
c12) United States Patent 
Fahl et al. 

(54) AMINO THIOL COMPOUNDS AND 
COMPOSITIONS FOR USE IN 
CONJUNCTION WITH CANCER THERAPY 

(75) Inventors: William E. Fahl, Madison, WI (US); 
Daniel D. Peebles, Fond du Lac, WI 
(US); Richard C. Copp, Oregon, WI 
(US) 

(73) Assignee: Wisconsin Alumni Research 
Foundation, Madison, WI (US) 

( *) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 140 days. 

(21) Appl. No.: 10/915,089 

(22) 

(65) 

(60) 

(51) 

(52) 

(58) 

(56) 

Filed: Aug. 9, 2004 

Prior Publication Data 

US 2005/0101676 Al May 12, 2005 

Related U.S. Application Data 

Provisional application No. 60/493,218, filed on Aug. 
7, 2003. 

Int. Cl. 
C07C 211122 (2006.01) 
C07C 323127 (2006.01) 
C07C 215124 (2006.01) 
A61K 311131 (2006.01) 
U.S. Cl. ...................... 564/512; 564/500; 564/503; 

564/509; 514/665; 514/667; 514/671; 514/674 
Field of Classification Search ..................... None 
See application file for complete search history. 

References Cited 

U.S. PATENT DOCUMENTS 

3,773,833 A 11/1973 Henrici et al. .......... 260/583 H 
5,217,964 A 6/1993 Edwards et al. ............ 514/104 
5,292,497 A 3/1994 Schein et al. ................. 424/10 
5,434,145 A 7/1995 Edwards et al. ............ 514/108 
5,541,230 A 7/1996 Basu et al. ................. 514/642 
5,627,215 A 5/1997 Frei et al. ................... 514/674 
5,889,061 A 3/1999 Frydman et al. ............ 514/674 
5,962,533 A 10/1999 Bergeron, Jr ................ 514/674 
6,172,261 Bl 1/2001 Vermeulin et al. ............ 564/84 
6,239,119 Bl 5/2001 Stogniew et al. ........... 514/131 

2003/0022867 Al 1/2003 Stogniew et al. ........... 514/114 
2003/0118539 Al 6/2003 Fahl et al. ............... 424/70.17 

FOREIGN PATENT DOCUMENTS 

WO WO 94/19311 Al 9/1994 
WO WO 94/27961 Al 12/1994 
WO WO 98/17624 Al 4/1998 
WO WO 00/66587 A3 11/2000 
WO WO 00/78289 Al 12/2000 
WO WO 01/85142 1 11/2001 
WO WO 02/38105 A3 5/2002 
WO WO 03/013245 Al 2/2003 
WO WO 03/066572 Al 8/2003 

I 1111111111111111 11111 1111111111 111111111111111 IIIII IIIII IIIIII IIII IIII IIII 
US007314959B2 

(IO) Patent No.: US 7,314,959 B2 
Jan.1,2008 (45) Date of Patent: 

OTHER PUBLICATIONS 

Database CAPLUS on STN, Acc. No. 1985:560304, Furukawa et 
al., EP 144825 (Jun. 19, 2006) (abstract).* 
Alvarez, E., et al., "Preclinical characterization of CG53135 (FGF-
20) in radiation and concomitant chemotherapy/radiation-induced 
oral mucositis," Clin. Cancer Research, 2003, 9, 3454-3461. 
Aphramaian, M., et al., "Transmucosal passage of 
polyalkylcyanoacrylate nanocapsules as a new drug carrier in the 
small intestine," Biol. of the Cell, 1987, 61, 69-76. 
Basu, H., et al., "The interaction of spermine and pentamines with 
DNA," Biochem. J, 1987, 244, 243-246. 
Basu, H., et al., "Effects of variation in the structure of spermine on 
the association with DNA and the induction of DNA conformational 
changes," Biochem. J, 1990, 269, 329-334. 
Basu, H., et al., "Correlation between the effects of polyamine 
analogues on DNA conformation and cell growth," Cancer Res., 
198~ 49, 5591-5597. 
Chen, G., et al., "Protection against cyclophosphamide-induced 
alopecia and inhibition of manunary tumor growth by topical 
1,25-dihydroxyvitamin D3 in mice," Int. J Cancer, 1998, 75, 
303-309. 
Creaven, P., et al., "Unusual central nervous system toxicity in a 
phase I study ofN1N 1 diethylnorspermine in patients with advanced 
malignancy," Invest. New Drugs, 1997, 15, 227-234. 
Desai, M.P., et al., "The mechanism of uptake of biodegradable 
microparticles in Caco-2 cells is size dependent," Pharm. Res., 
1997, 14(11), 1568-1573. 
Ellouk-Achard, S., et al., "Ex Vivo and Ex Vitro models in 
acetaminophen hepatotoxicity studies. Relationship between 
glutathione depletion, exidative stress and disturbances in calcium 
homeostasis and energy metabolism," Arch. Toxicol. Suppl.,1995, 
17, 209-214. 
Feuerstein, B., et al., "Molecular dynamics of spermine-DNA 
interations: sequence specificity and DNA bending for a simple 
ligand," Nuc. Acids Res., 1989, 17(17), 6883-6892. 
Gao, X., et al., "Radioprotective effect of epinephrine as a 
vasoconstrictor in mouse oral mucosa and scalp," Okayama Igakkai 
Zasshi, 1996, 108, 139-144 (Translation). 
Hillery, A.M., et al., "Comparative, quantitative study of lymphoid 
and non-lymphoid uptake of 60nm polystyrene particles," J Drug 
Targeting, 1994, 2, 151-156. 
Ho, D., et al., "Modification of glutathione levels in C3H/1OTl/2 
cells and its relationship to benzo(a)pyrene anti-7,8-dihydrodiol 
9,10-epoxide-induced cytotoxicity," J Biol. Chem., 1984, 259(18), 
11231-11235. 

(Continued) 

Primary Examiner-Brian Davis 
(74) Attorney, Agent, or Firm-Quarles & Brady LLP 

(57) ABSTRACT 

The invention provides novel polyamine and amino thiol 
compounds and pharmaceutical compositions for adminis
tration in conjunction with cancer chemotherapy or radiation 
therapy. The compounds are administered locally to provide 
protection against the adverse side-effects of chemotherapy 
or radiation therapy, such as alopecia, mucositis and derma
titis. Pharmaceutical preparations comprising one or more 
chemoprotective polyamines or amino thiols formulated for 
topical or local delivery to epithelial or mucosa! cells are 
disclosed. Methods of administering the pharmaceutical 
preparations are also disclosed. 

71 Claims, 28 Drawing Sheets 



US 7,314,959 B2 
Page 2 

OTHER PUBLICATIONS 

Huber, M., et al., "2,2'-dithiobis(N-ethyl-spermine-5-carboxamide) 
is a high affinity, membrane-impermeant antagonist of the mam
malian polyamine transport system," J Biol. Chem., 1996, 217( 44), 
27556-27563. 
Hussein, A.M., et al., "Protection from chemotherapy-induced 
alopecia in a rat model," Science, 1990, 249, 1564-1566. 
Jayaraman, S.C., et al., "Topical delivery of erythromycin from 
various formulations: an in vivo hairless mouse study," J Pharm. 
Sci., 1996, 85(10), 1082-1084. 
Jeitner, T.M., et al., "Inhibition of the proliferation of human neural 
neoplastic cell lines by cysteamine," Cancer Lett., 1996, 103( 1 ), 
85-90. 
Kramer, D.L., et al., "Polyamine analogue induction of the p. 53-p. 
21 wAFvcrPi_Rb pathway and G 1 arrest in human melanoma cells," 
Cancer Res., 1999, 59, 1278-1286. 
Kramer, D.L., et al., "Effects of novel spermine analogues on cell 
cycle progression and apoptosis in MALME-3M human melanoma 
cells," Cancer Res., 1997, 57, 5521-5527. 
Kramer, D.L., et al., "Polyamine depletion in human melanoma 
cells leads to G 1 arrest associated with induction of P. 2lwAFvcIPv 
srnr, changes in the expression of p.21-regulated genes, and a 
senescence-like phenotype," Cancer Res., 2001, 61, 7754-7762. 
Levy, E., et al., "Transport of glutathione diethyl ester into human 
cells," Proc. Natl. Acad. Sci. USA, 1993, 90(19), 9171-9175. 
Lowy, R.O., et al., "Protection against local irradiation injury to the 
skin by locally and systemically applied drugs," Radiation Biology, 
1972, 105, 425-428. 

March, J., Advanced Organic Chemistry: Reactions, Mechanisms, 
and Structure, 4th Ed., John Wiley & Sons, 1992, 771-780. 
Masuda, K., et al., "Response of previously irradiated mouse skin 
to a second course of irradiation: early skin reaction and skin 
shrinkage," Int. J Radiation Oneal. Biol. Phys., 1986, 12, 1645-
1651. 
Purdie, J.W., "A comparative study of the radioprotective effects of 
cysteamine, WR-2721, and WR-1065 in cultured human cells," 
Radiation Res., 1979, 77, 303-311. 
Snyder, R.D., et al., "Further evidence that the radioprotective 
aminothiol, WR-1065, catalytically inactivates manunalian 
topoisomerase II," Cancer Res., 2000, 60, 1186-1188. 
Sonis, S.T., et al., "Defining mechanisms of action of interleukin-11 
on the progression of radiation-induced oral mucositis in hamsters," 
Oral Oncology, 2000, 36, 373-381. 
Spotheim-Maurizot, M., "radioprotection of DNA by polyamines," 
Int. J Radiat. Biol., 1995, 68(5), 571-577. 
Streiff, R., et al., "Phase 1 study of N 1-N11 -diethylnorspermine 
(DENSPM) administered TID for 6 days in patients with advanced 
malignancies," Invest. New Drugs, 2001, 19, 29-39. 
Verhey, L.J., et al., "Determination of the radioprotective effects of 
topical applications of MEA, WR-2721, and N-acetylcysteine on 
murine skin," Radiation Res., 1983, 93, 175-183. 
U.S. Appl. No. 09/565,714, filed May 5, 2000, Fahl et al. 
U.S. Appl. No. 10/214,917, filed Aug. 7, 2002, Fahl et al. 
Piper, J.R., et al., "S-2,m-diaminoalkyl dihydrogen phosphorothio
ates as antiradiation agents," Am. Chem. Soc., 1979, 631-639. 

* cited by examiner 



U.S. Patent 

• 

0) 
•-

LL 

Jan. 1, 2008 Sheet 1 of 28 

...- co 
I 0 

0 co 
L- N 

a.. ~ 
~ 
~ 

~ 
Cl 
co 

ct) ;: 
...- -
...- 0 

I CV'.! 
0 <X) 

L- ~ a.. .. 
~ 
~ 

US 7,314,959 B2 



PrC-117 

PrC-114 
MW: 330.58 (476.4) 

PrC-115 

Fig. 1 B 

HN_/ 

~\_ <"" / 
~__}=\__NH 

MW: 472.82 (691.6) ~ JH 

PrC-116 ~NH SH HN/ 

MW:615.06(906.7) ~L ~ < / ~HN_/ 
~ HN__J=\__NH 

HN~ /H 

~ NH SH HN JH 
MW:757.30(1121.9) ~H ~ < r HN/ 

~ HN~ / 

HN\__, .. 1 NH 

½~h/._; 
r-

HN\ ✓H MW: 456.75 (675.5) \ 

-~/ 
PrC-118 ~ 

e 
• 
00 
• 
~ 
~ 
~ 
~ = ~ 

~ 
~ 

? .... 
~ 

N 
0 
0 
QO 

rJJ 
=('D 
('D ..... 
N 
0 .... 
N 
QO 

d 
rJl. 
-....l 
w 
"'""' ~ 
\0 
UI 
\0 

= N 



U.S. Patent Jan.1,2008 Sheet 3 of 28 US 7,314,959 B2 

u 
. 

0) ·-LL 



PrC-210 
MW: 444.74 (657.7) 

PrC-211 
MW: 460.81 (673.8) 

PrC-212 
MW: 474.83 (687.8) 

PrC-213 
MW:471.81 (720.3) 

Fig. 1 D 

H H 
/"N~N~N~N~N~N~ 

H H l_~· H H 
OH 

H H 
/"N~N~N~N~N~N~ 

H H l_, _H H 
SH 

H H 
/"N~N~N/'--..__·/"N~N~N~ 

H H l H H 
s 
I 

H H 
/"N~N~N~N~N~N~ 

H H l ... H H 

t 
PrC-214 

MW: 329.57 (507.1) 

H H 
~N~N/'--..__/"N~N"-./ 

H l H 

t 

e 
• 
00 
• 
~ 
~ 
~ 
~ = ~ 

~ 
~ 

? .... 
~ 

N 
0 
0 
QO 

rJJ 
=('D 
('D ..... 
.i;... 

0 .... 
N 
QO 

d 
r.,;_ 

-....l 
w 
"'""' ~ 
\0 
UI 
\0 

= N 



PrC-215 
MW: 729.22 (1084.2) 

PrC-216 
MW: 745.29 (1100.3) 

PrC-217 
MW: 759.32 (1114.3) 

PrC-218 
MW: 816.41 (1171.4) 

Fig. 1 E 

H H H H 
/'--N~N~N~N~N~N~N~N~N~N/"'-.... 

H H H ~-- H H H 
OH 

H H H H 
/'--N~N~N~N~N~N~N~N~N~N/"'-.... 

H H H ~-- H H H 
SH 

H H H H 
/'--N~N~N~N~N~N~N~N~N~N/'--.., 

H H HI H H H 
"s 

H H H H 
/'--N~N~N~N~N~N~N~N~N~N./"'-.. 

H H H ~- H H H 

½ 
,,..--N"-

e 
• 
00 
• 
~ 
~ 
~ 
~ = ~ 

~ 
~ 

? .... 
~ 

N 
0 
0 
QO 

rJ'1 
=('D 
('D ..... 
Ul 
0 .... 
N 
QO 

d 
r.,;_ 

-....l 
w 
"'""' ~ 
\0 
UI 
\0 

= N 



U.S. Patent 

10 

0.1 

0 

Jan.1,2008 

• 
• 

• 

5 

Sheet 6 of 28 

10 15 

Arm Length (C~)n 

Fig. 2 

US 7,314,959 B2 

20 

12 



U.S. Patent Jan.1,2008 

Fig. 3A 

Human Dermal Fibroblasts 

(") 
0 

.... N (0 .... .... .... .... 
Q) .... .... .... .... 
0 

.... I '2 
I I 

'2 (.) <2 <2 :c ... 
~ a.. a.. a.. a.. a.. 

+ + + + + 

Human Dermal Fibroblasts 

N 
N ..... 
'2 
a.. 
+ 

Q) 

0 :c 
~ 

Sheet 7 of 28 US 7,314,959 B2 

Fig. 3B 

.:- .:-
0) 0 ,,::; ,,::; .... N 0 0 .... .... 

I I C. e <2 <2 r-- r--a.. a.. .... ..... 
+ + .... ..... Q) I '2 ~ 0 

a.. a. :c 
+ + ~ 



U.S. Patent 

4 -C: 
0 

•- 3 0 
:::s 

"C 
C: 

•-

"C 2 -0 
~ -~ 1 N a. 

00 

Jan.1,2008 Sheet 8 of 28 

• 

• 
• 
• 

• 

US 7,314,959 B2 

5 10 15 20 

Arm Length (CH2)n 

Fig. 4 



U.S. Patent 

0 

0 

Jan. 1,2008 Sheet 9 of 28 

biploid: 100.00 % 

Ill Dip G1 
II) Dip G2 
IS) Dips 

Dip Gi: 40.88 '% at 54.81 
Dip G2: 14.69 % at 105.31 
Dip S: 44.43 % G2/G1: 1.92 

%CV: 2.48 

Fig. 5A 

5 10 150 200 
Channels (FL2-A-FL2-Area) 

Diploid: 100.00 % 

Ill Dip Gi 
IJl Dip G2 
ISi Dip S 

Dip G1: 94.37 % at 58.91 
Dip G2: 3.13 % at 114.90 
Dip S: 2.50 % G2/Gi: 1.9E 
%CV: 2.99 

Fig. 58 

100 150 200 
Channels (FL2-A-FL2-Area) 

US 7,314,959 B2 

250 

250 



U.S. Patent 

0 

0 

Jan.1,2008 Sheet 10 of 28 US 7,314,959 B2 

Diploid: 100 00 % 

IIJ Dip G1 
Ii] Dip G2 
!;SJ DipS 

Dip G1: 86.23 % at 60.95 
Dip G2: 11.19 % at 118.58 
Dip S: 2.58 % G2/G I: 1.95 
%CV: 3.70 

Fig. SC 

100 150 200 
Channels (FL2-A-FL2-Area) 

Jiploid: 100.00 % 

Iii Dip G1 
!iJ Dip G2 
[SI DipS 

Dip Gt: 49.72 % at 63.31 
Dip G2: 20.02 % at 121.38 
Dip S: 3026 % G2/G1: 1.92 
%CV: 4.48 

Fig. 5D 

0 150 200 
Channels (FL2-A-FL2-Area) 

250 

250 



U.S. Patent Jan.1,2008 Sheet 11 of 28 US 7,314,959 B2 

PrC-110 16 mM 
Fig. 6A 

Fig. 6B 

Fig. 6C 

Vehicle 



U.S. Patent Jan. 1,2008 Sheet 12 of 28 US 7,314,959 B2 

PrC-116 10 mM 

Fig. 6D 

Vehicle 

16 mM 

Fig. 6E 



U.S. Patent Jan.1,2008 Sheet 13 of 28 US 7,314,959 B2 

FIG. 7A 

3-Dimethylamino-butane-2-thiol 
3-Meth ylamino-2-methylaminomethyl-propane-l-thiol 

SH H HSl H 

~N~N~ 
4-Amino-3-methyl-pentane-2-thiol 3-Ethylamino-2-ethylaminomethyl-propane-1-thiol 

HS 

H,Nl~ "'t1ISH 
2-Methyl-3-methylamino-propane-1-thiol 

"-.N~SH 

H 
4-Methylamino-pentane-1-thiol 

3-Amino-2-aminomethyl-propane-1-thiol 

SH 

H 
N~ 

"-.N~SH 
4-Methylamino-3-methylaminomethyl-bu tane-1-thiol 

H 
3-Methylamino-butane-1-thiol 

HS~N~SH 
H 

3-(3-Mercapto-propylamino )-propane-1-thiol 

HS~SH 

NH2 

2-Arnino-2-aminomethyl-propane-1,3-dithiol 

SH 

\ I 
HN NH 

4-Methylamino-2-methylaminomethyl-but-2-ene-1-thiol 

SH 

I 
NH 

4-Ethylamino-2-ethylaminomethyl-but-2-ene- l-thiol 



U.S. Patent Jan. 1,2008 Sheet 14 of 28 US 7,314,959 B2 

FIG. 7B 
SH HS 

\ I 
HN NH 

2,3-Bis-methylaminomethyl-but-2-ene-1,4-
dithiol 

SH HS 

\ I 
HN NH 

2,3-Bis-methylaminomethyl-butane-1,4-dithiol 

HS~SH 

r "NH2 

NH2 

3 ,4-Diamino-butane-1,2-dithiol 

2-[ (2-Mercapto-ethyl )-(2-methylamino-ethyl )
amino ]-ethanethiol 

HS~N~SH 

~NH, 

HS~SH 

~N/ 
H 

2-Methylaminomethyl-propane-1,3-dithiol 

HSlSH 
N/ 
H 

3-Methylamino-propane-1,2-dithiol 

4-Amino-butane-1,2-dithiol 

4-Methylamino-butane-1,2-dithiol 

2-[ (3-Amino-propyl )-(2-mercapto-ethyl )-amino ]-ethanethiol 

HS SH 

3-(2-Amino-ethyl)-pentane-l ,S-di thiol 



U.S. Patent Jan.1,2008 Sheet 15 of 28 US 7,314,959 B2 

FIG. 7C 

H,N~lj/ 

SH 

1-Amino-3-methylamino-propanc-2-thiol 

"'-N~ / 

H I ~ 
SH 

1,3-Bis-methylamino-propane-2-thiol 

2-(2-Methylamino-1-methylaminomethyl
ethyl)-propane-1,3-dithiol 

H2N~NH2 

HS~SH 

2-(2-Amino-1-aminomethyl-ethyl)-propane- l,3-
dithiol 

"'~x~/ 
SH 

HS 

4-Methylamino-3-methylaminomethyl-butane-1,2-dithiol 

H,N~:, 

HS~ 

4-Amino-3-aminomethyl-butanc-1,2-dithiol 



U.S. Patent 

FIG. SA 

Jan.1,2008 Sheet 16 of 28 

110 
Loading 

100 Treatrrent Irradiation 

- Vehicle None .c: 
i 90 

0 Vehicle 38 rrin ... 
80 (!) 4 rrM 38 rrin - A'C2-1 

Q. 70 :::, 
0 ... 

(!) 60 -0 
~ 0 50 -.c: 
i 40 
0 ... 

(!) 30 

1P 
0 20 

10 

0 
Grp 1 Grp2 Grp 3 

Treatment Groups 

110....-----------------, 

100 -.c: 90 i 
0 c, 80 

c. 70 :::, 

2 
(!) 60 -0 
-;ft. 50 -.c: ! 40 
... 
(!) 30 

1P 
0 20 

10 

Loading Alosphoranide 
Group Treatrrent M.Jstard 

1 
2 
3 
4 
5 

Vehicle 
Vehicle + 
WR-1065 + 
Anifostine + 
A-C2-1 + 

G~1 G~2 G~3 G~4 G~5 

Treatment Groups 

US 7,314,959 B2 

FIG. SB 



U.S. Patent Jan. 1,2008 Sheet 17 of 28 US 7,314,959 B2 

FIG. 8C FIG. 8D 

70~----------, 110~----------, 

60 

e 50 
0 
t.) 

ti) 
0 40 
;: 
;: 
cu 
E 30 ... 
Cl) 

C 
20 

10 

Vehicle PrC 2-1 

Treatment Group 

100 

90 

Cl) 80 ... 
0 
c.> 70 

ti) 

:a 60 

i 50 
E 
~ 40 
C 

30 

20 

10 

0 --'---""'-="--=

Vehicle WR-1065 Amifostine 

Treatment Group 

- 400.--------------------, 

~ 
.0 
E 300~ 
-E' 
C> 
::::J 
- 200 
Cl) 

~ 
C 

0 100~ .... 
C 
..J 

• 

. 

• • 

• 
• 

1 2 3 4 

# Amine Groups/Molecule 

FIG. 8E 

5 



'\,_ (SH / 
HN___;\_NH 

PrC•210 

120 

1001 • 
JI 

370mM 

.5801 
PrC-210 

in 50:30:20 
Vehicle 

.II: 

"' ... 
IE so 
u 
"#-

40 

20 

00 500 

~ 
2-propanethiol 

MechanismStructure-1 

Fig. 9A 

"' I\ / HN__/ \__NH 

N,N·dimethyl-propanediamine 
MechaoismStructure-2 

Fig. 9B 

I 

• = PrC-210 Cones. 
in 0:95:5 
Vehicle 

(SH 

H2N___;\_ NH2 

PrC-211 

Vehicle Formulation: ethanol:propylene glycol:water 

1000 
Drug Cone. (mM) 

2000 3000 

e 
• 
00 
• 
~ 
~ 
~ 
~ = ~ 

~ 
~ 

? .... 
~ 

N 
0 
0 
QO 

rJJ 
=('D 
('D ..... .... 
QO 

0 .... 
N 
QO 

d 
r.,;_ 

-....l w 
"""' ~ 
\0 
UI 
\0 

= N 



U.S. Patent Jan. 1,2008 Sheet 19 of 28 

0 

,------------------,g 
("') 

-0 
~ 0 

0 
N E -C 

0 0 
0) :;::; 

~ . 
en +-' 

C ·- Q.) L&. u 
C 
0 
() 
C) 

0 :::J 0 I... 0 
0 

0 
0 0 0 0 0 0 0 
N 0 ex:, co -.;t" N .... 

U!>IS Jeer:> % 

US 7,314,959 B2 

... 
ns 
(I.I 

0 
~ 
0 C: 

g:ii: 
.... en 

C: 
32 
en ... 
ns 
(I.I 

0 
~ 0 
in 
N 
I 

C: 
32 en ... 
ns 
(I.I 

0 
~ 0 
0 



U.S. Patent Jan.1,2008 

:c 

< 

/ :::c 
+ 

u 

Sheet 20 of 28 US 7,314,959 B2 

0 
0) 

Q) 
L... 

:::J 
C) 

•-

LL 



U.S. Patent Jan. 1,2008 Sheet 21 of 28 US 7,314,959 B2 

Fig. 10 



U.S. Patent Jan.1,2008 

&/.Ji 
-l/e-1 

te::i,ct, 
Ot<?, . o..( = ro 

E -.:,JQ' 
"l"""I le:J,ct, 
"l"""I 0 . 0 

C: %/lfe-1 '..l. eii ro .... Q) le:Jict, 
~ ·O 

::E Oti?- '..l. 
c.o 'OJ 

Q' le:J,ct, ..... 
IIl • 0..( 

0 
0 
C") 

<lo~ re . ew r.:>,~ . e . & .... ~✓o: 1~'0'o Q) 
(.) (&.lb '/}-<. :0 
C: <lo, o .\-. -f,9 
co .:ie1.o. s.o, ~°B 

(.) e-<t. c>'w 

< "O '/ ../olq, <:I l&,i 

"l"""I ·o '/J..t. ,r;O'o./.) 
"l"""I E "'!161 ~B .... . Q) Kol?! 
Qi) "O '✓-'-10 .... ·a. 
~ w % 

..... :( O,t., 
C") 

:t 

Sheet 22 of 28 

0 0 
0 0 
N ..... 

(zww) eaJy Jown1. 

0 0 0 
0 LO 0 
N ..... ..... 

(zWW) eaJV Jown.1 

US 7,314,959 B2 

0 

C: 
(ll en X 
0 a. 
>, :J 
(.) 0 .... 
.9- C) 

... 
.2l 
(ll 

;: 
.9-

-C: 
Q) 

E -co 
Q) .... 
t-

en a. 
:J e 

(!) -C: 
Q) 

E -ro 
~ 
t-

0 0 
LO 



Fig. 12 

PrC-210 is a potent scavenger of oxygen free radicals 
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PrC-210 and its Analogs 
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Fig.16 

Topical Resveratrol (5 umol/75 ul acetone/day) 
Days-3, -2, -1, 0, + 6 acute P-210 (2000 mM/ 100 PG) 

32 ug Cytoxan 
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AMINO THIOL COMPOUNDS AND 
COMPOSITIONS FOR USE IN 

CONJUNCTION WITH CANCER THERAPY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This claims priority to U.S. Provisional Application 
60/493,218 filed Aug. 7, 2003, the entirety of which is 
incorporated herein by reference. 

Pursuant to 35 U.S.C. §202 (c), it is acknowledged that 
the United States Govermnent has certain rights in the 
invention described herein, which was made in part with 
funds from the National Institutes of Health, Grant No. 
CA22484. 

FIELD OF THE INVENTION 

The present invention relates to the field of cancer 
therapy. More particularly, it relates to novel amino thiols 
and other compounds and pharmaceutical compositions for 
reducing or preventing toxic side effects of radiotherapy or 
chemotherapeutic agents. 

BACKGROUND OF THE INVENTION 

Various patents and other publications are referenced 
throughout the specification. The disclosure of each of these 
publications is incorporated in its entirety by reference 
herein. 

It is well known that the use of chemotherapy and 
radiotherapy to treat cancer patients is associated with 
severe side effects due to the toxicity of such treatments to 
cells, particularly epithelial cell populations, including stem 
cells, within the hair follicle, skin epidermis, and gas
trointestinal mucosa. 

2 
sites on the DNA backbone. Because of the manner in which 
electrophilic chemotherapy drugs or oxygen radicals gener
ated by radiotherapy attack helical B-DNA within cells, the 
ability of polyamines to bind DNA and disrupt normal 

5 B-DNA structure could be helpful in protecting DNA within 
cells to which a polyamine was delivered. 

An additional strategy for protecting cells against elec
trophiles/radicals has been to augment levels of the naturally 
occurring cellular nucleophile, glutathione (GSH). Both 

10 animal and cell culture studies have shown that there is a 
direct relationship between the intracellular concentration of 
GSH and the amount of exogenously administered alkylat
ing molecule that is needed to achieve cell kill (Ho, D. and 
Fahl, W., J. Biol. Chem. 259:11231-11235, 1984; Ellouk-

15 Achard, S. et al., Arch. Toxicol. Suppl. 17:209-214, 1995). 
Efforts to exogenously administer GSH to cells as a pro
tectant have failed because mammalian cells are generally 
unable to take up this nucleophile. There have been efforts 
to modify the GSH molecule to enable cellular uptake, but 

20 these have not found clinical use. 
Amifostine (WR-2721), a small molecule amine contain

ing a thiophosphate group that is presumably converted to a 
thiol in cells, has been used systemically as a radio- and 
chemoprotectant with mixed results. Though it may provide 

25 free -SH groups within cells, it is not known to contain 
activity as either a growth regulator or as a modifier of DNA 
structure. The active metabolite ofWR-2721, WR-1065, has 
been shown to be active as a radioprotector when added to 
cells in tissue culture, as has another small molecule, cys-

30 teamine (Purdie, J. W., Radiation Research 77:303-311, 
1979). U.S. Pat. No. 6,239,119 (and published U.S. Patent 
Application No. 2003/0022867 Al) to Stogniew and 
Bourhis suggests the use ofWR-2721, WR-1065 and their 
related metabolites as topical radio- or chemo-protectors. 

35 The published literature, however, contains little informa
tion about topical use of such small molecules, and the 
information that is published teaches the failure of these 
compounds as topically-applied protector molecules. Lowy 

Currently, there are no treatments to prevent cancer 
therapy side effects. Effective treatments would likely 
include molecules that i) inhibit or slow growth of the at-risk 
cells, ii) modify the cellular DNA of the at-risk cells to make 40 

it less easily damaged, and iii) provide some means with 
which to scavenge electrophilic drug metabolites or oxygen 
radicals formed during irradiation. 

et al. (Radiation Biology 105:425-428, 1972) reported that 
although systemic amifostine was effective in reducing 
radiation-induced skin damage in mice, topical application 
of the drug showed no protective effect. Verhey et al., 
(Radiation Research 93:175-183, 1983) also reported no 
protective effect when amifostine was applied topically to 
mouse skin. 

Polyamines and other amine compounds have been pro
posed as growth regulators. DENSPM, a synthetic analog of 45 

spermine, has been shown to decrease cell growth (Kramer 
et al., Cancer Res. 57:5521-5527, 1997), and has been 
studied in an early stage clinical trial as an antineoplastic 
drug (Creaven, P. et al., Invest. New Drugs 15:227-234, 
1997; Streiff, Rand Bender, J. Invest. New Drugs 19:29-39, 50 

2001 ). The clinical trials, however, were aborted because of 
the serious side effects in multiple organ sites that were 
associated with the systemic use of this polyamine analog. 
These results teach that molecules used to decrease division 
of healthy stem cells that are at risk from cancer therapy 55 

would need to create a transient cell cycle block and would 
need to be applied topically to achieve local delivery to 
epithelial cells, with little or no systemic delivery, or if any, 
low enough to preclude protection of systemic cancer cells 

Edwards et al. (U.S. Pat. Nos. 5,217,964 and 5,434,145) 
described the synthesis of short, spermidine- or spermine
like polyamine molecules that were modified to contain an 
alkyl-thiophosphate or alkyl-thiol group. In U.S. Pat. No. 
5,217,964, the attached thiophosphate group (i.e., 
-SPO3 H2 ) would require enzymatic activation by cellular 
phosphatases to form the nucleophilic -SH group. The 
alkyl-thiophosphate group(s) was bound to the polyamine 
molecule through a terminal benzyl ring and/or through one 
or more of the amines in the polyamine backbone. 
Polyamines containing aromatic rings have been described 
as structural inhibitors of the membrane polyamine trans
porter in manimalian cells. Such polyamines have been 
shown not to be transported into cells. In U.S. Pat. No. 

or induction of systemic side effects. 
Naturally occurring polyamines, such as spermine, have 

been shown to bind to nucleic acids and to induce structural 
changes in helical DNA (Basu, H. and Marton, L., Biochem. 
J. 244:243-246, 1987; Feuerstein, B. et al., Nuc. Acids Res. 
17:6883-6892, 1989). This binding has been suggested to 
occur through interaction of the positively-charged amine 
groups in the polyamine backbone and negatively-charged 

60 5,434,145, Edwards showed bonding of alkyl-thiophosphate 
or alkyl-thiol groups to one or more of the backbone amines 
that are present in the short polyamine molecules. By 
modifying the secondary amines in the polyamine backbone 
with alkyl-thiophosphate groups, the amines were converted 

65 to tertiary amines, and this markedly altered the basicity of 
the individual modified amine, as well as that of the overall 
polyamine molecule. The attenuated basicity of the indi-
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vidual amine groups was accompanied by an alteration in 
three dimensional structure at these sites. With added alkyl 
functionality on the amine nitrogen atoms, steric bulkiness 
was increased, so the ability or freedom of the molecule to 
rotate and twist at these sites was markedly reduced. The 5 

altered basicity and steric constraints in these short sper
mine-like polyamines was surmised to perturb DNA binding 
by the modified polyamines, as compared to that of their 
natural polyamine counterparts. Consistent with this (DNA 10 
binding is a biological activity of natural polyamines ), 
Edwards provided no information regarding biological 
activity for any of the structures proposed in U.S. Pat. No. 
5,217,964 or 5,434,145. Similarly in U.S. Pat. No. 5,292, 
497, Schein et al. describe a method of reducing chemo- 15 

therapy toxicity involving oral administration of S-3-(3-
methylaminopropylamino) propyl dihydrogen 
phosphorothioate compounds. 

Accordingly, there is a need in the art to create polyamine 20 

and other amine-based molecules that are optimized to 
achieve: i) local and transient growth regulation, ii) disrup
tion of normal helical DNA structure upon binding, and iii) 
delivery and display of nucleophilic or other functional 
moieties within cells to enable scavenging of reactive elec- 25 

trophiles and radicals. There would be great advantage in 
developing compounds that can be used topically to prevent 
or diminish the toxic side effects of cancer chemotherapy 
and radiotherapy. 30 

SUMMARY OF THE INVENTION 

The present invention provides, in several of its aspects, 
35 

novel polyamine and amino thiol compounds, and pharma-
ceutical compositions for reducing or preventing toxic side 
effects of radiotherapy and cancer chemotherapeutic agents. 
The polyamine and amino thiol compounds of the invention 
are referred to herein as "chemoprotective polyamines" and 40 

"chemoprotective amino thiols," respectively. The com
pounds are sometimes referred to collectively as "chemo
protective amines." 

One aspect of the invention features a compound of 
45 

Formula I: 

50 

wherein: 

each Z is independently A or R 1 , provided that at least one 55 

Z is A; 

each A is independently: 

4 

-continued 

X 

, or 

J is a single bond or ----CH(Y)-; 

X is D or -R2-D; 

Y is H, alkyl, or R3 -D; 

D is -OH, -SH, -SR4
, or -NR4 Rs; 

each R 1 is independently C3 _8 alkylene; 

X 

each R2
, R3

, R6
, and R7 is independently C1_6 alkylene; 

R4 is H or lower alkyl; 

Rs is H, lower alkyl, or -R6 -D; 

each Q is independently H, lower alkyl, or -R7-SR4
; 

k is an integer from 2 to about 16; 

or a stereoisomer, prodrug, pharmaceutically-acceptable 
salt, or mono or polyprotonated acid salt thereof. 

In certain embodiments, each A is independently: 

X X 

X X 

, or 

In such embodiments, Y may be H or R3 -D. X may be D or 
R2-D. In such embodiments, k is an integer from 2 to about 
16. In specific embodiments, k is 2, 3, 4, 5, 6, 7 or 8. In other 
embodiments, k is 2-8, each R1 is butylene, X is D, D is 

X X 

60 
-NR4 Rs, R4 is H, and Rs is ethyl, and Q is ethyl. In yet 
other specific embodiments, k is 2, 4, 6 or 8, each R 1 is 
butylene, X is D, D is -SH, and Q is ethyl. Yet another 
embodiment comprises a compound wherein k is 4, each R 1 

' 65 

is butylene, Xis D, Dis -NR4 Rs, R4 is H, Rs is methyl, and 
Q is ethyl. In other embodiments, Q is H or lower alkyl. 
Exemplary compounds having these features are shown in 
FIG. lA through FIG. lC. 
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In another embodiment, each A is independently: 

In this embodiment, Y may be Hor R3 -D. X may be Dor 
R2 -D. In this embodiment, kis an integer from 2 to about 16. 

10 

6 
Another aspect of the invention features a compound of 

Formula III: 

III 

wherein: 
X4 is -SH or -R 1-SH; 
X5 is H, -SH or -R 1 -SH, provided that at least one 

of X4 and X5 is other than -SH; 
In specific embodiments, k is 2, 3, 4, 5, 6, 7 or 8. Q may be 
Hor lower alkyl. J is a single bond; in specific embodiments, 15 

J is -CH(Y)-. Exemplary compounds having the afore
mentioned features are shown in FIG. lD and FIG. lE. 

B 1 is ----CH2 NHR7
, ----CH2 CH2NHR7

, 

-CH2CH2 CH2NHR7
, or ----CH(NH2)CH2NHR7

; 

and 
R7 is H or lower alkyl, provided that when B 1 is 

-CH2NHR7
, R7 is other than H; Another aspect of the invention features a compound of 

Formula II: 

II 
NH NH 

Q/ '--:< 'Q 

wherein: 
Ais: 

xi xi 

20 

25 

30 

or a stereoisomer, prodrug, pharmaceutically-accept
able salt, or mono or polyprotonated acid salt 
thereof. 

Still another aspect of the invention features a compound 
of Formula IV: 

x6 
I 

_,,.N......._ 
B2 X7 

wherein: 
X6 and X7 are each independently -R1-SH; 
B2 is -R2 -NHR8

; and 

IV 

' 35 R 8 is H or lower alkyl, provided that when B2 is 
-CH2CH2 NHR8

, R8 is other than H; 

xi 

J is a single bond or -CH(Y)-; 
Lis -CH2X1

, -SH, ----CHX2 (X3
); 

X1 is SH or -R1-SH; 

xi 

'-----r-- , or 

X2 and X3 are each independently H, SH, or -R 1 
-

SH, provided that at least one of X2 and X3 is other 
than Hor SH; 

Y is H, alkyl, or R2 -D; 
Dis -OH, -SR3

, or -NR3R4
; 

R3 is H or lower alkyl; 
R4 is H, lower alkyl, or -R5 -D; 
each Q is independently H, lower alkyl, or -R 6-SR3

, 

provided that when Lis SH, at least one of Q is other 
than H; and 

each R1, R2
, R5

, and R6 is independently C1_6 alkylene; 

40 

or a stereoisomer, prodrug, pharmaceutically-accept
able salt, or mono or polyprotonated acid salt 
thereof. 

Another aspect of the invention features the compound 
3-dimethylamino-butane-2-thiol, 4-amino-3-methyl-pen
tane-2-thiol, 2-methyl-3-methylamino-propane- l-thiol, 
4-methylamino-pentane-1-thiol, 3-methylamino-butane-1-
thiol, 3-(3-mercapto-propylamino )-propane-1-thiol, 3,4-di-

45 aminobutane-1,2-dithiol, or 2-amino-2-aminomethyl-pro
pane-1,3-dithiol. 

Another aspect of the invention features a pharmaceutical 
preparation for reducing or preventing hair loss, dermatitis, 
mucositis or gastrointestinal distress caused by treatment 

50 with a chemotherapeutic agent or radiation therapy, which 
comprises at least one compounds as described above, and 
a topical delivery vehicle for locally delivering the com
pound to dermal or mucosa! cells of skin, scalp, mouth, 
nasoesophageal, gastrointestinal or urogenital system. In 

55 certain embodiments, the pharmaceutical preparation further 
comprises at least one other agent that reduces or prevents 
hair loss, dermatitis, mucositis or gastrointestinal distress 
caused by treatment with a chemotherapeutic agent or 
radiation therapy, for instance, an anti-proliferative agent, a 

60 chemoprotective inducing agent or a free radical scavenger. 

or a stereoisomer, prodrug, pharmaceutically-accept- 65 

able salt, or mono or polyprotonated acid salt 
thereof. 

The topical delivery vehicle comprises one or more of 
liposomes, lipid droplet emulsions, oils, aqueous emulsions 
of polyoxyethylene ethers, aqueous alcohol mixtures, aque
ous ethanol mixtures containing propylene glycol, aqueous 
ethanol mixtures containing phosphatidyl choline, lysophos
phatidyl choline and triglycerides, xanthan gum in aqueous 
buffer, hydroxypropymethylcellulose in aqueous buffer or 
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aqueous alcohol mixtures, diethylene glycol monoethyl 
ether in aqueous buffer, and biodegradable microparticles. 

In a specific embodiment, the pharmaceutical preparation 
is formulated for topical delivery to skin or hair follicles, and 
the delivery vehicle comprises an aqueous alcohol mixture 5 

and, optionally, propylene glycol. Preparations of this type 
may be formulated as creams, lotions, ointments or gels. In 
another specific embodiment, the pharmaceutical prepara
tion is formulated for topical delivery to the oral cavity or 
naso-esophageal passages. In this embodiment the delivery 10 

vehicle preferably comprises a mucoadhesive substance. It 
may be formulated as an aerosol, oral rinse, ointment or gel. 
In yet another specific embodiment, the pharmaceutical 
preparation is formulated for vaginal or rectal delivery and 
comprises a mucoadhesive substance. These preparations 15 

may be formulated as creams, ointments, lotions, gels, 
foams or suppositories. In still another specific embodiment, 
the pharmaceutical preparation is formulated for topical 
delivery to the gastrointestinal tract and the delivery vehicle 
comprises one or more of nonionic liposomes and mucoad- 20 

hesive substances. Preferably, the preparation is formulated 
as a liquid for coating the surface of the gastrointestinal 
tract. 

8 
cysteamine as the chemprotective agent, either alone or in 
combination with one or more other compounds as set forth 
herein. 

In another of its several aspects, the invention provides 
methods of reducing or preventing hair loss in a patient 
undergoing treatment with a chemotherapeutic agent or 
radiation therapy, comprising administering to the patient a 
prophylactically- or therapeutically-effective amount of a 
pharmaceutical preparation comprising cysteamine and a 
topical delivery vehicle for locally delivering the compound 
to a site having hair follicles; and applying a vasoconstrictor 
topically at the site. The application of the vasoconstrictor 
may be at a time prior to, in conjunction with, or following 
the administering of the pharmaceutical preparation. 

In another aspect, the invention provides methods of 
treating alopecia. Methods are provided for reducing or 
preventing hair loss in a patient undergoing treatment with 
a chemotherapeutic agent or radiation therapy, comprising 
the steps of (a) administering to the patient a prophylacti
cally- or therapeutically-effective amount of a pharmaceu
tical preparation comprising at least one of 3-methylamino-
2-methylaminomethyl-propane-l-thiol and 3-amino-2-
aminomethyl-propane-l-thiol and a topical delivery vehicle 

According to another aspect of the invention, methods are 
provided for reducing or preventing hair loss dermatitis, 
mucositis or gastrointestinal distress in a patient undergoing 
treatment with a chemotherapeutic agent or radiation 
therapy. The methods comprise administering to the patient 

25 for locally delivering the compound to a site having hair 
follicles; and (b) applying a vasoconstrictor topically at the 
site. The vasoconstrictor may be applied at a time prior to, 
in conjunction with, or following the administering of the 
pharmaceutical preparation. 

a pharmaceutical preparation as described above, in an 
amount and for a time sufficient to reduce or prevent the hair 30 

loss, dermatitis, mucositis or gastrointestinal distress. In one 
embodiment, the pharmaceutical preparation is administered 
beginning at least 30 minutes, prior to chemotherapy or 
radiation therapy. In alternative embodiments it is adminis
tered earlier, e.g., 4-18 hours, or one day, or up to five or 35 

more days, prior to chemotherapy or radiation therapy. In 
another embodiment, the pharmaceutical preparation is 
administered after initiation of chemotherapy or radiation 
therapy. In specific embodiments, the pharmaceutical prepa
ration is administered throughout a course of chemotherapy 40 

or radiation therapy and, in certain instances continues after 
termination of a course of chemotherapy or radiation 
therapy. 

These and other features and advantages of the aspects of 
the present invention will be understood by reference to the 
drawings, detailed description and examples that follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. lA-FIG. lE illustrate the structures of certain of the 
chemoprotective polyamine molecules whose synthetic 
pathways are illustrated in the reaction schemes. FIG. lA 
shows compounds PrC 110, 111, 112 and 113, olefinic core 
displaying -NH-CH2-CH3 functional group; FIG. 1B 
shows compounds PrC 114, 115, 116, 117 and 118, olefinic 

The aforementioned methods may further comprise 
administering to the patient at least one other agent that 
reduces or prevents hair loss, dermatitis, mucositis or gas
trointestinal distress caused by treatment with a chemothera
peutic agent or radiation therapy. These other agents may 
include anti-proliferative agents, chemoprotective inducing 
agents or free radical scavengers, for instance. 

core displaying -SH or -OH functional group; FIG. lC 
shows compounds PrC 119, 120, 121, 122 and 123, olefinic 
core displaying -NHCH3 , -N(CH3 ) 2 or -SH functional 

45 group; FIG. lD shows compounds Pre 210, 211, 212, 213 
and 214, aliphatic core displaying -OH, -SH, -SCH3 or 
-NHCH2 CH3 functional group; FIG. lE shows compounds 
PrC 215,216,217 and 218, aliphatic core displaying-OH, 
-SH, -SCH3 or -SCH2CH2 N(CH3 ) 2 functional group. 

50 

The present invention also provides a method of treating 
cancer that increases a patient's tolerance to high doses of a 
chemotherapeutic agent or radiation therapy. The method 
comprises (a) administering the high dose of the chemo- 55 
therapeutic agent or radiation therapy to the patient; and (b) 
administering one or more of the above-described pharma
ceutical preparations for reducing or preventing one or more 
of chemotherapy- or radiation therapy-induced hair loss, 
dermatitis, mucositis or gastrointestinal distress, in an 60 
amount and for a time to reduce or prevent the one or more 
of the chemotherapy- or radiation therapy-induced hair loss, 
dermatitis, mucositis or gastrointestinal distress, thereby 
increasing the patient's tolerance to the high dose of the 
chemotherapeutic agent or radiation therapy. 

Another aspect of the invention features pharmaceutical 
compositions and methods as described above, comprising 

65 

FIG. 2 illustrates the relationship between the number of 
aliphatic carbon atoms in each chemoprotective polyamine 
side chain ('arm') and the respective IC50 dose for inhibition 
of human fibroblast growth. 

FIGS. 3A and 3B illustrate the level of induced p21 
protein seen in diploid human fibroblasts after a 30 hr 
exposure to each of the indicated chemoprotective 
polyamines. FIG. 3B shows that the induced p21 level is 
greater after a 30 hr exposure compared to a 50 hr exposure 
to drug. In these experiments, the 23SK human skin cells 
were exposed for 30 hr to an "IC80" dose of each of the 
indicated chemoprotective polyamines and then lysed. Cell 
extracts were then prepared in order to measure p21 levels 
by western analysis (FIG. 3A). 

FIG. 4 illustrates the relationship between the number of 
aliphatic carbon atoms in each chemoprotective polyamine 
'arm' and the respective induced p21 level in diploid human 
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fibroblasts after a 30 hr exposure. The arrow points to the 
value for PrC-110, which also showed excellent efficacy in 
the in vivo alopecia test. 

10 
FIG. 14 presents results relating to the effects pf Pre-210 

on cell cycle. FIG. 14A presents flow cytometry data. FIG. 
14B presents Western blot data. 

FIG. 15 presents data comparing the effects of Pre-210 to 
5 those of cysteamine, amifostine, and WR-1065 on cell cycle. 

FIGS. SA-SD are cell histograms showing the results 
from flow cytometry analysis of chemoprotective 
polyamine-treated 23SK skin cells. FIG. SA shows results 
from untreated, exponentially growing 23SK cells. FIG. 5B 
shows, as a control treatment, results from incubation of 
cells in serum-free medium. FIG. SC shows results from 
cells treated with PrC-117 for 72 hr. FIG. SD shows results 10 

from cells treated with PrC-117 for 72 hr, then switched for 
48 hr to medium devoid of the PrC-117 molecule. 

FIGS. 6A-6E illustrate the efficacy of topically-applied 
chemoprotective polyamines in protecting against chemo-
therapy-induced alopecia (hair loss) in a rodent model. 15 

FIGS. 7A-7C illustrate exemplary chemoprotective 
amino thiol compounds of the invention. 

FIGS. SA-SE illustrate aspects of the efficacy of a topi
cally-applied chemoprotective amino thiol compound 

· 20 (PrC2-1) in protecting against chemotherapy and radiat10n-
induced dermatitis in vitro and in a rodent model. FIG. SA 
illustrates the significant radioprotective effect seen when 
23SK human skin cells are pretreated or 'loaded' with 4 mM 
PrC2-1 for 30 min prior to irradiation in a Cs137 irradiator 
for 38 min. FIG. SB illustrates the significant protective 25 

effect seen when 23SK human skin cells are pretreated or 
'loaded' with 4 mM PrC2-1 for 30 min prior to treatment 
with phosphoramide mustard (the active metabolite of 
cyclophosphamide) for 40 min. Growth of cells loaded with 
4 mM WR-1065 or 4 mM amifostine was not significantly 30 

different than that seen in the vehicle control. FIG. SC 
illustrates the significant protective effect seen when rats 
were treated topically with PrC2-1 in a carrier vehicle prior 
to irradiation of a defined rectangular field on the animal's 
back for 5.1 min in a Cs137 irradiator. FIG. SD illustrates the 35 

lack of a protective effect seen when rats were treated 
topically with WR-1065 or amifostine in a carrier vehicle 
prior to irradiation of a defined rectangular field on the 
animal's back for 5.5 min in a Cs 137 irradiator. FIG. SE 

40 illustrates the relationship between the number of amine 
groups present in a chemoprotective polyamine, chemopro
tective amino thiol or cysteamine and the whole-body dose 
(ip administration) that is lethal to 10% of the treated 
animals. 

45 
FIG. 9 represents exemplary aminothiols and some of 

their observed effects. FIG. 9A illustrates the structures, as 
well as the structures of experimental intermediates. FIGS. 
9B and C present data comparing the effects of increasing 
concentrations oftest compounds on the percentage of clear 

50 
skin, as an indication of the effectiveness of each in pre
venting radiation-induced dermatitis. FIG. 9D illustrates 
some parameters relating to Pre-210 and 211. 

FIG. 16 shows results from a chemotherapy-induced 
alopecia experiment in neonate rats. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

The present invention provides compounds for use in 
pharmaceutical preparations and methods for protecting 
non-cancerous, rapidly dividing cells in a patient's body 
from the toxic effects of chemotherapeutic agents or radio-
therapy administered to the patient. In particular, the com
positions and methods of the invention are designed for 
protecting epithelial cells. Most particularly, the targets are 
epithelial cells lining hair follicles and epithelial and/or 
mucosa! cells of the skin, mouth, gastrointestinal (GI) and 
urogenital tract. In one embodiment, the compositions are 
used to reduce or prevent alopecia during cancer therapy, by 
topically applying the composition to the scalp. Another 
embodiment comprises reduction or prevention of gas
trointestinal distress due to cancer therapy by administering 
the compositions orally. Another embodiment involves 
reducing or preventing mucositis from chemotherapy or 
radiotherapy by administering the compositions topically to 
the appropriate region of the body. In yet another embodi
ment, the compositions are used to prevent radiation-in-
duced dermatitis, skin rash, and ulceration at the site of 
irradiation by applying them to the skin. 

The chemotherapeutic agents from which protection of 
normal cells is desired may be one or a combination of 
agents used for such purpose, such as alkylating agents, 
antimetabolite inhibitors of DNA synthesis, antitumor anti
biotics, mitotic spindle poisons, vinca alkaloids, and topi-
somerase inhibitors. Specific chemotherapeutic agents 
include, but are not limited to, altretamine, asparaginase, 
bleomycin, busulfan, carboplatin, cisplatin, carmustine, 
chlorambucil, cladribine, cyclophosphamide ( cytoxan), cyt
arabine, dacarbazine, dactinomycin, daunorubicin, doxoru-
bicin, etoposide, floxuridine, fludarabine phosphate, fluo
rouracil, hydroxyurea, idarubicin, ifosfamide, lomustine, 
mechlorethamine, nitrogen mustard, melphalan, mercap
topurine, methotrexate, mitomycin, mitoxantrone, pacli
taxel, pentostatin, pliamycin, procarbazine, streptozocin, 
teniposide, thioguanine, thiotepa, vinblastine and vincris
tine. The radiation therapy consists of all useful types of 
radiation used in cancer treatment, including x-rays, gamma
rays, electron beams, photons, alpha-particles and neutrons. 

Commonly-owned, co-pending U.S. patent application FIG. 10 presents photographs of treated and untreated 
hamster cheek pouches. 

55 Ser. No. 10/214,917 and International Application No. PCT/ 
US02/25216, each filed Aug. 7, 2002, describe several types 
of known polyamines and polyamine analogs, referred to 
therein as "polyamine effector" compounds, which can be 

FIG. 11 presents the results of experiments designed to 
test the effect of certain compounds on the efficacy of 
exemplary cancer therapies. Panel A shows the effect of 
PrC-210 on killing of human epidermoid cells by external 
beam ganmia irradiation. Panel B shows the effect of topical 60 
PrC-210 upon killing B16 melanoma tumor xenografts by 
systemic Cytoxan chemotherapy. 

FIG. 12 presents data regarding the oxygen free radical 
scavenging activity of exemplary aminothiols. 

FIG. 13 presents mass spectral analysis of Pre-210 show- 65 

ing its conversion from a reduced to an oxidized form upon 
exposure to DNA/H20 2 . 

efficiently delivered to target cell populations, where they 
are capable of protecting those cells from the harmful side 
effects of chemotherapy or radiotherapy. In one of its several 
aspects, the present invention provides novel polyamine and 
amino thiol compounds specifically designed for improved 
efficacy in protecting normal cells from the detrimental 
effect of cancer chemotherapy or radiation therapy. These 
molecules are referred to herein collectively as "chemopro-
tective amines." The polyamine compounds are referred to 
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herein as "chemoprotective polyamines" and the amino thiol 
compounds are referred to as "chemoprotective amino thi
ols." 

Certain definitions that will assist in the understanding of 
the present invention are set forth below, while others are 5 

provided throughout the specification. With respect to the 
compounds of the invention, it should be noted that if any 
variable occurs more than one time in any constituent or in 
any formula, its definition in each occurrence is independent 
of its definition at every other occurrence. Thus, for 10 

example, if a compound of the present invention is shown to 
incorporate, for example, one or more ofR1

, R2
, R3

, R4
, Rs, 

R6
, R7

, Rs, X1, X2
, X3

, X4
, Xs, X6

, X7
, B1, B2

, Q, Y, or D, 
then the R1, R2

, R3
, R4

, Rs, R6
, R7

, Rs, X1, X2
, X3

, X4
, xs, 

X6
, X7

, B1, B2
, Q, Y, or D at each occurrence is selected 15 

independently. Combinations ofR1
, R2

, R3
, R4

, Rs, R6
, R7

, 

R8, X1, X2
, X3

, X4
, Xs, X6

, X7
, B1, B2

, Q, Y, or D are 
permissible only if such combinations result in stable com
pounds. 

As used herein, "alkylene" refers to a bivalent alkyl 20 

radical having the general formula -(CH2 )n -, where n is 
1 to about 8. Non-limiting examples include methylene, 
ethylene, trimethylene, butylene, pentamethylene, and hex
amethylene. Alkylene groups may be branched or 
unbranched. Alkylene groups may also contain one or more 25 

double or triple bonds within the backbone of the -(CH2)n 
-moiety, provided that the resultant compound is stable. 
Non-limiting examples include -CH2-C==C----CH2 -

and CH2----CH=CH-CH2-. Alkylene groups can be sub
stituted or unsubstituted, provided that the resultant com- 30 

pound is stable and so long as the substituent does not 
substantially interfere with present compound's intended 
mode of action. In certain circumstances, alkylene is pref
erably C3 _s alkylene, while in other circumstances, even 
within the same molecule, alkylene is preferably C1_6 alky- 35 

lene. 

12 
toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic, 
isethionic, and the like. Certain acidic or basic compounds 
of the present invention may exist as zwitterions. All forms 
of the compounds, including free acid, free base, and zwit
terions, are contemplated to be within the scope of the 
present invention. 

Compounds described herein throughout, can be used or 
prepared in alternate forms. For example, many amino
containing compounds can be used or prepared as an acid 
addition salt. Often such salts improve isolation and han
dling properties of the compound. For example, depending 
on the reagents, reaction conditions and the like, compounds 
as described herein can be used or prepared, for example, as 
their hydrochloride or tosylate salts. Isomorphic crystalline 
forms, all chiral and racemic forms, N-oxide, hydrates, 
solvates, and acid salt hydrates, are also contemplated to be 
within the scope of the present invention. 

"Prodrug" refers to compounds specifically designed to 
maximize the amount of active species that reaches the 
desired site of reaction which are of themselves typically 
inactive or minimally active for the activity desired, but 
through biotransformation are converted into biologically 
active metabolites. 

"Stereoisomers" refer to compounds that have identical 
chemical constitution, but differ as regards the arrangement 
of the atoms or groups in space. 

Polyamines are small aliphatic amines found in all living 
cells. By nature, polyamines within cells are polycationic 
(i.e., capable of sustaining or neutralizing one or more 
equivalents of acid). They are biosynthesized from amino 
acids, such as arginine and omithine. Examples of common 
polyamines found in plant and animal cells are: putrescine 
(NHiCH2 ) 3 NH2 ), formed by the decarboxylation of orni-
thine or arginine; spermidine (NHiCH2 ) 3 NH(CH2 ) 4 NH2 ); 

and spermine (NHiCH2 ) 3NH(CH2 ) 4 NH(CH2)3NH2 ); the 
latter two being formed by subsequent addition of an ami
nopropyl moiety to putrescine and spermidine, respectively. 
Because such polyamines are found in nature, they may be 

40 
referred to as "naturally-occurring" polyamines. However, 
they may be prepared by a variety of synthetic strategies, as 
would be known in the chemical arts. 

As used herein, "alkyl" refers to a saturated straight or 
branched hydrocarbon having from about 1 to about 20 
carbon atoms (and all combinations and subcombinations of 
ranges and specific numbers of carbon atoms therein), with 
from about 1 to about 8 carbon atoms, herein referred to as 
"lower alkyl", being preferred. Alkyl groups include, but are 
not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, t-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 
isohexyl, 3-methylpentyl, 2,2-dimethylbutyl, and 2,3-dim- 45 

ethylbutyl, octyl, decyl, dodecyl, octadecanyl, and eicosa
nyl. 

As used herein, "pharmaceutically-acceptable salts" 
refers to derivatives of the disclosed compounds wherein the 
parent compound is modified by making acid or base salts 50 

thereof. Examples of pharmaceutically-acceptable salts 
include, but are not limited to, mineral or organic acid salts 
of basic residues such as amines; alkali or organic salts of 
acidic residues such as carboxylic acids; and the like. Thus, 
the term "acid addition salt" refers to the corresponding salt 55 

derivative of a parent compound that has been prepared by 
the addition of an acid. The pharmaceutically-acceptable 
salts include the conventional salts or the quaternary ammo
nium salts of the parent compound formed, for example, 
from inorganic or organic acids. For example, such conven- 60 

tional salts include, but are not limited to, those derived from 
inorganic acids such as hydrochloric, hydrobromic, sulfuric, 
sulfamic, phosphoric, nitric and the like; and the salts 
prepared from organic acids such as acetic, propionic, suc
cinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, 65 

pamoic, maleic, hydroxymaleic, phenylacetic, glutamic, 
benzoic, salicylic, sulfanilic, 2-acetoxybenzoic, fumaric, 

The term "polyamine analogs" as used herein refers to 
polycationic molecules that are similar, but not identical to 
polyamines found in nature. Polyamine analogs may be 
branched or unbranched, or may have other structural varia
tions as compared to naturally-occurring polyamines, while 
retaining the central features of polyamines (multiple amine 
groups, polycationic within cells). Polyamine analogs may 
be further categorized into three groups: (1) simple 
polyamine analogs, (2) constrained or conformationally 
restricted polyamine analogs, and (3) linked or long-chain 
polyamine analogs. 

A "simple polyamine analog" retains the flexibility con
ferred by the aliphatic carbon backbone, as well as the 
approximate carbon chain length of naturally-occurring 
polyamines, but possess a modification or contain one or 
more added functional groups (e.g., sulfhydryl, phenyl, 
alkyl) that confers a desired feature or advantage to the 
molecule. 

By comparison, "conformationally restricted polyamine 
analogs" (sometimes referred to herein as "constrained 
polyamine analogs" are modified in their carbon backbone 
to remove flexibility in the modified area, such that two or 
more amino functionalities in the molecule are restricted to 
a particular spatial location. Such modification often is 
accomplished by introducing a cyclic or unsaturated moiety 
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at one or more locations in the carbon backbone, as 
described in greater detail herein. 

14 
for efficient DNA binding. The enhanced reactivity of allylic 
functional groups, compared to their alkyl counterparts, was 
also considered in designing placement of functional groups 
in certain embodiments. In some embodiments, chemopro-

"Linked or long-chain polyamine analogs" are 
polyamines that are longer than naturally-occurring 
polyamines such as spermine. Increasing the overall length 
of a polyamine may be accomplished, for example, by 
linking together oligoamines or by adding oligoamine 
"units" (such as aminopropyl or aminobutyl groups) to a 
foundation molecule, such as sper ine. Thus, while spermine 
has a 3-4-3 carbon backbone (4 carbons between the two 
internal amino groups and 3 carbons between each internal 
amino group and the respective terminal amino groups), 
linked or long-chain analogs might comprise an additional 
one, two, three, four or more aminopropyl or aminobutyl 
groups, for example, on either or both ends of the molecule, 
and further may comprise terminal methyl or ethyl groups 
on either or both ends. 

5 tective polyamines with an olefinic core have the nucleo
philes/scavengers positioned on allylic positions specifically 
to enhance the reactivity of those functional groups. In these 
embodiments, the core segment bearing the functional group 
was restricted in size, consistent with natural polyamine 

10 features, and provides a suitable platform from which the 
nucleophile or other functional group is displayed. This 
design feature allows one side, or face, of the 3-dimensional 
polyamine structure to interact with DNA while the other 
face, bearing the reactive functional group, is projected 

15 away from the DNA, sterically unencumbered, thus free to 
react with toxic electrophilic chemicals or free radicals 
present in the cellular matrix. 

"Amino thiols" include those molecules that contain at 
least one amine group as well as at least one thiol group 
within the same molecule. Compared to a polyamine, they 20 

generally have a shorter overall chain length, and generally 
have a lower ratio of carbon to sulfur. Amino thiols may 
contain one or more other functional groups as described 
herein, in addition to the amino and thiol groups. 

As used herein, the term "antiproliferative" refers to an 25 

agent that slows or stops cell division. The antiproliferative 
agent may exert its effect by inhibiting cell cycle progression 
at one or more stages. Such an agent may be referred to 
herein as a "cell cycle progression inhibitor." The chemo
protective polyamines of the invention can act as antipro- 30 

liferatives, specifically cell cycle progression inhibitors, by 
associating with and modifying the conformation or struc
ture of DNA. These agents are sometimes referred to as 
"DNA modifiers." 

The design of the chemoprotective polyamines and amino 35 

thiols of the present invention emerges from the inventors' 
appreciation of the advantages associated with blending 
certain important chemical properties within a single mul
tifunctional molecule, 1) molecular structure necessary for 
efficient binding to DNA and, in some instances, modifica- 40 

tion of the conformation or structure of DNA; 2) nucleo
philic reactivity, to trap electrophilic chemicals that can 
challenge the integrity of helical DNA; and/or 3) free 
radical-scavenging activity to reduce or eliminate free radi
cals often generated by irradiation or various chemothera- 45 

peutic agents (e.g., certain reactive oxygen species). 
A. Chemoprotective Polyamines 
In regard to structure, the ability of a polyamine to 

physically align closely, or "dock" with DNA should be 
maintained. Mimicking the general linear nature of the 50 

known natural polyamines enables the chemoprotective 
polyamines of the invention to maintain DNA binding 
ability. Another important feature common to natural 
polyamines is the presence of multiple secondary amine 
nitrogen atoms throughout the backbone. These atoms are 55 

known to be protonated, and thus positively charged, at 
physiologic pH. Accordingly, maintaining secondary amine 
functionality throughout a chemoprotective polyamine fur
ther provides sufficient active binding sites. 

Nucleophilic and/or free radical-scavenging activity was 60 

designed into the chemoprotective polyamines with the aim 
of maintaining all of the above mentioned structural and 
binding features. In various exemplary embodiments 
described herein, electron-rich groups, bearing sp3-hybrid
ized nitrogen, sulfur or oxygen atoms, were positioned 65 

strategically within the polyamine backbone so that overall 
linearity and secondary amine character would be preserved 

The chemoprotective polyamines of the present invention 
are represented by the general structure of Formula I: 

In Formula I, "Z" is either "A" or "R 1," provided that one 
"Z" is "A." "A" represents a "core" segment and the R1 and 
Q groups typically represent alkylene (R1

) or alkyl (Q) 
chains of varying length (branched or unbranched), which, 
together with the amine groups as shown, make up the 
linked oligoamine segments that form the polyamines of the 
present invention. 

The core segment ("A") functions in two ways: (1) it 
presents a platform for display of a protective functional 
group, namely a nucleophile or a free radical scavenger; and 
(2) it may be designed to introduce a conformational con
straint to the polyamine ( e.g., a double bond or a cyclic 
structure). The linked oligoamine segments (sometimes 
referred to as "arms" or as "polyamine side chains") func
tion to enable the molecule to "dock" with DNA, as do 
naturally occurring polyamines. In one embodiment, a com
pound of the invention comprises one core and an "arm" of 
varying length on either side of the core. In another embodi
ment, the core may have a single arm (i.e., the core group is 
at one end or the other of the polyamine molecule). In 
another embodiment, the chemoprotective polyamine com
prises two or more cores (which may be the same or 
different), which can be side-by-side or separated by an 
oligoamine segment of varying length. 

The core segment provides the molecule with conforma
tional restraint and/or a protective functional group that is 
attached ("tethered") to the molecule in such a way as to be 
optimally available for interaction with electrophilic groups, 
free radical groups and other reactive species present on or 
generated by chemotherapeutic agents or radiation. In the 
present invention, conformation restraint is typically intro
duced through the use of a double bond between two 
carbons. As would be appreciated by those of skill in the art, 
other means of introducing conformational restraint include 
triple bonds and ring structures, such as three-, four-, five
and six-carbon or more substituted or unsubstituted rings (in 
the latter embodiments, with the proviso that the ring does 
not introduce bulk or steric hindrance that reduces the ability 
of the functional group to access its targets). 

The protective functional groups displayed on the core are 
designed to act as nucleophiles or as free radical scavengers/ 
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side chain segment length as well as number of segments 
desired. Several reaction schemes and tables are presented 
throughout the sections below, with both reaction interme
diates and final products being assigned unique descriptive 

antioxidants, with the understanding that certain functional 
groups may carry out both functions. Functional groups that 
typically act as nucleophiles, but that may also act as 
antioxidants or free radical scavengers, include, but are not 
limited to, -OH, -NH2 , -NHR, NR2 , -SH and -SR 
(wherein R is methyl or a lower alkyl which itself may be 
substituted with -OH, -NH2 , -NHR, NR2 , -SH or 
-SR). 

5 numbers. Specific descriptions of the synthesis of the key 
molecules are set forth in Example 1. 

The total length or size of a chemoprotective polyamine 
of the invention is generally described herein by the number 10 

of oligoamine segments (R1-NH-) that make up the 
molecule. Typically the compounds comprise two or more 
such segments, and may comprise 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16 or even more such segments. The overall 
upper limit to length of the compounds is typically selected 15 

on the basis of practical considerations such as cost and ease 
of synthesis, solubility and/or skin or mucosa! permeability, 
as measured against efficacy of the compound in exerting its 
protective effect within the cell. In specific embodiments, 
the chemoprotective polyamine comprises 2, 3, 4, 5, 6, 7 or 20 

8 oligoamine segments. 
Synthesis of Chemoprotective Polyamines Comprising 

Nucleophilic Cores 
The synthetic approaches illustrated below demonstrate 

versatility regarding the choice of nucleophile incorporated 25 

into the core segments, the availability of both cis- and 
trans-isomers of the olefinic core and variability in the amine 

1. Amine Side Chains 
In exemplary embodiments of the invention, amine side 

chains were synthesized using the reaction sequences in 
Scheme 1. Primary alkyl amine 1 was converted to mesity
lene sulfonamide 2, which was alkylated to provide N-ph
thaloyl protected 3. It should be noted that the segment 
length can be adjusted from two carbons to six carbons in 
this sequence of steps, and this invention is not limited to the 
four-carbon chain length of molecule 3. Deprotection of the 
terminal nitrogen gave 4, which was readily converted to 5. 
The bis-sulfonamide 5 represents the shortest amine side 
chain with regard to number of segments. Molecule 5 also 
was used for chain elongation by adding segments. The three 
reaction steps that convert 2 to 5 were repeated and therefore 
represent an iterative process by which 5 was converted to 
8, 8 elaborated to 11 and 11 to 14. Each of the mesitylene
sulfonyl protected amine side chains 5, 8, 11, 14, and related 
chain-extended derivatives, are suitable for attachment to a 
core segment. In sum, Scheme 1 describes how a single 
polyamine side chain may be produced. This process can be 
repeated to add additional polyamine side chain segments. 

Scheme 1 Polyamnne Side Chain Synthesis 

BrBuNPth 

4 
2 

BrBuNPth 
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-continued 

l 
SO2Mes 

N~i~N~NH2 

I I 
SO2Mes 

10 
SO2Mes 

f,so,c, 

55 

2. Synthesis of Olefinic Core and Side Chain Attachment 
A general description of the olefinic core synthesis is 

illustrated in Scheme 2. Dihydroxyacetone dimer 15 was 
converted to ketone 16. Olefination of 16 provided ester 17, 
which was carefully reduced to the allylic alcohol 18 while 60 

maintaining the integrity of the silyl groups. Mesylation 
gave allylic mesylate 19, which was coupled to an amine 
side chain to provide 20, where A represents the mesityle
nesulfonyl protected amine side chain. Acid treatment of 20 
gave dial 21, which was monobenzoylated to provide 22. It 65 

should be noted that the cis- and trans-isomers of alcohol 22 
can be separated by chromatography to provide the indi-

12 

14 

vidual purified isomers. Alcohol 22 was then transformed to 
the allylic bromide 23, which was coupled to a second 
protected amine side chain to produce 24. For the purpose of 
this invention it should be noted that in 24, protected amine 
side chains A and A' can be identical, but can also vary in 
segment length as well as overall chain length. Hydrolysis of 
24 gave mesitylenesulfonyl protected polyamine 25. Pro
tected polyamine 25 can be deprotected (see polyamine 27 
in Scheme 3), or serve as a versatile intermediate that can be 
further elaborated at the allylic alcohol position to insert 
alternative protective functional groups. 
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OH OH 

l l\ j TBSCl 

Ho/'\__j<-oH DMF 

0 

TBSO~OTBS 

15 

-A 

HO~OBz 

22 

l)BzCl 
2)H2O 

CH2Cl2 

11) PBriToluene 

tH20 

23 

16 

21 

1) Amine Side Chain 
NaH/DMF 

2)THF 
3) EtOAc/H2O 

NaH/TEPA 

Toluene 

HCl(aq) -MeOH 

where A or A' are SO2Mes protected polyamine side chains described in scheme 1. 
where R or R' are the free polyamine side chains with the protecting groups removed. 

3. Functional Groups on the Chemoprotective Polyamine 
Core 

A method for introducing various protective functional 
groups onto a core segment is shown in Scheme 3. Alcohol 

A~-A' 

26 

17 

20 

24 

20 

1) DlBAL/Ether 
2)NaOH(aq) 

(OH 
TBSO~OTBS 

18 

1) Amine Side Chain 
NaH/DMF 

2)THF ~OMs 
3) EtOAc/H2O 

-------- TBSO OTBS 

19 

NaOMe -MeOH 

25 

26 was converted to mesylate 27, which was subsequently 
reacted with various species having suitable nucleophilic 

35 character, to provide, for example, 29, 31, 33 or 35. Subse
quent deprotection produced, for example, the chemopro
tective polyamines 30, 32, 34 and 36. 

l)Mg/MeOH 
2) HCl(aq) 
3) NaOH(aq)/CH2Cl2 RJ,_-R' 

27 

1
1) MsCl/TEA/CH2Cl2 
2)H2O 

A~-A' 

28 
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-continued 

MesO2S'\. \ MesO2S 
\ s--{ N- N- N\ 

A_h-A' A_h-A' A_h-A' A_h-A' 
29 31 33 

1) HBr/HOAc rHlliMOk rHlliMOk 2) H2O/CH2Cl2 2) H2O/CH2Cl2 2) H2O/CH2Cl2 

3) NaOH(aq)/CH2Cl3 3) NaOH(aq)/CH2Cl3 3) NaOH(aq)/CH2Cl3 
4) EtOH/HCl(aq) 4) EtOH/HCl(aq) 4) EtOH/HCl(aq) 

HN-
\ 
N-

R~-R' R_h-R' R_h-R' 
30 

32 

where A or A' are SO2Mes protected polyamine side chains described in scheme 1. 
where R or R' are the free polyamine side chains with the protecting groups removed 

4. Functional Groups Displayed from an Aliphatic Core 
A synthetic approach to chemoprotective polyamines 

bearing functional groups on an aliphatic core segment is 45 

shown in Scheme 4. 

A 
Cl Cl 

37 

1) Amine Side Chain 
NaH/DMF 

2) EtOH/NaOH(aq)/H2O2 
3) EtO Ac/H2O A 

A A 
38 

1) Borane-THF 
2) EtOH/NaOH(aq)/H2O2 
3) EtOAc/H2O 

34 

1) HBr/HOAc 
2) H2O/CH2Cl2 
3) NaOH(aq)/CHCl3 
4) EtOH/HCl(aq) 

A A 
39 

!1) MsCl/TEA/CH2Cl2 
2)H2O 

35 

r=OAc 2) H2O/CH2Cl2 
3) NaOH(aq)/CH2Cl3 
4) EtOH/HCl(aq) 

36 

~H 

R R 
39 
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-continued 

~Ms 

A A 
41 

2) H20/Et0Ac 
1) Potassium thioacetate/D1F 

~ ;! !~ylamine/THF 

~ommA, 

~"o 
A A 

42 

~H 

R R 

43 

where A or A' are SO2Mes protected polyamine side chains described in scheme 1. 
where R or R' are the free polyamine side chains with the protecting groups removed. 

45 

~\ 
A A 

44 

45 

Other aliphatic polyamines may be prepared by hydroge
nating olefinic polyamines of the invention. This is accom
plished by employing hydrogenation catalysts in the pres-
ence of hydrogen or molecules that provide hydrogen during 
the course of a reaction, such as for example, hydrazine, 
cyclohexadiene, or alpha-terpinene. Further, as one ordi
narily skilled in the art would recognize, one or more of the 

In some pharmacologic settings, there may be advantage in 
displaying a protective functional group from a flexible 
aliphatic core as has been done in molecules PrC-210, 
PrC-211, as well as the rest of the molecules shown in FIGS. 
lD and lE. Using chemoprotective polyamines to deliver 
nucleophiles/free radical scavengers to at-risk cells, while 
also binding DNA to enable DNA protection and growth 
regulation, requires optimization of each of the chemopro
tective polyamine's structural parameters, including seg
ment length, overall length, functional group, and the plat
form from which the functional group is displayed. For 
instance, displaying an alkyl-nucleophile side chain from a 
flexible core may change the interaction between polyamine 
and DNA, and with it, change the growth regulation "phe
notype" that would be linked with the displayed nucleophile 
"phenotype" on a particular chemoprotective polyamine. 
This combination of functions within a given molecule may 

50 
double bonds in any given olefinic polyamine may be 
selectively hydrogenated by selection of catalysts that pref
erably coordinate to one or more of the "D" moieties of the 
present compounds and transfer hydrogen selectively to the 
olefin adjacent to the "D" moiety. For a general overview, 

55 
see J. March, Advanced Organic Chemistry: Reactions, 
Mechanisms, and Structure, Fourth Edition, John Wiley and 
Sons, New York (1992), pp 771-780. 

be optimized for each pharmacologic use of chemoprotec- 60 

tive polyamines. In the reaction sequence of Scheme 4, 
dichloride 37 was converted to olefin 38, which was subse
quently transformed to alcohol 39. Alcohol 39 can be 
deprotected to give 40, or converted to the mesylate inter
mediate 41. Mesylate 41 was then converted, with suitable 65 

nucleophiles, to 42 and 44, which upon deprotection, pro
duce chemoprotective polyamines 43 and 45. 

5. Polyamines Containing Two or More Cores 

The synthesis of a chemoprotective polyamine with more 
than one core unit is illustrated in Scheme 5. The core 
intermediate 23 (see Scheme 2) is reacted with sulfonamide 
54 to give 55. Removal of the phthaloyl group provides 56, 
which upon sufonylation gives bis-sulfonamide 57. If the 
desired functional group on the core segments of the target 
polyamine is hydroxyl, 57 can be converted directly to silyl 
ether 60, where X=OH. Alternatively, the nucleophile can 
be modified by converting 57 to 58, followed by functional 
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group transformation to 59. Sulfonamide 59 can likewise be 
converted to 60. Desilylation to 61, and subsequent benzoy
lation, gives 62. Conversion to the bromide 63 provides a 
pivitol intermediate. The chain-elongation process can be 
terminated by attaching an amine side chain, thus providing 5 

a polyamine bearing two core units. Alternatively, bromide 
63 can be subjected to an iterative process that involves 
repeating the steps shown at the start of Scheme 5. This will 
install a third linker-core repeating unit in the polyamine 10 
chain. Manipulation of the functional group in a second or 
third core unit can be effected as shown in the conversion of 
57 to 59. 

Scheme 5· Palyamines With Two or Mare Care Segments 

A-s 
Br 

23 

SO2Mes 

I 
+ HN ~ 

NPht 

54 

15 

20 

26 

-continued 
X OBZ 

f02Mes ~ 
N_ /'-... /'-... # OH A ......,,,- ......,,,- -N 

I 
SO2Mes 

64 

NRR' can be an amine side chain similar or, or equal to A. 
NRR' can also be a repeating linker-core unit if oligomerization is desired. 

25 B. Chemoprotective Amino Thiols 

MsCl; 
x-------

compound 19 

59 

X OH --J fO2Mes (~"" 
A~N~N~OH 

I 
SO2Mes 

61 

In addition to the chemoprotective polyamines described 
above, certain smaller amine compounds, particularly those 
containing thiol functional groups, have been designed for 
use in accordance with the present invention. Accordingly, 

30 in one embodiment, the present invention provides novel 
pharmaceutically active compounds of Formula II: 

35 

40 

45 

50 

55 

60 

65 

wherein: 
Ais: 

xi xi 

J is a single bond or ----CH(Y)-; 
Lis ----CH2X1, -SH, ----CHX2 (X3

); 

X 1 is -SH or -R1-SH; 

II 

xi 

'------i'--, or 

X2 and X3 are each independently H, -SH, or -R 1 
-

SH, provided that at least one ofX2 and X3 is other than 
Hor-SH; 
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Y is H, alkyl, or -R2 -D; 
D is -OH, -SR3

, or -NR3 R4
; 

R3 is H or lower alkyl; 
R4 is H, lower alkyl, or -Rs -D; 
each Q is independently H, lower alkyl, or -R 6 -SR3

, 5 

provided that when L is SH, at least one of Q is other 
than H; and 

each R1, R2
, Rs, and R6 is independently C1_6 alkylene; 

or a stereoisomer, prodrug, pharmaceutically-acceptable 
salt, or mono or polyprotonated acid salt thereof. 

In some preferred embodiments of Formula II com
pounds, D is -SR3

• More preferably, D is -SH. In other 
preferred embodiments of Formula II compounds, R3 is H. 

10 

28 
In other preferred embodiments of Formula II compounds 

wherein A is: 

J is a single bond. In more preferred embodiments, wherein 
A is as described above and J is a single bond, Lis -CH2X 1 

and X1 is -SH. In other more preferred embodiments In other preferred embodiments of Formula II com
pounds, A is: 

xi xi 

15 wherein Lis -CH2X1, X1 is -R1-SH. In yet other more 
preferred embodiments, wherein A is as described above and 
J is a single bond, L is -SH. In other more preferred 
embodiments, wherein A is as described above and J is a 
single bond, Q is H, methyl, or ethyl. In still other more 

20 preferred embodiments, wherein A is as described above and 
J is a single bond, Lis -CHX2 (X3

). In even more preferred 
embodiments when L is -CHX2 (X3

), X2 and X3 are each 
-R 1-SH. Alternatively, when L is ----CHX2 (X3

), X2 is 
-SH and X3 is -R 1-SH. 

25 In another embodiment, the present invention provides 
xi xi 

~+--, or 

More preferably, in compounds of Formula II wherein A is 
as described above, Y is H or-R2 -D. More preferably still, 

30 

Y is H. Even more preferably, when Y is H, X1 is -SH. 35 

Alternatively, Y is -R2 -D, Dis -SR3
, and R3 is H. More 

preferably, when Y is -R2 -D, Dis -SR3
, and R3 is H, X1 

is -SH. Yet more preferably, when Y is -R2 -D, D is 
-SR3

, and R3 is H, X1 is SH, each Q is independently 
methyl or ethyl. 

In other preferred embodiments of Formula II com
pounds, wherein A is as described above, each Q is inde
pendently H or lower alkyl. More preferably each Q is 
independently methyl or ethyl. 

40 

In other preferred embodiments of Formula II com- 45 

pounds, A is: 

novel pharmaceutically active compounds of Formula III: 

III 

wherein: 
X4 is -SH or -R 1-SH; 
xs is H, -SH or -R 1 -SH, provided that at least one of 

X4 and xs is other than -SH; 
B1 is -CH2NHR7

, ----CH2 CH2NHR7
, 

----CH2 CH2CH2 NHR7
, or ----CH(NH2)CH2NHR7

; and 
R7 is H or lower alkyl, provided that when B1 is 

----CH2 NHR7
, R7 is other than H; 

or a stereoisomer, prodrug, pharmaceutically-acceptable 
salt, or mono or polyprotonated acid salt thereof. 

In some preferred embodiments of Formula III com-
pounds, X4 is -SH and xs is -R 1 -SH. More preferably, 
when X4 is -SH and Xs is -R 1 -SH, Xs is -CH2 SH. In 
other preferred embodiments of Formula III compounds, X4 

and xs are each independently -R 1 -SH. More preferably, 
50 X4 and xs are each independently -CH2 SH or 

----CH2 CH2 SH. In yet other preferred embodiments of For
mula III compounds, R7 is H or methyl. In still other 
preferred embodiments of Formula III compounds, B1 is 

55 

In some more preferred embodiments of Formula II com
pounds wherein A is as described above, L is -CH2X1

. 

More preferably, when Lis ----CH2X1, X1 is -SH. In other 
more preferred embodiments, when L is ----CH2X1, X1 is 
-R 1 -SH. Alternatively, in other more preferred embodi- 60 

ments, L is -SH. In other preferred embodiments of For
mula II compounds wherein A is as described above, J is 
-CH(Y)-. More preferably, when J is -CH(Y)-, Y is H 
or -R2 -D. Even more preferably, Y is H. Alternatively, 
when Yis -R2 -D, Dis -SR3

, and R3 is H. In some other 65 

more preferred embodiments of Formula II compounds 
wherein A is as described above, Q is H, methyl, or ethyl. 

----CH2 NHR7
, -CH2CH2 NHR7

, or ----CH2 CH2CH2 NHR7
. 

In another embodiment, the present invention provides 
novel pharmaceutically active compounds of Formula IV: 

wherein: 
X6 and X7 are each independently -R 1-SH; 
B2 is -R2-NHR8

; and 

IV 
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R8 is H or lower alkyl, provided that when B2 is 
----CH2 CH2NHR8

, R8 is other than H; 
or a stereoisomer, prodrug, pharmaceutically-acceptable 

salt, or mono or polyprotonated acid salt thereof. 
In some preferred embodiments of Formula IV com- 5 

pounds, wherein X and X7 are each independently -R 1 
-

SH, X6 and X7 are each independently ----CH2 SH or 
-CH2 CH2 SH. In other preferred embodiments wherein B2 

is -R2-NHR8, R8 is Hor methyl. In yet other preferred 
embodiments of Formula IV compounds, B2 is 10 

-CH2NHR8, -CH2CH2NHR8
, or ----CH2 CH2CH2NHR8

. 

In another embodiment, the present invention provides 
novel pharmaceutically active amino thiol compounds 
3-dimethylamino-butane-2-thiol, 4-amino-3-methyl-pen-
tane-2-thiol, 2-methyl-3-methylamino-propane-l-thiol, 15 

4-methylamino-pentane-1-thiol, 3-methylamino-butane-1-
thiol, 3-(3-mercapto-propylamino )-propane-1-thiol, 3,4-di
aminobutane-1,2-dithiol, or 2-amino-2-aminomethyl-pro
pane-1,3-dithiol. 

In addition to the novel chemoprotective amino thiol 
20 

compounds described above, the present invention also 
encompasses the use of the known compound, cysteamine 
(NH2-CH2----CH2-SH), as an active agent in pharmaceu
tical preparations and methods for protecting non-cancerous, 

25 
rapidly dividing cells in a patient's body from the toxic 
effects of chemotherapeutic agents or radiotherapy admin
istered to the patient. 

Synthesis of Chemoprotective Amino Thiols 
Schemes 6-15 below set forth schemes for synthesizing 30 

various chemoprotective amino thiol compounds of the 
invention. 

65 

A 
Cl Cl 

37 

BrEtNPth 

1) Methylene Bisaeetamide 
NaH/DMF 

2)THF 
3) EtOAe/H2O 

35 

40 

30 

-continued 

-........_N~NH2 

I 
Boe 67 

1) Borane-THF 
2) EtOH/NaOH(aq/H2O2 
3) EtOAe/H2O 

1) MsCl/TEA/CH2Cl2 
2)H2O 

HS 

( 
-........_~N 

roe 68 \ 
SH 

69 

1
1) Potassium thioaeetate/DMF 
2) H2O/EtOAe 
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-continued 

75 

H 

HO~ N ~OH 

76 

Ms 

I 
MsO~N~OMs 

77 

1) MsCl/TEA/CH2Cl2 
2)H2O 

1) Potassium thioacetate/DMF 
2) H2O/EtOAc 

78 

!KOH/MeOH 

H 

HS~N~SH 

Br 

H,N~ 

Br 
81 

Scheme 10 

~ 
I 

/NH 

MeOH 0 

\__JOH 

-Nr-\ 
I 

79 

Br 

H0N~ 

1) MsCl/TEA/CH2Cl2 
2)H2O 

SH 
82 

15 

20 

25 

30 

35 

NaOH(aq) 

\__JOMs 

-Nr-\ 
I 

-continued 

1) KSAc/DMF 
2) H2O/EtOAc 

\__;SH 

-Nr-\ 
I 

Scheme 11 

40 ~ 
I OH 

H 
_,.N....._ 

' Boe 

45 

50 

55 

60 

~OH 

_,.N....._ 
' Boe 

~OMs 

_,.N....._ 
' Boe 

THF/DMF 
NaH 

1) MsCl/TEA/CH2Cl2 
2)H2O 

Scheme 11 methodology can be used to create . . 
4-amino-3-methyl-pentane-2-thiol, 2-methyl-3-methylammo-propane-1-th1ol, 

65 and 3-methylamino-butane-1-thiol. 
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Scheme 12 
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Scheme 15 
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Scheme 15 methodology can be used to create 2-(2-Methylamino-1-methylaminomethyl-ethyl)-propane-1,3-dithiol. 

!Tributyltin hydride 

<
s~

O 

OMe 
NaOH(aq) 

S OMe 

0 



US 7,314,959 B2 
37 

C. Utility of Chemoprotective Polyamines and Amino 
Thiols in Regulating Cell Growth and Protecting Against 
Side Effects of Cancer Therapies 

To determine the activity of the described compounds as 
regulators of cell growth, as well as to provide mechanistic 5 

insight into ways by which these compounds regulate cell 
growth, we examined chemical interaction between the 
subject compounds and nucleic acids and assessed the extent 
to which these chemical and growth regulatory properties 
conferred protection in animal tissues against cancer che- 10 

motherapy and radiotherapy. Several exemplary compounds 
of the invention were tested using various in vitro and in 
vivo model systems. The subject compounds were found to 
inhibit growth of human skin cells at sub-micromolar to 
millimolar concentrations, in a manner that could be corre- 15 

lated to their chemical structure. Consistent with this inhi
bition of cell growth, the compounds were shown to bind 
avidly to helical DNA, to induce expression of the negative 
growth regulator, p21, and to block cells within the G 1 phase 
of the cell cycle, also in a manner related to their structure. 20 

When the subject molecules were applied locally by topical 
administration to rodent skin, they protected the hair follicle 
cells and blocked the alopecia normally seen following 
systemic administration of a chemotherapy drug. 

The in vitro growth inhibitory effects of certain of the 25 

chemoprotective polyamines of the invention were mea
sured using primary, diploid fibroblasts isolated from human 
skin. As shown in Table 1, IC50 concentrations (the drug 
concentration that caused a 50% inhibition of cell growth) 
for the polyamines ranged from sub-micromolar to milli- 30 

molar. 

TABLE 1 

38 

TABLE 2 

Compound # [MW:HCl salt] 

PrC-110 [523.9] 
PrC-111 [739.0] 
PrC-112 [954.2] 
PrC-113 [1169.3] 
PrC-114 [476.4] 
PrC-115 [691.6] 
PrC-116 [906.7] 
PrC-117 [1121.9] 
PrC-118 [675.5] 
PrC-119 [725.0] 
PrC-120 [1155.3] 
PrC-121 [1169.3] 
PrC-122 [940.2] 
PrC-123 [906.7] 
Spermine 

DNA Bind/ppt. 
Expt. 1, Expt. 2 

ICso (uM) 

270 
88 
93 
35 
94 
37, 
82, 
58, 

89 
57 
49 

102 
131, 

2600 

83 
63 
57 

117 

This relationship between arm length of the chemoprotective 
polyamine and increased ability to disrupt and denature 
B-DNA structure is also a novel aspect of this aspect of the 
invention. The increased ability to bind DNA and disrupt its 
helical structure may also contribute to the molecule's 
ability to protect cellular DNA against electrophilic chemo-
therapy drug metabolites and against oxygen free radicals 
generated during radiotherapy. Both of these toxic modali
ties are believed to require normal B-DNA helical structure 
within the cell's nuclear DNA in order to achieve chemical 
or physical disruption of the cellular DNA, the first step in 
the apoptotic cascade. 

FIG. 3 illustrates that chemoprotective polyamines are 
able to induce expression of the negative cell cycle regula-

Compound # [MW:HCl salt] 

PrC-110 [523.9] 
PrC-111 [739.0] 
PrC-112 [954.2] 
PrC-113 [1169.3] 

Expt. 1, Expt. 2 
ICso (uM) 

1680 809 
980 180 

2.53 
0.33 0.21 

35 tory protein, p21, after exposing the human skin cells to the 
polyamine molecules. FIG. 3B shows that the induced p21 
level is greater after a 30 hr exposure compared to a 50 hr 
exposure to drug. In these experiments, the 23SK human 
skin cells were exposed for 30 hr to an "IC80" dose of each 

PrC-114 [476.4] 850 240 40 of the indicated chemoprotective polyamines and then lysed. 
PrC-115 [691.6] 4100 
PrC-116 [906.7] 5.8 
PrC-117 [1121.9] 0.32 
PrC-118 [675.5] 78 
PrC-119 [725.0] 470 

1090 

0.24 

202 

Cell extracts were then prepared in order to measure p21 
levels by western analysis (FIG. 3A). Results are summa
rized in Table 3. Although the ability of modified 
polyamines to induce p21 is known in the literature (Kramer, 

PrC-120 [1155.3] 0.22 
PrC-121 [1169.3] 0.15 
PrC-122 [940.2] 0.81 

0.18 45 D. et al., Cancer Res. 59:1278-1286, 1999), it is a novel 
aspect of this invention that those chemoprotective 
polyamines with longer aliphatic "arms" were better able to 
induce expression of p21 as shown in FIG. 4. 

FIG. 2 shows that the IC50 concentration for each chemo
protective polyamine was tightly correlated with the length 50 

of the polyamine side chains ('arms') attached to a central 
butene core, with the long arms, i.e., those containing 16 
aliphatic carbon atoms, associated with sub-micromolar 
IC50 values. 

The chemoprotective polyamines provided herein are also 55 

able to bind, denature and precipitate DNA from solution. As 
the skilled artisan will appreciate, as the concentration of 
polyamine is increased, there is a point where polyamine 
binding to helical B-DNA induces single-stranded 'bubbles' 
and conversion to other forms of DNA structure, such as 60 

Z-DNA (Feuerstein, B. et al., Nuc. Acids Res. 17:6883-6892, 
1989; Basu, H. and Marton, L., Biochem. J. 244:243-246, 
1987), as well as precipitating the DNA from solution. Table 
2 shows that the four molecules that contain '16 carbon 
arms,' i.e., PrC-113, PrC-117, PrC-120 and PrC-121, all 65 

have IC50 concentrations that are lower than all of the other 
molecules that contain shorter aliphatic arms. 

TABLE 3 

p21 fold-induction 
Compound # [MW:HCl salt] at IC80 Dose 

PrC-110 [523.9] 2.91 
PrC-111 [739.0] 2.22 
PrC-112 [954.2] 2.45 
PrC-113 [1169.3] 3.21 
PrC-114 [476.4] 
PrC-115 [691.6] 
PrC-116 [906.7] 2.32 
PrC-117 [1121.9] ~3.0 
PrC-118 [675.5] 
PrC-119 [725.0] 1.80 
PrC-120 [1155.3] 2.01 
PrC-121 [1169.3] 3.26 
PrC-122 [940.2] 1.70 
PrC-123 [906.7] 2.22 
Colcemid 3 .31 
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In FIG. 5, cell histograms showing the results from flow 
cytometry analysis of chemoprotective polyamine-treated 
23SK skin cells are shown. FIG. SA shows that for 
untreated, exponentially growing 23SK cells, 59.12% of the 
cells are present in the S+G2 cell cycle compartments, 
whereas only 40.88% of the cells are in the Gl compartment. 
FIG. SB shows, as a control treatment, that incubation of 
cells in serum-free medium causes a sizable reduction in 
S+G2 cell compartments (down to 5.63% total), and a 
sizable increase in cells now present in the G 1 compartment 
(up to 94.37%). FIG. SC shows that cells treated with 
PrC-117 for 72 hr also show a marked reduction in S+G2 
compartments (down to 13.77%) and a marked increase in 
the Gl compartment (up to 86.23%). FIG. SD shows that 
after the cells treated with PrC-117 for 72 hr are switched for 
48 hr to medium devoid of the PrC-117 molecule, the 
distribution within cell cycle compartments is basically 
returned to that seen in cells previously untreated with 
chemoprotective polyamine (i.e., FIG. SA). The transient 
nature of the cell cycle block induced by chemoprotective 
polyamines is believed to be an important aspect of their 
efficacy, i.e., their ability to block cell cycle progression in 
stem cells during the course of chemo- or radiotherapy, and 
the resumption of normal stem cell division after a given 
cancer therapy course has been completed. Table 4 shows 
that, of the nine chemoprotective polyamine molecules 
tested, three caused G 1 cell cycle blocks with greater than 
7 5% of the cells present in the G 1 compartment, and each of 
these three molecules contained 16 carbon aliphatic arms. 

TABLE 4 

Cell Cycle 
Distribution 

At IC80 

Dose % ==--'-'-"-'-----

Compond # [MM:HCl salt] G1 s G2/M 

PrC-110 [523.9] 60 26 14 
PrC-111 [739.0] 60 25 14 
PrC-112 [954.2] 61 23 16 
PrC-113 [1169.3] 77 8 14 
PrC-114 [476.4] 
PrC-115 [691.6] 
PrC-116 [906.7] 66 11 23 
PrC-117 [1121.9] 86 11 3 
PrC-118 [675.5] 
PrC-119 [725.0] 
PrC-120 [1155.3] 
PrC-121 [1169.3] 76 4 20 
PrC-122 [940.2] 67 15 18 
PrC-123 [906.7] 68 10 21 
Colcemid 8 11 81 

Natural polyamines such as spermine, with a 3-4-3 con
figuration of aliphatic carbon chains containing terminal 
amine groups and separated by intervening amine groups, 
are known to bind avidly to cellular DNA in the cell setting. 
Synthetic polyamines, containing longer aliphatic carbon 
segments, typically of four carbons, have been shown to 
displace natural polyamines like spermine from DNA 
because of their greater binding affinity for helical DNA. At 
physiologic pH ranges, each of the amine groups of a 
polyamine backbone can protonated to yield an ammonium 
cation. Therefore, as the length of a polyamine increases, 
achieved by oligomerizing a -(CH2 ) 4-NH- segment, for 
example, there are typically an increased number of ammo
nium cations distributed along the polyamine backbone for 
bonding with anions distributed along the DNA backbone. 
As a result, longer, synthetic polyamine analogs compete 

40 
more effectively with spermine in vitro and in vivo for 
binding to DNA. Binding of polyamines to helical DNA has 
also been shown to confer conformational changes to the 
DNA, such as conversion of helical B DNA to A or Z forms 

5 of DNA. And, in vivo, polyamine analogs have also been 
shown to cause condensation and aggregation of DNA and 
chromatin within mammalian cells (Basu, H., et al., Cancer 
Res. 49: 5591, 1989; Basu, H. et al., Biochem. J. 269:329, 
1990). Though not intending to be bound by any particular 

10 theory, it is possible that the tight binding and associated 
distortion of normal helical structure, which is optimized in 
the design of chemoprotective polyamines as provided 
herein, provides pharmacologic benefit in at least three 

15 
ways. First, the pharmacologic, growth inhibitory activity is 
reversible, as shown, for example, for the PrC-117 molecule 
in FIG. 5, i.e., by simply stopping topical application, the 
treated cells are released from growth inhibition thus yield
ing a 'transient' growth regulation. Second, distortion of 

20 helical DNA and the formation of single-stranded bubbles is 
likely to be a cause, or to be closely related to a cause, of the 
induced expression of p21 and the G 1 cell cycle block that 
is associated with its induced expression. Third, for many 
electrophilic, alkylating drugs, reaction with DNA occurs in 

25 two steps, the first step requiring intercalation of the drug 
molecule between nucleoside bases in helical B DNA, and 
a rapid second step involving alkylation of the adjacent 
DNA base by the drug molecule. By condensing and altering 
normal DNA helical form, chemoprotective polyamines are 

30 expected to significantly reduce alkylation of cellular DNA 
by electrophilic drugs. Likewise, condensation and alter
ation of DNA helical form by polyamine binding in vitro has 
also been shown to dramatically reduce the number of single 
strand breaks induced when the DNA is directly irradiated in 

35 vitro (Spotheim, M., Int. J. Radiat. Biol. 68: 571-577, 1995). 

When comparing chemoprotective polyamines to those 
polyamine analogs that have been previously described, 
there are a number of marked differences. For instance, 
Edwards (U.S. Pat. Nos. 5,217,964 and 5,434,145) attached 

40 one or more alkyl-thiophosphate or alkyl-thiol groups to one 
or more of the backbone amines of short aliphatic 
polyamines, or to one or more backbone amines as well as 
to one or more terminal benzyl groups on equally short 
polyamines. In comparison, the present inventors have 

45 designed and synthesized chemoprotective polyamine mol
ecules which: i) optimize both the polyamine side chain 
("arm") length and overall molecule length to achieve tight 
DNA binding, ii) project or "display" a protective functional 
group physically away from the DNA to which the chemo-

50 protective polyamine is strongly bound, iii) attach the func
tional group to a polyamine backbone carbon atom instead 
of to one of the backbone amine groups, iv) in certain 
embodiments, display functional groups from allylic posi
tions of olefinic core segments that are present in chemo-

55 protective polyamines; this is done by design to enhance 
reactivity of the group, v) include a range of functional 
groups that are "displayed," including -SH, -OH, -NH2 , 

-NHR, -NR2 , -SH and -SCH3 moieties, singly or in 
combination, as well as other groups that are known to vary 

60 in their degree of nucleophilicity or ability to scavenge free 
radicals, vi) include the display of more than one functional 
group per polyamine molecule, and vii) in some embodi
ments, include a rigid platform from which the functional 
group is projected or displayed on a spacer aliphatic chain 

65 away from the DNA in a manner that better enables the 
"sentinel group" to scavenge or trap electrophiles/oxygen 
radicals from the cellular milieu before they attack other 
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known nucleophilic groups within DNA, such as the 
2-amino group of deoxyguanosine. 

42 
WR-0165. First, in amifostine, the terminal -SH group is 
capped with a phosphate group that must be enzymatically 
removed to enable protective activity. In contrast, the pre
ferred amino thiol structures of the present invention are not 

5 phosphate-capped, and thus, they require no metabolic acti
vation by epithelial cells that are at-risk from radiotherapy or 
chemotherapy. Second, the displayed -SH group in pre
ferred and exemplary amino thiols of the present invention 
is "displayed" in a plane that is perpendicular to the back-

This ability to scavenge and trap chemical/physical reac
tants within a cell does not require the chemoprotective 
polyamine to be physically attached to cellular DNA or 
RNA. Rather, simple molar presence of such nucleophilic or 
other protective functional groups in cells would be 
expected to be protective. For instance, previous work in the 
field has shown a positive, linear correlation between the 
intracellular concentration of the physiologic nucleophile, 
glutathione (GSH), and the concentration of an electrophile 
required to kill the exposed cells (Ho, D. and Fahl, W. E., J. 
Biol. Chem. 259: 11231-11235, 1984). In another mecha
nism by which chemoprotective polyamines might protect 
cells against cytotoxic threats, they may serve as a "stealth" 15 

vehicle by which to load cells with -SH or other nucleo
philic or protective groups. Whereas, it is well known in the 
field (Levy, E. et al., Proc. Natl. Acad. Sci. USA 90:9171-
9175, 1993) that the SH-containing nucleophile, glutathione, 

10 bone of the amino thiol that interacts with DNA rather than 

is not taken up by cells in a physiologic setting, the cell 20 

membrane polyamine transporter (PTS), which is known to 
mediate the uptake of polyamines, molecules containing 
multiple charged sites, should efficiently transport functional 
group-displaying polyamines into cells, and that this would 
provide an efficient means to "load" cells with, e.g., an 25 

SH-containing polyamine, which could serve as a glu
tathione surrogate. Once loaded with the polyamine, these 
cells would be protected from subsequent toxic challenges, 
such as those seen with transient chemotherapy and radio
therapy regimens. The results in the tables and figures that 30 

show the same growth regulating efficacy for each of the 
SH-containing chemoprotective polyamines (i.e., PrC-114, 
PrC-115, PrC-116, PrC-117) as for those chemoprotective 
polyamines without SH groups implies that the SH-contain
ing molecules are transported into the human fibroblasts 35 

equally well, and that they bind with equal affinity to cellular 
DNA. Moreover, the fact that each of the SH-displaying 
chemoprotective polyamines exemplified herein has shown 
protective activity in the rat cytoxan-induced alopecia assay 
demonstrates that the displayed nucleophile is also active 40 

within the cell milieu. 
One distinction between chemoprotective polyamines and 

chemoprotective amino thiols is the overall mass of the 
molecule to which the single or multiple -SH group(s) 
is/are attached. With chemoprotective polyamines, the 45 

inventors found that by attaching a single -SH to a 
polyamine with 4, 6, 8, or 10 amines per molecule, the 
majority of the protective effect resulted from the growth 
suppression associated with the long polyamine "arms." 
Indeed, efforts to achieve very high concentrations of -SH 50 

in cells were hampered because very high concentrations of 
long polyamine arms were highly growth suppressing. In the 
case of the smaller chemoprotective amino thiols of this 
invention, the ratio of sulfur to carbon within a given 
molecule is much higher, and this enables topical therapies 55 

where very high concentrations (e.g., 800-1200 mM) of 
amino thiol can be applied to skin, thus achieving very high 
concentrations of tissue -SH level prior to a toxic threat, 
without any apparent toxicity to the skin resulting from the 
topical amino thiol itself. Thus, attaching one or two thiol 60 

groups to a small, mono- or diamine, enables very high 
tissue -SH levels with only modest growth inhibition 
achieved through interaction of the mono- or diamine with 
cellular DNA. 

in the same linear plane as seen with amifostine. Third, the 
-SH groups in the present amino thiols are generally 
tethered to the perpendicular amine backbones by a 
----CH2----chain that displays the -SH further away from the 
DNA helix than that seen with the amifostine metabolite 
WR-1065. Fourth, in several of the exemplary amino thiol 
structures, more than one -SH is present on the same 
molecule; thus, for every mole of amino thiol taken up by 
at-risk cells, two moles of -SH are delivered. Fifth, termi
nal amines are "capped" with methyl or ethyl groups to 
prevent or diminish molecule catabolism and thus, enable 
higher drug concentrations in mammalian cells, Sixth, 
whereas the linear aminothiols WR-1065 and cysteamine 
caused a cell cycle block in G2, PrC-210 was shown to cause 
a cell cycle block at a different point in the cell cycle, for 
example, in the Gl phase of the cell cycle. Seventh, whereas 
the G2 cell cycle block induced by cysteamine and 
WR-1065 are not reversible, the G 1 cell cycle block induced 
by PrC-210 is reversible, for example upon washout or 
removal of the drug. Eighth, PrC-210 treatment of human 
skin cells induces expression of the cell cycle regulator, p21, 
whereas treatment with the linear aminothiol, cysteamine, 
does not induce such expression. 

It has also been discovered in accordance with the present 
invention that cysteamine (NH2----CH2----CH2-SH) is use
ful as an active agent in pharmaceutical preparations for use 
in methods for protecting non-cancerous, rapidly dividing 
cells in a patient's body from the toxic effects of chemo
therapeutic agents or radiotherapy administered to the 
patient. Using rodents as a model, application of 600-1200 
mM cysteamine to the backs of rats two hours prior to 
radiation treatment was found to eliminate radiation derma
titis in the treated animals. Furthermore, in the in vitro assay 
described in Example 5, pre-loading of cultured cells with 4 
mM cysteamine 30 minutes before exposure to phosphora
mide mustard conferred a protective effect to the cells, thus 
demonstrating the efficacy of this compound for protecting 
against the side effects of chemotherapeutic agents, as well 
as radiation therapy. 

Another difference relates to the particular stage of the 
cell cycle affected by the compounds. In some studies, 
cysteamine acted by causing cells to arrest in G2/M (Jeitner 
T M and Renton F J, Cancer Lett. 1996 May, 15;103(1): 
85-90). Similarly, it has been shown that WR-1065 and 
amifostine interfere wth cell division by arresting cells in the 
G2 phase, possibly because of interference with topoi-
somerase II (Snyder and Grdina, Cancer Res. 2000 Mar. 
1;60(5):1186-8). The compounds of the present invention, 
however, appear to induce a reversible cell cycle block 
during the Gl phase (see Example 10). 

Another way to increase the molar presence of nucleo
philes/scavengers within the nuclear environs is to display 
more than one such functional group on each chemoprotec
tive polyamine molecule. In embodiments where two -SH 

The structures of the chemoprotective amino thiols of the 
present invention are significantly different from the struc
tures of amifostine and its metabolites, particularly 

65 groups are displayed on a single polyamine, then a reducing 
agent such as sodium borohydride or others as known in the 
art may added to the pharmaceutical preparation to reduce 
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any -S-S- disulfide bonds that might be formed when 
-SH groups are present in an oxygen containing medium. 
An alternate strategy to avoid disulfide bond formation is to 
"cap" the displayed sulfur atom with a CH3 group to prevent 
interaction of the sulfur atoms, while still retaining the 5 

capacity of the sulfur atom to scavenge electrophiles/oxygen 
radicals. 

five days before and five days after a single systemic dose of 
Cytoxan. As seen, topical chemoprotective polyamines con
ferred significant protection against the generalized alopecia 
that was seen to occur in the vehicle-treated rat pups. 

D. Pharmaceutical Preparations and Methods for Topical 
and Local Administration 

As described above, the chemoprotective amines of the 
present invention have been shown to inhibit the growth of 
normal human skin cells, to modify normal B-DNA helical 

The use and placement of protective functional groups on 
the backbone of chemoprotective polyamines is also signifi
cantly different from the attachment of -CH2CH2 SPO3 H2 

or ----CH2 CH2 SH groups to polyamines described by 
Edwards in U.S. Pat. Nos. 5,434,145 and 5,217,964. In U.S. 
Pat. No. 5,434,145, Edwards showed bonding of alkyl
thiophosphate or alkyl-thiol groups to one or more of the 3-4 
backbone amines present in the short polyamine molecules. 
By modifying the secondary amines in the polyamine back
bone with alkyl-thiophosphate groups, the amines were 
converted to tertiary amines, which markedly alters the 
basicity of the individual modified amine, as well as the 
overall polyamine molecule. The attenuated basicity of the 
individual amine groups is accompanied by an alteration in 
3-dimensional structure at these sites. With added alkyl 
functionality on the amine nitrogen atoms, steric bulkiness 
increases, so the ability or freedom of the molecule to rotate 
and twist at these sites is markedly reduced. The altered 
basicity and steric constraints in these short spermine-like 
polyamines perturbs DNA binding by the polyamine as 
compared to their natural polyamine counterparts. Given the 
already very high IC50 concentration of spermine for DNA 
binding/precipitation (nearly 1,000-fold higher than for most 
chemoprotective polyamines; see Table 2), it is possible that 
the modification of backbone amines described by Edwards 
would eliminate DNA binding altogether in cells at the 
concentrations of drug that could be pharmacologically 
achieved. The attenuated basicity of the amine-modified 
polyamine molecules in Edwards could also affect their 
pharmacologic delivery characteristics. In topical applica
tions to skin and other epithelial surfaces, there is an 
accepted relationship between the degree of ionization at 
physiologic pH of an applied drug and the degree to which 
it permeates or traverses the surface cells. In contrast to 
Edwards, the functional group used in the chemoprotective 
polyamines provided herein, whether -SH or one of several 
other groups (e.g., OH, N-ethyl, N-methyl, N-dimethyl; see 
FIG. 1), is bound to a carbon atom within the polyamine 
backbone. This designed tends to avoid perturbing the DNA 
binding characteristics of each of the backbone amine 
groups, while still achieving the display of reactive func
tional groups. 

In U.S. Pat. No. 5,217,964, Edwards discloses the linking 
of one or more alkyl-thiophosphate or alkyl-thiol groups to 
the polyamine backbone through one or more terminal 
benzyl group(s) or through one or more of the backbone 
amine groups. Huber (J. Biol. Chem. 271:27556-27563, 
1996) has shown that polyamines containing one or more 
aromatic groups can serve as inhibitors of the membrane 
polyamine uptake transporter, and predictably, they are not 
themselves taken up into cells. Consistent with the above 
observations, Edwards provides no information regarding 
biological activity for any of the structures proposed in U.S. 
Pat. No. 5,217,964 or 5,434,145. 

FIGS. 6A-6E illustrate the efficacy of each of the indi
cated chemoprotective polyamines in protecting against 
Cytoxan-induced alopecia in the rat model (Hussein et al., 
1990, infra). In this protocol (See Example 2), chemopro
tective polyamines are applied topically to the rat pups' 
backs in an alcohol:water delivery vehicle, once per day, for 

10 structure, to induce expression of the negative cell cycle 
regulator, p21, to cause a GI-specific cell cycle block, and 
to protect against chemotherapy-induced alopecia and der
matitis in an animal model. Thus, the compounds of the 
invention are particularly suitable for treatment of humans to 

15 prevent the local side effects of cancer chemotherapy and 
radiotherapy. Based upon their growth regulatory effects, 
chemoprotective polyamines may also find utility in other 
applications where inhibition of cell growth would be 
advantageous, including regulating proliferative conditions 

20 of the skin, such as psoriasis and dermal nevus. 
Two important targets for delivery of such protective 

therapies are (1) the epithelial cells of the skin, including 
hair follicles and the epidermis, and (2) the epithelial cells 
lining the oral and entire gastrointestinal (GI) or urogenital 

25 tract. The method of protection of these tissues with chemo
protective amines comprises administering to a population 
of epithelial cells a composition consisting of a chemopro
tective amine and a delivery vehicle for a time and in an 
amount effective to protect the non-neoplastic cells from 

30 damage during the cancer chemotherapy or radiotherapy. In 
one embodiment, the method is used to prevent alopecia 
during cancer therapy, by topically applying the composition 
to the scalp. In another embodiment, the method is used to 
prevent gastrointestinal distress due to cancer therapy by 

35 administering the composition orally. In another embodi
ment, the method is used to prevent mucositis from chemo
therapy or radiotherapy by administering the composition 
topically to the appropriate region of the body. In yet another 
embodiment, the method is used to prevent radiation-in-

40 duced dermatitis, skin rash, and ulceration at the site of 
irradiation by applying the composition to the skin. 

Administration of chemoprotective amines to human or 
non-human subjects can be achieved in several ways. The 
preferred administration route is topical, to tissue sites 

45 including the skin, as well as oropharyngeal and gastrointes
tinal mucosa! surfaces. It can also be delivered locally to an 
internal organ, tissue or regions thereof. It should be noted, 
as with all pharmaceuticals, the concentration and total 
amount of amine administered will vary depending upon the 

50 tissue being treated, the mode of administration, the size and 
condition of the subject being treated, and the particular 
chemoprotective amine being used. 

Compositions of chemoprotective amines formulated in 
delivery vehicles are well-suited to be administered topically 

55 to the skin or surfaces of the mouth, GI or urogenital tract. 
Pharmacologic concentrations of chemoprotective amines 
can protect normal, non-neoplastic cells from cancer 
therapy-associated cell damage. By producing a local gra
dient effect within the tissues, the topically applied amine 

60 produces a local protective effect at the intended region. This 
dose-dependant gradient of topical drug can effectively 
protect normal proliferating cells rendering them less sus
ceptible to radiation or chemotherapy. Importantly, while 
this local effect would protect normal cells, in contrast, any 

65 deeper-seated tumor cells would be less affected by the 
topical amine composition, and would remain sensitive to 
the cancer therapeutic. Moreover, topical delivery of a 



US 7,314,959 B2 
45 

chemoprotective amine, which has a highly positive charge 
at physiologic pHs, should diminish any systemic exposure 
and limit the effect on any tumor cells or normal host organ 
cells. Given the host toxicity that has been previously 
observed when polyamine analogs were administered sys
temically (Creaven, P. et al., Invest. New Drugs 15:227-234, 
1997; Streiff, Rand Bender, J., Invest. New Drugs 19:29-39, 
2001 ), this provides another important reason to avoid 
systemic delivery of the chemoprotective amine molecules. 
The intended protection of normal tissue is achieved by an 
appropriate formulation of chemoprotective amine in com
bination with an appropriate delivery vehicle depending on 
the administration site ( e.g. dermal/intradermal or mucosa!). 
A pharmaceutical composition comprising a chemoprotec
tive amine formulated with an appropriate delivery vehicle 
will have utility in any normal cell type susceptible to the 
side effects of cancer therapy that is accessible by topical 
delivery. 

Thus, the chemoprotective amines of the invention are 
administered topically (or locally) to protect patients from 
the side effects of cancer therapy. The term "topical" denotes 
the administration of a drug intended to act locally rather 
than systemically. In the present invention, "topical" or 
"local" delivery is directed to epidermal and dermal cells of 
the skin and scalp (including cells lining hair follicles), as 
well as mucosa! cells of the mouth, salivary glands, throat, 
gastrointestinal system and urogenital tract. For some of 
these latter locations, compositions may be formulated for 
oral or nasal delivery, or as suppositories. The goal of such 
delivery systems is to contact these internal surfaces topi
cally with the chemoprotective amine. 

The local delivery of drug molecules within the skin or 
mucous membranes using a noninvasive delivery system has 
many attractions, including patient acceptability due to the 
noninvasiveness of the procedure, avoidance of gastrointes
tinal digestion and disturbances, and first-pass metabolism 
of the delivered molecule. Topical delivery is not an efficient 
means for systemic drug delivery. It is estimated that only 
between 1 %-15% of a drug in most topical formulations is 
systemically bioavailable. In preferred embodiments of the 
invention, less than 10%, preferably less than 5% and most 
preferably less than 1 % of the chemoprotective amine, 
provided topically e.g., dermal, intradermal, mucosa! or GI 
epithelial delivery, move to reach the dermis and/or other 
underlying tissues. 

Topical delivery vehicles can take the form of aqueous or 
aqueous:alcohol solutions, emulsions, creams, lotions, oint
ments, gels or liposomes. 

Solutions are the most traditional types of formulations 
for topical dermal drugs, where the agent is solubilized in a 
solvent. Solvent-based systems are simple and effective 
constituents of topical delivery vehicles for some drugs. 
Alcohols are the most commonly used solvents for topical 
solutions. Typically, the drug is combined into a water and 
alcohol mixture. The alcohol content varies between 
10-100%. Alcohols used include ethanol, propylene glycol, 
polyethylene glycols, methanol, or butanediol. Each of these 
types of alcohols is suitable for use in the present invention; 
others not listed are also suitable, as would be understood by 
one of skill in the art. High alcohol content solutions, such 
as solutions of70% ethanol in water, or solutions containing 
60% ethanol, 20% propylene glycol and 20% water, are 
particularly good at penetrating the stratum corneum of the 
epidermis. Topical minoxidil, a hair regrowth treatment, 
uses the latter formulation as the delivery vehicle. 

Solution-based delivery systems are particularly suitable 
for the delivery of small organic molecules. In one preferred 

46 
embodiment, particularly for administration of chemopro
tective amines to the epidermis, alcoholic solutions, as 
described above, are utilized. An aqueous alcohol-based 
delivery vehicle has been proven to be highly effective for 

5 topical administration of chemoprotective amines. Advan
tages of this delivery system include, ease of manufacturing, 
ease of application, fast drying, lack of residue on skin, and 
ease of analysis of active drug compound after formulation. 
Solution-based formulations are typically administered 

10 using dropper bottles or as aerosols. 
Emulsions form the basis of cream and lotion-type for

mulations. Typically, these formulations are colloidal dis
persions composed of two immiscible phases; an oil phase 
and an aqueous phase with an emulsifier. Typical oils used 

15 in emulsions include stearyl alcohol, isopropyl lanolate, 
isopropyl myristate, cetyl alcohol, and vitamin E. Emulsi
fiers are essentially surfactants that lower the surface tension 
of the immiscible phases. Useful emulsifiers include fatty 
acid esters or stearates of glycerol, sorbitan, or polyoxyeth-

20 ylene (POE) and the like. Depending on the location of the 
oil and water, emulsions are oil-in-water, water-in-oil or 
combinations thereof. The preparation of an emulsion com
monly requires some mechanical shear force with heat to 
mix the internal and external phases. Most topical emulsions 

25 contain viscosity builders such as natural gums (alginates, 
carrageenan, tragacanth, pectin, xanthan or collagen) at 
1-5% to thicken the preparation. Higher percentages of 
viscosity builders produce creams, a lower percentage form 
lotions. Complete formulations for emulsions (creams and 

30 lotions) include, for example, water, alcohol, propylene 
glycol, sodium lauryl sulfate and white wax. In alternative 
formulations, they include water, alcohol, glycerol, phos
phatidyl choline, lysophosphatidyl choline and triglycerides. 
For administration of chemoprotective amines to the epi-

35 dermis, emulsions are particularly useful. Ease of adminis
tration, good local retention and slow release of drug are 
some of the attractive characteristics of emulsions for a 
topical delivery system. 

Ointments are composed of fluid hydrocarbons meshed in 
40 a matrix of higher melting solid hydrocarbons. The hydro

carbon ointment base is typically petrolatum and white 
ointment. In one embodiment, ointments are prepared by 
melting the base, followed by the addition of excipients, 
such as antioxidants to the fluid. The drug is then suspended 

45 into the ointment by milling. Due to the high oil content, 
ointments tend to be greasy. Adding components, such as 
microcrystalline cellulose, which gives the ointment a dry 
feel on the skin, can reduce greasiness. All ingredients listed 
above for preparation of ointments are suitable for use with 

50 the pharmaceutical compositions and methods provided 
herein, as well as unlisted ingredients typically employed for 
such purposes by one of skill in the art. 

Gels are semisolids consisting of a gelling agent that is 
penetrated with liquid solvent. The concentration and the 

55 molecular weight of the gelling agent affect the consistency 
of vehicle formulation. The gelling agent is a suspension of 
either large organic or small inorganic molecules. The large 
organic molecules consisting of either natural or synthetic 
polymers exist as randomly coiled chains that entangle and 

60 form the gel structure. Some common polymers of this kind 
are natural gums, cellulose derivatives and acrylic acid 
polymers. Another class of these gels, called thermally 
sensitive gels, is prepared from poloxamers. In contrast, the 
small inorganic molecules form the gel structure by forming 

65 a somewhat organized three-dimensional network. Common 
small inorganic polymers include colloidal solids found in 
silica and clays. The nature of the solvent determines 
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whether the gel is a hydrogel (water-based) or an organogel 
(non-aqueous solvent based). Gels are attractive topical 
delivery vehicles for chemoprotective amines because they 
are relatively easy to prepare and tend to have a long 
residence time at the site of application allowing the slow 5 

release of compound at the desired site. All ingredients listed 
above for preparation of gels are suitable for use herein. 
Unlisted ingredients typically employed by one skilled in the 
art for such purposes are also contemplated for use herein in 
conjunction with or as substitutes for the exemplified ingre- 10 

dients and components. 
Liposomes are vesicles consisting of amphipathic lipids 

arranged in one or more concentric bilayers. When lipids are 
placed in aqueous medium, the hydrophilic interaction of the 
lipid head groups with water results in the formation of 15 

multilamellar and unilamellar systems or vesicles which 
resemble biological membranes in the form of a spherical 
shell. Liposomes may be small (0.025-0.05 um) to large 
multilamellar vesicles (0.05-10 um). Lipids used to prepare 
the liposomes include phospholipids, sphingolipids, gly- 20 

cosphingolipids, saturated glycerides, steroids ( e.g., choles
terol) and synthetic phospholipids. Liposomes are typically 
prepared by melting the lipid together in aqueous solvent 
with an emulsifier like POE. The drug is then added and the 
liposomes are generated through mixing or sonication. The 25 

drug is usually entrapped in the vesicle structure. These 
basic liposomes are sometimes referred to as "conventional 
liposomes." Several other types of liposomal preparations 
exist, including (1) sterically stabilized liposomes, which are 
surface coated with an inert hydrophilic polymer, such as 30 

polyethylene glycol; (2) targeted liposomes, to which are 
attached targeting ligands, such as antibodies or fragments 
thereof, lectins, oligosaccharides or peptides (e.g., cholera
toxin B (CTB) is used to target liposomes to the gastrointes
tinal epithelium); and (3) reactive or "polymorphic" lipo- 35 

sames, which change their phase and structure in response 
to a particular interaction (this group includes liposomes 
sensitive to ions (pH, cations), heat and light, among other 
stimuli. 

48 
minor component of liposomes facilitates the assocrnt10n 
with negatively charged solutes, the rapid binding of lipo
somes to the cell surface, and the cellular uptake of lipo-
somes. pH-sensitive liposomes have been developed to 
improve the efficiency of the cytoplasmic delivery of anti
tumor drugs, proteins, and nucleic acids. Most pH-sensitive 
liposomes have been prepared using phosphatidylethanola
mine (PE). PE alone does not form liposomes and is prone 
to form the inverted hexagonal phase (HII). However, lipo
somes can be prepared by adding another bilayer-stabilizing, 
amphiphilic lipid component to PE. Titratable amphiphiles 
having a carboxyl group have been used as a component for 
the preparation of pH-sensitive liposomes. Because the 
ability to stabilize a bilayer membrane by these titratable 
amphiphiles decreases under acidic conditions, destabiliza
tion results in the fusion of the liposomes. pH-sensitive 
liposomes are stable at physiological pH, and are internal
ized by cells through an endocytic pathway, which exposes 
the liposomes to an acidic pH. Liposomes within the endo
some are destabilized and possibly fuse with the endosome 
membrane, resulting in release of their contents into the 
cytoplasm without degradation by lysosomal enzymes. 

In other embodiments of the invention, sterically stabi
lized, inert liposomes are particularly suitable. In still other 
embodiments, targeted liposomes may be used to advantage. 

For many applications, mucosa! delivery will be used for 
delivery of chemoprotective amines. Mucosa! delivery 
defined here is the local delivery of chemoprotective amines 
to the mucosa of the mouth, GI, and urogenital tract. 
Mucosally active drugs, can be formulated as either solu
tions, emulsions or creams, ointments, gels or liposomes 
using the ingredients described above. In addition, there are 
also special excipients specifically designed for mucosa! 
delivery. The description, composition, and applicability of 
these major types of mucosa! delivery forms are set forth 
below. Each is considered suitable for practice of various 
embodiments of the present invention. 

In general, the structure of the mucosa! surface is com
posed of an outermost layer of stratified squamous epithe-

Liposomes are good vehicles for dermatological applica
tions. Liposomal delivery offers certain advantages over 
more conventional formulations, including: (1) reduced seri
ous side effects and incompatability from undesirably high 
systemic absorption; (2) significantly enhanced accumula
tion of the delivered substance at the site of administration 
due to high compatability of liposomes with stratum cor
neum; (3) ready incorporation of a wide variety of hydro
philic and hydrophobic molecules into the skin; ( 4) protec
tion of the entrapped compound from metabolic 
degradation; and (5) close resemblance to the natural mem
brane structure and their associated biocompatibility and 
biodegradability. All ingredients listed above and for prepa
ration of various types of liposomes are suitable for use in 
the present invention, as well as any other such ingredients 
typically employed by one skilled in the art for such pur
pose. 

40 lium, below which lie a basement membrane, a lamina 
propria followed by the submucosa as the inner-most layer. 
The mucosae of areas subject to mechanical stress such as 
the gingivae or the hard palate are also keratinized, similar 
to the epidermis. Depending on the keratinization, the 

45 mucosa is somewhat permeable. The permeability of oral 
mucosa is 4-4000 times greater than that of the skin. 
Permeability of intestinal mucosa is even greater. The cells 
of the epithelia are surrounded by an intercellular ground 
substance, mucous, the principal components of which are 

50 complexes of proteins, carbohydrates, lipids and ceramides. 
Primarily, special mucous-secreting cells, called goblet 
cells, synthesize mucous. However, in the oral mucosa, most 
of the mucous is produced by the major and minor salivary 
glands. Mucous forms a strongly cohesive gel structure that 

55 will bind to the epithelial cell surface as a gelatinous layer. 
The penetration of this mucous layer and the local retention 
of compound because of its permeability must be achieved 
for effective mucosa! drug delivery. However, this route of 
administration is very important for the delivery of com-

60 pounds designed to protect mucosa! surfaces from cancer 
therapy. Since the mucosa! surface is a common site in 
which many of the unwanted side effects occur, the use of 
formulated mucosally-active drugs designed to prevent 
these effects is warranted. 

In order to achieve efficient delivery of a chemoprotective 
amine into the skin, one embodiment of the invention 
includes various formulations of liposomes (including but 
not limited to luminallipid-based vesicles, phospholipid
based vesicles, cationic liposomes, nonionic liposomes, non 
ionic/cationic liposomes, pegylated liposomes, PINC poly
mer, and propylene glycol and ethanol mixture (commonly 
used vehicle for administering minoxidil), and nonionic 
liposome/propylene glycol and ethanol mixtures. Reactive 65 

liposomes may be preferred for other embodiments of the 
present invention. Inclusion of cationic amphiphiles as a 

Issues to be considered with mucosa! delivery are (1) low 
flux or drug transport through the mucous layer and (2) poor 
retention and bioadhesion at the mucosa! site. Mucosa! 
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permeation enhancers are designed to improve drug flux or 
penetration at the mucosa! surface. The use of these enhanc
ers can increase drug permeability by 100-fold or more. 
Various permeation/absorption enhancers vary in molecular 
weight and physicochemical properties. In a preferred 
embodiment for mucosa! delivery, permeation enhancers are 
included in formulations for delivery of chemoprotective 
amines to the mucosa! surface. Most types of enhancers are 
detergents that include: sodium glycocholate, sodium tau
rocholate, polysorbate 80, sodium lauryl sulfate, !auric acid, 
and various alkyl glycosides. Other examples of enhancers 
include: dextrins ( cyclodextrin, dextran sulfate), fatty acids 
(phosphatidylcholine, lysophosphatidylcholine ), heterocy
clic compounds (azone), and small molecules (benzalko
nium chloride, cetyltrimethylammonium bromide). Each is 
contemplated for use in the present invention as are other 
unlisted ingredients typically used for such purpose, as 
would be appreciated by one of skill in the art. 

The addition of mucoadhesives to the formulation can 

50 
upon the method of administration chosen, and may be made 
according to protocols well known to medicinal chemists. 

The pharmaceutical preparation comprising the composi
tions of the invention are conveniently formulated for 

5 administration with a biologically acceptable medium such 
as water, buffered saline, alcohols, polyol (for example, 
glycerol, propylene glycol, liquid polyethylene glycol and 
the like), dimethyl sulfoxide (DMSO), oils, detergents, 
suspending agents or suitable mixtures thereof, as compat-

10 ible with the specific delivery vehicles described above. The 
concentration of a particular composition in the chosen 
medium will depend on the hydrophobic or hydrophilic 
nature of the medium, in combination with the specific 
properties of the delivery vehicle and active agents disposed 

15 therein. As used herein, "biologically acceptable" or "phar
maceutically-acceptable" refers to those compounds, mate
rials, compositions, and/or dosage forms that are, within the 
scope of sound medical judgment, suitable for contact with 
the tissues of human beings and animals without excessive 
toxicity, irritation, allergic response, or other problem com
plications commensurate with a reasonable benefit/risk ratio. 

As used herein, "pharmaceutically-acceptable salts" refer 
to derivatives of the disclosed compounds wherein the 
parent compound is modified by making acid or base salts 

improve local retention of mucosally delivered compounds. 20 

In another preferred embodiment for mucosa! delivery, 
mucoadhesives are included in the formulations of the 
invention. Mucoadhesive compounds are primarily syn
thetic or natural polymers that can adhere to the wet mucosa! 
surface. These include synthetic polymers such as mono
meric alpha cyanoacrylate, polyacrylic acid, hydroxypropyl 
methylcellulose, and poly methacrylate derivatives. Glue
like polymers include epoxy resins and polyurethanes. Natu
rally occurring mucoadhesives include chitosan, hyaluronic 
acid and xanthan gum. Each is contemplated for use in the 
present invention as are other unlisted ingredients typically 
used for such purpose, as would be appreciated by one of 
skill in the art. 

25 thereof. Examples of pharmaceutically-acceptable salts 
include, but are not limited to, mineral or organic acid salts 
of basic residues such as amines; alkali or organic salts of 
acidic residues such as carboxylic acids; and the like. Thus, 
the term "acid addition salt" refers to the corresponding salt 

30 derivative of a parent compound that has been prepared by 
the addition of an acid. The pharmaceutically-acceptable 
salts include the conventional salts or the quaternary ammo
nium salts of the parent compound formed, for example, 
from inorganic or organic acids. For example, such conven-

Other delivery vehicles are also suitable for use in the 
present invention, particularly for administration of chemo
protective amines to the mucosa and lumen of the GI and 
urogenital tract. Nonlimiting examples include: (1) oils such 
as vegetable oils or fish oils (which can be encapsulated into 
standard gel capsules); and (2) emulsions prepared, for 
example, by dispersing polyoxyethylene ethers, e.g., 
10-stearyl ether (Brij 76) in aqueous buffer. 

Other examples of delivery vehicles suitable for the GI or 
urogenital mucosa include biodegradable microparticles 
(preferably in the range of0.1-10 uM diameter) of polylactic 
polyglycolic acid, which have been used to deliver proteins 
to Caco-2 cells as an in vitro model system for gastrointes
tinal uptake via oral drug delivery (Desai et al., Phann. Res. 
14: 1568-1573, 1997). Significant uptake of proteins carried 
by polystyrene particles into cells lining the small intestine 
of the rat has been demonstrated (Hillery et al., J. Drug 
Targeting 2: 151-156, 1994). Indeed, delivery of protein
containing microparticles has been reported from the GI 
lumen all the way to the submucosal vasculature (Aphra
maian et al., Biol. Cell 61: 69-76, 1987). Therefore, such 
polymeric microparticles are quite suitable for oral delivery 
of chemoprotective amines to gastrointestinal epithelial 
cells, which are found on the surface of the GI lumen. 

Thus, chemoprotective amines are formulated as pharma
ceutical preparations for topical or local administration to 
patients. The following sites oflocal administration of these 
pharmaceutical preparations are contemplated: oral, nasal, 
ophthalmic, gastrointestinal, urogenital and dermal ( cutane
ous). The term "patient" or "subject" as used herein refers to 
human or animal subjects (animals being particularly useful 
as models for clinical efficacy of a particular composition). 
Selection of a suitable pharmaceutical preparation depends 

35 tional salts include, but are not limited to, those derived from 
inorganic acids such as hydrochloric, hydrobromic, sulfuric, 
sulfamic, phosphoric, nitric and the like; and the salts 
prepared from organic acids such as acetic, propionic, suc
cinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, 

40 pamoic, maleic, hydroxymaleic, phenylacetic, glutamic, 
benzoic, salicylic, sulfanilic, 2-acetoxybenzoic, fumaric, 
toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic, 
isethionic, and the like. Certain acidic or basic compounds 
of the present invention may exist as zwitterions. All forms 

45 of the compounds, including free acid, free base, and zwit
terions, are contemplated to be within the scope of the 
present invention. 

The topical formulation can contain a variety of excipi
ents that function to stabilize and solubilize the drug for-

50 mulation, increase permeation, and protect and aid in the 
application to the skin. Oil or water-based excipients are 
primarily added to improve drug solubility and spreadibility 
to the formulation. Surfactants may be added to topical 
formulations as detergents, solubilizers, emulsifiers, and 

55 wetting agents. 
It will also be appreciated by persons of skill in the art that 

pharmaceutical formulations of the invention may contain 
more than one chemoprotective amine. Various combina
tions of such agents may be useful for certain applications, 

60 and formulations of such combinations would be prepared 
according to the general guidelines set forth above. More
over, one or more chemoprotective amines may be com
bined with other agents, such as other anti-proliferative 
agents or chemoprotective drugs, to provide a pharmaceu-

65 tical formulation that is effective by two different modes of 
action. An anti-proliferative agent suitable for such use is the 
cyclin-dependent kinase II inhibitor described in PCT App Ii-
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case would normally depend on the nature of the chemo
therapy or radiotherapy and the cell population targeted for 
protection. 

For instance, for prevention of chemotherapy-induced 
alopecia, solvents, liposomes or other delivery vehicles 
containing the chemoprotective amine can be further for
mulated to be delivered, (e.g., as a topical cream, or gel) to 
the scalp of a patient prior to scheduled administration of 
chemotherapy. By protecting the epithelial cells that line the 
exposed surface of hair follicles from the chemotherapy 
drug, the loss of hair commonly associated with cancer 
chemotherapy is prevented. Likewise, for the treatment of 
radiation-induced dermatitis, the chemoprotective amine 
can be further formulated as a gel, ointment or cream 

cation US00/05186, published Dec. 28, 2000 as WO 
00/78289 or genistein, an inhibitor of tyrosine protein 
kinase. A chemoprotective agent suitable for such use is 
resveratrol (trihydroxy-trans-stilbene ). Several classes of 
"chemoprotective inducing agents" (agents that induce the 5 

cell's endogenous defense processes) that may be combined 
with the chemoprotective amines of the invention are 
described in detail in commonly-owned, co-pending U.S. 
patent application Ser. No. 09/565,714, filed May 5, 2000, 
and International Patent Application No. PCT USOl/14464, 10 

filed May 4, 2001, the entireties of each of which are 
incorporated by reference herein. Further, certain of those 
chemoprotective inducing agents also possess anti-prolifera
tive activity. 

15 containing moisturizers. This would further protect the epi
dermis from radiation damage. Administration of topical 
formulations comprising longer polyamines preferably is 
initiated several days prior to the cancer therapy, to ensure 
that the epithelial and mucosa! cells are adequately treated. 

The pharmaceutical preparation in one embodiment is 
formulated in dosage unit form for ease of administration 
and uniformity of dosage. Dosage unit form, as used herein, 
refers to a physically discrete unit of the pharmaceutical 
preparation appropriate for the patient undergoing treatment. 
Each dosage preferably contains a quantity of the chemo
protective amine calculated to produce the desired protective 
effect in association with the selected pharmaceutical carrier. 
Procedures for determining the appropriate dosage unit are 
well known to those skilled in the art. As used herein, 
"therapeutically effective amount" of an amount "effective" 
for a refers to an amount of a compound as described herein 
that may be effective to inhibit, or treat the symptoms of 
particular disorder or side effect, so as to obtain some 
improvement in condition or diminishment or reduction or 
symptoms. The term "prophylactically effective amount" 
refers to an amount of a compound as described herein that 
may be effective to prevent, inhibit, or diminish the onset the 
symptoms of a particular disorder or side effect. 

Dosage units may be proportionately increased or 
decreased based on the height and weight of the patient. 
Appropriate concentrations for achieving protection of a 
target cell population or tissue from the toxic effect of a 
particular chemotherapeutic agent may be determined by 
dosage concentration curve calculations, as known in the art. 

20 For smaller compounds, topical application may be initiated 
as late as 30 minutes prior to cancer therapy, or at interme
diate times prior to therapy, e.g., 2 hours, 4 hours, or 
incrementally up to 18-24 hours, prior to therapy. The 
formulation may then continue to be applied during the 

25 course of chemotherapy. 
In connection with the treatment of alopecia, and particu

larly radio- or chemotherapy-induced alopecia, the pharma
ceutical preparations of the invention may further comprise, 
or may be coadminstered with, a vasoconstrictor. Pharma-

30 ceutically-acceptable vasoconstrictors are known to the 
skilled artisan. Exemplary vasoconstrictors presently pre
ferred for use for treatment of alopecia according the present 
methods include epinephrine, capoten, enalapril, lisinopril, 
zolmitriptan, tetrahydrozaline, phenylephrine, procainimide, 

35 and nitric oxide. Epinephrine is presently preferred as a 
vasoconstrictor for use herein. The use of epinephrine as a 
topical vasoconstrictor used in conjunction with exemplary 
compounds of the invention is shown in the examples. 
Vasoconstrictors appear to be able to potentiate the effect of 

40 the aminothiols and other compounds disclosed herein by 
Vasoconstrictor can provide a benefit by any one of several 
means. For example, without limiting the invention to any 
one theory of operation, vasoconstrictors may act by: 

As one example, for topical applications, the chemopro
tective amine may be used at concentrations ranging from 
1-1200 mM in an appropriate carrier (e.g., alcohol solvent) 
applied to the scalp or other dermal site. The higher con-

45 
centrations in that range, e.g., 400-1200 mM, are more 
suitable for the amino thiols of the invention, while the 
lower concentrations, e.g., 1-400 mM, more specifically 
1-100 mM, are more suitable for the polyamines of the 
invention. These dosages are arrived at from results of 

50 
experiments using a rodent model and the range of dosages 

1) constricting skin blood vessels, thereby reducing sys
temic absorption of topically applied aminothiol; thus 
reducing any potential systemic toxicity; 

2) constricting skin blood vessels, thereby increasing or 
maintaining the effective amount and time that an 
active compound, e.g. an aminothiol is present at the 
site of action, thus increasing efficacy; 

3) at least transiently constricting skin blood vessels, 
thereby reducing the amount of systemic chemotherapy 
arriving at epidermal and follicular matrix stem cells; 
and 

is a function of results obtained from experiments using 
several different molecules that ranged in dose effectiveness. 
The volume of material applied to the skin ranges by size of 
surface area to be covered; e.g., scalp treatment for young 

55 
children requiring 3-5 ml, the amount being increased in 
adults to 10-20 ml per application. 

4) at least transiently constricting skin blood vessels 
thereby reducing the amount of oxygenated blood 
arriving at epidermal and follicular matrix stem cells. 

As another example, for gastrointestinal administration, 
the oral dose of the chemoprotective amine in an appropriate 
medium (e.g., solvent, liposome emulsion) is normalized to 
the lumenal surface area of the stomach and duodenum. This 
would assume that the patient consumes the material on an 
empty stomach upon rising in the morning. 

The pharmaceutical preparation comprising the composi
tions of the invention may be administered at appropriate 
intervals, before, during, or after a regimen of chemotherapy 
and/or radiotherapy. The appropriate interval in a particular 

The use of vasoconstrictors as described herein may 
include topical application of the vasoconstrictor before, 

60 during (e.g at the time of), or following the application of the 
pharmaceutical preparation or composition comprising the 
aminothiol or other active compound. For the treatment of 
alopecia, the topical application of epinephrine is preferred. 
Most preferred is the application of the vasoconstrictor just 

65 prior to or in conjunction with the application of the ami
nothiol, to allow any benefits of transient constriction of the 
blood vessels to accrue to the patient. In one embodiment, 
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the application of the vasoconstrictor is repeated during the 
treatment with the active compound. Presently preferred are 
vasoconstrictors which increase the efficacy of the ami
nothiol or other active compound in terms of treatment of, 
for example, the alopecia. 

For protection of the gastrointestinal epithelium, the 
chemoprotective amine is formulated to be delivered by 
mouth to a patient prior to scheduled administration of 
cancer therapy. Administration of the protective formulation 
in the 1-5 days prior to radiotherapy or the infusion of the 
chemotherapeutic agent thus confers protection to suscep
tible mucosa! epithelial cells. For example, the patient would 
be instructed to consume a "shake" containing the chemo
protective amine in an orally acceptable solution or lipo
some emulsion before breakfast in the morning, in the 1-5 
days preceding chemotherapy. This would allow the chemo
protective amine to be present when the chemotherapy drugs 
or radiotherapy act on the GI mucosa! epithelium. 

The examples that follow are included to aid in a more 
complete understanding of the present invention. The 
examples do not limit the invention disclosed and claimed 
herein in any fashion. Reference numerals are to the reaction 
schemes described above. All purification colunms were 
carried out using silica gel (230-400 mesh) with eluant 
noted. Silica gel plates (250 micron) were used for all thin 
layer chromatography (TLC) with the appropriate solvent 
system noted. 

EXAMPLE 1 

Preparation of Compounds Used in Synthetic 
Schemes 

Scheme 1: 

54 
all at once and the reaction was stirred at 70° C. overnight. 
The reaction progress was monitored by TLC using 6:4 
heptanes: ethyl acetate as the mobile phase. The completed 
reaction was cooled on ice and a white precipitate formed. 

5 The precipitate was removed by filtration and the filtrate 
condensed under vacuum. The resulting semisolid was dis
solved in dichloromethane and water. The organic layer was 
separated, the aqueous layer was extracted with dichlo
romethane and the combined organic layers were washed 

10 with water and condensed under vacuum. The product was 
purified by colunm chromatography using silica gel and 
90:9: 1 dichloromethane: methanol: animonium hydroxide as 
the eluant. 

Compound 5: Mesitylene sulfonyl chloride (1.1 molar 
15 equivalents wrt compound 4) dissolved in dichloromethane 

was stirred, under N2 , at 10° C. Compound C dissolved in 
dichloromethane was slowly added so that the temperature 
did not exceed 15° C. The reaction was cooled to 10° C. and 
triethylamine (1.2 molar equivalents wrt compound 4) was 

20 added. The reaction was stirred at RT for several hours. The 
progress was monitored by TLC using 1:1 heptanes: ethyl 
acetate as the mobile phase. The reaction was quenched by 
adding water and stirring for 20 minutes. The organic layer 
was separated, the aqueous layer was extracted with ethyl 

25 acetate then dichloromethane, and the combined organic 
layers were washed with water and condensed under 
vacuum. The product was purified by colurmi chromatog
raphy using silica gel and 6:4 heptanes: ethyl acetate as the 
eluant. 

30 The polyamine side chains are elongated by repeating 
steps 2-4 until the desired length is reached. 

Scheme 2: 
Compound 16: Dihydroxyacetone dimer, compound 15, 

35 was stirred in dimethylformamide, under N2 , at 2° C. 
Imidazole (5.02 molar equivalents wrt. Compound 15) then 
tert-butyl dimethylsilyl chloride ( 4.99 molar equivalents wrt 
compound 15) were added. The reaction was stirred at RT 
for 2 hours. Ice water was added and the reaction stirred for 
20 minutes. The organic layer was separated, the aqueous 
layer extracted two times with ethyl acetate, the combined 
organic fractions were washed with dilute brine, dried over 
anhydrous MgSO4, filtered, and condensed under vacuum to 
yield brown oil. The oil was purified by colunm chroma-

Compound 2: 2 M ethylamine (compound 1) in tetrahy
drofuran was stirred in a pressure bottle at <0° C. and 
mesitylene sulfonyl chloride (3 molar equivalents wrt ethy
lamine) was added in portions so that the temperature did not 
exceed 10° C. Dichloromethane and triethylamine were 40 
added and the pressure bottle sealed. The reaction was 
stirred in a 30° C. water bath for one hour and at RT for 30 
minutes. The reaction progress was monitored by TLC using 
8:2 heptanes: ethyl acetate as the mobile phase. Water was 
added and the organic layer was separated, the water layer 
was extracted once with dichloromethane, the combined 
organic layers were washed twice with water and condensed 
under vacuum. The product was used without further puri
fication. 

45 tography using silica gel and 97:3 heptanes: ethyl acetate 
then 95:5 heptanes: ethyl acetate as the eluant. 

Compound 17: NaH (1.1 molar equivalents wrt com
pound 1) was stirred, under N2 , in an ice bath and toluene 
was added. Triethyl phosphonoacetate (1.01 molar equiva-

Compound 3: NaH (1.2 molar equivalents wrt compound 50 lents wrt compound 16) was slowly added so that the 
temperature did not exceed 10° C. The reaction was stirred 
on ice until all observed effervescence stopped. The reaction 
was removed from the ice bath and compound 16 (bis-OTBS 
acetone) was added drop-wise. The reaction was stirred at 

A) was stirred, under N2 , at 10° C. and dimethylformamide 
was added. Compound 2 dissolved in tetrahydrofuran was 
added and stirred until the evolution of H2 gas ceased. 
Bromobutyl (or any N-alkyl depending on desired distance 
between amines)-phthalimide (1.1 molar equivalents wrt to 
compound 2) was added in one portion and Nal was added. 
The reaction was heated to 60° C. and the progress moni
tored after several hours by TLC using 7:3 heptanes: ethyl 
acetate as the mobile phase. The reaction contents were 
condensed under vacuum and dissolved in ethyl acetate and 60 

water. The organic layer was separated, the aqueous layer 
was extracted with ethyl acetate, and the combined organic 
layers were washed with dilute brine and condensed under 
vacuum. The product was used without further purification. 

55 RT for 1.5 hours and ethanol was added to dissolve a 

Compound 4: Ethanol was heated to 70° C. and com- 65 

pound B dissolved in hot ethanol was added. Hydrazine 
hydrate (2.5 molar equivalents wrt compound 3) was added 

precipitate that had formed. Water was added to quench the 
reaction. The organic layer was separated, the aqueous layer 
extracted once with ethyl acetate, and the combined organic 
layers were washed with brine and dried over anhydrous 
MgSO4 . The organic solution was filtered and condensed 
under vacuum to yield yellow oil. The oil was purified by 
colurmi chromatography using silica gel and 98:2 heptanes: 
ethyl acetate. 

Compound 18: Compound 2 was stirred in ether and 
cooled, under N2 , to -80° C. in an acetone/dry ice bath. 
Diisobutyl aluminum hydride (1.5 molar equivalents wrt 
compound 1 7) was added drop wise. The reaction was 
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removed from the acetone/dry ice bath, warmed to RT, and 
stirred at RT for 50 minutes. The reaction was cooled in an 
acetone/dry ice bath and water was added drop wise to 
quench the reaction. The acetone/dry ice bath was removed 
and 20% NaOH (molar equivalents wrt compound 17), 5 

dichloromethane, and Rochelle salt (KNa tartrate tetrahy
drate) were added. The organic layer was separated, the 
aqueous layer extracted two times with dichloromethane, 
and the organic fractions were combined, washed with water 
and dried first with K2CO3 and then MgSO4 . The dried 10 

organics were filtered and condensed under vacuum to yield 
clear oil. The clear oil was purified by colunm chromatog
raphy using silica gel and 9:1 heptanes: ethyl acetate as the 
initial eluant then changing to 8:2 heptanes: ethyl acetate. 

Compound 19: Compound 18 was stirred in dichlo- 15 

romethane, under N2 , and cooled to below 0° C. in an 
acetone/ice bath. Triethylamine (1.2 molar equivalents wrt 
compound 18) was added and the reaction cooled to below 

56 
Compound 23: Compound 22 was stirred in toluene, 

under N2 , at <5° C. Phosphorus tribromide (1.1 molar 
equivalents wrt compound 22) was slowly added. The 
reaction was removed from the ice bath and stirred at RT for 
30 minutes or until the reaction was complete as determined 
by TLC using 95:5 dichloromethane: methanol as the mobile 
phase. Upon completion the reaction was returned to the ice 
bath, water was slowly added, and the reaction was stirred 
for 15 minutes. The organic layer was separated, the aqueous 
layer extracted two times with ethyl acetate, the combined 
organic layers were washed with 2% (w:v) NaHCO3 and 
then brine, dried over K2 CO3 and MgSO4 , filtered and 
condensed under vacuum. The product was used without 
further purification. 

Compound 24: NaH (1.2 molar equivalents wrt com
pound 23) was stirred in dimethyl formamide, under N2 , at 
RT and a polyamine side chain (1.2 molar equivalents wrt 
compound 23), of chosen length, dissolved in tetrahydrofu
ran was added slowly. The reaction stirred at RT until the 
evolution of H2 gas ceased. Compound 23, dissolved in 
tetrahydrofuran, was slowly added and the reaction was 
stirred at RT for several hours. Reaction completeness was 
determined by TLC using 80:20 toluene: ethyl acetate as the 
mobile phase. The reaction was condensed under vacuum; 

0° C. Methane sulfonyl chloride (1.3 molar equivalents wrt 
compound 18) was added slowly while monitoring the 20 

temperature to assure that it did not exceed 5° C. The 
reaction stirred cold for 1 hour then dichloromethane and 
water were added. The organic layer was separated, the 
aqueous layer extracted with dichloromethane, the com
bined organic layers were dried with K2 CO3 and MgSO4 , 

filtered and condensed under vacuum to yield the mesylate 
intermediate. The product was used without further purifi
cation. 

25 the crude was dissolved in ethyl acetate and water. The 
organic layer was separated, the aqueous layer was extracted 
with ethyl acetate, and the combined organic layers were 
washed with brine, and condensed under vacuum. The 
product was used without further purification. 

Compound 25: Compound 24 was stirred in tetrahydro-
furan, under N2 , at RT. Methanol then sodium methoxide 
(1.5 molar equivalents wrt compound 24) were added and 
the reaction was stirred at RT for 30 minutes. Reaction 
completeness was determined by TLC using 80:20 toluene: 

Compound 20: NaH (1.25 molar equivalents wrt com
pound 18) was stirred with dimethyl formamide, under N2 , 30 

and a polyamine side chain (1.15 molar equivalents wrt 
compound 18), of chosen length, dissolved in tetrahydrofu
ran was slowly added. The reaction stirred at RT until the 
evolution of H2 gas ceased. Starting material mesylate was 
slowly added ( compound 4, step 1 product) and stirred at RT 
for several hours. Upon completion, as evidenced by TLC, 
the reaction contents were condensed under vacuum. The 
crude semi-solid was dissolved in ethyl acetate and water. 
The organic layer was separated; the aqueous layer extracted 
twice with ethyl acetate, the combined organic layers were 
washed with water and condensed under vacuum. The 
product was purified by colunm chromatography using silica 
gel and 75:25 heptanes: ethyl acetate as the eluant. 

35 ethyl acetate as the mobile phase. Concentrated HCl (molar 
equivalents wrt sodium methoxide) was added to neutralize 
the sodium methoxide and the reaction contents were con
densed under vacuum. Ethyl acetate and water were added 
to the crude product. The organic layer was separated, the 

40 aqueous layer washed once with ethyl acetate and once with 
dichloromethane, the combined organic layers dried with 
NaSO4 , filtered and condensed under vacuum. The product 
was purified by colurmi chromatography using silica gel and 

Compound 21: Compound 20 was stirred in methanol at 
RT. Concentrated HCl (2 molar equivalents wrt compound 45 

20) was slowly added. The reaction stirred at RT for 30 
minutes or until reaction was complete as evidenced by TLC 
with 60:40 heptanes: ethyl acetate as the mobile phase. The 
reaction contents were condensed under vacuum and puri
fied by colurmi chromatography using silica gel and 95:5 50 

dichloromethane: methanol as the eluant. 
Compound 22: Compound 21 dial was stirred in dichlo

romethane, under N2 , in an ice/MeOH bath. Benzoyl Chlo
ride (1.03 molar equivalents wrt compound 21) was added. 
Once the reaction reached <10° C., pyridine (1.04 molar 55 

equivalents wrt compound 21) was slowly added. The 
reaction was stirred in the ice/methanol bath for 1 hour and 
completeness was determined by TLC using 1:1 heptanes: 
ethyl acetate as the mobile phase. Once reaction was com
plete, water was added and the reaction stirred for 15 60 

minutes in the ice/methanol bath. The organic layer was 
separated; the aqueous layer extracted with dichlo
romethane, the combined organic layers were washed once 
with water, dried over anhydrous MgSO4 , filtered and con
densed under vacuum. The product was purified by column 65 

chromatography using silica gel and 7:3 heptanes: ethyl 
acetate as the eluant. 

8:2 toluene: ethyl acetate as the eluant. 

Scheme 3: 
Compound 28: Compound 26 was stirred in dichlo

romethane, under N2 , at -10° C. in an ice/methanol bath. 
Triethylamine (2 molar equivalents wrt to compound 26) 
was added and the reaction was again cooled to -10° C. 
Methane sulfonyl chloride (2.5 molar equivalents wrt com
pound 26) dissolved in methylene chloride was added 
slowly and the reaction stirred cold for 1 hour. Reaction 
completeness is monitored by TLC using 8:2 heptanes: ethyl 
acetate. Water was slowly added to quench the reaction. The 
organic layer was separated, the water layer extracted with 
dichloromethane, the combined organic layers were washed 
with brine and condensed under vacuum. The reactive 
intermediate was used immediately without further purifi
cation. 

Compound 29: Potassium thioacetate (2.5 molar equiva
lents wrt compound 26) in dimethylformamide was stirred, 
under N2 , at RT. Compound 28 mesylate in dimethylforma
mide was slowly added and the reaction was stirred over
night. The reaction was condensed under vacuum and the 
solids dissolved in ethyl acetate and water. The organic layer 
was separated, the aqueous layer back extracted with ethyl 
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Scheme 16: acetate, the combined organic layers were washed with brine 
and condensed under vacuum. The product was purified by 
colunm chromatography using silica gel and 8:2 toluene: 
ethyl acetate as the eluant. 

Compound 31: NaH (1.25 molar equivalents wrt com
pound 26) was stirred, under N2 , at RT and dimethylforma
mide was added. Mesitylene methyl sulfonamide dissolved 

Compound 83: Potassium phthalimide (2.4 molar 
eqivalents wrt to 37) was dissolved in 3 volumes of anhy
drous DMF. Compound 37 was then added, and the reaction 

5 stirred for 16 to 24 hours at RT. The reaction material was 

in tetrahydrofuran was slowly added and the reaction was 
stirred until the evolution of H2 gas ceased. Compound 28 

10 
mesylate dissolved in tetrahydrofuran was slowly added and 
the reaction was stirred overnight. The reaction was con
densed under vacuum and the solids dissolved in ethyl 
acetate and water. The organic layer was separated, the 
aqueous layer extracted with ethyl acetate, the combined 15 
organic layers were washed with brine and condensed under 
vacuum. The product was purified by column chromatog
raphy using silica gel and 8:2 toluene: ethyl acetate as the 
eluant. 

Compound 33: NaH (1.25 molar equivalents wrt com- 20 

pound 26) was stirred, under N2 , at RT and dimethylforma
mide was added. Mesitylene dimethyl sulfonamide dis
solved in tetrahydrofuran was slowly added and the reaction 
stirred until the evolution of H2 gas ceased. Compound 28 
mesylate dissolved in tetrahydrofuran was slowly added and 25 

the reaction was stirred overnight. The reaction was con
densed under vacuum and the solids dissolved in ethyl 
acetate and water. The organic layer was separated, the 
aqueous layer extracted with ethyl acetate, the combined 
organic layers were washed with brine and condensed under 30 

vacuum. The product was purified by column chromatog
raphy using silica gel and 8:2 toluene: ethyl acetate as the 
eluant. 

Compound 35: NaH (1.25 molar equivalents wrt com
pound 26) was stirred, under N2 , at RT and dimethylforma- 35 

mide was added. Mesitylene ethyl sulfonamide dissolved in 
tetrahydrofuran was slowly added and the reaction stirred 
until the evolution ofH2 gas ceased. Compound 28 mesylate 
dissolved in tetrahydrofuran was slowly added and the 
reaction stirred overnight. The reaction was condensed 40 

under vacuum and the solids dissolved in ethyl acetate and 
water. The organic layer was separated, the aqueous layer 
extracted with ethyl acetate, the combined organic layers 
were washed with brine and condensed under vacuum. The 
product was purified by colunm chromatography using silica 45 

gel and 8:2 toluene: ethyl acetate as the eluant. 

Removal of Mesitylene Protective Groups: 

concentrated down to an oily semi-solid, and then water and 
methylene chloride were added to the mixture. The layers 
were separated and the aqueous was back-extracted with 
methylene chloride. The organics were combined, washed 
with brine, and then concentrated down to solids. The solids 
were stirred in hot isopropanol, allowed to cool to RT, then 
filtered. The crude solids were dried to give compound 83 as 
an off-white solid. 

Compound 84: Compound 83 was dissolved in 10 vol
umes of warm ( ca. 60° C.) ethanol. Hydrazine hydrate (1. 1 
molar equivalents wrt 83) was added, and the reaction stirred 
warm for 4 hours. The reaction was cooled in an ice bath to 
<5° C., concentrated hydrochloric acid (2.5 molar equiva
lents wrt 83) was added, and the mixture was stirred for 30 
minutes. The cold mixture was filtered, and then concen
trated. Ethanol was added to the solids, heated to reflux, and 
the material was cooled to RT. The crude crystalline product 
was filtered and dried to give compound 84. 

Compound 85: Compound 84 was dissolved into 15 
volumes of chilled (<5° C.) 10% NaOH(aq). Mesitylene
sulfonyl chloride (1.1 equivalents wrt 84) in methylene 
chloride (a volume equal to the amount of aqueous) was 
slowly added, and the reaction stirred for 1 hour while 
chilled. The reaction then was allowed to warm to RT and 
stir for 16 hours. The layers were separated and the aqueous 
back-extracted with methylene chloride. The organics were 
combined, washed with brine, and then concentrated down 
to solids. The crude product was recrystallized from 5 
volumes of isopropanol to give compound 85. 

Compound 86: Compound 85 was dissolved in 6 volumes 
of anhydrous THF and chilled to <5° C. 1 M borane-THF 
complex in THF (2 molar equivalents wrt 85) was slowly 
added and the reaction was stirred cold for 30 minutes. The 
reaction then warmed to RT while stirring for 16 hours. 
Ethanol (2.5 volumes wrt 85) was slowly added as off
gassing and exotherm allowed, followed by 4 M NaOH(aq) 
(6.5 volumes wrt 85), and finally 30% hydrogen peroxide 
(5.5 volumes wrt 85). The reaction then stirred for 16 hours. 
Ethyl acetate was added and the layers separated. The 
organics were washed with brine and concentrated to an 
opaque white oil. The oil was chromatographed on silica gel 
(10: I loading) using 6:4 heptanes: ethyl acetate as the eluent. 
Positive fractions were combined and concentrated to give 
pure compound 86. 

Compound 87: Compound 86 was dissolved in 10 vol-
umes of methylene chloride, chilled to <5° C., and triethy
lamine (3 molar equivalents wrt 86) was added. Methane
sulfonyl chloride (2 molar equivalents wrt 86) in methylene 
chloride (5 volumes wrt 86) was slowly added and the 

55 reaction stirred cold for 1 hour. Water was added, and the 
reaction stirred for 15 minutes. The layers are separated and 
the aqueous back-extracted with methylene chloride. The 
organics were combined, washed with brine, and then con
centrated to a pale-yellow oil. The crude oil was chromato-

Compounds 30, 32, 34, and 36: Starting material was 
stirred in dichloromethane at RT and phenol (11 molar 50 

equivalents per mesitylene group) was added. 30% HBr in 
acetic acid was slowly added (13 molar equivalents per 
mesitylene group) and the reaction was tightly sealed and 
stirred for 24-72 hours at RT. Water was added and the 
reaction stirred for 30 minutes at RT. The organic layer was 
separated, the aqueous layer was washed five times with 
dichloromethane, and the water layer was condensed under 
vacuum. 30% NaOH was added to the oil and stirred for 
several minutes to make the free base. Dichloromethane was 
added and stirred for several more minutes. The organic 
layer was separated, the water layer was extracted five times 
with dichloromethane, and the combined organic layers 
were condensed under vacuum. The HCl salt was made by 
stirring the free base in ethanol and slowly adding concen
trated HCl ( 4 molar equivalents per free amine). The reac
tion was condensed under vacuum and the solids were 
recrystallized in a hot ethanol/water mixture. 

60 graphed on silica gel using 4:1 toluene: ethyl acetate. 
Positive fractions were combined and concentrated to give 
compound 87. 

Compound 88: Compound 87 was dissolved in 10 vol
umes of anhydrous DMF. Potassium thioacetate (2.5 molar 

65 equivalents wrt 87) dissolved in anhydrous DMF (an equal 
volume used to dissolve 87) was added, and the reaction 
stirred at RT for ca. 16 hours. The solvent was removed by 
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rotary evaporation and the oily semi-solid dissolved in 
methylene chloride and water. The layers were separated and 
the aqueous back-extracted with methylene chloride. The 
organics were combined and washed with brine. The organ
ics were concentrated and dissolved in hot isopropanol. The 5 

inorganic salts were filtered away, and the product crystal
lized. Compound 88 was isolated as white crystalline mate
rial. 

rotary evaporation and the oily semi-solid dissolved in 
methylene chloride and water. The layers were separated and 
the aqueous back-extracted with methylene chloride. The 
organics were combined and washed with brine. The organ
ics were concentrated and dissolved in hot isopropanol. The 
inorganic salts were filtered away, and the product crystal
lized. Compound 95 was isolated as white crystalline mate
rial. 

Scheme 17: 
Compound 91: Methylamine hydrochloride (compound 10 

90, 1.5 molar equivalents wrt mesitylenesulfonyl chloride) 
was dissolved into 15 volumes of chilled ( <5° C.) 10% 
NaOH(aq). Mesitylenesulfonyl chloride in methylene chlo
ride (a volume equal to the amount of aqueous) was slowly 
added, and the reaction stirred for 1 hour while chilled. The 15 

reaction then was allowed to warm to RT and stir for 16 

EXAMPLE 2 

Biological Assay for Efficacy in Preventing 
Alopecia 

The efficacy of chemoprotective polyamines and ami-
nothiols in reducing or preventing chemotherapy- or radia
tion-induced alopecia in a rat model was examined. This 
animal model mimics many of the features found in che
motherapy-induced alopecia in humans. It is particularly 

hours. The layers were separated and the aqueous back
extracted with methylene chloride. The organics were com
bined, washed with brine, and then concentrated down to 
solids. The crude product was recrystallized from 5 volumes 
of isopropanol to give compound 91. 

Compound 92: Sodium hydride (1.2 molar equivalents 
wrt compound 91) was stirred in anhydrous dimethylforma
mide, under N2, at RT and compound 91 (1.1 molar equiva
lents wrt compound 37) dissolved in anhydrous tetrahydro
furan was added slowly. The reaction stirred at RT until the 
evolution of H2 gas ceased. Compound 37, dissolved in 
tetrahydrofuran, was slowly added and the reaction was 
stirred at RT for several hours. Upon reaction completion, a 
small amount of water was added, and the reaction concen
trated to a thick oily semi-solid. Water is added, and the 
crude product is collected by filtration. The solids (com
pound 92) are dried and then recrystallized from ethyl 
acetate. 

Compound 93: Compound 92 was dissolved in 6 volumes 
of anhydrous THF and chilled to <5° C. 1 M borane-THF 
complex in THF (2 molar equivalents wrt 92) was slowly 
added and the reaction was stirred cold for 30 minutes. The 
reaction then warmed to RT while stirring for 16 hours. 
Ethanol (2.5 volumes wrt 92) was slowly added as off
gassing and exotherm allowed, followed by 4 M NaOH(aq) 
(6.5 volumes wrt 92), and finally 30% hydrogen peroxide 
(5.5 volumes wrt 92). The reaction then stirred for 16 hours. 
Ethyl acetate was added and the layers separated. The 
organics were washed with brine and concentrated to an 
opaque white oil. The oil was chromatographed on silica gel 
(10:1 loading) using 6:4 heptanes:ethyl acetate as the eluent. 
Positive fractions were combined and concentrated to give 
pure compound 93. 

Compound 94: Compound 93 was dissolved in 10 vol
umes of methylene chloride, chilled to <5° C., and triethy
lamine (3 molar equivalents wrt 93) was added. Methane
sulfonyl chloride (2 molar equivalents wrt 93) in methylene 
chloride (5 volumes wrt 86) was slowly added and the 
reaction stirred cold for 1 hour. Water was added, and the 
reaction stirred for 15 minutes. The layers are separated and 
the aqueous back-extracted with methylene chloride. The 
organics were combined, washed with brine, and then con
centrated to a pale-yellow oil. The crude oil was chromato
graphed on silica gel using 4:1 toluene: ethyl acetate. 
Positive fractions were combined and concentrated to give 
compound 94. 

Compound 95: Compound 94 was dissolved in 10 vol
umes of anhydrous DMF. Potassium thioacetate (2.5 molar 
equivalents wrt 94) dissolved in anhydrous DMF (an equal 
volume used to dissolve 94) was added, and the reaction 
stirred at RT for ca. 16 hours. The solvent was removed by 

20 useful for testing and optimizing novel therapeutics. 
Induction of alopecia by cytoxan (CTX). Lactating Spra

gue Dawley mother rats with rat pups were purchased from 
Harlan Sprague Dawley (Indianapolis, Ind.). The mother 
rats were given food and water ad libitum. The rats pups 

25 were tested in the model of chemotherapy-induced alopecia 
described by Hussein A. M. et al., Science: 249, 1564 
(1990). Cytoxan (CTX), a chemotherapeutic widely used in 
the treatment of cancer, was used to induce alopecia in the 
rats. A common side effect of cytoxan treatment in patients 

30 is alopecia. Lyophilized vials of Cytoxan were obtained 
from Mead-Johnson. To produce CTX-induced alopecia, 11 
day old rat pups, which are at the peak of coat growth, were 
injected i.p. with 30-35 µg of CTX/gm body weight. CTX 
was dissolved in water. By day 18 of life, the animals have 

35 shed virtually 100% of their coat leaving bare skin on their 
backs. Thus, topical application of protective drugs to the 
animal's back prior to the CTX insult provides a suitable test 
for prevention of chemotherapy-induced alopecia. A sepa
rate alopecia assay was also developed in which whole-body 

40 irradiation on day 11 oflife was used as the insult. This assay 
is described in further detail in Example 12 which follows. 

In the earliest studies with chemoprotective polyamines, 
the molecules were prepared in a topical delivery vehicle 
consisting of from 50-70% ethanol in water, depending on 

45 the solubility of the compound. The compounds in ethanol/ 
water solution from 50-150 DI in volume were topically 
administered to the backs of the pups once per day before 
and after CTX challenge. Using a micropipette, the formu
lation was applied to an approximately 2 cm2 section of skin 

50 on the backs of the rat pups. Specifically, the pups were 
treated once daily for the 4-5 days before CTX challenge, 
once on the day of CTX challenge and once daily for 5 days 
afterwards. Control groups consisted of pups receiving only 
delivery vehicle. Control groups treated with delivery 

55 vehicle were tested as part of every treatment study. Three 
or more animals were tested per group in both the control 
and test groups. In the later studies exploring the efficacy of 
aminothiols in preventing alopecia, animals generally 
received 4-6 topical applications to the back prior to the 

60 chemotherapy or radiation insult, and the vehicle was gen
erally composed of an ethanol:propylene glycol:water mix
ture. 

In the earliest studies with chemoprotective polyamines, 
hair loss was evaluated using a modified alopecia-scoring 

65 index described by Chen G. et al., Int. J. Cancer: 75, 303 
(1998). A score of 0=no hair loss; a score of 1 =10-30% hair 
loss; a score of 2=40-60% hair loss; a score of 3=70-90% 
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hair loss; and a score of 4=100% hair loss. In the later studies 
with aminothiols a simpler scoring scale was adopted in 
which coat density was scored on a 0-100 scale as "% of 
normal coat density." 

62 
effective polyamines and aminothiols useful for treatment. 
The model used in this example was derived from the oral 
mucositis model described by Alvarez et al. (Clin. Cancer 
Research 9:3454-3461, 2003). Male golden Syrian hamsters 

EXAMPLE 3 

Biological Assay for Efficacy in Preventing 
Dermatitis 

5 (70-95 gram, Charles River Laboratories, Wilmington, 
Mass.) were used. Animals were individually numbered, 
housed in small groups and fed and watered ad libitum. 
Hamsters were anesthetized with sodium pentobarbital (80 
mg/kg body weight, Sigma, St. Louis, Mo.). The left buccal 

To determine efficacy of chemoprotective polyamines in 
preventing radiation-induced dermatitis, adult rats were 
topically treated with the compounds before and after radia
tion treatment. Rats were exposed to medically relevant 
levels of radiation that could induce clinical radiation der
matitis. Sprague Dawley rats (Harlan Spraque Dawley) at 
4-6 weeks-old were anesthetized with sodium pentobarbital 

10 cheek pouch was everted and secured. A protective lead 
shield covered the remainder of the animal. Subsequently, 
the cheek pouch was irradiated with a single dose of 
radiation from 20 to 40 Gy delivered to the targeted mucosa 
in the 137Cs irradiator. Starting 10 to 12 days after radiation, 

at 40 mg/kg body weight (Sigma, St. Louis, Mo.) prior to 
radiation exposure. A defined area (1.5x2 cm) on the backs 

15 the severity of mucositis was assessed every two days. The 
severity level of mucositis was evaluated using a modified 
mucositis scoring system described by Sonis S. T. et al. 
(Oral Oncology 36:373-381, 2000) 

of rats was irradiated using a Mark I, Model 30, Cs 137 20 

irradiator (J. L. Sheppard & Associates). Before topical drug 
treatment or irradiation, the backs of the rats were clipped 
using an Oster clipper at the closest setting. The rest of the 
body was protected from radiation exposure using a lead 
shield (2.5 cm thick). A dose response study was initially 25 

performed to reproduce relevant dermatitis that matched the 
Grade (I-IV) scale used to score the severity of radiation
induced dermatitis in humans. The severity of the dermatitis 
was scored 12-13 days post-irradiation at the peak of the 
dermal inflammation. Radiation doses of 4-5 Gray (1 Gray 30 

(Gy)=l00 mrem) produced Grade I dermatitis while radia
tion doses of 6-7 Gy produced Grade II dermatitis. More 
severe radiation dermatitis was produced at 8-10 Gy (Grade 
III dermatitis) or at 11-13 Gy (Grade IV). Radiation derma
titis of Grade II-III was considered most clinically relevant, 35 

so a radiation dose of 8.7 Gy was typically used in the rats. 
The clipped back region on the rats was treated topically 
with aminothiol in delivery vehicle four times in the two 
hours immediately preceding irradiation (at-2 hr, -1 hr, -30 
min, and -10 min; irradiation was at 0 min 40 

The polyamines or amino thiols were prepared in a 
delivery vehicle, consisting of ethanol:propylene glycol: 
water, ranging from 0:95:5 to 50:30:20 depending upon the 
solubility characteristics of the topical molecule, and the 
degree of dermal penetration desired. A vehicle composed of 45 

an emulsion formed by sonication of 'nonionic liposomes' 
and isopropyl myristate was also used (Jayaraman, S. et al., 

The scoring system was as follows: 
0=Pouch completely healthy. No erythema or vasodilata

tion. 
1 =Erythema. 
2=Severe erythema, vasodilatation 
3=Severe erythema/vasodilatation. Superficial erosion on 

radiated pouch surface area. 
4=Formation of ulcers in one or more places. Cumulative 

ulcer formation about up to 50% of radiated pouch 
surface area. Diminished pliability of mucosa 

5=More then 50% ulceration of the radiated pouch 
mucosa. Loss of pliability. 

Manifestations of radiation-induced mucositis were 
observed by day 12. The hamster buccal pouches were 
evaluated for the presence of mucositis and photographed 
every two days from day 12 to day 20. Mucositis was found 
to increase in severity, reaching a peak at day 16. An obvious 
dose response of radiation was seen, and the grades of 
mucositis at day 16 were scored as follows: 

Treatment Mucositis Grade* 

0 Gy 0 
10 Gy 
20 Gy 2 
30 Gy 2.5 
40 Gy 4 
50 Gy 5 

*0 - Pouch completely healthy - no erythema or vasodilatation. 
1 - Erythema. 
2 = Severe erythema, vasodilatation. 
3 = Severe erythema and vasodilatation; superficial erosion on radiated 
pouch surface area. 
4 = Formation of ulcers in one or more places; culmulative ulcer forma
tion about up to 50% of radiated pouch surface area; diminished pliability 
of mucosa. 

J. Pharm. Sci. 85:1082-1084, 1996). In a commonly used 
protocol, 220 µl of topical drug/vehicle was applied to an 
area -2 cmx3 cm on the back in the 2 hr just prior to 50 

irradiation. Rats treated with only the delivery vehicle 
served as controls. Twelve to thirteen days post-radiation, 
the rats were evaluated for dermatitis within the irradiated 
area. In early studies, a modified scoring scale described by 
Masuda K. et al., Int. J. Radiation Oneal. Biol. Phys: 12, 
1645 (1986) was used, and in later studies, including those 
described here, a simplified scoring system was used in 
which the percentage of the irradiated, rectangular field 
covered with scrab material was estimated between 0 and 
100% to provide scores on a scale between 0 and 100. 

5 = More than 50% or complete ulceration of the radiated pouch mucosa; 
55 loss of pliability. 

EXAMPLE 4 

Radiation-Induced Mucositis Model in Hamsters 

The model for radiation-induced oral mucositis was 
developed for the purpose of screening and identifying 

60 

EXAMPLE 5 

Amino Thiol-Conferred Protection to Human Skin Cells 
in Tissue Culture 

An in vitro cell culture assay was developed to determine 
the ability of chemoprotective polyamines, chemoprotective 
amino thiols and other molecules to confer radioprotection 

65 or chemoprotection to human skin cells. Diploid, human 
foreskin fibroblasts (23SK cells) were maintained in DMEM 
supplemented with 20% fetal bovine serum and gentamycin. 
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For toxicity experiments, cells were seeded at a density of 
750 cells/100 µl ofDMEM+20% FBS+gentamycin into each 
well of 96 well plates (Coming, Corning, N.Y.). The next 
day, solutions of protective drug molecules, typically at 4 
mM concentration, were prepared in Dulbecco's phosphate- 5 

buffered saline (D-PBS); each stock was titrated back to pH 
7 .0-7 .5, if necessary, using sterile HCl or NaOH. Media was 
aspirated from cell wells, wells were rinsed with D-PBS, and 
loading solutions were then added to wells. Cells were 
typically exposed to loading solutions for 30 min. Following 10 

this drug loading period, plates were either placed directly 
into a Shepherd Mark II Cs137 irradiator for irradiation (38 
min), or wells were aspirated and the solution immediately 
replaced with a solution of D-PBS containing 350 µM 
phosphoramide mustard (obtained from NCI Chemical 15 

Repository) for a 40 min incubation at room temperature. 
After either treatment, wells were aspirated, rinsed and then 
given 100 µl ofDMEM+20% FBS+gentamycin. Plates were 
maintained in 5% CO2 within a humidified chamber within 

64 
higher (-24 mg/cm skin). Further results indicated that 
1200-1500 mM PrC-210 in the 95:5 PG:water vehicle 
conferred complete protection. PrC-211 required a larger 
percentage of water to exert complete protection due to 
lower solubility. The vehicle for 1400 mM PrC-211 was 
0:65:35 (ethanol:PG:water), and the water content was 
raised to 0:50:50 for 2200 mM PrC-211). FIG. 9D describes 
shows the structure of these two aminothiols. Parameters 
used in the design included fro example: capped amines to 
decrease catabolism; backbone length and DNA binding 
characteristics; "display" of nucleophile from flexible or 
rigid platforms; and overall molecule hydrophobicity for 
delivery. 

An experiment was carried out to investigate whether two 
molecules (see FIG. 9A, Mechanism Structure 1 and Mecha
nism Structure 2), each comprising a single functional 
element within the PrC-210 molecule, exhibited protective 
activity in this system. Each molecule was dissolved at the 
same concentration (370 mM) and in the same delivery 
vehicle (50:30:20; ethanol:PG:water) as that used for PrC-
210 and was then applied topically to animals using the same 
schedule as that used for PrC-210. The animals received the 
standard radiation dose of 8.7 Gy and were scored for 
dermatitis severity 13 days later. The results indicated that 

a humidified incubator for 4-5 days at 37° C. Twenty 1 of 20 

MTT solution (Promega Corp., Madison, Wis.) was then 
added to each well, and color development occurred over the 
next 3 hr at 37° C. Absorbance at 490 nm was then 
determined using a plate reader, and cell growth in treated 
wells compared to cell growth in wells loaded with vehicle 
and not irradiated or exposed to phosphoramide mustard was 
plotted using GraphPad software. 

25 neither molecule exhibited discernable protective activity, 
suggesting that there may be a synergistic effect of the two 
functional elements in the single PrC-210 molecule that 
leads to its effects in protecting against development of 
radiation-induced dermatitis. EXAMPLE 6 

Evaluation of Efficacy of Amino Thiols in 
Preventing Radiation-Induced Dermatitis in a Rat 

Skin Model 

30 

This example relates to the use of a rat skin model to 35 

evaluate the efficacy of two amino thiol compounds in 
preventing radiation-induced dermatitis. To test whether 
topically-applied aminothiols could prevent the radioderma
titis caused by external beam radiotherapy, the rodent model 
described in Example 3 was slightly modified. Briefly, the 40 

radiodermatitis model involved: 
i) shaving the backs of 6-7 week old rats or mice; 

EXAMPLE 7 

Evaluation of Candidate Compounds in Protection 
Against Mucositis in a Hamster Cheek Pouch 

Model 

This example relates to the use of a hamster cheek pouch 
model to evaluate the efficacy of PrC-210 and 211 in 
preventing radiation-induced mucositis. To test whether 
topically-applied aminothiols could prevent the mucositis 
caused by external beam radiotherapy, the hamster cheek 
pouch model was used essentially described in Example 4. 
Briefly, hamsters were anesthetized (Nembutal, 80 µg/gm 
b.w.), their left cheek pouch everted and any debris removed 

ii) applying four topical doses of aminothiol in a delivery 
vehicle composed of ethanol:propylene glycol (PG): 
water in the 2 hr prior to irradiation; 

iii) irradiating a small, 3 cm2 (1.5x2 cm) area on the 
animal's back (through a window in a lead plate) with 
8.7 Gy of y radiation from a Cs137 source; and 

45 prior to re-positioning them in the mouth. Aliquots of 250 ul 
of a solution (vehicle=94% phosphate-buffered saline, 5% 
ethanol, 1 % hydroxypropyl-methylcellulose) containing 50 
mM to 2000 mM PrC-210 were then delivered to the cheek 

iv) scoring the severity of the dermatitis 12-13 days later, 
at the peak of the inflammatory skin reaction. Radio- 50 

dermatitis severity was scored by estimating the per
centage of the irradiated field that was covered by scrab 
material. 

pouch which is enough to wet and distend the inside surface 
of the cheek pouch; after 30 min, the cheek pouch was 
everted, spread and immobilized on an inert disk (2 cm 
diameter) using small clips. The hamster and its immobi
lized cheek pouch were then positioned on a lead plate (2.5 
cm thick) with the cheek pouch placed and secured over the 
hole (1.5 cm diameter) in the plate. The plate was placed in 
a Cs137 irradiator (J. L. Shepherd) with the plate between the 

The chemical structures of the PrC-210 and PrC-211 
aminothiol compounds tested in this experiment are shown 55 

in FIG. 9a. 
The aminothiols PrC210 and 211 were dissolved in either 

95:5 PG:water or 50:30:20 ethanol:PG:water. Results pre
sented in FIGS. 9B and C (Drug cone vs % clear skin) 
indicate that concentrations of PrC-210 as low as 370 mM 
with alcompanying total applied volumes of 105 ul (2.8 
mg/cm skin) could confer complete protection against radia
tion-induced dermatitis if it was delivered in a highly 
penetrating delivery vehicle (50:30:20; ethanol:PG:water). 
When the PrC-210 molecule was delivered using a 0:95:5 
ethanol:PG:water vehicle, complete protection (100% Clear 
Skin) against radiodermatitis required a dose about 10 times 

source and the hamster. Each animal was checked to see that 
it had normal, rhythmic breathing and that all visible tissues 
are red indicating normal oxygenation. After the cheek 

60 pouch was exposed for 10-20 min (17-34 Gy) to the source, 
the animal was returned to its cage. Sixteen days later, the 
animals were again anesthetized (60 ug/gm) with Nembutal, 
and the everted left cheek pouch was photographed, and then 
the everted right cheek pouch was photographed as a con-

65 trol. As part of scoring the radiation-induced damage to the 
left cheek pouch, a score was also assigned for the degree of 
erythema (0-5), the degree of edema (0-3), and the degree of 
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tissue inflexibility (0-2), and scores for the right cheek pouch 
served as controls. Occasionally, both cheek pouches were 
also surgically removed and weighed to further assess radia
tion-induced edema. 

Photographs of treated and untreated hamster cheek 5 

pouches are presented in FIG. 10 and indicate that a 17. 5 
min exposure (30 Gy) of y radiation causes a significant 
increase in erythema, edema and tissue inflexibitity in the 
mucosa! tissue, which is not seen in the unirradiated right 
cheek pouch. Significantly, topical application of either 50 10 

mM PrC-210 or 500 mM PrC-210 to the left cheek pouch for 
the 30 min before it was irradiated, resulted in a significant 
decrease in the erythema, swelling and inflexibility that was 
seen in the irradiated vehicle controls. These data suggest a 
general strategy for prevention of radiation-induced mucosi- 15 

tis in which the mucosa! tissue of a patient would be bathed 
continuously or recurrently with aminothiol in vehicle in the 
period just prior to radiotherapy. This could be accomplished 
by recurrently swishing an appropriate aminothiol solution 
in the mouth and/or by placing an aminothiol/vehicle- 20 

saturated sponge between the gum and cheek that would 
continuously dispense protective aminothiol in an appropri-
ate vehicle to enable mucosa! tissue uptake prior to irradia
tion. 

EXAMPLE 8 

Topical Aminothiol Treatment does not Interfere 
with the Efficacy of External Beam Radiotherapy 

or Systemic Chemotherapy 

25 

30 

66 
For Cytoxan experiments, after the four topical applica

tions over two hours, a single interperitoneal injection of 200 
ug/gm b.w. Cytoxan (Meade Johnson) in water was admin
istered. 

Growth of the xenograft tumors was monitored by vernier 
caliper measurements every 1-2 days for the 18-21 days 
following irradiation. If tumors achieved areas of> 200 mm2 

during this period the animal was euthanized. 
The results are presented in FIG. 11, panels A and B. Panel 

A shows that topical PrC-210, applied i) at a dose 5-times 
higher than the standard, effective, topical regimen ii) to a 
site adjacent to the tumor xenograft, has no discernible effect 
upon killing of A431 human epidermoid cells by external 
beam y irradiation. The results in Panel B show that topical 
PrC-210, applied at a dose 5-times higher than the standard, 
effective, topical regimen, has no discernible effect upon 
killing B16 melanoma tumor xenografts by systemic 
Cytoxan chemotherapy. 

EXAMPLE 9 

The Aminothiols of the Present Invention Scavenge 
Oxygen Free Radicals 

FIG. 12 shows that in an in vitro reaction containing 
supercoiled pUC19 plasmid the addition of PrC-210 can 
completely protect the DNA against single-strand breaks 
that occur when the hydroxyl radical generated in the 
reaction is allowed to attack the plasmid DNA. 

Method: 0.3 µg pUC19 plasmid was added to a 16 µI 
incubation containing Tris-EDTA buffer, then either PrC-
210 (0-70 mM, pH 6.5) or buffer were added to the incu
bation. The polypropylene microtubes were then sealed and 
irradiated for 2.5 min at a distance of80 cm from a UV lamp. 

This example presents results demonstrating that topical 
administration of PrC-210 does not interfere with the effi
cacy of the treatments whose adverse side effects it was 
designed to mitigate. Dosages up to a 5-fold excess of the 
typical protective topical regimen were tested and demon
strated to exert no effect on the efficacy of killing human 
cancer cells using external beam y irradiation (6.2 Gy) or 
mouse leukemia cells using systemic chemotherapy (Cy-

35 Samples were then applied to 1 % agarose gels and electro
phoresed using methods known in the art. Data in FIG. 12 
show that at even the lowest concentration tested, PrC-210 
completely prevented damage to supercoiled DNA from the 
OH radical (OH*) generated in the reaction. 

toxan, 200 µg/g body weight). 40 FIG. 13 shows mass spectrograms of the PrC-210 mol-
ecule withdrawn from the in vitro OH* incubations, either 
before UV radiation ("Reduced form of drug") or after UV 
radiation ("Oxidized forms of drug"). Respective masses 
indicate that the thiol (-SH) form of PrC-210 present 

Briefly, athymic nude mice (nu/nu, 6-7 weeks, Harlan 
Labs) were housed in cages containing autoclaved bedding 
and received autoclaved food and water. Cages were main
tained in a sterile laminar flow hood. Mice received a single, 
sc injection of tumor cells (6.5xl06

, A431; 2.5xl06
, L1210) 

suspended in 200 ul of serum-free DMEM. 

45 before UV irradiation is converted to the disulfide (-S
S-) form as OH* is produced and then scavenged by 
PrC-210 in the in vitro reactions. Mass spectrograms were 
obtained at the mass spec. core facility in the University of 
Wisconsin Biotechnology Center. 

After three days, mice were treated with topical drug in 
vehicle or vehicle alone. PrC-210 was formulated in a 
50:30:20 vehicle ( ethanol:PG (propylene glycol):water, 50 
adjusted to pH 6.5 with NaOH), and mice received four 
topical applications over two hours (at -2 hr, -1 hr, -30 min 
and -10 min, irradiation was at O min). 18-20 gm nude mice 
received topical treatments of 13 ul, 11 ul, 11 ul and 11 ul 
(total=46 ul) applied to a roughly 1 cmxl .5 cm area on the 55 
right flank, which was adjacent to the tumor xenograft. For 
these tumor xenograft experiments, a 5-fold increase in drug 
concentration over the minimum effective concentration 
previously shown to prevent radiodermatitis was tested. 

With the last topical drug application, at -10 min, the 60 

mice also received an ip injection of Nembutal (65 ug/gm 
b.w.). An area adjacent to the topical application site, which 
contained the tumor xenograft site, then received 6.2 Gy (3.6 
min) y radiation from a Cs137 irradiator (J. L. Shepherd). The 
irradiated site (1.5 cmx2 cm) was defined by a window in a 65 

lead plate (2.5 cm thick) placed between the mouse and the 
source. 

EXAMPLE 10 

Aminothiols of the Present Invention Induce 
Reversible G 1 Cell Cycle Block in Human Skin 

Cells 

The data in FIG. 14A illustrate that addition of PrC-210 
to log-phase human fibroblast cell cultures results in a 
GI-specific cell cycle block and that "wash-out" of the drug 
by changing cell culture medium results in a reversion to 
normal cell division within 48 hours. This result is consistent 
with an earlier observation by Kramer et al. (Cancer 
Research. 57(24):5521-7, 1997) showing that addition ofa 
polyamine like DENSPM to cell cultures also resulted in 
GI-specific cell cycle block that was reversible. 

FIG. 14B shows the results of a western blot done to 
measure p21 levels in human fibroblasts pretreated with 
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vehicle, PrC-210, cysteamine, colcemid (a positive control), 
68 

EXAMPLE 11 
or a cysteamine structural analog. Human skin fibroblasts 
treated with an IC70 (concentration of PrC-210 that inhibits 
growth by 70 percent) concentration of PrC-210 showed a 
marked induction of p21 expression after a standard 30 hour 5 

exposure. 

Topical Chemoprotector/ Antioxidant Molecule 
Potentiates Aminothiol Efficacy in Alopecia 

Prevention 

FIG. 16 and Table 11-1 show results from a chemo
therapy-induced alopecia experiment in neonate rats. These 
results indicate that three days of topical application of 
resveratrol, alone, under the conditions of this assay, had no 
discernible effect in preventing Cytoxan-induced alopecia, 
and topical PrC-210, alone, had a weak effect, but three days 
of topical pretreatment with resveratrol markedly potenti
ated the efficacy of topical PrC-210 in preventing Cytoxan
induced alopecia. 

FIG. 15 shows a comparison between the inventive ami
nothiol, PrC-210, where the scavenging thiol group is pro
jected or "displayed" away from the amine backbone that 
binds tightly to DNA, and the linear aminothiols, cysteam- 10 

ine, and WR-1065 and its parent molecule, amifostine, 
where both functional domains, i.e., thiol scavenger and 
DNA-interacting backbone, lie within the same plane, and 
functionally compete while positioned within the major 

TABLE 11-1 

Alopecia 

Score (% Normal 

Coat Density 

Experiment # Alopecia-Inducing in Topical 

(Cage#) 

564-567 

583-586 

552-555 

groove of B-DNA. There are at least two clear, functional 
differences between the PrC-210 molecule and the linear 
aminothiols; i) PrC-210 induces p21 expression and cys
teamine does not, and ii) PrC-210 causes a reversible Gl cell 
cycle block, whereas cysteamine and amifostine/WR-1065 
cause a G2 cell cycle block that could not be reversed. 

Methods (Cell cycle and p21 western): The cell culture 
experiments were done using primary, human skin fibro
blasts, one strain of which (BJ cells) was obtained from 
ATCC (American Type Culture Collection). Cells were 
grown in DMEM containing 20% fetal bovine serum (Hy
clone ). For flow cytometry and p21 experiments, cells were 
plated at 0.5xl06 cells/150 mm plate, and 24 hr later, drug 
molecules (4100 µM PrC-210, 600 µM cysteamine, 205 µM 
cysteamine analog, 0.4 µg/ml colcemid) were added to 
medium. After a 24 hr exposure (flow cytometry) or 30 hr 
exposure (p21 western), cells were harvested for the respec
tive analyses as described by Kramer et al. (Cancer 
Research. 61 (21):7754-62, 2001 ). As per the cited reference, 
cells were fixed, treated with RNAse, and stained with 
propidium iodide for flow cytometry, or cells were extracted, 
proteins electrophoresed, and probed with anti-p21 antibody 
(#SXM-30) for western blot analysis. 

Topical Treatment Agent Treatment Area) 

Vehicle ip Cytoxan 4 

32 ug/gm b.w. 

Resveratrol (5 umol/day) ip Cytoxan 5 

32 ug/gm b.w. 

Resveratrol (5 umol/day) + ip Cytoxan 44 

PrC-210 (2000 mM) 32 ug/gm b.w. 

Vehicle ip Cytoxan 3 

32 ug/gm b.w. 

Resveratrol (5 umol/day) + ip Cytoxan 42 

PrC-210 (2000 mM) 32 ug/gm b.w. 

Resveratrol (10 umol/day) + ip Cytoxan 80 

PrC-210 (2000 mM) 32 ug/gm b.w. 

Vehicle ip Cytoxan 

32 ug/gm b.w. 

2000 mM PrC-210 ip Cytoxan 9 

32 ug/gm b.w. 

Additional results using nucleic acid arrays demonstrated 
that topically treating neonate rat skin for 3-6 days with a 

45 related chemoprotector molecule (~-naphthaflavone) 
resulted in a substantial, coincident, activation of at least 40 
different Phase I/Phase II/Phase III drug metabolizing/ex
porting gene products in the at-risk skin cells. Two examples 
of genes whose expression was induced following topical 

50 ~-naphthaflavone treatment included, glutathione S-trans
ferase (several separate isoforms that conjugate/detoxify 
drug electrophiles ), and MRP (mdr-related protein, drug 
exporting membrane pump). 

Method: To assess the ability of topical treatments to 

55 prevent Cytoxan-induced alopecia we used a published 
protocol (Hussein et al., Science. 249(4976):1564-6, 1990) 
in which 11 day old neonate rat pups (Sprague-Dawley) 
receive a total of 6 topical skin treatments of active agent(s) 
during the 5 hr before and 2 hr after a single ip dose of 
Cytoxan (32 ug/gm b.w.). The topical drug (2000 mM 

60 PrC-210) was dissolved in a vehicle formulation of 85:15 
(propylene glycol:water). For the experiments of FIG. 16 
and Table 5, the animals also received one topical applica
tion per day of resveratrol (in 75 ul acetone) for the three 
days preceding the Cytoxan dose that was administered on 

65 day 11 of life. The density of the rat coats in the topical 
treatment area was scored on day 18 of life for animals 
injected with Cytoxan. 
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TABLE 5 

Alopecia Score 
(% Normal Coat 

Experiment # Alopecia-Inducing Density in Topical 
(Cage#) Topical Treatment Agent Treatment Area) 

564-567 Vehicle ip Cytoxan 
32 ug/gm b.w. 

Resveratrol (5 umol/day) ip Cytoxan 
32 ug/gm b.w. 

Resveratrol (5 umol/day) + ip Cytoxan 
PrC-210 (2000 mM) 32 ug/gm b.w. 

583-586 Vehicle ip Cytoxan 
32 ug/gm b.w. 

Resveratrol (5 umol/day) + ip Cytoxan 
PrC-210 (2000 mM) 32 ug/gm b.w. 
Resveratrol (10 umol/day) + ip Cytoxan 
PrC-210 (2000 mM) 32 ug/gm b.w. 

552-555 Vehicle ip Cytoxan 
32 ug/gm b.w. 

2000 mM PrC-210 ip Cytoxan 
32 ug/gm b.w. 

EXAMPLE 12 

Effects of Delivery Vehicle Composition on Topical 
Aminothiol Efficacy 

4 

5 

44 

3 

42 

80 

9 

25 

As shown in Table 6, increasing the ethanol content of the 
delivery vehicle from 0% to 50% markedly increased the 
efficacy of the same dose of PrC-210 in preventing radiation- 30 

induced dermatitis. Our current, preferred formulation for 
PrC-210 involves a 370 mM solution dissolved in a 50:30:20 

ii) Aminothiol active agents are typically in the thiol, or 
-SH, form in order to act as oxygen free radical 
scavengers. Prolonged storage of PrC-210 in oxygen
ated solvent provides the oxygen that enables the 
spontaneous conversion of two moles of thiol (-SH) 
drug to one mole of disulfide (-S-S-) drug. There
fore, purging the vehicle of 02 is a logical way to 
promote drug stability. 

Vigorous nitrogen purging of the vehicle solvent solutions 
for 3-5 min results in a 10-100 fold reduction in oxygen 
content (100% 02 tension to 1-10%) as measured by an 0 2 

electrode. One approach to nitrogen purging is to have a 
( ethanol:propylene glycol:water) vehicle. 

TABLE 6 

Dermatitis 
Vehicle Score(% 
Formulation of irradiated 

Experiment # ethanol:prop. field free 
(Cage#) Topical Treatment glycol:water of scab material) 

440-443 740 mM PrC-210 0:95:5 68 
626-629 740 mM PrC-210 50:30:20 96 ± 3 
643-646 740 mM PrC-210 50:30:20 96 ± 4 
440-443 370 mM PrC-210 0:95:5 <50 
574-577 370 mM PrC-210 50:30:20 100 ± 0 
643-646 370 mM PrC-210 50:30:20 98 ± 3 

Methods: Treatments were applied as described in 
Example 6. The dermatitis score was derived by estimating 
the percentage of the irradiated field that was free of scrab 
material, so that no irradiation left an intact field of skin with 
a score of 100, and with very severe irradiation, the entire 
field was scrab-covered giving a score of "O." 

In some cases, it may be useful to use a nitrogen or 
argon-purged delivery vehicle. For example, 

i) In bathing the skin and the epidermal stem cells with a 
topical vehicle containing an aminothiol active, the pO2 

of the topical drug site may also be affected, particu
larly when the last topical application is 10 min before 
irradiation. By reducing the pO2 the number of oxygen 
atoms available to form oxygen free radicals when the 
tissue is bombarded with energized photons from a y 
radiation beam is also reduced. The y beam sources 
include clinical linear accelerators (LINACs) and Co60 

sources that are used in the majority of human radio
therapy as well as the Cs137 source used for experi
mental radiotherapy research. 

35 vacuum-sealed bottle that contains dry PrC-210 crystals and 
an accompanying bottle that contains de-gassed/purged 
delivery vehicle (presently, 50:30:20; ethanol:propylene 
glycol:water). Prior to irradiation, the health care practitio
ner mixes the two preparations, applies a sponge device to 

40 the top of the bottle, then squeezes the bottle to wet the 
sponge, and applies this material over the designated radio
therapy field. The bottle and its contents would be designed 
to cover a set area, so that the prescription would specify the 
number of units prescribed per week based upon the surface 

45 area of the field to be irradiated; these areas are generally 
known for head and neck patients, post breast cancer irra
diation, etc. 

In some cases, topical vasoconstrictors may be used to 
reduce the severity of cancer therapy side-effects. The utility 

50 of a topical vasoconstrictor in preventing cancer therapy side 
effects was initially identified by serendipity. Because cys
teamine might have been toxic if distributed systemically at 
high concentrations in animals, a vasoconstrictor, in this 
case epinephrine (epinephrine-RC!, Sigma Chemical, 20 

55 mM in topical 0:95:5 vehicle; ethanol:PG:water) was topi
cally co-applied with cysteamine in an effort to prevent any 
potential uptake of the small aminothiol by skin vasculature. 
Test animals were kept in divided cages during topical 
applications to prevent ingestion of surface treatments from 

60 the skin of another animal, which can lead to systemic 
toxicity and possible misinterpretation of results. These 
initial experiments were done using a rat model where 
whole-body radiation is used to induce alopecia. This pro
tocol is a variation of the Cytoxan-induced alopecia protocol 

65 described in Example 2. Here, 11 day old rat pups receive 
four topical treatments to their backs in the two hour period 
(at -2 hr, -1 hr, -30 min, -10 min) just prior to receiving 
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whole-body irradiation (3.65 min) in a Cs137 irradiator. The 
topical treatments generally include volumes of30 µl, 25 ul, 
25 µl, 25 µl for the four, respective applications, and these 
are applied to an area of -1 cm2 just caudal to the shoulder 
blades. The topical vehicle varies from 0:95:5 (ethanol:PG: 5 

water) to 50:30:20, depending upon the solubility and con
centration of the particular aminothiol. Because of the broad 
solubility shown by epinephrine-RC!, it generally does not 
determine selection of a particular topical vehicle. Follow
ing irradiation, the animals are housed with lactating moth- 10 

ers for 9 days and protection from radiation-induced alope-
cia within the topically-treated area is scored on day 20 of 
life. Protection is scored as the percentage of coat density 
seen in unirradiated rats. 

In early experiments, 0-1000 mM epinephrine was added 15 

to topical aminothiol preparations, and it was observed in the 
control animals that topical epinephrine alone was also 
effective in preventing radiation-induced alopecia. The 
results from one of these experiments is summarized in 
Table 8. Here, epinephrine-RC! (FW:220) was dissolved in 20 

an ethanol:propylene glycol:water delivery vehicle and was 
applied four times in the two hours just prior to irradiating 
the 11 day old rat pups. The animals were then housed with 
lactating mothers until day 20 of life when the degree of 

Experiment 
# 

72 
temic side effects of co-applied agents would be diminished. 
Second, co-applied agents would remain more concentrated 
on the surface where they are intended to act, potentially 
improving their performance as well as reducing the effec
tive dose required. 

Co-application of epinephrine with the aminothiol formu
lation potentiates the efficacy of PrC-210 and its structural 
analog PrC-211 in preventing radiation-induced dermatitis. 

For these experiments, 20 mM epinephrine-RC! (FW: 
220) was dissolved in the topical formulation containing the 
indicated aniinothiol in the 0:95:5 delivery vehicle. Rats 
received a total of four topical applications to their back at 
-2 hr, -1 hr, -30 min and -10 min and then received 8.7 Gy 
ofy irradiation at 0 min from a Cs137 source. The severity of 
dermatitis was scored 13 days later. Though topical PrC-210 
(-1200 mM) and PrC-211 (-2200 mM), alone, were shown 
to confer complete protection against radiodermatitis it was 
also observed that the addition of a low concentration of 
epinephrine (20 mM) directly to the topical aniinothiol/ 
vehicle formulation served to potentiate the aminothiol 
effect to 100% efficacy at significantly lower aminothiol 
concentrations (Table 7). 

TABLE 7 

(Cage #) Topical Treatment 

Vehicle 
Formulation 
ethanol:prop. 
glycol:water 

Dermatitis Score 
(% of irradiated 

field free of 
scab material) 

20mM 
Epinephrine

Conferred 
Effect 

443 Vehicle 0:95:5 6 ± 2 
480 20 mM epinephrine 20 ± 8 
440 900 mM PrC-210 68 ± 10 
478 900 mM PrC-210 + 20 mM 100 +32% 

epinephrine (68 -> 100%) 
441 1200 mM PrC-210 95 ± 5 
479 1200 mM PrC-210 + 20 mM 100 +5% 

epinephrine (95 -> 100%) 
488 1400 mM PrC-211 60 ± 12 

1400 mM PrC-211 + 20 mM 100 +40% 
epinephrine (60 -> 100%) 

Radiation-Induced Alopecia protection conferred by the topical epinephrine was scored. 
Significant, dose-dependent protection was conferred by the 

45 
four topical epinephrine treatments. 

Co-application of a vasoconstrictor might allow other 
effective agents to remain concentrated on the epithelium, 
which would result in several beneficial effects. First, sys-

In Table 9, the topical application of epinephrine in the 
indicated 50:25:25 delivery vehicle provided clear, dose
dependent protection, within the topical treatment area, 
against the alopecia that developed following whole-body 
irradiation of the 11-day old rat pups. 

Experiment # Topical 
(Cage #) Treatment 

647-650 Vehicle 

20mM 
epinephrine 

l00mM 
epinephrine 

500 mM 

TABLE 8 

Vehicle 
Formulation 
ethanol:prop. Alopecia-Inducing 
glycol:water Agent 

50:25:25 3.65 min y 
Irradiation 
(Cs 137 Source) 

3.65 min y 
Irradiation 
(Cs 137 Source) 

3.65 min y 
Irradiation 
(Cs 137 Source) 
3.65 min y 

Alopecia Score 
(% Normal 

Coat Density in 
Topical Treatment 

Area) 

1 ± 1 

10 

35 ± 19 

43 ± 17 
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TABLE 8-continued 

Experiment # Topical 
(Cage #) Treatment 

Vehicle 
Formulation 
ethanol:prop. Alopecia-Inducing 
glycol:water Agent 

Alopecia Score 
(% Normal 

Coat Density in 
Topical Treatment 

Area) 

epinephrine 

lOOOmM 
epinephrine 

Irradiation 
(Cs 137 Source) 
3.65 min y 
Irradiation 
(Cs 137 Source) 

94 ± 6 

The present invention is not limited to the embodiments 
described and exemplified above, but is capable of variation 15 

and modification within the scope of the appended claims. 

What is claimed is: 
1. A compound of Formula II: 

20 

25 

wherein: 
A is a member selected from the group consisting of: 

30 

xi xi 

35 

xi xi 

40 
~----,,..-, and 

each Q is independently a member selected from the 
group consisting of -H, lower alkyl, and -R 6 -SR3

, 

provided that when Lis -SH, at least one of Q is other 
than-H; and 

each R1, R2
, R5 and R6 is independently Ci_6 alkylene; 

and, 
or a stereoisomer, pharmaceutically-acceptable salt, 

monoprotonated acid salt or polyprotonated acid salt 
thereof. 

2. A compound of claim 1, wherein A is a member 
selected from the group consisting of: 

xi 

xi xi 

, and 

3. A compound of claim 2, wherein Y is a member 
selected from the group consisting of-Hand -R2-D. 

4. A compound of claim 3, wherein Y is -H. 

45 5. A compound of claim 3, wherein Yis-R2-D, wherein 
D is -SR3

, and wherein R3 is -H. 

J is a member selected from the group consisting of a 
single bond and ---CH(Y)-; 

L is a member selected from the group consisting of 
---CH2X1, -SH, and ---CHX2 (X3

); 

xi is a member selected from the group consisting of 
-SH and-Ri-SH; 

X2 and X3 are each independently a member selected from 
the group consisting of -H, -SH and -R i -SH, 
provided that at least one of X2 and X3 is other than 
-Hor-SH; 

6. A compound of claim 4, wherein xi is -SH. 
7. A compound of claim 5, wherein xi is -SH. 
8. A compound of claim 7 wherein each Q is indepen-

50 dently a member selected from the group consisting of 
methyl and ethyl. 

55 

9. A compound of claim 1 wherein each Q is indepen
dently a member selected from the group consisting of -H 
and lower alkyl. 

10. A compound of claim 9 wherein each Q is indepen
dently a member selected from the group consisting of 
methyl and ethyl. 

11. A compound of claim 1, wherein A is: 

Y is a member selected from the group consisting of -H, 60 
alkyl, and -R2 -D; 

D is a member selected from the group consisting of 
-OH, -SR3

, and-NR3R4
; 

R3 is a member selected from the group consisting of -H 
and lower alkyl; 

R4 is a member selected from the group consisting of -H, 
lower alkyl, and -R5 -D; 

65 
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12. A compound of claim 11, wherein Lis -CH2Xi. 
13. A compound of claim 11, wherein Lis -SH. 
14. A compound of claim 11, wherein J is -CH(Y). 
15. A compound of claim 14, wherein Y is a member 

selected from the group consisting of-Hand -R2-D. 
16. A compound of claim 15, wherein Y is -H. 
17. A compound of claim 15, wherein Y is -R2-D, 

wherein D is -SR3
, and wherein R3 is -H. 

76 
or a stereoisomer, pharmaceutically-acceptable salt, 

monoprotonated acid salt or polyprotonated acid salt 
thereof, and 

a topical delivery vehicle for locally delivering the com
pound to dermal or mucosa! cells being a member 
selected from the group consisting of skin, scalp, 
mouth, nasoesophageal, gastrointestinal and urogenital 
system. 

18. A compound of claim 11, wherein Q is a member 
selected from the group consisting of H, methyl, and ethyl. 10 

31. The pharmaceutical preparation of claim 30, further 
comprising at least one other agent that reduces or prevents 
hair loss, dermatitis, mucositis, or gastrointestinal distress 
caused by treatment with a chemotherapeutic agent or 
radiation therapy. 

19. A compound of claim 11, wherein J is a single bond. 
20. A compound of claim 19, wherein Lis ----CH2X1, and 

wherein xi is -SH. 
21. A compound of claim 19 which is 3-methylamino-2-

methy laminomethy l-propane-1-thiol or 3-amino-2-aminom- 15 

ethyl-propane-1-thiol. 

32. The pharmaceutical preparation of claim 30, further 
comprising an anti-proliferative agent. 

33. The pharmaceutical preparation of claim 30, further 
comprising a chemoprotective inducing agent. 22. A compound of claim 19, wherein Lis ----CH2X1, and 

wherein xi is -Ri-SH. 
23. A compound of claim 19, wherein Lis -SH. 

34. The pharmaceutical preparation of claim 30, further 
comprising a free radical scavenger. 

24. A compound of claim 19, wherein Q is a member 20 

selected from the group consisting of -H, methyl, and 
ethyl. 

35. The pharmaceutical preparation of claim 30, wherein 
the topical delivery vehicle comprises one or more members 
selected from the group consisting of liposomes, a lipid 
droplet emulsion, an oil, an aqueous emulsion of polyoxy
ethylene ethers, an aqueous alcohol mixture, an aqueous 

25. A compound of claim 19, wherein L is -CHX2 (X3
). 

26. A compound of claim 25, wherein X2 is -Ri-SH, 
and wherein X3 -R i -SH. 

27. A compound of claim 25, wherein X2 is -SH, and 
wherein X3 is -R i _sH. 

28. A compound of claim 12, wherein xi is -SH. 
29. A compound of claim 12, wherein xi is -Ri-SH. 

25 ethanol mixture containing propylene glycol, an aqueous 
ethanol mixture containing phosphatidyl choline, lysophos
phatidyl choline and triglycerides, xanthan gum in aqueous 
buffer, hydroxypropymethylcellulose in aqueous buffer or 

30. A pharmaceutical preparation for reducing or prevent- 30 

ing hair loss, dermatitis, mucositis, or gastrointestinal dis
tress caused by treatment with a chemotherapeutic agent or 
radiation therapy comprising: 

aqueous alcohol mixture, diethylene glycol monoethyl ether 
in aqueous buffer, and biodegradable microparticles. 

36. The pharmaceutical preparation of claim 35, for 
topical delivery to skin or hair follicles, wherein the delivery 
vehicle comprises an aqueous alcohol mixture. 

a compound of Formula II according to 

II 
NH NH 
~ 'Q 

wherein: 
A is a member selected from the group consisting of: 
J is a member selected from the group consisting of a 

single bond and ----CH(Y)-; 
L is a member selected from the group consisting of 

----CH2X1, -SH, and ----CHX2 (X3
); 

xi is a member selected from the group consisting of 
-SH and-Ri-SH; 

37. The pharmaceutical preparation of claim 36, wherein 
35 the delivery vehicle further comprises propylene glycol. 

38. The pharmaceutical preparation of claim 37, in the 
form of a member selected from the group consisting of a 
cream, lotion, ointment, and gel. 

40 
39. The pharmaceutical preparation of claim 35, for 

topical delivery to an oral cavity or naso-esophageal pas
sage, wherein the delivery vehicle comprises a mucoadhe
sive substance. 

40. The pharmaceutical preparation of claim 39, in the 

45 
form of a member selected from the group consisting of an 
aerosol, oral rinse, ointment, and gel. 

41. The pharmaceutical preparation of claim 35, for 
vaginal or rectal delivery, wherein the delivery vehicle 
comprises a mucoadhesive substance. 

42. The pharmaceutical preparation of claim 41, in the 
form of a member selected from the group consisting of a 
cream, ointment, lotion, gel, foam, and suppository. 

X2 and X3 are each independently a member selected from 
50 

the group consisting of -H, -SH and -R i -SH, 
provided that at least one of X2 and X3 is other than 
-Hor-SH; 43. The pharmaceutical preparation of claim 35, for 

topical delivery to a gastrointestinal tract, wherein the deliv-
55 ery vehicle comprises one or more members selected from 

the group consisting of nonionic liposomes and mucoadhe
sive substances. 

Y is a member selected from the group consisting of -H, 
alkyl, and -R2 -D; 

D is a member selected from the group consisting of 
-OH, -SR3

, and-NR3R4
; 

R3 is a member selected from the group consisting of -H 
and lower alkyl; 

R4 is a member selected from the group consisting of -H, 
lower alkyl, and -R5 -D; 

each Q is independently a member selected from the 
group consisting of -H, lower alkyl, and-R6-SR3

, 

provided that when Lis -SH, at least one of Q is other 
than -H; and, 

each R1, R2
, R5

, and R6 is independently Ci_6 alkylene; 
and, 

44. The pharmaceutical preparation of claim 43, in the 
form of a liquid for coating a surface of the gastrointestinal 

60 tract. 

65 

45. The pharmaceutical preparation of claim 30 further 
comprising a vasoconstrictor. 

46. The pharmaceutical preparation of claim 45 for reduc
ing or preventing hair loss. 

47. The pharmaceutical preparation of claim 46, wherein 
the vasoconstrictor comprises one or more members selected 
from the group consisting of epinephrine, capoten, enalapril, 
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lisinopril, zolmitriptan, tetrahydrozaline, phenylephrine, 
procainimide, and nitric oxide. 

48. The pharmaceutical preparation of claim 47 wherein 
the vasoconstrictor comprises epinephrine. 

49. The pharmaceutical preparation of claim 48 compris- 5 

ing 3-methy lamino-2-methylaminomethy l-propane-1-thiol 
or 3-amino-2-aminomethyl-propane-l-thiol. 

50. The pharmaceutical preparation of claim 45, wherein 
the vasoconstrictor is present in an amount effective for one 
or more members selected from the group consisting of 10 

restricting systemic distribution or absorption of the com
pound of Formula II, or a stereoisomer, pharmaceutically
acceptable salt, monoprotonated acid salt, or polyprotonated 
acid salt thereof; constricting surface blood vessels thereby 
prolonging the contact time with the compound of Formula 15 

II, or a stereoisomer, pharmaceutically-acceptable salt, 
monoprotonated acid salt, or polyprotonated acid salt 
thereof; transiently constricting skin blood vessels to reduce 
the amount of systemic chemotherapy arriving at epidermal 
and follicular matrix stem cells; and transiently constricting 20 

skin blood vessels to reduce the amount of oxygenated blood 
arriving at epidermal and follicular matrix stem cells. 

51. The pharmaceutical preparation of claim 50 wherein 
the vasoconstrictor comprises epinephrine. 

25 
52. The pharmaceutical preparation of claim 51 wherein 

the epinephrine is present in an amount effective for restrict
ing systemic distribution or absorption of the compound of 
Formula II, or a stereoisomer, pharmaceutically-acceptable 
salt, monoprotonated acid salt, or polyprotonated acid salt 30 
thereof. 

78 
X 1 is a member selected from the group consisting of 

-SH and -R 1-SH; 
X2 and X3 are each independently a member selected from 

the group consisting of -H, -SH and -R 1-SH, 
provided that at least one of X2 and X3 is other than 
-Hor-SH; 

Y is a member selected from the group consisting of -H, 
alkyl, and -R2 -D; 

D is a member selected from the group consisting of 
-OH, -SR3

, and-NR3 R4
; 

R3 is a member selected from the group consisting of -H 
and lower alkyl; 

R4 is a member selected from the group consisting of-H, 
lower alkyl, and -Rs -D; 

each Q is independently a member selected from the 
group consisting of -H, lower alkyl, and -R 6 -SR3

, 

provided that when Lis -SH, at least one of Q is other 
than -H; and, 

each R1, R2
, Rs, and R6 is independently C1 _6 alkylene; 

and, 
or a stereoisomer, pharmaceutically-acceptable salt, 

monoprotonated acid salt or polyprotonated acid salt 
thereof, and 

a topical delivery vehicle for locally delivering the com
pound to dermal or mucosa! cell members being 
selected from the group consisting of skin, scalp, 
mouth, nasoesophageal, gastrointestinal and urogenital 
system. 

54. The method of claim 53, comprising administering the 
pharmaceutical preparation beginning at least thirty minutes 
prior to chemotherapy or radiation therapy. 53. A method for reducing or preventing hair loss, der

matitis, mucositis or gastrointestinal distress in a patient 
undergoing treatment with a chemotherapeutic agent or 
radiation therapy, comprising administering to the patient a 
prophylactically or therapeutically effective amount of a 
pharmaceutical preparation comprising: 

55. The method of claim 54, comprising administering the 
pharmaceutical preparation beginning at least one day prior 

35 to chemotherapy or radiation therapy. 

the compound of Formula II according to 

II 
NH NH 

Q/ ~ 'Q 

wherein: 

A is a member selected from the group consisting of: 

xi 

xi xi 

, and 

J is a member selected from the group consisting of a 
single bond and ----CH(Y)-; 

L is a member selected from the group consisting of 
----CH2X1, -SH, and ----CHX2 (X3

); 

56. The method of claim 53, comprising administering the 
pharmaceutical preparation after initiation of chemotherapy 
or radiation therapy. 

57. The method of claim 53, comprising administering the 
40 pharmaceutical preparation periodically or continuously 

throughout a course of chemotherapy or radiation therapy. 
58. The method of claim 54, comprising administering the 

pharmaceutical preparation following termination of a 
course of chemotherapy or radiation therapy. 

45 

50 

59. The method of claim 53, further comprising admin
istering to the patient at least one other agent that reduces or 
prevents hair loss, dermatitis, mucositis or gastrointestinal 
distress caused by treatment with a chemotherapeutic agent 
or radiation therapy. 

60. The method of claim 59, wherein the other agent is an 
anti-proliferative agent. 

61. The method of claim 59, wherein the other agent is a 
chemoprotective inducing agent. 

55 
62. The method of claim 59, wherein the other agent is a 

free radical scavenger. 
63. The method of claim 53 wherein the pharmaceutical 

preparation further comprises a vasoconstrictor. 
64. The method of claim 63 for reducing or preventing 

60 hair loss. 
65. The method of claim 64 wherein the vasoconstrictor 

comprises one or more members selected from the group 
consisting of epinephrine, capoten, enalapril, lisinopril, 
zolmitriptan, tetrahydrozaline, phenylephrine, procainimide, 

65 and nitric oxide. 
66. The method of claim 65 wherein the vasoconstrictor 

comprises epinephrine. 
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67. The method of claim 66 comprising 3-methylamino-
2-methylaminomethyl-propane-l-thiol or 3-amino-2-ami
nomethy l-propane-1-thiol. 

68. The method of claim 63, wherein the vasoconstrictor 
5 

is present in an amount effective for one or more members 
selected from the group consisting of restricting systemic 
distribution or absorption of the compound; constricting 
surface blood vessels thereby prolonging the contact time 
with the compound; transiently constricting skin blood ves- 10 

sels to reduce the amount of systemic chemotherapy arriving 
at epidermal and follicular matrix stem cells; and transiently 
constricting skin blood vessels to reduce the amount of 
oxygenated blood arriving at epidermal and follicular matrix 
stem cells. 

15 

69. The method of claim 68 wherein the vasoconstrictor 
comprises epinephrine. 

70. The method of claim 69 wherein the epinephrine is 
present in an amount effective for restricting systemic dis- 20 

tribution or absorption of the compound of Formula II, or a 
stereoisomer, pharmaceutically-acceptable salt, monoproto
nated acid salt or polyprotonated acid salt thereof. 

71. A method of increasing a patient's tolerance to a 25 

chemotherapeutic agent or radiation therapy comprising: 

administering the chemotherapeutic agent or radiation 
therapy to the patient; and 

administering a pharmaceutical preparation comprising: 30 

a compound of Formula II according to 

NH NH 
II 35 

Q/ -.......,,< 'Q 

wherein: 

A is a member selected from the group consisting of: 
40 

xi 45 

50 
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-continued 

xi xi 

, and 

J is a member selected from the group consisting of a 
single bond and -CH(Y)-; 

L is a member selected from the group consisting of 
----CH2X1, -SH, and ----CHX2 (X3

); 

X 1 is a member selected from the group consisting of 
-SH and -R 1-SH; 

X2 and X3 are each independently a member selected from 
the group consisting of -H, -SH and -R 1-SH, 
provided that at least one of X2 and X3 other than -H 
or-SH; 

Y is a member selected from the group consisting of -H, 
alkyl, and -R2 -D; 

D is a member selected from the group consisting of 
-OH, -SR3

, and-NR3 R4
; 

R3 is a member selected from the group consisting of -H 
and lower alkyl; 

R4 is a member selected from the group consisting of-H, 
lower alkyl, and -R5-D; 

each Q is independently a member selected from the 
group consisting of -H, lower alkyl, and -R 6 -SR3

, 

provided that when Lis -SH, at least one of Q is other 
than -H; and, 

each R1, R2
, R5

, and R6 is independently C1 _6 alkylene; 
and, 

or a stereoisomer, pharmaceutically-acceptable salt, 
monoprotonated acid salt or polyprotonated acid salt 
thereof, and 

a topical delivery vehicle for locally delivering the com
pound to dermal or mucosa! cells being a member 
selected from the group consisting of skin, scalp, 
mouth, nasoesophageal, gastrointestinal and urogenital 
system, 

wherein the pharmaceutical preparation is administered 
one or more times, in an amount and for a time 
effective, to the patient for reducing or preventing one 
or more members selected from the group consisting of 
chemotherapy- or radiation therapy-induced hair loss, 
dermatitis, mucositis and gastrointestinal distress, 
thereby increasing the patient's tolerance to the che
motherapeutic agent or radiation therapy. 

* * * * * 
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