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Abstract. Purpose:  The objective of this work was to
determine the pharmacokinetics of flutamide (FLT) and its
active metabolite, 2-hydroxy-flutamide (FLT-2-OH) in
rats, following formulation in hydroxypropyl-β-cyclodex-
trin (FLT-HPβCyD). Methods:  The pharmacokinetics of
FLT-HPβCyD, FLT-suspension (FLT-SUSP), and FLT-
solution (FLT-COSOLV) were compared after oral (p.o.)
and intravenous (i.v.) administration, respectively. In a non-
crossover design, male Sprague-Dawley rats received each
formulation as a single oral dose [15 mg (54 µmol) FLT/
kg] by oral gavage, or single i.v. dose [1.6 mg (5.8 µmol)
FLT/kg] via an indwelling jugular vein catheter. FLT and
its metabolite, FLT-2-OH, were determined in plasma and
urine aliquots by an HPLC method. Results:  In a prelimi-
nary in vitro experiment, using the dialysis bag dissolution
method, 80 % of a test dose of FLT was released from lyo-
philized FLT-HPβCyD into simulated gastric juice within
2 h, compared to less than 5 % release from commercial
FLT powder (FLT-SUSP). Following oral FLT-HPβCyD,
the mean area under the plasma concentration curve
(AUC0-∞) for FLT, was 1580 ± 228 ng.h/mL, with the max-
imum plasma concentration (Cmax; 1297 ± 127 ng/mL) at
0.5 h (Tmax) after administration. The AUC0-∞ and Cmax
were significantly higher than after FLT-SUSP (AUC0-∞
748 ± 206 ng.h/mL; Cmax 230 ± 111 ng/mL and Tmax 2.33
± 0.29 h, respectively). After i.v. FLT-HPβCyD, the FLT
AUC0-∞ was 1355 ± 162 ng.h/mL, compared to 1421 ± 283
ng.h/mL for FLT-COSOLV. FLT Cmax were 714 ± 144
mL/h and 735 ± 88 mL/h, respectively. The respective vol-
umes of distribution (Vz) were 369 ± 191 mL and 242 ± 25
mL. The plasma concentration-time profile and pharma-
cokinetic parameters of FLT after FLT-HPβCyD and

FLT-COSOLV did not differ significantly. The pharmaco-
kinetic parameters for FLT-2-OH were formulation inde-
pendent after i.v. dosing, but AUC0-∞; Cmax and Tmax,
values were substantially greater with the FLT-HPβCyD in
the oral study (40269 ± 5875 ng.h/mL, 4062 ± 502 ng/mL,
and 3.50 ± 0.41 h, respectively). Conclusions: FLT from
FLT-HPβCyD was released rapidly into solution in vitro
and in vivo. FLT-HPβCyD improved oral bioavailability rel-
ative to FLT-SUSP. Intravenous pharmacokinetic profiles
for both FLT and FLT-2-OH were identical following
either FLT-HPβCyD or FLT-COSOLV, indicating that the
FLT-HPβCyD formulation behaved as a true solution.

INTRODUCTION

Flutamide (4’-nitro-3’-trifluoromethylisobutyranilide;
Euflex®, Drogenil®; FLT; MW 276) is a non-steroidal
antiandrogen (1). It affects male secondary sex structures
by inhibiting androgen uptake and/or inhibiting nuclear
binding of androgens in target tissue, forming inactive
complexes with nuclear androgen receptors, and reducing
the rate of DNA synthesis in the prostate (2). The cur-
rently recommended dose is 250 mg orally, given three
times daily. Higher doses do not appear to produce better
therapeutic responses, and may be associated with a higher
incidence and degree of gynecomastia (3), but low doses,
which effect only partial blockage of the androgen recep-
tor, can induce growth of tumor cells (4). FLT is commer-
cially available as oral capsules and tablets, both with the
same adult dose. A sustained-release dosage form has been
investigated in an effort to enhance patients’ compliance
by lowering the number of tablets to be taken daily and to
reduce the incidence of local side effects such as nausea
and diarrhea (5).

In humans, FLT has low oral bioavailability due to exten-
sive, rapid metabolic conversion (6). Six plasma metabo-
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lites have been identified, including 2-hydroxyflutamide
(FLT-2-OH), the major metabolite (7). The clinical phar-
macokinetics and pharmacodynamics of FLT have been
reviewed (8, 9). The plasma half-lives of both FLT and
FLT-2-OH in man are 5-6 h. Renal excretion of intact drug
and metabolites accounts for approximately 28 % of the
dose within 24 h in rats (10), whereas male patients excrete
48 % of the dose in 0-72 h urine, and 4 % in 0-72 h feces
(11). Long-term administration of the standard dose pro-
vides steady-state levels of FLT-2-OH over at least 18
months, indicating that changes in metabolic pattern are
minimal during chronic use (12). In in vitro binding assays
in androgen-sensitive tissues, FLT-2-OH is approximately
30 times more potent than FLT, but has only one percent
of the potency of the natural agonist testosterone. Conse-
quently, relatively high doses are required to ensure that
FLT and/or FLT-2-OH plasma levels remain at least 500
to 1000-fold higher than circulating androgen in order to
compete for receptor binding (13).

The low bioavailability of FLT from oral formulations may
be due in part to poor wettability and low aqueous solubil-
ity, poor permeability, and rapid first pass hepatic extrac-
tion. We have postulated that solubility-related
bioavailability deficiencies may be overcome by formulat-
ing FLT as a cyclodextrin complex. Cyclodextrins (CyDs)
are cyclic α(1-4) linked oligosaccharides that have a hydro-
philic external surface and a relatively hydrophobic interior
surface, that can be exploited to solubilize hydrophobic
drugs through the formation of inclusion complexes (14).
In vivo dissociation of CyD complexes occurs rapidly, via
simple diffusion-dissociation upon dilution, as well as
through displacement by other hydrophobic compounds
in the gastrointestinal tract (15).

The objectives of the current research were to formulate
FLT in aqueous hydroxypropyl-β-cyclodextrin (HPβCyD),
and to determine the pharmacokinetic parameters of FLT
and its principle metabolite, FLT-2-OH, from FLT-HPβ
CyD. The data were compared to pharmacokinetic param-
eters for FLT and FLT-2-OH for suspension (FLT-SUSP)
and solution (FLT-COSOLV) formulations.

MATERIALS AND METHODS 

FLT, HPßCyD (average molar substitution 0.8), polyethyl-
ene glycol (Mn 200 Da) and dimethylsulfoxide (DMSO)
were purchased from Sigma-Aldrich Canada Ltd. Other
chemicals and solvents (analytical reagent grade), and dis-

tilled water (HPLC grade), were purchased from commer-
cial suppliers. FLT-2-OH was a gift from Schering Plough
Canada. Silastic tubing (0.63 mm ID; 1.19 mm OD; Dow
Corning Corp) and polyethylene tubing (PE50, I.D. 0.58
mm, O.D. 0.965 mm; Becton Dickinson) were used to
catheterize the rats. Sterile Acrodisc (0.2 µm) filtration
was used to sterilize the intravenous (i.v.) formulations.

Dissolution of the two powder dosage forms (FLT and
lyophilized FLT-HPβCyD; both <100 mesh) were studied
in simulated gastric fluid. FLT powder (44.3 mg) or FLT-
HPβCyD powder (containing the equivalent of 44.3 mg
flutamide) were dispersed in dissolution medium (900 mL
of simulated gastric fluid, pH 1.2; U.S.P.) previously equili-
brated to 37 ± 0.5 ° C. The medium was stirred immedi-
ately at 50 r.p.m. Aliquots (1 mL) were withdrawn at 0.5,
1.5, 9, 24, 34, 64, 90, 120, 150 and 180 min, centrifuged
and analyzed by HPLC on a Waters Radial Pak™ C18 10
µm reverse-phase column fitted with a µBondapak C18
Guard-Pak guard column, using a mobile phase of meth-
anol-water-glacial acetic acid-triethylamine (61/38/1/0.02
v/v/v/v) at 1.0 mL/min, with UV analysis at 300 nm (8).
The cumulative dilution caused by sampling was corrected
by immediately replacing 1 mL of the original medium
after each sampling.

Male Sprague Dawley rats (350-400 g; Health Sciences
Animal Service, University of Alberta) were used in accor-
dance with guidelines of the Canadian Council on Animal
Care. Experimental protocols were approved by the Uni-
versity of Alberta Health Sciences Animal Welfare Com-
mittee.

Three FLT dosage forms were used. The cyclodextrin
inclusion complex formulation (FLT-HPβCyD) was pre-
pared by adding excess FLT to a 50 % w/v (50 mL) of
HPβCyD in water. After vortex mixing (2 min), sonication
(5 min), and shaking in water bath (25°  C; 3 h), the solu-
tions were filtered; the filtrates were lyophilized for storage
at -20 ° C. This stock was reconstituted in water to a con-
centration of 5.3 mg/mL (19.2 mM) of flutamide for sub-
sequent oral drug administration experiments and to a
concentration of 2.0 mg/mL (7.1 mM) for i.v. drug admin-
istration. The FLT formulation (FLT-SUSP) was prepared
with an aqueous vehicle containing carboxymethyl cellu-
lose (0.5 % w/v), polysorbate-80 (0.4 % w/v), benzyl alco-
hol (0.9 % v/v), and aqueous NaCl (0.9 % w/v), to
provide an FLT concentration of 24.5 mg/mL (88.7 mM).
The FLT solution dosage form (FLT-COSOLV) was pre-
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pared by dissolving FLT in NaCl (0.9 % w/v)-ethanol-
PEG200 (2/1/3:v/v/v) to provide an FLT concentration
of 24.5 mg/mL. The FLT-COSOLV and FLT-HPβCyD
dosage formulations were sterile filtered through a 0.22
µm filter prior to injection.

For pharmacokinetic studies, rats (3 per group) were fasted
overnight, then dosed with one of the three formulations,
via either oral gavage (FLT-SUSP or FLT-HPβCyD; 15
mg/kg FLT) or i.v. injection (jugular vein catheter; FLT-
HPβCyD or FLT-COSOLV; 1.60 mg/kg FLT). A jugular
vein catheter, surgically inserted 48 h prior to dosing in
order to minimize possible anesthetic effects, was used to
withdraw blood for FLT and FLT-2-OH analysis by
HPLC. Oral dose blood samples (0.1 mL) for FLT analysis
were taken pre-dose, and at 0.17, 0.33, 0.5, 0.67, 1.0, 1.5,
2.0, 2.5, 3.0, 3.5 and 4.0 h following injection, and addi-
tionally at 6, 8, 10, 15, 20 and 25 h for FLT-2-OH analysis;
blood volume losses were compensated by injecting saline
(0.1 mL) containing heparin (100 units/mL) via the sam-
pling catheter. I.V. dosing blood specimens (0.2 mL) were
withdrawn through the dosing catheter at 0.08, 0.17, 0.33,
0.5, 0.67, 1, 1.5, 2, 2.5, 3 and 3.5 h. After i.v. dosing via the
catheter, the dose was followed by sequential injections of
saline (0.1 mL), rat blood (0.1 mL) and saline (0.1 mL),
each injection containing 100 unit/mL heparin. The i.v.
protocol removed approximately twice the volume of
blood over the ‘acute sampling phase’ (pre-dose to 4 h) as
did the oral regimen, but over the entire study, losses are
similar because more samples were taken from the oral
group. Although the net volume of blood removed from
each of the oral and i.v. groups are approximately equal
over 25 h, re-injection of blood (i.v. group) partially com-
pensated for the early-times differences, thereby ensuring
that physiological artifacts introduced by sampling would
be relatively constant throughout this study. However, the
main reason for injecting blood back through the catheter
was to remove residual drug from the catheter after i.v.
dosing through this catheter. 

The whole blood samples (0.1 or 0.2 mL) were centrifuged
to obtain plasma, which was analyzed for FLT and FLT-2-
OH. The plasma was spiked with 2-hydroxy-5-nitro-ben-
zaldehyde (internal standard; 25 µL; 1 µg/mL in metha-
nol), then deproteinized by diluting with methanol (1 mL),
vortex mixed (30 sec), chilled (4 ° C for 1 h) and centri-
fuged (800 x g) for 20 min). The supernatant was with-
drawn and evaporated at room temperature under a stream
of dry N2 at 25 ° C. The residue was dissolved in H2O-

ethyl ether (1-10, v/v; 1 mL) and the organic layer was sep-
arated and evaporated. This final residue was dissolved in
methanol (0.1 mL) for HPLC analysis (8). FLT recovery in
the extraction step (90.9 ± 0.5 % at 1 µg/mL) was deter-
mined by comparing the internal standard peak area of
spiked samples with those obtained for an equivalent
amount (in methanol) directly injected into the HPLC. The
retention times of the internal standard, FLT-2-OH and
FLT were 5.1, 6.2 and 8.6 min, respectively. Inter- and
intra-assay variabilities were both less than 10 %. The
detection limit for FLT in methanol was determined to be
approximately 5 ng/mL.

The plasma concentration data for FLT and FLT-2-OH
were analyzed by computer. A non-compartmental model
was applied. Each AUC0-∞ was obtained by a log-linear
trapezoid method and the t1/2 (lambda Z) was determined
based on the three terminal concentration-time points
(WinNonlin® v. 1.1; Pharsight Corporation, USA). Signifi-
cance of differences between experiments was calculated
by Student's t test (unpaired) in SigmaPlot® v.4; RockWare
Inc., USA), using two tailed distributions and a two-sample
unequal variance (heteroscedastic) method. In all cases,
statistical significance was determined at the 95 % confi-
dence level (p < 0.05).

RESULTS

Dissolution and release of FLT from the lyophilized FLT-
HPβCyD formulation was found to be much more rapid
than dissolution of powdered FLT (Fig. 1) in artificial gas-
tric juice.

Figure 1: Dissolution profiles for powdered FLT and
powdered FLT-HPβCyD (both <100 mesh) in simulated
gastric fluid (pH 1.2; 37° C).

The observed increase in dissolution rate was attributed to
improved wetting followed by increased dissolution of
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FLT from the FLT-HPβCyD complex, and to rapid equili-
bration of the FLT-HPβCyD formulation in the dissolu-
tion medium. HPLC analysis and mass balance studies of
the medium during incubation showed no evidence of
FLT degradation in simulated gastric juice, and there are
no literature reports of non-metabolic degradation.

The mean plasma concentration data for FLT and FLT-2-
OH over time after oral administration of FLT-SUSP and
FLT-HPβCyD are presented in Figures 2 and 3.

Figure 2: Plasma concentration profiles of FLT after oral
administration of the FLT-SUSP and FLT-HPβCyD dosage
forms (FLT-equivalent dose = 15 mg/kg).  Error bars
delineate 1 S.D. from the mean, n = 3.

Figure 3: Plasma concentration of FLT-2-OH after oral
administration of the FLT-SUSP and FLT-HPβCyD dosage
forms (FLT-equivalent dose = 15 mg/kg).  Error bars
delineate 1 S.D. from the mean, n = 3

The mean area under the plasma concentration curve for
FLT (AUC0-∞ 1580 ± 228 ng.h/mL), and the FLT Cmax
(1456 ± 79 ng/mL) after the FLT-HPβCyD dose were
much higher than after the FLT-SUSP dose (748 ± 206
ng.h/mL and 230 ± 111 ng/mL, respectively). Moreover,
Cmax appeared at shorter times (Tmax) after dosing with

FLT-HPβCyD (0.56 ± 0.10 h) than after FLT-SUSP (2.3 ±
0.3 h; P ≤ 0.0005). The relative bioavailability [F = (AUC0-
∞(HPβCyD)/AUC0-∞(FLT-SUSP))*100; equal doses] for FLT
from the FLT-HPβCyD formulation was 211 %, and 224
% for the metabolite. The calculated pharmacokinetic
parameters are summarized in Table 1.

Table 1: Pharmacokinetic data for FLT and FLT-2-OH after
oral administration of FLT-SUSP and FLT-HPβCyD dosage
forms (FLT-equivalent dose = 15 mg/kg; n = 3 per
group).

In the i.v. experimental protocol, the jugular vein catheter
was used as both the dosing site and the sampling site
because of the relative ease of maintaining the patency of a
single indwelling catheter. Minimal catheter-derived cross-
contamination from dose to first sample was confirmed
experimentally. Ex vivo catheter washing experiments
showed that after injection of either dosage formulation, a
single saline wash would leave approximately 0.1 % of the
injected dose (640 µg) in the catheter, which, if totally
recovered in the first blood sample (0.2 mL), would pro-
duce an apparent concentration of approximately 3200
ng/mL. In a preliminary animal experiment in which the
dose was followed by a single saline wash (0.1 mL), the
first blood contained around 9000 ng/mL, more than 30
% of which could possibly be attributed to cross-contami-
nation from the administered dose. When a whole blood
rinse and a second saline push followed the initial saline
wash in vitro, no FLT was detectable in the final saline
rinse. The single-catheter protocol was therefore deemed
appropriate for the i.v. pharmacokinetic experiments.

The initial FLT concentrations determined 0.08 h after i.v.
dose were 3781 ± 494 ng/mL after FLT-HPβCyD (Fig. 4)
and 3907 ± 388 ng/mL after the FLT-COSOLV dose (Fig.
5). FLT concentrations decreased rapidly, with respective
half-lives (T1/2λz) of 0.4 ± 0.1 h and 0.2 ± 0.1 h. These val-
ues do not differ statistically (P = 0.37). The pharmacoki-
netic parameters (Table 2) for i.v. doses of FLT-HPβCyD
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were also not significantly different for the FLT-COSOLV
dose. The calculated AUC0-∝ for FLT after FLT-HPβCyD
and FLT-COSOLV, respectively, were 1355 ± 162 ng.h/mL
and 1421 ± 283 ng.h/mL. The respective volumes of distri-
bution (Vz) for FLT were 369 ± 191 mL and 242 ± 24 mL,
and the clearances were 735 ± 88 mL/h and 714 ± 144
mL/h, respectively.

Table 2: Pharmacokinetic parameters for FLT and FLT-2-
OH in rats, after single i.v. doses of either FLT-COSOLV or
FLT-HPβCyD (FLT-equivalent dose = 1.6 mg/kg; n = 3 per
group).

Figure 4: Plasma concentrations of FLT (ng/mL)
following i.v. administration of the FLT-HPβCyD and FLT-
COSOLV dosage forms (FLT-equivalent dose = 1.6 mg/
kg).  Error bars delineate 1 S.D. from the mean, n = 3.

The levels of FLT-2-OH reached peak values of 760 ± 203
ng/mL at 0.6 ± 0.1 h after i.v. injection of FLT-HPβCyD,
and 765 ± 154 ng/mL at 0.9 ± 0.2 h after injection of the
FLT-COSOLV formulation. The FLT-2-OH AUC0-∝ after
FLT-HPβCyD was 1058 ± 237 ng.h/mL, not significantly
different (P = 0.9) from that following the FLT-COSOLV
dose (1076 ± 115 ng.h/mL). The absolute bioavailability
for FLT with the FLT-HPβCyD formulation is 0.12, calcu-
lated from AUC and dose data in Tables 1 and 2.

Figure 5: Plasma concentrations of FLT-2-OH (ng/mL)
following an i.v. dose of the FLT-HPβCyD and FLT-COSOLV
dosage forms (FLT-equivalent dose = 1.6 mg/kg).  Error
bars delineate 1 S.D. from the mean, n = 3

DISCUSSION

Native CyDs, and especially their more water-soluble
derivatives (e.g. HPβCyD), have traditionally been used to
increase oral bioavailability by increasing the dissolution of
a given drug (15). Such applications have been successful
when the rate-limiting step in drug absorption is dissolu-
tion of the drug itself and not absorption across the intes-
tinal mucosa (14). It has recently been shown that FLT is
rapidly absorbed by passive transcellular diffusion, a pro-
cess that actually decreases at higher concentrations of
HPβCyD. The latter phenomenon was attributed to lower
availability of FLT for absorption because of a greater
degree of complexation as the concentration of HPβCyD
increased (16). These findings, together with current disso-
lution and pharmacokinetic data, support an FLT-HPβ
CyD absorption model based on increased FLT solubility.
Increased FLT dissolution in aqueous HPβCyD would
lead to efficient passive absorption by producing high con-
centrations of free FLT adjacent to the mucosal lining. In
this paradigm, FLT-HPβCyD produces higher free FLT
concentrations than concentrations derived from the FLT-
SUSP formulation. The oral dose pharmacokinetic param-
eters for both FLT and FLT-2-OH show that the FLT-
HPβCyD formulation provides more extensive and more
rapid absorption. Moreover, the higher plasma levels and
greater AUC of FLT from FLT-HPβCyD translate into
proportional increases in the AUC of the active metabolite
FLT-2-OH. This implies that this metabolic route is not
saturated under these conditions, and indicates that low
bioavailability from the oral FLT-SUSP is not attributable
solely to a first pass metabolism phenomenon. The FLT-
SUSP and FLT-HPβCyD dosage forms were administered
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in different liquid bases which arguably could affect their
absorption; FLT-SUSP in a complex mixture that could
possibly have acted as a partial solvent, and FLT-HPβCyD
in aqueous solution. Co-solvents (co-solvent effects) usu-
ally improve absorption if drug wetting and dissolution are
poor, but in this case, there is no evidence of such effect.
Of course, the possibility remains that the liquid vehicle
impaired FTL absorption from the FLT-SUSP dose, but
intuitively this would not be highly probable. Since the for-
mulations have varying properties, dosing artifacts (e.g.
deposition of sticky or particulate formulations in the
esophagus) could conceivably arise. However, no evidence
of dose-loss during dosing was observed, and data support
uniform dosing among members of each group, if not uni-
formity among the groups. 

The pharmacokinetics of FLT and FLT-2-OH after the
FLT-solution doses (FLT-HPβCyD and FLT-COSOLV) is
virtually identical, implying rapid release of FLT from
FLT-HPβCyD through dilution. It has been reported that
only the earliest pharmacokinetic time points will be per-
turbed by CyD complexation, and then only for strongly
bound (K > 105 M-1) drugs (17, 18). The stability constant
of FLT-HPβCyD (356 M-1 at room temperature) (16) indi-
cates relatively weak binding that will lead to rapid and
complete release of the FLT on dilution. Intuitively, one
might anticipate that precipitation would occur upon dis-
sociation of a poorly water-soluble drug (e.g. FLT) from a
CyD complex, but changes in the free: complexed ratio of
a sparingly water-soluble drug have been shown to depend
on the phase-solubility behavior of the system. Therefore,
if the CyD complex represents a 1:1 ratio of drug and host,
there will be a linear increase in drug solubility as the CyD
concentration increases. Dilution of the drug-CyD com-
plex releases the drug, but the drug will not precipitate
regardless of the extent of dilution even if the concentra-
tion of drug exceeds its water-solubility limit (17). In other
words, precipitation of FLT could occur on dilution if
there were a nonlinear relationship between drug solubility
and cyclodextrin concentration. However, in the case of
FLT-HPβCyD, a 1:1 complex with linear solubility proper-
ties is formed (16), so no precipitation would be antici-
pated. On the other hand, co-solvent formulations based
on alcohols and glycols will increase the solubility of a
poorly water-soluble drug in a non-linear fashion with
respect to co-solvent concentration. Precipitation may
occur in such systems at any dilution where the equilib-
rium drug solubility is lower than the dilution concentra-
tion line at a given CyD concentration (15). The

experimental data for the FLT-COSOLV formulation used
in this study did not show any indication of precipitation
upon i.v. injection (e.g., the Cmax was identical for both
dosage forms). The FLT-COSOLV formulation is unsuit-
able because precipitation could still occur during storage,
and the high percentage of alcohol in the co-solvent is
inappropriate for a clinical dosage form.

In summary, the FLT-HPβCyD formulation of FLT has
been shown to double the relatively low oral bioavailability
of FLT in rats. The in vitro solubility and dissolution rate of
FLT from FLT-HPßCyD, together with increased relative
oral bioavailability of FLT from FLT-HPßCyD inclusion,
provided the rationale for i.v. dosing studies with FLT-
HPßCyD. Intravenous pharmacokinetic parameters for
FLT and its biologically active metabolite (FLT-2-OH),
following FLT-HPßCyD dosing, were identical to the
pharmacokinetic parameters for the FLT-COSOLV dos-
age form. The validity of the rat as a model for human
FLT absorption has not been fully established. However,
the Tmax for absorption of FLT from FLT-SUSP (2.3 h)
compares favorably with human data (~2 h) reported in
the literature (8). That study also reported a 6 h Tmax for
FLT-2-OH, compared to 3-5 h (Fig. 3) now reported for
the rat model. These data could rationalize the develop-
ment of a parenteral delivery form for FLT. More realisti-
cally, however, would be the development of an oral FLT-
HPßCyD dosage form to increase both the oral bioavail-
ability of FLT and the AUC of the biologically active
metabolite FLT-2-OH. Additionally, the lyophilized FLT-
HPßCyD powder may be suitable for long tern storage,
and can readily be reconstituted to the desired concentra-
tion just prior to use. 
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