
Review

Role of vinpocetine in cerebrovascular diseases

Sazal Patyar, Ajay Prakash, Manish Modi, Bikash Medhi

���������� �	 
�������
��� � �����
���� 
����������� ��������� �	 ������
 ��������� ��� ���������

���������� ������� ����������� �����

Correspondence:  �!��� ������ �"���
# ��$�!�����%�����&���

Abstract:

A cerebrovascular accident, or stroke, is defined as the abrupt onset of a neurological deficit, which can be due to ischemia. Cerebral
ischemia is caused by a reduction in blood flow that thereby decreases cerebral metabolism. Chronic cerebral hypoperfusion leads to
irreversible brain damage and plays an important role in the development of certain types of dementia. Vinpocetine, chemically
known as ethyl apovincaminate, is a vinca alkaloid that exhibits cerebral blood-flow enhancing and neuroprotective effects. Non-
clinical and clinical studies have suggested multiple mechanisms responsible for the beneficial neuroprotective effects of vinpocet-
ine. As no significant side effects related to vinpocetine treatment have been reported, it is considered to be safe for long-term use.
This vasoactive alkaloid is widely marketed as a supplement for vasodilation and as a nootropic for the improvement of memory. The
present review focuses on studies investigating the role of vinpocetine in cerebrovascular diseases.
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Abbreviations: A� – amyloid �-peptides, AD – Alzheimer’s dis-
ease, AEDs – antiepileptic drugs, AICVD – asymptomatic
ischemic cerebrovascular disorders, ATP – adenosine triphos-
phate, CGI – Clinical Global Impression, cGMP – cyclic guano-
sine monophosphate, DOPAC – 3,4-dihydroxyphenylacetic acid,
DPG – 2,3-diphosphoglycerate, GABA – �-aminobutyric acid,
LC – locus coeruleus, MMSQ – mini-mental status question-
naire, NMDA – N-methyl-D-aspartic acid, PET – positron
emission tomography, PSNHL – progressive sensorineural
hearing loss, PTZ – pentylenetetrazole, RBC – red blood cell,
rCBF – regional cerebral blood flow, ROS – reactive oxygen
species, RR – relative risk, SCAG – Sandoz clinical assess-
ment geriatric scale

Introduction

Cerebrovascular diseases include a group of brain dis-
orders associated with cerebral vascularization. The

most common disorders include ischemic stroke,
hemorrhagic stroke and cerebrovascular anomalies,
such as intracranial aneurysms and arteriovenous mal-
formations. Other disorders of cerebrovascular origin
include memory problems, aphasia, apraxia, motor
disorders, dizziness, hearing dysfunction (tinnitus and
progressive sensorineural hearing loss) and headache.
As per a study conducted by the World Health Organi-
zation (WHO), cerebrovascular disease is the second
leading cause of death worldwide. The study esti-
mated that cerebrovascular disease (stroke) accounted
for 9.6% of all deaths. Furthermore, these diseases are
the leading cause of disability in adults [82]. Various
clinical studies have indicated that the incidence and
high mortality of cerebrovascular diseases can be pre-
vented to a large extent. Antiplatelet therapy and ca-
rotid endarterectomy are effective for secondary
stroke prevention. However, with the exception of as-
pirin, the medical and surgical therapies used to treat
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acute ischemic stroke have very limited efficacy [3].
Thus, there is a pressing demand for the development
of newer, safer and more effective drugs.

Vinpocetine is a synthetic ethyl ester of the alkaloid
apovincamine, which is isolated from the leaves of
Vinca minor, commonly known as the lesser periwin-
kle. The chemical name for vinpocetine is ethyl
apovincaminate [35]. Since its synthesis in the late
1960s, vinpocetine has been widely used for the treat-
ment of cerebrovascular disorders, as it has shown
cerebral blood-flow enhancing and neuroprotective
effects [3]. Vinpocetine has also been marketed as
a nootropic agent for the improvement of memory.
Other indications for vinpocetine exist in the fields of
geriatry, neuropsychiatry, ophthalmology and otolar-
yngology [19, 53, 72]. In addition, vinpocetine has
shown promising results in the treatment of tinnitus
and progressive sensorineural hearing loss (PSNHL)
[46, 53]. It has been used to alleviate macular degen-
eration, certain glaucoma-related problems and other
vision disorders of vascular origin [26]. Animal studies
have demonstrated its effectiveness in preventing gas-
tric mucosal damage [43]. Some studies have reported
potential uses for this compound in the treatment of
kidney stones, as its application removed tumoral cal-
cinosis in kidney dialysis patients with renal failure
[41]. Vinpocetine is also being studied for the treat-
ment of hair loss. However, for the purpose of the cur-
rent review, we will only focus on the cerebrovascular
and neuropsychiatric indications of this compound.

Chemistry

The active drug substance of vinpocetine is (3�,16�)-
eburnamenine-14-carboxylic acid ethyl ester (Fig. 1).
It is a solid, white powder with a molecular weight of
350.5 g/mol and is soluble in 100% ethanol, dimethyl
sulfoxide and acetone [35].

Pharmacology

Mechanism of action

Several different mechanisms have been implicated in
the action of vinpocetine. Studies have reported that

vinpocetine selectively inhibits voltage-sensitive so-
dium (Na�) channels, causing a dose-dependent de-
crease in evoked extracellular calcium (Ca��) ions in
striatal nerve endings [60]. It has been shown that in-
creases in intracellular Na� and Ca�� concentrations
are responsible for the cell damage induced by ische-
mia/reperfusion and the development of other acute
dysfunctions, including acidosis, cytotoxic edema and
glutamate excitotoxicity. Thus, the Na� channel-
inhibiting properties of vinpocetine are thought to be
responsible for its neuroprotective and anticonvulsant
activities [1]. A recent study has revealed that the neu-
roprotective action of vinpocetine involves additional
drug targets along with the neuronal peripheral-type
benzodiazepine receptors (PBRs) involved in the mi-
tochondrial transition pore complex [74]. Another
mechanism responsible for the neuroprotection exhib-
ited by vinpocetine is its marked antioxidant activity
due to the scavenging of hydroxyl radicals [65]. Vinpo-
cetine selectively inhibits Ca��-calmodulin-dependent
cGMP-phosphodiesterase, thereby enhancing intra-
cellular cGMP levels in the vascular smooth muscle
leading to reduced resistance in cerebral vessels and
an increase of cerebral blood flow. This property is
also responsible for neuroprotection [17, 20, 78]. Re-
cent studies have shown that vinpocetine has potent
anti-inflammatory actions that are caused by a direct
inhibition of the I�B kinase complex (IKK) rather
than phosphodiesterase blockade. This finding indi-
cates that the anti-inflammatory action of vinpocetine
can be exploited for the treatment of cerebrovascular
diseases because chronic inflammation results in en-
dothelial dysfunction and atherosclerosis, which fur-
ther enhance the risk of stroke. The anti-inflammatory
role of vinpocetine, in addition to its cognitive im-
provement properties, makes it a potential candidate
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for the treatment of neurodegenerative conditions,
such as Parkinson’s disease and Alzheimer’s disease
(AD) [25]. Studies have demonstrated that vinpocet-
ine increases the levels of neurotransmitters involved
in memory functions, namely noradrenaline, dopa-
mine and acetylcholine [37, 58]. In addition to this,
vinpocetine has been reported to increase the levels of
DOPAC, the main metabolite of dopamine, in isolated
striatum nerve endings [77]. Studies have also shown
that vinpocetine effectively inhibits the reuptake of
adenosine, an endogenous anticonvulsant and cerebral
protectant [39]. In addition, vinpocetine has been re-
ported to increase cerebral metabolism, which is re-
sponsible for the utility of this compound in the treat-
ment of cerebral circulatory disorders, such as demen-
tia and acute stroke. Increased cerebral metabolism is
attained through enhanced cerebral flow (vasodila-
tion), the increased consumption of glucose and oxy-
gen in the brain, the increased production of ATP in
brain cells and increased levels of neurotransmitters
involved in memory, namely noradrenaline, dopamine
and serotonin [29, 41]. Apart from a selective increase
in cerebral blood flow, the activity of vinpocetine as
an inhibitor of platelet aggregation and an activator of
erythrocyte deformability lowers the viscosity of
blood, thereby making this compound effective in the
treatment of ischemic stroke [31]. A novel effect of
vinpocetine, the locally restricted decrease of no-
ciception, implies an inhibition of the retrograde axo-
plasmic transport of nerve growth factor (NGF) in pe-
ripheral nerves [7].

Pharmacokinetics

Vinpocetine is readily absorbed from the small intes-
tine following oral administration. It undergoes exten-
sive metabolism yielding its main metabolite, apovin-
caminic acid, which is absorbed from the stomach [52].
Due to this extensive metabolism, it has low bioavail-
ability. Under fasting conditions, its absolute bioavail-
ability is 6.7%, and the relative bioavailability under
non-fasting conditions has been reported to be 60–100%
higher [34, 40]. Following oral administration, vinpo-
cetine readily enters the blood stream from the stomach
and gastrointestinal tract and, consequently, passes
through the blood-brain barrier and enters the brain.
Vinpocetine is readily eliminated from the body, and
the elimination half-life after oral administration is one
to two hours. Thus, it undergoes extensive, but
saturable, plasma protein binding [81, 83].

Preclinical studies for various

indications

Neuroprotection against hypoxia and ischemia

As mentioned earlier, the neuroprotective activity of
vinpocetine is the result of multiple pharmacological
mechanisms. These include increased cerebral circu-
lation and cerebral metabolism, a reduction in blood
viscosity, the inhibition of Na� channels and the scav-
enging of hydroxyl radicals. Various studies have
demonstrated the aforementioned activities and pro-
vided support for the neuroprotective potential of vin-
pocetine under both in vitro and in vivo conditions.
The results of a study conducted by Dezsi et al. [10]
confirmed the strong neuroprotective potential of vin-
pocetine. Vinpocetine treatment significantly decreased
the infarct volume and dose-dependently inhibited pro-
longed or transient glutamate, and transient N-methyl-
D-aspartate (NMDA) or veratridine-induced excitotox-
icity. These results highlight the strong neuroprotec-
tive potential of vinpocetine and further suggest an
important role for this compound in ischemic stroke
therapy. In another study, vinpocetine reduced the hip-
pocampal neuronal damage in a rat model of central
ischemia from 77% to 37%. Similar results have been
found in both rats and other animals in other areas of
the brain [28, 38]. The neuroprotective effect of this
compound has been reported in different experimental
models of hypoxia/ischemia [33, 36]. Other studies
have demonstrated that pre- or post-ischemic vinpocet-
ine administration decreases hippocampal neuronal ne-
crosis in a model of forebrain ischemia in rats [55].
Furthermore, vinpocetine inhibited adenosine reuptake,
resulting in increased neuroprotection in a model of cy-
totoxic hypoxia in cultured chick embryo neurons [30].

Cerebral perfusion

Because cerebral perfusion plays an important role in
neuroprotection against ischemic/hypoxic disorders
and certain types of dementia, several studies have
been evaluated the effect of vinpocetine on cerebral
circulation. Various preclinical studies have shown
that vinpocetine is a selective cerebral vasodilator and
increases the cerebral blood flow by reducing cerebral
vascular resistance without significantly altering the
blood pressure or cardiac effort. A study conducted to
evaluate the impact of regional volumetric cerebral
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blood flow and local vascular reactivity in mild and
moderate experimental craniocerebral trauma using
animals with alloxan-induced diabetes and animals
with isolated brain injury demonstrated that alloxan
diabetes aggravated cerebral vascular disorders occur-
ring after injury to the skull and brain. The vasoactive
agent, vinpocetine, reduced the changed cerebral
blood flow [56]. Similarly, another study reported an
increase in the local cerebral blood flow in a rat model
of forebrain ischemia [30, 55]. Two previous studies
in dogs demonstrated an increase in brain perfusion
due to improved cerebral blood flow and decreased
cerebral vascular resistance [27, 71].

Cerebral metabolism

Studies performed in anesthetized dogs demonstrated
that vinpocetine enhances the cerebral arterial-venous
oxygen difference, the cerebral metabolic rate for
oxygen and cerebral oxygen utilization, suggesting
that vinpocetine increases the rate of cerebral metabo-
lism [27]. Another study reported that this compound
prevents the local increase in cerebral glucose utiliza-
tion caused by 10-min forebrain ischemia in rats [54].

Dementia

Based on its neuroprotective mode of action, vinpo-
cetine has been studied for the prevention and treat-
ment of cerebrovascular diseases that predispose pa-
tients to the development of dementia. DeNoble et al.
[8] demonstrated the cognition-enhancing activity of
this compound in models of scopolamine- and hy-
poxia-induced memory impairment in rats. Following
NMDA-induced neurotoxicity in a rat entorhinal cor-
tex lesion model of dementia, both vinpocetine and
cis-apovincaminic acid significantly decreased the le-
sion size and the region of microglia activation and
effectively attenuated the behavioral deficits. These
findings confirmed that vinpocetine has a marked po-
tential in alleviating lesion-induced attention deficits
and learning disabilities [44]. Chronic treatment with
vinpocetine for 21 days significantly improved strep-
tozotocin-induced learning and memory impairments
in rats, reduced the oxidative-nitrosative stress, re-
stored the levels of reduced glutathione (GSH) and re-
duced acetylcholinesterase activity and lactate dehy-
drogenase levels. These findings indicate that vinpo-
cetine enhances spatial memory through an antioxidant
mechanism, the modulation of cholinergic functions

and the prevention of neuronal cell damage [9]. A recent
study suggested the inhibition of slow-inactivating K�-cur-
rents by vinpocetine as another mechanism responsible
for the beneficial effects in dementia [63]. Furthermore,
vinpocetine improved mitochondrial function, oxidative
stress and other signs of toxicity in cells treated with
�-amyloid. It has also been shown to protect against the
deficits caused by scopolamine and hypoxia [5].

Convulsions

Earlier studies found that vinpocetine protects mice
against convulsions induced by corazol, strychnine
and thiosemicarbazide, and this anticonvulsant activ-
ity was suggested to be mediated by GABA and sero-
tonergic mechanisms [11]. Anticonvulsive effects in
electroshock- and pentylenetetrazole (PTZ)-induced
convulsions in mice have also been reported [48]. An
experimental study conducted to explore the anticon-
vulsant action of vinpocetine concluded that by blocking
the tetrodotoxin-sensitive fraction of the rise in internal
Na� induced by a convulsing agent 4-aminopyridine
(4-AP), vinpocetine inhibits the concomitant rise in
internal Ca��. This inhibitory effect on pre-synaptic
voltage-sensitive Na� channels may be responsible for
the in vivo anticonvulsant action of vinpocetine [60].
Another study conducted in primary cultures of rat
cerebral cortex reported that vinpocetine is about
100-fold more efficient that phenytoin (a prototype
Na�-channel blocker) in the inhibition of veratridine-
evoked cell death, thereby suggesting the blockade of
voltage-gated Na� channels as a possible mechanism
for the neuroprotective and anticonvulsant properties
[32]. Recently, it was demonstrated that vinpocetine
antagonizes the release of excitatory neurotransmit-
ters triggered by Na� channel activation, which is hy-
pothesized to be responsible for its anticonvulsant ac-
tion, and also increases the levels of DOPAC in isolated
striatum nerve endings [77]. Vinpocetine has shown
higher potency and efficacy than the most widely
used antiepileptic drugs (carbamazepine, phenytoin,
valproate, oxcarbazepine, lamotrigine and topiramate)
in inhibiting the high K�-evoked release of [�H]Glu in
isolated hippocampal nerve endings. Therefore, the
use of vinpocetine may reduce the adverse effects as-
sociated with higher doses of other antiepileptics
(AEDs) [61]. Vinpocetine was tested in different
types of kindled seizures in rats and was found to be
effective in PTZ-, amygdala- and neocortically-
kindled rats [57].
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Brain aging and AD

In addition to the above-mentioned reasons, i.e., lack
of perfusion and lack of oxygen or energy, aging also
affects cognition and memory through the degenera-
tion of neurons. Because reactive oxygen species
(ROS) play an important role in the neuronal damage
and death commonly seen in various neurodegenera-
tive disorders like AD, the role of vinpocetine in oxi-
dative stress is also being studied as a possible neuro-
protective strategy. Studies conducted using in vitro

models of oxidative stress have reported the protec-
tive effect of vinpocetine against ROS attacks. It neu-
tralizes ROS, reduces the neurodegenerative process
and delays the progression of age-related brain disor-
ders [49]. It was also reported that vinpocetine pro-
tects PC12 cells from the inhibition in redox status in-
duced by exposure to amyloid �-peptides (A�25–35
and A�1–40). In addition, vinpocetine was shown to
protect cells from A� toxicity, preventing oxidative
stress caused by the excessive accumulation of ROS.
Thus, the study concluded that vinpocetine has neuro-
protective potential that might be exploited for the
treatment of AD or other neurodegenerative disorders
in which oxidative stress is involved [50].

Clinical trials

Cerebrovascular disorders

As the efficacy of vinpocetine in cerebrovascular dis-
eases became evident from animal studies, clinical
studies were also performed. Despite the lack of
unanimous opinion due to the paucity of clinical data,
various clinical trials have confirmed the multiple un-
derlying mechanisms responsible for the beneficial
neuroprotective effects produced by vinpocetine.
Positron emission tomography (PET) measurements
performed in chronic ischemic stroke patients after
a single-dose injection showed significant changes in
regional cerebral blood flow (rCBF) and metabolism
(rCMRglu). The changes were positive in the peri-
stroke regions and the healthy brain tissue, with peaks
in the basal ganglia, thalamus and occipital cortex
[68]. Furthermore, the neuroprotective activity of vin-
pocetine makes it useful for the treatment of early
stage cerebrovascular diseases, such as the asympto-
matic ischemic cerebrovascular disorders (AICVD)

[18]. In a pilot single-blinded randomized clinical
trial, 30 patients with acute ischemic stroke were
given either low-molecular weight dextran alone or in
combination with vinpocetine. At the three-month
follow-up, the relative risk (RR) reduction of a poor
outcome was observed to be 30% (according to the
modified Barthel Index) and 60% according to the
modified Ranking score. In addition, no significant
adverse effects were observed. Hence, this pilot study
reported the efficacy and safety of vinpocetine [15].
Another study conducted in 87 patients with chronic
cerebral ischemia demonstrated that vinpocetine ex-
erts an endothelium protective effect through the par-
tial renewal of endothelium-dependent vasodilatation
and inhibition of rejection of the von Willebrand fac-
tor during an arteriovenous occlusion test. However,
the recovery of a neurological deficit depends on the
extent of renewal of the endothelium-dependent vaso-
dilatation [80]. A study performed in 100 patients re-
ported significant and relatively rapid improvements
in reversible vascular diseases, such as hypertensive
encephalopathy, intermittent vascular cerebral insuffi-
ciency and in the early stage or light cases of cerebral
arteriosclerosis [72].

Studies performed to investigate the effect of ethyl
apovincaminate on cerebral circulation showed that
vinpocetine strongly reduces cerebral vascular resis-
tance while significantly increasing the cerebral frac-
tion of cardiac output [64]. Rheoencephalographic
and psychological studies conducted in patients with
cerebral vascular insufficiency found that the admini-
stration of vinpocetine resulted in the improvement of
cerebral circulation. An improvement in memorizing
capacity was recorded after one month of vinpocetine
treatment and was associated with the alleviation or
complete disappearance of symptoms [19]. Vinpocet-
ine improved the cerebral circulation, particularly in
patients with damaged cerebral vascularization [47].
Vinpocetine was found to increase the cerebral blood
flow in the ischemia affected area of patients with
cerebrovascular disease [73].

A ten-year long study on the use of vinpocetine in
967 patients with different cerebrovascular diseases
showed that it was most effective in patients with
early forms and primarily chronic forms, such as
vegetovascular (neurocirculatory) dystonia, initial
manifestations of brain blood supply insufficiency
and circulatory encephalopathy in the first and second
stages. It was also effective in ischemic brain stroke.
The study concluded that vinpocetine should not be
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used in either severe general cerebral hypertensive
crises or in elderly or senile patients with acute
cardio-cerebral or cerebro-cardiac syndrome, postin-
farction cardiosclerosis and marked disorders of heart
rhythm [6]. The continuous index and pulsatility in-
dex in the internal carotid artery were used as parame-
ters for monitoring the changes in the cerebral vascu-
lar resistance after two months of vinpocetine admini-
stration in patients with cerebral circulatory disease.
Vinpocetine caused a significant increase in the con-
tinuous index and a decrease in the pulsatility index,
changes indicating cerebral vascular resistance de-
crease [42].

A study conducted to investigate the effect of par-
enteral or oral vinpocetine on the hemorheological pa-
rameters in patients with chronic cerebrovascular dis-
ease reported that high-dose parenteral vinpocetine
significantly decreases red blood cell aggregation and
plasma/whole blood viscosity compared to the initial
values. In patients with additional oral treatment,
plasma and whole blood viscosities were significantly
lower compared to the placebo patients at three
months [14]. A similar study was performed in 30 pa-
tients in the chronic phase of ischemic cerebrovascu-
lar disease to investigate the hemorheological changes
following the administration of a low (30 mg/day) and
high dose (increased to 70 mg/day) of intravenous
vinpocetine for 7 days. It was observed that the high
dose parenteral vinpocetine treatment significantly
decreased the hematocrit, whole blood/plasma viscos-
ity and red blood cell aggregation compared to the
values before the treatment, while only red blood cell
aggregation was improved significantly by the low
dose treatment. This study advocated the use of vin-
pocetine in the treatment of chronic cerebrovascular
diseases, confirming the beneficial rheological effect
of high dose parenteral vinpocetine [69]. Another
study also reported that during the administration of
vinpocetine for three months, a significant improve-
ment in red blood cell deformability was observed
without adverse effect [21]. A comparative study con-
ducted in five healthy volunteers who were given sin-
gle oral doses of vinpocetine (10 mg), pentoxifylline
(300 mg) and nicergoline (20 mg) reported vinpocet-
ine as the most active drug [22]. A cochrane study de-
signed to determine if vinpocetine treatment de-
creases the rate of early (within 1 month) and late (be-
tween 3 and 6 months) fatality as well as dependency
when administered within two weeks of ischemic
stroke onset summarized that there is no evidence to

support the routine use of vinpocetine in all patients
with acute ischemic stroke, thereby suggesting the need
of further trials [4].

Memory and cognition

In a pilot study, the effect of vinpocetine on cerebral
blood flow and mild cognitive impairment both in
resting conditions or following chemical stimulus was
investigated. It was found that after a 12-week long
oral vinpocetine treatment, the increase of blood flow
velocity in resting conditions compared to the base-
line values was significant in the vascular group. In
addition, there was significant improvement in cogni-
tive functions in both groups. Therefore, it recom-
mended the use of vinpocetine for the treatment of pa-
tients with mild cognitive impairment [79].

In an open-label pilot trial, 15 AD patients were
treated with increasing doses of vinpocetine (30, 45,
and 60 mg/day) for a 1-year period. Vinpocetine
failed to improve cognition on psychometric testing
or overall functioning as measured by the clinical
global impression at any dose tested. The study con-
cluded that vinpocetine is ineffective in improving
cognitive deficits and does not slow the rate of decline
in individuals with AD [75]. A Cochrane study con-
ducted to assess the efficacy and safety of vinpocetine
in the treatment of patients with cognitive impairment
due to vascular disease, AD, a mixture of vascular
disease and AD or other dementias found that
30 mg/day and 60 mg/day vinpocetine was beneficial,
but the number of patients treated for 6 months or
more was reduced. Therefore, the study remained in-
conclusive and advocated the need of larger studies
for evaluating the use of vinpocetine for people suf-
fering from well-defined types of cognitive impairment
[70]. The efficacy and tolerance of orally administered
vinpocetine was investigated in patients suffering from
mild to moderate organic psychosyndromes, including
primary dementia, by assessing ratings of clinical
global impression, cognitive performance and meas-
ures of the quality of life, including depressive illness.
Statistically significant improvements were found in
favor of active treatment groups compared to placebo,
and vinpocetine was also superior to placebo in rat-
ings of the “severity of illness”. This study demon-
strated the usefulness and efficacy of vinpocetine in
the management of patients with moderate organic
psychosyndromes [23]. A study was conducted in 8
patients with Binswanger type vascular dementia to
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investigate the effect of vinpocetine on hemoglobin
oxygen affinity, erythrocyte 2,3-diphosphoglycerate
(DPG) and adenosine triphosphate (ATP) concentra-
tions. After the oral administration of vinpocetine, he-
moglobin oxygen affinity (P50) was significantly in-
creased and red blood cell (RBC) ATP concentrations
were significantly increased, while DPG concentra-
tions were unchanged. There was a significant positive
correlation between the increase of P50 and the in-
crease of erythrocyte ATP concentrations. Thus, vinpo-
cetine is beneficial in the treatment of Binswanger type
vascular dementia due to chronic ischemia [76].

In a double-blind clinical trial, vinpocetine was in-
vestigated for safety and efficacy in elderly patients
with chronic cerebral dysfunction. Patients on vinpo-
cetine scored consistently better in all evaluations of
the effectiveness of treatment, including measure-
ments on the Clinical Global Impression (CGI) scale,
the Sandoz Clinical Assessment Geriatric (SCAG)
scale and the Mini-Mental Status Questionnaire
(MMSQ), and no serious side effects were observed
[2]. Vinpocetine stimulates locus coeruleus (LC) neu-
rons, which decline in number with increasing age.
The reduced number and activity leads to a reduction
in concentration, alertness and information processing
speed and ability. Hence, vinpocetine’s ability to im-

prove the cerebral cortical activating power of the re-
maining LC neurons makes it a potential cognition
enhancer [45]. A study reported that vinpocetine im-
proved the memorizing capacity evaluated by psycho-
logical tests and alleviated associated symptoms [19].
A study conducted in 20 healthy females used 10, 20,
or 40 mg of vinpocetine or placebo for 3-day periods
in a crossover fashion. On the third day of each pe-
riod, the subjects underwent a variety of psychologi-
cal tests. Forty milligrams of vinpocetine significantly
increased performance compared to the other groups,
while no effects on other psychological parameters
were found. The study remained inconclusive due to
the short treatment periods, but suggested that vinpo-
cetine can improve cognition in healthy individuals
[38, 67]. Another study conducted in healthy adults
also reported an improvement in reaction time and
working memory after treatment with a combination
of ginkgo and vinpocetine. However, this study was
also inconclusive regarding whether this effect was
due to ginkgo, vinpocetine or the combination [51].

Epilepsy

The effect of vinpocetine (15–45 mg/day) and its
combinations with different anticonvulsants was stud-
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No. Ref. Total
patients

Treatment
group

Duration
of study

Disease conditions Efficacy Safety

1. [68] Chronic stroke Significant improvement in the transport of
glucose (both uptake and release), increased
blood flow as well as decreased blood flow
velocity and increased peripheral vessel
resistance.

2. [15] 30 15 3 months Acute ischemic stroke Relative risk (RR) reduction of poor outcome
at 3 months of follow-up was 30% (according
to the modified Barthel Index) and 60%
(according to the modified Ranking score.

No significant adverse
effects

3. [75] 30 15 1 year Alzheimer’s disease Ineffective in improving cognitive deficits No significant side effects

4. [2] 84 42 90 days Chronic cerebral
dysfunction

Significant efficacy No serious side effects

5. [12] 61 41 1 year Convulsive syndrome
in children after birth
injury

Effectively prevented convulsive syndrome
in children after birth injury

6. [62] 149 90 days Chronic cerebrovascular
insufficiency

Significant differences in scores before and
after treatment

Well tolerated and safe



ied in 31 patients with different forms of epilepsy.
Vinpocetine significantly decreased the frequency of
attacks or led to their complete disappearance in 20
patients. The greatest effect of vinpocetine was ob-
served in generalized tonic-clonic convulsions and
when they were combined with absences. The study
suggested that vinpocetine has anticonvulsive activi-
ties [13]. Another study was conducted to investigate
the efficacy of vinpocetine in preventing convulsive
syndrome in children after birth injury. Children were
divided into two groups. A disappearance of seizures
was reported in 6 patients from group I (n = 20, taking
conventional therapy) and 27 patients from group II
(n = 41, taking conventional therapy and vinpocetine).
A follow-up with 29 children was done one year later.
It was reported that in group I, convulsive paroxysms
recurred in 4 patients, whereas in the group II chil-
dren, no convulsive syndromes were recorded. In ad-
dition, group II children also showed a decrease in in-
tracranial hypertension and a normalization of psy-
chomotor development [12].

Safety pharmacology and toxicological studies

Various clinical studies have demonstrated that vinpo-
cetine is safe for long-term use (Tab. 1). However, the
safety of vinpocetine in pregnant women has not been
evaluated. No significant side effects related to the
treatment have been reported [2, 15, 68, 70, 75].
A multi-center prospective non-comparative program
investigating the efficacy and safety of a new therapy
scheme with vinpocetine in patients with chronic
cerebrovascular insufficiency has concluded that the
parenteral and peroral use of vinpocetine is well toler-
ated and has a favorable safety profile [62]. Some
mild side effects include indigestion, nausea, dizzi-
ness, anxiety, facial flushing, insomnia, headache,
drowsiness and dry mouth. Due to its capacity to de-
crease platelet aggregation, it should be used carefully
with blood thinners [31, 38]. A study has reported the
induction of agranulocytosis by vinpocetine [59]. An
advantage of vinpocetine over other vasodilators is
that it does not exhibit a “stealing effect”, which is
a phenomenon that involves an enhanced shifting of
blood away from underperfused regions of ischemic
damage, thereby further aggravating ischemic dam-
age. The underlying mechanism responsible may be
non-selective vasodilation, i.e., the opening of blood
vessels in brain regions that do not suffer from re-
duced circulation. However, vinpocetine has no such

“stealing effect”. This finding may be due to its blood
viscosity lowering property, which makes blood much
more accessible to ischemic regions [19]. Apart from
this, vinpocetine increases cerebral blood flow selec-
tively without affecting blood pressure and systemic
circulation, making it much safer than other vasodila-
tors [64].

Drug interactions

Because vinpocetine decreases platelet aggregation, it
should be avoided in patients on blood thinning medi-
cations. Vinpocetine’s absolute bioavailability is 6.7%
under fasting conditions, and the relative bioavailabil-
ity under non-fasting conditions has been reported to
be 60% to 100% higher. Therefore, the intake of food
increases its bioavailability, and it should be taken
along with meals [34]. A study was conducted in
healthy volunteers to investigate the effect of vinpo-
cetine on imipramine pharmacokinetics. C��� and t���
values indicated no change in the absorption of imi-
pramine due to vinpocetine treatment [24]. Another
study investigated the influence of multiple doses of
vinpocetine on the steady state plasma concentrations
of oxazepam in 16 healthy subjects. The results indi-
cated a lack of influence of vinpocetine on oxazepam
kinetics [66]. The influence of vinpocetine on gliben-
clamide steady state plasma levels was investigated in
18 patients suffering from type II diabetes and symp-
toms of dementia. The study reported no interference
of vinpocetine with the kinetics of glibenclamide and
concluded that the co-medication of vinpocetine and
glibenclamide is safe [16].

Conclusions

Vinpocetine is widely used in Japan, Hungary, Ger-
many, Poland and Russia for the treatment of cerebro-
vascular-related pathologies. Data obtained from
clinical studies have indicated the efficacy and safety
of vinpocetine as a neuroprotective, nootropic and an-
ticonvulsant agent. However, as described above,
most of the clinical studies had only a small sample
size and a short duration. Hence, there is a great need
for larger and longer studies to confirm the exact
status of vinpocetine.

�����������	��� 
����
�� ����� ��� ������� 625

Vinpocetine and cerebrovascular diseases – a review
����� ������ 	� ��




References:

1. Adám-Vizi V: Neuroprotective effect of sodium channel
blockers in ischemia: the pathomechanism of early
ischemic dysfunction (Hungarian). Orv Hetil, 2000, 141,
1279–1286.

2. Balestreri R, Fontana L, Astengo F: A double-blind pla-
cebo controlled evaluation of the safety and efficacy of
vinpocetine in the treatment of patients with chronic vas-
cular senile cerebral dysfunction. J Am Geriatr Soc,
1987, 35, 425–430.

3. Bereczki D, Fekete I: A systematic review of vinpocetine
therapy in acute ischaemic stroke. Eur J Clin Pharmacol,
1999, 55,349–352.

4. Bereczki D, Fekete I: Vinpocetine for acute ischemic
stroke. Stroke, 2008, 39, 2404–2405.

5. Bonoczk P, Gulyas B, Adam-Vizi V, Nemes A, Karpati
E, Kiss B, Kapas M et al.: Role of sodium channel inhi-
bition in neuroprotection: effect of vinpocetine. Brain
Res Bull, 2000, 53, 245–254.

6. Burtsev EM, Savkov VS, Shprakh VV, Burtsev ME: 10-
years experience with using Cavinton in cerebrovascular
disorders (Russian). Zh Nevropatol Psikhiatr Im S S
Korsakova, 1992, 92, 56–60.

7. Csillik B, Mihály A, Knyihár-Csillik E: Antinociceptive
effect of vinpocetine – a comprehensive survey. Ideg-
gyogy Sz, 2010, 63, 185–192.

8. DeNoble VJ, Repetti SJ, Gelpke LW, Wood LM, Keim
KL: Vinpocetine: nootropic effects on scopolamine-
induced and hypoxia- induced retrieval deficits of
a step-through passive avoidance response in rats. Phar-
macol Biochem Behav, 1986, 24, 1123–1128.

9. Deshmukh R, Sharma V, Mehan S, Sharma N, Bedi KL:
Amelioration of intracerebroventricular streptozotocin
induced cognitive dysfunction and oxidative stress by
vinpocetine – a PDE1 inhibitor. Eur J Pharmacol, 2009,
620, 49–56.

10. Dézsi L, Kis-Varga I, Nagy J, Komlódi Z, Kárpáti E:
Neuroprotective effects of vinpocetine in vivo and in vi-
tro. Apovincaminic acid derivatives as potential thera-
peutic tools in ischemic stroke (Hungarian). Acta Pharm
Hung, 2002, 72, 84–91.

11. Dutov AA, Tolpyshev BA, Karpov VN, Petrov AP: Ef-
fect of Cavinton on convulsions caused by chemical sub-
stances (Russian). Farmakol Toksikol, 1986, 49, 22–25.

12. Dutov AA, Gal’tvanitsa GA, Volkova VA, Sukhanova
ON, Lavrishcheva TG, Petrov AP: Cavinton in the pre-
vention of the convulsive syndrome in children after
birth injury (Russian). Zh Nevropatol Psikhiatr Im S S
Korsakova, 1991, 91, 21–22.

13. Dutov AA, Tolpyshev BA, Petrov AP, Gladun VN: Use
of cavinton in epilepsy (Russian). Zh Nevropatol Psikhi-
atr Im S S Korsakova, 1986, 86, 850–855.

14. Feher G, Koltai K, Kesmarky G, Horvath B, Toth K,
Komoly S, Szapary L: Effect of parenteral or oral vinpo-
cetine on the hemorheological parameters of patients
with chronic cerebrovascular diseases. Phytomedicine,
2009, 16, 111–117.

15. Feigin VL, Doronin BM, Popova TF, Gribatcheva EV,
Tchervov DV: Vinpocetine treatment in acute ischaemic

stroke: a pilot single-blind randomized clinical trial. Eur
J Neurol, 2001, 8, 81–85.

16. Grandt R, Braun W, Schulz HU, Lührmann B, Frercks
HJ: Glibenclamide steady state plasma levels during con-
comitant vinpocetine administration in type II diabetic
patients. Arzneimittelforschung, 1989, 39, 1451–1454.

17. Gurkovskaia AV, Gokina NI, Buryi VA, Shuba MF: Elec-
trophysiological analysis of the action of cavinton on the
smooth muscles (Russian). Biull Eksp Biol Med, 1987,
103, 68–71.

18. Hadjiev D: Asymptomatic ischemic cerebrovascular dis-
orders and neuroprotection with vinpocetine. Ideggyogy
Sz, 2003, 56, 166–172.

19. Hadjiev D, Yancheva S: Rheoencephalographic and psy-
chological studies with ethyl apovincaminate in cerebral
vascular insufficiency. Arzneimittelforschung, 1976, 26,
1947–1950.

20. Hagiwara M, Endo T, Hidaka H: Effects of vinpocetine
on cyclic nucleotide metabolism in vascular smooth
muscle. Biochem Pharmacol, 1984, 33, 453–457.

21. Hayakawa M: Effect of vinpocetine on red blood cell de-
formability in stroke patients. Arzneimittelforschung,
1992, 42, 425–427.

22. Hayakawa M: Comparative efficacy of vinpocetine, pen-
toxifylline and nicergoline on red blood cell deformabil-
ity. Arzneimittelforschung, 1992, 42, 108–110.

23. Hindmarch I, Fuchs HH, Erzigkeit H: Efficacy and toler-
ance of vinpocetine in ambulant patients suffering from
mild to moderate organic psychosyndromes. Int Clin
Psychopharmacol, 1991, 6, 31–43.

24. Hitzenberger G, Schmid R, Braun W, Grandt R: Vinpo-
cetine therapy does not change imipramine pharmacoki-
netics in man. Int J Clin Pharmacol Ther Toxicol, 1990,
28, 99–104.

25. Jeon KI, Xu X, Aizawa T, Lim JH, Jono H, Kwon DS,
Abe J et al.: Vinpocetine inhibits NF-�B dependent inflam-
mation via an IKK-dependent but PDE-independent mecha-
nism. Proc Natl Acad Sci USA, 2010, 107, 9795–9800.

26. Kaham A, Olah M: Use of ethyl apovincaminate in oph-
thalmological therapy. Arzneimittelforschung, 1976, 26,
1969–1972.

27. Karpati E, Szporny L: General and cerebral haemody-
namic activity of ethyl apovincaminate. Arzneimittelfor-
schung, 1976, 26, 1908–1912.

28. Katsuta K, Umemura K, Ueyama N, Matsuoka N: Phar-
macological evidence for a correlation between hippo-
campal CA1 cell damage and hyperlocomotion follow-
ing global cerebral ischemia in gerbils. Eur J Pharmacol,
2003, 467, 103–109.

29. Kiss B, Karpati E: Mechanism of action of vinpocetine
(Hungarian). Acta Pharm Hung, 1996, 66, 213–224.

30. Krieglstein J, Rischke R: Vinpocetine increases the neu-
roprotective effect of adenosine in vitro. Eur J Pharma-
col, 1991, 205, 7–10.

31. Kuzuya F, Osawa M, Maruyama S: Effects of vinpocet-
ine on blood viscosity and platelet aggregability. Today’s
Therapy Trends, 1985, 1, 21–29.

32. Lakics V, Sebestyén MG, Erdö SL: Vinpocetine is a highly
potent neuroprotectant against veratridine-induced cell
death in primary cultures of rat cerebral cortex. Neurosci
Lett, 1995, 185, 127–130.

626 �����������	��� 
����
�� ����� ��� �������



33. Lamar JC, Poignet H, Beaughard M: Calcium antagonist
activity of vinpocetine and vincamine in several models of
cerebral ischemia. Drug Develop Res, 1988, 14, 297–304.

34. Lohmann A, Dingler E, Sommer W, Schaffler K, Wober
W, Schmidt W: Bioavailability of vinpocetine and inter-
ference of the time of application with food intake.
Arzneimittelforschung, 1992, 42, 914–917.

35. Lorincz C, Szasz K, Kisfaludy L: The synthesis of ethyl
apovincaminate. Arzneimittelforschung, 1976, 26, 1907.

36. Maslarova J, Nikolov R: Antihypoxic effect of vinpocet-
ine. Works of the Chemical Pharmaceutical Research In-
stitute, 1999, XIX, 175–182.

37. Matsukawa M, Ogawa M, Nakadate K, Maeshima T,
Ichitani Y, Kawai N: Serotonin and acetylcholine are
crucial to maintain hippocampal synapses and memory
acquisition in rats. Neurosci Lett, 1997, 230, 13–16.

38. McDaniel MA, Maier SF, Einstein GO: Brain-specific
nutrients: a memory cure? Nutrition, 2003, 19, 957–975.

39. Milusheva E, Sperlagh B, Kiss B, Szporny L, Pásztor E,
Papasova M, Vizi ES: Inhibitory effect of hypoxic condi-
tion on acetylcholine release is partly due to the effect of
adenosine released from the tissue. Brain Res Bull, 1990,
24, 369–373.

40. Miskolczi P, Korma K, Polgar M, Vereczkey L: Pharma-
cokinetics of vinpocetine and its main metabolite apovin-
caminic acid before and after the chronic oral admini-
stration of vinpocetine to humans. Eur J Drug Metab
Pharmacokinet, 1990, 15, 1–5.

41. Miyata N, Yamaura H, Tanaka M, Muramatsu M,
Tsuchida K, Okuyama S, Otomo S: Effects of VA-045,
a novel apovincaminic acid derivative, on isolated blood
vessels: cerebroarterial selectivity. Life Sci, 1993, 52,
181–186.

42. Miyazaki M: The effect of cerebral vasodilator, vinpocet-
ine, on cerebral vascular resistance evaluated by the
Doppler ultrasonic technique in patients with cerebrovas-
cular diseases. Angiology, 1995, 46, 53–58.

43. Nosalova V, Machova J, Babulova A: Protective action of
vinpocetine against experimentally induced gastric dam-
age in rats. Arzneimittelforschung, 1993, 43, 981–985.

44. Nyakas C, Felszeghy K, Szabó R, Keijser JN, Luiten PG,
Szombathelyi Z, Tihanyi K: Neuroprotective effects of
vinpocetine and its major metabolite cis-apovincaminic
acid on NMDA-induced neurotoxicity in a rat entorhinal
cortex lesion model. CNS Neurosci Ther, 2009, 15, 89–99.

45. Olpe HR, Steinmann MW, Jones RSG: Locus coeruleus
as a target for psychogeriatric agents. Ann NY Acad Sci,
1985, 444, 399–405.

46. Ordögh B, Sárossy D, Klimstein G: Therapeutic action
of cavinton in hearing defects of neurological origin.
Ther Hung, 1978, 26, 16–19.

47. Orosz E, Deak Gy, Benoist Gy: Effect of ethyl apovin-
caminate on the cerebral circulation. Arzneimittelfor-
schung, 1976, 26, 1951–1956.

48. Pálosi É, Szporny L: Effect of ethyl apovincaminate of
the central nervous system. Arzneimittelforschung, 1976,
26, 1926–1929.

49. Pereira C, Agostinho P, Moreira PI, Duarte AI, Santos
MS, Oliveira CR: Neuroprotection strategies: effect of
vinpocetine in vitro oxidative stress models (Portu-
guese). Acta Med Port, 2003, 16, 401–406.

50. Pereira C, Agostinho P, Oliveira CR: Vinpocetine attenu-
ates the metabolic dysfunction induced by amyloid beta-
peptides in PC12 cells. Free Radic Res, 2000, 33, 497–506.

51. Polich J, Gloria R: Cognitive effects of a Ginkgo bi-
loba/vinpocetine compound in normal adults: systematic
assessment of perception, attention and memory. Hum
Psychopharmacol, 2001, 16, 409–416.

52. Pudleiner P, Vereczkey L: Study on the absorption of
vinpocetine and apovincaminic acid. Eur J Drug Metab
Pharmacokinet, 1993, 18, 317–321.

53. Ribari O, Zelen B, Kollar B: Ethyl apovincaminate in the
treatment of sensorineuronal impairment of hearing.
Arzneimittelforschung, 1976, 26, 1977–1980.

54. Rischke R, Krieglstein J: Effects of vinpocetine on local
cerebral blood flow and glucose utilization seven days
after forebrain ischemia in the rat. Pharmacology, 1990,
41, 153–160.

55. Rischke R, Krieglstein J: Protective effect of vinpocetine
against brain damage caused by ischemia. Jpn J Pharma-
col, 1991, 56, 349–356.

56. Romodanov AP, Potapov AI: The dynamic changes in
the regional volumetric cerebral blood flow and local
vascular reactivity in acute craniocerebral trauma in ani-
mals with alloxan diabetes (Russian). Zh Vopr Neirokhir
Im N N Burdenko, 1990, 3, 19–22.

57. Schmidt J: Comparative studies on the anticonvulsant ef-
fectiveness of nootropic drugs in kindled rats. Biomed
Biochim Acta, 1990, 49, 413–419.

58. Shibuya T, Sato K: Effects of vinpocetine on experimen-
tal brain ischemia, histological study of brain monomi-
nes. Igaku No Ayumi, 1986, 139, 217–219.

59. Shimizu Y, Saitoh K, Nakayama M: Agranulocytosis in-
duced by vinpocetine. Medicine Online [serial online].
Available at: http://www.priory.com/med/vinpocetine.htm.
Accessed March 08, 2008.

60. Sitges M, Galván E, Nekrassov V: Vinpocetine blockade
of sodium channels inhibits the rise in sodium and cal-
cium induced by 4-aminopyridine in synaptosome. Neu-
rochem Int, 2005, 46, 533–540.

61. Sitges M, Guarneros A, Nekrassov V: Effects of carba-
mazepine, phenytoin, valproic acid, oxcarbazepine, la-
motrigine, topiramate and vinpocetine on the presynaptic
Ca�� channel-mediated release of [�H]glutamate: com-
parison with the Na� channel-mediated release. Neuro-
pharmacology, 2007, 53, 854–862.

62. Skoromets AA, Tanashian MM, Chukanova EI, Petrova
EA, Spirin NN, Nikonov AA, Peverennova IE, Levin
IaI: A multicenter program on assessment of efficacy and
safety of a new therapeutic scheme for patients with
chronic cerebrovascular insufficiency (Russian). Zh Nev-
rol Psikhiatr Im S S Korsakova, 2009, 109, 44–48.

63. Solntseva EI, Bukanova IuV, Skrebitskii VG: Memory
and potassium channels (Russian). Usp Fiziol Nauk,
2003, 34, 16–25.

64. Solti F, Iskum M, Czakó E: Effect of ethyl apovincami-
nate on the cerebral circulation. Studies in patients with
obliterative cerebral arterial disease. Arzneimittelfor-
schung, 1976, 26, 1945–1947.

65. Stolc S: Indole derivatives as neuroprotectants. Life Sci,
1999, 65, 1943–1950.

�����������	��� 
����
�� ����� ��� ������� 627

Vinpocetine and cerebrovascular diseases – a review
����� ������ 	� ��




66. Storm G, Oosterhuis B, Sollie FAE, Visscher HW, Som-
mer W, Beitinger H, Jonkman JHG: Lack of pharmacoki-
netic interaction between vinpocetine and oxazepam. Br
J Clin Pharmcol, 1994, 38, 143–146.

67. Subhan Z, Hindmarch I: Psychopharmacological effects
of vinpocetine in normal healthy volunteers. Eur J Clin
Pharmacol, 1985, 28, 567–571.

68. Szakáll S, Boros I, Balkay L, Emri M, Fekete I, Kerényi
L, Lehel S et al.: Cerebral effects of a single dose of in-
travenous vinpocetine in chronic stroke patients: A PET
study. J Neuroimaging, 1998, 8, 197–204.

69. Szapáry L, Horváth B, Alexy T, Márton Z, Késmárky G,
Szóts M, Nagy F et al.: Effect of vinpocetin on the
hemorheologic parameters in patients with chronic cere-
brovascular disease (Hungarian). Orv Hetil, 2003, 144,
973–978.

70. Szatmari SZ, Whitehouse PJ: Vinpocetine for cognitive
impairment and dementia. Cochrane Database Syst Rev,
2003, 1, CD003119.

71. Szmolenszky T, Török B: Effect of ethyl apovincaminate
on cerebral, carduac and renal flow rate in dogs in the
course of administration. Arzneimittelforschung, 1976,
26, 1914–1917.

72. Szobor A, Klein M: Ethyl apovincaminate therapy in
neurovascular diseases. Arzneimittelforschung, 1976, 26,
1984–1989.

73. Tamaki N, Kusunoki T, Matsumoto S: The effect of vin-
pocetine on cerebral blood flow in patients with cerebro-
vascular disorders. Ther Hungar, 1985, 33, 13–21.

74. Tárnok K, Kiss E, Luiten PG, Nyakas C, Tihanyi K,
Schlett K, Eisel UL: Effects of Vinpocetine on mitochon-
drial function and neuroprotection in primary cortical
neurons. Neurochem Int, 2008, 53, 289–295.

75. Thal LJ, Salmon DP, Lasker B, Bower D, Klauber MR:
The safety and lack of efficacy of vinpocetine in Alz-
heimer’s disease. J Am Geriatr Soc, 1989, 37, 515–520.

76. Tohgi H, Sasaki K, Chiba K, Nozaki Y: Effect of vinpo-
cetine on oxygen release of hemoglobin and erythrocyte
organic polyphosphate concentrations in patients with
vascular dementia of the Binswanger type. Arzneimittel-
forschung, 1990, 40, 640–643.

77. Trejo F, Nekrassov V, Sitges M: Characterization of vin-
pocetine effects on DA and DOPAC release in striatal
isolated nerve endings. Brain Res, 2001, 909, 59–67.

78. Truss MC, Uckert S, Stief CG, Forssmann WG, Jonas U:
Cyclic nucleotide phosphodiesterase (PDE) isoenzymes
in the human detrusor smooth muscle. II. Effect of vari-
ous PDE inhibitors on smooth muscle tone and cyclic
nucleotide levels in vitro. Urol Res, 1996, 24, 129–134.

79. Valikovics A: Investigation of the effect of vinpocetine
on cerebral blood flow and cognitive functions (Hungar-
ian). Ideggyogy Sz, 2007, 60, 301–310.

80. Vaizova OE, Vengerovskii AI, Alifirova VM: An effect
of vinpocetine (cavinton) on endothelium functions in
patients with chronic cerebral ischemia (Russian). Zh
Nevrol Psikhiatr Im S S Korsakova, 2006, 16, 46–50.

81. Vereczkey L: Pharmacokinetics and metabolism of vin-
camine and related compounds. Eur J Drug Metab Phar-
macokinet, 1985, 10, 89–103.

82. World Health Organization. World Health Report 2002.
Reducing Risks, Promoting Healthy Life. Geneva:
WHO, 2002. (www.who.int/whr).

83. Yao JH, Su CY, Chu XY: Pharmacokinetics and disposi-
tion of vinpocetine in rats (Chinese). Yao Xue Xue Bao,
1994, 29, 81–85.

Received: ��� �,� ����- in the revised form: *���$�� ��� ����-

accepted: ��'��$�� �.� ����&

628 �����������	��� 
����
�� ����� ��� �������


	601	Review Œ Therapeutic potential of adenosine analogues and conjugates.
	Monika Samsel, Krystyna Dzierzbicka

	618	Review Œ Role of vinpocetine in cerebrovascular diseases.
	Sazal Patyar, Ajay Prakash, Manish Modi, Bikash Medhi

	629	Review Œ Treatment of inflammatory bowel disease (IBD).
	Anand B. Pithadia, Sunita Jain

	643	Review Œ Activity of essential phospholipids (EPL) 
from soybean in liver diseases.
	Karl-Josef Gundermann, Ann Kuenker, Erwin Kuntz, Marek Dro�dzik

	660	Thymoquinone produced antianxiety-like effects in mice through modulation of GABA and NO levels.
	Neeraj Gilhotra, Dinesh Dhingra

	670	AM251, cannabinoids receptors ligand, improves recognition memory in rats.
	Izabela Bialuk, Maria
M. Winnicka

	680	Effect of nitric oxide synthase inhibitors on benzodiazepine withdrawal in mice and rats.
	Sylwia Talarek, Joanna Listos, Sylwia Fidecka

	690	Nefopam enhances the protective activity of antiepileptics against maximal electroshock-induced convulsions in mice.
	Miros³aw Czuczwar, Katarzyna Czuczwar, Jacek Ciêszczyk, Jacek Kiœ, Tomasz Saran, Jarogniew J. £uszczki, Waldemar A. Turski

	697	Riluzole prevents morphine-induced apoptosis 
in rat cerebral cortex.
	Kambiz Hassanzadeh, Leila Roshangar, Bohlool Habibi-asl, Safar Farajnia, Esmael Izadpanah, Mahboob Nemati, Modabber Arasteh, Sadollah Mohammadi

	708	Anti-apoptotic effect of phloretin on cisplatin-induced apoptosis in HEI-OC1 auditory cells.
	Byung-Min Choi, Xiao Yan Chen, Shang Shang Gao, Rizhe Zhu, Bok-Ryang Kim

	717	Activation of orexin/hypocretin type 1 receptors stimulates cAMP synthesis in primary cultures of rat astrocytes.
	Agata Woldan-Tambor, Kaja Biegañska, Anna Wiktorowska-Owczarek, Jolanta B. Zawilska

	724	No protective effect of curcumin on hydrogen peroxide-induced cytotoxicity in HepG2 cells.
	Xiuping Chen, Zhangfeng Zhong, Zengtao Xu, Lidian Chen, Yitao Wang

	733	Prevention of the wortmannin-induced inhibition of phosphoinositide 3-kinase by sulfhydryl reducing agents.
	Minoru Isosaki, Hitoshi Nakayama, Yoji Kyotani, Jing Zhao, Sayuko Tomita, Hiroyasu Satoh, Masanori Yoshizumi

	740	Effects of angiotensin-converting enzyme inhibitors beyond lowering blood pressure Œ are they
important for doctors?
	Micha³ Holecki, Jan Szewieczek, Jerzy Chudek

	752	Administration of L-carnitine and mildronate improves endothelial function and decreases mortality in hypertensive Dahl rats.
	Reinis Vilskersts, Janis Kuka, Baiba Svalbe, Helena Cirule, Edgars Liepinsh, Solveiga Grinberga, Ivars Kalvinsh, Maija Dambrova

	763	Hemostatic effects of bezafibrate and w-3 fatty 
acids in isolated hypertriglyceridemic patients.
	Robert Krysiak, Anna Gdula-Dymek, Bogus³aw Okopieñ

	772	N-phenylmaleimide derivatives as mimetic agents of the pro-inflammatory process: myeloperoxidase activation.
	Vânia F. Noldin, Silvana V.G. Vigil, Rafael De Liz, Valdir Cechinel-Filho, Tânia S. Fröde, Tânia B. Creczynski-Pasa

	781	Puerarin inhibits iNOS, COX-2 and CRP expression via suppression of NF-kB activation in LPS-induced RAW264.7 macrophage cells.
	Wenzhi Hu, XiangjunYang, Cao Zhe, Qin Zhang, Lie Sun, Kejiang Cao

	790	Naturally appearing N-feruloylserotonin isomers suppress oxidative burst of human neutrophils at the protein kinase C level.
	Rado Nosá¾, Tomáı Pereèko, Viera Janèinová, Katarína Drábiková, Juraj Harmatha, Klara Sviteková

	799	Primary and secondary clarithromycin, metronidazole, amoxicillin and levofloxacin resistance to Helicobacter pylori in southern Poland.
	El¿bieta Karczewska, Izabela Wojtas-Bonior, Edward Sito, Ma³gorzata Zwoliñska-Wcis³o, Alicja Budak

	808	Frequency of the C1236T, G2677T/Aand C3435T MDR1 gene polymorphisms in the Serbian population.
	Maja Milojkovic, Slavica Stojnev, Ivan Jovanovic, Srdjan Ljubisavljevic, Vladisav Stefanovic, Raute Sunder-Plassman

	815	Influence of ABCB1, CYP3A4*18B and CYP3A5*3 polymorphisms on cyclosporine A pharmacokinetics in bone marrow transplant recipients.
	Feng Qiu, Xiao-Jing He, Ya-Xin Sun, Jesse Li-Ling, Li-Mei Zhao

	826	Association of transcription factor 7-like 2 (TCF7L2) gene polymorphism with posttransplant diabetes mellitus in kidney transplant patients medicated with tacrolimus.
	Mateusz Kurzawski, Krzysztof Dziewanowski, Karolina Kêdzierska, 
Anna Wajda, Joanna Lapczuk, Marek Dro�dzik

	SHORT COMMUNICATIONS
	834	N-palmitoylethanolamide, an endocannabinoid, 
exhibits antidepressant effects in the forced swim test and the tail suspension test in mice.
	Hai-Ling Yu, Xian-Qing Deng, Ying-Jun Li, Ying-Chun Li, Zhe-Shan Quan, Xian-Yu Sun


	840	Effect of neuraminidase treatment on persistent epileptiform activity in the rat hippocampus.
	
Elena Isaeva, Irina Lushnikova, Alina Savrasova, Galina Skibo, Gregory L Holmes, Dmytro Isaev
	846	Note to Contributor


	content
	cont
	contents_3'2005
	contents

