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Abstract

In order to achieve sustained antiplatelet effect from indomethacin, it was incorporated in a non-ionic surfactant
vesicle (niosome). The objective was to study the effect of niosomal-encapsulated indomethacin on platelet function
such as inhibition of aggregation and ATP release induced by a variety of agonists (adenosine 5%-diphosphate (ADP),
epinephrine, arachidonic acid, ristocetine) and to explore the feasibility of carrier-mediated drug delivery to the
platelets. Multilamellar vesicles (niosomes) were prepared from Tween-60 by the lipid hydration method. Freshly
prepared human platelet rich plasma (PRP) was used for aggregation/inhibition studies, the extent of which was
observed as a change in light transmission measured by the Chronolog Aggregometer. The percent inhibition of
aggregation induced by the agonist ADP ranged from 28.2190.28 at the 2.0 mmol level to 92.691.20 at 12.7 mmol
of the encapsulated drug while the same concentrations of the drug inhibited aggregation only to the extent of
13.7590.13 and 36.8290.57%, respectively. A 100% inhibition of aggregation induced by arachidonic acid was
achieved by niosomal indomethacin while inhibition by the free drug was 41.9% at equimolar concentrations. ATP
release study showed that 100% inhibition was achieved by 8 mmol of the encapsulated drug while inhibition by the
free drug was 40.0091.82%. Therefore, at equimolar doses, the niosomal drug proved to be more efficient in
inhibiting platelet aggregation than the free drug, probably due to greater quantity of the drug reaching the specific
site of inhibition in the interior of the platelets and acting directly on the cyclo-oxygenase system to prevent
thromboxane formation. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Platelets aggregation is established as an impor-
tant factor in the etiology of thrombosis. Platelets
play a major role in the clotting process and* Corresponding author.
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therefore in several cardiovascular conditions.
Platelets are also implicated in development of
occlusions following by-pass surgery and balloon
angioplasty. Commonly used anti-platelet agents
have met with limited success in the prevention of
occlusions being formed again. It is believed that
the failure of anti-platelet agents may be due to
their inherent instability leading to rapid inactiva-
tion in-vivo and hence short duration of action.

Indomethacin is known to inhibit platelet ag-
gregation induced by different agonists. It has
been reported that indomethacin incorporated in
to liposome inhibited platelet aggregation induced
by adenosine 5%-diphosphate (ADP) to a much
greater extent than the unencapsulated drug (Gur-
soy et al., 1988). The main effect of indomethacin
is on cyclo-oxygenase enzyme, which converts
arachidonic acid to thromboxane A2. The t1/2 of
indomethacin is 2–3 h. It is eliminated mainly by
hepatic metabolism and less than 15% is excreted
unchanged in the urine.

In order to achieve sustained anti-platelet effect
from indomethacin, it may be incorporated in to
vesicular carriers such as phospholipid vesicles
(liposomes) and non-ionic surfactant vesicles (nio-
somes). The encapsulation of the drug in these
vesicles would provide some protection from
rapid inactivation while fusion and endocytosis of
the drug-loaded vesicle would target and deliver
the drug in to the platelets.

The objective of this work was to study the
effect of niosome-encapsulated indomethacin on
platelet function such as inhibition of platelet
aggregation and ATP release induced by agonists
such as ADP, arachidonic acid, ristocetine and
epinephrine and to explore the feasibility of car-
rier-mediated drug delivery to the platelets.

2. Materials and methods

Adenosine 5%-diphosphate (ADP), ristocetine,
epinephrine, cholesterol, steraylamine, sephadex
G-50 and Triton X-100 were obtained from
Sigma, MO, USA; Arachidonic acid, ATP and
luciferin-luciferase reagent from Chronolog, PA,
USA; Tween 60 (polyoxyethylene sorbitan
stearate) from Jansen Chimica, Belgium. In-

domethacin was a gift sample from Jordanian
Pharmaceutical Manufacturing (JPM). All other
chemicals were of analytical grade.

The equipment used to measure the degree of
aggregation was Chronolog Lumi—aggregometer
(Model No.500 CA) provided with thermostated
sample chamber and facility for stirring the sam-
ple with a magnetic stirrer. The results were
recorded on Chronolog chart recorder.

2.1. Preparation of niosomes

Multilamellar (MLV) niosomes were prepared
by the lipid hydration method. The method briefly
was as follows: to a 10-ml solution of in-
domethacin in chloroform (1.25 mg/ml) were
added 71.25 mg of cholesterol, 71.25 mg of Tween
60 and 7.5 mg of stearylamine. The mixture was
vortex-mixed, transferred to a 1-L round bottom
flask and the organic solvent was removed under
vacuum in a rotary vacuum evaporator on a
water bath at 60°C to form a thin film on the wall
of the flask. After removal of the last trace of
organic solvent, the film was hydrated by 5 ml of
phosphate-buffered saline (PBS, pH=7.4) at
60°C and at a rotation speed of 150 rpm for 1 h.
The dispersion was left to cool to room tempera-
ture and was sonicated in an ultrasonic bath for 1
h. The un-entrapped drug was removed by size
exclusion chromatography on sephadex G-50
column (60×1.5 cm) using PBS as the eluant.
The entrapment efficiency was determined by dis-
solving 500 ml of the niosomes obtained from gel
chromatography in 500 ml of Triton X-100 (10%),
dilution to 10 ml with PBS, followed by measure-
ment of absorbance of the clear solution at 320
nm (Unicam UV-VIS spectrophotometer). The
stability of the niosomes in PBS was monitored by
storage of niosomes in PBS for 2 h and measuring
absorbance at 320 nm at 0, 30, 60, 90 and 120
min.

2.2. Specimen collection

Human blood specimens were collected fresh
for each experiment by venipuncture in to
polypropylene tubes containing 3.8% sodium cit-
rate in the ratio of one part anticoagulant to nine
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parts of blood. Volunteers did not take any medi-
cation for 10 days prior to participation in the
study. Blood samples were kept at room tempera-
ture and the aggregation test was done within 30
min of the venipuncture.

2.3. Preparation of platelet rich plasma (PRP)

Blood samples were centrifuged at 100×g for
10 min. PRP was aspirated with a polypropylene
transfer pipette in to polypropylene tubes. Platelet
poor plasma (PPP) was prepared by centrifuga-
tion of the blood samples at 1200×g for 10 min
(10000 rpm).

2.4. Measurement of inhibition of aggregation

Niosomes containing indomethacin (2–12.7
mmol) was added to PRP (440 mmol) and incu-
bated for 30 min. ADP was added to achieve a
final concentration of 5 mmol and changes in light
transmission was measured by the Aggregometer.
The procedure was repeated with each of the

agonists (arachidonic acid, 0.5 mmol; ristocetin,
0.6 mmol; epinephrine, 50 mmol) with a fixed
concentration of indomethacin. PPP was used as
the reference.

2.5. Measurement of inhibition of ATP release

The above procedure was repeated by the addi-
tion of 50 ml of luciferin-luciferase reagent. The
final concentration of ADP was 5 mmol. Changes
in fluorescence were measured by the lumi-aggre-
gometer. PPP was used as a reference.

3. Results and discussion

Non-ionic surfactant vesicles (niosomes), pre-
pared from synthetic non-ionic surfactants by
methods similar to that of liposome preparation,
are capable of entrapping a variety of drugs and
have been evaluated as alternative to liposomes
(Florence and Bailie, 1989; Yoshioka et al., 1994).
Non-ionic surfactants form unilamellar and multi-
lamellar vesicles and have similar physical proper-
ties as liposomes, and therefore are regarded as a
relatively inexpensive drug delivery system. The
inclusion of drugs in niosomes has lead to signifi-
cant changes in their biodistribution such as a
greater degree of targeting the drug to selected
tissues, sustained release and altered pharmacoki-
netics (Florence et al., 1990; Chandraprakash et
al., 1993; Parthasarathy et al., 1994).

Niosomes were prepared from Tween 60 (poly-
oxyethylene sorbitan stearate) and were assayed
for indomethacin content (the encapsulation effi-
ciency was 5093%). Stability of indomethacin
under the experimental conditions used for encap-
sulation procedure was also checked and no
degradation was observed. Fig. 1 shows the effect
of encapsulation of indomethacin in niosome on
platelet aggregation induced by ADP. The percent
inhibition of aggregation, measured as changes in
light transmission by the Aggregometer ranged
from 28.2190.28 at the 2 mmol level to 92.169
1.20 at 12.7 mmol while the same concentrations
of free indomethacin inhibited aggregation only to
the extent of 13.7590.13 and 36.8290.57%, re-
spectively. The difference in the inhibition of ag-

Fig. 1. Inhibition of platelet aggregation (induced by ADP; 5
mmol) by free and encapsulated Indomethacin.
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Table 1
Inhibition of platelet aggregation (induced by different agonists) by free and encapsulated indomethacin (12.7 mmol)

ADP (5 mmol) Ristocetine (0.6 mmol)Arachidonic acid (0.5 mmol) Epinephrine (50 mmol)

Free Niosomal Free NiosomalNiosomal FreeFree Niosomal

92.191.2036.8290.5 41.991.2 10090 37.890.3 96.790.4 33.791.2 88.890.4

gregation between the free and encapsulated drug
was significant (PB0.001). Empty niosomes were
used as the control, which did not have any effect
on aggregation. Table 1 shows the inhibition of
platelet aggregation induced by ADP, arachidonic
acid, ristocetin and epinephrine by free and nioso-
mal indomethacin. Incubation with ADP resulted
in a decrease in light transmission initially fol-
lowed by a rapid increase whereas the other ago-
nists caused an immediate increase in light
transmission. It was possible to achieve 100%
inhibition of aggregation induced by arachidonic
acid by the encapsulated drug while only 41.99
1.2% inhibition was obtained with the free drug.
Table 2 shows the inhibition of ATP release (in-
duced by ADP) by the free and encapsulated
drug. At the 8.0-mmol level of the encapsulated
drug 100% inhibition was observed while that of
the free drug was 40.0091.82%. When the results
are compared at equimolar doses, niosomal in-
domethacin proved to be more potent in inhibit-
ing platelet aggregation than the free drug,
probably due to the possibility of greater quantity
of the drug reaching the specific site of inhibition
in the interior of the platelets.

The agonists in general, exert their stimulatory
effect by binding to specific plasma membrane
receptors on the platelets. The agonist-receptor

complex then initiates further steps in the intracel-
lular stimulus-response-coupling cascade, which
produces different physiological responses. ADP,
for example, interacts with its receptors to initiate
an increase in Ca2+ resulting in a rearrangement
of membrane glycoprotein to combine with
fibrinogen (Philips et al., 1980). This process lead
to primary aggregation which cannot be inhibited
by cyclo-oxygenase inhibitors (Hallam et al.,
1985a). Ca2+ also activates phospholipase A2

leading to liberation of arachidonate and conse-
quent formation of thromboxane (Siffert and
Akkerman, 1988). The released thromboxane ini-
tiates a series of sequential reactions such as
activation of phospolipase C, phosphorylation of
protein kinase C and the platelet contractile
proteins leading to a quick exocytosis followed by
an irreversible aggregation (Hallam et al., 1985b).
Therefore, in addition to the action of in-
domethacin on the platelet receptor, some of the
niosomal indomethacin may enter the platelets by
fusion and endocytosis and act directly on the
cyclo-oxygenase system to prevent thromboxane
formation.
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