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Physical Characterization of 1,3-dipropyl-8-cyclopentylxanthine (CPX)
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Abstract. 1,3-dipropyl-8-cyclopentylxanthine (CPX) has been shown to stimulate in vitro CFTR activity
in ΔF508 cells. Data from a phase I study demonstrated erratic bioavailability and no measurable clinical
response to oral CPX. One cause for its poor bioavailability may have been dissolution rate limited
absorption, but there is little published physicochemical data on which to base an analysis. The objective
of this study was to determine the solubility and solid-state characteristics of CPX. CPX is a weak acid
with pKa of 9.83 and water solubility at pH7.0 of 15.6 μM. Both laureth-23 and poloxamer 407 increased
the apparent water solubility linearly with increasing concentrations. CPX exists in two crystal forms, one
of which (form II) has been solved. Form II is a triclinic crystal with space group P1 and calculated
density of 1.278 g/cm3. X-ray powder diffraction and differential scanning calorimetry studies (DSC)
indicated that CPX crystals prepared at room temperature were mixtures of forms I and II. DSC results
indicated a melting point of approximately 195°C for form I and 198°C for form II. Thermogravimetric
analysis indicated no solvent loss upon heating. Dynamic water vapor sorption data indicated no
significant water uptake by CPX up to 90% RH. Analysis of the data indicates that CPX may not be
amenable to traditional formulation approaches for oral delivery.

KEY WORDS: CPX; pH solubility profile; physico-chemical characterization; thermal analysis; X-ray
crystal structure.

INTRODUCTION

Cystic fibrosis (CF) is a genetic disorder caused by a
mutation in the cystic fibrosis transmembrane conductance
regulator (CFTR), a cell surface chloride (Cl–) transporter.
CFTR is expressed in epithelial cells that line the respiratory
tract and pancreatic ducts, among other tissues (1,2).
Mutation of the CFTR gene results in expression of lower
than normal amounts of CFTR, non-functional CFTR, or
both. These mutations significantly decrease the ability of
exocrine epithelial cells to efflux Cl– and water, resulting in
excessively viscous secretions.

Deletion of phenylalanine at position 508 (ΔF508), the
most common mutation responsible for CF, impairs traffick-
ing of the CFTR protein to the cell membrane (3,4). 1,3-
dipropyl-8-cyclopentylxanthine (CPX) has been shown to
stimulate CFTR activity in ΔF508 cells by binding to the first
nucleotide binding fold domain of the mutant CFTR protein
in cell membranes (5–9). A patent on the use of CPX to treat
CF was issued to the US government in 1994, and CPX was
designated an orphan drug by the Food and Drug Admin-
istration in 1997 (10,11). In a phase I study of adult patients

with mild CF, CPX exhibited erratic bioavailability and no
indication of short-term clinical effectiveness (12).

CPX (Fig. 1) is a weak acid structurally similar to
theophylline and caffeine. There is little published data on
the physical properties of CPX. Advanced Chemistry Devel-
opment software (ACD Labs, V8.14) predicts CPX log P=
3.379±0.429, pKa=9.29±0.70, and water solubility=55 μM at
pH7 (13). While details on the dosage forms used in the
clinical studies are unavailable, it is plausible that the erratic
bioavailability and lack of effectiveness were due, in part, to
dissolution rate-limited absorption.

Since it has been estimated that only 5% of normal
CFTR activity is sufficient to maintain a normal cellular
phenotype, there is great potential for drugs such as CPX to
improve the quality of life for CF patients (2). The objective
of this study was to determine the solubility and solid-state
characteristics of CPX. Solubility data and the character-
ization of solid-state forms may serve as a guide for potential
improvements in CPX bioavailability.

MATERIALS AND METHODS

SciClone Pharmaceuticals (Foster City, CA, USA) pro-
vided a sample of CPX for solubility determinations. CPX for
all other analyses was synthesized using a minor modification
of published methods (14–17). The structure of synthesized
CPX was confirmed by NMR (not shown) and X-ray
crystallography (below). The purity was greater than 99%
as determined by HPLC/MS.
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Equilibrium Solubility Measurement

The general procedure for equilibrium solubility meas-
urements was as follows. Approximately 50 mg of CPX was
weighed into Erlenmeyer flasks and wetted with 100 μl of
ethanol then diluted with 40 ml of buffer solution. The
mixture was shaken on a platform shaker at room temper-
ature for up to 72 h. Samples for analysis were withdrawn at
approximately 24-h intervals and filtered through a 0.45 μm
nylon filter. Mixtures were defined to have reached equili-
brium when two consecutive measurements agreed within
5%.

The dissolved CPX concentration was assayed by UV
absorption at 277 nm with a Cary 50 spectrophotometer. The
concentration was quantified by comparison to a standard
Beer’s Law plot. CPX solubility was measured at pH7.0 in
100 mM phosphate buffer, pH8.0 and 9.0 in 100 mM Tris
buffer, and pH10.0 and 11.0 in 100 mM glycine buffer. The
buffer solutions did not interfere with the UV analysis. The
pKa for the acidic N-H functionality was estimated by fitting
the solubility data to Eq. 1, utilizing KaleidaGraph 4.0.1. The
software fitting routine was validated using published data
sets. St is the solubility at a given proton molar concentration,
S0 is the intrinsic solubility, and Ka is the acid dissociation
constant (18).

St ¼ S0 1þ Ka

Hþ½ �
� �

ð1Þ

The effects of solubilizing agents on CPX apparent water
solubility was similarly determined in pH7.0 buffer containing
either laureth-23 (polyoxyl 23 lauryl ether, Brij® 35; 0.1%,
0.5%, and 1.0%) or poloxamer 407 (0.5%, 1.0%, or 2.5%).
The appropriate buffer solution served as the blank for all
measurements.

Polymorph Screening

CPX was recrystallized from water and several organic
solvents to search for polymorphic forms. Samples were
obtained from acetone, methanol, 95% ethanol, isopropanol,
and ethyl acetate by slow evaporation of the solvent to
dryness at room temperature. Slow evaporation, achieved by
covering the beaker with plastic film that was perforated with
several small holes, was typically complete within 48 h.
Methanol was also used to recrystallize CPX by slow cooling
of a supersaturated solution and by fast evaporation to
dryness at room temperature. Fast evaporation, achieved by
leaving the solution uncovered, was complete in less than

24 h. Recrystallization from dimethylsulfoxide was accom-
plished by slow cooling of a saturated solution. Finally, CPX
was recrystallized from water by adjusting an alkaline CPX
solution (pH12) with concentrated HCl to pH7. The solid was
collected by vacuum filtration, washed with several aliquots of
water, and dried under vacuum at room temperature.

Thermal Analysis

The thermal behavior of CPX samples was determined
on a TA Instruments Q100 differential scanning calorimeter
(DSC). The cell constant was determined using the recom-
mended indium calibration procedure. Samples (approxi-
mately 1-2 mg) were analyzed under dry nitrogen flow at
50 ml/min in sealed aluminum pans. The heating and cooling
rate for all analyses was 10°C/min.

Thermogravimetric analysis (TGA) was performed with
a TA Instruments TGA Q500 with a 16 position autosampler.
The microbalance was periodically calibrated using certified
calcium oxalate. Typically 2-10 mg of the sample was loaded
onto a platinum crucible. Samples were analyzed from
ambient to 250°C at a heating rate of 10°C/min under a
continuous nitrogen flow of 50 mL/min. DSC and TGA data
were analyzed using the TA Universal Analysis software.

Single Crystal X-Ray Diffraction

Samples for single-crystal X-ray diffraction (SXRD)
were prepared by a sublimation method. Approximately
5 mg of CPX was heated on a microscope slide at 180°C on
an Instec HCS302 hot-stage with an Instec STC200 heating
system overnight. Crystals formed on the cover slip and were
collected for analysis. Data collection was carried out at –183°C
on a Bruker X8 Proteum Diffractometer with Cu Kα radiation
(1.54178Å). Cell refinement and data reduction were conducted
with SCALEPACK and DENZO-SMN (19). Structure solution
and refinement were completed with SHELXS97 and
SHELXL97, respectively (20,21). Mercury software (v1.4.2,
Cambridge Crystallographic Data Centre) was used to generate
the predicted X-ray powder diffraction pattern for comparison
with experimental data.

X-ray Powder Diffraction

X-ray powder diffraction (XRPD) data were collected
using a Rigaku Miniflex+(Rigaku Americas) with SC-M
scintillation counter detector. Scans were obtained from 5°
to 25° 2θ with steps of 0.03° and scan rate of 1.5º/min. All
samples were ground with an agate mortar and pestle prior to
analysis. The powders were analyzed on a Si zero-background
sample holder. The samples were illuminated using Cu Kα
radiation at 30 kVand 15 mAwhile being rotated to minimize
effects of preferred orientation. A nickel filter was used to
reduce the Kβ contribution to the X-ray signal.

Dynamic Water Vapor Sorption

Moisture sorption isotherms were generated at 25°C
using a DVS Advantage 1 (Surface Measurement Systems)
equipped with a Cahn electronic microbalance and a dew
point analyzer for the accurate measurement of weight and

Fig. 1. CPX chemical structure
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relative humidity (RH), respectively. Samples were first dried
at 0% RH and 45°C. Sorption and desorption curves were
generated in 10% steps from 10% to 90% RH. Equilibrium
was defined as a sample weight change of 0.002% or less over
a period of 5 min. Maximum equilibration time was set at 3 h
per step. The instrument was periodically calibrated using
saturated salt solutions for RH and certified weights for the
microbalance. Data was analyzed using the DVS Advantage
Analysis Suite.

RESULTS

Equilibrium Solubility Measurement

The CPX powder did not disperse in water even with
vigorous mixing or brief intermittent sonication. The hydro-
phobic particles floated on the surface of the water and
adhered to the container. Wetting the powder with 100 μl of
alcohol prior to adding the aqueous dissolution medium
resulted in dispersion of the particles and reproducible
solubility data.

The effect of pH on CPX water solubility (mean±
standard deviation, n=3) is shown in Fig. 2. CPX solubility
increased from 15.6 μM at pH7-253.2 μM at pH 11. Fitting
Eq. 1 to the data resulted in correlation coefficient (r2) of
0.99991 with S0=15.888 μM and Ka=1.493×10

−10 (pKa=9.83).
Laureth-23 and poloxamer 407 solubilized CPX at the higher
concentrations (Fig. 3), but not at the lowest surfactant
concentrations studied. Both laureth-23 and poloxamer 407
increased CPX apparent water solubility linearly with
surfactant concentration (r2=0.9999 and 0.9919, respectively).

Polymorph Screening

CPX produced fine acicular crystals from all organic
solvents tested. Crystals from the different solvents were
visually indistinguishable when viewed with a light micro-

scope (Leica DM IRE2). The delicate crystals were prone to
splitting parallel to their long axes when manipulated. DSC
and XRPD analyses (below) indicated that all of the CPX
samples from organic solvents were equivalent. The crystals
obtained from organic solvents at room temperature were not
suitable for SXRD analysis. CPX crystals for SXRD analysis
were instead prepared by sublimation. CPX obtained by
precipitation from aqueous solution was a fine white powder,
visually distinguishable from the acicular crystals obtained
from the organic solvents.

Thermal Analysis

CPX crystals obtained from all organic solvents exhibited
equivalent DSC thermograms, while CPX obtained by
precipitation from water was qualitatively different. There-
fore, only data for CPX obtained by fast evaporation of
methanol and by precipitation from water are presented. All
replicate samples were highly reproducible. No thermograms
showed thermal events below 190°C, nor was there evidence
of glass transitions, desolvation, or degradation below the
melting temperature. The heating and cooling rates for all
DSC experiments were 10°C/min.

Figure 4 shows the DSC thermograms for CPX crystals
obtained from methanol. Curve A in Fig. 4 represents the
thermogram obtained by heating a sample to 210°C. Two
thermal events are evident, with peak temperatures of 195.0°
C and 197.8°C. Curve B in Fig. 4 shows the thermogram when
the sample in Curve A in Fig. 4 is cooled to 40°C, then heated
again to 210°C. This second heating cycle similarly shows two
thermal events. Curve C in Fig. 4 represents the second
heating cycle of a fresh CPX sample that has first been heated
to 196°C, cooled to 40°C, then heated to 210°C. Curve C in
Fig. 4 shows only one thermal event with a sharp peak with
onset temperature of 195.9°C, peak temperature 197.7°C, and
heat of fusion (ΔHf) of 92.7 J/g.Fig. 2. CPX solubility as a function of pH

Fig. 3. CPX apparent water solubility at pH7 as a function of
solubilizing agent concentration
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Figure 5 shows the thermograms for CPX obtained by
precipitation from water. Curve A in Fig. 5 represents the
thermogram obtained by heating the sample to 210°C. This
curve exhibits two thermal events. There is one obvious peak at
198.3°C that is preceded by a shoulder, or region of sharper
slope, in the range of 191–195°C. Curve B in Fig. 5 shows the

thermogram when the sample in Curve A in Fig. 5 is cooled
from 210°C to 40°C, then heated again to 210°C. There are
clearly two thermal events in this curve, with peak temperatures
of 195.3°C and 198.0°C. Curve 5C represents the second
heating cycle of a fresh CPX sample that has first been heated
to 196°C, cooled to 40°C, then heated again to 210°C. Similar to

Fig. 4. DSC thermograms for CPX obtained from methanol. CPX sample heated to 210°C
(a), CPX heated to 210°C, cooled to 40°C, then heated again to 210°C (b), CPX heated to
196°C, cooled to 40°C, then heated to 210°C (c)

Fig. 5. DSC thermograms for CPX obtained from water. CPX sample heated to 210°C (a),
CPX heated to 210°C, cooled to 40°C, then heated again to 210°C (b), CPX heated to 196°
C, cooled to 40°C, then heated to 210°C (c)

723Characterization of CPX



Curve C in Fig. 4, there is a single peak with onset temperature
of 197.0°C, peak temperature of 198.0°C, and ΔHf of 91.1 J/g.

TGA showed that CPX from methanol exhibited weight
loss of 0.18% at 150°C. Weight loss increased to approx-
imately 0.75% as the temperature approached 200°C. The
aqueous CPX precipitate similarly showed weight loss of
0.2% at 150°C.

Single Crystal X-Ray Diffraction

The largest crystals obtained by sublimation (about
0.25×0.02×0.02 mm) were submitted for structure determi-
nation. The unit cell is shown in Fig. 6 and experimental
details are summarized in Table I. SXRD confirmed the
structure of CPX synthesized in our laboratory. The xanthine
ring system is essentially planar, as expected. The n-propyl
and cyclopentyl substituents are extended and oriented away
from the xanthine ring system in a trans-like conformation.
The relatively large R1 value, 0.1076, can be attributed to the
small crystal size.

X-ray Powder Diffraction

Figure 7 shows the experimental powder X-ray diffracto-
grams for CPX obtained from methanol (a in Fig. 7) and
water (b in Fig. 7) and the predicted diffractogram (p in
Fig. 7) calculated from the single crystal structure. CPX
obtained from methanol shows several major peaks between

5º and 25º 2θ. The peaks are sharp and well defined. Most of
the peaks align with the predicted pattern with the exception
of those at 6.2º, 9.5º, and 12.5º 2θ. The aqueous precipitate
exhibits fewer peaks, most of which are poorly formed. There
is no indication of amorphous halos in either of the
experimental diffractograms. All of the peaks in the aqueous
CPX sample coincide with peaks in the methanol CPX
sample.

Figure 8 shows the diffractograms for CPX samples that
were heated in the DSC to 210°C and cooled to room
temperature. Both the methanol (a in Fig. 8) and water (b in
Fig. 8) samples show several sharp peaks. With the exception
of the peaks at 6.2º, 9.5º, and 12.5º 2θ, all of the peaks in the
experimental diffractograms are represented in the predicted
pattern. The experimental diffractograms appear to be
equivalent to each other and substantially similar to the
predicted pattern.

Figure 9 shows the diffractograms for CPX samples that
were heated in the DSC to 196°C then cooled to room
temperature. The methanol (a in Fig. 9) and water (b in
Fig. 9) samples both exhibit many sharp peaks and appear
substantially equivalent to each other. All of the peaks in
both experimental diffractograms align with corresponding
peaks in the predicted pattern (p in Fig. 9). Both diffracto-
grams are substantially equivalent to the predicted pattern,
and neither exhibits peaks at 6.2º, 9.5º, or 12.5º 2θ.

Dynamic Water Vapor Sorption

CPX did not take up water in the relative humidity range
of 10-90% at 25°C. Sample weight change remained less than
0.1% at all points in both the adsorption and desorption
phases. There was no indication of any physical change in the
material throughout the process.

DISCUSSION

The Biopharmaceutics Classification System (BCS) is
used to classify drugs according to water solubility and
intestinal permeability parameters (22). CPX is a low
solubility drug as more than 250 ml would be required to
dissolve any dose greater than 1.2 mg. In the absence of
human in vivo data, the cLogP value of 3.379±0.429 would

Fig. 6. Crystal structure for CPX form II

Table I. CPX Crystal Data and Structure Refinement

Empirical formula C16H24N4O2

Formula weight 304.39
Temperature −183°C
Wavelength 1.54178Å
Crystal system Triclinic
Space group P1
Unit cell dimensions a= 4.6481(4), b=14.0540(13), c=25.250(2) Å

α=73.986(5), β=89.178(8), γ=86.570(7)°
Z 4
Crystal density

(calculated)
1.278 g/cm3

R1 0.1076
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classify CPX as a high intestinal permeability drug (13,23,24).
Thus, CPX would be assigned to BCS Class II (low solubility
and high permeability). Applying the analysis described by
Gu et al. for highly permeable drugs, the maximum absorb-
able oral dose of CPX is approximately 3 mg (24). Thus, the

finding of unpredictable oral absorption of CPX in parallel
cohorts of four or five CF patients is not surprising (12).

Absorption of class II drugs may be enhanced by
delivery systems that maximize the in vivo solubility and
dissolution rate and by administering the drug with a high fat

Fig. 7. X-ray powder diffractograms for CPX obtained from methanol (a) and water (b) and the
diffractogram for form II predicted from the single crystal structure (p)

Fig. 8. X-ray powder diffractograms for CPX obtained from methanol (a) and water (b) after heating to
210°C then cooling to room temperature and the diffractogram for form II predicted from the single crystal
structure (p)
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meal (24–27). Rudolph and Tuthill claimed improved absorp-
tion of CPX delivered as a suspension in corn oil as compared
to a gelatin capsule (28). Average Cmax for a 300 mg dose was
approximately 675 ng/ml (n=3) for the corn oil suspension
and approximately 150 ng/ml for the gelatin capsule (n=4).
As a comparison, McCarty reported an average Cmax of
250 ng/ml for a 300 mg oral dose in four CF patients (12).
Absorption enhancement by corn oil may be partially related
to improved wetting, as CPX powder dispersion in water was
found to be poor.

CPX solubility increased with pH, as expected for a weak
acid. Due to its high pKa, however, the pH elevation required
to achieve a significant increase in CPX solubility is unrea-
sonable for oral dosage forms. Attempts in our lab to prepare
the salt forms of CPX have been unsuccessful. Micronization
is useful only for drugs with slow dissolution unrelated to low
solubility (18).

Drug solubility and dissolution rate may also be
increased by including surfactant solubilizing agents in the
formulation. Surfactants may function both to increase
apparent water solubility of the drug and to promote wetting
of solid particles in the aqueous GI fluid. The effects of two
common surfactants on CPX apparent water solubility were
studied. Laureth-23 and poloxamer 407 both enhanced CPX
apparent solubility up to fivefold. This apparent solubility
would increase the maximum absorbable dose of CPX to
approximately 15 mg. Increasing surfactant concentrations to
further increase drug solubility is possible, but may be limited
by other considerations. For example, solution viscosity
increases with poloxamer 407 concentration and the aqueous
solutions gel at approximately 18%, resulting in counter-
productive decrease in dissolution rate (29). High concen-
trations of surfactants may also be irritating or toxic to the GI
mucosa.

Insoluble drugs may be formulated as soluble complexes
to improve oral bioavailability. Theophylline forms soluble
complexes with a variety of alkylamines, including ethyl-
enediamine (30). Cyclodextrins are also commonly used to
enhance absorption of a variety of drugs. Previous study
indicated that CPX does not form soluble complexes with
ethylenediamine, ethanolamine, or hydroxypropyl-β-cyclo-
dextrin (31).

Solubility differences of multiple crystal or amorphous
forms of a drug may be exploited for dissolution enhance-
ment if they are sufficiently stable. DSC and XRPD data
show no evidence of amorphous CPX, and the lack of
significant weight loss on heating argues against a solvated
form. However, XRPD and DSC analyses support the
existence of at least two crystal forms of CPX, one of which
has been solved by SXRD.

CPX was recrystallized from water and organic solvents at
room temperature and via sublimation at 180°C. The sample
prepared by sublimation represents a pure crystal form,
denoted here as form II. Thermal analysis and XRPD data
suggest that all samples produced at room temperature are
mixtures of form II and another polymorph (form I) that has
not been isolated in pure form. DSC thermograms of CPX
obtained from methanol (Fig. 4a) and water (Fig. 5a) both
show two thermal events at approximately 195º and 198°C.
While the two peaks are obvious in Fig. 4a, close examination
reveals that the first thermal event in Fig. 5a is represented as a
shoulder preceding the peak. The event at 195°C represents
melting of form I while the event at 198°C represents the
melting of form II. The two peaks are not completely resolved
in either thermogram, suggesting that melting of form I is
incomplete when melting of form II begins.

The powder diffractograms corresponding to these
samples (Fig. 7a and b, respectively) show many common

Fig. 9. X-ray powder diffractograms for CPX obtained from methanol (a) and water (b) after heating to
196°C then cooling to room temperature and the diffractogram for form II predicted from the single crystal
structure (p)
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peaks. Both experimental diffractograms have some peaks in
common with the predicted pattern for form II (Fig. 7p) and
some peaks that are not found in the predicted pattern (6.2º,
9.5º, and 12.5º 2θ). The aqueous sample exhibits fewer peaks
than the methanol sample, but all of the peaks in the aqueous
sample are found in the methanol sample. Both experimental
diffractograms are shifted to slightly lower 2θ values than the
predicted pattern, as expected due to the fact that the SXRD
data were collected at −183°C and the XRPD data were
collected at room temperature (24°C; 32). Predicted XRPD
patterns frequently contain more peaks than a corresponding
experimental pattern of the same pure crystalline form, as
they represent all possible peaks that may be expected from a
material irrespective of sample preparation. The predicted
pattern was calculated from the single crystal structure, which
represents a pure form. That there are additional peaks in the
experimental XRPD pattern suggests that at least one addi-
tional crystal form is present.

Melting either CPX sample to 210°C, cooling to 40°C,
then heating again resulted in two obvious thermal events
(Fig. 4b and 5b). The cause for the first peak shift to lower
temperature in Fig. 4b is unknown and has not yet been
investigated. This phenomenon is reproducible however. The
powder diffractograms corresponding to these samples
(Fig. 8a and b, respectively) are qualitatively identical. Both
diffractograms exhibit a peak at 8.5º 2θ that was not found in
Fig. 7a and b. Both Fig. 8a and b exhibit peaks at 6.2º, 9.5º
and 12.5º 2θ, in addition to the peaks that are common to the
predicted diffractogram for form II.

Heating to 196°C then cooling to 40°C resulted in a
single melting peak at approximately 198°C for both the
methanolic and aqueous CPX samples (Figs. 4c and 5c). The
corresponding powder diffractograms (Fig. 9a and b) are
qualitatively indistinguishable from each other. Further, all of
the peaks in experimental diffractograms correspond to
predicted peaks for form II.

Thus, it appears that all CPX samples produced at room
temperature represent mixtures of form I and form II. The
difference between samples obtained from water and meth-
anol appears to be the proportion of the two crystal forms
present. Based on DSC and XRPD, the aqueous sample
contains a lower proportion of form I than the methanolic
samples, but it cannot be considered as representing pure
form II due to the thermal event at 195°C (Fig. 5a) and the
XRPD peaks at 6.2º and 12.5º 2θ (Fig. 7b). CPX obtained
frommethanol appears to contain a greater proportion of form
I, and DSC and XRPD corroborate the presence of a mixture
in this sample also. Heating either sample to 196°C appears to
convert the mixture to essentially pure form II. This conclusion
is based on analysis of the DSC thermograms and XRPD
diffractograms. Figures 4c and 5c exhibit a single melting
endotherm at approximately 198°C. Figures 9a and b show that
the XRPD diffractograms are qualitatively indistinguishable
from each other and from the predicted diffractogram for form
II. Heating to 196°C thus appears to result in melting of the
form I crystals present in the sample, followed by crystalliza-
tion as form II when the sample is cooled to 40°C.

The physical basis for the difference between CPX
obtained from water and methanol may be related to the
kinetics of crystallization. CPX crystallization from water was
rapid as the solubility was decreased by the addition of HCl

to an alkaline solution of CPX. Crystallization was complete
within seconds of neutralization to pH7. CPX crystals
obtained from methanol were formed in a relatively slow
process, requiring at least several hours. Unfortunately, the
inability to generate pure form I crystals precludes the precise
quantitation of forms present in the mixtures generated at
room temperature.

In summary, CPX is practically insoluble in the physio-
logically relevant pH range and does not appear to be
amenable to oral delivery using traditional formulation
approaches. Prodrugs or analogs of CPX with enhanced
water solubility appear to be more likely to provide effective
oral delivery.

CONCLUSION

The water solubility of CPX at pH7 is approximately
15.6 μM. Increasing pH or addition of surfactant solubilizing
agents result in greater apparent water solubility. CPX
appears to exist in two crystal forms, one of which has been
isolated in pure form. CPX samples recrystallized at room
temperature represent mixtures of the two crystal forms.
Careful analysis of the data suggests that CPX may not be
amenable to the traditional formulation approaches for
effective oral delivery.
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