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ABSTRACT This sudy invesigated the
solubilizetion of cyclogporin A (CsA), a neutrd
undecapeptide, by cosolvency, micdlization, and
complexation. Cosolvents (ethanol, propylene glycal,
polyethylene  glycol, tetrahydrofurfuryl  acohol
polyethyleneglycol ether, and glycerin), surfactants
(polyoxyethylene sorbitan monooleate [(Tween 80)],
polyoxyethylene sorbitan monolaurate [(Tween 20)],
and Cremophor EL), and cyclodextrins (a-cyclodextrin
[(aCD)] and hydroxypropyl-B-cyclodextrin[ (HPBCD)]
were used as solubilizing agentsin this study.

Surfactants hed a noticegble effect in increesng CsA
solubility. Twenty percent solutions of Tween 20, Tween
80, and Cremophor EL increased the solubility by 60 to
160 fold. Cyclodextrins can increase the CsA solubility,
but aCD was more effective than HPBCD. Cosolventson
the other hand did not increase the solubility of CsA as
much as expected from the LOGP (logrithm of weter-
octanol partition coefficent) value of CsA.
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Figure 1. Structure of cyclosporin A as established by
Rigger and Petcher [1].
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INTRODUCTION

Cyclogporin A (CsA; see Figure 1) [1] is an effective
immunosupressive agent used in transplantetion to
prevent organ regjection. The agueous solubility of CsA
is 27.67 pg/mL at 25°C [2, 3]. This study investigated
the use of the traditional solubilization gpproaches to
increase the solubility of CsA.

The solubility of the drug is determined by the
interaction of solute with solvents and the crystallinity
of the solute. Solvent dteration is the most effective
means to produce a thermodynamicaly stable increase
in solubility [2]. As discussed by Yakowsky [4], the 3
most commonly used agpproaches for solubilizing
nonionizable drugs such as CsA ae cosolvency,
micellization, and complexation.

Cosolvency

Cosolvents ae organic compounds that are
subgtantidly miscible with water. Cosolvents have
smdl hydrocarbon regions. Since these regions are
nonpolar and they do not interact strongly with weter,
they can reduce the ability of the aqueous system to
queeze out nonpolar solutes. The logarithmic
rdationship between totd drug solubility (Syix) in a
mixed solvent and cosolvent concentration (Ceesn) Can

be described by equation 1 [4-6].
mix
logS." =logS +aoC_ 0

where Sw is drug solubility in water and o is cosolvent
solubilization power. The o vadue depends on the
polarity of both the solvent and the solute. The more
nopolar the solvent and the solute, the larger the o
vaue.

Micellization

Organic solutes can be solubilized by incorporation
into the miceles formed by surfactants. The more
nonpolar the solute, the more likely it is to be
incorparated near the core or center of the micelle. The



relaionship between the drug solubility in a micdlar
solution and surfactant concentration is described by
equaion2al4,7,8].

Stot. =Sy +K(Cyypp — CMC) 2

where Cg, is the concentration of micellar surfactant
(ie, the totd surfactant concentration minus the critica
micelar concentration) and K is the molar
solubilization capacity, the number of moles of solute
that can be solubilized by 1 mole of micdlar surfactant.
If the criticd micdlar concentration (CMC) is much
lower than Cg,f, equation 2a can be approximated by

mic
Sl{}l o Sw +kC

Complexation

Cyclodextrins are cylic oligosaccharides that have been
recently used as complexation ligands. Cyclodextrins
can interact with appropriately szed molecules to result
in the formation of incluson complexes. The effects of
various cyclodextrins can be approximately described
by equations3and 4[4, 7,9, 10].
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where L isthetota ligand concentration. Equation 3 is
goplicable to 1:1 (drugligand) complexation, and
equation 4 is gpplicable to 1:1 and 1:2 (drug:ligand)
complexation. K1:1 is the complexation constant for
1:1 drug-ligand complex; K1.2 is the complexation
constant for 1:2 drug-ligand complex. Higher-order
complexes are dso possible.

Since cyclogporin A does not have ionizable groups,
wedid not consider pH control to increaseits solubility.
But the other 3 gpproaches have the potentid to be used
to solubilize C<A.

MATERIALS AND METHODS

Materials

Cyclosporin A was a gift from the Inditute of
Microbiology, Fujian, China. a-Cyclodextrin (aCD)
and hydroxypropyl-B-cyclodextrin (HPBCD) were
obtained from Cydodextrin Technologies
Devdopment Inc (Ganesville, FL). All  other
chemicads were of anayticd or high-performance
liquid chromatography (HPLC) grade, purchased from
Sigmaand Aldrich (St. Louis, MO).

Solubility Measurement

The CsA powder was added to vias containing various
percentages of cosolvents, surfactants, or complexation
agents. Duplicate sample vids were prepared for each
solubilizing agent a its particular concentration and
were placed on an end-over-end mechanicd rotator a
25 rpm at room temperature for 7 days. Samples with
drug crystds present were considered to have reached
the equilibrium and were removed from the rotator.
The samples were then centrifuged on the Microl6
centrifuge (Fisher Scientific, Pittsburgh, PA) a 12 000
rpm for 30 minutes. Supernatant was diluted before
injection into the HPLC system.

The cosolvents used were ethanol (EtOH), propylene
glycol (PG) and polyethylene glycol (PEG400),
tetrahydrofurfuryl acohol polyethyleneglycol ether
(glycofural), and glycerin. The surfactants were
polyoxyethylene sorbitan monooleste (Tween 80),
pol yoxyethylene sorbitan monolaurate (Tween 20), and
Cremophor EL. The complexation ligands were aCD
and HPBCD. The concentration ranges are given in
Table 1.

HPLC Assay

A Beckman Gold (Fullerton, CA) system equipped
with amodel No. 168 detector a 215 nm was used for
HPLC assay in this study. A pinnacle octylamine
column 150 cm x 4.6 mm, (Restek, Bellefonte, PA)
was used with a mobile phase composed of 70%
acetonitrile and 30% water [11]. The flow rate is 1
mL/min. The temperature was eevated to 70°C by
immersing the column in a waterbath. The retention
time of CsA was 5.6 minutes. The injection volume
was 50 pL. The CsA standard curve at concentrations
ranging from 5 pg/mL to 100 pg/mL was used to
evaluate dl of the assays.

RESULTS AND DISCUSSION

The solubility vaues of CsA as functions of the
cosolvent, surfactant, and cyclodextrin concentrations
are presented in Figures 2, 3, and 4, respectively. The
solubilization parameters described can be determined
by fitting the data in these figures to equations 1 to 4.
The resulting parameters are presented in Table 1,
which gives the range of concentration of the
solubilization agents used in this study and the
solubilization parametersfor CsA.

Cosolvency

Figure 2 shows the exponential increase in CsA
solubility with concentration of the cosolvent. The



vaue of o here depends only on the polarity of the
cosolvents. Table 1 shows that the less polar the
cosolvent, the more effective the increase in the
solubility of CsA and the larger value of 0. EtOH has
the largest 0 vaue and glycerin has the smalest.
Although cosolvents can increase the solubility of CsA,
their solubilization power is much lower than expected
from the MLOGP vaue of CsA (MLOGP =2.92) [12].

Micellization

Figure 3 shows the effect of some surfactants on CsA
solubility. Cremophor EL has the largest k vaue.
Tween 80 and Tween 20 produce similar effects on
CsA solubility; if less than 10% is used, the solubility
enhancement of CsA is rdatively smdl. The dightly
higher k value of Tween 80 may the result of itslonger

akyl chains.
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Figure 2. Effects of cosolvents on cyclosporin A
solubility.
Table 1. Solubilization Parameters for Cyclosporin A

Solubilization Concentration

Agents Range, %
EtOH 0-40 (vol/vol) 0=0044 %"
PG 0-40 (Wt/vol) 0=0.025%"
PEG400 0-40 (Wt/vol) 0=0.035%"*
Glycofurol 0-40 (Wt/vol) 0=0.031 %"
Glycerin 0-30 (wt/vol) 0=0.023 %"
Tween 20 0-20 (wt/vol) k=0.0079
Tween 80 0-20 (wt/vol) k=0.0119
0-20 (wtivol) 0-20 |
Cremophor EL (wiivol) k=0.0427
K1:1=47.8M™,
aCD 0-20 (wtivol) K1:2=18.22 M
] — -1 )
HPBCD 0-20 (wiivol) |\K/l;l.1_21.7 M?, K1:2=6
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Figure 3. Effects of surfactants on cyclosporin A
solubility.
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Figure 4. Effects of cyclodextrins on cyclosporin A
solubility.

Complexation

Figure 4 shows the effects of aCD and HPBCD on
cyclosporine solubility. The CsA solubility does not
show a linear rise as the function of the ligand
concentration. It did not fit equation 3 but fit equation
4, suggesting that it forms both 1:1 and 1:2 complexes
with both of the cyclodextrins. The bigger K vaue of
aCD is possbly a result of the smaller cavity (5A),
which is the more gppropriate size for the nonpolar
diphatic parts of CsA to behdd.

CONCLUSIONS

This sudy investigated and compared 3 different
gpproaches to solubilize CsA: cosolvents, surfactants,
and cyclodextrins. The effectiveness of these
gpproaches on CsA is not comparable to that of these
approaches on most other nonpolar drugs. This may be
the result of a conformational changein CsA structures



with solvent polarity (ie, the hydrogen bondsin Figure
1 would be favored by nonpolar media but they are not
likely to exist in strongly hydrogen bonding media such
as water). The NMR spectrum of CsA13 in CDCI3
shows 4 doublets from 7 ppm to 8 ppm. This
corresponds to the 4 intramolecular H-bonds that
dabilize the conformation of CsA molecules in
nonpolar media. The solubility of CsA in water is not
aufficient to dlow the study of the conformation of
CsA in water, but the NMR spectrum of CsA in
CD30D does not contan the 4 doublets with high
chemica shiftsindicating the absence of intramolecular
H-bonds of CsA in CD30D. El Tayar e d [12]
provided evidence of a conformationa change of CsA
in polar and nonpolar media from the sructurd
information derived from both partitioning and
smulation studies.

The dructure in Figure 5 schematicaly illustrates the
type of CsA conformation that may exist in water,
whereas the structure depicted in Figure 1 illustrates its
conformation in a nonpolar media In water, the
nonpolar parts of CsA are likely to associate with the
polar parts pointed to the waer molecules. This
gructure may make CsA behave somewhat like an
unimolecular micdle, which has a higher affinity for
water than would be expected from its Structura

composition.
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Figure 5. Schematic structure of cyclosporin A in water.
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