
Dissolution Behavior of a Poorly
Water Soluble Compound in the
Presence of Tween 80

Linna R. Chen,1 James A. Wesley,1,2

Shobha Bhattachar,1 Bienvenido Ruiz,1

Korey Bahash,1 and Suresh R. Babu1

Received January 15, 2003; accepted February 3, 2003

Purpose. To investigate the mechanism by which Tween 80 impedes
the dissolution of CI-1041, a poorly water-soluble compound in its
free form.
Methods. Bulk powder and intrinsic dissolution (ID) of CI-1041 in 0.1
N HCl with various concentrations of Tween 80 were conducted. The
residual solids of the dissolution experiments were characterized. The
surface tension and the critical micellar concentration (CMC) of
Tween 80 in 0.1 N HCl were determined.
Results. CI-1041 underwent solvent mediated conversion to its chlo-
ride salt (CS) in 0.1 N HCl. The coating of the CS on the surface of
the CI-1041 pellet decreased the ID rate 20 to 30 fold. When the
Tween 80 concentration in 0.1 N HCl was below 0.5 mg/ml, the CS
formation rate increased with increasing Tween 80 concentration.
Above 0.5 mg/ml of Tween 80 in 0.1 N HCl, opposite trend was
observed. The change in trend at 0.5 mg/ml Tween 80 coincided
approximately with the CMC of Tween 80 in 0.1 N HCL.
Conclusions. The authors propose the following mechanism medi-
ated by Tween 80. Below CMC, reduced surface tension caused by
addition of Tween 80 increases the rate of nucleation of insoluble CS,
causing the formation of CS on the surface of the CI-1041 free form.
This, in turn, decreases the dissolution rate by decreasing the release
of compound into solution. Above CMC, the effect of reduced sur-
face tension on the CS nucleation and therefore its formation may be
negated by other factors, such as an increase in viscosity or adsorption
of surfactant on the crystal surface.
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INTRODUCTION

For an orally administered drug to be bioavailable, it
needs to be first dissolved in the gastrointestinal (GI) fluid
and subsequently absorbed into the blood stream through the
GI mucosa. Frequently, dissolution is the rate-limiting step in
the absorption of drugs with moderate to poor solubility. To
enhance the rate of drug dissolution, for the purpose of en-
hancing drug bioavailability, surfactants are commonly incor-
porated into solid dosage forms. Surfactants enhance disso-
lution by (a) lowering the surface tension, which aids in dis-
placing the air phase with the advancing liquid phase at the
solid drug surface and effectively increase the surface area
available for dissolution (1), or by (b) increasing drug solu-
bility above the critical micellar concentration (CMC).

Tween 80 is a surfactant commonly used in solid oral

dosage forms. Tween 80 was included in the CI-1041 capsule
formulation because poor powder wettability was suspected
to be the cause of slower dissolution rate for formulations
containing milled drug compared to that containing unmilled
drug. Tween 80 however, was found to decrease the rate and
the extent of capsule dissolution in 0.1 N HCl.

CI-1041 (PD196860, 6-[[2-[4-[4-fluorophenyl) methyl]-1-
piperidinyl]ethyl]sulfinyl]-2(3H)-benzoxazolone, Fig. 1), a
subtype selective (NR1/NR2B) N-methyl-D-aspartate
(NMDA) antagonist, was developed as an oral adjunct to
levodopa and carbidopa for the treatment of idiopathic Par-
kinson’s disease by Pfizer Global Research and Development
(New York, NY, USA). It is a nonhygroscopic crystalline
solid containing the racemic mixture of the free form. CI-1041
has an intrinsic solubility of 0.003 mg/ml, log P of 2.62 and
experimental pKa of 7.7. CI-1041 is ionized at pH 1 and the
solubility of the base was measured to be greater than 18.6
mg/ml. The exact solubility of the base was not determined at
pH 1 because of the fast conversion to its CS. The solubilities
of CI-1041 are: >18.6 mg/ml in 0.1 N HCl, 2.3 mg/ml in pH 4.0
sodium acetate buffer, 0.002 mg/ml in pH 7.4 sodium phos-
phate buffer, 0.094 mg/ml in pH 10.0 sodium borate buffer,
and 30.3 mg/ml in 0.1 N NaOH. The solubility of CI-1041 in
0.1 N HCl was approximately determined because the drug
precipitated out of solution very quickly. The solubility pro-
file of CI-1041 dictates that fairly complete drug dissolution in
the stomach is required to achieve good absorption. Beyond
the stomach, CI-1041 is expected to be poorly soluble in the
small and large intestines and therefore less likely to dissolve
and be made available for absorption.

This research aims to investigate the mechanism by
which Tween 80 affects CI-1041 dissolution in 0.1N HCl. This
will aid in the development of a CI-1041 formulation of good
bioavailability. In addition, because Tween 80 is commonly
used in oral solid formulations, the understanding of the in-
teraction between Tween 80 and CI-1041 will guide formula-
tion development of chemically similar compounds.

MATERIALS AND METHODS

Materials

CI-1041 (>98% pure) was received as a highly crystalline
powder and milled to achieve particle sizes of less than 20 �m.
Tween 80 was purchased from Croda (Parsippany, NJ, USA).
HCl (analytical grade) was purchased from either Mallinck-
rodt (Paris, KY, USA) or VWR (West Chester, PA, USA).
Deionized and distilled water was purchased from Ricca
Chemical Company (Arlington, TX, USA).

Capsule Dissolution

Dissolution of capsules containing 0 and 3% w/w Tween
80 was carried out using USP Apparatus 2 (Distek, Model
2100) (2) in 900 ml of 0.1 N HCl at 37°C. Paddle speed was
maintained at 50 rpm. Capsules were prepared by mixing
Tween 80 with a pre-blend of CI-1041, microcrystalline cel-
lulose, lactose, croscarmellose sodium, magnesium stearate,
and silicon dioxide. The dissolution media was pumped
through a 0.1 cm flow cell using a peristaltic pump (Hewlett
Packard, Model 8902A) and analyzed at � � 250 nm at time
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intervals of 15 min using a UV-Vis spectrophotometer (Hew-
lett Packard, Model G1103A). Data analysis was carried out
using UV/Vis ChemStation software package (Hewlett Pack-
ard, Version 4.0).

Bulk Drug Powder Dissolution

Bulk CI-1041 powder dissolution in 0.1 N HCl containing
0 or 1 mg/ml Tween 80 was conducted at ambient tempera-
ture (23°C). CI-1041 powder (500 mg) was suspended in 20 ml
of the dissolution medium while stirring was applied using a
magnetic stir bar. The concentration of drug in the solution
phase was monitored as a function of time. At each sampling
point, 0.5 ml of the suspension was withdrawn, filtered
through 0.45 �m Nylon filter, diluted appropriately and as-
sayed using a UV/Vis spectrophotometer at � � 250 nm. The
solid phase remaining after 60 min of dissolution was charac-
terized by powder X-ray diffraction (PXRD), Fourier trans-
form infrared spectroscopy (FTIR), and elemental analysis.

Intrinsic Dissolution

The intrinsic dissolution of CI-1041 in 0.1 N HCl con-
taining 0 to 2 mg/ml of Tween 80 was conducted at 37°C.
Circular drug pellets (d � 1.1 cm) were made by compressing
200 mg drug powder in a stainless steel die using a hydraulic
press (Carver, Model 3912) at a pressure of 1000 psi and a
dwell time of 60 s. The pellet, while inside the die, was cen-
tered and leveled with a bubble leveler at the bottom of a
1-Liter dissolution vessel (Distek, Model 2100). The pellet
surface that was flushed against the surface of the die faced
upwards. The opposite surface was sealed from the dissolu-
tion medium with Para film. The distance between the bottom
surface of the paddle to the top surface of the pellet was fixed
at 3.8 cm. With the paddle stirring at 50 rpm, 900 ml of the
dissolution medium that was preconditioned to 37°C was
poured carefully into the dissolution vessel at the start of the
experiment. The dissolution media was continuously circu-
lated through a flow cell using a peristaltic pump (Hewlett
Packard, model 8902A) and analyzed every 30 s using UV-Vis
spectrophotometry (Hewlett Packard, Model G1103A) at
� � 250 nm. The data were analyzed using the kinetic module
of the UV/Vis ChemStation software package (Hewlett Pack-
ard, Version 4.0).

Surface Tension Measurement

The surface tension of 0.1 N HCl solution containing
various concentrations of Tween 80 was measured using a
Cenco DuNouy tensiometer (Fisher Scientific, Model 20).
The solution was preconditioned to 37°C. The critical micellar
concentration (CMC) was determined as the concentration
above which no further decrease in surface tension was ob-
served.

Physical Characterization

Powder X-Ray Diffraction (PXRD)

The powder X-ray diffraction patterns of solids were ob-
tained using a powder X-ray diffractometer (Rigaku, Model
RAD-3C). The samples were ground slightly using an agate
mortar and packed into a 0.2 cm deep quartz cell. The con-
ditions of measurement were as follows: Cu target, graphite
monochromator, 40 kV, 40 mA, step size 0.12° 2-theta, scan
rate of 5° 2-theta/min over 3°–50° 2-theta range.

Fourier Transform Infrared Spectroscopy (FTIR)

Approximately 0.5 to 1 mg of drug sample was mixed
with 200 mg of KBr (Aldrich Chemical, FTIR grade) and
compressed into a pellet at 2000 psi for 30 s. The IR spectra
were recorded using a FTIR spectrophotometer (Nicolet,
Model Protégé 460).

Elemental Analysis

Elemental analyses of the solid phases were conducted
by Quantitative Technologies (Whitehouse, NJ, USA). Car-
bon, hydrogen, and nitrogen contents were determined using
a CHN elemental analyzer (Perkin Elmer, Model 2400).
Chlorine and sulfur contents were also determined by titra-
tion.

RESULTS AND DISCUSSION

The dissolution results of CI-1041 200-mg strength cap-
sules in 0.1 N HCl at 37°C are given in Fig. 2. Tween 80 was
shown to have an overall impedance effect on the rate and
extent of CI-1041 capsule dissolution. At the end of the 120
min dissolution experiment, the extent of dissolution was
smaller (82.3%) for capsules that contained Tween 80 com-
pared to those containing no Tween 80 (96.5%). Student t test
analysis (3) reveals that the amount of CI-1041 dissolved at
45, 60, 90, and 120 min was statistically different (p < 0.05) for
formulations containing 0% and 3% Tween 80. Additionally,
during the course of the experiment, the dissolution media
gradually turned slightly milky. This suggests the possibility of

Fig. 1. Molecular structure of CI-1041.

Fig. 2. Dissolution of CI-1041 200-mg strength capsules containing 0
and 3% w/w Tween 80 in 0.1 N HCl at 37°C (n � 3).
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a new solid phase formation. However, the process is faster
for capsules containing Tween 80.

One possible explanation for this observed impedance
effect is that Tween 80 facilitates the solvent mediated trans-
formation of CI-1041 to a less soluble solid phase during dis-
solution. CI-1041, a weak base, can ionize and potentially
precipitate, as CS due to the presence of chloride ions in the
dissolution medium. The CS salt is less soluble in 0.1 N HCl
than the free form. Phase transformation to a less soluble
solid phase on the surface of the original solid phase during
dissolution has been reported to impede the solid dosage
form dissolution and affect drug bioavailability (4). Dissolu-
tion is the net result of solubilzation of the original solid phase
and the formation of a less soluble solid phase. The faster the
formation of the less soluble solid phase, the slower the over-
all dissolution rate. In cases where the less soluble solid phase
forms on the surface of the original solid phase, the dissolu-
tion rate decreases to approach that of the less soluble solid
phase as the surface CS coverage increases. Tween 80 may
have increased the rate of CS formation by increasing the
nucleation rate of chloride salt. Classic nucleation theory pre-
dicts that crystal nucleation increases with decreasing inter-
facial tension (5,6).

We therefore proposed the following hypotheses regard-
ing the effect of Tween 80 on CI-1041 dissolution: (1) In 0.1 N
HCl, CI-1041 ionizes and undergoes a solvent mediated phase
transformation to form its less soluble CS, and (2) Tween 80
increases the rate of CS nucleation by decreasing the interfa-
cial tension, thereby increasing the formation of CS and de-
creasing the rate of capsule dissolution.

To test the first hypothesis, bulk dissolution in 0.1 N HCl
containing 0 and 1 mg/ml Tween 80 was performed. The for-
mation of CS was confirmed by characterizing the residual
solid using PXRD, FTIR, and elemental analysis.

The concentration-time profiles of bulk CI-1041 powder
dissolution in 0.1 N HCl are given in Fig. 3. In the absence of
Tween 80, CI-1041 concentration rises rapidly to a maximum
of 18.6 mg/ml at 2 min, then decreased rapidly to 5.3 mg/ml at
10 min, and eventually leveled to 2 mg/ml at 60 min, repre-
senting the solubility limit of the CS. In the presence of
Tween 80, similar drug concentration-time profile is ob-
served, and the drug concentration also reaches its maximum

of 18.6 mg/ml at 2 min. The drop in drug concentration after
reaching its maximum, however, is faster when Tween 80 is
present. No change in the UV/Vis spectrum was observed
during dissolution. Stability studies showed CI-1041 to be
stable in 0.1 N HCl during the course of this experiment.
Therefore, the drop in CI-1041 concentration cannot be ex-
plained by chemical degradation. Possible pH change, caused
by solubilizing, 18.6 mg/ml of drug is also not great enough to
cause a drastic decrease in drug solubility and cannot account
for such a steep drop in drug concentration.

Physical characterization of the residual solids from the
bulk dissolution showed that CI-1041 forms CS in 0.1 N HCl
in the presence or absence of Tween 80. The PXRD patterns
and the FTIR spectra are given in Figs. 4, and 5 respectively.
The PXRD shows that the residual solids from both dissolu-
tion media are identical and are different from the starting
physical state of CI-1041. The IR peaks are assigned based on
published literature on related molecules (7,8). The greatest
differences between the residual solids from bulk dissolution
and the starting CI-1041 are observed in the C-N stretch re-
gion between 1200 and 1300 cm−1. The residual solids exhibit
three sharp peaks while the starting CI-1041 exhibits two
sharp peaks. These peaks are assigned to the C-N bond in the
piperidine ring. The restricted motion of the cyclic C-N bond
causes its IR peaks to be sharp. IR absorption changes in this
region support the premise that salt or complex formation
occur near the piperidine amino group. This is also supported
by elemental analysis, which shows a 1:1 CI-1041 to HCl stoi-
chiometry for the residual solids formed in the presence and
absence of Tween 80.

To test the second hypothesis that Tween 80 increases
the rate of CS nucleation by decreasing the interfacial tension,
the intrinsic dissolution of CI-1041 in 0.1 N HCl was per-
formed. The rate of CS formation was determined from the
intrinsic dissolution profile and plotted as a function of Tween
80 concentration. When solvent mediated solid phase trans-
formation occurs, the new solid phase forms on the surface of
the original solid, and the intrinsic dissolution rate changes
gradually from that of the original solid phase to that of the
new solid phase (9–11). The rate of the CI-1041 CS formation

Fig. 3. Bulk Dissolution of CI-1041 in 0.1 N HCl at 23°C in the
presence and absence of Tween 80 (n � 3).

Fig. 4. Powder X-ray diffraction patterns of (a) CI-1041 free form,
(b) residual solids from bulk dissolution in 0.1 N HCl, and (c) residual
solids from 0.1 N HCl with 1 mg/ml Tween 80.
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(conversion rate) can be estimated from the intercept of the
extrapolations from the two linear regions of the intrinsic
dissolution rate profile (Fig. 6). Because concentration of
drug in solution is high and the authors observed rapid rate of
crystal growth once nucleation occurs, for ease of computa-
tion, the rate of CS nucleation was assumed to approximate
the rate of CS formation.

Example intrinsic dissolution profiles are given in Fig. 6.
The CI-1041 free base intrinsic dissolution profile exhibits
two linear segments for all concentrations of Tween 80. The
slope of the initial linear segment is steeper than the final
linear segment of the dissolution profile. Visual examination
of the dissolution pellet showed no chipping and that the
constant dissolution surface area of the pellet were approxi-
mately maintained. The drug pellet left in the sample holder
at the end of the dissolution experiment was characterized by
PXRD, and FTIR and showed the formation CI-1041 CS on
the surface of the free base. This in situ conversion from
CI-1041 free base to its CS during dissolution is substantiated
by the fact that the intrinsic dissolution rate of the CS is
similar to the final intrinsic dissolution rate of the free base as
also illustrated in Fig. 6.

The plot of the time required for the formation of the CS

on the pellet surface (conversion time), which approximates
the time required for nucleation according to our assumption,
is given in Fig. 7. The time required for the CI-1041 to convert
to its CS during ID ranged from 6–15 min. This time is fast
enough to have a significant effect on the dissolution of the
capsule formulation. The conversion time, and therefore the
nucleation time, statistically decreased (p < 0.05) when com-
paring the 0 mg/ml and 0.5 mg/ml Tween 80 concentrations
and then statistically increased (p < 0.05) when comparing the
0.5 mg/ml and 2 mg/ml Tween 80 concentrations. Statistical
analysis was performed using the Students t test (3). The non-
parametric Wilcoxon Rank-Sum test (12) statistical analysis
was also performed to allow for potential non-normal distri-
bution of the data and a sample size of 3–6. This treatment of
the data again demonstrated a statistical difference (p < 0.05)
between the 0 mg/ml and 0.5 mg/ml Tween 80 concentrations
and between 0.5 mg/ml and 2.0 mg/ml Tween 80 concentra-
tions (p < 0.05). Therefore, the trend of decreasing conversion
time as the Tween 80 concentration is increased to 0.5 mg/ml
and the trend of increasing conversion time at Tween 80 con-
centrations above 0.5 mg/ml is shown to be statistically sig-
nificant. As noted in Fig. 7, a minimum conversion time or
nucleation time was observed at the Tween 80 concentration
of 0.5 mg/ml. This minimum, corresponding to a maximum in
the rate of nucleation and conversion to CS, coincides ap-
proximately with the critical micelle concentration (CMC) of
Tween 80, 0.3 mg/ml, determined using surface tension mea-
surements (Fig. 8). This supports our second hypothesis. Be-
cause surface tension reduces with increasing surfactant con-
centration up to the CMC, it is plausible that the maximum
nucleation rate occurs at around CMC. Others have also
shown that surface active agents can increase nucleation rate
by decreasing surface tension up to the CMC (13,14). The
increase in conversion time >0.5 mg/ml Tween 80 concentra-
tion may be explained by other effects, such as decreased
nucleation and crystallization rates resulting from an increase
in viscosity (15) or decreased crystallization rate due to ad-
sorption of Tween 80 on the crystal surface (16).

CONCLUSIONS

CI-1041 was found to undergo solvent mediated trans-
formation to its CS during dissolution in 0.1 N HCl. The CS is

Fig. 5. Fourier transform infrared spectra of (a) CI-1041 free form,
(b) residual solids from bulk dissolution in 0.1 N HCl, and from (c) 0.1
N HCl with 1mg/ml Tween 80.

Fig. 6. Representative intrinsic dissolution profiles of CI-1041 and its
chloride salt in 0.1 N HCl.

Fig. 7. Plot of time required to convert CI-1041 free form to chloride
salt, in 0.1 N HCl at 37°C, as a function of Tween 80 concentration
(n � 3–6).
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less soluble in 0.1 N HCl than the starting free form because
of the common ion effect. Tween 80 was found to facilitate
this transformation to the less soluble CS and have a negative
effect on the CI-1041 dissolution. Intrinsic dissolution in 0.1 N
HCl shows at low concentrations of Tween 80 (<0.5 mg/ml),
the rate of conversion to the CS increases with increasing
Tween 80 concentration. This trend is reversed at Tween 80
concentration >0.5 mg/ml. The CMC of Tween 80, deter-
mined from surface tension measurements, coincides approxi-
mately with the Tween 80 concentration of 0.5 mg/ml, at
which the maximum rate of CS formation and therefore
nucleation occurs. This suggests that the mechanism by which
Tween 80 impedes CI-1041 dissolution below CMC is through
reducing surface tension and increasing CS nucleation and
thus increased rate of formation of the less soluble CS. Above
CMC, other opposing effects such as increases in viscosity and
adsorption of surfactant on the crystal surface may have ne-
gated the effect of decreasing surface tension on the rate of
CS formation.
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