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Polyphenol-rich diet decreases cardiovascular risk. LDL oxidation is the primary event in atherosclero-
sis plaque formation and antioxidants such as polyphenols were shown to inhibit LDL oxidation and
atherosclerosis development. Hawthorn (Crataegus) and derived pharmaceuticals are rich in polyphe-
nols and already prescribed to treat moderate heart failure, nervousness and sleep disorders. Extracts
either from fresh plant parts (flower buds, flowers, young leaves or green fruits) or from dried pharma-
ceutical parts (flowers and flowering tops) were previously shown to be effective inhibitors of lipoperox-
idation and scavengers of oxygen species. In this study, the capacity of total and ethyl-acetate ex-
tracts from dried pharmaceutical flowers, tops and fruits to inhibit Cu?*-induced LDL oxidation was
tested. This capacity was positively linked to their content in total polyphenols, proanthocyanidins
(global and oligomeric forms), as well as to their content in two individual phenolics: a flavanol, the
dimeric procyanidin B, and a flavonol glycoside, hyperoside. Flavanol-type phenolics showed to be
higher active than the majority of the flavonoids tested in inhibiting Cu?*-induced LDL peroxidation.

This study suggests that hawthorn could be a source of polyphenols able to inhibit LDL oxidation.

1. Introduction

Interest in the pharmacological properties of hawthorn
(Crataegus) is growing in therapeutics, since derived phar-
maceuticals and extracts are known and recognized to im-
prove the coronary blood flow and cardiac contraction in
moderate heart failure not requiring a major cardiotonic
therapy (Stages I and II according to NYHA), as well as in
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the ageing heart [1, 2]. These interests and uses are particu-
larly evident in Germany owing to the classification of
hawthorn — based pharmaceuticals among the cardiac re-
medies. Hawthorn is also generally prescribed as a sedative
to treat nervosity and sleep disorders, property receiving
preference in prescription and automedication in France.

The plant parts registered in many Pharmacopoeias (flowers,
tops — i.e flowers with leaves —, and fruits) are rich in
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polyphenols [1], mainly flavonoids (ca 1—2% in dried
tops) and proanthocyanidins (ca. 1—3% in dried tops). The
major flavonoids in hawthorn are flavonol derived glyco-
sides like hyperoside (quercetin-3-O-galactoside), predomi-
nant in flowers and fruits, or like the flavone glycoside
vitexin-2”-O-rhamnoside. The main flavanols are (—) epi-
catechin and the dimeric procyanidins B, and Bs,

During a long period, reports on the pharmacological
properties of hawthorn in animals could mainly be found,
but in the last years clinical trials in human therapy be-
come more numerous. In both animals and humans the
capacities of hawthorn extracts to avert heart failure, im-
prove coronary blood flow and protect the vascular wall
have been related to their polyphenol content [3—5, 6]. In
these reviews, hyperoside was reported to enhance the cor-
onary blood flow, but the fraction of low-polymerized oli-
gomeric proanthocyanidins (OPC) proved to be more po-
tent [7]. Furthermore, hawthorn extracts and particularly
their OPCs were highly active per os in inducing protec-
tion against cardiac ischemia in rats [7].

Numerous polyphenols are active antioxidants: hydroxy-
cinnamic acids, caffeic and phenylpropanoid derivatives,
flavonoids, flavanols including catechins and proantho-
cyanidins [8—13]. Hawthorn is rich in flavonoids and
flavanols [14].

In a previous work, we showed that the antilipoperoxida-
tive effects of extracts from different fresh hawthorn parts
were linked to their phenolic content and particularly to
their proanthocyanidin concentration [15]. Oxygen species
scavenging by different extracts from dry flowers, fresh
plant parts, cell cultures, and hawthorn-based pharmaceuti-
cals were shown to depend on their total phenolic and
proanthocyanidin yields [16, 17].

The aim of the present work is to study the protective
effects of extracts obtained from the dried pharmaceutical
hawthorn parts, to establish a relation with the phenolic
contents and with a potentially more active category of
phenolics.

2. Investigations and results
2.1. Activity of reference phenolics

The Fig. shows that the flavanolic-type derivatives (epica-
techin, procyanidins B, and Bs) were highly active inhibi-
tors of Cu’*-induced LDL oxidation: epicatechin [(—)E]
drastically inhibited LDL oxidation (EDsy=0.79 uM)
while procyanidin B, and Bs dimers [B,, Bs] were less
active (respective EDsgp = 1.49 and 1.42 uM) (Fig.). The
flavonoid derivatives quercetin [Q.] and hyperoside [Hyp.]
were also efficient against LDL oxidation, but not as
effective as flavanols since their EDsy ranged from
1.92 (quercetin) to 1.96 uM (hyperoside). Vitexin-2"-O-
rhamnoside (not shown) was a very poor inhibitor
(EDsp = 847 uM). It should be noted that one flavonoid
derivative, isoquercitroside [IQ.] differed from the two
others and was a potent inhibitor of LDL oxidation
(EDsp = 1.08 uM). The EDs; of the hydroxycinnamic de-
rivative chlorogenic acid was 2.6 uM.
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Fig.: Inhibition of LDL oxidation by reference phenolics (uM). Abbrevia-
tions for all fig. and tables: Chloro. Ac. = chlorogenic acid, Hyp. =
hyperoside, Q. = quercetin, IQ. = isoquercitroside, B2 = B2 procya-
nidin, B5 = B5 procyanidin, (—)-E = (—)-epicatechin

2.2. Total extract contents and activities

All polyphenols were more abundant in total extracts (TE)
of flowers and tops (Table 1) than in TE of fruits. In
flowers, total phenols, global proanthocyanidin (GPC) and
flavonoid (Flav.) yields were approximately twice as high
than in tops. Total phenols, GPC and flavonoid concentra-
tions were very low in the fruit TE. There was a strong
relationship between the high polyphenol concentrations
in the flowers and tops TEs and their strong capacity to
inhibit LDL oxidation. Conversely low polyphenol con-
centrations in the fruit TE were clearly linked to their
poor capacity to decrease LDL oxidation.

It should be noted that the references B, procyanidin and
hyperoside, which strongly inhibited LDL oxidation as
individually tested, were predominant in total extracts. B,
procyanidin concentration (Table 2) was higher in the
flowers TE than in tops TE and very low in the TE of
fruits. Similarly, hyperoside concentrations were much
higher in flowers TE than in tops and fruit TEs. There-
fore, this study suggests a positive relationship in the
different TEs between B, dimer and hyperoside concen-
trations and their capacity to inhibit LDL oxidation. At
the same time, low concentrations of isoquercitroside
characterized extracts from flowers, tops and fruits. The
same observation was made for chlorogenic acid except
in flower TE (flowers: 0.873; tops 0.029 g/100 g D.W.
and absent in fruits; not shown) and quercetin was pre-
sent at negligible levels in TEs (0.030 g/100 g D.W. in

Table 1: Comparative yields of total phenols, global procyani-
dins, flavonoids (g/100 g D.W.) determined by colori-
metry in hawthorn total extracts and activities (EDs
in mg D.W./ml)

T. phen. GPC Flav. EDsg

Flowers 13.251 + 0.576 3.011 £ 0.115 2.912 £ 0.071 0.003
Tops 6.522 £0.223 1.799 £+ 0.048 1.367 £+ 0.036 0.015
Fruits 1.518 £ 0.051 0.392 £+ 0.012 0.186 £+ 0.006 0.04

Table 2: Comparative yields of the main phenolics in total extracts of hawthorn (HPLC determination, g/100 g D.W.) and activ-

ities (mg D.W./ml)

(-)E B Bs Hyp. Q. EDso
Flowers 0.240 £ 0.008 0.828 4+ 0.026 0.382 4+ 0.013 0.918 4+ 0.032 0.136 4+ 0.004 0.003
Tops 0.107 4+ 0.004 0.447 4+ 0.001 0.141 £ 0.005 0.268 4+ 0.009 0.149 + 0.005 0.015
Fruits 0.097 £+ 0.004 0.087 £ 0.002 0.037 4+ 0.001 0.047 £+ 0.001 0.052 4+ 0.002 0.04
578 Pharmazie 58 (2003) 8
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Table 3: Comparative yields of total phenols, oligomeric pro-
cyanidins, flavonoids (colorimetric determination, g/
100 g D.W.) of hawthorn ethylacetate extracts and
activities (mg D.W./ml)

T. Phen. OPC Flav. EDs,

Flowers 3.692 £+ 0.015 0.543 + 0.118
Tops  3.148 £ 0.02 0.516 £ 0.095
Fruits  0.935 4+ 0.423 0.119 + 0.03

1.663 £ 0.021 0.018
1.854 £0.014 0.02
0.125 £ 0.004 0.423

flowers, absent elsewhere; not shown). The contents in
vitexin-2"-O-rhamnoside and vitexin were very weak ex-
cept in flower extracts (0.249 and 0.0873 g/100 g D.W. in
flowers TE), absent in others (not shown in all following
Tables).

2.3. Ethyl acetate extracts contents and activities

Total phenols and OPC yields (Table 3) were of a similar
order in the ethyl acetate extracts (EAEs) of both flowers
and tops while being lower in the EAE of fruit. As for
OPC, the flavonoid contents were of similar order in
EAEs of tops and flowers, the tops extract being a little
more rich. They were very low in the fruit EAE. The
EDs( of these three EAEs extend in a wider range (from
18 x 1073 mg D.W./ml to 423 x 10~* mg D.W./ml) than
the range of their corresponding EDsy in TEs (from
3x 1073 mg D.W./ml to 40 x 103 mg D.W./ml). The
EDsy of EAEs from flowers and tops were not very dif-
ferent, respectively 18 and 20 x 10~ mg D.W./ml while
the EDsy of fruits EAE was very high (423 x 1073 mg
D.W./ml).

The B, procyanidin (Table 4), efficient antioxidant as de-
monstrated in this assay, was more abundant in EAE of
flowers than in the corresponding top extract and negligi-
ble in fruits EAE. Hyperoside concentrations in EAE were
low whichever part of the plant was extracted. It should
be noted that the content in the highly antioxidant epicate-
chin was greater in the EAE of tops than in the corre-
sponding flower and fruit extracts.

3. Discussion

The phenolic compounds tested as references and the
different hawthorn extracts inhibited Cu’*-induced LDL
oxidation in vitro. Owing to the activities displayed by the
reference phenolics, it could be considered that the
capacity of the extracts to inhibit LDL oxidation mainly
depends on their flavanolic contents, particularly in epica-
techin and in B, and/or Bs; dimers, since these molecules
are more active in decreasing LDL peroxidation than the
other principal phenolics present in these extracts, particu-
larly the flavonoids. The similarity of EDsy in B, and Bs
procyanidins, two dimers combining epicatechin units
(respectively bound C4—Cg and C4—Cg) could reflect their
close chemical structure. These data also corroborate an
observation made in previous results about Crataegus ex-

tracts where we showed that flavanols (B,, epicatechin)
were more active inhibitors of lipoperoxidation than flavo-
noids (hyperoside, rutin) [15]. Finally, we must mention
that OPC were demonstrated to be more effective antioxi-
dants and radical-scavengers than the polymeric proantho-
cyanidins in Crataegus extracts [7].

Among the flavonoids, quercetin is already known to
highly inhibit LDL oxidation [8, 10, 18—20] and fre-
quently taken as a standard. In our study the flavonol het-
eroside hyperoside (quercetin-3-O-galactoside) and the fla-
vonol aglycone quercetin displayed similar EDsq values,
though being a little less active than flavanols. Hyperoside
is the major flavonoid contained in hawthorn flowers,
flower buds and fruits [21]. The poor capacity of vitexin-
2"-O-rhamnoside to inhibit LDL oxidation could depend
on the absence of O-dihydroxyl substitution on its B ring
since this chemical structure has been shown to greatly
increase the antioxidant and radical-scavenging capacities
of flavonoids [9, 10]. It should be noted that isoquercitro-
side (quercetin-3-O-glucoside) highly reduced LDL oxida-
tion in our study, marking an exception among the tested
flavonoids.

The capacity of total and ethyl acetate extracts to inhibit
LDL oxidation decreased from flowers to tops and fruit
and clearly seemed to depend on their general phenolic
contents. So, TEs of flowers were markedly more active
than TEs of tops and their chemical analysis suggests that
this difference could be linked to the higher concentra-
tions measured for total phenols, GPC and flavonoids in
flowers. This study also shows that both ethyl acetate ex-
tracts (EAEs) of flowers and tops exert a similar protec-
tion of LDL against oxidation. As before, this could de-
pend on their nearly identical total phenol and OPC yields
and on the limited difference between their flavonoid con-
tents. In the same order, the markedly lower activities dis-
played by fruit TEs and EAEs seem clearly linked to their
lower contents in total phenols, OPC or flavonoids.

All EAEs were less active protectors of LDL than TEs as
expressed in the corresponding plant dry weight. This is
easily explained by the well known elimination of nearly
all the highly polymerized proanthocyanidins (PPC) after
ethyl acetate fractionation [14, 15]. PPCs are generally
known as less active antioxidants than OPC when tested
individually or as PPC-defined fractions [7, 11, 12, 15],
but their proportion is not negligible in total extracts and
positively influences the activities. The interest in EAEs is
their lesser complex composition which can better evi-
dence the role played either by particular classes such as
OPCs or by individual phenolics.

The participation of the different phenolics in extract ac-
tivities could both be evaluated on the basis of their indi-
vidual capacity to inhibit LDL peroxidation and on their
concentrations in the extracts. B, dimer, one of the most
active compounds, is the major flavanol in TEs as well as
in EAEs and its role could be pre-eminent. Simulta-
neously, we have shown that epicatechin is the most po-
tent tested molecule to inhibit LDL oxidation. Its yields in
the extracts were generally limited but a fact is in favour

Table 4: Comparative yields of the main phenolics in ethylacetate extracts (g/100 g D.W.) of hawthorn and activities (mg D.W./

ml)
(—)E B> Bs Hyp. Q. EDso
Flowers 0.158 £+ 0.008 0.346 £+ 0.012 0.080 £+ 0.003 0.032 £ 0 0.048 £+ 0.001 0.018
Tops 0.257 + 0.006 0.216 £+ 0.003 0.070 £+ 0.002 0.018 £ 0 0.055 £+ 0.002 0.020
Fruits 0.049 + 0.001 0.011 £0 0.001 £ 0 0.009 £ 0 0.003 £ 0 0.423
Pharmazie 58 (2003) 8 579
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of its positive influence: in the EAE of tops which display
an activity not very different of the TE, a lower yield in
B, dimer compared to that of flowers was observed, while
the content in epicatechin was higher. It could be sug-
gested that the capacity of the tops EAE to protect LDL
was maintained similar to that of flowers since epicatechin
concentration was higher and counterbalanced the lack in
B, dimer.

The use of hawthorn fruit has more recently been intro-
duced in Europe than in the USA. Our study shows that
its antioxidant capacity is lower than that of flowers and
tops, which have been registered in different Pharmaco-
poeias for a longer time. Previous studies have shown that
the astringent and unpleasant-tasting green fruit contains
higher GPC and OPC concentrations and that its extracts
are more active than the red ripe fruit ones as inhibitors of
lipoperoxidation [14, 15].

This study shows that hawthorn extracts, known as rich in
phenols, particularly in flavanols, are highly active in inhi-
biting LDL oxidation through this specific chemical com-
position. Therefore hawthorn could be useful as a source
of antioxidant polyphenols which have already been in-
volved in the capacity of different nutrients (fruits, grape
juice, wine, tea) to decrease cardiovascular risk factors
[22-24]. Moreover, previous studies reported that haw-
thorn preparations improved the objective and subjective
symptoms of moderate cardiovascular disease [2].

4. Experimental

4.1. Plant material

Dried pharmaceutical flowers, flowering tops (flowers plus leaves) and
fruits were purchased from Herboristerie Cailleau, Chemillé, France.

4.2. Chemicals and biochemicals

(—)-Epicatechin, cyanidin chloride, hyperoside, isoquercitroside, quercetin,
chlorogenic acid and gallic acid came from Extrasynthese (Genay, France).
Proanthocyanidin B, and Bs dimers were isolated by us according to a
previously developed method according to Moumou in our laboratories
from Crataegus monogyna leaves, by CC on Sephadex LH—20 and identi-
fied by 'H- and '>*C NMR [25]. Folin-Ciocalteu and other reagents were
analytical grade from Merck (Darmstadt, Germany).

4.3. Plant extraction

All samples were crushed in a blender, 30 g macerated at 4 °C in
4 x 400 ml (first 24 h, then 3 x 2 h) of methanol/acetone/water (7/7/3, v/v/
v). The filtrates, low-pressure concentrated, left a water-phase which was
divided in two parts: one half directly freeze-dried gave the “total extract”
(TE), the other half was extracted by ethyl acetate, 8 x 300 ml.

The ethyl acetate phases, concentrated to dryness under low-pressure, were
dissolved in 20 ml methanol, then 80 ml water were added. Methanol was
eliminated at low-temperature and the remaining water was freeze-dried to
give the so-called “ethyl acetate extract” (EAE).

4.4. Phenolic content
4.4.1. Total phenolics

A Folin-Ciocalteu derived method, according to Singleton was used [26].
Lyophilisates (0.5 mg) from extracts were dissolved in 0.5 ml distilled
water; 7 ml distilled water and 0.5 ml Folin-Ciocalteu reagent (Merck)
were added. After 3 min, 2 ml of 20% Na,CO; were added and the solu-
tion was heated at 100 °C for 1 min in a water-bath, then cooled in dark-
ness. Absorbance at 685 nm was compared to that of a gallic acid standard
solution and the results expressed in mg gallic acid/100 g dry weight.

4.4.2. Proanthocyanidin content

One mg lyophilisate of total or ethyl acetate extract (TE or EAE) was dis-
solved in 0.5 ml methanol, then 6 ml of n-butanol/conc. HCI (95/5, v/v)
and 0.2 ml of a 2% solution of NH4Fe(SOy4),, 12 H,O in 2 M HCI were
added. The mixed solution was heated in a sealed tube in water-bath
(95 + 2 °C) for 40 min [27]. After cooling, absorbance was read at 550 nm,
and the results expressed in mg cyanidin chloride/100 g dry weight, com-
paratively to a cyanidin chloride standard solution in butanol/HCI.

580

Values obtained with total extracts (TE) correspond to global proanthocya-
nidins (polymeric plus oligomeric forms = GPC), while the values from
ethyl acetate extracts (EAE) represent the oligomers (OPC).

4.4.3. Flavonoid content

Flavonoid evaluation by colorimetry was performed using AlCl3 complexa-
tion [16]. Two mg lyophilisate in 1 ml methanol was added to 1 ml of 2%
methanolic AICl3, 6 H;O and left at room temperature for 10 min. Ab-
sorbance was read at 430 nm comparatively to a methanolic solution of
hyperoside [21].

4.4.4. HPLC analysis

Twenty ul of methanolic extract (TE or EAE) filtered on Millipore
(0.45 wm) were analyzed on a Lichrospher 100 RP 18 (5 um) C;g columm
(4.6 x 250 mm) with an acidic CH3CN/H,O gradient. The elution program
at a 0.7 ml/min flow rate was: 0—5 min, 0-7.5% B in A (linear gradient);
5-15min, 7.5% B in A (isocratic); 15—-20 min, 7.5-20% B in A; 20—
25 min, 20-32.5% B in A; 25-30 min, 32.5-40% B in A; 30-45 min,
40-55% B in A; 45-50 min, 55-100% B in A; 50-55 min, 100-100% B
in A; 55-60 min, 100—0% B in A. Solvents (A =CH3;CN/H,0O, 1/9;
B = CH3CN/H,O, 9/1, both adjusted to pH 2.6 with phosphoric acid);
temperature = 30 °C. Flavanols and phenolics acids were detected at
280 nm and flavonoids at 365 nm. Filtered methanolic solutions of pure
reference phenolics: (—)-epicatechin, B, and Bs dimer, quercetin, hypero-
side and isoquercitroside were also injected.

4.5. Pharmacological assay
4.5.1. LDL preparation

Human LDL were isolated from freshly drawn blood from healthy, normo-
lipidemic, and fasting volunteers. Blood was collected into EDTA and the
plasma was separated by low speed centrifugation. LDL were isolated by
sequential density gradient ultracentrifugation in sodium bromide density
solutions in the density range 1.019-1.063 g/ml as previously reported
[28]. LDL were then dialyzed against 0.01 M PBS (phosphate buffered
saline: 0.15M NaCl, 0.01 M Na-phosphate, pH 7.4) containing 0.01%
EDTA and sterilized by filtration through a 0.22 um pore-size filter and
stored at 4 °C before use. The protein concentration was determined by
Peterson’s method using bovine serum albumin as standard [29].

4.5.2. Induction of LDL oxidation by copper

Solutions of reference polyphenols were prepared at 1072 M in ethanol and
diluted in 0.01 M PBS to give final concentrations of 0.1-100 uM in a
total ethanol concentration of 1% (v/v). The same amounts of pure ethanol
were added to blanks. Total and acetyl-acetate extracts were diluted in
ethanol. The same amounts of pure ethanol were added to blanks.

Prior to oxidation, EDTA was removed by extensive dialysis of LDL solu-
tion against 0.01 M PBS under N,, then oxidation was induced at 30 °C by
adding 100 wl of 16.6 uM CuSOy4 to 800 ul of LDL (125 ug protein/ml)
and 100 pl of chemicals in 0.01M PBS. During copper-induced LDL oxi-
dation, diene conjugate formation was followed by measurement of optical
density (OD) at 234 nm every 10 min for 8 h with a thermostated Kontron
Uvikon 930 spectrophotometer equipped with a 10-position sample chan-
ger. Analyses were performed in triplicate. Three phases can be distin-
guished from the OD change pattern: 1) a lag-phase nearly deprived of
OD increase corresponding to a resistance of LDL to copper-induced oxi-
dation; 2) a propagation phase where OD rapidly increases; 3) a degrada-
tion phase starting at the point at which the OD increase reaches its pla-
teau [8].

As the antioxidant capacity of extracts and isolated polyphenols can be
characterized by the evolution of LDL oxidation curves according to their
concentration, each pure polyphenol was tested at concentrations of 0.1—
100 uM and each extract at concentrations of 0.1-100 x 1073 mg/ml. Ex-
tracts and pure polyphenol antioxidant activities were expressed in percen-
tages of their lag phase increase compared to that of the control. We con-
sidered that the drug concentration had 100% activity (efficiency dose
100%: EDjop) when it doubled the control lag phase duration and we de-
fined the efficiency dose at 50% (EDso) the concentration of the drug that
increased this control lag phase by 1.5 times. Increasing concentrations of
compounds were used with a logarithmic scale to calculate the EDsy of
antioxidant activity in uM.
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