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NOVEL PHARMACEUTICAL FORMULATIONS 
COMPRISING AMINOALKYL 
PHOSPHOROTHIOATES 

1. FIELD OF THE INVENTION 

[0001] The present invention relates to novel pharmaceu 
tical formulations comprising aminoalkyl phosphorothioate 
compounds. The formulations preferably include surfac 
tants, hydrotropes and chelating agents to, inter alia, 
enhance the chemical and biological properties of the ami 
noalkyl phosphorothioate compounds. 

2. BACKGROUND OF THE INVENTION 

[0002] The compound S-2-(3-aminopropylamino)ethyl 
dihydrogen phosphorothioate (Which is also knoWn as ami 
fostine, ethiofos, Ethyol®, NSC 296961, and WR-2721 and 
Which Will hereinafter be referred to as “amifostine”) and 
other aminothiol compounds are disclosed in US. Pat. No. 
3,892,824. These compounds Were originally developed as 
antiradiation agents (radio-protectants), in particular to be 
used prior to exposure to x-ray or nuclear radiation, to 
protect against the harmful effects of such exposure Which 
may be encountered during military con?icts. 

[0003] In addition to its utility as a military antiradiation 
agent, amifostine has demonstrated excellent utility as a 
non-military radioprotectant and chemoprotectant, i.e., as a 
protectant administered prior to therapy to reduce the unde 
sirable adverse effects Which arise during the use of che 
motherapy and radiation therapy in the treatment of cancer. 
Nygaard et al., eds, Radioprotectors ana' Anticarcinogens, 
Academic Press, Inc., NeW York, pp. 73-85 (1983); Grdina 
et al., Carcinogenesis (London) 6:929-931 (1985). In addi 
tion, these compounds have been reported to afford protec 
tion against the adverse effects of chemotherapeutic agents, 
for example, alkylating agents such as cisplatin, When 
administered before or concurrently With the chemothera 
peutic agent. Jordan et al., Exp. M01. Pathol. 36:297 (1982); 
D02 et al., Cancer Chemother Pharmacol. 28:308 (1991). 
Similarly, it has been reported that amifostine has been used 
experimentally prior to therapy to protect HIV-infected 
patients (AIDS) from the harmful side effects of 3‘-aZido 
3‘-deoxythymidine (AZT) therapy. International Published 
Application W0 90/ 14007, published Nov. 29, 1990. Ami 
fostine and its derivatives have been shoWn to exert these 
reported protective effects Without affecting the bene?cial 
properties of the administered therapeutic agents. This is, in 
the case of chemotherapy, believed to be due to the selective 
uptake of the protective thiol and other metabolites into 
normal tissue. Yuhas, Cancer Res. 40:1519-1524 (1980); 
Yuhas, Cancer Treat. Rep. 63:971-976 (1979). 

[0004] Amifostine is indicated to reduce the cumulative 
renal toxicity associated With repeated administration of 
cisplatin in patients With advanced ovarian or non-small cell 
lung cancer. Physicians’ DeskReference 53rd ed., p. 513-515 
(1999). 
[0005] Pharmaceutical compositions containing amifos 
tine and a chelating agent to enhance gastrointestinal tract 
absorption of the active compound have been reported. Such 
compositions, suitable for oral or rectal administration, are 
described in US. Pat. No. 5,167,947. Amifostine is also 
being developed for subcutaneous administration. See, Inter 
national Publication No. WO98/34622. In its most common 
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use, hoWever, amifostine is administered parenterally, 
including by bolus injection and intravenous infusion. Since 
parenteral routes circumvent the protective barriers of the 
human body, exceptional purity of the dosage form must be 
achieved. Because the dosage form must be free of micro 
organisms and insoluble particulates, the process used in 
preparing it must embody Good Manufacturing Practices 
(“GMP”) that Will produce and maintain the required quality 
of the product in terms of sterility and therapeutic effective 
ness. Sterility is especially important in the treatment of 
cancer and AIDS patients, because in many instances they 
are already immuno-compromised and therefor highly sus 
ceptible to infections. 

[0006] Amifostine has been sold as a sterile amorphous 
lyophiliZed poWder containing active ingredient and man 
nitol. The mixture Was supplied as a single use 10 ml vial 
containing 500 mg of amifostine and 500 mg of mannitol, 
and required reconstitution for intravenous infusion. 
Physicians’Desk Reference, 51St ed. (1997) p. 485-486. 
Presently, a sterile crystalline dosage form of amifostine is 
sold under the trade name Ethyol®. Physicians’Desk Ref 
erence, 53rd ed. (1999) p. 513-515. A crystal structure and 
preparation of a dosage form, Which exhibits greater thermal 
stability than the previously sold amorphous dosage form, is 
described by US. Pat. Nos. 5,424,471 and 5,591,731. 

[0007] Intravenous administration of amifostine suffers 
from several serious draWbacks. First, administering com 
pounds intravenously is extremely inconvenient, particu 
larly When a daily dosing schedule for several Weeks, or 
potentially several months in the case of myelodysplastic 
syndrome (“MDS”), is necessary, requiring a skilled prac 
titioner to administer the dose. Second, When administered 
intravenously, patients suffer from dose-dependent undesir 
able side-effects such as nausea, vomiting, emesis and 
hypotension, as Well as ?ushing or feeling of Warmth, chills 
or feeling of coldness, diZZiness, somnolence, hiccups and 
sneeZing. A decrease in serum calcium concentration is a 
knoWn pharmacological effect of intravenously adminis 
tered amifostine. Allergic reactions ranging from mild skin 
rashes to rigors have also rarely occurred in conjunction 
With intravenously administered amifostine. At present, 
there are no knoWn methods, other than co-administering 
agents such as anti-emetics, of reducing or avoiding these 
undesirable side effects. Third, there are related costs asso 
ciated With intravenous administration, including personnel, 
equipment and medical measures to attenuate side effects. 

[0008] Therefore, there remains a need for pharmaceutical 
delivery systems Which are capable of delivering amifostine 
and related compounds to the patient in an effective, efficient 
and economical manner. 

3. SUMMARY OF THE INVENTION 

[0009] The present invention provides novel pharmaceu 
tical formulations comprising aminoalkyl phosphorothioate 
compounds. The pharmaceutical compositions of the present 
invention are ef?cacious formulations Wherein the biologi 
cal and/or chemical properties of the active agent are 
enhanced by the addition of ingredients including, but not 
limited to, one or more of the folloWing: surfactants, chelat 
ing agents and hydrotropes. These additional formulation 
ingredients are considered to serve, individually or in com 
bination, inter alia, to increase the biological activity or 
chemical properties of the active compound. 
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[0010] The novel pharmaceutical formulations of the 
invention may be administered to a mammal, including 
humans, to treat or prevent a variety of disorders associated 
With radiation or chemotherapy, and in a manner Which 
decreases or reduces undesirable side effects associated With 
the compounds. In preferred embodiments, the formulations 
of the invention comprise amifostine, and the formulations 
are administered subcutaneously. 

[0011] One aspect of the invention relates to pharmaceu 
tical formulations comprising an aminoalkyl phosphorothio 
ate and a surfactant alone. Such formulations, in accordance 
With the present invention, are considered to have improved 
chemical and biological properties. The invention also 
encompasses pharmaceutical formulations comprising an 
aminoalkyl phosphorothioate, a surfactant and a hydrotrope, 
Wherein the hydrotrope, inter alia, enhances the solubility of 
the formulation composition. The invention further encom 
passes pharmaceutical formulations comprising an ami 
noalkyl phosphorothioate, a hydrotrope and a chelating 
agent. The formulations of the invention having a chelating 
agent are considered to have enhanced biological properties. 
This formulation is also considered to exhibit bene?cial 
chemical and manufacturing properties, including, inter alia, 
improving freeZe-drying procedures and freeZe-drying 
itself. The invention further encompasses pharmaceutical 
formulations comprising an aminoalkyl phosphorothioate, a 
surfactant, a hydrotrope, and a chelating agent. 

[0012] The subcutaneous route of administration leads to 
a limitation in the volume of the pharmaceutical formulation 
used due to distention of the skin at the injection site and 
associated pain. Thus, the present invention has a further 
bene?t of increasing the solubility of the active compounds 
in the pharmaceutical compositions of the invention, such 
that a greater amount of active compound can be adminis 
tered per dose, Without additional pain at the injection site. 

[0013] Another aspect of the invention relates to sterile 
dosage forms of the above-described pharmaceutical com 
positions. The pharmaceutical compositions of the present 
invention may be in liquid or solid forms suitable for 
reconstitution such as freeZe-dried or lyophiliZed forms, 
although the invention includes non-freeZe-dried solids. The 
pharmaceutical composition may comprise a single dosage 
form Which comprises all the components of the composi 
tion. Alternatively, the invention encompasses a dosage form 
kit Wherein the aminoalkyl phosphorothioate compound and 
the remaining components of the formulation composition 
are provided in separate containers, and a solution for use is 
prepared by combining the formulation ingredients With a 
suitable carrier, such as sterile Water prior to administration. 

[0014] The pharmaceutical compositions of the invention 
comprising aminoalkyl phosphorothioate compounds may 
be adapted for administration to a patient in a number of 
Ways, including, but not limited to parenteral (including 
subcutaneous, intravenous and intramuscular); or oral; 
mucosal (including buccal, sublingual, vaginal and rectal); 
topical, transdermal and the like. Subcutaneous administra 
tion is preferred. 

[0015] The present invention is further directed to novel 
pharmaceutical compositions comprising aminoalkyl phos 
phorothioate and other active ingredients. Finally, the phar 
maceutical compositions of the invention may also include 
solvents and co-solvents, excipients, antioxidants, carriers, 
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diluents, buffers, bulking agents, solubiliZers, Wetting 
agents, suspending agents, emulsi?ers and thickening 
agents. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1A is a graph comparing the Weight in mice, 
folloWing administration of saline solution and subsequent 
irradiation; 50 mg/ml amifostine solution and subsequent 
irradiation; and saline solution Without irradiation (control). 
FIG. 1B compares the total mucositis scores. 

[0017] FIG. 2A is a graph of the Weight in mice folloWing 
administration of 50 mg/ml amifostine and 0.075% sodium 
deoxycholate, folloWed by irradiation, to 5 subjects, 0 to 25 
days folloWing irradiation. FIG. 2B depicts the total mucosi 
tis score of this formulation. 

[0018] FIG. 3A is a graph of the Weight in mice folloWing 
administration of 50 mg/ml amifostine, 2% EDTA and 2% 
sorbitol, folloWed by irradiation, to 5 subjects, 0 to 25 days 
folloWing irradiation. FIG. 3B depicts the total mucositis 
score of this formulation. 

[0019] FIG. 4A is a graph comparing the Weight in mice 
folloWing administration of a formulation comprising 50 
mg/ml amifostine and 0.2% EDTA folloWed by irradiation; 
and a formulation comprising 50 mg/ml amifostine and 
adjusted to pH=7 folloWed by irradiation. FIG. 4B compares 
the total mucositis scores of the formulations. 

[0020] FIG. 5A is a graph comparing the Weight in mice 
folloWing administration of: a 50 mg/ml amifostine solution 
adjusted to pH=7 folloWed by irradiation; a formulation 
comprising 50 mg/ml amifostine and 0.075% sodium deoxy 
cholate (NaDC), folloWed by irradiation; and a formulation 
comprising 50 mg/ml amifostine, 2% EDTA and 2% sorbitol 
(EDSO), folloWed by irradiation. FIG. 5B compares the 
total mucositis scores of the formulations. 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] The present invention provides novel pharmaceu 
tical compositions comprising aminoalkyl phosphorothioate 
compounds. The pharmaceutical compositions may com 
prise a surfactant and/or a hydrotrope and/or a chelating 
agent to yield a aminoalkyl phosphorothioate containing 
composition having enhanced chemical and biological prop 
erties. The invention is based, in part, on the surprising and 
unexpected discovery that the chemical, physical and/or 
biological properties of pharmaceutical compositions com 
prising aminoalkyl phosphorothioate compounds are 
enhanced by the addition of a surfactant and/or a hydrotrope 
and/or a chelating agent and/or an enZyme (such as hyalu 
ronidase). Such enhancement can improve or facilitate the 
manufacture and/or use of the compositions. 

[0022] While not intending to be limited by any theory, it 
is believed that increased biological activity may be brought 
about by the enhanced solubility and rate of dissolution of 
the active compounds in the pharmaceutical compositions. 
Enhanced solubility is especially desirable When the phar 
maceutical composition is to be administered subcutane 
ously, due to the limitation on the volume of the composition 
Which may be used. The pharmaceutical compositions of the 
invention may demonstrate additional bene?cial properties 
by increasing the absorption of vitamins and other nutrients. 
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[0023] The formulations of the invention can be used to 
deliver to a mammal, including a human, the active com 
pounds described herein. Further, the compositions are suit 
able for treatment or protection of patients suffering from 
any disorder for Which the aminoalkyl phosphorothioate 
compounds are knoWn or proposed to be useful. The for 
mulations may be delivered to a patient using numerous 
routes of administration including, but are not limited to, 
inhalation, transdermal, oral, rectal, transmucosal, intestinal 
and parenteral administration, including intramuscular, sub 
cutaneous, intravenous infusion or bolus injection. The 
referred route of administration using the compositions of 
the invention is via subcutaneous administration. The for 
mulations of the invention comprising an aminoalkyl phos 
phorothioate and, optionally, a surfactant and/or a hydro 
trope and/or a chelating agent provide advantageous 
methods of treatment or protection (e.g., prevention of 
disease) of patients by demonstrating improved biological 
properties compared to formulations comprising only the 
active aminoalkyl phosphorothioate. These formulations are 
thus believed to address the need for a more efficacious 
dosage form for aminoalkyl phosphorothioate compounds. 

[0024] The invention further provides sterile dosage forms 
Wherein the formulation is provided in a lyophiliZed form, 
suitable for reconstitution and administration to a patient. 
The invention may also be provided in a form Wherein the 
active compounds and the other ingredients of the formu 
lation are each provided in solid non-lyophiliZed or lyo 
philiZed form, separate from each other. These ingredients 
are then reconstituted and/or solubiliZed in a suitable sterile 
liquid and combined to produce the pharmaceutical formu 
lation, Which is then suitable for administration to a patient. 

[0025] The pharmaceutical compositions of the present 
invention comprise aminoalkyl phosphorothioate com 
pounds in combination With a surfactant and/or a hydrotrope 
and/or a chelating agent, and, optionally, other ingredients. 
Suitable pharmaceutical ingredients are described in more 
detail beloW. 

[0026] 5.1 Aminoalkyl Phosphorothioates and Related 
Compounds 

[0027] The active compounds that can be used Within the 
formulations of the present invention include, but are not 
limited to, amifostine (WR-2721), as Well as salts, hydrates, 
active metabolites, pro-drugs, and functional derivatives or 
analogues thereof. More speci?cally, the active compounds 
of the formulations of the invention include, but are not 
limited to, all pro-drugs and metabolites of amifostine and 
pro-drugs of the active metabolites. Thus, compounds 
knoWn to the skilled artisan to be suitable for administration 
to humans and knoWn to be metabolites or otherWise con 
verted into active thiols including metabolites such as 
WR-1065 and WR-33278 (disul?de) and the orally bioavail 
able WR-151327 and its active thiols, including metabolites 
such as WR-151326 and its corresponding disul?de, are 
encompassed Within the formulations. 

[0028] Similarly, described herein are aminothiols that 
exhibit activity similar to that of amifostine or its metabo 
lites. Preferably, these compounds are structurally related to 
amifostine. Alternatively, the active compounds are pro 
drugs that are metaboliZed in vivo to a biologically active 
agent. Speci?c eXamples are illustrated herein. 
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[0029] Aminothiol compounds Which can be used in the 
formulations of the present invention are represented by the 
folloWing formula (I): 

R1NH(CH2)nNH(CH2)mSR2 (I) 
[0030] Wherein R1 is hydrogen, CS-C7 aryl, C2-C7 acyl, or 
C1-C7 alkyl; R2 is hydrogen, PO3H2 or R3, Wherein R3 is 
R1NH(CH2)nNH(CH2)mS—; n and m are each an integer 
from 1 to 10; and preferably an integer from 2 to 6. 

[0031] The formulations of the present invention also 
encompass the use of pharmaceutically acceptable salts and 
hydrates of the compounds of formula (I) above. 

[0032] Preferred compounds useful in the formulations of 
the invention are the S-u)(u)-amino-alkylamino)alkyl dihy 
drogen phosphorothioate analogues represented by the for 
mula: 

R—NH—(CnH2r)—NH—(CmH2m)—S—PO3H2 
[0033] Wherein R is hydrogen or an alkyl group compris 
ing 1 to 7 carbon atoms and m and n independently have a 
value of from 1 to 10, preferably 2 to 6. 

[0034] The chemical structure of amifostine (WR-2721) 
can be depicted as folloWs: 

H2N—(CH2)3—NH—(CH2)2—S—PO3H2. 
[0035] One preferred metabolite of amifostine is a dephos 
phorylated free thiol form knoWn as WR-1065 (chemical 
nomenclature: S-2-(3-aminopropylamino) ethanethiol), 
Which can be depicted as folloWs: 

H2N—(CH2)3—NH(CH2)2—SH. 
[0036] Another preferred metabolite of amifostine is its 
disul?de, knoWn as WR-33278 (chemical nomenclature: 
[2-[(aminopropyl)amino]ethanthiol]-N,N‘-dithioidi-2,1 
ethanediyl)bis-1,3-propanediamine), Which can be depicted 
as folloWs: 

H2N—(CH2)3—NH—(CH2)2—S—S—(CH2)2— 
NH—(CH2)3—NH2. 

[0037] A preferred analogue of amifostine is the com 
pound designated as WR-151327 (chemical nomenclature: 
1-propanethiol-3-[[3-(methylamino)propyl]amino]-dihy 
drogen phosphorothioate), Which can be depicted as folloWs: 

CH3NH(CH2)3NH(CH2)3SPO3H2. 
[0038] Another preferred analogue of amifostine is the 
compound designated WR-151326, a dephosphorylated free 
thiol form of WR-151327 having the chemical structure: 
CH3NH(CH2)3NH(CH2)3SH. 
[0039] Other speci?c compounds suitable for use in the 
formulations of the present invention include, but are not 
limited to: 

[0040] S-1-(aminoethyl)phosphorothioic acid (WR 
638); 

[0041] S-[2-(3-methylaminopropyl)aminoethyl] 
phosphorothioate acid (WR-3689); 

[0042] S-2-(4-aminobutylamino)ethyl 
rothioic acid (WR-2822); 

phospho 

[0043] 3-[(2-mercaptoethyl)amino]propionamide 
p-toluene-sulfonate (WR-2529); 

[0044] S-1-(2-hydroXy-3-amino)propyl 
rothioic acid (WR-77913); 

phospho 
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[0045] 2-[3-(methylamino)propylamino]ethanethiol 
(WR-255591); 

[0046] S-2-(5-aminopentylamino)ethyl 
rothioic acid (WR-2823); 

[0047] 1-[3-(3-aminopropyl)thiaZolidin-2-Y1]-D 
gluco-1,2,3,4,5 pentane-pentol dihydrochloride 
(WR-255709). 

[0048] Additional aminothiols suitable for use in the for 
mulations of the present invention include, but are not 
limited to, S-2-(3-ethylaminopropylamino)ethyl dihydrogen 
phosphorothioate, S-2-(3-aminopropylamino)-2-methylpro 
pyl dihydrogen phosphorothioate, S-2-(2-aminoethy 
lamino)-2-ethyl dihydrogen phosphorothioate, S-2-(4-ami 
nobutylamino)-2-ethyl dihydrogen phosphorothioate, S-2 
(5-aminopentylamino)-2-ethyl dihydrogen 
phosphorothioate, S-2-(6-aminohexylamino)-2-ethyl dihy 
drogen phosphorothioate, S-2-(2-methylaminoethylamino) 
2-ethyl dihydrogen phosphorothioate, S-2-(3-methylamino 
propylamino)-2-ethyl dihydrogen phosphorothioate, and 
S-3-(3-methylamino-propylamino)-3-propyl dihydrogen 
phosphorothioate (WR-151327) and pharmaceutically 
acceptable salts thereof. Preferably, the aminothiol is ami 
fostine, WR-1065, WR-33278, WR-151327 or WR-151326; 
most preferably it is amifostine. 

phospho 

[0049] Amifostine, and many of its salts, analogues and 
derivatives thereof suitable for use in the formulations of the 
invention are commercially available, or can readily be 
prepared using standard techniques. The aminothiol com 
pounds useful in the formulations of the invention may be 
prepared by methods knoWn in the art (see, e.g., Cortese, 
1943, Organic Synthesis pp. 91-93, Coll. Vol. II, Blatt, Ed., 
John Wiley & Sons, Inc., NeW York, NY; Akerfeldt, 1960, 
Acta Chem. Scand. 14:1980; Piper et al., 1966, Chem. Ind. 
(London):2010). Certain aminothiol compounds, as Well as 
methods of synthesizing such compounds, are described in 
detail in Us. Pat. No. 3,892,824 to Piper et al., US. Pat. 
Nos. 5,424,472 and 5,591,731, both to Kennedy et al., and 
WO 96/25045, each of Which is incorporated herein by 
reference in its entirety. 

[0050] The aminothiol compounds useful in the formula 
tions of the invention may be in the form of free acids, free 
bases, or pharmaceutically acceptable addition salts thereof. 
Such salts can be readily prepared by treating an aminothiol 
compound With an appropriate acid and/or base. Such acids 
include, by Way of example and not limitation, inorganic 
acids such as hydrohalic acids (hydrochloric, hydrobromic, 
hydro?uoric, etc.), sulfuric acid, nitric acid, phosphoric acid, 
etc. and organic acids such as acetic acid, propanoic acid, 
2-hydroxyacetic acid, 2-hydroxypropanoic acid, 2-oxopro 
panoic acid, propandioic acid, butandioic acid, etc. Con 
versely, the salt can be converted into the free base form by 
treatment With alkali. 

[0051] The aminothiol compounds useful in the formula 
tions of the invention, as Well as the pharmaceutically 
acceptable addition salts thereof, may be in a hydrated, 
solvated or anhydrous form. Methods of preparing such 
forms Will be apparent to those skilled in the art of organic 
chemistry. 

[0052] For any mode of administration, the actual amount 
of active aminoalkyl phosphorothioate compound to be 
delivered, as Well as the dosing schedule necessary Will 
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depend, in part, on such factors as the bioavailability of the 
active compound to be used (and/or an active metabolite 
thereof), the patient’s condition, age and height, the disorder 
being treated, the desired therapeutic effect (e.g., preven 
tion), the frequency and route of administration, and other 
factors that Will be apparent to those of skill in the art. The 
actual amount delivered and dosing schedule can be readily 
determined by those of skill With routine experimentation by 
monitoring the blood plasma levels of administered com 
pound and/or an active metabolite thereof, and adjusting the 
dosage or dosing schedule as necessary. Generally, betWeen 
about 10 mg to about 3000 mg of active ingredient per 
dosage unit is used. This amount is more preferably betWeen 
about 250 mg to about 1500 mg of active ingredient, and 
most preferably betWeen about 400 mg to about 1000 mg of 
active ingredient per dosage unit. 

[0053] 5 .2 Hydrotropes 

[0054] Examples of hydrotropes Which can be used Within 
the formulations of the present invention include, but are not 
limited to, sorbitol, mannitol, nicotinic acid, nicotinamide, 
2,5-dihydroxybenZoic acid, ascorbic acid, ascorbyl dipalmi 
tate, fructose, glucose, glucose glutamate, glucuronic acid, 
glycerin, 1,2,6-hexanetriol, hydroxystearyl methylglucam 
ine, inositol, lactose, maltitol, sorbeth-20, sucrose, thioglyc 
erin, tris(hydroxymethyl)nitromethane, tromethamine and 
xylitol. Apreferred group of suitable hydrotropes are poly 
hydroxylated alcohols. The preferred polyhydroxylated 
alcohol is sorbitol. 

[0055] While not intending to be bound by theory, it is 
believed that an increase in chemical and biological prop 
erties in pharmaceutical compositions comprising an ami 
noalkyl phosphorothioate and a hydrotrope Will be, in part, 
due to the enhanced solubility and rate of dissolution of 
aminoalkyl phosphorothioate compounds in hydrotropes. 
Sorbitol, a polyhydroxylated alcohol, can be utiliZed in 
pharmaceutical preparations to increase the absorption of 
vitamins and other nutrients. Sorbitol is approved for use as 
a sWeetener and as a osmotic diuretic. Sorbitol is also used 
as a stabiliZer for drug, vitamin and antacid suspensions. The 
present invention is based, in part, on the quite unexpected 
discovery that hydrotropes, including polyhydroxylated 
alcohols, and sorbitol in particular, enhance the solubility 
and rate of diffusion of aminoalkyl phosphorothioate com 
pounds at relatively high concentrations. Hydrotropes may 
also be effective by enabling a selective transport of the 
aminoalkyl phosphorothioate compounds through tight 
junctions by means of passive diffusion. 

[0056] The amount of hydrotrope used in the pharmaceu 
tical compositions of the invention depends on the speci?c 
hydrotrope or blend of hydrotropes selected. HoWever, the 
hydrotrope is preferably used at a concentration of from 
about 0.5 mg/ml to about 100 mg/ml. More preferably, the 
hydrotrope is used at a concentration of from about 10 
mg/ml to about 30 mg/ml. Most preferably the hydrotrope is 
used at a concentration of about 20 mg/ml. In a preferred 
embodiment, the amount of hydrotrope used is such as to 
lead to an effective concentration of amifostine of betWeen 
about 25 mg/ml and 300 mg/ml. Preferred hydrotropes 
include, but are not limited to nicotinic acid and nicotina 
mide, and polyhydroxylated alcohols such as sorbitol, man 
nitol and 2,5-dihydroxybenZoic acid (gentisic acid). A most 
preferred hydrotrope is sorbitol. In a preferred embodiment, 
sorbitol is used at a concentration of about 20 mg/ml. 
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[0057] 5.3 Chelating Agents 

[0058] Examples of chelating agents that can be used 
Within the formulations of the present invention include, but 
are not limited to, aminotrimethylene phosphoric acid, cal 
cium disodium ethylenediamine tetraacetic acid (EDTA), 
citric acid, cyclohexanediamine tetraacetic acid, diammo 
nium citrate, diethylenetriamine pentacetic acid (DPTA), 
dipotassium EDTA, disodium EDTA, disodium pyrophos 
phate, EDTA, etidronic acid, glucuronic acid, pentapotas 
sium triphosphate, pentasodium aminotrimethylene phos 
phonate, pentasodium pentetate, pentasodium triphosphate, 
pentetic acid, sodium citrate, sodium dihydroxyethylglyci 
nate, sodium gluconate, sodium hexametaphosphate, 
sodium metaphosphate, sodium metasilicate, sodium tri 
metaphosphate, triethanolamine EDTA, tetrahydroxypropyl 
ethylenediamine, tetrapotassium pyrophosphate, tetraso 
dium EDTA, tetrasodium etidronate, tetrasodium pyrophos 
phate, tripotassium EDTA, trisodium EDTA, trisodium NTA 
and trisodium phosphate. Preferred chelating agents are 
DPTA and sodium salts of EDTA. The most preferred 
chelating agent is EDTA. 

[0059] Chelating agents, Which are also knoWn as seques 
trants, are compounds Which can form stable complexes 
With metal ions, and thus prevent adverse effects on the 
stability or appearance of formulations. It Was found that the 
chelating agents unexpectedly demonstrate the ability to 
enhance the biological activity of the aminoalkyl phospho 
rothioate compounds of the present invention. 

[0060] The amount of chelating agent used in the phar 
maceutical compositions of the invention depends on the 
speci?c chelating agent or blend of chelating agents 
selected. HoWever, the chelating agent is preferably used at 
a concentration of from about 0.5 mg/ml to about 100 
mg/ml. More preferably, the chelating agent is used at a 
concentration of from about 10 mg/ml to about 30 mg/ml. 
Most preferably the chelating agent is used at a concentra 
tion of 20 mg/ml. The amount of chelating agent used is such 
as to lead to an effective concentration of amifostine of 
betWeen about 25 mg/ml and 300 mg/ml. Preferred chelating 
agents include, but are not limited to ethylenediamine tet 
raacetic acid (EDTA) and diethylenetriamine pentaacetic 
acid (DTPA) A most preferred chelating agent is EDTA. In 
a preferred embodiment, EDTA is used at a concentration of 
about 20 mg/ml. 

[0061] 5.4 Surfactants 

[0062] Examples of surfactants suitable for use in the 
formulations of the present invention include, but are not 
limited to, cholic acid and salts of cholic acid, deoxycholic 
acid and salts of deoxycholic acid, taurocholic acid and salts 
of taurocholic acid, polyvinylpyrrolidone, PEG compounds 
such as cocamines, glyceryl stearates, glyceryl oleates, 
hydrogenated lanolins, lanolins, laurates and oleates, sorbi 
tan laurates, sorbitan palmitates, sorbitan stearates, quater 
nium surfactants, sodium sulfates, glyceryl compounds, 
palmitic acid and its derivatives and oleic acid and its 
derivatives. 

[0063] Additional suitable surfactants may be selected 
from the literature by one skilled in the art. (See, e.g., 
SurfactantEncyclopea'ia, 2nd Edition, M. M. Reiger (1996).) 
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[0064] Apreferred subset of suitable surfactants are lipo 
philic surfactants. Lipophilic surfactants are surface active 
compounds Which demonstrate an affinity for lipid com 
pounds, Which are organic Waxes oils and fats, of loW 
solubility in Water but soluble in organic solvents. The 
surfactants of the present invention solubiliZe the ami 
noalkyl phosphorothioate compounds, thus forming a lipo 
philic moiety. Transcellular absorption of the aminoalkyl 
phosphorothioate compounds is brought about by adminis 
tration of the lipophilic moiety to the patient. The invention 
is based, in part, on the quite unexpected discovery that 
pharmaceutical compositions comprising combinations of 
aminoalkyl phosphorothioate compounds and surfactants 
exhibit improved biological properties over compositions 
comprising only aminoalkyl phosphorothioate compounds 
in a suitable vehicle. 

[0065] The amount of surfactant used in the pharmaceu 
tical compositions of the invention depends on the speci?c 
surfactant or blend of surfactants selected. HoWever, the 
surfactant is preferably used at a concentration of from about 
0.1 mg/ml to about 10 mg/ml. More preferably, the surfac 
tant is used at a concentration of from about 0.3 mg/ml to 
about 0.9 mg/ml. Most preferably the surfactant is used at a 
concentration of from about 0.5 mg/ml to about 0.75 mg/ml. 
The amount of surfactant used is such as to lead to an 
effective concentration of amifostine of betWeen about 25 
mg/ml and 300 mg/ml. Preferred surfactants include, but are 
not limited to sodium deoxycholate, sodium taurocholate, 
TWEEN 80 and sodium dodecylsulfate. A most preferred 
surfactant is sodium deoxycholate. In a preferred embodi 
ment, TWEEN 80 is used at a concentration of 1%. In 
another preferred embodiment, sodium dodecylsulfate is 
used at a concentration of 0.02%. In yet another preferred 
embodiment, sodium deoxycholate is used at a concentra 
tion of about 0.75 mg/ml. 

[0066] Each of the above concentrations relating to the 
amount of hydrotrope, chelating agent and surfactant used in 
the formulations of the invention is calculated for a single 
dose composition comprising betWeen about 10 mg to about 
3000 mg of aminoalkyl phosphorothioate. This amount is 
more preferably betWeen about 250 mg to about 1500 mg of 
aminoalkyl phosphorothioate, and most preferably betWeen 
about 400 mg to about 1000 mg of aminoalkyl phospho 
rothioate per dosage unit. 

[0067] 5.5 Uses of the Pharmaceutical Compositions 

[0068] The pharmaceutical compositions of the present 
invention can be used to ef?caciously treat patients suffering 
from any disorder that is treatable With aminoalkyl phos 
phorothioate compounds. 

[0069] For example, the pharmaceutical compositions of 
the invention can be used to selectively protect normal 
tissues against the toxicities associated With ioniZing radia 
tion or chemotherapy in cancer patients. 

[0070] The pharmaceutical compositions of the invention 
comprise active compounds Which are capable of stimulat 
ing bone marroW groWth and causing the bone marroW 
function to more rapidly recover folloWing chemotherapy. 
Thus, the pharmaceutical compositions of the invention 
further provide a useful means for administering these active 
compounds to patients suffering from diseases requiring 
bone marroW groWth, such as myelodysplastic syndrome 
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(MDS), and to patients Whose bone marrow has been 
exposed to chemotherapy. The pharmaceutical compositions 
also provide a useful means for administering the active 
compounds to patients suffering from human immunode? 
ciency virus (“HIV”) infection. 

[0071] The preferred method of administration of the 
pharmaceutical compositions of the invention is by subcu 
taneous administration. This route of administration pro 
vides numerous advantages over other typical routes of 
administration, such as intravenous or bolus injection. One 
signi?cant advantage is the reduction or decrease in unde 
sirable side-effects suffered by patients receiving the 
therapy. Also, better patient compliance is achieved by use 
of subcutaneous administration, as intravenous administra 
tion is disliked by most patients. Further, subcutaneous 
administration does not necessarily require administration 
by skilled practitioners, thus making therapy more conve 
nient for patients. 

[0072] The bene?ts of subcutaneous administration 
coupled With the bene?ts of the described formulations 
provide a unique and ef?cacious prevention or treatment of 
a variety of diseases knoWn to be treated by amifostine. 

6. Administration and Preparation of Compositions 

[0073] The pharmaceutical formulations described herein, 
or pharmaceutically acceptable salts and/or hydrates thereof, 
may be administered singly, in combination With other 
compounds of the invention, and/or in combination With 
other therapeutic agents, including cancer chemotherapeutic 
agents. The pharmaceutical formulations may be adminis 
tered alone or in an admixture With one or more pharma 

ceutically acceptable carriers, excipients or diluents. Phar 
maceutical compositions for use in accordance With the 
present invention may be formulated in conventional man 
ner using one or more physiologically acceptable carriers 
comprising excipients and auxiliaries Which facilitate pro 
cessing of the active compounds into preparations Which can 
be used pharmaceutically. Proper formulation is dependent 
upon the route of administration chosen. 

[0074] For injection, the formulations of the invention 
may be prepared in aqueous solutions, preferably in physi 
ologically compatible buffers such as Hanks’s solution, 
Ringer’s solution, or physiological saline buffer. For trans 
mucosal administration, penetrants appropriate to the barrier 
to be permeated are used in the formulations. 

[0075] For oral administration, the formulations can be 
readily combined With pharmaceutically acceptable carriers 
Well knoWn in the art. Such carriers enable the compounds 
of the invention to be formulated as tablets, pills, dragees, 
capsules, liquids, gels, syrups, slurries, suspensions and the 
like, for oral ingestion by a patient to be treated. Pharma 
ceutical preparations for oral use can be obtained solid 
excipient, optionally grinding a resulting mixture, and pro 
cessing the mixture of granules, after adding suitable aux 
iliaries, if desired, to obtain tablets or dragee cores. Suitable 
excipients are, in particular, ?llers such as sugars, including 
lactose, sucrose, mannitol, or sorbitol; cellulose preparations 
such as, for example, maiZe starch, Wheat starch, rice starch, 
potato starch, gelatin, gum tragacanth, methyl cellulose, 
hydroxypropylmethyl-cellulose, sodium carboxymethylcel 
lulose, and/or polyvinylpyrrolidone (PVP). If desired, dis 
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integrating agents may be added, such as the cross-linked 
polyvinylpyrrolidone, agar, or alginic acid or a salt thereof 
such as sodium alginate. 

[0076] Dragee cores are provided With suitable coatings. 
For this purpose, concentrated sugar solutions may be used, 
Which may optionally comprise gum arabic, talc, polyvinyl 
pyrrolidone, carbopol gel, polyethylene glycol, and/or tita 
nium dioxide, lacquer solutions, and suitable organic sol 
vents or solvent mixtures. Dyestuffs or pigments may be 
added to the tablets or dragee coatings for identi?cation or 
to characteriZe different combinations of formulation or 
active compound doses. 

[0077] Pharmaceutical preparations Which can be used 
orally include, but are not limited to push-?t capsules made 
of gelatin, as Well as soft, sealed capsules made of gelatin 
and a plasticiZer, such as glycerol or sorbitol. The push-?t 
capsules can comprise the active ingredients in admixture 
With ?ller such as lactose, binders such as starches, and/or 
lubricants such as talc or magnesium stearate and, option 
ally, stabiliZers. In soft capsules, the active compounds may 
be dissolved or suspended in suitable liquids, such as fatty 
oils, liquid paraf?n, or liquid polyethylene glycols. In addi 
tion, stabiliZers may be added. All formulations for oral 
administration should be in dosages suitable for such admin 
istration. 

[0078] For buccal administration, the formulations may 
take the form of tablets or loZenges formulated in conven 
tional manner. 

[0079] For administration by inhalation, the formulations 
for use according to the present invention are conveniently 
delivered in the form of an aerosol spray from pressuriZed 
packs or a nebuliZer, With the use of a suitable propellant, 
e.g., dichlorodi?uoromethane, trichloro?uoromethane, 
dichlorotetra?uoroethane, carbon dioxide or other suitable 
gas. In the case of a pressuriZed aerosol the dosage unit may 
be determined by providing a valve to deliver a metered 
amount. Capsules and cartridges of eg gelatin for use in an 
inhaler or insuf?ator may be formulated to comprise a 
poWder mix of the formulation and a suitable poWder base 
such as lactose or starch. 

[0080] The formulations may be formulated for parenteral 
administration by injection, e.g., by bolus injection or con 
tinuous infusion. Formulations for injection may be pre 
sented in unit dosage form, e.g., in ampoules or in multi 
dose containers, With an added preservative. The 
formulations may take such forms as suspensions, solutions 
or emulsions in oily or aqueous vehicles, and may comprise 
formulatory agents such as suspending, stabiliZing and/or 
dispersing agents. 

[0081] Pharmaceutical formulations for parenteral admin 
istration include, but are not limited to aqueous solutions of 
the active compounds in sterile Water-soluble form. Addi 
tionally, suspensions of the pharmaceutical formulations 
may be prepared as appropriate oily injection suspensions. 
Suitable lipophilic solvents or vehicles include, but are not 
limited to fatty oils such as sesame oil, or synthetic fatty acid 
esters, such as ethyl oleate or triglycerides, or liposomes. 
Aqueous injection suspensions may comprise substances 
Which increase the viscosity of the suspension, such as 
sodium carboxymethyl cellulose, sorbitol, or dextran. 
Optionally, the suspension may also comprise suitable sta 
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biliZers or agents Which increase the solubility of the for 
mulations to allow for the preparation of highly concentrated 
solutions. 

[0082] Alternatively, the pharmaceutical formulations 
may be in poWder form for constitution With a suitable 
vehicle, e.g., sterile pyrogen-free Water, before use. 

[0083] The pharmaceutical formulations may also be used 
in rectal compositions such as suppositories or retention 
enemas, e.g., containing conventional suppository bases 
such as cocoa butter or other glycerides. 

[0084] In addition, the formulations may also be used as a 
depot preparation. Such long acting formulations may be 
administered by implantation (for example subcutaneously 
or intramuscularly) or by intramuscular injection. Thus, for 
example, the formulations may comprise suitable polymeric 
or hydrophobic materials (for example as an emulsion in an 
acceptable oil) or ion exchange resins, or as sparingly 
soluble derivatives, for example, as a sparingly soluble salt. 

[0085] The pharmaceutical formulations also may com 
prise suitable solid or gel phase carriers or excipients. 
Examples of such carriers or excipients include but are not 
limited to, calcium carbonate, calcium phosphate, various 
sugars, starches, cellulose derivatives, gelatin, and polymers 
such as polyethylene glycols. 

[0086] The formulations may be provided in a single, 
lyophiliZed dosage form, suitable for reconstitution and 
administration to a patient. Alternatively, the formulations 
may be provided in a form Wherein the lyophiliZed ami 
noalkyl phosphorothioate active compounds are provided 
separately from the remainder of the formulation, Which 
remainder is added to the active compound in the reconsti 
tution step. The remainder of the formulation may be 
provided as a sterile aqueous solution, or in lyophiliZed 
form. The single dosage form may be prepared by loading 
the formulation into a vial and the vial into a freeZe-drier 
Which is than evacuated. The vial then undergoes a freeZe 
drying, or lyophiliZation process Which comprises freeZing 
the composition, evacuating the lyophiliZation chamber and 
drying the froZen composition. The process may further 
comprise further drying using a secondary drying stage, 
and/or a dessicating means such as the use of dessicants, a 
dessicator, desiccating stoppers, and the like. Upon comple 
tion of the lyophiliZation, an inert gas such as nitrogen is 
preferably added to the vials containing the lyophiliZed 
dosage form. The dosage form Wherein the aminoalkyl 
phosphorothioate active compounds are provided separately 
from the remainder of the formulation are prepared in a 
similar manner, With the active compounds being introduced 
into a vial for lyophiliZation, and the remainder of the 
formulation being introduced into a second vial for lyo 
philiZation and/or liquid ?ll. The formulations may further 
be provided in the form of a tWo-compartment syringe, or as 
a froZen solution of all the components of the composition. 

[0087] 6.1 Effective Dosages of Active Materials 

[0088] The pharmaceutical compositions of the present 
invention contain the active compounds of the composition 
in a therapeutically effective amount, i.e., an amount effec 
tive to achieve its intended prophylactic or therapeutic 
purpose. Of course, the actual amount of active ingredient 
Will depend on, among other things, its intended purpose. 
For example, When administered to cancer patients as a 
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cytoprotectant in conjunction With radiation or chemo 
therapy, such compositions Will comprise an amount of 
active ingredient effective to, inter alia, ameliorate the 
harmful effects of ioniZing radiation or chemotherapeutic 
agents to normal tissues. When administered to patients 
suffering from diseases requiring bone marroW groWth, such 
as MDS, or more rapid recovery of bone marroW function 
folloWing chemotherapy, such compositions Will comprise 
an amount of active ingredient effective to stimulate bone 
marroW production or function, prevent the development of 
or alleviate the existing symptoms of, or prolong the survival 
of, the patient being treated. Determination of an effective 
amount is Well Within the capabilities of those skilled in the 
art, especially in light of the detailed disclosure herein. 

[0089] For any active compound described herein the 
therapeutically effective amount can be initially estimated 
from cell culture assays. For example, a dose can be for 
mulated in animal models to achieve a circulating concen 
tration range of compound, and/or an active metabolite 
thereof, that includes an effective concentration as deter 
mined in cell culture. Such information can be used to more 
accurately determine useful doses in humans. See, e.g., 
Washburn et al., 1976, “Prediction of the Effective Radio 
protective Dose of WR-2721 in Humans Through an Inter 
species Tissue Distribution Study”Raa'iat. Res. 66:100-5. 
Further, dosages can be extrapolated from that knoWn for 
amifostine (See Physicians’ Desk Reference, 1999). 

[0090] Therapeutically effective amounts for use in 
humans can also be estimated from animal models. For 
example, a dose for humans can be formulated to achieve a 
circulating concentration found to be effective in animals. 

[0091] A therapeutically effective dose can also be esti 
mated from human pharmacokinetic data. While not intend 
ing to be bound by any particular theory, it is believed that 
efficacy is related to a subject’s total exposure to an applied 
dose of administered drug, and/or an active metabolite 
thereof, as determined by measuring the area under the 
blood concentration-time curve (AUC). Thus, a dose that 
has an AUC of administered compound (and/or an active 
metabolite thereof) Within about 50% of the AUC of a dose 
knoWn to be effective for the indication being treated is 
expected to be effective. A dose that has an AUC of 
administered compound (and/or an active metabolite 
thereof) Within about 70%, 80% or even 90% or more of the 
AUC of a knoWn effective dose is preferred. Adjusting the 
dose to achieve maximal efficacy in humans based on the 
methods described above, particularly on the blood concen 
tration and duration of administered compound and/or its 
active metabolites is Well Within the capabilities of the 
ordinarily skilled artisan. 

[0092] For use as a cytoprotectant to selectively protect 
against the toxicities of ioniZing radiation or chemothera 
peutic agents, a circulating concentration of active com 
pound of about 2 pM to 100 pM is expected to be effective, 
With about 5 pM to 50 pM being preferred. Alternatively, or 
in addition, a tissue concentration of active compound of 
about 4 pM to 2200 pM is expected to be effective, With 
about 20 pM to 350 pM being preferred. 

[0093] For use as a radioprotectant against the toxicities of 
ioniZing radiation or as a chemoprotectant against the tox 
icities of cancer therapy, the dose should be administered 
enough in advance of exposure to radiation or chemotherapy 
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to provide effect. For i.v. administration, the dose is prefer 
ably administered Within 30 min. prior to the administration 
of radiation or chemotherapy. For subcutaneous administra 
tion, the dose is preferably administered about 20 to 90 
minutes prior to the administration of radiation therapy. 

[0094] For use in treating diseases requiring bone marroW 
groWth, such as MDS, or recovery of bone marroW function, 
a circulating concentration of active compound of about 2 
pM to 100 pM is expected to be effective. Alternatively, or 
in addition, a tissue concentration of active compound of 
about 0.1 pM to 1000 pM is expected to be effective, With 
about 10 pM to 500 pM being preferred. 

[0095] For subcutaneous administration of amifostine 
patient dosages usually range from about 50 mg/day to 1500 
mg/day, commonly from about 100 mg/day to 1100 mg/day 
and typically from about 200 mg/day to 1000 mg/day. Stated 
in terms of body Weight, usual dosages range from 0.5 
mg/kg/day to 20 mg/kg/day, commonly from about 1.1 
mg/kg/day to 18 mg/kg/day and typically from about 2.2 
mg/kg/day to 16.2 mg/kg/day. Stated in terms of patient 
body surface areas, usual doses range from about 22 mg/m2/ 
day to 800 mg/m2/day, commonly from about 45 mg/m2/day 
to 720 mg/mZ/day and typically from about 90 mg/m2/day to 
650 mg/mZ/day. 

7. EXAMPLE 1 

Subcutaneous Administration of Amifostine 
Protected Animals Against Radiation-Induced 

Mucositis 

[0096] One of the major limiting acute toxicities associ 
ated With radiotherapy is radiation-induced mucositis. The 
ability to reduce the duration and severity of acute mucosal 
reactions is of particular importance in the radiotherapy 
and/or chemotherapy of head and neck cancer. Therefore, 
the radioprotective effects of amifostine Were examined in 
an experimental model of mucositis. In particular, the study 
compared the radioprotective effects of amifostine by sub 
cutaneous (s.c.) and intraperitoneal (i.p.) administration. The 
mouse model developed by Parkins et al. Was used to 
examine the mucosal reactions in the inferior lip of mice 
after irradiation, and this model has been established as a 
reproducible model in the art (Parkins et al., 1983, Radio 
ther. Oncol. 1:159-165). 

[0097] 7.1 Experimental Design 

[0098] C57BL/6 female mice of 8-10 Weeks old Were used 
and fed With semi liquid food. The mice Were randomly 
divided into treatment groups of ?ve mice each. The treat 
ment groups Were, for example, 

[0099] Group 1: Saline solution (s.c.) and irradiation 

[0100] Group 2: Amifostine, saline solution, (s.c.) 
and irradiation 

[0101] Group 3: Amifostine, 2% EDTA and 2% Sor 
bitol and irradiation (s.c.) 

[0102] Group 4: Amifostine and 0.075% Sodium 
Deoxycholate and irradiation (s.c.) 

[0103] Group 5: Saline solution (s.c.), no irradiation 

[0104] Group 6: Amifostine and 0.2% EDTA and 
irradiation (s.c.) 
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[0105] (See also Tables BeloW) 

[0106] UnanesthetiZed mice Were maintained in supine 
position and irradiated exclusively on the tip of their mouth. 
They Were immobiliZed using jigs comparable to those 
previously used by Ang et al. (1982, Int. J. Radiat. Oncol. 
Biol. Phys. 8: 145-148). Irradiation Was performed With a RT 
250 Philips apparatus delivering 1.98 Gy per min. (200 Kv, 
20 mA, ?lter of 0.2 mm de Cu). During irradiation, a 
constant normobaric air reneWal Was maintained. The effects 
of amifostine Were evaluated using a single dose of 16.5 Gy. 

[0107] 7.2 Administration of Amifostine 

[0108] Amifostine Was dissolved in appropriate diluent to 
achieve a ?nal concentration of 50 mg/ml immediately 
before injections. Amifostine Was dissolved in 0.075% 
sodium deoxycholate to achieve a ?nal concentration of 50 
mg/ml. Amifostine Was dissolved in a mixture of 2% EDTA 
and 2% sorbitol to achieve a ?nal concentration of 50 
mg/ml. Amifostine Was dissolved in 0.2% EDTA to achieve 
a ?nal concentration of 50 mg/ml. Subcutaneous injections 
(200 mg/Kg) Were conducted 30 minutes before irradiation. 
Where a control group Was used, a ?rst control group Was 

injected With the saline solution and subsequently irradiated, 
and a second control group Was injected With the saline 

solution, but Was not irradiated. 

[0109] 7.3 Mucositis Scoring System 

[0110] The effects of irradiation on lip mucosa Were 
evaluated using the scoring system described by Parkins et 
al. (1983, Radiother. Oncol. 1:159-165). Body Weight of the 
treated mice Were scored periodically after treatment. 
Reduction in body Weight Was used as an objective indica 
tion of the severity of mucositis induced by irradiation, 
presumably resulting from the inability of the animals to eat. 
In this model, the acute reactions peaked on day 10 to 11 
after irradiation. 

[0111] Other symptoms of mucositis such as mucosal 
erythema and edema Were also recorded. These symptoms 
developed more sloWly than Weight loss folloWing irradia 
tion. Mucosal erythema and edema Were scored separately, 
and could be analyZed as separate scores or as a combined 

score yielding a maximum score of 7. Mouse lip mucosal 
erythema Was scored according to Table 1. 

TABLE 1 

Scoring System for Mucosal Erythema 

Score Mucosal Observation 

.5 doubtful if abnormally pink 

slight but de?nitely reddening 
severe reddening 

focal desquamation 
exudation or crusting covering about 1/2 lip area 

exudation or crusting covering more than 1/2 lip area 
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[0112] Mucosal edema (swelling) of the lips was scored 
according to table 2. 

TABLE 2 

Scoring System for Mucosal Edema 

Score Mucosal Observation 

0.5 50—50 doubtful if any swelling 
1 slight but de?nitely swelling 
2 severe swelling 

[0113] 7.4 Results 

[0114] Body weight reduction of irradiated mice was 
measured as an objective indicator of mucositis. A single 
dose of irradiation greatly reduced the body weight of the 
animals (FIG. 1). Non-irradiated animals maintained steady 
body weight throughout the course of the study. Less severe 
reductions in body weight were observed in animals which 
received subcutaneous injections of amifostine as compared 
to irradiation and saline injection. 

[0115] Non-irradiated mice had no mucositis during the 
entire period of the experiment. In contrast, mucositis was 
observed in all irradiation groups. 

[0116] The body weight and total mucositis score of mice 
following administration of a formulation comprising ami 
fostine, compared to the body weight and total mucositis 
score of mice in the two control groups (one group being 
administered saline solution and no irradiation, the second 
being administered saline solution followed by irradiation) 
are shown in Table 3. 

TABLE 3 

Amifostine and Saline Solution and 
Saline Solution Radiotherapy Radiotherapy 

Day Weight Score Weight Score Weight Score 

0 16.3 0.0 16.4 0.0 16.6 0.0 
6 17.0 0.0 15.8 0.5 15.7 1.8 

10 17.5 0.0 17.4 1.7 13.8 4.6 
11 18.2 0.0 17.8 1.8 14.8 5.7 
12 18.0 0.0 17.6 1.3 15.1 4.6 
18 18.7 0.0 18.4 0.4 17.5 3.6 
28 19.9 0.0 19.5 0.0 19.4 1.6 

[0117] The data in Table 3 are presented in graphical form 
in FIGS. 1A and 1B, wherein the total mucositis score and 
the weight change are presented. 

[0118] The body weight and total mucositis score of mice 
receiving the formulation comprising amifostine and 
0.075% sodium deoXycholate are shown in Table 4. 

TABLE 4 

Amifostine with 0.075% Sodium DeoXvcholate 

Day Weight Score 

0 17.6 0.0 
6 17.4 0.2 

10 18.2 0.5 
11 18.9 0.8 
12 19.1 0.4 
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TABLE 4-continued 

Amifostine with 0.075% Sodium DeoXvcholate 

Day Weight Score 

17 19.1 0.1 
25 20.2 0.0 

[0119] The data in Table 4 are presented in graphical form 
in FIGS. 2A and 2B, wherein the total mucositis score and 
the weight change are presented. 

[0120] The weight and total mucositis score of mice 
receiving the formulation comprising amifostine, 2% EDTA 
and 2% shown in Table 5. 

TABLE 5 

Amifostine with 2% Edetate Disodium 2% Sorbitol' pH = 7 

Day Weight Score 

0 17.8 0.0 
6 17.2 0.2 

10 17.3 1.2 
11 18.2 1.4 
12 18.3 1.1 
17 19.1 0.8 
25 19.8 0.6 

[0121] The data in Table 5 are presented in graphical form 
in FIG. 3, wherein the total mucositis score and the body 
weight are presented. 

[0122] The body weight of mice following administration 
of a formulation comprising amifostine, compared to the 
body weight of mice following administration of a formu 
lation comprising amifostine and 0.2% EDTA are shown in 
Table 6. 

TABLE 6 

Amifostine Amifostine with 
pH = 7 0.2% EDTA 

Day Weight Score Weight Score 

0 16.5 0.0 16.9 0.0 
6 16.0 0.7 16.7 0.5 

10 16.9 2.4 17.3 2.0 
11 17.3 3.2 17.8 2.1 
12 17.3 1.4 17.6 1.5 
18 18.2 0.5 18.7 0.1 
28 19.5 0.0 20.0 0.0 

[0123] The data in Table 6 are presented in graphical form 
in FIG. 4, wherein the total mucositis score and body weight 
of the two formulations are presented. 

[0124] The body weight of mice following administration 
of a formulation comprising amifostine, compared to the 
body weight of mice following administration of a formu 
lation comprising amifostine, 2% EDTA and 2% sorbitol, 
and the body weight of mice following administration of a 
formulation comprising amifostine and 0.075% sodium 
deoXycholate are shown in Table 7. 








