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ABSTRACT 

The sedative compounds in two traditional Chinese medicines were studied. These compounds are present in the me-
dicinal herbs “Zao Ren” and “Lu Lu Tong”. The samples were first extracted by ethanol and pre-treated by ultrasonic 
wave, and then they were separated and qualitatively analyzed by high-resolution GC-EI-MS and High Performance 
Liquid Chromatography (HPLC) systems. We have found that the Chinese herb medicines “Zao Ren” contained 
clonazepam (120 ppm), whereas “Lu Lu Tong” Chinese drug contained estazolam (270 ppm). The Analytical meas-
urements were done by using three different diagnostic indices using the GC-retention time of the GC-EI-MS total-ion- 
chromatogram; single stage EI-MS analysis identification and from the measurements of the retention time in the 
HPLC. 
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1. Introduction 

In the world, many people are suffering from neurologi-
cal diseases which cause serious anxiety, insomnia, con-
vulsions, and epilepsy [1]. These patients often need 
drugs to relieve their symptom. Western medicine have 
used in the last century natural product extracts and 
chemical synthesized derivative drugs for treating vari-
ous diseases. This technology has evolved to derive from 
and possessing a certain composition and mature analysis 
methods, is wisely used.  

Although the traditional Chinese medicine (TCM) uses 
commonly mixture of natural substances to treat with 
great efficacy the various neurological diseases; their utili-
zation is constrained, due to the unknown chemical nature 
of the effective components. Therefore, it is primordial to 
determine and identify the exact chemical composition and 
structure of the effective components from TCM. 

In China, the development of the component analysis 
of the TCM (including herbal) used for the treatment of 
diseases is still at the initial stage, however, recently, 
some analyses have been reported in the literature [2-12]. 
Unfortunately, there are no reports dealt about treating 
neurological diseases. 

Generally speaking, the study of treatment of neuro- 

logical diseases by the TCM can involve many aspects. 
We can postulate that the TCM may contain medicinal 
drugs, whose chemical structures are similar to the one 
contained in western medicine. The next question we 
would like to solve is which is the most critical active 
constituent in the TCM? Finally, we would like to try to 
understand and define the treatment mechanism of Chi-
nese TCM. 

Accordingly, in this rationale we are reporting our ef-
forts on the analysis of the TCM component. After a se-
ries of analytical experimental studies, we have estab-
lished a method for analyzing and several effective 
components of TCM. 

2. Experimental 

2.1. Apparatus, Reagents and Samples 

A Waters Breeze 1525 High Performance Liquid Chro-
matography (HPLC) with a Waters 1525 Binary High 
Performance Liquid Chromatography pump and a dual λ 
2487 UV detector (from USA Instrument equipped) was 
used. The chromatographic column used is VP-ODS 
column, 4.6 × 150 mm, made in Japan. In analysis, three 
columns were used in series. The column temperature 
was 14˚C and the UV wavelength was 254 nm. Ethanol 
was the mobile phase with a flow rate of 0.6 ml/min. *Corresponding author. 
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The GC-EI-MS instrument used was a Finnigan track-
ing Analyzer (US Finnigan Corporation). The column 
was DB-5MS, 30 meters in length, 0.25 mm in diameter 
and 0.25 mm in film thickness. Helium was used as car-
rier gas with a flow rate of 1.0 ml/min. The GC/MS in-
strument was kept at 70˚C for 4 minutes as initial tem-
perature, and then it was heated to 250˚C at a rate of 10 
˚C/min and maintained 3 minutes at 250˚C. Electron im-
pact was 70 electron volts (eV), atomic mass (Da) range 
was 30 - 350. 

Analytical pure reagents such as chloroform, ethanol 
and methanol were purchased from the Tianjin Bodi 
Chemical Co., Ltd (China). The pure Estazolam (99.5, 
pure) and pure clonazepam (99.7, pure) were supplied by 
Tianjin Pacific Pharmaceutical Co., Ltd. (China) and 
Jiangsu En-hua Pharmaceutical Co. Ltd. (China), respec-
tively. The Traditional Chinese medicine “Zao Ren” and 
“Lu Lu Tong” were supplied by Heilongjiang Ji-ren 
Pharmaceutical Co. Ltd. and Yunnan Pharmaceutical Co. 
Ltd., respectively. 

2.2. Sample Pretreatment 

The medicinal herbs were grounded into powder. Ini-
tially, 0.2 grams of the powdered sample together with 
50 ml of ethanol were mixed in a flask. The solution in 
the flask was shaken in the ultrasound equipment for 1 
hour, and allowed to stand for 2 hours. After filtration, 
the solution was reduced by evaporation to a fixed vol-
ume, and then analyzed by HPLC and GC-EI-MS. 

2.3. Qualitative Analysis 

Three different methods were used for the various quali-
tative analyses: 

1) Checking the retention time (RT) values of pure re-
agent in the total ion chromatograph obtained by GC- 
EI-MS. This method is widely used to identify the com-
ponents in GC-EI-MS analysis. 

2) Comparing the m/z values of the EI-MS mass spec-
tra between the analyses and known compounds from the 
NIST Data library affords the chemical identity of the 
analyzed sample. 

3) Detecting the retention time (RT) values of pure 
separated compounds by HPLC analysis can help in pro-
viding some indices of identification for the analyses as 
well. 

2.4. Eexternal Standard Quantitative Method 

The external standard solution is prepared by dissolving 
0.1000 g of the pure reagents into 500 ml of ethanol. 

Through chromatographic analysis, the mass fraction 
of each component in the sample was calculated by the 
following equation: 

s c s e e s s e eW % S S C C V V P              (1) 

where Ce and Cs are the concentration of external stan-
dard solution and sample solution, respectively; Pe is the 
purity of external standard reagent; Ss and Se are the peak 
area response of the component in the sample and exter-
nal standard solution, respectively; Vs and Ve are the 
injected volumes of the sample solution and external stan-
dard solution into chromatography, respectively;Ws-c% is 
the mass fraction of the component in samples. 

3. Results and Discussion 

The separation chromatograms of GC-EI-MS and HPLC 
for “Zao Ren” TCM are shown in Figures 1 and 2, re-
spectively. These results indicate that the “Zao Ren” 
sample is separated finely. The “Lu Lu Tong” TCM is 
separated finely as well, as shown in Figures 3 and 4. 
The fine separation of samples is mainly due to the selec-
tion of high-resolution column and optimal analytical 
conditions. The high-resolution column is characterized 
by high number of theoretical plates. Taking pure reagent 
clonazepam for statistics example, the theoretical plate 
numbers of columns of GC and HPLC achieve 660,000 
and 15,500, respectively. 

The retention time (RT) method is one of the qualita-
tive methods widely used in chromatographic analysis. 
When the sample was finely separated, the chroma-
tographic retention time of a defined component must be 
the same to the corresponding reagent. In Figure 1 of 
 

 
(a) 

 
(b) 

Figure 1. The total ion flow chromatogram of “Zao Ren” 
TCM and clonazepam. 
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(a) 

 
(b) 

Figure 2. The HPLC chromatogram of “Zao Ren” TCM 
and clonazepam. 
 

 
(a) 

 
(b) 

Figure 3. The total ion flow chromatogram of “Lu Lu 
Tong” TCM and Estazolam. 
 
GC-EI-MS analysis, the RT of a defined composition in 
“Zao Ren” is 28.3 min, which is the same to that of pure 
reagent clonazepam. In Figure 3 of GC-EI-MS analysis, 
the RT of a defined composition in “Lu Lu Tong” is 28.7 
min, which is the same to that of estazolam. These indi-
cate that “Zao Ren” and “Lu Lu Tong” may contain 
clonazepam and estazolam, respectively. 

 
(a) 

 
(b) 

Figure 4. The HPLC chromatogram of “Lu Lu Tong” TCM 
and estazolam. 
 

This is further confirmed by the EI-MS qualitative 
analysis in Figures 5 and 6. The EI-Mass spectra charge 
ratio (m/z) of the separated components of “Zao Ren”, 
“Lu Lu Tong” TCM and the pure standards compounds 
are summarized in Tables 1 and 2, respectively. The 
EI-MS qualitative method depends on the comparison of 
the mass spectrum obtained with that of a reported stan-
dard from the NIST Mass Spectrometry library. As 
shown in Figure 5, the m/z values of the spectrum ob-
tained for “Zao Ren” TCM are indicated at m/z 39, 51, 63, 
75, 89, 102, 125, 133, 151, 164, 177, 193, 205, 213, 234, 
252, 268, 280, 286, and 314, with a confidence degree 
of 95% which matches the standard clonazepam. The 
m/z values of the spectrum obtained for “Lu Lu Tong” 
TCM are shown at m/z 44, 51, 63, 77, 89, 102, 129, 137, 
190, 205, 213, 231, 239, 269, 270 and 294, which with 
a confidence degree of 93.5% which matches the stan-
dard matches the pure estazolam (Figure 6). Therefore, 
“Zao Ren” TCM contains clonazepam, and “Lu Lu 
Tong” contains estazolam. The structures of clonaze-
pam and estazolam are shown in Figures 7 and 8, re-
spectively. 

The quantitative analysis results of “Zao Ren” and “Lu 
Lu Tong” TCM by external standard method are listed in 
Table 3. It is found that “Zao Ren” contains clonazepam 
of 120 ppm and “Lu Lu Tong” contains estazolam of 270 
ppm. The S.D.% ranges from –4.132% to 5.785%. As the 
original content are low, this deviation is acceptable. 
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(a) 

 
(b) 

Note: The corresponding retention time of component is 28.30 min (Figure 1). 

Figure 5. The mass spectrum of component of “Zao Ren” 
and clonazepam. 
 

 
(a) 

 
(b) 

Note: The corresponding RT of component is 28.70 min (Figure 3). 

Figure 6. The mass spectrum of “Lu Lu Tong” and esta-
zolam. 

4. Conclusions 

The traditional Chinese medicine “Zao Ren” and “Lu Lu 
Tong” were separated finely due to the selection of 
high-resolution GC-EI-MS, HPLC and proper conditions 
for sample preparation. The active components in these 

Table 1. Quality of “Zao Ren” Chinese medicines. 

Results Item “Zao Ren” Clonazepam Figure

GC-EI-MS
analysis

Retention time
[min] 

28.3 28.3 
1(a),
1(b)

GC-EI-MS Matching % 95% 100%  

HPLC 
analysis

Retention time
[min] 

8.36 8.36 
2(a),
2(b)

GC-EI-MS m/z 

39, 51, 63, 75, 89, 
102, 125, 133, 
151, 164, 177, 
193, 205, 213, 
234, 252, 268, 
280, 286, 314 

39, 51, 63, 75, 89,
102, 125, 133, 
151, 164, 177, 
193, 205, 213, 
234, 252, 268, 
280, 286, 314 

5(a),
5(b)

 
Table 2. Quality of “Lu Lu Tong” Chinese medicines. 

Results Item “Lu Lu Tong” Estazolam Figure

GC-EI-MS
analysis

Retention time
[min] 

28.7 28.7 
3(a), 
3(b) 

GC/MS Matching % 93.5% 100%  

HPLC 
analysis

Retention time
[min] 

8.66 8.66 
4(a), 
4(b) 

GC-EI-MS m/z 

44, 51, 63, 77, 
89, 102, 129, 137, 
190, 205, 213, 231, 
239, 269, 270, 294 

44, 51, 63, 77, 
89, 102, 129, 137,
190, 205, 213, 231,
239, 269, 270, 294

6(a),
6(b) 
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Figure 7. Molecular structure diagram of clonazepam. 
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Figure 8. Molecular structure diagram of estazolam. 
 

Table 3. Results of quantitative determination. 

Name Content 
Clonazepam  
of “Zao Ren” 

Estazolam  
of “Lu Lu Tong” 

W% (1) 0.0116 0.0260 

W% (2) 0.0120 0.0274 

W% (3) 0.0128 0.0281 

Average 0.0121 0.0271 

S.D.% (1) –4.132 –4.059 

S.D.% (2) –0.826 1.107 

S.D.% (3) 5.785 3.69 

Average 0.275 0.246 
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two TCM were accurately identified through three quali-
tative methods: retention time of GC-EI-MS; MS spec-
trometry of GC-EI-MS and retention time of HPLC. It is 
found that “Zao Ren” contains clonazepam of 120 ppm 
and “Lu Lu Tong” Chinese drug contains estazolam of 
270 ppm. 

Because of the lower toxicity of herbal medicine than 
that of western medicine, the herbal medicine should be 
recommend to use. The development of natural herbs is 
inadequate nowadays. The present work will be useful to 
research the compositions of herbs. 
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