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Woo-Young Lee’, Byoung-Woo Park and Yong-Sun Park

Pharmaceutical Development Labs, SamChunDang Pharma. Co., LTD., HyangNam 904-1, Korea
(Received June 16, 2005 - Accepted July 11, 2005)

ABSTRACT - Ground CS-891 (N-[1-(4-methoxyphenyl)-1-methylethyl]-3-ox0-4-aza-5a-androst-1-ene-173-carboxamide)
of poorly water soluble drug was obtained using a Heiko Seisakusho model TI-100 vibration mill, and samples with different
crystallinity were prepared at mixture ratios of 10:0, 7:3, 5:5, 3:7 and 0:10 (intact:ground CS-891). Physicochemical char-
acterizations were obtained using qualitative and quantitative X-ray diffractometry, different scanning calorimetry (DSC),
scanning electron microscopy (SEM), Quantasorb surface area analyzer, and controlled atmosphere microbalance. With
increase of amorphous CS-891 in mixture ratios, the intensities of X-ray diffraction peaks of crystalline CS-891 were
decreased, whereas surface area, water absorption, and exothermic peaks in DSC were increased. The apparent solubility
of ground CS-891 was 4.4 pig/m/ and the solubility of intact CS-891 was 3.1 pug/m/ at 37+1°C. The apparent precipitation
rates of CS-891 in a supersaturated solution during the solubility test were increased with an increase of amorphous CS-
891, and a crystalline form of CS-891 transformed from amorphous CS-891 after the solubility test was found by X-ray dif-
fraction analysis, DSC and SEM. The dissolution profiles of CS-891 with different crystallinity at 37+1°C by the USP pad-
dle method were investigated, and the apparent dissolution rate constant of ground CS-891 was about 5.9-fold higher than
that of intact CS-891. A linear relationships between the crystallinity of CS-891 and the apparent dissolution rate constant

(r>0.96) were obtained.
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N-[1-(4-methoxyphenyl)-1-methylethyl]-3-ox0-4-aza-5a-
androst-1-ene-17beta-carboxamide (CS-891), which was
developed and patented by Sankyo Co. LTD., is a potent 5a.-
reductase inhibitor that has shown limited success in men
treated for benign prostatic hyperplasia (success was defined as
decrease in the symptoms associated with urinary tract
obstruction, and as increases in the urinary flow rate). Sa-
reductase is necessary for the prostatic conversion of test-
osterone to dihydrotestosterone (DHT), the specific steroid that
stimulates prostate transitional zone growth.!> CS-891 lowers
levels of DHT, which is a major cause of prostate growth, and
leads to shrinkage of the enlarged prostate gland in most men.”
This can lead to gradual improvement in urine flow and symp-
toms over the next several months. The chemical structure, as
shown in Figure 1, is analogous to the aza-steroid finasteride.
CS-891 is freely soluble in chloroform, ethanol and methanol,
and soluble in acetone and acetonitrile, but the drug is poorly
soluble in water. Crystallinity is an important parameter which
affects the pharmaceutical properties of drug, such as dis-
solution rate, solubility, bioavailability, chemical stability,
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tabletting compression behavior and others.>'" In this paper,
we investigated the physicochemical properties of CS-891
with different crystallinity using X-ray diffractometry, DSC,
SEM, Quantasorb surface area analyzer, and controlled atmo-
sphere microbalance. The relationships between the crystal-
linity of CS-891 and the apparent dissolution rate constant, and
the water sorption isotherms were also studied as well as the
solubilities of these.

Experimental

Materials
CS-891 was provided by Sankyo Co., LTD. High perfor-
mance liquid chromatography (HPLC)-grade acetonitrile,
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Figure 1-Chemical structure of CS-891.
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monobasic sodium phosphate, and dibasic sodium phosphate
were purchased from VWR Scientific (West Chester, PA,
USA). All other reagents and solvents used were of analytical
grade.

Preparation of CS-891 with Different Crystallinity

CS-891 with different crystallinity was prepared at mixture
ratios of 10:0 (ICS100), 7:3 (ICS70), 5:5 (ICS50), 3:7 (ICS30)
and 0:10 (ICS0) (intact:ground CS-891), and stored in refrig-
erator at 4°C. CS-891 of 3 g was ground using a vibration mill
(Heiko Seisakusho model TI-100)'*'® equipped with a road
and a zirconia cell for 30 min without temperature control. The
ground CS-891 was withdrawn from the zirconia cell and
passed through a 80 mesh screen.

Powder X-ray Diffraction (XRD) Analysis

All X-ray diffraction profiles were taken at room temper-
ature with an X-ray diffractometry (RINT 2200 diffractom-
etry). The operation conditions were as follows: target, Cu;
filter, Ni; voltage 40 kV, current, 40 mA; receiving slit, 0.15
mm; time constant, 1s; counting range, 1k count per second
(Kcps); scanning speed, 4° 26/min.

Thermal Analysis

Thermal analysis of CS-891 was performed using DSC
(Rigaku Thermo Plus, DSC 8230L). Samples were placed (5-
10 mg) on an open sample pan and scanned at a rate 4°C or
10°C/min from 30 to 300°C under a flow of nitrogen gas.

Specific Surface Area

About 300-500 mg of each sample accurately weighed into
the sample cell of a surface analyzer (Quantasorb Sorption
System, Quantachrome). The specific surface area was deter-
mined by the multipoint BET method.'¥

The Controlled Atmosphere Microbalance

The water sorption isotherms were determined by the gravi-
metric method at 35°C with a controlled RH glass vacuum
assembly with a Vapor Sorption Analyzer (SGA-100, VTI
Co.). A sample of ~7 mg was suspended in the isothermal
chamber, exposed to RH from 2.5% to 95%, and monitored the
water uptake gravimetrically.

Solubility Measurement

An excess 60 mg of intact CS-891 was placed into a 50 m/
glass containers in 30 m/ of purified water. All of these were
closed with stopper, and the suspension was gently stirred for
24 hours at 37+1°C.1>'9 After equilibrium, the suspensions
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was quickly filtered through a 0.45 um membrane filter
(PVDF; Whatman) and then diluted 2-fold with a methanol.
The concentration of CS-891 dissolved was determined by
HPLC.

The apparent solubility measurement of CS-891 with dif-
ferent crystallinity was carried out by the USP paddle method
for dissolution testing.!” An excess 150 mg of each sample
was put into 300 m/ of purified water at 37+1°C, and the rota-
tion speed of paddle was 200 rpm. The concentration of CS-
891 dissolved was determined periodically with a ultraviolet
spectrophotometer connected with a flow cell system at 225
and 240 nm as an appropriate times.

Dissolution Studies

The Dissolution experiment was also performed using the
USP paddie method. Each of 10 mg of CS-891 with different
crystallinity was carefully placed into 300 m/ of purified water
of dissolution medium. The dissolution medium was main-
tained at a temperature of 37+1°C, and the stirring speed used
was 200 rpm. The concentration of CS-891 dissolved was
measured periodically with a ultraviolet spectrometer con-
nected with a flow cell system at 225 and 240 nm as an appro-
priated times.

Results and Discussion

The XRD and Thermal Behavior of CS-891

The powder XRD patterns of ICS100, ICS70, ICS50, ICS30
and ICSO are shown in Figure 2. The intensities of the crys-
talline peaks of CS-891 decreased with an increase of amor-
phous CS-891 in mixture ratios, and the values of crystallinity
of ICS100, ICS70, ICS50, ICS30 and ICSO were calculated by
peak area method, modified Hermans method,'® and were 70,
46, 35, 22 and 4%, respectively.

Figure 3 shows the DSC thermograms of ICS100, ICS70,
ICS50, ICS30 and ICSO. The melting point of each sample
appeared at 248°C on the DSC curves of each sample. The
thermograms of ICS100, ICS70, ICS50, ICS30 and ICSO
showed an exothermic peak but only exhibited a endothermic
peak in case of ICS100. The small endotherm on the DSC
curve of ICS100 might be due to the polymorph transfor-
mation from ICS100 to another crystal form. Table I shows the
heat of crystallization (H,) and the heat of fusion (Hy of
ICS100 and ICSO were 5.084, -95.256 and 41.179, -86.117 Jg.

Surface Area and Water Sorption Isotherm
Table II shows the specific areas of ICS100, ICS70, ICS50,
ICS30 and ICSO were 1.244, 3.134, 4.882, 5.528 and 5.594 m?*/
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Figure 2—-Powder X-ray diffraction patterns of ICS100, ICS70, ICS50, ICS30 and ICS0. (a) ICS100, (b) ICS70, (C) ICS 50, (d) ICS30,

(e) 1CSO.
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Figure 3-DSC thermograms of ICS100, ICS70, ICS50, ICS30 and ICSO. (a) ICS100, (b) ICS70, (C) ICS 50, (d) ICS30, (e) ICSO.

Table I-Heat of Crystallization and Heat of Fusion in DSC for
CS-891 with Different Crystallinity

Table II-Crystallinity, Solubility, Apparent Dissolution Rate
(ADR) Constant and Surface Area of CS-891 With Different
Crystallinity

Crystallinity Heat of Heat of

Samples Y (%) Crystallization ~ Fusion | AH/AH| Sampl Crystallinity ~ Solubility ADR Surface Area
(AH,, JgY)  (AHg Igh) ampiles (%) (ug/mh)  Constant (m%/g)
1CS100 70 5.084 -95.256 0.053 ICS100 70 31 0.451 1.244
1CS70 46 8.157 -95.183 0.086 ICS70 46 4.2% 1.713 3.134
ICS50 35 21.865 -94.617 0.231 ICS50 35 3.9* 2.054 4.882
ICS30 22 26317 -89.101 0.295 1CS30 22 4.0% 2.512 5.528
ICSO 4 41.179 -86.117 0.478 ICSO 4 4.4% 2.657 5.594

g, and the specific surface areas were increased with a decrease
of crystalline CS-891. The water vapor sorption isotherms for
CS-891 with different crystallinity at 35°C are given in Figure

*: Apparent solubility.

4. The isotherm for ground CS-891 showed a significant sorp-
tion of water, whereas intact CS-891 exhibited negligible sorp-
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Figure 4-Water sorption isotherms of CS-891 with different crys-
tallinity at 35°C. (@) ICS100, ([0 ) ICS70, (<) ICS 50, (D)
1CS30, (@) ICS0.

tion relative to ground CS-891. With a decrease of crystalline
CS-891, the water sorption isotherm of amorphous CS-891
was increased, and this suggested that amorphous CS-891 was
hygroscopic, so that the adsorbed water increased with an
increase of amorphous CS-891.

Solubility and Dissolution Behaviors

Table I shows the solubilities of crystalline CS-891 and
maximum concentration (apparent solubility) of each sample
with different crystallinity in which the apparent solubility was
not the true value because the transformation rate of the amor-
phous to the crystalline CS-891 was very high.'” The apparent
solubility of ground CS-891 was 4.4 ug/m/ and the solubility
of intact CS-891 was 3.1 ug/m/ at 37+1°C. The apparent pre-
cipitation rates were decreased with an increase of mixture
ratios of 10:0 (ICS100), 7:3 (ICS70), 5:5 (ICS50), 3:7 (ICS30)
and 0:10 (ICS0) (intact:ground CS-891) (Figure 5, 6). The dis-
solution profile of intact and ground CS-891 at various stirring
speed is shown in Figure 6, and the dissolution rate was
increased with an increase. of a stirring speed, and the pre-
cipitation rate of ground CS-891 was higher than that of intact
CS-891. Figure 7 shows the initial dissolution profiles of
1CS100, ICS70, ICS50, ICS30 and ICSO at 37+1°C by the
USP paddle method. The apparent dissolution rate constants
within 0-8 min. were obtained using the Higuchi model, which
was for diffusion release given by Higuchi is 100-M =kt'?,
where M is the percent of drug undissolved, k is the dissolution
rate constant, and t is the time of dissolution.'” Table II shows
the apparent dissolution rate constants of 1CS100, ICS70,
ICS50, ICS30 and ICSO were 0.451, 1.713, 2.054, 2.512,
2.657, and the apparent dissolution rate constant of ground CS-
891 was about 5.9 fold higher than that of intact CS-891. After
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Figure 5-Apparent solubilities of ICS100, ICS70, ICS50, ICS30

and 1CS0. (@) ICS100, (1 ) ICS70, (O) ICS 50, (A) ICS30, (@)
1CS0.
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Figure 6-Effect of stirring speed on the dissolution profiles of in-
tact (dotted line) and ground CS-891 (solid line) in superasaturated
solution at 37°C. (O) 200 rpm, ({1 ) 100 rpm, (A) 50 rpm.
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Figure 7-Dissolution profiles of ICS-891, ICS70, ICS50, ICS30

and ICSO at 37°C by the USP paddle method. () ICS100, (L] )
ICS70, () ICS 50, (A) ICS30, (@) ICSO.
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Figure 8-Powder X-ray diffraction profiles of intact and ground CS-891 before and after the solubility test. (&) intact CS-891, (b) ground
CS-891.

the solubility experiment for intact and ground CS-89I, (Figure 8, 9). Changes in the powder XRD patterns of the crys-
described above, the crystallized precipitates in various solu-  tallized precipitate after the solubility test were also shown in
tion were investigated using X-ray diffractometry and DSC  Figure 8. This might suggest the solid on the surface of CS-
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Figure 9-DSC thermograms of intact and ground CS-891 before and after the solubility test. (a) intact CS-891, (b) ground CS-891.

891 is transformed from amorphous form to a crystalline form
during the solubility experiment.

Conclusions

With increase of amorphous CS-891 in mixture ratios, the
intensities of X-ray diffraction peaks of crystalline CS-891
were decreased but surface area, water absorption isotherm,
and exothermic peaks in DSC were increased. The apparent
solubility of ground CS-891 was about 1.4-fold higher than the
solubility of intact CS-891 at 37+1°C, and the apparent dis-
solution rate constant of ground CS-891 was about 5.9-fold
higher than that of intact CS-891. A good relationships were
obtained between the crystallinity of CS-891 and apparent dis-
solution rate constant (r>0.96). A crystalline form of CS-891
transformed from amorphous CS-891 after the solubility test
was found by X-ray diffraction analysis and DSC. It seems that
the transformations between solid phase are a very important
aspect in the development of a dosage form, since the bio-
availability of its preparations are affected by the solubility and
dissolution of bulk powder.
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