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High-performance liquid chromatography with evaporative light scattering detection (HPLC/ELSD) was es-
tablished for simultaneous determination of seven major bioactive components of Qingkailing injection including
adenosine, geniposide, chlorogenic acid, baicalin, ursodeoxycholic acid, cholic acid, and hyodeoxycholic acid. The
proposed method was applied to analyze ten various Qingkailing injections and produced data with acceptable
linearity, repeatability, precision and accuracy having a limit of detection (LOD) of 10—50 ng. In comparison
with UV detection, HPLC/ELSD permits the determination of non-chromophoric compounds without prior de-
rivatization, and shows good compatibility to the multi-components of complex analytes. The proposed method is
a useful alternative for routine analysis in the quality control of traditional Chinese medicine.
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The ever-increasing worldwide attention to the therapeutic
or pharmaceutical use of traditional Chinese medicine
(TCM) has made it absolutely essential to carry out stringent
quality control measures.' > So far, it is widely accepted
that multiple constituents are responsible for the therapeutic
effects of TCM, and to ensure its quality, therefore, it is nec-
essary to quantitatively determine the multi-bioactive compo-
nents of TCM.®~® Over the past decades, various techniques
have been applied extensively in the detection of bioactive
components of TCM, among which, UV detector is by far
the most commonly employed. In quality control, however, it
has at least two unavoidable limitations. Firstly, some bioac-
tive components in TCM, especially those in complicate for-
mula, are non-chromophoric compounds and can not be
determined unless pre-column or post-column derivatization
is applied, which is often undesirable due to its time-consum-
ing and lack of reproducibility and robustness.” Secondly,
the multi-components of TCM, in general, have rather differ-
ent UV absorption properties, and it is often difficult to
simultaneously determine multi-components with common
UV detection at a single fixed wavelength.

Evaporative light scattering detector (ELSD)'*"'? has
been increasingly used and seems to offer a useful alternative
to conventional methods in the quality control of TCM. Un-
like UV detection, ELSD allows the determination of non-
chromophoric compounds without preceding derivatization,
and thus shows good compatibility to the multi-components
of complex analytes such as TCM. In recent years, it has
been reported that HPLC/ELSD is an efficient tool for the
determination of certain non-chromophoric compounds of
TCM, such as saponins,'> !9 terpenes,'”'® steroids'**” and
carbohydrates.”'*? These studies, however, merely focused
on the determination of non-chromophoric compounds,
which does not comprehensively represent the quality char-
acteristics of TCM.!'® Therefore, there is a need to develop
ELSD into a quasi-universal detector for determining all
available bioactive components of TCM in quality control of
TCM.
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Qingkailing injection is a well-known composite formula
of TCM and is commonly used in clinical practice.?***
It comprises eight medicinal materials or extracts thereof,
including Radix Isatidis, Flos Lonicerae, Fructus Gardenise,
Cornu Bubal, Concha Margaritifera, Baicalinum, Acidum
Cholicum, and Acidum Hyodesoxy-cholicum. 1t has been
reported that the compounds of adenosine (ADE), geniposide
(GEN), chlorogenic acid (CHA), baicalin (BAI), ursodeoxy-
cholic acid (UCA), cholic acid (CA), and hyodeoxycholic
acid (HCA) are the major bioactive components synergisti-
cally contributing to its therapeutic effects (see Fig. 1 for
their chemical structures).”> 2 Moreover, these compounds
are commonly used as markers for six important medicinal
materials of Qingkailing injection. Therefore, it is significant
to simultaneously determine these compounds to ensure the
efficacy, safety, and batch-to-batch uniformity of Qingkailing
injection. While UV detection allows simultaneous determi-
nation of ADE, CHA, GEN and BAI with multi-wavelength
monitoring technique,” it is difficult to analyze UCA, CA
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Fig. 1. Chemical Structures of the Bioactive Compounds Determined in
Qingkailing Injection
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and HCA because of their poor UV absorption.?? In this
study, coupled HPLC/ELSD was established to allow the
simultaneous determination of these seven bioactive compo-
nents. The method provides a useful alternative for the analy-
sis of multi-bioactive components in TCM for quality control
purpose.

Experimental

Chemicals and Reagents Analytical standards of ADE, BAI, GEN,
CHA and UCA were purchased from National Institute for the Control of
Pharmaceutical and Biological Products (Beijing, China); CA and HCA
were purchased from SIGMA (St. Louis, Mo, U.S.A.). The HPLC-grade
methanol (CH;OH) was purchased from Tedia Inc. (OH, U.S.A.) and ultra-
pure water was prepared from a Milli-Q purification system (Millipore Co.,
France). Other reagents used were all of analytical grade.

Chromatographic System The HPLC analysis was performed using a
Dionex P580 liquid chromatograph (Dionex Inc., U.S.A.) equipped with an
Alltech ELSD 2000 detector (Alltech, U.S.A.), a USD340S diode array de-
tector (DAD) (Dionex Inc., U.S.A.), an intelligent quaternary pump, a col-
umn oven and a manual injection system with a 20 ul loop.

Chromatographic Conditions The C,; RP-ODS column (250 mmX
4.6 mm, 5 u, Phenomenex Luna, U.S.A.) and a C,4 guard column (7.5 mmX
4.6 mm, 5 u, Alltech, IL, U.S.A.) were used. The mobile phases were com-
posed of water/formic acid (100/0.1, A) and methanol (B). The gradient was
as follows: 0 min, 100% A, 0% B; 33 min, 34% A, 66% B; and 60 min, 12%
A, 88% B. Elution was performed at a solvent flow rate of 1.0 ml/min. The
column compartment was kept at the temperature of 30 °C.

Detection Conditions For UV detection, monitoring wavelength was
set at 254nm and for ELSD detection, the carrier gas was nitrogen
(99.999%), the drift tube temperature was set at 110 °C, and the gas flow-
rate was 2.0 /min.

Sample Preparation Stock solution of the mixture of seven standards
was prepared by dissolving accurately weighted portions of the standards in
methanol (2.0 mg of ADE, CHA, GEN, UCA; 12.5mg of BAI, CA, HCA),
transferring the solution to a 25-ml volumetric flask, and then adding
methanol to volume. The stock solutions were further diluted to make work-
ing standard solutions. Ten Qingkailing injection samples (marked as 1—10)
were collected from two Chinese medicine manufacturers. Samples 1—4
were from manufacturer A and 5—10 were from manufacturer B (the names
of the two manufacturers were removed in order to preserve confidentiality).
All the samples were diluted ten times with ultrapure water. All solutions
were filtered through a 0.45 ym membrane filter before HPLC analysis.

Results and Discussion

Optimization of Detection Conditions Under fixed
chromatographic conditions, nebulizing gas flow rate (or
flow pressure) and evaporating temperature are two major in-
strumental adjustments available for maximizing the detector
response efficiency. HPLC/ELSD analysis of the same sam-
ple at different gas flow rates of 1.0, 1.5, 2.0, 2.5 and 3.0l/
min were performed respectively, and it was noted that as the
gas flow rate was increased, both the noises and the signals of
the chromatogram were decreased. In this study, a moderate
flow rate of 2.0 1/min was adopted to gain the best S/N ratio.
Assays at the evaporating temperatures including 90, 100,
110, 115 and 120 °C were also performed, and optimal evap-
orator temperature was then determined by the limit of detec-
tion (LOD) of components analyzed (CA was selected as the
representative). It was found that the least LOD was achieved
at the evaporator temperature of 110 °C.

Comparison of ESLD and UV Detection In this study,
both HPLC/ELSD and HPLC/UV analysis of Qingkailing
injections were performed. The representative HPLC/UV
(254nm) and HPLC/ELSD chromatograms of Qingkailing
injection are shown in Figs. 2-A and B respectively. Peaks of
the components determined were observed by their retention
times in comparison with those of reference standards (Fig.
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Fig. 2. Chromatograms of Samples of Qingkailing Injection and Refer-
ence Chemicals

(A) HPLC/UV chromatogram of Qingkailing injection (254 nm), (B) HPLC/ELSD
chromatogram of Qingkailing injection, (C) HPLC/UV chromatogram of reference
chemicals, (D) HPLC/ELSD chromatogram of reference chemicals. 1: ADE (9.10 min),
2: CHA (20.47 min), 3: GEN (21.68 min), 4: BAI (34.58 min), 5: UCA (51.95 min), 6:
CA (53.05min), 7: HCA (54.12 min).

2-C,D), and also by the method of standard addition to the
sample. Additionally, in the UV chromatogram of Fig. 2-A,
peaks 1—4 were further identified by their DAD spectra.

It is found that, as shown in Fig. 2-A, ADE, CHA, GEN
and BAI can be detected simultaneously with UV detection,
although CHA has too weak a response to be sensitively
quantified. UCA, CA and HCA, however, have no responses
in the UV chromatogram. Furthermore, DAD spectra sug-
gests that these compounds have no UV absorption at any
other wavelengths in the range of 200—590 nm. Thus it is
impossible to simultaneously determine these bioactive com-
ponents using UV detection. Fig. 2-B indicates that all the
seven components have been detected simultaneously by
ELSD detector. Therefore, ELSD detection shows clear ad-
vantages over conventional UV detection and should be ac-
cepted as a tool in the quality control of Qingkailing injec-
tions.

Validation of the Method The assay linearity was deter-
mined by the analysis of five different concentrations of the
standard solutions. It is well known that ELSD gives no
direct linear response, and the calibration curves could be
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constructed by partial least squares method on the analytical
data of peak area and concentration in double logarithmic
co-ordinates.*'*? The limit of detection (LOD) was deter-
mined as the concentration resulting in a peak height greater
than three times the baseline noise level (S/N>3). Table 1
shows the regression data and LODs of the components de-
termined. In this study, LODs of ADE, CHA, GEN and BAI
with UV detection were also determined with the results of
5, 5, 10 and 10ng, respectively (CHA was determined at
330nm). It is demonstrated that for the same analyte, the
LOD of ELSD is 2—=6 times higher than UV detection.

The intra-day and inter-day precision were determined by
analyzing four sets of calibration samples during a single day
and on four different days respectively. To confirm the re-
peatability, five different working solutions prepared from the
same sample were analyzed. The accuracy tests were carried

Table 1. Regression Data and LODs of the Multi-components Determined
Retgntion Regression Correlgtion Linear LOD
Compounds time equation” coefficient range (ug)
(min) ) (ug)
ADE 9.10 y=0.9028x+6.6132  0.9974 0.4—80 0.0l
CHA 2047  y=0.9982x+7.2132  0.9957 0.2—80 0.03
GEN 21.68  y=1.0336x+6.6745 0.9965 0.1—80 0.02
BAI 3458  y=1.2549x+6.0745 0.9983 0.5—500 0.05
UCA 5197  »=0.9641x+6.8665 0.9991 0.5—80 0.03
CA 53.05  »=0.8648x+5.7615  0.9980 1—500 0.05
HCA 5412 »=0.8987x+5.7701  0.9944 1—500 0.05

a) y and x denote the logarithmic value of peak area and concentration respectively.
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out by spiking known contents of standard samples into a
Qingkailing injection sample and comparing the determined
amount of these standards with the amount originally added.
Table 2 shows these results of validation. The relative stan-
dard deviation (RSD) was taken as a measure. It indicates
that all the RSDs are less than 5%, and the method is thus ac-
ceptable.

Sample Analysis The method was applied to analyze ten
Qingkailing samples with the results shown in Table 3. The
concentration of each component in different samples, espe-
cially in the samples from different manufacturers, is signifi-
cantly different. Among the seven compounds, BAI, CA and
HCA are the most abundant. The majority of the components
of Qingkailing samples by manufacturer B have higher con-
centrations than those by manufacturer A with the exception
of CA, which is lower in samples by manufacturer B, and
HCA, which has similar concentration in sample by both
manufacturers.

Figure 3 shows the RSDs of the determination, which rep-
resents the batch-to-batch uniformity of the injection prod-
ucts. It can be noted that there are no obvious differences be-
tween the two manufacturers on the uniformity of products.
Among the seven bioactive components determined, BAI,
UCA, CA and HCA have much lower RSDs (<10%) proba-
bly due to the fact that in the preparation procedures of
Qingkailing injection, these four components are derived
from medicinal extracts with purity higher than 90% of
baicalin, cholic acid and hyodeoxycholic acid, and accord-
ingly their concentrations can be easily controlled. The other

Table 2. Precision, Repeatability and Accuracy Data of the Proposed HPLC/ELSD Method

Precision Repeatability Accuracy”
Intra-day (n=6) Inter-day (n=6) n=5 n=>5
Peak No. Compounds
Mean R.S.D. Mean R.S.D. Mean R.S.D. Mean R.S.D.
(ug/ml) (%) (pg/ml) (%) (pg/ml) (%) (pg/ml) (%)
1 ADE 18.6 1.63 18.9 2.05 26.8 1.14 96.33 4.65
2 CHA 5.76 1.44 5.53 3.89 2.81 2.05 99.18 4.09
3 GEN 135 1.27 140 1.98 50.1 0.986 97.50 2.51
4 BAI 4225 1.66 4198 3.46 2608 2.55 99.81 2.63
5 UCA 243 1.27 24.1 3.44 13.7 3.03 98.81 2.36
6 CA 1917 221 1897 1.90 2071 2.84 99.78 1.74
7 HCA 2309 2.32 2276 2.12 2292 1.67 102.81 3.02

a) Accuracy (%)=[1—(mean concentration measured—concentration spiked)/concentration spiked] X 100.
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Fig. 3. Relative Standard Derivations of the Determination

Table 3. Quantitative Analytical Results of Various Qingkailing Injection
Samples (ml ")

Samples
Manufacturer No. -\ e A GEN BAI UCA CA  HCA
(ug)  (ug) (ug) (mg) (ug) (mg) (mg)
A 1 158 496 593 227 139 236 236
2 191 067 483 233 155 197 259
3264 275 402 252 128 213 226
4 172 293 455 255 140 218 228
5 143 153 553 259 144 189 241
B 6 470 651 109 446 212 185 240
7 233 619 96 424 228 189 231
8 180 581 148 431 225 188 232
9 495 148 926 443 201 196 222
10 469 707 102 440 201 191 2.10
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three components of ADE, CHA and GEN, however, are di-
rectly derived from herbal materials of Isatidis, Flos
Lonicerae and Fructus Gardeniae, respectively, and there are
much more factors in the complex extraction procedures af-
fecting the efficiency of extraction which might lead to the
variance of these components.

Conclusions

The proposed analytical method makes it possible to si-
multaneously determine seven bioactive components of dif-
ferent structural types, including three compounds without
UV absorption. Acceptable linearity, precision, repeatability
and accuracy were achieved. The proposed HPLC/ELSD
method provides a useful alternative for the analysis of multi-
bioactive components in TCM for quality control purpose.

Acknowledgements This work was financially supported by Chinese
Special Mega-Project of Ministry of Science and Technology (No.2002
BA906A29-3), Chinese Natural Science Foundation (No. 90209005), and
Chinese National Basic Research Priorities Program (No. G1999054405).

References

1) Luo G. A., Wang Y. M., Cao J, Yang X. D., World Science and Tech-
nology/Modernization of Traditional Chinese Medicine, 4, 5—12
(2000).

2) HuP, Liang Q. L., Luo G. A., Zhao Z. Z., Jiang Z. H., Chem. Pharm.
Bull., 53, 677—683 (2005).

3) LuoG. A., Wang Y. M., Res. Inf. Trad. Chin. Med., 6,21—23 (1999).

4) Cheng Y. Y., Chen M. J., Willian J. W., J. Chem. Inf. Comput. Sci., 43,
1959—1965 (2003).

5) Cheng Y. Y., Chen M. J., J. Chem. Inf. Comput. Sci., 43, 1068—1070
(2003).

6) Xue T. H., Roy R., Science, 300, 740—741 (2003).

7) LiX.P,Yul, LuolJ Y, Li H. S, Han E J., Chen X. G., Hu Z. D,,
Chem. Pharm. Bull., 52, 1251—1254 (2005).

8) Hu P, Luo G. A, Zhao Z. Z., Jiang Z. H., Chem. Pharm. Bull., 53,
705—709 (2005).

9) Lau-Cam C. A., Roos R. W., J. Lig. Chromatogr. Relat. Technol., 20,
2075-2087 (1997).

10)
11)

12)
13)
14)
15)
16)
17)
18)

19)
20)

21)
22)
23)
24)

25)

26)

27)

28)
29)
30)

31)
32)

1395

Charlesworth J. M., Anal. Chem., 50, 1414—1417 (1978).

Stolyhwo A., Colin H., Guiochon G., J Chromatogr., 265, 1—4
(1983).

Stolyhwo A., Colin H., Martin M., Guiochon G., J. Chromatogr., 288,
253—275 (1984).

Nicola F.,, J. Chromatogr: B, 812, 119—133 (2004).

Teris A, van Beek, J. Chromatogr. A, 967, 21—55 (2002).

Li W. K., Fitzloff J. H., J. Pharm. Biomed. Anal., 25,257—260 (2001).
Chai X. Y., LiS. L., Li P, J Chromatogr. A, 1070, 43—48 (2005).
LiH.J,LiP, Ye W. C., J. Chromatogr. A, 1008, 167—172 (2003).
Liang K., Li X., Zou H. F,, Wang H. L., Mao X. Q., Zhang Q., Ni . Y.,
J. Chromatogr. A, 936, 111—118 (2001).

Fang F., Ma Y. J., Chen M., Acta Pharm. Sini., 35, 216—220 (2000).
Cao J., Xu Y., Zhang Y. Z., Wang Y. M., Luo G. A., Chin. J. Anal.
Chem., 32, 469—473 (2004).

Li P, Zheng L. J,, Li S. L., Bi Z. M., Lin G., Acta Pharm. Sini., 39,
56—59 (2004).

Liang Q. D., Ma B. P,, Wang S. Q., Chin. Trad. Herb. Drugs, 35, 395—
397 (2004).

Qi Z. I, Qian J. J., Qiao T. X., Hou W. H., J. Tradit. Chin. Med., 3,
27—34 (1983).

Jin Y. L., Zhao Z. X., Acta Chin. Med. Pharmacol., 10, 54—56
(1995).

Nanjing University of Chinese Medicine, “Conspectus of Chinese
Medicine,” Beijing People’s Medical Publishing House, Beijing,
China, 2000, pp. 222—235.

Zheng H. Z., Dong Z. H., She J., “Zhongyiyao Xiandai Yanjiu Yu
Yingyong (Modern Study of Tradition Chinese Medicine),” The
Xueyuan Press, Beijing, China, 1998, pp. 4761—4769.

Beijing University of Chinese Medicine, “Beijing Zhongyiyao Daxue
Lunwenji (Analects of Beijing University of Chinese Medicine),” Chi-
nese Medicine Ancient Books Publishing House, Beijing, China,
1986, p. 471.

Xiao S. S., Jin Y., Sun Y. Q., J. Shenyang Pharm. Univ., 20, 455—459
(2003).

Cao J., Xu Y., Wang Y. M., Luo G. A., Chin. J. Pharm. Anal., 24, 8—
11 (2004).

Cao J, Xu Y., Wang Y. M., Luo G. A., Chin. Trad. Pat. Med., 25,
705—708 (2003).

Petritis K., Elfakir C., Dreux M., J. Chromatogr. 4, 961, 9—20 (2002).
Li W. K., Fitzloft J. E., J. Pharm. Biomed. Anal., 25, 257—265 (2001).



