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STERQID NITRITE ESTER DERIVATIVES
USEFUL AS ANTI-INFLAMMATORY DRUGS

RBackground of the Invention

Fi f the Inven

The present inventicn relates to novel steroid nitrite

ester derivatives, and to their use treating inflammatory
diseases.

Related Arc

Steroids, specifically of the glucocorticoid class of
molecules, are known to possess anti-inflammatory and
immunomodulatory activities and are commonly utilized for
the treatment of numerous autoimmune and inflammatory
diseases. However, their beneficial effects are often slow
to develop and accompanied by many dose-limiting side-
effects. Nitric oxide doncrs, such as nitroglycerin, have
also been utilized as pharmaceutical agents with prominent
beneficial effects on the cardiovascular system. Many of
the biological actions of nitric oxide potentially
counteract the side-effects of the glucocerticoids and may
enhance their therapeutic actions. The present invention
relates to novel steroid nitrite ester derivatives that
possess the combined biological properties of
glucocorticoids and nitric oxide donors in a single
molecule. These molecules have an advantage over currently
utilized glucocorticoids in that they rapidly elicit
beneficial pharmacological effects, such as brcnchial
relaxation, through the release of nitric oxide. It is
intended that these novel molecules be utilized for
therapy, in particular their use as anti-inflammatory and
immunosuppressive drugs for the treatment of rheumatic
diseases, immunological disorders, skin disorders,
inflammation, transplant rejection, cancer, 0steoporosis,

rhinitis and asthma with lowered side-effects.
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Glucocorticoids are commonly utilized for the
pharmacclogic treatment of inflammation and undesirable
immune system reactions. These steroids have the capacity
Lo prevent or suppress the development of inflammation
5 resulting from a number of different injurious agents

including infectious, immunological, chemical, mechanical,
and radiation. Glucocorticoids are also effective in the
treatment of lmmune system disorders including autoimmune
diseases such as rheumatoid arthritis and lupus, and

10 transplant rejection. However, the therapeutic
applications of these steroids are gomewhat limited due to
toxicity and side-effects. The major side effects of the
glucocorticoids are hypertension, peptic ulcers, increased
susceptibility to infections, osteoporosis, hyperglycemia,

15 and wvascular occlusicn.

Zt has been known since the early 1980’s that the
vascular relaxation brought about by acetylcholine is
dependent on the presence of the endothelium and this

20 activity was ascribed to a labile humoral factor termed
endothelium-derived relaxing factor (EDRF). The activity
of nitric oxide (NO) as a vascdilator has been known for
well over 100 years and NO is the active component of
amylnitrite ester, glyceryltrinitrate and other

25 nitrovasodilators. The recent identification of EDRF as NO
has coincided with the discovery of a biochemical pathway
by which NO is synthesized from the amino acid L-arginine
by the enzyme nitric oxide synthase. The NO released by the
constitutive enzyme acts as a transduction mechanism

30 underlying several physiological responses. The NO
produced by the inducible enzyme is a cytotoxic molecule

for tumor cells and invading microcrganisms.

NC is the endogenous stimulator of the soluble
35 guanylate cyclase and is involved in a number of biological
actions in addition to endothelium-dependent relaxation
including cytotoxicity of phagocytic cells and cell-to-cell
communication in the central nervous gystem (see Moncada

et al., Biochemical Pharmacology., 38, 1709-1715 (1989) and
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