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Effect of Gur-Gen Chin-Lien Tang on
the pharmacokinetics of methotrexate
and
valproic acid

Pei-Dawn Lee Chao
China Medical University

ABSTRACT

Ger-Gen Chin-Lien Tang (GGCLT) is composed of Gergen,
honey-processed licorice, Huangchin and Huanglien. The major
constituents are baicalin, baicalein, wogonin, puerarin, daidzin, daidzein
and  glycyrrhizin.  Methotrexate ~(MTX) is an  important
immunosuppressant with narrow therapeutic index. Valproic acid (VPA) is
a common anti-epileptic with narrow therapeutic index. In this study, we
attempted to investigate the effects of GGCLT on the pharmacokinetics of
MTX and VPA in rats.

Rats were administered with MTX and VPA with and without
GGCLT. The blood samples were collected via cardiopuncture and the
concentrations of MTX and VPA were determined using FPIA method.
The pharmacokinetic parameters were calculated using noncompartment
model of WINNONLIN and compared statistically using ANOVA.

The results showed that coadministration of single dose (2.0 g/kg and
4.0 g/kg) of GGCLT significantly increased the AUC,, of MTX by 80 %
and 54 % and a mortality of 3/6 (50%) at the dose of 4.0 g/kg. After seven
doses of GGCLT, the AUC, of MTX was significantly increased by 44 %.
In another study, coadministration of single dose of GGCLT (2.0 g/kg and
4.0 g/kg) significantly decreased the C.x of VPA by 71 % and 74 %,
AUC by 55 % and 44 %. However, after seven doses of GGCLT, the

372



CFHEESF 2T ¥ 3
AUC, of VPA did not show significant change, indicating rather different
interaction from single dose study. In conclusion, patients treated with
MTX or VPA should avoid the concurrent use of GGCLT in order to

ensure the efficacy and safety.

Keywords : Gur-Gen Chin-Lien Tang, Methotrexate, Valproic acid
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Fig. 1. HPLC chromatogram of GGCLT decoction
1: puerarin, 2: coptisine, 3: baicalin, 4: palmatine, 5: berberine, 6:

baicalein, 7: glycyrrhizin, 8: wogonin, I.S.: amylparaben
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doses of 2.0 g/kg (©) of Gur-Gen Chin-Lien Tang (GGCLT) in
SIX rats
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Table 1 The regression equations, concentration ranges and correlation coefficients

of various constituents of GGCLT

Constituents Regression equations Conc. range (ng/mL) r
Puerarin Y=0.049X-0.033 1.3 ~40.0 0.9998
Copsitine Y=0.050X-0.063 1.3 ~40.0 0.9995
Balcalin Y=0.025X+0.085 12.5 ~400.0 0.9999
Palmatine Y=0.049X-0.097 2.5~80.0 0.9997
Berberine Y=0.042X-0.109 5.0 ~160.0 0.9997
Baicalein Y=0.053X-0.003 0.6 ~20.0 0.9999

Glycyrrhizin Y=0.014X+0.012 2.5~80.0 0.9999
Wogonin Y=0.043X+0.004 0.3~10.0 0.9999

Table 2 Intraday and interday analytical precision and accuracy of puerarin in
MeOH

Intraday Interday

Conc Precision Accuracy Precision Accuracy
(ug/mL) Mean+£S.D. (C.V.%) (%) Mean £ S.D. (C.V.%) (%)
40.0 399+04 1.1 -0.2 39.5+0.3 0.8 -1.2
20.0 20.3 £1.0 5.0 1.3 21.3+0.7 3.2 6.7
10.0 9.7+0.1 1.3 -2.5 95+0.2 2.2 -5.3
5.0 51+£0.5 10.3 2.6 46+04 94 -7.1
2.5 2540.1 2.5 0.6 26+0.1 3.0 52
1.3 1.2 +0.04 3.8 -5.4 1.2+ 0.05 2.3 -6.9

n=3
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Table 3 Intraday and interday analytical precision and accuracy of coptisine in MeOH

Intraday Interday
Conc Precision Accuracy Precision Accuracy
(ug/mL) Mean*S.D. (C.V.%) (%) Mean + S.D. (C.V.%) (%)
40.0 39.7+0.1 0.2 -0.8 394+0.3 0.9 -1.5
20.0 209+0.3 1.6 4.4 213+0.8 3.7 6.4
10.0 9.8+04 3.9 -1.8 10.3£0.5 4.9 2.8
5.0 4.4 +0.05 0.7 -12.8 42402 52 -15.0
2.5 24102 6.4 -3.8 21402 10.9 -17.5

n=3

Table 4 Intraday and interday analytical precision and accuracy of baicalin in MeOH

Intraday Interday

Conc Precision Accuracy Precision Accuracy
(ug/mL)  Mean £ S.D. (C.V.%) (%) Mean £ S.D.  (C.V.%) (%)
400.0 400.7 £ 1.5 0.4 0.2 400.2 £3.2 0.8 0.1
200.0 198.6 +3.9 1.9 -0.7 2034 +8.3 4.1 1.7
100.0 98.7+1.0 1.0 -1.3 90.4 +£6.7 7.4 -9.6
50.0 52.1+£2.0 3.9 4.2 522+25 4.9 43
25.0 273 +0.6 22 93 264420 7.6 5.6
12.5 10.1 £0.6 5.7 -19.5 149+1.0 6.8 18.9

n=3
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Table 5 Intraday and interday analytical precision and accuracy of palmatine in MeOH

Intraday Interday
Conc Precision Accuracy Precision Accuracy
(ng/mL) Mean + S.D. (C.V.%) (%) Mean + S.D. (C.V.%) (%)
80.0 79.9 £ 0.5 0.4 -0.1 79.0+0.3 0.3 -1.3
40.0 40.2+0.3 2.7 0.6 419+0.5 1.1 4.7
20.0 19.8 £ 0.1 5.8 -1.1 21.14+0.7 3.4 5.7
10.0 10.0 £ 0.5 5.0 -0.2 9.0+0.6 6.8 -10.3
5.0 49+0.2 3.9 -2.5 41+03 6.6 -18.7
2.5 2.7+0.0, 0.5 7.8 25+0.1 23 -0.2

Table 6 Intraday and interday analytical precision and accuracy of berberine in MeOH

Intraday Interday
Conc Precision Accuracy Precision Accuracy
(ug/mL) Mean £ S.D. (C.V.%) (%) Mean £ S.D. (C.V.%) (%)
160.0 1593 +0.8 0.5 -0.4 1583 +0.8 0.5 -1.1
80.0 81.2+22 2.7 1.5 83.6+0.8 1.0 4.5
40.0 40.5+2.0 4.9 1.3 40.5+23 5.7 1.1
20.0 19.9£0.9 4.6 -0.7 188+1.5 8.1 -6.2
10.0 9.0+04 4.1 -9.8 8.7+0.8 9.1 -12.8
5.0 50+0.3 5.2 1.0 51+0.2 3.1 2.9

n=3

392



v %%Eiﬁ 5278 %3

Table 7 Intraday and interday analytical precision and accuracy of baicalein in MeOH

Intraday Interday

Conc Precision Accuracy Precision Accuracy
(ug/mL) Mean £ S.D. (C.V.%) (%) Mean £ S.D. (C.V.%) (%)
20.0 20.0+04 0.4 0.1 20.0 £0.1 0.7 -0.2
10.0 10.0£0.2 1.9 -0.2 102+04 4.0 1.7
5.0 49+0.1 23 -1.4 4.8+0.3 54 -4.2
2.5 25+0.1 4.0 -0.1 25+0.1 4.0 -0.1
1.3 1.3+£0.1 6.4 5.0 1.4+0.1 5.8 8.9
0.6 0.6 £0.04 6.6 0.8 0.6 £ 0.0 0.4 -4.8

n=3

Table 8 Intraday and interday analytical precision and accuracy of glycyrrhizin in MeOH

Intraday Interday

Conc Precision Accuracy Precision Accuracy
(ug/mL) Mean £ S.D. (C.V.%) (%) Mean £+ S.D. (C.V.%) (%)
80.0 80.6 £ 0.5 0.7 0.8 79.9 £0.2 0.2 -0.1
40.0 38.5+1.2 3.1 -3.8 40.3£0.5 1.3 0.7
20.0 204 +£0.2 1.1 2.0 199+0.5 2.7 -0.6
10.0 10.0 £ 0.6 6.5 -0.1 10.0 £ 0.1 0.8 0.09
5.0 54+0.2 43 8.8 52+04 7.9 33
2.5 2.6 £0.1 3.6 23 23+0.1 23 -8.3

n=3
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Table 9 Intraday and interday analytical precision and accuracy of wogonin in MeOH

Intraday Interday

Conc Precision Accuracy Precision Accuracy
(ug/mL) Mean £ S.D. (C.V.%) (%) Mean £ S.D. (C.V.%) (%)
10.0 10.1 £ 0.1 0.8 0.6 10.0 £ 0.0, 0.1 -0.2
5.0 49+0.2 3.4 -2.2 5.0£0.04 0.8 0.8
2.5 24+0.2 6.9 -3.0 2540.1 3.1 1.2
1.3 1.3+0.1 8.7 24 1.2£0.05 24 -5.3
0.6 0.7 £0.04 5.3 9.6 0.6 £0.05 52 4.0
0.3 0.3 £0.0, 59 9.3 0.3 +£0.0, 4.5 2.1

n=3

Table 10 The contents (umoL) of various

constituents in the decoction of GGCLT

Constituents decoction

(umolL/g)
Puerarin 0.05
Copsitine 0.10
Balcalin 0.49
Palmatine 0.11
Berberine 0.36
Baicalein 0.02
Glycyrrhizin 0.04
Wogonin 0.01
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Table 11 The serum concentrations (umol/L) of MTX in six rats after administration
of MTX (5.0 mg/kg) alone

Rats
1 2 3 4 5 6 Mean +S.D.
Time (min)
15 0.17 0.18 0.12 0.18 0.15 0.15 0.16 £0.02
30 0.19 020 0.14 0.15 0.14 0.21 0.17 £0.03
60 021 0.17 0.15 0.18 0.13 0.17 0.17 £0.03
120 0.10 0.11 0.17 0.18 0.11 0.15 0.14 £0.03
240 0.04 0.10 0.14 0.18 0.06 0.12 0.11 +0.05
480 0.11 003 0.15 0.05 0.02 0.12 0.08 £0.05
720 0.08 0.02 0.10 0.03 0.03 0.07 0.06 £0.03
1440 0.06 0.02 0.04 0.01 0.08 0.03 0.04 £0.03
2160 0.06 0.01 0.04 0.01 0.0l 0.01 0.02 £0.02
2880 0.01 0.01 0.01 0.01 0.0l 0.01 0.01 £0.00
3600 0.01 001 001 ND ND ND 0.01 £0.005
4320 ND ND ND ND ND ND 0.0 £0.0

ND : not detected

Tablel2  The serum concentrations (umol/L) of MTX in six rats after
coadministration of MTX (5.0 mg/kg) and 2.0 g/kg Gur-Gen Chin-Lien

Tang (GGCLT)
Rats
1 2 3 4 5 6 Mean +S.D.
Time (min)

15 034 020 030 020 0.19 0.14 0.25 +0.07
30 030 034 028 0.16 0.21 0.12 0.26 +£0.07
60 023 028 026 0.12 022 0.10 0.22 +£0.06
120 0.10 0.13 0.20 0.08 0.21 0.07 0.14 +£0.06
240 0.05 0.08 0.12 0.09 0.10 0.07 0.09 £0.03
480 0.09 0.07 0.12 0.10 0.12 0.10 0.10 £0.02
720 0.05 0.10 0.10 0.05 0.08 0.04 0.08 £0.03
1440 0.09 0.07 0.15 0.14 0.07 0.12 0.10 £0.04
2160 0.08 0.04 0.02 0.06 0.01 0.10 0.04 +£0.03
2880 0.1 0.01 0.02 0.08 ND 0.04 0.04 +£0.04
3600 0.01 ND 0.01 0.04 ND 0.04 0.01 £0.02
4320 ND ND ND 007 ND 0.01 0.01 £0.03

ND : not detected
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Table 13 The serum concentrations (umol/L) of MTX in six rats after
coadministration of MTX (5.0 mg/kg) and 4.0 g/kg Gur-Gen Chin-Lien

Tang (GGCLT)
Rats
1 2 3 4 5 6 Mean £S.D.
Time (min)

15 0.12 024 0.16 0.02 0.18 0.24 0.16 +0.08
30 0.13 020 0.14 0.05 0.18 0.20 0.15 +0.06
60 0.13 0.15 0.14 0.11 0.17 0.18 0.15+0.03
120 0.13 0.12 0.13 0.15 0.13 0.13 0.134+0.01
240 0.08 0.09 0.08 0.20 0.07 0.04 0.09 +0.06
480 0.10 0.11 0.06 0.15 0.08 0.10 0.10 £0.03
720 0.02 0.13 0.02 0.12 0.05 0.09 0.07 £0.05
1440 0.12 0.16 0.11 0.11 0.10 0.11 0.12 +£0.02
2160 0.04 0.04 0.06 0.07 0.05 0.0l 0.05 +0.02
2880 ND 0.03 0.06 0.05 0.03 0.02 0.03 +0.02
3600 ND 001 ND 0.02 0.01 0.01 0.01 +0.01
4320 ND ND 002 002 ND ND 0.01 +0.01

ND : not detected

Table 14 Pharmacokinetic parameters of MTX after oral administration of MTX
alone (5.0 mg/kg) and coadministration with 2.0 g/kg and 4.0 g/kg of
Gur-Gen Chin-Lien Tang (GGCLT) for six rats in each group

MTX MTX
MTX alone + +
Parameter GGCLT (2.0 g/kg) GGCLT (4.0 g/kg)
n=6 n=6 n=6

Crmax (nmol + L™) 0.2+ 0.0, 0.3 0.1 0.2 +0.04
AUC ¢.4320

144.9 £45.6° 260.9 £62.0° 222.5+61.4°

(umol « min - L")

MRT (min) 936.5+183.5 1353.2 +485.2 1228.0 £291.6

Data expressed as mean+S.D.

Values are mean + S.D. Means in a row without a common superscript differ.
P<0.05
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Table 15 The serum concentrations (umol/L) of MTX (5.0 mg/kg) and after 7
doses of 2.0 g/kg of Gur-Gen Chin-Lien Tang (GGCLT) in six rats

Rats
1 2 3 4 5 6 Mean £S.D.
Time (min)

15 029 0.18 032 0.12 0.13 0.12 0.19 £0.09
30 022 0.18 0.21 0.11 0.15 0.06 0.16 £0.06
60 0.17 0.16 0.13 0.07 0.15 0.05 0.12 £0.05
120 0.09 0.13 0.05 0.04 0.10 0.10 0.09 £0.03
240 0.12  0.13 0.05 0.02 0.07 0.06 0.08 £0.04
480 0.12  0.09 0.06 0.04 0.02 0.03 0.06 +0.04
720 0.09 0.05 0.08 0.05 0.01 0.02 0.05 +£0.03
1440 0.03 0.04 0.12 0.05 0.09 0.05 0.06 £0.03
2160 0.04 0.06 0.08 0.05 0.08 0.0l 0.05 +£0.03
2880 0.03 0.03 0.02 0.04 0.02 ND 0.02 £0.01
3600 0.03 0.01 0.04 0.04 0.01 ND 0.02 £0.02
4320 0.02 ND 0.02 0.03 ND ND 0.01 £0.01

ND : not detected

Table 16 Pharmacokinetic parameters of MTX after oral administration of MTX alone
(5.0 mg/kg) and after 7 doses of 2.0 g/kg of Gur-Gen Chin-Lien Tang

(GGCLT) in six rats
MTX
Parameter MTX alone GGCLT J(rz. 0 g/ke)
7 doses
Crmax (nmol + L) 0.2+ 0.0, 0.2£0.1
AUC g4320 (pmol - min - L) 144.9 +45.6° 208.6 +35.4°
MRT (min) 936.5 +183.5° 1543.4 +291.1°

Data expressed as mean+S.D.
Values are mean = S.D. Means in a row without a common superscript differ.
P<0.05
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Table 17 The serum concentrations (ug/mL) of VPA in six rats after oral
administration of VPA alone (200.0 mg/kg)

Rats
1 2 3 4 5 6 Mean +S.D.
Time (min)

5 71.0 114.5 530.0 150.7 343.6 597.2 301.2 £224.6
30 98.8 97.2 485.0 308.5 2873 499.3 296.0 £176. 5
60 84.8 80.6 417.2 297.2 2269 371.9 246.4 £142.5
120 62.8 63.6 2294 1833 77.6 198.4 135.9 £76.0
240 11.6 494 513 11.1 28.0 452 32.8£18.5
480 16.4 37.6 303 454 337 20.6 30.7 £10.7
720 74 272 147 299 246 99 19.0 £9.5

1440 4.5 2.2 1.9 8.2 6.1 2.3 42 +£2.6
1920 40 ND 09 4.1 2.5 1.7 2.2+1.7
2880 4.1 ND 0.9 1.5 1.1 1.8 1.6+1.4

ND : not detected

Table 18 The serum concentrations (pg/mL) of VPA in six rats after
coadministration of VPA (200.0 mg/kg) and 2.0 g/kg Gur-Gen Chin-Lien

Tang (GGCLT)
Rats
1 2 3 4 5 6 Mean +S.D.
Time (min)

5 1154 79.0 440 822 86.4 15838 94.3 £38.9
30 80.2 57.1 374 62.6 63.0 1044 67.4+22.7
60 51.8 42.0 275 395 354 713 44.6 £15.3
120 219 288 159 215 152 31.0 22.4+6.5
240 10.5 80 119 115 82 21.1 11.9 +4.8
480 164 155 108 11.5 106 149 13.3£2.6
720 106 11.1 245 133 185 13.6 153+5.3

1440 3.7 2.1 8.2 43 7.5 4.7 51423
1920 3.8 6.1 6.5 2.2 3.1 3.1 4.1 +£1.7
2880 59 3.7 0.3 3.7 2.7 33 3.3+1.8
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Table19 The serum concentrations (pg/mL) of VPA in six rats after
coadministration of VPA (200.0 mg/kg) and 4.0 g/kg Gur-Gen Chin-Lien

Tang (GGCLT)
Rats
1 2 3 4 5 6 Mean £+S.D.
Time (min)

5 83.8 484 589 86.1 758 154.1 84.5 £37.1
30 68.1 337 546 799 515 978 64.3 £22.7
60 529 244 621 63.0 293 625 49.0 £17.7
120 23.8 164 509 285 142 30.0 273 £13.2
240 124 73 259 91 107 14.0 13.2 £6.6
480 9.2 64 296 239 302 238 20.5£10.3
720 225 315 162 197 210 199 21.8£5.2
1440 6.4 6.5 4.1 9.8 7.1 5.7 6.6 1.9
1920 3.3 6.4 3.5 8.2 5.8 3.0 5.0+2.1

2880 29 3.5 2.0 4.7 3.2 3.8 3.4+0.9

Table 20 Pharmacokinetic parameters of VPA after oral administration of VPA alone
(200.0 mg/kg) and coadministration with 2.0 g/kg and 4.0 g/kg of Gur-Gen
Chin-Lien Tang (GGCLT) in six rats

VPA VPA
Parameter VPA alone + +
GGCLT (2.0 g/kg) GGCLT (4.0 g/kg)

Cimax (ng * mL™) 332.1 +205.9° 94.3 +38.9° 85.0 £36.7°
AUC 2880

62263.2 £21341.9° 27732.0 £3067.5° 35158.3 £3052.9°

(ug - min - mL™)

MRT (min) 394.9 +173.7* 812.3 +80.4° 805.5+131.3°

Data expressed as mean+S.D.

Values are mean + S.D. Means in a row without a common superscript differ.
P<0.05
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Table 21 The serum concentrations (pug/mL) of VPA in six rats after administration

of VPA (200.0 mg/kg)
Rats
T 1 2 3 4 5 6 Mean £S.D.
(min)

5 270.7 2350 184.7 377.5 2548 183.0 250.9+71.7
30 207.1 2013 1752 337.0 191.0 151.1 210.4+65.2
60 171.0 150.1 1709 329.1 1322 110.0 177.2+78.0
120 95.2 81.3 127.1 1932 278 315 92.7 £62.3
240 29.9 164 1006 18.0 13.4 11.7 31.7+343
480 520 385 57.0 224 133 213 34.1+17.9
720 32.8 18.1 18.2 6.0 4.1 8.3 14.6 £10.8

1440 3.4 33 0.1 ND 0.6 1.7 1.5£1.5

1920 ND 4.0 0.1 0.1 ND 1.3 09+£1.6

2880 ND 1.16 ND ND ND 0.85 0.3+0.5

ND : not detected

Table 22 The serum concentrations (pug/mL) of VPA after oral administration of
VPA (200.0 mg/kg) and at 7 doses of 2.0 g/kg Gur-Gen Chin-Lien Tang

(GGCLT) in six rats
Rats
1 2 3 4 5 6 Mean +S.D.
Time (mi
5 397.7 191.6 3615 1252 2279 2743 263.0+103.2
30 4113 1853 367.5 111.8 166.0 241.7 247.2+118.5
60 3592 151.2 3395 959 107.0 1839 206.1 £115.5
120 2519 88.8 2414 47.1 18.9 582  117.7+102.4
240 14.2 9.3 34.6 16.0 17.2 11.7 17.149.0
480 37.3 21.2 58.7 218 213 16.3 29.4 +£16.0
720 20.4 14.5 18.7  20.7 8.6 15.9 16.5 +4.6
1440 1.5 3.8 ND 2.9 1.2 2.4 2.0+£1.3
1920 1.4 1.0 ND 0.4 1.8 2.0 1.1+0.8
2880 ND ND ND ND ND ND 0+0

ND : not detected
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Table 23 Pharmacokinetic parameters of VPA after oral administration of VPA
alone (200.0 mg/kg) and after 7 doses of 2.0 g/kg of Gur-Gen Chin-Lien

Tang (GGCLT) after in six rats

VPA
Parameter VPA alone GGCLT ?2. 0 g/ke)
7 doses
Crnax (g - mL™) 250.9+71.7 266.3 £108.0
AUC g0 (pg - min - mL™) 47273.28 £16802.5 48950.5 £21920.2
MRT (min) 294.5£121.6 289.6 +86.4
Data expressed as mean+S.D.
Table 24 The activities of phagocytes
MTX
Rats MTX alone +
GGCLT (2.0 g/kg)
1 857.1 805.7
2 830.0 665.2
3 700.8 232.4
4 662.5 188.6
Mean 762.6 £95.4 473.0+309.0
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