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Background: A method for chemical fingerprint analysis of Hibiscus mutabilis L. leaves was
developed based on ultra performance liquid chromatography with photodiode array detector (UPLC-
PAD) combined with similarity analysis (SA) and hierarchical clustering analysis (HCA). Materials
and Methods: 10 batches of Hibiscus mutabilis L. leaves samples were collected from different
regions of China. UPLC-PAD was employed to collect chemical fingerprints of Hibiscus mutabilis
L. leaves. Results: The relative standard deviations (RSDs) of the relative retention times (RRT)
and relative peak areas (RPA) of 10 characteristic peaks (one of them was identified as rutin) in
precision, repeatability and stability test were less than 3%, and the method of fingerprint analysis
was validated to be suitable for the Hibiscus mutabilis L. leaves. Conclusions: The chromatographic
fingerprints showed abundant diversity of chemical constituents qualitatively in the 10 batches
of Hibiscus mutabilis L. leaves samples from different locations by similarity analysis on basis of
calculating the correlation coefficients between each two fingerprints. Moreover, the HCA method
clustered the samples into four classes, and the HCA dendrogram showed the close or distant
relations among the 10 samples, which was consistent to the SA result to some extent.
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INTRODUCTION

Nowadays, traditional Chinese medicine (TCM) has been
attracting considerable attention because of its excellent
qualities such as low toxicity and less side effects, good
medical effects and rare drug tolerance.” It is well known
that medicinal plants collected at different times and from
different localities may considerably differ in types and
quantities of chemical components, which affect the quality
of pharmaceutical products and the standardization of this
herbal medicine.*® The quality assessment and control of
TCM is an important concern for both the health authorities
and the public.”” Most investigations focused on several
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markers or pharmacologically active constituents to assess the
quality and potency of the herbal medicine or preparations,
which can not stand for the overall quality of TCM. Therefore,
development of reliable, comprehensive quality assessment
methods were necessary for TCM.!"! The fingerprint
technique, which emphasized on the whole characteristics
of samples’ compositions and focuses on identifying and
assessing the stability of the samples, was accepted by
WHO,!" State Food and Drug Administration (SFDA) of
China (2000)" and other authorities!™'¥ as a strategy for
quality assessment of herbal medicines. High Performance
Liquid Chromatography (HPLC) played the most important
role among all the fingerprint techniques."” However, the
traditional HPLC fingerprints cannot meet the requirements
of high throughput analysis due to the low column efficiency
and long analysis time with generally more than 1 hrs.'*'¥ In
recent years, UPLC has been reported as a viable technique
for quantitative and chemical fingerprint analysis of Chinese
herbal medicines, prior to HPLC analysis."*"")
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As a commonly used TCM, Hibiscus mutabilis 1. leaves
have been used in drug treatment as an anodyne,
antidote, expectorant and refrigerant.?*! With the
growing of applications of the Hibiscus mutabilis .. leaves,
development of a suitable quality control method should
be urgently required. Previous studies were performed on
pharmacological actions and determining the contents of
chemical constituents in the Hibiscus mutabilis L. leaves.?' "
In this paper, a UPLC chemical fingerprinting method
combined with similarity analysis (SA) and hierarchical
clustering analysis (HCA) was developed for quality control
of the Hibiscus mutabilis L. leaves from different locations.

MATERIALS AND METHODS

Standards and reagents

Standard rutin (purity = 90.5%, batch NO. 100080-
200707) was purchased from National Institute for the
Control of Pharmaceutical and Biological Products
(Beijing, China). LC grade acetonitrile and methanol were
purchased from Merck (Darmstadt, Germany). Ultrapure
water was prepared using a deionized water treatment
system (Thermo Scientific, USA). Analytical grade
methanol and ethanol for extraction were purchased
from Yongda Chemical Reagent Co. (Tianjin, China).
AR grade formic acid and trifluoroacetic acid (Kelong
Chemical Reagent Co., Chengdu, China) were used for
preparation of mobile phase.

Plant materials

10 batches of Hibiscus mutabilis 1. leaves samples were
collected from different regions of China [Table 1].
The samples were identified based on morphological
characteristics by the supervisor Jian-bao Zheng from
Zhejiang Chinese medical university Chinese medicine
pieces factory. For the chemical fingerprinting analysis, all
samples collected were dried at 60°C in an oven, pulvetized
and passed though an 80-mesh sieve.

Table 1: Geographical origin of 10 batches of
Hibiscus mutabilis L. leaves samples

Sample no. Origin Batch number
S1 Anhui 100316
S2 Zhejiang 100912
S3 Zhejiang 20090217
S4 Jiangsu 101125
S5 Jiangsu 101002
S6 Henan 081201
S7 Jiangxi 20090223
S8 Sichuan 110309
S9 Hunan 20110605
S10 Hubei 20110506
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Sample preparation

Sample powder (2.0 g) was accurately weighed and extracted
with 30 mL. methanol under ultrasonic water bath for 60
min at 25°C with 600 W and 100 Hz of power (Hechuang
ultrasonic instruments Co. Ltd, Kunshan, China). After
cooling, methanol was added for the lost weight. Then
the solution was filtered through a 0.22 wmmicropore
membrane filter and 3 UL was injected for UPLC analysis.

Preparation of Standard Solution

Standard stock solution of rutin(985.5 g/ mlL) was prepared
by dissolving in 20 mL. methanol. The concentrations of
rutin standard used for calibration were 3.9427.884,19.71,
39.42, 98.55 ug/ml.. The standard curve was calibrated
using the linear regression equation derived from the peak
areas.

UPLC equipment and conditions

Experiments were performed on a Waters Acquity UPLC
system (Waters, Milford, MA, USA) equipped with a binary
solvent delivery pump, an auto sampler and a PDA detector,
and connected to Waters Empower software. The mobile
phase consisted of acetonitrile (B2) and water (A1) using
a gradient program of 95-92% A1 in 0-1 min, 92-85%A1
in 1-4 min, 85% Al in 4-4.3 min, 85-92% Al in 4.3-4.4
min, 92-87% Al in 4.4-6.3 min, 87-83% Al in 6.3-8.9
min, 83-80% Al in 8.9-9 min, 80-74% Al in 9-12 min,
74% Al in 12-15 min, 74-60 A1 in 15-16 min, 60% A1 in
16-20 min. The flow rate was 0.4 mL./min. The detection
wavelength and column temperature were 340 nm and
30°C, respectively. UV spectra were acquired in the range
190-400 nm (2 nm resolution).

Method validation

Precision, repeatability and stability

To evaluate validation of the method, the precision,
repeatability and stability experiments were performed
on sample S1. The precision test was determined by
replicate injection of the same sample solution for five
times. The repeatability test was analyzed by injecting five
independently prepared samples. The stability test was
determined by seven injections with one sample solution
during 12 hours. The relative standard deviations (RSDs)
of relative retention times and relative peak areas of each
test were calculated.

Data analysis

Similarity analysis was performed by use of the professional
software chromatogram analysis and data management system
for traditional Chinese medicine which is recommended by
National institutes for food and drug control for evaluating
the similarity of different chromatograms by calculating
the correlation coefficient and the cosine of the vectorial
angel. In this paper the correlation coefficients of similarity
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among chromatographic profiles of the Hibiscus mutabilis L.
leaves samples were calculated respectively. 10 characteristic
peaks in the chromatograms were selected as the common
peaks and the peak at retention time 11.467 min was used as
a reference. Relative retention time (RRT, the ratio between
retention time of characteristic peaks to that of reference
peak) and relative peak area (RPA, the ratio between peak
area of characteristic peaks to that of reference peak) of
each characteristic peak to reference were calculated in the
chromatograms.

The hierarchical clustering analysis (HCA) of samples
of 10 resources was performed based on the RPA of 10
characteristic chromatographic peaks, using SPSS software
(SPSS for Windows 17.0, USA). In this paper, the squared
Euclidean distance was chosen as the measure of similarity,
and the Ward method was applied for the clustering
algotithm.

RESULTS AND DISCUSSION

Optimization of extraction conditions

Factors such as extraction solvent, heating methods and
time were investigated to achieve the chromatograms
with better repeatability and higher extraction efficiency.
The standard rutin was used as one of the references for
assessing extraction efficiency. Firstly, ethanol, methanol,
water, ethyl acetate and acetone were evaluated as extraction
solvents. Poor repeatability was obtained with using ethanol
as solvent. Water was also not adopted because the extracts
were too sticky to permeate the filter membrane besides its
low extraction efficiency. Methanol was found to be better
to give higher repeatability and extraction efficiency than
ethyl acetate and acetone. Secondly, with comparison of
conventional extraction under reflux, higher extraction
efficiency was obtained by ultrasonic extraction. Moreover,
powdered leaves were extracted with methanol in an
ultrasonic water bath for 30, 60 or 90 min and 60 min was
thought to be the best for giving high extraction efficiency.

Optimization of UPLC conditions

Conditions such as the mobile phase, flow rate, column
temperature and detection wave length were investigated in
this paper to get the best resolution for most compositions
in Hibiscus mutabilis 1.. leaves.

Mobile phase was thought to be the main effect on the
resolution when the column was selected with Waters
Acquity BEH C ; columns (50 mm X 2.1 mm, 1.7 m).
Among mobile phases investigated such as methanol-
water, acetonitrile-water, and acetonitrile-buffer (containing
formic acid or trifluoroacetic acid), the acetonitrile (A1)-
water (B2) system was the ultimate choice. Gradient elution
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was essential for the separation. The gradient time, gradient
polarity and initial composition of the mobile phase were
taken into consideration. The gradient program was finally
designed as 95-92% A1 in 0-1 min, 92-85% A1 in 1-4 min,
85% Al in 4-4.3 min, 85-92% A1 in 4.3-4.4 min, 92-87%
Al in 4.4-6.3 min, 87-83% Al in 6.3-8.9 min, 83-80%
Al in 8.9-9 min, 80-74% Al in 9-12 min, 74% A1l in 12-
15 min, 74-60 Al in 15-16 min, 60% Al in 16-20 min.
Column temperature of 25°C and 30°C and flow rate of
0.3, 0.4 and 0.5mI./min was evaluated. When the system
pressure, running time and suitability requirements was
considered, the flow rate of 0.4 mlL/min and 30°C of
column temperature can give the best results. Besides, wave
length of maximum absorption has been determined by
a photodiode array detector and five wave lengths at 250,
267, 313, 340 and 354 nm were selected and compared.
Wave length of 340 nm was selected to obtain the lowest
baseline noise, a sufficiently large number of detectable
peaks and better resolution in the chromatograms.

Under the optimal conditions, almost all the components
in the extracts of the Hibiscus mutabilis 1. leaves were well
separated with high peak capacity in 20 min.

Validation of the method

Precision test

The instrument precision was determined by replicate
injection of the same sample (sample S1) solution for
five times. The results were shown in Table 2. The RSDs
of RRT and RPA were not exceeding 0.08 and 2.07%
respectively and the similarities of the chromatograms were
greater than 0.99, which showed a high accuracy.

Repeatability test

The repeatability test was assessed by analyzing five
independently prepared samples (sample S1) using the same
method. The results were shown in Table 2. The RSDs of
RRT and RPA were below 0.06 and 1.97% respectively and
the similarities of the chromatograms were greater than
0.99, which showed a good reproducibility.

Sample stability test

The sample stability test was determined with one sample
(sample S1) during 12 hours. During this period, the
solution was stored at 4°C. The results were shown in
Table 2. The RSDs of RRT and RPA were less than
0.08 and 1.26% respectively and the similarities of the
chromatograms were greater than 0.99. The result indicated
that the samples remained stable during this period.

UPLC fingerprints development of Hibiscus mutabilis
L. leaves and identification of common peaks

All the chromatographic fingerprints obtained from
10 batches of Hibiscus mutabilis 1.. leaves from different
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Table 2: Results of RRT and RPA of precision test, repeatability test, stability test and ten characteristic
peaks on UPLC fingerprint of the Hibiscus mutabilis L. leaves from different locations in China

Peak Relative retention time Mean (RSD %) Relative peak area Mean (RSD %)

Do, Rpt Rrt Rst Rcp Rpt Rrt Rst Rcp

1 0.349 (0.02) 0.349 (0.01) 0.349 (0.02) 0.347 (0.19) 0.183 (1.29) 0.148 (0.34) 0.166 (1.07) 0.141 (11.40)
2 0.388 (0.02) 0.388 (0.01) 0.388 (0.03) 0.387 (0.16) 0.622 (2.07) 0.594 (1.97) 0.588 (1.26) 0.469 (19.18)
3 0.402 (0.02) 0.402 (0.01) 0.402 (0.02) 0.400 (0.12) 0.892 (1.67) 0.842 (1.76) 0.831 (0.47) 0.742 (38.50)
4 0.419 (0.02) 0.420 (0.01) 0.420 (0.03) 0.417 (0.19) 0.099 (0.71) 0.091 (0.70) 0.091 (0.37) 0.125 (8.430)
5 0.548 (0.08) 0.549 (0.06) 0.549 (0.08) 0.539 (0.49) 0.243 (0.74) 0.215 (1.89) 0.242 (0.21) 0.316 (14.24)
6 0.665 (0.04) 0.666 (0.02) 0.666 (0.04) 0.662 (0.20) 0.223 (0.70) 0.207 (1.40) 0.217 (0.36) 0.223 (10.34)
7 0.690 (0.03) 0.691 (0.02) 0.691 (0.04) 0.688 (0.17) 0.088 (0.44) 0.089 (0.75) 0.093 (0.45) 0.105 (1.78)
8 0.712 (0.03) 0.713 (0.02) 0.713 (0.04) 0.710 (0.17) 0.066 (0.63) 0.067 (0.92) 0.070 (0.63) 0.061 (1.27)
9 1.000 (0.00) 1.000 (0.00) 1.000 (0.00) 1.000 (0.00) 1.000 (0.00) 1.000 (0.00) 1.000 (0.00) 1.000 (0.00)
10 1.036 (0.00) 1.036 (0.01) 1.036 (0.00) 1.036 (0.02) 0.297 (0.16) 0.293 (0.24) 0.297 (0.10) 0.266 (4.51)

Rpt (n = 5), Rrt (n = 5), Rst (n = 7: determine the same sample solution at o, 1%, 2™, 4, 6%, 8", and 12" hour after it was prepared, respectively) and Rcp represent the results of
relative retention times and relative peak areas of precision test, repeatability test, stability test and ten characteristic peaks on UPLC fingerprint of the Hibiscus mutabilis L.

leaves from different locations in China, respectively

0.00 5.00 10.00 15.00 20.00
Minutes

Figure 1: Chromatographic fingerprints obtained from 10 samples from
different locations. S1 Anhui, S2 Zhejiang, S3 Zhejiang, S4 Jiangsu,
S5 Jiangsu, S6 Henan, S7 Jiangxi, S8 Sichuan, S9 Hunan, S10 Hubei

locations were shown in Figure 1 in different colors. RRT
and RPA of main peaks (>1% total peak area) detected
were often used to evaluate the quality of fingerprints.)
In this paper, 10 characteristic peaks with >1% total peak
area were selected as the common peaks and labeled from
peak 1 to peak 10 which showed in Figure 1. Peak 3 was
identified as rutin by using the standards and UPLC-TOF/
MS(Waters AcquityUPLC-BrukermicrOTOF-QII).Peak
9 with highest resolution and response was chosen as a
reference to calculate the RRT and RPA of all other peaks
which were shown in Table 2. From Table 2, the RSDs
of RRT of 10 characteristic peaks were not exceeding
0.49% which exhibited the consistency of compositions
in Hibiscus mutabilis 1.. leaves. However, RSDs of RPA were
relatively higher (the largest was 38.50%), and this result
exactly illustrated the differences of contents in sample
compositions from different sources.

Similarity analysis

Similarity analysis was reliable for evaluating the
chromatographic fingerprint of Hibiscus mutabilis 1. leaves
from various sources based on the correlative coefficients
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calculation of original data. The correlation coefficients
of similarity among the chromatographic profiles of the
10 batches of Hibiscus mutabilis 1.. leaves were calculated
by use of the professional software chromatogram
analysis and data management system for traditional
Chinese medicine. The calculated correlation coefficients
(r,,) were listed in Table 3. The results indicated that
the samples shared different correlation coefficients of
similarity, showing the differences of the internal quality
of these samples. The values of r_ are in the range
0 <r_<1.The larger the value of r__is, the more similar
the two samples are. When 7 equals 1, it is identical. It is
considered that two samples are worse similar when the
correlation coefficient below 0.8.7?" The similatity among
the samples S2, S6 and S10 were strongly high with the values
of r_>0.99, which were regarded as the most similar ones.
Compared to S1, S2, S6 and S10, the S5 sample was less
alike (< 0.80), while it had higher similarity with S7, S8,
S9 (., > 0.93). The results were accordance with the actual
patterns and peak shapes of the chromatograms [Figure 1].

Hierarchical clustering analysis

A hierarchical agglomerative clustering analysis was also
performed in order to further assess the resemblance
and differences among these Hibiscus mutabilis 1. leaves
samples. The RPA of 10 characteristic chromatographic
peaks in 10 batches of Hibiscus mutabilis 1.. leaves from
various sources formed a matrix of 10 X 10. The results
of HCA were shown in Figure 2. In HCA dendrogram,
the shorter distance between two samples indicated their
higher similarity and the samples clustered into the same
group were the most similar ones. The S2, S4, S6 and
S10 with higher similarity (r_> 0.95) were classed into
a cluster; moreover, the distance between S5 and S1, S2,
S6, S10 was farther with the less similarity (r, < 0.80)
among them. In addition, S5 and S9 were nearest, which
was in correspondence with their most similarity result
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Table 3: Evaluation of the similarities of samples from different locations

S1 S2 S3 S4 S5 S6 S7 S8 S9 $10
S1 1.0000 0.9395 0.9028 0.9727 0.7979 0.9644 0.9282 0.9143 0.8466 0.9607
S2 0.9395 1.0000 0.8077 0.9472 0.7083 0.9921 0.8500 0.8883 0.7714 0.9956
S3 0.9028 0.8077 1.0000 0.8920 0.8947 0.8499 0.9352 0.9194 0.9175 0.8319
S4 0.9725 0.9471 0.8919 1.0000 0.8451 0.9748 0.9605 0.9585 0.8912 0.9634
S5 0.7976 0.7082 0.8947 0.8451 1.0000 0.7725 0.9356 0.9417 0.9871 0.7364
S6 0.9644 0.9920 0.8500 0.9748 0.7725 1.0000 0.8993 0.9253 0.8280 0.9972
S7 0.9285 0.8501 0.9356 0.9605 0.9356 0.8993 1.0000 0.9708 0.9595 0.8747
S8 0.9143 0.8883 0.9194 0.9587 0.9419 0.9260 0.9708 1.0000 0.9688 0.9042
S9 0.8465 0.7713 0.9175 0.8912 0.9871 0.8280 0.9595 0.9688 1.0000 0.7968
S10 0.9607 0.9956 0.8319 0.9632 0.7360 0.9972 0.8735 0.9030 0.7968 1.0000

Source(s) of support:The Project of Public Technology and Application Research (Analysis) of Zhejiang Province (No. 2011C37036)
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Figure 2: HCA dendrogram for 10 batches of Hibiscus mutabilis L.
leaves

(r,. = 0.9871) above. To some extent, the cluster results
were consistent with SA.We concluded that the clustering
results could be caused by the differences of plant origin,
the effect of environment, season of collecting, storage
conditions, etc. of the samples.In clinical applications,the
most similar samples were often used to replace some
Chinese traditional medicines which were unavailable.

CONCLUSIONS

A method of UPLC combined with SA and HCA was
developed for chemical fingerprint analysis of Hibiscus
mutabilis 1. leaves in this paper. 10 characteristic peaks in
the chromatograms were selected as the common peaks
for identification of the UPLC fingerprints. Both RSDs of
RRT and RPA of 10 peaks were calculated with not more
than 3%, which proved that the established method was
suitable for fingerprint analysis to control the quality of the
Hibiscus mutabilis L. leaves. Above all, the similarity analysis
result showed abundant diversity of chemical constituents
qualitatively in the Hibiscus mutabilis L. leaves from different
locations based on calculating the correlation coefficients
between each two fingerprints. Besides, the HCA method
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clustered the samples into four classes, which showed the
close and/or distant relations among the 10 samples by the
dendrogram. The results derived from the two methods
wete consistent with each other. It had been showed that
the method of UPLC with the aid of SA and HCA was able
to identify objectively the samples from different locations.

The results also showed that UPLC possessed the
advantages of shorter analysis times, higher column
efficiency and less solvent consumption for the quality
control of the Hibiscus mutabilis L. leaves. These superiorities
make UPLC an attractive alternative to conventional HPLC
technique in TCM fingerprinting analysis. Therefore, the
method developed in this study would provide an important
reference to establish the quality control method for other
related TCM or preparations.
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