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Abstract

Hawthorn is an herbal medicine that has been used to treat various cardiovascular disorders, including angina,
arrhythmias, congestive heart failure and hypertension. Its major components include flavonoids and oligomeric
procyanidins. The present study examined the cardiovascular effects of a commercial available hawthorn extract
(WS 1442) in anaesthetized rats. Male adult Sprague Dawley rats were anaesthetized and their carotid arteries
were cannulated for blood pressure and heart rate measurement. After bolus intravenous injections of WS 1442
(3.125, 6.25, 12.5 and 25 mg.kg™'), mean arterial blood pressure (104 + 3 mmHg) was reduced transiently in a
dose-dependent manner. A greater effect on the diastolic than on the systolic blood pressure was observed. Heart
rate was not significantly affected by all doses of WS 1442. Infusion of WS 1442 (10 and 28 mg.kg"'.min-1 for 7
min) resulted in sustained decreases in mean arterial blood pressure without any significant changes in heart rate.
Twenty minutes after the infusion, mean arterial blood pressure returned to the baseline values. Phenylephrine (1,
3 and 10 pg.kg') dose-dependently increased arterial blood pressure and this hypertensive effect in rats with prior
exposure to WS 1442 was significantly smaller than in those without. These findings suggest that the hawthorn
extract possesses hypotensive action. Pre-exposure to the hawthorn extract also impaired the blood pressure
response to phenylephrine. As such, hawthorn may have a modulatory effect on the regulation of blood pressure by

a-adrenergic system.
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Introduction

Hawthorn (Crataegus) belongs to a member of the Rosaceae family,
and its major components include flavonoids, amines, triterpene,
saponins and oligomeric procyanidin [1,2]. It has been used to treat
various cardiovascular conditions including angina, arrhythmias,
congestive heart failure and hypertension [1,2]. Crude hawthorn has
variable composition of its active components, depending on the
environment in which it is grown. As such, the standardization of
hawthorn extract is essential to ensure consistent pharmacological
actions [3]. Current strategy employs the relative content of flavonoids
or oligomeric procyanidins as the standard reference for the hawthorn
extract, and one of the standardized extract of hawthorn that are
commonly used in clinical trials is WS 1442 [2,4]. WS 1442 is the
hydroalcoholic extract of the leaves and flowers of the hawthorn trees
and is standardized to contain 18-19% oligomeric procyanidin. Studies
with WS 1442 suggest that hawthorn possesses positive inotropic and
anti-arrhythmic effects [5,6]. Data obtained from clinical studies also
indicates a beneficial cardiovascular effect of WS 1442 in patients with
mild to moderate congestive heart failure [4,7-9].

While substantial experimental and clinical studies support the
use of hawthorns as an alternative therapy to the management of heart
failure, the antihypertensive action of hawthorn has not been well
established. In vitro studies indicate that hawthorn caused relaxation
in isolated blood vessels [10-13]. Together with the data indicating the
effects of hawthorn on the activity of the heart [5,14-16], it is expected
that hawthorn may contribute to the regulation of blood pressure.
Therefore, the present study examined the effect of the standardized
hawthorn extract, WS 1442, on arterial blood pressure in anaesthetized
rats. In view of the importance of the sympathetic nervous system on the
regulation of blood pressure, the potential of WS 1442 to interfere with
the cardiovascular action of the a-adrenergic agonist, phenylephrine,
was also investigated.

Materials and Methods

Chemical source and preparation

Hawthorn (Crataegus) extract WS 1442 (Cardi-Plant™ Pro,
Murdock Madaus Schwabe Professional Products Inc., Springville,
Utah, US.A.) in capsule form containing 80 mg of dry extract (5:1)
of hawthorn leaves and flowers standardized to 15 mg oligomeric
procyanidins (equivalent to a standardization level of 18.75%) was
used. The capsule was dissolved in 5% DMSO. Dissolved extracts were
passed through a weighed paper filter and then filtered solutions were
used for infusion or injection as required. Following the filtration,
filters were dried and weighed again such that the real concentration of
the dissolved extracts could be determined by subtracting the unfiltered
particles.

Phenylephrine and sodium chloride powder were obtained from
Sigma (St Louis, MO, U.S.A.) and BDH (Poole, England), respectively.
All drugs were dissolved in distilled water and diluted with saline
(0.9% sodium chloride solution) into appropriate concentrations for
use in experiments. The anesthetics, sodium pentobarbitone powder
(Nembutol; Abbott Laboratory, Australia), was dissolved to a final
concentration of 70 mg-ml” in a mixture of propylene glycol, ethanol
and saline at a ratio of 4:1:5 (volume:volume)
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Animal surgery

Adult male Sprague-Dawley rats (350 + 50 g) were obtained from
the Laboratory Animal Unit of the University of Hong Kong. The
experimental protocol was approved by the University of Hong Kong
Committee on the Use of Live Animals in Teaching and Research.
Rats were anesthetized with intraperitoneal injections of sodium
pentobarbitone (70 mg.kg') for the measurement of blood pressure
[17]. The trachea was incubated to facilitate spontaneous breathing.
Polyethylene canola (outer diameter 0.96 mm; Portex Ltd. Hythe, Kent,
UK.) filled with saline were inserted into the right jugular vein and
left femoral vein for the administration of drugs. Another polyethylene
canola was introduced into the right common carotid artery, with the
other end connected to a pressure transducer (Gould P23 ID, Statham,
U.S.A.) for the measurement of arterial blood pressure. The pressure
signals were recorded with a physiograph (Narco Scientific, model
MKIV).

Study design

After surgical procedures, rats were allowed a stabilization period
of at least 15 minutes. Saline was continuously infused into rats at a
rate of 0.13 mlLhr' through left femoral vein to replenish body fluid
throughout the experiment. Rats were randomly divided into different
groups receiving increasing doses of WS 1442 (3.125, 6.25, 12.5 and 25
mg.kg?) or the corresponding vehicle, DMSO (0.625, 1.25, 2.5 and 5%
in saline) of the same volume via the jugular vein. They were given a
resting period of 15 minutes after administration of each dose, to allow
the cardiovascular parameters to return to the baseline values before
administration of next dosage. In another series of experiments, rats
was infused with WS 1442 (200 mg.kg'.ml"') at flow rates of 0.052,
0.072, 0.1 and 0.14 mlmin™’ for 5 minutes, with a 5 minute interval
between each infusion. In order to study the influence of WS 1442 on
the pressure effect of phenylephrine, WS 1442 (200 mg.kg'.ml"') was
infused into rats at a flow rate of 0.052 or 0.14 ml.min™' for 7 minutes.
After 20 minutes stabilization following infusion, rats were given bolus
injections of phenylephrine (1, 3 and 10 pug.kg"') at 15 minute-intervals.

Data and statistical analysis

All results are expressed as the mean percentage change from
baseline value + standard error of mean (SEM). The symbol n denotes
the number of rats studied. Independent t-test or analysis of variance
(ANOVA) with post-hoc Bonferroni test was applied, where appropriate,
to determine individual differences between groups of data using a
computer statistical package (SPSS, SPSS Inc. Chicago, IL, US.A.). A p
value <0.05 was considered to indicate statistical significance.

Results

Mean arterial blood pressure before bolus administration of WS
1442 and the vehicle (DMSO) were not significantly different among
different groups of rats (104 + 3 and 99 + 8 mmHg). Similarly, heart
rates were not significantly different among the two groups before
drug treatment (292 + 7 and 316 + 29 beats.min" for WS 1442 and
vehicle groups). While cumulative administration of vehicle did not
significantly affect blood pressure or heart rate, administration of WS
1442 dose-dependently reduced mean arterial blood pressure (Figure
1A) without any significant changes in heart rate (data not shown). The
decrease in diastolic blood pressure of WS 1442 was greater than that
in systolic blood pressure (Figure 1B). The duration of hypotension
induced by WS 1442 were transient, with blood pressure returning to
baseline value within 1 minute even at the highest concentrations tested
(Figure 1C).
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Figure 1: Maximum changes in (A) mean arterial blood pressure (MAP) and
(B) diastolic and systolic blood pressure, and (C) the duration of MAP changes
following bolus intravenous administration of different doses of WS 1442 or its
vehicle, DMSO (0.5% in saline), in anaesthetized rats. Data is represented as
mean * standard error of mean (n=4-10). *P<0.05 vs. the vehicle group and
+P<0.05 vs. the corresponding values in systolic blood pressure.

Infusion of WS 1442 resulted in sustained decreases in mean
arterial blood pressure (Figure 2A) without any significant changes in
heart rate (data not shown). Upon the withdrawal of WS 1442 infusion,
blood pressure gradually returned to baseline value (Figure 2B). Both
the magnitude of the decreases in blood pressure during WS 1442
infusion and the duration of blood pressure lowering effect of WS 1442
following infusion was dose-dependent.

As shown in (Table 1), mean arterial blood pressure and heart
rate did not differ among different treatment groups before the bolus
injections with phenylephrine at 20 minutes after intravenous infusion
with WS 1442 (10 and 28 mg.kg'.min") and the vehicle DMSO (0.7%
kg'.min?). In the vehicle-treated group, phenylephrine (1, 3 and 10
pg.kg!) increased blood pressure in a dose-dependent manner and this
increase was smaller in rats that had been exposed previously to WS
1442 infusion (Figure 3).
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Treatment Grou Before Infusion | During Infusion | After Infusion
P (0 mins) (7 mins) (20 mins)

Mean Arterial Blood
Pressure (mmHg)
Vehicle (DMSO) 0.7%. 445 4 » 111220 110 £ 2*
kg'.min"!
Hawthorn Extract 10 106 + 1 105 + 2¢ 106 + 1
mg.kg"'.min
Hawthr?rn'Ej(tract 28 119 + 2* 92 + 3+ 113 + 3+
mg.kg".min
Heart Rate (bests/min)

1 0,
Vehicle (DMS0) 0.7%. | 353 4 4 3255 33214
kg'.min"!
Hawthorn Extract 10 323+3 3233 330+3
mg.kg".min
Hawth_orn_E'xtract 28 304 49 306+ 2 33044
mg.kg".min"!

Data is represented by mean + SEM with n=5 for all groups. *P<0.05 vs. the vehicle
group and +P<0.05 vs. the corresponding values before infusion.

Table 1: Effect of intravenous infusion of WS 1442 (200 mg.kg-1.ml-1) at flow rates
of 0.05 or 0.14 ml.min-1, and of its vehicle, dimethyl sulfoxide (DMSO, 5%.kg-1.
ml-1), at a flow rate of 0.14 ml.min-1, for 7 mins on mean arterial blood pressure
and heart rate in anaesthetized rats.

Discussion

Hawthorn has been used as an alternative therapy for various
cardiovascular disorders [2,18-20]. Clinical eflicacies of different
hawthorn extract for treatments of heart failure have been examined
[7,8,21]. Our present in vivo studies indicate that in addition to
improving heart functions [5,14,16], hawthorn extract exerts beneficial
effect in the cardiovascular system by directly lowering arterial blood
pressure as well as by modifying the pressure responses to sympathetic
stimulation by phenylephrine.

Inthe presentstudy, theblood pressure and heart rates were measured
in rats anaesthetized with pentobarbitone. The pentobarbitone-induced
anesthesia results in inhibition of the baroreceptor reflex. This accounts
for the absence of changes in the heart rate when the blood pressure
was reduced by WS 1442 or increased by phenylephrine. While this is
a limitation for hemodynamic study, the inhibition of the baroreceptor
reflex would permit the examination of the effect of WS 1442 on the
heart rate per sec. Moreover, the actual effect of WS 1442 on the blood
pressure would be unmasked, as the increase or decrease of blood
pressure would not be compensated by the changes in heart rate.

Like most herbal medicine, hawthorn is not a single entity but
consists of different components. In view of the large content of
flavonoids and oligomeric procyanidins, it is logical to assume that these
components are responsible for the biological activities of hawthorn. In
agreement with this assumption, flavonoids that are isolated from the
hawthorn plants mimicked the ability of hawthorn extracts in inducing
inotropic effects on the heart and vasodilatation in blood vessels [5,12].
Clearly, the relative content of flavonoids in different hawthorn plants
or extracts is likely to differ significantly, due to variations in the source
of the crude hawthorn as well as in the manufacture procedures of
the different hawthorn preparations. As such, it is highly likely that
the biological effects of different hawthorn preparations vary largely
[3,12,22]. Commercially available hawthorn extracts currently used the
content of flavonoids or oligomeric procyanidins for standardization
to ensure consistent pharmacological actions [2,4]. Our present in
vivo experiments suggest that the standardized form, WS 1442, which
contains about 18.75% oligomeric procyanidins, has significant blood
pressure lowering effect. The findings that WS 1442 caused greater
decrease in diastolic blood pressure than in systolic blood pressure
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Figure 2: Changes in mean arterial blood pressure (MAP) (A) during and (B)
after intravenous infusion of different doses of WS 1442 or its vehicle in anaes-
thetized rats. Data is represented as mean * standard error of mean (n=3-5).
*P<0.05 vs. the vehicle group and +P<0.05 vs. the corresponding values in rats
that were treated with WS 1442 (10 mg.kg"".min"").
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Figure 3: Changes in mean arterial blood pressure (MAP) induced by different
doses of phenylephrine 20 minutes after the infusion of WS 1442 or its vehicle
for 7 minutes in anaesthetized rats. Data is represented as mean + standard
error of mean (n=5). *P<0.05 vs. the vehicle group and +P<0.05 vs. the cor-
responding values in rats that were treated with WS 1442 (10 mg.kg"'.min"").

suggest that its blood pressure lowering effect is attributed to a greater
extent by its effect on vascular tone than on heart function. This is
supported by experimental studies demonstrating that hawthorn
extract is capable of relaxing isolated aorta and mesenteric arteries from
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rats [10-12], and by the present study in anaesthetized rats that WS
1442 reduced blood pressure without affecting heart rate. Therefore,
WS 1442 most likely reduces peripheral vascular resistance (by causing
vasodilatation) to lower blood pressure.

Clinically, the doses of hawthorn extracts given to patients ranged
from 80 to 900 mg taken twice daily orally. At present, pharmacokinetic
data on the plasma concentration of the hawthorn extracts or its
flavonoid content following the oral intake is limited [23,24]. Therefore,
it is not possible to compare the concentrations of WS 1442 used in the
present study and those used clinically. In a previous study in human,
intake of 42.1 mg procyanidins (in the form of a cocoa drink) results
in a peak plasma concentration of procyanidins of at least 4.11 + 0.81
1M, which is equivalent to 1.19 mg/L [25]. Since an average human has
about 5 L of blood, the amount of procyanidins that can be absorbed
into the blood circulation is about 5.95 mg. Therefore, approximately
14% of the total procyanidins consumed orally can be absorbed into
the circulation. WS 1442 is standardized to contain 18.75% oligomeric
procyanidins. As such, the level of oligomeric procyanidins intake from
the daily dose of 160-1800 mg WS 1442 is estimated to be 30-338 mg, and
so the plasma concentration of procyanidins after WS 1442 supplement
is within the range of 4.2-47.3 mg, which is equivalent to 0.06-0.68 mg
kg! (assuming that an average adult weighs 70 kg). In the present study,
doses of WS 1442 and hence procyanidins injected intravenously into
rats ranged from 3.125-25 mg.kg! and 0.59-4.69 mg.kg™, respectively.
Taken into consideration that rats have higher metabolic rate compared
to humans, and that hawthorn is well tolerated even at relatively high
doses [7,8,26], the concentrations used in the present study may still be
relevant for those used in human consumption.

Clinical studies indicate that a daily intake of 500 mg hawthorn
extract with > 1.8% vitexin-2-rhamnosides for 10 weeks did not reduce
blood pressure in hypertensive patients [27], whereas a daily intake of
1200 mg hawthorn extract containing 2.2% flavonoids for 16 weeks
modestly reduced diastolic blood pressure in diabetic patients [28].
These studies suggest that hawthorn extract produces antihypertensive
effect only at relatively high daily dosage. Alternatively, higher level
of oligomeric procyanidins may be associated with antihypertensive
action of hawthorn extract. Indeed, Brixius et al. demonstrated that
the fraction containing oligomeric procyanidins is responsible for the
relaxation of rat aorta induced by WS 1442 [12]. On the other hand,
oral administration of the flavonoid hyperoside extract of hawthorn for
4 weeks was more effective than that of the crude form of hawthorn in
preventing the development of high blood pressure caused by inhibition
of nitric oxide synthase [29]. Both the oligomeric procyanidins and the
flavonoid hyperoside extract of hawthorn are capable of increasing the
activity of nitric oxide synthase and hence the release of nitric oxide,
which may explain the antihypertensive effect of WS 1442 observed in
the present study. While the short half-life of nitric oxide also seems
to be in line with the transient hypotensive effect of WS 1442, further
experiments need to be performed to confirm the role of nitric oxide in
the effect of WS 1442 on blood pressure in vivo.

In addition to an acute direct effect of WS 1442 on blood pressure,
WS 1442 appears to modulate the response of the cardiovascular system
to a-adrenergic stimulation by phenylephrine. The sympathetic nervous
system is one of the major systems involved in the regulation of arterial
blood pressure. Stimulation of the sympathetic nervous system results
in increases in arterial blood pressure due to increases in peripheral
resistance and cardiac output through activation of a-adrenergic and
B-adrenergic receptors, respectively. As such, the ability of WS 1442 to
reduce the blood pressure elevating effect of phenylephrine suggests
a therapeutic potential of WS 1442 as an antihypertensive agent,

particularly as an adjunct therapy like the antihypertensive a-adrenergic
receptor blockers.

One limitation in the use of WS 1442 as a direct hypotensive agent
is its rather short duration. Administration of WS 1442 intravenously
in rats resulted in rapid and potent reduction in blood pressure, but
the blood pressure returned to baseline value within one minute.
This transient hypotensive action of WS 1442 may be due to a rapid
desensitization of the response to WS 1442. That WS 1442 was able
to lower blood pressure in a cumulatively dose-dependent manner
suggests that desensitization is unlikely to explain for the short duration
of action. Alternatively, WS 1442 may be rapidly eliminated from the
bloodstream. While the direct blood pressure lowering action of WS
1442 is transient, the modulatory action of WS 1442 against the effect of
phenylephrine is rather long-lasting; as such effect persists for more than
30 minutes after the infusion of WS 1442 even for the low concentration
tested in this study (10 mg.kg'.min™). This concentration approaches
the dosage used as a health supplement, which is recommended to be
900 mg capsule of WS 1442 taken twice daily.

In conclusion, the present work has demonstrated that the
commercially available preparation of the hawthorn extract, WS 1442,
effectively reduces blood pressure and this antihypertensive action is
likely attributed to its effect on vascular tone. Furthermore, WS 1442,
at the concentration used as a health supplement, appears to modulate
the vascular response to a-adrenergic stimulation in the regulation of
blood pressure.
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