JOURNAL OF

Pharmaceutical
Sciences

v 8
& \73 VOLUME 95, NUMBER 10
“ oer-2 206 | 7| OCTOBER 2006

 Editorial -~
o A S g T s =i o N S SR SR AR s ot bl ettt ey ol vt ehanatal Sar e 2087
- Published online 25 July 2006

RESEARCH ARTICLES

A Data Base for Partition of Volatile Organic Compounds and Drugs From
Blood/Plasma/Serum to Brain, and an LFER Analysis of the Data

- Michael H. Abraham,* Adam lIbrahim, Yuan Zhao, and William E. Acree Jr . ................... 2091
- Published online 2 August 2006

. Biophysical Characterization of Polymeric and Liposomal Gene Delivery Systems

. using Empirical Phase Diagrams

Marika Ruponen, Chad S. Braun, and C. Russell Middaugh* . ............ ... ... 2101
~ Published online 1 August 2006

. High Throughput Solubility Measurement With Automated Polarized Light
.~ Microscopy Analysis

~ Kiyohiko Sugano,* Teruhisa Kato, Kentaro Suzuki, Kako Keiko, Tetsujo Sujaku, and Takashi Mano ... 2115
Published online 26 July 2006

Crystal Structure of Carnidazole Form II from Synchrotron X-ray Powder
Diffraction: Structural Comparison with Form I, the Hydrated Form and the
~ Low Energy Conformations In Vacuo

Héctor Novoa de Armas,* Oswald M. Peeters, Norbert Blaton, Guy Van den Mooter,
Birk AV De Ridder landiFenleSehank ol i sl uiis i b e iointss sl SRSV 3 A FRNIE Y 2123
Published online 4 August 2006

A Process Analytical Technology Approach Based on Near Infrared Spectroscopy:
Tablet Hardness, Content Uniformity, and Dissolution Test Measurements of
Intact Tablets

Marcelo Blanco,* Manel Alcald, Josep M. Gonzalez, and Ester Torras . . . ... 2137
Published online 1 August 2006

(continued)

Journal of Pharmaceutical Sciences
VOL. 95, NO. 10, OCTOBER 2006

WWILEY  This Jou.rnal is online
InterS@ience’
Volume 95, Number 10 was mailed the week of September 25, 2006. www.interscience.wiley.com

PGR2023-00043 — Atossa
Ex. 2016 - Page 1



Microstructural Imaging of Early Gel Layer Formation in HPMC Matrices

Gurjit S. Bajwa, Katrin Hoebler, Chris Sammon, Peter Timmins, and Colin D. Melia* ............. 2145
Published online 26 July 2006

Towards an Understanding of the Molecular Mechanism of Solvation of Drug

Molecules: A Thermodynamic Approach by Crystal Lattice Energy, Sublimation,

and Solubility Exemplified by Paracetamol, Acetanilide, and Phenacetin

German L. Perlovich, Tatyana V. Volkova, and Annette Bauer-Brandl* . .. ..................... 2158
Published online 1 August 2006

Permeability Assessment of Poorly Water-Soluble Compounds Under Solubilizing
Conditions: The Reciprocal Permeability Approach

Kasiram Katneni, Susan A. Charman, and Christopher J.H. Porter* ... ........................ 2170
Published online 1 August 2006

Transcellular Route of Diffusion through Stratum Corneum: Results from Finite

Element Models

AnaiM.Barbero ‘and ;i Frederick Fraseh sl el (s et ¥ ool Ly ol b s b LN T 2186
Published online 1 August 2006

Disassembly and Reassembly of Yeast-Derived Recombinant Human Papillomavirus
Virus-like Particles (HPV VLPs)

Henryk Mach, David B. Volkin, Robert D. Troutman, Bei Wang, Zheng Luo, Kathrin U. Jansen,

anelalli Shitirideuiplb i SIEia it n it St s i g et BT T L e S T 2195
Published online 26 July 2006

Study of Retinoic Acid Polymorphism

Gabriele Caviglioli,* Marcella Pani, Paolo Gatti, Brunella Parodi, Sergio Cafaggi,

andiGaetanosBipnard it s ol SRl S8 S0 T e I B I L T 2207
Published online 1 August 2006

Synthesis and Chemical Stability of a Disulfide Bond in a Model Cyclic

Pentapeptide: Cyclo(1,4)-Cys-Gly-Phe-Cys-Gly-OH

Henry T. He, R. Neslihan Giirsoy, Lidia Kupczyk-Subotkowska, Jiaher Tian, Todd Williams,

and-Fertifial). Siahaan® i/ d s . A0S il Sl S SEts bl e fan L (Gl 1 T 2222
Published online 1 August 2006

Preparation of Budesonide/y-Cyclodextrin Complexes in Supercritical Fluids

with a Novel SEDS Method

Tarja Toropainen,* Sitaram Velaga, Teemu Heikkild, Laura Matilainen, Pekka Jarho, Johan Carlfors,
Vesa-Pekka Lehto, Tomi Jarvinen, and Kristiina JArvinen . . .. .. .o o oo i 2235
Published online 1 August 2006

Solubilization and Dissolution of Tamoxifen-Hydroxybutenyl

Cyclodextrin Complexes

Charles M. Buchanan,* Norma L. Buchanan, Kevin . Edgar, Juanelle L. Lambert,

Jessica D. Posey-Dowty, Michael G. Ramsey, and Michael F. Wempe ........................ 2246
Published online 2 August 2006

Involvement of Intracellular Ca® " Dynamics in Cytoprotective Action by Amino

Acids and Cytotoxicity by Sodium Laurate, an Absorption Enhancer

Tomoyuki Okuda, Kenta Kadotsuji, Chie Takayama, Kiyonori Hanada, Fuyuki Mukaizawa,

Ken-ichi Ogawara, Kazutaka Higaki, and Toshikiro Kimura* ............................... 2256
Published online 2 August 2006

PGR2023-00043 — Atossa
Ex. 2016 - Page 2



~ Increase of Doxorubicin Sensitivity for Folate Receptor Positive Cells When

~ Given as the Prodrug N-(phenylacetyl) Doxorubicin in Combination with

. Folate-Conjugated PGA

~ Qi Zhang, Guangya Xiang,* Youjiu Zhang, Keya Yang, Wo Fan, Jialiang Lin, Fanbo Zeng,

e R R e e B S R R £ R 2266
~ Published online 1 August 2006

_ In Situ Studies of Regional Absorption of Lobucavir and Ganciclovir from

" Rabbit Intestine and Predictions of Dose-Limited Absorption and Associated

- Variability in Humans

~ Zheng Yang, Prasarn Manitpisitkul, and Ronald J. Sawchuk* ... 2276
- Published online 1 August 2006

. MDRI Haplotypes Significantly Minimize Intracellular Uptake and Transcellular

. P-gp Substrate Transport in Recombinant LLC-PK1 Cells

~ Noha N. Salama,* Ziping Yang, Tot Bui, and Rodney J.Y. Ho . ................oooinnonn.. 2293
_ Published online 1 August 2006

. Modulating p-Lapachone Release from Polymer Millirods through Cyclodextrin

~ Complexation

~ Fangjing Wang, Elvin Blanco, Hua Ai, David A. Boothman, and Jinming Gao* .................. 2309
- Published online 1 August 2006

In papers with more than one author, an asterisk (*) in the byline indicates the author to whom
inquiries should be directed.

PGR2023-00043 — Atossa
Ex. 2016 - Page 3



JOURNAL OF

Pharmaceutical
Sciences

A

& A Publication of the American Pharmacists Association

APhA

&

%a3s W

» aaps

American Association of
Pharmaceutical Scientists

%g A Publication of the Board of Pharmaceutical
¢ Sciences of the International Pharmaceutical
Federation

Published in Cooperation with the American
Association of Pharmaceutical Scientists

. W

The Journal of Pharmaceutical Sciences (Print ISSN 0022-3549; Online
ISSN 1520-6017 at Wiley Interscience, www.interscience.wiley.com)
is published monthly (one volume per year), by Wiley-Liss, Inc., through
Wiley Subscription Services, Inc., a Wiley Company, 111 River Street,
Hoboken, NJ 07030, and the American Pharmacists Association, 2215
Constitution Avenue NW, Washington, DC 20037.

Copyright © 2006 Wiley-Liss, Inc., a Wiley Company, and the
American Pharmacists Association. All rights reserved. No part of this
publication may be reproduced in any form or by any means, except as
permitted under section 107 or 108 of the 1976 United States Copyright
Act, without either the prior written permission of the publisher, or
authorization through the Copyright Clearance Center, 222 Rosewood
Drive, Danvers, MA 01923, Tel.: (978) 7508400, Fax: (978) 750-4470.
Periodicals postage paid at Hoboken, NJ and at additional mailing
offices.

The copyright notice appearing at the bottom of the first page of an
article in this journal indicates the copyright holder’s consent that 2
copies may be made for personal or internal use, or for personal or
internal use of specific clients, on the condition that the copier pay for
copying beyond that permitted by law. This consent does not extend to
other kinds of copying such as copying for general distribution, for
advertising or promotional purposes, for creating new collective works, or
for resale. Such permission requests and other permission inquiries
should be addressed to the Permissions Department, ¢/o John Wiley &
Sons, Inc., 111 River Street, Hoboken, NJ 07030; Tel.: (201) 748-6011;
Fax: (201) 748-6008; or visit http://www.wiley.com/go/permissions.
Subscription Price (Volume 95, 2006): Print only: $1,125.00 in U.S.,
Canada, and Mexico, $1,182.00 outside North America. Electronic only:
$1,125 worldwide. A combination price of $1,238.00 in U.S., Canada, and
Mexico, $1,295.00 outside North America, includes the subscription in
both electronic and print formats. Personal rate: $325.00 in US, Canada,
and Mexico, $382.00 outside North America. Subscriptions at the
personal rate are available to individuals. All subscriptions containing
a print element, shipped outside U.S., will be sent by air. Payment must
be made in U.S. dollars drawn on U.S. bank. Claims for undelivered
copies will be accepted only after the following issue has been delivered.
Please enclose a copy of the mailing label. Missing copies will be supplied
when losses have been sustained in transit and where reserve stock
permits. Please allow four weeks for processing a change of address. For

subscription inquiries, please call (201) 748-6645; E-mail: SUBINFO@
wiley.com.

Postmaster: Send address changes to Journal of Pharmaceutical
Sciences, Subscription Distribution, c¢/o John Wiley & Sons, Inc., 111
River Street, Hoboken, NJ 07030. For subscription inquiries, please call
customer service at (201) 748-6645 or write to the above address.

Advertising Sales: Inquiries concerning advertising should be
forwarded to Advertising Sales, ¢/o John Wiley & Sons, Inc., 111 River
Street, Hoboken, NJ 07030, (201) 748-8832.

Manuscript Submission: Five copies of the manuscript must be
submitted together with a transmittal letter and a signed Copyright
Transfer Agreement to the Editor: Dr. Ronald T. Borchardt, Department
of Pharmaceutical Chemistry, The University of Kansas, 2095 Constant
Ave., Room 121A, Lawrence, KS 66047. [Tel: (785) 864-5919; Fax: (785)
864-5875; E-mail: rborchardt@ku.edu or tdunning@ku.edu]

Reprints: Reprint sales and inquiries should be directed to .the
Customer Service Department, c/o John Wiley & Sons, Inc., 111 River
Street, Hoboken, NJ 07030, Tel.: (201) 748-8789.

Other Correspondence: Address all other correspondence f%0
Journal of Pharmaceutical Sciences, Publisher, STM, c/o John Wiley &
Sons, Inc., 111 River Street, Hoboken, NJ 07030 or jpsprod@wiley.com-

The contents of this journal are indexed in the following: Analytical
Abstracts (RSC), CAB Abstracts™ (CABI), Cambridge Scientific Abstrflfts
(CIG), CCR Database (Thomson ISI), Chemical Abstracts Servicel
SciFinder (ACS), Chemistry Server Compound Center ( Thomson 15D,
Chemistry Server Reaction Center (Thomson ISI), ChemPrep” M (Thom-
son ISI), Chimica Database (Elsevier), Chromatography Abstracts (: 1?SC)’
Current Chemical Reactions®™ (Thomson ISI), Current Contents" [Life
Sciences (Thomson ISI), EMBASE | Excerpta Medica (Elsevier), Index
Chemicus™ (Thomson ISI), Index Medicus | MEDLINE | PubMed ( NLM_) ’
International Pharmaceutical Abstracts (Thomson ISI), MDL Beilsteint
(Elsevier), Reaction Citation Index™ (Thomson ISI), Reference Upd?fe
(Thomson ISI), Science Citation Index™ (Thomson ISI), Science Cttatwg
Index Expanded™ (Thomson ISI), SCOPUS (Elsevier), and SII
Databases (Sociedad Iberoamericana de Informacion Cientifica).

This paper meets the requirements of ANSI/NISO
7.39.48-1992 (Permanence of Paper). °

PGR2023-00043 — Atossa
Ex. 2016 - Page 4

-



*

This material may be protected by Copyright law (Title 17 U.S. Code)

Solubilization and Dissolution of Tamoxifen-H
Cyclodextrin Complexes

ydroxybutenyl

CHARLES M. BUCHANAN, NORMA L. BUCHANAN, KEVIN J. EDGAR, JUANELLE L. LAMBERT,

JESSICA D. POSEY-DOWTY, MICHAEL G. RAMSEY, MICHAEL F. WEMPE

Research Laboratories, Eastman Chemical Company, P.O. Box 1972, Kingsport, Tennessee 37662

Received 6 February 2006; revised 5 May 2006; accepted 6 May 2006

Published online 2 August 2006 in Wiley InterScience ( www.interscience.wiley.com). DOI 10.1002/jps.20710

ABSTRACT: The solubility and dissolution of tamoxifen base and tamoxifen citrate
with and without hydroxybutenyl-B-cyclodextrin (HBenBCD) in aqueous and organic
media were examined. The solubility of tamoxifen was greatly enhanced by complexation
with HBenBCD; pH of the medium, and choice of buffer significantly impacted the
amount of drug that could be solubilized. Different tamoxifen:HBenBCD formulations
were prepared, including liquid fill capsule formulations, and their dissolution profiles
were obtained. These dissolution studies demonstrated that enhanced solubilization of
tamoxifen with HBenBCD was effective across a wide variety of formulation options. By
complexation of tamoxifen base with HBenBCD, it was possible to obtain solubility and
dissolution profiles for tamoxifen base that were essentially identical to that of tamoxifen
citrate. © 2006 Wiley-Liss, Inc. and the American Pharmacists Association J Pharm Sci 95:2246—
2255, 2006

Keywords: hydroxybutenyl-B-cyclodextrin; HBenBCD; tamoxifen; complex; liquid

fill; solubility; dissolution

INTRODUCTION

In designing drug delivery systems for poorly
water-soluble drugs, the relationship between
drug solubility in a physiological environment,
drug absorption across biological barriers, and
bioavailability or efficacy is of paramount impor-
tance. There are many aspects to this problem;
crystallinity, intrinsic aqueous solubility, drug
structure, and charge state of the drug molecule
are important issues. The ability of a delivery
vehicle to solubilize a drug, drug loading, and
interaction of the delivery vehicle with membrane
transporters (e.g., P-glycoprotein) are also impor-
tant issues. The medium in which the drug
delivery system is contained is a very significant
issue.
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423.229.8562; Fax: 423.229.4558; E-mail: buck@eastman.com)
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Tamoxifen (Fig. 1) is a member of a class of
compounds known as selective estrogen receptor
modulators which have the capability of acting as
estrogen receptor agonists in some tissues and as
antagonists in other tissues.’? Tamoxifen is an
estrogen receptor agonist in bone, the cardiovas-
cular system, and the endometrium, but acts as an
antagonist in breast tissue. Tamoxifen is used
clinically as a nonsteroidal antiestrogen for first-
line endocrine treatment as well as adjuvar.lt
therapy in early and metastatic breast cancers 1n
postmenopausal women. Tamoxifen is also
approved as a prophylactic agent for women at
high risk of developing breast cancer.

Tamoxifen is a weak base (pK, ~ 8.8) with very
low aqueous solubility and a melting point 0
100°C.> Commercially, tamoxifen base is cond
verted to the citrate salt as a means of incre{;tsm%r
the aqueous solubility and efficacy of tam0x1fen.-
However, the increase in tamoxifen solubility Yla
salt formation is limited due to the higher melting
point of tamoxifen citrate (146°C) which inhibits
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OCH,CHN(CH,),

Tamoxifen

ution.? The Z-isomer of tamoxifen is biologi-
y active but the E-isomer has limited biological
ty.®” Tamoxifen is a low-dose therapeutic
ent typically given to patients for long periods of

Cyclodextrins (CD) are cyclic oligomers of
lucose, which typically contain 6, 7, or 8 glucose
onomers joined by o-1,4 linkages; these oligo-
ers are commonly called «-CD, p-CD, and y-CD,
sspectively. Topologically, cyclodextrins form a
rus that has a hydrophobic interior and a
ophilic exterior which allows the CD to be
issolved in water where it acts as a host molecule
nd forms inclusion complexes with hydrophobic
uest molecules. This feature has led to the use of
D in pharmaceutical formulations.®?

- Unfortunately, unmodified cyclodextrins, par-
icularly -CD, are relatively crystalline and have
mited aqueous solubility. In parenteral formula-
ions this limited solubility is a very serious issue
s renal concentration of the unmodified CD can
ead to crystallization of the CD and necrotic
1 nage.'® Fortunately, the solubility of unmodi-
ed cyclodextrins in water can be significantly
ncreased by the addition of a small number of
substituents to the hydroxyl groups of the anhy-
droglucose monomers.'! It is important to note
that cyclodextrin derivatives that are similar in
cture can provide significantly different solu-
ation, dissolution rates, and stabilization of
gs under otherwise similar conditions.

- With regard to complexation of tamoxifen with
eyclodextrins, Loftsson et al.,'? have described the
‘Solubilization and stabilization of drugs, including
tamoxifen, using hydroxypropyl-p-CD (HPBCD)
‘and other cyclodextrin derivatives. Loftsson found
hat the stabilizing effect in aqueous solutions was
‘highly dependent upon the structure of the
- eyclodextrin derivative. Szejtli has described the
‘use of drug/cyclodextrin/organic acid multicompo-
‘nent systems in pharmaceutical formulations
involving tamoxifen.'®'* Szejtli found that incor-

- DOI 10.1002/jps

OCH,CH,N(CH,),

4-hydroxytamoxifen

TAMOXIFEN-HYDROXYBUTENYL CYCLODEXTRIN COMPLEXES 2247

QCH,CH,NHCH,

N-desmethyltamoxifen

Figure 1. Structure of tamoxifen and the two major metabolites of tamoxifen,
4-hydroxytamoxifen and desmethyltamoxifen.

poration of hydroxy acids, for example, tartaric
acid, in formulations in a specific molar ratio
based on cyclodextrin and drug, increased the
solubilization of tamoxifen base. Similarly, Lofts-
son described the increase in complexation effi-
ciency of a basic drug (tamoxifen) by addition of
volatile acid (e.g., acetic acid) to an aqueous medium
of basic drug and cyclodextrin. The volatile acid was
then removed resulting in formation of solid
cyclodextrin complexes of the unionized drug.'®
Fischer et al.'® investigated the utility of HPBCD
and sulfobutyl-i-cyclodextrin in the solubilization
and stabilization of Z-4-hydroxytamoxifen, a meta-
bolite of tamoxifen (Fig. 1). Fischer found that a
stable complex of 4-hydroxytamoxifen and cyclodex-
trin could be obtained in pH 7 saline solution.
Recently we have described the preparation and
characterization of highly water-soluble (>50%
w/v) hydroxybutenyl-p-cyclodextrin (HBenBCD)."”
In this initial account, we reported that HBenBCD
was very effective in solubilizing a broad spectrum
of drugs including ibuprofen and glibenclamide.
In this report, we describe our investigations
into the ability of HBenBCD to solubilize tamoxifen
base and tamoxifen citrate, the preparation and
isolation of solid tamoxifen:HBenBCD complexes,
novel formulations of tamoxifen and HBenBCD in
organic (PEG 400) liquid formulations, and the
dissolution of drugs from different tamoxifen:
HBenBCD formulations. Our goals were to demon-
strate increased solubility and enhanced dissolu-
tion profiles of tamoxifen due to complexation
with HBenBCD and the development of suitable
formulations for use in preclinical studies.'®

EXPERIMENTAL

General Methods

Hydroxybutenyl-B-cyclodextrin (HBenBCD, molar
substitution =4.7) was prepared according to

JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 95, NO. 10, OCTOBER 2006
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previously described methods.!” The HBenBCD
was dried at ca. 5 mm Hg at ambient temperature
for ca. 14 h prior to use. The water content (Karl
Fisher analysis) after drying was typically 2.2%.
Tamoxifen base and tamoxifen citrate were
obtained from Apin Chemicals and, with one
exception, used without further purification or
processing. As noted below, we did attempt to
obtain amorphous tamoxifen by freeze drying a
solution of tamoxifen base dissolved in EtOH. We
were unsuccessful as the freeze-dried tamoxifen
had virtually the same Tm and AH as the native
tamoxifen base. Although no attempt was made to
characterize differences in morphology between
the two physical forms, we did note that
freeze dried tamoxifen powder had a much lower
bulk density. Water was prefiltered through a
Milli-Q™ Water System (Millipore Corporation)
and had very low total organic and pyrogen
content and low-ionic strength. Buffers were
prepared using Millipore water.

Modulated differential scanning calorimetry
(DSC) curves were obtained using a Q1000 TA
spectrometer. First scan DSC heating curves were
obtained by heating from 0 to 160°C at 5°/min with
amodulation of 2° every 60 s. Prior to collecting the
spectra, the instrument was calibrated versus
indium-tin-water. Tamoxifen:HBenBCD com-
plexes and physical mixtures were dried at 25°C
at ca. 5 mm Hg for 5 days then taken from
the vacuum oven and immediately sealed in a
hermetic pan.

Solubility Studies

Solubility measurements were made using a
modified version of the traditional shaking flask
method:'*~2! To each well of a 2 mL 96-well
polypropylene mixing plate was added excess
drug (ca. 5-10 mg). To each well of the preloaded
96-well mixing plate was added 300-500 pL of
water or buffer (blanks with no CD) or the
appropriate CD solution. Each determination
was made in triplicate. The blanks were used to
determine the intrinsic solubility (S,) of drug in
that solution, and the wells containing the CD
solutions were used to determine the solubility of
drug due to CD (S;). After addition of the stock
solutions, the plate was sealed using aluminum
foil with a nonvolatile adhesive on one surface.
The plate was placed on a rotary shaking plate
(Heidolph Titramax 1000) and the plate was
shaken at 800—1200 rpm at 23+2°C for 48—
72 h. Preliminary experiments showed that less

JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 95, NO. 10, OCTOBER 2006

that 24 h was required to reach equilibrium.
Longer mixing times were used both for conve.
nience and to insure that we were well above the
time required to reach equilibrium. During the
mixing period, the plate was inspected to ensure
that each well contained undissolved, excess
drug. Additional drug was added if necessary.

Following the mixing period, the solutions in
each well were transferred to the corresponding
wells of a 96-well 2 mL multiscreen filter plate
using a multichannel pipette. The bottom of each
well was a hydrophilic membrane. The filter plate
was placed on top of a vacuum manifold and the
solutions were filtered at ca. 20 mm Hg into
the corresponding wells of a 2 mL storage plate.
The duration of the filtration period was typically
no more than 60 s. The storage plate was then
sealed with a silicon mat and samples were
removed for analysis as appropriate.

The drug content in each well was determined
by UV spectroscopy using a SpectraMax Plus 384
Molecular Devices multiwell plate reader. Typi-
cally, 10—20 pL of drug solution was transferred to
the corresponding well of a 96-well measurement
plate (UV-STAR plates from Greiner with a
spectral range of 190—400 nm) and diluted with
1:1 water:ethanol so that the absorbance was in
the linear response range. Absorbance was con-
verted to drug concentration using the appropriate
absorptivity for the drug. The drug concentrations
were then exported to the appropriate software
package for final analysis. Additionally, the final
pH of each well was measured to insure that the
pH had not drifted significantly due to lack of
buffering capacity.

The method described for solubility analysis
was developed as a high-throughput method for
analyzing many samples on a daily basis.
Although HPLC can be used to determine drug
concentration, we have found that UV spectro-
scopy is a much faster and cheaper method of
analysis and can be used with >90% of the drugs
we have examined. Typically, HPLC is only needed
when the drug has both very poor water solubility
and low-molar absorptivity or when there are
questions about drug stability under the test
conditions. In this study, there was no evidence
(UV, NMR, LC/MS/MS) of tamoxifen degradation
during complex preparation, dissolution studies,
or in animal studies.'® The maximum absorption
for HBenBCD is less than 200 nm while the
maximum absorption or assay wavelength for
many drugs are typically 260—290 nm. In the
present case, tamoxifen absorptivity at 280 nm is

DOI 10.1002/jps
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9.5 abs/cm/(g/L) versus 0.003 abs/cm/(g/L) for
nBCD. Hence, at the normal drug concentra-
ns we obtain in these experiments and when
e drug has a reasonable molar absorptivity,
bsorbance contributions by HBenBCD can be
glected. When absorbance contributions by
HBenBCD become significant, a correction can
be applied by collecting a background spectrum
f HBenBCD (no drug) in the measurement
solvent.'? %!

Typical Methods for the Preparation
of Tamoxifen:HBenBCD Complexes
Or Physical Mixtures

The following are example procedures for prepar-
ing complexes or mixtures of tamoxifen with
HBenBCD. These procedures have not been
‘optimized.

3

Physical Solid Mixtures

Appropriate amounts of tamoxifen base or citrate
d HBenBCD were loaded into the holder of a
freezer mill (Spex Industries, Inc., Metuchen, NJ).
After cooling to liquid nitrogen temperature, the
‘samples were milled for 12 min at maximum mill
speed. The samples were then transferred to glass
' jars and dried at 27 mm Hg for 1 h prior to use.

i Solid Tamoxifen Base:HBenBCD Complex

- A 20 wt% HBenBCD solution was prepared by
' dissolving 6 g of HBenBCD in phosphate buffer
- (0.05 M, pH 3). Tamoxifen base (901 mg) was
" added to this solution. The mixture was briefly
vortexed and placed in a preheated (50°C) ultra-
' sonic bath for 30 min. The sample was then placed
" on a rotary shaker and the temperature of the
sample was maintained at 30°C. After ca. 66 h,
. solids were still present. The sample was removed
~ from the shaker and the pH of the solution was
. adjusted from 6.5 to 3.1 before returning the
. sample to the shaker. After an additional 24 h,

solids were still evident and the solution pH was
. 5.6. The sample was filtered through a 0.45 pm
. filter and the clear solution was freeze dried
~ which provided 6.49 g of a white powder (94%
yield). Using UV spectroscopy, the sample was
determined to contain 7.2 wt% of tamoxifen base.

Solid Tamoxifen Citrate:HBenBCD Complex

A 20 wt% HBenBCD solution was prepared by
dissolving 6 g of HBenBCD in phosphate buffer

DOI 10.1002/jps

TAMOXIFEN-HYDROXYBUTENYL CYCLODEXTRIN COMPLEXES 2249

(0.05 M, pH 3). To this solution was added 900 mg
of tamoxifen citrate. The mixture was briefly
vortexed and placed in a preheated (50°C) ultra-
sonic bath for 30 min. The sample was then placed
on a rotary shaker and the temperature of the
sample was maintained at 30°C. After ca. 66 h,
the solution pH was 3.7 and no solids were evident
by the naked eye (use of a laser pointer revealed
the presence of small particles in the solution).
The sample was filtered through a 0.45 pm filter
and the clear solution was freeze dried to give
6.8 g of a white powder (>98% yield). Using uv
spectroscopy, the sample was determined to
contain 11.6 wt% of tamoxifen citrate.

Tamoxifen Base:HBenBCD PEG 400/PG Solution

To a 14 g solution of PEG 400 (39.1 wt%),
propylene glycol (56.5 wt%), and water (4.4 wt%)
was added 6 g of HBenBCD. The sample was
vortexed and then mixed until a clear solution
was obtained. Tamoxifen base (450 mg) was added
and the sample was placed on a rotary shaker for
ca. 96 h. Excess drug was removed by filtration at
60°C through a 45 um filter. The sample was
determined to contain 0.62 wt% of tamoxifen base
by UV spectroscopy.

Tamoxifen Citrate:HBenBCD PEG 400/PG Solution

Tamoxifen citrate (751 mg) was suspended in 14 g
of a 42.9 wt% solution of HBenBCD in PEG 400
(39.1 wt%), propylene glycol (56.5 wt%), and
water (4.4 wt%). The sample was placed on a
rotary shaker for ca. 96 h. Excess drug was
removed by filtration at 60°C through a 45 pm
filter. The sample was determined to contain
9.46 wt% of tamoxifen citrate by UV spectroscopy.

Tamoxifen Base:HBenBCD Prepared
by Comixing of Solutions

Thus, 6 g of HBenBCD (6 g) was dissolved in 9 mL
of water. In a separate vessel, 422 mg of tamoxifen
base (7 wt%) was dissolved in 5 mL of absolute
EtOH. The solution of tamoxifen base in EtOH
was added slowly to the HBenBCD aqueous
solution while stirring. The solution remained
clear and nothing was observed to crystallize or
precipitate when the solution was stored at
ambient temperature overnight. The water/EtOH
was removed in vacuo providing 6.5 g of a white
solid. Thermal analysis of this material by DSC
revealed the complete absence of a melting
transition for tamoxifen in the first heating scan.
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Dissolution Studies

Dissolution studies were conducted at 37°C
according to USP 28-NF 23 711 (United States
Pharmacopeia, 2004). For these studies, the solid
or PEG 400 liquid fill formulations were filled into
hard shell Torpac lock ring gelatin capsules (Size
#1 or #0). The apparatus used for the testing was a
Varian VK 7000 dissolution tester. The pH values
used for the experiments were selected on the
basis of the pH normally found in the stomach or
upper and lower GI tracts of humans.

RESULTS AND DISCUSSION

Solubility Studies

The first step in our investigation into the ability
of HBenBCD to solubilize tamoxifen was to
measure the solubility of tamoxifen base and
tamoxifen citrate in water and a series of relevant
buffers; one set of these media did not contain
HBenBCD and a second set contained HBenBCD
(10 wt%). We typically conduct this type of initial
screening using 5—10 wt% HBenBCD as we have
found that increases in drug solubility are usually
linear in this range while at higher concentra-
tions, departure from linearity is often observed
(vide infra).?? Furthermore, we routinely deter-
mine the appropriate buffer strength to be used in
this type of screening.

Use of buffers in drug formulations is often a
balance between having sufficient buffering capa-
city and salting out effects due to the ionic strength
of the media. In this context, we examined the
solubility of tamoxifen base in the presence of
5 wt% HBenBCD in pH 3 phosphate buffers. In
0.025 and 0.05 M phosphate buffer, the amount of
tamoxifen base solubilized by HBenBCD was
essentially identical (134 mg/g HBenBCD) but in
0.10 M phosphate buffer, the amount of tamoxifen
base solubilized was less (117 mg/g HBenBCD).
For this reason, 0.05 M buffer was used in all
subsequent studies in the report.

Figure 2 shows the results of this investigation
for tamoxifen base. The intrinsic solubility (S,) of
tamoxifen base in water was quite low (24 pug/mL)
and the increase in solubility of tamoxifen base due
to complexation with HBenBCD (S;) was only
marginal (Sy/S,=5). At pH 1.2, HBenBCD sig-
nificantly increased tamoxifen base solubility
(So =37 pg/mL, Sy/S, = 241). At pH 3, the solubility
of tamoxifen was not only dependent upon the pH
of the medium but, was also apparently upon the
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Tamoxifen Base (g/L

S e N D

Figure 2. Tamoxifen base solubility in water and
buffers without cyclodextrin and with HBenBCD
(10 wt%).

type of buffer. At pH 3, the lowest solubility was
observed with the phosphate buffer (S/S,=49)
while the highest solubility was observed with the
tartrate buffer (Sy/S, = 175). As would be expected,
as the pH of the medium (4.9 and 7.4) appro-
ached the pK, of tamoxifen the solubility of
tamoxifen base in the presence of HBenBCD
was greatly diminished.” Figure 3 shows the
equivalent solubility data for tamoxifen citrate.
The S, (S;=329 pg/mL) of the citrate salt of
tamoxifen in water was much higher than that of

©
QS’

c'>

N
o

None
HBenBCD -

1l

«'b O"Q ,b(:

Tamoxifen Citrate (g/L)
SRR o ®

oN & O ®

Figure 8. Tamoxifen citrate solubility in water and
buffers without cyclodextrin and with HBenBCD
(10 wt%).
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the free base but was somewhat diminished in the
puffer solutions due to increased ionic strength of
the media.’? In the presence of HBenBCD, the
lubility of tamoxifen citrate was significantly
creased in all media; Sy/S, ranged from 54 to 293.
We next examined the solubility of tamoxifen
base and tamoxifen citrate in different buffer
systems at different concentrations of HBenBCD.
‘Figure 4 shows the results obtained with tamox-
ifen base:HBenBCD in 0.05 M citrate and phos-
bhate buffers. In the case of the citrate buffer,
_tamoxifen base solubility increases linearly with
'HBenBCD concentration until the HBenBCD
' concentration reaches ca. 25 wt% at which point
the apparent drug solubility diminishes slightly.
' The equilibrium binding constant for the linear
- part of the curve was 681/M.2>2* In the case of the
' pH 3 phosphate buffer, tamoxifen base concentra-
 tion begins to flatten out much earlier at ca. 5 wt%
' HBenBCD. This behavior is indicative of forma-
' tion of tamoxifen base:HBenBCD inclusion com-
plexes with finite solubility (Bs solubility) which
" may in part rationalize the differences between the
- pH 3 buffer systems noted in Figure i )
~ contrast, the equilibrium solubility curves for
(' tamoxifen citrate (Fig. 5) in water and 0.05 M
~ citrate and phosphate buffers were essentially
identical and were indicative of A,, phase solubility
" pehavior. In pH 3 phosphate buffer, the equili-
" brium binding constant for tamoxifen citrate:H-
- BenBCDin the linear part of the curve was 305/M.

Dissolution Studies

Figure 6 shows the dissolution of tamoxifen base
" and tamoxifen citrate (no HBenBCD) at pH 1.2

TAMOXIFEN-HYDROXYBUTENYL CYCLODEXTRIN COMPLEXES 2251
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Figure 5. Tamoxifen citrate solubility in HBenBCD
buffer solutions with varying HBenBCD concentration.

and 4.5. The initial dissolution of tamoxifen base
at pH 1.2 was relatively slow (16% at 15 min) and
a maximum dissolution of ca. 45% was reached in
ca. 3 h. At pH 4.5, the dissolution of tamoxifen
base was minimal with only 5 wt% being dissolved
after 6 h. The dissolution profiles for tamoxifen
citrate were relatively insensitive to pH. At pH 1.2
and 4.5, the dissolution profiles overlapped and
the maximum dissolution reached was ca. 5%.
We also studied the dissolution of dry milled
physical mixtures of tamoxifen base and
HBenBCD in which the molar ratios of tamoxifen
base and HBenBCD were varied (Fig. 7). In all
cases, the initial dissolution of tamoxifen base was
rapid, reaching a plateau after ca. 20—-50 min. As
can be seen, the total amount of tamoxifen base
dissolved increased as the molar HBenBCD:ta-
moxifen base ratio increased. These observations

74
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D 161
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©
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S 4 o g,
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0 50 100 150 200 250 300 350 400 450

CD (g/L)

Figure 4. Tamoxifen base solubility in HBenBCD
buffer solutions with varying HBenBCD concentration.
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Figure 6. Dissolution of tamoxifen base (TB) and
tamoxifen citrate (TC) at pH 1.2 and 4.5 (no HBenBCD)
at 37°C from gelatin capsules.
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Figure 7. Dissolution of tamoxifen at 37°C from
gelatin capsules filled with tamoxifen base (TB) and
tamoxifen base:HBenBCD physical mixtures (pH 6.0).

indicate that complex formation can be rapid and
that it is not necessary to preform a complex
with HBenBCD to achieve increased tamoxifen
dissolution.

In order to compare the dissolution of tamoxifen
base:HBenBCD and tamoxifen citrate:HBenBCD
complexes, these complexes were prepared each
containing equivalent amounts of tamoxifen on
the basis of tamoxifen base (80 mg/mL, 1:3 molar
ratio of tamoxifen:HBenBCD). The dissolution of
the complexes was then evaluated at pH 1.2, 6.0,
and 7.5 (Fig. 8). At pH 1.2, 100% dissolution of
tamoxifen base was achieved in ca. 30 min versus
85% for tamoxifen citrate. At pH 6.0, the dissolu-
tion profiles of tamoxifen base and citrate were
equivalent reaching ca. 92% dissolution within

110

L. 9, e o

90

« 801
o
s 707 -#-TCpH1.21
= 601 B-TBpH1.21
2 -8-TC pH6.03
o 507 -6-TBpH6.03
8 4o ~-TCpH7.45
© <©-TBpH7.45
=)

307

20
10

0 50 100 150 200 250 300 350 400 450 500
Time (minutes)

Figure 8. Dissolution of tamoxifen at 37°C from
gelatin capsules filled with solid tamoxifen base:
HBenBCD and tamoxifen citrate:HBenBCD complexes
at pH 1.2, 6.0, and 7.45.
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30 min. At pH 1.2 and 6.0, precipitation of
tamoxifen was not observed during the time scale
of the experiment. At pH 7.5, the dissolution
profiles for tamoxifen base and -citrate were
similar. The dissolution rate of tamoxifen citrate
was only slightly faster than that of tamoxifen
base; the total amount of tamoxifen dissolved
was essentially equivalent. In both cases, the
percentage of drug dissolved reached a maximum
of 26% then decreased as the drugs precipitated.
Precipitation of a basic drug can often be expected
as the pH of the medium approached its pK,. What
isnoteworthy is that, in the presence of HBenBCD,
the dissolution profile of tamoxifen base was
equivalent to the salt.

Asnoted above, acceptable dissolution of tamox-
ifen can be achieved simply by preparing physical
mixtures. However, if one compares the results
presented in Figures 7 and 8, it can be seen that the
preformed tamoxifen:HBenBCD complexes pro-
vided more rapid dissolution rates with increased
dissolution of tamoxifen. In the case of the 1:3.5
tamoxifen base:HBenBCD physical mixture, the
dissolution of tamoxifen reached a plateau at
ca. 52% after 50 min. In the case of the 1:3
tamoxifen base:HBenBCD complex, the dissolu-
tion of tamoxifen leveled out at ca. 92% after
30 min. This difference in dissolution profiles
may in part be due to the difficulty in achieving
a completely amorphous physical mixture of
tamoxifen-HBenBCD by milling. Analysis by
modulated DSC of the physical mixtures revealed
the presence of a melting endotherm correspond-
ing to that of tamoxifen; AH for the melting
endotherm increased as the amount of HBenBCD
decreased. In contrast, DSC analysis of the
preformed complex revealed the complete absence
of a melting endotherm (Fig. 9).

In this context, we prepared tamoxifen base:-
HBenBCD mixtures by first comixing solutions of
HBenBCD dissolved in HyO and tamoxifen base
dissolved in EtOH followed by concentration
in vacuo. As a control, part of the tamoxifen
base:HBenBCD solid from comixing of the solvent
mixtures was dissolved in water then isolated by
freeze drying. The dissolution profiles for these
two samples are shown in Figure 10. The initifil
dissolution of both samples was quite rapid
with ca. 80% of the samples being dissolved after
20 min. The complex prepared by comixing
reached a plateau at ca. 85% dissolution while
the control sample leveled out at ca. 90%. Collec-
tively, the results presented in Figures 7-10
indicate that tamoxifen:HBenBCD complexes
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--- TB:HBenBCD Complex

----- 1:7.1 TB:HBenBCD Physical Mixture
—1:3.5 TB HBenBCD Physical Mixture
----1:2.4 TB:HBenBCD Physical Mixture

50 60 70 80 90 100 110 120 130
Temperature (°C)
4 gure 9. DSC spectra for a preformed tamoxifen

base:HBenBCD complex and for physical mixtures of
tamoxifen base and HBenBCD. The melting point of

~ with favorable dissolution profiles can be prepared
by different techniques provided that the drug in
" the final mixture is amorphous.

~ The observations with comixing of solutions
encouraged us to explore the feasibility of prepar-
~ ing drug:HBenBCD mixtures in water-soluble
~ organic solvents that may be suitable for liquid fill
~ capsule formulations. With HBenBCD, this
. seemed plausible as we had found that HBenBCD
was soluble (ca. 50 wt%) in solvents commonly
~ used in liquid fill formulations. We had no
~ expectation that the drug and HBenBCD would
~ form complexes in these solvents but we antici-
~ pated that during dissolution or mixing in aqueous

110
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807
707
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501
407
307 -#- Complex prepared in water
207 -8 Complex from co-mixed solutions
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% Dissolution
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Time (min)

Figure 10. Dissolution of tamoxifen at 37°C, pH 6
from gelatin capsules filled with solid tamoxifen base:-
HBenBCD complexes prepared by (a) comixing of
tamoxifen base/ethanol solution with HBenBCD/water
solution and (b) prepared by mixing in water.
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media, complexation could be faster than precipi-
tation of drug.?’ The dissolution profiles obtained
for capsules filled with solid tamoxifen:HBenBCD
complex and capsules filled with PEG 400 solu-
tions of tamoxifen-HBenBCD are compared in
Figure 11. For comparison purposes, we have also
included dissolution profiles for capsules filled
with tamoxifen dissolved in PEG400 and capsules
filled with tamoxifen powder obtained from freeze
drying a solution of tamoxifen dissolved in EtOH.
As can be seen, the dissolution profiles from the
tamoxifen-HBenBCD solid filled capsules and the
liquid fill capsules were essentially identical. In
both cases, dissolution was rapid and no precipita-
tion of tamoxifen was observed over the course of
the experiment. In the case of the tamoxifen
solution (no HBenBCD), upon rupture of the
capsule 30%—40% of the drug remained in solu-
tion; the remaining drug was observed to pre-
cipitate virtually immediately. In the case of
capsules filled with freeze-dried tamoxifen (no
HBenBCD), the tamoxifen slowly dissolved over
time. The rate and extent of tamoxifen dissolution
was much less than that observed when HBenBCD
was present. However, comparison of the dissolu-
tion profile of the freeze-dried tamoxifen to that
of the native tamoxifen (Fig. 6) shows that
freeze drying of the tamoxifen improved the rate
and extent of dissolution relative to the native

110
1007 )
90
80
70'@
607 A
501
Wlaog® o Foml ¥W
301 Va

207 5

Dissolution (%)

0 100 200 300 400 500
Time (min)
@® Tamoxifen-HBenBCD Powder Complex
& Tamoxifen-HBenBCD, PEG400/2% H ;0
O Tamoxifen-HBenBCD, PEG400
V Tamoxifen-PEG400
A Tamoxifen Powder (Freeze Dried, No HBenBCD)

Figure 11. Dissolution of tamoxifen at 37°C from
gelatin capsules filled with solid tamoxifen:HBenBCD
complex, tamoxifen-HBenBCD dissolved in PEG400,
tamoxifen dissolved in PEG400 (no HBenBCD), or
tamoxifen (no HBenBCD) obtained by freeze drying. All
experiments were conducted in pH 6 buffer except
tamoxifen (no HBenBCD) which was conducted at pH4.5.
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tamoxifen. These findings are significant in that
liquid fill formulations could provide additional
formulation flexibility for drug:HBenBCD com-
plexes and in some cases will offer a means of
higher drug loading relative to solid oral formula-
tions.

CONCLUSIONS

In this account, we have shown that complexation
of tamoxifen base or citrate with HBenBCD was a
very effective means for increasing the solubility
of tamoxifen in aqueous media. The pH of the
medium and the choice of buffer significantly
impacted the amount of drug that could be
solubilized. Solid and liquid formulations of
tamoxifen:HBenBCD inclusion complexes or phy-
sical mixtures were prepared by a number of
different methods. Dissolution studies using these
complexes or physical mixtures revealed that the
dissolution profile of tamoxifen could be signifi-
cantly improved relative to the parent drug.

Collectively, these results indicate that by
formulating tamoxifen base with HBenBCD, it
is possible to obtain solubility and dissolution
profiles essentially identical to that of tamoxifen
citrate. These formulations potentially could elim-
inate the need to convert this basic drug to a
salt in order obtain improved solubility and
efficacy. The ability to formulate tamoxifen base
with HBenBCD in liquid fill capsule formula-
tions offers additional flexibility in oral drug
formulations.
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94. The apparent binding constant is obtained by
plotting the molar concentration of drug versus
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molar concentration of complexing agent. A fit to
the initial linear portion of the curve allows one to
calculate the apparent binding constant; K = slope/
S,(1 — slope). Although this equation is commonly
used, one should note that the intrinsic solubilities
(S,) for poorly water-soluble drugs are typically
very small and difficult to measure accurately.
Small variations in S, will significantly impact the
reported binding constant.

The details of cyclodextrin liquid fill formulations
exceed the scope of this paper and will be presented
elsewhere. Buchanan CM, Buchanan NL, Lambert
JL, Ramsey MG. Unpublished results.
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