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ABSTRACT
Background and Objective: There is significant interest in mutual influence of substances
during their passage into the central nervous system (CNS). Quinidine is a drug which
can achieve significant concentration in CNS and cause side effects and aminophylline is
a drug with possibility to change distribution of drugs in CNS. Thus the aim of this work
was to study the effect of aminophylline on the transition of quinidine through the bloodbrain barrier into the central nervous system. Material and Methods: The experiments
were carried out on Wistar rats, which received quinidine in the form of the retrograde
intra-arterial bolus injection into the right axillary vein. The control group of animals
received subcutaneously physiological solution 30 min before the intra-arterial quinidine
application, whereas the test group animals also received subcutaneously aminophylline
30 min before quinidine application. The rats were sacrificed by decapitation in specified
time intervals in order to determine quinidine concentration in different parts of CNS.
Results: There were no significant changes in serum quinidine levels by comparing
the results of experimental group with those of the control group of animals. In all
parts of CNS aminophylline pre-treatment caused significant decrease in CNS quinidine
concentration. Conclusion: The results suggest that co-administration of aminophylline
and quinidine, decreases quinidine concentrations in the CNS of rats.
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INTRODUCTION
The problem of selective permeability of
blood-brain barrier (BBB), as also investigation
of mutual influence of substances during
their passage into the CNS, represents huge
challenge of modern scientific work. Nowadays, it is well-known that BBB is formed
by tight junctions between adjacent capillary
endothelial cells and it represents diffusion
barrier for many polar molecules. Molecules
passage through semi-selective cell barrier
like this evolves sometimes through specific
protein carriers, which form transport system
of membrane.1-4
Some molecules can cross into the brain
against concentration gradient with help
of specific protein carriers and adenosine
triphosphate (ATP) consumption. On the
other hand, the same mechanism is
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employed for drug efflux as a protection of
accumulating potentially toxic substances.
One of the efflux transporters is P-glycoprotein (P-gp), which is ATP-dependent
and encoded by multidrug resistance
1/ATP-binding cassette sub-family B1
(MDR1/ABCB1) gene. P-gp is present in
the apical membranes of endothelial cells
of BBB and some substances can inhibit
its function.4-6Quinidine is a member of the
first generation P-gp inhibitors and it has
been widely used as an ABCB1 probe for
testing drug interactions at the BBB.7Since
quinidine is in the same time a substrate for
P-gp, it interacts with the P-gp like potent
and efficient inhibitor and prevents its own
transepithelial transport in basolateral to
apical membrane direction. This leads to
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increased CNS concentrations of quinidine which can
result in its CNS side effects.7-10
The main source for altered effects of drugs on the
CNS lies in the dynamic interaction between plasma
and the specific transporters on BBB. Beside this fact,
drug-drug interactions at the site of BBB can theoretically involve several other mechanisms; such would be
change in cerebral blood flow (CBF) and circulation in
general.10, 11 Aminophylline is the example of drug that
can affect both cerebral and body circulation. It is
competitive nonselective phosphodiesterase (PDE)
inhibitor and nonselective adenosine receptor antagonist.
Despite its adenosine antagonism, and expected reduction
of cerebral blood flow, aminophylline has been associated with no change or increase in blood flow at the
same place also.12, 13
In this study we have investigated the mechanism how
aminophylline alters kinetics of the drug which can
attain its concentration in CNS, after the sequential
application of single dose of these drugs. Thus, the
aim of the study was to investigate how aminophylline,
administered subcutaneously, affects quinidine passage
into CNS after its retrograde intra-arterial application
into the right axillary artery.
MATERIALS AND METHODS
Drugs and Chemicals

Quinidine sulphate, aminophylline and urethane were
of HPLC grade and purchased from Sigma Chemical
Co. (Steinheim, Germany). All other substances used in
this study were of analytical grade.
Experimental Animals

Experiments were carried out on adult sexually mature,
both sexes, Wistar rats, weighing 250-350 g which were
bred at the Military Academy of Medicine and housed
at the Department of Pharmacology, Toxicology and
Clinical Pharmacology, Medical Faculty, University of
Novi Sad. The experimental procedures were conducted
in accordance with the European Directive (2010/63/
EU) for animal experiments and they were reviewed
and approved by Ethics Committee for Protection and
Welfare of Experimental Animals at University of Novi
Sad, Serbia.
To introduce the drug into bloodstream allowing to be
transported to the CNS, catheterization of the right
axillary artery was performed. In mammals, analogous
to human vasculature structure, there are three branches
of ascending aorta: brachiocephalic artery, left common
carotid artery and left subclavian artery. Ten millimetres
from the beginning of aorta, starts the branch of

brachiocephalic artery, which bifurcates after four
millimetres to right subclavian artery and right common
carotid artery. The axillary artery is the largest branch of
subclavian artery, and the catheter tip reaches the point
where this artery enters the chest.14, 15 Due to brachiocephalic artery, the substance injected through the catheter into the axillary artery, is within approximately 15 s
in brain circulation thanks to the action of heart pump.
Experimental Design

The animals were divided into two groups, each consisting
of 30 rats. The first (control) group received physiological
solution subcutaneously 30 min before intra-arterial
application of quinidine at a dose of 25 mg/kg b.w. The
second (experimental) group was received aminophylline in a dose of 23 mg/kg b.w. subcutaneously 30 min
before intra-arterial application of quinidine.
Prior to preparation of the blood vessels, the rats were
anaesthetized with urethane, administered intraperitoneally (i.p.) at a dose of 4 ml/kg b.w. When the animals
had been anesthetized the next step was preparation of
left jugular vein and right axillary artery. Quinidine was
then introduced via catheterization into the right
axillary artery for a 15 s period. Thirty minutes before
this procedure the animals in the control group had
received physiological solution s.c., and those in the test
group had received aminophylline in the above
mentioned doses.
At the time intervals of 30, 60, 90, 120 and 240 s, 0.1 ml
blood samples were taken from the left jugular vein. The
blood was transferred into tubes containing 1 ml of
distilled water, so that a dilution of 1:10 was obtained.
The samples were stored at -20°C until the determination
of quinidine concentrations.
After taking the blood samples from left jugular vein, to
reduce the amount of blood in the blood vessels of the
brain, the CNS was rinsed with 5 ml of distilled water
injected into the left ventricle of the heart. Then rats
were sacrificed by decapitation at the same time intervals
as in the case of blood sampling. By resecting the
cranial bones, the brain tissue was made accessible, and
was divided into the following compartments: cerebellum,
brainstem (truncus encephalicus), left and right cerebral
hemisphere. For the quinidine extraction from blood
and brain we used Kramer and Isakson method.16
Quinidine concentrations in blood and brain were
measured with standard spectrophotofluorimetric method,
for both control and experimental animals.16, 17
Statistical Analysis

Statistical analysis was carried out with Microsoft Excel
program for Windows, ver. 2010. All data were reported
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as mean values ± standard deviation (SD). Comparisons
between two groups were performed using Student’s
t-test for independent samples. A difference was considered to be statistically significant for a p-value lower than
0.05 (p < 0.05).
RESULTS
The highest quinidine concentration in the blood of the
experimental animals was recorded at the 30th s after drug
application (18.94 μg/g). Afterwards, sudden decrease in
concentration was observed, but at the 90th and the 120th
s level was approximately the same (7.50μg/g). After the
120th s, the concentration of quinidine again decreased,
reaching in 240th s value of 2.89μg/g (Figure 1).
Comparing the results of experimental group with
those of the control group, higher quinidine concentrations in the blood of test group animals were recorded
in all tested intervals. Beside the previously mentioned
fact, according to a Student’s t–test, aminophylline did
not significantly change quinidine concentrations in any
of the investigated time intervals.
Compared with control group, blood/brain stem ratio
of quinidine concentration was higher in experimental
group in all tested time intervals. Statistical significant
difference was achieved at the 90th, 120th and 240th s with
p<0.05 (Figure 2).
Compared with control group, blood/cerebellum ratio
of quinidine concentration is higher in experimental
group in all tested time intervals under aminophylline
influence. According to the t–test difference was statistically significant at the 60th s with p<0.01, and at the 90th
and 120th s with p<0.05 (Figure 3).
Same as for previous parts of CNS, blood/right brain
hemisphere ratio of quinidine concentration is higher
in the experimental group of animals comparing it with
control group. According to the t–test, it was observed
that difference was statistically significant at the 90th and
120th s with p<0.05 (Figure 4).
In Figure 5 can be seen that for this part of CNS
quinidine concentration ratio is higher, influenced by
aminophyllin pre-treatment. According to the t–test, it
was observed that difference was statistically significant
at the 120th s with p<0.05.

Figure 1: Quinidine concentration in the blood of animals
pre-treated with saline solution (control group) and aminophylline (experimental group) (mean ± SD; n=30 per group).

Figure 2: Concentration ratio of quinidine in blood and brain
stem of the control and experimental group of animals
(mean ± SD; §p < 0.05 vs control; n=30 per group).

DISCUSSION
As we stated in the introduction part this work was
studying quinidine, a substance which can pass through
BBB and attain its level in CNS during time. Moreover,
we were studying aminophylline, a substance that can
148

Figure 3: Concentration ratio of quinidine in blood and
cerebellum of the control and experimental group of animals
(mean ± SD; §p < 0.05 vs control, +p < 0.01 vs control; n=30
per group).
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Figure 4: Concentration ratio of quinidine in blood and right
brain hemisphere of the control and experimental group of
animals (mean ± SD; §p < 0.05 vs control; n=30 per group).

Figure 5: Concentration ratio of quinidine in blood and left
brain hemisphere of the control and experimental group of
animals (mean ± SD; n=30 per group).

change quinidine pharmacokinetics, according to our
previous investigations 8, 9, 18, 19 In the control group of
animals, experiment showed that the quinidine maximal
blood concentration was recorded at the 30th sec. After
that time it rapidly decreased and from the 90th sec it
kept at approximately same level. The explanation for
this situation is in quinidine liposolubility and the fact
that it permeates more easily into lipid-rich tissues,
like CNS structures.7-9,19 The same was observed for
experimental group of animals which were pre-treated
with aminophylline. In 30th sec quinidine reached maximal
blood concentration. Afterwards, sudden decrease in
quinidine blood concentration was noticed in 60th sec with
slowing down of that process after 90th sec. By comparing
those two groups, it can be seen that aminophylline

increased quinidine concentration in the blood, but that
difference was without statistical significance. It has
been well-recognized that drug-drug interactions can
affect the distribution of drugs into a particular
compartment resulting in change of their systemic
blood concentration. In addition, drug-drug interactions
can result in drug effects on organs that normally are
not their target.s 10, 11 In this case aminophylline, a PDE3
and PDE4 inhibitor, showed tendency to keep quinidine
in systemic circulation. PDE inhibition is leading
to relaxation of vasculature smooth muscles which
causes hypotension as a side effect of a therapy with
aminophylline. That effect could contribute to higher
quinidine concentration in blood, as well as many other
effects.12, 13, 20 Keeping in mind results of studies with
aminophylline effects on CBF, we have tried to go further
in explanation of this possibly interesting interaction.
Blood/brain ratio was used for demonstration of
aminophylline effect on quinidine passage into certain
parts of CNS. It shows what was the actual amount of
drug that passed from blood into CNS. 18, 19
As it was expected from the results of our previous
study, aminophylline decreased quinidine passage from
blood to brain stem and that was expressed in almost
all of the tested time intervals (Figure 2). 18 Same was
observed for cerebellum and ipsilateral part of brain
(same side as for quinidine administration). Quinidine
transition from blood to CNS structures significantly
decreased under aminophylline influence, in all tested
time intervals. Same was noticed for contralateral part
of brain, with statistically significant change in 120th s
only. These divergences in quinidine kinetics of particular
parts of brain can be explained with a differences in
perfusion rate and regional drug exposure.21
Lower ratio values of quinidine concentration for the
brain stem, cerebellum, left and right brain hemisphere
of control animals were achieved because of unchanged
quinidine penetration into CNS structures via its special
transporters. So, the quinidine concentrations in blood
and CNS were similar leading to lower ratio values.
Beside P-gp, quinidine is also a substrate and inhibitor
of organic cation transporters family (OCT), which
are influx transporters.22 Members of the OCT family
have been molecularly identified in CNS structures
and endothelial cells of rats, rabbits and humans.23-25 In
vitro model of Xenopus oocytes, expressed with human
OCTN1 transporter subtype, showed that quinidine
is a good substrate for OCTN1. Through that transport quinidine achieves significant CNS concentrations
rapidly.22 Aminophylline decreased quinidine transport
from blood to different parts of CNS, probably by
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affecting cerebral blood flow, or to be precise, by slowing
the circulation in that part of rat’s organism. As we
stated in the introduction part, aminophylline decreases
cerebral blood flow through adenosine receptor antagonism. Adenosine is a potent cerebral vasodilator and
by antagonizing its action aminophylline can change
CNS distribution of any drug. Considering adenosine
antagonism and PDE inhibition as well, it is obvious
that aminophylline can change quinidine distribution.12, 13, 19
Despite that fact, maybe there are some other possible
ways of quinidine and aminophylline interaction. Further
research should investigate if there is a competitive
antagonism between quinidine and aminophylline for
transport on BBB through OCT, because they are both
organic cations.
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