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recording chamber containing the culture medium and
loaded with the Ca*"-sensitive fluoroprobe Fluo 3 or Indo
1 and/or the membrane staining fluoroprobe PKH67 or
PKH26 (Sigma-Aldrich, St.Louis, MO, USA). The
Ca*-sensitive probes were loaded using the acetoxy-
methyl derivative Fluo 3-AM or Indo 1-AM (Dojin,
Kumamoto) at a concentration of 10 uM. The membrane
probes were dissolved in the loading buffer supplied by
the manufacturer and applied to the cells at a final
concentration of 5 uM. Then the coverslips with cells
were placed in a chamber on the stage of the inverted
microscopes and perfused with the normal culture
medium as described above to washout the excess
fluorescent probes. In the case of hyposmosis under the
Ca”-free extracellular condition, the cells were treated
with Ca*" free solution from 30 min before hyposmosis.
All the experiments were performed at 37°C.

Confocal imaging of membrane-labeled MDCK cells
was performed with LSM510 as in our previous study
(10) or with LSMS5 LIVE (Carl Zeiss, Jena, Germany).
The cells were excited at 488 or 543 nm from an Ar”
laser and the emission at wavelengths between 500 and
530 nm or longer than 560 nm, respectively, was de-
tected by photo multipliers. The data obtained were as-
sembled into three-dimentional or two-dimentional (x-z)
images. The objective used was Plan-Apocromat
63x/1.4 NA oil immersion (Carl Zeiss).

Changes in intracellular Ca®* concentration of MDCK
cells loaded with Indo 1 were determined by epifluores-
cent microscopy. The microscope was 1X-70 (Olympus,
Tokyo) and the objective was UApocromat 40x/340
water immersion (Olympus). The cells were excited at
360 nm from a Xenon lamp and the emission bands, 395
to 415 nm and 470 to 490 nm, were separated (W-VIEW
system; Hamamatsu Photonics, Hamamatsu), detected
by a high-speed cooled CCD camera (C6790,
Hamamatsu Photonics), and ratioed after correction of
background fluorescence. (Aquacosmos software,
Hamamatsu Photonics) as in our previous studies (11,
12).

The osmolarity of the basic culture medium was
300 mOsm as determined by a freezing point-based
osmometer. The NaCl concentration was reduced by
100 mM in the hyposmotic media, whose osmolarity
was confirmed to be 100 mOsm. After the cells were
equilibrated for 30 min in normal or Ca*-free medium
in the absence or presence of 1uM thapsigargin, the
perfusate was changed from to the hyposmotic medium.

All data are expressed as means + S.E.M. Data were
analyzed by one-way analysis of variance followed by
Dunnett’s multiple test, and a P value less than 0.05
was considered statistically significant.

The cell membrane was clearly stained with the

fluorescent dye PKH67 and the hyposmosis-induced
cell swelling could be visualized in three-dimensional
images (Fig. 1A). Simultaneous staining of the cells with
PKH26 and Fluo 3 enabled simultaneous measurement
of cell volume and cytoplasmic Ca** (Fig. 1: B and C).
Hyposmosis induced a transient increase in cell volume,
which peaked at 3 — 10 min and gradually decreased to
the reach initial value within about 20 min. The Fluo 3-
fluorescence showed a triphasic change: an initial
decrease was followed by a transient increase that
peaked at 3 — 10 min, and finally a sustained decrease
was observed. The late decrease in cell volume, as well
as the transient rise in Fluo 3-fluorescence, was partly
reduced in Ca%-free extracellular media, and it was
abolished by pretreatment of the cells with thapsigargin.

To analyze the changes in cytoplasmic Ca®>" and cell
volume upon hyposmotic challenge more quantitatively,
the Ca®* concentration was measured by epifluorescent
microscopy (Fig. 2: A and B) and the ratiometric probe
Indo 1, and the cell volume was analyzed from x-z
sections with confocal microscopy (Fig.2C). The
possible decrease in intracellular Ca?* mentioned above
could not be observed in Indo 1-loaded cells (Fig. 2A),
which indicates that the observed decrease in Fluo 3-
fluorescence could be the result of dye dilution as a
result of cell volume increase. The increase in cyto-
plasmic Ca® was partially reduced in Ca>*-free extra-
cellular media and was significantly abolished by pre-
treatment with 1 uM thapsigargin. The increase in cell
volume after hyposmotic challenge was affected neither
by the absence of extracellular Ca** nor by pretreatment
with thapsigargin (Fig.2C). The volume decrease
following the initial swelling was significantly reduced
by pretreatment with 1 uM thapsigargin (P<0.01) irre-
spective of the presence or absence of extracellular Ca>
during measurement. The decrease in cell volume
expressed as a percentage of the initial increase in each
cell was 89.1 £+4.1% in control cells, 74.4 +14.9%
under Ca?-free extracellular media, 14.12+11.2%
in thapsigargin-pretreated cells, and 23.317.2% in
thapsigargin-pretreated cell under Ca**-free extracellular
media (data from 13 — 16 cells for each group).

The effect of treatment with Ca**-free extracellular
solution on intracellular releasable Ca** was evaluated
with caffeine. The cells were treated with Ca*-free
extracellular solution for different time periods and
then 20 mM caffeine was applied. The caffeine-induced
peak Ca” concentration after treatment with Ca*'-free
extracellular solution for 0, 10, 30, and 60 min was
722.0+£50.5, 410.0 £65.3, 262.6+23.7, and 140.8 +
23.0nM (data from 20 cells for each group), respec-
tively.

Application of hyposmotic shock to the MDCK cells
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Fig. 1. Changes in cell volume and cytoplasmic Ca** during hyposmotic shock. A: Typical three-dimensional images of MDCK
cells under normal osmolarity (a) and at the peak of cell swelling under the hyposmotic condition (b). The cell membrane
was stained with PKH67 and excited at 488 nm. Images were obtained with the line-scan mode of LSM5 L/VE. Each X-y image
~swenw. i @ single confocal plane was obtained in 56.6 ms, and the distance between confocal planes in the z-direction was 0.6 um. A
total of 52 confocal planes were scanned in 2.9 s to construct each 3-d image. B: Typical x-z images of MDCK cells untreated
(a, b, c) and pretreated with 1M thapsigargin (d, e, f). The images were obtained under normal osmolarity (a, d), at 5 min
after hyposmotic shock (b, €), and at 30 min after hyposmotic shock (c, f). The cells were stained with the membrane probe
PKH26 and the Ca® probe Fluo 3 and excited at 543 and 488 nm consecutively under the multi-track mode of LSM510. The
fluorescence of PKH26 and Fluo 3 were shown in red and green, respectively, and merged. The horizontal bar indicates 10 um.
C: Typical time course of changes in cell volume and cytoplasmic Ca?". The area of the cell in x-z sections was used as an index
of cell volume, which was expressed as a percentage of the value under normoxic condition. Fluo 3-fluorescence was also

normalized with the value under normal osmolarity (time zero).

induced an increase in cell volume followed by a
decrease towards the initial value under persistent
hyposmolarity, a process known as regulatory volume
decrease. The initial swelling was accompanied by an
increase in cytoplasmic Ca® concentration, a pheno-
menon observed in this cell line by other investigators
(6, 7) and also in other cell lines of renal epithelial
origin (8). This increase in cytoplasmic Ca** was partly
reduced under Ca**-free extracellular solution. Although
the simplest interpretation is that the increase in Ca®*
resulted from activation of Ca?* influx across the cell

membrane (6), involvement of intracellular Ca®* release
cannot be excluded because treatment of cells with Ca?*-
free solution often results in depletion of intracellular
Ca®™ store sites. In fact, the present experiments with
caffeine proved that intracellular Ca*® was indeed
gradually decreased during treatment with Ca?*-free
extracellular solution under the present experimental
conditions: the releasable intracellular Ca** was de-
creased by more than 60% after 30 min. Furthermore,
the hyposmosis-induced rise in cytoplasmic Ca®** was
completely inhibited by thapsigargin, which is widely
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Fig.2. Cell volume and cytoplasmic Ca®* during hyposmotic shock.
A: Typical time course of changes in intracellular Ca™ concentration
calculated from Indo I fluorescence ratio in control cells (open
circles) and cells pretreated with 1 uM thapsigargin (closed circles).
Hyposmotic shock was applied at time zero. B: Summarized results
for .the .peak and steady state intracellular Ca® concentration in
Indo I-loaded cells under normal condition (control: open columns),
under Ca’'-free condition (gray columns), in cells pretreated with
thapsigargin (hatched columns), and in cells pretreated with
thapsigargin under Ca?-free condition (closed columns). Data are
presented as the mean + S.E.M. from 25 -31 cells. C: Summarized
results for the peak and steady state cell volume in cells labeled
with PKH67 under normal condition (control: open columns),
under Ca®*-free condition (gray columns), in cells pretreated with
thapsigargin (hatched columns), and in cells pretreated with
thapsigargin under Ca>-free condition (closed columns). Cell
volume was expressed as a percentage of the initial value before
hyposmotic shock. Data are presented as the mean + S.E.M. from
13 - 16 cells. Asterisks indicate significant difference from control
values, P<0.05.

used as a depleter of the endoplasmic reticulum Ca*
store (Figs. 1 and 2). This indicates that release from
intracellular store sites largely contributes to the
hyposmosis-induced rise in cytoplasmic Ca>* concentra-
tion. Concerning the mechanisms triggering the Ca*
release, one of the possibilities is the IP3-induced release
from the endoplasmic reticulum. Stimulation by agonists

of MDCK cells was reported to result in production
of inositol phosphate and release of Ca** from intra-
cellular stores (13). Translocation of phospholipase C
following hyposmotic shock was also observed in
MDCK cells, which may be a mechanism to trigger Ca®*
release from the endoplasmic reticulum through produc-
tion of IP3 (14).

Although the details of the regulatory volume
decrease mechanism remains to be investigated, many
reports suggest the involvement of osmolyte efflux
through potassium and chloride channels. Some
researchers postulate that these channels are activated by
the decrease in intracellular ionic strength on swelling
(15). On the other hand, these ion channels are activated
by an increase in intracellular Ca** concentration. In
the present study, the magnitude of the volume decrease
under different conditions correlated with the magnitude
of the transient increase in cytoplasmic Ca** concentra-
tion. This indicates that the increase in cytoplasmic Ca®*
concentration plays a significant role in the regulatory
volume decrease following hyposmotic shock in MDCK
cells.

In conclusion, the present results suggested that Ca®*
released from the intracellular store contributes to the
regulatory volume decrease following hyposmotic
swelling in MDCK cells.
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Miscibility of Nifedipine and Hydrophilic Polymers as Measured by
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The miscibility of a drug with excipients in solid dispersions is considered to be one of the most important
factors for preparation of stable amorphous solid dispersions. The purpose of the present study was to elucidate
the feasibility of '"H-NMR spin-Jattice relaxation measurements to assess the miscibility of a drug with excipi-
ents. Solid dispersions of nifedipine with the hydrophilic polymers poly(vinylpyrrolidene) (PVP), hydroxypropyi-
methylcellulose (HPMC) and a,B-poly(N-5-hydroxypentyl)-L-aspartamide (PHPA) with various weight ratios
were prepared by spray drying, and the spin-lattice relaxation decay of the solid dispersions in a laboratory
frame (7, decay) and in a rotating frame (T, decay) were measured. 7, p decay of nifedipine-PVP solid disper-
sions (3:7, 5:5 and 7:3) was describable with a mono-exponential equation, whereas T,, decay of
nifedipine-PHPA solid dispersions (3:7, 4: 6 and 5: 5) was describable with a bi-exponential equatlon Because a
mono-exponential T, , decay indicates that the domain sizes of nifedipine and polymer in solid dispersion are less
than several nm, it is speculated that nifedipine is miscible with PVP but not miscible with PHPA. All the nifedip-
ine-PVP solid dispersions studied showed a single glass transition temperature (Tx)’ whereas two glass transi-
tions were observed for the nifedipine-PHPA solid dispersion (3 : 7), thus supporting the above speculation. For
nifedipine-HPMC solid dispersions (3: 7 and 5:5), the miscibility of nifedipine and HPMC could not be deter-
mined by DSC measurements due to the lack of obviously evident T,. In contrast, 'H-NMR spin-lattice relax-
ation measurements showed that nifedipine and HPMC are m|sc1blc, since 7,, decay of the solid dispersions
(3:7, 5:5 and 7:3) was describable with a mono-exponential equation. These results indicate that '"H-NMR
spin-lattice relaxation measurements are useful for assessing the miscibility of a drug and an excipient in solid

dispersions.

Key words miscibility; solid dispersion; spin diffusion; spin—lattice relaxation time; amorphous

Preparing solid dispersions of a poorly soluble drug with
water-soluble polymers is a promising method for improving
the dissolution characteristics and bioavailability of the drug.
Miscibility between a dnig and a polymer is considered to be
one of the most important factors for obtaining stable solid
dispersions.V _

Miscibility of a drug with a polymer is usually evaluated
by differential scanning calorimetry (DSC).>—® When a solid
dispersion shows a single glass transition temperature (1)
between the T, values of the drug and the polymer, the drug
and the polymer are considered to be miscible within the de-
tection limit of DSC.” This method is applicable to a solid
dispersion when 7, of the drug and the polymer can be de-
tected clearly, and the temperature ranges of the base line
suift due to glass transition do not overlap each other.

The interaction parameter ¥ of the Flory-Huggins equa-
tion provides a measure of miscibility.*® Crowly and Zografi
measured the water vapor sorption isotherm of indomethacin
solid dispersions with PVP and reported that the estimated
interaction parameter ¥ between indomethacin and PVP was
greater than 0.5, indicating that indomethacin and PVP are
immiscible in terms of  value.®’ Although this method is ex-
cellent in being able to provide a quantitative measure of
miscibility, it may be difficult to apply to unstable amorphous
drugs, which crystallize during measurement of water vapor
sorption.

A method that can be used as an alternative to DSC or
measurement of the interaction parameter y is analysis of the

'H spin-lattice relaxation process of solid dispersions, which

* To whom correspondence should be addressed.  e-mail: aso@nihs.go.jp

has been reported in the fields of polymer alloy and polymer
blends. If two polymers are miscible, the relaxation decay of
the mixture is describable by a mono-exponential equation,
whereas if they are not miscible, relaxation decay is describ-
able by a bi-exponential equation.'%!"

In this paper, the feasibility of 'H spin-lattice relaxation
measurements for evaluating the miscibility of a drug and
polymers in solid dispersions was studied. Nifedipine solid
dispersions with PVP, HPMC and a,B-poly(N-5-hydroxy-
pentyl)-L-aspartamide (PHPA) were used as model solid dis-
persions, and the miscibility measured by 'H-NMR was com-
pared with that measured by DSC. The dissolution profiles of
nifedipine from PVP solid dispersions were compared with
those from PHPA solid dispersions to discuss the effects of
miscibility on the dissolution rate of nifedipine.

Theory 'H spin-lattice relaxation rates of respective
spins in a solid are usually averaged by a process called spin
diffusion. Spin diffusion is the equilibration process of polar-
izations of spins at different local sites through mutual ex-
change of magnetization. 'H spin-lattice relaxation decay for
a single-phase solid is describable by a mono-exponential
equation with a relaxation rate that is averaged by spin diffu-
sion. When a solid consists of two phases, the spin—lattice re-
laxation decay is describable by a mono-exponential or a bi-
exponential equation depending on both the domain size of
each phase and the effective diffusion length (L). L is ex-
pressed as follows:

L=~6D: n

© 2007 Pharmaceutical Socicty of Japan
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where D is the spin diffusion coefficient, and ¢ is the diffu-
sion time. D is a function of the distance between neighbor-
ing proton spins and spin-spin relaxation time (75,), and is re-
ported to be approximately 10™'?cm?s™" for organic poly-
mers. Typical spin-lattice relaxation time in a laboratory
frame (7)) and that in a rotating frame (7,,) are of the order
of 1s and 10 ms, respectively. When these values for 1 were
mserted in Eq. 1, effective diffusion lengths of approximately
50nm and 5nm were obtained for 7, and T\, respectively.
Depending on the domain size of each phase in a solid, the
following 3 cases can be expected: (1) when the domain is
smaller than about 5nm, both the spin-lattice relaxation
" decay patterns in a laboratory frame (7, decay) and in a rotat-
ing frame (T, decay) are describable by a mono-exponential
equation; (2) when the domain size is about 5 to 50 nm, the
T, decay pattern is describable by a bi-exponential equation,
whereas the 7, decay pattern is describable by a mono-expo-
nential equation; and (3) when the domain size is larger than
about 50 nm, both the T| and 7, decay patterns are describ-
able by a bi-exponential equation. When the 7, decay is de-
scribable by a mono-exponential equation, the solid can be
considered as a single phase within the detection limit of
NMR. T, and T, decay thus provide information on misci-
bility of a drug and a polymer excipient.'”

Experimental

Materials Nifedipine (N-7634), PVP (PVP-40) and HPMC (H-3785)
were purchased from Sigma (Newcastle, DE, US.A.). PHPA was synthe-
sizéd*vid polycondensation of L-aspartic acid.'”’ Phenobarbital was obtained
from sodium phenobarbital (Wako Pure Chemical Ind.. Osaka) by neutral-
ization and subsequent re-crystallization from acetone solutions as described
previously.'”! Other chemicals used were of reagent grade. Nifedipine solid
dispersions with PVP, HPMC and PHPA were prepared by a solvent evapo-
ration method using a model GS-310 spray dryer (Yamato, Tokyo, Japan).
Drying conditions are summarized in Table I. The solid dispersions ob-
tained were confirmed to be amorphous from microscopic observation under
polarized light. Although the drying conditions were not optimized, 50 to
90% of the solid dispersions were obtained. Amorphous nifedipine was pre-
pared by melting and subsequent rapid cooling as reported previously.'#

DSC T, of nifedipine—PVP and nifcdipine-HPMC solid dispcrsions was
measured by modulated temperaturc DSC using a model 2920 differential
scanning.calorimeter and a refrigerator cooling system (TA Instruments,
Newcastle, DE, U.S.A.). The modulated temperature program used was a
modulation amplitude of *+0.5°C, a modulation period of 100s and an un-

- derlying heating rate of-1 °C/min. For nifedipine—PHPA solid dispersions, T,
was measured at a scanning rate of 20 °C/min using a conventional heating
program. Temperature calibration of the instrument was carried out using in-
dium.

NMR 7, decay and T,, decay were measured using a modcl JNM-
MU25 pulsed NMR spectrometer (JEOL DATUM, Tokyo, Japan). The in-
version recovery pulse sequence was used to measure T, decay. T,, decay
was measured in a spin locking field of 10 G. All measurements were carried
out at 27°C.

X-Ray Powder Diffraction X-Ray powder diffraction patterns of solid
dispersions were obtained using a model RINT-TTR Il X-ray diffractometer
(Rigaku Denki, Tokyo) with CuKa radiation (50kV, 300 mA) at a scanning
rate of 4 °C/min from 26=5° to 40°.

Nifedipine Dissolution Profile Nifedipine—PVP (3:7) and nifedipine—
PHPA (3:7) solid dispersions containing 100 mg of nifedipine were made
into disks with a diameter of 2cm at a pressure of 20kN. Each disk was
mounted on the rotor of the dissolution apparatus and the side surface of the
disk was covered with a Teflon film. The sample was rotated at a rate of
100 rpm in 900 m1 of distilled water at 37 °C. The amount of nifedipine dis-
solved was measured using a model DM-3100 solution monitor (Otsuka
Electronics, Tokyo).

Results and Discussion
Figure 1 shows typical 7| and T, decay patterns for the

Vo!. 55, No. 8

Table 1. Conditions of Spray Drying =
Outlet Atomizer Feeding
Drug Polymer  Solvent” temperature gas rate
(°C) (¥min) (ml/min)

Nifedipine-PHPA

0 10 A 68 7 5

3 7 A 68 7 3

4 6 A 68 7 3

5 5 A 68 7 3
Phenobarbital-PHPA

3 7 A 68 7 3
Nifedipine-PVP

0 10 A 90 \ 9 10

3 7 A 90 9 10

5 5 A 90 9 10

7 3 A 68 7 3
Nifedipine-HPMC

0 10 B 38 It 3

3 7 B 38 11 2

s 5 B 38 11 2

7 3 B 38 11 4

a) Solvent A, ethanol; solvent B, ethanol-CH,Cl, (1 : 1). Flow rate of drying gas was

adjusted to 0.5 m*/min.
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Fig. 1. T, (A)and T, (B) Decay Patterns for Amorphous Nifec:pine <),
Amorphous PHPA (A), Physical Mixture (X) and Solid Dispersions (@) of
Nifedipine and PHPA

solid dispersion and the physical mixture of nifedipine and
PHPA (3:7). T, and T, decay patterns were mono-exponen-
tial for both amorphous nifedipine and PHPA. The 7, and 7,
values of nifedipine were 5.0s and 104 ms, respectively, and
those of PHPA were 0.084s and 4.4 ms, respectively. The
physical mixture of nifedipine and PHPA (3 : 7) exhibited bi-
exponential 7, and 7, decay with the relaxation time of each
component, indicating that the particle sizes of nifedipine
and PHPA in the physical mixture are much larger than the
effective diffusion length (approximately 5 nm and 50 nm for
T,, and T, decay, respectively). In contrast to the physical
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Fig. 2. Powder X-Ray Diffraction Patterns of PHPA (A), Nifedipine-PHPA (3 : 7) (B) and Nifedipine—P VP Solid Dispersions (3 : 7) (C)

mixture, the solid dispersion (3 : 7) showed mono-exponen-
tial 7, decay, whereas bi-exponential 7, p decay. These results
indicate that nifedipine and PHPA are immiscible and that
domains 5 to 50nm in size are present in the solid disper-
sion. The nifedipine-PHPA solid dispersions (4:6 and 5:5)
and the phenobarbital-PHPA solid dispersions (3:7) also
exhibited bi-exponential 7, decay (data not shown). Figure
2 shows powder X-ray diffraction patterns of the nifedip-
ine-PHPA and nifedipine-PVP solid dispersions. The ob-
served halo pattern indicates that nifedipine in the PHPA dis-
persions is amorphous at the detection limit of powder X-ray
diffractometry. -

DSC data supported the contention that nifedipine and
PHPA are immiscible. Figure 3 shows typical DSC traces for
nifedipine-PHPA solid dispersions. The nifedipine-PHPA
solid dispersion (3:7) showed glass transition at approxi-
mately 50 °C, corresponding to the T, of amorphous nifedip-
ine, and at approximately 75 °C, indicating that there are both
an amorphous nifedipine phase and an amorphous nifedip-
ine-PHPA phase in the solid dispersion. These DSC data in-
dicate that amorphous nifedipine and PHPA are partially im-
miscible at this weight ratio. For the nifedipine—PHPA solid
dispersion (5:5), T, of the amorphous nifedipine-PHPA
phase was not clearly observed because of the detection limit
of DSC, suggesting that "TH-NMR relaxation measurements
can detect immiscibility of drugs and polymers more sensi-
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Fig. 3. DSC Traces for Nifedipine-PHPA Solid Dispersions
Arrows reprezent T,

tively than DSC. DSC data suggest that the nifedipine—PHPA
solid dispersion (3 : 7) consists of pure amorphous nifedipine
phase and amorphous nifedipine-PHPA phase. NMR data
may support this speculation. As shown in Fig. 1B, initial T, 0
decay of the solid dispersion was slower than that of the
physical mixture or pure PHPA. This slow relaxation rate of
the solid dispersion may indicate that the relaxation rate of
PHPA protons was decreased by spin diffusion with nifedip-
ine protons existing near PHPA molecules; m other words,
nifedipine-PHPA phase is considered to exist in the solid
dispersion. The effect of weight ratios on the T, decay of
nifedipine-PHPA solid dispersions needs to examine in order
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to confirm the phase structure of the solid dispersion, since
the molecular mobility of PHPA may different from that of
pure PHPA.

In contrast to PHPA, PVP and nifedipine in the solid dis-
persions (3:7, 5:5 and 7:3) were considered to be miscible
from T, relaxation and DSC measurements. Figure 4 shows
typical T, decay of the solid dispersions. All the solid dis-
persions studied exhibited mono-exponential T, p decay,
whereas physical mixtures of amorphous nifedipine and PVP
(3:7,5:5 and 7:3) exhibited bi-exponential decay (data not
shown). Figure 5 shows DSC traces for the nifedipine-PVP
solid dispersions. A single glass transition was observed for
all of the solid dispersions studied. These data indicate that
nifedipine and PVP are miscible at the detection limit of
NMR and DSC.

For nifedipine-HPMC solid dispersions, the miscibility of
nifedipine and HPMC could not be assessed from T, meas-
urements. As shown in Fig. 6, base line shift due to glass
transition was not obvious for the nifedipine-HPMC solid
dispersions (3:7 and 5:5). In contrast to DSC measure-
ments, T, relaxation measurements clearly indicated that
nifedipine is miscible with HPMC in the solid dispersions.
As shown in Fig. 7, all the nifedipine-HPMC solid disper-
sions studied showed mono-exponential 7, p decay. In con-
trast to the solid dispersions, physical mixtures of amorphous
nifedipine and HPMC (3:7, 5:5 and 7: 3) exhibited bi-expo-
nential decay (data not shown). These data indicate that
NMR can detect miscibility of a drug and an excipient more
sensitively than DSC.

Figure 8 shows the dissolution profile of nifedipine from
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Fig. 8. Dissolution Profiles of Nifedipine from Solid Dispersions with
PVP and PHPA

solid dispersions with PVP and PHPA. The nifedipine-PVP
solid dispersion exhibited rapid dissolition of nifedipine with
super-saturation. In contrast, only a minimal amount of
nifedipine was dissolved from the nifedipine—PHPA solid
dispersion.

In conclusion, 'H- NMR spin-lattice relaxation measure-
ments were found to be useful for assessing the miscibility of
a drug and excipients in solid dispersions, especially, when
T, is not clearly detected by DSC. The lower miscibility of
PHPA than that of PVP and HPMC with hydrophobic drugs
is considered due to the more hydrophilic nature of PHPA.
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39.1 XRoR#

EMEICHBWVTE, KBEOBEE, KBHBTHHIZLZHARTS. aFRIZSVTHR, BER
BEIIHSFRORABHIBEE, TORBBLERT L. FRIIUESH->TH IV (f:0~A).
DFBEOFENRLZWVIBET, THAMENEBETHIRVOBAIZL VD FREZBETCEXRZVWEBER,
BRSFERATHLTHLIV. BREFHRZEESOBESE, BEBGETFOREKEEHRTS. £,
BEFHEBIELIAAEEEESIZOWVWTE, SROEFRLHETS. BcFEARAEERRZ ST 4
ML, KoXSizm#T5.

] ~7F FHEEES 36 H110HE)
(A2, (BREER) xx () OAA (L, EEXEBERE) »o8 18807 I BREND

RBERYRTF FBFEANTHS. &, (krer, BER, Y4 b2, HERTF, V2

F, Hitk, hiREERFXIAENE) © oolEtt2ET5. ) )

(A&, SREhE IBEDT I ) BBRENLRERYRTF K FRAA)THS. ARt ((K
LNEY, BE, A bUA Y, WRETF, T7Fr, Hik, hikEERT UIEERSE) T) oo
DEREHETS. )

] ~7FFERUEABEEEER 36 H2088)
[AROXRER, RER) xx () OAA (Rl MEXINMEE) »oB8k 31 @07 I/ BR
Ehoi25 ABINF, RUSHEOT I/ BRENLRZSBH1IFHLBRENEOO (#HY
RIF EX AR (FRANTHD. KR, XBKTHSH. Xk, (Frer, B8R,
$A bUA Y, MEERTF, T2FY, bk, DEEERTXHMERS) T oottt ET5. )

] _FFFHERUVEABHEMEERS 3.6 #H308E)

Ak, (BeEEZ) xx (M) DAA (B, EEXIIBE%) »o8k4Bo7 I/ BREN,D
B3V Ta=y h2HRFNOLBERENDEOC (RYRISF FXPIEAAR) FRAATHS. X
S, (e, BB, Y4 baa Ly, ¥MRERT, U2 Fr, Hitk, HEEERFIMEENS)
T) oofElEA+5.)

) E-AQHEEESL G.6 8§14 DBE)
IRBOFEL, GRER) << () OAA (K, ERXIIBR%) N/ 49 BT I /B
ENOREEABEGFREMANTHS. XX, KBETHS. A&, (Frer, BE,
YA b4, BHMRATF, VI2F, bk, hiREERT, IHEENE) T oolEtEdH575.)

#] BEFERIRTF FERCABEEERXS
A DAL, xxDBETF(DNA Xix4" ) A DNA )5 BA LRk CELESh Doo@DT
I JBBRENLREO0 (HYRFF KXHEABE) DAFRAL)TH . &L, KBRTHS.
A&iX, ooFEHERE TS,

] BEFEBXEZABREEES
IARSOEE L, xxOBEF(CDNA Xix4 /7 L DNAKEFRALLOOMRTCELEZNDSc0flDT

I/ BRENOCRLIBIEABHEGFRHMANTHS. XKL, KBEBRTHS. &, coffl%
95
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N 34 3 ERGO BRNEEREOBH 2T 2 75 389

(#1] BEFABRIBLABRHEERS (73 BERT)
(XBDOXRL, SHABADA (TI/B) ¥V (TI/8) KBALIxx$a— F+3867F
(cDNA X 1%/ 15 DNA %) WA L= OOMMBMTEEL SN DoolDT I ) BIREN L2 BHE AR
HOFROANTHD. RiL, KBETHS. X8I, ooElLETS. )

] BETFARIBLADRIEERS (BaR)
(XGOAREIL, xx (16 #EBB) RU** (#+ 1058 HEH) % a— F4 3 BEF(cDNA
X257 ) ADNA) L BA L I-OOMB CEE SN DoofDT I ) BREN L2 581 ABEGRF

LS

BUAL)THD. Kiblt, KBETHS. Kl oolEtEsHT5. ) \

(#] BEFHRRAELLAAKEEES BEY REEXR)

(RGBT, O&&E (B : IMBHERES) RUx*0$ $8 W : EEWRUTL—AYD
—7%) Za— FT38ETF(cDNA Xi14'/ 5 DNA )2 WAL OOMBMCEA S NS cofiDT
I/ BBENOCROIHHA2HFRUooDT I/ BRENL R LH2 Y TILBBESh 2B A
BHGFREUALTHS. A&k, KRB THS. XL, coEEEHT5.]

(B BEFRBRIABHIEEER (E65E) 4
IRGBOXREIL, x<xDBEF(CDNA X125/ ADNAZ) X HA LRIk CEE SN S00flDT
L/ BBRENLRDIABRGFRALDVREIL1FTOOO B : H#Y=FLr Y Y a—n)
DAARE LIEHLAARGD FRAATHS. AKX, KBRTHD. XK, coEtEra+
5.1

] SEE
TGS, BREER) o () OAA AR AR, XEZREBH) 1o BLAA B1: ~YoF
FY95) DOOHMITLST) BlooRUOO (BE) HhbR500 Bl: 7Y/ 7Y%
v, ESFER~YY) IFROALTHD. KR, colEEHT5. ]

3.10 EHOESREE

3.10.1 REOREK
R, @, RoXHItE8T 5.
B ABEHEES BiK)
(AKGIIERTHLE, lmL B-Yo~omg DIABEYES, ABK Img M7= 9 xSl E

*&te)

3.18 HAAE
31812 Y F r XV URBORTE

T F bRV UBRRKREI, BEARERFBEFR = F b URBEAORE] RESVWTRET
5. KEL, TABRHUEEESKOFRETCI U F X UVREBREPBRETAILERHHBEITIE, BER
FMITMALBIEGECTEBHELERT S L.
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3.23 Tofh
3232 (BNIiC#ET 51 DER

ZEERERFICILELRRER L ABRAELRETD.

L L, REERZESOFBRLYET, LL2 1253 L5, £9ELKEOTREXRFHY,
REBAHK, EnEREROBHERYIZALRD LI, Fl—& B ThHhoTHORENRRLZDIZEHIT
;or.—ﬁm&ﬁwﬁﬁkﬁﬁkﬁim—WKﬂﬁsztﬁﬁbrﬁﬁ&ﬁﬁ%ﬂwﬁﬁﬁw—
SR INE<ENEZITOVTHE, BREOREITDLT, BICRETS) tiRL, BE»r-o
ERRERRABRLTEIILENTES.

RNCRET 5 Lit, %$&m§d<§ﬁmﬁﬁa¥o¢mﬁmﬁtLfﬂﬁﬁzshrwac
LEBH%T 3.

BB, ERESCRBEBICSVTRET HLERZVWEHMSH, ﬁ&%hﬁﬁén&wﬁAbﬁ
tr. -
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ABSTRACT: In order to examine the possibility of determining the molecular mobility of
hydration water in active pharmaceutical ingredient (APT) hydrates by NMR relaxation
measurement, spin—spin relaxation and spin-lattice relaxation were measured for the
11 API hydrates listed in the Japanese Pharmacopeia using pulsed 'H-NMR. For
hydration water that has relatively high mobility and shows Lorentzian decay, mole-
cular mobility as determinéd by spin—spin relaxation time (7'z) was correlated with ease
of evaporation under both nonisothermal and isothermal conditions, as determined by
DSC and water vapor sorption isotherm analysis, respectively. Thus, T2 may be
considered a useful parameter which indicates the molecular mobility of hydration
water. In contrast, for hydration water that has low mobility and shows Gaussian decay,
T, was found not to correlate with ease of evaporation under nonisothermal conditions,
which suggests that in this case, the molecular mobility of hydration water was too low to
be determined by T. A wide range of water mobilities was found among API hydrates,
from low mobility that could not be evaluated by NMR relaxation time, such as that of
the water molecules in pipemidic acid hydrate, to high mobility that could be evaluated
by this method, such as that of the water molecules in ceftazidime hydrate.

© 2007 Wiley-Liss, Inc. and the American Pharmacists Association J Pharm Sci 9999:1-11, 2007
Keywords: NMR relaxation time; dynamics; hydrate; DSC; water vapor sorption

isotherm

INYTRODUCTION

Correlations between chemical stability and
molecular mobility have been demonstrated for
various amorphous pharmaceuticals in the solid
state.! Furthermore, the chemical stability of
active pharmaceutical ingredient (API) hydrates
is suggested to be correlated with the molecular
mobility of water of hydration present in the
crystalline structure.??
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Water molecules in API hydrates exhibit a
variety of physical states,"® suggesting a range
of molecular mobilities; water molecules incorpo-
rated into rigid crystalline structures may have
low molecular mobility, whereas less rigid struc-
tures contain water molecules with greater
mobility. Hydration water plays an important
role in determining the physical characteristics—
such as solubility® and flowability—of the API
hydrate. Therefore, an understanding of the
physical properties of hydration water, such as
molecular mobility, is critical in the formulation of
API hydrates.

The molecular mobility of water in solids may
be determined by various methods, such as die-
lectric relaxation spectroscopy7 and FT-Raman .
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