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Sumnary

The hydrolysis of phosp holine was investigated as a function of pH, temperature, buffer concentr
The hydrolysis rate of phosphatidylcheline increased with increasing conceniration of the buffer speo
p between the buffer concentration and the observed rate constant, The pH profile at zevs buffer conceniration and at
ows a minimum hydrolysis vate at about pH 6.5, The data were analysed to obtain detailed information on the effect of the
buffer species used on the stability. The relationship between ithe observed rate constant and temperature could be described
adequately by the Arrhenius equation,

tion and buffer species,
there was a linear

Introduction {phosphojlipid component, Chemical decomposi-
tion of phospholipids (hydrolysis or oxidation)
causes physical instability of the lipesome disper-

sions and might therefore interfere with the intro-

From a pharmaceutical point of view, it is
important to demonstrate that drugs or dosage

forms are sufficiently stable, so that they can be
stored for a reasonable period of time without
changing into an (nactive or foxic forrm.
Liposomes are under investigation as drug car-
rier systems for their poteniial to improve the
therapeutic index of drugs to be used eg.
cancer chemotherapy or for the treatment of life-
threatening parasitic, viral or microbial infections.
Liposomes are vesicular stroctores boild up of
lipid bilayers. For therapeutic purposes usually
phosphatidyicholine (PC) 1¢ used as the main

2: DJIA. Crommelin, Department of Pharma-
soutics, Paoulty of Pharmacy, University of Utrechi, Croese-
straat 79, 3522 AD Utrechi, The Netherlands,
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duction of liposomes in therapy {Inoue and
Kitagawa, 1974, Smolen and Shohet, 1974 and
Kibat and Stricker, 1985). Phospholipids can be
hydrolysed to lyso-phospholipids; these lyso-phos-
pholipids are also subject to further hydrolysis.
2-lysophospholipids are the main initial hydroiysﬁs
products in agueous dispersions (Fig. 1) (Kemps
and Crommelin, 1988},
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Fig. 1. Chemical structure of phosphatidylcholine (R” and R”
ars the fatly acyl substituenisy and 2-lyso-phosphatidyicholine
(&’ is the fatty acyl substituent and 8”7 is H).
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in this study, hvdrolysis of PC as a function of
pH, temperatore and buffer concentration was
investigated. The data were analysed 1o assess
catalytic effects of the different buffer species
used.

Materials and Methods

Materials

Soybean FC (Phospholipon 100) was obtained
from Nattermann GrabH, Cologne, FR.G, and
used as received. PC consisted of 90% PC, 5.0%
Iyso-compounids, 5.0% free fatty acids and less
than 0.1% water. The fatly acid composition of
PC, determined by high performance Eiquid chro-
mwatography (HPLC), was as follows: 3.8% myris-
tic acid, 18.2% palmitic acid, 4.2% stearic acid,
12.0% oleic acid, £1.8% Hnoleic acid. Other chens
icals were of analytical grade. All solutions were
prepared with double-distilled water,

RBuffer solutions

The following agqueous buffer solutions were
used for the kinetic studies: pH 45 acetate buffer,
pH § to 6.5 citrate buffer and pE 7 1o ¢ Tris
buffer. The pH was measured with a glass elec-
trode and a pH meter (Type CG 517 T, Schott
Gerlite, F.RLG.). Tonie strengths of the buffer solu-
tions were 0.068, 0,125, 0.200 and 0.300 and ad-
justed by manipulating the concentration of the
buffer components.

Preparation of the liposome dispersions

PC liposome dispersions were prepared by the
“film” method (Szoka and Papahadjopoulos,
19R0). After formation of the phospholipid film in
a round-botiom flask in a rotary evaporator at
~ 50°C, the film was left under reduced pressure
overnight. It was hydrated at ~ 50°C with the
appropriate buffer solution and the pH of the
dispersion was measured and adjusted, if neces-
sary, The initial PC conceniration was 30 mM.
Extrusion was carried out twice through a mera-
brane filter with a pore siie of 0.2 pm {(Uni-pore,
Bio-Rad, Richmond, CA, U.S.A)). The vesicle di-
ameter, determined by dyn‘mm, light scattering
using the Malvern PCS 2.4/2.3 software with a

Malvern 4600 apparatus (Malvern Lid, Malvern,
1K), equipped with a 25 mW heliwm,/neon laser
(NEC Corp., Tokyo, Japan), was around 0.19 pm,
The dispersions were stored in the refrigerator
overnight and extruded again the next day. The
pH of the dispersions was also measured and
adjusted between the extrusions; the pH was fol-
lowed during the studies on degradation kinetics
for all samples; no changes were observed.

Kinetic measurements

The prepared liposome dispersions were filled
into 1 ml ampoules onder nitrogen atmosphere in
an LAF cabinet and sealed. Ampoules were stored
cither in a constant temperature water bath or a
constant ternperature cabinet, which were equi-
Librated to the required teruperature prior to use
Samples were taken afier appropriate time inter-
vals and anatysed by HPLC. Degradation kinetics
was monitored at 40, 30, 60, 72 and 82°C.

HPLC analysis of FC

The HPLC analysis of PC was based on the
method descrived by Nasner and Kraus (1981); it
was slightly modified. The HPLC system consisted
of a solvent delivery system type 6000A, a WISP
710 B automatic sampling unit (botb from Waters
Associates, Milford, MA, U.S.A) and a vartable
wavelength  detector (Model SF 773, Kratos,
Ramsey, NI, U.S.A.). The analytical 25 cm X 4.6
e column was filled with Lichrosorb ST 60 (10
pin particlesy packing meaterial (Merck, Dargr
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Fig. 2. HPLC chromatogram of phosphatidyleholine, For conr
ditions see Materials and Muothods. 1, solvent front+fatly
acids; 2, phosphatidylcholine; 3, lyso-PC).
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stadt, F.R.G). PC separation was achieved with
an cluent consisting of n-hexane—isopropanol—
water (2:4:1, v/v} at a flow rate of 1 ml/min.
Detection of PC was carvied out at 206 nm. A
typical example of a chromatogram showing a
partly hydrolysed dispersion is presented in Fig. 2

Peak heights were used io quantify PC. Standard’

curves exhibited a linear response (r> (1.999) in
the concentration range of 0.1-1 mM. The total
phosphorus content of the ampoules was de-
terroined with the procedure of Fiske and Sub-
barow (1825). ;

Tesulis

A typical example of the obtained data points
during storage of PC Hposome dispersions is pre-
sented in Fig. 3. The disappearance of PC in
puffered solutions followed pseudo first-order
hinetics. This is indicated by the linearity of the
semiogarithmic plots of PC concentralion vs time
(r = 0.99). From the slopes of these siraight lines
the pseudo first-order rate consiants ( ko) were
obtained.

The rate equation can be written as;

Sdirel e )

The formation of fatty acids from the hydroly-
sis of PC tends to change the pH during storage.

2.0 %

fog % remained

¢ 100 200 800 400 506
time (k)
Fig. 3. Semilogarithmic apparent first-order plots for the
degradation of PC in pH 6.3 citrate buffer (p = 0.068). (8,
82°C, o, T2°C; ®, 60°C; [, 50°C). The hines were oalou-
lated by Hnear regrassion analysis.

Therefore, it is necessary {0 keep the pH constant
by using buffer solutions. The possible catalytic
effect of the buffer on the degradation process has
to be taken into account {Connors, 1973y, Sub-
stantial catalytic effects of the buffer components
in the stability studies were reported by investiga-
tors for other substances (Beijnen, 1986; Carrey,
1987). To evaluate the coniribution of the buffer
species, the &, value can be expressed as:

Kaus = ko + kg [H" | + ko [OH]
By eser | DUEFoT] {2)

where k, is the first-order rate constant for the
degradation in water only, &y and kg are the
second-order rate constants for proton- and hy-
droxyi-catalysed degradation, respectively, and
Ko 15 the sum of the second-order rate con-
stants for the degradation Latalymd by each of the
buffer components, )

The catalytic effects of the buffer components
on the hydrolysis of PC were investigaled at con-
siant pH and teraperature (72° C), but at different
buffer concentrations. In this case, the term 4y,
{buffer] in Eqgn. 2 is varied while the other terros
are constant.

For each pH value, plots of &, against the
buffer concentration yield a straight line with an
intercept equal to the rate constant (k) at zero
buffer concentration (Egn. 3) and a slope equal to
the second-order rate constant for catalysed de-
gradation by the buffer components. These k[,
values were used (o obtain the p¥ profile of PC
(Fig. 4).
ks = oo + kg [H" ] + kon[OHT] {3)

Yor PC hydrolysis kinetics, plots of £, against
[H™] and [OH "] yield straight lines with the slopes
equal to kg and kog, respectively, and the inter-
cepts equal to kg I Koy IOH 7] = ky [H'] then
the catalytic effeci of the OH ™ ions can be ne-
glected. Conversely, if ky [HY < kg [OH7]
then the catalytic effect of the H' ions can be
neglecied,

In buffer solutions, the buffer concentration is
the sum of the concentrations of the buffer species.
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Fig. 4. Bffect of pH on the degeadation of PC at 72° C (buffer
consentration = 0}, The lines were calculated by linear regres-
sion analysis.,

T I - T l ¥ ] Y ’ ¥ {
@ 6.02 0.04 0.66 0.08  0.10
Bufier conceniration {M)

The concentration of each buffer component is Fig. 5. Bifect of the buifer concentration of the degradation of
. ¢ & N S in oitrs - P o X-Fal T3 & O T & 8 g ]
equal to the mole fraction { £} of the buffer com- FC in citrato buffer al 72°C. (& pHf 5.0; ©, pll 3.5 0, pH
g e g N . 6.0). The lines were caloulated by linear regression analysic
ponent multipied by the buffer concentration. Vach noint rentes oty ‘
o - N ach point represents the mean of at Jeast iwo separate deter -
‘ Therefore, Eqn. 2 can be transformed into the -
i following equations for acetate (HAc/Ac”™, Han,
; 4y, citrate {Ci*/Ci*7, Bqn. 5) and Tris (Tris*/

Tris, Ban, 6) buffer systerns (Befjnen, 1986). (Fepo- K HA ) (ke = kepp-) and {lopger = hogse
in acetate, clirate and Tris buffers, respectively
Kops = Ko + {{ & nc- = Kuac Hae-+ K } {Figure 6). The ca]fzuiatgd rate consianis for sach
' X buffer species are Hsied in Table 1.
i {buffer] (4} The temperature dependence of the hydrolysis
! of PC was investigated in the pH range of 4-9 and
il Kooy = Kgpe + {{keyp-— kg fors-+kep-} teraperature range of 40-82°C in the buifer solu-
b tions at the ionic strengih of 0.068 (Fig. 7). The
‘ [buffer] ' (%) B
] .10
i knbs . ‘i"'ébs + {(kl‘ris“" - k’i“ris)f'i‘ris ot k'I‘ris } E
0.08 4
[buffer] (8 B
i Plots of k. against the buffer concentration &
‘ vield straight lines with slopes equal to {k,,-— B 004+
kyine) Faom t byiaes (Kop- — k) fop-+ kep- and
(Fopigr = Fras) frrase -+ Fopas 10 acetate, citrate and 0.02
Tris buffers, respectively. Examples are shown in
Fig. 5 for hydrolysis of PC in citrate buffer at 0.00

72°C. These plots were drawn for 3 pH values in

: : i - ¢
acetate buffer, 4 pH values in citrate buffer and 5
G : o Ho 6. The talati s Pradoss cles frac) - ions
pH vatues in Tris buffer, Plots of calculated slopes ?‘%~1°‘ j—“ﬁt«‘ \em;tﬂ}sinp bitgeenlthe m“hl: frac -,?fm of the Zf:i
: : — pud— in the buffer solution and the slope of the buffer concenivi-
against the mole fraction of the Ac™, Ci'” and o St o o wop Sl  th nt e et i
Prie™ joms vidld stes [ P . 1 tion— kg, curves. (O, in acetate bulfer; €, in.citvate rutfer; ¥
: ris” ions yield siraight lines with m‘i@l‘x.vpi..s S in Tris buffer) The lines wers calculated by linear regression
10 kygae K- and kg, and slopes equal to analysis.
|
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TABLE 1

Second-order vate consiants for catalysed degradation of PC oy
@ ey
72°C

o 851074 4 1.7.167%
ky 08167 £0.1-16°
kon 65162 +0.4-10%
kpem 2.0

Krac =6.0-1

;‘:Ci"z ()0

kci"" 1.1

Fopst 3,61

k’i‘ris 4.2

Constants exprassed in M~ R except for the first-order
rate constant k, which is reported tn h !

effect of temperature on the decomposition is
expressed by the Arrhenius equation (7

In kg =1o 4 - E /RT (7

where 4 is the frequency factor, ¥, is the activa-
tion energy, R is the gas constant and 7 is the
absolute temperature.

Liposome dispersions are two-phase systems: a
water phase and a bilayer phase can be discerned.
The frequency facior for the lposome dispersions

-4

2.3 A 3.8 3.4 9.2
Y w0 ®
Fig. 7. Effect of the temperature on the hydrolysis of PC
(= 0.068). (8, pH 4.0; ©, pH 6.5; 8, pH 8.0). The lines were
caiculated by linear regression analysis, Bach point represents
the msan of at least two separate determinations.
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TABLE 2

Activation energies (E,), jrequency factors (A}, entropies of
activation {AS*) and probability factors (2} for degradation of
PC as a function of pH {u =0,068).

pH E, A 45 P
FKimel ™ G™H K Tmol™h)

40 257 ~130.4 1.5-1077
0% 488 ~8L5 55107
S0 **F 421 —59.0 67-107¢
6.0 433 ~99.5 07
6.5 572 —64.1

7.4 423 2 —988

8.0 41.9 2 —99.0

a0 39.0 9.0-16° <1011

Standard deviations were typically ca. 5%; * Acetdte buffer.
*#% Citrate buffer,

wag analysed in more detail to find out whether
probability factor (P) differed significanily from
hydrolysis kinetics in a homogeneous, one-phase
system, The entropy of acilvation, AS*, was
calculated at 25°C from the frequency factor {4}
obtained from Arrhenius equation by using Fgn. 8
andd the probability factor was calculated from the

CAS™ values by using Eqo. 9 (Martin et al,, 1983):

AS* = R{ln A —1n kT/h) and (8)

P gB5TIR {9

where & is the Boltzmann coostant and & is
Planck’s constant. The obtained Arrhenius param-
gtors are hsted in Table 2.

Piscussion

Hydrolysis of PC in liposome vesicles first re-
sults 1 lyso-PC and fatty acid formation. Further
degradation to smaller fragments oceurs in a later
stage (Kemps and Crommelin, 1988). The initial
degradation products are likely to interact with
the bilayer. It was not investigaled how much
lyso-PC and fatty acids can be taken up by the
liposomes before the vesicles disintegrate, Ap-
parently, the degradation kinetics of PC were not
affected by the presence of lyso-compounds or
fatty acids as straight psendo-first-order plots were
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