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Abstract

The solubilisation capacities of micellar solutions of diblock and triblock copolymers composed of hydrophilic poly(ethylene
oxide) and hydrophobic poly(styrene oxide) have been compared using the poorly water-soluble drug griseofulvin as a model
solubilisate. Our results showed an increase of solubilisation capacity (expressed as mg griseofulvin per gram of hydrophobic
block) with temperature and, for spherical micelles, with core volume before reaching limiting values. A change of micelle
shape from spherical to cylindrical (or worm-like) resulting from an increase in micelle aggregation number was accompanied
by a further enhancement of solubilisation capacity. Comparison with the solubilisation of the same drug in micellar solutions of
block copolymers of poly(ethylene oxide) and poly(1,2-butylene oxide) showed that the solubilisation capacity of a poly(styrene
oxide) block was approximately four times that of a poly(1,2-butylene oxide) block for spherical micelles. Solubilisation capacity
at 25°C was approximately doubled when griseofulvin was incorporated into a copolymer melt and micelles initially formed
from the drug-loaded melt at 6& rather than by loading the drug into pre-micellised solution a2 the usual manner.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

A widely recognised challenge in the formulation

o Corresponding author. Tel.: +44 161 2752328 of oral delivery systems is the design of liquid do_sage
fax: +44 161 2752396, forms for poorly water-soluble drugs. Of the various
E-mail addressdavid.attwood@man.ac.uk (D. Attwood). formulations that have been explored, those utilizing
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copolymer micelles have received recent attention be-
cause of the many advantageous features of micel-
lar carrier systems of this typ&étaoka et al., 1992;
Jones and Leroux, 1999; Rosler et al., 2001; Adams
et al., 2003. In most block copolymer systems the
hydrophilic block has been poly(oxyethylene) which

serves as a stabilizing interface between the hydropho-
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lipophilic solubilisate between the micelles and the ex-
ternal medium Tian et al., 1995; Xing and Mattice,

1997. Nagarajan et al. (1986jave emphasised the re-

lationship between the solubilisation capacity of block
copolymer micelles and the compatibility of the sol-
ubilisate with the core-forming block. On this basis
it may be reasoned that block copolymers with hy-

bic core and the external aqueous medium and also, indrophobic blocks formed from monomers bearing aro-

some cases, as a locus for the solubilisation of more
hydrophilic solutes. In addition, the poly(oxyethylene)
shell allows the micelles to evade scavenging by the
mononuclear phagocyte system (MPS) resulting in in-
creased blood circulation time¥gkoyama, 1992 The
hydrophobic blocks of the copolymer, which form the
core of the micelle, serve as a microenvironment for
the incorporation of lipophilic drugs and allow their
transportation at concentrations exceeding their intrin-
sic water solubility. An advantage of block copoly-
mers is the ease with which the size and chemical
composition of their micelles can be readily varied
through the choice of hydrophobic block and the rel-
ative block lengths of hydrophobic and hydrophilic
components. Micelles formed from copolymers with
a wide range of hydrophobic blocks have been ex-
plored for their solubilising potential for poorly soluble
drugs (see reviews hiyturter et al., 1995; Allen et al.,
1999. Following early work in our laboratoryJollett
and Tobin, 1978 micellar solutions of the commer-
cially available triblock copolymers, e.g., Pluronics
(BASF) and Synperonics (Unigema), in which the hy-
drophobe is poly(oxypropylene) have been examined
as solubilisersl(in and Kawashima, 1985; Saettone
et al., 1988; Kabanov et al., 1989, 2002; Hurter and
Hatton, 1992; Gadelle et al., 1995; Oh et al., 2004
Other workers have explored the potential of copoly-
mers with biodegradable hydrophobic blocks such as
poly(y-benzyli-aspartate)l(a et al., 1998, poly(p,1-
lactic acid) {rasugi et al., 1999; Zhang et al., 1996
and polyg-caprolactone)Kim et al., 1998; Shin et al.,
1998.

The generally low solubilisation capacity of these
and other block copolymer micellar systems has been
the motivation for studies of the factors influencing
solubilisation efficiencyKurter et al., 1995; Allen et
al., 1999; Nagarajan, 1999, 200For a copolymer
with a given poly(ethylene oxide) block length, an
increase in the length of the core-forming block has
been found to increase the partition coefficient of a

matic groups should be efficient solubilisers of aro-
matic drugs. However, the studies of Elworthy and
coworkers on poly(oxyethylene) alkyl ethers with long
alkyl chains showed that enhancement of solubilisa-
tion capacity by increase of the chain length of the
hydrophobe is limited by the necessity of maintain-
ing a ‘fluid-like’ micellar core fAAnarson and Elworthy,
1981; Elworthy and Patel, 1982It is known that
copolymers of poly(ethylene oxide) and poly(styrene)
do not have fluid cores, a drawback which has been re-
marked upon by Reiss and coworketada et al., 1996;
Hurtrez et al., 1998 the glass-transition temperature
(Tg) of lengthy poly(styrene) chains being.d0°C.
Recently we have investigated the possibility of using
copolymers of poly(ethylene oxide) and poly(styrene
oxide) for drug solubilisationRekatas et al., 200lthe
Ty of lengthy poly(styrene oxide) chains being much
lower than that of poly(styrene), i.e., ca. 4D (Allen
etal., 1967. We have shown that micelle cores formed
from poly(styrene oxide) blocks in solution at 40
are highly mobile, i.e., sufficiently so to respond to
NMR frequencies of the order of §61z, which im-
plies satisfactory mobility for uptake and release of
drug molecules under quiescent conditions at temper-
atures some 30 lower (Rekatas et al., 2001

In this paper we focus on the solubilisation of the
aromatic drug griseofulvin (se&cheme 1in micellar
solutions of block copolymers of poly(ethylene

Scheme 1.
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oxide) and poly(styrene oxide). Comparison is made
with the solubilisation of the same drug in micellar
solutions of block copolymers of poly(ethylene oxide)
and poly(1,2-butylene oxide). Griseofulvin has very
poor water solubility, less than 1 mgdL (Yalkowsky
and He, 2008 and has been used by many laboratories,
including our own, as a standard for testing a range of
micellar hosts. In our preliminary studiRékatas et al.,
2001 we demonstrated an advantage for solubilisation
of this drug in micellar solutions of copolymers with
poly(styrene oxide) hydrophobic blocks compared
with those of copolymers with poly(propylene oxide)
and poly(butylene oxide) hydrophobic blocks. In the
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number-average molar madd{/Mp, an indicator of
the width of the chain length distribution), ang, the
mass-fraction of the hydrophobic (S or B) block of
the copolymer. The methods used can be found in the
references quoted ifable 1 those without references
being prepared and characterised using similar meth-
ods. Copolymer E3B14E43 is a product of The Dow
Chemical Company (sedu et al., 1996; Booth et al.,
2000.

Values of the critical micelle concentration mea-
sured in previous workYu et al., 1996; Mingvanish
et al., 1999; Chaibundit et al., 2002; Crothers et al.,
2002; Yang et al., 20033, bor a number of the copoly-

present study we were able to investigate both a wider mersin aqueous solution at 26 range from 0.07 wt.%

range of block copolymer compositions, including
two designed to produce cylindrical micelles, and a
wider range of methodology for solubilisation of the
drug.

We use the following notation to describe the
copolymers: E for an oxyethylene unit [OGEH],
S (from styrene oxide) for an oxyphenylethylene
unit [OCH,CH(CsHs)], B for an oxybutylene unit
[OCH2CH(CyHs)], and m and n for number-average
block lengths in chain units. Thus{5, denotes a di-
block copolymer prepared by polymerisation of ethy-
lene oxide (EO) followed by styrene oxide (SO) start-
ing from a monofunctional initiator, §S,Em a triblock
starting from a difunctional initiator, and so on. The
copolymers used are listed fable 1 together with

(E11Bg) to less than 0.0001 wt.% $§Es7). The solu-
bilisation experiments were carried out on solutions
with copolymer concentrations at least thirty-times the
cmc, conditions under which the copolymers were ef-
fectively fully micellised. Values of the micelle asso-
ciation number are described in Sect®ha

2. Experimental

The extent of drug solubilisation was determined
either by UV spectroscopy after calibration or abso-
lutely by TH-NMR spectroscopy. Copolymer concen-
trations were in the range 1-2.5wt.%. In method 1 a
portion of stock copolymer solution (9.9 g) was added

relevant molecular characteristics: the number-averageto finely ground (1 mrimesh) griseofulvin powder

molar masslp), the ratio of the mass-average to the

(Sigma-Aldrich, Poole, Dorset, UK, 0.1g). The mix-

Table 1

Molecular characteristics of the block copolymers

Copolymer M, (g mol1) Mw/Mp Wh References

E17Ss 1700 1.05 0.562 Yang et al. (2003a)
E45Ss 2940 1.06 0.327 -

E45S10 3180 1.04 0.377 Crothers et al. (2002)
Si10E135 7140 1.04 0.168 -

Si5E63 4570 1.04 0.394 Crothers et al. (2002)
Si17Ess 4940 1.04 0.416 Crothers et al. (2002)
SpoEs7 5300 1.05 0.449 Crothers et al. (2002)
Eg2SsEs2 8150 1.07 0.117 Yang et al. (2003b)
E20S10E20 2960 1.03 0.405 -

Es6S13E66 7370 1.04 0.212 Yang et al. (2003b)
Es7S15E67 7700 1.04 0.234 Yang et al. (2003b)
E11Bs 1060 1.03 0.543 Chaibundit et al. (2002)
EgsB1s 5520 1.03 0.235 Mingvanish et al. (1999)
E43B14E43 4790 1.08 0.307 Yu et al. (1996)
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ture was stirred at constant temperature (25, 37 or
40°C) for 3-5 days before being filtered (0.4& Mil-
lipore) to remove unsolubilised drug. This method is
equivalent to the so-called Shake-Flask method.
Because griseofulvin has a low solubility, we were
concerned that the solubilisation should not be limited
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500 spectrometer operating at 500 MHz. The pulse se-
quence consisted of 10 s delay time followed by & 90
pulse and then 2 s for acquisition of the free induction
decay. This sequence was time-averaged for 256 ac-
quisitions. The recycle time of 12 s was sufficient to
allow complete relaxation of all relevant nuclei. The

by slow diffusion of the drug into the micelle core.
Accordingly, in certain experiments (method 2) finely
ground griseofulvin (0.1 g) was added to the copolymer
melt at 65°C, allowing 3 h for dissolution, followed by
addition of the required amount of water at®& This
temperature was maintained for 1 h before cooling to
25°C, stirring for 5 days and then filtering to remove
excess drug.

In order to assess the extent of solubilisation in
the E-block corona of the micelles the solubilisation
of griseofulvin in solutions of polyethylene glycol
M, = 6000 g mot 1 (PEG6000F;36, 5—30 Wt.% in wa-
ter) was also investigated.

amount of griseofulvin solubilised per gram of copoly-
mer was determined using appropriate peak integrals
as described previouslRekatas et al., 2001

3. Results and discussion

Solubilisation capacity §f was recorded as the
amount of drug dissolved in 100 énof solution in
excess of that dissolved in an equivalent volume of wa-
ter. Each value was the average of results from at least
three experiments. These values were divided by the
copolymer concentration in wt.% to obtaig, the sol-
ubilisation capacity per gram of copolymer.

2.1. UV spectroscopy
3.1. Poly(oxyethylene) solutions

A UV-vis spectrometer (Cecil CE1020) was used,
calibrated by recording the absorbance (wavelength  Fig. 1illustrates the results obtained for solubilisa-
range 200-350 nm) of methanol solutions of griseo- tion of griseofulvin in solutions of PEG6000. The UV
fulvin (2-20 mgdnt3) against a solvent blank. The method of assay was used. The results are plotted as mg
strong absorbance at 292 nm gave a satisfactory Beer'sgriseofulvin solubilised in excess of that in water per
law plot. The sample was then diluted with methanolto gram of polymer in solutionsg). Assuming no pene-
enable analysis by UV spectroscopy. The water content tration of water and E blocks into the micelle core, the
after dilution was low enough to allow the calibration concentration of E blocks in the water-swollen corona
for methanol solutions to be used without correction. of a micelle can be estimated with sufficient accuracy
The absorbance of the copolymer solution at the samefor our purposes from the micelle molar mass and the
dilution was measured as a blank: for E/B copolymers micelle volume, properties available from light scat-
the correction was negligible, while for E/S copolymers  tering measurements, and the mass fraction of E in the
the correction was 10-20% of the total absorbance. All copolymer (g = 1—wj, available fromTable J). For
measurements were carried out in triplicate and the re-
sults averaged. ' '

2.2. 'H-NMR spectroscopy

NMR spectroscopy provides absolute measure-
ments of the ratio of drug to polymer, avoiding the need
for calibration. A solution with solubilised drug was
prepared and filtered as described for the UV method,
but was then freeze-dried (24 h, <fdmmHg) to re-
move water. The entire sample was dissolved in GDCI
and its'H-NMR spectrum recorded at ambient tem- Fig. 1. Excess solubility of griseofulvin in aqueous solutions of
perature (ca20°C) using a Varian Associates Unity  polyethylene glycol 6000 over that in wate®) 25°C, (O) 37°C.

10 20
wt% PEG6000

30



M. Crothers et al. / International Journal of Pharmaceutics 293 (2005) 91-100 95

example, the molar mass of the micelles of copolymer Table 2

S17E6s5 at 25°C is 7.4x 10° gmol~1 (Crothers et al., f)OIUbiIisatio(r; ofgriTegliglvitp in block iopolymersol;;tionsl(mgh?d
_ expressed as solubilisation capacity per gram of copolysagr

2003 andwg 1—80.584, whence the mass of the E blocks and per gram of hydrophobic blocs]

is 0.72x 10~*°g. The hydrodynamic volume (effec-

tive hard-sphere volume) from dynamic light scattering S°POYmer S (Mg gy S (Mgg™) N
is 8.5x 10~18cm? (Crothers et al., 2002so the aver- uv  NMR
age concentration of E units in the micelle fringe is 25°c
no greater than 10 wt.%. Similar calculations for other  Ei7Ss 295 - 52 245
copolymers give similar results. Considerifip. 1, E4558 s - 22 65
and noting that in a 1 wt.% solution of copolymer the nggs 13)‘(2) B gg %gf
micelle coronas will occupy less than 10vol% of the g g . 112 116 28 140
solution, we conclude that the amount of griseofulvin 5,545 - 117 28 150
solubilised in the E-block coronas of our micelles, in  SxoEs7 118 130 27 189
excess of that solubilised in the same volume of water, Es2SsEs2 2.7 - 21 11
is rather small at 25 and 3T, i.e.,s= ~ 0.2 mg/g of Ezgzzz 1}8 40 fg >4§1
copolymer. Es7S15Es7 - 5.6 22 25
E11Bs 3.9 - 7 63
3.2. Copolymer solutions: method 1 EoeB1s 3.3 - 13 163
E43B14E43 3.3 — 10 9
Values of the solubilisation capacity of the copoly- 37°C
mer solutions for griseofulvirsfy) obtained by method E17Ss 350 - 62 >500
1 are listed inrable 2 The values for copolymers,iBg EasS10 ol - 50 108
) . . S15Es3 - 150 38 145
and BgB1s have been reported previousiyiaibundit SiEes B 172 a1 163
et al.,, 2002 Changes in copolymer concentration  s,g,; _ 175 39 191
(range 1-2.5 wt.%) produced no systematic differences  EgsS13Ess - 43 19 24
in scp, and the results shown are averages for all con-  Es7SisEer - 71 29 27
centrations. Values obtained using UV and NMR as- 40°c
says were in good agreement (Jable 2. Also listed E11Bs 21 - 38 340
are values o, the solubilisation capacity per gram of _ EosBis 39 - 16 174

hydrophobic block, calculated using the valueswgf Values shown with asterisk (*) have been estimated using known
listed inTable 1 averaging values af, when both Uy~ correlation, as noted in the text.
P . a Estimated uncertaintg1 mg gL.

and NMR assays are reported and, as an approximate - .

. . . . Mass-average association numbers of the micéligsare taken
correction for drug solubilised in the micelle COrONa,  from the references given in Table 1.
deductingse =0.2mg g ! from each value 0fcp. This
quantity gives a direct measure of the efficiency of sol-
ubilisation of the drug in the micelle core. Considering

all sources of error, we estimate a maximum uncer- are marked with an asterisk. The valuedNgfserve as

tainty ins, of +4mggL. indicators of the shape of the micelle core as well as its
size. As reported previously, the high association num-
3.2.1. Effect of core size and shape bers (y >240) of the micelles of copolymer;iSg in

Values of the mass-average association numbers ofsolution at 25 and 30C (Yang et al., 2003g and of
the micelles K) are listed inTable 2 These values  Ej;1Bg (Nw =340) in solution at 40C (Chaibundit et

are either taken directly from referencedu(et al., al., 2003, indicate the formation of highly elongated
1996; Mingvanish et al., 1999; Chaibundit et al., 2002; (probably worm-like) micelles. The determining factor
Crothers et al., 2002; Yang et al., 2003ajbterpolat- is the value of the association number in relation to the

ing where necessary, or are estimated using correlationsaverage length of the hydrophobic block: a copolymer
established for these and related copolym€rsihers with a short hydrophobic block cannot form a large
et al., 2002; Yang et al., 200Bbrhe estimated values  spherical micelle core.
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Inspection ofTable 2shows that the values ef are
indeed high for solutions of £Sg (at 25 and 37C)
and B1Bg (at 40°C) in comparison with those of the
other diblock copolymers. There is evidence from ex-
perimental work on other systemallen et al., 1999
and from theory Nlagarajan, 1992hat solubilisation
in the micelle core is enhanced if the micelles are cylin-
drical rather than spherical.

The other copolymers, having longer hydropho-
bic blocks and/or lower association numbers, all form
spherical (or near spherical) micelles, as does copoly-
mer B 1Bgin solution at 25 C. Raising the temperature
of micellar solutions of block copoly(oxyalkylene)s
results in an increase in association numtkgodth
and Attwood, 2000; Chu and Zhou, 1996iowever,
for spherical micelles a limit is reached when the hy-
drophobic blocks are highly stretcheRyan et al.,
2001; Frielinghaus et al., 20pland any further in-
crease i\ initiates a change from spherical to cylin-
drical geometry. The small increases in the values of
Ny when the temperature is raised from 25 to 372@0
seen for the micelles which remain spherical on heat-
ing, e.g., particularly for the large micelles of di-
block copolymers ksS10, S15E63, S17E65, S20E67 @nd
EgeB1s, show that they are near to their limiting size
for sphericity. Copolymer fS10E2¢ is a similar case
even thougtN,,, estimated as if the micelles are spher-
ical, is only 40: the S block of S10E20 loops in the
core, so its effective length is onlysSvhile the core
has the volume of forty {5 blocks. Calculating as de-
scribed previouslyYang et al., 2003gthe core radius
of micelles withN,, =40 is 2.7 nm but the $block is
only 1.8 nm long on average, which is shorter than that
required for a spherical micelle. However, the distribu-
tion of S-block lengths may well suffice to maintain a
spherical (or near spherical) core.

Fig. 2 shows that micelle association number can
be used in a semiquantitative way as a crude indica-
tor of core solubilisation capacity across the range of
copolymers investigated. All data for E/S copolymers
are plotted. As judged by the valuesiyf they clearly
show: (i) low solubilisation capacity for micelles with
small cores; (ii) limiting values o, ~28mgg? at
25°C ands,~42mgg ! at 37°C for spherical mi-
celles; and (iii) higher values of, =52 mg g ! (25°C)
ands,=62mgg ! (37°C) for the cylindrical micelles
of copolymer B7Sg. The values o, found for copoly-
mer B0S10E20 at 25°C is 28 mgg?, i.e., at the limit

M. Crothers et al. / International Journal of Pharmaceutics 293 (2005) 91-100
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Fig. 2. E/S copolymers: diblock copolymers, spherical micelles,
(@) 25°C; (O) 37°C; triblock copolymers, spherical micelleS)
25°C; (d) 37°C; E17Sg, cylindrical micelles, ¢) 25°C; () 37°C.
See Table 2 for details. The lines highlight the maximum extent of
solubilisation for the different species and conditions.

for spherical micelles. The almost constant valus,of
found for spherical micelles, very evident for solutions
at 25°C, can be attributed to the same mechanism as
that which limits the value of the association nhumber,
thatis the entropy penalty when the hydrophobic blocks
of the core become more stretched by the increase in
core radius caused by incorporation of the drug. This
increase is small (1-2%), but if the S blocks are already
stretched the decrease in entropy may be significant.

3.2.2. Effect of core composition

Values ofs, found for micellar solutions of E/B
copolymers are uniformly low compared with those
for corresponding solutions of E/S copolymer. This is
illustrated inFig. 3, where the lines, taken froffig. 2
represent the limiting values gf for spherical micelles

T T T T T T
37°C

soF T 3
= L23%C
o0 37°C
2 4op o 1
= 25 °C
=
W

20+ s 1

r °
00100 200 300 200 500
N,

w

Fig. 3. E/B copolymers: diblock copolymers, spherical micell@®g, (
25°C; (O) 40°C; E43B14E43, spherical micelles®) 25°C; E;1Bs,
cylindrical micelles, () 40°C. See Table 2 for details. The lines,
taken from Fig. 2, indicate the maximum extent of solubilisation
found for (full) spherical and (dashed) cylindrical micelles of E/S
copolymers.
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of the majority of E/S copolymers, and the dashed lines Table 3

the results for the cyIindricaI micelles of;Ss. The Solubilisation of griseofulvin in block copolymer solutions (method

solution temperatures for the E/S copolymers are indi- 2) at 25°C, expressed as solublllsathn capacity per gram of copoly-
] . . mer (&p) and per gram of hydrophobic block,j

cated. A high value of;, is found only for the solutions

of copolymer B1Bg at 40°C, in which the micelles are ~ CoPoymer Sop (MY G™) s (mgg™)

cylindrical. Considering spherical micelles of high as- EssSs 107 32

sociation number, the ratio of valuessis in the range 51°E13E5 g'g ig

B:S=1:3-1:4 (se€ig. 3, which is a higher ratio than Egzgi e 314 77
20210520 .

that reported for the values of the cmc in molar units, Eggg,g 6.9 29

i.e., B:S=1:2, presumably reflecting the aromatic na- Es3Bi14Es3 6.1 19

ture of both core and solubilisate.

3.2.3. Effect of temperature
For the solutions in which the copolymers form

copolymers. The limiting conditions for microphase
separation in E/B copolymer melts are well known, and
spherical micelles, the micelle association number is the melts of ggB1g and E3B14E43 are certainly disor-
not strongly dependent on temperature. Nevertheless,dered Ryan et al., 2001l Microphase separation has

asignificantincrease in core solubilisation capacity oc- not been detected in the melts of E/S copolymers, no
curs as temperature is increased (5&e 2). This in- doubt because the charge transfer interaction between
crease is attributed to the usual effect of temperature onether oxygen and the phenyl ring greatly reduces the

the solubility of a crystalline compound, i.e., dependent
on melting temperature and enthalpy of fusion. Indeed
the reported solubilities of griseofulvin in water alone
(Yalkowsky and He, 2003show a similar temperature

value of the Flory-Hugging parameter, much as ob-
served for block copolymers of poly(ethylene oxide)
and styreneRrielinghaus et al., 2001So the marked
effect seenifrig. 4is not aresult of griseofulvin favour-

dependence: a least-squares line through the collectedng less polar domains in an ordered melt, but rather a

data plotted as log(solubility) versus reciprocal temper-
ature indicates an increase in solubility of ca. 50% in
the interval 25-37C, much the same as the increase
relative to the solubility at 25C reported inFig. 2
The fact that the solubility is greater at 32 than at
25°C means that any drug solubilised at°Z5 stays
solubilised under physiological conditions.

3.3. Copolymer solutions: method 2

Values of the excess solubilisation capacity of the
copolymer solutions for griseofulvirsd,) obtained by
method 2 are listed ifiable 3 As for method 1, results
for different copolymer concentration (1 or 2wt.%)
were averaged. Only the UV assay was used. As in
Table 2 the results were used to calculate values of the
solubilisation capacity of the micelle cosg, with cor-
rection made for drug solubilised in the micelle corona.

Comparison of results obtained by the two methods
is made irFig. 4. The scatter is large, but on average the
solubilisation capacity is approximately doubled by in-
corporating griseofulvin into the melt before dissolving
the copolymer. The effect is similar for both E/S and
E/B copolymers, although at a lower level for the E/B

rapid and irreversible transfer to the micelle cores from
the disordered melt at the point of micellisation when
the drug-loaded meltis transferred to the aqueous phase
at 65°C.

The effect of transferring the drug-loaded melt at
65°C into water at 25C was investigated. In this pro-
cedure the solubilisation capacity was only marginally

80|
“ ]
2 Ve
2 6ot |
1 / L4
2 .//
= 40 )
b0 e
o0 b
E 2 of
= s
& e

0K ‘

0 10 20 30 40

s/(mg g1) Method 1

Fig. 4. The solubilisation capacity per gram of hydrophobic block
determined by micellisation of drug-loaded melt (method 2) com-
pared with that determined by loading the drug into the pre-micellised
solution (method 1). All solutions are at 26: (@) Es5Sg and
S10E135; (M) Eg2SsEs2 and B0S10E20; (O) EgeBis; (0) E43B14Eas.

The least-squares straight line through the points is shown.
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improved compared with the conventional procedure, with core volume, with diblock copolymers being more
no doubt because the loaded melt crystallised on cool- effective solubilisers than triblock copolymers. An al-
ing with consequent separation of its components. The ternative to the shake flask method of solubilisation has
time allowed for equilibration after mixing the drug been explored and higher solubilisation capacities have
with the melt was also investigated, with little benefit been achieved using a method in which the drug was
found for prolonging the time beyond 3 h. We were, of incorporated into a copolymer melt and micelles ini-
course, conscious that we were heating a poly(ether) totially formed at an elevated temperature before cooling
65°C in air, and were anxious to limit any degradation to 25°C.
of the copolymer caused by heating in air.

The effect of dissolving a drug-loaded melt on mi-
celle shape was not explored. Probably the procedure Acknowledgements
facilitates the formation of larger micelles, possibly
cylindrical micelles in some cases. A change inmicelle ~ We thank Dr. Frank Heatley for supervision of NMR
shape from spherical to cylindrical caused by solubil- solubilisation technique and Mr. Keith Nixon for help
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