngeh/ml) 20.1 1.8 6.6 11.514.415.1 48 12.6 10.9+2.1

MRT (h) 21.0 95 11.214310415.014.0115 134+13

Trmax () 2.0 10.010.0 80 80 2.0 240 60 88+24
GZwith  Cpax (My/ml) 15 06 1.5 09 12 09 07 21  12£02
Honey  AUC (mgeh/ml) 18.1 6.9 18.812.815.023.0 8.0 31.0 16.7 + 2.8*

MRT (h) 9.6 12911.114421.816.818.213.7 148+14

* p<0.05 compared with GZ alone
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Table 1-37 GA concentrations (mg/ml) in serum after oral administration of GA
84 mg/kg to rabbits

Rabbits 1 2 3 4 5 6  MeanzSE.
Time (h)
0.25 0.9 0.6 1.3 0.7 2.2 0.2 1.0+03
0.50 0.3 0.4 1.2 0.6 2.8 0.2 0.9+04
0.75 0.2 0.4 0.8 0.7 15 0.3 0.7+0.2
1.0 0.3 0.4 0.9 0.7 1.2 0.3 0.6+0.2
15 0.3 0.3 0.4 1.0 05 0.3 0.4+0.1
2 0.1 0.7 05 13 0.4 0.3 0.6+0.1
3 0.3 0.3 0.7 0.5 0.2 05 0.4+0.1
4 0.2 0.9 0.3 0.5 0.1 0.4 0.4+0.1
6 0.2 0.3 0.3 0.2 0.2 01  0.2+0.0;
8 0.1 0.3 0.2 0.2 0.1 01 0.2+0.0;

Table 1-38 GA concentrations frg/ml) in serum after oral coadiministration of
GA 84mgkg withhoney (59) to rabbits

Rabbits 1 2 3 4 5 6  MeanzSE.
Time (h)
0.25 0.4 0.6 0.2 0.2 0.3 0.3 0.3+0.1
05 0.4 0.5 0.2 0.3 0.2 0.4 0.3+0.1
0.75 0.3 0.5 0.4 0.3 14 0.4 0.6+0.2
1 0.4 0.6 0.3 0.3 0.8 0.8 0.5+0.1
15 0.3 0.2 0.3 0.2 0.6 11 0.5+0.1
2 0.1 0.3 0.3 12 0.2 05 0.4+0.2
3 0.1 0.3 2.0 1.0 0.2 05 0.7+03
4 N.D. 0.3 0.8 0.7 0.1 0.3 0.4+0.1
6 N.D. 0.2 0.3 0.3 0.1 0.4 0.2+0.1
8 N.D. _ N.D. 0.3 0.3 0.1 0.1 0.1+0.1

N.D.: not detectable
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Table 1-39 Pharmacokinetic parameters of GA in rabbits after giving GA (84

mg/kg) done and coadministration with honey.

Drug Rabbits
. 1 2 3 4 5 6 Mean + S.E.
administered  pyameters

Tmax () 025 40 025 20 05 30 1.7+06

GA Cmax (M/m) 09 09 13 13 28 05 13+03

done  AUC(ngeh/ml) 19 39 37 41 32 13 3.0+05

MRT (h) 35 37 29 29 15 24 28+03

Timax (h) 025 025 30 20 075 15 1.3+04

GA with Coax (My/m) 04 08 19 12 14 11 1.1+02

honey  AUC(mgeh/ml) 06 24 49 41 13 27 2707

MRT (h) 09 28 39 33 12 27 25+05
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Table 1-40 GZ concentrations (hg/ml) in serum after oral administration of GZ
150 mg/kg to rabbits

Rabbits 1 2 3 4 5 6  MeanzSE.
Time (h)
1 27 26 5.0 2.1 25 2.1 28+0.4
2 45 4.1 5.7 2.9 3.4 3.1 4.0+0.4
4 106 6.6 4.4 6.4 6.0 4.0 6.3+ 1.0
6 9.2 7.7 3.8 4.6 4.1 4.0 5.6+ 0.9
8 6.0 5.0 2.6 2.1 2.8 2.4 35+0.6
10 3.7 3.9 1.6 18 2.0 2.0 25+0.4
12 2.4 2.4 1.2 11 18 1.2 17402
24 N.D. 0.5 N.D. ND. ND. ND.
36 ND. ND. ND. ND  ND.  ND.
48 ND. ND. ND.  ND. __ND. __ ND.

N.D. : not detectable

Table 1-41 GZ concentrations (rg/ml) in serum after oral coadministration of
GZ 150 mg/lkg with glucose to rabbits

Rabbits 1 2 3 4 5 6  MeanzSE.
Time (h)
1 18 1.0 14 15 17 0.9 14401
2 2.2 2.4 3.2 11 3.4 15 23+04
4 3.8 9.0 5.4 22 6.5 1.2 47412
6 35 6.4 4.4 15 6.0 11 3.8+09
8 23 4.2 3.9 0.9 7.3 0.8 3.2+10
10 1.9 2.8 27 0.6 6.7 0.8 26+0.9
12 14 16 16 0.5 8.1 0.6 23+12
24 ND. ND. ND. ND. 3.9 N.D.
36 ND. ND. ND. ND. 11 N.D.
48 N.D. ND. ND. ND. _ND. _ ND.

N.D.: not detectable
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Table 1-42 GZ concentrations (ng/ml) in serum after oral coadministration of
GZ 150 mg/kg with fructose to rabbits

Rabbits 1 2 3 4 5 6  MeanzSE.
Time (h)
1 13 2.9 0.9 10 11 0.8 1.3+03
2 3.1 55 3.2 2.1 15 14 28+0.6
4 37 7.8 5.9 3.0 3.8 2.0 4.4+09
6 2.4 6.3 7.2 2.4 3.0 16 3.8+ 10
8 16 4.1 55 4.4 2.1 1.2 3.2+07
10 1.2 35 3.7 5.0 18 0.7 27+0.7
12 0.9 25 4.9 3.2 14 0.7 23+0.7
24 0.3 0.4 0.6 3.2 N.D. ND. 0805
36 ND. ND. ND. 0.6 N.D.  N.D.
48 ND. ND. ND.  ND. __ND. __ ND.

N.D.: not detectable
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Fig. 1-15 Mean (£ S.E.) serum concentration-time profiles of GZ after ora
administration of GZ (150 mg/kg) aone or coadministration with

fructose or glucose (5 g) to rabbits.

1-113



Table 1-43 Pharmacokinetic parameters of GZ in rabbits after giving GZ (150
mg/kg) aone and coadministration with glucose or fructose

Drug Rabbits
o 1 2 3 4 5 6 Mean+SE.
administered Parameters
Trmax (h) 4.0 6.0 2.0 4.0 4.0 6.0 43 +0.6
GZ Cmax (Mg/ml) 106 7.7 57 64 60 40 6.7+09

alone AUC (mgeh/ml) 70.8 575 36.8 346 39.2 30.0 448+65

MRT (h) 58 60 43 49 55 51 53%02

Trmax (h) 40 40 40 40 120 20 50+14
GZ with Crax(mg/ml) 38 90 54 22 81 15 50+12
glucose AUC(mgeh/ml) 295 50.0 406 9.0 140.2 35 455+20.3

MRT (h) 58 60 60 35 116 27 59+13

Tmax () 40 40 6.0 100 40 40 53+1.0
GZ with Crax (Mg/ml) 37 78 72 50 38 20 49+0.9
fructose AUC(ngeh/ml) 19.9 571 543 748 250 76 39.8+10.6

MRT (h) 41 57 67 129 63 39 6613
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Table 1-44 GA concentrations (rg/ml) in serum after oral administration of GZ
150 mg/kg to rabbits

Rabbits 1 2 3 4 5 6  MeanzSE.
Time (h)
1 ND. ND. ND. ND. ND. 0.1
2 0.2 N.D. 0.7 N.D.  N.D. 0.2 0.2+0.1
4 0.4 N.D. 1.0 0.5 0.1 0.6 0.4+0.1
6 11 0.4 1.2 0.8 0.9 0.9 0.9+0.1
8 1.0 0.8 0.8 0.7 0.9 08  0.8+0.0,
10 0.8 0.4 1.1 0.9 0.7 2.1 1.00.2
12 0.6 0.3 0.7 0.8 0.6 16 0.8+0.2
24 0.2 0.1 0.1 0.3 N.D. 03  0.2+00,
36 ND. ND. ND. ND. ND. 0.1
48 ND. ND. ND.  ND. __ND. __ ND.

N.D. : not detectable

Table 1-45 GA concentrations (rg/ml) in serum after oral coadministration of
GZ 150 mg/lkg with glucose to rabbits

Rabbits 1 2 3 4 5 6  MeanzSE.
Time (h)
1 0.1 N.D. 0.4 0.4 N.D. 0.9 0.3+0.1
2 0.3 N.D. 0.2 0.5 N.D. 0.9 0.3+0.1
4 0.8 N.D. 0.5 13 N.D. 15 0.7+0.2
6 1.3 0.4 14 15 N.D. 1.3 1.00.2
8 1.2 0.6 16 14 N.D. 15 1.0+0.2
10 0.8 0.5 1.2 0.7 0.1 14 0.8+0.2
12 10 0.7 14 0.7 0.2 0.7 0.8+0.2
24 0.4 0.3 0.2 0.1 0.1 02  0.2+00,
36 0.1 N.D. ND.  ND. 0.1 N.D.
48 N.D.  N.D. ND. _ N.D. 0.1 N.D.

N.D. : not detectable
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Table 1-46 GA concentrations (ng/ml) in serum after oral coadministration of
GZ 150 mg/kg with fructose to rabbits

Rabbits 1 2 3 4 5 6  MeanzSE.
Time (h)
1 05 N.D. ND.  ND. 0.1 10 0.3+0.2
2 0.8 N.D.  N.D. 0.1 0.1 05 0.3+0.1
4 18 0.1 0.1 0.2 0.3 0.7 0.5+ 0.3
6 17 0.3 0.7 0.1 1.0 14 0.8+0.2
8 0.7 0.2 0.6 0.1 0.9 16 0.7+0.2
10 0.6 0.2 0.6 0.3 0.7 1.0 0.6+0.1
12 0.3 0.2 0.5 0.3 0.6 10 0.5+0.1
24 0.1 N.D. 0.2 0.5 0.1 0.3 0.2+0.1
36 N.D.  N.D. 0.1 0.3 N.D.  N.D.
48 ND.  ND.  ND. 0.1 N.D.  N.D.

N.D.: not detectable
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Fig. 1:16 Mean (x S.E.) serum concentration-time profiles of GA after oral
administration of GZ (150 mg/kg) aone or coadministration with
fructose or glucose (5 g) to rabbits.

1-117



Table 1-47 Pharmacokinetic parameters of GA in rabbits after giving GZ (150

mg/kg) aone and coadministration with glucose or fructose

Drug Rabbits
. 1 2 3 4 5 6 MeanzxSE.
administered  pyameters

Tmax (D) 60 80 60 100 60 100 7.7+08

Gz Crax (MmI) 11 08 1.2 09 09 21 12+02
alone AUC (mgeh/ml) 117 4.1 99 131 71 220 11.3+x25
MRT (h) 102 82 69 116 7.8 113 9.3+08

Tmax (D) 6.0 120 8.0 6.0 120 8.0 8.7+11

GZ with Coax (My/m) 13 07 16 15 02 15 1.1+02
glucose AUC(mgeh/ml) 184 98 215 115 09 198 13.6+3.2
MRT (h) 11.0 125 104 65 120 86 10.2+0.9

Tmax (h) 4.0 6.0 6.0 240 80 8.0 9.3+3.0

GZ with Crax (M/ml) 18 03 07 05 09 16 1.0+02
fructose AUC(mgeh/ml) 115 21 9.8 148 6.2 193 10.6+25
MRT (h) 56 7.9 114 250 7.8 98 11329
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Table 1-48 Intraday and interday analytical precision and accuracy of HMF

assay in honey
Intraday (n=3) Interday (n=3)
Concentration Precision Accuracy Precision Accuracy

(mgmL™) Mean + S.D. R. E. Mean + S.D. R.E.
(C.V.%) (%) (C.V.%) (%)

50 495+07 (1.4) -1.0 48.6 +1.0 (2.0) -2.8

40 39.8+04 (1.0) -04 40.2 + 0.3 (0.8) 0.4

30 31.8+04 (1.2) 6.2 33.1+1.8(5.6) 10.3

20 20.3+0.3 (1.3) 1.3 20.9+0.2(1.2) 4.3

10 10.4 + 0.0 (0.2) 4.0 10.7+ 0.3 (3.2) 7.1

5 4.1+0.0,(0.4) -18.2 42 +0.2(3.9) -15.0
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Table 1-49 GZ concentrations (hg/ml) in serum after oral administration of GZ
150 mg/kg to rabbits

Rabbits 1 2 3 4 5 6 7 8 9 10 Mean+SE.
Time (h)

1 42 16 58 142 766 252 75 28 178 37.15 19.3+7.3
45 51 70 120 8.0 250 83 31 20.7 376 20.8%x79
76 66 62 87 726 203 68 29 142 351 18.1+6.8
58 40 37 61 531 136 61 27 120 353 14.2+53
52 32 22 07 486 101 33 18 7.7 369 12.0+53
10 34 24 17 04 378 58 25 10 6.2 332 94+44
12 29 15 12 ND. 361 34 14 08 38 318 83+43
24 10 05 N.D. N.D. 82 N.D. ND. ND. 03 127 23%14
36 N.D. N.D. N.D. N.D. 18 N.D. N.D. N.D. N.D. 28

48 N.D. N.D. N.D. N.D. 04 N.D. N.D. N.D. N.D. 1.2

o o M~ DN

N.D. : not detectable

Table 1-50 GZ concentrations (hg/ml) in serum after oral administration of GZ
150 mg/kg withHMF 1mg to rabbits

Rabbits 4 > '3 4 5 6 7 8 9 10 Mem#SE
Time (h)

1 19 81 07 43 99 40 177 197 321 754 174+7.2
36 88 06 59 112 84 176 265 351 754 193=%7.1
73 93 35 69 91 187 165 37.2 29.1 63.7 20.1+59
61 70 24 51 79 189 140 394 253 358 16.2+4.2
42 53 18 29 55 152 116 391 221 277 13.5+4.0
10 28 35 13 18 34 147 74 437 193 231 121%43
12 12 27 08 11 20 119 74 422 16.2 151 10.1+40
24 N.D. 03 03 N.D. ND. 38 04 387 20 24 4838
36 N.D. N.D. N.D. N.D. N.D. 20 N.D. 7.9 N.D. N.D.

48 N.D. N.D. N.D. N.D. N.D. 1.0 N.D. 2.8 N.D. N.D.

o o M~ DN

N.D. : not detectable
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Fig. 1-17 Mean (x S.EE.) serum concentration-time profiles of GZ after oral
administration of GZ (150 mg/kg) alone or coadministration with
HMF (1mg/rabbit) to rabbits.
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Table 1-51 Pharmacokinetic parameters of GZ in rabbits after giving GZ (150
mg/kg) done and coadministration with HMF (1 mg)

Rabbits

Drug 1 2 3 4 5 6 7 8 9 10 Mean £ SE.
Parameters

T () 40 40 20 10 20 10 20 20 20 20 22+03
Cinax

74 7.6 6.6 7.1 142 765 252 83 31 208 376 207+7.1
(nmg/mi)
AUC

aone 580 430 423 558 9524 1656 589 203 1329 7672 2296+ 1069
(mgeh/ml)

MRT (h) 58 54 41 28 9.2 45 48 40 47 11.8 57+09

Tomex () 40 40 40 40 20 6.0 10 10.0 20 20 39+08
Cinex

GZ with 73 9.3 35 6.9 112 189 177 437 352 754 29+71
(ng/ml)
AUC

HMFE 452 742 185 446 804 2930 1505 12490 4024 6089 296.7+ 1220
(mgeh/ml)

MRT (h) 53 51 57 45 49 11.9 53 17.0 76 6.2 74+13
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Table 1-52 GA concentrations (rg/ml) in serum after ora administration of GZ
150 mg/kg to rabbits

Rabbits 4 > '3 4 5 6 7 8 9 10 Mean*SE
Time (h)

1 N. DO. 10. 5N. DO. 2N. DN. DO0. 10. IN. D.0.+¥20. 1
) 0.10.80.92. 20. 20. 60. 10. 20. 20. 1 0.450. 2
A 0.10. 41 9 2. 20. 50. 70. 30. 20. 40. 20.470. 2
6 3.81.70.41.50. 70.80.80.31.20.21.+410. 3
8 2.02.51.01.00.60.90. 70.41.20.31.+10. 2
10 1.11.6212. 31. 30.50. 70. 30. 30.80. 3 0.480. 2
12 0.71.90.61.00.40. 70.30.30. 70.30.£70. 2
24 0.30.50.4N.DO. 10. 40. 10. 20. 40. 90.#440. 1
36 0.20.30. IN. DO. 10. 10. 10. 10. 20. 40 .420. O
48 0.10. 20. IN. DO. 10. IN. DO. 10. 20. 20 .41 0. O

N.D.: not detectable

Table 1-53 GZ concentrations (hg/ml) in serum after oral administration of GZ
150 mg/kg withHMF 1mg to rabbits

Rabbits 1 2 3 4 5 6 7 8 9 10 Mem=SE
Time (h)

1 N. DO. IN. DN. DO. N. DO. 10. 10. 30. 50 .20 . 1
) N. DO. 70. N. DO. 4N. DO. 30. 20. 51. 20 .#49 . 1
A 0.10. 90. 70. 50. 70. 20. 50. 20.51. 70.460. 1
6 3.12.31.81. 70. 50.80.40.40. 71. 7 1.430. 3
8 2.35.21.21.61.72.00.40.30.71.01.460. 4
10 1.91.51.02.10. 91. 40. 40. 70.61.11.420. 2
12 1.30.80. 71. 40.61. 00. 30. 40.60. 70.480. 1
24 0. 40. 50. N. DO. 61. 00. 10. 50. 50. 40.450. 1
36 0.20. 40. N. DO. 40. 20. 10. 40. 30. 20.430. O
48 0.10. 2N. DN. DO . 10. 40. 10. 30. 30. 20.#20. O

N.D.: not detectable
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Fig. 1:18 Mean (£ S.E.) serum concentration-time profiles of GA after ora
administration of GZ (150 mg/kg) aone or coadministration with
HMF (1mg/rabhbit) to rabbits.
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Table 1-54 Pharmacokinetic parameters of GA in rabbits after giving GZ (150
mg/kg) done and coadministration with HMF 1 mg

Rabbits

Drug 1 2 3 4 5 6 7 8 9 10 MeanzSE
Parameters
T () 6.0 8.0 40 20 6.0 80 6.0 80 8.0 240 80+19
Cinax

74 38 25 19 22 0.7 0.9 0.8 04 12 09 15+03
(nmg/mi)
AUC

aone 305 379 172 175 87 200 438 7.7 211 219 187%32
(mgeh/ml)
MRT (h) 105 153 99 57 97 165 70 163 177 256 13419
Tomex () 6.0 8.0 6.0 10.0 80 80 40 10.0 6.0 6.0 72+06
Cinex

GZ with 31 52 18 21 1.7 20 05 0.7 0.7 1.7 20+04
(ng/ml)
AUC

HMFE 365 389 230 137 218 328 6.9 190 210 275 241+32
(mgeh/ml)
MRT (h) 116 150 143 81 164 196 102 243 210 150 156%16

* p<0.05 compared with GZ alone
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Table 1-55 GZ concentrations (mg/ml) in serum after oral administration of
licorice decoction (300 mg/kg) to rabbits

Rabbits 4 2 3 4 5 6  MeanxSE
Time (h)

. 1.4 0.7 1.7 7.5 2.8 1.3 2.#61.0
) 3.0 2.3 3.2 6.6 4.5 1.8 3.#60.7
A 3.8 7.0 7.0 9.9 7.6 7.3 7.+10.8
6 4.3 12.17.5 9.8 5.1 7.0 7.#61.2
o 2.0 14.58.4 6.3 4.8 4.0 6.471.8
10 1.2 11.19.6 5.6 3.7 6.7 6.#31.5
15 0.9 8.8 6.9 5.1 3.3 5.0 5.301.1
” N.D. 1.4 N.D. 1.1 0.8 0.4 0.$60.2
36 N.D. N.D. N.D. N.D. N.D. N.D.

48 N.D. N.D. N.D. N.D. N.D. N. D,

N.D.: not detectable

Table 1-56 GZ concentrations (mg/ml) in serum after oral administration of
honey-treated licorice decoction (300 mg/kg) to rabbits

Rabbits 4 2 3 4 5 6  MeanxSE
Time (h)

. 1.7 5.7 2.6 5.7 1.2 N.D. 2.#81.0
) 2.7 5.4 1.8 3.4 1.5 2.7 2.:90.6
A 5.2 10.0 6.2 10.5 7.4 6.4 7.#60.9
6 6.4 18.6 8.6 10.7 6.4 7.3 9.#71.09
o 5.4 19.8 6.0 11.8 5.9 6.9 9.+32.3
10 4.5 16.5 4.0 11.7 5.8 8.0 8.#42.0
15 3.0 14.6 2.2 12.13.5 6.7 7.202.1
” N.D. 4.1 0.7 4.6 0.8 0.8 1.:80.38
36 N.D. 0.4 0.3 4.0 N.D. N.D. 0.480. 6
48 N.D. N.D. N.D. 3.8 N.D. N.D.

N.D. : not detectable
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Fig. 1-19 Mean (+ S.E.) serum concentration-time profiles of GZ after ora
administration of untreated or honey-treated licorice decoction (300
mg/kg GZ) to rabbits.
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Table 1-57 Pharmacokinetic parameters of GZ in rabbits after giving untreated
or honey treated licorice decoction.

Drug Rabbits
o 1 2 3 4 5 6 Mean+SE.

administered Parameters
Trmax (h) 6.0 80 10.0 40 40 40 6.0%x1.0

untreated Crax (Mg/ml) 43 145 96 9.9 76 73 89x14
licoricee. AUC(mgeh/ml) 242 1639 784 859 553 589 77.8+19.3

MRT (h) 45 98 72 58 59 69 67+07

Tmax () 60 80 60 120 40 100 7.7x12
honey treated  Cpax (Mo/ml) 64 198 86 121 74 80 10420
licorice AUC(mgeh/ml) 51.8 270.3 57.0 320.2 579 69.2 137.7+50.3

MRT (h) 66 103 64 195 68 72 9521
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Table 1-58 GA concentrations (mg/ml) in serum after oral administration of
licorice decoction (300 mg/kg) to rabbits

Rabbits 4 2 3 4 5 6  MeanSE
Time (h)
. N.D. N.D. 0.2 N.D. 0.2 0.1 0xDD.0
) 0.1 0.1 0.3 0.1 0.9 0.9 0.:40.2
A 0.1 0.2 0.6 1.1 1.9 1.3 0.£90.3
6 0.5 0.4 1.3 1.3 3.2 2.8 1.#60.5
o 0.4 1.0 1.2 2.0 3.9 2.9 1.490.5
10 0.5 0.9 1.0 1.8 2.2 1.9 1.:0.3
15 1.0 1.4 1.1 1.6 1.7 1.2 1.#30.1
” 0.2 0.9 0.6 0.9 1.2 0.8 0.:80.1
36 0.1 0.1 0.3 0.4 0.1 0.1 0.x20.1
48 N.D. 0.1 0.1 N.D. 0.1 0.1 0.#10.0

N.D. : not detectable

Table 1-59 GA concentrations (mg/ml) in serum after oral administration of
honey-treated licorice decoction (300 mg/kg GZ) to rabbits

Rabbits 4 2 3 4 5 6  MeanxSE
Time (h)
. 0.2 0.1 0.5 N.D. N.D. 0.1 0.+20.
) 0.2 0.3 1.2 0.3 N.D. 1.1 0.450.
A 0.3 0.3 0.7 0.6 0.3 24  0.480.
6 0.6 0.6 2.1 1.3 1.1 2.7 1.:0.
o 0.6 0.4 2.1 1.6 1.9 4.1 1.480.
10 0.6 1.0 2.1 2.0 3.4 4.2 2.#20.
15 0.7 1.4 1.8 3.1 2.1 4.0 2.#20.
04 0.7 0.7 0.6 1.5 0.4 0.8 0.:80.
36 0.1 0.2 0.2 0.5 0.2 0.1 0.+20.
48 0.1 0.2 0.2 04 0.1 0.1 0.+20.

R = N 01O O W W N -

N.D.: not detectable
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Fig. 1-20 Mean (= S.E.) serum concentrations-time profiles of GA after ord
administration of decoctions of licorice and honey-treated licorice
decoction (300 mg/kg GZ) to rabbits.
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Table 1-60 Pharmacokinetic parameters of GA in rabbits after giving untreated
or honey-treated licorice decoction (300 mg/kg GZ)

Drug Rabbits
o 1 2 3 4 5 6 Mean + S.E.

administered Parameters
Trmax (h) 12.0 120 6.0 8.0 8.0 8.0 9.0+1.0

untreated  Cpax (My/ml) 1.0 1.4 13 20 39 29 21+04
licorice  AUC (mgeh/ml) 11.8 20.7 249 362 43.0 386 29.2+4.9

MRT (h) 119 142 151 155 111 128 13.4+0.7

Tmax (h) 240 120 100 120 100 10.0 13.0%x22
honey treated  Cpax (Mo/ml) 0.7 14 21 31 34 42 2505
licoricer AUC(mgeh/ml) 18.7 27.0 40.6 629 413 69.2 43.3+8.0*

MRT (h) 172 184 152 198 186 127 17.0+1.1*

* p<0.05 compared with untreated licorice.
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Table 1-61 GZ concentrations (mg/ml) in serum after oral administration of
licorice decoction (300 mg/kg GZ) to rabbits

Rabbits 1 2 3 4 5 Mean + SE.
Time (h)

L 4.8 8.4 6.3 12.4 3.6 7.411. 5
) 7.2 14.3 11.2 24.7 9.2 13+33. 1
A 20.8 27.8 25.8 38.0 13.8 25+24.0
6 24.2 26.7 30.538.6 15.4 27+13.8
o 24.2 19.7 36.139.7 16.3 27+24.6
10 24.1 15.4 42.5 41.7 11.6 27+16.5
15 25.9 12.2 43.1 41.8 10.5 26+77.0
” 12.1 1.3 26.8 12.9 2.3 11+14. 6
36 2.6 N.D. 7.0 2.3 N.D 2 .+41 . 3
48 1.2 N.D. 1.6 N.D. N.D 0.460. 3

N.D. : not detectable

Table 1-62 GZ concentrations (mg/ml) in serum after oral administration of
licorice decoction (300 mg/kg GZ) with glucose to rabbits

Rabbits 4 2 3 4 5 Mean + SE.
Time (h)

. 6.0 2.2 3.1 1.4 3.0 3.+20. 8
) 5.2 2.4 3.8 6.7 3.0 4.+40. 7
4 10.2 2.9 7.5 13.2 6.6 8.+11. 7
6 105 4.1 7.7 14.5 6.1 8.+61. 8
8 8.0 4.8 9.9 9.8 5.3 7.461. 1
10 7.4 5.1 10.7 10.0 5.4 7.471. 2
15 6.0 4.5 7.9 7.8 4.1 6.+10. 8
04 1.2 1.5 2.8 1.8 1.9 1.480. 3
36 N.D. 0.7 1.5 1.4 1.6 1.400 . 3
48 N.D. 0.7 1.4 1.2 1.5 1.400 . 3

N.D. : not detectable
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Table 1-63 GZ concentrations (mg/ml) in serum after oral administration of
licorice decoction (300 mg/kg GZ) with fructose to rabbits

Rabbits 4 2 3 4 5 Mean + SE.
Time (h)
. 3.0 1.5 6.2 4.5 1.4 3+ D. 9
) 3.3 2.9 7.8 7.5 2.5 4+ 8l . 2
A 8.3 7.2 27.8 17.8 14.2 15:13.7
6 7.8 7.4 37.4 17.6 12.4 16%5.5
o 6.4 6.7 35.2 19.5 7.1 15:05.6
10 4.7 5.6 35.7 23.2 7.7 15%4.1
15 3.8 4.2 26.2 23.9 4.2 12:5.1
04 0.8 0.5 6.2 15.6 1.0  4.482.9
36 N.D. N.D. 2.1 5.2 N.D. 1.#51.0
48 N.D. N.D. 1.0 2.0 N.D. 0.t60.4

N.D. : not detectable
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Fig. 1-21 Mean (x S.EE.) serum concentration-time profiles of GZ after oral
administration of licorice decoction (300 mg/kg GZ) done or
coadministration with glucose or fructose (5 g) to rabhits.
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Table 1:64 Pharmacokinetic parameters of GZ in rabbits after giving licorice

decoction (300 mg/kg GZ) alone and coadministration with glucose

or fructose.
Drug Rabbits
. 1 2 3 4 5 Mean + SE.
administered  pyameters
licorice Timax (h) 120 40 120 120 80 9.6 + 1.6
decoction Chax (Mg/ml) 259 278 431 418 16.3 31.0£5.1
aone  AUC(ngeh/ml) 545.5 302.4 1009.8 827.3 219.0  580.8 +150.5
MRT (h) 139 80 167 122 93 12.0+ 1.6
licorice Tmax (D) 6.0 10.0 10.0 6.0 4.0 72+1.2
decoction Cmhax (Mg/ml) 105 51 107 145 6.6 9.5 £1.7**
with glucose AUC (ngeh/ml) 135.3 79.8 197.4 191.0 134.3  147.6 +21.5*
MRT (h) 88 10.7 159 112 17.2 128+ 1.6
licorice Tmax (h) 4.0 6.0 6.0 120 4.0 6.4+15
decoction Crnax (mg/ml) 8.3 74 375 239 142 18.3 £ 5.6*

with fructose AUC (mgeh/ml) 66.1 63.9 560.6 601.1 92.1

MRT (h) 63 67 115 174 6.4

276.8 £124.2*

9.7+22

* p<0.05 compared with licorice alone

** p<0.05 compared with licorice alone
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Table 1-65 GA concentrations (mg/ml) in serum after oral administration of
licorice decoction (300 mg/kg GZ) to rabbits

Rabbits 4 2 3 4 5 Mean + SE.
Time (h)
L 0.6 0.5 N.D. 0.6 0.38 0.+50. 1
) 0.9 1.3 N.D. 1.1 1.1 0.+90. 2
A 2.1 7.3 0.3 1.1 1.6 2. 451 . 2
6 4.0 3.8 0.5 2.3 2.0 2.450. 6
o 3.1 5.5 0.9 2.5 2.8 3.400. 7
10 4.1 2.8 1.7 3.1 4.2 3.#20. 5
15 2.8 3.1 1.6 3.8 4.5 3.4#20. 5
04 0.5 0.9 0.9 2.0 2.1 1.430. 3
36 0.4 0.6 0.5 1.0 1.3 0.480. 2
48 N.D. N.D. 0.4 0.5 0.4 0.+30. 1

N.D. : not detectable

Table 1-66 GA concentrations (mg/ml) in serum after oral administration of
licorice decoction (300 mg/kg GZ) with glucose to rabbits

Rabbits 4 2 3 4 5 Mean + SE.
Time (h)
. 1.7 5. 0.6 0.9 1.4  1.490. 8
) 1.5 3. 1.8 1.6 3.0 2.430.4
A 5.2 5.3 4.8 3.1 3.9  4.450.4
6 3.6 34 3.2 3.7 4.5  3.370.2
o 5.1 6.9 3.0 3.6 6.1 4.390.7
10 5.0 3.0 3.6 4.4 3.9  4.:00.3
15 2.1 2.9 3.1 3.4 5.2  3.430.5
04 1.0 N.D. 0.3 0.7 2.8 1.:00.5
36 0.8 N.D. 0.3 0.5 0.5 0.#40.1
48 0.4 N.D. N.D. 0.4 N.D.

N.D. : not detectable
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Table 1-67 GA concentrations (mg/ml) in serum after oral administration of
licorice decoction (300 mg/kg GZ) with fructose to rabbits

Rabbits 4 2 3 4 5 Mean + SE.
Time (h)
L 0.8 0.4 1.0 0.4 N.D. 0.+50. 2
) 1.6 0.8 2.3 0. N. D. 1.410. 4
A 3.8 2.1 3.5 08 0.6 2.420. 7
6 3.1 2.0 4.2 1.5 1.3 2.+40. 5
o 4.0 3.5 3.8 1.9 2.8 3.420. 4
10 2.3 3.5 4.6 3.1 3.5 3.+40. 4
15 1.3 3.1 3.0 3.2 2.7 2.470. 3
04 1.1 0.8 0.5 2.8 1.2 1.430. 4
36 N.D. N.D. 0.4 0.5 0.6 0.430. 1
48 N.D. N.D. 0.3 N.D. 0.4 0.+10.

N.D.: not detectable
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Fig. 1:22 Mean (x S.E.) serum concentration-time profiles of GA after oral
administration of licorice decoction (300 mg/kg GZ) aone or
coadministration with glucose or fructose (5 g) to six rabbits.
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Table 1-68 Pharmacokinetic parameters of GA in rabbits after giving licorice
decoction (300 mg/kg GZ) alone and coadministration with glucose

or fructose.
Drug Rabbits
. 1 2 3 4 5 Mean + SE.
administered  pyameters
licorice Tmax (h) 100 40 100 120 120 96+15
decoction Cmax (mg/ml) 4.1 73 17 3.8 45 4.3 +0.9
adone  AUC(ngeh/ml) 58.6 820 387 862 97.8 72.7 £10.6
MRT (h) 124 134 21.8 189 184 17.0+1.8
licorice Tmax (D) 4.0 8.0 40 10.0 8.0 6.8+1.2
decoction Crnax (mg/ml) 5.3 6.9 48 4.4 6.1 55+04

with glucose AUC (nmgeh/ml) 84.8 69.1 64.1 745 119.0 82.3+9.8

MRT (h) 16.1 7.8 126 148 148 13.2+15

licorice Tmax (h) 8.0 80 100 12.0 10.0 9.6 £0.7
decoction Crnax (mg/ml) 4.0 35 46 3.2 35 3.8+0.2
with fructose AUC (mgeh/ml) 54.8 499 69.6 785 59.3 62.4£5.2
MRT (h) 134 108 124 183 181 146+15
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Fig. 1-23 NMR spectrum of 3-dehydroGA
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Fig. 1-24 M S spectrum of 3-dehydroGA
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Fig. 1-25 HPLC chromatograms of GA (b, 6.5 ng/mL) and 3-dehydroGA (c,
45.0 mg/mL) with 2-methylanthraguinone (a) in feces suspension
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Table 1-69 Intraday and interday anaytical precision and accuracy of GA assay

in feces suspension
Intraday (n=3) Interday (n=3)
Concentration
Precision Accuracy Precision Accuracy
(ny/ml)

Mean +SD.(CV.%) R.E.(%) Mean * SD. R.E.(%)

6.2 6.8 £0.8(11.2) 8.4 7.3 £0.8(10.8) 17.3

12.5 13.7 £0.8(6.1) 9.3 13.7 £ 0.9(6.4) 9.7

25.0 27.5 £0.1(0.4) 9.8 28.0 £ 0.5 (1.7) 11.8

50.0 50.3 £0.4(0.7) 0.5 51.3£1.1(2.2) 2.7

100.0 96.9 £ 0.4 (0.4) -3.1 98.8 £ 1.6 (1.6) -1.2

200.0 203.5 +1.8(0.9) 1.7 206.0 + 3.2 (1.5) 3.0

Table 1-70 Intraday and interday analytical precison and accuracy of
3-dehydroGA assay in feces suspension

Intraday (n=3) Interday (n=3)
Concentration
Precision Accuracy Precision Accuracy
(ny/ml)

Mean+SD.(CV.%) R.E. (%) MeanxSD.(CV.%) R.E. (%)

3.1 3.4 £ 0.0 (0.2) 7.7 3.0+£0.2(7.7) -31

6.2 6.4 +0.03(0.6) 1.9 6.5 +0.1(1.5) 4.7

125 12.7 £0.1 (0.9) 2.0 13.1 £0.2(1.2) 4.9

25.0 23.7 £0.2 (0.8) -5.2 24.4 + 0.4 (1.5) -2.2

50.0 47.9 £+ 0.3 (0.6) -4.3 48.8 + 0.4 (0.8) -2.3

100.0 96.3 +1.1 (1.1) -3.7 98.8 £ 0.7 (0.7) -12
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Fig. 1-26 Mean = S.E. concentration-time profiles of GA and 3-dehydroGA
after incubation of GZ (100 ng/ml) or licorice decoction (containing
100 mg/ml GZ) in rabbit feces suspension (n = 3).
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Fig. 1-27 Mean concentrationtime profiles of GA and 3-dehydroGA after
incubation of GZ (100 ng/ml) or licorice decoction (containing 100
ng/ml GZ) in rabbit feces suspension during the first 3 hr (n = 3).
* p<0.05, ** p<0.01, *** p<0.001 compared with GZ aone

1-150



60 -

50 A

Concentration (ng/ml)

10 +

40 A

30 A

20

—o— GA (GZ aone)

—0— GA (GZ with honey)

—w— 3-dehydroGA (GZ alone)
—v— 3-dehydroGA (GZ with honey)

I v

Time (h)

Fig. 1-28 Mean concentration-time profiles of GA and 3-dehydroGA after
incubation of GZ (100 nmg/ml) adone or with honey (10 mg/ml) in
rabbit feces suspension (n = 3).
* p<0.05, ** p<0.01 compared with GZ aone
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Fig. 1-29 Mean concentration-time profiles of GA and 3-dehydroGA after
incubation of GA (50 my/ml) aone or with honey (10 mg/ml) in
rabbit feces suspension (n = 3).
** p<0.01, *** p<0.001 compared with GA aone
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Fig. 1-30 Mean concentration-time profiles of GA and 3-dehydroGA after
incubation of GZ (100 ng/ml) aone or with glucose (10 mg/ml) and
fructose (10 mg/ml) in rabbit feces suspension (n = 3).
** p<0.01, *** p<0.001 compared with GZ aone
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Fig. 1-31 Mean concentration-time profiles of GA and 3-dehydroGA after
incubation of GZ (100 ng/ml) aone or with HMF (2 ng/ml) in rabbit

feces suspension (n = 3).
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Fig. 1-32 Mean concentration-time profiles of GA and 3-dehydroGA after
incubation of GA (50 ng/ml) alone or with HMF (2 nmg/ml) in rabbit
feces suspension (n = 3).
* p<0.05, ** p<0.01, *** p<0.001 compared with GA aone
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Fig. 1-33 Mean concentration-time profiles of GA and 3-dehydroGA after
incubation of licorice decoction (equivalent to 90 ng/ml GZ) alone or
with honey (10 mg/ml) in rabbit feces suspension (n = 3).
** p<0.01 compared with licorice decoction aone.
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Fig. 1:34 Mean concentration - time profiles of GA and 3-dehydroGA after
incubation of licorice decoction (equivaent to 100 ng/ml GZ) alone
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or with honey (10 mg/ml) in rabbit feces suspension (n = 3).
* p<0.05, *** p<0.001 compared with licorice aone.
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Fig. 1-35 Mean concentration-time profiles of GA and 3dehydroGA after
incubation of licorice decoction (equivadent to 100 ng/ml GZ2)
aone or with fructose or glucose (5 mg/ml) in rabbit feces
suspension (n = 3).

* p<0.05, ** p<0.01, *** p<0.001 compared with licorice decoction
aone.
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