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Abstract

A qualitative and a quantitative reversed-phase HPLC method for the analysis of the flavonoids in Crataegus
have been developed. The qualitative fingerprint method allows the separation of the main constituents vitexin-2"-
O-rhamnoside, acetylvitexin-2"-O-rhamnoside, hyperoside, vitexin, rutin and chlorogenic acid. The quantitative
determination contains acid hydrolysis of the flavonoid glycosides to vitexin as main C-glycoside and quercetin as
aglycone in order to reduce the complex flavonoid pattern to two major compounds. This method, applied to the
quantification of several commercial samples, revealed good accuracy and precision. Compared to other, well
established methods (Ph. Helv. VII, DAB 10, Ph. Frang. X), the total flavonoid content, determined as vitexin and
quercetin after acid hydrolysis, was twice as high as the results obtained by applying the pharmacopoeial methods.
Collected plant material (Crataegus monogyna Jacq.) was investigated qualitatively and quantitatively on its
seasonal variations.

The HPLC fingerprint analysis can be used for qualitative analysis, especially to control identity of plant
material, extracts and preparations containing hawthorn, whereas the hydrolysis method is suitable for the
quantitative determination of flavonol-O-glycosides and flavone-C-glycosides with commercially available reference
standards.

1. Introduction

Crataegus (hawthorn) is widely used as
medicinal plant both in official and traditional
medicine. It shows numerous mild, but well
documented pharmacological activities [1] and
few side effects. Preparations of Crataegus im-
prove the heart function, and their indications
are cases of declining cardiac performance equiv-

* Corresponding author.

0021-9673/94/$07.00
SSDI 0021-9673(94)00345-A

alent to stages I and II of the NYHA (New York
Heart Association) classification, deficiency of
the coronary blood supply and mild forms of
arrhythmias [2].

The flowering tops and flowers are harvested
from Crataegus monogyna Jacq. emend. Lindm.
or Crataegus laevigata (Poir.) D.C. (synonym:
Crataegus oxyacantha L.) or, less frequently,
from other FEuropean Crataegus species
(Rosaceae). They contain flavonoids such as
hyperoside, vitexin, vitexin-2"-O-rhamnoside and
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acetylvitexin-2"-O-rhamnoside as well as oligo-
meric procyanidins and ( — )-epicatechin. These
two groups are considered to be the main active
constituents [1,3-5], and the standardization of
Crataegus leaves, flowers and preparations aims
at either the flavonoids or the oligomeric
procyanidins or at both.

The quantitative determination of the flavo-
noids by spectrophotometric analysis of the alu-
minium chelate complexes after acid hydrolysis,
as it is required by the German and Swiss
pharmacopoeias, is not very suitable for
Crataegus because at least half of the total
flavonoid content are C-glycosides [6] which can
not be hydrolyzed by acid and therefore are not
extracted with ethyl acetate and not determined.
By means of a HPLC fingerprint chromatogram
it could be shown in our laboratory that all the
vitexin derivatives remain to a large extent in the
aqueous solution which is discarded. This con-
firmed the results of previous works [6,7].
Besides, the prescribed wavelength of 425 nm
does not represent the absorption maximum of
the vitexin derivatives that have partially passed
into the ethyl acetate. Since this method com-
prises only the flavonol-O-glycosides and not the
flavone-C-glycosides, it is not accurate and yields
unsatisfactory results.

Nowadays reversed-phase high-performance
liquid chromatography (RP-HPLC) is the com-
monly used analytical separation technique for
polyphenolic compounds like flavonoids. Due to
the variability of column filling materials and
solvent systems, RP-HPLC exhibits a great po-
tential in separating complex mixtures of flavo-
noids and other phenolic compounds. Several
studies on correlations between structure and
retention time values of flavonoids have been
carried out [8-11], using isocratic or gradient
elution technique. They demonstrate the influ-
ence of the pattern of hydroxylation, degree of
unsaturation and glycosylation on the chromato-
graphic behaviour of a large number of flavo-
noids.

The HPLC fingerprint analysis has become a
useful and suitable method for quality control
and standardization of plant material and prepa-
rations. It requires good separation and resolu-

tion of the complex mixture as well as peak
purity control in order to prevent peak overlap-
ping. Davis and Giddings [12] developed a
method for the evaluation of the number of
components in multicomponent chromatograms,
which was applied to the analysis of plant ex-
tracts by Dondi et al. [13].

Several authors [6,14—17] described reversed-
phase HPLC fingerprint chromatograms for the
quantitative determination of the flavonoids in
Crataegus. They used the internal or external
standard method. The greatest disadvantage of
these analyses is that not all compounds are
commercially available reference standards.

Therefore a quantitative reversed-phase
HPLC method was developed which is based on
the reduction of the complex flavonoid glycoside
pattern to one major aglycone and one C-glyco-
side by acid hydrolysis [18]. The main flavonol-
O-glycosides hyperoside and rutin can be hydro-
lyzed to quercetin, while the principal flavone-C-
glycosides vitexin-2"-O-rhamnoside and acetyl-
vitexin-2"-O-rhamnoside react to vitexin. Quer-
cetin and vitexin are commercially available
standards which can be used for calibration
curves for the standardization of Crataegus plant
material and preparations. Beside this quantita-
tive method a fingerprint chromatogram for
quality control was elaborated.

2. Experimental
2.1. Plant material

The samples of Crataegus leaves and flowers
(Crataegi folium cum flore) were purchased from
different commercial sources (Dixa, St. Gallen,
Switzerland; Hinseler, Herisau, Switzerland).
Plant extracts were provided by Zeller (Romans-
horn, Switzerland). For the investigation of the
seasonal variations, leaves, flowers and fruits of
Crataegus monogyna Jacq. were collected
monthly in Buchs (Canton Zirich, Switzerland)
from April to October, 1993. The plant material
was identified by Dr. W. Lippert, Minchen,
Germany, and voucher specimens are deposited
in the Botanische Staatssammlung, Miinchen,
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Germany, and in the Herbarium ETH, Ziirich,
Switzerland. The collected plant material was
immediately dried at 35°C in a Salvis TSK 2 HL
dryer (Salvis, Emmenbriicke, Switzerland) for 48
h (leaves, flowers) and for 7 days (fruits).

2.2. Standards and solvents

Quercetin dihydrate (puriss.) was from Fluka
(Buchs, Switzerland); vitexin, isovitexin and
vitexin-2"-O-rhamnoside  (Rotichrom HPLC
grade) were from Roth (Basel, Switzerland).
Methanol, acetonitrile, tetrahydrofuran and iso-
propanol were of HPLC quality (Romil Chemi-
cals, Shepshed, U.K.). Orthophosphoric acid
(analytical-reagent grade) was purchased from
Siegfried (Zofingen, Switzerland) and hydrochlo-
ric acid (analytical-reagent grade) from Fluka.
Water was obtained using a NANOpure Car-
tridge System (Skan, Basel-Allschwil, Switzer-
land). Bond Elut C,; (500 mg) extraction col-
umns used for sample clean-up were purchased
from Analytichem International (ICT, Basel,
Switzerland).

2.3. Instrumentation and column

All HPLC analyses were performed using a
Hewlett-Packard instrument (Model 79994A
analytical workstation, Model 1090 liquid
chromatograph, Model 1040 diode-array detec-
tor). A Knauer (Berlin, Germany) prepacked
column cartridge (100 X4 mm 1.D.) filled with
Hypersil ODS 5 pm (Shandon, Runcorn, U.K.)
was used for all chromatographic separations. A
EF4 Modulyo (Edwards AG, West Sussex,
U.K.) was used for freeze-drying the tea prepa-
rations.

2.4. Chromatographic conditions

Fingerprint

The mobile phase was optimized using the
“PRISMA” system [19]. It consisted of sol-
vent A [tetrahydrofuran—acetonitrile-methanol
(92.4:3.4:4.2, v/v/v)] and solvent B (0.5%
orthophosphoric acid). The elution profile was:
0-12 min 12% A in B, 12-25 min 12% to 18% A

in B (linear gradient), 25-30 min 18% A in B.
The flow rate was 1.00 ml/min, the column
temperature 25.0°C and the injection volume 10
pl. The UV detector was set at 370 nm, 336 nm
and 260 nm.

Determination of vitexin after acid hydrolysis

The mobile phase consisted of solvemt A
[tetrahydrofuran—isopropanol-acetonitrile (10:8:
3, v/v/v)] and solvent B (0.5% orthophosphoric
acid). The separation was carried out using
isocratic elution (0-13 min 12% A in B) with a
flow rate of 1.00 ml/min and a column tempera-
ture of 25.0°C. The injection volume was 5 ul,
and UV detection was effected at 336 nm and
260 nm.

Determination of quercetin after acid hydrolysis
The analyses were performed by gradient
elution: 0-15 min 30% A (methanol) in B (0.5%
orthophosphoric acid) to 55% A in B. The flow
rate was 1.00 ml/min, the column temperature
25.0°C and the injection volume 10 upl. UV
detection was performed at 370 nm and 260 nm.

2.5. Sample preparation
Qualitative analysis

Fingerprint

3 g of dried and pulverized plant material or 2
g of dried plant extract were refluxed with 60 mi
of methanol 80% for 60 min, filtered and reflux-
ed with 40 ml of methanol 80% for another 10
min. The filtered extract was evaporated under
vacuum to about 20 ml and diluted to 25.0 ml
with 80% methanol. 5.0 ml of this solution were
filtered through a Bond Elut C,; cartridge for
sample clean-up and diluted to 10.0 ml with 80%
methanol. A 10-ul volume of this solution was
injected into the chromatographic system.

Quantitative analyses

Method 1. (acid hydrolysis)

8 g of dried and pulverized plant material or 6
g of dried plant extract were extracted in a
Soxhlet apparatus with 150 ml of methanol for 5
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h. The extract was evaporated under vacuum to
about 80 ml and diluted to 100.0 ml with metha-
nol. For the determination of vitexin, 25.0 ml of
Llllb bUluLlUll auu lU llll Ul LJ /0 u'y'urOC|uU1 lb auu
were refluxed for 90 min. For the determination
of guercetin, 25.0 ml of the extraction solution
and 2 ml of 25% hydrochloric acid were refluxed
for 60 min. After cooling the hydrolyzed extracts
were diluted to 50.0 mi. 5.0 ml of these solutions
were filtered through Bond Elut C,; cartridges
for sampie ciean-up and diluted to 13.0 mi with
methanol. A 5-ul (v1tex1n) and 10-ul (quercetm)

volume of these solutions were iniected
volume of these sclutions wer €CLea

HPLC system.
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Method 2 (quantitative fingerprint)

5.0 ml of the extraction solution of method 1
were filtered through a Bond Elut C, cartridge
for sample clean-up and diluted to 10.0 ml with
methanol. A 10-ul volume of this solution was
injected into the chromatographic system.

Method 3
This method was according to Ph. Fran¢. X.

Method 4
This method corresponded to Ph. Helv. VII

To 1.8 g of dried plant material 150 ml of
boiling water were added and stirred from time
to time. After 20 min the tea was filtered, and
the filtrate was freeze-dried for further inves-
tigations. The quantitative determination was
effected by applying method 1.

2.6. Determination and calibration

The determination of vitexin and quercetin for
method 1 was performed using the external
standard method and calculating the peak areas.
The calibration curves were obtained with eight
samples of various concentrations using linear
regression analysis. Each sample was measured

th o
three times. Over the selected concentration

range of 46 ng/ml to 276 pg/ml for vitexin and
27 pg/ml to 176 ug/ml for quercetin the cali-
bration curves showed a linear detector re-

sponse. The correlation coefficients were 0.9995
for both vitexin and quercetin.

During the acid hydrolysis vitexin is partially
converted into isovitexin lAU] duc to a Wessely—
Moser rearrangement [21], and an equilibrium
mixture of both isomers results. Under the
conditions mentioned above, the hydrolysis mix-
ture consists of mainly vitexin and approximately
6% isovitexin. Isovitexin was calculated as vitex-
in by summing the peak areas. There was no
significant difference (p <0.001) between this
calculation and the determination with an addi-

tional calibration curve for isovitexin,
fionai canpralion curve 1or vitexin

The quantitative determination of vitexin-2"-
O-rhamnoside and hyperoside for method 2 was
carried out with external standards (six-point
calibration). The correlation coefficients were
0.9993 for vitexin-2"-O-rhamnoside and 0.9990
for hyperoside Acetylvitexin -2"-O-rhamnoside

was LdlLUIdlLU as VILUXIU" “U llldlllllUblUC ‘duu

rutin as hyperoside.
For method 3 the quantitative determination

of vitexin-2"-O-rhamnoside and hyperoside was
performed using external standards (one-point

calibration).

"
s
=

separations was verified with columns from sev-
eral batches. The fingerprint method and the
determination of quercetin after acid hydrolysis
were reproducible on five different column bat-
ches, the separation of vitexin, isovitexin and
vitexin-2"-O-rhamnoside for the determination of
vitexin after acid hydrolysis was reproducible on
three columns. All chromatographic analyses
were reproducible on a second HPLC instrument
(Hewlett-Packard HPLC'™ ChemStation, 1090
L.C Series 1I).

3. Results and discussion

22 d o
u yur

21 S T P
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The preparation of the plant material was
performed by continuous, exhausting extraction
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in a Soxhlet apparatus. Other extraction methods
like reflux or turbo extraction, which are pro-
posed by various authors [6,14,18] were tested,
but they revealed only incomplete extraction of
the flavonoids, even if repeated several times.
The resulting flavonoid content was at least 15%
lower.

The hydrolytic conditions for the flavonoid
glycosides were examined in a first step using
reference standards (hyperoside and vitexin-2"-
O-rhamnoside), subsequently transferred to the
plant material and finally optimized. For the
hydrolysis of hyperoside and other flavonol-O-
glycosides mild hydrolytic conditions are suffi-
cient. The vitexin derivatives vitexin-2"-O-rham-
noside and its acetate require more hydrochloric
acid and a longer time of refluxing for a com-
plete hydrolysis. These conditions again are too
strong for the flavonol-O-glycosides and lead to a
loss of 15-20% of quercetin. Similar results were
found by other authors [22] who report a signifi-
cant degradation of 10-20% of quercetin due to
an increased acid concentration and an increased
reaction period. The fact that quercetin is par-
tially decomposed by the acid and by the heat
might also explain the inferior recovery of quer-
cetin and hyperoside compared to vitexin and
vitexin-2"-O-rhamnoside (see below). Therefore
these two groups of glycosides are hydrolyzed
and analyzed separately.

3.2. Qualitative analysis

Five commercial samples (Crataegi folium cum
flore) were examined for their flavonoid compo-
sition. They all showed rather uniform finger-
print chromatograms with vitexin-2"-O-rham-
noside, hyperoside and acetylvitexin-2"-O-rham-
noside as main peaks in similar relative con-
centrations. Beside little amounts of vitexin and
rutin, chlorogenic acid was detected in all sam-
ples (see Fig. 1). In contrast to that the collected
plant material (Crataegus monogyna Jacq.) con-
tained no acetylated vitexin-2"-O-rhamnoside.
Lamaison et al. [14] obtained contrary results.
They found the acetylated vitexin-2"-O-rham-
noside only in the leaves of Crataegus mono-
gyna, but not in Crataegus laevigata.
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Fig. 1. Typical HPLC fingerprint chromatogram of hawthorn
leaves with flowers. For conditions, see Experimental.

In all samples of collected plant material we
could detect vitexin-2"-O-rhamnoside, hy-
peroside, vitexin, rutin and chlorogenic acid,
but, however, considerable differences con-
cerning the relative concentrations could be
made out, depending on the part of the plant
and on the stage of development. In the flowers
(collected in the beginning of May) we found,
corresponding to other authors [6,7,14], hy-
peroside as main constituent, whereas vitexin-2"-
O-rhamnoside was predominant in the leaves
over the whole collecting period. The wooden
branches exhibited flavonoid patterns similar to
the leaves, but at low concentrations and with
relatively more hyperoside. The fruits (collected
from August to October) revealed mainly hy-
peroside and notable amounts of rutin, but
almost no vitexin-2"-O-rhamnoside. Also the
flowers showed a remarkable amount of rutin,
while in the leaves it was, as well as vitexin,
present only in minor concentrations.

The drying of the collected plant material had
no influence on the flavonoid composition. We
found no qualitative differences and the same
relative concentrations in the fingerprint chro-
matograms of dried and fresh plant material.

3.3. Quantitative analysis

Five commercial samples (Crataegi folium cum
flore) were quantified by the hydrolysis method
described above in order to obtain some in-
formation on its precision and accuracy. The
relative standard deviations (n =3 or 6) were
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between 1% and 3% in all samples. The re-
coveries were determined by twice adding two
different amounts of each vitexin and vitexin-2"-
O-rhamnoside and two different amounts of
quercetin and hyperoside at the beginning of the
sample extraction. For vitexin-2"-O-rhamnoside
and hyperoside the theoretically expected
amounts of vitexin and quercetin, assuming a
complete hydrolysis, were calculated. The re-
coveries were, on an average, 96.4% for vitexin
and 91.5% for quercetin. This indicates almost
complete hydrolysis and only little loss of com-
pounds during the sample preparation.

Twelve batches of dried leaves, flowers and
fruits of Crataegus monogyna Jacq. at different
plant development stages were examined for
their flavonoid content using method 1 (see Fig.
2). The highest amount of total flavonoids was
found in the leaves during the pre-flowering time
(April) and the flowering time (beginning of
May). Afterwards the total flavonoid content in
the leaves decreased and remained at a rather
constant level, comparable with the flowers. The
fruits, which contain mainly oligomeric and poly-
meric procyanidins [23], exhibited very low
flavonoid concentrations, so that their flavonoid
determination and standardization could be left
out. The flowers and leaves revealed remarkable
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Fig. 2. Flavonoid determination by the hydrolysis method of
Crataegus monogyna Jacq. at different stages of develop-
ment.

differences concerning the ratio of vitexin and
quercetin: the ratio was 0.4 in the flowers, but 7
in the leaves at the beginning of the collecting
period, decreasing to 0.8 in October.

These results are in accordance with the re-
sults of other authors who report the maximal
flavonoid content for the leaves during the pre-
fiowering and the flowering time in May [23,24],
with an increasing amount of flavonol-O-glyco-
sides towards the end of the vegetation period
[24]. Taking into consideration the obtained
results, it is recommendable to harvest both the
leaves and flowers during the flowering time to
get on the one hand the highest content of total
flavonoids and, on the other hand, a well-bal-
anced proportion of flavonol-O- and flavone-C-
glycosides.

With the intention to get some information on
the validity of the hydrolysis method, it was
compared to three other quantitative methods
(methods 2—-4). Two commercial samples 1 and 2
(Crataegi folium cum flore) were quantified by
these four methods. The results are represented
in Table 1. Statistical calculations were carried
out by means of the two-tailed Student’s t-test.

In both samples the total flavonoid amount
obtained by method 2 was 6-6.5% higher (sig-
nificant; p <0.001) than by method 1. We aiso
found differences concerning the relative con-
centrations of flavonol-O-glycosides and flavone-
C-glycosides : the ratio of vitexin-2"-O-rham-
noside to hyperoside was 1.9 with method 1, but
2.8 with method 2. These differences were sig-
nificant (p <0.001).

Methods 1 and 2 consider the whole spectrum
of flavonoids, that is to say the flavonol-O-glyco-
sides and the flavone-C-glycosides and yield
similar amounts of total flavonoids. Neverthe-
less, method 1 should have priority, because
after a simple hydrolysis procedure in order to
reduce the flavonoid pattern to two compounds,
it is possible to perform the quantitative de-
termination with only two reference standards,
whereas with a fingerprint method (like 2) more
reference substances and calculating factors are
needed.

The results obtained with method 3 were
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Table 1

Quantitative flavonoid determination of two samples by four different methods

Method Flavonoid content (%, dry weight)
Sample 1 Sample 2
VR “ H*® L VR H* Le
Method 1 ¢ 0.957 0.503 1.460 0.885 0.460 1.345
(acid hydrolysis) (1.9) 2.3) (1.9) 3.2) 2.0) 2.4)
Method 2 1.130 0.415 1.545 1.065 0.372 1.436
(fingerprint) (2.0) 3.5) (2.3) (1.8) 4.1) (2.3)
Method 3 0.493 0.289 0.783 0.341 0.359 0.700
(Ph. Frang. X) (8.2) 1) (6.0) (2.0) (3.5) (1.6)
Method 4 0.734 ¢ 0.721°
(Ph. Helv. VII) (7.0) (7.3)

“ Mean (n = 6) content of vitexin-2"-O-rhamnoside (VR) with relative standard deviation (%) in parentheses.
® Mean (n = 6) content of hyperoside (H) with relative standard deviation (%) in parentheses.
;Total flavonoid content, obtained by summing vitexin-2"-O-rhamnoside and hyperoside.
To compare the results with those of methods 2 and 3, vitexin was calculated as vitexin-2"-O-rhamnoside and quercetin as hyperoside.
‘ Mean (n = 6) of total flavonoid content with relative standard deviation (%) in parentheses.

clearly lower, although this method is, in princi-
pal, similar to method 2. The significant (p <
0.001) loss of about 30% of hyperoside com-
pared to methods 1 and 2 is mostly due to the
incomplete extraction of the plant material. The
significant (p <0.001) decrease of 50-60% of
vitexin-2"-O-rhamnoside compared to methods 1
and 2 resulted from the non-consideration of the
acetylated vitexin-2"-O-rhamnoside. Since this
compound is not commercially available, an
inserted hydrolysis step or summing the peak
areas of vitexin-2’-O-rhamnoside and acetyl-
vitexin-2"-O-rhamnoside could easily include it.

Method 4, which determines the total flavo-
noid content, calculated as hyperoside, revealed
results in the range of those of method 3. It is, as
criticized often [6,7,15,18], not specific and neg-
lects the flavone-C-glycosides. It should not be
applied to herbal drugs with a considerable
content of flavone-C-glycosides.

The obtained results are in agreement with

those reported by other authors: Lamaison et al.
[15] found in samples of Crataegi folium cum
flore 1.74% of total flavonoid content by means
of an HPLC fingerprint analysis, but only 0.91%
with the spectrophotometric determination. Ap-
plying the method of Ph. Frang. X they obtained
0.56% of hyperoside and 0.54% of vitexin-2"-O-
rhamnoside. Wagner et al. [6] determined 1.87%
of total flavonoids in Crataegi folium cum flore
by HPLC fingerprint analysis and 1.20% by
spectrophotometric quantification.

A tea preparation, according to the prescrip-
tion in the experimental part which is based on
literature [25, 26], was quantified by method 1.
From the given single dose of 1.8 g plant materi-
al (which is prescribed 2-3 times daily), 10-15
mg flavonoids, calculated as hyperoside, were
extracted by hot water. This was only half as
much as could be extracted by an exhausting
extraction with methanol, but it is, already in a
single dose, more than the required minimal
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daily dose of 10 mg total flavonoids, calculated
as hyperoside [2]. The tea preparation was
additionally examined for the qualitative compo-
sition. It revealed exactly the same fingerprint
chromatogram as an extract with 80% methanol.

4. Conclusions

The flavonol-O-glycosides and the flavone-C-
glycosides seem to exhibit qualitatively and
quantitatively ~different pharmacological ac-
tivities [27]. Concerning the inhibition of the
3',5'-cyclic adenosine monophosphate phos-
phodiesterase, hyperoside as flavonol-O-glyco-
side showed a clearly higher potency than the
flavone-C-glycosides vitexin, vitexin-2"-O-rham-
noside and acetylvitexin-2"-O-rhamnoside
[28,29]. C-glycosides are generally considered to
be poorer inhibitors than O-glycosides [29,30],
and flavonols exhibit a higher inhibitor potency
than flavones [31]. On the other hand, for
various flavones and flavone-C-glycosides
(among them vitexin) an antiarrhythmic and anti-
ischaemic activity was demonstrated [32]. A
positive inotropic effect and an increase of the
coronary blood flow was revealed by vitexin-2"-
O-rhamnoside, but not by hyperoside [33]. Tak-
ing this aspect into consideration, it is certainly
advantageous to have the possibility of determin-
ing flavonol-O-glycosides and flavone-C-glyco-
sides separately. Therefore we consider acid
hydrolysis of the flavonoids to quercetin and
vitexin as the most convenient method nowadays
for the quantitative analysis of flavonoids in
hawthorn as well as for the standardization of
hawthorn extracts and preparations.
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