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ENTRAPMENT AND RELEARE OF CAPTOPRIL AND PROPRANOLOL,
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i typees o fipomemes ¢ amposed of ay '““‘“"" lipnds have been compared for theie abwlity to incotporate captopnl and

lande wigtnfamedlar hposomes (MLV) prepared from epg phosphatidylcholine (EPC) slfowed only low levels
gy, bt the entrapment was increased by inclusion of cholesterol or charped lipids into the vesicle hilayer,
Jes (1TV) showed higher encapsulation efhciency and lower permeability propertiea than MLV, The
arge, resence of trehatose and ronie strength of the medinm on the encapsulation efficiency of FI'V was also
caled that the formation of large liposomes by this technique which probably results from fusion of
\ncreasing the ome strength and by the presence of trehalose. Producing liposomes by the reverse -
J:V ) resulted i more than 2-fold increase in liposomal uptake of both drugs compared to MLV of the
drug effux from liposomes was determined in-vitro and was dependent upon bilayer composition and
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preparing liposomal formulations which are applicable

for therapeutic use.

In order (o investigate the in-vivo behaviour of
liposomes, it s necessary (o study the in-vitro release
nie of an eotrapped drug. The rate of release qf a
mdlecule from liposomes is governed by the material's
hysico<hemical properties (1), Liposomes are freely
permezble to water, but cations are released at a slower
rate than anjons (1), whereas aqueous hydrogen bonding
mzy determine the efffux rate of non-electrolytes (1€
The degree of disorder of the lipid bilayer determines
lhfmr'neability of liposomes. Phospolipids in the liquid
:iﬁzntclm;latc are more permeable to entrapped

ot when they are in the gel state. Thus, loss
grteral) Ped materal is temperature - dependent,
_ Y being greatest around the phospholipid pha

—_— pid phase
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transition temperature (T'c) 47 . At Te, rapid efflux of

material has been attributed to passage through regions

of high bilayer disorder, where gel and liquid crystalline

stales temporarily coexist.  The  incorporation  of

cholesterol into  liposomal bilayers decreases  the

rotational freedom of the phospholipid hydrocarbon
chains. At 50 mole % cholesterol the phase transition is

lost, the efflux rate of cations is decreased, and the
release rate exhibits little temperature dependence (8, 1¢
is apparent that water soluble drugs are poorly
incorporated into liposomes compared (0 more
hydrophobic compounds 1), However, the presence of
charged lipid species clectrostatically increases the
spacing between phospholipid bilayers ?9 causing an
increase in the volume of the aqueous compartments
and thus in the amount of hydrophilic drug
entrapped @D,

The purpose of this rescarch was to study the
characteristics of captopril (CAP) and propranolol
hydrochloride (PPL) liposomal formulations. The
entrapment efficiency and drug release rates were
studied in the absence and presence of cholesterol and
charged lipids.

MATERIALS AND METHODS
MATERIALS :

Captopril (CAP) was a gift from Bristol
Mayersquibb Company UK. Propranolol hydrochloride
(PPL) was obtained from Kahira for pharmaceuticals
and Chemical Industries Company, Cairo, Egypt. Egg
phosphatidylcholine (EPC, about 90%) was obtained
from BDH Chemicals Ltd, UK. and subsequently
purified as described by Bangham et al @2
L-a-dimyristoyl phosphatidylcholine (DMFPC), L-o-
dipalmitoyl phosphatidylcholine (DPPC), cholesterol
(Chol; 99%), stearylamine (SA), dicetyl phosphate
(DCP) and trehalose dihydrate were purchased {rom
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St. Louis, MO, USA. Alumini!Jm

Brochman grade I was supplic

. .miculs 8nd
by BDIH Chemicals 1td, Uk. All other Chbm El-Nasr

ined [ro
solvents were Analar grade and ob'lamc : '
Company for Pharmaceutical Chemicals, Cairo, Egypt

METHODS :
Preparation of liposomes :
1. Multilamellar vesicles (MLV)

The method of preparation of MLY
published extensively 19 . Bricfly, the required amount
of phospholipid, with charged lipid and for cholesterol if
required, was weighed into a 50 ml quick fit round
“bottom flask and dissolved in a small volume of
chloroform. Organic solvent was slowly removed under
reduced pressure on a rotary cvaporator at 40°C 'such
that a thin film of dry lipid was deposited on the inner
wall of the flask. 5 ml of the aqucous phasc containing
citer CAP or PPL was added at 40°C for EPC
liposomes and at a temperature 15°C in excess of the
lipid Tc for synthetic lipid liposomes (i.e. DMPC =
38°C; DPPC = 56°C). The flask was maintained at that
temperature for 1 hr, then shaken on a mechanical
agitator for 2 min, to produce MLV which were
anncaled for 1 hr at a temperature of lipid film
hydration®3),

2. Freeze - Thawing Vesicles (FTV)

FTV were prepared according to the method of
Pick 9 _ 2 ml of MLV were introduced in a glass vial,
frozen at - 20°C by incubation in a freezer and kept at
that temperature for 24 hr. The frozen mixture was
thawed at room temperature and shaken using vortex
mixer for 20 min.

3. Reverse - phase evaporation vesicles (REV)

Sigma Chemical Co.,
oxide, active, neutral,

has becen

REV liposomes were prepared according to the
method of Szoka and Papahadjopoulos ®¥ . Lipid
components were weighed into 100 ml Jong - necked
quick fit round bottom flask and dissolved in
chloroform : diethylether (I: 1). Aquecous phase
containing the drug was added to the organic phasc in a
ratio of 1: 6 . The mixture was mixed for 10 min using
vortex mixer. A stable emulsion was produced, from
which the organic solvent was slowly removed at 45°C
using a rotary evaporator. The liposomes were annealed
for 1 hr at a temperature exceeding the phospholipid Te.

Determination of drug entrapment in liposomes

Aliquots of 2 ml liposome dispersions were
withdrawn and centrifuged at 14,000 r.p.m. for 30 min.
The supernatant containing the free drug was separated
and assayed spectrophotometrically at 265 and 318 nm
for CAP and PPL respectively. The amount of entrapped
drug was determined by difference between the total

drug concentration and the concentration of the drug in

the supernatanl. The amount entrapped wag —
o .

mg drug/ 100 mg lipid. s
Assessment of drug leakage rates

The leakage of CAP and PPL was 4 Sesse
odic centrifugation of sam?Ics ff’nowing Al
n of the initial preparation with saline, i,
s were shaken in a water bath Maintzineg d
licate, 3 ml samples were cent fopeq ::
30 min and the supernatant aSSaycd
CAP and PPL, respectively a

peri
dilutio
preparation:
37°C. Dup

14,000 r.p.m for
265 nm and 318 nm for

RESULTS AND DISCUSSION

1. Entrapment and I.lelwse of CAP and PpL from,
Multilamellar vesicles (MLYV)

The cffect of cholesterol incorporation op the
cntrapment of CAP and PPL in EPC MLV is showp j,
Table 1. Inclusion of 33 and 50 mp]c % cholestero] jpy,
Jiposomes resulted in an increasc in entrapment by 16 3
and 63% for CAP and by 13 and 45% for PPL. Ty,
increase in drug entrapment in liposomes in g,
presence of cholesterol is a function of the cholesterg)
induced increase in vesicle size. The inclusion of
cholesterol into bilayers at greater than 30 mole % was
reported by Johnson @) to increase the diameter of
liposomes. The efflux profiles for PPL from EPC apg
EPC/ Chol (1: 1) MLV liposomes are shown in g 1.
Further studies with EPC vesicles were not undertaken
duc to the observed rapid rclease. The efflux of
entrapped material is temperature dependent. Increasing
temperature increases the degree of bilayer disorder,
Molecules of EPC are in the fluid liquid crystalline state
at 37°C, consequently drug loss is rapid through the
highly disordered liposomal phospholipid bilayers
Incorporation  of cholesterol  into EPC MLV
progressively increased the retention of PPL within the
diluted liposomes. Cholesterol modulates membrane
fluidity by restricting the movement of the relatively
mobile hydrocarbon chains, which is associated with a
loss of bilayer permeability ),

Table (1): Entrapment of CAP and PPL in EPC MLY

liposomes.
- - .. ‘\
Lipid composition Entrapment (mg mg~ l'?)
(mole ratio)
CAP PPL
EPC 3.75(0.08) 1.85 (0.08)
EPC/Chol (1: 0.5) 437 (0.02) 2.09 (0.07)
EPC/Chol (1:1 6.12 (0.07 269(0.12
L (1:1) .12 ( ) 269¢( ,EJ

Each result is the mean of 3 determinations ( « 3. 1))
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Fig-(1):

Table (2) shows the effect of incprpomtion of
nCP ito EPC | Chol (1: 1) MLV liposomes on
L. Increasing the DCP component of

trapment of PP :
el 1,10 and 20 mole % was accompanied

the lipid phase 10
by a proportionately greater uptake of PPL. DCP

incorporates into the lipid bilayer and is routinely used
(o conferring a pegative charge for Hposomes (13), In
tis study, it is likely that the improved entrapment of
L is due to the formation of a lipophilic ion-pair
beween PPL and DCP, which partitions info the
biaers. Incorporation of SA, a positively charged lipid

e (2): Entrapment of PPL in EPC/Chol MLV
liposomes containing dicetylphosphate.

[ ———

ean .
of 3 determinations (£S8.D)

24 36 48

Time (hrs)
Efflux of propranolol hydrochloride from EPC MLV into saline at 37°C .

EPC (m )and EPC/ CHOL (1:1)(e).

into EPC/Chol (1:1) MLV liposomes resulted in an
increased uptake of CAP (Table 3). Stearylamine is
commonly incorporated into bilayers to confer 2 positive
charge on liposomes (9 . Electrostatic repulsion of
adjacent bilayers increases liposome size and the size of
the internal aqueous compartments @5 .

Table (3) : Entrapment of CAP in EPC / Chol MLV
liposomes containing stearylamine

ﬁLipid composition Entrapment )
(mole ratio) (mg mg-1%)
EPC/ Chol (1:1) 6.12 (0.07)
EPC/Chol/SA (1:1: 0.02) 7.23 (0.04)
EPC/Chol /SA (1:1:0.22) 874 (0.09)
% _/
Each result is the mean of 3 determinations (S.D-)

2. Entrapment and Release of CAP and PPL from
Freeze-Thawing Vesicles (FTY)
Table (4) summarizes the encz?psulafiqn
efficiencies of FIV and MLV of varymng lipid
composition for CAP and PPL respectively-
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Liposomes prepared by the freeze - thawing

technique resulted in more than 2 fold increase in CAP
and PPL entrapment compared 0 MLV prepared by the
conventional method. A mechanism outlining the events
dusing IT" cyele has been proposed by Ohsawa et al,
26) I freezing, drugs and liposomes are concentrated,
particles are closely packed in contact with cach other
and consequently fusion of liposomes takes place.
During thawing, large aggregates which include the
drug in its inner space are formed. After shaking,
liposomal particles arc formed entrapping cflicienty the

drugs,

Table (4): Companison
of FIV and MLV of
composition for CAP and PPL.

varying lipid

of encapsulation cfficiencies

( Entrapment (mg me -1 %) )

Lipid composition CAP PPL
(mole ratio)
MLY FIvV MLV FIV

[ 375008) | 8200011) | 1.85(0.05) {4.10(0.02)

EPC/ Chol (1:1) 16.12(0.07) | 13.80(0.06) 269(0.12) 1720 (0.12)

DPPC/Chol (1:1) {6.81(0.05) | 1420(0.03) | 2.91 (0.07) | 761 (0.06)

kDMPC(Chol (1:1) {6.52(0.10) | 13.60(0.09) | 2.70 (0.08) | 6.90(0.09)

y,

Each result is the mean of 3 determinations ( + S. D.)

The composition of the aqueous phase used to
prepare FTV was varied to investigate the effect of ionic
strength on the encapsulation of CAP and PPL in
EPC/Chol (1: 1) liposomes. As shown in Table 5, the
entrapment of both drugs rapidly decreased as the
concentration of sodium chloride increased from 0-0.4
M in the aqeous phase. Ohsawa et al., (6) suggested
that in the presence of sodium chloride , the aqueous

Table (5): Influence of ionic strength of aqueous phase
on cntrapment of CAP and PPL in EPC/Chol

(1:1) FT liposomes.

Sodium chloride Entrapment (% of total)
concgr/}traUOn CAP PPL
0.00 11.04(0.06) | 14.40 (0.12)
0.05 9.81(0.03) | 12.20 (0.08)
0.10 7.12(0.08) | 10.40 (0.06)
020 621(0.12) | 9.10(0.04)
030 518(0.02) | 7.80(0.05)
L 0.40 403(005) | 590(0.09) |

Each result is the mean of 3 determinations ( + S. D.)

S

phase remains unfrozen, because the euteeye
chloride (-21°C)
temperature  (-20°C). Thus the i
dispersed in a larger space during
and aggregates large enough to give high ep

sodium

not occur,
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The effect of trehalose on the encapsulag
on 0

CAP and PPL in EPC/Chol FTV is shown

in Table &

Increasing trehalose concentration fro
m 04 ¢ treha]
s Ose |

g lipid in the aqueous medium resulteq
decrease in drug entrapment . This

inam

pmbab]y may be due

to the ability of trehalose to prevent aggregation
and

fusion of liposomes at very low tem
! X PeTatures
forming hydrogen bonds with the lipi by
groups. @), ¢ lipid phosphate pegy
Table (6): Influence of the addition of g
! daff
concentrations of trehalose on o:nu-apnm:fe n
CAP and PPL  in EPCIChol (11 g
liposomes. .
('
Sugar concentration Entrapment (% of total)
(g trehalose / g lipid) CAP PPL
0.00 11.04(0.06) | 1440 (0.12)
0.50 9.80(0.21) | 12.10 (031)
1.00 730(0.19) | 10.60 (0.08)
2.00 590007 | 820(0.12)
3.00 4.60 (0.03) | 7.10(0.11)
L 4.00 3.90(0.13) | 5.80(0.05) )

Each result is the mean of 3 determinations (+ S, D)

Incorporation of stearylamine, a positively
charged lipid into EPC/ Chol (1:1) FT liposomes
resulted in an increased uptake of CAP (Table 7). This
may be due to the formation of a lipophilic ion-pair
between CAP and SA which partitions into the liposome

bilayer.

Table (7) : Entrapment of CAP in EPC/Chol (1:1) FT
liposomes containing stearylamine.

( Lipid composition Entrapment
(mole ratio) (mg mg'l% )
EPC/ Chol (1:1) 13.8 (0.06)
EPC/Chol/SA (1:1:0.02) 15.1(0.09)
EPC/Chol /SA(1:1:0.2) 168 (1.20)
2 1: 182(1.51)
L EPC/Chol /SA (1:1:0.5) ( ‘J

Each result is the mean of 3 determinations ( + S. D.)
Table (8) shows the effect of incorporation of

DCP into EPC/Chol (1:1) FT liposomes of

entrapment of PPL. Increasing the DCP component

the lipid phase gave proportionately greater up

PPL.
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Hassan ©) reported that
liposomes revealed the |
vesicles each having 4
relative to jis diameter, an
elficient cntrapment of the
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mesence of large unilamellar
large internal aqueous core
d this was responsible for the
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The release profiles of CAP from DPPC/Chol
(I:1) MLV and REV liposomes are shown in Fig 4,
Dilution of REV preparations produced a biphasic
release profile with a phase of rapid drug loss lasting for
about8h. At8 h post dilution 43% of entrapped CAP

was lost from REV liposomes compared to a loss of
about 19% from MLV liposomes.

The release profiles of PP from DPPC/Chol
(1:1) MLV and REV liposomes showed the same trend
(Fig. 5). At 6 h post dilution, 36 and 18% of entrapped
PPL were lost from REV and MLV  liposomes
respectively. This phase of rapid losses may be due to
the rapid release of drug from unilamellar vesicles
present in REV formulations since large unilame]lar
vesicles have a larger surface area to volume ratio than

MLV and possess only a single lipid bilayer barrier to
hydrophilic drug diffusion.

Dilution of liposome suspensions leads to the
efflux of drug across liposome membranes unti]
equilibrium is re-established. The driving force for drug
efflux is then the concentration gradient across the
liposome bilayers. As efflux progresses,  the
concentration gradicnt is reduced, and hence efflux rate
is reduced, indicating first-order release kinetics, which
is confirmed in Figs. (1-5) by the linearity of the log
efflux plots, following an initial phase of rapid release.

CONCLUSIONS

The preceding study was an attempt to evaluate
the potential use of liposomes as a sustained delivery
system for captopril and propranolol hydrochloride.
Evaluation in-vitro of liposome-drug systems is an
important pre-requisite before in-vivo administration.
An  optimum formulation encapsulating a  high
percentage of available drug which could be released at
a controllable rate in-vitro over a prolonged period of

time, could then be considered for use in a clinical
evaluation,
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