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Classification of Chinese Traditional Medicine—Shanyao
(Dioscorea opposita Thunb.) By Pyrolysis / High Resolution
Gas Chromatography / Pattern Recognition
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Abstract Pyrolysis / high resolution gas chromatography / pattern recognition was used to develop a potential
technique for discriminating Chincse Traditional Medicine—Shanyao (Dioscorea opposita Thunb.). About 1 mg of
crude drug powdcr was pyrolyzed in the furnance pyrolyzer and pyrolytical products were directly carried into gas
chromatograph with FSOT column (L28 m x 0.28 mm, coated with SE—30, df 0.26 um). The Py—GC data were sub-
jected to multivariate statistical analysis. Principal component analysis provided the discrimination of five varicties
of 19 samples purchased from market. Between Shanyao varicty (included in Chinese Pharmacopocia)-D. oppesiia
and other four varietics—D. japonica, D. persimilis, D. alata and D. frdii were differentiated from 19 samples pur-

chascd from market.
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The Shanyao (Dioscorea opposita Thunb.) —a
Chinese crude drug has been used in Chinese Tradi-
tional Medicine for hundreds of ycars. It has becn
proved to curc diabetes, chronic inflamation of intes-
tine, chronic hepatitis, asthma and cough by modern
pharmacology. Shanyao varicty included in Chincse
Pharfnacopeia must be D. opposita. The chicf constitu-
ents contained in Shanyao are allantoin, diosgenin,
batatasine, abscisin, trace elements, amino acids, etc.
Shanyao is also uscd for food in folks because of its
nutritive value. Other varicties of crude drug in
Dioscorea may be sold as D. opposita on the market.
So, the identification of Shanyao samples purchased
from the markets is important. The identification of
“ Shanyao” , completed by qualified, cxpericnced
pharmacognosist, is usually complicate, difficult and
time comsuming. The accuracy of microscopic identi-
fication may be mainly dependent upon the operator’s
experience. Pyrolysis—gas chromatography (Py—GC) is
a rapid and reliable mcthod for distinguishing biologi-
cal organism""]. The use of Py—GC as a powerful ana-
lytical technique in Chinese crude drug has also been
demonstrated in our laboratory! 4. Py-GC is a
degradative technique in which the molecular fabric of
plant is thermally fragmented in the absence of
oxygen. The resulting pyrolyzate components are then
chromatographed by GC. Pyrograms of crude drug
powder are very complex and overall patterns of varia-
tion are not easily discernible by visual inspection.

Therefore, multivariate pattern recognition method is —
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utilized to analyze the pyrograms and elucidate the
chemical features (pyrogram peaks) that could be dis-
criminated between plants'™. In this paper principal
component analysis is applicd to data obtained from
Py—GC profiles of Shanyao purchased from the mar-
ket in order to differcntiate Shanyao and Shanyao
substitutes.

Materials and Mcthods

Sample preparation: 19 Shayao samples purchased
from the market were ground into powder (60 mesh).
The varictics of samples were identified to be D.
opposita, D. alata, D. persimilis, D. japonica and D.
Sfordii by pharmacognosist. (sce Tab 1.)

Pyrolysis gas chromatographic analysis: About 1 mg of
crude drug powder was placed on the platinum boat,
then sample rod with platinum boat was introduced
into PY—-2A furnance pyrolyzer connected directly to
the inlet of chromatograph at furnance temperature
500C and stayed for 1 min in furnace. The resulting
pyrolysis products were resolved on a 28 m (0.28 mm
1. D., 0.26 um df) SE-30 fusecd silica open tubular col-
umn using Shimadzu GC-9A gas chromatograph
equipped with a flame ionization detector. Highly pure
Nitrogen (99.999%) was used as the carrier gas. Col-
umn pressure was 1 kg/ cm”. The split ratio was 12
177. The injector and detector oven was maintained at
250C . The tcmbcrature programming was: initial
temperature 50C which was maintained for 3 min;
from 50C to 150C at a rate of 5C / min; from 150C



92 Journal of China Pharmaccutical University

Vol.21

10 200 at a rate of 3C / min. All analyscs were done
in duplicate or triplicatec. The expcrimental order of
arrangcment was listed in Tab 1.

Tab 1. Data on the Shanyao samplcs studicd

Sample Repetitive  Bolanical Markets
No. No. sourcecs (crude drug company)

1 1,2,3 D.opposita Hunan
2 4,5,6 D. prdii not known
3 7,8,9 D.opposita Shijazhang
4 10,11,12 D.opposita Anhui
5 13,14, D.opposita Jiangsu
6 15,16,17 D.opposiia Zhcjiang
7 18,19,20 D.jponica not known
8 21,22,23 D.opposita Hcnan
9 24,25,26  D.persimilis Nanjng

10 27,28,29 D.alaia Nanjing

11 30,31,32 D.opposiia Hcnan

12 33,34,35 D.opposita Hebei

13 36,37,38  D.opposita Yunnan

14 39,40, 41 D.opposita Guangxi

15 42,43,44 D.opposita Jianxi

" 16 45,46,47 D.opposiia . Hunan

17 48,49,50 D.opposita Zhejiang

18 51,52,53 D.opposita Sichuan

19 54,5556  D.opposita Guangdong

For data processing, an off—linc computer system

was used. The gas chromatographic peak arcas were
obtained from a Shimadzu CR-3A integrator. PY
—GC profile for Shanyao samplc was showed in Fig 1.
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Fig 1. Py—GC profile of Shanyao crude drug powder. a, c are
the nominated refcrence peaks

Numerical methods: The most precise method for the
presentation of pyrolysis gas chromatograms to the
computer is to give the rctention time and peak arca of

individual

thermal

degradation product

for all

pyrograms available. The Py—GC data is subjcted to
some variébility in that rctention times exhibit small
changes, duc to progressive changes in column effi-
cicncy and opcrating parameters. For automatic com-
parisons, arrangement rather than a specific retention
time must be taken to ensure that corresponding peaks
arc matched correctly. This problem can rcadily be
overcome by a standardization procedure of the
rctantion times' ®. Two reference peaks are chosen
from those in the pyrogram. These should be present
in all pyrograms, be prominent, well resolved, and eas-
ily identified and also have approximately the same ra-
tio to cach other from sample to sample. The stand-
ardized retention times of all peaks are calculated by
equation 1.

RO A o

D

where t' indicates the raw retention times and t* the
standardized retention time of components a, b, ¢. a
and ¢ are the nominated reference peaks, b indicates
the peak to be calculated.

The pyrolysis chromatogram obtained from each
sample was digitized using the peak arcas of 15 peaks
occurring in all 56 chromatograms. Each chromato—
graphic data vector is then normalized to the sum 100
over the 15 peaks. Thus a 56 x 15 data matrix consti-
tutes the original data matrix X(N x M); x(nm) is the
value of variable m measured on experimental order n.

PCA (Principal Componcnt Analysis) is probably
the best known and most commonly used display
mcthod. The basic idea of this method is to reduce the
dimensionality of multidimensional data while re-
taining as much of the variation in the data as
possible, thus enabling the direct examination of the
relative positions of the data points (pyrograms) in the
high—dimensional space. New variables, called PC
(principal component), were calculated as lincar com-
binations of the original variables in such a way that
the first PC takes up as much as possible of the vari-
ance present in the original variables, the second PC
accounts for as much of the rcmaining variance as
possible, and so on. Because the axes of the first two
or three PCs account for most of the variance, the rel-
ative positions of data points in the high— dimensional
spacc can be visualized by plotting the first two or
three PCs.

PCA mcthod was implemented using IBM
PC/XT microcomputer and the program in True
BASIC was written by the author following the equa-
tions of ref™,
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Results and Discussion

PCA was applicd to the cntirc data sct ia Table 1.
PCA results were shown in Fig 2. Four varicties of
herbs, D. fordii (4, 5, 6), D. persimilis (24, 235, 26), D.
alata (27, 28, 29) and D. pponica (18, 19, 20) were
clearly separated each othcr also scparated from D.
opposita which is included in Chincse Pharmacopocia.
The result of PCA indicated that this data sct is best

0.6

described  utilizing two  principal component
dircctions, although no assumptions about similaritics
or dissimilaritics between varictics were made. The dif-
ference between D. opposita and four varictics of
Dioscorea was shown. Only after we make compari-
sons with their pharmacological activitics, can we de-
cidc whether the Shanyao purchased from market can
be considered as genuine Shanyao used in Chinese tra-
ditional medicine. The false product takes up 20% of
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Fig 2. First and sccond PCs from PCA of Shanyao samples in Tablc 1.

Shanyao samplcs purchascd from the markets.

Pyrolysis—gas chromatography can bec uscd to ob-
tain a chemical fingerprint of the herbs in terms of
chromatograms. The use of these chromatograms for
the classification of diffcrent samples in same family is
often difficult, owing to their characteristic pcaks of
different varictics in samc family. On the other hand,
the large apparcnt variability of repetitive chromato—
grams was mecasurcd on the samc type of samples. Of
course, part of the variability between repetitive
chromatograms mecasurcd on the same type of herbs
was systcmatic. This systematic variability could be
overcome  automatically by mcans of the
normalization of pcak arcas and pattern recognition.
In the same time, pattcrn rccognition technique can be
uscd to handle the complex chromatogram to give the
correct classification of herbs.

The combination of Py—GC and PCA (Py
—GC-Pr) gives a good classification in the prescnt ex-
amplc of 19 Shanyao samples chosen to illustrate this
potential method. This method also has its simplicity,
rapidity and rcliability. Without any prior chcmical
treatment, micro quantity of sample was sufficicnt to

complcte the identification. Therfore, it was valuable
especially for expensive herbs. The identification of
herbs by pharmacognosist is very important, hence
this paper must be scen as an illustration of the possi-
bilitics of the mcthodology, not as a final mcthod des-
cribing a working identification of herbs.
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