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Abstract

A new and rapid HPLC method for identification and determination of myricetin, quercetin, kaempferol and total flavonoids in ten
herbal drugs of Macedonian origin is presented. Preparation of samples (Uvae ursi folim, Pruni spinosae flos, Sambuci flos, Betulae
folim, Primulae flos, Herniariae herba, Centaurii herba, Tiliae flos, Robiniae pseudoacaciae flos, Bursae pastoris herba) included
hydrolysis of glycosides and extraction of total aglycones with ethyl acetate. HPLC analysis with UV-diode array detection was carried
out on RP C18 column, using 5% acetic acid and acetonitrile in agradient elution mode and column temperature of 30 °C. The moni-
toring of the elution is performed in the whole UV-range and the acquisition of data for quantitative analysis at 367 nm. Screening of
the extracts showed presence of quercetin in nine, kaempferol in seven and myricetin in only one sample. The quantitative analysis
showed that the content of quercetin ranged from 0.026-0.506 % (m/m), while for kaempferol it was from traces to 1.246 %. Uvae-
ursi folium and Pruni spinosae flos were rich in content of quercetin (0.482 % and 0.506 %, respectively), while Pruni spinosae flos
and Robiniae pseudoaccaciae flos contained the highest amounts of kaempferol (1.246 % and 0.892 %, respectively). Myricetin was
identified and determined only in Betulae folium (0.102 %). The content of total flavonoids in the investigated samples expressed in
terms of quercetin ranged from 0.040 to 1.680 %. The proposed HPLC method is convenient for use in routine analysis of myricetin,
quercetin and kaempferol, as well as for estimation of total flavonoids content in herbal drugs.
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used for establishing a spectrophotometric method for
determination of total flavonoids in Betulae folium (9).
The same method can be used for analysis of total
flavonoids in Sambuci flos or Tiliae flos (5). For the other
herbal drugs, it is recommended to check the accuracy and

reproducibility of the method.
Nowadays, high performance liquid chromatography

(HPLC) with spectrophotometric or electrochemical
detection is the method of choice for identification and

Introduction

A lot of commonly used herbal drugs are appreciated in
phytotherapy because of their flavonoid pattern. Flavonoids
have showed wide range of pharmacological activities,
including antioxidant, antimicrobial, spazmolytic, diuretic,
capilary protection, citostatic, etc (1-3). Quercetin is the
most important flavonol and many of the above mentioned
activities are due to its presence (1-6). Besides quercetin,

kaempferol and myricetin are also widely spread in the
plant kingdom (7).

The content of total flavonoids in plant materials has
been usually determined by spectrophotometric method
with AICl5 (8). The reaction between flavonoids with
OH-group at C-3 and/or C-5 positions and AI** ions was
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quantification of flavonoids. Besides other advantages, the
method gives the opportunity of simultaneous identifica-
tion and determination of flavonoids in plant extracts.
Some of recently published data considering HPLC meas-
urements of flavonols in fruits, vegetables, beverages (10-
13) and berry wines (14, 15) confirm the wide range of
possibilities of HPLC in flavonoid analysis in different
kinds of natural materials.
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Examination of flavonoids in Macedonian medicinal
plants was recently made for Helychrisum plicatum,
Hypericum perforatum, a large number of wild Thymus
species, etc. (16-18). Continuing our work on flavonoids in
medicinal plants, several herbal drugs used in Macedonian
folk medicine as spazmolytic, diuretic, antimicrobial and
diaphoretic agents (19) were chosen for further examina-
tion. According to literature data, determination of total
flavonoids with the above mentioned spectrophotometric
method is recommended for some of them (5, 8, 9). For
the other specimens no method for determination of
flavonoids has been suggested until now. The present
work is a contribution to the research of developing meth-
ods for identification and quantification of flavonoids in
different herbal drugs using HPLC method.

Experimental

Materials

Plant material: parts of plants (leaves, herbs, flowers)
were collected in the blooming season during summer
1999 and 2000 at different locations throughout the whole
territory of Macedonia. The materials were air-dried,
milled, packed in paper bags and kept in a dark and cool
place until analysis. The following specimens were inclu-
ded in the investigation: Uvae ursi folim, leaves of Arcto-
staphylos uva-ursi (L.) Spreng; Pruni spinosae flos, flowers
of Prunus spinosa L.; Sambuci flos, flowers of Sambucus
nigra L.; Betulae folim, leaves of Betula pendula Roth.;
Primulae flos, flowers of Primula veris L., Herniariae her-
ba, herbs of Herniaria glabra L.; Centaurii herba, herbs of
Erythraea centaurium (L.) Pers.; Tiliae flos, flowers of Tilia
platyphyllos Scop.; Bursae pastoris herba, herbs of Capsela
bursa pastoris (L.) Med., and Robiniae pseudoacaciae flos,
flowers of Robinia pseudoacacia L.

Reagents and authentic samples: The applied reagents
were of the highest purity (>99.95), acetonitrile HPLC
grade and glacial acetic acid (Merck, Darmstadt, Germany),
authentic samples of myricetin, quercetin, and kaempferol
(Extrasynthese, Lyon, France).

Extraction procedure

Milled plant material (2 g) was extracted twice with 50
ml of acetone, 2 ml of concentrated HCl and 1 mlof 1 %
solution of urotropine in water, each time. The extraction
was performed in an Erlenmeyer flask with reflux on a
boiling water bath for 30 min. The extract was then
cooled, filtered and filled to volume with acetone (100 ml).
Then 25 ml of this extract were transferred to a separating
funnel, 50 ml of water was added and extraction with eth-
yl acetate was repeated 3 times with 15 ml each. The eth-
ylacetate fractions were collected and washed three times
with 50 ml of water each, then dried with anhydrous

Na,SO,, filtered and evaporated to dryness under low
pressure. The residue was dissolved and filled to 10 ml
with methanol and this solution was used for identification
and quantification of flavonols by HPLC.

HPLC analysis

A Varian HPLC system equipped with a ternary pump
Model 9012 and UV-Diode Array detector Model 9065 and
a reverse phase column C18 (250 x 4.6 mm, 5 mm particle
diameter) were used. The mobile phase consisted of two
solvents: 5 % CH;COOH (A) and CH;CN (B) and the elu-
tion program was the following: 0-10 min 70% Asocratic,
10-20 min gradient to 40 % A and then 20-30 min40 %
A isocratic again. The flow rate was 1.0 ml/min and the
temperature was set to 30 €C. The elution was monitored
in the UV range and the acquisition of data for quantita-
tive analysis was performed at 367 nm.

Calibration was made in the concentration range of
0.049-0.490 mg/ml myricetin; 0.086-0.860 mg/ml
quercetin and 0.094-0.940 mg/ml kaempferol. The limit
of detection (LOD) and limit of quantification (LOQ) were
established by construction of a calibration curve in the low
concentration region (0.005-0.05 mg/ml) for quercetin.

Results and discussion

The results from the screening HPLC analysis of the
extracts obtained after hydrolysis showed that the main
flavonol component in the majority of samples was querce-
tin, followed by kaempferol. Identification of flavonols
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Fig. 1. Chromatograms obtained for a mixture of authentic
samples of myricetin (M), quercetin (Q) and kaempferol (K)
and from the extracts numbered from 1-10 as in Table 2,
with detection at 367 nm (X is the unknown flavonol
component) together with the UV-spectra of the flavonoid
components
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Table 1. Results of the qualitative analysis of flavonols in plant extracts after hydrolysis

Plant material Myricetin (M) Quercetin (Q) Kaempferol (K) Unknown (X)

tz-5.4 12-9.4 13-16.3 13-16.9

1 Tiliae flos - + 4t _

2 Uvae ursi folium - S + B

3 Pruni spinosae flos - ST o+ +

4 Sambuci flos - e+ + Tt

5 Betulae flos + . _ _

6  Primulae flos - 4+ ++ o+

7  Herniariae herba - ++ traces ++

8  Centaurii herba - ++ T+ _

9 Robiniae pseudoacaciae flos - traces A+ .

10  Bursae pastoris herba - + + .

" not found in the extract; ~" relative quantity approximated in relation to peak area at 367 nm.;

1z - retention time in min

was performed by comparing the chromatograms obtained
from the samples to the one obtained for the mixture of the
authentic samples of myricetin, quercetin and kaempferol
(Fig. 1, Table 1), using the retention times together with the
UV-spectra of the studied flavonols. The retention times
obtained for myricetin, quercetin and kaempferol were 5.4;
9.4 and 16.3 min, respectively. This elution sequence is
directed by their structural characteristics. All three
flavonols have the same substitution pattern in the A
flavone ring. Consequently, their elution pattern depends
only on the substitution in the B ring, which is as follows:
kaempferol has one OH-group in position 4°, quercetin two
OH-groups at 3°, 4’ and myricetin three OH-groups at 3,
4’, 5’ in the B-ring. As expected, the retention is affected
by the number of OH-groups and the order of elution from
the reverse phase column follows the rule: more polar (OH)
groups » less retention on the reversed phase (non-polar)
column » shorter retention time.

Screening of the extracts showed that quercetin is the
most abundant flavonol in Uvae ursi folium, Pruni spinosae
folium, Sambuci flos and Betulae folium, lesser amount was
found in Primulae flos, Herniariae herba, Centaurii herba,
Tiliae flos and Bursae pastoris herba, and only traces in
Robiniae pseudoacaciae flos. Kaempferol was found to be
most abundant in Pruni spinosae flos, Robiniae pseudoaca-
ciae flos and Tiliae flos, whereas myricetin was identified
only in Betulae folium. An unknown flavonoid component
was found in the extracts of Primulae flos, Herniariae her-
ba, Sambuci flos and Pruni spinose flos. Its UV-spectrum,
which is almost identical to the one of quercetin, and reten-
tion time close to kaempferol suggests that this is most
probably quercetin with one methylated OH-group (20).

The HPLC method used for screening analysis was then
employed for quantitative analysis of myricetin, quercetin
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and kaempferol. 367 nm was selected as optimal wave-
length for taking the areas of the peaks for quantification
because of the better selectivity for all three components
and the better sensitivity for myricetin and kaempferol
compared to 254 nm (for quercetin no significant differ-
ence in sensitivity was observed). The linear dependence
of the mass concentration of myricetin, quercetin and
kaempferol injected in the column was established in the
examined ranges and the linear regression equations,
obtained at 254 and 367 nm, with the corresponding coef-
ficients of correlation are the following:

myricetin

area = 6,4198-106 y
Rz = 0,9995

area = 7,2800-10¢ y
R2 = 0,9989

254 nm:

367 nm:

quercetin

area = 8,8234-100y
R2 = 0,9995

arca = 8,7838-10¢ ¢
R2 = 0,9992

254 nm:

367 nm:

kaempferol

area = 6,7326-10¢ y
R2 = 0,9989

area = 8,0530-100 y
R2 = 0,9999

254 nm:

367 nm:

The sensitivity of the method was determined for
quercetin by construction of a calibration curve in the con-
centration region approximated as a detection and quan-
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tification limit (550 mg/ml). The regression equation
or the low concentration curve for quercetin is: area
= 8.7913-106 g (quercetin), SD = 11278, R2 = 0.9980.

The limit of detection was calculated as three times the
ratio between the SD and the slope of the low concentra-
tion curve (LD=3-SD/slope) and the limit of quantification
as ten times this ratio (LQ=10-SD/slope) (21). For quercetin
the LD and LQ were found to be 0.004 mg/ml and 0.013
mg/ml, respectively. Having in mind the comparable
characteristics of these three compounds, the values for
LD and LQ for myricetin and kaempferol were estimated
according to the ratio of the slopes of the calibration
curves for quercetin and the other two flavonols. In this
way the LD for myricetin and kaempferol was estimated
as 0.005 and 0.004 mg/ml, and the LQ as 0.016 and
0.014 mg/ml, respectively.

The content of myricetin, quercetin and kaempferol in
investigated herbal drugs were determined in the extracts
obtained after acid hydrolysis of the plant material and
extraction of aglycones with ethylacetate. The results are
presented in Table 2. The content of total quercetin ranged
from 0.026 % in Bursae pastoris herba to 0.506 % in Pruni
spinosae flos, while the content of total kaempferol ranged
from 0.026% in Uvae ursi folium to 1.246 % in Pruni spinosae
flos. 0.102 % myricetin was determined in Betulae folium.

According to the obtained chromatograms, only the
investigated three flavonols together with the one marked
as X were identified as flavonoid compounds. They all have
similar UV-spectra (especially myricetin, quercetin and X)
which justifies the introduction of a method for estimating
the quantity of total flavonols in terms of quercetin as the
most readily available of all flavonoids. This method
involves summation of the areas of the peaks attributed to
flavonols (according to UV-spectra) obtained at 367 nm and

calculating the content of total flavonols expressed in terms
of quercetin. The results from application of this approach
are presented in the last column of Table 2, where accord-
ing to this criterion the flavonol content ranges from 0.040
to 1.680 % for Pruni spinosae flos which is the richest
sample in content of flavonols.

It is well known that Betulae folium and Sambuci flos are
appreciated in phytotherapy because of their flavonoid con-
tent. Among other measurements, quality control of these
herbal drugs includes spectrophotometric determination of
total flavonoids with AICl; (5). Thus the content of total
flavonoids in Betulae folium should not be less than 1.5 %
expressed as hyperozid, as well as 0.8 % for Sambuci flos,
calculated as isoquercitrin (5). In quality control of 7iliae
flos determination of the swelling index is accepted as a
quantitative standard although it is well-known that
flavonoids are probably the most important active compo-
nents in this drug. Other specimens, such as Primulae flos,
Pruni spinosae flos and Robiniae pseudoacaciae flos, con-
tain predominantly quercetin and kaempferol as flavonol
components (1-5). No method for quantitative determina-
tion of these components was suggested until now. On the
other hand, in quality control of Uvae ursi folim determina-
tion of arbutin was accepted as quantitative standard.
Among other investigations, bitterness index for Centaurii
herba and hemolytic index for Herniariae herba were
accepted as tests for evaluation of their quality, as well.

The present work offers a new and rapid HPLC method
for assay of flavonols and determination of myricetin,
quercetin, kaempferol and total flavonoids in herbal drugs,
which can be used in routine analysis of these plant mate-
rials. The method is particularly recommended for the
herbal drugs for which no method for quantitative stan-
dardization has been proposed yet.

Table 2. Results from determination of myricetin, quercetin, kaempferol and total flavonoids in air dried plant material (in %)

Plant material Myricetin Quercetin Kaempferol . Total ﬂe?vo*noids
/% /% /% (in quercetin) @/ %
. Tiliae flos - 0.046+0.002" 0.19420.004 0.238
2. Uvae ursi folium - 0.482+0.004 0.026+0.001 0.520
3. Pruni spinosae flos - 0.506+0.010 1.246+0.020 1.680"
4. Sambuci flos - 0.281+0.008 0.028+0.002 0.388"
5. Betulae flos 0.102+0.002 0.312+0.014 - 0.410
6. Primulae flos - 0.197+0.008 0.122+0.002 0.606"
7. Herniariae herba - 0.102+0.002 traces 0.226°
8. Centaurii herba - 0.092+0.008 0.072+0.002 0.182
9. Robiniae pseudoacaciae flos - 0.047+0.002 0.892+0.016 0.842
10.  Bursae pastoris herba - 0.026+0.002 traces 0.040

* the flavonol X is also considered;
" mean average content +SD (n=3).
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Conclusion

HPLC analysis of flavonols in 10 herbal drugs of
Macedonian origin, showed that quercetin is the most
abundant flavonol in Uvae ursi folium and Pruni spinosae
flos. Kaempferol was most abundant in Pruni spinosae flos
and Robiniae pseudoacaciae flos, whereas myricetin was
identified only in Betulae folium. The content of quercetin
ranged from 0.026-0.506 %, while for kaempferol it was
from traces to 1.246 %. The proposed HPLC method for
identification and determination of myricetin, quercetin,
kaempferol and total flavonoids is rapid and suitable for
use in routine analysis of flavonols in herbal drugs.
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Pe3ume

HPLC npenTnduxanuja u onpenesyBame MEPHIIETHH, KBePIETHH,
KemM@epoJ1 1 BKYNHU (DIABOHOUAM BO PACTUTEIHH APOTrH

Ceetnana Kynesanosa!*, Mapuna Credgosa?, Tatjana Kagugxona ITanosckas Tpajue Cracgunon?

I {ucituiuyit 3a ¢hapmarxozrosuja, Papmayesiticku gpaxyaitieiti, Boowarcka 17,1000 Croiije, P Makeoonuja
2Uncituinyiu 3a xemuja, [Ipupoono-maitiemaitiuuxu arxyaitieiti, it. ¢pax. 162, 1001, Croiije, P Makedonuja
I Unciauiiyin 3a iloxcukoaozuja, Dapmavesiticku ¢aryaitieiti, Boorwarcka 17, 1000 Crotije, P Makeoonuja

Kayunu 360poeu: pnaBonoMM, KBeprieTnH, Kemrdepoi, HPLC

Bo tpynot e npercrasen HOB 1 6p3 HPLC MeTop co ciekKTpodoToMeTpHCKa IeTeKIUja 3a UCHTH(HUKALM]a U OIIPENENy-
Balbe KBEPLUETUH, KeM(epos, MUPULETHH U BKYITHU (DJIaBOHOUAU BO JECET PACTUTENHU APOTU Off MAKEJOHCKO MOTEKIIO.
IMonroroBkara Ha pacturenHuoT marepujan (Uvae ursi folim, Pruni spinosae flos, Sambuci flos, Betulae folim, Primulae flos,
Herniariae herba, Centaurii herba, Tiliae flos, Bursae pastoris herba) BKIydyBa XuApONH3a Ha XETEPO3WIHUTE OOIWIN HA
(pnaBoHOMMTE U €KCTpaKlWja Ha BKYNHUTE (PIABOHCKU ariumkoHHu co eTun anerar. Bo HPLC ananusaTta € KopucTeHa
peBep3HO asHa KonoHa C18, rpaJueHTHO elyupame co cMelna Off 5% OLeTHA KUCENHA U allETOHUPUI U TeMIIEpaTypa Ha
konoHa 30 °C. KBanutaTuBHaTa aHanu3a Ha (praBOHOMANUTE MOKaXka MPUCYCTBO HA KBEPLETHH BO CBET UCIUTYBAHU IPHMe-
poru, fofeka KemgepoaoT Oelile HajieH Bo cefiyM. KBaHTUTaTUBHATA aHaIM3a MOKaxKa JiekKa KBEPLETUHOT € 3acTaleH BO
kosmaecTBo of 0,03-0,51 %, a kemcpeponoT off Tparu 1o 1,25 %. Uvae ursi folium (0,49 %) u Pruni spinosae flos (0,51 %) ce
CypoBHHH Hajooratu co kBepueTuH. CypoBunu 6oratu co keMdepon ce Pruni spinosae flos (1,25 %) u Robiniae pseudoacacie
Slos (0,89 %). Ipennokernor HPLC MeTop € IOTOfIeH 3a PYTHUHCKO OIpefielyBabe KBEepIEeTHH, KeMII(pepos, MUPULETHH
BKYIHH (hJIAaBOHOUAU BO HABEJICHUTE PACTUTEITHU IPOTHL
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