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ABSTRACT

The aim of this study was to compare the HPLC fingerprints of different Rehmannia Species to build a standard for
strengthening the quality control and species identification. The method was HPLC and the Chinese Medicine
Chromatography Smilarity Evaluation System and similarity and clustering analyses to the HPLC fingerprint
spectrum of different kinds of Rehmannia was performed. An optimized HPLC technique was obtained, and the
Rehmannia HPLC comparison fingerprint spectrum containing 18 featured fingerprint peaks was established. The 9
agriculture species were first divided into two broad categories and then further divided into four detailed
categories. It was concluded that the established spectrum could be used as the standard spectrum for Rehamnin
quality control since the chemical fingerprint spectrums of different Rehmannia species were different, and could
provide theoretical and technical support for quality control, species identification and classification of Rehmannia.

Keywords: Rehmannia gtutinosa, Planting Strains, HPLC, Fingerprint Spectrum

INTRODUCTION

Rehmannia gtutinosa Libosch is a perennial herb belonging to the Scutgriaceae family, and is a kind of common
Chinese medical material[1-2]. There are many afjtical strains of Rehmannia distributed acrossn@hAmong
them, “Guhuaigingfu” from Henan is the best witke longest history, and is one of the “Four huai icieds”.
After generations of natural selection and artificicreening, the germplasms of Rehmannia haversb@mificant
genetic varieties, forming many agricultural specand strains. The productivities and qualitiesddferent
agricultural species vary significantly. The prapmms of major effective components catalpol aneteside are not
always the same. Based on the producing methodsn&mia could be divided into fresh, raw and matwmees.
Since Rehmannia’s chemical components are comgticatatalpol and acetoside defined in the 2010 rf€de
Pharmacopoeia” could not thoroughly represent tiadity and efficiency of Rehmannia. Current quatipntrol of
Chinese medicine adopts mainly the Chemical fingetrppectrum monitoring system. However, the régubr
HPLC fingerprint spectrums are mostly about honekigurather than Rehmannia. Therefore, buildingaadard
chemical fingerprint spectrum is important for prbmg scientific reference for the quality evalweatj species
identification and classification of Rehmannia [B}:1This research utilized seven samples from ‘iBgiNo3” and
nine traditional agricultural species in Guhuanfingf Daodi producing area. Through HPLC fingerpspectrum
analysis, 18 feature peaks of Rehmannia were ¢etledJsing similarity calculation and clusteringabysis, we
identified and classified the agricultural speca® evaluated the qualities, and built the standdreimical
fingerprint spectrum.
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EXPERIMENTAL SECTION

1.1 Samples

Nine agricultural planting species from “Guhuanduigf Daodi producing area were collected as tdhlédmong

them, the No.6 agricultural specie “Beijing No.3&svthe most broadly planted. The samples werectetlefrom

seven different plots of the Huai region as tablenZach normal-growth region, 10 random samplesevgelected,
collected in November, 2011 and dried. All samplese identified as raw Rahmannia by Prof. Chongyar

from Henan Agricultural University. We smashedsalimples and filtered them with No.4 filter. Theails of the

samples are shown in Table 1 and Table 2.

Table 1 Nineagricultural speciesof Rehmannin gtutinosa

NO. 1 2 3 4 5 6 7 8 9
. hongshu new . . Beijing Beijing } Detoxified 85-5 Detoxified
Name shengjin — “ying taisi  Qnhuai o TNe g No.3 855 (G2) 85-5(G1)
. Wen Wen . Wuzhi Wen Wen Wen Mengzhou Wen county
Producingarea Wuzhi - - -
county county xiyuhui county county county Huagong viliage Zhaobao

Table 2 Beijing NO.3 from seven different plots

NO. 1 2 3 4 5 6 7
Producing area Wuzhi Wen count Wen Mengzhou Huagong Mengzhou Wen Wen
9 Xiyuhui Y county viliage Nankaiyi county county
Soil loam Yellgv;nlzlver Sandy loam Clay loam Sandy loam Mixed soll Mixed so
Drying ) ) ) ) . .
Coal fire Coal fire Steam Coal fire Coal fire Céiad Coal fire
methods

1.2 Equipment

The main instruments employed in the experimentuded AGILENT 1200 HPLC (including 1200 pump,
automatic sample injector, column oven, and diodayadetector (DAD)), Solvent Filter A, Ultra-Wat®wrifier,
Ultrasound cleaner, and Electronic balance (Shamkaision scientific instrument limited company).

1.3 Reagents

The main reagents used in the experiments wereoAitele(chromatographic pure, DeEn Chemical Reagen
limited Company, Tianjin), glacial acetic acid(chratographic pure, Fuyu precision chemical indusimjited
company, Tianjin), Ultra-pure water(Fresh preparedatalpol reference(Chinese Food Medicine idexdifon
Institute # 110808-201009), and Acteoside refererfGhinese Food Medicine identification Institute #
111530-201007).

2 Methodology

2.1 Chromatography condition

The filler was octadecyl silane chemically bonddita The fluid phase and detection wavelengtheneinosen
after referring to many articles and comparisone Tihal fluid phase was 0.4% acetic acid and adeten The
detection wavelength was 260 nm, the column teniperavas 30C, the fluid speed was 1 ml/min, and the sample
sice was 1Qul. The gradient wash conditions are shown in T&ble

Table 3 The conditions of gradient elution

Time(min)  0.3%acetic acid (%) acetonitrile(%)wavelength(nm)

0 97 3
10 90 10
25 67 33
35 50 50 260
40 20 80
55 20 80

2.2 Preparation of sample solutions

3.92 mg of catalpol and 4.02 mg of acteoside weegghed and put into 5 ml and 10 ml volumetric flask
respectively, dissolved by 50% methanol to thees@ald shaken to mix well. We precisely measured! 2fm
catalpol solution and 1 ml of acteoside solutiooyed to a 10 ml volumetric flask, and adjusteddales volume as
the reference solution.
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2.3 Preparation of Rehmannia solution
The collected samples were smashed and filteredw®ighed 1 g of each power, added into a 50 mkflaish plug,
then added 50 ml of 50% methanol, weighed and decbrAfter 90 min of sonication, we weighed afteoling

down the solution, and added weight to scale. Tihetisn was then shaken to mix well. We collectbd filtered
solution and made the marker.

2.4 Methodology Investigation
2.4.1 Precision test

One gram of the powdered Rehmannia (Sample No.¥) weighed precisely and used for preparing solution
according to the method in 2.3. Using the conditioB.1, the sample was eluted by 5 consecutiliagd of 10.0ul.
The result indicated that there was no obvious glaim the peak areas and peak maintaining timefiver

chromatographic peaks whose areas were larger2#amhe measured RSD% was smaller than 3%, shothing
good precision of the equipment.

2.4.2 Stability test

Sample solution was extracted as in section 2.3fided at time points of 0, 2, 4, 8, and 10 ho#fter the elution
according to the chromatographic condition in 2v&,got the spectrum figure. The result indicated there was no
obvious change on the peak areas and peak mangaiime for five chromatographic peaks whose amease
larger than 2%. The measured RSD% was smaller3¥arshowing the stability of the sample within dlbs.

2.4.3 Reproducibility test

The same sample was made 5 copies as the metlsedtion 2.3. The relative maintaining duration aedk area
of the chromatographic peaks were measured. Thé/R®Bs smaller than 3%, showing good reproducibility

RESULT AND DISCUSSION

3.1 Establishment of HPLC Fingerprint Spectrum

The sample solution was analyzed based on the @togmaphic condition above and the reference sapgd#ion

is shown in Figure 1. The Beijing No.3 samples fregwen different plots were made into test solusiod analyzed
using the same chromatographic condition. The HRIp@ctrum was analyzed using thinese Medicine
Chromatography Fingerprint Spectrum Smilarity Evaluation System Version A. In the standard fingerprint spectrum

we got from Beijing No.3, 17 peaks could be usedhasfeature peaks for all Rehmannia fingerprigcsum, as
shown in Figures 2-3 and Table 4.

.. | 1Catalpol :
a1 2Acteosids

nm BT 1.5 L B 0 2T
min
Fig. 1 HPL C of Mixed reference solution

Table4 Similarity evaluation of Beijing NO. 3 from 7 different plots

No. S1 S2 S3 S4 S5 S6 S7 R

S1 1 0.996 0.995 0.993 0.991 0.991 0.992 0.995
S2  0.996 1 0.996 0.995 0.997 0.995 0.992 0.995
S3  0.995 0.996 1 0.995 0.993 0.996 0.995 0.997
S4 0.993 0.995 0.995 1 0.996 0.997 0.991 0.993
S5 0.991 0.997 0.993 0.996 1 0.995 0.998 0.997
S6 0991 0.995 0.996 0.997 0.997 1 0.994 0.996
S7 0992 0.992 0.995 0.991 0.998 0.994 1 0.996
R 0995 0.995 0.997 0.993 0.997 0.996 0.996 1
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Fig. 2 Spectrum peak match of Beljing NO.3 from 7 different plots

Fig. 3 Beijing NO.3 reference fingerprint spectrum

3.2 Comparison of HPLC chemical fingerprint speetswf 9 different Rehmannia agricultural species
Rehmannia samples of 9 different agricultural speaivere made into test solutions. We compared theCH
fingerprint spectrums with that of Sample No.6 gsihe Chinese Medicine Chromatography Fingerprint Spectrum
Smilarity Evaluation System Version A; the results are shown in Figure 4 and Figure 5.

RBeijing NO.3; Sl. Samplesl; 2. Samples2; S3. Samples3; SA. Samples4; 5. Samples5; S6. Sanples6; S7. Samples 7; 8. Samples 8;
0. Samples 9

Fig. 4 PLC finger print spectrums of 9 agricultural rehmannia glutinosa species
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Table5 Similarity evaluation of 9 agricultural species

No. S1 S2 S3 S4 S5 S6 S7 S8 S9 R
S1 1 0.986 0.969 0.974 0.968 0.969 0.961 0.978 10.98.990
S2 0.986 1 0.974 0970 0.967 0.979 0.974 0.977 60.90.992
S3 0969 0.974 1 0.961 0.969 0.970 0.971 0.982 00.90.993
S4 0974 0.970 0.961 1 0.967 0.969 0.973 0.967 40.90.995
S5 0968 0.967 0.969 0.967 1 0.968 0.970 0.967 80.96.994
S6 0969 0.979 0.970 0.969 0.968 1 0.961 0.964 60.90.994
S7 0961 0.974 0.961 0.963 0.960 0.961 1 0.963 40.99.993
S8 0978 0.977 0.982 0.967 0.967 0.964 0.963 1  40.90.990
S9 0981 0976 0970 0974 0968 0976 0.974 0.974 0.992
R 0990 0.992 0.993 0.995 0.994 0.994 0.993 0.990920 1

The result indicated that the similarity of the HPEingerprint spectrums of samples No.6 from 7 atiéht plots
were all greater than 0.99, which met the stanadrthe Technical requirements of Chinese medicine injection
solution fingerprint spectrum research (temporary) version 2000. Therefore, the reference fingermpectrum of
Sample No.6 was eligible. Comparing Figure 1 amplifé 3, we could know that the peak 1 in Figurea3 watalpol,
and peak 10 was acteoside. Tables 4 and 5 showth®atsimilarity degrees of the HPLC fingerprint
spectrums obtained from all 9 species and thosevgrin all 7 plots were greater than 0.96. Therefor
the spectrum could be used as the standard cheminggrprint spectrum of Rehmannia

Using inter-group averaging method as the idemtifisy method, we took relative area values fromsBared
feature peaks of 6 agricultural species in Takdad performed cluster analysis as shown in Figure 5

-

- -

L I |
|

Fig. 5 Clustering analysis of 9 agricultural species of Rehmannia Glutinosa

From Figure 5 we could know that the nine samptegdcbe clustered into 4 categories: No8 MengzhetokKified
85-5 and No9 Wen county Detoxified 85-5 belongedrie category, No2 Hongshu King belonged to oneguay,
No3 Xintaisi, No 5 Beijing No.1 and Nol Shengjindmed to one category, and No4 Qinhuai, No7 85 o6
Beijing No.3 belonged to one category.

Based on the 20 feature peaks’ areas and heigletsconld divide the HPLC fingerprint spectrums oé t@
agricultural species into 2 general categoriesp@éks of Detoxified No8 and No9 were not obviouthwelative
small peak heights and areas, while 20 peaks opfgaNp1~No7 were obvious with relative large pealghts and
areas. The clustering analysis showed the samel.tié@ature peak 1 catalpol and peak 12 acteoside we
dramatically different. If we sort them by peakasgeit would be No6>No7>No4>No1>No3>No5>No2>No8>No9
which showed the same trend with clustering anslyNio.6 peak’s peak areas and heights of Sample ax4d8
Sample No 9 were the smallest, while the relatiwakpareas of other samples were all larger than R82k areas
and heights of other peaks were also different.

RESULTSAND DISCUSSION

4.1 Optimization of Chromatographic conditions

Based on the chromatographic result, we comparedhhomatographic difference between fluid phasdes.3%6
acetic acid, 1% acetic acid-methanol and acet@iffihe result showed that 0.4% acetic acid antbaisle were
the best fluid phases for separation with plentgtable peaks. The spectrum difference under 26@mr300 nm
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wavelengths was compared and the result showedhtagieak absorption under 260 nm was large arfdangtable
baseline. Therefore, this research adopted 0.4%caaeid as the fluid phase and 260 nm as the tietec
wavelength.

4.2 Optimization of extracting conditions
We explored the spectrums based on types, condidioration and quantity of extracting solutions.eTiesults
showed that sonication of 1 h in 50% methanol gheemost peaks and the best peak separation.

4.3 Establishment of the standard fingerprint spectof Rehmannia

So far, only Yumei Jia et.al use fresh Rehmanniayeb juice, and identified 12 peaks in common andt b
fingerprint spectrum of fresh Rehmannia, using @uétle-0.1 phosphate buffer solution as the flplthse and 215
and 230 nm as the detect wavelengths. Beijing R&Bmannia from 7 different plots, which occupies ldrgest

planting area and yields the highest productivityDaodi producing area, was chosen as the studpleamhe

sample was eluted with the condition in table 3eference fingerprint spectrum of Rehmannia fronodaHenan

was built and 17 relative large peaks were idetifas the feature peaks for Rehmannia. The resmwided a

quality control reference for Rehmannia in Daodénin.

4.4 Common features of different agricultural Rehmia species

After comparison, it was found that the group featof major peaks in fingerprint spectrums for@#amples were
basically identical: 17 shared peaks had correlatdative maintaining durations while the peaksinetommon
represented a relatively smaller proportion in gpectrum. Similarity degrees of 9 Rehmannia agucal species
were all greater than 0.9, which represented thative stability of the internal quality of Rehmaarin Daodi,
Henan. Therefore, the HPLC fingerprint spectrum eniadthis research could be used as the commonrapeéor
different agricultural Rehmannia species. Meanwhile proved the scientific value of the “One tasyltiple
evaluation” method provided by Zhimin Wang et 46]; who provided scientific reference for idemtiftion of the
two representing components defined in the 2010mpaeopoeia: catalpol and acteoside.

4.5 Differences in various agricultural Rehmanmpiscies

There are certain differences between peak arehp@ak heights of different agricultural specieas&l on the
peak areas and peak heights of 17 feature peaksliweed the agricultural species into two generategories
using clustering analysis-- Detoxified and Otherd ghen further classified them into 4 small categg Detoxified
Species had 17 relatively small feature peaks, lwinatched the low content for two parameters catedmd

acteoside of Detoxified 85-5 mentioned in the regeaf Jianjun Li et al. [4]. The mechanism of thaeds further
investigation. After combining fingerprint spectrusimilarity and clustering analysis to evaluate tjuality of
agricultural Rehmannia species, the species ideatidn would be more scientific, comprehensive étithg the

real situation. Our research provids theoretical #&echnical supports for the quality control andnggasm

identification of Rehmannia.
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