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Vinpocetine is extensively metabolized in rats, dogs and humans, and the
plasma clearance approximates the hepatic plasma flow in each of the spe-
cies. In vitro degradation studies with hepatocytes have shown that the acti-
vity of human hepatocytes is about one order of magnitude higher than the
activity of dog hepatocytes, and two orders of magnitude higher than that of
rat hepatocytes. These differences can explain the differences in bioavail-
abilities of vinpocetine in the three species (52% in rats, 21.5 ± 19.3% in
dogs and 6.2 ± 1.9% in humans). In dogs and humans, the compound seems
to be metabolized exclusively in the liver whereas in rats extrahepatic me-
tabolism seems also to be important. The in vivo clearance predicted from
the activity of hepatocytes is in good agreement with the values measured in
vivo in the case of humans and dogs. The estimated values for bioavailability
showed good correlation with in vivo data in each species if the free drug ra-
tio was assumed to equal 1.
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Abbreviations: BW – body weight, Cl – clear-
ance, Cl��� – intrinsic clearance, D – dose, E – ex-
traction ratio, F – bioavailability, fu – free drug ra-
tio, LW – liver weight, Q� – hepatic blood flow

INTRODUCTION

Vinpocetine (ethyl apovincaminate, Cavinton�)
is a product of Chemical Works of Gedeon Richter
Ltd. (Budapest, Hungary) and has been widely used
for the treatment of cerebrovascular disorders for
more than 20 years. The main indication fields for
vinpocetine are geriatry, neuropsychiatry, ophthal-
mology and otorhinolaryngology [4, 11, 13]. Vinpo-
cetine is an ester (Fig. 1) and although its main me-
tabolite is apovincaminic acid in the species studied,
there are great differences in the pharmacokinetics
of vinpocetine in man, dog and rat [12, 14–16]. The
bioavailability is much higher in rats than in dogs
or humans, although the whole body clearance is
large in each of the species [3, 8, 10, 14, 16]. In
vivo kinetics of vinpocetine in rat, dog and human
have been measured [3, 8, 10, 12, 14–16], and it
was found that rat is the only species in which the
plasma hydrolyzed the compound.

In this work we have studied the behavior of
vinpocetine in in vitro tests and used the current
pharmacokinetic assessment to predict the in vivo
clearance and bioavailability of the drug.

MATERIALS and METHODS

Chemicals

Vinpocetine was the product of Chemical Works
of Gedeon Richter Ltd. (Budapest, Hungary). Col-
lagenase, nutrient mixture F-12 (HAM), Williams’
medium E and trypan blue were the products of

Sigma Chemie GmbH (Deisenhofen, Germany).
Ethylene glycol-bis(�-aminoethyl ether)N,N,N’,N’-
-tetraacetic acid (EGTA) was purchased from Fluka
AG (Buchs SG, Switzerland). All other chemicals
were purchased from Merck (Darmstadt, Germany).

Liver and serum sources

Wistar rats (160–200 g) [n = 4] were obtained
from Charles River Hungary Ltd. (Budapest, Hun-
gary). Beagle dogs (8.7–10.4 kg) [n = 2] were from
Institute for Drug Research (Budapest, Hungary).
Human liver samples [n = 3] were obtained from
the Transplantation and Surgical Clinic, Semmel-
weis University (Budapest, Hungary). In case of rats
and dogs, the hepatocytes and the serum samples
derived from the same animal, in contrast to hu-
mans where the serum and liver samples derived
from different subjects. For the studies with human
tissues the permission of the Regional Ethic Com-
mittee has been obtained. The experiments were
carried out in accordance with the Declaration of
Helsinki.

Primary suspension culture of hepatocytes

Hepatocytes were prepared by a three-step per-
fusion procedure. The whole rat liver or liver sample
from dog or human livers were first flushed with
Ca$%-free Earle’s balanced salt solution (EBSS)
containing EGTA, then with the same buffer with-
out chelating agent and finally with EBSS contain-
ing collagenase and Ca$%. Perfusions were carried
out at 37°C, pH 7.4 as described by Bayliss and
Skett [1]. The perfusion procedure brought about
softening of the tissues, which thereafter were gen-
tly minced and suspended. The suspensions were
filtered and hepatocytes isolated by low-speed
centrifugation (50 × g) at 4°C. Pelleted cells were
washed four times, and then cell number and viabi-
lity were estimated by trypan blue exclusion. Cell
preparations with viability better than 90% were
used for suspension cultures. The hepatocytes were
suspended in culture medium (Williams’ medium E
and Nutrient Mixture F-12 (HAM) v/v, 1:1) and al-
lowed to equilibrate at 37°C in an atmosphere of
5% CO$ in air (100% humidity) before starting the
incubation with the addition of vinpocetine. Cell
density used for experiments was 2 × 10& cells/ml.
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Fig. 1. The chemical structure of vinpocetine and apovin-
caminic acid



Incubation of vinpocetine in suspension cultures

of hepatocytes

60 �l of 500 �M vinpocetine solution in DMSO
were added to 6 ml fractions of rat, dog or human
hepatocyte suspensions to obtain the final concen-
tration of 5 �M. Incubations were carried out at
37°C in an atmosphere of 5% CO$ in air (100% hu-
midity). Reaction times in every case were 0, 5, 15
and 30 min. Reactions were stopped by withdraw-
ing 0.5 ml of cell suspension and adding it to equal
volume of ice cold acetonitrile. After centrifugation
(2400 × g, 10 min, 4°C) the supernatants were fil-
tered by Shandon hypersil 0.45 mm filter and 20 �l
aliquots were applied on HPLC column.

Incubation of vinpocetine in serum

60 �l of 500 �M vinpocetine solution in DMSO
were added to 6 ml fractions of rat, dog or human
serum to obtain the final concentration of 5 �M. In-
cubation was carried out at 37°C. In case of serum,
the protein concentration was 70 mg/ml. Reaction
times and the procedures used were the same as de-
scribed for suspension cultures of hepatocytes. Pro-
tein concentration was determined by the method
of Lowry et al. [7] using bovine serum albumin as
a standard.

HPLC analysis

The liquid chromatographic system (ISCO, Lin-
coln, Nebraska, USA) consisted of two ISCO model
2350 pumps and ISCO V' type UV detector. The
solid phase was LiChrosphereR 100, 125 × 4 mm
reversed phase column (Merck, Darmstadt, Ger-
many) with particle size of 5 �m. The mobile phase
for determination of vinpocetine consisted of 90%
acetonitrile in water and 0.1% triethylamine (pH
7.5), detection was at 275 nm. The pH of the mo-
bile phase was adjusted with H(PO' (85%). The
flow rate was 1 ml/min and the analysis was carried
out at room temperature. Limit of quantitation was
0.1 �M. Samples stored at –20°C proved to be sta-
ble for at least one month. When vinpocetine was
incubated in cell-free culture medium, no change in
the concentration of the drug was detected.

Methods for predicting clearance and bioavail-

ability

Data analysis was based on the “well stirred”
model equation and the calculation was made as
described by Obach et al. [9] and Lave et al. [6].

The Cl �� )���	 for hepatocytes (ml/min/2 × 10&

cells) was calculated from the decrease in vinpocet-
ine concentration as follows:

Cl �� )���	 =
D

AUC

where dose (D) is 5 nmole/ml and

AUC = cdt
B

�

�

� �
�

where B = 5 nmole/ml (concentration at 0 min),
and � was determined by fitting an exponential us-
ing the measured drug disappearance data.

Since in our case D = B:

Cl �� )���	 =
D

B

�

�� (ml / min)

The Cl �� )���	 ��� � ������ was derived from Cl �� )���	
obtained in hepatocytes which was then scaled up
to represent the Cl expected in 1 g of liver (1 g liver
contains 1.35 × 10* cells, and the cell density used
was 2 × 10& cells/ml). The Cl �� )���	 ��� � ������ value
was scaled up to obtain the Cl expected in the en-
tire organ: Cl �� )���	 +�	�� 	���� {the scaling factor
was [liver weight (g)/body weight (kg)]}. From
Cl �� )���	 +�	�� 	���� the value for Cl �� )�)	 �������� was
calculated as follows:

Cl �� )�)	 �������� =
Cl fu Q

(Cl fu) Q
����� ���	
 �

����� ���	
 �

� �

� �

In case of serum, the Cl �� )���	 value was calcu-
lated from the decrease in vinpocetine concentra-
tion in serum as described above. Then it was
scaled up to get Cl value for the whole quantity of
blood and corrected with the plasma/blood ratio to
obtain Cl���.

To calculate Cl �� )�)	 �������� the following con-
stants were used: Q���� = 60 ml/min/kg, Q��	� = 43
ml/min/kg, Q������ = 19 ml/min/kg.

Plasma/blood ratio for rat was 0.63, for dog was
0.64 and for human was 0.57 [5]. For scaling up the
Cl �� )���	 ��� � ������ value to obtain Cl��� the following
body weights (BW) and liver weights (LW) were
used: BW��� = 0.25 kg, BW�	� = 10.4 kg, BW����� =
70 kg, LW��� = 9.45 g, LW�	� = 413 g and LW�����

= 1660 g.
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Bioavailability (%) was determined by using
the well known equation: F = 1-E, where E is the

extraction ratio, E =
Cl fu

Cl fu +Q )
�


�
 �

�
� (

.

RESULTS

Paramerters calculated for vinpocetine

(Fig. 2, Tab. 1, 2)

A decrease in vinpocetine concentration upon
incubation with human, dog and rat hepatocytes is
presented in Figure 2. Data reveal that the rate of
concentration decrease is very different in the tested
species.
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Fig. 2. Drug disappearance–time profiles of vinpocetine incu-
bated with human, dog and rat hepatocytes

Table 1. The intrinsic clearance for vinpoceine determined in vitro in rat, dog and human hepatocytes and serum

Species Cl in vitro� Cl in vitro� (per g tissue) Cl int� (whole organ)

RAT

hepatocytes 0.0103 ± 0.0087 0.695 ± 0.586 26.28 ± 22.15

serum 0.0054 ± 0.00065 0.0054 ± 0.00065 0.24 ± 0.0286

DOG

hepatocytes 0.067 ± 0.0062 4.53 ± 0.415 180.0 ± 16.49

serum ND�

HUMAN

hepatocytes 0.52 ± 0.14 35.42 ± 9.637 839.84 ± 228.54

serum ND�

� (ml/min/2 × 10� cells) for hepatocytes, (ml/min) for serum, � (ml/min/g tissue), � (ml/min/kg), � ND not detectable

Table 2. The effect of plasma fu on the predicted clearance values for vinpocetine

Species
Cl in vivo predicted� Cl in vivo predicted� Cl in vivo predicted�

Cl in vivo measured�

fu = 1 fu = 0.1 fu = 0.01

RAT

hepatocytes 11.43 ± 5.61 1.553 ± 1.239 0.164 ± 0.138 33�; 48.2 ± 6.2�

DOG

hepatocytes 22.20 ± 0.40 8.113 ± 0.525 1.105 ± 0.097 21.7 ± 11.8�

HUMAN

hepatocytes 10.58 ± 0.08 8.754 ± 0.528 3.282 ± 0.660 13.16�

� (ml/min/kg), � Vereczkey et al. [15], � Yao et al. [16], � Szeleczky and Vereczkey [12], � Vereczkey et al. [14]



The calculated Cl��� values derived from the
change in drug concentration as a function of time
at 5 �M concentration of vinpocetine in rat, dog
and human serum and suspension cultures of hepa-
tocytes, are listed in Table 1. According to the ob-
tained values, rat serum metabolized vinpocetine in
contrast to dog and human serum.

The predicted plasma clearance for vinpocetine
in rat, dog and human hepatocytes is shown in Ta-
ble 2. For calculation of Cl �� )�)	 �������� three fu
values (1, 0.1, 0.01) were taken into consideration.
The predictions became less accurate in each case
when fu values other than 1 were included in the
equations.

The predicted bioavailabilities (Tab. 3)

The predicted bioavailability for vinpocetine
has been assessed from the in vitro data by using
different fu values (1, 0.1, 0.01). Data in Table 3 re-
veal that the best correlation between the in vitro
and in vivo data is obtained when protein binding is
disregarded.

DISCUSSION

Vinpocetine is a readily eliminated drug whose
whole body clearance approximates the total he-
patic plasma flow in each of the species studied
(Tab. 2). The clearance is metabolic clearance, vin-
pocetine is not eliminated unchanged, the main me-
tabolite being the product of hydrolysis, apovin-
caminic acid in every species [10, 14, 15]. How-
ever, the bioavailability of the drug shows big
species differences: in rat it is about 50% [15, 16],

in dog about 20% [10] and in man about 7% [3,
14]. The aim of our investigation was to predict the
in vivo pharmacokinetic parameters from in vitro
data from hepatocytes. The in vitro elimination rate
of vinpocetine by hepatocytes was found to be
about one order of magnitude higher in dogs than
in rats and one order of magnitude higher in hu-
mans than in dogs. These results explain the differ-
ences in the bioavailability of the drug in the three
species. Good correlation was established between
the predicted bioavailability and the bioavalability
found in vivo.

The high in vitro hepatic clearance completely
explains the high in vivo clearance. However, in
rats the hepatic clearance determined in vitro is
about one third of the in vivo clearance, thus other
organs must also contribute to the elimination of
the drug. Although the serum of rat hydrolyzes the
drug [15] (in contrast to dog and human serum), its
contribution to the total clearance is negligible
(Tab. 1).

Taking these results into consideration it can be
stated that the in vitro results give a very good pre-
diction of the in vivo clearance in the species where
the metabolism is determined by the liver (in dogs
and humans), but the data obtained in rats had
a poor predictive value of the in vivo situation due
to significant extrahepatic metabolism. If more or-
gans contribute to the metabolism of a drug, the
in vitro methods have, of course, limited predictive
power in the assessment of the in vivo pharmacoki-
netic parameters and may lead to the underestima-
tion of the whole body clearance.

We wish to emphasize that the best correlation
between the in vivo predicted and the in vivo meas-
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Table 3. The effect of plasma fu on the predicted bioavailability for vinpocetine

Species
Bioavailability in vivo predicted �

Bioavailability in vivo
measured�

fu = 1 fu = 0.1 fu = 0.01

RAT

hepatocytes 45.61 ± 9.35 60.41 ± 2.26 62.73 ± 0.23 52�; 54.54 ± 3.77�

DOG

hepatocytes 12.38 ± 0.91 45.13 ± 1.22 61.43 ± 0.23 21.5 ± 19.3�

HUMAN

hepatocytes 1.34 ± 0.42 10.92 ± 2.78 39.72 ± 3.48 6.7�; 6.2 ± 1.9�

� (%), � Vereczkey et al. [14], � Yao et al. [16], � Polgár and Vereczkey [10], � Grandt et al. [3], � Miskolczi et al. [8]



ured bioavailability values was found when protein
binding has been disregarded (Tab. 3), in spite of
the high protein binding found in vitro, which in
the case of dog is about 97% [10] and in the case of
human is about 90% [2].

In conclusion, we can say that the site of me-
tabolism of vinpocetine in rat is different from that
in dog and man. In dog and man, the liver is the
exclusive site of metabolism, whereas in rat other
organs also play a role in the metabolism. The ex-
trahepatic tissues (kidneys, lung, small intestinal
mucosa) might significantly contribute to the meta-
bolism of vinpocetine.

In addition to the theoretical questions discus-
sed above, our studies have some practical value,
too. It is clear that the liver cells can be effectively
used to estimate the pharmacokinetic parameters of
the new drug candidates and to detect the possible
species differences. The knowledge of these differ-
ences is very useful in the evaluation of the results
of chronic toxicity studies, when we are extrapolat-
ing from animals to humans, and thus helps the
toxicologist to predict the toxicity of a drug in hu-
mans.
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