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METHODS OF TREATING OR PREVENTING

PAIN OR NOCICEPTION

5 Since the discovery of serotonin (5-hydroxytryptamine, 5-

HT) over four decades ago, the cumulative results of many diverse

studies have indicated that serotonin plays a significant role in the

functioning of the mammalian body, both in the central nervous system

and in peripheral systems as well. Morphological studies of the central

10 nervous system have shown that serotonergic neurons, which originate

in the brain stem, form a very diffuse system that projects to most areas

of the brain and spinal cord. R.A. O'Brien,  &_mfl

 ,1:41 (1978); H.W.M. Steinbusch, HANDBOOK OF

CHEMICAL NEUROANATOMY, Volume 3, Part II, 68 (1984); N.E. Anden,

15 g_t_a_l_,, ,672313 (1966). These studies have

been complemented by biochemical evidence that indicates large

concentrations of 5-HT exist in the brain and spinal cord. H.W.M.

Steinbusch, §_unr_g.

With such a diffuse system, it is not surprising that 5-HT

20 has been implicated as being involved in the expression of a number of

behaviors, physiological responses, and diseases which originate in the

central nervous system. These include such diverse areas as sleeping,

eating, perceiving pain, controlling body temperature, controlling blood

pressure, depression, schizophrenia, and other bodily states. R.W.

2 5 Fuller, BIOLOGY OF SEROTONERGIC TRANSMISSION, 221 (1982); D.J.

Boullin, SEROTONIN IN MENTAL ABNORMALITIES 12316 (1973); J.

Barchas, 94.31,,  ,(1973).

Serotonin plays an important role in peripheral systems as

well. For example, approximately 90% of the body's serotonin is

3 0 synthesized in the gastrointestinal system, and serotonin has been

found to mediate a variety of contractile, secretory, and

electrophysiologic effects in this system. Serotonin may be taken up by

the platelets and, upon platelet aggregation, be released such that the

cardiovascular system provides another example of a peripheral

3 5 network that is very sensitive to serotonin. Given the broad distribution

of serotonin within the body, it is understandable that tremendous
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interest in drugs that affect serotonergic systems exists. In particular,

receptor-specific agonists and antagonists are of interest for the

treatment of a wide range of disorders, including anxiety, depression,

hypertension, migraine, compulsive disorders, schizophhrenia, autism,

5 neurodegenerative disorders, such as Alzheimer's disease,

Parkinsonism, and Huntington's chorea, and cancer chemotherapy-

induced vomiting. M.D. Gershon, etaln THE PERIPHERAL ACTIONS OF

5-HYDROXYTRYPTAMINE, 246 (1989); P.R. Saxena, gLa,L_, ,km[n_a1__o_f

 ,15:Supplement 7 (1990).

10 Serotonin produces its effects on cellular physiology by

binding to specialized receptors on the cell surface. It is now recognized

that multiple types of receptors exist for many neurotransmitters and

hormones, including serotonin. The existence of multiple, structurally

distinct serotonin receptors has provided the possibility that subtype-

15 selective pharmacologic agents can be produced. The development of

such compounds could result in new and increasingly selective

therapeutic agents with fewer side effects, since activation of individual

receptor subtypes may function to affect specific actions of the different

parts of the central and/or peripheral serotonergic systems.

20 An example of such specificity can be demonstrated by

using the vascular system as an example. In certain blood vessels,
stimulation of 5-HT1-like receptors on the endothelial cells produces

vasodilation while stimulation of 5-HT2 receptors on the smooth muscle

cells produces vasoconstriction.

25 Currently, the major classes of serotonin receptors (5-HT1,

5-HT2, 5-HT3, 5-HT4, 5-HT5, 5-HT5, and 5-HT7) contain some fourteen to

eighteen separate receptors that have been formally classified based on

their pharmacological or structural differences. [For an excellent

review of the pharmacological effects and clinical implications of the

30 various 5-HT receptor types, 53 Glennon, QLQL, N_e_ums_ci_e_n_c5La,nd

14:35 (199o).]

Tachykinins are a family of peptides which share a

common amidated carboxy terminal sequence. Substance P was the

first peptide of this family to be isolated, although its purification and the
3 5 determination of its primary sequence did not occur until the early

1970's.
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Between 1983 and 1984 several groups reported the isolation

of two novel mammalian tachykinins, now termed neurokinin A (also

known as substance K, neuromedin L, and neurokinin cc), and

neurokinin B (also known as neuromedin K and neurokinin B). S_@_, J .E.

Maggio, , 6 (Supplement 3):237-243 (1985) for a review of these
discoveries. '

Tachykinins are widely distributed in both the central and

peripheral nervous systems, are released from nerves, and exert a

variety of biological actions, which, in most cases, depend upon

activation of specific receptors expressed on the membrane of target

cells. Tachykinins are also produced by a number of non-neural tissues.

The mammalian tachykinins substance P, neurokinin A,

and neurokinin B act through three major receptor subtypes, denoted as

NK-1, NK-2, and NK-3, respectively. These receptors are present in a

variety of organs.

Substance P is believed _ig_tgr_a1ia to be involved in the

neurotransmission of pain sensations, including the pain associated

with migraine headaches and with arthritis. These peptides have also

been implicated in gastrointestinal disorders and diseases of the

gastrointestinal tract such as inflammatory bowel disease. Tachykinins

have also been implicated as playing a role in numerous other maladies,

as discussed infra.

Tachykinins play a major role in mediating the sensation

and transmission of pain or nociception, especially migraine

headaches. s_e_e_,__e_,_g_, S.L. Shepheard, gLaL, fi

 ,108:11-20 (1993); S.M. Moussaoui, gt_aL, E_um_p_ean

 ,238:421-424 (1993); and W.S. Lee, §_t_a.L, British

 ,112:920-924 (1994).

In view of the wide number of clinical maladies associated

with an excess of tachykinins, the development of tachykinin receptor

antagonists will serve to control these clinical conditions. The earliest

tachykinin receptor antagonists were peptide derivatives. These

antagonists proved to be of limited pharmaceutical utility because of

their metabolic instability.

Recent publications have described novel classes of non-

peptidyl tachykinin receptor antagonists which generally have greater
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