Available online at www.sciencedirect.com

JOURNAL OF
sc'ENOE@D'HEOT* PHARMACEUTICAL
AND BIOMEDICAL
el ANALYSIS
ELSEVIER Journal of Pharmaceutical and Biomedical Analysis 40 (2006) 889—895

www.elsevier.com/locate/jpba

Simultaneous determination of nine componentQiigkailing injection
by HPLC/ELSD/DAD and its application to the quality control

Shikai YarfP, Guoan Lu@®, Yiming Wang??*, Yiyu Chengf**
@ Pharmaceutical Informatics Institute, College of Pharmaceutical Sciences, Zhejiang University, Hangzhou 310027, PR China
b Department of Chemistry, Tsinghua University, Beijing 100084, PR China

Received 28 February 2005; received in revised form 19 August 2005; accepted 22 August 2005
Available online 27 October 2005

Abstract

High-performance liquid chromatography coupled with photo diode array detection and evaporative light scattering detectic
(HPLC/DAD/ELSD) was established to simultaneously determine nine ingrediedt& ghailing injection. Four wavelengths at 240, 254, 280
and 330 nm, respectively, were chosen as the monitoring wavelength to determine two nucleosides (uridine and adenosine), geniposide, bai
and two organic acids (chlorogenic acid and caffeic acid), and an evaporative light scattering detector combined was employed to detern
three steroids (cholic acid, ursodeoxycholic acid and hyodeoxycholic acid). This assay was fully validated in respect to precision, repeatabi
and accuracy. The proposed method was successfully applied to quantify the nine ingredients in 19 @ifigketling injection samples and
by principal component analysis (PCA) and hierarchical clustering analysis (HCA), it demonstrated significant variations in the content of the
compounds in the samples from different manufacturers and preparation procedures. This method could be readily utilized as a quality cor
method for traditional Chinese medicine (TCM).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction control, it might be acceptable to quantify some bioactive inte-
grants for a single herbal medicine without complex preparation
Qingkailing injection, a well-known composite formula of procedures, whereas for a composite formulaQoigkailing
traditional Chinese medicine (TCM), is commonly used in clin-injection, it seems necessary to determine not only all available
ical practice for the treatment of upper respiratory inflammationbioactive integrants, but also the marker compounds derived
viral encephalitis, hepatitis, stoke, cerebal thrombosis, tonsillifrom various medicinal materials to ensure the uniformity of
tis, tracheitis and high fevét—4]. It comprises eight medicinal their extraction procedures. From the published literatis-e3],
materials or extracts thereof, includid@s lonicerae, Fructus ~ several components, such as uridine (URI), adenosine (ADE),
gardeniae, Radix isatidis, Cornu bubali, Concha margaritifera, geniposide (GEN), chlorogenic acid (CHA), caffeic acid (CAA),
Baicalin, cholic acid andhypodeoxycholic acid [5]. The combi-  baicalin (BAI), ursodeoxycholic acid (UCA), cholic acid (CA)
nation of these medicinal materials may have several beneficiaind hyodeoxycholic acid (HCA), have been reported to be the
effectsincluding fewer and less severe side effects and better effdologically active components contributing to the therapeutic
cacy through synergistic interaction. However, on the other hanaffects of Qingkailing injection (seeFig. 1 for their chemical
it enhances the complexity of the constituents and preparatiostructures). Moreover, these components are derived from six
procedures, which makes it difficult to ensure the batch-to-batcHifferent medical materials and are often considered as their
uniformity of Qingkailing injection. In the practice of quality marker compounds. Therefore, it is significant to determine the
nine components to ensure the qualityfigkailing injection.
These bioactive components belong to five different struc-

S _ L tural types, namely nucleosides (URI and ADE), iridoid gly-
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Fig. 1. Chemical structures of nine bioactive compounds determined.

cult to simultaneously determine them by common analyticatletermine five different structural types of components in one
method. Cao et a[9] established an approach of HPLC with run. The proposed method could be readily utilized as a quality
multi-wavelength UV detection and realized the simultaneougontrol method for traditional Chinese medicine.

quantification of BAI, GEN and CHA iingkailing injection,

but the components of steroids cannot be determined since thezir
poor UV absorptions. Inrecentyears, evaporative light scattering
detector (ELSD) has beenincreasingly used as an efficient tool 5) 1 Instrumentation
determine the non-chromophoric compounds of T{1,11] o
In the former studies of our group, ELSD was successfully
applied to determine steroid compoundJdingkailing injec-
tion [12], and it was further employed to analyze all available

Experimental

The HPLC analysis was performed using a Dionex P580
liquid chromatograph (Dionex Inc., Germany) equipped with

: . . a photo diode array UV detector (USD340S), an intelligent qua-
bioactive components for quality control purp§s8]. However, A .
ternary pump, a column oven, a manual injection system with a

the results demonstrated that in comparison with UV detectio
ELSD has poor sensitivity and some important bioactive compc?gom‘ loop, and an Alltech ELSD 2000 detector (USA). DAD

nents of low contents, such as URIand CAA, cannot be detecteg.nd ELSD were connected to the column by @nnector.
Therefore, there is a need to develop new approaches for deter-

mining all the five structural types of bioactive components of2.2. Chemicals

Qingkailing injection to ensure its batch-to-batch uniformity.

In this study, an approach of high-performance liquid chro- The standards of BAl, GEN, ADE, URI, CAA, CHA and
matography coupled with photo diode array detection and evapdCA were purchased from National Institute for the Control of
orative light scattering detection (HPLC/DAD/ELSD) was pro- Pharmaceutical and Biological Products (Beijing, China); CA
posed as an alternative solution, which made it possible tand HCA were purchased from Sigma (St. Louis, MO, USA).
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HPLC grade methanol (C3DH) and acetonitrile (CECN)  (99.999%), the drift tube temperature was set at°I1,Gand the
were purchased from Tedia Company Inc. (OH, USA). Ultrapuregas flow rate was 1.5 L/min.
water was prepared from Milli-Q purification system (Millipore
Corp., France). Other reagents were of analytical grade. 2.6. Calibration curves

2.3. Standard solutions The calibration curves were constructed by analyzing at least
six different concentrations of standard solutions. For the com-

Stock solution of the mixture of nine standards was prepare@onents by UV detection, their regression equations were calcu-

by dissolving accurately weighted portions of the standards iiated in the form off =A x X + B, whereY andX was peak area

methanol, transferring it to a 25 mL volumetric flask, and thenand sample amount, while by ELSD detection, their regression

adding methanol to make up the volume. The stock solution wasquations could be described&sax?, so the calibration curves

further diluted to make working solutions. The solutions wereshould be obtained in double logarithmic coordindiey.

brought to room temperature and filtered through a Q.5

membrane filter before HPLC analysis. 2.7. Method validation

2.4. Sample solutions 2.7.1. Linearity and limit of detection (LOD)

The linearity study was carried out by preparing calibration

NineteenQingkailing injection samples (marked as 1-19) curves described in Secti@n6. Aliquots of standard solutions,

were collected from three Chinese medicine manufacturerganging from 1to 100 ng/mL for each component, were analyzed
manufactures A—C, whose actual names had been removéa obtain LOD values, which was determined when the signal-
in order to preserve confidentiality. Samples 1-10, 11-15 antb-noise ratio of the testing peak of analyte was greater than
16-19 were produced from manufacturers A—C, respectivelyb.
Two different preparation procedures were applied on these
samples: samples 1-4 produced by initial procedures and tt#7.2. Precision, repeatability and accuracy
others by adjusted procedures. All the samples were diluted The intra- and inter-day precision were determined by ana-
to 1/10 (v/v) with ultrapure water and then filtered throughlyzing calibration samples during a single day and on 3 different
a 0.45.m membrane filter for HPLC analysis. Blank sample days, respectively. To confirm the repeatability, five different
was presented by manufacturer A, which was prepared in th&orking solutions prepared from the same sample were ana-
absence of two raw materials dfolic acid andhyodeoxycholic ~ lyzed. The accuracy tests were carried out by spiking known

acid. contents of standard samples int@agkailing injection sam-
ple and comparing the determined amount of these standards
2.5. Chromatography with the amount originally added. The relative standard devia-

tion (R.S.D.) was taken as a measure of precision, repeatability
The column of Gg RP-ODS (250 mnx 4.6 mm, Sum,  and accuracy.
Phenomenex Luna, USA) and anotheigCGyuard column
(7.5 mmx 4.6 mm, 5um, Alltech, IL) were used. The mobile 3. Results and discussion
phases were composed of water/formic acid (100/0.1, A) and
methanol/acetonitrile (4/1, B). The gradient was as follows:3.1. Optimum conditions of detection
0 min-100% A; 33min-34% A; 60 min-12% A. Elution was
performed at a solvent flow rate of 1 mL/min. The column com- Maximally efficient detection can be obtained by selecting the
partment was kept at the temperature of G5 wavelength, where the component has the maximum absorption.
For UV detection, four detection wavelengths of 240, 254,Table 1shows various UV maximal absorption of each compo-
280 and 330nm were chosen simultaneously to record chraient. In this study, four detection wavelengths of 240, 254, 280
matograms, and for ELSD detection, carrier gas was nitrogeand 330 nm were chosen to record chromatograms for four dif-

Table 1

UV maximal absorptions of five types of components

No. Components Retention time (min) Structural types Wavelength of maximal absorption (nm)
1 URI 8.75 Nucleoside 254

2 ADE 9.10

3 CHA 20.47 Organic acid 330

4 CAA 21.41

5 Gen 21.68 Iridoid glycoside 240

6 BAI 34.58 Flavone glycoside 280

7 UCA 51.97

8 CA 53.05 Steroid No UV absorptions
9 HCA 54.12
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Fig. 2. Plot of LOD of CA at various temperatures.
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Under fixed chromatographic conditions, nebulizing gas flow 0 - ; o s :
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rate and evaporating temperature are the two major instrumen-
tal adjustments available for maximizing the detector response
efficiency. We varied gas flow rate at 1.0, 1.5, 2.0, 2.5 andrig. 3. Typical HPLC/DAD/ELSD chromatograms @fingkailing injection.

3.0 L/min and found that the noise was decreased with the floeaks are determined by standard references according to their retention times,
rate increased, but the responses would be weakened if the ro?R‘ec"a and blank samples: (1) uridine (8.57min); (2) adenosine (9.10 min);
rate increased too much. In this study. a moderate flow rate ci chlorogenic acid (20.47 min); (4) caffeic acid (21.41 min); (5) geniposide

; ) . y: 1.68 min); (6) baicalin (34.58 min); (7) ursodeoxycholic acid (51.97 min); (8)
2.0L/min was adopted to achieve the best results. To get thgolic acid (53.05 min); (9) hyodeoxycholic acid (54.12 min).

optimal evaporator temperatur@ingkailing sample was ana-

lyzed at various evaporating temperatures of 90, 100, 110, 115

and 120°C, and the LOD of CA was calculated. As shown in from different manufacturers, is significantly different. Among
Fig. 2, 110°C is the optimal temperature. HPLC/DAD/ELSD the nine compounds, BAI, CA and HCA are the most abundant.

chromatograms of)ingkailing injection under such detection Table 4also lists the R.S.D.s of the samples from the same man-

Retention Time/min

conditions are shown iRig. 3 ufacturer. It can be noted that the samples from manufacturers
B and C have much lower R.S.D.s, which reveals that the batch-
3.2 Method validation to-batch uniformity of these products are superior to those of

manufacture A.
Chromatographic analysis of the mobile phase shows no Moreover, among the nine bioactive components determined,
interferences in the range of retention times. The purity tests dpAl, UCA, CA and HCA have much lower R.S.D.s, probably
UV spectra (data not shown) and blank sample analysis confirf{ue to the fact that in the preparation procedure@iagkail-

that no impurities co-eluted with the compounds determined (a&€ injection, these four components are derived from medicinal
shown inFig. 4). extracts with purity higher than 90% bdicalin, cholic acid and

Table 2lists linear equation and its correlation coefficient, /vodeoxycholic acid, and accordingly, their concentrations can

linear range and LOD of each compound determined. As a resuff€ €asily controlled. The other three components of ADE, CHA
good linearity withR?>0.99 and LODs between 5 and 20 ng @d GEN, however, are directly derived from herbal materials

are achievedTable 3shows the results of the tests of precision, Of Radix isatidis, Flos lonicerae andFructus gardeniae, respec-
repeatability and accuracy. It indicates that most the R.S.D.s are
less than 5%, and the method is thus acceptable.

600 - E

3.3. Analysis of samples 400 - 1
200} _
The developed HPLC/DAD/ELSD analytical method was (\_
subsequently applied to simultaneously determine the nine ©

ingredients in 19Qingkailing injection samples with results 4 10 2°R o SOT_ ' A0 0 &0
shown inTable 4 The results indicate that the concentration of SRon Simevn

each component in different samples, especially in the sample#y. 4. ELSD chromatogram of blank sample without steroid components.
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Table 2

Regression data and LODs for the components determined

Peak no. Components Monitoring wavelength (nm) Prediction furittion Correlation factors Linear rangg.g) Limit of detection (ng)
1 URI 254 Y=1820.%+3.1551 0.9991 0.5-70 10
2 ADE 254 Y=324.4%+1.0543 0.9989 0.4-80 10
3 CHA 330 Y=518.X —0.1317 0.9992 0.2-60 5
4 CAA 330 Y=1566.6¢ +0.2331 1.0000 0.1-40 5
5 GEN 240 Y=389.64+7.215 0.9985 0.1-40 10
6 BAI 280 Y=522.1%X — 95.003 0.9976 0.2-1000 10
7 UCA - y=0.964% +6.8665 0.9991 0.5-150 40
8 CA - y=0.864& +5.7615 0.9980 1-2000 50
9 HCA - y=0.898%+5.7701 0.9944 1-2000 50

a vis the peak are& the concentration, ang x are the logarithmic values of area and concentration, respectively.

Table 3
R.S.D.s of the validation tests for the proposed HPLC/DAD/ELSD method
Peakno. Compounds  Precision Repeatability §) Accuracy (n=5)
Intra-day ¢ =6) Inter-day =3) Mean (1g/mL) R.S.D. (%) Mean R.S.D. (%)

Mean @wg/mL) R.S.D. (%) Meangg/mL) R.S.D. (%)

1 URI 1.58 6.48 155 6.89 1.65 3.36 96.413.63  3.37
2 ADE 4.24 2.30 4.20 2.16 4.18 4.23 102.623.83  3.75
3 CHA 1.75 4.22 1.74 4.26 1.73 2.64 10137470 4.64
4 CAA 0.42 2.53 0.39 4.09 0.41 3.74 98.544.48 4.55
5 GEN 140 3.69 142 3.99 135 4.39 100482.70  2.70
6 BAI 2998 1.22 3005 3.29 2986 1.08 100.584.88  4.85
7 UCA 24.3 1.27 241 3.44 24.5 3.03 98.#13.10 3.14
8 CA 2484 2.21 2497 1.90 2481 2.84 99.F82.66  2.67
9 HCA 2589 2.32 2576 2.12 2591 1.67 102813.79  3.69

a Accuracy (%) = [+ (mean concentration measuredconcentration spiked)/concentration spiked]00.

Table 4

Quantitative analytical results of vario@sngkailing injection samples

Samples manufacturer URI ADE CHA CAA GEN BAI UCA CA HCA

(mg/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (mg/mL) (ng/mL) (mg/mL) (mg/mL)

A
1 2.24 9.33 2.20 0.317 152 2.98 25.8 2.10 2.64
2 1.67 4.20 1.56 0.421 145 3.02 26.5 2.50 2.60
3 1.45 4.25 1.09 0.221 137 1.53 27.0 2.38 2.50
4 0.898 3.47 0.993 0.116 141 1.47 28.1 2.27 2.62
5 6.23 27.4 3.11 1.56 375 3.16 16.8 1.26 2.96
6 7.70 36.9 4.58 2.49 51.0 3.09 16.1 1.20 3.22
7 6.14 20.0 0.95 0.37 45.0 3.05 14.0 1.22 3.20
8 4.99 16.7 2.97 1.78 47.2 3.14 14.3 1.23 3.15
9 5.76 24.8 4.58 241 61.3 3.14 16.2 1.34 3.14
10 5.62 18.1 1.08 0.33 454 3.18 16.6 1.37 3.12

R.S.D. (%) 57.30 68.19 62.10 95.11 57.96 24.34 29.15 32.58 9.96

B
11 3.77 13.1 3.15 6.97 72.4 3.60 13.9 2.36 2.36
12 4.85 28.6 2.92 8.24 83.3 3.85 15.5 1.97 2.59
13 4.58 31.0 2.80 8.73 80.1 3.72 12.8 2.13 2.26
14 3.72 25.6 2.73 8.81 70.1 3.75 14.0 2.18 2.28
15 7.99 42.4 1.60 6.25 71.1 3.92 14.4 1.89 241

R.S.D. (%) 35.18 37.46 22.84 14.58 7.85 3.27 6.89 8.75 5.55

C
16 9.82 69.1 5.93 3.78 94.1 4.61 22.8 1.89 231
17 13.0 56.1 7.63 3.84 92.5 4.99 22.5 1.88 2.32
18 15.0 452 7.33 4.98 87.5 4.71 20.1 1.96 2.22
19 13.3 58.3 7.22 4.82 93.1 4.39 20.1 191 2.10

R.S.D. (%) 16.91 17.14 10.70 14.54 3.20 5.32 6.91 1.86 4.56
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tively, and there are much more factors in the complex extraction s
procedures affecting the efficiency of extraction which might b Level Il
lead to the variance of these components.

A Hevel Il

3.4. Quality assessment by PCA and HCA

In this study, principal component analysis (PCA) and hierar-
chical clustering analysi45] were performed on the analytical 4
data of all the 19 samples. By the method of PCA, the first
two principal components PC1 and PC2 are often used to pro-
vide a convenient visual aid for identifying inhomogeneity in =~ , |

the data setsFig. 5 shows the principal component projec-
tion plot of PC1 and PC2 (over 80% variance explained) of
19 Qingkailing samples. From the scatter points, the samples

could be classified into four groups (marked as I-1V). Although

samples 1-10 are from the same manufacturer, they are divided

into two separate groups (groups | and 1) due to their different

preparation procedures. Samples 1-4 were produced by initiglg. 6. Dendrogram for variougingkailing Injections from Ward's clustering

procedures in whiclructus gardenia was extracted by ethanol, analysis of the quantitative data: (I) samples of manufacturer A by initial pro-

while an adjusted procedure was applied to produce samp|é$dures; ()} samples of manufacturer A by adjusted procedures; (lll) samples

. . of manufacturer B; (IV) samples of manufacturer C.

5-10 and the extraction solvent Bfuctus gardenia was water.

It thus indicates that preparation procedure is highly related to

the quality of products. Samples 11-15 and samples 16-19 afées of groups II-IV are all produced in the same procedures).

from manufacturer B and manufacturer C, respectively, so, theyherefore, we can conclude that the difference of preparation

are properly clustered into two separated groups (groups [iprocedure is the more important factor to influence the quality

and IV). of Qingkailing injection.

Fig. 6 is the dendrogram of HCA, from which the quality

characteristics are revealed more clearly. Supposing an appré- Conclusions

priate distance level (Level 1) chosen, the samples can also be

classified into four quality groups, just as PCA does. If a higher The proposed method makes it possible to simultaneously

distance level (Level Il) is adopted, samples 11-19 tend to bdetermine different structural multi-components in one run with

classified into the same group, which indicates that the samplexcceptable levels of linearity, precision, repeatability and accu-

from manufacturer B and those from manufacturer C are moreacy. The method has been applied successfully to simultane-

similar, and if we use Level lll, all the samples will be divided ously quantify nine bioactive components(ngkailing injec-

into two groups according to their preparation procedures (samrtion samples. The results demonstrate that the proposed method
could be readily utilized as a quality control method for tradi-

3 : ‘ tional Chinese medicine.

i bt bt f e et ---Level |

o

3 4125 8 69 71011 121314 15 16 171819
Samples

ol ¥ 7 4 % ] Acknowledgements

This project was financially supported by Chinese Spe-
cial Mega-Project of Ministry of Science and Technology
(No. 2002BA906A29-3), Chinese Natural Science Fund (No.
90209005) and the Chinese National Basic Research Priorities
Program (No. G1999054405).

PC2

References

[1] Y.L. Jin, Z.X. Zhao, Acta Chin. Med. Pharm. 10 (1995) 54-56.
[2] z.J. Qi, J.J. Qian, T.X. Qiao, W.H. Hou, J. Trad. Chin. Med. 3 (1983)
3 L L . 27-34.
-4 -2 0 2 4 [3] D.W. Wang, C.G. Ben, B.K. Ye, J. Trad. Chin. Med. 7 (1987) 46-56.
PC1 [4] X. Chen, O.M.Z. Howard, X.Y. Yang, L.H. Wang, J.J. Oppenheim, T.
Krakauer, Life Sci. 70 (2002) 2897-2913.
Fig. 5. Representation of integrated quality of vari@iagkailing injections [5] H.Z. Zheng, Z.H. Dong, J. She, Modern Study of Traditional Chinese
on PC1 and PC2 (80.2% variance explained): (I) samples of manufacturer Aby  Medicine, vol. 4, Xue Yuan Press, Beijing, 1998, pp. 3166-3187.
initial procedures; (II) samples of manufacturer A by adjusted procedures; (Ill) [6] S.S. Xiao, Y. Jin, Y.Q. Sun, J. Shenyang Pharm. Univ. 20 (2003)
samples of manufacturer B; (IV) samples of manufacturer C. 455-459.




S. Yan et al. / Journal of Pharmaceutical and Biomedical Analysis 40 (2006) 889-895 895

[7] Nanjing University of Chinese Medicine. Conspectus of Chinese[12] J. Cao, Y. Xu, Y.M. Wang, G.A. Luo, Chin. Trad. Patent Med. 25 (2003)

Medicine. People’s Medicine Publishing House, Beijing, 1999. 705-708.

[8] Chinese Pharmacopoeia Committee, Pharmacopoeia of People 's Repuld3] J. Cao, Y. Xu, Y.Z. Zhang, Y.M. Wang, G.A. Luo, Chin. J. Anal. Chem.
lic of China, vol. 2000, Chemical Industry Press, Beijing. 32 (2004) 469-473.

[9] J. Cao, Y. Xu, Y.M. Wang, G.A. Luo, Chin. J. Pharm. Anal. 24 (2004) [14] M.K. Manoj Babu, J. Pharm. Biomed. Anal. 34 (2004) 315-
8-11. 324.

[10] Nicola Fuzzati, J. Chromatogr. B 812 (2004) 119-133. [15] H. Martens, T. Naes, Multivariate Calibration, second ed., Wiley, New

[11] X.Y. Chai, S.L. Li, P. Li, J. Chromatogr. A 1070 (2005) 43-48. York, 1991.



	Simultaneous determination of nine components in Qingkailing injection by HPLC/ELSD/DAD and its application to the quality control
	Introduction
	Experimental
	Instrumentation
	Chemicals
	Standard solutions
	Sample solutions
	Chromatography
	Calibration curves
	Method validation
	Linearity and limit of detection (LOD)
	Precision, repeatability and accuracy


	Results and discussion
	Optimum conditions of detection
	Method validation
	Analysis of samples
	Quality assessment by PCA and HCA

	Conclusions
	Acknowledgements
	References


