
Mudanpi (Cortex Moutan, Cortex Paeonia), Dingxiang
(Eugenia caryophyllata Thunb.), and Rougui (Cortex Cin-
namomi) or Guizhi (Ramulus Cinnamomi) are widely used
in traditional Chinese medicines and pharmaceutical prepara-
tions.1) Paeonol (PL) is the main active component in Cortex
Moutan, and cinnamicaldehyde (CNMD) is in Cortex (or Ra-
mulus) Cinnamomi. As an intrinsic component of Eugenia
caryphyllsta Thunb., eugenol (EL) also occurs in many
herbal species, such as Rosa Rugosa Thunb., Murraya panic-
ulata (L.) Jack., and Gaoliangjiang (Rhizoma Alpiniae Offic-
inarum). Thus, qualitative identification or quantitative mea-
surement of the active components are the primary way of
authentication of those herbal medicine materials or related
preparations.1) The versatile biomedical effects of CNMD,
EL and PL have been intensively investigated, for example,
anti-aggregation of platelet,2) antimutagenic3,4) and bacterio-
cidal5—8) effects. A protective effect on ischemia and the anti-
lipid peroxidation effect of PL were reported.9)

Guifu Dihuang Pill (GDHP) is a common herbal medici-
nal preparation used to treat asthenia, night sweat and sper-
matorrhea. This pill preparation is made from 8 herbal medi-
cines, including Rougui (Cortex Cinnamomi), Fuzhi (Radic
Aconiti Lateralis Preparata) and Mudanpi (Cortex Paeonia).1)

Its quality control is based on TLC procedures for qualitative
identification of PL and CNMD, and quantitative estimation
of ursolic acid.1) As a new Chinese traditional patent medi-
cine, the Weitongding tablet (WTDT) is usually used to treat
gastritis, gastric malaise due to depression, and gastralgia
due to indigestion or gastric cold.10) This tablet preparation is
made from more than 10 herbal medicines, including Rougui
(Cortex Cinnamomi), Dingxiang (Eugenia caryophyllata
Thunb.), Honghua (Flos Carthami), and Gaoliangjiang (Rhi-
zoma Alpiniae Officinarum). However, WTDT is not in-
cluded in the updated Chinese Pharmacopoeia,1) its quality
control procedures refer to only a simple description about
dosage form, appearance and properties, without any qualita-
tive identification or quantitative measurement of active com-
ponents.10) Therefore, it is essential for quality control of the
tablet that a reliable and simple method of measuring the re-
lated active components be developed.

Determination of CNMD, EL and PL in herbal medicinal
materials, pharmaceutical and biomedical samples mainly re-
lies on chromatography techniques, especially HPLC11—19)

and GC,20—32) and TLC is usually used to identify medicinal
materials.1) Zhou and coworkers,32) who reviewed the
methodologies for determination of paeonol in traditional
Chinese medicines and related medicinal preparations, sug-
gested that capillary GC would be the best choice of paeonol
measurement. In this paper, a programmed temperature GC
method was established and successfully used to simultane-
ously determine CNMD, EL and PL in Guifu Dihuang pill
and Weitongding tablet.

Experimental
Reagents and Materials Standards of CNMD, EL and PL were pur-

chased from the Chinese National Institute for Control of Pharmaceutical
and Biological Products (Beijing, China). Other reagents were of analytical
grade or better from commercial sources. Double distilled water was used
throughout.

Stock solutions of 452.0 mg/l CNMD, 625.0 mg/l EL and 610.0 mg/l PL
were prepared with methanol, respectively, and diluted with the same solvent
when necessary.

Apparatus Gas chromatographic separation was carried out using a
GC-14B gas chromatograph system (Shimadzu, Japan), with nitrogen as car-
rier gas and a hydrogen FID detector. A CLASS-GC10 GC workstation (Shi-
madzu, Japan) was used to control the GC system and manipulate the chro-
matograms. A DB-17 capillary column (30 m�0.53 mm, 1.0 mm film, J&W
Scientific, CA, U.S.A.) was used for separation.

An SK3300LH ultrasonic generator (59 kHz, 160 W) from the Shanghai
Kudos Ultrasonic Instruments Co., Ltd. (Shanghai, China) was used to ex-
tract the objective compounds in the medicinal samples.

Conditions for Chromatographic Separation The carrier gas was at a
flow-rate of 60 ml/min, and hydrogen at a flow-rate of 55 ml/min with air at
500 ml/min. GC separation was carried out in a programmed temperature
mode. The temperatures of inject port and FID detector were 220 °C and
250 °C, respectively. Five microliters of standard or sample solution was in-
jected in a splitless mode.

Experimental Procedure The chromatograph system was equilibrated
by the carrier gas until the same retention times and peak areas of repetitive
injections of standard solution (not less than 3 times) were observed. Separa-
tion of sample was then carried out. If not specified, an average result of
triplicate injections was reported.

Sample Pretreatment The tested pharmaceutical samples were all
commercially available.

An aliquot of 0.8 g ground WTDT sample (passed through 50 mesh
screen) was put in a conical beaker, followed by 40-min ultrasonication with
exactly 10 ml of methanol as extract solvent. The extract was centrifuged.
The supernatant was filtered through a 0.45 mm filter membrane and sub-
jected to chromatographic analysis.

Two grams of GDHP sample was ground together with about 5 g di-
atomite powder, then heated at 90 °C for 40 min, followed by 80-min ultra-
sonication in a conical beaker with exactly 25 ml of methanol as extract sol-
vent. The extract was centrifuged. The supernatant solution was filtered
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through a 0.45 mm membrane filter for GC analysis.

Results and Discussion
Optimization of GC Separation of CNMD, EL and PL

Isothermal GC mode was attempted to separate the 3 objec-
tive compounds, but it was found difficult to compromise be-
tween the resolution of CNMD and EL and a rational reten-
tion factor of PL. The situation was improved by a simple
temperature program, which yielded good separation of the 3
compounds (Fig. 1). The programmed GC procedure was
begun at a 100 °C column temperature for 4 min and then el-
evated to 160 °C at a rate of 10 °C/min, where it was kept for
4 min. The injector port and FID detector temperatures were
throughout kept at 220 °C and 250 °C, respectively.

Linearities and Sensitivities of the Programmed GC
Method Under the chosen programmed temperature GC
conditions, good linearities were observed for CNMD, EL

and PL over wide ranges of concentration, respectively. The
linear ranges and regression equations are given in Table 1,
wherein C is the compound concentration (mg/l), and A the
peak area (mV·s).

Detection limits (DLs), defined as signal-to-noise ratio of
3, are also given in Table 1 for the 3 objective compounds
under the chosen GC conditions. The DLs were approximate
to or better than that of most of the reported HPLC and GC
methods.12,13,15,18—21,23,25—27,30)

Applications of the GC Method The present GC
method was applied to separate CNMD, EL and PL in 2
herbal medicinal preparations, i.e., WTDT and GDHP.

Extraction of the Objective Components: Ultrasonic ex-
tractions with different solvents (methanol, petroleum ether,
and acetone) and of different treating time were tested for the
3 object components in the pharmaceutical samples. Experi-
mental results showed that methanol yielded the best extrac-
tion for the 3 compounds in both pharmaceutical samples,
and 40-min and 80-min ultrasonication with methanol as sol-
vent were sufficient for WTDT and GDHP, respectively. Thus
in this work, 40-min and 80-min ultrasonication with
methanol as solvent was used to extract the objective compo-
nents in WTDT and GDHP samples, respectively.

Determination of CNMD, EL and PL in WTDT and
GDHP: The developed GC method was applied to determine
CNMD, EL and PL in GDHP and WTDT samples. Figures 2
and 3 are typical chromatograms of WTDT and GDHP sam-
ples, respectively. The measured results are listed in Table 2.

Robustness and Recoveries of the Method Five 0.8 g
WTDT or 2 g GDHP samples were ultrasonicated and sepa-
rated in parallel using the developed method. The RSDs
(n�5) for CNMD, EL and PL measurements were all less
than 5.5%, except an elevated RSD (8.7%) for EL in the
GDHP sample (Table 2).
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Fig. 1. Chromatogram of the Standard Mixture of CNMD, EL and PL
under the Chosen GC Conditions

Fig. 2. Typical Chromatogram of Weitongding Tablet Sample under the
Chosen GC Conditions

Fig. 3. Typical Chromatogram of Guifu Dihuang Pill Sample under the
Chosen GC Conditions

Table 1. Linear Ranges, Regression Equations and Detection Limits (DL) of CNMD, EL and PL under the Chosen Programmed Temperature GC Condi-
tions

Compounds Linear ranges (mg/l) Regression eqns. Regression coeff. (r, n�6) DL (mg/l)

CNMD 0.45—452 A�3785C�1386 0.9999 0.3
EL 0.31—625 A�2067C�1073 0.9999 0.2
PL 0.30—610 A�1276C�1160 0.9999 0.2



Another 0.8 g WTDT or 2 g GDHP sample from the same
respective source was spiked with standards of CNMD, EL
and PL, respectively, and also treated and separated using the
developed method. The obtained recoveries were 84—111%,
88—96% and 92—93%.

Validation of the GC Method To validate the presented
GC method, the 3 objective compounds in the tested pharma-
ceutical samples were also individually measured using refer-
ence methods. EL was determined as the Chinese Pharma-
copoeia recommended method for Dingxiang (Eugenia
caryophyllata Thunb.),1) CNMD using the Chinese Pharma-
copoeia recommended method for Rouguiyou (Oleum Cin-
namomi),1) and PL using a capillary GC method as
reference.20) The results in Table 2 show good agreement be-
tween the present GC method and the reference methods.

Conclusion
The present programmed temperature capillary GC

method for simultaneous determination of cinnamaldehyde,
eugenol and paeonol is rather simple, sensitive and reliable.
It was satisfactorily applied to simultaneously measure the 3
compounds in 2 herbal medicine preparations, i.e., Guifu Di-
huang pill and Weitongding tablet. The method is promising
for use in the quality control of the 2 pharmaceutical prepa-
rations, especially for WTDT.
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Table 2. Measured Results of CNMD, EL and PL in GDHP and WTDT Samples

Sample Lots No. Compounds
Present GC method Reference methods1,20)

Mean (mg/g) RSD% (n�5) Mean (mg/g) RSD% (n�3)

GDHPa) 030803 CNMD 2.077 4.9 2.015 3.5
EL 0.019 8.7 0.021 7.7
PL 1.270 2.7 1.260 3.2

WTDTb) T23006 CNMD 0.186 5.4 0.178 5.0
EL 1.196 4.5 1.274 3.8
PL ND — ND —

a) GDHP: Guifu Dihuang pill, He’nan Wanxi Pharmaceutical Manufacturer, Wanxi, China. b) WTDT: Weitongding tablet, Guangzhou Guanghua Pharmaceutical Co.,
Ltd., Guangzhou, China.


