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Abstract

The photostability of tamoxifen citrate polymorphs, forms A and B, was investigated by chromatographic and spectroscopic analyses including
high-pressure liquid chromatography (HPLC), colorimetry and UV/vis solid-state absorption spectroscopy. On the basis of the results of photo-
stability studies under irradiation by visible light and both UVA (320400 nm) and a fraction of UVB (290-320 nm) light, form A was chemically
unstable, whereas form B was stable against light irradiation. The surface color of pellets prepared with any of these crystal forms turned from
white to brown; however, the extent of color change in cross-sections of form A pellet was deeper than that of form B pellet. The maximum peak
of UV/vis solid-state absorption spectra of form A was observed at 337 nm within the UVA range and was in longer wavelength regions than form
B, which exhibited the strong UV absorption mainly in UVB and UVC region. The results obtained suggested that the photodegradation followed

by surface color change of form A crystal was caused by the selective absorption of photoenergy of UVA light irradiated by a xenon lamp.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

During the process of drug development, stability has been
identified as an essential element to assure the safety and efficacy
of drug products because of the possibility of toxic degradants
and loss of active ingredient (Yasueda et al., 2004). In particu-
lar, the solid-state stability of drug substances in the early stage
of drug development would impact on the selection of the solid
form, formulation and packaging (Aman and Thoma, 2002; Byrn
etal,, 2001; Huang and Tong, 2004; Matsuda and Mihara, 1978;
Ragno et al., 2003; Waterman and Adami, 2005). The solid-
state stability of crystalline drugs is generally classified into
various categories, including physical and chemical stability.
Physical stability represents the stability in crystalline form, in
which the transformation of polymorphs and pseudopolymorphs
would occur under some storage conditions relating to humid-

* Corresponding author. Tel.: +81 78 441 7531; fax: +81 78 441 7532.
E-mail address: tak kojimajpn @yahoo.co.jp (T. Kojima).

0378-5173/$ - see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.ijpharm.2006.12.025

ity and temperature. Chemical stability represents resistance
against chemical reactions such as oxidization, dimerization and
degradation. It is well known that the polymorphism of drug sub-
stances sometimes affects their physical and chemical stability
(Gandhi et al., 2000; Matsuda and Tatsumi, 1990; Maurin et al.,
2002; Otsuka et al., 1991, 1993), possibly due to differences in
molecular arrangement.

Recently, the number of photosensitive drugs has noticeably
increased, and articles dealing with the relationship between
crystal forms and their photochemical stability have been
reported (Akimoto et al., 1985; Glass et al., 2004; Nord et
al., 1997; Teraoka et al., 2004). Pellets of three polymorphs
of carbamazepine showed different photostability as detected
by Fourier-transformed infrared reflection-absorption spectrom-
etry and colorimetry (Matsuda et al., 1994). Pellets of four
polymorphs and two pseudopolymorphs of furosemide also
showed different photostability as detected by colorimetry and
kinetic study of photodegradation was elucidated (De Villiers et
al., 1992; Matsuda and Tatsumi, 1990). Thus, the photostability
of polymorphs has been investigated to some extent, although
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Fig. 1. Chemical structure of tamoxifen citrate.

the relationship between photostability and the physicochemical
properties of crystals has not been fully elucidated.

In this paper, we focused on the photodegradation of tamox-
ifen citrate polymorphs caused by photochemical reaction, and
investigated the relationship between photostability and UV/vis
solid-state absorption spectra of the crystalline forms. Tamox-
ifen citrate (Fig. 1), clinically used as an antiestrogenic agent
for the treatment of breast cancer (Pappas and Jordan, 2002),
exhibits two crystalline forms, A and B (Goldberg and Becker,
1987). Tamoxifen has been also used as a model pharmaceuti-
cal compound for preformulation studies and many researches
have been conducted (Bhatia et al., 2004; Brigger et al., 2001;
Ho et al., 2004; Kojima et al., 2006; Shenoy and Amiji, 2005;
Zeisig et al., 2004). Previously, tamoxifen was reported to be
a photosensitive drug (Onoue and Tsuda, 2005; Salamoun et
al., 1990; Wilson and Ruenitz, 1993), and the color change of
tamoxifen citrate used for drug substances under sunlight irra-
diation was also described in the interview form issued by the
manufacturer. We demonstrated solid-state photochemical eval-
uation of tamoxifen citrate polymorphs, forms A and B. A novel
insight into the relationship between photostability and the spec-
troscopic properties of these crystals was also identified and
discussed.

2. Material and methods
2.1. Preparation of polymorphs

Tamoxifen citrate was obtained from EGIS Pharmaceuticals
(Budapest, Hungary). All solvents were purchased from Wako
Pure Chemical Industries (Osaka, Japan). Tamoxifen citrate
form A was a bulk powder purchased from EGIS Pharmaceu-
ticals. Form B was obtained by crystallization from a saturated
isopropyl alcoholic solution of the drug with stirring overnight at
room temperature. Purity was assessed by RP-HPLC and crys-
talline forms were identified by powder X-ray diffractometry
(PXRD), differential scanning calorimetry (DSC) and thermal
gravimetric analysis (TGA).

2.2. High-pressure liquid chromatography (HPLC)

Tamoxifen was analyzed with an HPLC system (Model 510,
Waters, Milford, MA, USA) and UV detector (Waters 486,
Waters) operated at 205 nm. The packaged column was Inertsil
ODS-3 (3 um, 4.6 mm x 250 mm, GL Science, Tokyo, Japan)

operated at 25°C at a flow rate of 1.0 mL/min. The mobile
phase consisted of acetonitrile:10 mM ammonium acetate buffer
(80:20). After light irradiation, a powder sample in the glass vial
was dissolved in methanol and subjected to an HPLC analysis
for purity assessment.

2.3. Powder X-ray diffractometry

Powder X-ray diffraction patterns were recorded using a
RINT Ultima (Rigaku, Tokyo, Japan) with Cu Ka radiation
generated at 14 mA and 30kV at room temperature. Data were
collected from 2° to 40° (26) at a step size of 0.02° and scanning
speed of 4° min~!.

2.4. Thermal analysis

DSC was performed using a DSC-3100 system (Mac Sci-
ence, Tokyo, Japan). The DSC thermogram was obtained from
an aluminum open-pan system using a sample weight of ca.
5mg and a heating rate of 10 °C/min under a nitrogen flow rate
of 30 mL/min. TGA was performed using a TG/DTA 2000SA
system (Bruker AXS, Madison, WI, USA). The TGA ther-
mogram was obtained under the same conditions as those for
DSC.

2.5. UVvis solid-state spectroscopy

Diffuse reflectance UV/vis solid-state absorption spectra of
tamoxifen citrate forms A and B were recorded on a UV-2450
system (Shimadzu, Kyoto, Japan) equipped with an integrating
sphere unit (Shimadzu ISR-2200) at room temperature. A quartz
cell was filled with sample powder and the spectra were acquired
with 1.0 nm sampling pitch in the wavelength range from 190
to 700 nm.

2.6. Preparation of sample pellets

The sample powders were accurately weighed and com-
pressed using an oil hydraulic press (WPM-2, Okada Seiko,
Tokyo, Japan) equipped with flat-faced punches and cylindri-
cal die (8 mm i.d.) set at a compression force of 10kN for 30s.
After compression, crystalline forms of compressed pellets were
assessed by PXRD. No polymorphic transformation occurred
before and after compression for any of these crystalline forms.

2.7. Irradiation test

The powder and pellets of tamoxifen citrate forms A and B
were placed in capped 10 mL glass vials (1.2 mm in thickness)
and a six-well cell culture plate (Corning, NY, USA) covered
with a glass plate (1.5 mm in thickness), respectively. Samples
were stored in a light-irradiation tester (Light-Tron Xenon LTX-
01, Nagano Science, Osaka, Japan) equipped with a 2kW xenon
Jamp. The spectral irradiation energy of the lamp through an
optical filter and infrared cutting filter (Nagano Science) ranged
from 310 to 800am, with a maximum intensity of 470nm.
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Illuminance was set at 30,0001x and the irradiation was car-
ried at 25 °C. Illuminance (30,000 ix) was checked on a UVR-2
radiometer (Topcon, Tokyo, Japan) for each experimental pro-
cedure.

2.8. Colorimetric measurement

The surface color of the compressed sample pellet was mea-
sured with a chromameter (CCR-221, KONICA MINOLTA
HOLDINGS, Tokyo, Japan) in the L*a"b" color system. Color
difference (AE) between the intact and irradiated samples was
calculated and all values were the averages of two determina-
tions.

2.9. Statistics

Data for the depth of color changes on cross-section of pellets
were expressed as the mean + S.D. of at least 10 determinations
for each experimental group, and were analyzed using Student’s
t-test. Differences were considered significant when p < 0.01.

3. Results
3.1. Solid-state photodegradation of form A and B crystals

The photostability test was performed with powder of forms
A and B, for which crystalline forms were evaluated by PXRD
(Fig. 2), DSC and TGA according to the data reported previously
(Goldberg and Becker, 1987). HPLC chromatograms of intact
samples indicated that the amount of impurity was extremely
small and negligible. The powder in capped 10 mL glass vials
was stored under light irradiation by a xenon lamp equipped
with a cutting filter ranging from 310 to 800 om. Polymorphic
changes of crystalline forms after irradiation were assessed by
PXRD, and no transformation was detected. After chronic light
irradiation, each sample was subjected to HPLC analysis, and
the purity was assessed and compared (Fig. 3). Several uniden-
tified peaks, eluted within 3—-5min, were detected on HPLC

Form A (Powder)

Form A (Pellet)

]

A a N Form B {Peliet)

A Form B (Powder)

10 20 30
2 9(degrees)

Fig. 2. PXRD patterns of forms A and B for irradiation tests.
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Fig. 3. HPLC chromatograms of forms A (A) and B (B) before irradiation
(intact) and after 30-day irradiation (irradiated). Solid line (—), intact sample;
dotted line (- - -), irradiated sample.

chromatograms after irradiation to form A sample, suggesting
that the photodegradation was induced. Without light irradiation,
both forms A and B were stable at least during the period tested,
because no significant peaks attributable to photoproducts were
detected. Exposure of form A to xenon lamp for 30 days resulted
in significant decrease of purity as low as 87% (Table 1). On the
other hand, form B was quite photostable and the amount of
tamoxifen remained 99% even after 30-day exaggerated irradi-
ation. These results suggested that form A was photosensitive,
whereas form B was quite resistant to photo-irradiation.

Table 1
Photodegradation of tamoxifen citrate forms A and B

Forms Storage condition  Purity (percentage of total area)
Initial 10days  20days  30days
FormA  Non-imradiated 100 99 99 99
Photo-irradiated - 94 92 87
FormB  Non-irradiated 100 99 99 100
Photo-irradiated - 99 99 100

Each compound was exposed to xenon lamp at the illuminance of 30,000 Ix for
the indicated periods, then subjected to an HPLC analysis.
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Table 2
Color changes of pellets of tamoxifen citrate forms A and B before and after
irradiation

*

Forms Exposure period L a' b AE
Form A Initial 95.7 -0.3 -34 -
5 days 88.5 -8 31.6 358
10 days 85.4 -0.1 38.1 428
20 days 83.2 21 435 48.6
30 days 79.3 53 48.2 54.5
Form B Initial 97.4 -0.1 -1.9 -
5 days 94.5 -28 18.3 20.5
10 days 93.0 -22 24.1 26.4
20 days ’ 90.1 —-09 30.9 33.6
30 days 90.9 -0.6 31.0 33.6

Thea" scale for green-red, the b* scale for yellow-blue, L’ scale for black-white
and AE for color difference.

3.2. Discoloration of form A and B pellets after light
irradiation

The color changes of forms A and B were assessed with pel-
lets prepared from these forms. Polymorphic changes of these
crystalline forms after irradiation were assessed by PXRD, and
the data obtained clearly showed no polymorphic transformation
. even after long-term light irradiation. Intact and irradiated sam-
ples were subjected to colorimetric measurement to compare
the surface color changes of pellets before and after irradiation.
The surface color of pellets prepared from form A significantly
turned from light white to dark brown upon exposure to light.
On the other hand, the surface color of form B pellets gradually
turned from light white to light brown. Color changes before
and after irradiation were evaluated by two chromaticness coor-
dinates (a” scale for green-red and b"* scale for yellow-blue), the
illuminance coordinate (L* scale for black-white) and color dif-
ference (AE) before and after irradiation (Table 2). Although the
a* scale of both crystal forms was almost invariable, the L” and
b* scales remarkably decreased (turned to black) and increased
(turned to yellow) after the elapsed irradiation time, respectively.
Thus, changes in the L*a*b" system suggested that forms A and
B turned to brown. The AE values of forms A and B after 30-

irradiation
period

Form A

Intact

5 days

10 days

20 days

30 days

30

20 A

10 4

Depth of light penetration (um )

Form A Form B

Fig. 5. Depth of light penetration measured as colorchanges in the cross-sections
of forms A and B pellets. Each column represents the mean + S.D. of at least
10 determinations for each experimental group. Significantly different between
forms A and B; p<0.01.

day irradiation increased up to 54.5 and 33.6, respectively. The
AE value of form A was much greater than that of form B at
any irradiation time, suggesting that form A discolored more
sensitively as compared to form B.

The thickness of the discoloration layer was assessed in
cross-sections of form A and B pellets. After colorimetric mea-
surement of the pellet surface, the pellets were cut with a razor
for microscopic observation of cross-sections. The similar void
ratio of these pellets, obtained from the apparent densities of
pellets and particle densities of forms A and B, should result
in a depth of color change corresponding to light penetration.
The depth of color changes on cross-sections of pellets, as a
measure for light penetration into the pellets, was measured and
the results are shown in Fig. 4. The color of cross-sections of
pellets prepared from forms A and B turned from light white to
dark brown and light brown upon exposure to UV light, respec-
tively. The depth of the discolored layer in cross-sections of
form A and B pellets after 30-day irradiation was 22.343.5
and 7.3 & 1.6 um, respectively (p <0.01) (Fig. 5). These results
suggested that light penetration was far deeper in form A pellets
than form B pellets, irrespective of the same porosity.

Form B

Fig. 4. Photomicrographs of cross-sections of form A and B pellets under UV light irradiation for 5, 10, 20 and 30 days. Scale bar represented 100 pm.
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Fig. 6. Ultraviolet absorption spectra of forms A and B. Solid line (—), form
A; dotted line (- - ), form B; broken line (- --), xenon lamp. Hatched region;
irradiation wavelength range by xenon lamp.

3.3. Spectroscopic properties of form A and B crystals

The photostability of solid pharmaceutical substances
depends on many factors, i.e., suiface area and photochemi-
cal properties of the sample, and the irradiation conditions such
as spectral irradiation energy and even type of the light source.
Although most of these parameters can be controlled, the photo-
chemical properties of samples are uncontrollable, because these
are the intrinsic properties depending on the molecular structure.
In this study, the solid-state absorption spectra in the UV/vis
region were investigated in order to elucidate the relationship
between photostability and photochemical properties. Diffuse
reflectance UV/vis solid-state absorption spectra of forms A and
B were recorded on a spectrophotometer equipped with an inte-
grating sphere unit at room temperature, and compared with the
spectral irradiation intensity pattern of a xenon lamp to assess
the absorbability of photoenergy by these crystals (Fig. 6). In
this figure, the maximum values of Kubelka—Munk function for
forms A and B are modified so as to be equal to easily enable
qualitative comparison of difference in spectra of these forms
and spectral irradiation pattern simulating sunlight. The irradia-
tion light passing through a filter (310-800 nm) was composed
of visible light (>400 nm), UVA (320-400 nm) and a fraction of
UVB (290-320 nm). Form B exhibited the strong UV absorption
mainly in the UVB and UVC region. In contrast, the maximum
peak absorption of form A was clearly observed at 337 nm in
the UVA range and was at a longer wavelength (bathochromic
shift) than form B. On the basis of the photostability data, these
results suggested that form A would absorb much more pho-
toenergy than form B, resulting in easier photoexcition and the
formation of photoproducts upon exposure to UVA light.

4. Discussion

We have demonstrated for the first time that the differ-
ence in photostability between tamoxifen citrate polymorphs,
forms A and B is associated with their spectroscopic properties,
solid-state UV/vis absorption spectra, due to different molec-
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ular arrangements in the crystal lattice. According to the data
shown in Tables 1 and 2, we revealed that form A was unsta-
ble, whereas form B was stable under photo-irradiation. The
results of the UV/vis solid-state absorption spectra of these
crystal forms showed that the maximum absorption peak was
observed at 337 nm in the UVA range for form A and was at a
longer wavelength than form B which exhibited the strong UV
absorption mainly in the UVB and UVC region. The wavelength
of light radiated from a xenon lamp ranged from 310 to 800 nm,
composed of visible light, UVA (320-400 nm) and a fraction of
UVB (290-320 nm). Taking these results into account, the pho-
toinstability and depth of color changes of form were caused by
the selective absorption of photoenergy of UVA light radiated
by a xenon lamp.

Under light irradiation, drug molecules absorb photon energy
and molecules are excited in the singlet state. The excitation
energy in the singlet state is generally dissipated as fluores-
cence, heat or exhausted in photochemical reactions caused by
reactive oxygen spices such as singlet oxgen (! 0,) and superox-
ide (O27) generated from photo-irradiated substances (Onoue
and Tsuda, 2005). Different crystal structures due to poly-
morphism should exhibit different energy states. Recently, the
differences of solid-state fluorescence as a photophyisical prop-
erty among polymorphs were discussed and elucidated (Brittain
et al.,, 2005; Kaczmarek and Kaczmarski, 1996). Apart from
these researches, we irvestigated the solid-state photoreaction,
which possibly affects the photostability of polymorphs. How-
ever, to the best of our knowledge, the relationship between
photostability and the photophysical properties of crystal forms
was not elucidated.

With respect to UV/vis spectroscopy in solution, the max-
imum absorption spectra band shifted to longer or shorter
wavelengths depending on the condition, such as dissolving sol-
vents, which was called solvent shift, caused by solvent—solute -
interaction due to the dipole moment transformation of chro-
mophore during excitation (Naseem et al., 2004; Verdasco and
Martin, 1995). Recently, attention has also been drawn to the
solid-state absorption spectra band shift (Aman and Thoma,
2003; Mizuguchi et al., 1995; Stockton et al., 1998). In the
solid state, the absorption spectra band shift is caused by
intra/intermolecular interaction, which may depend on its crystal
packing surrounded by chromophores during excitation. Thus,
this polymorphism could be dominant for the absorption spectra
in the solid state.

Tamoxifen was known as a photosensitive drug and gener-
ate superoxide after UVA/UVB irradiation (Onoue and Tsuda,
2005). It was also reported that tamoxifen was photochemically
converted into phenanthrene derivative under UV irradiation in
the solution state (Salamoun et al., 1990). We have conducted
the solid-state photostability studies on tamoxifen citrate and
demonstrated that form A was photosensitive and the differ-
ent photosensitivity among polymorphs was caused by specific
UV/vis solid-state absorption spectra, probably depending on
crystal packing surrounded by chromophores during excitation.
In drug development, photosensitivity impacts on the formula-
tion, manufacturing process, packaging and storage conditions.
Information about the photosensitivity of solid drug substances
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could make it possible to reduce development costs. Based on
the results of this study, form B could be said to be a suitable
form for reasonable development from the viewpoint of medical
€conomics.

In conclusion, we have provided a novel insight into the
photosensitivity of tamoxifen citrate polymorphs. We also
demonstrated that solid-state absorption spectra could be used as
a useful method for the photophysical characterization of poly-
morphs. In the development of photosensitive drug substances,
solid-state absorption spectra may provide key information
about photosensitivity.
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Two novel pseudopolymorphs, methanolate and ethanolate of tamoxifen {(Z)-2-[4-(1,2-diphenyl-1-butenyl)-
phenoxy]-V,N-dimethylethylamine]citrate, were prepared in addition to forms A and B reported previously.
Their crystalline forms were identified and characterized by powder and single crystal X-ray diffractometry, dif-
ferential scanning calorimetry, thermogravimetric analysis, hot-stage microscopy, scanning electron microscopy
and diffuse reflectance infrared Fourier-transform spectroscopy, and their physicochemical stability was also
evaluated. The results of single crystal X-ray analysis and thermogravimetric analysis of methanolate and
ethanolate suggested that the stoichiometry of tamoxifen citrate : methanol and tamoxifen citrate : ethanol could
be composed of a 1: 1 molecular ratio for both solvates. The results of physicochemical stability evaluations at 75
and 97% RH at 40 and 60 °C indicated that the metastable form A was quite stable for at least 2 months even
under severe storage conditions, whereas methanolate immediately transformed to a crystalline mixture of forms

A and B, and subsequently changed to the stable form B.

Key words

During the development process of solid drugs, the most
desirable crystal form should be appropriately selected based
on the information of physicochemical properties includ-
ing polymorphism, their salt"? and co-crystal formation®
of drug candidates, because physicochemical- properties
can affect efficacy, safety,*™® stability,”® manufacturing
process”'® and quality control.'” Recently, understanding
the polymorphism has been positioned as an important re-
search, since polymorphs and pseudopolymorphs show dif-
ferent physicochemical properties”®!'~'®) including solubil-
ity.” Generally, a stable polymorph shows low solubility and
high stability, and metastable polymorphs exhibit higher sol-
ubility and lower stability. From the viewpoint of the manu-
facturing . process, information about organic solvates is also
valuable for the selection of a crystallization solvent. Appro-
priate selection of the crystalline form from polymorphs and
pseudopolymorphs should be conducted in order to achieve
the purposes of development; this contributes to the improve-
ment of stability, bioavailability and manufacturability.

Tamoxifen, (Z)-2-[4-(1,2-diphenyl-1-butenyl)phenoxy]-
N,N-dimethylethylamine, is one of the selective estrogen re-
ceptor modulators and tamoxifen citrate is widely used as a
drug for the treatment of breast cancer. Tamoxifen has also
been used as a model pharmaceutical compound for prefor-
mulation studies and several researches have been con-
ducted.>'%~2) As for tamoxifen citrate (Fig. 1), two poly-
morphs, forms A and B, were identified.” Previously, we
have investigated the photostability of forms A and B, and
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Fig. 1. Chemical Structure of Tamoxifen Citrate
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discussed the difference in photostability from the viewpoint
of solid-state UV/Vis absorption spectroscopy.” Even
though tamoxifen citrate is widely used throughout the world,
detailed characterization of its polymorphs and pseudopoly-
morphs has not been reported to the best of our knowledge.

In this study, we prepared two novel pseudopolymorphs,
methanolate and ethanolate, in addition to forms A and B re-
ported previously. Their crystal forms were identified and
characterized by powder and single crystal X-ray diffractom-
etry, differential scanning calorimetry (DSC), thermogravi-
metric analysis (TGA), hot-stage microscopy, scanning elec-
tron microscopy (SEM) and diffuse reflectance infrared
Fourier-transform spectroscopy (DRIFTS), and their physnc-
ochemical stability was also evaluated.

Experimental

Preparation of Modifications Tamoxifen citrate was obtained from
EGIS Pharmaceuticals (Budapest, Hungary). All solvents were purchased
from Wako Pure Chemical Industries (Osaka, Japan). Form A was bulk pow-
der purchased from EGIS Pharmaceuticals. A small amount of form A for
SEM observation was obtained by recrystallizing from saturated acetonitrile
solution of the drug by seeding a small amount of bulk powder. Form B was
obtained by recrystallizing from saturated isopropyl alcoholic solution of the
drug with stirring overnight at room temperature. Form B was then filtrated
and dried in vacuo at room temperature. Methanolate and ethanolate were
obtained by recrystallizing from saturated methanolic and ethanolic solu-
tions of the drug with stirring overnight at room temperature, respectively.
Methanolate and ethanolate were then filtrated and dried in a nitrogen atmo-
sphere.

Scanning Electron Microscopy Scanning electron micrographs were
taken on a scanning electron microscope (JSM-5200LV, JEOL, Tokyo,
Japan) at magnifications of 200—1000X. All powder samples were coated
with thin gold film in an ion-sputter coater (JFC-1100, JEOL).

Powder and Single Crystal X-Ray Diffractometries Powder X-ray
diffraction patterns were recorded using a RINT Ultima (Rigaku, Tokyo,
Japan) with CuKa radiation generated at 30 kV and 14 mA at room tempera-
ture. Data were collected within diffraction angles from 2—40° (26) at a
step size of 0.02° and a scanning speed of 4°/min.

Single crystal X-ray diffraction data were recorded on a SMART APEX Il
CCD X-ray diffractometer (Bruker AXS, Madison, W1, U.S.A ) with a Mo
anode source at 90K. The crystal structures were solved and refined using
SHELXTL software.

© 2007 Pharmaceutical Society of Japan
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Thermal Analysis DSC was performed using a DSC 6200 system
(Seiko Instruments, Chiba, Japan). A DSC thermogram was obtained in an
aluminum open-pan system using a sample weight of ce. 3 mg and a heating
rate of 5°C/min under a nitrogen flow. TGA was performed using a
TG/DTA 6200 system (Seiko Instruments). A TGA thermogram was ob-
tained under the same conditions as those for DSC.

Thermal changes of crystal morphology were observed on a hot-stage mi-
croscope (LK-FDCS, Linkam Scientific Instruments, Surrey, U.K.) with a
heating rate of 10 °C/min in a nitrogen flow.

Diffuse Reflectance Infrared Fourier-Transform Spectroscopy The
FT-IR spectra of tamoxifen citrate polymorphs were recorded on a Spectrum
One, Fourier-transform IR spectrometer (Perkin-Elmer, Wellesley, MA,
U.S.A.) with diffuse reflectance after dispersion with KBr at room tempera-
ture. The samples were diluted with KBr to give 5% (w/w) mixture. A total
of 64 scans was collected on each sample with 8 cm™' resolution. The spec-
tra obtained were transformed to the Kubelka~Munk function unit for stan-
dardization.

Physicochemical Stability The physicochemical stability of forms A
and B, methanolate, and ethanolate was evaluated by storing each ca.
500 mg of the sample at 75 and 97% RH at 40 and 60°C in desiccators.
Samples were removed after 3, 7, 14, 28 and 56 d and the crystal forms were
evaluated by PXRD, DSC and TGA. Storage conditions were adjusted with
saturated aqueous solutions of NaCl (75% RH) and K,SO, (97% RH).

Results and Discussion

Crystal Morphology Morphological differences among
crystal forms were observed using scanning electron mi-
croscopy (SEM) (Fig. 2). Form A crystals had a spindly nee-
dle shape, whereas form B crystals had a column shape. The
appearances of methanolate and ethanolate crystals were
similar and they were composed of needle-like agglomerates
and were far smaller than form B crystals.

Powder X-Ray and Single Crystal Diffraction Analyses
Powder X-ray diffraction (PXRD) patterns of crystal forms
are shown in Fig. 3. The characteristic diffraction peaks of
form A were observed at 2.9, 9.4, 11.6 and 13.8° (28), while
those of form B were observed at 5.6, 12.7, 17.1 and 24.0°
(28). Thus, significant differences between forms A and B
were observed and PXRD patterns agreed well with the data
reported previously.?” The characteristic X-ray diffraction
peaks of methanolate were observed at 4.9, 9.7, 14.2 and
21.6° (28), while those of ethanolate were observed at 4.7,
9.5, 13.9 and 21.4° (26), showing slight shifts to lower dif-
fraction angles. Thus, methanolate and ethanolate showed
quite similar PXRD patterns with 0.2°-shift. The crystal
structures of form B, methanolate and ethanolate were ana-
lyzed by single crystal X-ray diffractometry. The results indi-
cated that form B crystals (size=0.11X0.08X0.03 mm) were
monoclinic (2=15.881(3), 5=22.048(5), c=8.4701(18) A,
B=95.427(3)°), space group P2,/c (Z=4, density=
1.268 g/em?, R,=0.0537), which coincided with the data re-
ported already.” Methanolate (size=0.14X0.03X0.01 mm)
and ethanolalte (size=0.17X0.03X0.01 mm) were also mon-
oclinic (a=10.612(5), b=16.479(8), c=36.352)A, B=
94.164(12)°) and space group P2/n (Z=4, density=
1.246 g/cm?, R,=0.1008), and monoclinic (a=10.639(2),
b=16.512(3), ¢=36.707(8) A, B=93.108(6)°) and space
group P2,/n (Z=4, density=1.258 g/cm?, R,;=0.0981), re-
spectively. The results of single crystal analysis of
methanolate and ethanolate also clearly indicated that
arrangements of tamoxifen and citric acid molecules in the
crystal were similar and the stoichiometry of tamoxifen cit-
rate : methanol and tamoxifen citrate : ethanol was confirmed
to be a | : | molecular ratio for any solvate (Fig. 4a). Hydro-
gen bonds between alcohol molecule and terminal carboxylic
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Fig. 2. Scanning Electron Photographs of Tamoxifen Citrate Modifica-
tions

(a) Form A; (b) form B; (c) methanolate; (d) ethanol
Form 8
Methanolate
—_— L AAUW reroe
5 10 15 20 25 30 35
28(degrees)

Fig. 3. PXRD Patterns of Forms A and B, Methanolate and Ethanolate

Methanolqte: P2y/n Ethanolate: P2,/n

Fig. 4a. Crystal Structures of Methanolate and Ethanolate

Form B Methanolate

Fig. 4b. Cyclic Pairs of Hydrogen Bondmg of Citrate Species in Form B
and Methanolate Crystals

function of citric acid molecule were observed and resulted
in differences of intermolecular interaction between adjacent .
citrate species compared with form B crystals in which a 9-
membered circle hydrogen bond was formed (Fig. 4b)>¥
However, a single crystal of form A, of sufficient size for sin-
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Fig. 6. TGA Thermograms of Forms A and B, Methanolate and
Ethanolate

gle crystal X-ray analysis, could not be obtained, even
though crystallization was extensively attempted under vari-
ous conditions.

Thermal Properties DSC curves of forms A and B
showed melting endothermic peaks at 147.5 and 144.8 °C, re-
spectively (Fig. 5). The heat of fusion (AH,) of forms A and
B was 59.7 and 63.7 kJ/mol, respectively, thus indicating that
these forms have quite similar thermal properties. The DSC
curve of methanolate seemed to show an endothermic peak
at 85.7 and 98.1 °C, an exothermic peak at 94.1 °C, then two
endothermic peaks at 144.2 and 146.5°C, which corre-
sponded with the melting points of forms B and A, respec-
tively. The DSC curve of ethanolate also seemed to show two
endothermic peaks at 84.1 and 94.0°C, an exothermic peak
at 90.4°C, then two endothermic peaks at 143.5 and
146.3 °C, which corresponded with the melting points of
forms B and A, respectively. The resuits of TGA thermo-
grams of methanolate and ethanolate suggested that two-step
desolvation of methanol and ethanol occurred, respectively
(Fig. 6). Microscopic observation on the hot-stage proved
that methanolate and ethanolate crystals melted slowly and
crystallization occurred during the melting process (Figs. 7,
8). Taken together the results of DSC, TGA and hot-stage
"microscopy, both methanolate and ethanolate were melted
with two-step desolvation and a mixture of forms A and B
would be crystallized during the melting process. The peak

Fig. 7. Polarized Micrographs of Methanolate at Various Temperatures

141°C

Fig. 8. Polarized Micrographs of Ethanolate at Various Temperatures

area ratio of the melting point of forms A to B on the DSC
thermogram for methanolate was lower than that for
ethanolate. Furthermore, the results of TGA thermograms of
methanolate and ethanolate suggested that 4.9% of methanol
and 7.4% of ethanol molecules were included in the crystal
entity, respectively. The results of weight loss of these sol-
vates stoichiometrically well corresponded with those of
tamoxifen citrate monomethanolate ‘and monoethanolate,
which agreed well with the results of single crystal structure
analysis.

It was previously reported that form A crystals suspended
in ethanol transformed to form B.?*) In their study, the exis-
tence of tamoxifen citrate ethanolate was not confirmed even
though form A crystals were suspended in ethanol. Based on
the results of our thermal analysis of ethanolate, form B
crystals in the previous article reported by Goldberg?® would
be observed after desolvation of ethanol from ethanolate and
the subsequent transformation from the mixture of forms A
and B to the stable form B.

Spectroscopic Analysis Tamoxifen citrate forms A and
B, methanolate, and ethanolate were evaluated by diffuse re-
flectance infrared Fourier-transform spectroscopy (DRIFTS).
In the FT-IR spectra, form A showed a sharp band at
1732 cm™" attributable to the stretching of C=0 bond of cit-
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ric acid, while form B showed a sharp band at 3405cm™' at-
tributable to the stretching of O-H bond and two strong
bands at 1707 and 1740cm™! attributable to C=0 bond of
citric acid (Fig. 9). Methanolate showed a broad band at
3250 cm ™! attributable to O-H bond, and two strong bands at
1720 and 1695 cm™" attributable to C=0 bond of citric acid.
Ethanolate also showed a broad band at 3243 cm™"! attributa-
ble to O-H bond, and two strong bands at 1718 and
1697 cm™! attributable to C=0 bond of citric acid, thus indi-
cating quite similar spectroscopic properties to methanolate.
Based on the result of single crystal X-ray diffractometry, the
O-H and C=0 bonds of citric acid were involved in cyclic
pairs of hydrogen bond interaction between adjacent citrate
species. The differences of wave number in O—H and C=0
bonds of citric acid between form B and solvate crystals
were consistent with the result of crystal structures which
showed different cyclic pairs of hydrogen bonding patterns.
Physicochemical Stability of Polymorphs The physico-
chemical stability of forms A and B, methanolate and
ethanolate was evaluated at 75 and 97% RH at 40 and 60 °C,
and the results are summarized in Table 1. Neither form A
nor B transformed to each other even under these severe stor-
age conditions, indicating that these forms were quite stable.
This is consistent with the results shown in Fig. S, where no
thermal peak due to polymorphic transformation was ob-
served for any of these forms. Methanolate immediately
transformed to a crystalline mixture of forms A and B, and

FormA

Methanolate

Ethanolate

4000 3000 2000 1000

Wavenumber (cm™)

Fig. 9. FT-IR Spectra of Forms A and B, Methanolate and Ethanolate
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subsequently transformed to the stable form B. On the other
hand, ethanolate also immediately transformed to the crys-
talline mixture of forms A and B but no subsequent transfor-
mation to the stable form B completely occurred. Taking ac-
count of the results of both stability and DSC analysis, it
could be said that the amount of stable form B in the crys-
talline mixture after desolvation of methanolate was more
predominant than for ethanolate.

Conclusion

We have provided for the first time a novel insight into
tamoxifen citrate pseudopolymorphs, methanolate and
ethanolate. Single crystal X-ray analysis and TGA revealed
that the stoichiometry of tamoxifen citrate : methanol and ta-
moxifen citrate : ethanol was 1:1 in any case. The crystal
structures of methanolate and ethanolate also revealed that
intermolecular interaction between adjacent citrate species
was different from that of form B crystals.

We have also demonstrated the physicochemical stability
of crystal forms. Form A was quite stable for at least 2
months, whereas methanolate immediately transformed to
the crystalline mixture of forms A and B after desolvation,
and then changed to the stable form B.

Our investigation on the physicochemical properties of ta-
moxifen citrate methanolate and ethanolate would also pro-
vide useful information for the manufacturing process such
as crystallization and drying process, and storage condition
of tamoxifen citrate as active pharmaceutical ingredient.
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