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Extracts and tinctures made frabnataegus spp(Hawthorn) have been used as cardioprotective remedies since ancient
times.WS 1442 special extract, manufactured by\Wlr Schwabe Pharmaceuticals©, made fi@rataegus sppeaves

and flowers is one of the most studied and popular of preparations received from Hawthorn. It is integral, and most
important active component of such herbal drugs as Crataegutt® novo 450, and Cérdidisagtandardized extract
contains 18.75% oligomeric procyanidins (OPC), which have beneficial cardioprotective values and play a role as free-
radicals scavengers, that protect the ischemic heart tissue from neutrophile elastase action successiondVEdrbgier

also carries proven vasorelaxant actjvtia affecting eNOS synthase, and prevents ischemic heart tissue swelling by
influence on calcium signaling pathways, and thus detain hyperpermeability of endotAetioms of WS 1442 special

extract were investigated in vitro as well asn vivo studies including lare clinical trials. In this review authors present
current state of knowledge about possible benefidiatsf of WS 1442 special extract on cardiovascular system.
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Crataegus special extract WS 1442 pharmacological activity
INTRODUCTION and recent experiences axperimental models ¢ble 1)

Hawthorn Crataegus spp.extracts have long lasting and OPC contained iCrataegusspecial extractVS 1442 act as
well established position as cardiotonic and cardioprotectivdree radicals scavenger3hey are products of the ‘plant
remedies used in traditional medicine since ancient times. Firstromatic pathway’, which consists of three main sections: the
descriptions of Hawthorn beneficial action on the heart comeshikimate segment that produces the aromatic amino acids
from first centuryA.D. and since then products evaluated from phenylalanine, tyrosine and tryptophan, the phenylpropanoid
its berries, leaves and flowers gained growing popularity amongegment that produces the cinnamic acid derivatives that are
herbalists and medics around the world (1, 2). Nowadayprecursors of flavonoids and lignans, and the flavonoid route
Hawthorn preparations are widely available in various formsthat produces the diverse flavonoid compounds.

(from tinctures to extracts) as prescription drugs or -tiver Their anticipated interaction with biological systems
counter medications. Extracts are produced from the planbriginates primarily from their characteristically ability to form
material using predominating hydroalcoholic solvent equivalentomplexes, both with metal ions and with macromolecules such
in strength to a minimum of 45% ethandhe most studied and as proteins and polysaccharides, and from their anti-oxidative
popular among them aw¥S 1442 and LI 132, both derived from scavenging propertieall those interactions at the basis of their
leaves and flowers of the plant. physiological and pharmacological interactions, are in principle

Crataegusspecial extractVS 1442 is standardized aqueous directly derived from the physical and chemical properties of the
alcoholic (45% ethanol) Hawthorn extract containing 18.75%polyphenolic skeleton.
oligomeric procyanidins (OPC) which are thought to be  The main, and best knownfett of OPCs administration is
responsible for its beneficial actiorfsig. 1). While many other  free radical scavengingrhey participate in the process of
extracts are insfi€iently characterized, the pharmacological scavenging as donors of electrons of hydroxyl groups to form
properties ofWS 1442 have been repeatedly investigateith in  stable forms of radicals, instead of free radicHi®y transfer an
vitro experiments, animal studies, and in clinical trials. unpaired electron by reacting with other antioxidants or by
Moreover outcomes of mentioned observations resulted inbinding metals.The antioxidative ééct depends on local
specific therapeutic recommendations including use ofenvironment and the concentration and composition of the
Hawthorn in some countries (3). antioxidant extract.

Data for this review were obtained through PubMed They are also proven to inhibit human neutrophil elastase
searches, and private manuscript collection. Conflict of interestarhich is released from accumulated and activated leukocytes
with the manufacturer aVS-1442 was not declared. after blood flow restoration in previously ischemic myocardium
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Fig. 1. General scheme introducing proposed main mechanisms of action of oligoprocyianidis contained in Haiveeisn

(4). This action could be one of important mechanismsl,4,5-trisphosphate (IP(3)) pathwdsgnportantly WS 1442 did
explaining cardioprotective propertieswf 1442 extract, along not induce store-operated calcium entry (SOCE), but even
with well described endothelium function improvement causingirreversibly prevented histamine-induced SOCE, preventing
increase of coronary flaw intracellular calcium concentration associated cytotoxicity (13).
Vasorelaxant &ct is induced by increased release of nitric This observations additionally explain mechanisms underlying
oxide (NO) from vascular endothelium and it was previouslypositive influence ofVS 1442 in treating heart failure.
suggested that this increase is due to activation of endothelial Interestingly there are suggestions that postulated positive
nitric oxide synthase (eNOS) in isolated rat heart (5). It has beeeffect of Hawthorn extracts on endothelium may be more
described that certain plant extracts reveal vasodilatory actionomplex.Apart from important role in NO-synthesis increase,
mediated by NO andkt cellular signallingin vivoas well asn positive role ofWS 1442 may be due to stimulation of releasing
vitro (6, 7). More recent studies confirmed that indéésl 1442  endothelium-derived hyperpolarizing factor (EDHF). EDHF is
Crataegus oxycanthapecial extract induces an endothelium- an important factor taking part in regulation of vascular
dependent, NO-mediated vasorelaxatiomia eNOS-  homeostasis and angiorelaxation (14). Exact mechanism of
phosphorylation at Serind 77 also in isolated human mammary action of EDHF is not fully understood. Howeyés role in
artery (8). Interestingly new findings suggest that the endothelial regulation is undisputable and confirmed in many
intracellular formation of superoxide anions is an trigigetor experimental studies with @&frent species of animals as well as
which begins the cascade of events leading to an enhancéa humans (15). EDHF takes part in vasodilatation pathway
endothelial formation of NO by increasing the phosphorylationwhich is independent from NO release as well as prostacyclin
of eNOSvia the Src/PI3-kinase/Akt pathway (9). It could be (16-18). Dysfunction of this mechanism is strictly connected
hypothesized that endothelium-mediated action is not the solwith age-related endothelial dysfunction (19, 20). Idris-Kodhja
participation of WS 1442 extract in NO-formation, as latest et al. proved protective &ct of WS 1442 on endothelial
studies revealed its influence on recently discovered NQlysfunction related to age as well as oxidative stress (21).
synthase of red blood cells (rbcNOS) (10). It was shown that Moreover protective action 0iVS 1442 on endothelial layer
Crataegusextract activates rbocNOS and causes NO-formation irsurface (ELS) was proposed. ELS plays pivotal role in
red blood cells without altering their deformabilityl {1 maintaining endothelial homeostasis, by regulating vascular
WS 1442 has also positivefeft on endothelial permeability permeability as well as inactivating pro-coagulative and pro-
dysfunction, protecting from endothelial hyperpermeability inflammatory processes in subendothelium (22-24). It was
which is crucial in edema formation and inflammatory processeshown, that high sodium levels damages glycocalyx of
in heart failure (12).This action is mediated by fatting endothelium (25). Peterst al. demonstrated, thaivS-1442
endothelial calcium signalind’he most recent studies revealed standardized extract diminishes permeability for sodium ions in
that CrataegusextractWS 1442 increases intracellular calcium ELS. This efect is provided bywS-1442 ability to perform
concentrations by inhibiting the sarcoplasmic/endoplasmiaonformational alterations in ELS what results in transition from
reticulum Cé& ATPase (SERCA) and by activating the inositol densely packed to the loosely packed state of BSLknown
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Table 1 Experimental and in-vitro models investigating cardiovascufactsfofCrataegusstandardized extrat¥/S-1442.

Experimental and in-vitro models

Author, year

Crataegus derivative, dose range

Aim of study

Outcomes

Schlegelmilch et al., 1994
@37

WS-1442,
up to 3 000 mg/kg p.o.

To assess toxic potential and safety of
high doses of WS-1442 extract

no signs of toxicity observed after p.o.
application of doses up to 3000 mg/kg

LDS50 for i.p. administration was established
(1750 mg/ke)

Chatterjee et al., 1997
47

WS-1442,
20 mg/kg/day - 100 mg/kg/day

To establish the mechanism of action
involved in cardioprotective and free-
radicals scavenging constituents of
WS-1442

human neutrophil elastase inhibition is a key
pathway of antioxidant activity of WS-1442

Schwinger et al., 2000
(24)

WS-1442,

0.1 pg/ml, 100 pg/ml

(applied to organ bath containing human
myocardium stripes)

To investigate the mode of inotropic
action in human myocardium from
patients with congestive heart failure

mechanism is likely to be similar as
cardiac glycosides
inotropic action is cAMP-independent

Brixius et al., 2006
(5)

WS-1442 fractions application,
(5-100 pg/ml)

To investigate influence of extract on
the relaxation of rat aorta and human
mammarian artery

WS-1442 induces endothelium-dependent,
NO-mediated vasorelaxation via eNOS
phosphorylation

Rieckeheer et al., 2011

®

WS-1442,
25 - 100 pg/ml (incubated with blood)

To determine whether extract is able to
induce NO-formation in red blood
cells

WS-1442
synthase

activates red blood cell NO-

WS-1442 increases intracellular calcium

concentrations in the human endothelium

this dose did not cause endothelial

contraction, hyperpermeability or toxicity

- WS-1442 blocks SERCA and activates the
IP3 pathway

Willeret al., 2012
(10)

WS-1442,
100 pg/ml (incubation with cell cultures)

To examine how WS-1442 affects |-
intracellular calcium concentration

WS-1442, To evaluate  whether WS-1442|-
100 mg/kg/day, 300 mg/kg/day prevents the development of aging-
related endothelial dysfunction

Idris-Khodja et al., 2012
(18)

WS-1442 prevents aging-related endothelial
dysfunction by reducing prostanoid-mediated
contractile responses

improvement of increased oxidative stress is
most likely underlying mechanism

fact, functional parameters of E®Lg. the sodium permeability
strongly depend on the state of EG6). Also WS-1442 have
been reported to cause endothelium protection (26).

When it comes to direct fetts on myocardiuntCrataegus  healthy volunteers (35, 36).
special extract is proven to have positive inotropifectf There are also observations concluding tRattaegus
resulting in increase of heart contractile force. It was also showspecial extract inhibits development of cardiac hypertrophy
that mechanism of this action is cAMP-independent (27). Inwhich leads to irreversible cardiac insciency. It has been
models of isolated cardiomyocytes and hearts, a prolongation afemonstrated, tha#VS-1442 inhibits cardiac hypertrophy in
the refractory period was observed after treatment withexperimentally induced cardiac hypertrophy animal model
Crataegus extracts, and those observations suggestedleveloped by aortic constriction or treatment with
antiarrhythmic potential (28, 29). Moreoyén in vivo model deoxycorticosterone and NaCl/KCI supplementation (37). It is
oral treatment of rats witWS 1442 for 7 days ffctively worth to be emphasized, that mentioned study revealed also no
reduced reperfusion induced arrhythmias and mortality as welhfluence on blood pressure in control rats, what could suggest
as hypotensive crises resulting from occlusion of the lefthat WS 1442 positive cardioprotective action is triggered by
coronary artery (30). pathologies accompanying cardiac hypertro@ydy published

Mentioned dfiects were confirmed in outcomes of study by Rodriguezet al. indicated that the mechanism of cardiac
conducted in our Chair and Department of Pharmacology (31)activity of Hawthorn isvia the Na(+),K(+)-A'Pase and
Analyzed data coming from model of early reperfusion-inducedntracellular calcium concentrations are also influenced (38).
arrhythmiasin vivo in rats revealed dose- and time-dependent,What is more, further studies orfesfts ofCrataegusextract on
cardioprotective ééct of standardize@W/S-1442 extract. It was the progression of heart failure in rat model confirmed that
expressed by mortality index reduction, limitation in incidencetreatment withWS 1442 has beneficial fetts on cardiac
and duration of severe ventricular arrhythmias as well agemodeling and function also during long-term, pressure
decrease in the total amount of heart injury biochemical markersverload-induced heart dysfunction (39).

More recent observations confirmed also reduction of the Another aspect o€rataeguscardioprotective properties is
extent of STsegment elevation in the electrocardiogram, as welinfluence on lowering blood cholesterol, and several
as the incidence of ventricular arrhythmias, the size of thamechanisms of this action have been proposedctures
infarction zone, and mortality in animals pretreated WiB prepared from its berries reduced total cholesterol as well as all
1442 (32). Describedardioprotective action seems to be cholesterol fractions (VLDL, LDL, HDL) by increasing
connected to mentioned above strong antioxidative properties aholesterol liver uptake, degradation and decreasing synthesis
OPC contained in extract (4)What is more, extract from (40). Outcomes of more recent studies on explaining
Crataegus was also proven to inhibit thromboxang, mechanisms of those beneficial action brought up to light
biosynthesisn vitro, by reducing arachidonic acid metabolism, significant decrease of intestinal CoA: cholesterol

cyclooxygenase pathway inhibition and inhibition of2Ca
dependent protein kinase C isoforms (33, 34), however
following observations did not confirm antiplatelefeet in
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Table 2 Clinical and randomized studies on human subjects investigating cardiovasfadtsr efCrataegusstandardized extract

WS-1442.

Clinical studies

Author, year

Crataegus derivative, dose

Aim of study

Outcomes

Leuchtgens, 1993
(46)

WS-1442,
2 x 450 mg/day

To assess alterations in exercise
tolerance, heart rate and arterial
blood pressure after treatment

- advantage in pressure rate product
- mild reduction of blood pressure

Weikl et al., 1996
(38)

WS-1442,
900 mg/day, 1800 mg/day

To investigate the efficacy of WS-
1442 in patients with NYHA II
chronic heart failure

improvementin main symptoms
(shortness of breath, tiredness, ankle
oedema etc.)

quality of life improvement

very good tolerability of treatment

To investigate the efficacy and

potential reduction of sudden cardiac
death in patients with less compromised

42)

2 x 450 mg/day

improves exercise capacity in
NYHA II-11I chronic heart failure

Holubarschet al., 2008 | WS-1442, safety of and add-on treatment with left ventricular function
43) 900 mg/day ‘WS-1442 in patients with NYHA II hioh saf: . . ..
and NYHA III chronic heart failure 1gh safeness in patients receiving
optimal treatment
Zick et al., 2009 WS-1442. To determinate whether hawthorn

only modest LVEF improvement

acyltransferase (ACH accompanied with increased expression Collaboration review (47)This document assessed the benefits
of liver cholesterol-&-hydroxylase in animals fed with high and harms coming from metaanalysis of studies on treatment
cholesterol diet (41). Promising results coming from animalwith WS 1442 special extract, concluding that there is a
models encouraged researchers to stufiscesf of Crataegus  significant improvement in symptom control and beneficial
extracts on lipid metabolism in human cell cultures. Indeedputcomes from Hawthorn extract as an adjunctive therapy for
significant increase in LDlreceptors as well as decrease of chronic heart failure.
apolipoprotein B100 were found in human HepG2 hepatocytes Two more recent clinical trials were proceeded to evaluate
cells line treated withVS 1442 (42)These particular molecules addition of WS 1442 to standard therapy for NYHIAII heart
play a key role in systemic lipid homeostasis, remainingfailure (48, 49)The HERB CHF trial has tested thdig&ncy
important tagets in treatment of hyperlipidemia. of treatment withiCrataegusspecial extract 450 mg twice daily
on submaximal exercise capacity at 6 months as determined by
Effects of Crataegus special extract WS 1442 in clinical studieshe 6 min walk test. Secondary outcomes investigated in this
trial were quality of life measures, peak oxygen consumption

Mentioned above outcomes on cardioprotective, positiveand anaerobic threshold during maximal treadmill exercise
influence observed in pre-clinical studies are combined withtesting, NYHA classification, left ventricular ejection fraction
particularly good tolerance ofrataegusspecial extractWs (LVEF), neurohormones, and measures of oxidative stress and
1442 (Table 2. No signs of toxicity were observed after oral inflammation.
application of doses up to 3000 mg/kg and LD50 for  Significant improvement of VEF was noted inNS 1442
intraperitoneal administration was described as 1750 mg/kg itreated patients. On the other hand, due to no positive influence
animal studies (43). Data coming from previous experimentabn secondary outcomes, authors concluded @wEtaegus
studies finally led to introducing/S 1442 also into number of special extract provides no clinical benefit as addition to
trials exploring clinical potential dfrataegusspecial extract. standard therapyat the dosing regimen evaluatdthe SPICE

Positive results ofCrataegustreatment such as reduced trial was the lagest, randomized, double-blind, placebo-
shortness of breath, ankle edema etc. combined witltontrolled multicenter study &S 1442 dicts in adults with
considerably better quality of life for the patient, in particular NYHA class II/lll heart failure and reduced left ventricular
with respect to mental well-being were observed in aejection fraction (WEF < 35%). Also this trial a dose of 900
multicenter placebo-controlled double-blind study in patients mg/day of Crataegusspecial extract was used. Investigators
with NYHA II class patients (44plso in study comparing the referred thaWS 1442 can potentially reduce the incidence of
three month therapy of patient in NYHAclass heart failure  sudden cardiac death in patients witVBF = 25%, and can be
with WS 1442 special extrags placebo, notable decrease of safely used as an addition to standard optimal therapy
secondary end-point which was double product (heart rate x Most recent summary of data coming from clinical trials
systolic blood pressure x B) was observed iWS 1442  investigatingVVS 1442 was made by Eggeliagal. (50). In their
group (45). Investigations ofrataegusextract in patients pooled analysis of previous studies, authors concluded that
with more advanced congestive heart failure (NYHAlass) Crataegus special extract treatment fe€ts on physiologic
were also made (46)What is particularly important, in this outcomes and typical symptoms are modulated by baseline
study it was emphasized that thdiegcy of WS 1442 was severity The strongest &fcts were described in patients with
dose dependent. more impaired baseline conditions.

Higher dose of 1800 mg was demonstrated to cause What is more, taking baseline féifences into account,
statistically significant improvement in the maximal workload benefits were comparable in male and female patients with
tolerated versus placebo group. Mentioned above studies, alorigpaired exercise-tolerance in early chronic heart-faillirgs
with other randomized, placebo controlled, double-blind,conclusion is important in the light of suggested by other authors
clinical studies were analyzed and published in Cohranggendedimitations of treatment benefit witBrataegusspecial



extract WS 1442 (51). Significant improvement of excersise

tolerance as well as reduction of symptoms in groups of patients
with modest cardiac insfifiency were also described by other 9.

researchers in randomized clinical trials (52).
Blood pressure lowering fefct of Crataegus extracts

remains controversial. However data coming from experimental
studies suggested potential hypotensive cardioprotective action

of Crataegusextracts (5, 8-10, 47) mediated by endothelial

increase of NO release, outcomes of clinical observatiorlO.

published byAsher et al. did not confirm blood pressure
lowering efect which could be mediatada an NO-dependent
mechanism (53).

What is necessary to mentidbrataegusproducts are very
safe to use drugsThe major adverse fetts of Crataegus

products are vertigo, dizziness, nausea, fatigue, sweating,

palpitations, headache and epistaxis (5#)e only reported
contraindication for wuse of Crataegus products is
hypersensitivity to its compoundShese products are not
recommended for use during pregnartbgy can cause uterine

stimulation. Also, it is not recommended for children and 13.

breastfeeding mothers. But yet, adverdeat and side &fcts
of Crataegusproducts can be reported as very rare.

CONCLUSION

Data coming from experimental and clinical studies on
Crataegusspecial extractWS 1442 suggests that it can be

successfully used as an addition to optimal treatment of chronic
heart failure What is moreWS 1442 has a range of vasoactive 15.
and cardio active properties that could be possibly useful in
treatment of other diseases of cardiovascular system liké&6.
endothelial dysfunction, coronary disease, arrhythmias, or
prevention of restenosis after endovascular treatment. More
information about optimal dose regiment for those purposes still7.

needs to be provided.

Conflict of interests: None declared.
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