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Abstract: Corticotropin-releasing factor (CRF) can be considered a very important hormone or a
chemical mediator. It works closely with other systems to regulate the manner through which the body
may respond to stress. Thus it affects many biological processes associated with stress. Dysfunction of
this system has also been correlated with various diseases such as major depression, anxiety, drug addic-

ARTICLE HISTORY tion and eating disorders. Ratlonally, this means .that %ntfzrfermg with b.1nd1ng of CBF t.o its intended
receptors can be an attractive target for drug design aiming at developing new medications for many
ailments that are associated with stress such as depression, anxiety and stress-induced relapse in drug

addiction. Hundreds of accounts of small molecule antagonists have appeared in the literature and the
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preclinical and clinical pharmacology have been reported for many of these agents. Several classes of
small molecule CRF receptor antagonists which belong to the non-peptide class have been developed
with many being widely used for research purposes. Currently several major pharmaceutical companies
are pursuing development of small non-peptide CRF1 receptor antagonists. In this review article we
explain the importance of development of non-peptide CRF antagonists and their clinical relevance with

emphasis on those members that showed great promise or those that were advanced to clinical trials.
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1. INTRODUCTION

Corticotropin-releasing factor (CRF) can be considered a
very important hormone or a chemical mediator. It works
closely with other systems to regulate the manner through
which the body may respond to stress. Thus it affects many
biological processes associated with stress. Many ailments
which seem to involve anxiety or symptoms closely-related
to anxiety are assumed to be associated with excessive acti-
vation of the CRF system. Dysfunction of this system has
also been correlated with various diseases such as major de-
pression, anxiety, eating disorders and drug addiction. Re-
search points out that CRF may be involved in the stress-
induced relapse and the anxiety-like behaviors observed dur-
ing acute drug withdrawal and drug addiction [1]. CRF ad-
ministration incites responses that are similar to stress such
as sympathetic nervous system stimulation and parasympa-
thetic nervous system inhibition. Consequently, it causes an
increase in plasma concentration of adrenaline, noradrenaline
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and glucose, increase in heart rate and hypertension, inhibi-
tion of gastrointestinal motility and secretion [2].

The general behavioral response to CRF administration is
an increased excitement and emotional response to the envi-
ronment [3]. In addition to the modulatory effect on the
nervous system, CRF is also suggested to play a significant
role in regulating the immune responses to physiological,
psychological and immunological stressors [4].

The identification and characterization of a family of
CRF peptides agonists and antagonists, coupled with the
cloning and molecular characterization of the two main CRF
receptor subtypes, CRF1 and CRF2, in addition to the dis-
covery of antagonists selective to a particular CRF receptor
subtypes, altogether provided new visions to further clarify
the mechanism of how stress may affect different systems. It
also signified the role of the CRF system and its implication
in several stress-related ailments such as irritable bowel syn-
drome (IBS), anxiety, depression and others [5, 6].

Another important component of the CRF system is a 37
kDa glycoprotein known as the CRF binding protein or
CRF-BP. This protein exists in the plasma and CNS of both
rats and humans [7, 8]. The high concentration of CRF-BP in
the synovial fluid of patients suffering from arthritis offers
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an important clue that CRF-BP may be involved in immune-
therapy [9]. It was suggested that the main function of the
peripheral CRF-BP is to offset the placental CRF hyper-
secretion during the last trimester of pregnancy. The role of
the membrane-bound central CRF-BP is currently under in-
vestigation for its potential therapeutic applications. The
function of the CRF-BP is shifting from the assumptions that
it simply acts a sponge to control the CRF concentration, to
that it may act as a modulator of several central nervous sys-
tem functions [10].

2. INVOLVEMENT OF CRF IN DISORDERS

Anxiety and its related disorders affect millions of adults
aged eighteen and older. Anxiety-related disorders cost bil-
lions each year and it is considered as one of the largest total
mental health bill [11]. Depressive disorders also affect ap-
proximately millions of adults [12]. Depression’s annual cost
amounts to billions in medical expenditures [13]. The co-
morbidity rate of depression with other disorders especially
with anxiety, Parkinson’s disease, eating disorders, substance
abuse, heart attacks, strokes and cancer is also very high
[14]. The currently used medications for treatment of mood
disorders focus mainly on neural concentration of mono-
amine systems such as serotonin (5HT), norepinephrine
(NE), and dopamine (DA). Thus, SSRIs (selective serotonin
reuptake inhibitors) and NRIs (norepinephrine reuptake in-
hibitors) are among the first choice treatment options for
depressive disorders. Similarly, benzodiazepines are among
the first-choice treatment options for anxiety disorders [15].
Although the older traditional drugs such as the tricyclic
antidepressants provided the prototype that eventually paved
the way for the introduction of the new generation of antide-
pressants, their mechanism of action remains similar. Conse-
quently, their efficacy and also their success rate remain
within the same range [16, 17]. Also, they suffer from severe
limitations such as delayed onset of therapeutic action and
failure in sustaining disorder remission significant numbers
of the patients are non-responsive [18].

Despite the presence of a large number of anti-anxiety,
antidepressant and related drugs in the market, there is still
an unmet medical need for new neuropsychiatric agents.
Because a significant number of patients do not tolerate the
current drugs well or because of their undesirable side ef-
fects, newer drugs that work through completely different
mechanisms of actions are much needed [18].

Data from clinical research suggest an involvement of
CRF in major depressive disorders. Earlier research demon-
strated that patients who suffer from major depressive disor-
ders usually have higher levels of CRF in the cerebrospinal
fluid compared to non-depressed volunteers [19]. Moreover,
clinical studies show that CRF levels are also higher in ano-
rexic patients [20], or those with obsessive compulsive or
post-traumatic disorders. Several other studies showed al-
terations in brain concentration of CRF in patients who are
diagnosed with Alzheimer’s and Parkinson’s diseases [21,
22].

Clinical research also confirmed the involvement of CRF
in the depression pathophysiology. This was concluded from
observations such as the poor adaptation to chronic stress
which is associated with long term elevated corticosteroids
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levels. This hypercortisolemia can be a rational pathway to
many forms of depression and appears to be a direct result of
chronic hyper-secretion of hypothalamic CRF. The number
of neurons expressing CRF in the hypothalamus as well as
the concentration of CRF in the cerebrospinal fluid (CSF) in
patients diagnosed with major depression were both found to
be significantly higher compared to the normal population.
[23-25].

Serious arguments confirming the role of CRF in anxiety
disorders are also available. Intra-cerebroventricular injec-
tion of CRF in rats provokes many behavioral and physio-
logical responses similar to those caused by stress. Further-
more, these responses can be blocked by the CRF peptide
antagonists such as the o-helical CRF. Stress caused by
chronic restraint in experimental animal models also causes
chronic activation of the HPA axis. Transgenic mice, over-
expressing CRF also were found to have higher plasma con-
centrations of corticotrophin and glucocorticoids and conse-
quently display noticeable stress-related activities [26].

Convincing pre-clinical data demonstrated that CRF
when administered centrally produced colonic responses
similar to those caused by acute stress and that the visceral
pain caused by colorectal distension in experimental animals
was mediated by CRF1 receptors [27]. Likewise, peripheral
CRF caused the reduction of the pain threshold to colonic
distension and caused an increase in the colonic motility in
rodents and also in humans. These observations resemble the
IBS classic symptoms including the abdominal bloating and
discomfort and the typical altered bowel habits [28]. Interest-
ingly, the CRF1 pathways have been implicated in anxiety
and depression and these same disorders, together with a
stressful life style, are known to have high co-morbidity with
IBS or considered a significant components of the IBS.
Based on the above-mentioned findings, CRF1 receptors was
suggested as a possible target for IBS. It was also suggested
that peripherally-acting CRF1 antagonists may mend IBS
symptoms associated with motility and secretion or the im-
mune response. In the same context, the CNS effects of
CRF1 antagonists might be beneficial for preventing psy-
chopathologies associated with IBS by interfering with the
CNS processing of signals related to stress and visceral pain
[29].

Clinical studies show the involvement of CRF in behav-
ioral responses and physiological symptoms during drug
withdrawal, relapse and stress-induced drug-seeking behav-
ior [30]. It’s been noted that CRF is indeed responsible for
elevated anxiety and negative emotional states during the
development of dependence [31]. These data indicate the
rationale behind the possible use of CRF antagonists for the
management of drug addictive conditions.

Studies also show that overproduction of CRF at synovial
joints may contribute to the development of rheumatoid ar-
thritis. Higher expression of immunoreactive CRF, nearly 6
fold higher than normal individuals has been found in syno-
vium of patients with rheumatoid arthritis [32-35]. Indirect
effects of CRF on immune function [4] have been noted ear-
lier by pituitary adrenocortical glucocorticoid secretion fol-
lowed by their effective anti-inflammatory effects through
suppression of immune and inflammatory responses and the
related mediators [36]. These evidences indicate the role of
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CRF and its importance as a novel target to develop medi-
cines to treat theumatoid arthritis and inflammatory diseases.

CRF is known to regulate both sympathetic and para-
sympathetic outflow [37, 38]. In vivo studies suggest that
central CRF inhibits vagal output and stimulates sympathetic
activity [39]. Therefore, CRF may function to inhibit undue
vagal activation and thereby bradycardia. On the other hand,
CRF1 antagonists increase cardiac vagal and decrease sym-
pathetic activity, indicating CRF1 as a therapeutic target for
autonomic disturbances leading to elevated sympathetic ac-
tivity, such as hypertension and coronary heart disease [40].

3. CRF RECEPTORS AS DRUG TARGETS

The CRF role and its implication in the above-mentioned
disorders and the above-mentioned behavioral, cardiovascu-
lar, gastrointestinal and immune systems suggest that new
drugs that can interfere with the CRF function or CRF bind-
ing to its intended receptors may represent a different class
of neuropsychiatric drugs for stress-related disorders such as
anxiety and depressive and addictive disorders as well as
other peripheral disorders as Irritable Bowel Syndrome.

Significant progress has been achieved in describing the
structure-activity relationships of compounds acting as a
selective agonists and antagonists for CRF1 and CRF2 re-
ceptors such as the peptides astressin and anti-sauvaginel-30
[41]. However, because of the peptide nature of these com-
pounds, their physical properties posed a boundary for their
use in clinical settings. This resulted in pursuing non-peptide
antagonists as a better alternative [42]. Currently, only CRF1
selective non-peptide antagonists are available. Thus, the
design of small molecule, non-peptide antagonists for the
corticotropin-releasing factor receptor may afford new
treatment options for many disorders and may represent a
new class of antidepressants and anti-anxiety agents.

Hundreds of accounts of small molecule antagonists have
appeared in the literature and the preclinical and clinical
pharmacology have been reported for many of these agents.
The main research into CRF antagonists to date has focused
on non-peptide CRF1 receptor antagonists to target health
problems arising as a result of chronic stress and thus as po-
tential treatment options for anxiety-related and stress-
related disorders [43, 44]. Several classes of small molecule
non-peptide CRF receptor antagonists have been synthesized
and many are commonly used in research. No data on CRF2
selective non-peptide agents have been published. Based on
all these facts, many CRF antagonists, particularly non-
peptide CRF1 receptor antagonists may be considered as
potential treatment options for depression or anxiety. The
synthesis of more non-peptide CRF1 receptor antagonists
with a diverse structure scaffolds as well as further clinical
investigations may shed more light on how CRF is impli-
cated in mental disorders.

Currently several major pharmaceutical companies are
pursuing development of small non-peptide CRF1 receptor
antagonists including Ely-Lilly [45], DuPont pharmaceutical
[46, 47], Pfizer [48, 49], Bristol-Myers-Squibb [50-53],
Glaxo Smith Kline [54-56] and Neurocrine biosciences [57-
61].

Fahmy et al.

4. BASIC CRF ANTAGONISTS PHARMACOPHORE

The relationship between structures of non-peptide CRF1
antagonists and their affinity to CRF1 receptors indicates
that CRF1 antagonists are typically built of three moieties: a
hydrophobic moiety up, a proton accepting moiety in the
middle, and an aromatic moiety down. Thus the basic phar-
macophore is proposed to be made of a monocyclic or bi-
cyclic heterocyclic ring carrying a hydrophobic dialkylamino
group on one flank and an aryl ring, usually substituted at the
2-, 4- and 6-positions, on the opposite flank. Having the
aromatic ring orthogonal to the heterocyclic core appears to
be essential for the affinity. A methyl group on the hetero-
cyclic core also appears to enhance the CRF1 antagonist
properties [44, 62, 63] (Fig. 1).

X-ray structure of several non-peptide CRF1 antagonists
confirms that extension of the aromatic or hetero-aromatic
hydrophobic unit (down area) and the alkyl groups on the
amino functionality (up area) being out of the plane of the
core heterocyclic unit (central area) are required for optimum
CREF receptor binding affinity [64].
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C = 2,4,6-Trisubstituted Aromatic
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Fig. (1). Pharmacophore structure of CRF1 antagonists.

5. CHEMICAL CLASSIFICATION OF CRF1 RECEP-
TOR ANTAGONISTS

Based on the number of rings in the heterocyclic core
ring system, CRF1 receptor antagonists can be classified to
the following classes:

5.1. Monocyclic CRF1 Receptor Antagonists

Depending on the type of the heterocyclic ring system
involved, this group can be further sub-classified into the
following ring systems:

5.1.1. Pyrazines

Many pyrazines were developed as CRF1 receptor an-
tagonists. The pyrazine proved to have greater potential
compared to the previously-reported other heterocyclic-core
counterparts; especially, in the areas of oral bioavailability,
stability to metabolism and also brain accessibility.
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A lead compound of the pyrazine-containg CRF1 recep-
tor antagonist is NGD 98-2 (Fig. 2) which was extensively
profiled [65]. During in vitro studies, it showed high affinity
to CRF1 receptors in humans and rats. It showed an antago-
nist effect to the cAMP accumulation induced by CRF in
human neuroblastoma cells. Also, the in vivo pharmacologi-
cal effects of NGD 98-2 were evaluated in male rats follow-
ing behavioral and biochemical models of stress.

This drug candidate was found to be orally bioavailable
with good brain penetrability following oral administration
to rats. It displayed highly selective CRF1 receptor antago-
nist activity. When quantitative assay of brain CRF-1 recep-
tors occupancy was carried out, it was found that fifty per-
cent occupancy was reached.

On the behavioral level, oral administration of NGD 98-2
at small doses resulted in a significant reduction of alteration
in the locomotor activity induced by CRF. Moreover, ex-
periments on rats suffering from physical restraint for ten
minutes showed a significant increase in HPA axis activa-
tion, as demonstrated by augmented plasma ACTH levels.
Oral administration of NGD 98-2 significantly reduced the
restraint stress-induced elevated ACTH in a dose-dependent
manner [65].

The Newly Developed CRF1 Receptor Antagonist, NGD
98-2 and its structurally-related analogue, NGD 9002 [66]
(Fig. 2) were found to suppress both the exogenous (induced
by administration of CRF) and endogenous (induced by ex-
posure to water avoidance stress or repeated colorectal dis-
tension) CRF-induced stimulation of colonic function and
visceral hypersensitivity (CRD) in conscious rats.

It is worth-mentioning that the long t;, and thus the risk
for accumulation in adipose tissues posed a safety concern
for long term use in humans, and consequently, additional
development of NGD 98-2 has come to an end.
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Fig. (2). Structures of pyrazine CRF antagonists.

5.1.2. Pyridines

Numerous pyridines were developed as novel, selective,
and orally active CRF1 antagonists. Most exhibited potent
CRF1 antagonist effect and showed good brain receptor oc-
cupancy following oral administration. This indicates oral
bioavailability and accessibility to brain.

CP-316311 (Fig. 3) is a prominent potent member of this
series of selective CRF1 receptor antagonists. It showed effi-
cacy when given orally in the in vivo CNS experiments. CP-
316311 was advanced to phase II trials for depression to ex-
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amine the postulation that CRF1 antagonists may have a
clinically use as antidepressant medications [49].

Many compounds from this series showed a significant
positive effect for food following oral administration in both
humans and dogs. In dogs, oral bioavailability was much
lower during fasting than when the animals were fed. To
address the food effect concerns, structural modifications
were made in an effort to discover similar orally active com-
pounds with an improved pharmacokinetic profile while re-
taining the desired pharmacological effect. This led to the
development of compound CP-376395 [49].

CP-376395 (Fig. 3) is another prominent orally active
clinical candidate of this group. It showed clear in vivo po-
tency in animal models. Consequently, CP-376395 was cho-
sen for additional development and was advanced to the
clinic because of its better efficacy in CNS models and less
interference of food with its effects [62]. Thus it may have a
value in assessing the clinical usefulness of CRF1 receptor
antagonists for stress or anxiety related illnesses.
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Fig. (3). Structures of pyridine CRF antagonists.

F F.
X X
N N
S Br
CRA1000 CRA1001

Fig. (4). Structures of pyrimidine CRF antagonists.

5.1.3. Pyrimidines

Several pyrimidines were developed as non-peptide
CRFI1 receptor antagonists with many showing great prom-
ise. Examples are CRA1000 and its bromo-analogue
CRA1001 (Fig. 4). They displayed high affinity and CRF1
receptor subtype selectivity with strong anti-anxiety and an-
tidepressant effects during animal investigations [67].
CRA1000 displayed a high affinity to rat frontal cortical
CRF1 receptors. Unlike other CRF antagonists, it did not
inhibit binding of radiolabelled '*’I-sauvagine CRF2 in rats.
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It also inhibited, in a concentration-dependent manner, the
accumulation of cAMP induced by CRF when tested in
CRF1-expressing cells such as AtT-20 and COS-7 cell lines.
During the in vivo testing, it reversed the shortening of so-
dium pentobarbital-induced sleeping time which was in-
duced by stress caused by restraint in rats. This also served
as evidence that the increase in arousal induced by stress is
mediated by CRF1 receptors [68].

5.1.4. Thiazoles

A good example of thiazole-containing CRF antagonists
is SSR125543A (Fig. 5). It is a potent CRF1 receptor an-
tagonist [69]. It shows a nano-molar affinity for native or
cloned human corticotrophin-releasing factor receptors and a
thousand times more selectivity to CRF1 versus CRF2 recep-
tors or CRF-BP. When tested using human retinoblastoma
Y79 cells, SSR125543A inhibited the accumulation of
cAMP induced by CRF. When tested in mouse pituitary tu-
mor AtT-20 cells, it inhibited the secretion of adrenocortico-
tropin hormone. Brain accessibility by SSR125543A was
established in rats when it displaced binding of the radiola-
belled ['*I-Tyr0] to ovine brain CRFI receptors.
SSR125543A also reversed the increase in rat plasma ACTH
levels which was induced by CRF injection.

F
NTNZ
A
- Cl
SSR125543A
O_

Fig. (5). Structures of thiazole CRF antagonist.

SSR125543A oral effectiveness was demonstrated by
various tests. It reduced the stress-induced increase in plasma
ACTH levels in rats caused by restraint. It also antagonized
the increase in rat hippocampal acetylcholine release induced
by an injection of CRF. Finally, it reduced the CRF-induced
forepaw treading caused by injection of CRF in gerbils [69].
The collective results of these tests strongly confirmed the
potential of SSR125543A as a selective potent CRF1 recep-
tor antagonist which is orally active.

5.2. Biyclic CRF1 Receptor Antagonists

Depending on the type of the heterocyclic ring system
involved, this group can be further sub-classified into the
following ring systems:

5.2.1. Pyrrolo[2,3-d[pyrimidines

Antalarmin (Fig. 6) is perhaps the most prominent mem-
ber of non-peptide CRF antagonists in general and was stud-
ied extensively. Thus it is the best representative of the pyr-
rolo[2,3-d]pyrimidine series. Antalarmin showed anti-
inflammatory properties and thus may have a potential value
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in management of arthritis [70], as well as other inflamma-
tory disorders which are stress-mediated such as irritable
bowel syndrome [28, 71], and peptic ulcers [72]. Chronic
CRF1 block with systemic antalarmin significantly improved
rat adjuvant-induced arthritis, and reduced peripheral joints
inflammation. Clinical and histopathological observations
confirmed the results, and also the weight loss associated
with disease onset. Despite the suppression in the levels of
adjuvant-induced corticosterone which is the main anti-
inflammatory glucocorticoid in rats, there was no induction
nor exacerbation of arthritis expression by Antalarmin [70].
Systemic CRF1 block seems to mainly block the peripheral
pro-inflammatory properties of immune CRF but does not
block the systemic glucocorticoid-mediated anti-inflamma-
tory properties of the hypothalamic CRF. Long term treat-
ment with CRF1 antagonists was found to reduce the pro-
gression of degeneration of arthritic joints components in-
cluding synovia, cartilage and bone which is induced by in-
flammation. This points out to a possible therapeutic value of
antalarmin in treatment of autoimmune diseases and inflam-
matory ailments. Upon exposure to long-term stress, gastric
ulcers and increase in colon motility accompanied with
mucin depletion were developed in rats. Several indicators of
physiological and behavioral arousal also appeared. Antide-
pressants such as fluoxetine and bupropion, and also anti-
anxiety medications such as diazepam and buspirone in addi-
tion to antalarmin were all assessed for their potential to alter
these responses. Antalarmin, fluoxetine, bupropion and di-
azepam suppressed the gastric ulceration induced by stress
resulting from 4 hours restraint in male Sprague-Dawley rats.
Antalarmin was found to produce the most noticeable anti-
ulcer effect and also inhibited the other effects caused by
stress including hyper-motility of the colon, depletion of
mucin, and behaviors such as autonomic hyper-excitement
and struggling [72]. Thus Antalarmin showed that non-
peptide CRF1 antagonists may be of value as prophylactics
for ulcers caused by stress in the critically-sick patients. It
may also have a value as possible medication for similar
gastrointestinal disorders such as gastric ulcers and irritable
bowel syndrome.

Antalarmin was found to antagonize the pressor effect
induced by central CRF [73]. It also showed promising re-
sults in treatment of CRF induced hypertension [74]. Similar
promising results for antalarmin were also observed for dis-
orders associated with drug addiction. When antalarmin was
evaluated for its effects on cocaine dependence in monkeys,
it showed a reduction of its use. Similarly, antalarmin tested
on cocaine-addicted rats prevented dose escalation, suggest-
ing that it might modulate the cocaine addictive effects over
time [75]. Antalarmin showed a significant potential to re-
duce withdrawal symptoms associated with long-term use of
opiates and to reduce self-administration of alcohol in ro-
dents addicted to ethanol [76].

CP-154,526 (Fig. 6) is another potent and selective CRF1
receptor antagonist from this series developed by Pfizer [77,
78] and is in clinical trials. Systemic administration of CP-
154,526 reduced the release of noradrenaline and plasma
ACTH levels which were induced by stress [79, 80]. How-
ever, in anxiety related tests, CP-154,526 showed mixed
results. This may be due to the differences in behavioral test-
ing methods or compound itself may be weak anxiolytic
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compared to benzodiazepines. But the preclinical data of CP-
154,526 as an antidepressant showed promising results, indi-
cating the potential application of CRF1 receptor antagonists
in depression [81]. CP-154,526 also inhibited the self-
administration of cocaine indicating potential use in cocaine
abuse. It also reduced signs due to withdrawal from mor-
phine and shows the potential application of CRF1 receptor
antagonist in abstinence following opiate addiction. In addi-
tion, CP-154,526 also stopped ethanol, morphine, and co-
caine administration caused by stress and shows strong po-
tential in preventing the relapse during drug addiction caused
by stress [82]. CP-154,526 is under investigation for the po-
tential treatment of alcoholism [83].

N™~ NTX
)l\ 4 ¢ )l\ “ ¢
Antalarmin CP-154526

Fig. (6). Structures of Pyrrolo[2,3-d]pyrimidine CRF antagonists.

5.2.2. Pyrazolo[1,5-a]1,3,5-triazines

Structure-activity relationships studies of a new class of
pyrazolo[1,5-a]1,3,5-triazine CRF1 receptor antagonists re-
sulted in the discovery of BMS-562086 (Fig. 7), as potent,
selective CRF1 antagonist. This compound, as well as other
closely related analogues, showed great promise when tested
in animal models. They showed a promising pharmacokinetic
profile when tested in dogs and are orally active in anxiety
models in rats including the defensive withdrawal model for
the situational anxiety and the elevated plus maze anxiety
model. Thus, they were advanced to clinical trials [84, 85].

Other pyrazolo[1,5-a]1,3,5-triazines have heterocyclic
rings replacing one of the alkyl chains at the molecule C7
up-area. This structural modification produced derivatives
which were less lipophilic. The most prominent derivative in
this series was NBI-77860 which is also known as
GSK561679 (Fig. 7) [86] which showed a high ligand affin-
ity and a functional CRF1 antagonist activity. It has a prom-
ising pharmacokinetic profile and was advanced to the next
level for additional preclinical evaluation.

Another potent, orally bioavailable CRF1 receptor an-
tagonist is DMP696 (Fig. 7). It has a very promising oral
activity and pharmacokinetic profile in rats as well as dogs.
It displayed promising properties in situational anxiety mod-
els in rats whereas the literature-standard CP-154,526 was
inactive. DMP-696 decreased the typical mouth movements
in monkeys by almost fifty percent [87]. Thus, the profile of
DMP-696 indicates that CRF1 receptor antagonists have the
potential as anti-anxiety medications with less motor side
effects.

5.2.3. Pyrazolo[1,5-a]pyrimidines

Some pyrazolo[1,5-a]pyrimidines was designed to have
a pyridine ring at the 3-position of the bicyclic core which is
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Fig. (7). Structures of Pyrazolo[1,5-a]1,3,5-triazine CRF antago-
nists.

weakly-basic in nature instead of the typical phenyl ring in
order to decrease lipophilicity. These pyridine-substituted
CRF1 antagonists showed great antagonism at CRF1 recep-
tors in humans. A good example is NBI-30775, which has
the code number R121919 (Fig. 8). The weakly-basic polar
pyridine ring enhanced the solubility in water of the hydro-
chloride salt of NBI-30775. It showed a promising binding
affinity for CRF1 receptors in humans as a functional an-
tagonist. It reduced the CRF-induced cAMP accumulation in
CRF1 receptor expressing cells, and CRF-induced ACTH
release from rat pituitary cells. Both effects were in a con-
centration-dependent manner. Pharmacokinetic studies
showed that it has good oral bioavailability in rats and also
has promising brain penetrability. /n vivo studies, demon-
strated its antagonistic properties in behavioral models in
animals designed to measure the anti-anxiety properties [88].
These results indicated that NBI-30775 (R121919) is a po-
tent CRF1 receptor antagonist with good physicochemical
and pharmacokinetic profiles. NBI-30775 moved to the next
level and was developed into a clinical compound. It showed
some efficacy in a minor open label clinical study for de-
pression and anxiety [88].

Another prominent pyrazolo[1,5]pyrimidine is DMP-904
(Fig. 8). It has an excellent binding affinity. Its pharmacol-
ogical profile strongly supports its potential as an anxiolytic
agent with low motor side effect liability. DMP904 is a po-
tent antagonist to the hCRF1-induced adenylate cyclase ac-
tivity in HEK293 cells. It displayed good oral activity when
tested in the situational anxiety model in rats and showed
low motor side effects [89]. The antagonist activity profile of
DMP904 to hCRF1 receptors has been processed through a
Schild analysis where it has been shown to be a non-
competitive antagonist. It was selective to hCRFI1. It was
also selective for CRF1 with no affinity for hCRF2 receptors
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expressed in HEK293 cells and no affinity for the CRF-BP.
When tested against other receptors, it showed no affinity for
adenosine, adrenaline, dopamine, or serotonine, histamine,
muscarine, GABA, opioid receptors or ion channels [90].

\/\N/\/ /\K\

NBI-30775 DMP-904

Fig. (8). Structures of Pyrazolo[1,5-a]pyrimidine CRF antagonists.

Pexacerfont (Fig. 9), also known as BMS-562,086 is a
recently developed CRF1 antagonist developed by Bristol
Myers Squibb which is currently in clinical trials to evaluate
its potential in the treatment of anxiety disorders [91]. It has
also been suggested as a possible medication that may be of
value for depression and irritable bowel syndrome [92].

Pexacerfont  Verucerofont

Fig. (9). Structures of Pyrazolo[1,5-a]pyrimidines Verucerofont and
Pexacerofont.

Verucerfont (Fig. 9), also known as GSK-561,679 or NBI-
77860, is a new drug developed by GlaxoSmith Kline [86]. It
is a potent and specific CRF1 antagonist as confirmed by an
array of in vitro and in vivo experiments and clinical trials in
humans. NBI-77860 is under investigation as a possible
treatment for the typical congenital adrenal hyperplasia [93].
It is also considered as a possible treatment for alcohol ad-
diction, since long-term stress is usually a component during
the development of alcohol addiction and also during relapse
when alcoholic are attempting to quite [94]. It showed a po-
tential in animal studies but still needs to be tested in hu-
mans.

5.2.4. Imidazo[1,2-b] Pyridazines

Imidazo[1,2-b]pyrazines provided some novel CRFI
receptor antagonists with enhanced properties for clinical
development. Among those MTIP (Fig. 10) which is a thia-
zolyl- 1m1dazo[ll 2- b]pyrldazme [45]. It reduced bmdmg of
radiolabelled '*’I-sauvagine to pituitary membranes in rats
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and cloned human CRF1 at sub-nanomolar concentrations
without any detectable effects on CRF2 receptors. It also
showed in vivo activity. Following administration orally, this
compound reduced the binding of radiolabelled '*I-
sauvagine to the cerebellar membranes in rats with an excel-
lent oral bioavailability reaching 91%. Compared with other
prominent CRF1 antagonists in clinical trials such as
R121919 and CP-154526, MTIP had a significant lower vol-
ume of distribution and clearance. MTIP, in a dose-
dependent manner, reversed anxiogenic effects of alcohol
withdrawal [45]. It also stopped ethanol self-administration
behavior in rats which has a past of dependence. Also, this
compound stopped reestablishment of ethanol seeking be-
havior which was induced by stress after dependence and
also in the genetically-altered animals, at amounts which
were ineffective in rats which were not alcohol-dependent
rats. Thus, MTIP may have a particular value as a potential
agent to treat of alcohol dependence.

MTIP
Fig. (10). Structures of Imidazo[1,2-b]Pyridazines CRF antagonists.

5.3. Tricyclic CRF1 Receptor Antagonists

These compounds have the nitrogen of the five mem-
bered ring of the imidazo[4,5-b]pyridine and pyrazolo[4,3-
b]pyridine heterocyclic core attached to the nitrogen at posi-
tion 7, thus forming a tricyclic triaza- or tetraaza-
acenaphthylene derivatives.

5.3.1. Triazaacenaphthylenes

In a series of tricyclic imidazo[4,5-b]pyridin-2-ones
CRF1 receptor antagonists, the 5-(heptan-4-yl)-1-(4-
methoxyphenyl) derivative (Fig. 11) was identified as a
promising antagonist. This compound is very selective to
CRF1 receptors and essentially without any affinity to the
CRF2 receptors which are expressed in Chinese hamster
ovary (CHO) cells. Moreover, it showed insignificant or no
binding affinity for more than sixty various receptors, trans-
porters or ion channels. Consequently, it was advanced to
additional evaluation to assess its functional CRF1 antago-
nist properties both in vitro and in vivo. It inhibited, in a con-
centration-dependent manner, the accumulation of cyclic
adenosine monophosphate (cAMP) induced by stress in the
CHO cells expressing the CRF1 receptors. In a second func-
tional assay, it also inhibited the release of CRF-induced
adrenocorticotrophic hormone from primary anterior pitui-
tary cell cultures obtained from rats [60]. These functional
assays confirmed that this compound is a potent antagonist.
Pharmacokinetics studies after either IV or oral administra-
tion in male Sprague-Dawley rats confirmed its oral
bioavailability and good brain penetrability. Moreover, this
analogue exhibited a favorably lower volume of distribution
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and a moderate t;,. Consequently, it was subjected to an
additional in vivo testing. The in vivo functional antagonist
properties of this compound were determined by measuring
the release of ACTH induced by stress in normal rats. Intra-
venous CRF administration in rats caused a vigorous in-
crease in ACTH plasma levels. Administration of this com-
pound weakened the increase in rat ACTH plasma level
which was induced by CRF confirming that it is a functional
CRF1 antagonist with enhanced pharmacokinetic profile
[60].

Fig. (11). Structure of Triazaacenaphthylenes CRF antagonists.
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NBI-35965  NBI-34041

Fig. (12). Structure of Tetraazaacenaphthylenes CRF antagonists.

5.3.2. Tetraazaacenaphthylenes

A prominent tetraazaacenaphthylene derivative is NBI
35965 (Fig 12). It was identified as an antagonist with a
great affinity. This analogue was verified to have functional
CRF1 antagonist properties when tested in the CRF-induced
cAMP accumulation and ACTH production in the in vitro
tests. Moreover, it also inhibited the release of ACTH in vivo
regardless whether it was CRF-induced or caused by stress
[59].

Another lead compound in the tetraazaacenaphthylene
series is NBI-34041/SB723620 (Fig. 12) [95]. Preclinical
studies carried out in various cells expressing human CRF
receptors and also in Wistar and Sprague-Dawley rats
showed that efficiency of NBI-34041 in inhibiting endocrine
responses to pharmacological and behavioral stressors which
are facilitated by CRF1 receptors. These particular effects in
addition to its established safety profile allowed that com-
pound to move forward to the first phase of clinical trials in
24 healthy males receiving NBI-34041 at doses ranging from
10 to 100 mgs, or placebo for two weeks. The effect on regu-
lating the HPA axis was assessed by giving an IV injection
of 100 mg of human CRF. Psychosocial stress response was
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evaluated using the Trier Social Stress Test (TSST). Results
indicated that NBI-34041 did not alter the secretion of the
daytime adrenocorticotropic hormone (ACTH) and cortisol
or affect the CRF-induced ACTH and cortisol responses but
weakened the neuro-endocrine reaction to psycho/social
stress [95]. A possible explanation is that the neuroendocrine
effects of this compound are mediated predominately by the
anterior pituitary and the neuromodulatory effects are arbi-
trated by CRF receptors in the limbic and prefrontal areas.
The same phenomenon is supported by another study using
anti-CRF1 oligodeoxynucleotides in rats, in which the test
compound caused anxiolytic effects [96, 97] without any
change in plasma ACTH and corticosterone concentrations
[96, 98]. These clinical data results indicate the safety of this
compound and that it does not damage the HPA basal regu-
lating system but enhances resistance to psycho/social stres-
sors. Moreover, NBI-34041 endorses the postulation that
inhibition of the CRF system can be a potential target in drug
discovery efforts aiming to find new drugs against depres-
sion and anxiety disorders [95].

CONCLUSION

The vital function of CRF and its implication in several
neurological illnesses and in behavioral, cardiovascular, gas-
trointestinal and immune systems suggest that novel agents
which can interfere with the CRF role and binding to its in-
tended receptors may present a new class of neuropsychiatric
drugs for many disorders which are related to stress such as
anxiety, depression and substance-abuse as well as other
stress-related peripheral disorders as Irritable Bowel Syn-
drome. The physical properties of non-peptide CRF antago-
nists have a clinical advantage over the peptides counterparts
in terms of the pharmacokinetic properties specially
bioavailability and brain penetrability. Several small-
molecule non-peptides CRF antagonists have been devel-
oped with many reaching clinical trial with great promise
with the best known antagonists are Antalarmin, Verucero-
font and Pexacerofont. Thus, the design of small molecule,
non-peptide CRF antagonists may afford new treatment op-
tions and a new class of antidepressants and anti-anxiety
agents from this class may emerge in the near future.
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