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Abstract 
In this paper, the feasibility and advantages of employing high performance 
liquid chromatographic-photodiode array detection (HPLC-DAD) fingerprint 
combined with chemical pattern recognition for quality consistency evaluation 
of widely used Rhizoma rodgersiae (RR) were investigated and demonstrated 
for the first time. The Similarity Evaluation System was employed to evaluate 
the similarities of 10 batches of RR sample; moreover, hierarchical clustering 
analysis (HCA) and principal component analysis (PCA) were also success-
fully applied to discriminate RR samples of different regions and seasons. Our 
results indicated that the seasonal variation had some influence on the chem-
ical fingerprints of this herbal drug. This approach allowed the discrimination 
of RR samples from different sources. The current study demonstrated that 
fingerprint profiling coupled with chemical pattern recognition offered a reli-
able and efficient way to comprehensively assess the quality consistency of the 
tested samples. 
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1. Introduction 

Rhizoma rodgersiae (RR), commonly known as Yan-Tuo in Chinese, is derived 
from the dried rhizome of Rodgersia sambucifolia hemsl in the family of Saxi-
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fragaceae [1]. It originated from China that mainly distributed in provinces of 
Yunnan, Guizhou, Sichuan, and Shanxi. Until now, RR has been extensively used 
as a traditional Chinese medicine (TCM) due to its explicit therapeutic effect for 
the treatment of bacillary dysentery, gastroenteritis and bronchitis [2]. Chemical 
investigations have demonstrated that polyphenols and saccharides were the main 
composition of this plant [3]; however, the quality control of the drug sample has 
only been evaluated by quantitative determination of bergenin, which was one of 
characteristic constituents in RR with pharmacological properties of cough-relieving, 
anti-HIV, antiarrhythmic and anti-inflammatory [4] [5] [6]. To date, studies with 
respect to the quality evaluation of the medicinal plant can rarely be found.  

Chromatographic fingerprinting is believed to be a criterion for the quality 
assessment of TCM and herbal preparations by World Health Organization (WHO) 
and many authorities due to its capability of describing the holistic chemical in-
gredients of TCM, and it has been widely accepted and increasingly applied to 
quality control of herbal medicines [7] [8] [9] [10]. However, chromatographic 
fingerprint may contain numerous low intensity peaks; it is difficult to make a 
meaningful assessment by visual examination. Therefore, more effective classifi-
cation methods, such as chemical pattern recognition, should be employed. Hie-
rarchical clustering analysis (HCA), the unsupervised analysis, enables the visua-
lization of the data in a reduced dimensional space built on the dissimilarities 
between samples with respect to their chemical composition [11] [12]. Sometimes, 
the results of HCA are confirmed by a third supervised analysis. This employs classi-
fication method, such as principal component analysis (PCA), allowing to sepa-
rate samples of different sources [12] [13]. 

Considering the therapeutic importance of RR, in this present study, a feasible 
and reliable HPLC-DAD fingerprint analysis method for quality consistency eval-
uation of the medicinal plant collected from different regions and harvest times 
was developed for the first time, and then 10 batches of sample were analysed 
with the assistance of the “Similarity Evaluation System” software. Mathematical 
data handling techniques represented by HCA and PCA were also used to estab-
lish an objective pattern recognition system to discriminate samples from different 
sources. 

2. Materials and Methods 
2.1. Chemicals and Materials 

Reference compounds (gallic acid and bergenin) were obtained from the National 
Institute for the Control of Pharmaceutical and Biological Products (NICPP, 
Beijing, China). Acetonitrile of HPLC grade was purchased from Tedia Compa-
ny Inc. (Fairfield, USA). Phosphoric acid and other reagents were of analytical 
grade. Ten samples of RR (numbered 1 - 10) from different geographical loca-
tions between June 2007 and June 2010 were summarized in Table 1, and au-
thenticated by Professor Deyuan Chen in Guiyang College of Chinese Medicine 
(Guiyang, China). 
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Table 1. The information of 10 batches of Rhizoma rodgersiae samples in this study. 

Sample No. Geographical regions Harvest times Similarity value 

1 Shuicheng, Guizhou, China June 2007 0.998 

2 Xingyi, Guizhou, China July 2007 0.983 

3 Weining, Guizhou, China July 2007 0.992 

4 Shuicheng, Guizhou, China July 2008 0.995 

5 Shuicheng, Guizhou, China June 2010 0.983 

6 Kunming, Yunnan, China June 2007 0.958 

7 Xuanwei, Yunnan, China July 2008 0.996 

8 Dali, Yunnan, China June 2010 0.974 

9 Jianchuan, Yunnan, China June 2010 0.995 

10 Heqing, Yunnan, China June 2010 0.993 

2.2. Instruments and Chromatographic Conditions 

Chromatographic fingerprinting was performed with a Shimadzu LC-20AD sys-
tem (Tokyo, Japan), consisting of a photodiode array detector (SPD-M20A), low 
pressure quaternary pumps, online degasser and an autosampler. The chroma-
tographic separation was carried out on an Alltima C18 column (250 mm × 4.6 mm, 
5 µm) (Alltech, USA) thermostated at 30˚C ± 0.15˚C. The mobile phase consisted 
of 0.1% (v/v) phosphoric acid aqueous solution (Mobile phase A) and acetonitrile 
(Mobile phase B). Gradient elution was performed at a flow rate of 0.8 mL/min 
using the following gradient program: 0.01 - 5 min, 1% - 5% B; 5 - 25 min, 5% - 
14% B; 25 - 60 min, 14% - 20% B. The monitoring wavelength was set at 310 nm. 
The injection volume was 10 µL. 

2.3. Sample and Standard Solution Preparations 

Appropriate amounts of reference standards were accurately weighed and trans-
ferred into 10-mL volumetric flasks, and then dissolved with 60% (v/v) metha-
nol, which were used as the standard solutions. The roots of RR were powdered 
and then passed through a 40-mesh sieve. The dried powdered sample (1.00 g) 
was accurately weighed and extracted twice with 50 mL 60% (v/v) methanol for 
one hour under reflux. The combined solution was evaporated using a rotary 
evaporator, and then diluted to 10 mL in a volumetric flask with 60% (v/v) me-
thanol. All samples and standard solutions were stored in a refrigerator at 4˚C 
and warmed up to room temperature, and then filtered through 0.45 µm mem-
brane filters prior to HPLC analysis.  

2.4. Data Analysis 

The integrated chromatograms exported from CLASS-VP chromatography worksta-
tion were introduced into the professional software named Similarity Evaluation 
System for Chromatographic Fingerprint of Traditional Chinese Medicine (ver-
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sion 2004 A) for similarity analysis. The similarity values (correlative coefficients) 
of sample fingerprints versus the reference fingerprint were calculated automat-
ically by the Similarity Evaluation System. Other data processing was performed 
using SPSS 19.0 (SPSS Inc., USA). 

3. Results and Discussions 
3.1. Optimization of the Extraction and Chromatographic Conditions 

For the extraction solvents, six solutions (30% EtOH, 60% EtOH, 95% EtOH, 
30% MeOH, 60% MeOH, and 100% MeOH) were evaluated, and other extrac-
tion conditions involved extraction method (ultrasonication and reflux), extrac-
tion repetitions (1, and 2) and extraction time (15, 30 and 60 min) were also in-
vestigated. By comparing the sum numbers and responses of common peaks in 
each chromatogram at different conditions, the optimized conditions were selected 
and listed in detail in Section of 2.3.  

For the HPLC conditions, different mobile phase systems (methanol-water, 
acetonitrile-water, methanol-phosphoric acid, acetonitrile-phosphoric acid, me-
thanol-formic acid, acetonitrile-formic acid), chromatographic column (Alltima 
C18 column, 4.6 × 250 mm, 5 μm; Diamosil C18 column, 4.6 × 250 mm, 5 μm; 
Hypersil ODS2 column, 4.6 × 250 mm, 5 μm), column temperature of 25, 30 and 
35˚C and flow rate of 0.6, 0.8 and 1.0 mL/min were tested. By comparing the 
resolution, baseline, sum numbers and responses of common peaks in each chro-
matogram at different conditions, the optimum analytical conditions were cho-
sen and presented in detail in Section of 2.2. 

In order to obtain a reliable detection wavelength, HPLC-DAD coupled with 
three dimensional plots (3D-plots) was used [13] [14]. With the satisfactory res-
olution, more peaks with high response were observed at 310 nm; hence the mon-
itoring wavelength was maintained at 310 nm.  

3.2. Method Validation 

The retention time and chromatographic response of peak 4 were acceptable; it 
was hence selected as reference peak to calculate the relative retention time and 
relative peak area. The HPLC method for fingerprinting was validated in terms 
of precision, repeatability and sample stability. The precision was determined by 
injecting the same sample solution five times consecutively. The repeatability 
was examined by analyzing five replicates of the same batch of sample under the 
established extraction method. The sample stability was measured by testing a 
single sample solution stored at room temperature for 0, 5, 10, 15 and 24 hours. 
The validation results (Table 2) demonstrated that the relative standard devia-
tions (RSDs) of relative retention time and relative peak area for common peaks 
in the precision, repeatability and sample stability tests were not beyond 5.0%, 
respectively. Therefore, the HPLC method was acceptable and applicable for 
fingerprint analysis. (Sample No.2 was chosen at random for the method valida-
tion.) 
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3.3. HPLC Fingerprint and Similarity Analysis 

Under the optimised conditions, the HPLC fingerprints of 10 samples from var-
ious sources were obtained and presented in Figure 1. It was found that these  

 
Table 2. The validation results of HPLC fingerprint analysis. 

Parameters Precision Repeatability Stability 

Peak Number 
RRT RPA RRT RPA RRT RPA 

Average RSD Average RSD Average RSD Average RSD Average RSD Average RSD 

1 0.605 0.131 0.397 3.703 0.604 0.110 0.356 3.169 0.605 0.133 0.382 3.308 

2 0.623 0.089 0.096 3.660 0.622 0.070 0.083 4.491 0.622 0.071 0.096 3.782 

3 0.801 0.061 0.584 0.530 0.801 0.037 0.584 4.028 0.801 0.041 0.586 0.944 

4 1.000 0.000 1.000 0.000 1.000 0.000 1.000 0.000 1.000 0.000 1.000 0.000 

5 1.113 0.063 27.933 0.407 1.113 0.064 28.041 2.025 1.114 0.052 28.048 0.389 

6 1.309 0.135 0.721 0.478 1.309 0.104 0.702 3.538 1.309 0.105 0.724 0.313 

7 1.612 0.139 0.120 1.059 1.613 0.120 0.121 4.518 1.613 0.115 0.120 0.938 

8 1.781 0.171 0.347 2.562 1.781 0.157 0.333 3.958 1.781 0.144 0.348 2.736 

9 1.814 0.166 1.402 2.146 1.815 0.150 1.385 4.085 1.815 0.137 1.413 2.404 

10 2.036 0.190 0.604 2.198 2.037 0.183 0.576 2.852 2.037 0.162 0.599 1.814 

11 2.239 0.204 0.342 4.587 2.240 0.195 0.368 4.260 2.240 0.175 0.364 4.027 

12 2.272 0.203 0.291 2.040 2.273 0.189 0.291 4.794 2.273 0.171 0.292 2.373 

13 2.292 0.206 0.441 1.841 2.292 0.200 0.436 4.792 2.293 0.177 0.443 2.085 

RRT: relative retention time; RPA: relative peak area. 
 

 
Figure 1. HPLC-DAD chromatographic fingerprints of 10 batches of Rhizoma rodgersiae samples from various sources at 310 
nm. Number is the number of sample in Table 1. 
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Figure 2. The reference fingerprint of the 10 tested samples. 

 
samples had similar chemical profiles. Peaks existed in all chromatograms were 
regarded as common peaks, thus a total of 13 common peaks were found in the 
profiles, among which two (peaks 1 and 5) were unambiguous identified as gallic 
acid and bergenin based on comparison of UV spectra and retention times with 
the reference standards, and the reference fingerprint chromatogram was gener-
ated automatically by the similarity software and shown in Figure 2. From the 
correlative coefficients in Table 1, it could be seen that the similarity values of 
each chromatogram to the reference fingerprint chromatogram was found in the 
range of 0.958 - 0.998. This indicated that similar quality properties were present 
in the herbal medicine samples regardless of either different geographical re-
gions or seasonal differences, it was also suggested that similarity value was not 
sufficient enough for distinguishing samples of different sources. 

3.4. HCA Analysis 

For chromatographic fingerprint data matrix consisted of 10 rows (samples) and 
13 columns (the relative peak areas of common peaks) was performed for HCA 
analysis based on the between-groups linkage method and Euclidean distance. 
The dendrogram shown in Figure 3 revealed two major clusters when the dis-
tance was set at 20. Four samples, which were collected in July (including No.2 - 
4 and No.7), grouped as one distinct cluster (Cluster I), and the rest samples, 
which were collected in June clustered as Group II. The sample in the same 
cluster had more similar chemical fingerprints and internal qualities than others.  

3.5. PCA Analysis 

PCA, a statistical model that decomposes the data matrix into the low dimen-
sions, was also applied to appraise the discriminating ability of the tested sam-
ples. The two-dimensional matrices (10 × 13) consisted of 10 objects and 13 va-
riables, the objects were represented by the 10 batches of sample, and variables 
were represented by the standardized peak areas of fingerprint chromatogram. 
The score plot was shown in Figure 4, where the first component explained 43%  
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Figure 3. HCA dendrogram result for the chemical fingerprints of the 10 samples. Num-
ber is the number of sample in Table 1. 

 

 

Figure 4. PCA score plot with 3PCs graph of the 10 samples. Number is the number of 
sample in Table 1. 

 
of the variation, the second component 24%, the third component 14% and the 
cumulative ratio exceeded 80%. Based on the cumulative ratio ≥ 80% [13], the first 
three principal components (PC1, PC2 and PC3) were used to assess the consis-
tency of the samples. 10 batches of samples were classified into two groups, 
which were marked I and II, respectively. In Group I, at the right of the score 
plot, contained No.2 - No.4 and No.7 samples. The Group II contained the rest 
of the tested samples, which were located on the left of the score plot. PCA plot 
displayed that a large distance separated the two clusters, especially the samples 
collected in June and the other samples collected in July, suggesting that seasonal 
variation may have some important influence on the internal quality of the me-
dicinal material. The obtained results were in accordance with the HCA evalua-
tion, and it was possible to deduce that the HCA and PCA implemented the clas-
sification of samples from seasonal differences. It was interesting that the herbal 
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plant was not classified according to different regions; a possible explanation was 
that the provinces of Yunnan and Guizhou were vicinity in geographical loca-
tion, and the natural growth environment of this wild plant was relatively simi-
lar. However, it should be noted that we do not have a sufficiently large data set 
in the current research, this also needs further research. In a next step, the chemi-
cal components which were responsible for the classification and provided a great 
potential to link to pharmacodynamic activities should be identified, isolated, and 
further examined. 

4. Conclusion 

In the present study, we used HPLC-DAD fingerprint combined with PCA and 
HCA to classify RR samples of different regions and seasons. The result demon-
strated that the overall chemical profiles of all samples were consistent; however 
the contents of chemical components were varied among different origins. The 
reference fingerprint was used as the representative HPLC fingerprint to assess 
its chemical consistency from batch to batch. This is the first report for the batch 
to batch consistency assessment of RR and there are no data for quality analysis 
of RR with which to make a comparison. Using fingerprint technique combined 
with pattern recognition methods (HCA and PCA), the samples were success-
fully differentiated according to discrepant harvest times, indicating that season-
al variation may have some important influence on the chemical quality of the 
medicinal herbal. The established HPLC fingerprinting coupled with HCA and 
PCA analysis may provide some important reference for the development and 
improvement of the quality control of RR samples. 
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