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Abstract: Glyco-S-nitrosothiols, fructose-2-SNAP and glucose-2-SNAP, were synthesized and found to be
much more cytotoxic thai: SNAP in killing DU-145 human prostate cancer cells in vitro. © 1999 Elsevier Science Ltd.

All rights reserved.

Nitric Oxide (NO) is involved in a wide variety of physiological and pathological processes.! NO has
been found to play key roles in inhibiting tumor cell adhesion, arresting the growth of tumor cells, inducing
genomic mutations in bacteria and assisting in the death of parasites.” Recently, several mechanisms have been
proposed to account for the NO-mediated cytotoxicity.”® NO is known to degrade certain iron-containing
prosthetic groups resulting in inhibition of the mitochondrial respiratory chain, DNA synthesis and aconitase
activity.” NO can also react with superoxide produced from activated macrophages to form peroxynitrite
(‘OONO) in which the protonated form (HOONO) acts as a potent chemical oxidant,>* resulting in modification of
protein functions and causing DNA damage.*® It was also shown that the inhibition of A375 melanoma cells was
directly correlated to the rate and extent of NO release from a diazeniumdiolate in solution.®® In addition, several
antitumor drugs have demonstrated the ability to stimulate NO production.” Aside from the limited efforts in
utilizing the cytotoxicity of NO donor compounds against cancer cells,**®’ therapeutic strategies to explore
activities of NO to kill tumor cells are currently problematic due to the fact that the available NO delivery systems
release or donate NO indiscriminately.'®'' Therefore, the development for targeting NO donor compounds is of
current interest. In our efforts to achieve specific targeting NO against tumor cells, new types of NO donor
compounds, glyco-S-nitrosothiols or sugar-SNAPs, have been designed and synthesized."> In this paper, we
report our preliminary cytotoxic studies of glyco-S-nitrosothiols against DU-145 human prostate cancer cells.
Both glucose-2-SNAP and fructose-2-SNAP showed a much more effective cytotoxicity than SNAP, with
fructose-2-SNAP even better than glucose-2-SNAP toward DU-145 human prostate cancers in vitro.

Design and synthesis of glyco-S-nitrosothiols. SNAP was prepared according to a method by Field et

12

al.” Glucose-2-SNAP and fuctose-2-SNAP were synthesized according to our previous methods.”” Our design
and synthesis of glyco-S-nitrosothiols is based on the observations that the facilitated transport of

monosacharrides in mammalian cells is accomplished by members of the GLUT family of transmembrane
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proteins.'* Therefore, by conjugating sugar moieties with SNAP (S-nitroso-N-acetyl-D-penicillamine), a well
known NO donor, we expected that the sugar-SNAPs would provide NO donor with enhanced water solubility,
stability, cell penetration, and NO cytotoxicity.”” These sugar-SNAPs showed a increased half-life and a
prolonged NO releasing ability in comparison to SNAP." The structures of SNAP and sugar-SNAPs are shown
in Scheme 1. For monosaccharides such as fructose and fructose derivative, it is common to exist in a mixture of
isomeric forms.'® Based on the height of the anomeric carbon in *C NMR of fructose-2-AP, a stable precursor
of fuctose-2-SNAP, we established that the mixture of fuctose-2-SNAP consists of a-pyranose form (71%), B-
furonose form 20%, and o-furonose form 9%. The predominant formation of o-pyronose isomer (71%) is

consistent with the isomeric compositions of other fructose derivatives.'®
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Scheme 1. Chemical structures of SNAP and glyco-S-nitrosothiols.

Cytotoxic effects of glyco-S-nitrosothiols. The cytotoxicity of glucose-2-SNAP and fructose-2-SNAP
was evaluated and compared to SNAP using DU-145 human prostate cancer cells.
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Figure 1. Cytotoxicity of glucose-2-SNAP (), Figure 2. Surviving fraction vs. concentration.
fructose-2-SNAP (#), and SNAP (@) in DU-145 glucose-2-SNAP (), fructose-2-SNAP (#), and

human prostate cancer cells. SNAP (@) (semi-log format).
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Figure 1 shows a median effect dose (MED) plot for the cytotoxicity of glucose-2-SNAP, fructose-2-
SNAP, and SNAP toward human prostate cancer cells in vitro. The data suggests that toward DU145 human
prostate cancer cells, the MED is approximately 110 uM, 32uM, and 8.5 uM for SNAP, glucose-2-SNAP, and
fructose-2-SNAP, respectively. Figure 2 is the same data plotted in a semi-log format which indicates that
glucose-2-SNAP and frucose-2-SNAP are approximately 4- to 13- fold more cytotoxic than SNAP. It has been
observed that human cancer cells have overexpressed one or more of these sugar transporters. Therefore, the
uptake of glucose or fructose by-these cancer cells is facilitated.'”” Consistent with these findings, expetimental
results confirmed our expectation on an increased uptake and a greater cytotoxicity of sugar-SNAPs. In addition,
it was found that the expression of fructose transporter GLUTS is sugar-dependent in which fructose feeding
yielded a three fold higher abundance of GLUTS." Thus, the increased cytotoxicity of these sugar-SNAPs could
also be explained by a stimulated generation of sugar transporters by the sugar moiety.

In conclusion, glyco-S-nitrosothiols (glucose-2-SNAP and fructose-2-SNAP) were synthesized and
found to be very effective targeting cancer cells in vitro. Both glucose-2-SNAP and fructose-2-SNAP were
shown to be much more cytotoxic than SNAP, with fructose-2-SNAP even better than glucose-2-SNAP in
cytotoxicity toward DU-145 human prostate cancer cells in vitro.

Experimental

Biological testing. The cytotoxicity of glucose-2-SNAP and fructose-2-SNAP was evaluated and
compared to SNAP using DU-145 human prostate cancer cells. Cancer cells were plated in T25 flasks at a
density of 2 x 10* cell/cm?®.  After 4 hrs, the cells were washed twice and 4 mL of fresh serum free media was
added. NO donor solutions were prepared immediately before each experiment by dissolving glucose-2-SNAP,
fructose-2-SNAP and SNAP in sterile saline, filtered through a 0.2 micron filter, diluted, and added to the cells.
Cancer cells were exposed to NO donors for 30 min at 37 ° C. The cells were then washed twice with serum free
media or phosphate buffered saline, trypsinized from the flask, washed, counted, diluted, and then plated out at
several dilutions in fresh tissue culture media containing 10% serum. The cultures were then incubated for 10-14
days at which time the colonies were fixed, stained (methylene blue) and counted.
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