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Abstract

Quality variation of 337 lots of medicinal Gancao (Kanzo in Japanese) collected at drug markets in Japan from
1986 to 2000 was evaluated by measuring glycyrrhizin (GL)-content and roots specific gravity (RSG). The present re-
sults clearly indicated that GL-content (5.16+1.00%, 109 lots) of Dongbei-Gancao (Tohoku-Kanzo in Japanese) is
significantly higher (4.36 X 1.45%, 228 lots) than that of Xibei-Gancao (Seihoku-Kanzo in Japanese). Furthermore,
the RSG of Dongbei-Gancao (0.510.09 g / cm® 66 roots) is significantly lower than that of Xibei-Gancao (0.65
10.11 g / cm?, 66 roots). This finding indicates that the RSG is useful indicator in distinguishing Dongbei-Gancao
with flexible roots from Xibei-Gancao with hard and heavy roots. During the experimental process, it was found that
there have been some odd Dongbei-Gancao with high RSG in drug markets in Japan from about 1976. Our market
research in China indicated that Gancao with knot-like upper roots collected at Xibei (northwest) region in China has
been under circulation designated as Daitou (or Youtou)-Gancao from early 1990’s in China. The result of RSG ex-
amination on Daitou-Gancao (Taito- or Yuto-Kanzo in Japanese) allows us to consider that some Dongbei-Gancao
with high RSG seems to correspond to Daitou-Gancao. This is the first report to characterize Daitou-Gancao which
has a similar knot-like upper root and high GL-content to Dongbei-Gancao and also has RSG as high as Xibei-

Gancao.
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Introduction

Gancao (Kanzo in Japanese) has been used as an
agent to coordinate the tone of “zhong-jiao” (chu-sho in
Japanese) which means the function of the digestive sys-
tem according to the traditional Chinese medicine.
Gancao, Glycyrrhizae Radix, is also a well-known mod-
ern drug, licorice, used as a remedy for inflammatory, al-
lergic and gastric disorders.) Glycyrrhizin (GL) is
known as one of the active principles of Gancao and is
widely used in patients with chronic liver diseases in
Japan.

Gancao is prepared from underground parts, espe-

cially from the roots, of wild Glycyrrhiza species
(Leguminosae). In drug markets in Japan, there are three
types of Gancao such as Dongbei-Gancao (Tohoku-Kanzo
in Japanese, Dongbei in Chinese means northeast),
Xibei-Gancao (Seihoku-Kanzo in Japanese, Xibei in
Chinese means northwest) and Xinqian-Gancao (Shinkyo-
Kanzo in Japanese, Xingian is Chinese provincé name).
The former two Gancao for medicinal use are examined
in this report.

Comparative studies of some commercial Gancao
have already been reported by means of HPLC
method?3 and histological analysis.# With the increas-
ing demand of Gancao and decline of wild resources of
the traditional region, Gancao collected at other sources

*To whom correspondence should be addressed. e-mail : yamamoto.ytk @tochimoto.co.jp
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became an additional resource. Due to the change of the
production and distribution a variation in Gancao quality
was caused and the continuous quality control study of
commercial Gancao is necessary to assure safety and ef-
fective clinical use.

In the present study, we collected 337 lots of me-
dicinal Gancao (109 lots of Dongbei-Gancao and 228
lots of Xibei-Gancao) at drug markets in Japan from
1986 to 2000 to determine the GL-content and dilute
ethanol-soluble extract (EtOH ext.) content. Furthermore,
roots specific gravity (RSG: weight / volume) is exam-
ined to distinguish Dongbei-Gancao from Xibei-Gancao.
RSG examination confirmed that Dongbei-Gancao with
soft and flexible roots is significantly lower RSG than
that of Xibei-Gancao with hard and heavy roots. Among
the experimental process, some odd Dongbei-Gancao
with higher RSG and knot-like upper root are detected in
drug markets in Japan from about 1976.

This paper deals with characterization of the odd
Dongbei-Gancao by means of RSG examination and
market research together with the GL-content variation
in 337 lots of Gancao collected from 1986 to 2000 at
drug markets in Japan.

Materials and Methods

Commercial samples of Dongbei- and Xibei-Gancao:
109 lots of Dongbei-Gancao and 228 lots of Xibei-
Gancao were collected from 1986 to 2000 at drug mar-
kets in Osaka (Japan). Dongbei-Gancao was selected for
examination according to morphological characteristics
such as the head-like knot of upper root. Commercial
samples of two types of Gancao are classified by means
of length and thickness of root into 4 grades of each
Gancao (1-, 2-, 3- and 4-go-Kanzo in Tohoku-Kanzo and
Ko-, Otsu-, Hei-, and Tei-kyu Kanzo in Seihoku-Kanzo
in Japanese) by the primary wholesale dealers at the pro-
ducing districts as standardized in China. Furthermore,
out-of-grade of Gancao such as Hun-jie (Kon-setsu in
Japanese) and Mao-cao (Mo-so in Japanese) was also
collected and analyzed.

Commercial sample of Daitou (Youtou)-Gancao: 5
lots of commercial Daitou-Gancao (collected in Heshui
of Gansu province of China) were collected at drug mar-
kets in Osaka in 2000.

Plant material of Glycyrrhiza uralensis Fiscu.: Wild

specimens of G. uralensis with fruits and flowers were
collected in the northeastern area of NeiMong-gol
(Wengniuteqi Toudaogou, one of the major sources of
Dongbei-Gancao) of China in Aug. 2000. They were
identified as G. uralensis Fiscu. by means of characteris-
tic of undulate leaf-lets and falcate-fruits with prickle
hairs as described in the report.> G. uralensis has a knot-
like upper root as shown in Fig. 1. The specimens (No.
000815WN) have been deposited in Department of
Pharmacognosy, Institute of Natural Medicine, Toyama
Medical and Pharmaceutical University.

Chemicals: GL standard (control: No. 992) was
purchased from the National Institute of Health Sciences,
Japan. All other chemicals and solvents were of analyti-
cal and/or HPLC grade.

Sample preparations: In order to investigate the
GL-, EtOH ext.-content, and RSG variations in each in-
dividual sample, one piece of root was dried at 60 °C and
cut into five 15 cm parts from the head-like knot of the
upper root (part A) to the root end part (E) as shown in
a diagrammatic representation (Fig. 1). In order to inves-
tigate the variations in each lot of Gancao, about 6 to 10
pieces of whole roots were cut together, powdered and
analyzed. The operations were further repeated more
than 3 times to obtain the representative analytical data
of each lot (more than 18 whole roots analyzed per one
lot, thus more than 3000 and 9500 roots analyzed from
Dongbei- and Xibei-Gancao, respectively).

GL- and EtOH ext.-content: HPLC determination
of GL (% to dry root weight) was measured as described
in Japanese Pharmacopoeia XIII. Briefly, powdered
Gancao (0.5g) prepared from 6-10 pieces of whole root
was extracted with 50% ethanol (70 ml) for 15 min under
shaking for 2 times and the solution was passed though
a 045 pm filter. HPLC analyses were carried out by
LC-6A and C-R7A (Shimadzu) equipped with a reverse-
phase column YMC-Pack ODS-A (A-312: 150 X 6 mm,
YMC Co. Ltd.), UV detector (SPD-6A, Shimadzu) set at
254 nm and mobile phase of diluted AcOH (1 in 15) and
CH:CN (3 : 2). EtOH ext.-content (% to dry weight of
root) was also measured as described in Japanese
Pharmacopoeia XIII

RSG: RSG was calculated from dried weight (g) di-
vided by volume (cm3) of each cylindrical as shown in
Fig. 1. RSG of Dongbei- and Xibei-Gancao were also
measured with part B’s from 66 roots (6 roots per year
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for 11 years: 1990-2000). RSG of Daitou-Gancao was
measured with part B’s from 17 roots obtained in 2000.
Statistics: Results were presented as the mean*S.
D. Student’s t-test was performed for a comparison of
the means. Correlation coefficient and regression for-
mula calculated by software Excel 2000 (Microsoft cor-
poration). To obtain the property of the universe in
Dongbei-Gancao by statistical method, Shapiro-Wilk test
is carried out using multivariate data analysis software
STATISTICA (StatSoft JAPAN Co. Ltd.).

Results and Discussion

Variation of GL- and EtOH ext.-content in each root of
G. uralensis and commercial Gancao (Figs. 1-2)

In order to investigate the variations of GL- and
EtOH ext.-content in each part of G. wralensis root, it
was cut into five parts as shown in Fig 1. GL-content in
each part varied from 2.84% (G.u. 2: A part) to 5.16% (C
part). Although GL-content is reported to be higher in
the thicker parts of the stolon® and root” than in the
thinner parts, no correlation between GL-content and
root diameter was observed in this study. GL-content in
each root also varied from 2.86% (G. u. 1) to 5.08% (G.
u. 4). EtOH ext.-content in each root also showed a rela-
tive variation from 36.4% to 40.2%.

Significant (p<0.05) differences were also found in
the GL- and EtOH ext.-contents among the parts in com-
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Fig. 1 Glycyrrhizin-, EtOH ext.-contents and RSG in different parts of
Glycyrrhiza uralensis roots

Each value represents the mean=S.D. (n = 4).

G.u.1-4: 4 samples of Glycyrrhiza uralensis Fisch.

GL.: glycyrrhizin-content (%); Ex.: EtOH ext.-content (%); RSG.:
roots specific gravity (g / cm?) *: p<0.05 vs. part A

mercial two Gancao (Fig.2). GL-content also varied from
3.59% to 4.86% in each root of Dongbei-Gancao and
from 1.54% to 4.54% in Xibei-Gancao, respectively.
EtOH ext.-content varied from 27.6% to 39.0% in each
root of Dongbei-Gancao and from 30.3% to 37.0% in
Xibei-Gancao, respectively. Therefore, in order to inves-
tigate an average variation within individuals, about 6 to
10 pieces of commercial Gancao were cut together, pow-
dered and analyzed as described in the materials and
methods.

Variation of GL- and EtOH ext.-contents in commercial
Gancao (Fig. 3, Table 1)

GL- and EtOH ext.-contents in Dongbei- and Xibei-
Gancao collected at drug markets in Osaka during 15
years (1986-2000) are shown in Fig. 3. GL-content var-
ied from 4.43%0.41% (sample of 1991) to 6.27+0.84
% (sample of 1997) in Dongbei-Gancao and 3.09 =
0.59% (sample of 1998) to 5.42*1.53% (sample of
1992) in Xibei-Gancao, respectively. The mean values of
GL- and EtOH ext.-contents in commercial Dongbei-
Gancao were similar to those of wild G. uralensis root.

As shown in the bar-graph in Fig. 3, GL-contents in
Dongbei-Gancao were usually found to be higher than
those in Xibei-Gancao except in the samples of 1992. To
ascertain the significance of difference, the average GL-
contents in two types of Gancao were examined. The re-
sults were as follows: GL content of Dongbei-Gancao
(5.1611.00%, 109 lots) is significantly higher (p<0.05)
than that of Xibei-Gancao (4.36 £ 1.45%, 228 lots).
Although the results obtained this time were similar to
those already reported using 19 and 15 samples of
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Fig. 2 Glycyrrhizin-, EtOH ext.-contents and RSG in different parts of
commercial Dongbei- and Xibei-Gancao roots

Each value represents the meanS.D. (n = 6).

D.: Dongbei-Gancao; X.: Xibei-Gancao

GL..: glycyrrhizin-content (%); Ex.: EtOH ext.-content (%); RSG: roots
specific gravity (g / cm®) *: p<0.05 vs. part A
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Fig. 3 Variation of Glycyrrhizin- and EtOH ext.-contents in commercial
Dongbei- and Xibei-Gancao collected from 1986 to 2000 at drug
markets in Japan

Each value represents the mean *S.D. (Figures described above each
bar represent the number of lots examined).

Line graph: variation of EtOH ext.-content (Ex. %); /\: Dongbei-
Gancao, @: Xibei-Gancao. EtOH ext.-content varied from 34.1 %
3.1% (samples of 1990) to 40.8£3.4% (samples of 2000) in Dongbei-
Gancao and 32.5%2.1% (samples of 1988) to 38.2%5.6% (samples
of 1996) in Xibei-Gancao, respectively.

Bar graph: variation of glycyrrhizin-content (GL. %); open and solid
column: Dongbei- and Xibei-Gancao, respectively.

86-00: sampling year from 1986 to 2000

Table. I Variation of Glycyrrhizin content in each grade of
Dongbei- and Xibei-Gancao collected from 1986 to 2000
at drug markets in Japan

Xiebei-Gancao (%)
436%1.45 (n= 228)

Dongbei-Gancao (%)
total 5.161.00% (n= 109)
4.81%£0.73 (n= 15)

505100 (n= 19)

4.50%0.15*% (n= 6)
(Hun-jie)

3.72+1.23 (n= 19)

out-of-grade (Mao-cao)

Each value represents the mean=S.D.
*: p<0.05 vs. Xiebei-Gancao

Grade: Gancao are classified by means of length and thickness of
root into 4 grades of each Gancao (1-, 2-, 3- and 4-go-Kanzo
in Tohoku-Kanzo and Ko-, Otsu-, Hei-, and Tei-kyu Kanzo in
Seihoku-Kanzo in Japanese) by the primary wholesale dealers
at the producing districts as standardized in China.
Gancao with thick and long roots is classified into upper
grade.

Dongbei- and Xibei-Gancao,? it is the characteristic that
the data in this paper was confirmed by analyzing every
grade of more than 300-lots of trial samples collected
from 1986 to 2000.

Furthermore, GL-content of each grade in Dongbei-
Gancao was also higher than those of Xibei-Gancao, ex-
cept for the value of 3 grade as shown in Table L
Correlation between GL- and EtOH ext.-contents in

commercial Gancao (Fig. 4)

GL-content (%)
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Fig. 4 Correlation between Glycyrrhizin- and EtOH ext.-contents in
commercial Dongbei- and Xibei-Gancao collected from 1986 to 2000
at drug markets in Japan

/\: Dongbei-Gancao (109 lots).; @: Xibei-Gancao (228 lots)

Regression equation (Y: GL-contents, X: EtOH ext.-content):

Y = 0.18 X - 1.3 (r = 0.654 for Dongbei-Gancao) ;
Y =0.28 X - 5.4 (r = 0.751 for Xibei-Gancao)

By the result of investigation of 337 lots of Gancao
as shown in Fig. 4, it is evident that a positive correlation
exists between GL- and EtOH ext.-content both in
Dongbei- (r= 0.654) and Xibei-Gancao (r= 0.751).
Therefore, even if the analytical instruments such as
HPLC are not available at the production region of
Gancao, GL-content could be simply predicted by the
evaluation of EtOH ext. content.

RSG of Gancao and detection of Daitou (or Youtou)-
Gancao (Figs. 5-6, Table 1I)

RSG of Dongbei- and Xibei-Gancao are examined
to reassure the general knowledge that Dongbei-Gancao
has more light, soft and flexible root than Xibei-Gancao.
The data shown in Fig. 5 reveals that the mean RSG of
Dongbei-Gancao (0.5130.09 g / cm3, 66 roots) is sig-
nificantly (p<0.05) lower than that of Xibei-Gancao
(0.65£0.11 g / cm?, 66 roots).

As shown in Fig. 5, there are 3 odd samples of
Dongbei-Gancao collected in 1997, 1998 and 2000,
which have higher RSG (0.69 g / cm3). The result of the
Shapiro-Wilk test to examine the distribution curve of
RSG data in Dongbei-Gancao indicated that distribution
of 66 samples including the 3 odd samples do not fit the
normal distribution curve, but 63 samples except for 3
odd samples fit in the normal distribution (Fig 6).
Therefore, it is estimated statistically that the 3 odd sam-
ples with high RSG belong to another source out of
Dongbei-Gancao.

According to our market research about the distri-
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Fig. 5 Variation of RSG in commercial Dongbei- and Xibei-Gancao
collected from 1990 to 2000 at drug markets in Japan

D. and A: Dongbei-Gancao (0.5110.09 g / cm?).; X. and @: Xibei-
Gancao (0.65+0.11 g / cm?)

90-00: sampling years from 1990 to 2000

Upper and lower lines represent mean + 2S.D. (0.69) and mean - 2S.D.
(0.33) of Dongbei-Gancao RSG, respectively. Arrow represents the
3 odd Dongbei-Gancao with more than mean + 2S.D. RSG.
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Fig. 6 Histogram and distribution curve of RSG in Dongbei-Gancao
collected from 1986 to 2000 at drug markets in Japan

Solid line represents distribution curve of 63 samples (without 3 odd
samples) and fits in the normal distribution examined statistically by
Shapiro-Wilk test: p = 0.562.

Dotted line represents distribution curve of total 66 samples of
Dongbei-Gancao and does not fit in the normal distribution exam-
ined statistically by Shapiro-Wilk test: p = 0.007.

Shapiro-Wilk test of another sample: 65 samples (without 1 odd sam-
ple): p = 0.052 (represents normal distribution), and 64 samples
(without 2 odd samples): p = 0.237 (represents normal distribution).
Large p value (0.562) in 63 samples represents more suitability for
the normal distribution curve than small p values in 64 (0.237), 65
(0.052) and 66 (0.007) samples.

bution pattern of Gancao in China from trade companies
of traditional Chinese medical materials in 1999-2000, it
was found out that the Gancao with knot-like upper roots
collected in the northwestern (Xibei) region of China
was under circulation by the name of “Daitou (or
Youtou)-Gancao” from the early 1990’s. The word
Daitou (or Youtou) in Chinese is “with head”. This

Table. I Glycyrrhizin content and RSG of Dongbei-,
Xibei-, and Daitou-Gancao

GL-content (%) RSG(g/ cm?)

Donebei.G 5.16+1.00 * 0.510.09 *
ONgHeriancas | 109 tots, 3109 roots) (66 roots)
- 436E1.45 0.65+0.11
Xibei-Gancao (228 lots, 9594 roots) (66 roots)
Daiton.G 6.6510.70 * 0.61£0.10
aitou-Lrancao (5 lots, 165 roots) (17 roots)

Each value represents the mean=S.D.
*: p<0.05 vs. Xiebei-Gancao

saying came from knot-like upper root of Daitou-
Gancao, which has high RSG as Xibei-Gancao and has
knot-like upper roots as in Dongbei-Gancao. Therefore,
it was considered that some Daitou-Gancao was mixed
with high-priced Dongbei-Gancao and has been exported
to Japan from about 1997.

We got the Daitou-Gancao from the northwestern
region of the Gansu province in China to examine its
characteristics. As shown in Table II, RSG (0.610.10
g/cm3, 17 roots) of Daitou-Gancao is significantly
greater than that of Dongbei-Gancao and almost the
same as that of Xibei-Gancao. From the examination of
RSG, GL-content and morphological characteristics as
the knot-like upper root, the 3 odd samples of Dongbei-
Gancao with high RSG as shown in Fig. 5 may corre-
spond to Daitou-Gancao.

Since the GL-content in Daitou-Gancao was at sat-
isfactory levels (6.65 +0.70%, 5 lots) as those in
Dongbei-Gancao, Daitou-Gancao might become a prom-
ising source of Gancao for clinical use. Further pharma-
cognostical investigations on botanical origin, chemical
constituents and pharmacological properties of Daitou-
Gancao to compare with those of Dongbei- and Xibei-
Gancao are in progress.

In summary, the characteristic of this paper is that
the results were confirmed by analyzing 337 lots (more
than 18 roots per lot were examined) of Gancao collected
from 1986 to 2000. The following results were obtained:

1) Variation in GL-content:  Although GL-content
of Gancao varied every year, GL-content of Dongbei-
Gancao (5.16 7 1.00%, 109 lots) is significantly higher
(p<0.05) than that of Xibei-Gancao (4.36 = 1.45%, 228
lots).

2) Variation of RSG: RSG of Dongbei-Gancao
(0.51£0.09 g / cm3, 66 roots collected from 1990 to
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2000) is significantly lower than Xibei-Gancao (0.65*
0.11 g/ em3, 66 roots for the same 11 years). This result
supports the empirical distinctions between Dongbei-
Gancao with soft and flexible roots and Xibei-Gancao
with hard and heavy roots.

3) Detection and characterization of Daitou (Youtou)-
Gancao: RSG examination and market research indi-
cated that Daitou-Gancao was under circulation from the
early 1990’s in drug markets in China and that it was
mixed to make up the deficit of Dongbei-Gancao in mar-
kets in Japan from about 1997.

This is the first report to characterize Daitou-
Gancao (Taito-Kanzo in Japanese) collected in the north-
western (Xibei) region of the Gansu province in China.
It has a similar knot-like upper root and high GL-content
(6.65£0.70%, 5 lots) to Dongbei-Gancao and also has
similar high RSG (0.61 £0.10 g / c¢m3, 17 roots) to
Xibei-Gancao (Table II).

Acknowledgements

The authors wish to thank Prof. P. Basnet (The
School of Pharmaceutical Sciences, Pokhara University,
Nepal) for his helpful discussion. They also thank Dr. S.
Yamaji (Institute of Natural Medicine, Toyama Medical
and Pharmaceutical University) and Mr. Y. Yokota
(Toyama Prefectural Institute for Pharmaceutical
Research) for their advice on botanical literature survey
and on statistical analysis.

X

R X 0K IE, BATHHEO REEE % 1986 F
520000 FEFETISERICHI >~ TEDHLBHOEAE
(337 lots) RS WTRE LAcsicd 5, HBD DI
EIEATRES (B - REHFICPENR L BEROER (§
HAETEERERE C AL HEOER) TRE L /- Glyeyrrhiza
uralensis Fiscn. DIREH L 72,

MSREE D glycyrrhizin EBIZERIC L » TEE)
2%, 15 FRoESEIc BV THEILHED glyeyrrhizin
SEEELEHELI VAR LSV L 2ERL o, REY
HE (RSG) ER*MAFLANLTCERLIAEEED

BH LU, #tHHE o RSG Gt HEL v AEICEY
T & AR L 72, AEEE L 72 RSG 3, FHUSEILH
BHLHEORELLBVAEL TR A M5 T 2 FRY7ER
FEEMT BEEEL B,

123 1997 EELIB I ED L EIEHE Oz RSG
=\ (mean+2S.D. 28X %) BASERI N, TE
K AT HAEOHKE, HEE R SdhEmIts TE
LIREAEESIC (28] o b 2 HEMSHFHEES 5 VI3 HEH
HELLSZTHRED, HRCHBIA TV S I &HH
ST - fo, HEBOEINHERICHE X 7z RSG
DOEWHEIR, HIEHEOREMENSH S I &% Shapiro-
Wilk ¥5E THEETERICHEE L 7o

COREHE (HREE) 2AFLTHFLIL LT 5,
R [ 28] 0 H BHE L glyeyrrhizin SEBOFH O
MEHEIEHECHELUL, RSGrFv A Emit &
B2 EMELMICE -1z, B (B8 HE (HE
M5 ORBIRHCEE LIS MIC L D3RR H
B TH D,

*T930-0194 F1LHF2H 2630
EIEMERKEMEER AR ERERSEY bR &

References

1) Olukoga, A., and Donaldson, D.: Liquorice and its health implica-
tions. J. Royal Soc. Promotion Health, 120, 83-89, 2000.

2) Yoneda, K., Yamagata, E., and Teruya, M.: Studies on resources
of crude drugs (VI). Comparison of the constituents of Glycyrrhizae
Radix (Licorice) from various countries. II. Shoyakugaku Zasshi,
45, 220-226, 1991.

3) Kitagawa, I., Chen, W.-Z., Taniyama, T., Harada, E., Hori, K.,
Kobayashi, M., and Ren, J.: Quantitative determination of con-
stituents in various licorice roots by means of high performance
liquid chromatography. Yakugaku Zasshi, 118, 519-528, 1998.

4) Tsuchida, T., Komatsu, K., Feng, Y.-X., Chen, H., and Namba, T.:
Pharmacognostical studies on the Chinese crude drug “Gancao”.
J. Trad. Med., 17, 261-271, 2000.

5y Li X.-Y.: A study of the system and new taxa of Genus Glycyrrhiza
L. Bull. Bot. Research, 13, 14-43, 1993.

6) Hayashi, H., Fukui, H., and Tabata, M.: Distribution pattern of
saponins in different organs of Glycyrrhiza glabra. Planta Medica,
59, 351-353, 1993.

7) Usai, M., Picci, V., and Atzei. A.-D.: Glycyrrhizin variability in
subterranean organs of Sardinian Glycyrrhiza glabra subspecies
glabra var. glabra. J. Nat. Prod., 58, 1727-1729, 1995.




