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(57) ABSTRACT 

A composition for oral radionuclide chelation therapy com 
prises a DTPA chelate selected from Zn-DTPA and Ca-DTPA 
and a permeation enhancer that preferentially increases jeju 
nal uptake of the DTPA chelate. The composition has a DTPA 
chelate bioavailability of at least 10% of the chelate When 
orally administered to a mammal. 
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ORAL DTPA FOR RADIONUCLIDE 
CHELATION 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to US. patent application 
Ser. No. 60/774,935, ?led Feb. 17, 2006. 

Statement regarding federally sponsored research: This 
invention was made with government support under contract 
numbers N01 -AI-05414 and N01-AI-50047 awarded by the 
National Institute Of Allergy and Infectious Diseases. The 
government has certain rights in this invention. 

BACKGROUND OF THE INVENTION 

The ?eld of the invention is treatment of radionuclide con 
tamination with calcium diethylenetriaminepentaacetate 
(Ca-DTPA) and Zinc diethylenetriaminepentaacetate (Zn 
DTPA). 
Ca-DTPA and Zn-DTPA pentetate have been shown to be 

effective in treating internal contamination with radionu 
clides such as plutonium, americium, or curium. DTPA 
increases the rates of elimination of these substances from the 
body through the exchange of calcium or Zinc ions with the 
transuranium element. The transuranium-DTPA complex is 
stable and is excreted in urine. 

Formulations of Ca-DTPA and Zn-DTPA suitable for 
intravenous administration, or inhalation via nebuliZer, were 
approved by the FDA in August 2004 for the elimination of 
known or suspected internal contamination with the transu 
ranic metals (Z>92) plutonium, americium, and curium. 

Other formulations (for example oral, inhalation or trans 
dermal) would be more easily administered than the inject 
able formulations; however, because of its hydrophilicity, 
DTPA is poorly absorbed when administered by these routes. 
Oral administration of Ca-DTPA and Zn-DTPA for radionu 
clide chelation has been described (Kostial et al, Int. J. Radiat. 
Biol (1987) 52:501-504; Volfet al, Int J Radiat Biol (1999) 
75:929-41); and Durbin et al., Radiat Prot Dosimetry (2003) 
105 : 503 -8 .); however, formulations that increase the oral bio 
availability of Ca-DTPA or Zn-DTPA have not been reported. 

The National Instituted of Allergy and Infectious Diseases 
(NIAID) issued a solicitation (RFP-NIH-NIAID-DAIT-05 
46 “Development of Improved DTPA for Radionuclide Che 
lation”, Apr. 26, 2005) stating its interest in facilitating the 
discovery and demonstration of proof-of-concept of pro 
drugs, alternative formulations, or alternative delivery meth 
ods of DTPA that provide for plasma levels su?icient to 
decorporate systemic transuranic compounds for use by the 
general public in the case of a radiation emergency. 

SUMMARY OF THE INVENTION 

One aspect of the invention is a composition for oral radio 
nuclide chelation therapy, said composition comprising: a 
DTPA chelate selected from Zn-DTPA and Ca-DTPA; and a 
permeation enhancer that preferentially increases jejunal 
uptake of the DTPA chelate, wherein the composition has a 
DTPA chelate bioavailability of at least 10% of the chelate 
when orally administered to a mammal. 
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2 
In speci?c embodiments, the intestinal permeation 

enhancer is selected from medium-chain glycerides, mac 
rogolglycerides, polyglycols, and mixtures thereof and com 
prises less than 40 wt % of the composition. In a preferred 
embodiment, the intestinal permeation enhancer comprises 
caprylocaproyl macrogol-8-glyceride. The DTPA chelate 
preferably comprises at least 20 wt. % of the composition. 
The composition may be in a unit dosage form, such as a 
tablet or capsule, and optionally has an enteric coating. In 
preferred embodiments, the DTPA chelate bioavailability is 
at least 20%. In a speci?c embodiment, the composition is in 
a unit dosage form comprising at least 250 mg of the DTPA 
chelate and the DTPA chelate bioavailability is at least 25%. 
The composition may further comprise a P glycoprotein 
(Pgp) inhibitor. 

In one embodiment, the composition is in the form of 
extruded beads contained within a capsule. The beads may 
have an average diameter between 0.1-1 mm. In another 
embodiment, the composition is in a thixotropic form con 
tained within a capsule. 

Another aspect of the invention is a method for chelating 
radionuclides in a mammal, the method comprising admin 
istering to the mammal a composition comprising: a DTPA 
chelate selected from Zn-DTPA and Ca-DTPA; and a penne 
ation enhancer that preferentially increases jej unal uptake of 
the DTPA chelate, wherein the composition has a DTPA 
chelate bioavailability of at least 10% of the chelate when 
orally administered to a mammal. 

Another aspect of the invention is a kit comprising a com 
position comprising: a DTPA chelate selected from Zn-DTPA 
and Ca-DTPA; and a permeation enhancer that preferentially 
increases jejunal uptake of the DTPA chelate, wherein the 
composition has a DTPA chelate bioavailability of at least 
10% of the chelate when orally administered to a mammal. In 
certain embodiments, the kit further comprises a Pgp inhibi 
tor. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS OF THE INVENTION 

The present invention provides compositions, kits, and 
methods for oral radionuclide chelation therapy. The compo 
sition comprises a DTPA chelate selected from diethylenetri 
aminepentaacetate, which has a molecular formula of 
CaCl4Hl8N3O1O, and Zinc diethylenetriaminepentaacetate, 
which has a molecular formula of ZnCl 4H18N3O1O, these 
compounds and pharmaceutically acceptable salts thereof are 
referred to herein as Ca-DTPA and Zn-DTPA, respectively. 
References herein to Ca/Zn-DTPA refer to Cai and/ or Zn 
DTPA. 
The composition further comprises a permeation enhancer 

that increases uptake and bioavailability of the DTPA chelate 
subsequent to oral administration. Enhancers that maximize 
DTPA chelate absorption at the jejunum are particularly pre 
ferred. Numerous intestinal permeation enhancers and their 
preferential sites of absorption are known (see Aungst et al, J. 
Pharm Sci (2000) 89:429-442). The preferential site of 
absorption of a permeation enhancer/drug combination can 
also be determined using routine methods, such as the Ussing 
chamber method (see e. g. Gotoh et al, J Biomol Screen. 
(2005) 10:517-523; and Example 1 below). Preferred enhanc 
ers are selected from medium-chain glycerides, macrogolg 
lycerides, polyglycols, glycerol esters of fatty acids, pegy 
lated alcoholic esters of fatty acids, glyceryl monoesters, 
propylene glycol monoesters and mixtures thereof. The term 
medium-chain glycerides (MCGs) generally refers to 
monoglycerides and diglycerides of fatty acid, and may con 
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tain triglycerides as Well as monoglycerides and diglycerides 
of shorter and longer chain fatty acids. Examples of preferred 
MCGs include glyceryl monooleate (oleic acid acyl chain) 
and glyceryl monolinoleate (linoleic acid acyl chain). 
Examples of preferred macrogolglycerides are lauroyl mac 
rogol-32 glycerides, sold as GELUCIRE 44/14 (Gattefosse 
Corporation, Paramus, N1.) and caprylocaproyl macrogol-8 
glycerides, sold as LABRASOL (Gattefosse Corporation, 
Paramus, N.J.). 

In particular embodiments, such as for loading into cap 
sules, the compositions are preferably thixotropic; composi 
tions that can be easily ?lled into capsules as liquids, yet do 
not leak from the capsules upon rest. This embodiment 
encompasses enhancers that are thixotropic macrogolglycer 
ides. A particularly preferred such enhancer is a mixture of 
d-ot-tocopheryl polyethylene glycol 1000 succinate (TPGS) 
(Eastman Vitamin E TPGS, Eastman, Kingsport, Tenn.) With 
caprylocaproyl macrogol-8 glycerides. TPGS is prepared by 
esterifying d-alpha-tocopheryl acid succinate With polyeth 
ylene glycol 1000. Another preferred enhancer is a mixture of 
TPGS With polysorbates, Which are derived from PEGylated 
sorbitan (a derivative of sorbitol) esteri?ed With fatty acids. 
The permeation enhancer in the composition is provided in 

an effective amount, preferably at or above but proximate to a 
minimal effective amount, preferably less than about 80% by 
Weight (Wt. %) of the composition. More preferably, the 
amount of intestinal permeation enhancer is less than 60, 50, 
40 or 30 Wt. %. The DTPA chelate preferably comprises at 
least 20% by Weight of the composition. More preferably, the 
composition comprises at least 30, 40, 50, 60, 70, or 80 Wt % 
of the composition. In some embodiments, the composition 
consists essentially of the permeation enhancer and the DTPA 
chelate, particularly in the case of liquid formulations (e.g. 
liquid ?lled capsules described in Example 5 beloW). In other 
embodiments, the composition comprises additional excipi 
ents, binders, etc. for example to facilitate formulation into 
tablets, pellets, beads (e.g. multiparticulate beads described 
in Example 6 beloW), etc. 

Intestinal epithelial cells express transport systems that 
actively remove certain compounds from the cells, transport 
ing them in the blood-to-lumen direction. We have found that 
these transport systems are operative against Ca/Zn-DTPA. 
Accordingly, the composition may further comprise a secre 
tory transport inhibitor. In speci?c embodiments, the trans 
port inhibitor is a Pgp inhibitor such as TPGS, quinidine, 
digoxin, and verapamil. Numerous other suitable Pgp inhibi 
tors are Well-knoWn (see eg Aungst, supra). The Pgp inhibi 
tor maybe administered as a predose in a liquid or solid form 
at a speci?ed time interval (eg 5, 10, 15, 30, 60 minutes) 
prior to administration of the DTPA oral dose. Alternatively, 
the Pgp inhibitor may be co-formulated With the DTPA che 
late. In one co-formulation, the Pgp inhibitor, DTPA chelate, 
and enhancer are combined in a homogenous mixture or 
solution that can be ?lled into capsules. In another embodi 
ment, the Pgp inhibitor is included as a solid in a solid/liquid 
matrix comprising the DTPA chelate and enhancer. In yet 
another formulation, the DTPA chelate and enhancer are for 
mulated in a matrix With an outer sheathing of the Pgp inhibi 
tor present as an outside shell. The capsule With the inner core 
of DTPA/enhancer and the outer layer of Pgp inhibitor can 
then be coated by an enteric coating to promote delivery of 
both the inner core of drug and the outer covering of Pgp 
inhibitor at the target site. 

In preferred embodiments, the composition is formulated 
in unit dosage form, such as in tablets or capsules. The dosage 
forms may be enteric-coated. Enteric coating formulations 
and methods are Well-knoWn in the art; speci?c formulations 
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4 
and methods are provided in Examples 5 and 6. Each unit 
dosage form typically comprises a fractional daily dose of the 
composition. Suitable dosages generally correspond to the 
dosages approved by the FDA for the Ca/Zn-DTPA intrave 
nous formulation. For adult and adolescent humans, the daily 
dose is roughly 1 gm of bioavailable Ca/Zn-DTPA. For chil 
dren less than 12 years of age, the daily dose is approximately 
14 mg/kg/day up to 1 gm/day. As an example, a capsule that 
contains 275 mg Ca/Zn-DTPA formulated such that the com 
position has a DTPA chelate bioavailability of approximately 
35%, comprises approximately 1/1oth of a daily dose of the 
composition for an adult human. Preferably, the unit dosage 
form comprises at least 200, 225, 250, 275, 300, 325, 350, 
375, 400, 450, or 500 mg Ca/Zn-DTPA, With the remainder of 
the dosage form comprising the enhancer and any additional 
components (eg excipients, Pgp inhibitor, etc.), Wherein the 
composition has a DTPA chelate bioavailability of at least 
10%, 15%, 20%, 25%, 30%, 35% or 40%. 

In a preferred embodiment, the composition is formulated 
as extruded beads, Which can be ?lled into capsules. In addi 
tion to the permeation enhancer and DTPA chelate, these 
compositions Will contain thickeners, such as silica (e.g. 
Cabosil, Cabot Corp., Boston, Mass.) and/or polymer thick 
eners (e.g. Methocel, DoW Corp, Midland, Mich.). Methods 
of making pharmaceutical compositions in the form of 
extruded beads are Well-knoWn. An exemplary formulation 
and method are provided in Example 6. The beads typically 
have an average diameter between 01-15 mm, and are pref 
erably betWeen about 0.5-1 mm. 
The compositions are formulated such that the bioavail 

ability of the DTPA chelate When orally administered to a 
mammal is at least 10%, and is preferably at least 15, 20, 25, 
30, or 35%. Oral bioavailability is assessed using the Beagle 
dog, or equivalent model, Wherein levels of plasma Ca/Zn 
DTPA from an orally administered composition are com 
pared to levels obtained after i.v. administration using the 
calculation: BAIAUCPOXDoseiv/AUCivxDosePO; Where 
BA:bioavailability and AUCIarea under the plasma concen 
tration-time curve. Bioavailability studies are detailed in 
Example 2 beloW. 
The above-described composition is orally administered to 

a mammal that has been exposed to radionuclide contamina 
tion. In speci?c embodiments, the mammal is a human. In 
other embodiments, the mammal may be a livestock animal 
(horse, coW, pig, etc.) or a companion animal (e.g. dog, cat, 
etc.). For humans, the daily dose of absorbed Ca/Zn-DTPA 
for effective radionuclide chelation is roughly 1 g. 

In certain embodiments, a separately formulated Pgp 
inhibitor is administered prior to or together With the DTPA 
chelate composition. The composition may be provided in a 
kit With instructions on proper dosing. For example, the com 
position may be provided in a blister-pack kit, Where one or 
more unit dosage forms are contained in a blister. The blister 
packaging may contain Writing adjacent a blister or a roW or 
column of blisters to indicate the proper timing of dosing. The 
kit may additionally contain a separately formulated Pgp 
inhibitor. 

EXAMPLE 1 

Determining Effective Combination of Permeation 
Enhancers and Other Additives for Intestinal 

Absorption 

The primary objective of these in vitro studies Was to 
determine a formulation containing permeation enhancers/ 
other additives that achieved maximum transport of DTPA 
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from mucosal to serosal side of the intestine. The mucosal to 
serosal absorption of DTPA (Zinc/Calcium) was measured in 
vitro across harvested rat intestinal segments and colon, in an 
EasyMount Ussing System (Physiological Instruments Inc., 
CA, Item #EM-CSYS-8). The Ussing chamber consists of 
two diffusion chambers, a heating block for temperature con 
trol, needle valves for gas ?ow adjustment and gas lift stirring, 
and Ag/AgCl voltage and current electrodes for measuring 
transepithelial voltage and for passing current. Representa 
tive sections of the harvested rat small intestinal segments 
(jejunum, duodenum, and ileum) and the rat colon were 
mounted on sliders placed between the chambers, and DTPA 
(Zinc/ Calcium) transport across the sections was monitored. 
Aliquots of sample solution were removed from the ‘serosal’ 
side at 30 min intervals and analyZed by high performance 
liquid chromatography (HPLC). The change in mucosal to 
serosal transport of DTPA (Zinc/Calcium) in the presence of 
different permeation enhancers was determined. 

Zn-DTPA and Ca-DTPA was dissolved in HEPES buffer 

(VWR, Brisbane, Calif.), with or without additives, at the 
predetermined drug concentrations. HEPES buffer was used 
as the base mucosal and serosal ?uid. Before initiating the 
experiment, 5 ml of HEPES buffer was added to each of the 
two chambers (mucosal and serosal) and was allowed to 
equilibrate for 20 min. Next, the mucosal buffer was replaced 
by the appropriate formulation to be tested and the experi 
ment was initiated. Aliquots (0.5 ml) were collected from the 
serosal side and were replaced with an equivalent amount of 
fresh HEPES buffer (maintained at physiological tempera 
ture). The aliquotted samples from the serosal side were ana 
lyZed by HPLC. 
Owing to the expected variation in the in vitro conditions 

and harvested rat intestinal segments, ?ve replicates were 
used per experimental condition. In order to compare data 
obtained from the different experiments, the apparent perme 
ability coef?cients (Papp) were calculated according to: 

Paw 

Where, dQ/dt is the linear appearance rate of mass in receiver 
compartment, CO is the initial solute concentration in donor 
compartment, andA is the surface area. Pa values for trans 
port for Zn-DTPA and Ca-DTPA are listed in Table 1. The 
higher the Pa”, value, the better the permeation property. The 
similarity of the Pa”, values indicates similar behavior for the 
two DTPA compounds. 

TABLE 1 

Transport of5 mgml ofDTPA in HEPES Buffer 
Ca-DTPA Zn-DTPA 

Papp STDEV Papp STDEV 
Tissue (><10’6 cm/sec) (x10’6) (><10’6 crn/sec) (x10’6) 

Duodenum 1.71 0.17 1.65 0.14 
Jejunurn 3.84 0.14 4.54 0.39 
Ileurn 2.80 0.11 2.07 0.13 
Colon 3.22 0.51 2.39 0.38 

We then evaluated transport of Zn-DTPA and Ca-DTPA 
through jejunum segments with and without Labrasol. 
Results are in Table 2. 
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6 
TABLE 2 

Ca-DTPA Zn-DTPA 

Papp Papp 
(><10*6 STDEV (><10*6 STDEV 

Formulation crn/ sec) (x1076) cm/sec) (x1076) 

5 rng/rnl in HEPES Buffer 3.84 0.14 4.28 0.29 
of drug in HEPES Buffer 2.84 0.29 NA NA 

containing 10% 
Labrasol 
in HEPES Buffer 3.48 0.95 NA NA 
containing 20% 
Labrasol 
in HEPES Buffer 13.51 0.69 19.08 1.43 
containing 40% 
Labrasol 

100 rng/rnl in HEPES Buffer 4.63 0.41 5.86 0.82 
ofdrug in HEPES Buffer 6.29 0.77 4.21 0.37 

containing 10% 
Labrasol 
in HEPES Buffer 11.76 1.76 3.53 0.38 
containing 20% 
Labrasol 
in HEPES Buffer NA NA 6.81 0.93 
containing 40% 
Labrasol 

Our data show that increased amounts of drug at constant 
enhancer levels increased mucosal to serosal transport of 
DTPA. 

We then tested the transport of 100 mg/ml DTPA in HEPES 
buffer with and without added enhancers across jejunum seg 
ments; results are in Table 3. 

TABLE 3 

Ca-DTPA Zn-DTPA 

Pap}, STDEV Pap}, STDEV 
Formulation (><10’6 crn/sec) (x1076) (><10’6 crn/sec) (x1076) 

HEPES 4.63 0.41 5.86 0.82 
Buffer only 
10% Labrasol 6.29 0.77 NA NA 
20% Labrasol 11.76 1.76 NA NA 
10% Tween 80 5.43 1.08 NA NA 
5% Tween 80 + 5% 11.61 2.05 13.27 2.2 
Labrasol 
10% Gelucire 6.57 0.96 NA NA 
44/14 
5% Gelucire 7.27 0.97 NA NA 
44/ 14 + 5% 
Labrasol 
5% TPGS + 5% 14.04 4.45 6.34 0.99 
Labrasol 
5% TPGS + 20% 7.85 0.67 NA NA 
Labrasol 
20% Bile Salt 12.65 2.33 19.65 2.94 
5% Tween 80 2.83 0.35 NA NA 
and 5% Labra?l 
5% Tween 80 2.75 0.41 NA NA 
and 5% 
Caproyl PGMC 
5% Tween 80 + 5% 3.61 0.29 NA NA 
Capmul PG-8 

Based on the values listed in Table 3, the best candidate 
formulations were HEPES Buffer containing 20% Labrasol, 
5% Tween 80+5% Labrasol, 5% TPGS+5% Labrasol, and 
20% bile salt. However, Tween 80 is used at very low con 
centrations (less than 1%) owing to its toxicity. Bile salts have 
lower approval ratings as permeation enhancers. We therefore 
chose to use either 20% Labrasol or 5% TPGS with 5% 
Labrasol for our further studies. 
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EXAMPLE2 

Bioavailability Study After Single Dose 
Administration of Radiolabeled DTPA (14C) in Male 
and Female Beagle Dogs (SRI Study Nos B221-06 

& B221B-06) 

The objective of this study Was to determine the bioavail 
ability of radiolabeled DTPA (14C) in male and female beagle 
dogs after single dose intravenous and oral administrations. 
Four beagle dogs Were administered ~10 mg/kg Ca-DTPA, 
using l4C-DTPA as a tracer to quantitate exposure in plasma 
With time. TWo dogs (1 M, 1 F) Were administered the drug by 
the intravenous route and tWo other dogs (1 M, 1 F) received 
DTPA in an enhancer mixture ?lled as a liquid into in a 
capsule. Blood Was collected and processed to plasma. Total 
radioactivity in the plasma Was determined by liquid scintil 
lation counting. 

The pharmacokinetic parameters are provided in Table X 
where C0 is plasma concentration at time 0, Cmax is maximum 
plasma concentration; AUC is area under the plasma concen 
tration versus time curve; Cl is total clearance; tl/2 is elimi 
nation phase half life; F is oral bioavailability. 

TABLE 4 

Pharmacokinetic Parameters for l4C-DTPA 

c° cm AUC 01 F 
Dog Route (hr) (ng/ml) (hr * ng/ml) (ml/hr/kg) t 1 Q (hr) (%) 

1 IV 49.15 39.65 252182 0.81“ 

2 IV 46.84 42.89 233144 0.82“ 

3 PO 0.98 6.96 11.34 19.3 

4 PO 1.32 8.99 11.45 18.0 

“These parameters Were determined using a tWo compamnent model. The rest of the data 
Were derived by noncompamnental modeling 

Oral bioavailability (F) for the capsule formulation evaluated 
in this study Was 19.3% (male dog) and 18.0% (female dog). 
The half-life of elimination extended from 0.8 hr in the intra 
venous group to approximately 11 hr in the oral group. 

TWo additional oral formulations of Ca-DTPA Were stud 
ied in male and female beagle dogs to determine the effect of 
modi?cations in the formulation on oral bioavailability (SRI 
Study B221B-06). The dose administered Was 10 mg/kg plus 
~100 uCi/kg. One male and one female dog received the drug 
in a bead formulation that consisted of 42.22% DTPA, 
25.33% Labrasol®, 8.44% CAB-O-SIL EH5, 24.0% HPMC 
K110M, and 17.17% Water; the other male and female dog 
Were administered DTPA in a liquid formulation that con 
sisted of 20% Labrasol®. In both dose groups, the formulated 
drug Was added to siZe “0” capsules, then sealed and stored 
until administration. 

Plasma drug concentrations Were increased after oral 
administration compared to the ?rst dog study. Table 5 sum 
marizes the pharmacokinetic parameters determined in this 
study, including the oral bioavailability, Which Was shoWn to 
be 28.6% (male) and 38.2% (female) using the bead capsule 
formulation, and 30.3% (male) and 38.3% (female) With the 
liquid capsule formulation. The half-life of elimination Was 
also extended in this study to about 22-27 hr in the bead 
capsule formulation group and 16-18 hr in the liquid capsule 
group. 
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TABLE 5 

Pharmacokinetic Parameters After Oral Administration of DTPA 
Formulated With Labrasol ® to Beagle Dog_s 

AUC 

Formulation Dog Cm“ (ng/ml) (hr * ng/ml) t1/2 (hr) F (%)" 

Granules 1 (M) 1.32 11.337 21.70 28.6 
2 (F) 3.18 16.400 27.32 38.2 

Semisolid 3 (M) 2.69 12.006 16.41 30.3 
4 (F) 1.62 16.426 18.27 38.3 

“(AUCPO/AUCW) X 100 

By 264 hr after dose administration, about 95-96% of the 
dose Was recovered in the excreta (data not shoWn). By 24 hr, 
about 73-74% of the dose Was excreted in the feces in both 
treatment groups, and this quantity is likely to represent pri 
marily unabsorbed drug. These ?ndings con?rm that the oral 
bioavailability of DTPA in formulations containing Labra 
sol® exceeds 25%. 

EXAMPLE 3 

Bioavailability Study After Liquid Dose 
Administration of Radiolabeled DTPA (14C) in Male 

Sprague-DaWley Rats (SRI Study No. B230-06) 

The objective of this study Was to determine the oral bio 
availability of Ca-DTPA using radioactive l4C-DTPA tracer 
for detection in male Sprague DaWley rats after oral admin 
istration in several different formulations. The results of the 
study are presented in Table 6. After oral gavage of Ca-DTPA 
or DTPA (free acid) in sterile Water, the oral bioavailability of 
DTPA is estimated to be about 7% in these tWo treatment 
groups. The highest area under the curve (AUComl) and cal 
culated oral bioavailability Was obtained in groups With 20% 
Labrasol, e.g. Group 4 had ~12% oral bioavailability of 
DTPA. In Group 7, Which also Was administered DTPA in 
20% Labrasol (+Quinidine pretreatment), the mean bioavail 
ability Was 10%, but this group had greater interindividual 
variability than seen in the other treatment groups. One rat 
(#19) had a higher oral AUC than any others in the study, 
resulting in bioavailability of DTPA of 19%, indicating that 
quinidine Was active in inhibiting e?lux transport of DTPA. 

Since these liquid formulations passed through the rat 
stomach, bioavailability readings Were loWer than those 
achieved earlier in dogs. These in-vivo data correlated Well 
With our in vitro results 

TABLE 6 

AUC and Oral Bioavailability of DTPA in Spragle DaWley Rats: 

Ani- % Bio 
mal AUC 0% las, avail 

DTPA" # Hr * (ngmhb Mean 1 SD ability Mean 1 SD 

Group 1 IV 

saline 1 17.34 17.73 1 0.63 100 100.00 
Ca-DTPA 2 18.4585 

3 17.3934 
Group 2 
Oral 

Water 4 1.2411 1.22 z 0.05 7.00 6.87 z 0.27 

Ca-DTPA 5 1.1632 6.56 
6 1.2516 7.06 
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TABLE 6-continued 

AUC and Oral Bioavailability of DTPA in Sprague Dawley Rats: 

Ani- % Bio 
mal AUC 0% last avail 

DTPA“ # Hr * (ngmbb Mean 1 SD ability Mean 1 SD 

Group 3 
Oral 

Water 7 1.4708 1.21 r 0.29 8.29 6.80 r 1.66 

free acid 8 0.8897 5.02 
DTPA 

9 1.2594 7.10 
Group 4 
Oral 

20% Labrasol 10 1.6901 2.15 r 0.41 9.53 12.14 1 2.29 
Ca-DTPA 11 2.3145 13.05 

12 2.4507 13.82 
Group 5 
Oral 

5% Labrasol 13 1.4714 1.26 r 0.24 8.30 7.12 r 1.37 
Ca-DTPA 14 0.9971 5.62 

15 1.3181 7.43 
Group 6 
Oral 

5% TPGS 16 1.3506 1.40 r 0.15 7.62 7.909 r 0.84 
+ 5% 17 1.284 7.24 
Labrasol 
Ca-DTPA 18 1.5688 8.85 
Group 7 
Oral 

0.15 mM 19 3.3876 1.81 r 1.39 19.10 10.23 1 7.82 

QuinC 
Then 20 1.2912 7.28 
20% Labrasol 21 0.7655 4.32 
Ca-DTPA 

‘Tor each group, the dose Was 16.38 mg-equiv DTPA/Kg 

bThe last time point used Was 3 hr for iv group and 6 hr for po groups. 

CQuinidine Was administered 20 min before formulated DTPA Was administered. 

EXAMPLE 4 

Excretion of Iron After Repeat Dose Administration 
of DTPA in Male and Female Beagle Dogs (from 

Final Report, p. 27) 

The objective of this study Was to evaluate the ef?cacy of an 
oral formulation of DTPA to enhance the excretion of iron in 
urine from iron-loaded dogs. Iron-loaded dogs Were used in 
the study as a surrogate model for contamination by transu 
ranic elements. 
TWo treatment groups, consisting of one male and one 

female dog, Were compared. Ca-DTPA in sterile saline Was 
administered by the intravenous route, 10 mg/kg, on Day 1, 
folloWed by 4 days of treatment With Zn-DTPA (10 mg/kg 
daily). The oral treatment group Was also administered 10 
mg/kg in 20% Labrasol® in capsules, With Ca-DTPA on Day 
1 and Zn-DTPA on Days 2-5. Blood Was collected from each 
dog at the following time points: predose and 1, 4, 8, and 24 
hr after dose administration on Day 1, and at 24 hr postdose on 
Days 2-5. Dogs Were maintained in metabolism cages for the 
study, and urine Was collected at 4, 8, and 24 hr after the Day 
1 dose, and every 24 hr after the Day 2-5 doses. Collected 
samples Were analyZed for iron, calcium, and Zinc by Perkin 
Elmer ICP (Inductively Coupled Plasma) unit. 

Plasma analysis Was performed for calcium (Ca), iron (Fe), 
and Zinc (Zn). Zn Was not detected in any of the plasma 
samples. Ca and Fe Were detected but did not shoW any trend 
that appeared to be related to treatment With DTPA. 
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10 
Ca levels in the urine Were relatively high throughout the 

study and did not shoW a correlation With the administration 
of Ca-DTPA on Day 1. Excretion of Zn in the urine also did 
not seem to be correlated to the administration of Zn-DTPA 
on study Days 2-5. For both Ca and Zn, three of the four dogs 
(1-3), excreted similar quantities in the urine, While the fourth 
dog, a female in the oral treatment group, had loWer total 
excretion of Ca and Zn. This fourth dog also excreted a loWer 
quantity of urine, suggesting that it may not have been eating 
and drinking as much as the other three. 

In contrast, excretion of Fe in the urine differed distinctly 
among the four dogs. Table 7 shoWs that at each urine collec 
tion time point, the excretion of Fe tended to be higher in the 
animals that Were administered DTPA by the intravenous 
route. In male Dog 1 (intravenous group) and female Dog 4 
(oral group), the time of highest excretion of Fe in the urine 
Was 48 hr, While the highest excretion in the other tWo dogs 
occurred at 96 hr. Total excretion of Fe Was higher in the male 
dogs than in the female dogs and in the animals treated by the 
intravenous route compared to the oral route. Nevertheless, 
excretion of Fe by dogs that received DTPA orally Was sig 
ni?cant, at 40% (male) and 34% (female) of the amount 
excreted by intravenously treated animals. 

TABLE 7 

Excretion of Fe in urine following DTPA administration 

IV Oral 

Time (hr) 1M 2F 3M 4F 

0 0.1297 0.1158 0.0947 NS“ 
4 0.0970 0.0975 0.0654 NS 
8 0.0471 0.0124 0.0153 NS 

24 0.1136 0.0792 0.1000 0.0314 
48 0.6044 0.2686 0.1232 0.1162 
72 0.1732 0.1623 0.0506 0.0210 
96 0.1762 0.2884 0.1869 0.0406 
120 0.2324 0.0166 0.0506 0.1089 

Totall7 1.444 0.925 0.591 0.318 

“NS = No sample 

bTotal calculated by summing the value for excretion 4 hr to 120 hr. 

EXAMPLE 5 

Ca/Zn-DTPA Liquid-Filled Capsule Formulation 

In this formulation, the drug DTPA and Labrasol® in the 
amounts shoWn in Table 8 Were uniformly mixed in a clean 
glass bottle With a magnetic stirrer for 15 minutes and then 
transferred into siZe “0” Licaps, hard gelatin capsules 
designed for liquid formulations, by means of a positive dis 
placement pipette. The formulation Was continuously stirred 
While 600 mg:20 mg of the formulation Was manually trans 
ferred into each capsule. After the formulation Was added, the 
capsule Was stored in a Ziploc bag at room temperature until 
coating. 
The drug-?lled capsules Were then base-coated using 

Klucel EF before the enteric coating to optimize the adhesion 
of enteric polymer. Hydroxy propyl cellulose (HPC), Klucel 
EF grade, Was used as the base coating agent. An ErWeka pan 
coater Was used. A 9.0% W/W amount of Klucel EF Was 
Weighed and added to tWo thirds of the Water, heated to >500 
C., and mixed for 60 minutes using a magnetic stirrer. Then 
the remaining Water Was added, and the mixture Was cooled to 
room temperature. This solution Was prepared 24 hours prior 
to use. Once the coating solution Was set for spraying in the 
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pan coater, the capsules to be coated Were loaded into the pan 
and coated according to the optimized coating parameters. 

After the capsules Were precoated or base coated, an opti 
miZed pan coating process Was used to apply the enteric 
coating, Eudragit L 30D-55, an enteric polymer. For enteric 
coating solution, a calculated amount of Eudragit L 30D-55 
Was diluted With Water. Then triethyl citrate and polysorbate 
80, as a 33% aqueous solution, Was added While the mixture 
Was stirred With a magnetic stirrer. This dispersion Was pre 
pared 24 hr prior to use. Once the coating solution Was set for 
spraying in the pan coater, the capsules to be coated Were 
loaded into the pan and coated in accordance With the opti 
miZed coating parameters. 

TABLE 8 

Liquid-Filled Capsule Formulations 

14881-89 Ca-DTPA 14881-93 Zn-DTPA 

Amount Amount Amount Amount 

Formulation (%) (g) (%) (g) 

Liquid Formulation 

Ca/Zn-DTPA 21.12 40.01 21.12 40.00 
Labrasol ® 78.88 149.39 78.88 149.38 

Total 100.00 189.40 100.00 189.38 
Base Coating 

Klucel EF 9.01 25.00 9.01 25.01 
Water 90.99 252.56 90.99 252.56 

Total 100.00 277.56 100.00 277.57 

Base Coating Parameters 

Pan Speed 1 1 
Air FloW 11-13 Lpm 11-13 Lpm 
Coating time 7 hr 10 min 8 hr 10 min 
Capsule # 105 105 
Weight before 71.96 72.9 
coating (g) 
Weight after 76.28 77.36 
coating (g) 
Weight gain/ 41.14 42.48 
capsule (mg) 

Enteric Coating 
Amount Amount Amount Amount 

Formulation (%) (g) (%) (g) 

Eudragit L30D 54.94 176.20 54.94 176.20 
55 
Triethyl citrate 3.30 10.59 3.30 10.59 
Tween 80 0.23 0.75 0.23 0.75 

Water 41.53 133.19 41.53 133.19 

Total 100.00 320.73 100.00 320.73 

Enteric Coating Parameters 

Pan Speed 2 2 
Air Flor 9-10 Lpm 8-9 Lpm 
Coating time 8 hr 40 min 11 hr 10 min 
Capsule # 98 100 
Weight before 72.5 6 73.97 
coating (g) 
Weight after 88.27 86.71 
coating (g) 
Weight gain/ 160.31 127.40 
capsule (mg) 
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EXAMPLE 6 

Ca/Zn-DTPA Multiparticulate Bead-Filled Capsule 
Formulation 

A multiparticulate dosage form Was developed in Which 
DTPA bead formulations Were prepared by using Extrusion 
SpheroniZation technology. A typical extrusion and spheroni 
Zation process involves mixing the active ingredients and 
excipients in a mixer to be granulated. The Wet granulated 
material is then extruded to obtain small dense pellets. The 
pellets are transferred into a spheroniZer consisting of a rotat 
ing plate at the bottom of a chamber. The spinning movement 
of the pellets on the rotating plate transforms them into 
spheres, Which are then dried. This process produces spheri 
cal and durable beads/ granules. 
The amounts of each component and process parameters 

are shoWn in Table 9. The process involved blending drug and 
CAB-O-SIL EH5. To the drug-CAB-O-SIL EH5 blend, a 
calculated amount of Labrasol® Was added and alloWed to 
adsorb, With mixing every 5 min for 15 min to be sure that no 
large agglomerates remain in the blend. HPMC KlOOM Was 
then added to the drug-Labrasol® blend and mixed With a 
laboratory-scale planetary mixer. For the extrusion spheroni 
Zation process, Water Was used as the binding agent. The drug 
excipient blend Was uniformly mixed With Water using a 
laboratory-scale planetary mixer. The blend Was extruded 
using a Multi Granulator Model MG-55 (Extruder, LCI Cor 
poration, NC) and then spheroniZed, using a MarumeriZer 
Model QJ-230T (SpheroniZer, LCl Corporation, NC), to give 
drug-loaded beads. These beads Were dried in a hot air oven at 
60° C. The beads Were then sieved using a pharmaceutical 
sieve, and the beads that Were retained on Sieve #18 Were 
?lled into /opaque White siZe “0” hard gelatin capsules using 
a semiautomatic capsule ?lling machine. Approximately 420 
mg:20 mg of the beads Were added into each capsule. The 
capsules Were then stored coated using the procedure 
described in the above example. 

TABLE 9 

Multinarticulate Bead-Filled Capsule Formulation 

14881-89 Ca-DTPA 14881-93 Zn-DTPA 

Multip articulate Bead Formulation 

Formulation Amt (%) Amt (g) Amt (%) Amt (g) 

Ca/Zn-DTPA 42.22 126.67 42.21 105.56 
Labrasol ® 25.33 75.98 25.34 63.38 
CAB-O-SIL 8.45 25.34 8.46 21.15 
EH 5 
Methocel K 24.00 72.01 23.99 60.01 
100M 

Total 100.00 300.00 100.00 250.10 
Water 19.90 59.70 14.79 37.00 

(% total Wt) 

Particlesize distribution by sieve 
analysis of extruded beads 

Wt Wt 
Sieve # retained (g) Amt (%) retained (g) Amt (%) 

12 90.65 30.22 10.42 4.17 
18 153.58 51.19 175.45 70.16 
30 9.26 3.09 14.04 5.61 
Fines 4.11 1.37 0.74 0.30 
Lost during 42.40 14.13 49.42 19.76 
process 

Total 300.00 100.00 250.10 100.00 



US RE42,748 E 
13 

TABLE 9-continued 

Multiparticulate Bead-Filled Capsule Formulation 

14881-89 Ca-DTPA 14881-93 Zn-DTPA 

Base Coating 

Amount Amount Amount Amount 
Formulation (%) (g) (%) (g) 

Klucel EF 9.01 25.00 9.00 24.99 
Water 90.99 252.56 91.00 252.56 

Total 100.00 277.56 100.00 277.55 

Base Coating Parameters 

Pan Speed 1 1 
Air FloW 11-13 Lpm 11-13 Lpm 
Coating time 9 hr 15 min 7 hr 
Capsule # 250 125 
Weight before 151.18 64.93 
coating (g) 
Weight after 155.12 68.37 
coating (g) 
Weight gain/ 15.76 27.52 
capsule (mg) 

Enteric Coating 

Formulation Amount Amount Amount Amount 

(%) (g) (%) (g) 

Eudragit L30D 54.94 176.20 54.94 132.00 
55 
Triethyl citrate 3.30 10.59 3.30 7.93 
TWeen 80 0.23 0.75 0.24 0.57 
Water 41.53 133.19 41.55 99.89 

Total 100.00 320.73 100.00 240.39 

Enteric Coating Parameters 

Pan Speed 2 2 
Air FloW 9-10 Lpm 8-9 Lpm 
Coating time 11 hr 5 min 9 hr 35 min 
Capsule # 250 120 
Weight before 155.12 67.08 
coating (g) 
Weight after 172.82 78.38 
coating (g) 
Weight gain/ 70.8 94.17 
capsule (mg) 

EXAMPLE 7 

Accelerated Stability and Dissolution Studies 

The liquid and bead formulations described in the above 
examples Were placed in stability chambers and analyzed at 
speci?c time intervals for appearance, assay, purity, and dis 
solution. 

Dissolution Was performed in tWo stages: an acid stage 
folloWed by a buffer stage to closely replicate the physiologi 
cal conditions encountered by the oral drug in moving from 
the stomach to the intestine. Dissolution Was performed using 
standard procedures Which includes using paddles as per USP 
conditions (Temperature: 37° C. and Paddle speed 100 RPM). 
A Dissolution Tester Station, 6 vessel unit (VanKel 7000), 
?tted With an external heater (VanKel VK750D) Was used. 
Manual sampling Was performed. A volume of 750 ml of 
dissolution media (0.1M Hydrochloric Acid) Was added to 
each of the vessels. Capsules Were ?tted With Wire-sinkers 
and one capsule Was dropped into each of the vessels. Ali 
quots of 1.5 ml Were removed at speci?c time points and 
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14 
analyZed by HPLC. The acid dissolution media solution Was 
changed to a higher pH buffer composition at the end of 2 hr 
by adding 250 ml of 0.2 M HEPES [4-(2-hydroxyethyl)-1 
piperazineethanesulfonic acid] buffer to each of the vessels. 
The pH Was adjusted to 6.8 using 1.5 M Sodium Hydroxide. 
Dissolution at pH 6.8 Was continued for another 6 hr. A total 
of eight hours of dissolution Was observed for each of the 
formulation. 

All the formulations Were found to maintain their integrity 
in the “acid stage” dissolution phase, Which lasted 2 hr. This 
analysis demonstrated that the enteric coatings performed 
Well and Withstood disruption of the capsule shell throughout 
the early 2-hr acid phase. Dissolution in the buffer stage Was 
100% complete for “liquid mixture formulations”, but aver 
aged about 80% complete for “bead mixture” formulations. 
The “liquid ?lled” capsules started to stick together after 2 

Weeks of storage at 400 C.:2° C./75% relative humidity (RH) 
15% RH. HoWever, this clumping together did not affect the 
enteric coating because these capsules did not disintegrate in 
the acidic phase. The “bead ?lled” capsules did not shoW any 
stickiness and Withstood the conditions used for storage. The 
bead formulation proved to be most promising for commer 
cial development. The formulations do not need refrigeration 
and are optimal for stockpiling. 
What is claimed is: 
1. A composition for oral radionuclide chelation therapy, 

said composition consisting of: 
a DTPA (diethylenetriaminepentaacetate) chelate selected 

from the group consisting of calcium-DTPA (Ca-DTPA) 
and Zinc-DTPA (Zn-DTPA); 

a permeation enhancer that preferentially increases jejunal 
uptake of the DTPA chelate; and 

one or more excipients or binders to facilitate formulation; 
Wherein the permeation enhancer is caprylocaproyl mac 

rogol-8-glycerides, and the composition has a DTPA 
chelate bioavailability of at least 10% When orally 
administered to a mammal, as measured in a Beagle dog 
model and using the calculation: BA:AUCPO><Doseiv 
/AUCiv><DosePO; Where BA:bioavailability, and 
AUCIarea under plasma concentration-time curve, and 
said composition is (a) in an enteric-coated unit dosage 
form, or (b) in the form of extruded beads contained 
Within a capsule, Wherein the beads have an average 
diameter betWeen 0.1-1 mm. 

2. The composition of claim 1 in an enteric-coated unit 
dosage form. 

3. The composition of claim 1 in the form of extrudedbeads 
contained Within a capsule, Wherein the beads have an aver 
age diameter betWeen 0.1-1 mm. 

4. The composition of claim 1 in a thixotropic form con 
tained Within a capsule. 

5. The composition of claim 1 in a unit dosage form com 
prising 250, 275, 300, 325, 350, 375, 400, 450, or 500 mg of 
the DTPA chelate. 

6. The composition of claim 1 Wherein the excipients or 
binders consist of HEPES buffer. 

7. A composition for oral radionuclide chelation therapy, 
said composition consisting of: 

a DTPA (diethylenetriaminepentaacetate) chelate selected 
from the group consisting of calcium-DTPA (Ca-DTPA) 
and Zinc-DTPA (Zn-DTPA); 

a permeation enhancer that preferentially increases jejunal 
uptake of the DTPA chelate; 

a P glycprotein (Pgp) inhibitor; and 
one or more excipients or binders to facilitate formulation; 
Wherein the permeation enhancer is caprylocaproyl mac 

rogol-8-glycerides, the Pgp inhibitor is d-ot-tocopheryl 
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polyethylene glycol 1000 succinate, and the composi 
tion has a DTPA chelate bioavailability of at least 10% 
When orally administered to a mammal, as measured in 
a Beagle dog model and using the calculation: BA I 
AUCPO><Doseiv/AUCivxDosePO; Where BA :bio 
availability, and AUC :area under plasma concentra 
tion-time curve, and said composition is (a) in an 
enteric-coated unit dosage form, or (b) in the form of 
extruded beads contained Within a capsule, Wherein the 
beads have an average diameter betWeen 0.1-1 mm. 

8. The composition of claim 7 in an enteric-coated unit 
dosage form. 

9. The composition of claim 7 in the form of extrudedbeads 
contained Within a capsule, Wherein the beads have an aver 
age diameter betWeen 0.1-1 mm. 

10. The composition of claim 7 in a thixotropic form con 
tained Within a capsule. 

11. The composition of claim 7 in a unit dosage form 
comprising 250, 275, 300, 325, 350, 375, 400, 450, or 500 mg 
of the DTPA chelate. 

12. The composition of claim 1 Wherein the excipients or 
binders consist of HEPES buffer. 

13. A method for chelating radionuclides in a mammal, the 
method comprising: 

administering to the mammal the composition of claim 1. 
14. The method of claim 13 Wherein prior to the adminis 

tering step, the mammal is administered a Pgp inhibitor. 
15. A method for chelating radionuclides in a mammal, the 

method comprising: 
administering to the mammal the composition of claim 7. 
16. A kit comprising the composition of claim 1, Where a 

unit dosage form of the composition is contained in a blister. 
17. A kit comprising the composition of claim 7, Where a 

unit dosage form of the composition is contained in a blister. 
18. A composition for oral radionuclide chelation therapy, 

said composition consisting of: 
a DTPA (diethylenetriaminepentaacetate) chelate selected 

from the group consisting of calcium-DTPA (Ca-DTPA) 
and Zinc-DTPA (Zn-DTPA); 
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a permeation enhancer that preferentially increases jejunal 

uptake of the DTPA chelate; and 
one or more excipients or binders to facilitate formulation; 
Wherein the permeation enhancer is caprylocaproyl mac 

rogol-8-glycerides, and said composition is (a) in an 
enteric-coated unit dosage form, or (b) in the form of 
extruded beads contained Within a capsule, Wherein the 
beads have an average diameter betWeen 0.1-1 mm. 

19. A composition for oral radionuclide chelation therapy, 
said composition consisting of: 

a DTPA (diethylenetriaminepentaacetate) chelate selected 
from the group consisting of calcium-DTPA (Ca-DTPA) 
and Zinc-DTPA (Zn-DTPA); 

a permeation enhancer that preferentially increases jejunal 
uptake of the DTPA chelate; 

a P glycprotein (Pgp) inhibitor; and 
one or more excipients or binders to facilitate formulation; 
Wherein the permeation enhancer is caprylocaproyl mac 

rogol-8-glycerides, the Pgp inhibitor is d-ot-tocopheryl 
polyethylene glycol 1000 succinate, and said composi 
tion is (a) in an enteric-coated unit dosage form, or (b) in 
the form of extruded beads contained Within a capsule, 
Wherein the beads have an average diameter betWeen 
0.1-1 mm. 

20. A method for chelating radionuclides in a mammal, the 
method comprising: 

administering to the mammal the composition of claim 18. 
21. A method for chelating radionuclides in a mammal, the 

method comprising: 
administering to the mammal the composition of claim 19. 
22. The composition ofclaim 1 in tabletform. 
23. The composition ofclaim 2 in tabletform. 
24. The composition ofclaim 5 in tabletform. 
25. The composition ofclaim 6 in tabletform. 
26. The composition ofclaim 7 in tabletform. 
27. The composition ofclaim 8 in tabletform. 
28. The composition ofclaim 1] in tabletform. 
29. The composition ofclaim 12 in tabletform. 

* * * * * 


