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Abstract

‘Kasseki’ in Japanese or ‘Huashi’ in Chinese are highly similar crude mineral drugs. Though almost the same
Chinese characters are used for both, the definition of the former in The Japanese Pharmacopoeia (JP) is different
from that of the latter in Pharmacopoeia of The People’s Republic of China (CP). Namely, Kasseki is defined as
“a mineral substance, mainly composed of aluminum silicate hydrate and silicon dioxide” in JP, while Huashi is de-
fined as “mainly hydrated magnesium silicate” in CP. Since the Kasseki used in Japan is imported from China, dis-
crimination of these two is important from the viewpoint of regulatory science. In this report we applied a taste-
sensing system having artificial lipid membrane sensors to discriminate between Kasseki and Huashi.

First, seven types of sensors were tested on serial concentrations of water extracts of Kasseki and Huashi. The re-
sults suggested that the ACO and AAE sensors were appropriate for our purpose when 1% (w/w) water extracts of
samples were used. Next, we tested ten each of Kasseki and Huashi samples in this condition. For the Kasseki sam-
ples, both sensors showed specifically localized output values ranging from 0 to -5 mV. By contrast, for the Huashi
samples, ACO characteristically showed output values deviating from the range within = 5 mV and AAE showed a
wide range of output values, from -22 to 1 mV. These data suggest that the taste-sensing system can discriminate
Kasseki from Huashi when their 1% (w/w) water extracts are measured by ACO and AAE sensors.

Key words Kasseki, Huashi, Pharmacopoeia, Discrimination, Taste-sensing system, Artificial lipid membrane
Sensors.
Introduction Kampo formulae such as bofutsushosan and choreito,

‘Kasseki’ and ‘Huashi’ are crude mineral drugs.
The former has been used as a component of some

*To whom correspondence should be addressed.
e-mail : goda@nihs.go.jp

and recently its consumption increases. Though almost
the same Chinese characters are used for both, they have
different definitions. In Japan, in 2011, Kasseki was
newly adapted to The Japanese Pharmacopoeia Sixteenth
Edition (JP16) with its English name of Aluminum
Silicate Hydrate with Silicon Dioxide and defined as
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“a mineral substance, mainly composed of aluminum
silicate hydrate and silicon dioxide; it is not the same
substance as mineralogical talc™.” Although the Kasseki
used in today’s Japanese markets is almost completely
imported from China, it has been never found as Huashi
in Chinese markets.? Huashi, in the Pharmacopoeia of
The People’s Republic of China (CP), is defined as
“mainly hydrated magnesium silicate” with the Latin
name of ‘TALCUM’ and the English name of ‘Tal¢c’®
Thus, Huashi as defined in CP is thought to be equiva-
fent to the “mineralogical talc”, or magnesium salt, dis-
tinguished from Kesseki in JP16. In fact, JP16 describes
a confirmation test which distinguishes Kasseki from
talc by the identification of aluminum in Kasseki? It
should be noted that this confirmation test focuses only
* on aluminum, but not on the whole of Kasseki, which
consists of aluminum silicate hydrate and silicon diox-
ide. X-ray fluorescence analysis and X-ray diffraction
are available in order to strictly analyze Kasseki*®
They are particularly effective methods for the analysis
of minerals, but they utilize somewhat expensive instru-
ments.

Meanwhile, we have used a taste-sensing system as
one of the comprehensive and objective methods for
quality evaluation of Kampo formulae, crude drugs and
foods.™¥ The taste-sensing system is a tool for objec-
tive taste measurement, which is based on the concept
of modeling the mechanism of human taste recognition.
This system is composed of a sensor unit, consisting of
various artificial lipid membrane sensor probes, and a
personal computer. The taste data are obtained from the
change of the electric potential of the artificial lipid
membranes when the taste substances interact electri-
cally with, or are adsorbed to, the membrane.'¥ In this
study, we report the possibility of this system as a new
method to discriminate Kasseki from Huashi.

Materials and Methods

Materials

‘Samples: Ten Kasseki samples were kindly supplied
from Japan Medicinal Plant Federation (Osaka, Japan).
Ten Huashi samples were obtained from eight drug
stores, a pharmaceutical factory and a drug market in
China. The main component of Huashi samples was

preliminarily identified as hydrated magnesium silicate
by the X-ray diffraction method. In addition, a talc
which is sold as a commercial reagent (average particle
size 7~ 12 wm) and an equivalent to Huashi was pur-
chased from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan). Information about the sources of
Kasseki and Huashi samples is summarized in Table 1.
Every sample was investigated the X-ray diffraction
method in order to identify the origin of minerals (data
not shown). The brick-type samples were pulverized
using an electric mill and passed through a No. 100
sieve (150 um). All samples are stored at Museum of
Materia Medica, Research Center for Ethnomedicine,
Institute of Natural Medicine, University of Toyama,
Japan.

Chemicals and reagents: A solution consisting of 30
mM potassium chloride in 0.3 mM tartaric acid was em-
ployed as the reference solution in the measurement by
the taste-sensing system. As the washing solution for
negatively charged artificial lipid membrane sensor
probes, 30% ethanol aqueous solution containing 100
mM hydrochloric acid was used. As the washing solu-
tion for positively charged artificial lipid membrane sen-
sor probes, 30% ethanol aqueous solution containing
100 mM potassium chloride and 10 mM potassium hy-
droxide was used. Potassium chloride, tartaric acid,
ethanol (99.5 v/v%) and potassium hydroxide were pur-
chased from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan). Hydrochloric acid (35 ~ 37%) was pur-
chased from Nakalai Tesque, Inc. (Kyoto, Japan). Ultra
pure water was obtained by an EQS-10L system (Nihon
Millipore K.K., Tokyo, Japan). The internal solution for
the artificial lipid membrane sensor probes containing
3.3 M potassium chloride in saturated silver chloride
aqueous solution was obtained from Intelligent Sensor
Technology, Inc. (Atsugi, Japan).

Sample preparation

A pulverized and sieved Kasseki (TMPW 25309 in
Table 1) and the reagent talc were weighed and sus-
pended in ultra pure water at serial concentrations
(Kasseki: 0.01 ~ 10% (w/w), reagent talc: 0.01 ~ 1%
(w/w)), and then extracted by sonication for 10 minutes
at 25°C. After centrifuging at 1,710 x g for 10 minutes
at 25°C, the supernatant was filtered with No. 2 filter
paper (JIS P3801). Potassium chloride and tartaric acid
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Table 1 Collection data of Kasseki (Aluminum Silicate Hydrate with Silicon Dioxide) in Japanese markets and Huashi (Talc) in Chinese

markets
}?11;: gnlgggzoé?a No. n}ggy« Market Origin Date
31 25309 {agzagMgz%T%—l Péggz )Federation, Osaka, Japan Fujian Prov. Oct., 2006
x (=331
g = 2 25304 ” Unknown ”
Q
i 2, J-3 25305 ” Fujian Prov. ”
: g3
g 4 J-4 25306 ” ” ’/
£ E5
. = £ J-5 25307 o 4 ”
:’—e -
S § g F6 25310 "
2528 17 25311 ” p "
EAY S
E=R 3-8 25313 ” ” "
EBLE
225 19 25314 ” ” ”
<HAEE
J-10 25867 ” Unknown Jan., 2007
Zhangzhou biochemical pharmaceutical factory, Zhangzhou,
C-1 26071  Fujian, China Guangxi Prov.  Aug., 2007
T LR, EEERND
Q ) Zhangzhou libin drug store, Zhangzhou, Fujian, China ”
E C2 200 GmEKER, mRAEA Unknown
; c-3 26073 Jiankang yiyao market, Zhangzhou, Fujian, China Fujian and .
g (REREEERS, BREm Shandong Prov.
=5
=) . . :e .
3 Jining drug store, Zhangzhou, Fujian, China . "
g C-4 26075 (FSE, B Guangxi Prov.
s
£ . Gucheng shenrong drug store, Xiamen, Fujian, China
~ " ) 3 > Y Va
e €5 2007 Comsigr, mRaEM)
@ . . . { .
= 5 Zhugiang drug store, Xiamen, Fujian, China ” W
+ C6 200 ok, mEAER
IR . e . L . .
) R Taian viliaobaoxian dingdian drug store, Taian, Shandong, China ”
i CT 26080 mabmEamRbE SR, IRARD) Shandong Prov.
> S . ) .
o B . Jianlian chinese drug store, Jinan, Shandong, China Y ”
28 b 2 amess wonsve
c-9 26088 Beijing tongrentang laizhou drug store, Laizhou, Shandong, China ” "
CEmE{ERNEE, (LREBEAD
C-10 26092 Zhirentang drug store, Penglai, Shandong, China ,, Y

CECERERE, WHREER)

TMPW No.: The specimen reference number of the Museum of Materia Medica, Research Center for Ethnomedicine, Institute of Natural

Medicine, University of Toyama

were added to the filtrate at concentrations of 10 mM
and 0.1 mM, respectively.

The test solutions were initially applied to the taste-
sensing system to determine the optimal concentration
and sensor types. Next, ten Kasseki and ten Huashi sam-
ples were extracted to the optimal concentration in the
same way as described above, and measured by the
taste-sensing system. Aqueous solution containing 10
mM potassium chloride and 0.1 mM tartaric acid was
used as a blank control.

Measurement

We measured sensor outputs of water extracts of
Kasseki and Huashi samples under the following condi-
tions, which were chosen as described in our previous
report.'?

Instrument: Taste-sensing system SA402B (Intelligent
Sensor Technology, Inc.). Artificial lipid membrane
sensor probes: AAE, CT0, CA0, C00, AE1, ACO and
ANO (Intelligent Sensor Technology, Inc.). In this study,
we used only the sensor output values called relative
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potentials, that is, the electrical potential changes be-
tween the sample solution and the reference solution.

Results

First, graduated concentration solutions of Kasseki
and reagent talc were measured by the Taste-sensing
system SA402B with seven types of artificial lipid
membrane sensor probes. As the result, the ACO and
AAE sensors showed slightly negative output values for
Kasseki water extracts, with little concentration-
dependent sensor output changes. For the reagent talc,
by contrast, two sensors’ output values changed depend-
ing on sample concentrations. The output values of the
ACO sensor to 1% (w/w) of Kasseki and the reagent talc
solutions were -3.5 mV and -15.7 mV (Fig. 1-a), while
those of the AAE sensor were -1.5 mV and -9.3 mV
(Fig. 1-b), respectively. These two sensors’ output val-
ues were stable and their measurement deviations were
small. Thus, we judged that the ACO and AAE sensors

{a) ACO sensor
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Fig. 1 Concentration dependences of electrical output changes on artificial lipid membrane i
sensors (ACO and AAE) to Kasseki {Aluminum Silicate Hydrate with Silicon Dioxide) e

and reagent talc (Wako Pure Chemical Industries, Ltd.).

ACO () and AAE (b). To avoid damage to the sensor, higher concentrations than 1% :
(w/w) were not tested for the reagent talc. Each value represents the mean * standard C ol

deviation of three measurements,

were sufficient to discriminate Kasseki from Huashi at
the extract condition of 1% (w/w). There were several
reasons that the other five sensors were considered inap-
propriate. The CT0 and AE1 sensors did not respond to
any of the sample solutions and the C00 sensor showed
no constant concentration-dependent sensor output
changes for cither sample type (data not shown). The
ANO and CAOQ sensors showed similar output tendencies
to those of ACO and AAE sensors, respectively; how-
ever, these two sensors were less durable.

Then, each of the ten samples of both Kasseki and
Huashi were extracted at the condition of 1% (w/w) and
their sensor output values were measured by the ACO
and AAE sensors. As a result, both sensors showed spe-
cifically localized output values ranging from 0 to -5
mV for all ten Kasseki sample solutions (Fig. 2) while,
for the Huashi samples, ACO characteristically showed
output values deviating from the range within = 5 mV
(actual figure ranges were from -21 to -9 mV and from
+9 to +15 mV) and AAE showed a wide range of output
values, from -22 to 1 mV (Fig. 2).

{b) AAE sensor

Sensor output (mV)
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Fig. 2 Distribution of AC0 and AAE sensor outputs for Kasseki (Aluminum Silicate Hydrate with Silicon Dioxide, used in

Japan) and Huashi (Tale, used in China).

Sensor output values were obtained at the sample concentration of 1% (w/w). As reference, reagent talc (Wako Pure

Chemical Industries, Ltd.) solution (1% (w/w)) was used.

Discussion

In this study, we tried to discriminate Kasseki from
Huashi by a taste-sensing system. In the measurements,
both ACO and AAE sensors showed slight responsive-
ness to Kasseki samples, ranging from 0 to -5 mV,
whereas, for the Huashi samples, a wide variety respon-
siveness deviating from the output value range from 0 to
-5 mV. These data clearly suggest that the taste-sensing
system can discriminate Kasseki from Huashi when
their 1% (w/w) water extracts are measured by ACO and
AAE sensors. In other words, under the conditions of
this study, when the tested sample showed an output
value deviating from the range from 0 mV to -5mV, the
sample is not referable to Kasseki and may be to
Huashi.

Although ACO and AAE sensors used in this study
are normally utilized for detecting the taste factors of
cationic bitterness and umami respectively, none of the
human subjects in the gustatory test noted a specific
taste for either Kasseki or Huashi water extracts. Thus,
it is unlikely that sensor output values to these extracts
result from the sensor responsiveness to taste substances
of cationic bitterness and umami. The Kasseki and
Huashi samples tested in this study originate mainly

from “aluminum silicate hydrate and silicon dioxide”
and “hydrated magnesium silicate”, respectively. It is
assumed that the differences in the sensor output values
obtained by the taste-sensing system with ACO and
AAE sensors reflect the differences of kinds and
amounts of minerals eluted from Kasseki or Huashi to
water. Therefore, the data in this study may offer a new
application of the taste-sensing system in the field of
mineralogy in addition to drug regulatory science. In
this study, we employed not ANO sensor but ACO sen-
sor for discriminating Kasseki from Huashi because of
the difference in their endurance. Both sensors are usu-
ally applied to evaluate a taste value of cationic bitter-
ness and the difference of their endurance is likely to be
due to the compositional differences of the correspond-
ing artificial lipid membranes.

All of the Kasseki samples showed similar sensor
output values. In contrast, Huashi showed wide-ranging
values (Fig. 2). This result seems to denote a rich diver-
sity of the Huashi in Chinese markets. It is of interest
that the ACO sensor showed both positive and negative
values for Huashi samples. These phenomena may be
due to compositional differences of the Huashi samples.
Huashi as defined in CP is thought to be equivalent to
the JP Talc. According to the JP16, Talc may contain
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related mineral substances consisting chiefly of chlorite,
maghesite, calcite and dolomite.!’™ The existence of
these related substances may affect sensor responses, al-
though detailed analyses of Huashi samples by other
analytical instruments would be needed to clarify such
variations.

Since ancient times, most of the Kasseki used in
Japan has been imported from China. Masutomi men-
tioned that the origin of Kasseki housed at Shosoin as
carly as the eight century was mainly hydrated
halloysite, namely aluminum silicate hydrate.'® In addi-
tion, it is known that all of Kasseki products in the
Japanese market at the present day are imports from
Fujian Province, China. On the basis of the survey
analyses of Kasseki used in Japan, JP16 defined Kasseki
as “a mineral substance, mainly composed of aluminum
silicate h},}drate and silicon dioxide”. While in China,
Huashi ‘)i,i'as been defined as “mainly hydrated magne-
sium silicate” in CP. Several papers have reported that
Huashi having different combinations of minerals from
that defined in CP are sometimes sold in Chinese mar-
kets3® These facts suggest that mineral crude drugs
other than Kasseki may be mistakenly imported as
Kasseki from the Chinese market to Japan in the future.
Thus, it is important to continually monitor the mineral
crude drugs imported from China. Since the measure-
ment of mineral extracts by the taste-sensing system is
not time-consuming and does not require expertise in
pharmacognosy, this method may be suitable for the
monitoring analysis.

Conclusion

This study showed that some artificial lipid mem-
brane sensors of Taste-sensing system SA402B were
able to discern the difference between Kasseki and
Huashi. When a 1% (w/w) water extract of tested sam-
ples is measured by ACO and AAE sensors and these
sensors show their output values from 0 to -5 mV, the
tested sample is identifiable as Kasscki.
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Preliminary Studies for Application of Quantitative NMR (gNMR)
in the Japanese Pharmacopoeia (I)
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Summary

Preliminary studies were performed to establish the quantitative nuclear magnetic resonance (‘qNMR) test” in the
crude drug test section of the Japanese Pharmacopoeia (JP). In this report, we examined impurity signals from
internal reference substances and targeted marker compounds, chemical shifts of internal reference substances, and
the suitability of signal peaks of targeted marker compounds for gNMR.

For example, the internal reference substance 14-BTMSB-d, showed an impurity signal at about 7.3ppm derived
from 1,4-(Me,Si) ~C;D; H in the highly accumulated NMR spectrum at 400 MHz. The impurity signal increased time-
dependently in CDCl,, but not in CD,0D or CD,COCD; . This impurity signal interfered with integration of the signal of
geniposide at 7.26ppm. Therefore, we consider that this signal of geniposide is unsuitable for quantification. Our data
also suggest that it is important to measure gqNMR immediately after sample preparation when CDCl; is used as the
solvent. Similarly, the highly accumulated NMR spectrum of another internal reference substance, DSS-d,, showed
impurity signals at 059, 1.72 and 2.88ppm in D,O and at 0.48, 1.54 and 2.37ppm in DMSO-d;, which are derived from
Me,SiCHDCD,CD,SO;Na, Me,SiCD,CHDCD,SO;Na, and Me;SiCD,CD,CHDSO,Na, respectively. Therefore, it is
considered essential that the spectral regions around these impurity signals be avoided in selecting suitable signals of
targeted compounds for integration. Very small, but distinct, impurity signals also appeared in the spectra of several
targeted marker compounds when the data were obtained under highly accumulated (about 3800 times) conditions.
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These observations suggest that prior determination of impurity signals arising from the internal reference substances
and the targeted samples would be essential to assure the validity of gNMR.
The present results are expected to be helpful in the process of establishing * the gNMR test” in the JP.

’ Key words
Quantitative NMR, Impurity signals, Japanese Pharmacopoeia, 1,4-BTMSB-d,, DSS-d;, Marker compounds

Box i, HEERAICBY 2K oERICET 2RE
ZfERT 57-0, FERNMR (NMR) E2FAT2 L%
A e L, S CIORAMHCROESES £ o & 5 IchiE
BRALL TO L AR & T T s 2" HBc AA%RE
FREROHREDFTREM L 70~ b 797 4 —ic &
DR 1ALAWIC D0 T gNMR OEIEZR T, [z
FESEGIC R AT 2550 B 0 2 HEIC > W THEE”,
Wiz, HAERFICBOTCEERSOMTOEENEH O
FBB L LT s s 2{bal (Ta oK 2 i s
npwr/ma—, Wy ffilEshs 7 =R e F)
Z v, gNMR 32 FH U CE SR o B2 &2 aric
ERERETI C LIck b, AEKOL T F—vay
EE2TORERERZELY. kvt ARERFOE
EECHAT B4 ORI OWT, EBIC oNMR 2
EL, 2 oHEIcoWT, Dy r Ik ERR LIS
FIRT 200ER, BELCER IhoolificEios,
FHANWIE HASER Tl 2EER LT
RESIEIE (NMR) 2 R U 7- BT & HARSERaSE
NG MBI s hE" B, HBHoBRE TR,
aNMR 2 L CEEMER T S -3 HEE 0 H I
WEhdELbic, LEREET QNMR 2GS, £
OB H =¥ AEEORAERBICEB VT, gNMR T
BT ENEHMBENERIEHAINEC ERERELTY
%,

INETOWRDOEREL D, (NMREZDDL DK, H
KERH D & 5 Az oR eI TES LIk
HiEIc S hi-, L L, (NMRER, ZhECHEER
FOHRIaipo & Td b, EEABRFCERTAE
oNMR HIE L OIEEHEE, L5350 THENED,
HIEMERIC OV T AT ADMEEHEER LD L S ICRET
NED, gNMR % EIEIC FARER T CHM L2k, 3
HEHTHEHATORRICED X S %2 L2 FERTRET, W
DERICIBEDE I BEEEZL2EIRETH 205,
aNMR 23 BAER A NS S h T, £ERSOEERE
WK &N B £ Cle ik R & IR 4 R
LTE7.

T, oL REEOT, EIERRESAEN
FIMOWTRE £, BESH (FOBMEE FEEYlE),
REAt (HARET), BESH (VL 9) oifseE s
<, BR L 7o & 5 SRR o W OB IR LT v B,
AERSCTE, FOEIFE LT, BT SnEHEONGE
L AR TOBEMICoWT, I TAERRICEE R
MEEMTEL LS ICHEMTAZ LR HNE L, NEEE
YE oMY 7 F N, MENSYOTHY Y 7 F v, A
EEMEE DAL 7 b, ©— 7 OBE—c BT 5 HENE
WKOWTHRE 2T - D TRET B,

2. REAE

21 #u

MM TR Moy 1 a3 K= allot TLP
6646), ¥4 ¥ E = b, (Lot. TLI5221), B A atK=
> d(Lot. TLL2003), v A<V »# (Lot. CDJ4692, Lot.
CDJ4362), SIGMA #iow 2= U »E (Lot. SLBB0144V),
BMRathy 45 CoOWAEE L LT s =8
TFRERNGE Uk

BRI AIEONEEEYE L LT, SEEEYE
(NMIJ] CRM) TH 5 14-Y7uuxvErdpsH Sl b L—
BT AT A 27z 14-BTMSB-d, (14-bis (trimeth-
vlsilyl) benzene-d, Mw= 22650, Code No. 021-16441,
Lot. KWH5334, Code No. 024-17031, Lot. DCL1923, #ii
EE998% = 02%), RUKIZKHADOHNEEMRYEL LT,
DSS-d, (Sodium 3- (Trimethylsilyl) -1-propane-1,1.2,2,3.3
~ds-sulfonate, Mw= 224.36, Code No0.048-31071, Lot.
EPL1095, HifF922%+ 0.5%) 2 FAIEMEETEE (FR) & b
BALTHEALE, 28, Zabid ASNITE (Guide34) #
B U - R E L H—cdH B, oNMR B FERE
& LTE, BEAEME 9% L EoEK (D,0) (Acros #
% Cat. No. 166310100, Lot. A0280880), #E7 & I ~
(acetone-d,;) (Aldrich %8, Cat. No. 423114, Lot. 15827
JH), PAFNLANFFS F-d,(DMSO-d,) sotec L&
Cat. No. 156914, Lot. MKBB9086), E 4 # / — (metha- -
nol-d,) (Isotec #:81, Cat. No. 194166, Lot. EW1886) LUV E
ZawvFi s (CDCL) (Isotec #h8, Cat. No. 151858, Lot.
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