Can Monoamine-Based Therapies Be Improved?
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M onoamine-based therapies that selectively target serotonin, norepinephrine, or dopamine uptake
are effective as antidepressants. However, many depressed patients do not achieve remission with
these single-action agents. Treatment strategies that target more than one neurotransmitter, either

ough augmentation, combination treatment, or the development of single agents with dual or triple

ptake mechanisms, may prove to be even more effective than traditional antidepressants and merit

fur esearch.

%

T he monoamine h)?po}ﬂfg‘a"s of depression implicates
altered function of m ine neurona systems

as a possible cause of depr egies that increase

the availahility of any or all of the %I.gcal monoamine

neurotransmitters—serotonin (5-HT), inephrine, and

dopamine—have been successful in the t of de-
pression. However, the DSM-IV-TR? least
60% of people who experience a single’episod ajor
depressive disorder will probably have a isode;

risk increases with each subsequent episode.
Comorbidity Survey? reports a17% lifetime prev

o

major depression. The disease is both recurrent and @d& Q

spread, and although the currently available antidepr
sants are effective for many patients, a sizeable minority

have only apartial response.’

Among the most successful antidepressant strategies
have been those that |ead to enhanced serotonin availabil-
ity viareuptake inhibition of the neuronal transport site for
serotonin. Serotonin is a major neurotransmitter in the
central nervous system. Serotonin neurons arise from at
least 9 distinct nuclear groups, they show abroad distribu-
tion and innervate most of the brain and much of the spinal
cord, and they differ in their anatomical and biochemical
properties. At least 14 different receptor subtypes mediat-
ing serotonin action have been identified. These differ-
ences suggest the theoretical possibility of regionally se-
lective manipulation of serotonin function, which, in turn,
could alow clinicians to pinpoint the type of response

f
29% to 46%—will not respond to drug treatment or will ‘}%

f
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needed and provide therapeutic intervention for a patient
accordingly. The selective serotonin reuptake inhibitors
(SSRIs) were amagjor step forward in the development of
antidepressants because they combined the efficacy of the
tricyclic antidepressants (TCASs) but did not display the
anticholinergic side effects or the danger in overdose that
the TCAs do.

In addition to the well-established action to ater the
availability of the classical monoamine neurotransmitters,
current research efforts are pointing to several potential
biochemical targets for future antidepressant devel opment

able 1). These possible targets include direct action
ostreceptor signaling events and, ultimately, specific,
tion on more precise gene targets. This brief
y will explore the question; Can the clinical ef-

? This question will be addressed by
of receptor-specific antidepressant

examining data ftg
inhibitors.

ANTIDEPRESSANT A@ENTATION

Although it is clearly establish
based therapies such as the SSRIs and ?e clinically
effective antidepressants, they are not wit Qoom for
improvement. For example, the latency to on otice-
able clinical effect is at least 2 to 4 weeks.* Furthermore,
although many patients ultimately respond well to anti-
depressant treatment, many others have an incomplete re-
sponse or do not respond at all.® Indeed, partial or non-
response to treatment of first choice isthe normin clinical
practice.

One of the more commonly employed strategies to
enhance clinical response has been the use of adjuvant
or augmentation treatment accompanying the initial anti-
depressant. For instance, lithium is often used to augment

eloping area of dual-reuptake

monoamine-
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Table 1. Potential Targets for Future Antidepressant
Development

Altered neurotransmitter availability
Serotonin, norepinephrine, dopamine
Neuropeptides, neuromodulators
Receptor-specific modulation
Autoreceptor blockade
Postreceptor targets
Second messengers
Cyclic adenosine monophosphate (CAMP)
Phosphoinositide cascade

Third messengers
Kinases

CAMP element binding protein
Calcium

Fos
Genomic targets
Gene expression (br. ived neurotrophic factor,

nerve growth factor)

2

7,
monoamine-based antidepr%api% and improve
the quality of the ultimate respo s%emnger and co-

workers® found lithium to be effec added to

desipramine, amnnptylme or mlanserln ents with
treatment-resistant depression. Interast e atients
improved quickly, within the first 2 days eg| lith-
ium treatment. It has been speculated that of

lithium as an augmenting agent may provide

tial clues to the relevance of second m%senger t

other postreceptor sugnalmg events in the pharmac
treatment of depression. It also clearly demonstrates th

as effective asthe TCAs and SSRIs are, they do not defme@of I

aceiling of clinical effect.

The use of lithium represented to some extent a purely
empirical approach to antidepressant augmentation. As our
understanding of serotonin neurochemistry has evolved, it
has been possible to propose an arguably more rational ap-
proach to augmentation. One of the more recent examples
of this has been speculation that the concurrent action of
an SSRI and a 5-HT,, antagonist would hasten the onset
and perhaps increase the endpoint response to the SSRI.
This speculation is based on the observation, in animals, of
an acute reduction in the firing rate of the major serotonin-
containing cell bodies in the dorsal raphe nucleus after
SSRI administration. This reduction of cell firing rate is
largely mediated by the somatodendritic 5-HT,, autorecep-
tors. Subsequent down-regulation of that receptor sub-
population over the ensuing 2 weeks is accompanied by a
longer-term increase in serotonin neurotransmission. Be-
cause the time course of these neurochemical changes in
animals parallels the observed clinical response latency to
SSRI use in humans, it has been proposed that acute an-
tagonism of the 5-HT,, receptor may avert this initial re-
duction in serotonin firing and hence may lead to a more
rapid onset of clinical effect, and perhaps an even greater
endpoint response than seen with SSRI treatment alone.
Unfortunately, at this time few clinically available agents
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possess 5-HT,, antagonist properties. One of these agents
is the 3-adrenoceptor antagonist pindolol. Several studies
have found pindolol to be an effective and even rapidly
acting adjuvant therapy. For example, Artigas and cowork-
ers® studied 2 small groups of patients to determine the
efficacy of pindolol, 2.5 mg t.i.d., added to 20 mg/day of
paroxetine as a means to reduce the latency of responsein
one group of depressed patients and to increase degree
of response in another group. They reported that 4 of 7
patients in the first group remitted completely within 1
week, and another recovered partially in that time. In the
second group, 5 of 8 patients remitted completely in 1
week, and an additional patient partially recovered in that
time period. The authors concluded that pindolol added
to the SSRI was a quick and effective augmentation ap-
proach. Extending thiswork, inalarger placebo-controlled
study of 111 patients with major depression, Perez and col-
leagues’ found similar results. In that study, significantly
more patients who took 2.5 mg t.i.d. of pindolol added
to a regimen of 20 mg/day of fluoxetine experienced a
response than those patients who had placebo added to
fluoxetine (75% rate of response vs. 59% rate of response).
This response happened more quickly and was sustained
longer.

Unfortunately, not all reports of pindolol augmentation
of antidepressant treatment have provided positive results.

O Inawell-designed, double-blind, placebo-controlled study,
ic/

erman et al.® set out to confirm the results found by
gas and others.® Patients were treated with 20 mg/day
ine plus pindolol, 7.5 or 10 mg/day, or placebo.
of study, no difference in response rate was ob-
@ pindolol-treated group versus the placebo-

pindolol or placebo to current anti depres-
iled to find a statistical differencein
response rates/ i
depression, Olve ues® found mixed results
in both open-label and do lind studies. They also dis-

cussed the possibility that a'miérescomplete interpretation
of the clinical effects of pi ndc@oadmi nistration must
consider the potential for drug int ion if pindolal is
used in conjunction with an antidepr that is metabo-
lized by the cytochrome P450 2D6 en Se?nd warned
that pindolol is potentially fatal in overdo:

What other considerations should be taken%)ccount
to interpret these disparate clinical results? One possible
explanation for the inconsistent antidepressant effect of
pindolol reported in the literature is provided by Martinez
and others.™ These authors have found that the dosage
of pindolol normally used in augmentation studies (usu-
aly 7.5-15 mg/day) may produce an insufficient degree
of occupancy at the presumably relevant central nervous
system—ocated 5-HT,, receptor sites to permit a consis-

tent response. In fact, at a dose as high as 30 mg/day, they
found only a 64% occupancy of 5-HT,, receptors in the
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dorsal raphe nucleus as measured by positron emission
tomography in 9 healthy volunteers.

Clinical evidence to date, then, has provided inconsis-
tent evidence that pindolol has an adjuvant antidepressant
effect when used in conjunction with an SSRI antidepres-
sant. Neuroimaging results suggest that the doses of pin-
dolol employed may have provided insufficient central
nervous system 5-HT,, receptor occupancy to induce an
antidepressant effect. Furthermore, since pindolol isnot it-
self apure 5-HT,, antagonist, these results do not exclude
the possibility that 5-HT,, antagonism may be a successful
antidepreeaé ;hpaapy Results from these two approaches
and others underscore the readlity that receptor-specific
augmentation str remain aviable areafor improve-
ment on monoamin antidepressant treatments.

COMBINA“L REATMENTS
WITH MIXED MO NE ACTION

Consistent with the monoaminé/h( hesis of depres-
sion, dysregulated monoamine neurol itter function
is presumed to cause a cascade of cellular beellular
events ultimately leading to the dev qrﬁo:‘ epres-
sion. Although the idea of “monoamine-plre’ i
illness subtypes is a useful heuristic modé)-n
pieces of evidence implicate a complex col
roles for the classical monoamine neurotransmitt

determine whether the effect found in rats correlated with
an increased, more rapid clinical response in depressed
patients. Fourteen inpatients were given desipramine and
fluoxetine in open-label fashion for 4 weeks, and their re-
sults were compared with those of retrospectively identi-
fied patients who took desipramine only. Patients receiv-
ing the combination responded more quickly than those
receiving desipramine only, and 10 of 14 achieved remis-
sion within the 4-week period.

Other studies have confirmed that combination treat-
ment with an SSRI and a TCA can enhance and hasten the
onset of clinical response in depressed patients. In 8 cases
of treatment-resistant, recurrent depression, Seth and co-
workers noted significant improvement with the combi-
nation treatment of an SSRI and nortriptyline. Weilburg
and others'® added fluoxetine to the treatment regimen of
30 depressed outpatients receiving antidepressant treat-
ment; 26 (86.7%) improved. Unlike pindolol augmenta-
tion therapy, which specifically targets a specific seroto-
nin receptor subtype to enhance response, combination
treatment with an SSRI and a TCA targets a more ex-
panded action on both serotonin and norepinephrine reup-
take inhibition.

Perhaps even more compelling evidence to support the
view that mixed-action antidpressants provide a superior
clinical outcomeis seen in the reportsfrom the Danish Uni-
yersity Antidepressant Group. For instance, this multisite

pathophysiology of depression. While amino acid d&f& -/ group has provided evidence to suggest that the TCA clo-

tion studies™*® have shown that serotonin and norepin

fpramine has greater clinical efficacy than doesthe SSRI

rine can be separately affected and induce remission ir@ci ram.” In general, newer, more neurotransmitter-
ect'wz ;n

depressed patients who are effectively treated with either
SSRIs or norepinephrine reuptake inhibitors, respectively,
it is also recognized that concentrations of the metabolites
of serotonin and norepinephrine in various body fluids
may be concurrently disturbed in depression, suggesting a
complex and interactive role for the neurotransmitters.™
Clearly both systems play important roles. A relevant ques-
tion that emerges from these observations is the degree to
which a dual-action therapeutic intervention may have an
additive or greater-than-additive effect on expanding the
number of successfully treated patients and also poten-
tially enhancing the response in those patients who may
respond partially to agents active on only one neurotrans-
mitter system alone. Several emerging lines of clinical evi-
dence suggest that, indeed, therapeutic strategies that com-
bine action on more than one neurotransmitter system may
indeed have a greater clinical impact than single-action
therapies.

It had been observed that coadministration of the TCA
desipramine and the SSRI fluoxetine was associated with
a down-regulation of -adrenoceptors in rats in 4 days,
before longer-term changes were observed in the relevant
monoaminergic systems with either agent alone.”® Based
in part on these animal data, Nelson and others'® studied
the combination of those 2 drugs in depressed patients to
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tidepressants appear to achieve equivalent or
I rerhigsion rates (20%-30%) than do broader-action
agents’su a¥the TCAS®? when remission is typically

consid re of 7 or less on the 17-item Hamil-
ton Rati epression (HAM-D).
Unfortuna rrently available antidepressant

one monoamine neurotr itter system also have no-
table drawbacks in use. Fo le, the TCAs are not
monoamine selective; they ha\&:pnsi derable range of
other pharmacologic actions that undesirable ad-
verse effects. Therefore, opportunity y exists in the
research and development of novel epr ts that
may improve upon the profile of existing aggn

Q

SINGLE AGENTS WITH 2
MIXED MONOAMINE ACTION

Venlafaxine

Venlafaxine has provided one of the first opportunities
to examine the hypothesis that a specific dual-action anti-
depressant would provide a superior clinical response to
single-action agents. Indeed, in arecently published meta-
analysis of 8 randomized, double-blind studies of patients
with major depressive disorder, venlaf axine was suggested
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Figure 1. Chemical Structure of Duloxetine

4

%
o haveastatistically sgnlféntl higher rate of remission
ig

than either SSRIs or placebo linical studies of ven-
e serotonin and nor-

lafaxine suggest that its affin

epinephrine reuptake transport sites_iS not equivalent.
At lower plasma concentrations, the higher af-
finity for the serotonin transport site resu unctional
action virtually identical to that of an RR?i nly at
higher plasma concentrations where th ati wer
affinity for the norepinephrine transport si reCr
resulting in a more complete dual reuptake in
This dose-dependent action may explain why

*

“%o

Table 2. Relative Binding Affinity (K;) of Duloxetine and
Venlafaxine®

K;, "M Norepinephrine/
Drug Norepinephrine Serotonin Serotonin Ratio
Duloxetine 7.5 0.8 9
Venlafaxine 2480 82 30

aData from Bymaster et al.*

hour period. Again, these effects were more noticeable with
higher doses of duloxetine. It has more recently been re-
ported that dul oxetineinhibits the reuptake of serotonin and
norepinephrine more potently and more evenly than does
venlafaxinein asimilar in vitro model (Table 2).%®

Duloxetine, then, is a potent and balanced inhibitor of
serotonin and norepinephrine reuptake. It also has a low
affinity for other neurotransmitter receptors, suggesting a
reduced potential for undesirable effects compared with the
TCAs. This pharmacologic profile is consistent with an
agent expected to show antidepressant efficacy inaclinical
setting.

Clinical experiencewith duloxetine. In an early report,*
79 patients with DSM-111-R major depression were treated
with duloxetine in an open-label fashion. Response was
defined as a 50% reduction from baseline in total HAM-D
score, while remission was defined asaHAM-D score < 6.
Seventy-eight percent of patients responded to duloxetine,

depressed patients may respond better to higher dosQ(U /" wihile 60% achieved remission. The authors report that the
to 375 mg/day, the highest dose recommended by t& was well tolerated by these patients.

manufacturer.® Unfortunately, it has also been report L ore recently completed double-blind study,* 179
that venlafaxine carries with it the risk of significant sus- e emale patients meeting DSM-IV criteria for
tained increases in supine diastolic blood pressure at doses lr%@/c major depression were randomly assigned
above 300 mg/day.***! Venlafaxine clearly represents an to rea@ duloxetine (N = 70), placebo (N = 70), or

important step forward in the development of mixed-
action drugs. However, improvements in the relative bal-
ance of the dual action as well as an enhanced tolerability
acrossthe clinical dose range would be welcome advances.

Duloxetine

Duloxetine is a new dual-action antidepressant that in-
hibits the reuptake of both serotonin and norepinephrine
(Figure 1). It has been demonstrated to be both safe and
effective in depressed patients.®>*

Preclinical pharmacology. Wong and others* reported
that duloxetine was associated with dose-dependent de-
creases of serotonin and norepinephrine reuptake in rat
hypothalamus and cerebral cortex ex vivo. Those authors
also showed similar resultsin vivo in rat hypothalamus and
demonstrated that this inhibition remained constant for 6
hours. Using in vivo microdialysis, Kihara and |keda®
studied the effects of duloxetine on extracellular levels
of serotonin, norepinephrine, and dopamine in rat frontal
cortex and nucleus accumbens. Extracellular levelsof al 3
neurotransmitters were increased after oral administration
of duloxetine. These increases were maintained over a 4-
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fluoxefing . The primary outcome measure was

change i e 17-item HAM-D. Duloxetine was
provided in a tion manner with an initial dose
of 20 mg h.i.d., i weekly increments up to 60

mg b.i.d. Overall, duloxe

strated by the observation hat % of patients reached
the maximum dose allowed. D@einetreated patients
experienced a significantly great onse than did the
placebo-treated patients on the prim%come measure

(the HAM-D) and on nearly all the ndary outcome

measures, including the Montgomery-Asb ression
Rating Scale, the Clinical Global Impression ity of
I1Iness and Global Improvement scales, and the t Glo-

bal Impressions-lmprovement scale. In general, duloxetine
was safe and well tolerated at doses up to and including 120
mg/day. A study currently underway compares dul oxetine,
40 mg h.i.d. and 20 mg b.i.d., with placebo and paroxetine
in patients with major depression. Again, dul oxetine treat-
ment has been associated with superior response compared
with placebo and was well tolerated at doses of 40 or 80
mg/day (D. J. Goldstein, M.D., Ph.D.; Y. Lu, Ph.D.; M. J.
Detke, M.D., Ph.D.; et al., manuscript submitted).
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CONCLUSION

Monoamine-based antidepressants have been a main-
stay and fundamental basis of therapeutic intervention in
the management of depression and related conditions for
over 20 years. Recent advances in our understanding of
receptor subtypes accompanied by advances in medicinal
chemistry resulting in molecules that combine action on
reuptake inhibition and specific receptor subpopulations
hold considerable promise for augmenting single neuro-
transmitter—b approaches and developing new single-
agent, mix on strategies. In clinical practice, mixed
reuptake inhibitor, vide the best evidence that the effi-
cacy of mono antidepressant therapies can
indeed be improved. /O

Drug names: amitriptyline PEP d others), citalopram (Celexa),
desipramine (Norpramin and oth oxetine (Prozac and others),
nortriptyline (Pamelor and other etine (Paxil), venlafaxine
(Effexor).
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