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3 ABSTRACT ,

o
»

L1nosomes have been 1nvestxgated for their. %otenflal to
stablllze drugs with whlch they become assoc1ated
"Acetylsal1cy11c acid, localcgnesthetlcs, and cefotax1me
_1sod1bm were selected as model compounds for this evaluation.
. The klnetlcs‘of hydrolysxs n l1posomes w;§% stud1ed as a

L functlon of llposome comp051t1on method gt preparatlon
, ‘ 7

<
Jdrugnlxpxd ratlo, temperature, pH, and ionic strength of the

Lmedlum\ When ASA was xncorporated 1n1t1ally in the 11p1d
ﬁchase, a 25 % increase in stablllty was obtalned in neutral
{(U¥d1myrlstoy1 lecithin- (DMPC) llposomes at pH 4.0 and 30°.
| ‘Increa51ng the liposome’ concentrathn prov1ded a.
proport1onal 1ncrease in the stabllzzat1on of ASA. . The
',‘addltlon of stearylamine (STEAR) to. the organic sol¥ent
'dm1xture caused a ranld 1n1t1al hydroly51saof ASA but once
llposomes were formed the rema1n1ng ASA was stab1llzed at
_substantially higher levels?‘ The evidence suggests that .
anionic :ASA comblexes electrostatically to the pnoépholipid
. bolaffgroups (to the. posxtlvely charged chollne groups) and-d
(,1s subsequently protected against hydrolytlc attack
The %iposome stabilities -of several local anesthetice
‘were also measured at pH 2.2 at 30°. Increases'in )
. stability correlated w1th their’ part1t1on coeff1cients and
'a‘n}ranged from 17% to 84% but the addition of 50 mole% of CHOL

reduced the increase to about one-third of what it was in

‘f‘lec1th1n llposdmes alone whereas negatlvely charged

——

P
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-

‘liposomes lded markedly increased stabilizationgof‘theg
‘Iocal anesthgtics.

.t Cefotafime sodium (cr¥) was not stabilized in .

. . - . L

l1posomes However, unionized CFX~rapidiy solubilized
?

’11posomes, the rate of solublllzatlon rapidly decrea51ng
\ .

«

with an 1ncrease in pH. After solubllxzatlon, the solutlons
~
“gradually returned to a turb1d state and large crystals were

"“observed mlcroscoplcally The solublllzatlon effect is
'probably due to mixed mlcelle formatlon of phosbhollpld and
CFX initiated by the surface activity of the drug

In uonclu51on, the-potential of llposomes to- stabilize

L
drugs in splu on is dependent on. both thg fractlon “of drug
associatedzwit the liposomes andqthe protectlon of drug in
the phOSphOllpld bilayers.. The partltlon coeff1c1ent plays
&n 1mportant role in tgﬁ Jtablllzatlon of nonlonlc drugs
whereas electrostatlc assoc1atlon of anionic drug, ‘'such as
i

ASA, with phosphollpld plays a major role. Overall, levels

of stabilization in llposomes of 20%'80% were achieved.

t
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1. INTRODUCTION -

The stability aspects of drugs formulated in dosage
forms is of paramount importance if drug products-arerpq Se
safe, effective and reliable. One‘df the main criteria.;&w g
preformulation’studies is to establish the chemical (and in )
-some ‘instances, physical) stability of a drug and hence,
'asce;tain its\pétential shelf-life in the physical unit 1in
which it is to be administered. On many occasions, the
stability behavior of the drug precludes its formulation,
into certa}n types of dosége forms and the route by which it
can be administé£ed mostzefficiently. -

The formulation of a drug necessary to maintain
.adequate séability‘under these circumstances requires
careful selection of véh}cle and excipients which ideally
will minimize degradation of the drug in a complementary
manner but at the same time present the drug in an
acceptable form. The selection of the ingredients of the
dosage form is ge;erally made with consideration of the
mechanisms by which thg particular drug substance degrades.
These degradafive processes mainly include hydrolysis,
| oxidatioﬁ,’facemization, phétolysis, isomerization and
reactions due to microbial contamination. For examplg,
esters and amides primarily undergo hydrolytic degradation

wherea§ ascorbic acid, epinephrine and some steroids are

: r . - .
subject to oxidative degradative reactions.



A major problem of many’drugs is their hquolytié

- degradation in aQueous solutions and various physical and
chemical means havefbeen used to improve their stabilities »
€1-3). For exc™ e, th addition of non- queou&,organlc
solvents, such as alcohol, glycerin or pro ylene glyco;,
often can reduce hydrolysis usually by lqwéring the ”
dielectric éohstant'of the vehicle (4-6). Another
possibility is to reducé the éolbbility of a drug. .Thus,
the stability of penicillin in an aqueous system was R
improved by fbrming the less soluble procaine derivative and
also by formulatlng it with c1§rate, dextrose, sorbitol, or

A L
gluconate (7). Complexation of drugs . such as benzocaine,’

pr :caine and amethacalne has also been showw to 1nefease the
stability of these drugs agalnst base catal e 2d hydroly51s
(8). A unigue approach of formulating more stable drugs is
their incorporation into micelles. The success oﬁ this,
however, is dependent on the extent of partitioning of the j
drug in the micelles wﬁich‘is a function of several complex
interactions determined by.the chemical nature of the drug,
ithe suffactant and additives which may be present (9-15). A
" mechanistic approach has been used (18) employing the
Hammett free-energy relationship (19) to predict the role o
a substitpent on a allylbarbituféc acid drug molecule on its
overall stability. Microencapsulation (20), use of

antioxidants (21,22), lipid coating (23), chelation (24,25)

- and the pro-drug approach (26-28) are now also fairly common

» | | | ]



’ \jprbblem, thus new,. improved formulation

;

methods to improve the stability of drugs/in pharmatedtical

preparations.

<" In spite of .the various approaches uged to stabilize a

drug, there is seldom an ideal solution t

a drug stqb{iity
ethods Qré still
needed. In particular, ﬁhis thesis‘is'concerned with thefv
'improvemenﬁ of the stability of drugs which‘dggrade*b§ )}
hydroiysis.in équeous solution. This'ggs the poteéftial of
improving the éhelf-life oéfa liguid iormJZatidn of'a”drug
and improving the efficiency of abgorption of the drug

administered orallyl

J

HYPOTHESIS:
{

X Liposomes have been shown to have potential use in drug
delivery éystems byrproviding gustained release of drugs?
‘localized drug delivery and enha&ced upﬁake of‘drugs by
target cells (29—34f. Althbugh phospholjpids are agie to
spontaneously form liposomes in aqueous meﬁia (35) and
entrap polaf,énd~non-polar molecules (36), liposome systems
have seldom been examingd fdr their pqtential for ‘ ‘
formulatiné»more stable angéus preparations of drugs.
(37-40). The basié‘of th;; methodology lies mainly in the
concept tha‘ lipidfsoluble drug entrapggd'withiﬁ’the biléyer
structures o} liposomes are shielded from catalyzed

hydrolytic attack. Also, water-soluble. drugs entrapped

within the aqueous core or compartments of liposomes may be

Y

Y
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protected from harsher‘;xternalAenvironments provided that
the lzpoggme itself rema1ns stable and 1mpetmeab1e under
these condxtlgns. It is with this approach in mind that
studies were conducted in detall to determlneathe-rmportanta

factors in formulating certain types of drugs in liposomes

*

in order to.increase their overall stapilities.

AIM; : . , o -

The ultimate aim of this thesis was to investigate the
potential cf the liposome system to gmprové the hydrolytic
stability of susceptible grugs under various conditions of

composition, concentrajfion, temperature, agueous environment-
’ . '

and method of preparafion.

o , ;:7

OBJEC%&VES}

" The objectives to be achieved include the following :

} 4
1. To prepare liposomes of various compositlons contalg;ng

acetylsalicylic acid (ASA), cefotax1me sqdlum (CFX) O
6 - Foel

benzocaine and to compare the k1net1cs of degradatlon .in

- Jt
1iposomes to aqueous solué&ons of these drugs as
- s

ccntrols. W

. 2. " To quantify the kinetics of each system and to determine

+

the important kinetfc factors responsible for the
stabilization of drugs in liposomes. -
!

3. To determine the role of partition coefficient in the

stabilization of drug&s in liposomes using a series of’



unionized local anesthetics.

To détermine.the_physiCOrchemical requirements of the

drug-liposome system necessary to achieve a stable

liposome preparation.
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‘2. BACKGROUND

2.1 THE LIPOSOME SYSTEM

Liposomes were first. prepared .nadvertently in 1958 (
when. Ottewill and Parfiera (41) claimed-to form micellar
solutions with lecithin conceﬁfrations as low as 10 %g/ml.
Two years later, Robi.ison (42) showed, from'molécular weight
measurements and light scattering experiments, that the>
structures formed when phospholipids spontaneously di;perse

a

in water are smectic lamellae and not true micel}es.
| _

Bangham and coworkers were the f&rSt to suggést that these |
structures could have biological iﬁplications (43) and h;
reportedfthé firstﬂexﬁensivé physical characterization of
liposbmes in-1965 (44); he callec thése "Bangosomes",

. v o .
although eventually they became known as lipdsomes. Since
then there has been a rapigd growth of literature dealing
with bhe physical propert =3 of liposomes and their use as
modei membrane systems, a u mofe’recently, as drug delivery
ISYStemS._ There are now several good réviews, dealing with

® . :
both their physical behavior (45-48) and their biological

(49-é3) propertigs.

2.1.1 Definition and General Description.
When dry phospholipid comes in contact with excess
‘aqueous solution the molecules spontaneously arrange

themselves in what is known as the lipid bilayer vesicle or



}iposc.e (46,64). ,Liposomés are closed spherical, bilayer
shel s separated by aqueous compartments, analogous to the
mult: -concentric layers of an onion (Figure 1). Although
the amphiphilic nathre of phospholipids (Figures 1 and 2)
(64) is a prime reéuirement for iiéosome formation, mixtures
of phospholipid with agents such as sterols,,giycoiipids,
organic bases or acids, proteihs or artificial polyhers can,
at the appropriate concentrations, also be formulatgd into
liposomes (65,67). - The three-dimension;l géometry
(i.e.,branched chains) of theiphogpholipid molecules is
claimed to be an imporfant requirement for the stability and
integrity oflliposomes, thus, the- nature of liposomes'is
affected by the nature and amdunt of additive totﬁhese
sjstems (64). It is well known that the addition of
detergents (e.g., Triton-X100) at low to medium
concentration can disrupt tne bilayér structure through a
cooperative effect which essentially converts the molecules
into the hicellar staté i.e., sglubilization occurs. It
should be noted that detergents'can.have simi{ar disruptive
effects on biological membranes fefléﬁting the similar |
properties and characteristics of liposomes and @embranes.
N

2.1.2 Liposome Composition.

Liposomes have been formed from both synthetic and
natural phospholipids. .Lecithin‘(L-a-phosphat{dyl chol;ne),

which also occurs naturally innmembrane§, 1s On?,j) the main
A ‘ X '
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phospholipids used to prepare iipoSomes. Of the .
phospholipids of erythrocyte membrane; phosphotidylchol%ne
and sphingomyglin'account for some 46-60 percent of the
total'lipidtQ'Each phospholipid is found in both’halves of
the bilayer, but the distribution is highly asymmetric (92). ‘
In équeous-dispersion lecithin is neutral in charée due to -
its zwitterionic naturé (between pH 1-&1, (48)). Other -

neut ‘al lipids employed in liposomes inéiude the .
phosphatidylethanolamines and the sphingomyelins. On the
other hand. liposomes possésé&ng a net negative surface
charge can be prepared using phbsphatidylserine,
phosphatidylinositol or phosphatidic acid alone or in
combination with lecithin; dicetyl phosphate or stearylamine
is éommonly incorporated into lecithin liposomes to producé
negatively- or positively- charged liposomes, respectively. '
(48).

Liposqomes” can be preparéd from a variety of lipids and
lipid mixtures and many different combinations of
phospholipids have been used to prepare liposomes (52,%6);
Cholesterol, which does not itself form liposomes, .can ?e
added in ambunts upto 50 mole% (48). The different tyﬁ%s of
nonpolar side chains in the molecule impart different T
behaviors in bilayer fluidity and permeability.
Phosphatidylethanolamine appears to‘be unique among the

phospholipids in not forming closed bilayer vesicles at pH

7.0. In fact, liposomes cannot be formed from PE (at



s : o ' o E »11
] ' v) i"
neutral pH) if the mole fraction of PE is greater than 70%.
Depending on the lipid compdsitions used for the formation
of liposomes, wide variations may occur in the specific
composition of the external surface of the bilayer such as

lateral phase separations, and transbilayer asymmetries

(48).

2.1.3 Preparation of Liposomés ' Lo

An iﬁportaht formulation feature of tke preparation of
liposomes is that a variety of shapes and sizes of ¢
structures can oOcCcur. These liposomes vary in dimension
from several hundred angstroms to fractions of a millimeter.
Under specialized conditions of preparation they can Se aé
large as 25 microns (50) or as smal@ as 200 angstroms {e.g.,
after soniéation) which is thought to be the limiting
smallest size due to molecular packing and bilayer curvature
constraiﬁts (46). .Thus, liposomes when prepared are usually
heférogeneous in nature. A liéht scattering technique (68),
analytica' ultracentrifugation (69) 'and NMR spectroscopy
(70)n5re most appropriately applied to measure the size
distribution of liposomés . ?reeze-etch'and freeze4frac£ure
electron microsc.pic techniques have§also been extensively

used to study vesicle size and structure (71-73).

2.1.3.1 Multilamellar Vesicles (MLV)
Liposomes, also known as multilamellar vesicles

(MLV), exist initially following the procedure edrlier
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described by Bangham (44) with subsequent refineﬁents\
(46,65). Briéfly, lipids of the desired compositiqn and
wéight are deposited from qrganic solvents in a thin
film on the wall of a round-bottom flask following ’

rotary evaporation under reduced pressure. An agueous

phase of the desired cbmposition is then added to the

dry lipid film and the lipids are mixed by gentle

swirling or agitation forming MLVs of varyingrsize .

(0.1-5 um diameter). This usually has to be carried out

at a temperaturekabove the phase transition temperature
of the phospﬁolipid. During fhis process a proéortion
ofKthé-aqueohs phase is entrapped within the lipid i
biléyers whitb are formed along.with any solutes which
are contained therein. One of the strong advantages of
MLVs is theif simplicity of preparation.

Several additional methods of preparation of MLVs
have been reported (74,75). One novel method is called
thgwpehydration-Rehydration Vesicle (DRV) tech‘?gue
(74). In\this instance, MLVs are reduced to small
UPllamellar vesicles (SUVs) by sonlcatlon lyophilized
and then rehydrated Wlth distilled water The method is
quite simple, employs mild'conditions and th; vesicles
forméd,are Capablé'of'effic%ent entrapment (40-50%).

-Another mode of MLV pPeparatlon produces what have

been maferred to as‘Stable Plurllamellar Vesicles (SPLV)

and these also have‘reportedly better entrapment

A
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efficiencies and stabilities than MLVs. In this method,
the agueous and organic phases are emulsified in a bath
sonicator, the organic salvent evaporated, then the

resulting cake is resuspended in buffer (75).

2.1.3.2 Small Unilamellar Vesicles (SUV)

Small unilameliar vesicles range in diameter frogb’
approximaéely 200 to 500 ;.and consist of a single lipid
bilayer surrounaing an agqueous core. SUVs differ:from
MLVs in several reé%ects 6ther Ehén size (76-78). But_
in particular, SUVs are osmotically insensitive whereas
' MLVs behave AS perfect osmoﬁete:s and ;iso SUVs have
been reported to be metastable in a_nuﬁber of instances.
\48,56,78). ' -

The usual proceduré‘fof ﬁfepafing SuVs is to
sohicate an MLV prebarafion with a probe sonicator for
15-30 min depending on the_concentration of lipid or
with a bath sonicator for 4-24 hr-k79,80). Each mfethod
has its distinct advahtaggs and disadvantages{dependihg
on the application at hand. The bath sonication method
has the advantage of nOn—eontémination of the sample
with metal fragments ffém the prdbe. On the other hand,
theuprobe sonicator imparts greater energy to the lipid
dispersion, thereby converting a very high fraction of
MLV to SUV in a relatively Shqft time. In both

approaches, oxiaative degradatioﬁ and hydrolysis of

lipids can be avoided by sonicating in an inert

~
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atmosphere\of nitrogen or argon gas and at controlled |
‘temperatures. However, sometimes, the process imposee e
major difficulty especially when compounds whlch are
prone *to oxidative or heat dependent degradation are
being used. Many drugs and macromolecules may be
; denatured or degraded due to the high energies and high
local temperature produced during sohicationl -
Several'oager hethode are available for the
preparation'of‘SUVs such as detergent solubilization
(81-83), eéher or ethanol 1nject10n (84- 87) or the

v

"French*?reés technlque (58 88,89).. Other procedures

A

which produce large unllamellar vesicles 1nclude calc1um

N

1nduced fusion (48ﬂ90 91)' reverse phase evaporatlon

9.

e
vesicle method (48) ahd pbe
ﬂ"‘" .

method (92, 93)

e ""“’ R ﬁg,u.fmf

partlcles whlch can bé readxlywzs@%p:gggfif necessary,

22
og,-z. Y

'from larger part1cres by m@ans ézk'l fmeatlon‘

hromatography or exmfu51on fll%gb;;fg - But this

att'lbute may not be su1tabh@§v ; ,51thatlons
3 M‘m} - ié’;>, Y -
such as 1n the stablllzatlon @#»QT Mblecules

L . (‘“d a<? - 8 ‘3{"‘-;;‘,"""“

where the larger 1nternal aqueoUs & vlronmeéirls not

? o
:;ﬁfllarlety:r

,; 28 ade with a w1de vd§wety of ©

requ1red On the othew hand MLV preparat)
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lipid compositions. Moreover, i%?&s the simplest of all

homoggheous size dist;ibgg o liposomes from batch to

batch and are more sk

: ]

2.1.4.1 Phase Transitions. .

An important property Qf a phosfholipid in agueous
suspension is its phase transition fémperature (To). As
the temperaturé is raiseda.the fatty acyl side-chains of
the phospholipids in the bilayer of the liposome
progress from a clbsely:packed rélatively ordered array
(known as the gel state) (Figure 3A) to a more loosely
packed, less ordered state where the éide-chains are
capable of more ;otational motion (known as the fluid
state) (Figure 3B)(48,94). Fbr liposomes composed of
homogeneous lipids this order-disorder transition occurs
over a narrow temperature range known as the |
thermotropic pﬁase transition. The occurence of the
phase transition can be detecteé/E;/ﬁrobes which measure-
molecular motion (ESR, NMR and fluorescence .
depolarization) (45) or by monitoring the .sharp increase
in enthaipy of the system by differential écanning
calorimetry (DSC)(95).

‘ Phospholipids have characteristic T_s, determined

in part by van der waals forces of attraction between

2
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the hydrbéarbon moietie;'of the molecules and partly by
polar group interacfioné and extent of hydration. One '
key factor that influences the T, is the degreeABf écyl

grdu% unsaturation. Introducing a double bond indo one

4 . .
chain of a phospholipid produces a kink.

7 kink
prevents an orderly packing of acyl groups ks th
temperature is decreased, so that the Tc~is c sE%erabli-
lower fh#n,if the chains were totally saturated ahd
without kinks.. Other factgrs that influence the T.S
inélude the.length of the fatty acid cquon skeleton,
the‘natu;e of the pola;\hegd group, and the presence of
other lipid soluble molecules. The dddition of
- cholesterol to a phospholipid bilayer gradually reduces
the T., a function'of“its mole fraction-and at about
mole%, it fesﬁlts in the abolition of the T (48,94).
" The. behavior and properties of liposomes i& highly
.dependent on whether they exist in the fluid\liquid\
crystéliine state (>T_ ) or in the‘gel state (<TC).
Thus, the T, of the particular phosgpolipid(s) is
important.
2.1.4.2 Permeabilities

Liposdme permeability to various éubstan;es has
been ifivestigated in great detail (96 fOO).

D)

like anions,
'(.

/ L
Permeability properties to small molecu
monosaccharides and water varies directly with liposome gx

fluidity. Liposomes have been shown to be permeable to ¢

J

<

e Y
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water, ions, and nonelectrolytes, although the

;pefmeabilities depend: on' the chemical compési&ion‘of the
liposomes. Positively—chaggedfliposomes/are essentially
impermeable‘to cations; whe}eés negatively-charged 
liposomes are permeable to éa%ipns. In generai,

permeability of the bilayer increases with decreasing
!
acyl chain length and the degree of unsaturation of the

acyl chains. In liposomes composed of defined
phospholipidsfthe_pe;méability is relatively low low
the T., it exhigifs an anomalous.incfease and decrease
"in the vici;igy of the T_, and increases further at

temperatures above the T,. When the lipid composition

includes at least 33 mole% cholesterol, the permeability

PRt

~

is decreased and\the ariomalous increése of permeability
in the vicinity of the transition temperature is
eliminated. The permeabil ' of various molecules
“through liposome bilayérs are also different. The .
intact bilayer is most permeable to nonpolar substances,
which can partition into.the nonpolar regioh of the .
tilayer (46).. The liquomal lipids are also SObjecg to’
oxidation and the produéts ogklipid oxidation often
cause increased lipdsome permeability. This'problemocan

be prevented by incorporating small amounts of an

]

antioxidant such as a-tocopherol into the liposome

(101-104). -
)
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being prepared. The method of making the liposomés and the

v

=~

"2.1.5 Indorporation of Drugs in‘Liposomeé

L4

Drugs and other mclecules of intérestf%ay be

‘encapsulated in the liposome. The amoui.t of the drug that

can be entrapped within lip¢somes depends on the

Q@ V
hydrophobicity of the compound and the type of liposomes

iphospholfpid'composition also det%rmine the amount of

material entrapped within the liposomes (105).r/~//

., 2.1.5.1 Hydrophilic Drugs
Water-séluble substances are generally incorporated
vinto the aqueous phase Qf the lfﬁbsomes.by dissolving
them in the solution which ié added to lipid film. . The:
‘ehEapsulation and reﬁéntion of small water-soluble drugs °
is a function of the internal free agueous space of the
liposome and of the lipid concentration. However, the
entrépment efficiency of charged, polar drugs depends oﬁ
additional factors, like the surface charge of the lipid\\2>
and the ionic strength of the medium (60).
‘The entrapﬁent efficiency of/%UVs can be controlled
‘to a certailn degrée by incorporating cholesterol into - *
the bilayer -(32.0-50.0 mole%), which leads to a
significént'(up to 75%) increase in vesicle size. The
~ aqueous space between the.bilayers of MLVs can be
increased by up to 50% as'a_result,of electrosgftic_
repulsion between adjacent biiayers, when charged 1ipids

like PS, PA, PG or charged hydrocarbons like DCP or
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STEAR arekincludedfin the“libid mixture (60).
An'incréase in the ioﬁic sf;ength of the aqueous
medium will‘resuit in a decréaseéﬂentrapment eificiéncy
of polar drdgs,'which'ié brougtit. about, at least:
partially, by charge quenchingiof drug and/or lipid.
Once a drug of low molecular weight is entrépped, its -

retention within the liposome is primafily determined by

kS

the bilayer permeability and it”depenasimainly on the
size and chargk of ‘the drug and on the physical state of

the membrane (6D). . - ‘L

2.1.5,2 Lipophilic and Amphiphilic Drugs

Lipophilic materials can be incorporated into the
lipid bilay;r iQSelf‘by including them in the organic
solution of lipids rather than tﬁe buffer constituting

the agueous phase. The resultant lipid film contains

\ ¢ .
the solute and when liposomes are formed as previously «

§

éescribea, the lipophilic égent tends to remain in its
pfeferred environment of the l{pid bilayer due to its
.higﬁer lipid—wafer partition coefficient. Thé meunt of
nohpolar drug that can be associated with the liposomes
is usually greater by an.order of magnitude or more than
similar liposomeg containing polar compounds (106).

Since amphiphilic mqlecules readily partition
between lipid aA% water phéses, such drugs caggbe added
to preforméd‘vgsicles, thus avoiding possible |

deleterious effect such as sonication. Various studies
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indicate that the distribution of amphiphili. drugs is
related fo the fluidity of the membrane and 'is maximal
at the T, . However, partitioning of amphiphilic |
molecules into the lipid bilayer will invariably aiter
the paeking characteristics of the laster, and, hence
the T.. Also related to their strong.associaedon with
the liposoTal membrane, is the probability that they a}e
less readiiy released.  In vitro experiments have shown
that after 10 min oé‘soniqaﬁion of nonpolar,

drug-bearing liposomes,, 50% of the drug still remdins

assoc1ated with the bllayer membranes, whereas polar

'drugs are completely released after 3 4 min of

sonication (48, 60).

Slnce llpOphlllC drugs are eff1c1ently extracted by
the lipid phase of liposomes, it 1is p0551ble to achleve
degrees of encapsulatlon of over® 90%, often maklng it

<

unnecessary to consider removal of”the free drug.

J

"However, in the-encapsulation‘of polar drugs, only a

fraction of fhe total drug is entrappeé and most of it
remains as free drug in solution. ng‘non—entrapped
portion of drug can be separated, if necessary, from the
liposome-entrapped drug by several methoas such as
dialysis.(107), gel ﬁiltration (1085,
ultradent;ifuéation,or ultrafiltration (109).

bl
e
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2.1.6 Stability of Ljposomes

From a pharmaceutical point of view, cleérly any .
1i§osoma1 formulation must have adequéte stability over the
time period between its preparation and ultimate use..
~ Liposome stability is defined es the ability of the
liposomal membrane to retain its structgral integrity and to
remain associated with the incorporated drug. It includes
the chemical stability of the component materials (lipids
and drugs) and the physical stability of the 11posomes in
terms of the integrity of the encapsulated mater;als and thf“
size: parameters In addition, the llposomes should malntaln
their integrity in vivo until 1ncorporat1on into the target
tissd&\or until their sustalned drug release functlon is
completed (47). ‘
‘ g
2.1.6. In-vitro Stability
Al:aough in-vitro, liposomesgére basically stable’
_structure since they represent the favorable
thermodynamlc state of phosphollp1ds in water, however,
liposomes are heterogeneous systems and as such have
severalin-vitro problems due to chemical and physical
instability (34)} Stability of liposomes 1n (buffer
solutions is 11m1ted by poss1ble lipid aegradat1on
(oxidation of unsaturated lipids and hydrolysis and
vesicle-vesicle o fusion (34)). Sonicated liposohes
stored below their respective phase transition
temperatures tend to aggregate and fuse. These changes

’ \



i’ size of liposomes becomes a major problem during

Al

storage. The surface potential ls an. important
parameter 1nfluenc1ng l1posomal physical stability.
Decreasing the, ionic strength and increasing the surface
charge density, the physical stability of liposome can
be increased (110). The-lnfluence of lipid composition
and ionic strength on°the physical stability of
liposomes has been studled recently (111).

Another phy51cal stabillty problem is retention of

’..

entrapped substances due to the physico-chemical chances

in liposomes taklng place during storage which can lead
to modified permeabllzty propert1es of the llposome It

4

depends on thelr sgze, charge, and polarlty as "well as
on- the 11p1d comp051t10n the méembrane tluldlty and the
curvature of the bilayer (48). The different
fOrmulat1on factors*such as pH, ionic strength, bufferhdfi
system and “solvent system “also potentlally 1nfluence~’
the stab111ty of l1posome (112). an1ronmental
conditions- such as temperature, light, oxygen and heavy
meta¥ ions which may initiate chemlcal and physical
reactions such as hydroly51s, oxldatlon photochem1ca1

decomp051tzon and changes in size distribution of

ves1cles also play an 1mportant role. These factors may

’.be eliminated 1f 11posomes are stored ster11e, under
* nitrogen and at low temperature (49);. In order to

~prevent the loss”of\entrapped'material'by passive

§
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leakage, the vesicles can be stored in the original
medium of preparatioﬁ together with the nonentrapped
drugs and separated from them only immediately before
application.

A srerile liposomal oreparatioh can be obtainéd by
sterilizationor by filtration; filtratioh minimizing the
exrent of possible deterioration. Since filrration
requires using fllxers with a pore size of 0.2um to
ensdre ster111ty, this limits the size range of
liposomes for dlfferent app}lcat1ons However, when
filtering liposomes-at a temperature above phase
transition temperature, phospholipid ves1cles larger_
than 0.2um can be filtered because of,the fncreased,
flexibility of the phospholipié membrane in its ligquid

crystalline state (113,114),

4

1.6.2 In-vivo Stability in the G.I. Tract
The use.of liposomes for drug delivery necessitates

the examination of the effects of varioqs'bioiogical

/l

fluids on the stability of liposomes. L

. ¢ ’
For liposomes to survive in the G.I. trdct and to
act as protective barriers against proteolytio enzymes,
,“theyewou1d;need to be resistant to the low pH and pepsin

of theéstomach and to the bile salts and lipases of the
‘ ougéenalvmfiieu. It has been reported that the enzyme

N

phospholipase A, had little effect on the stability of

liposomes made with DMPC, DLPC or DPPC, ~hove and below



the Tcs'of the phospholipids. Hydrolysis of these
phosphélipids occurs onlyfat tempefatures close to the
T (63). For oral liposomes, the phospholipid should be
chosen such that their T_s are very different than the
qsmperature i;side the gastrointestinalltract
(i.e.,37°C), as at the temperature close to Te they are
vulnerable to phospholipase attack. In this respect,
DPPC PLPC and DMPC with a T,s of 0°C and 23°C
respectively, would be resistant to pancreatic enzymé
;attackaat 37°C. These predictions sometimes are not
entirely reliable as the T.s and: hence, fluidity of the

liposomes may vary accbrding to the precise

phospholipid/lipid composition and the ionic strength of
¥

the medigm. In particular, Ca*", haﬁe been shown Fo
changgigﬁé.Tés of phospholipids especially when acid
‘phospholipids are used. Liposomes of various

composition have been tested for their oral stability

‘which is discussed elsewhere (115,116).

2.1.6.3 In-Vivo Stability in Serum and Blood

Liposomes of certain compositions have relatively
" poor stabilities in blood (117-119). However,gwith
approp?iate lipid compositions, 1liposomes can be made kw
be very stable. For example, a significant: increase in
1lipemgpmal stability in biolo;ical fluids was obtained

.. after cholesterol was incorporated. Optimal stability

- was échieved at a 1:1 mole ratio of phospholipid and
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cholesterol. Depending on the lipid composition,

cholesterol rich llposomes tere found to be 80%-99%

intact after 1ncubat10n 1n .whole blood for 1 hour at

37°C, whereas in the absence cholesterol more than

90% of the internal aqueous spap markers were released
(48;60); MLV stability in serum is usually greater than
tpat of the uqilameliar lippsomes due to a larger npmper
of bilayer, shells, and the structural int;grity of the
inner’ lamellae is retained for a longer period of time.
However, interaction with plasma proteins can lead to
changes in solute permeability rather than é structural
disintegrétion of the liposomes by high-density

lipoproteihs . The role of lipid composition in

preserving liposomal stability in vivo has been studied

(120).

.7 Applications of Liposomes

2.1.7.1 'he Liposome as a Model of Biological Membranes

Lippsomes were initially used as models to study

\

various prdpertiép"of biological membranes. The

<«

presence of striking similarities in osmotic propep&ies

_between liposomes and biological cells has stimulated

researchers to use the liposomal system as an
experimental model for biomembranes. Several results
support the hypothe51s that a lipid bllayer whlch acts

as a backbone of biological membranes determlnes to a
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large extent the barrier function of biomembranes
L(121,i22). Therefore, the liposbme system provides the
“opportunity of‘studying in simpler in vitro fashion the
moleculé? interactions and barrier functions of isolated
and selected membrane constituents. For example, the
liposome has been used to determine E;e interaction of
tertain ligands with incorporated glycolipids (123):
Using liposomes as a theoretical model the linear
irrevgrsible‘thermodynamic ﬁrqberties of
bacteriorhodopsin were determined-(124). Mechanisms
“involving catecholamine release have b;en studied using
stimulants such as sodium or calcium ions entrapped
within 1;posémes (125). Increased intracellular sodium
.has been shown tb induce catecholamine refease from the
adrenal medulla by mobilizing intracellular calcium
(125). Other studies include the study of phosphblipid
flip-flop and molecular motions within membranes (126),
the interaction and binding of local anesthetics to
erythrocyte membraﬁes (127) and a freeze-etch study‘of
‘the effects of polyene antibiotic op liposomes and human
" erythrocytes (1283. The work of deGier et al gives a

good description of the relationships between liposomes

and biological membranes (1295.

2.1.7.2 Liposomes in Drug Delivery
Liposomes have been most widely studied as

potential drug delivery systems. One of the advantages
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is the érotectidn of encapﬁulated drugs from
degragation. For example, insulin administered orally .
is destroyed by the gastric juices and, consequeétly,
has to be given by injection. However, liposome -
encapsulated insulin when administered orally to animals
has been found to decrease blood sugar levels. This is
. comparable to intrapgritonial or?intravehous routes of
administration (130,131). Polynucleotides, such as
immune RNA, encapsulated in liposomes were also
protected from degradation and can potentiate the
productipn of interfefon. This therépy may find
_application in the treatm 116f cancer and vi%al
infectioné (132).

A distinct advantage of liposomal drugs is the
possibility of using smaller doses of drugs by
formulating liposomeg whicp target to specific sites and

\

tissues, thus reducing their toxicities and
side-effects. Cortisol palmitate in liposomes haé_been
used to treaf rheumato.2 arthritis wherein only
one-twenty fifth of the conventionél therapeutic dose
produced improvement in synovitis (133).

One of the earliest developments in the liposome
drug-carrier concept was the use of'the carrier in the
treatment of cancer\ It would reduce side-effects due

|

to the action of dru@s on normal tissues and also reduce

premature loss of certain drugs through inactivation in
]
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[ S
the circulation. For example, liposomes containing

various porphyrins injected to mice results in
remarkably more efficient tumor targesing (134).
Liposomes _cn:iining lymphokines have been used to
contro£~metustases by activating the macropgages in vivo
(135). The sensitivit§'of ljposoﬁes to pH and
temperatufe_has been used to attempt to target arugs to
tumors. By 1ncorporat1ng<?H sen51t1ve agents such as

palmltoyl homocysteln ﬂ//< ;bosomes pH-specific release

effect of ARA*C'to target cells as compared to free

drugs (137). Liposémes with T s a few degrees above
physio.ogical temperature were reported to deliver more
than four times as much methotrexate to murine tumors
heated to 42°C compared to ﬁnheated control tumors.
Higher rafios could be obtained by optimizing lipoéome
size, composition, and‘charge. Encapsulation of drugs
into temperature-sensitiye lipo%?mes, in combihation
with local hyperthermia, could ée used to treat
localized tumors without exposing the rest of the body.

to the toxic side-effects of anti-cancer agents (158).

v

{



Liposomesvhave also beeh used in other dosage
forms, such as .the topicals. Corneal_penétration of
penicillin'G and indoxole were enhancedrseveral. fold
when encapsulated in liposomes (139). Using
triamcinolone as a podel drug, lipgsomal encapsulation,
favgurably altereé ﬁgé drug disposition (31). The
concentration of the drug.decreased at the site of its |

adverse effects in the system:c circulation and -

increased in the skin where its activity is desired.

‘2.1.7.3 The Stability of Drugs in Liposomes .

The association of a drug with) the linpid bilayer of
a liposome to é;otect it against catalytic hydrolysis
% _only sparsely investigated. ngbrally, it has %een
found that stabilization of an ester, or amide for.
example 1is relatec to the depth of the reaction center
of the drug molecule within the,bilayer. Oon theiother
hand, electrostatic charges on the liposome surface can

Ay

cause orientation of drugs which results in its
degradation rate‘;nhancement-or retardation (140).
Thus; the rate of hydrolysis of procaine in neutral
liposomal susbension was found to be slower than in the
aqueous buffer in the éH rafige of 8.5 to 13 (37).
2-Diethy1ahinoethyl-p—ﬁitrobenzoate was found to

i hydrblyze at é faster rate in the pH-range of 7.8 to 10
in the presence of neut?al liposomes as compared fo
plain aqueous'buffer,(38)l The hydrolysis rate of

T
-~
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Indpmethac1n was reduced by 80% accompanled by 80%
llposomal assoc1at10n in- neutral negatlvely chargep and
positively- charged llposomes (40), but the stability of
cyclocytldlne was unaffected by liposomes with which it
did not associate (90). However, the effect of
liposomes on p—nitrdphenyl acetate was to increase its
hydrolysié in positively—charged liposomes (+0) or when
the lecithin concentration in neutral liposomes was
increased (39) and rate retardatlon in neutral or
negatively-charged systems (40). The role of partition
coefficient of drugs in liposbmal stabilization has been

L4

' N
indicated but a systematic study has not been conducted

L4

to show the actual relationship be#ween partition
coefficient 2

nd st&bility of d!Pgs in liposomes.

In a recent investigation, it was ohgerved that the
rate enhancement of p-nitrophenyl acetate at the initial
stage was due to prefereﬁtial aminolysis of this ester ’
in the presence of stéarylamine—containing libosome; and
not due to positive charge of the lip Gome (141)

Increased stab111ty of protelns a d enzymes arter
1ncorporat10n into liposomes has been attrlbuted to the
method of preparation of liposomes (142). Protection of
f-lactam antibiotics from enzymatic inactivation
following entrapment@uithin liposomes and washed off
,iiposomes has been observed relative to controls (143).

This‘suggéSts that a greater degree of stébility can be
¥
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&iiih‘
ad,
ach1eved if liposome conta1n1ng drugs are washed free of #
k '

external drug and administered 1mmed1ately
;
2.2 STABILITY OF DRUGS IN MICELLAR SYSTEMS ' \

There are strlklng 51m11ar1t1es betwé@nomlcelles and
liposomes and the- stablllty of drugs :in micellar system has
been studied in detail. Micelles are formed from surfactant
molecules which have both hydrophobie and hydrophilic
properties,and above a certain small éoncentration range
termed theé&ritiéﬁl mieellar concentration (cMC), molecules
of surfactant aggregate tofform m1ce11e5.» The hydrophobic
part o% the aggregate forms ﬁhe core of Ehe micelle which is
hydrocarbon in nature whlle the polar head groups are
located at the micelle water interface. Tde decrease. in
free energXVBf”the system which results from the
preferential'self-association of the hydrophobic hydrocarbon
chains is the primary reason for the formation of micelles.
Detailed explanation of micelle_formation theories are found
in a number of monographs (144-147). B

‘It is the micelles, rather than the individual
surfactantﬁmolecules, which are responsible for altering the
stability 6; drugs in agqueous solutions of sd@ﬁactants. A
variety of micedlar catalytic reactions have been
comprehensively surveyed by Fendler and Fendler (148). An
appropriate choice of surfactant, drug and other;additrves

can lead to hydrolysis rate decreases of several-fold

gl
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e
compared to the same reaction inithe‘absenc@ of micelles.

Drugs formulated in hicellé£ solution Canlbe_stabilizea‘
by partitioning of the drug into the hydrophobic interior of -
the miée;les.v This implies thst lipophilic drugs ‘are
'stabilized to a great=r axtent'than mofg hydrophilic drugs.
Fof example, cetomacrogol 1000 and polysorbate 80 reduced
the rate of. hydrolysis of aspirin in its unionized staﬁe but
did not stabilize the ionized form éf the drug as the
ionized aspirin could not partition into the_hydrophobic
interior of micelles (15,149)., Similarly, the hydroiysis of
benzocaine was reduced in micellar systems (9,16,150,151),
It was found that the hydrolysis raté of benzocaine in
nonionic surfactants varied with the concentration of the
surfactant more than with the length of thé polyoxyethyléne‘
‘chain of the surfactgst. Hydrolysis apparently occurred
within the micelle as yellﬁés in the aqueous phase.

Ionized drugs can aléo'be stabilized in the micellar
solution. ® But the mechanism oé‘stabiiizétion is different
in this case. It is suggested thé{/a coﬁplex formation due
to eleqt?ostatic interaction between the oppositely charged
ions could sterically hinder the aﬁproach of the attacking
agent and/or the compleg could alter the electronic.

"~ structure of the esters to render them less susceptible to
- the attacking reagent. A number of drugs in the ionized
state was stabilized in this way. For example, the

—

hydrolysis of anionic aspirin was suppressed by only the
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cationic surfactants (13). % -

¢ But there are other examples where a deviation from the

o

expected behavior was oQﬁeh&ed. The alkaline hydrolysis of
1ndbmethac1n was suppresgldgwlth nonionic and anionic
"surfactant but a degradation raze enhancement was observed

G

ctant was used (12“152 153). It is

when a cationic su

suggested that ioni %d indomethacin confers a charge on the

//
c surfactants which then repels the
. . s :

“attacking OH- 1 4 and thus a greater stability was obtalned

For a 51m1lar reason the anionic surfactant offered

m1celles of noni

protection and cationic surfactant enhanced the degradatlon
) Also, contrary to electrostatic theorles of
stabilization, the base catalyzed hydroly51s of procaine was
inhibited by-non—1on1c, anionic and catlonlc micelles (10)
Meakin.and others havefreported that Q?AB decreases the‘rate
"of hydrolysis of ethfi p-amino benzoate and p-amino phenyl
acetate (154), contrary to expectatlon, a phenomenon
ascrlﬁed to the orientation of these moleCUles in the CTAB
micelles which retards degradation. At low concentrations
of CTAB, the rate ofihydrolysis of benzocaine was slightly
increased because the density of hydroxide ions at the
micelle surface was greater. But in another study, it was
found that both anionic and cationiclsurfactants suppréssea
the hydrolysis of benzocaine. In this instance, it was
suggested that the polar heads of thevsnrfactant molecutes

shielded the benzocaine from catalytic attack(9).
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A cataiytie effect of CTAB and benzalkonium chloride on
the stabiiity of cephélexin has.beeh reported‘(155).'sAt
neutral pH the degradation iqvelves inéramolecular
nucleophilic attack on the a-amino side chain of the
B-lactam carbonyl. Abdve the CMCs of CTAB or benzalkonium
chloride, the degradation of cephalexin increased by a
factor of about 9 to 14‘at pH 6.5. In contrast, caticnic
and nohlonlc micelles reduced the degradatlon of sev ral
penicillins by a factor of 4 to 12 in acidic media ﬂrereas
anionic micelles ;esulted in an,1ncreased rate of
aegradation (156). Th contrast, the acid degradstion of
cefazolin was not influenced by any of the surfactants.

Thus it appears.thaf the kineté&s of degradation of
i drugs in m1celler system '3 quite comalex in nature and cén ¢
not be generalized but two apparent dominant factors whlch
. are responsible for the stabilization are: the electrostatlc
1nteract10ns and the hydrophoblc interactions between the

-

mlcellar phase and the reactants. - &)'

.

2.2.1 Kinetics of Stabilization of Drhgs

The aim of the kinetic analysis in micellar system was
to develop4equat;ohs to calculate the contribution of the
mieellar phase to the overall hydrolysis ‘of the drugs. On
the two-phase model of micelle formation solute will
partltlon between the aqueous phase and the micellar phase.

Using the two phase system Yamada and Yamamoto (157) de ived’
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Eq.1 : :
- = 4~y f R
kobs = KT+ (1-0) kW | ~ (1)
where k., , is the observed rate constant in surfactant

solutéons, Kig is the'ratg constént in aqueous solution, K is
the appareﬁt partition coefficient of ‘the solute to the

micelle, and V is the yolume fraction of the micellar phase.
The differential rate equationlﬁor the concentration change

with respect to the total system is(146) :

> | » |
dx <« _ (C-X) ) \ R
T kyCp(1-V) —— . (2)

'
~where C is the initial reactant concén%qatioﬂ; Cy the

initial reagfant concentration ‘in the ééaeous phase and X
- the concentration reacting in time t. | N

This equation on integration and rearrangement gives :

7\
. : Cm i v
kw = CoTTT 1S - o (3
WG (i-v) t TCX - S
L o C-Cyy( 1-V) S 1
and by substituting K= r——E—G——- and by knowing kobs =T
ln_g_; W
C-X

(SN

"';Jin.tﬁéaébqye equation one can get Eq.1.v I1f the reactiqn

"partially takes place in the micellar phase an additional

term must be added as the total rate constant is now the sum

Sy
’ 3

v



okaw and the rate constant in the,micellar phase, K_.

Therefore, : o N
: ' L ’ ' N T \4"

c (kykpe) \ ~
= W _"obs v
kobs = km * KV c - (4)

The above equatlon can\\& re- arranged to a su1tab1e form to
calculate d1fferent parameters from the exper1mental data.
Several other . equatlons have been used in stud1es,~thef

7

fconcept of wh1ch were ba51cally the’same.
.g o '";.
.3 SELECTION OF DRUGS ‘ ;
A number of drugs exhlblt stablllty problems fo;
several reasons.' ‘The most common twuse of the decomp051tlon
of drugs is hydroly51s and the main classes of drugs in thls
'catagory are the’ esters and the am1des So. the drugs 1n‘
these groups can be used as models for studylng theieffeot

of llposome formulatlon ‘on the Stab111ty of drugs

v
*

As a first model drug acetylsallsyllc ac1d (ASA) hag‘?
begn chosen (scheme 1), It is ‘an "ester drug for which there
hgs been anreneweg 1nterest 1n the c11n1cal fleld
pr1nc1pally because of 1ts usefulness in the management of
thromboemhollc disease (158). The acetylatlon of platelet
Syclooxygenase,jthe'résoonsible factor in the management of
this dlsease, occurs-*"ly in the presenCe‘of acetylsalicylicl/

~ac1d and noteln the presence of 1ts degradatlon product'

(158)& It 1s, therefore, 1mportant that acetylsalicyl1c‘¥

i
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ac1d be absorbed in the intact form into the blood stream to‘

have any . meanlngful'use of this drug in the management of
this disééég, .Hence, the present‘study has beeh undertaken
to determiﬁe its stability in liposomes.  1; is a polar drug
and the stuéies of its stabilization in liposome would be
very useful information for other such drugs. The mechanism
of degradation of this drug in.@guedbs solution has been

well documented (159-161). At all pHs it exhibits

. first-order hydrolysis kinetics to produce salicylic acid

and acetic acid.

Secondly, a group of six local anesthetic drugs have
been chosen for study. These are : N-methyl p-ahino
benzoate, N-propyl p-amino~benzoate, N-butyl p-amino
bgpzoate, benzocaine, procaine and tetracaine. A study éfyﬁ‘
gﬁese drugs in lipoSohe sysfems under various conditions
offers a convenient means of égpermining the important
factors and the role of partitioning on their stability in
this type of formulation. Also, it-would be possible to
compare these stabilities with the stabilities in.micellar

§yStem'as these drugs have been studied in micellar system

in great detail. The hydrolysis of these drugs in aqueous

'soiqiion follows mainly first-order base-catalysed kinetics

| (162§$%4). Thé degradative pathways have been shown in

scheme II-III.
Finally, cefotaxime sodium, a semi-synthetic third

generation cephalosporin antibiotic has been selected. This
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A érug is effective against a wide variety of micro;brganisms
when administered intravenously'but in aqueoti/igﬁution,
degradation takes place according to the variogs degradative
pathways. ‘The rate of dggradat%on of this drua.fbllows

‘first-order kinetics (165,166).\ At lower pH, the f-lactum
moiety undéfgoes hydrolysis (K, step in scheme IV) and at
highef pH (>8), the side chain undergoes hyd;oly;is (K,
step). So a liposomal formulation of cefotaxime would be

3 : ' -

clinically desirable if a stable preparation‘cah be

9
obtained. ’ : : .
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3. EXPERIMENTAL

3.1 MATERIALS

The drugs 1nvestlgated in these studles ‘were

aceiylsalicylic acid (ASA)(99%)', cefotax1me Sodlumz methyl

N

A p-amino benzoate®, N-propyl p- amino benzoate® and N- butyl

p- amino benzoate?, benzocalne ' procalne Hydrochlor1de*"O a&d}f

7 b
indomethacin.* Other compounds required for useu aurlng

¢,‘ "‘54

analysis *include 4- (butylamlno)ben201c acid , p*amlnoben201cf'

é
acid ; and salicylic acid .. A'wvariety of phospbollplds and
: 1

lipfds were employed,aé'follow5‘: '
| ﬁ—aJdimyristoylphosphatidylcholine‘ (DMPC;98%)}
L:a-dipalmitoylphosphatidyl;holine‘ (DPPC,99%), Egg
phosphatidylcholine* (EPC,98%, type V-E from egg yolk),
Phosphatodylserine® (PS), and,Sphingomyeiin‘ (SPHING, ffom_
bovine braiﬁ), Cholesterol® (CHOL), Stearylamine‘ (STEAR)
and Dicetyl phosphate‘ (DCP).

All chemicals and solvents used were reagent grade but

acetonitrile 7 was HPLC grade. De-ionized glaés distilléd

o p——

water was used to prepare all aqueous solutions,

‘Aldrieh Chemical Company, Inc., Milwaukee, WIS, USA.
:Roussel Canada Inc., Montreal, Canada.
ipfaltz and Bauer, Inc., Wagprbury, CT, USA.
‘Baker Chemical Company, USA.
'Allen and Hanburys, USP. )
‘Sigma Chemical Company, St. Louis, MO, .USA.
'Fisher Scientific Co., N.J., USA.

. . : s
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3.2 METHODS

3.2.1 Preparation. of Buffer Solutions

Aqueous bufter-solutions were prepared,byddiSSolving
the buffer ingredients in one liter of deionized,'distilled
water then the pH of the solution was verified by pH
measurement.?® Unless otherwise stated, the icnic.strength of
the buffer solutlons was adjusted to 0.15 by the add1t1on of
sodlum chloride and the osmoldarity checked ' The

. [ ’
compos1t10ns and- pHs of the various buffer solutlons are

/

shown in Table 1.

3.2.2 éreparation of Liposomes
Liposomes_were prepared (QO mg/ml of phospholipid)
following a modified Bangham (46) procedure. Thus, the
(%d components were initially dissolved in chloroform in a
1L round-bottom flask, the solvent was removed under reduced

@pressure using rotary evaporat1on at about 40°C, the

la}

esulting film on the walls of the flask was flushed with N,
N,

gas, thh{ the unstoppered flask was placed,ln a vacuum oven
at 40°C fpr 12-14 hr over P 05' Subsequently, the lipid
.film'was drated by the addltlon of aqueous solutlon

hand shaki ggyntll all of the fllm was removed from the

walls of the flask then vortex m1x1ng ﬁor 10 min thereby

‘Fisher "Acumet™ Model 320 pH Meter,, Fisher Sc1ent1f1c
Co.,USA.

*Advanced Digimatic Osmometer, Advanced Instrument Inc.
Needham I-Ie1ghts,S Massachusetts, USA. |

°



TABLE 1

Composition of Buffer Solutions

Agueous Buffer Components

el :

3

HC1l (0.
HCl (0.

Citric.

Citric
Citric

Acetic

" KH;PO,

KH,PO.

KH, PO, -

14
4
v .

kz . W
108. M) + KC1 (0.05 M)
012 M) + KC1 (0.05 M) -
Acid (0.094 M) + Na,HPO, (0.012 M) ,
Acid (0.089 M) + Nézupo, (0.021 M)
Acid (0.079°M) + Na,HPO, (0.040 M) -
Acid~(Q.16 M) + Sodium Acetate (0.036 M)
(0,053 M) + NazHPO, (0.007 M) |
(0.013 M) + Na,HPO, (0.054 M)

(0.0025 M) + Na,HPO, (0.064 M)

Boric Acid (0.1 M) + Sodium Carbonate (0.101 M)

Boric Acid (0.06'M) + Sodium Carbonate (0.14 M)

Sodium hydroxide solution (0.045 M)
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i\ organic phase (OP1) (Figure 4). s 5

-

3.2.3 Kinetic studies in Aqueous Buffers:and in Liposomes

The kinetics of hydrolys

for each 1  below.

is were determined as described

Genérally, the stock liposome preparation containing

drug was divided into 2 ml.po

rtions, ‘placed in capped vials,

and maintained at 30°C in a water-bath. - Samples were

withdrawn at various time intervals, diluted to 25 ml with

isopropyl alcohol inlg volume
clear solution, then assayed

HPLC,

3.2.3.1 Acetylsalicylic A

The cverall hydrdlfs

tric flask, which yielded a

spectrophotometrically'® or by

cid;

is of ASA is given by

ASA + H,0

although it is understbod (19
S
thrdugh'seyeral inte;mediaten
reaching the end products:as
absorbs UV light at the kmax

interferes with the analysis

Irvine,Ca 92713, USA

> SA + HAc, < (5)
1) that the hydrolysis proceeds
rgaction products¢prior to
shown. Salicylic acid (Sp)

of ASA and, therefore,

of ASA but ASA does not

Model 25, Beckman Instruments,
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Liposome-Preparation®

oP1

buffer soln.l l

u - rot. evap. .
"d’r+ug . dried film lipqg_omes'
AT of lipids +
Lipids in  drug SR \
CHCi, soln

]

2 ml portions

“ , o . . o
| S at 30 C
o R /

. drug in |
[ l buffer soln_\ l
rot. evap . ' /
~ Lipids in dried film-  jiposomes
~ <CHCl soln. of Tipids |

Fig. 4. Schematlc Drawing of the Preparatlon of Llposomes
Showing the Incorporatlon of Drugs.
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[ 4

interfere with the analysis of SA. Therefore, the kinetics

s
v

of hydrolysis of ASA was fellowed‘byfmeasuring the

absorbance of SA~1n the final =e1ut10n. Similar procedures

" have been adopted by others (13 15) ‘ ‘ﬁﬁw
¥
Eq 5 shows that one mole of ASA ylelds ‘one mole oﬁ SA,
thus at t= =, B .
.[SA] [ASA]O - CASA . - . | ‘(veoz :,‘:v.
_ ) , ;?_ﬁdiw :
The absorbance of SA at t=«-is given by ‘MP_E;Q‘J
_ . ASA ..
] A::a' = GSA X Co . . (7/)
b0 WASA i on 6
where €Sa 1s the molar absorpt1v1ty of SA'yand C . is the
initial co-cerntration of ASA in the solu@ﬁon for analys1s.
. , L o ) Red i
It follows that ' a‘.P 5@i¢ o v /g
’ ' g - RS ¥ . _—
-— ?ﬁ . ) s
, P . .
| GASA oW DT gy
AOS -. At -4 Ct . _7':-".' 1 . S ’ "‘ ‘, .‘::’f'_ (.,8) .

described by : .}' s ‘ h:g' :“@}
C%SA = C%SA-e'kt'”,‘ a (9)

whefe k is the pseﬁdqififSt order hydrolysis rate constant
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of ASA“ahdftan be obtained from a linear plot of log(Am—A£)
. /’_;.;' : s LS h

verSus ﬁfme.
- -wrp

' AN addltlon, the degree of stabilization of ASA

Py
l.:'i'd

obtaﬁned in liposomes relative to an aqueous buffer solution

,,m'» .

r“of ASA was determlned as followc' . SR
:L .

W

ké—kobs' DU . . P B ‘
= x100 = % increase in stability - (10)
B - '

where kg and-kobs are the pseudo-first order hydrolysis rate
constants in buffer solution and in liposomes respectively.
Normally, standard deviations were used to evaluate the.
differences in the various k values ' .

ﬁhe hydroly51s rate constant of RSA assoc1ated with the
lipid phase (k ) was also determined as foﬁlows : Llposomes
were first prepared as usual (28.8 mM of DMPC), ‘then
centrifuged for 30 minutes at 30°C (135 000x g). The

supernatant was carefully removed the pellet resuspended

w1th agueous buffer solutLon and recentrlfuged In total,

the liposomes vere wash;y three times and the f1nal DMPC

concentration was mad l.-;4 4 mM by dllutlon. The
degradation of ASA rema1n1n%°1n the lipid phase was then

followed as before. In these experiments the- 1n1t1al

coneentrat1on of ASA in the llposomes must be determined by

analysis. ‘However, because spectorphotometrlc determ1nat1on

of ASA is 1nterfered by SA, a procedure“~involving

simultaneous equations was used. At kmax=276nm-for ASA, the

i
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27
total absbrbance (A gotal) is glven by
276 . _ 276 .ASA , .276 .<SA 1)
A Total § € Asa XCo™™ + efigy xCem = (11)

where 627gSA and e27gA are the apparent molar absorpt1v1t1es

of ASA and sa, respectlvely, at 276 nm and CASA and CSA afe

&

their respect1ve concentratlons

_ , ' 303 ‘
At kmax—303nm {Qr SA, the total absorbance A Total is

attributed to»SA ohly-since there was no 1nterference by ASA-

at 303 nm. Thegﬁfbre,'

é' ) |
303 3037, ~SAT T T LY
% Total e, sa ¥ Co ' (12)
~where 5303 is the apparent molar absorptivity of SA.  Thus

the concentra%ioh of ASA can be calculated by solving

J

simultaneouély Egs.11 and 12. Thus

. .303 ,276 _ (276 A303 ‘
cASA _ SA. Total. SA Total - (13)
0 T 303,276 . L
‘ - SA ASA o \ |

% - ’ ! \4
The-molar absorptivities of ASA.and SA are determined

experimenta¥igh
N 3.

> £

F‘
.y .
3.2.3. 2 Local Anesthetlcs

1) Calibration Curves
Stock solutions of local anesthetlcs (7 6x10“M)
were prepared in 0.045N sodium hydroxide solution (pH

12.2). Dilutions were then made in isopropyl alcohol to

¢

Eid



obtain concentrations ranging from 1.5x10°*® to
7.5x10° *M. The absorbances of the solutions were.

measured at the \max and a linear calibration curve for

-

each drug was constructed. Each was confirmed
subsequently by analysis of add1t10nal standard
solutions and appllcat1on of the regre551on equatlon for
each'eurve. "Agreement was found to be at least 99%. |

v

:2) Kinetic Analysis:
| The hydfolyses of local anesthetics were measured
in 0.045N sodium hydroxide (pH 12.2). These conditions
have been prev1ously used by others (151) with respect
to benzocalne hydroly51s in micellar solutions “to allow.
convenience in the kineticvstudles and to ensure the
constancy of the OH- cencentration during tne hydrolysis
reactions. In this'study the UV spectra of the drugs
and their respective degradation products overlapped,
hence, the total absorbance of the mixture afaa given
wavelength A,, }s given as‘ . 1

B9

Ax = €1C1 + 52C2 . ’ . . (14)

]

where C, and C, are the total concentratlon of reactants and

L)

degradatlon products, respectlvely and -€, and €, are their

f’,rejfectlve apparent molar absorpt1v1t1es at wavelength k

il

7 TQ}mpllflcatlon of Eqg.14 yields Eg@.15 (192)

Y,

SR
® "/;.“3'
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A ' :
X i
_=Ae—g,+e, \ S (15)
Co - ° , : .

which, on reérgangement, gives Eq.16.

A)\/Co"fz
) Ae , . '

(')lﬁ
)

(16)

- where,  C = Cy = concentration'of drug at time t, Co =
initial concentration of drug, and Ae = e;-¢,. Values of e,

and e, at A\, are listed in Table 2. B C .

X

3.2.3.3 Cefotaxime Sodium
Several HPLC qgthods of analysis of CFX have
appeared in the literature (165,166) but néne of these
werel;ditable of adaptable for theAdétermination of CFX
in liposomes. Thus, -an HPLC method 8f analysis was
developed;using orcinol monohydrate (ORM) as the
‘internal gtandard.
The chromatoérébhic system consisted of a solvent
delivery system'', a fixed wavelength UV detector'?® (280
nm), a RheodYne injector '?® with a 20 ul loop, a 15 cm
“fha cglumn“,@and an integratof—plotter." The mobile
phase consisting of 10%v/v acetonitrile in pH 5.0

acetate buffer (0.07 M sodium acetate and 0.03 M acetic

"Model M45, Waters Assoc. Inc., Milford, MA 01757, USA.
'? Model 440, Waters Assoc. Inc., Milford, MA 01757, USA.
3 Model 7125, Spectra Physics, Cotali, California, .USA.
14 "Novapac",Waters AssocC. Inc.,Milford,MA,01757,USA.

5 Chromatopac Model C-R3A, Shimadzu Corporation, Kyoto,
Japan. ;
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TABLE 2

Structures and Spectral Characteristics of*Local:Ang

and Their Degradation Product

Local Anesthefic Structure? . A (nm) Molar
or . N _ Absorptivity
Degradation Product ' '

Benzocaine X=C,Hs, Y=H 291 21,552

. B /C;Hs ’ o
Procaine » X=C,H(-N 293 22,747
' ~ - .
CZHS
Y=H .
. ' ‘ _CH, .
Tetracaine X=C,H,-N .. 309 .. _ 29,552.
. CH, .
Y=CQH9
Methyl p-amino " X=CH,, Y=H 294 18,934
benzoate _
n-propyl p-amino X=C;Hy, Y=H 294 19,235
benzoate . . - » »
n-Butyl p-amino : X=CnH9, Y=H . 294 - 19,156
benzoate ' '
p-Aminobenzoic acid ‘X=H, ° Y¥=H 291 5,721
. : 293 4,916
294 4,946
p-Butylamino-benzoic  X=H, - .¥Y=CuiH, 309 5,437

acid

7

4 General structure Y—HN4<:j>-CO;Q~x ' e Ju. ’

.Y
k4
2
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acidi waa fresnly prepareo and filterea through a 0.22u
filter'* nndervvacuum jnst prior to use. The flow rate
was set at 1.5 ml/min. |
1) Calibration Curve .
Separate stock solutions of C%% (1pg/ml) and.ORM
internal standard (1.5mg/ml) were prepared in 40%v/v
methanol, Dilutions were made asvfollows : e
‘Solution A : 5ml CFX solution + 20 ml ORM.
Solution B : 10 ml CFX ;;lution + 20 ml ORM
Each was diluted'to 100 ml with 40%v/v methanol

solution 20" ul of solution A or solution B w%;é

1n3ected and chromatograms obtained and .peak™areas - - S

quantitated T All solutions were run in triplicate and
- the resnlté averaged. onfirmation of the calibration‘

was made by injecting standard soiutions as before and
comparing concentrationéi
2) Kinetic analyais

- A convenient concentration (3.5 mg/ml) of CFX was
dissolved in buffer and equilit.ated at 30°C. nt
different'time intervals, a 2ml portion of‘the Cg%
solution was withdrawn and combine¢” with 20 ml of
internal standard 'stock solution and'oiluted to 100 ml
with 40%v/v methanol then 20 ul was injected. The

appropriate dilution factors were applied to the

recorded concentration to obtain the actual

"+Millipore Corp.,Bedford, MASS, 01730, USA.
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conéentration of cefota#ime sodium in the éamplesl

When l}posdmevp;eparétions were ghalyzed,'samples
were first dissolved in pure_méthanol,);he|ihtennal
standard solutéon added fhen diluted to 100 ml with
water such that the solvent system cbntaiqed 40 yv/v -
methanol-in-water. This solution fo; analysis was-
subsequently analyzed as before.‘

Y

CHARACTERIZATION OF LIPOSOME FORMULATIONS

Y TP

1 ASA Liposomes containing Stearylamine

3.3.1.1 Synthesis and Isolation of N—Stearflacetamidg'

Molar equivalents of stearylamine'and acetic

anhydride or ASA were allowed to react overnight in

chloroform sélution at room temperature with* constant
_ &
shaking. It was then washed three times with 15 ml of

cold 10% hydrochloric acid to remove the excess bases as
'hydrochld;idevsalts. The chloroform layer waéithen

washed and dried with anhydrous sodium sulfate ‘then

y
bl

removed by rotary evaporation. The powdered
N-stearylacetamide was ﬁhen recrystallized three times

from methanol and stored in powder form.

e

2

3.3.1.2 Thin—Léyer Chromatography of'N-Stearylacetamide>

Qualitative thin-layer chromatography tests for the

formation of the amide were performed on silica gel
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using chloroform:methandl (9:1v/v) as the deQeloping
solvent. l

TLC plates'’ were 10x10 em, 0.2 mm thickness.
Approxlmately 200 ug samples of stearylamine,
N~stearylacetamide synthesized from acetic anhydrlt_ or
from ASA dissolved in chloroform were spotted and = -e
plate developed for 5 min. The solvent front was
marked, and the plate dried. The spots were visualized
using UV light'® or by reaction with iodine vapors and

<

then marked with a pencil.

3.3.1.3 Infra-Red Analysis’ of N-Stearylacetamide
" Samples were analyzed by IR spectroscopy'’ using
the presseé disc method (167).

Pure, dry, and finely powdered potassium bromide
was ihtimately mixed with each sample in a Wig-L—ﬁugz
at a concentration of about 1% w/w. The mixture was
then compressed in a die under vacuum at room

temperature and at high pressure®' to form a solid

'&f transparent disk in a holder which was then placed i#

“ the IR spectrometer from which the spectra were

1

E-$ 7 oF gel 60 F 254, E. Mark W.Germany.

N '”l Cc-60, UVP Inc., San Gabrlel Ca, USA.
Spectrophotometer, ‘Nicolet Instrument Corporation,
Madispny Wisconsin, 53711, USA.

°Wig-L-Bug Amalgamator, Cresent Dental Mfg. Co., Chicago,
ILL., USA,

2' Carver Laboratory Press, Model B, Fred S. Carver Inc.
" N.J., USA.

-



3.3.2 The Liposome-Cefotaxime System -

3.3.2.1 Turbidity Analysls

Liposomal suspensions of CFX and DMPC were prepafed
and vortexed as described under "Preparation of - 5f7
Liéosomes" tﬂén equilibrated inba water bath. At |
dlfferent time intervals, a 2 ml sample was analyzed
spectrophotometrlcally at -520 nm and the absorbance (or
«n

turbidity) recorded.

. A
& .
i

3f§.2.2 Ph@%omicrogréphiéﬂAnalysi§¥q %
 Samb¥%s of lipoéoma}tsuspenQion_with'CFx were
examined microscopically at.x500. magnification using é.
binocular microscope®? equipped with an'%utomatic
camera. A Drop of suspension oﬁ_microscopic slides were
photcgraphed“( 1/2 to 1/15 sec. exposure!time) at
different time intervals using Kodak Plus-X (125 ASA)
film, | . ' . .
3.3.3 Determinafiod of the Fraction of Drug Associated with =
the Lipid Phase of Liposomes (f)

Determination of f. was carried out at the beginning of
the kinetic studies. Once liposomes were prepared, they
were centrifuged5° (135,000xg, 30 winutes, 30°C); the i
supernatant removed and analyzed f r drug. The differences

; . &
o
__________________ q

2 Carl Zeiss 'Co.,Berlin, W. Germany.
?3Model L8-55, Ultracentrifuge, Beckman Instruments,
Palo-Alto, Ca, 94304 ,USA.
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é ‘;mtween the total amounts of drug in the llposomal
‘ v-" d <.

* uspen51ons (DT) and the re51dual amounts of drug in the

supernatants fﬂ ) afteracentrlfugatlon d1V1ded by Dq: ylelded

values:of fL. , o o

PO
LY
L

¥ 3.3.4 Determination of Partition Coefficients of.gg;al

Anesthetic Drugs . ' ’

3.3.4.1 Liposome-Water System

Freshly prepared DMPC liposomes, Qere equilibrateo'
with drug for 30 min 1n/a/shak1ng water bath.?* The pH
was ad]usted somewhat lower than in the but suff1c1ently
above their pKa s to ma1nta1n a fully unlonlzed state.
The phOSphOllpld and drug concentrations in these

. erperiments were 2.88 mM and 7.6 'mM, respectlvely.i The
liposomes were centrifuged (135,000xg, 30 min., 30°C$,

- the supennatant carefully removed by Pasteur-pipette,
then éilnted with isopropyl alcohol and:anaiyzed
speotrophotometrically. -Concentrations of drn§ in the -
shoernatants'werevdetermined from a calibration cntye
and the residual amounts in the phdsphoiipid phase
determlned from mass balance calculations.

The molal partltlon coefficients, K% , were

determined from Eq.17:

)

n

24 Dubnoff Metabolic Shaking Incubator, Prec151on Scientific
Co.,Chicago,IL 60647, USA.
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L . (CpCyl¥
Cy %3

(17)

X
|

Ham where CT is the total concentratlon of the drug in the
llposomal suspen51on, Cw is the concentratlon of the drug
determlned in the supernatant after equ111brat10n, W, is the

ﬂ
*we1ght of the aqueous phase and W; 1s the welght of. the

e
lipid in the sample. Partition coefficients were validated
at 1 hr equ1lxb?@tlon time. All partition coefficients were

€ m

determlned at least in triplicate and the results averaged

si' L 3 -*;
‘ " “.' l

: 3. 3.4. 2 Octanol Waber System

Convenlent volumes of aqueous phase (5m1 buffer

soLutlon) contalnlng the approprlate concentratlon of
drugs (7“6mM} and n octanbl (0.5ml) were weighed into 25
ml round bottom flasks and equilibrated 2 hours at
constant temperature (30°C) in a shaking water- bath.
Both phases had,been mutually pre¥equilibrated.
Concentrations of drug in the aqueous phase were
’determined by;U& spectrophotometry. The concentrationg
_of“drug in tne oil*pnase was determined by mass balance.

“The molal partition coefficients, KS, were determined

from a similar equation as Eq.

-3.3.5 Measurement of Sufface Tension of Cefotaxime Sodium
The measurement’offsu:face tension of cefotaXime sodium
,solutions:were made by the drop volume method using 'Agla

micrometer -syringe'., Different concentrations of cefotaxime
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5
solutions were prepargdbaf a pH of 3.0<$nd'24°c, and thé”x
volume of a drop from each solution was measured and the
surface tension was calculated accbrding’tq'the following
equation : ) |
o= A | (18)

where, r=radius of micrometer tip
Ap=difference in densities of air and solution
g=acceleration due to gravity, and
. . r o
X=correction factor for 6777' where V= volpme of a

- ,water drop (obtained from-Ref.190). LQ;
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4. RESULTS
4.1 ACETYLSALICYLIC ACID
4.1.1 Ultraviolet Spectropﬁotometric Analysis

A linear calibration curve of salicylic Yacid which

obeyed Beers law was obtained and is shown in Figure 5.

 Regression analy51s of the experimental data ylelded .slope'

= 3743.2, intercept = 0088 and correlatlon coeff1c1ent r =

.9999., The molar extinction~coeff1c1ent, €, was calcﬁlated

i

from

e = A/bC - o . Y ., (19)

7

whefe, A is the recorded apsorbénce}at XA = 303 nm, b is the

optical path lenéth and is #qual to 1 cm, C is the molar

concentration of SA in isopropanol. The average value of e

was 2830 (n=9) (cf.e = 3620 in aqueous solution (160)). The

“isosbestic pointfi 1sopropanol of. SA otcurred. at 303 nm,

allowing'the‘determinationvof SA independent of pH

- (155,162)

\ -
4.1.2 Apparent First-Order Hydrolys1s e
: s

The hyd?qusus of ASA in control buffer solutions. or

.

»11po$ome preparatlons was followed up to three half 11ves

K}
(Flgune 6) and foundgfo obey pseudo flrst order k1net1cs as -

62' T j "
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describedby}; : .
@ | Rt |
| C = Coerﬁ' e :“ , , (20) -
| » . |
whére Co ahd C are ﬁﬁelmolar_cohcehtrations of ASA iqitjally
and at time t, respéctively and k is the pseudo first-order
hydrolysis rate cénstant. For hydrolysis in aqueous buf fer
solution k=kB and in liposome systems k=k .. when ASA was
incorporaﬁed via the organic phase and k=k2bs' when.ASA was
incorporated via the aqﬁeous phase; Hydrolyéis\im,the lipiq
phasé (kL) and in the'externalwaqueousvbhase o{ liposomes
(ky) was taken to obey Equ?d and that ky =kg. thus,
k = k

~

where f; and fy are the fraction of drug in the lipid and

. )
aqueous phases, respectively. All rate constants were

\

determined from linear regression analysis of log(Am-At) ,
; "

versus time plots. Reproducibility of these kinetic
experiments agreed to within one percent.

4.1.3 Comparative Stabilities of ASA in Liposomes

4.1.3.1 Effect of pH

The pH-rate profiles for ASA degradation in aqueous
buffer solution or in liposomes as shown in Figure 7
were found to have features similar to'that previously

o
|
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reported (160). Between pH-T%B Kops %as slightly lower

than kg. (Student "t" tésf, p< 0.10) but at higher pH

'values the stability of ASA in liposomes was determined

by the manner in which ASA was incOrporatéd into the

-

liposomes. When ASA was added initially via the organic °

phase, the stability of ASA was enhanced. On the other
‘hand, when ASA was incorporated via the -agueous phase,

ASA was not stabilized. These differences . were not -

* observed at pH<3. When ASA was incorporated in

liposomes Gia the organic phase, kobs.at pH 4.0 and at
higher pH values yiélded 22-25% iﬁcféase'iqﬁstability
(p< 0.05) (n=3). | | ‘

Tagle 3 compares.the(;;te constants obtained ét_
differéht pH values.. I't shows a pattern:.of cﬁahge of
kob; and kg cqnsistent’with-the pH-rate profile (Figure

7).

~

4.1.3.2 Effect of Liposome Composition -

The effect of ligosome composition on'kobs-is shown

in Table 4. These results can'be divided into Group.A

or Group B. Liposome compositions within either of the

two groups did not yield significant aifferencgs in kops

but Group A was significantly different than Group B
(p<0.10). Liposome cogpositions in Group B yielded less
fluid and more rigid bilayer structures than;tﬁOSe in

Group A either due to the existence of a gel’state of

{the‘bilayggs.(30°c is.<T, of -DPPC) or to CHOL addition

A

e

ES T



TABLE 3.

Comparison of the First Order HydrolySis_Rate Constant of

At

ASA in DMPC Liposomes (k. ) and Aqueous Buffer (kg).

- pH k

obs | kg | kobs/¥p
(hr=') (x10%) «(hr-*) (x10%)
i
f’ C"\‘
o 2D v ‘
1.0 1.39(4x10°*) 7 1.51(4x10°*) 8.921
4.0  1.05(5x107*) - 1.39(2x107*) 0.755

- 8.0 1,57(2x10"). : 2.04(9x10°*) 0.770

[DMPC] = 14.4 mM; [ASA},=7.5 mM; 30°C.

" gtandard deviations (n=3) shown in braékets.

y 7
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TABLE 4

Hydrolysis of ASA in Liposomes of Various Compositions at pH

4.0 and 30°t;-

*
/ ‘ ‘;Al
Liposome . Kobs 'kobs/kB
Composition® (hr-') (x10%) '
. v : d ;o
T.  (°C)

v

Lo »

-

DMPC 1.05(5x107*) 0.755 23 -
EPC L 1.11(6x1074)  0.799 | 0

_SPHING ' . 1.12(2x10-*) 0.806 A 25-40
DMPC:Dcp(2}1>  1.12§fx10-‘) 0.806_——;J -
DMPC:EPC(1:1) 1.085(2x10°*) 0.777 -
‘pERC S ‘_1.16(2#19-5) 0.8357~———L\‘ 41

| v | | | | ;B ~
DMPCICHOL(3:1) 1 21(8x107%) 0.871— 1 -

8 Total lipid concentration =14.4 mM; mQle ratios shown in
‘brackets. : :

Standard deviations (n=3) 'shown in brackéts beside k.
values. ' : el

Group A and group B are significantly different at p< 0.10.

d Ref. 45 o
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169) and this resulted in an increased K., q.

The addition of STEAR, to DMPC 1mparts a net

p051t1ve surface charge to 11p050mes .The 1nteraction-

1

*of ASA with this 11p1d comp051t1on leads to both

ncreased hydroly51s 1n1t1ally, followed by 1ncreased

"stabilization'compared.to the control buffer solution.

The evidence of this can be seen in Table 5. As the

L]

'DMPC:STEAR mole ratio increases, both the initial loss

a

s well as the increase in stability decreases

reflecting a dimlnishing influence of STEAR. By varying

the DMPC STEAR mole ratio, the total llpld

' concentratlon, and the 1n1t{al ASA conceutxat on, the

l
1»(,"

initial loss of ASA could be minimized and the increase

in stability could be maximized as sgen from the results

presented 'in Table 6. In Table 7 it‘can be seen that pH

ai{ects the influence of STEAR, after ah 1n1t1al loss in

the organie solvent. At pH 1h0, although the overall

R

1

tabilization was lower than at other pH values, a

substant1al increase in stab111ty was obtained compared

to the llposomes in the absence of STEAR.

3

In1t1ally it appeared that ASA was. underg01ng a

Ebrexponentlal decay in a manner similar to p-nitro

phenyl acetate (39,40). - However, as shown in Figure 8,>

it was later discovered'that‘ASA was aegrading in the

chloroform solé%ion prior to forming theflipid'film.

Py
&
ﬁ 4
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TABLE 5 -~

Effect of Stearylamine on the Stability of ASA in DMPC

Liposomés at pH 4.0 and 30°C.

DMPC:STEAR? k_, x10%(hr-') Initial Loss % Increase in
: ' of ASA (%) Stability
” 0
2: 1 0.80%.016 34.741.15 42.5+1.13
5:1 1.01£.008 20.9£2.36 - 27.4%0.56
. 10:1 1.01+.,009 - 16.6%2.49 27.410..60

@ mole ratios: total lipid concentration = 14(4'mM; initial

ASA conceftration = 7.5 mM. A e
- PS "
.

b using~Eq.”ﬁO and kg = 1.39t0.02x10'3hr;‘} n=3,
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TABLE 6

Influence of Total Lipid and Initial ASA Concentration on

the Stability of ASA in DMPC:STEAR Liposomes at pH 4. and

30°C
DMPC: Tota: Initial kobst Initial Loss Percent
STEAR® szid ASA  x102(hr-') of ASA (%) Increase in
Cdbrc. Cconc. | Stabilityb
v
(mM) (mM) -—
2:1 14,4 7.5 0.800¢.05@% 34.7¢1.15  42.5%1,13
2:1 14.4 15.0 0.903+.010% 18.2+0.46 .35.2%0.80 =~
Yy 28.7 15:0  0.710+.037 -32.5%0.28 48.9%2.65
41 28.7 15.0 0.787+.034 21.1%1.70  43.5%2.42
. b - R
-y
%,
. . . , "?v‘:;g
2 mole ratios 2

using Eq. 10 and kg=1

Nv
;%910.02x10"hr"’(n=3f%@
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TABLE 7

-

Effect of stearylamine on the stability of ASA in DMPC

Liposomes at various PH values and 30°C

pPH i _k

obs ‘ kg " Initial Loss Percent

o : Increase

x102 (hr- ') 102 (hr- ') bt ASA (%) in
. st_:abilitya
1.0 1.06%.0197 1.51+.043 36.3 29.3 (8.1)
4.0 0.80:.0160  1.39£.017 3.7 12.5 (24.5)
8.0 1.04+.0125 2.04+.091 35.9 - 48.2 (23.1)

Total lipid concentration = 14.4 mM; Initial ASA
concentration = 7.5 mM.

DMPC:STEAR = 2:1

a?igure in bracket represents stability in the absence of

- STEAR.
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Similar levels of degradation al$o occurred if a solve&;‘\
of 9% methanol-in-petroleum ether was used instead of
chloroform. However, once the dried film is dispersed
in aqgueous buffer solution to form liposomes, ASA was
_‘b . -

stabilized. The results shown in Tables 5 and 6 wete

obtained under essentially the same conditions of

‘solution preparation and drying time to form the films.

In contrast,, if ASA was incorporated into the aqueous

buffer solution during liposome preparation or if an

aqueous solution of ASA was added to preformed liposomes

no initial loss of ASA was observed but the degtee of

stabilization was low. This was again dependent on the

pH of the medium. The kinetics of degradafion of ASA in

DMPC:STEAR liposomes at pH 4.0 and pH 8.0 are

illustrated in Figure 9 and 10, respectively. Again, it

is seen in Figure 9 that kobs kg but Kobs<kg follpwing

an initial rapid degradation phase, r, at pH 8.0,

£ ) . :
kobs¢kB and in cohtrast, the degradation.curves
corresponding to ASA incorporated via the agueous phase
exhibit biexpénential characteristics, the bigxponentialj

behavior being more pronounced in 1:1 DMPC#STBAR

wllposomes than in 2:1 DMPC: STEAR l1posomes. Proceeding

~ i
on the assumptlon that ASA is under901ng reaction with

_STEAR in the chlort®dform solvent to form

N-stearylacetamide, the degradation product was isolated

and subjected to IR analysis. Figure 11 shdws this
. o _ v
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.result,_together with N- stearylacetamlde formed from,
STEAR and acetlc anhydrlde. Their 31m11ar1?1?s are.
“notable with respdﬁt to the,Charaétaristic peaks of N-H
at 3360 6%", C

cm".? Furthermore thin-layer chro atgéraphy showed that

H at =3000 cm” “L and of C=0 at 1650
the Rf value of the reactlon product of ASA and STEAR
was the same as that of N- stearylacetamlde @glgure 12).

— In Table 8, a comparlson of the effect of the .
presence of amines in addition to STEAR orQSA;on thé;_
degradation of A;A in DMPC lipoaomea is made. When |

» N—stearylacetaﬁide wa's included”in the liposome, the
initial logs of ASA in chloroform solution did not occur
but an increase in ASA stability was not obtained in the
final'liposomea. on thé oth@% hand when o -
-p-chloroaniline was incorporated, agaln an 1n1t1al loss |
of AS§ in chloroform followed by increased stabrllzat1on
of the remaining ASA in liposome was abServed.as it was
when STEAR was used. Ehe additizh\of CHOL to 2§Bé+STEAR
liposomes reduced the stabilization in a manner that was
alao observed in “DMPC liposomes. When e}céga SA wak
incorporated rnto the- liposomes (astthe deqradat{og
prod=t of ASA) stabilization was reduced fro@CZS% to

9-10%.

4.1.3.3 Effect :of Phospholipid and ASA Concentration'

USing DMPC as“the representative phospholipid, the‘.“

Ll

effect of varying its concentration on the stabilization
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] L N Sl °
SR ~ TABLE 8 N ¢
Lot ~..;‘ . T ' A - )

r

Initial Loss % Increase
of ASA (%)2 in asa

, Stability'

P ™

DMPC [ . 24.5
'DMPC:STEAR (2:1) . - 34,7 22.5 .
DMPC: N-Stearylacetamide .0 o ©26.0

(2:1) | s .

DMPC + 2.7 mM SA (5:1) 0 9.0%

L ’ . . ’ M .

DMPC: N-stearylacetamide ~ 0 °® . 9.8

(2:1) + 2.7 mM SA
DMPC:p-chloroaniline (2:1) 27.4 _- 53.0

DMPC:STEAR:CHOL (2:1:1) 25.0 - 30.0

RE

‘ i - YO A%
gtotal lipid conc.=14.%4 mM; mole ratios in bratkets.
degradation of ASA in the organic solvent prior to
liposome’ formation. SR

%
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. - -. . - . “: ‘ : . ) “ B
“of ASA was determined. The results of varying the®*DMPC -
{concentratipn at an ASA conc. of 7.5mM are presented in .
e : : , O . E
Table 9.  Thus, at approximatgly a 1:1 mole ratio of
DMPC:ASA, a 15% increase in sthbility.was obtained.
( o e |
When the concentration of DMPC was doubled, the

percentage 1ncreased approx1mate1y two- thlrds such that"

Ui

an increase 1n stablllty of 42 O% was obtained at a 1’1;;ff

mole ratio of-DMPC ASA (equlvalent to 20 mg/ml DMPC)

B
Therefore, 1ncreaéang the concentrat1on of DMPE

Ne SR R

lﬁposomes y1e1ded ‘a 11near decrease Lhckbbs‘%g;gure 135

LIt 1s ‘noted that extrapolat1on of the curve to the7*~

v

Y-axis, does not 1ntersect ‘at 1. 0 1nd1cat1ng a M
. \‘ _
non- llnear dependency at ¢he lower concentratlons.f,fmff,‘

%

contrast,“a 4- fold incgease in’ the ASA concentratlon at
- ~ : ) S Sl

constant DMPC concentratlon showed a sl1ght decrease 1n~}'

the llposome stabllieatlon of ASA (1ncreased in kobs/k )
(Table 10). ' |

4.1.3.4 Effect of Temperature and the Ionic Strengtﬁﬁﬁf'
o ' . N ’ - ) - W ; /‘ R

"~ Thel kinetics of ASA hydroly51s were studied over

the Medlum

‘the teémperature range of 10° - 50° and an Arrhenlus plot‘v
constructed.- The buffer solutions for the temperature
study were checked for pH and adjusted atweach dlffétent

v

g <. \‘_‘?; ':
temperatures. Figure 14 depicts these results 1n» AR

aqueous buffer solution and 1n 1;posome9 {n=@ 999'
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: TABLE 9
. L}

L .
»

:. . . \ ; B ‘ .’
. Stability of ASA‘iJ Liposomes as a Function of Phospholipid -

Céncentration at pH 4.0 and'30°C. . - -
— _/ .
- 2 : .
. DMPC:Conc. “Kkgpgx 107 (hr") Percent chrjége
L en® in Stability
.. 7‘ ) L

0T 139 ﬁ -

\ L o ,

7.2 1.19 14.8

0.8 " ° .12 19.6

14.4 - 1.05 24.5

-, 28,7 . 0.8 | 42.0

3 . initial ASA éoﬁéentration = 7.5 mM.

b using Eq.-10§aﬁdka=1.39;0.02x10" hr-!

4
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Hydrdly'sis of ASA in DMPC Liposomes a% a-Function of ASA

~ concentration at pH 4.0 and 30°C.

<

In .o

A . '
. 9 Q
J ST ' o

ASA . kobs (hr—')v' kB (hr-') . kObS/kB
Conc.: N ‘ - Lo
(mM) ) A .

(x10%) (x102)
3.75 1,01(2x107¢) 1.34(2x10" ) 0.754
3.75  1.01(2x10-*) .. 1.34(2x10°%) 0.75

) .
7.50 1.05(5x10°*) 1.39(2x10-+) 0.755
15.0 1.2043%10° 7). 138(3x10°*) 0.781
3

T
[DMpg] = 14.4 mM. ’

M

Standard deviations (n=3) shown in brackets.

I



Fig. 14. Arrhenius Plots of ASA at pH 4.0 in: (-o-)
Acid-Sodium Acetate Buffer Solution, and (-e-), DMPC Liposomes.

{v



‘reagtion eqzal to 18 kcal/mole in‘*each systdm. This.

. P o8 . . .
/f/~\i;ﬂdicates thata§he'association of ASA molecules with t

~
=

Y

{

L hplayers gdoes not'alter the mechanasm of degtadatlo

Aof ASA. Téhle 1% summarizes the influence of

tempe ture on the stabilization of(gga in‘liposomes.
Although k b" and EB increase with ten%erature the
percent increase in stablllty'rlses to a maximum at
about 30° then decreases sharply above thlS temperatur

2]
This type of behav1or is anMogous to the partltlonlng
}

- of some solutes in liposqmes where max1mum values have

‘

medium on the hydrolys s of ASA in DMRC 11poso£es have

‘been shown. Although at higher ionic strengtﬂ 3 trend

been observed at temperatures immediately above the T

87

n

e.

of the phospholipid (170). In sp1te of this change in -

trend wh1ch may be relateé to ﬁh%ﬁdlfferent phyf;tal

states of llposomes below and above the To of DM

<

overall these va;xatlons are only slight.

C,

In Table 12 the effect ,0f ionic strength of thé

of.decreasing kobs/kB was obseEved a 51gn1f1cantly }arge

change was not obtained over the range B@?ween 0.07 to

0.63 M. o (

&

.3.5 Stabillty of ASA in the L1p1d ‘Phase: of L1posomes

o

I.L

-

‘Table 13 and Figures 15, 16 and 17 descrlbt Lhe

kinetic¢s of hydrolysis of ASA entrapped in the lipic

phase only under various conditions. It can be seen 1

Table 13 that ky and f both decreased with increase i
" .

n

n

he

.4

\



_ . TABLE 11
) s ¥ " s .‘ ) . /\\

) ¥. : . . . - A . .. .
Stabiljty of ASA in DMPC Liposome$ as a Function of - Y

: : . - . C
Te?peratﬁre at-pH 4.0 Q. :
. : ( - . e . *
- ' \
—— N \N\ . '
i \“_‘ v
5 Tekﬁéé?fure kobsx10?(hr") ka10’(hr"?u -t RGBS/kB, -
\' g ‘1
~ . . ~ : N ":
@ 10 ©0.123 ¥ 0.153
< i
S 20 \_  0.369 7 0.464
30 1.05 1:39
40 2.86 - 3\.51 4

50 - 6.74 6}17;




A  TABLE 12

Hydrolysis‘bf ASA in DMPC Liposomes as a Function of Ionic

*Strength of the Medium at pH 4.0 and 30°C

(hr-") ) k

lonic k (hr-1") k1. /k
Strength obs B obs _B

(M) ‘

(x102) ~ (x10%)

0.07 1.06(5x107*) 1.398(2x10°*) . .758
0.15 . 1.05(5x10°*) = 1.390(2x10"*) 0.755
'0.33 6.986(8x10"*) 1.405(5x 107 *) 0.702
0.63 0.99(45x107 %) 1.429(2x107*) 0.693
[DMPC] = 14.4 mM. | - | N

3 - : A
Standard deviations (n=3) shown in brackets. \

Q



TABLE 13
0 4
Comparisonsggf thevFirst”Order Hydrolysis Rate Constant of
x@éSA in the Lipid‘pﬁése (k;) of DMPC Liposomes, Aqueous
Buffer (kg) and of the Fracti;n of ASA Associated with the

Lipid Phase (f).

4

30

- | =

pH T kp (hrot) kg(hr=*) £

L kp/kg
(x102) . (x10?)
&
| ke .

1.0 1.12(3x10°4) 1.51(4x10"*) .325(.009)  0.742
4.0 0.30(8x10-*)  1.39(2x10°*) .258(.013) - 0.216
8.0 0.11(7x10-5)  2.04(9x10"*) .196(.004) 0.054
[DMPC] =

14.4 mM; 30°C; standard deviations (n=3) f:jfn in
8 -

brackets
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the pH but kops and kg both decreaF¢ ﬂ”hen increased
&

over the range of pH corresbondlng.tc‘?zgure 7 (see
-~ Table 3). The stab111;;t;en of ASA was maximal et -
8.0 followed by at ot 4. 0 but the lowest stabllxzatlon .‘g«
was obtalned at pH 1.0. The comparison of kp/kg'at |
various pH values can be obtained from Tab1e13} As can
. be seen it is lowest at pH 8.0 end highest at pH 1.0.
Table 14 provides evidence that the. determination of. the
percent increase in stability 1s unchanged at around 80

hl

percent u51ng either 14.4mM or. 28.8mM as the initial

concentratlon of DMPC.

4.2 THE LOCAL ANEYTHETICS | 2

A

4.2.1 Ultra-violet Spectrophotometric Analysis
o . 1] .
Linear calibration curves which obeyed Beers law were

obtained for each of the six7loca} anesthetic drugs and are
shown in Flgures 18, 19 and 20. The slopes, intercepts and
correlat1on cdiff1c1ents obtained from regre551on analysis
.are shown in Table 15. The average values 9f e -(molar
extinction coefticient, Eqg.19) ér: shown in Table 2. The
variation of e values obtained from caliPration curves
determined et different times was *1.2%. .In addition ,
1inenr calibration curves of the degradation products
p—aglnoben201c acid and p- butylamlno benzoic acid are sho¥n

1n Figure 21 and their e values are also #hown 1J Table 2.
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- « TABLE 14

Hydrolysis of ASA in the Lipid Phase of Liposome/as a

Function of*DMPC Concentratipn‘at pH 4.0 and 304C.

8

DMPC | kp, (hr-'Y (x10%) kB (hr-') (x102) % Increase in

(mM) Stability
14.4  0.304(8x10-*) 1.39(2x10"¢) 78. 1
28.8 ° . 0.291(8x10-%) 1.39(2x10°*) 79.1

»

e
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TABLE 15

~
‘

Regression Analeis_of-the'Calibration Curves of Six Local

‘Anesthetic Drugs W‘”o{ '
. e

Drug Slope Intercept Correlation

s , Coefficient, r

. -
o o |

Benzocaine 21119.9 0.0051 0.9999 :
P;ocaine ~22230.9 0.0114 0{9999
Tetracaine . 28694.2 0.0002 0.9999
Methyl PAB2 18880.9 0.0012 0.9999 L
propyl PABP  19075.3 0.0010  0.9999 :
Butyl PABC 19025.1 0.0027  0.9999 s

-

]

[DMPC] = 14.4 mM. “ o
Standard deviations (n=3) shown in brackets.
g Methyl p-aminc benzoate : v
Propyl p-amino benzoate
Butyl p-amino benzoate
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The hydrolysis of all thellocak‘ahesthetic drugs in

\ .
aqueous \buffer solutions -or in liposomal preparations were

threé alf—iivaf as showh in~Figﬁrés 22, 2t éhd 24 and is
given by equation 22 : o E I ;
C/Co = e Kt (22).
P : . ’ -

e
“ V . . . | .- . . é_z;gﬂ‘ .
where Co, and C are the initial molarxconcentratlonsiind at

t ime t,,{especﬁively, and k is fhe'pseudo ﬁiﬁsf—order
hydrolys%g\rqté coqstant. For hydroly;is‘in aqugoué buffer
solution kékB and in liposome systems k=K, pg- Hydrolyéis in
the lipid phase (k;) and in the_external'aquequs ﬁ%ase of

liposomes (kp) was téken to obey‘Eq.ZE'ghd that kb=kg (40).

Thus, ’ ' -ﬁb‘~\m\

2

iz
33,

." Sodiai
ey

Kops = ki fr + Kk ’3)‘

L f

B - . (
BN

L B

3
o

////yﬁg}e £, and fy are the fraction of drug in the 1lipid and
aqueous phases, respectively. Linear least squares
regression analysis was used to calculate all thé rate

constants and reproducibility was within 1 percent.

>
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- Fig. 22. First-Order Hydrolys'is Kinetics of-Benzocaine in Agueous
Buffer Solution, (-o-): and ip Liposomes, (-e-); at pH 12.2 and
30°C. The Initial Benzocaine Conc¢entration was 0.76 mM and the
Phospholipid (DMPC) Concentration was 5.8 mM. : ‘ 2
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4.2.3 Comparative'Stabififies of Local Anesthetics in

Liposomes

4.2.3.1 Effect of.LipOSOme Composition

Table 16 shows. the stabifizatioﬁ‘of benzocaine in
libosomes qf'various compositionsbat pH .12.2 and 30°C.
It indicates a significant variation in thé
stakilization of benzocaine (2-4 iold change) by
seiecting‘different phospholipids or
pho;pholipid:cholestefol combinations? Neutral
liposomes of phosphatidyl cholines, which exist in a
fluid liquid crystalline state (é.g.EPC,DMPC) at the

temperature of the experiment (30°C), protects

benzocaine against hydrol“Fis to the extent of 35-40%.

In contrast, DPPC is in a more rigid gel state at this

temperature and the stability was increased by only 23%.

'SPHING liposomes, although in a fluid state, allow

benzocaine to be stabilized only to the extent of 22%.

On the_bther hand, negatiVely—charged liposomes of PS

:yieldéanthé’§?gétest protection against hydrolysis under,

the present conditions. The addition of CHOL to DMPC

. . .
liposomes causes kob to increase and at a 1:1 mole

s

ratio only a 12% increase in the stability of benzocaine
was obtained. Thus, the addition of 50% THOL to the
liposome composition results ir about a 3-fold decrease

in the effectiveness of the phospholipid (pMPC) liposome

to stabilize benzocaine.
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TABLE 16
it
The Stabilization of Benzocaine in Liposomes of Various

~ Compositions at pH 12.2 and 30°¢.2

Liposome , % Increase in
Compgsitionb ' Stabilityf Tcd(°C)
. \
: \
\
PS | a7 6-8
) R ‘\;
EPC - 39 0 | |
- DMPC | 34 | 23
DPPC | | 23 41
SPHING . 22 25-40
DMPC:CHOL (3:1) 25 ' -
r7
DMPC:CHOL (1:19 12 -
2 the initial beniocaine concentratibn was 0.76 mM; the p

totakrlipid concentration was 2.9 mM.

P mole ratios are shown in brackets. |

€ using Eq. 10.

dpef. 45 A
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4.2.3.2 Effect of Pﬂospholipid Concentration

The variation of k .. of benzocaine, procaine and’
tetracaine in DMPC or DPPC lipesomes as a function of
the phospholipid concentration over the range 1.4-28.7
mM is illustrated in Figure 25. Each curve is
characterized by an initial rapid decrease in kg .
followed by a ﬁore gradual lowering of Kk ¢ as Ehe
phospholipid was further increased. The steepness of
the slopes in the initial stages correspondlng to DMPC
liposomes 1is 1n tﬂe order benzocaine < procalne <
tetracaine which is also the same order as their’
partition coefficients whereas the letter segments of
the curves are apprgximately parallel. In contrast, the
curve corresbonding to benzocaine in DPPC liposomes
exhibited a more‘gradual cgange indicating that kg p. is
much'iess influenced by the amount of lipid when the .
liposomes exist in the gel state. In Table 17 a
relatlonshlp has been shown between f and the relative
stabilization of the local anesthetics in liposomes as a
function of phospholipid concentration. It is
significant to.observe that in the fluid DMPC lggésomes
: the relative increase in the stabilization of benzocaine
or procaine parallels the increase in f; whereas
approximately a 4-fold increase in the stabilization of
tetracaine was)obtained by a 40% increase in the f; at

the higher DMPC concentration.

Al

~
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Fig. 25. Effect of Phospholipid Concentration on the Hydrolysis
Rate Constant(k,,) of LocalsAnesthetics in Liposomes at pH 12.2 and
30°C.

The Initial Drug Concentration was 0.76mM. Benzocalne -
(DMPC), o: (DPPC),®; Procaine (DMPC),V; Tetracaine (DMPC),O.
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TABLE 17
Relationship Between the Initial Fraction in the Lipid Phase
(f) an§ the Relative Stability.(kobs/kB) of Local |
Anesthetics in Lipasomes as a Function of the Phospholipid

(DMPC) Concentration|.?

Local DMPC Conc. £ T ko kg
Anestheticb (mM) L obs” "3
Benzocaine 2.9 0.28 0.66. .

11.5 0.63 0.31

Procaine 2.9 0.26 .60

\ 11.5 0.64 . 0.25
\‘ .

Tetracailne 2.9 0.63. 0.31

11.5 0.88 0.08

dexperiments were conducted at pH 12.2 and 30°C.
N .

-

initial concentrations were 0.76 mM,
Cvalues of kg 'were as-follows: benzocaine - 1,1x10 " *min~"';

procaine - 1.6x10 *min~'; tetracaigs\-.6.7x1b"min"
~



N

e

14

110

4,2.3.3 Effect of pH | ‘ o v

Incorporation of local anesthetic drugs into

liposomes for the purpose of stabilization appears also

to be pH dependent. .Thus, the procaine étability data
in, Table 18 indica£e§ that only undissociated procaine
is éble to accumulate iﬁ the lipid phase when }ntroduced
via thé agueous phase because at pH 7.4, at which ™
procaine was 96% ionized‘(p£a=8.8), only 4% increase in
stability Qas obtained. However, most of the increase
in the stability §£ procaine at pH 12.2 was-recoverable
at pH 7.4 when the drug was incorporated in liposomes
via thefﬁrganic phase. At pH 12.2 the stability
remaiAed constant whether the drug-was incorporated via

the agqueous phase or via the, c.canic phase.

4.2.3.4 Effect of Benzocain: ¢ .centration and the Ioni%®
Strength of the Medium

Studies were conducted to determine whether

variation of the content of benzocaine in liposomes or

- the osmolarity of the aqueous medium produced any

significant changes in the anetiés of”degrqﬁation. The
results in Figure 26 show a parallel decreése in Kopg
with incréasihg_benzoéaine concentration in liposomes of
DMRC or DPPC. However, a 4-fold increase in benzqcaine
concentration resulted in.only a 15% decrease in k. p..
Sim{larly, ionic strengths of the aqueous medium ranging

from b.OS to-0.25 had little effeit on kobs (Table 19)

9



Effect of the Method of Incorporation

TABLE 18

Liposomes on its Stability at 30°c.2

of Procaine in

" Incorporation of

% Increase in Stability

Procaine
pH 12.2 pH 7.4
via agueous phase 41.0 4.0
via organic phase 43.0 30.0
apMpC c;}centration = 2.9 mM; procaine conc. =0;76 mM.

,
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- | TABLE 19
g%\%iiiydrc»lysi"s Rate Constants of Benzocaine in DMPC Liposomes
s (

o kobs) as a Function of the Tonic Strength of the Medium at

“ﬁ pH 12.2 and 30°C.?

%

Ll

Ionic .Strength 107k (SD) (min-")
(2
0.046 % 7.3 (0.20)
0.060 ¢ 7.2 (0.19)
%
0.100 6.9 (0.13)
0.154(1isotonic) £.8 (0,09)
- 0.250 , 6.8 (0.11)

8the initial benzocaine concentration was 0.76 mM; the DMPC

concentration was 2.9 mM.

’4
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even though the liposomes exist in various swelling

states under these conditions (129).

4.2.4 Partifion Coefficients of Local Anesthetics in the
n-Octanol-Buffe:_agputhe Lipoédme—Bﬁffer System
“Partition coefficients of local anesthetics in the

n—octanol-buffer (Kg) and in lipésome—buffer (K%) systems
are given in Table 20. It ¢an be seen that the partition
coefficient values incréase”éppreciably v_:h an increase in
the hydrophobicity or decrease in the water solubility of

these compounds. Partition coefficients in the

‘liposome-buffer system were considerably greater than those

in the n-octanol-buffer system. A correlation between log

L and log KO is shown in Figure 27. Correlations of this
W W

K
type have also been found with other solutes (170,172,173),
: : AN ‘

In Figure 28 a linear,}@uationship between Ka and percent,

fpoun with 'r=0.996 and strongly
supports'the,argument that the stability of drugs in
liposomés is highly deﬁ?ﬁﬁent on the partition coefficients
of solutes. It even sgggests that the percent increase. in
stability of a drug in liposohes can be predicted from its

K%. A test of this was deggnstrated with indomethacin where

its predicted stabllization in liposomes from its K% ®
determined exper.mentally strongly agreed with its reported
stabilization in liposomes (40). The standard curve of

indomethacin is shown in Figure 29.
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TABLE 20 . .

.

Partition Coefficient of Local Anesthetics in Octanol-Water

‘(kg) and DMPCNEjposome-Water (K%) System . 7
. ‘ - .%5' R )

- | T

— L

\\§§ ) AR
¢ o
Drug logké‘]a S ’@b;?%a

-. ,‘ . s
MPABE | 1.844 ' 1.365
Benzocaine 2.228 ‘ 1.933
Procéine o 2.255 1.869
ppABD 2.823 . 2.313
Tetracaine ® 2.941 L“ 2.585
BPAB® 3.290 2.981
MPAB - Methyl p-amino benzoate e

bPPAB - Propyl p-amino benzoate

CBPAB/‘\iifyl'p—amino benzoate
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24

Log Partition Coefficient

1 1 | ‘ |

- : : ‘ 4
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Percent Increase in Stability

-

i
b

Fig. 28. Correlation of the partition Coefficient (K&and the
Observed Percent Increase in Stability of Various Local Anesthetics
and Other Solutes in DMPC Liposomes at pH 12.2 and 30°C. The Curve

- was Determined Using Lined¥ Regressicon Analysis (r=0.996). Methyl
p-Aminobenzoate, O; Benzocaine,®; Procaine,V; n-Propyl
p—Aminobenzoaté, v;vTetracaine, 0O; n-Butyl p-Aminobenzoate ,®;
2-Diethylaminoethyl p-Nitrobenzoate (ref.38), 0 ;

Indomethacin(ref.40), & -
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Similar results ct K% were obtaimed by incorporating
the local anesthetics initially in the lipid film or in the
agueous phase during liposome_preparation;

2

4.3 CEFOTAXIME-SODIUM
4.3.1 H1gh Pressure Liquid Chromatographlc Analysis

The ratios of the peak areas of CFX to internal
standard for the two CFX concentrations using the two-point
) celipration curve method are shown 1in Table 21. The
dEefficien; of veriat;onxof the peak area ratios were 0.20%
ana 0.10% respectively. These ratios were converted to a
response factor by the integrator and later used in CFX
determination. Further verlflcatlon of the calibration
'cu;ve was made in Tabie,22. Regression analysis of peak
area versus CFX eoncentration (triﬁlicates) over the range -
0.25-3ug/20ﬁl yielded r=b.99§9 which constitutes a
. eelib;:tion curve obeying beer{s law. Typical chromatograms
resulting from analyses of control and liposomal CFX are‘
shown in Figures 30 and 31. The retention time of:
cefotaxime was found to be 2.5 minutes and that of internal
_standard 4.6.minutes, In Figures 32 and 33, typicalv
chromatograms are shdwn after epproximately 21 hr and 24 hr
of incubation of CFX after some of the drug has beeq

‘degraded. A peak at 5.4 min in these chromatograms

corresponds to cdegradation products of CFX. Although

>
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TABLE 21

L

: N}
Precision of a Two-Point Calibration Curve for HPLC

Determination of CFX in Liposome Samples.

Injection # ~ Peak Area Ratios b
1st point? . 2nd point

: | ST o7: 0.4880 0 009757

2 o 0.4861,.5  © 0.9740
3 Y17 0.9736

Mean *SD . 0.485429.6x10°* 0.974g9. 1x10"

1

8 1 ug/20 ul CFX, 6 ug/20ul ORM - T ?
b 5 4g/20ul CFX, 6 ug/20ul ORM
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TABLE 22

Verification of the Two—Point Calibration Curve for HPLC

Determination of CFX in Liposome Samples.

Theoreticali Observed Mean #SD Percent

Cefotaximg Cefotaximg . Observed - Deviation
Concentration . Concentration Concentration
(rg/20ul) (ug/29ul) . (ug/20n1)‘
500 2,956 . ’///
: 3.00 2.971 2.9797 Z0.68
© 13,00 3,012 £.024
@ 2.00 S 2.009 -
| 2.00 4,995 1.992 -0.40
2.00 1.972 £.003
- 1.00 1.005
1.00 REERIPE 1001 +0.1
) .00 . 0,997 +.003 |
0.50  o.s005
. 0.50 ' o0.4992 1 0.4985 N
0.50 0.4959 . £.002 -0.3
0,25 10,2515 |
0.25 : 0.2486 ©.2507 <. +0.28

0.25 0.2521 - +.002
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" Solution of CFX at pH 1.0. Peak 1- CFX; Peak 2

Four pages have been removed due to reproduction probléms

v

ig. 30. hromatogram Obtained Following the Injection of & .-
Fig. 30. HPLC Chromatog -~ Internatl standard.

20 ul were I'njected.on a 5 u, C,s Novapak Column. The Flow Rate of
the Mobile Phase (10% Acetonitrile in Acetate Buffer, pH 5.0) was~
1.5 ml/min. ' v -

Fig. 3t. HPLC Chromat'ogram Obtained Following the I'nvje_ction ofa "

40% Methanol-in-Water Solution of a Liposomal Suspension of CFX at

pH 1.0. Peak 1- CFX; peak 2- Internal Standard. Other C'o‘_nditions’
KN -

are 3s Described in Fig. 30. .
-’,"7

13

i ) : ' . y % ;
Fl?. 32. HPLC Chromatogram of CFX After Sté)ring fot 21 Hours at
30°C. Other Conditions are as Described in Fig.30. Peak 1- CFX;
Peak 2- Internal Standard; Peak 3- Degradation Products.of CFX.

L

L

'Fig. 33. HPLC Chromatogram of CFX After Storing Liposomes for 24

Hours at 30°C. - Other Conditions are as Described in Fig.30. Peak 1-
CFX: Peak 2- Internal Standard; Peak 3- Degradation Products of CFX.

Soa
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satisfacto}y geparation of the!degradation product (peak3)
from éhe iniernal standard (peak2) was obtained the e#act
composition of peak3 was hot determined. Furthermore, when
éged samples were‘analyged under conditions of varying the
mobile phase (6,7,8,:and 9% acetqnitrile in acetate buffer),
no édﬁitional peaks appeared in the chromatograms (not '
shown). P | | @
4.3.2 The Stability of Cefotaxime Sodium in Buffer Solution
“and in Liposomes - v
" The hydrolyéis of CFX in contrél buffer solutibn or in
liposomal suspension follcwed pseudo-first-order kinetics at
either acidic or alkaline pH. Figures 34 and 35 show
typical first order plots for‘CFX at pH 1.0 an@ pPH 9.04
respec£ively. Comp;rison of the rates of hydrolysis of CFX
in the presence or absence of lipoéomes can be made from the
results in Table 23.; No significant difféfence was observed

in kob

g and kg %Cd f£; was also negligible. it is apparent

that the ratib kobg/kB would be near 1(see Table 23).

At pH 1.0, fb“could hot be determined as solubilization
of the liposomes occurred. Table 24 shows the results of
the hydrolysis of CFX in DMPC:CHOL liposomes. Although

- solubilization of lipbsémes did not occur with these

\\iiji%sitions} the stability of CFX was still not improved.
4

— . [+
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TABLE 23

~

s
Comparison of the First order Hydrolysis Rate Constants of
S

CFX in DMPC Liposomed (kopg)» and Aqueous Buffer'(kﬁ) and

the Fraction of CFX Associated with the Lipid Phase (EL)"

(hr=*) kB (Fr:‘) _ fL kobs7kB.

pH kobs
(x102) (x107%)
\ ' : ST
1.0 4.58 . 4.80 (#4x10-4) . - . 0.95

(i5.4x101‘)

P

9.0 . 4.19 4.55 0.07 0.92

(£1.7%x10° %) (£3.8x10°*)

[DMPC] = 14.4 mM
[CFX] = 7.5 mM; 30°C

Standard deviations (n=3) shown in brackets.



TABLE- 24

@

Apparent First-Order Hydrolysis of CFX in DMPC: CHOL

130

Liposomes at pH 1.0, 30°C.
L 4
]
Mole Ratio of kobsa (hr-') Kobs” %5
DMPC : CHOL (x102)
. D
”‘] (£2x107%) 0.99
SETRPE (£1x10°2) .94
1021 (+9x10- *) " 0.92
20321 (+1x10-2) 0.94
a

standard deviations in

brackets (n=3).
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4.3.3 Solubilization of Liposomes

Liposomes of §ynthetié phospholipid (DMPC)' were found
to undergd solubilization in the presence of CFX at pHs at
which the drug was éompletely unionized. The rate of
solubilization as detérmings'from méasurements of the
turbidity of the liposomes‘ét A=520nm is shown graphically
iﬁ Figure 36. A strong pH dependénce is clearly indicated.
At pH 1.0 and 1.5 (CFX is-93% and 80% unionized,
respectively), the rate of solubilization was rapid but at
pH 2.0 solubilization was retarded coasidefably (CFX isg oniy
56% unionized). Hence, a slight change in pH exerted a |
profound effect &n the solubilization of liposomes.
Solubilization of liposome wasvpo;_observed'at ghy higher
pl-g.i Figure 37 describes the déﬁgg%ggcy on pH of*the time to

L]

atiein certain levels of turbidity (i.e., degrees of |

—

solubilization). This dependency is more acute between pH

1.5-2.0 than between‘J.0—1.5 (pKa=2.1). Figure 38 shows tge
effect of temperature on the solubiéiiation of\ liposomes by
CFX at pH 1.0 and indicates that splubilizatio was much
slower at <T, and sensitive to temperature than >Te
(DMPC=236) which was insensitive to the temperature.

‘After complete solubilization of liposomes at pH 1.0,
it was observed that tﬁe clear solution gradually became
turbid ééain. This is illustrated in Figures 3% and 38 by a
gradual increase in turbidity after approximtely 20 hours.

“

Figure 39 shows photomicrographs of control liposomes and

~

1
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Fig. 39. Phdtomicrographs of DMPC Liposomes (14.4mM) at-pH 1.0 and
40°C: A. in the Absence of CFX; B. with CFX after 10 min; C. with CFX
after 20 hr; D. with CFX after 60 hr. Magnification: X500. '
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also liposomes at various stages of aging with CFX at pH
1.0. At early times (10 min) lip&somes.can be clearly
identified. After 20° hr no liposomes were v151ble and the
preparation appeared to be clear. In contrast, aging of
control liposomes under the same conditions resulted in no
significant changes in the liposomes‘(not shown). Figure 39
~also displays photomicrographs of the preparation after 60
hr aging time when it had agaih become turbid. It is clear
that large rectahgt;e; crystals had formed.
‘ 4;3;4 Surfgce Tension of .Cefotaxime Sodium
The surface tension of the different concentrations of
cetotaxime solutions were measured using a drop volume
| method. ' Results .of surface tension measurements of GFX
"solutions are plotted accordfhg to the Gibhs adsorption
isotherm (Figure 40). The curve is ty;icel of that‘obtained
for a surface- actlve agent although its sdrface activity is
not great. A CMC of O, 006M was determlned which compares
with 0.01M for sodium lauryl sulfate'(14617bu¢ i§ below the
concentratlon of CFX used in the preSent studaes Q 0075M)
The density versus concentratlon of éefotaxlmé curve: whlch

was used for the calculation of surface tension is ShOWn in

Flgure 41.
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5. DISCUSSION

The stabilizatipn of drugs against catalytic hydrolysis
in liposomes has been previously shown to be related to the
extent of asséciation with or partition into the lipid phase.
(37,38,40,140) . In addition, the natpre‘of the association
and the location of the drug molecules Qithin the bilayers
have been found to be important determinants in the ultimate
vstability obtained (40,140). Thus, the effect,of iipgsomes
on the stabilization'of drugs appears to be a functioq of
both the hydrolysis rate constant in a structured
phosphblipid environment and the extractéd fractipn of phe
total initial concentfatidn of drugs..

In this regard, it wouldAbe reasonable £6 expect that
for solutes which partition into the biléyers of\liposomes,
their stabilities would be greater the greater théi; Kas.
Although an indication of this has been found ftor s&me
trimethylammonium bromides (1463, others have not examined
this property in detail. Furthermore, the association of
solutes with liposomes has not been analyzed from the
‘perspective of‘the manner of incorporation of the solute in
1iposomes,\until now. In some insﬁanceé, this can prodyceé? ’
éramaticél}y differeﬁt'resulté, such as oc;urred with ASAggg#;
whereas for"others, such as‘CFX, itlhas very little
importance. The stabilization of compounds in collojdal

particles such as.liposomes canléﬁso be altered by surface

charge density. Thus, the interaction’witlf and penetration

~—

v

139
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of H* or OH- in liposomes will be dependent on’the nature of
the polar headgroups, their degree of hydratlon, and their
net charge,ﬁl e., positive®or negatlve. Solutes embedded in
the hydrophoblc regions of the bilayer can be protected
agalnst Catalytlc attack of this type according to
established principles (174). However, the extent of these
: infldenbee on the hydrolysis degradation rates of solutes

would be dependent on the reaction mechanism and the species

involved. '
7
5.1 ACETYLSALICYLIC ACID
. ASA has a relatively low KS (177) and {ts £ in

liposomes was low (Table 13). As expected, f; at pH 1.0 was

greater than at pH 4.0 beCause»of\the larger fraction of ASA
in unionized form at pH 1.0 but k pd/ky was greater than at

'pH 4.0 or pH 8.0. Therefore, ahionic ASA- is associ&ted~inm»»m

some fashion with the phospholipid, p0561bly blndlng to the

J M»' p)

choline regions of the polar groups, to form a complex
having a favorable structure and orientation to protect ASA
aéeinst catalytic hydrolysis. The fadt that stabilization
of ASA- is significant only when it is incorporated in
liposomes via the Qﬂ@inic phase supports'the argument since
this method brings the PL end;ASA_in.elose, intimate contact
nefore and during hydration. Otherwise, ASA~ must overcoie
surface ofiented, hydrated, polar'head gropps of PL before

being able to penetrate and complex and this does not appear
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7

to be possible. Indeed, when ASA~ is introduced via the
. \ .
aqueous phase at pH 8.0, k p. 1S g%eater than kg sughesting
_ N -
that ASA" adsorbs at the liposome surfaces in an orientation

which increases exposure of its reactive center to OH-

attack. Similarly, the hydrolysis of 2-diethy1aminbethy1

p-nitrobenzoate was retarded .in its free base form whereas

it was enhanced in its protonated form (38).
&

: ASA undergoes hydrolysis f% both the agueous buffer,
and fhe liposome bilayefsf“ahd depending on the pH,
hyd:;lysis of unioﬁized ASA and/or anionic ASA” is ,also
occurring. Thus,’scheme V, illustrates the kinetic ahd;

partitioning possibilities in liposome systems :

v
50

 [asd w@ = e
%;Yj 5 N N \xEJVQ
HAC+SAL/ K | K" j: SA+HAC
k\L\r N ' N e ':‘kL 2
_ N R .
. J [AsA ]L\ |asa }L‘
scHEnE Vv

kgt and kp are the first order hydrolysis rate consﬁa?ts of
the unionized species in the aqueous and phospholipid

phases, respectively, kg. and ky. are the corresponding



o Fyy
first-order rate constants of the ionized speqies,.K\ggf K'.

are the partition coefficients between the phospholipi

bilayer and agueous phases of the unionized and ionized ASA,
/

Y

Mathematlcal treatment may be applied to scheme \Y 1n

) respectlveiy : ' K ‘ - 4

‘order.to theoretlcally derive the kinetic parameters and
partltlon coefficients (37,38). Th&s, the change in total

concentration of ASA in the system with t1me is.given by

a(asaly

—a (1=V) (kg [ASA], + sz[AéA']w) *
kp 1 [ASAY + kp.[ASAT]p) ’(24>)
g

where V is the volume fraction of phd%pholipid. Using the

follqwing definitions

) [AasA- ], [H"]
a [asal,

[ASA]L
[ASA]w

i (asa-]p ‘ ' P
[asA-1y, 7 ’

Eq.24 was modified to yield Eq.25:
. Q

d[ASA]T w1[H‘]+k§2k "'q L‘K[H ]"'kLzK Ka)

dt  [H*1+K +qK[H' ]+gK'K,
o ' " (25)

[ASA]T.
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whére g = V/(1-V).. The volume fraction of the lipid phase
‘was calculated from the density (=1.02 (37)) and the
‘molecular weight of DMPC(= 696)." Eq. 25 can be simplified

to EQ.26 by ingroducin? (37)

k§1.[H'] + szka
({H*] + k)

kg =

giving N
. [

A[ASA]. ko [H*1+K_+q(k; ;K[H* I1+k; :K'K_)
t [H*1+K +qK[H" 1+qK 'K, :

At pH 1.0, (ASA completely unionized) Eq.26 may be simplified
. T i . .
yielding kobs.Thus, -

k + gk 1K :
_ W L
kobs - 1T+ gk (27)

)
Equation 27 is rearranged to give

+ (k

from which a plot of (k -k i‘versus Eggglfﬂ isbliAear
, y W' “obs q -
<.

.ﬂgi,w1th é slope of 1/K and interéept of (kw1-kL1). A plot of
, ;othe_data for ASA at pH 1.0 is shown in Figure 42.

{lgsis yielded slope = 0.035, intersept =

= 0.984. Calc&ﬁated values-of K and ki1 are !

e ]
shown in Table 25. Since ASA is completeiy unionized at pH
. &

>
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N
o

TABLE 25 ' R
Hydrolysis Rate Constant and Partition Coefficients of ASA

from Kinetic Model at:-30°C. -

pH1.0 | o pH 8.0
v L
y”
- 1.46x10° *he K2 2.04x107 *hr -+ ,
fé‘ TEe S *,_ , o

L1 10.93%107*hr ! kpae =0

K 29 K' .. 22
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s

1.0, Ky is the degradation rate constant of all ASA in the

agueous buffer solution. .

i1

At pH 8.0 essentially only ionized ASA is-present in
solution. Under these conditions and where kyz is the:
overall rate constant in nbé aqueous butfer solution, .

mathematical treatment of&¢9 26 ylelds Eq 29:

kyz + QK'ky2

*obs = T+gk’ (29),.
Equation 29 is then rearranged to
k -k
_ _ _obs wz 1 _
sz kobs - ——a——‘ F + (sz kLz) (30)

“@
g

The results obtained at pH 8.0 were also plotted according -
}to Eg.30 (Figure 43) yielding slope = 0.045, intercept =
' 0.0262, and r = 0.998. The‘generated hydrolysis rate
ccnstant, kg2 and K' are also ‘given in Table 25. As
expected k. 2<<kL‘ but K' is larger than would'be expected
for partltlonlng of the: §3IEf anionic ASA-. However, a
binding rather than a simple partitioning mechanism could .
account Tor thls. The protection of ASA against hydrolysis
vappears to be 1ndependent of the concentration of OH- ion
since similar levels of stabilization were obtained at pH
4.0 and pH g0, |

- On the assumption that electrostatic bindingtof anionic

ASA" to PL appears.to be the main mechanism contributing to
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{ts stabilization, it is expect%d that the bound ASA would
‘remain in the bilayer following centrifugation, washing and
resusoension in fresh buffer solution. :Values of ki can,
therefore, be verified experimentally by following the
kinetics of hydroly51s of bourd ASA only. Obtain values
. of kL are shown in table 13. Comparison of the experimental
(Table 13) and calculated k; values (Table 25) reveals
-close agreement at pH 8. 0 and the percent 1ncrease in
stabilﬁty in the lipid phase is close to 100%. On the other
hand, 'ariation in partltioning of ASA at pH 1.0 during
degradation 1nuthe external buffervresulted in less
agreement betneenlcalculated and”experimental values because
the»liposomes are contlnuously under901ng re- equ1librat10n
with the external environment. 7 - ~
| The properties of liposomes are often closely related
tovthelr‘exact composition, thé temperature, and the
particle size distribution. In this work, hLVg;ﬂ@Ee :
-con51stently employed and the reproduc1b lity of many
- replicates of DMPC. liposomes gave a strong 1nd1cation that
the techinigues used produced con51stent populations ot
liposomes. ‘Furthermore, a linearity of.first—order.plots
over seberal half;lives sugg@sts’that any changes in
4part1cle size which may be occurring during the kinetic.
-studies have no impact on the rate constants obtained'
The uptake, partitioning‘or'association,of solutes with

]

Iiposomes has repeatedly been shown.to'be a function of the
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'quidity or structural order of the bilayers (175;%?6).
; This property qf liposomes 1is determined mainly by
composition and temperatnre. Thus, <T. of the PL, a
gel-state of the bilayersjreqnires greater energies o;a'
soiute‘molecules invorder to'partitien wnereas >T. the
liguid crystalline state of thelbila§ers»facilitates uptake
of solutes._ Likewise, the ordered.state of biiayers'>TC ney
- be increased by inclusion‘of certain molecules (e;g.‘ CHOL)‘
or decreased <T: ' Furthermore, charged eddltlves to——~)
@

llposomes exert a more dlrect 1nfluence ‘on the v~ ake or
association of charged solnte;molecnles or ions. It 1s not
surprising, thérefore,‘thatfkobé of‘ASA’injliposomes <To
"(e.g, DPPC). cr ccnteining_cﬁoﬁ was higher'than‘in DMPC
liposomes éince-k obs is a funct{on of f;. 1In ether words,
“the same factors ‘that determlne partltlonlng in liposomes
also determlne the extent of blndlng of ASA™ to the PL in
the bilayers. The dlsplacement of chlorpromazine from.
hydrophoblc blndlng sites in liposomes (179 Y81) due to
addition of CHOL, or reduced llposome part1t10n1ng of
mequitazine (180) or enhanced catalyt1c_hydrply51s of
p-nitrophenyl N—dodecyl~D(L)fphenyla%aninaterin artificial
’membranes (182) are ali probably due to the same reasons |
thatvreduced-the stanilizatiensqf ASA~ in DMPC lipesomes.

The pa;ticuler liposome composition of DMPC:STEAR
produced some initiallxjunenpected results which req%éred

“some detailed analysis. The initial hydrolysis of ASA in

v
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the chloroform solution of DMPC, ASA and. STEAR was due to

nUCleOphlllc attack -of ASA- by STEAR resultlng in acetylation

l

of the amine and format1on of SA (see’ Flgures 8 9,10). [

Illustratlon of the probable reaction mechanlsm 1s shown in
"“ﬁ'?;

Flgure 44 A similar transformatlon of ASA in the boqy

under the influence of~prote1ns is belleved to occur (158).

u

- hydrolysis rate accelerat10n~onup to 150 fold whlch are
ascribed to an 1ntermolecmlar general ac1d base reactlon.

8

The extent of thlS react;on 15udependent on such factors as

the relative concentratlons of ASA and nucleoph1l1c reagent

Toy

(STEAR in this case) The)exponentlal degradatnon as seen

in Figure 8 arises because of 5cetylatlon of STEXR by ASA
° a l !

A requ&remeng of this react1on is a lone palr of electrons

‘ on ‘the n@glogen atom of the STEAR molecule. It can be seen
h’gn F1gures 9 anégﬁb that when ASA was 1ncorporated via the
'5{ueous phase at pH 4 0, there 355 no blexponentlal
?oegradatlon of ASA 1nd1cat1ng the absence of sufficient

’«t R 1. e 3 -,

x,.}Mprotonated amlne to act as’ the nucleophlle. However, at

pﬁ 8 0 because the amlne pQﬁsessag a .lone pair of electrons
Co ﬂ« -

i J »i
_?ccurred ?6rm1ng N- stearylacetamlde é}@

b 3

'sallcylichaC1d ghd a bleﬁponentlal degradation of ASA was

observed The’eV1dence shown in F1gures 11 and 12 support

this argument. f N
f

ln a related study; it was found that p—nitophenyl-

acetate reacted with STEAR containing liposomes. But

A

\

.:{;\‘u 1:
wE,
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Schematic representation of nucleophilic attack of ASA
; bg STEAR resulting in its acetylation accompanied by the,
“ liberation of SA.
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1n1t1a11y 1t was’ proposed that the 1ncreased loss of the’
ester’ in the presence of STEAR contalnlng liposomes was due
to’the'p051t1ve1y charged surfacefof the llposomes favorlng
‘format1on of thg negatlvely charged transition state during
nucleophlllc hydrox1de ion attack }40) ~ But later this
rtheory was dlsproved and showed that ‘the liposomal STEAR

' reacts w1th p- nltrophenyl acetate ‘to form

N- stearylacetamlde, thus 1ncrea51ng the loss of the ester
Geny.

Loss of ester in the presence of STEAR containihg

liposomes'involves the processes described in scheme VI.

ASA —— >  SA + HAC
0 O . , . .

P ' N +
STEAR-NH, +H" —  STEAR-NHgx
ASA + STEAR-NH,, S N-St-Ac + SA

. ' +
.ASA + STEAR-NH >  No Reaction

SCHEME VI

"Thus, at the appropr1ate pH or in chloroform STEAR behaves
i .

as a nucleoph1le which hydrolyzes ASA and forms

N~ stearylacetamlde (N- st ac) and SA

A better understand1ng of the mechanlsms 1nvolved is %@%

obtainable from inspection of the results of Table 8. Aft@rﬁfé

“.oo
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the-initiaI h}drolysis'of ASA in the presenae of STEAR or
" p-chloroaniline (which also has a free pai; of eiectrons)
the remaining ASA associated with the liposomes is
stabilized.\«This is not due to the presence of i
N—stearylacetamide which was formed, ’since its inclusion in
DMPC llposomes d1d not change the kinetics but llkely due to
the.b1nd1ng of ASA- to the addltlonal sites of p051t1ve
charge 1ntroduced by the amines. However, in contrast, the
addition- of SA during the formatlon &t llposomes reSulted in
a decreased stabilization of ASA because SA competed w1th
ASA for the avallable binding 51tes, thereby reduc1ng the
fractlon of total ASA associated with the llposomes (Table
26) . ,

Using Eq. 21 and ki, obtained in DMPC 1i§>osomes’kObS was
calculated for each liposome composition given in Table 26.
When compared to the experlmenta; kobs agreement was within
6% except for DM?E:STEAR(2:1) liposomes suggesting that -in
these other liposome compositions Kobs is affected onli
"through f but in STEAR—containing liposomes, both kg and f
contribute to kobs' “It is apparent from Tabie 26, column 5,
that the phospholipid phase contribution to kops is greatest
in DMPC STEAR liposomes and least in liposomes conta1n1ng
'elther CHOL -or SA. It would seem appropriate at this point
to empha51ze that kp, is only 5% of kp at pH 8. 0 (i.e., a

small .contribution to the overall ASA react1v1ty by kp,)

whereas ki is 75% of kg at pH 1.0 underscorlng the fact that

)
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TABLE 26 .
Comparison of k. {calc'd) and Kobs (expt'l)yand
Contribution of the Lipid Phase to the Hydrolysis Reactivity

of ASA in Liposome Formulations at pH 4.0 and 30°C.

Liposome kobs(calc'd) kops (expt.) £, kpf1/Kops
Formu-’ (hr-') (x10%) (hr-') (x10%)

lation®" ' :

DMPC 1,11 11,05 0.258 *  0.074
DMPC:CHOL - 1.26 ) 1.21 0.117 - 0.029
(3:1) o o ‘ - :z

DMPC + 1,22 1.26 0.153 0.036
2,7mM SA |

DMPC:STEAR - 1.01 0.80 $0.349 0.131
(2:1) |

4

Total Lipid Concentration = 14.4 mM (molé-ratios shown in
brackets)

[ASA], = 7.5 mM.
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"anionic ASA- is the form of ASA stakilized in liposomes.

The stabilization of drugséhs¥@cjated with liposomes

occur in the structure of the o iposome may influence the

extent of partitioning of a &@

ute and, th?tefore, its rate
of degradation through the fﬁ'term. The liposomeksysgems‘in
this_study did notpundergo'any obvious visual changes when
subjected to variations in pH, témperature or ion;c strength
and at pHs‘at which ASA.is ionized its stability was iittle
affected by suéh variations iﬁ the conditions of the system.
The stabilization of ASA in DMPC liposomes is compared
to it5‘stabilizatién in various surfactant solutions in
Table 27.. The hydrolysis of unionized ASA was suppressed 1in
anionic, cationic and nbnidnic surfactant micelles but
ionized ASA was suppressed bniy by cationic micelles (13).
However, on a mole per mole basis a 16:1 ratio of sodium
lauryl sulfate : ASA is required to provide a level of -
sfability of'ASA'at pH 4;O equivalent to a 4:1 ratio of
DMPC:ASA. Also, DMPC liposomes are approximately 2.5 times
more efficient than cetomacroéol micelles in stabilizing ASA

(15). 1In contrast, at pH 1.0 the stabilization of ASA is

. 49% in 70mM,cetomacrbgol solution but only about 15% in 29mM

oy B

»

,DMBleipqsomeévindiCating that for a semipolar solute such

’ thempantitionind'environment of a nonionic micelle

3 I

A

.is_mOré fayogable than that of a neutral liposome for

.j‘m N ) . .A)lﬁh
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Comparison of the Micellar and Liposomal Stabilizgtion of

SLS = Sodium lauryl sulphate
b

A

DMPC Conentration

CDMPC Concentration

2.0%, pH 4.0 -
2.0%, pH 1.0

ASA
O
Surfactant EH %increase in Stability
“Micelles(Ref) Liposomesb
Emulsgen 120 (10%) 4.03 30.6 (13) 41
. ¢
CDAB (5%) 3.75 45 (13) 41
Bz.cl (10%) 3.85 20.6 (13)- 41
SLS (5%) 3.58 77.1(13) 41
Cetomacrogol 4.6 15.0 (15) 41
(48.7%) 1.11 48.7 (15) 15
' Polysorbate ‘80 1.8 - 52.2 (15) 15€
(4%) ‘
CDAE = Cetyléthyl dimethylammoniumbromide
Bz.cl =‘§enzalkohium'Chloride é% 
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_protécting against hydrolytic degradation of unionized ASA

by H*. ' 3

5.2 LOCAL ANESTHETIC DRUGS

" The stabilities of local anesthetics in liposomes were:
examined priﬁafily to determine the,importance of the |
partition coefficient oﬁ the stabilization of soiu?es by
liposomes. Benzocaine in particular vas selécted aé a model
compound to examine iﬁrdétail'the influence of?composition,
conceht:atjonr and ionic strength and becaﬁse its kinetics
of degradation in micellar systems had been previously
reported (151). ' T C =

The:kinetics of bénzocaine hydfoleis of various

comboiitions.differed significantly as shown in Table 16.
The aésociaﬁion of the drug with the lipid phase appears to
be respohs%@le‘for a lower Kobs than kg. A possiblé reason .
fér the reéhced hydrqusis iﬁ lipasomes 1is the reduced
reactivity in the lipid phase;oﬁ thét fractiqn'of.drug- “.‘&é;
‘associated with it, in particular that .which is partitioned 3?
. deep into the biiayers._ Thus, solutes which'have a iow,kLt
and a subéfaﬂtial f;, may be predicted to yigld.the greatest
decrease in Kobs * Liposomal compositions which augment
"either of these parameters should provide stability
improvement. The influence of fL on benzocaine Sfability is
well‘illustrated from the evidence éf kobs under the

influence of varying concentrations of benzocaine (Figure -
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'26), DMPC (Figure 25 and Tab’ /) «1d 1c, - strength (Table
19). However, the respec ve contrikutions ¢’ ks, and fg to

'k

(ops 3T€ not as obvious :n 1l.posomes of differe t

compositions. For ex-mple, in liposomes of decr 2ased

- bilayer fluidity les drug ‘s eble to be accomm>dated but
the magnitude of k; 5 "ot necesscrily signiZicantly
ditferent than in mo.e¢ ._1i7 liposomes. ThH- )ccﬁr:eﬁce_of a
phase tfaqgition froh a fluid “igu’ ® c-vs’ iline state to a
more rigid gel-like state is a ~»= - _iistic of
phospholipids and fdr DMPC (45) T. is 23° whereas it is 41°
for DPPC (45) and 25-40° for SPHiNG (183). The Par@ition
coeffjcient of solutes in liposomes often exhibits a
remarkable decrease upon coolingjiiposomesfbelow the T,
(170,172,173, 179,180) which is believed to be due to the
higher energy :equiremeht of ac;bmmodation of solute |
moleculeskin the rigid gel statpe ofAthe:bilayefs (170).
Thus, the increase in sﬁability of benzocaine in DPPC
'lipdsomes is lower becausé lesé benzocaine associates with
these bilayers, In a similar‘fashion reduced benzocaine
accommodation in DMPC:CHOL liposomes, due to thé decreased
fluidity (184),1contributes to its lower observed stability.
Reduced binding, partitioning and stability of solutes int
fluid liposomal membranes to which CHOL has been added has
been previously reported (179-182). Although there is no

direct evidence of the reactivity in PS or SPHING liposomes,

differences in permeability to OH™ may be a major
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3

contributing factor. In the case of PS liposomeéﬁ strong.

neqatlvely charged sites at- the liposome surfaces repel OH~ ';ﬁ”
ano, therefore, catalytlc attack of the reactlve centegs of
benzocalne.molecules part1t1oneﬁ in thewbllayers-lsvreduced

In contrast, the permeabllltj of SPHING bllayers, l1ke other

7

phosphol1p1ds, is greater 1in the region of 1t§:T (129) and F

the result is increased OH- pene;/atlon and. hydrolytic

"“.attack of benzocaine molecules in the bl&ﬁyers

T &
The reductlon in the rate 'of hydg’1§51s of tetracaine

in buffer @s compared to hydrolysis o? benzocalne or
procaine can be attributed to the replacement of the
hydrogen atom by the butyl group, which possesses greater
electron-releasing properties (162,185); thus hindering”the.
nucleophilic attack of the hydroiiée ion:at the acyl carbon
atom., Similar reduction of hydrolysis was .also obeervedain
& |
The degradation of the local anesthetic drugs in

liposomes may be described b;

‘hﬁ simple kinetic model as

depicted in scheme VII .

K
D 52—
B "
| AP Degradation
S 1 A S Products
HO Kw
| ,\\
|
L ¢ kL . . g -’
SCHEME VIl

iyt

R
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where DB and D correspond to drug in the aqueous buﬁéﬂs
solution and the lipid phase, respectlvely The OVE&EI%F

rate of hydroly51s 1s expressed accordlngly D ?&} —
) . .‘, ) 1‘.? £ LRI
o ~ > - ".f ’ K

-(V +V 5 dC |y v.Co + k.V.CP. RIS
s*Ve) 3 = ksVeCs * KLVifr:

where Vg and V; are the volumes of‘the'aQerus}‘end‘the

lipid phases, respectively,eré,and"C‘.‘L are the;concentration

‘of drug in each phase, and C'refers to the total

vconcentratlon of drug in” the system which.is equal to (Vv 8CB

+ v C )/ (Vg + V v

C)‘ [ was estlmated from the den51ty of

1.02 of hydrated lipid (37).

Since the" part1tlon coeff1c1ent of the esters is given

by

then eguation 31 may: be expreésed as

' k - k b
;déQCm? E s * kp = Kops (32).
and»folloying re-arrangement .gives
ko k L
obs = B + kg S (33)

k
obs L Ly
| KW(VL/VB)‘ Ky (Vv /Vg)

A plot of this linear relationship yields kg and kp from theb
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-
siope and_intefcept,xrespectively, and.are shown in Figure
45 for beﬁiocaihe, proéaine and tetracaine.v

Table 28 compares kp determined frbm_éq.33 with kg
obtained experimentally. The excelle;t agreement fbund
suppoitsbthe validity of scheme VII in describing theveQentéi
occurring dﬁring the dégradation of these three local
anesthetics. Values of k; determined from EQ.33 were very.
"low (in the order ofrio'; —10'; min®') and were only about
0.5-1.0% of kg indicating a étrong protective capability of
’liposoméé against hydrolysis of loéal anesthetics. I£ can
be seen from Table 28 that the };.L/kB are considerably
gmaller for tetracaine suggesting that the liposomal
environment has a greater inhibiting efféct on the rate of
hydrolysis when the nonpolar portion of'éhe\compound is
increased. A comparison of théureaqiivigy in the 1ipid.
phase to that in the total Iipbsomal-suspension (last |
column,table 28) not only émphasizes the impact of a low ki
but also the significance of a higher f of tetracaine with
respect to'ﬁhe'observed i%crease ;p its stability; |

The effect of 't : two constants, kL'and Ka, on ‘the ;
observed raté constant is particulariy important for esters
Qith 5 la{ge partition coeffigieht.ana in.solution where the
ratio bL/VB.is high since, under thése conditions,.ne&rly
all of the ester is situated within the lipid phase of the
‘liposome and the observed rate constant approaches the value

of k;,. Table 29 illustrates this trend for each of the

Y

-
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Fig. 45. Plots of EqQ. 33 for Benzocaine,o; Procaine, V*fand
Tetracailne,d. A multlpllcatxon factor of 10 was appl1ed to both

- axes for Tetracaine. . : . )



a

163

TABLE 28

¢
!

Comparison of Hydrol}sis in Agueous Buffer Solbtion (kB),
Hydrolysis of Associated Drug Relative to Free (kL/kB)'and
Contribution of the Phospholipid Phése to Hydrolysis in the

Liposomal Suspension‘(kaL/kobs)
‘

Local kg(mip=')  kg(min~") Lk & 10°
- : » ' “ a ] b .
Anesthetic (calc'd) (expt'l) kL/kB W 1/ Kops
j (x102) (x10%)
Benzocaine 1.0, 1.1 11,2 4.5
Procaine 1.4 1.6 1.0 ,.. T 4.3
Tetracaine 0.6 -, 0.7 . 0.4 8.4ﬂ
;
Eg. . (33)
rd

bkL: benzocaine - 1.3x10°* min''; procaine - 1.6x10°* min~';

tetracaine - 0.288x10"* min~'

A
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TABLE 29

Comparisdn Between VL/VB and the Observed Rate Constarnt

(kobg) for Benzocaine, Pgocaine, and Tetracaine at pH./12.2

and 30°C.

, . %?;QQ /
pgpal'AnestheticsVL/VB (x10?) kobs yx10?)~ kLa (x10%)
Benzpcaine 0.981 | 8.40 1.3
’ ~ 1.964 7.25 "
3,935, | 5,49 - T
5.92 o 4,47 o
7.905 3.34 "
9.901 3.02 "
20.00 1.77 "
Procaine "~ 0.981 ‘ 11.67 1.6
1.964 ‘ 9.6 "
3.935 ' , 6.8 "
7.905 ' 4,1 " v
15,924 2.6 "
. i
Tetracaine 0.981 : 3.05 A 0.288
‘ ‘ . 1,964 T 2.15 "
2.95 : 1.65 ' "
3.935 1.35 "

7.905 0.62 "

8determined using Eq. (33).
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%)

local anesthetics. ' B
. [ 4

The stabilization of undissociated drugs such as the
local anesthetics under the present conditions would appear i3

L

+ to. be strongly influenced by Kyg. For examble, values of K&

L

fOr benzocaine, procaine and tetracaine of 169, 180 and 873
correspond to ;434%, 41%, and 69% increase 1n stability
respectively. A test of such a'correlatidn is démonstrated
in figqure 28 which also includes daté'points for other local
. anesthetics and solutes whose stabilities in 1iposomeslha0e
'been previously reported (38,40). @An excellent cofﬁelatioh
(r=0.996) was obtair~4 suggesting the possibility of
predicting the decree of s;abilization of a drug in a
liposome formulation from its liposome.K%ﬂ

However, the drugs which are stabilized by simple
partitigning'ca: only oe predicted by this chrelation
curve. gﬁQ?< ‘ - . .

Similarities bet.een micellar and lipbsome systems have
been.referred tc preyiouély (40). however, phospholipid
\ nglayers als§ heave properties characteristic of lyo;rgpif

smectic mesophases (186,187). Kﬁ‘inéicationﬂof-which|
physical state -s most predominant in stabilizing dfugs is
given by a comparison of the stabiligation of local
-aneSthetics in liposomes and in surfactant micelles. This
is presented in Table 30. ‘On”a mole per mole basis
stabilization in liposomeé on avgrégé is approximately 50%

=greéter than in micellar systems and this would suggest that

A
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IR "TABLE 30
- /-~

Cgﬁpa‘ison of the Micellar and Liposomal Stabilization of

% Local Anesthetics

"
¥

Local Anesthetic Surfactantf %increase in Stability

iy

Micelles(Ref.)Liposomesb

Benzocaine \ POE 24 39.4(16) 34.0
‘ ' monocetyl ’
: ether (=4 ,5mM)

C-30 (~12mM) 58.0 (16) 34.0
SLS (9.3mM) 35.6 (16) 34.0
. ‘ . ' S 1.9?
Procaine PLE (8.3mM) "~ 50.5:(15) 41.0
. SLS (10:mM) 65.3 (15) 34.0
CTAB (4 mM) 39.1 (15) 41.0
N-dodecyl 18.3 (15) 41.0
betaine *(2 mM)
4n-Butyl—p—amino POE 24 - 55.7 (14) 84.&11

benzoate monocetyl
: ether (=4.5 .
! . mM) ) . o -

D

8c-30 = Cetyl alcohol polyoxyethylene ethers
SLS = Sodium lauryl sulfate
PLE = polyoxyethylene lauryl ether

CTAB = Cetyltrimethylammonium bromide

bpMPC Concentration = 0.2% (= 2.9 mM)
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”the liposomal bilayers in the liquid'crystalline,state may
have some characteristics:oan lyotropic smectic mesophase.
For example, the hydroiysiS'reaction rate of procaine
’hydrochloride in lyotropic liquid crystalline phases of
polyogyethylene tridecyl ‘ether was found to be approximately
'300-fold slower than in agqueous mediah(1865.

| It appears that ionized drugs may_also be stabilized ig/
liposomes but only if they have hyérophobic moieties in
their structures large enough to outweigh he surface polar
group 1nteract1ons and partltlon in the hydrocarbon regions
of the,bllaqers, such as occurs with indomethacin (40).
Otherwise, drugs such as procaine £37) or ASA are stabilized
only if they are first incorporated directly‘ihto the lipid

@;hase prior to llposome formation (Table 18). 1In this case,
the decreased react1v1ty in the 11p1d phase is probably due
to a more favorable orientation of the drug moleculle deeper
in the bilayers which are anchored by electrostatio‘ |
association of the polar groups of the drug with thosejof
the phospholipid molecules in the surface regiohs,of the

liposomes.

5. 3 CEFOTAXIME SODIUM

The hydrolysis of CFX was not significantly affected by
the prasehce of liposomes as”ev1denced by the S1m1Lartt1y.
'between the values of kB and k b and a'negligible yalue of

£r, (Table 23). Thus, CFX- remalns ‘in the bul.l phase

. N A
- . . R,
1 . ! : Lo AR
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of_ligosomal suspen51ons where 1t hydrolyzes to degradatlon
products. '

CFX is a hlghly water- soluble compound Consequently,
the lack of assqc1at1on between CFX and the liposomes can be
attributed to its high hydrophilicity. At higher pHs CFX

" exists as a: negatlvely charged ion. However, unlike ASA o
change, in the stablllzatlon of 'CFX was observed when it was
added via the‘organlc phase. Thus, CFX does not complex
with.PL,andiit does not partitlon sufficiently in the
bilayers”to'be.proteCted from 6H' catalytic hydroiysis..

‘At pH 1. O determlnatlon of the stability of CFX in:

- liposomes {s 1mp0551ble because CFX rapldly solubilizes the
PL.. Although the sunface act1v1ty of CFX is not hlgh (CMC
at 48 dynes/cm nevertheless it transforms the PL lamellar
structures into mlxed micelles.yielding a transparent
solution. The solubilization of lipid bilayers by

\surfactants has been previously:studied (188?189{. A CMC of
CFX of 6mM (Figure§40) is below the CFX conc%ntrations used
in the stability studies and, therefore, is able to
solubilize membranes (189). The reappearance of turbidity
at latter times foIlowing solubilizatibn was shpwn to be due
to precipitation of crystals. The comblexation of DMPC and
deéradation produtts of CFX, which are gradually forming is
a'bossible explanatibﬁ for "the appearance of'these crystals
(i.e., CFX degradgtion product becbmes.solvated by DMPC)

since they do not appear in degraded CFX solutions in the



product of ASA.

absence of DMPC.

5.4 GENERAL COMMENTS ON THE STABILIZATION OF. DRUGS IN

e

LIPOSOMES
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The present study has demonstrated that the potentlal

of liposomes to stabilize drugs in solution is variable

depending on the nature of the interaction between the drug

and liposome. The stabilization of ASA was achleved only

through ionizatlon. It was preferentlally stab111zed in 1ts

anionic form, although a larger fraction of ASA‘was

associated with the. lipid phase of the liposome at low pﬁ}

By increasing the rigidity of the liposomal bilayers a
lowering of £y resulted and consequeqtly‘an increase: in
k

obs- However, ionic strength, température or VYarying

the

concentration product only minor changes. 'Stabi}izatioh.of

'ASA was only observed if the drug was incorporated into

liposomes via the orgauic phase. It is concluded that the

‘contribution of the lipid’phase to the .hydrolysis react

of ASA is due to binding of anlonlc ASA to positively-

ivity

L

charged sites on the phosphollpld head groups. The fraction

of ,ASA associated is approximately proportional to the

number of binding sites available to it and. is reduced

process of competitive inhibition by SA, a degradation

-

-

The study of ASA has demonstrated that mechanisms

by a

other

than simple partitioning can play an imporfant role in -
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étab11121ng certain drugs in llposomes By appropriate
'cho1ce of liposome comp051t1on ‘and method of preparation it
should be possible to formulate stabilized llqu1d
preparations of a variety Qflglectrolyte and ionic drug
mélecules.

On the.other hand, unionized drugs are stabilized by
‘simple partltlonlng into the lipid bilayer of llposomes.
The 1mportant factors involved in- thlS type of stabilizatren

in liposomes are the depth of the reactive center<of the
“solute molecule in the phospholipid bilayer and the fraction
of the total drug associated with or partitioned into the

;llposones An exéellént‘correlation of the peréent increase
in stablllty of local anesthet1c drugs in llposome and the”
log KL enabllng the possible predlctlon of the degree of
stabillzatlon of a nonionic drugvfrom its liposome part1%1on
coefficient. Simply changing the'composition~6r =“
;concentratlon of 11posomes with a concomlttant chénée in

bilayer fluldlty,\the part1t10n1ng or assoc1at1on of drug

can be favorably modified to optimize stabilization.

e

~ When attempting to stabilize a drug in liposomes, the

possibility of limited or complete solubilization of the “PL

should be considered. This would apply to molecules having

, inherent surface active properties or to other molecules

-

which unsuspectingly become more surface active due to a pH

change or, perhaps, a slight modification in chemical
_ s : :
structure. If solubilization does occur, it can be a fast
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or slow process but in any case, any benefits derived from

@ liposome encépsulation are lost.



SUMMARY AND CONCLUSIONS

-

Acetylsalicylic acid, local anesthetics and ¢efotaximem .

sodium are all known to be subjéct to acid- or
base-catalyzed hydrolysis in aqueous medium. Stabilization
of these drugs in aqueous solption'would, therefore, be
clinically beneficial. Hence, the effecﬁ of phospha}ipid
vesicles in stabilizing drugs have been investigated using
t@gse modél compounds.

| Multilamellar 1iposomés were prepared by the

conventional method. The drugs were incorp%;ated and the

"kinetics of their hydrolysis were investigated under various

conditions of preparation, composition, concentration, -ionic

stfehgth, pH and tgmpg%atuge and.compared to thgt in'the

cont;ol buffer soiution. The data were evaluated using

different kin}ticmodels and the contribution-of the lipid

~ phase of lip?épﬁesfto the overall~s£ébi1}zétidn of drugs was

calculateq;ﬁ;ﬁased on these studies, the followiné

conclusipjg‘are made: -

| A. Acef&lsalicylic Acid

1. Liposome incorporation of ASA has'impréved its stability
by apprqximately 25% at 3D°C‘and at pH;Qélues ranging

& from 4.0 8.0. )

2. Anionic ASA is thespredominant“spééies to interact with

the phospholipid bilayer to atsain this level of

stability, although a larger fraction of ASA was - ]}

/ 172



173

associated with the lipid phase of the liposomes at low-
DH.

Interactibn_of anionié ASA with the pilayer likelghbinds
electrosfatically to the positiQely—charged sites of thé
polar groups -of the phdspholipid molecules.

Signifiéaht gtabilizatapnlgas iny obsérved ff ASA was
incorporatgd into the liposomes via the organic phase.
Enh&ﬁced degradation of ASA occurred at pH 8.0 thn
incorpérated into 11p§Somes via the aqueous buffer
phase. This sugéests that anionic ASA adsorbed at the’
liposome surface is more.susceptibile_to bH‘ attack.
Iﬁcreasing the riéidity of the bilayers by the addition
of- CHOL or at temperatufes <T. of the PL cauéed a
lowering .of f énd an ;ncreaseAin kobs indiéating that

‘some phosphoryléﬁéline groups may not be available for

vdggndlng of ASA.

ftLlpPsome concentrations of 14-mm¢

B

Q

.and 28 8mM ylelded 25%

and $2% increase in stablllty*d$”§SA' respectlvely, at

pH 4, 0\0ver that -in aqueous buﬁier solutlon

Degradatlon%yas enhanced- 1n1t1a11y in the organic

solvent during ﬁhaupgepafa 1on of DMPC: STEAR 11posomes
but ASA stability was;;sﬁggéed once 11posomes were fully ==
prepared because STEAR contributes additional binding
éites to increase fL..‘ &

The stabilization of ASA in DMPC liposomes'is as good as -

or better than its stdbilization in various surfactant



'lipoSomes from their liposome Kw.
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sblutioﬁs.-

LocallAnegthgtic Drugs R , o

Local aneéthetic esters are éﬁabiiized to'va;ibﬁs'extent
in iiposbmes.at pH 12.2 and 30°C depending on the
lipoédme composition, phospholipid concentration and the

eiposome partition coefficient.

Incorporating the esters in the aqueous or 1ipiq/phase/f/ ,

initially during liposome preparatién.yielded.identical

—— . L om——

‘levels of stabilization.
o A R :
. * An excellent correlation was obtained between % 1ncrease

"in stability and log Ka of the esters enabling possible

prediction of the degree of stabilization of drugs .in
. . ,

The magnitude of kL'is controlled by'K% whereas fL is

. A ' . . . ‘;""(‘v"’;ﬁ
controlled by the fluidity of the bilayers and both- o
determine the'magnitudg-of~kobs.

PS providedbthe-méximum stabilization of benzocaine

‘probably as a result of electrostatic binding and -~ = "~

repulsion of OH"- by the negatively-chargéd sites of PS.

Gela e

Increasing either DMPC or benzocaine concentration

increaséd‘%enzocaine stabilization because of an

" increase in fL

At pH 7.4 ionized procaine was stabilized in liposomes
only when incorporated via the organic phase of lipid,
similar to that observed for ASA. |

On a mole per mole basis stabilization of local



- the T, of the phosphql1p1d than below.
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anesthetics-in 1ipesome§ is approximately 56% greater
than in micellar systems possibly‘dde\to lyotropic
smectic mesophase characteristics of the bilayers.
Cefetaxime-Sodium

CFX is a polar hydrophilic compound and as SU&h.
indbrbotatien.ot it to 1iposomes'did not improve 1its

AN

atabiLi€§ Cbmpa:ed to control buffer solution.
Lipesomes have been found te'undergo solubilization in
tbe presenee of CFX at pHs where the drug was unioniied.
However, as the ratio of ionized to unionized drug
increases,’ the rate of solublllzatlon decreases until at
or near the pK, of the drug, aolub111zatlon becomes
insignificant.—~ |

Decreasiné the temperature decreases the rate of
solabilization'but the effect is more pfonounced above

S
At low temperature and increased ionization of the drug,

a lag time before solublllzatlon began suggestlng that.

the st:ucture of the liposome must be broken down ‘before
solubggtaation can commence. |
S@lublllzatlon of DMPC:CHOL liposomes dld not occur.
After about 20 hours of 1ncubat10n at 30°, solubll;zed
liposomes again became turbid. Photomicrographic
atudies'revealedhthe existenee of crystals of different
sizes and shapes at these stages. It is concluded from
the kinetic analysis ot CFX ‘that failure to hold the

Q

5



solubilized system was due.z? the dégraded products of

CFX grédually’forméd an insoluble complex with DMPC

-~

whichxprecipitaté as_iarge crystals.

_The mechanism of solubilization (process/ is postulated as

being due to mixed micelle formation since the
concentration of the drué used was ab e the Ce¢M.C. of
the drug.

The incidence of solubilization of pure phospholipid

~ liposomes by unionized weak electrolyte drugs may limit

-

the usefulness of liposomes in a variety of

&

applications, 1nc1ud1ng as drug del&ﬁﬁiy systems

However liposomes hav1ng more hlgﬁf

ﬁ:ordereﬁ 5% ructures

(e.g., addition of CHOL) resist solﬁbzllzat on.

.

N

1 S

{
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