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_ ) ABSTRACT )
Liposomes have attracted much attention as a novel drug delivery system for controlled and/or
targeted release of drugs. In reverse-phase evaporation, which is a well-known method of
preparation for LUVs and SPLVs, the phospholipid concentration affects the preparation process,
as well as characteristics of the resulting liposomes. Drug release rate from liposomes depends on
permeahility of the liposomal membranes. Cholesterol (CH) is quite often included in liposomal
membranes to reduce their permeability to water-soluble molecules, In this study, the required
concentration of the phospholipid Ovotin® 160 (0160) for the preparation of urca-containing
stable plurilamellar vesicles, and the effect of different percentages of cholesterol on the
encapsulation parameters and release rate of urea as a water-soluble model drug were
investigated. The results show that there is a critical concentration of the phosphelipid, under
which the capability for the formation of a stable emulsion (in the emulsification part of the
preparation process) sharply decreases. The release rate and encapsulation parameters increased
when the molar ratio of cholestrol to Q160 was 3% and decreased with the ratios of 50% and
100%. Therefore, in preparation of the optimum samples a balance between the encapsulation

parameters as well as the release pattern should be considered carefully,
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INTRODUCTION
Liposomes  (phospholipid  balaver  vesicles)  hanve
attracted increasing allention as a novel drug delivery
svstem for controlled andfor targeted release of drugs
They have been used for delivery of various low and
high molecular weight drugs and genes (1.2), a5 well
as different proteins such as cyvtokines, which induce
tumor-cell vaccination (33, They have also been sugg-
ested for topical apphcations (43 Another interesting
application which has been suggested for liposomes, is
sealing the hyvpoxic cells for prevention of their death
(51 Different types of hiposomes such as Muoltilamellar
Large Vesicles (MLWVsh Small Unilamellar Vesicles
(SUWs), Larpe Unilamellar Vesicles (LUVs), and
Stable Plurilamellar Yesicles (SPLWs) have been in-
troduced and used Tor various applications. A useful
methed for preparation of LUVs and SPLVs 15 the
well-known method ol reverse-phase evaporation {0},
in which the phospholipid concentration affects the
process itsell as well as the characteristics of the final
liposomal sample (6,71 lovestigation of the n-vitro

release rate from liposomes is o prerequuasite Tor under-
standing of their in-vive behavior, The release rate
depends on permeahility of the liposemal membranes.
wlich i turn is affected by wemperatore, encapsulated
substance, externgl covironment of liposomes. and
composition of membrane, Cholesterol s quite often
included in liposomal membranes 1o reduce their
permeahility to water-soluble molecules (33

In thos study, the required phospholipid concentration
For the preparation of uren-contming 32LYs, and the
effect of various percentages of cholesterol (CH) on
the release rate of uren, as a waler-soluble medel drug,
from SPLVs was investigated.

MATERIALS AND METHODS
Materials:
Cholesterol (CH). Triton X-100. urea and diacety]
monoxime werg from Merck  Chenueal Company
{Darmstadt. Germany), Ovotin® 160 with egg phospha-
tidv] choling of approximately GU0% (1607 was a gifl
from Faratin Co. Lid. (Lucas Mever representative.
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Tehran, Iran). Dialysis bag (D 9777) was (rom Sigma
Chemical Company (5t Louis, MO, TS A
Determination af the optimum amoun! of phospho-
lipid:

To a solution of 20 mg Ol6 in 4ml of the orzanic
phase (chloroform and diethylether, 11 wiv), was
added 0.5 ml of the Phosphate buffered saline (PBS)
of pH=7.4. The two-phase system were purged with
nitrogen and sonicated in a bath type sonicator at 2-4
°C for 3 minutes, In another preparation, the sonica-
tion time was increased (o & minutes in order to
increase the stability of the emulsion. Due to the insta-
bility of the emulsions, several samples were preparcd
b incrcaemg the amount of the phospholipid (Le. 25,
30,35, 40, 45, and 46 mg) under the same conditions
Rc.l,uhs of these experiments led to the determination
of the optimum amount of 0160,

Frepavation of SPLVs:

Four liposomal samples (1-4) were prepared as follow:
46 my {60 wmole) of G160 was disselved in 4 ml of a
LD owiv mixture of diethyl ether and chlorolorm
{sample 1) To three samples (samples 2-4) were
added 1.3, 12.7. and 25.5 mg (3.3, 33 and 66 umaole)
of -::holu:al{:ro] respectively. Then il 5 ml of a solution
of 120 mg/ml urea in PBS (with A final pH of 7.45)
was added 1o each, The resuliing two-phase svsiems
were purged with nitrogen and sonicated in a bath tvpe
sonicator at 2-4°C (o produce stable emulsions, which
were  then rolary evaporated at 30-32°C, under
nitrogen a1 a speed of 200 rpm. Final liposomal
dispersions were obfained by breaking the resulting
viscous gels through addinon of Sml of PBS. The
prepatations were then refrigerated under nitrogen for
24 hours.

Sepaeation of lposomes from wnentrapped ureda:

Ce ml of each of the liposomal preparations were
placed inside a closed dialvsis bag, and dialveed
against six 50 ml portions of PBS for ten minutes. The
resulting liposomal preparations which were Tree of
unentrapped urea, were used for the following expen-
IMEents.

Determination of Encapsulation Efficiency (EF) and
Captired Voliwe (00D of the Liposomes

The dialvred hiposomal preparations ebtained from the
previous stage {each 1 oml) were transferred info a
vesscl, and the dialvsis bags were washed with PBS in
order 1o oblain the remaining amounts of the samples
Adler addition of 8, 10, 15, and 25 ml of Triton X-100
solution {10%: vy in PBS) to the samples 12,3, and 4
respectively for disrupting the liposomes, the enira-
ppod urea was measured spectrophotometrically at 45810
nm by digcetylmonoxime methed (%), By comparing
the concentration of urea in the resulting solution with
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that in the aqueous solution which was used for (he
preparation of liposomes, the encapsulation clliciency
and captured volume were calenlated as percentage
and Léimole of lipid, respectively. The results were
then comparcd 1o cach other by using ANOWVA
statistical test followed by Scheffe test.
Fvalwation of the release patfern:
Franz diffusion cells containing 1| ml of dialysed
samples as donor phase, 28 ml of FBS as acceptor
phase, and the dialysis membrane as the semi-
rmu:b]r._ membrane were used in these experiments,
32% 0 After 15, 30, a0, 120, 180, 240, and 300
mmu:cﬁ. one ml samples of the acceptor phase were
laken and the wrea contents were determined as
mentioned above.

RESULTS AND DISCUSSION .

In this study, SPLV tyvpe of lipopsome was chosen
beeause of high encapsulation efficiency, resistance to
solutions witly different osmotic pressures as well as
biological fluids, and wvery low permeability which
makes them a sutlable candidate Tor sustained-release
liposamal svstems (10011
SPLWs are prepared by oa kind of reverse-phase
evaporation method (7). This method consists ol three
stages:
. dissolution of lipids in an organic  phasc

immiscible with waler
2. addition of the agqueons phase and emulsification

of the two-phase system (by sonication),
3. removal of the oreanic phase,
The removal stage resolts in either formation of 1the
liposamal suspension. or a viscous gel that on addition
of an agqueous buffer forms the liposomal suspension
The emulsification of the two-phase syslem 15 an
important process that affects the final formation of
liposomes and their charactenistics (10,12,13). The
resulting emulsion must be reasonably stable at least
for 30 minutes {6). In this study, the combination of
dicthylether and chloroform {1:1 vA) was used as the
organic phase w order 10 make 1he densities of the twa
plases similar and 1o prevent the creanmuing of the
crmulsilicd droplets. The intensiy and duration of
sonication are also imporiant factors in emuolsificaton.
Howewver, cven by increasing  the  intensity  and
duration of sonication, the emulsion was still unstable,
With the highest intensity and the & minute timing in
two 3 minutes stages (which is the maximum useful
time). the emulsion with 200 mg of the phospholipid
showed instability only aller 2 munotes. The svslem
witl 23, 30, 33,40, 45, andd 40 mg ol the phospholipid
remained stable Tor a period of 4-3, 5-7, 8-10, 12-17,
2E-35 and more than 45 nunules,  respectively.
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Table 1. Encapsulation efficiencies and captured volumes of SPLVs
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SAMPLES EF (%) CV ( Limole lipid)
K 51124114 38.73 £ 0.85
2 55.49 % 1.07 42.04 £0.84
3 47.70 £ 1.047 36.14 £0,77 i
4 4688 £1.07 3551088 |

Data are mean + 50 of 3 different samples. Concentrations of urea in solutions resulting from the disruption of
liposomes with Triton X-100 were caloulated. By comparing this concentration with that in the agqueous solution
which was used for preparation of liposomes, the encapsulation efficiency and captured volume were calenlated as
percentage and Lémole of lipid, respectively, CH=Cholesterol and OL60=Cvalin® 160,

Samples: 12 0160, 2, CH:0160=3%, 3; CH:0160=50%. 4, CH:0160=100%, * p<0.0] different from sample 1,

*#* p= 0.05 different from sample 1, *** p> (.03 not significantly different from sample 3.
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Figure 1. Drug release rate from liposomes. Data are mean + 5D of 3 different samples. Cumulative penetration is
caleulated as the amount of urea (per mg) in 1 dl of the samples penetrated through 1 ¢m® of the semi-permeable
membrang (o the dener phase of Frane difTfusion cell. Samples: 1; Ola0, 20 CH:O160=53%, 3: CIH-01a0=30%,

4, CH:0160=100%.
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Therelore, 46 mg was chosen as the optimum
amount. Of course. with this concentration of the
phosphalipid. the removal of the organic phase led to
a wiscous pel. which required addition of PBS in
arder to form the SPLYs. The presence of cholesierol
in some formulptions caused easier and  [aster
emulsification process. This is due to the higher 1otal
amount of lipids and the more rigidity of the mixed
imerfacial lilm formed around the droplets which
makes the resulting emulsions more stable. In the
present study, the concentrations of the entrapped
material (uread in solutions resulling from dismaption
of liposomes by Triton X-100, were caloolated. These
concentrations  result from dilution of the entrapped
urea into the whole samples and allow calculation of
the encapsulation parameters. These parameters are
shown in Table 1. In every liposomal preparation, the
amounts of urea penelrated through the membrane
were calouwlated fromn ils concentrations in samples
taken at different times from the acceptor phase. The
cumulative penctration values were calculated as (he
amounts of urea (mg) in acceplor phase (dl) that is
penetrated  through 1 cim® of the semi-permeable
membrane. The plot of cumulative  penetration
against time is shown in Fig, L
Chelesterol is usoally incorporated into the liposomal
membranes in order to lower the fluidity of the
membrang, w make them more stable in presence of
taological fluids such as plasma, and to lower their
permenbility o water-soluble molecules, [t has been
snggested (hal the fluidity of the hyvdrophobic part of
the liposomal bilaver is responsible for the Hposomal
leakage (143, and cholesterol might reduce the perme-
ability by decreasing this udity. Our resulls (Fig. 1)
show that the effect of CH on liposome permeability
cpends on ils moelar ratio o Q160 in Tiposomal
bilaver. Tt is speculated that molar ratios of UH 10
Ol in between 100 1w 30% fill emply  spaces
between the phospholipid molecules, and anchors
them stronger in the structure, This phenomenon
decreases the rotational freedom of the phospholipid
hyvdrocarbon chains and as a result, the membrane
becomes more rigid and less permeable. As shown in
Fig 1, inour study, liposomes with a 30% molar ratio
of CH tw O160 showed a decreased permeability
compared 1o liposomes without CH, On the other
hand, as the membrane became denser, the surface
area and internal volume decreased. As a resull, EF
and C% were reduced from 531,121 14 (%) and

3R 73085 (Limole of lipid) in liposomes without
CH to 47.70=1.04 (%) and 36.14+0.77 (Lé/mole of
lipid) in liposomes with CH (Table 13, 1o 1% and
lower molar ratios, CH molecules are not enough to
fill all the empty spaces, and instead of making the
membrane more rigid, induce a looser packing
arrangement, [n the present study, incorporation ol
CH inoa 5% molar ratio to Q160 into the liposomal
membrane, increased the EF and CV from 51.12+1.14
(%) and 387320853 (L/mole of lipid) to 35.49+1.07
(% and 42042084 (Limole of lipid) respectively
(Table 13, The increase in permeability is shown in
Fig. 1. In these cases. an increase in surface area
which is associated with a decrease in bilayer
thickness (15), could be the canse of higher EF, CW,
angd permeability,

It is suggested that o 100% molar ratio, duc 1o
saturation, additional CH molecules destroy the order
af bilayers and unstakbalize the membrane (16), which
could increase the  permeability.  Hewever,  the
increase in thickness of membrane compensates this
effect and  permeability remains unchanged  in
comparison with samples of 0% molar ratio {(Fig, 1.
On the other hand, the resultant strong “Van der
Waals" attraction cavscs a lower internal volume, EF
and CV (Table 1)

CONCLUSION

1 15 concluded that there is o critical concentration of
phospholipid, under which the capability for the
formation ol a stable emulsion {in the emulsification
stage of the preparation process) is sharply reduced
Also,  cholestercl,  which  has  been  normally
considered  as the best substance for  lowering
liposome permeability, is not an ideal candidate in all
cases. It has a lowering cffect on the encapsulation
efficiency and captured volume of urea-containing
SPLWs, in congentrations thal canse the permeability
to decrease. Therefore, the requircments with regard
to 1he encapsulation parameters as well as the release
pattern should be considered carefully 1o make a
balance in preparation of the optimum liposomal
samples,
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