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ABSTRACT

In the present research, the indicator compoundsin Gardenia jasminoides
Ellisand Arctium lappa L. were purified and used as standards to analyze
the crudes and concentrated herbal extracts of local GMP manufacturers
with theaid of high-performance liquid chromatography. The methodsvali-
dation examinations were performed to confirm that these methods were
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precise and reliable. Thus they were subjected into the fingerprint chro-
matogram analyses of G. jasminoides and A. lappa and the results sug-
gested that the chromatographic fingerprints could improve the products

quality of thetraditional Chinese medicine preparations.

© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Thetraditiona Chinesemedicines(TCMs) arewell
known to contain multiple chemica componentsand
each compound may berelated to themedicine’s bio-
activity. Severd factors, including thevariousorigins,
different processing procedures, preserved conditions
and deposited years may |ead to the differenceinthe
contents of chemica constituents and compound de-
nominationsof herbal medicine, which havedirectim-
pact on thetherapeutic effects. Thusdiscrimination of
an herbal materid’s origin as well as determination of
itsbioactiveingredientsiscrucid in order to ensureits
authenticity, quality, safety and efficacy! . Despite of
itsexistenceand continuous uses over centuries, tradi-
tiond herbal medicineshavenot been officially recog-

nized in most countriesdue not only to thelack of re-
search datato support its safety and efficacy but also
to alack of adequate or accepted research methodol-
ogy for itsevaluation”. Nowadaysthere aretwo ma-
jor modes for quality control of traditional Chinese
medicines. First oneis selecting someknown active
congtituents or indicator compoundsfrom the herbal
drug asthequditativeand quantitativetargetsto assess
itsauthenticity and inherent quality. However, for herba
medicines derived from natural productswiththein-
herent uncertainty feature of their secondary metabolic
substances, the drawbacks of such aquality control
mode havearisen moreand morefrequently. Therefore
apractica approach, chromatography fingerprinting
generated from acomprehensi ve mode was subjected
to control thequality of herbal productsand the com-
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plex formulation of herba medicines. Thefingerprinting
procedureshaveemerged to beefficient for serid andy-
sesinquality control and stability testsof herba medi-
cine Itasoemphasizestheintegra formulation of phar-
meacol ogically activecomponentsand characteristic phy-
tochemical compoundsof sampleswith similar or dif-
ferent attributiong®2. Thequality consistency and sta-
bility of herba extractsor products can be assessed by
their integrd fingerprint patternsin quantified operation
procedures. Therefore, it wasformally introduced by
WHOIinMunichin 1991™, and subsequently accepted
by many countries. In the present study, theindicator
compoundsin GardeniajasminoidesEllisand Arctium
lappa L. had been extracted, purified, and identified
for their chemicd structures. In addition, theindicator
compounds were used as standardsto quantitatively
andyzethesetraditional Chinesemedicineswiththead
of high performanceliquid chromatography (HPLC) and
thevaidation examinationswere performed to confirm
that thesemethodswere preciseand rdligblefor quaity
evaluation. Thusthey could be utilized to control the
quality of Chineseherbal preparationsand thefinger-
print chromatogram analysesof themethanol extracts
of different herba preparationsof G jasminoidesand
A. lappa were accomplished under the assi stance of
thesemethods.

EXPERIMENTAL

General

All thesolventsincluding the HPL C-grade metha-
nol were purchased from Merck KGaA (Darmstadit,
Germany). The indicator compounds geniposide,
arctigenin, and arctiin were purified by our lab and the
chemical structureswereidentified by comparison of
their spectroscopic and physical datawith thosere-
portedintheliterature. The purity of al indicator com-
pounds, asdetermined by HPLC, wasbetter than 97.0
%4, Plant materials were extracted using a Major
ScienceLM-570R shekingincubator. High performance
liquid chromatography (HPLC) was performed on a
Shimadzu LC-20AT series pumping System equipped
withaShimadzu SPD-20A UV-Visdetector, aGemini
5u C18 column (4.6 mm x 250 mm, 5 um), and aSIL-
10AF autosampling system.

—= Fyll Paper
Plant material

Two batches of plant materials Gardenia
jasminoides (fruits) and Arctiumlappa (seeds) were
purchased inthe herba marketsin Tainan and Yunlin,
Taiwan, and named as GJT, GJY, ALT, and ALY, re-
spectively. Threedifferent concentrated herbd extracts
of G jasminoidesand A. lappa were purchased from
theloca herbd GMPmanufacturers(CompaniesA-C)
inTawan, and named asGJA, GJB, GJC,ALA,ALB,
and ALC, respectively. The voucher specimensand
herba extractsweredeposited in the herbarium of De-
partment of Biotechnology, Nationd FormosaUniver-
sty, Yunlin, Tawan.

Samplepreparationsfor HPL C analysis

All theanalyticd samples(1.0g) induding GJT, GJY,
GJA, GJB, GJC, ALT,ALY,ALA,ALB, andALC,
wereextracted with 10 mL methanol ina50 mL flask
respectively. The sampleswereextracted inashaking
incubator at 25 °C and 150 rpm for 30 min. The final
volumewasraised to 50 mL after the sol ution wasfil -
tered and kept at 4 °C for the analyses. The sample
solutionswerethen filtered through amembrane (0.45
um) before injection into a HPLC to quantifying the
bi oactive constituents according to thefollowing pro-
cedures.

Chromatography

Theelution gradient for theHPLC anaysisof G
jasminoides and A. lappa consisted of two solvent
compositions: methanol (solventA) and water (solvent
B). Gradient el utionfor solvent A wasasfollows. main-
tenance at aconcentration of 40 % for thefirst 5min,
thenincreaseto 65 % inthenext 20 min, then decrease
t0 40 % in 10 min, and hold for 10 min for the next
injection (5 uL each). The column and auto-sampler
wereset at ambient temperature; flow ratewas0.5mL/
min. The eluent was monitored by aUV detector at
240 nm for geniposide, and at 280 nmfor arctigenin
andarctiin.

Prepar ation of standar d solutionsand calibration
curves

G.jasminoides
Thereference compound geniposidewas purified
by our lab and its purity was determined by HPLC as
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99.8 %. Themethanolic standard sol utionwas prepared
with 1001.46 ng/mL of geniposide and stock solution
was prepared by mixing and dilutingthe original stan-
dard solutionwith methanol to achievefina concentra-
tionsof 50.07 pg/mL and then kept in brown glass bottles
and stored at 4°C for further analysis. Calibration curve
was congructed by plotting the pesk-areaversusandyte
standard solutions at various concentrations. In the
present study, the concentration rangeswere 50.07—
1001.46 pg/mL for geniposide.

A.lappa

Thereference compounds, arctigeninand arctiin
werepurified by our |ab and their puritieswere deter-
mined by HPLC as97.4 and 98.9 %, respectively. The
methanolic standard solutions were prepared with
486.01 and 492.60 pg/mL of arctigenin and arctiin and
the stock sol utionswere prepared by mixing and dilut-
ingtheorigind standard solutionwith methanol toachieve
final concentrationsof 9.72 and 9.85 ug/mL and then
kept in brown glass bottlesand stored at 4 °C for fur-
ther analysis. Calibration curveswere constructed by
plotting the pesk-areaversus andyte standard solutions
at various concentrations. Inthe present sudy, the con-
centration ranges were 9.72-486.01 pg/mL for
arctigeninand 9.85-492.60 pg/mL for arctiin.

Methods Validation: Reproducibility, precision,
and limit of detection and quantification

Thereproducibility and precision were measured
by repeatedly injecting aready-made sample pool and
expressed astherelative standard deviation of there-
aults. Anayseswith three different concentrationswere
performed. To determinetheintra-day variance, theas-
sayswerecarried out on the samesamplesat different
timesduring 1 day. Inter-day variancewas determined
by assaying the spiked samples over three consecutive
daysat the sametime each day. Thelimit of detection
(LOD) wasdetermined asthelowest concentration that
could bedetected with acceptable accuracy and preci-
son, whichwasachieved fromthepl ot threetimesabove
thenoiselevd.

MethodsValidation: Recovery

Therecovery from the sampleswaseval uated us-
ingthreedifferent concentrationscoveringthelinear range
of thestandard curve. After thesampl eswere processed

Hnalytical CHEMISTRY o

according to the methods mentioned earlier, theresult-
ing peak heightswere compared to the standard com-
pounds carried in mobile phaseto provide the recov-
ery values.

Satistical analysis

The datawere statistically anayzed by Excel soft-
ware and the analytical resultsare expressed asmean
+ standard deviation (SD). Relative standard devia-
tions(RSD) werecal culated from thesevalues.

RESULTSAND DISCUSSION

Optimization of theHPL C condition

In the devel opment of the HPL C method for the
fingerprint analysisand determination of indicator com-
pounds of G jasminoidesand A. lappa, severa sol-
vent systems (methanol -water, methanol-water-formic
acid, methanol -water-acetic acid, acetonitrile-water, ac-
etonitrile-water-formic acid, acetonitrile-water-acetic
acid) and separation columns (Zorbax ODS-4, Inertsil
ODS-3, HyperClone 5u ODS, and Gemini 5u C18)
were evaluated and compared. The methanol-water
system gave more symmetrical peaksand best separa-
tion compared with other solvent system. Among the
columnsexamined, theGemini 5u C18 columnwasdis-
played to be the most suitable and gave good peak
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Figurel: Chemical structuresof theindicator compounds
geniposide, arctigenin, and ar ctiin.
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separation and sharp peaks. Detection wavel ength was
also optimized in thiswork. Dueto the simple chro-
mophoreinitschemica structure(Figure 1), geniposide
show only absorption at 240 nm, whereas arctigenin
andarctiingeneraly show moresignificant UV absorp-
tionsat 280 nm based onthelignan basic skeleton (Fig-
ure 1). The maximum number and the heights of the
peaksof the congtituentswere obtained and thebasdline
of chromatogram was stable. Based on theresults, an
optimized HPLC analytical conditionwasdesigned as
described above.

Method validation

Thereproducibility and precision of aquantitative
method arethe degrees of agreement among theindi-
vidual test resultswhen the procedureis applied re-
peatedly to multiplesamplings. Thecalibration curve
parametersand limitsof detection (LOD) for thethree
indicator compoundsidentifiedin G jasminoidesand
A. lappaweredisplayed in TABLE 1. Thereproduc-
ibility of theanalytical method was performed and the
results showed that it was satisfactory with the RSDs
bel ow 0.98 %for any of thethreeindicator compounds
geniposide, arctigenin, and arctiin. All of thecorrdation
coefficients(r?) of the calibration curvesfor thethree
compounds were > 0.9999. The LOD values of
geniposide, arctigenin, and arctiin were 50.15, 48.60,
and 49.30 ng/mL, respectively. The precision of the
HPL C method developed for G jasminoides and A.
lappa was eval uated through the intra-day and inter-
day experiments. Among thelinear ranges, theRSDs
for thethreeindicator compoundsof theintra-day and
inter-day precisionswere found to belessthan 1.59
TABLE 1: Calibration curveparameter sand limitsof detec-

tion (LOD) for thethreeindicator compoundsidentified in G
jasminoides and A. lappa.

Correla

Calibra tion Linear LOD Reprodu
Compound  Tion coeffi range (ng/mL) RSDy
curve  cients (png/mL) (n=3) (%)
(r) °
i dde Y 45547 10.01-
Geniposide 340188 0.99999 1001.46 50.15 0.94
— Y- 9.72-
Arctigenin =~ 22137x  0.99999 486.01 48.60 0.47
+10548 '
y
Arctiin 16385x_ 0-99997 433256_0 49.30 0.98
45785

—— Fyll Peper

TABLE 2: Precision of theHPL C method developed for G
jasminoides and A. lappa.

Concentration |ntra-day  Inter-day
Compound
pg/mL Mean £ SD (RSD %)
51.91+023 5L82%0.50
50.07 (0.43) (0.97)
o 98.21+0.54 97.55+0.89
Geniposide 100.15 (0.55) (0.91)
100156+  1006.88=
100146 556(0.06) 9.93(0.99)
0.7 9.89+016 10.13+0.22
: (159) (2.15)
o 48.41+0.57 48.83+0.53
Arctigenin 48.60 (1.19) (1.09)
486.02+ 1.47 489.06=4.28
486.01 (0.30) (0.88)
085 10.76+0.06 10.81+0.08
: (0.59) (0.78)
} 48274032 4815+0.29
Arctiin 49.26 (0.66) (0.60)
492,68+ 1.95 499.48= 6.42
492.60 (0.40) (1.29)

TABLE 3: Recovery of thethreeindicator compoundsusing
intheHPL C method developed for G jasminoidesand A. lappa.

Spiked

Compound  concentration Rez:(;)v)ery I?O/So?
pg/mL

18.78 83.70£0.20 0.23

Geniposide 51.82 95.39+0.59 0.62

97.55 95.80+0.75 0.78

3.64 114.04+0.99 0.87

Arctigenin 10.13 104.92+0.57 0.54

48.83 103.91+0.79 0.76

6.99 92.75+1.40 151

Arctiin 10.81 9491+0.71 0.75

48.15 99.22+0.26 0.26

and 2.15 %, respectively (TABLE 2). A recovery test
was used to eval uate the accuracy of thismethod. The
recovery of theindicator compoundswas determined
by the addition of asamplewith known concentration
to the standard sol ution, and the mean recovery rate
wasfoundto beintherangesfrom 83.70t0 114.04 %
with satisfactory RSDsin therangesbetween 0.23 and
1.51% (TABLE3).

Analysisof chromatographicfingerprintsof the
analytical samples

The HPLC chromatographic fingerprint analysis
was applied to assessthe quality of the plant materials
and herbal extracts. Chromatograms of the five
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Figure2: HPLC fingerprint profilesof five methanol extractsof G jasminoides. (a) Raw materialspurchased in Tainan
(GJT); (b) Raw materialspurchased in Yunlin (GJY); (c) Herbal extract produced by Company A (GJA); (d) Herbal extract
produced by Company B (GJB); (€) Her bal extract produced by Company C (GJC); (f) Refer ence compound geniposide.

samplesof G jasminoidesand A. lappa and thein-
dicator compoundsweredisplayedin Figure2and 3,
respectively. InFigure 2 (a)-(e), three common peaks
in thefive chromatogramswere sel ected and among
them one characteristic peak, geniposide wasidenti-
fied by matchingitsretentiontime (RT) and UV spec-
trumto thereference standard (Figure 2 (f)). All the
peaksexhibitedin Figure 2 (a)-(e) werevery similar
and it could be deduced from these analyses that the

plant originsand preparative proceduresdid not have
significant impactsonthe chemical compositionof G
jasminoides. With similar steps as described above,
five peaks were selected and arctigenin and arctiin
were identified for A. lappa in Figure 3 (a)-(e).
Arctigeninistheaglyconeof arctiin, sothat arctiinmay
be hydrolyzed to afford arctigenin in the preparative
procedures. Thusthedifferences of the contentsfor
theindicator compoundswere found among the ana-
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Figure3: HPL C finger print profilesof fivemethanol extractsof A. lappa. (a) Raw materialspurchased in Tainan (ALT); (b)
Raw materialspurchased in Yunlin (ALY); (c) Herbal extract produced by CompanyA (ALA); (d) Herbal extract produced by
Company B (AL B); (€) Herbal extract produced by Company C (AL C); (f) Reference compound ar ctigenin; (g) Reference

compound ar ctiin.
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Iytical samples. The contents of arctigeninin samples
ALY and ALC were significantly more and that of
arctiinwascomparatively low inALC. It suggested
that the Company C may adapt the processes that
would hydrolyzethearctiinin higher percentages. The
presented chemicd fingerprintsmay enabledrug manu-
facturersto adjust the proportion of herbto preparea
standardized product with consistent biological activ-
ity. Thus, the fingerprint developed for different
samplesrepresentsadetailed chemical profilewhich
may be useful in theidentification aswell asquality
eva uation of thedrugs.

Although the contents of the marker compounds
inthe samplesvaried with their sources, the chemical
profilesamong theanaytical sampleswerevery smi-
lar. The chromatographic fingerprints showed similar
compositionsand full setsof detectable components,
inwhich not only most of the common characteristic
peakswere present but al so the peak-to-peak distri-
bution patterns were stable and consistent. Thus, it
could be concluded that the samplesfrom different
originshave sufficient smilarity in chemica composi-
tion to ensure the quality stability of thetraditional
Chinese medicines. Furthermore, the established fin-
gerprint methods of G jasminoidesand A. lappawere
convenient and feasible astool sfor speciesauthenti-
cation and quality assessment of theraw materialsand
herbal extracts.

CONCLUSION

Traditiona plant medicineswerewiddy used from
the ancient periods, such as peoplein China, India,
and European countries were accustomed to take
some medicinal plantsto cure somediseases. Empiri-
cally, theinexact denomination of aplantisthemain
fault that wasreported in thetraditional pharmaceuti-
calsmarkets. It can occur when plants are harvested
or handled. A great deal of errorswasfound in the
starting materid collected fromthe market. Traditiona
Chinese medicinal products based on plants were
collected from commercial manufacturers and the
problemsfound inthese productswererelated to the
naming of the constituent plantsand the conformity of
the product with the declared composition. The de-
veloped chromatographic fingerprintscould serveas

useful techniquesin differentiation of the plantsfrom
adulterantsand also in theimprovement of the prod-
uctsquality of thetraditiona Chinesemedicine prepa-
rations.
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