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ABSTRACT

The cffect of lipid composition, liposomal type, surface charge and storage conditions (lime and temperature) on their stabil-

ity was studied . “The ime course of lipid peroxidation for different liposomal formulations was chemically followed , during differ-
ent storage condions, using the thiobarbituric acid assay . Multilamellar and small unilamellar liposomes were prepared from egg
lecithin and varying amounts of cholesterol with or without a charge inducing agent . Dicetyl phosphate or stearylamine was uscd_to
imipat either a negative or a positive surface charpe to liposomes. The results showed that, incorporation of cholesterol into the lip-
asomal bilayer stiuctute, penerally, reduced the rate of lipid peroxidation and adjusting its content to 33 mole% could provide an ap-
propiate molar 1atio for maximum stability of liposomal system. Also, comparing between the two liposomal types of the same
charge and storage conditions, small unilamellar liposomes showed significantly higher peroxidation valucs than multilamellar type .
Regarding the hposomal surface charge, negalively charged liposomes showed the lowest peroxidation values and neutral liposomes
showed the highest values, as compared (o others of (he same type and storage conditions. ‘Thus, inclusion of charged lipid results in
an structral stabilizing eftect, which could be attributed (o (he steric barrier on the liposomal surface presented by this charge . In ad-
dition, concerning the effect of storage lemperatute on lipid peroxidation, liposomes showed higher stability when stored at low tem-
peratwe than when stored at high temperature . Finally, for choosing the proper storage conditions (o optimize liposomal stability

frecze dned and freeze-thawed liposomes were prepared and compared with untreated liposomes . Freeze-dried negatively charged
multilamellar liposomes could provide an optimal storage condition for maintaining liposemal stability . In conclusion, it should be
stressed that lipsomal Tipid composition, type, surf

: ' ace charge and storage conditions can be modified in a variety of ways, and so can
potentially be tailored to satisly the needs of the formulation for solving the stability problems of liposomes .

INTRODUCTION In addition, lipid peroxidation causes an increase

Antificial phospholipid vesicles or liposomes in the permeability of the lipid bilayer structure, and this

have been widly used both as a model membrane sys- would leads (o destabilization of the membrane integrity
tem for biological membrane and as controlled delivery of liposomes (2,4,5)

system for therapeutic agents. Compared 1o other drug

carners, liposomes can be considered 1o be one specific . L}P'd Pctoxfdﬁ:l(l)‘n _[:]mccsrs mw}lvcs lhj‘ dl{epllrc-
type of drug carricr which has certain advantages as "C“d",“ 0 otiygz.n ‘":1‘ iy l.‘" g’]"“ ree 1;;‘ ]c% mmier-
they composed of materials that are present as natural mediales and (o produce semistable peroxides. Because

o (13) Theref. i of their unpaired electrons, free radicals react very en-
materials in the human body . There ur(cl,, kl ey are ergetically and initiate relatively nonspecific hydrogen
non-toxic, biocompatible, biodegradable, and their size abstraction and chemical addition reactions. The degree
and surface can be modified or controlled (o alter their

of peroxidation or the amount of lipid peroxidation

biodistribution and pharmacokinetics), products was determined as malondialdchyde forma-

However, it should be emphasized that lipo- tion(7-9),
somes face a number of chemical and physical de- Malondialdchyde, formed as the breakdown
stabilization process. These smalln vcsilc:c lerlt;clurcs produet produced duriné lipid peroxidation, serves as a
weie generally not thermodynamically stable and have a 1 i ik
!cndc:u;y 1o :i'gwgulc and ¥usc . Forylhcsc reasons, the “’E‘(}’c'?‘cm mdc:t(. for (If:l(:,lnnlnlxxf_: e cx.tentjof t;he pc;,r—
most important aspect in the use of liposomes as drug oxidation .rcnc‘.:on an {]&“b measure y the
carrier is their stability . thml)a_rbllunf: {l(:l(l reaction®™™, It has been known that,
, . » . the thiobarbituric .acid assay is a useful tool in mon-
Generally, the basic lipid composition of lip- itoring lipid peroxidation and is the most f{requentl
osomal formulations consists of a mixture of phos- tised Ei,ndcx of linid croxidaliori both in vitr q d ol
pholipids and cholesterol . Phospholipids usually form vol hpid p l = d"'l l] %‘6’_‘13)"1
the backbone of the liposomal bilayer structure and vivo because it 1s extremly sensitive and simple

their chemical stability is important, Also, incorporation
of cholesterol into liposomal phsopholipid membranes
provide a stabilizing effect on the bilayer configuration

The object of this study was (o investigate the ef-
fect of lipid composition, charge and vesicle type of

of lipids and thus i il sment, L 783 liposomes on their stability during various storage con-
. pros and thus reduce transhilayer movement . . ditions. The design and oplimization of new meth-
reponted that, cholesterol intercalats or fills the empty dology f oviding stable liposomes or extending the
spaces among the phospholipid molecules, where the 3- 0 ology for ph' VICIng stat po I C3 OF exiencing Lne
fi-hiydroxy) on the steroid ring of cholesterol interacts :?hc*ll.-llfc 3“ eir preparation were the aim we dealt with
with the carbonyl oxygens of the phospholipids 59, i this study .
) , Probably, it should be emphasized that, even
Miny studies demonsirated that, liposomes were small changes in lipid composition and methodological
susceptible 1o peroxidation and hydrolysis within few

delails can lead to substantial differences in the prop-
ertics of the resultant liposomes . Therefore, different

momhs and were not likely (o be stable at room tems-

Pertture. Lipid peroxidation of liposomal phospholipids

types of liposomal formulations were prepared and the
tends 1o gencrate potentially toxic oxidative degradation stability during storage was carfully followed using the
Products with a highly different chemical nature. thiobarbituric acid test.
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EXPERIMENTAL

1. Materials :

Cholesterol, dicetyl phosphate, steary]

: yi phe amine were
d from Sigma Chemical Co., Sy,

aine : ) Louis, Mo,
([)jhls./\. Phosphatidylcholine was prepared from c;g'u yolk

of hens following the Faure method ”’”, and w
thermore purified by using silica gel column |, The purity
of phuSphalld)’lChOll'l'lq was - checked by thin-layer
chromatography on silica gel plates with chloroform-
methanol-water (65 :25: 4, by volunw{s) as solvent sys-
iem . Chloroform slutions of phosphatidylcholine were
stored under mitrogen gas in sealed ampoules at -20° ¢
until usc .

Polycarbonate membranes and membrane holders
were obtained from Nucleopore Corp, All othey reagents
and solvents were of a highest grade commercially avai-
able .

2. Methods :
2.1. Liposomal preparations :

as fur-

Two different types of liposomes were prepared,

one was prepared by the hand shaking method (15) 10
produce multilamellar type, and the other was prepared

by sonication to produce small unilamellar type (16) poy
both unilamellar and multilamellar liposomal types,
three different lipid compositions were used to produce
neutral, negatively and postively charged liposomes as
follows : a) neutral liposomes were composed of phos-
phatidylcholine and the required quantities of cholesterol
necessary 10 obtain the desired molar ratio. b) negatively
charged  liposomes  were  composed of  phos-
phatidylcholine and dicetyl phosphalte in 7: 1 molar ratio
with varying amounts of cholesterol. ¢) positively
charged  liposomes  were  composed  of  phos-
phatidylcholine and stearylamine in 7: 1 molar ratio with
varying amounts of cholesterol .

For all formulations (neutral, negatively and
positively charged), the cholesterol contents of lipo-
somes were : 0, 10, 20, 30, 33, 35 and 40 mole % (with
respect to total lipids) .

Preparation of multilamellar liposomes

Multilamellar liposomes were prepared by the
film method which has beer described in detail by Bang-

ham et al, (15) | Briefly, the lipid mixtures in chloroform
were deposited as a thin film in a round- bottom flask by
reduced pressure rotary evaporation . After removal of
the final traces of the chloroform with a stream of nitro-
gen gas and subsequent evacuation, the dried lipid film
Was hydrated with the appropriate omount of isotonic
Ph‘?SPhale buffer solution (pH 7.440.2) to give 60 pmol
lipid/ml, The resulting suspention was gently shaken for
about 1 hour under nitrogen gas at 25°C. Finally, the l{p-
osomal lipid ccacentration was adjusted to 3.6 jmol lip-
id /ml with the same buffer and filtered through 3.0 pum
polycarbonate membrane filler to remove large ag-
gregate of liposomes |

Preparation of small unilamallar liposomes

.. This type of liposome was prepared from the
R,?‘;“.’"S])’ formed multilamellar liposome by sonication .
So“'lllamellar liposomes were sonicated in a bath-type
mt?u:alor under nitrogen gas at 20° C for about 30 min-
mis' The lemperature was regulated using ice-water
caxtire (60 sconds sonication followed by 30 seconds
Ooling )
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A oresult of this procedure  mulilamellar
liposomes were converted 1o wmall unitamelar Jipo-
vomes, and (his was indicated by clarification of the tur
bid suspension19)

2.2. Liposomal homogenelty and slze destribution

For both types of preparations,  the liposomal
suspention vy forced several times by extrusion
through defined pore size of polycarbonate membrane
filters, Sequential extrusion was done at a presaure of

approximately 5.4 lf.y/«;:u?‘ in o 2% mm membrane halder
- Multilamellar liposomes were sequentially extruded
through polycarbonate membranes vath pose size of .Lyl),
2.0, 1.0 and 0.4 ptm . On the other hand, small unilamil-
lar liposomes were sequentially extruded through 0.6,
0.1 and 0,08 pm pore size membrane filters ,

The liposomal size of these extrusions could be
designated by the final or smallest membrane size
through which the suspension was cxtruded where it

, A i 14
was reported in our previous p:.pcr”") and mhars(’ )
that a homogeneous preparation with controlled particle
size distribution was obtained by this extrusion process .

2.3. Liposomal surface charpe

The net surface charge of liposomol preparations
was determined by clectrophortic mobility . The direc-
tion of migration of the liposomol particles was de-
termined by using Carl Zeiss cytopherometer, and this
was used to indicat the sign of the net charge prevailing
at the liposomal surface,

2.4, Freeze-thawing and freeze- drying procedures

For the freeze-thawing procedure, samples of the
final liposomal preparations were frozen in the presence
of phosphate buffer (pH 7.4 4 0.2) containing 7.5% wiv
lactose (as cryoprotectant) , Freezing was carried out at
- 20°C in glass vials and stored at -20"C until required
After different periods of storage (0, 1, 5, 10, 20, 60 and
120 days) the frozen samples were thawed at room tem-
perature. ‘The suspension was then extruded through
polycarbonate membrane filters (as it was staled belore)
Lo remove any large aggregate of liposomes .

For the freeze-drying procedure (lyophilizaion),
the frozen samples (as described above) were dried un-
der reduced pressure for 12 hours and then stored at -
20°C until required , After the storge periods, samples
were rehydrated with distilled water by adding the same
quantity losted during lyophilization process and ex-
truded through polycarbonate membrane filters (as it
was stated before) .

According to these procedures, two types of lipo-
somes were prepared and could be referred or designat-
edas:

1) Freeze-thawed liposome @ which was frozen, stored
and then thawed .

2) Freeze-dried liposome : which was lyophilized,
stored and then rehydrated .

2.5. Lipesomal storage conditions

For choosing the proper storage conditions, to
oplimize or maintain liposomal stability, the testing pro-
tocol was performed under the following conditions :

1- Storage temperature : the liposomal Svspensions
were stored at 5, 25 and 37°C | Freeze-dried and freeze-
thawed liposomes were stored at -20°C.
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3. Starage time : the liposomal stability was chemically
followed during a storage periods of 0, 1, 5, 10, 20, 30
60 and 120 day's,‘ Liposomes which exposed 1o ,;
temperature of 25°C were stored for 0, 1, 5, 10, 20, 30
60, 120 and an extended period of 365 days :
frecze-dried and freeze-thawed liposomes
for 0, 1, 5,10, 20, 60 and 120 days.

It should be pointed out here that, time of meas-
urements which performed immediately afier prcpar;!-
won of liposomes or freeze-thawed and freeze-dried 1i-
posomes  was concerned as zera time and used as
control.

- However,
were stored

2.6. Thiobarbituric acid assay

Liposomal lipid peroxidation, during different
storge periods and - different storage temperatures, was
followed and estimated by using the thiobarbituric acid

test 191,39 ml of liposomal suspension (containing
0.72 mg lipid/ml) were made up to 4.0 ml with distilled
water, and were mixed with 1.0 ml of thiobarbituric acid
reagent (0.67% thiobarbituric acid aqueous solution and
glacial acelic acid, 1 : 1 v/v), This mixture was heated
a1 95" C in an oil bath for 1 hour . It is prefererable to
preparc the thiobarbituric acid reagent just before use .
The reaction product had an absorption peak at 535 nm
and was measured using Perkin-Elmer Lamba 3B UV/
VIS spectrophotometer .

The absorbance of sample of liposomal pre-
partions was measured, against a blank containing the
complete assay mixture without liposomes, and ex-
pressed in terms of malondialdehyde (nmol / mg lipid).
Each experiment was triplicaled and the mean values
were recorded .

2.7. Statistical Evaluation

Student’s t-test was used to compare (wo groups.
However, one-way analysis of variance (ANOVA) was
used 1o test the significance of differences among three
groups (neutral, positively and negatively charged lipo-
somes ).

RESULTS AND DISCUSSION

The effect of incorporation of various amount of
cholesterol into the phospholipid bilayers structure on
lipid peroxidation was investigated in the following two
liposomal systems : (a) multilamellar liposomes and (b)
small unilamellar liposomes. For both types, this study
was conducted on neutral, negatively and positively
charged Jiposomes (see Methods) . Measurements were
made at 5, 25 and 37°C for freshly prepared
suspensions of liposomes (concerned as zero time and
used as control) and also after different periods of
storage time (1, 5, 10, 20, 30, 60 and 120 days). In all
cases of liposomal formulations, it was found that in-
corporation of cholesterol into other phosolipids, gener-
ally, reduced the lipid peroxidation (Figures 1-4) . Also,
this effect was most pronounced with 33 mole % cho-
lesterol (as indicated in Figures 1 and 2).

Therfore, these results showed that cholesterol
has a suppressive effect on the rate of lipid peroxidation
process, during storage, and adjusting its content to 33
mole% provided the appropriate molar ratio for optimal
condition which reflects or indicated maximum stability
of liposomal system . The orientation and better or op-
Umal packing” characteristics of the sterol hydroxyl
80up (3-8-OH) ar the hydrophilic- hydrophobic
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interface must be an important factor in the ability of

cholesterol to stabilize the liposomal bilayer configura-
tion . It was also postulated that, the mechanisms by
which cholesterol stabilize the liposomal phospholipid
structure were probably related both to the structural
propertics of these lipids and to their interactions within
liposomal bilayers, where cholesterol has an important

modulatory effect on the phospholipid phase changes
(5,6)

On the basis of the above results, 33 mole% cho-
lesterol was selected to study the effect of liposomal
type, surface charge, temperature and freezing on lipid
peroxidation during storage .

Concerning the effect of liposomal types on lipid
peroxidation, Figures 3-5 showed that liposomes pre-
pared by sonication (small unilamellar type) provided a
greater lipid peroxidation values compared to that pre-
pared by handshaking method of the same charge (mul-
tilamellar type) . A comparison between these two types
of liposomes, within the same liposomal charge (Figure
5), for the degree of peroxidation (after one year of stor-
age at 25°C) indicated that the statistical differences
were significant (p < 0.05) . This could be explained on
the consideration that, the sonication of liposomes caus-
es oxidation and chemical degradation . It was also re-
ported that the high energy of sonication induced struc-
tral and functional changes in the liposomal membranes,
which Jead to perturbation of the lipid bilayers . This
perturbation or disruption of the membranc structurc

may stimulate the peroxidation process @),

Also, the effect of liposomal surface charge on
lipid peroxidation was studed . The results of this study
clearly showed that the degree of peroxidation was var-
jable due to change in liposomal surface charge (as
shown in Figures 3-5) . Generally, a comparison
between different surface charges, within the same lip-
osomal lype, for the degree of peroxidation (after one
year of storage at 25°C) indicated that the presence of
charged lipid significantly (P < 0.05) reduces the lipid
peroxidation (Figure 35). Additionally, negatively
charged liposomes provided lower peroxidation values
as compared to positively charged ones of the same
type, however the statistical differences were in-
significant (P < 0.1) .

Thus, on the basis of these latter observations, it
seems possible to propose that inclusion of charged lipid
in the liposomal lipid composition results in an structral
stabilizing effect of liposomal suspentions . This sta-
bilizing effect of charged lipids could be attributed to
the steric barrier on the liposome surface presented by
this charge . It was also reported that, these samll ves-
icles of liposomal system were not thermodynamically
stable, and the presence of a charge inducing agent will
tend to increase the interlamellar resistance between
successive bilayers and thereby providing extra stability

against aggregation and fusion (219:20)

Regarding the effect of storage temperatures (5,
25 and 37°C) on lipid peroxidation, generally in all
types of liposomal formulations, it has been found that
the higher the storage temperature the bigger the degree
of peroxidation (Figures 3 and 4). Apparently, from the
above presented results , it should be emphasized that :
1) The liposomal stability was strongly dependent on
the storage temperature . 2) Charged multilamellar lipo-
somes represented an optimal or most suitable formula-
tion for extending the shelf-life and showed higher
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gability when stored al low temperature than when
stored at high temperature .

Finally, the stability of freeze-dried and freeze-
thawed liposomes (sce material and methods) was fol-
lowed during 120 days of storage at -20°C . It was ob-
served that, freeze-dricd liposomes proved to be super-
jor to frecze-thawed liposome of the same liposomal
type (multilamellar and unilamellar) and of the same
charge, in facilitating optimal long term storage condi-
tions, where they showed high stability during 120 days
of storage at -20" C (Figures 6-8) . This result could be
explained on the consideration that, frecze-thawing
causes perturbation in the usual structre of (he lipid bi-
layer, resulting in defects or disorder within the lip-
osomal bilayer configuration, which caused changes in

the structural and barrier function (2!’22)_

Also, a comparison between different surface
charges, within the same liposomal type (multilamellar
or unilamellar) and also the same ‘storage condition
(frecze-thawed or frecze-dried), was made for the de-
gree of peroxiaation after 120 days of storage and sum-
marized in Figure 8 . Negatively charged liposomes
showed the lowest peroxidation values, and ncutral lipo-
somes showed the highest values, as compared to others
of the same type and storage condition ,

In addition, Figure 8 revealed that small uni-
lamcllar liposomes provided a greater peroxidation val-
ues compared to multilamellar type of the same charge
and storage condition . Consequently, the results of the
freezing cxperiments demonstrated that, freeze-dried
negatively charged multilamellar liposomes proved to
be the most suitable design, compared to other formula-
tions, for providing the optimal storage conditions and
retaining or maintaining the liposomal stability by mini-
mizing peroxidation reactions .

On the basis of the presented results and dis-
cusion, it can be concluded that :

1- Cholesterol has a suppressive effect on the rate of lip-
id peroxidation process, during storage, and adjusting its
content to 33 mole% could provided the 2ppropriate mo-
lar ration for optimal condition which reflects the maxi-
mum stability of liposomal system .

2- Small unilamellar liposomes showed a greater per-
oxidation values compared to multilamellar type of the
same charge and storage condition .

3- Negatively charged liposomes showed the lowest per-
oxidation values, and neutral liposomes showed the
highest values, as compared to others of the same type
and storage conditions .

4- The liposomal stability was strongly dependent on
the storage temperature, where they showed higher sta-
bility when stored at low temperature than when stored
at high temperature .

5- Freeze-dried liposomes proved to be superior to
freeze-thawed liposomes of the same liposomal type
(multilamellar or unilamellar) and of the same charge .
Also, negatively charged multilamellar freeze-dried li-
posomes could provide an optimal storage condition for
maintaining liposomal stability .

Accordingly, it should be stressed that liposomal
types, lipid composition and surface charge can be mod-
ified in a variety of ways and so can potentially be tail-
ored to satisfy the needs of the formulation for solving
the stability problems of liposomes . Also, the freczing
experiments confirmed the importance of freeze-drying
as the appropriate condition or methodology for further
optimization of the liposomal system and its proper util-
ization for useful application, with respect to their stabil-
ity .
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