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The majo rpose this meeting was to complete a pre-IND
critic %th sc recently devised by Dr. W anc others.
A copy the eted form is attached. The target date
for hagPhg th completed and ready for submission was set
at o er 8 T4. -

Th 0 day ‘cityﬁgggg; in rats is into the 9¢h week., A1l
of the rat t the dose (.09% in the diet) have died.
The rat the lower dose (.03% in the diet) are eating
well and ining ght. 2 pronounced hyperirritability in
these rats was rved during the second to the fourth weeks
and has now gi oeared from some of the rats. The .03% group

and also the lower dose (.01%) group are expected to survive
til the end of the 30 days, and Dr. Wecld felt that the study

would be adeguate withoue starting any more animals. Pathology

data will be availabie on about oue-tnird of the rats that diegd

in the high dose groug.
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The 90 day toxicity study in dogs is in the fourth week and is

going well, Daily doses are 5, 10, anc 20 g. In addition,
& group of dogs is TFeceiving 20 mg/kg ever er day--this
dosage schedule was adopted because o< th Usually long half-

life of 110140 ang its active Primary ami etabalite.
Mydriasis in +he dogs is diminishing, agga veral eir activity
Seems fairly normal.

A short acute toxicity study in guin igs Qg%lindi:attd that
110140 is more toxic in guinea pigg%Ban in (as had been
observed in a non-systematic way a cinrt}@rtet? - Also the
toxic effect seems ro be differe han in rHts (the guinea

Pigs die sconer!, 3 A~ S

S o4

The consideration cf a pair neri es for compound 110140
and for compound QR (vhi as an thoxy instead of the
p-triflucrﬂmethyl on the phendxy ri 2% resumed. There was
agreement to recommend ﬂ@-lgrami gfﬂ mefenpromin as possible
generic names for 110140 espectively, with
triflupromine—methnpru? ané é{.:::? enanine-mephenamine as

alternates,
Ray W. Fuller @9“
Project Team Cha n 4%\,
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SUMMARY

The levels of amphetamine in rat brain 2 hours after il.p.

injection of tritium-labeled lnphttlnin@‘i‘{m ng/kg) wvas signi-
ficantly higher in rats that hed bee

retrepted with either
Compound -ur vith chlorimipr e. &

INTRODUCT ;g@ =

The ability of cnnpound!é§$ pote te the pharmaceologic
elfects of ampheiczsige Hlltggge L!tﬁ =) screeax for poteatsis:
antldepressant drugs. yelice €idepressant drugs like
imipramine, desmethyl ramin 4§Ertriptyline and protriptyline
potentiate amphet @ tnd echance amphetamine levels ip

brain by 1nh1biti@§yth¢ P Ehydruxylltinn of amphetamine
o

(Lewander, 195§£$ The 1ity tc inhibit amphetamine metabolisn
o
is shared b er T:?t?""mt drugs, including iprindole
o
(Miller e Siy ¥g§ Freeman and Sulser, 1972)--which does

O,

not app to bq§$g91=1n£ uptake inhibiter in the usuel sense.
t@fure, Tted to knmow Lf 1101L0O would affect levels of

nmine rat brain, and did this comparative study with

rimi ne.
&) &°
@ § METHODS

erivtd rats (Harlan Industries, Cumberland,
Indinnl] we ing about 125-150 g were housed singly ic hanging

“wire cages dn & 22-2L° room with food and water availablae agd
};;-
libitun. The rets wvere given an i.p. injection aof 4 d-amphetacine
'Lﬂ-lm{ﬂd' H--w:q.n,:. ANET ;w}
sul:a‘rh{ld [eg; 1 uci per 100 g). Scme rats had been pre-

treated 1 hr previcusly with chlorimipramine (Geigy) or with

€L6
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Compound - dl-F-methyl =i-pheazyl=-3.T (“:ﬂ;ﬂ'-trirluurg-p-
:nlyl}uxr];rapyllnine oxalate. Rats wveras Eilled by decapitatiag
2 hrs after the dose of d-amphetazine, and tophetamine levels io
brain were medsured by extraction rrnaééilin homogenateg tnte
benzene at »H 10 followed by 11qui$$r intillation counting or
the benzene extrac:. Httlbnliteégik lnphé%%ﬁint Are ne: ex-
4 L=
tracted by this procedure. oé% 4§>
sﬁ %"
Table 1 shows the 1:?§$@ 2f smpHtamine in ras breiz 2
o AN
£ =
brs after the drug uu:afﬁjicteﬁﬁg;chlariniprlmine &t doses of
1l or 3 mg/xg had no E:?Qct, hé%} t & dose of 10 mg/kg it sig-
nificantly 1nc.-eueE§m~ph:h@ge levels. Campnund- sig-
nificantly Elﬁ?ﬁéfh tnphﬂf!ﬁlne levels at doses of 3 ana 10
Q,
mg/kg but natqgiﬁl g/
~ o
These @ults? that 1101L0 shares with chlorimipramine

and with tger u% pressant drugs (such as desmethylimipramine

5

and ip alelcéggg‘hillt? t0 enhance amphetamine levels in rat

hrliﬁ @9
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Table .: Effec: nf- and Chlorcimipramine ogp Amphetamin.
Levels iz Rat Brain.

Group d-Amphetamine Levels, .g/g
Contrel E-@: 0.26
CMI 1 mg/kg X 0.5u
3 k1l o+ 8

10 é@ L.b 0 .58+
l1i101ko 1 'g@*’ 2 S+ 0.L3
3 AIRT * 0.314

x$ 9
10 @%@ ‘@\"‘a‘u’.ﬂ + 0,86+

“Significantly differ from -rn.l. P < .025.
Mean values b :tlnd errn@ er 5 rats per group are shown.

Rats were &;@ chl 1pru1nc nr_.t varicus doses

fi.p. 1 hr ;ring@o in,jcr: on o tritrazed d-agpphetamine. Twe
hours l;ter,@t: veté?@vleﬂ tnd amphetamine levels in brain

&

wvere meas
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Minutes No. 78-1

FLUOXETINE PROJECT TEAM MEETING

{:ffﬂ\ May 15, 1978

TN
Phase I clinical studies. The treatment phase of 2 metaboll

study with radiocar ~—Tabeled fluoxetine has been completed at t
Lilly clinic. The complete identification and analysis of urlnar
metabolites have not been completed, but the results so far avail
able indicate that radicactivity is excreted into the uyrine over
vary long time following fluoxetine administration. Urine sample

PZ 4000 22204
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were collected for 3] days after a singlea dose of ldc-fluoxetine,
and some +4C vas excretad even in the last samples collected.
Fluoxetine and/or scme of its metabolites are avidly retained in

tissues. /

A protocel for a dose-ranging study of Efﬁ@x!tiq given in
combination with L-5-hydroxytryptophan EL-E-ET?]\pal'been submittec
o the PDA. In order to obtain L-5-8TP from Sigma; a letter from
the PDA stating their approval of its use in the study was requirec
and was provided. Dr. Lemberger has the L-5-8TP, which has been
found to have acceptable purity. This study will begin shortly.

Phase II clinical studies. Two clinical studies evaluatling t!

antidepressant activity o uoxetine have gotten underway.
was the first

lI.I'I.

{nvestigator to treat patients. Within a few days after fluoxetine
treatment was started, the first patieqiaahoued symptoms resemblinc
an extrapyramidal reaction typiéglly-_;a uced by neuroleptic drugs.
The symptcms responded to Cogentin, and the patient continued on t!
4 weak course of therapy with fluoxetine. Neither this patient not
another in his study who has completed the treatment regimen showec
significant Improvement in depressive symptoms.

The second study that is underway is Dy at
One patient completed the treatment regimen

and showed no significant impcovement. A third study
at the i ‘has been

approved, and the ﬁ?hq has been shipped; however, the study is not

yet underwvay. {:j* .
g

Additional studies that are planned to evaluate flucxetine as

an antidepressant agent are by at the
will participate in this

study) and by in Dr. William
Potkar at the NIME has indicated plans to study fluoxetine in
depression but has not Yyel submitted a protocel.

will study
deformans, a condition that he ha

flhoxatine in dystenia musculorum
His study is not yet startec

tfeated previously with L-tryptophan.

\ of the
plans to evaluate fluoxetine in postanoxic intention myoclonu:
he has not yet obtained clinical protocol approval from his
institutional review committee.

and his colleagues at hope to have a

protocol prepared by this summer for the study of fluoxetine In
narcolepsy/cataplexy.: They have reported favorable responses to
Ffluoxetine in an animal model of this disease.

PZ 4000 22208
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Scme other potential areas in which fluoxetine might be
evaluated were discussed briefly. in New York
has postulated an Involvement of serotonin in obsessive-compulsiv
behavioral disorders and has reported that chloci{mipramine, a les
specific inhibitor of serotonin uptake than fluoxetine, was
effeactive in treating this condition. He has asked study
fluoxetine, but this study will be held up until additional safet
experiance is available from studies with depresyad inpatients.

Work originally reported from M.I.T. and later extended
elsewhere has indicated that flucxetine can produce analgesic
activity in certain types of animal experiments. Though fluoxeti
was not active in animal tests here thought to be the most reliab
predictors of clinical analgesic potential, the possibility of
evaluating analgesic effects of fluoxetine clinically will be
considered if investigators want to'use it to elucidate a role of

brain serotonin in pain PEI:EPE&F"‘ %:}

A marked reduction in food ?npaie has been reported by Goudi
et al. in rats treated with fluoxetine combined with L-5-ETP. 1In
33dition, Wartman and Wurtman have repoctad that fluoxetine
sslectively reduces total caloric intake while sparing protein
consumption in rats given a choice of foods., Since some markated
(fenfluramine) and exparimental (MK-212) anorectic drugs are thou
to act by stimulating serotonin recegtors either directly or
indirectly, there is a theoretical basis for anticipating an
anoraxic action of ,fluoxatine, especially if combined with L-5-BT
There are no plan;ﬂﬁt present to study fluoxetine as an appetite
suppressant drug; but Dr. Lemberger will give special attention t
possible eaffec on apSetite in his studies of fluoxetine given 1

combination with -;4HTP.

Dr. Schinitsky has some experimental data in rats showing th
fluoxetine alone er in combination with L-53-HETP can reduce alcoho
consumption. There are also reporks in the literature implicatin
role of brain sarctonin in alcohol preference in rats. Consideri:
the difficulties inherent in evaluating the effect of a drug on
.alcohol consumptien in humans, the team does not plan at this tim

lans for international trials. At the joint U.S5.-Eurcpean

Clisfcal Research Planning Committee meeting in March, the decisi

\¥Zﬁ made to give priority to fluoxetine over nisoxetine in prepar
r clinical stidiss in European countries. The details of the

synthetic method have been supplied to the U.K. so that plans can
be used in the clinical

made for synthesizing material there to 1
studies overseas. Fluoxetine has Seen sybmitted to the bacterial
mutagen screen, the results of which are required for clinical
trials in Italy. Teratology studies required for CSM approval of
studies in the U.K. have been completed, and ‘a written report 1s
being prepared. As soon as the exact nature of the additional

studles required by the CSM is clarified, they will be started as
well. L




Fluoxetine Project Team Meating
5/15/78 - Minutes No. 738-1
Page |

Toxicol - Scme acute toxicity studies and prelimi '
b iminar i

studies for 90 day subacute studies in rats and dogs with a ioﬁéi
tion of fluoxetine and L-3-HTP have been done. ese studles are

planned in preparation for the use of the fluoxet e/L-5=-HTP
combination in clinical studies involving Ea{&iy 1322;te:m treats

Supoly. The supplf of capsules is adequat T the clini
studles already arranged for, and about 5 kg of Balk nateria? ?:{

hand.

Ray W. Puller
Project Team Chaicman
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]

Fa

ﬁii Phase IT clinical studies. Three trials in mental depres-
N on have started and a fourth is about to start. Dr.

has given the four

at the -
and five

weak course of fluoxetine treatment to three patients,
patients have completed the treatment course in Dr.
study at Two patients have been entered in a study bY

Dr. at the Dr.
study in . has been delayed because the FDA

thought the protocal did not exclude women of child-bearing 35%:
despite the fact that the protocol statement is the same as 11
the previous protocols they had approved.

Pz 4000 2221A
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None of the eight patients who completed the four-week
treatment showed distinct drug-induced improvement. One
patient improved, but the improvement started during the
placebo period before drug treatment and the<Contin
improvement may not have been due to £luoxetine. most
encouraging finding has been in one patient still being
traated at This patient had been hospitalized previcusly
and treated unsuccessfully with conventiconal drug therapy, with
psychosurgery, and with electroconvulsive therapy. She is now
on fluoxetine and is doing well, though one must be cautious

about attributing this to fluoxetine.

There have been a fairly large number of reports of
adverse reactions. These have been varied, and their relation-
ship to fluoxetine is not clearly established. The first
depressed patient to receive gluoxetinae showed dystonia
resembling an extrapyramidal reaction; this was treated with
Cogentin for a few days and the patient continued on fluoxetine
without further problems. Ancther report mentioned enlarged
thyroid and liver in a patient on fluoxetine; there was no
change in liver function tests, and thyroid function was not
evaluated. One patient showed ocular changes in the ophthal-
mologic examination follewing flucxetine treatment. The
changes were described as an epithelial corneal defect in cne
eye, iritis in the other eye. Dr. .» @ local
nphthalmnlaqisté/ielt these changes were not likely to be
caused by a drug. “Dr. . , a researcher at

interested in eye pathology, has been consulted and
will advise on~the possible utility of animal toxicity studies
in regard to these ocular changes. Onea patient with a history
of aleoholism and cirrhosis consumed alcohol while taking
fluoxetine and showed abnormal blood chemistry and, abnermal
EEG. The bloocd chemistry changes included elevation in
glucose, SGOT, inorganic phosphate, SGPBT and uric acid and
wers thought to most likely be due to alcohol. Another
depressed patient developed psychosis manifested by parancid
delusions while taking fluoxetine. Akathisia and restlessness

/\were reported in some patients.

& ", Cerebrospinal fluid samples have been obtained before
™, ané:huring treatment from all patients in the and
b studies, but not all of these samples have been

showed a decrease in

S-hydroxyindoleacetic acid (S-HIAA) in the cerebrospinal
fluid from 39 te 31 ng/ml and another from 27 to 15 ng/ml
comparing placebo periocd to fluoxetine period. This decrease

in S-HIAA concentration is an indicator that fluoxetine was

effective in blocking serotonin uptake. At not only
basal 5-HIAA concentration but also S-HIAA accumulation after
the administration of probenecid to block its efflux from the

cerebrospinal fluid were measured. One patient showed 2
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basal level of 5-BHIAA of 18 ng/ml and an accumulation afesr
probenecid to 127 ng/ml during the placebo period. During
fluoxetine treatment the basal 5-HIAA concentration was 15
ng/ml and the accumulaticn after probenacid ua:./&
ng/ml. EHowever the probenecid concentration meas in the
carebrospinal fluid was lower during the flucxatin satment
Erigg. Mditi::;l S-HIAA data should indicatsiclearly if

a dosage reag of fluoxetine is adequata to ~
tonin uptake in brain. P e

in California has fluoxatine
effects in dystonia musculorum deformans,
disorder that he claims to have treated
previously. The first patient
response on 30 mg daily of
e dose was lowered to 20

2: nogespanded .
'\1. .".

¥

Cne current sthool of thought among psychiatric
researchers is t.a subgroup of depressed patients are
deficient in otoningrgic function and would be helped by
a drug like fluoxetife. These patients possibly can be
identified by me ement of 5-HIAA concentration in the
cerebrospinal flu¥d. The possibility that preselection of
patients in this way might be necessary in order to expect
favorable responses to fluoxetine in a reasonable percentage
of the patients tried has been considered. However, zimeli-
dine and fluvoxamine, two other specific inhibitors of
serctonin gptake, have been claimed to work as antidepressant

* agents in a high percantage of non-selectaed deprassed patients.

ﬂgf/fa::lu.:n.l:.:\!:'.L'ﬁer zeans of selecting patients would be to choose those
31

who have failed to respond to marketed tricyclic drugs, most
of ich affect norepinephrine primarily and serotonin only
tly or not at all, This strategy has been discussed with
investigators who are considering the possibility
f doing that in the VA hospital there.

Phase I clinical studies. Dr. Lemberger has given L-5-
hydroxytryptophan (SHTP) in combination with fluoxetine to
human volunteers. This dose-ranging protocol was designed in
anticipation of efficacy studies with this combination. For
example, Dr. has previcusly reported that SHTP alone

J1ZZZ 000% Zd



L]
b A

& ducumani

o

L8 ulyaid b3 ngabclicey
Semarain Dlabiicd od
¥ Chdee o
1. Thers may e lln
et fa anl

3 Gt bor s

& whih 8

b

il Edihand
18 Tha prenlilons of 1o Contdanian Clamiuied o

tupplamaniyl

Vs e nami
ad Sates [dan

LE- - e

Cawil'i ovd

Sidai & e Cown

i Mzl iag
whatatlen o (ha

T L

Do

Fluoxetine Project Team Meeting
1/31/78 - Minutes No. 78-2

Page 4
is useful in treating If that effect ig
as Dr. believes, due toc enhanced function of :-ntrai

serotonin neurons, then a combination with fluoxeti should
act synergistically. Dr. Lemberger obtained SHTP prapared for
clinical use from Sigma and gave it along with 30, mg fluoxetine
at doses from 50 mg up to 1000 mg. These total amounts were
given in divided doses. Most subjects showed some diarrhea
after the first dose of S5HT? but not after subsequent doses.
If the SHTP was not given until one hour or more after the
fluoxetine dose that problem was alleviated. Some nausea was
encountered at doses of 400 mg SHTP per day and higher. One
individual who was to receive 1000 mg total of SHTP showed a
change in mocd (euphoria) after the first 200 mg dose. This
work was completed befarf the ?Dk‘ques;iunad the protocol,
and some further clinical wor ay one when their questions
e

are answered.

L,

Toxicology. A toxicity study of the combination of
fluoxetine and SHTP will probably be re-started sometime in
December. Three other studies in toxicology are anticipated.
The first is a fertility study necessary for CSM submission
in the U.K. This will probably start in December and will
last eleven months. Clinical trials  in the U.K. apparently
cannot be dene until this report is available. The second
study is a comparison of fluoxetine with fluvoxamine and
zimelidine--two ogther specific inhibitors of serotonin uptake
being evaluated clinically in Europe and the U.S.--in terms
of their ability to cause phospholipidosis in rats. That
study should begin in August and will involve only one week
of treatment. THe third study will be done with
and fluoxetine in monkeys to determine if a decreased white
blocod count can be produced by and if the earlier
samall changes cbserved with fluoxetine were real.

Ray W. Fuller )
/jPrcject Team Chairman
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Food and Drog Adainistrmation

Bureau of Drugs, EFD 120

Attsntion: Document Coatrol Room é’\.\
5600  Pishers Lane gﬁ
‘Rockvilla, nrgund 20357 ®=5, Q’

l;utluun i @QG

Epfittad Acgust 7,7 1978,
in patisnts with
ists. The dosmage ragimen
our lettar of Decenber 11,
« 28 indicated below.

IND Protocol No. 13,
cr:;uilud a study by
primary oajor ds

was revised in I.
1978. It is agau@am

M of @c study, each patient will be

-

During the £
givea cne ca E@’“ﬂhm If at the end of
the weak showa a decreass o2 2D ox

falls balog 40, pla will be continoed for ancther

weak, If scora at the end of the secocoa
R lﬁ"\@’lhﬂil 9% decrsase or fzlls below 20, the
Fatian tinve in the stucy. Tois sevioion

t.u e in Sacticna 2.f.2. reqarding sevcrity
ca "at lsast 13° to "at lisast 20.7

t@m of flﬂﬂﬂiﬂl will be oce 20-mg capsule
?a!tﬁ-ﬂnthy. o days 2 and 3, !

be givea both in the socrmiong and at
m y G 20-eg capsules will be given in the
sorning and 20=sg capsule at noca. At tha investi- {
zator's dh&;lum this dose may be comtinged for five i
watks. It oay be reduced if clinicelly iadicated, 2and,
in instancas where tlk= dosa is reduced becmure cf agita-
tion, diaxepan my b= aduinistered zs nesded,

The protocol wes amended March 16, 1379, to imclude
patiants with severs or disabling compulsive or cbsessive
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May 12, 198i I—J c:"_:
Do
Dr. C. N. Christenson 2 e V.
cc: Archives Q'?"’ —
“Or. M. £. Amundson o
Or. J. L. Ermerson éég?
Dr. R. W. Fuller : 6;,
Dr. D. G. Koffman = e
Dr. S. G. Lake =
Dr. D. M. Mortor Dé -@Q
Dr. P. Stark > o
& &
&) . T
MORTALITY DAIA 0¥ UNGDING FLUOXERSRE (LYiTUMD) ONE-YEAM DO STUDY
(0-3760) —
Pty |
As delineated in our phone ersatj EEE? May 11, two deaths haye
recently occurred in the ing o §§gir fluoxetine (LY110140) dog

study, D-3760, which is ddgrently Six months. These deaths occurred
in females of the high Yose (20 mg/%x9) group on April 23 and May 1.
One additional high female{4iBd earlier in the study, January 18.
Thus to date, three ten do hree of five females) in the high
dose group have di qﬁ% ko mo 1ty has been seen at the lower two
doses of 4.5 and mg/kg. Through consultation with Drs. Amundson,
Emmerson, and n it pa@suggestad that the FDA pharmacologist
responsible for &uoxeti ould be notified of our data establishing
20 mg/kg asezﬁgﬁxic dosg W dogs and advising him that the high dose
was decreag o 10 mngE'{effective May 12) for the remainder of the
study. Tl'@ﬁddle % ow doses remain unchanged.

a heterogeneous response among dogs, espscially
group. However, the toxic signs do show dase—
e and/or severity. These include fine tremors,
upil response, anorexiz, and occasional emesis. Three
ave shown transient increases in SGPT and CPK; other
fematology values have been essentially normal.
¥en at two weeks and three months into the study
gpparent dose-related slowing of the basal heart
s not_severe enocugh to be labaled a clinically
Wardia. There is no evidence of any LY110140-related
A conduction in the heart. Blood levels of fluoxetine
taken at two weeks and one month of the study ware
not elevated in the dogs that died: bloed samples taken at three and
five manths have nat yel besn analyzed. A total of six dogs (two males
and four Females) from the high dose group were removed from treatment
For periods of 1-17 days due to sever: occurrences of either aggressive
behavior, ataxia, or angrexia. In the preceeding 90-day dog study

(D-3304) at 5, 10, and 20 mg/kg, ro deaths occurred 2lthough similar

CN5 toxic signs .=re evident.
EXHIBIT
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Mortality Data gn Ongoing Fluoxetins (LY110142) Ona-Year Jeg S
(D-3760)

Fo—
e el

The following is a description of the three female dogs which died 2t

the high dose level. The toxicity seen with LY1]0140 in dogs appears
to be an extension of its pharmacologic effec:@;

Dog 1

Time of Death: 2 monthe 6::7

Observations: Severe anorexia, ""E‘;F 0ss, @‘Ia. hypoactive, fine
tremors, mydriasis pup%ﬂ ponse.

Removal from Off 5 davs when bé.%e recumbsht and could ngt stand,
Treatment: recoversd vhile ¥ treathept; lass severe SigMs after

resumption of pepatment. ‘=
(=]
Death: 25 days af resump W:?nf treatment, unobserved
death. %
o

Gross Necropsy: Mild digfite reddeming of lungs. Pancreas contained

1 are%q{ hemorrhage.

Histopathology 5 wre@gested with erythrocytes in the lung
(preliminary): creas. “Interlobular hemorrhage was present in
pancr @“
&
- S
'Q‘;r

Time of De =

ﬂhsew%@hs: ed agressive behavior (technician bit attempting
ing), fine tremors, mydriasis, slow pupil response,
norexia.
al fr OfF 6.days, on 4 days, and back off 17 days due to
atment ma aggressive behavior, recovered while off
tr ent, less severe signs after resumption.

Death: days after resumption of Lreztment, unohserved
ath, appeared healthy 15 hours prior to death.

Gross Necropsy: Lung and liver were congested with erythrocytes.
Histopathology Vessels were congested with erythrocytes in the kidney,

(preliminary):  liver, lung, adrenal, and lymph node. Villi tips were
- congested with erythrocytes in the duedenum.
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Pags 3

Mortality

(D-3750)

Dog 3
Time af Death-

Observations:

Removal from

Treatment :

Death:

Gross Necropsy:

Histo pathu‘tu?y
(preliminary

G. T. Brophy
Project Leader
B811-8605
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Data on Ongoing Fluoxetine {LYT10140) One-Year Deg Study

5-1J2 months

Savere anorexia, marked we @ loss, severe ataxia,

fine tremors, SEPT e‘.'ev.ati slow pupil response,

mydriasis. §

Off 6 days due to sev anorexia“ghd ataxia,

improved somewhat wh off t t and after

resumption (maint e of % and SGPT decline).
iton

51 days after
2 tanic convulsive episodo

Euthanized in mo d cund
resumption of tmanh

prior to euthaasia.
o ubsewu$ @
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April &, 1991

Dr. C. M. Beasley

Dr. D. J. Goldstein

Or. J. H. Heiligenstein

Hs. M. H. Huff

Dr. D. N. Masica

Dr. M. Perelman dg

Or. D. W. Rebertseon @?

Dr. W. L. Thompson E’
E

=Mr. E. A. Wast
De. D. T. Weng
FLUOXETINE (PROZAC) AND SEROTONIN PRODUCTION IN ‘fh' @u

o,
The Newsweek reporter that Ed West arranged !iégil to & ith esrlier said Leonard
Finz claims that Lilly had dats from animal risents ddne in 1973 and 1974 shoving
that fluoxetine caused "downregulation of tonxn{g;;!h:tinn" and that these data

were never published. The dacta should ha © realize that fluoxetine woul:l
make some depressed patients worse and nts manic, Finz is alleged to be

saying. I was pleased that this issu not ned in the Newswveek article.
But, (f the Newsweek reporter had und cod ¢ ly the chacrges Fin: had made, |
anticipate we will here thes l;l:niigspu- Ia X plying the following clarification.
When fluoxetine (or any other se nian upta inhibitor) {a given, serotonin concen-
tration builds up in the synapti eft a cynaptic receptors for serotonin are
activated to a greater extent . ¢ most rtant consequence is an amplification ul

serotonergic signals to oth
presynaptic autoreceptors a

rons. ther consequence, probably because
ctivated,~is that the serotonin neurons decrease their

firing and their synthesi serot ? Almost certainly serotonin release inte the
synaptic cleft is reduce thuuggggggi is harder to messure directly. These rapuil
adaptive responses, wh occur wit minutes, limit the degree of serotonin accumu-
latien in the synaptic ft and p it within physiclogical bounds. The responses
place a "ceiling” on degree which serotonergic function can be increased by
uptake inhibition, waultﬁﬁ expected to limit side effects that might otherwise

result, @@ &

Our findings Lh%#luexe@decreuu serotonin production (downregulation is not a
tarm generall ed for, thi% rapid type of effect) have been published and agree with
findings of £ Ecie 8 who studied fluoxetine or other serotonin uptake

iohibitors.
O
S P~

The f1==§§;3h11=.= on flu ine were at the FASEB meeting in April, 1974. Among
the 6 abstracts p ted th , one was by K. W. Perry and R. W. Fuller, entitled
"Effect of 3-(p luer phenoxy)-N-methyl-3-phenylpropylamine HC1 (Lilly
110140), a specif¥e inhibi ef serotonin uptake, oa S-hydroxyindole levels and
turnover in rats." Th ract described a decrease io brain S5-hydroxyindoleacet:c
acid (SHIAA) levels af fluoxetine administration to rats. SHIAA is the major
metabolite of serotonin im brainm, and a decrease in its level withourt a decr=ase in
serctonin (SHT) level indicates a rsaduction in serctomin turnover. TFhe abstract
stated "The reduction of SHIAA levels appeara to result from reduced turpover of SHT
secondary to inhibition of 3HT reuptake from the synaptic cleft and may be due to
increased stisulation of a presynsptic receptor or to a trans-synaptic feedback
mechanism."”

Zhilzd
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The same observations wers mentioned in an abstract at the Association for the
Paychophysiological Study of Sleep, l4th annual neeting, June 6-9, 1974,

The following publications describe the decrease in serotonin synthesis (Finz calleq
it "downregulation of serctonin Production") that gcecurs follewing fluoxetipe
administration and discuss its significance:

1. R. W. Fuller, K. W. Perry and B. B. Molloy. Effect of an uptake inhibitor on
serotonin metabolism in rat brain: Studies vith 3-Qiétriquurnnethrtphtnnxyjtﬂ-

methyl-3-phenylpropylasine (Lilly 110140). Lif - 15, 1161-1171 (1974).
2. F. P. Bymaster and D. T. Wong. EEffect of Lilly 140, 3*{p-trif1uuruuethy1~
Ph!nﬂR?]*H-lnthrl*!-phtﬂrlprupylln!ﬂe. on syn s of IRreerotonin from
JH-tryptophan in rat brain. Pharmacologist Ll {1&:5??
3. R. W. Fuller and M. Steinberg. Regulation o nrymes synthesize neurc-

Lransmitter monoamines. Adv. Enz. Regul. ﬂb JL7-3 (1976) .

. R. W. Fuller agd D. T. Weng. Inhibitiong seroto euptake. Fed. Proc. 36,
2154-2158 (1977).

5. R. W, Fuller and D. T, Wong. SerotoninSreuptake e&i:k:rl in vitro and i vive,
J. Clin. Psychopharmacel. 7, & Suppl. -435 (1987).

6. M. J. Schmidt, R. W. Fuller and D. ng. etine, a highly selective
serotonin reuptake inhibitor: a re of gé;ﬁ?cll studies. Bric, J.

Paychiat. 153, Suppl. 3, 40-46
7. R. W. Fuller and D. T. Wong.

) P
etine: iéggrutunerlic appetite suppressant
(1989

drug. Drug Develop. Res. 17, 1
B. R. W. Fuller, D. T. Wong mu@i. Ru?@ﬂun. Fluoxetine, a selective inhibitor
of serotonin uptake. ““'fﬁ¥' Rev. 17-3& (1991).

Although serotenin production decrea :Euttly by uptake inhibition, there is an

increased amount of serotoni the tic cleft, the site where {t has access to
synaptic receptors for ser - An rease in extracellular serotonin concentra-
tion acutely after fluox qisz administgation to rats has been shown by cytefluor-
imetric, in wvivo velt ic, pu Il cannula and brain microdialysis techniques.
References can be found the | review article above. Accompanying the increase
in extracellular serotfin concemirations are neurcchemical, neurcendocrine,
behavioral and otheg nges 1nﬁ§can;ve of increased serctonergic function after
fluoxetine.

te with Gﬁ%i:ecine have been reported in the scientific literature
selec inhibitors of serotonin uptake. Among neuropharmacol-
ogists, ther ne lack appreciation that serotenin uptake inhibitors cause a
decrease in uction and an inCrease in serotenergic transmission, both
consequenc £ tha ased synaptic concentrsticons of seratenin resulting from

uptake &
$ &
&

Data similar to
for varicus ot

Ray W. Fuller
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From: MCVAX@: :FULLES

Ta: THOMPSON ROBERT 6. CC: WONG. ROBESTSON . MASICA. WKEADON WEINSTEIN. 7533
E. THOMPSON, FULLER. WESER T
CC:
Euhjl AMK /BEA
[ find 1t surorising that anvone would zansigar the chenmical structures
of fluoxetine and amcnetamine to =& similar. -'-1-.,.;;.!1,.{3, has much mars
structural similarity $o cruss auch as chisrohen.r 8. orohenacrine.
dighenhydramine, chlorchens:amine. a== the [ise. etamine i3
aimoly aloha-methyl-chenvisth. . amra. S=Iret am nd fludbketina
share a ohenvl arous and am smi-: =--_= L1 - any I.L@rity
ends. Amphetamine i3 & ori=s-. 3=,-3 fLei-Blgre 1% 3 34 dary
anine. Fluoxetine could nat =e _:=.g-:24 =eta itzai % amohetamine ,
which haa @ phenyl-carbon=-z3rs:r-=:t~=3an aten laggq in fluoxetine.
Pharmacolopicallv. fi.:.eti ¢ 13 im1iar Il of the
abovementionsd drugs. Scma :¢ *-2 iz:.e antiniafamines, which
fluoxetine Las not. The mul®:=.2 =e=g. | affepny oot amohatamine
are all thought to rasult fr-= ;-:1er3c ny wit tachalamines
rainly release of dopamire s== ~:-ac uhrlﬂe§q.;-=-tlxnl has no o
-\
Press RETURN for mcore... %
S
LMail> ﬂg
q
£2@7 1@-FEB-1SS Pt 11:T1 MAIL
direct affectas on utt:ha@e nEu dt rela.ant zoszes. but
selectively inhibits se @'ﬁ.‘- Stare.
[ trust the 1n%ﬂ:;:n cno kas sucalies will elarity
soma of the difference n zrFa Slzaic effects =f flucxatine and
amphetamine. In No ar 3% rtin Hynes, Cavia Yorg and myself
grepared a raport g lugae: 3 oreclinical s=er=aczlsav orofila:
No evidence for a liat F° and Bound thal Lith several raprints
and ather repert Mﬂﬂﬂl&iﬁ' 8 3ent o the Srs:act ‘aam crairman
{tnen David Ers n) and @'ihn clintcal monitar < trar lze Warnicks)
as wall as to Lot | ln@e medical/regulatery 2i1.:31zm.  IF that
material [a onger avdilable trnere. [ have 3 z32+ in Ay office.
Ray W. Ful Q;?
From: F@ R&Y _;.%75 [MCYAND: :FULLER
Ta: THOMPSON TE $ { INDYYMI z :AME-385)
ce:  WONG @ (MCUAX@: :uONG )
i ROBERTSON *DAVID W (MCUAXQ::RX3IS7S) B
MASICA DANIEL { INDYUMI: :RHEZS3Q) ) “7
7
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From:
Ta:
cC:
Sub i
HANS :

LET ME A
I.

Press RE

LMail>

2025

Fress RETURN for more...

LMatl>

{ﬂztathL {#1; :WATT .il_ fLﬁjpﬁ%ia-'

T-FEB-1351 11:44:24.57 ' AT
MCUAX®: : WONE T
WEBER.THOMPSON. CC:ROBERTSON.FULLER.BOUCHY .MAYR NICKELSEN WONE

RE: FLUDXETIME US AMPHETAMINE .é_'s;
S

GREETINGS! @7 @‘g

PPROACH YOUR QUESTIING A§ SaLL0us:
CHEMICAL STRUCTURE 2F F_UIZETINE [5 ARHv nIFF@ﬁ FROM THAT Of
ﬁﬂFHETﬁHIHE._FLUﬂNET:“E =A= TUud A TIC RI: ND A PROPYLAMINE SICE
CHAIN BELONGING TO FHE'CYYPHENYPRERYL AMINE %Es. WHERAS AMPHETAMINE
IS A METHYL-PHENETHYL2MINE. FLUGKETINE iS MOT METABOLIZED To

AMPHETAMINE. @0

AS YOU KNOW. FLUQXETINE =T S P FG/KG P.0. DID NOT CHANGE THE
MOUSE LOCOMOTOR ACTIUI™vy E 9. SESRR/FULLER. & WONG. w 4« GLIN,
PSYCHIATRY 46, 7-13. :336~¢

=)

TURN for more... § Q
g &
& @“

7-FEBSEI91 :|i%¢.s? MATL
ON THE OTHER.HAMO. IT r3NNELL RECOGNIZED THAT AMPHETAMINE INCREASES
LOCOMOTOR ITY an& [LLUSTRATED BY A RECENT STUDY(JONES. MARSDEN
AND ﬂnam@ SYCHOPHREMACOLOGY 182, 3§4-372. 1339).

as summadSleD In REVIEY PAPERS(YOMG & FULLZR, [NT. J QBESITYII.
SUPPLA D) 125+ 987: FULLER & WONS, DAUS DEV. RES. 17. 1-15, 1989).
THE E THE BNRFERENCES [N THE SUPPRESSION OF FOOD INTAKE IN ROOENTS
AETING AMO AMPHETAMINE:
Eﬁiégi:
OTHER EEROTONERGIC ORUGS SUPPRESS EATING INOUCED BY

ERAS AMPHETAMINE DID NOT(ANTELMAN ET AL, 1981)
ATIMNG:

R SERQTONERGIC DRUGS SUPPSESS [NSULIN INDUCED s
HETAMINE AND OTHER OOPAMINERGIC ORUGS DID NOT.
* SELECTION: '

FLUOXETINE ANO"QTHES SEACTCNERGIC DRUSS SELECTIVELY SUPPRESSED
CARBOHYDRATE INTAKE . WHERAS AMPHETAMINE AREDUCED FROTEIN AND
CARBOHYDRATE INTAKE(WUBTHAN & WURTHMAN, 1577: 1979).




2206 T-FES=192) 11:44:24.87 =arL
0. TOLERANCE:
FLUOXETINE SUPPRESSION OF EATING WAS MAINTAINED THAOUGHOUT & OR
21 DAYS. BUT SUPPRESSION 8Y AMPHETAMINE WAS NOT MAINTAINED.
{ROWLAND ET AL._ 1582: WONG & FULLER, 1387,

REFERENCE FCOR B:CARRUBA ET AL, I5ES, ~

HETAMINE [N RaTs HAUE
1333-1388. 1988,

i, FLUOXETINE DECREASED SELF-AOMINISTRATION O
EEEN DEMONSTRATED( YU E‘r AL. . LIFE :EIE‘ICES.
FORRINO ET. AL.. LIFZ ICIZNCES 45 528 . 1989 N THE OWTER
HAND . NEUROCHEMICAL ‘.:E'C."d:.- oF :-=~afm1. TONERS YSTEMS INCREASED
SELF-ADMINISTRATIZM IFf ==Pug=aM] Th GEE-.-.RUA NS AS WELL AS
THOSE OF PRECURSOR I~_3;23 L) raE - T THAT [NCREASE
OF BRAIN SEROTONIM LE.E_3 :HD: id EHE TAMINE
SELF-ADMINISTRATICH,

-

I AM SENDING YOU THESE REFESEwres.

BEST REGAROS. @o

Press RETURN for more...
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$206 T-FEB-153! %. <3:23 HAIL
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From: WONG DAVID TO% @~ (ncuaxa: :uone)
To: WEBER HANS é;' CINOYUS1::xSa11398)
THGHFEE RT & t [MOYUMI : :RMBEZSES )
: ﬁUID (MCUAX@::PX31S73)
(MCUAXR: :FULLER)
HLIDE 42;?  INDYUMI::XGRIBI1)

RO CINDYVUMI: :YHQTSIT)
N & (mnovumiiixsezzIn)
5 {WONG )
Lo}
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:2&2 E-FEE-TEEI 11 “BE S‘ 35 g T
From:  MCVUAX@::RZ32329 "THOMPSON, LEIGH (x3i1s4)- e
To: FULLER R_ROBERTSON OAVID .MASICA D .JHEAGON D WEINSTEIN .IEREE

Ce:

e ®

Sub;: PLEASE MELP. I think ue havs 2Duse stucies uell 1n animals and tha

A

Fram: ACUAX@::[NDY::“"UEBER wANS | - G§-FEE- 135 B!
To: THOMPSON

] rf:?
CC:
Sub g AMK /BEA

Date sent: & February 1331 : e 0‘_&_,@ @
AMK /BEA
&

I Juat received important ;nfzr=sticn th lua~¢t;n 431 baen discussed

extensively at a BEA/AMK mee::-z. [t 3 that gé-unnnt With the experts

safaty concerns incl. suizizalits Pas an 3:gn <antly reduced. The :Jea

of restricted indication (cat.ar:s Iul-:E%S).tlﬂnl: in history) was
:F:L@

di3Zussed but nol supocriaz =. :=a
Fress RETURN for more... @ A@n

LMail> £ q
202 §-FEQ-1 @ 93:54> MALL

The following remains - iae critical:
= the autherities ar gFr::. ags an axplosize of flus.etina use., esg. 1f it

oharmacology sheould be clear.

L]
o
[ ]
L]
[11]

comas to new indie ns sucAl9s cbesity.
= they fasl uncomf la usit reatment =! Zegressizn 5y gracticioners. esg.
if a new drug h n uncs orofila. Educatisn. 2.3. graomotional material .

atients, IE:::;!1:JIL. ! Jai mantionad that

ir3t cholce 1n all zasrsszizn, &.g. agcitated ots. .

3% mistakaz).

| Fai13ed whether fluocsatine wculd Ba an amphatamine—[iha
stinulating and anorecsiz affacis. [t turned out that

ihcut tha charmacolsgy 1n this raspect.

may heslo to i1u§$&hi ris
fluoxetine iiﬁd not
one of tha :
- alsa. tha
drug whi Ay ex
nat ang

Rea. th a8t pai ask F urasnt suooort. Fra?. =ualler-Oarlinchausan can

taka this poin k to Eﬁ ext masting if ar=ac c:th specific informaticn,
[ ' m aware af s l1it re which may nst Sa suffiziant. The chemical
structure indaa hl: 5 lﬂllarltlls. Hiz guestions ars such as: is the drup
metabolizad to amohe . ==a5 the high dose for arcrectic af facts suogestys

anghetamina-like actiol. houw dic the drucs ccmoara in scraening tests??
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| Introduction

Mast of the currently identified neurons that make and release serg.

tonin as their neurotransmitter are in the central nervous system -

(CNS). and those will be the focus | 15 chapter. Serotorin in the
gastrointestinal tract 1s maiaiv in eezochromafTin cells of the muco-
sal epithelium, but there are serotghn neurogs in the enteric nervous
system [l]. Serotonin neuro the C ¢ their cell bodies
mainly clustered along the midiRe (raphe s) of the midbrain and
brain stem, and thev send pread jections to many regions of
the forebrain as well as nward tg spinal cord. Their projec-
tien to many pans of CNS in d in many different physio-
logic functions [2, 3j=Hows $erolagin neurons to influence many

brain fuactions, anthitley may g{'sdmc part in the pathologic state

in diverse diseas Iso, dru t modify the function of serotonin
neurons hav us the IC uses or potennial therapeutic uses
3 - - -
as well as being valuabl rmacologic 1ools in helping to under-

stand phy%;@gic rolg rotonin neurons.

2 tes of :Iﬁg ction

in ncur@ymhuiu serotonin from the amino acid trypro-
via the intefmediate S-hydroxyiryptephan, The two enzymes

olved r@?p:nphan S-hydroxylase, a highly specific enzyme

ught present only in serotonin-forming. cells, and L-aro-
00 matic agind acid decarboxylase, 2 relatively nonspecific and ubiqui-
- lous & €. Serotonin is stored in granules ar vesicles, from which

@ it tt?nscd al nerve impulse into the synaptic cleft. After acting on
@ the tsynaptic receptor to complet= the process of neurotransmis-
2] {02 across the serotonergic synaptic cleft, the serotonin is inacti.

%7 ed by being removed from the synaptic cleft via specific mem-

rane uptake carriers, which transpor it back into serotonergic nerve

terminals. There it may be re-used in storage granules or degraded

Q enzy lly by monoamine oxidass, the major product being 5-hy-
@ oleacetic acid. Serotonin receplors occur not only postsy-
iy but also presynapticaily on ceil badies or axon terminals

erolonin neurons. These fecoplors on serolonin neurons are
lled autoreceplors: the terminal 2utoreceptors have the physio-

@agic role of sensing the concentration of serotonin in the synapltic
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cleft and modulating the further release and svnthesis of serofonin.
Drugs can intervene at several sites to aifect serotonergic function.
For instance, inhibitors of tryptophan S-hydroxylase or L-aromatic- — -
amino acid decarboxylase reduce serot synthesis and“ddereage — '
neuronal serotomin content. Inhibito onoamine oxidase inhibip

serotonin metabelism and increase onin caglent, as well as the

content of other monoamines. n act @3’ at postsynaptic

or presvnaptlic serolonin rece to mimi to antagonize the

actuion of serotonin. Drugs ca ete se in stores by releasing

serotonin from storage lnhitg%?thc serotonin uptake
s

CIrTier increase serolonin tratio ynaptic cleft. thereby
enhancing serotonergicggnction, as dg" serotonin-releasing drugs.
nin neusddaor termiaals, proaicing long-
onergic ion. These various classes of
¥ useful cidaung functional roles of sero-
tonin neurons, anwsome h erapeutic applications,

3 S@%?n upu@%himu

é{:ut 15 .{:‘nnny compounds have been identified and

thata ive inhibitors of the serotonin uptake carrier.
nclude alag clate [4]), CGP 6085A (5], citalopram [6), cyano-
ine [ fmoxetine [8], Mluoxetine [9), Muvoxamine 10}, indal-
e [11} 82 [12], panuramine [13), paroxetine (|4], piranda-
ine [L15], 25591 [16), sertraline [17], SL 81.0385 [18], zimelidine
[19] and gibers, and have been the subject of previous review articies
gs that inhibit the serotonin uptake carrier enhance sero-
ction by causing serotonin molecules to remain in the syn-
left longer and to activate the postsynaptic receptors to a
er extent. Inhibition of the serotonin uptake carner in brain

Durirl;
descry
Th

4\\\?“‘5 or brain synaplosomes can be demonstrated in virro through
he use of radioactive serotonin. Selectivity can be demonstrated by

shuwin@at the compounds do not inhibit the uptake of other brain
man nes such as norepinephrine or dopamine a2nd do not inter-
lege binding of radioligands 1o neurotransmitter receptors such
scarini¢ chelinergic. histaminergic and alpha adrenergic recep-

in wirrg [21, 23] Inhibition of the serotonin uptake carrier in vivo

2s been demonstrated by ex vive technigues of showing inhibited se-
rotonin uptake in virro by synaptosomal or slice preparations from

glL ozzizd
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ammals treated with the uptake inhibitor [9. 24}, or by showing thar
the carnier-dependent depletion of brain serotonin by agents such as
p-chloromethamphetamine [25). p- chloroamphetamine [24), f:ni'lurz-
mine [27. 28] and H75/12 [29] is :nug@u:{! or prevented? '"' .,

Increased extraneuronal concent of brain serotonin prnduc:d
by uptake inhibitors have been nns:rau:d by eytofluorometnic
[30}, in vitro voltammetric [3 push- cannulae [32) tech-
niques. Several functional ences ake inhibitors appar-
ently result from increased onergic actwmun of synaptic recep-
tors. These consequences ude a ase in serotonin synthesis
and in the firing of scm@n neuro © 33, 34], prabably mainly as

a result of increased
par to tran.-svnapu

tion of receptors but perhaps due in
edback doqg:

Despite the decrga3¥d activitd serotonin neurons, serotonergic
neurotransmissignis enha #ter uptake inhibition, leading to be-

' havioral and er chan cally when uptake inhibitors are
combined serotoni cursors (tryptophan or S-hydroxytrypto-

phan). F rnpl: nin uptake inhibitors increase serum cor-

ticosterting cunccnlmt in rats [35] by increasing corticotropin-rel-

casin rmane on from the hypothalamus and adrenocorti-

in r:l: om the anterior pituitary [36). Serotonin uptake

ors ml'u uricidal behavior in rats [37] and potentiate be-

lumi effi [ 5-hydroxytryptophan such as head twitch in mice
8] and ﬁ‘:’immlmc cue stimulus property of S-hydroxytrypro-
0*7 phan in [39]). Serotonin uptake inhibitors have analgesic effects
@’ i penimentzl paradigms and potentiate analgesic effects of

rugs [40, 41]. Serotonin uptake inhibitors decrease total food
in rats [42], selectively suppress carbohydrate consumpuion
and suppress stress-induced [44] or insulin-induced [45] hyper-

agia in rats.

%P 4 Serotonin releasers

D
D uch as reserpine, tetrabenazine and Ro 4-1284 release sero-

! from granular stores in nerve terminals, but they also release

@ er brain monozamines, ¢. g., dopamine, norepinephrine and epin-

hrine. They are not useful as tools for specifically manipulating se-
rotonergic function. p-Chlorcamphetamine and fenfluramine are
halogenated analogs of amphetamine that release serotonin selec-

"4
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Drugs affecting serotonin newrens %

tvely. Most of their acute effecs result from release aof seTolonin

1nto the synaptic cleft and activation of postsynaptic serotonin rtcg:p
tors [46—9] = A

o I -
p-Chloroamphetamine was develope a@ﬁ anorectic drug [Sﬂl[and
was 2lso tested as an antidepressant g [51] but was never mar-

keted. Fenfluramine has been for m years in the ra-
cemic form as an anorectic dru d recen enfluramine has
been mtroduced as a more speﬁ:lly acting tonergic anarectic

drug.
Other substituted amphe I:mr: 5} @s:mmnm -releasing ac-
¥ramine) and 34—mﬂhv|l:*

tions, e. g, H75/12 (&-m
j IMDM @L As mentioned ziove, the

ned:axvmethamoheta
serotonin release thepREgents i 1= carrier-dependent and can
lead 10 depletion o in serotgme Antagonism of that depletion is

2 useful marke hibition e serotonin uptake carrier. The
acute function ects of gs are also antagonized by pretreat-
ment with u inhibi cause the uptake inhibitor prevents
the acute ase of se n. As examples, pretreatment with flu-

\mjnative stimulus properties of fenfluramine
by fenfluramine in rats kept at warm am-
, clevation of serum corticosterone [55] and
se rolactin cqocentration [56] by fenfluramine, the initial eleva-
ol plas &n activity by fenfluramine [57), the increase in
3@1 ch freq y of the suprahyoideal muscles by fenfluramine in
nesthetiz&$gats [58] and the fenfluramine-induced increase in stria-
line concentrations in rats [59].
releasing drugs and serotonin upiake-inhibiting drugs
¥ pharmacologic similarities, because both increase svnap-
centrations of serotonin and enhance activation of postsynap-
rotonin receptors. Both classes of drugs decrease food intake

%d increase serum corlicosterone concentrations, for example.

ere are sHbt!: differences between the two classes of drugs, how-
ever. Fu@.stan:t. enhancement of serotonergic flunction by uptake
requires that the serotonin neurons be firing and releasing
n. The degree of enhancement of serotonergic function by
¢ inhibitors may be limited by compensatory mechanisms that

@(kl}' come into play 10 dampen serotonin release as synaptic con-
n

trations of serotonin build up. Thus the diminished firing of sero-
tonin newrons limits the degree to which synaptic concentrations of

S = —
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serotonin are increased after uptake inhibition. ln contrase, sero-
tomn-releasing drugs increase synapuc concentrations ol serotonin
independently of finng of the scrat
Crease In Synaplc concenirations o
the availability of presynaptic sto f serotonin. As a result of these
differences. serotonin-reieasi

gs prodyge some effects that up-
take inhibitors do not produ es5 S-h@wpmphm {or trypt-

ophan) is combined with the uptake inhib#0r to increase the influx
of serotonin into the syn clefi @qﬂes of such effects are in-

creases in serum proi concentgathad in male rats [34, 56, 60-62]
and reduction of blo ressure %omancuusly hypertensive rats

3. 64
163, 64]. ) Pa q

5 Dﬁux receplor agonists
5.1 I
N

Several § @:ﬂhyl: W& structurally related to serotonin can inter-
act wi rotonin Fﬁwn. These include N,N-dimethylseroctonin
[65]. -dipropxisesotonin [66], tryptamine and its N-alkyl deriva-
tiy 7], bufo [68], S-carboxamidotryptamine and its N, N-di-

| den 69). a-methyl and 2-methylserotonin [70], and 5-

hoxytry ine and its M-alkylated dernivatives [68]. Some of the
ndaleal ines are naturally occurning compounds, whereas

&% RU24 | and related compounds and also indorenate (TR3369)

[71] afgtypdole-containing compounds created by medicinal chemists.
Somé&dal these indolealkyiamines vary in their selective affinity for
rious serotonin receptor subtypes (see below). N, N-Dimethyl-
ethoxytryptamine has been a useful indole substitute for sero-
nin in whole-animal studies because it crosses the blood brain bar-
rier and is somewhat protected against metabolism.

Piperazines
! =rous |-phenylpiperazines and related compounds are centrally

K-212 [75] were the Qirst |-aryipiperazines described 1o be sero-

E ng serotonin receptor agonists [see 72). Quipazine (73, 74] and

&

tomn agonisis. [-{m-Triflooromethylphenyl) piperazine (TEMPP)
[76] and |-{m-chlorophenyl-) piperazine (mCPP) [77] were the most-
sivdied members of 2 larger senes of substituted |-arvipiperazines

in neuron, the d:grpc,.f;f-in—- - -
otonin being limitetf duif-‘hgp ol

1zl ozzlzd




Crrugs affecung serotonin neurons oy
that were described subsequently. mCPP had been patented as an
anorectic drug before 1ts mechanism of action was known [7§]. Urap-

udil 15 2 substituted o- mcthoxyphcnylplp: ine whose an::hvp‘:r&n-
sive effects may be mediated by acti ul' brain serotonin recep-
tors {79]. Buspirone [30], tpﬂpim? [81] and gepirone

321
[82] are di-N-substituted piperaz th scrota agonist activity.

5.3 Serotonin receptor h @gmmy

As early as the 1950, Gadddm and ﬁc@h [B3] presented pharmac-
clogic evidence for s in receprochstercgeneity, defining “M™
and D~ recepiors in pheral ti that responded to seroton:n.
in 1979, Peroutka nyder [ radioligand-binding methods
to define two ol ofyZerotonin receptors in brain, the
SHT-I and 5H fecept%n thereafter, it was recognized that
the SHT-1 bi g site homogeneous [B5], and now SHT-1A,
SHT-1B, S%lc Ind
different in bra addition, the SHT-3 receptor has been
round similar entical to the “M" receptor of Gaddum, and

receplor-gbw seems Lo be pharmacologically identical to

r:t:pin Gaddum [B&L
is no to believe that our understanding of serotonin re-

is complete at this time, and already evidence for ad-

.—

;ﬁpmr subt
@itiunal spbt¥pes of serotonin receptors is building [see 87). The

SHT-1 SHT-2 [89] and SHT-I1C [90, 91| receptors have been

] These different receptor subtypes are distributed differently
ng anatomic regions in brain, and different receptor subivpes
:sumahlv receive serolonergic signals in various neuronal path-
wavs in The multiple receptors offer a tantalizing opportunity
fnr d elopment, and the currently intense search for agonists
onists that act selectively on these receptor subtypes will
impornant pharmacologic tools for elucidating the physio-
funciions of these receptors [93].
take inhibitors and releasers, by increasing svnaptic concentra-
ons of serotonin, probably increase activation of all of these recep-
tor subtypes located synaptically. Direct-acting agonists, in contrast,

1D receptors have been described and

-~
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may have selectivity and thus activate onlv one or ceriain ones of the
recepior subtypes. Consequently. different direct agonisis may share
some specific actions but not all actions of indirect agonists (uptake
inhibitors and releasers), % R

5.4 SHT- AaR:ccpmr-ﬁck@apnism

Although many of the previ known onin receptor agonists
have relatively nunsdc:tiv?‘ﬁniw for multiple serotonin receptor
subtvpes. there are somge ly sel agonists of SHT-1A recep-
tars available currentl rhaps t selective of these is 8-hv.
droxy-2<{di-n-propyi 0) tetralifge8, 94], which has stercoselec-
tive a!Tinity for § receptars [35] and has been widely used as =
prototypic SHT-ER- ::ceptuf@onis: in zxploring functions of

SHT-1A rece 931 B ¢ is an anxiolytic drug whose me-
n was t% for many years and was at one time

chanism of
thought to gavblve do e [96]: in the past few years, buspirone
was !‘nuﬂt&ghwe hé inity for the SHT-1A receptor {97, 98), and

now irﬁs generally eved that SHT-1A receptor activation ac-

count$Ibr the an ic effects of buspirone (99]. Several structural
a of bus ¢, including gepirone [82], ipsapirone [100] and
7101 are selective SHT-1A receptor agonists and have

A&@iolytic effeats in humans and/or animals [102]. Some other di-

@m-anin tonin agonists also have higher afMinity for SHT-1A

receptors™ghan for other serotonin receptor snbty_-:cs_ including
LYlﬁ.gsum, 104] and MDL 72832 [105].

Other selective agonists

ghly selective agonists for receptor subtypes other than SHT-1A
£CepIors are not yet available, and these are needed as pharmaco-
logic tools. Although m-chlorophenylpiperazine and m-trifluorome-
thylphepylpiperazine have sometimes been referred to as selective

5H receptor agonists [106, 107], insufficient selectivity between
5 B and other serotonin recepiors such as SHT-1A {108, 109].
a -1C [110] and SHT-2 [68] receptors prevent these agents from be-

g very uselul in discriminating among serotonin recepror subtvpes

@ 111} Perhaps the most selective SHT-1B receplor agonist available

1o date is CGS 120668, T-triflugromethyl-4(4-methvl- | -piperazinyl-)-

e L e N
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prrrolo (1. 23] quinoxaline, although the compound does nol have

hieh potency [109]. RU 24969 is c<ometimes referred 10 as a sclcc}ivr: .
SHT-18B agonist [112], but radioligand-bindfig studies show it has st
milar affinity for SHT-1A and SHT-iB ors [68]. Agonists with
some selectivity toward SHT-2 recept clude 4-bromo-2.5-dime-
thoxyamphetamine [1 13, 114] and i

anzlog 4 5]. [ndolealkyla-
| ' I icular y for the SHT-2
receptor (65} 2-Methylserotonin | a5 a relafively selective agon-
ist at SHT-3 receptors [69]. 175, 3+ ethylamino)ethyl-N-
methyl-1 H-indoi:-ﬁ-mcih:n@fﬂﬁﬂmi umatriptan [116], and
.carboxamidotryptamine ] are us selective agonists for
SHT-1 re n v .
T-1 recepi rsubt,p%_, @

£
=

[
[ ]

A
6 Serotonin or an

Antagonists of tonin r@m-m:ﬂim:ﬂ functions have been
known almos ong as nin itsell. Antagonists led to the first
recognition f, serotonin ptor heterogeneity in the mid-1950's,
when Gad and higfazagues defined "M~ and =D" receptors in
periph ues b 3n differential antagonism of indoleamine-
medi ects [ recent years the focus has been on identify-
in @;unisu ithohigh selective affinity toward specific serotonin
r or subt
SgfStonin an nists that have been considered 10 be selective for
SHT2 or include ketanserin [118], ditanserin [119, 120}, al-
1 LY53857 (121, LY281067 [122}. 1C1 169, 369 (123), ICI
4], sctoperone {119, 120}, MDL 11,939 {125} and irinda-
lone " However. because the SHT-1C receptor has high homol-
pharmacologic cimilarity to the S5HT-2 receptor [87. 92).
many of these antagonists also are highly potent blockers of SHT-I1C
‘&@ptun [127], and it is now important 1o find antagonists that dis-
minate begjer between these two receptor subtypes.
Vanous r serotonin antagonists that block SHTZ receptors but
have 1 electivity among serolonin receptor subtypes include me-
Ler {128], methysergide [68. 129], cyprohepiadine [68. 129], pizo-
ti 30], methiothepin [131], danitracen [132], miansenn [133], c-
@:ﬁn [134] and benzoctamine {135]. Trazodone is an interesting
mple of 2 drug that is a potent SHT-2 receptor antagonist [136],
but is metabolized [137]10 m-chlorophenylipiperazine, 3 se_mmnin re-
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ceptor agomist [~ -] Thus a mixture of pharmacologic effects. inclyd-
ing serotonergic influences in cpposite directions. has been demon-
strated overa range of trazodone doses i ammals [138]. The molecuy-
lar basis for the therapeunc actions @f trazodone in depression H39]

remains unknown. S ol

Selective antagonists of SHT-3 fadgplors have been developed in re-

‘ cent vears, including MDL 7 140], 1CE:205-930 [69), GR 38032F

[i41], BRL 24924 and BR 694 [14‘§1. zacopnde [144] and

; LY278584 (145, 146]. The of some o sc compounds as radioli-

| : gands has made it pnﬂign d:mu‘@% the presence of SHT-3 re-
| ceptors in brain [146 ; B

Several e and fladr cc:pmr-b@mg drugs have high afMTinity lor

SHT-1A and SHT: rtc:pt;gi@ﬁ—*r.‘rﬂ}. and some such as pindolol

ana penoutolo been (se expenmentally as antagonists of

]. Some of these compounds are par-

' tial agoni "SHT-1A ors and may show properties of ago-

ists i erent expenimental paradigms (154, 155)

ts to synthesize analogs of these drugs as

nists or
There @ been a
mnrng_.s; ctive 5 receptor ligands [156-158].

& scoiha
3‘\,__% Sero epleting drugs
¢ short-term depletion of brain serotonin can be produced by
éj drugs s reserpine that impair granular starage or by inhibitors
0:? of se in synthesis. Since reserpine, tetrabenazine and related
compitynds deplete other brain monoamines in addition to sero-
ﬂ% m&@smcﬁﬁc inhibitors of serotonin synthesis are generally used for
Pt -term depletion of serotonin. Tryptophan 5-hydroxylase, the in-
@ fal enzyme in serotorun biosynthesis localized onlv in serotonin-
@ @ orming cells, is the preferred target of synthesis inhibitors. The most
= widely used inhibitor of tryptophan S5-hydroazylase is p-chloro-
@ phenylalanine [159]. Other inhibitors of tryptophan 5-hydroxzylase in-
clude 6-Nuarotryptophan [160].
orophenylalanine has been used for more than two decades to
duce long-lasting but reversible depletion of brain serotonin as a
o eans of investigating a role of serotonin in physiologic functions
[161] in pathologic changes [162] or in drug actions [163). Often se-
rotonin depletion by p-chlorophenyialanine produces similar fune-
‘@ tional effects as serotonin depletion by other classes of agents such

L P
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15 reserpine. fenfluramine and 5 7-dihydroxyiryptamine fe. g.. 164},
but sometimes differences are noted among classes of serotonin-de-
pleting drugs [e- £ 165, 166). Among scvcratyﬂiiihic explanationg f:!
for these difTerences. including differen d@?’én of serotonin deple-
tion in various brain and spinal cord s nergic pathways, one 15
that lesions in serolonin neurons to réduce cotransmit-
ters as well as serotonin, whereas aroph ine would re-
duce serotonin concentration by @ihhing seroionin synthesis but
would not reduce mmn:umrgiégncmmt@ﬁf cotransmitters in
serotonin neurons {167} @ @?
Recently evidence has been nted th me serotonin axons in
rat brain wre nnt s:mitiwgﬁc—gm cgy'.zimi-.-.r [168). The insen-
sitive 3rons werc espe ' promin - the limbic system, in cra-
nial motor and para athetic  and some had common mor-
phological featu ch as Ia% icosities and location adjacent

N
u o B

-

el

L

10 neural somata estive 0 somatic synapses.

G
Dr hat are n:ﬁ:ic to serolonin peurons
g
5.6- [169% 5,7-dih xytryptamine {170] are neuroloxic (0 Sero-
tonin in an Sf3logous way to the neurotoxic effect of 6-hy-

dro amine oncatecholamine neurons [171}. These hydroxylated
an of the al transmitters have affinity for the membrane
ke carrierisgn serotonin and catecholamine nsurons, respee-
easily autoxidized molecules that give rise 10 hy-
e, free radicals and other reactive species that lead to
{172} 5.6- and 5.7-Dihydroxytryptamines are accumu-
e membrane uptake camer into serotonin neurons and
tructive effects on those neurons, just as g-hydroxydopa-
inews accumulated via the membrane uptake carrier inlo catechola-
neurons and destroys those neurons.

@-,W r nearly 20ears, 5,6- and more recently S.T—dihydmxi_ﬁryplarnin:
@ ave bee d 1o lesion serotonin neurons in brain. They have been
valuablgZ3als in elucidating functional roles of serotonin neurons,
@ espedy pamicular neuronal tracts. Prior lesioning of serotonin
ney with (h=se neuroloxins arenualss of abolishes many func-
%g@ﬂ effects of indirect-acting <erotonin agonists (uptake inhibitors
cleasers) while often enhancing eiTects of direct-acting agonists

bv causing supersensitivity of posisynaplic recepiorns [see 173]
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g-Chloroamphetamine 15 nel only 3 serotonin-releasing drug whose
acute effects are mediated by enhanced activation of postsynaptic se-
rotonin receptors. but p-chlorgampnctaminc at highep doses can3c™

tually be neurotoxic. The first o this came in 1970" wWhied Frey
[174] reported that brain sero in rats was depleted rapidly and
remained depleted for as lo 4 weekg,alter only 5 days of treat

ment with p{hiuruamph:@nt. San@] ush et al. [IT75] extended
these findings and focusgd on the long tion of p-chloroampheta-
mine’s actions. Now i mm:@ﬂm many immunofluorescent
serolonin-containi rs are elirated by p-chloroamphetamine
and that all para speci associated with serotonin neu-
rcas that have beoly measured ags reduced for weeks or months after
¢ ot p-chloreamphetamine. 'arame-
for long periods after administration
of p-chl phetami its structural congeners include, in addi-
tion to serbfonin co Y the content of 5-hydroxyindoleacetic acid
(the @ulit: of dcrd&onin), serotonin turnover, tryptophan hydro-

rylase,serotoni ke capacity and serotonin uptake camers la-
bﬁuith radipligands [175-178]. Thus it seems clear that p-chloro-

= etami be neurotoxic to brain serolonergic nerve axon
Q@?\mn:ls. ially to the finc projections with minute vancosities
rising from” dorsal raphe serotonin neurons that can be distin-

@‘@ guish @{:n coarse-beaded fibers arising from medial raphe nuclei
.’.'.?6

iT9

—

? In 7 st to 5.6~ and S.7-dibydroxytryptamine, which do not pene-

o% tré the blood-brain barrier and must be applied intraventricularly

) Q@iu:ﬂy into brain tissue, p-chlurnamphctamin: can be given sys-

4@ é&mially to deplete serotonin in the CNS [180]. The neuroanatomic

@ specificity of p-chloroamphetamine effects differs from that of the
dihydroxytryptamines [180, 181}

1;:;? In 2ddition 10 p-chloroamphetamine, some ather substituted amphe-

tamines that release serotonin acutely produce long-lasting effects on

@' serotonin neurons similar to those of p-chloroamphetamine,

@ parently reflecting neurotoxicity. These analogs include [enflura-

gnc {182, 183] and 3.4-m:thyl:ntdio:ym::hamphmaminc (MDMA)

[178, 184]. Because fenfluramine is used therapeutically in humans

and MDMA is used recreationally in humans, the possible hazards

Q? of these compounds have received attention recently [185-187]. but

no direct evidence of any som £xisis (o support the idez that neuro-
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toxic effects occur in humans a3 they do in rodents [185-187] and in
non-human primates [188}
The tvpe of adverse consequences that might %g:xpcctcd if brairf_sf.
rolonergic neurons ar terminals were des is not certain. The
degree 1o which serotonergic function 1 aired by p-chloroam-
phetamine and related drugs when th 1e braingerotonin in la-
boratory animals has not been studie :nsiwly& treated with
p=1:h'i{:rnamphttzminl: a2 week or mgsg earlier such=iat brain serot-
onin is depleted by halfl or more 3 atively | in appearance.
There have been some demo ons of i d or altered cere-
bral function in these animals ver. stance, Vorhees et al.
[189] reporicd that rats treall ith a 5-@5{};5 i. p. dose of n-chloro-
amphetam:ne showed n Bactivity @‘:r&mmd defecation in
open-ficld testing for as as 30 ey showed facilitated ac-
quisition in a shock Agp@ance Y- rask for up to 15 days, Brain
serotonin was still d by fter 38 days.
Grabowska and aluk [1 ried that p-chlnmlmphctamin:
injected at 2 kg daily fo ys did not affect locomotion meas-
ured three da ter the Ls5t dose in rats but it intensified the stimu-
lation cause(iy apom e. Those findings and other data in the
ken b authors as conflirming ~our hypothesis
ible inhibitory role of serotonin in the apomorphine-
ocomot @uuhrjnn in rats”.
al. [19 rted perhaps the most convincing evidence 1o
of impaif@scmmn:rgic function after p-ch!.nruamphcmrnin:v
uced de n of brain serotonin. They gave IWo doses of p-
loroam mine hydrochloride (10 mg/kg), which resulted in
‘@' 63 % de n of serotonin concentration in whole brain. Pretreat-
‘@@J m:n@* zimelidine completely prevented the depletion of sero-
tonin~Sight days alter p-chiurnamph:uminc reatment, rats failed in
1§ t pisition of a two-way conditioned avoidance response. Rats
@ ad been ;g_:tr:at:d with zimelidine and then given p-chloroam-
@ etamine agtired the avoidance response at least as well as con-
rol mm@ﬁdin: completely prevented the depletion of brain se-

rolonig -chloroamphetamine.
@ Yam i et al.[192] reported potentiation of apomorphine-, meth-
. am amine- and ph:ncyciidine-induc:d dopaminergic behaviors
(spdfing. licking. gnawing. biting) in rats after p—chiﬂn}imphctaminc
(70 mg/kg i. p.) glven 72 and 48 hours before the drug challenge.
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Koilner et al. [193] gave one 1. p- injectien of p-chloroampnetamine
or of fenfluramine 1o rats on day 8§ of postnatal life, which they had

earlier found to produce a depletion _of brain serotonin forseveral - ¢

months. and observed that the ere unable to learn’ a”sell-
shaped avoidance behavior in a eral iield avoidance test. The
investigators concluded that s ninergic NEUron Eroups partici-
pate in the inhibition of i m& and differentiation
learming.

MNabeshima et al. [194] one of p-chloroamphetamine

(10 mgskg 1. p.) 13 da
intensity of head-we

ore dru enge and observed that the
wrnindRrepaw treading. hind-limb ab-
duction and Strau induced $-methoxy-dimethyliryptamine
and the intensity e ad-twiich.-aming and backpedalling induced
by phencyclidi ere ma increased. By contrast, serotonin-
mediated b rs indu y an acute dose of p-chloroampheta-
mine were annuated. Friffated serotonin and ketansenn binding

siles wt%@:nmdgg

se sero feurons project to many parns of the brain and
| cord andcan influence these regions involved in CNS regula-
ily functions, drugs that alter serotonergic function
or potential uses in many discases..

ibitors are antidepressant drugs and are useful in treating

9 @é?l‘hm ic_uses of drugs affecting serotonin neurons
a

’?0 Upta
% othergpsychiatric diseases such as obsessive-compulsive disorder

[ 96], panic disorder [197, 198}, body-dysmorphic disorder [199]
ég Zicoholism [200, 201] and in treating obesity (202, 203] and buli-
2 [204]. Releasers are useful in treating some of these same disor-

@deﬁ, especially obesity (fenfluramine). p-Chloroamphetamine has

%;, zlso been reported to be effective in treating depression [31].

v

SHT-1A receptor selective agonists are useful in treating anxiety [99.
205 apparently 2iso depression [206] but not obsessive-compul-
s@gﬁ rder [207].
-2 receplor antagonists may be useful in treating cardiovascular
seases based on their block of vascular and perhaps platelet SHT2
receptors [118, 208-211] and may te useful in psychiatric disorders
such as schizophrenia [212], anxiery [213. 214} and depression [215]
based on their central effecs.

o
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SHT-1 rzceptor antagonists have shown efficacy in clinical trials as
Snti-emenc agents in patients undergoing cancer chemotherapy [214,

-17] and may also be useful in Lr:a:ingnxi::y [218] and schizophre. — ..

mia [219]. o vt
Different classes of serotonergic may be useful in treating mi-
graine [220]. Seratonin uptake in ors have been evaluated, based
on the idea that their deplen pl:t:l&munin may prevent

tnggering of migraine attack by Serotonin ing from blood plate-

lets [221]. Scveral antimi druges e. g., dihydroergotamine,
methysergide and pizoti SHTvgpmr antagonists. and thar
may be invoived in 1 mec of therapeutic efficacy, al-

though since they ar ttial agonists their agonist activity has also
besn suggested a5 fejgpant to thindntimigraine use (222, 223} Many
SHT-1 receptor gorists antagonists at SHT-1C recep-
tors, and tha accoun their effectiveness in migraine. Re-
cently SHT-3 onis ght to act by inhibiting sensory nerve
mnsmissim@' pain m [224], have been reported to have antj-
migraine cy f22 o new indole agonists at SHT-| receptors,
GR-431 nd AH,25086, are under development as antimigraine
drugs ng dire n cerebral blood vessels [226-228).

§ ClinicaT Hontherapeutic uses of drugs affecting

% n neurons
&

¢ Some sﬁg}; ergic drugs are being used in clinical studies, not for
§ m:atm@ f a disease, but as pharmacologic probes. The drug is

@ gwaﬁ clicit a measurable response, the magnitude of which is

2 marker of central serotonergic function. Agents being

in this way include direct agonists — m-chlarophenylpiperazine
] and MK-212 [230], 2 serotonin releaser — fenfluramine [231],
nd the serolonin precursors — tryptophan [232] and S-hydroxytryp-
‘Q:‘\x)fuphan [233]. Responses being measured include increases in serum
hormoge®oncentrations, notably cortisal, Erowth hormone and prol-

acu d body temperature or behaviaral changes [229]. Studies

cen done to probe central serotonergic function in various dis-
siates, e. g., depression [233], agoraphobia and panic disorder
| and obsessive-compulsive disorder [235]: after substance abuse
236. 237]: and after acute [238] or chroaic [239] treatment with drugs.
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1 Summary and conclusions

Advances in serotonin pharmacolo
intervene at specific sites 1o mods
companied advances in the un

, the development of drugs that
serotonergic function have ac.
anding of physiologic rules of se-
rolonin present in neurons wh of serotonin receptors
that are widely distnibuted(ig $rain an peripheral tissues. The
pharmacologic advances Save sometimesbeen stimulated by devel-
opments in serotonin piysiology, the recognition of multiple
serotonin receptor and.in-gther cases have been a major
factor in providing insigh physiologic roles of serotonin.
Drugs that m“‘.j,i. mmniq\fuq?iun have a vaneztv of therapeutic
aopiicaiions tiy and @? more potential therapeutic uses 1o

be explored igitite future ng drugs thar act with high specificity
or selecti particu es in serotonin biosynthesis, on par-
ticular serotenin re . or at other sites such as uptake carriers

for se nnot o ers the hope of improved clinical therapy in
dise used b ormal serotonergic function or in which alter-
ati serotoprrasc function can alleviate symptoms, but also pro-

i valuab rmacologic tools for learning more about sero-

n physi and probing the functional status of serotonergic

¥stems. Th%ncxt few years promise to yield important new seroton-
Crgic g
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Serotonin Uptake

Fluoxetine, a Selective Inhibitor of @ﬁ)

Ray W. Fuller, David T. Wong, and David W, Robertsop ;é@
Lilly Resesrch Laboestories. El Lilly end Compamy, Lilly Corporste Conter. Iu-m@l. w215
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[V. Demanstraton of Uptake Inkibeton In Vivo

L In.ﬂumolurubdumnh!'-rkw:m_v =

V1. Stercosbectiviry, ... ..., .

VIL Funcnonal Effecss of Fluonetne In Vivo

VI Effects of Fluoxetine in Humans,

L I

3 yiprupmnmnufﬁg, 1) that

es of selectivity. Tomoxetine?

oiiors of norepinephrine (and epi-
nephrine) uptake frongh " s fluoxetine and norfluoxetine are
selective inhibitors of Srdtonin uod e ﬂhmmgﬂteimpm-um:ﬂfsuh-
sdtuents on the phéhd%y o S-osterminants of affinity for moncamine
‘knowledge of it{'md Sg¥pres, pham RGHOFIC actions, and therapeutic
uses are reviewed here. v >

a .

[. STRU E—Am@ RELATIONSHIPS

The phencxyphenylprop i eton has proved to be a suitable
framework for preparation of a van . niumninandmpmephﬁneup-
take inhibitors. Relatively subtle molecular modificanons can result in dra-
manc alteranons in selectivity of the malecule for either the serotonmn or
norepinephnne uptake carrier For =xampie, while fluoxetine inhibits sero-
forun and narepinephnne reuptake with ICys values of 70 and 10,000 nas.
fespecnvely, the coesponding values for tomoxetine are 1300 and 4 n 5.4

The mifluoromethyl substituent of fluoxetine is a pivotal aspect of the mal-
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ind some relited compounds.

of
ecule. andg mm@:mu&ﬂdhmtmmﬂﬂmuf
fluoxeti a serot Feuptake inhibitor. The parent N-methylphenoxy-
ppanami 'Em}r:uhsﬁmenlunthephtnnxyrmg,isap-

h as potent as fluoxetine as an inhibitor of serotonin
nM). The effect of the triflucromethyl substituent is
ortho and mets isomers are more than two orders of
t than fluoxetine. Moreover, replacement of this sub-
v of the halogens or eiectron-donating substituents leads to
in the potency of the molecules as inhibitors of serotonin

Hyd& ic, electronegative substituents have increased potency and se-
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Figure 2. Chemrucal strucnires of EXP-%61 and pbromo EXP-34] @

reuptake inhubitors. For example, EXP-561 (Fig. 2) is a rela
inhubitor of serotonin and norepinephrine reuptake (IC
80 nM. respecnively); addition of the pars-bromo substi
_ selecnviry for serotonin reuptake by almost 100-foid. JL4
Sarges, and Welch'™'® has demonstrated that the tign
senes, by appropriate manipulation of substituens

yield either selective serotonin or

versus serotonin uptake). In the crs-15.45
is relanively impotent as either a sero &
itor, but incorporation of 3,4-dichloro skt

tent (ICy = 60 nM) and selective (20-{¢32 i 3
Thus, in the phenoxyphenylpro ine and rally diverse series of

compounds, well defined SAR emerge, potency and selectivity
of compounds for the serotonittiptake ﬂ%ﬂ be readily manipulated
via substituent changes.

While suitably placed subgfplents are t in designing serotorun
uptake inhibitors, confo = ical features are also of great
consequence. For examgiess i inhibits serotorun reuptake,
but its trans sterecisoml platrly selectve and inhibits serotomin

atsh e
computational t-“'*“' ;
tion of fluoxetine with thps
including tomoxetine and xet

A computer-generated ORTEP tation of Suoxetine is depicted in
Figure 3. In the solid state. the omanc nngs are skewed, a spanal
arrangement which minimizes torsi strain among the propanamine back-
bone atoms. The methvlene units of the propanamine skeleton adopt stag-
gered conformanons, and an antipenplanar relanonship exists between N11
and C3 [see Fig. 3 for numbening system). Importantly, the propanamine
portion does not adopt a fully extended conformation, but folds toward the
tnfiuoromethylphenoxy ring. This folded conformation, and the proper spa-
B2l onentation between the phenoxy ning and the basic amine, appear to be
important features of selective serotonin uptake inhibitars.

We and others'* have used a variety of computational techniques to study
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Figure 1. Computr
ordanates. The

of fucxetine hvdrochlonde denved brom z=v co-
@ the et

N ;i
AN
nasmberrd

lowest-energy conformation(s) mimics the x-
ﬂ:l!@tafthc However, because of the flexability of the phen-

it is difficult to state with certainty whether

the x-ray study is indeed the conformation which
in uptake site. Because of these conformational
guitin. ve compared the x-ray structure of Auoxetine with that of
i formationally defined serotonin reuptake inhibitor, and mo-
@c\i&n&: ov between the two structures is shown in Figure 4.7 The sub-

stituted ring and amine of fluoxetine overlap well with the dichlo-

£ g and amune of sertraline. Moreover, the monosubstituted phenyl
% @ummcimmﬂumspmﬂpunnmnmefuudmmg
u% séraline, although these two aromatic rings are skewed. The dose cor-

™ of the fluoxetine and sermraline conformations suggests that the
@ -energy fluoxetine conformation depicted in Figure 3, despite the intrinsic
@ ibility of the molecule, probably does contribute to its potent interaction

@ with the serotonin uptake camer.
§ To enhance our understanding of the effects of conformation on selectivity
of the phenoxyphenyl propanamine antidepressants, we have also deter-
mmed ﬂ'l:l.' x-ray structures of tomoxetine and nisoxetine, two selective nor-
uptake inhibitors ™ [n all three structures, there is a syncinal
@ tation about the C2-(3 bond (numbering system is same as depu:ted in
- 3). indicating that the propanamune side chain folds toward the phenoxy
sety: the C1-C2-C3-C4 dihedral angles were 67, 56, and 60.6 degrees for
rusoxeting, tomoxetine, and fluoxecne. respectively. The dihedral angie formed
by the four atoms of the propanamine backbone (N11-C1-C2-C3) was 83
4{? degrees for rusoxenne. This was m dramatic contrast to the antpenplanar
relanonships that exst in the solid-state conformations of fluoxetine and to-
moxeane (180 and 162 degrees. respecnvely). suggestng that the energy
barner for rotanon about the N—C bond on this backbone 1s low; this has

%
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2 FULLER ET A

been confirmed USINE Computanona| techniques. Thus, there aAppears to be
sufficent conformananal mobility in this side chain to enable pProper onen-
taton of the amune such that affiruty for either the Serotonin or norepinephnne
uptake cammer 15 maxmized. While there may be subtje differences in the
conformational populations of fluoxetine and the twO ortho-substituted nor-
epinephnne uptake inhibitors, their cigse similar fies suggest that the dramaric
substituent effects on selecuvity from a localized interaction of the
phenoxy region of these mol ith the uptake carmiers, rather than a
global impact of substituents o lar conformation. The serotonin up-
take carner seems to have a prefere rlarge lipophilic substituents
in the para position of noxy le such a substituent is not

tolerated by the norep: jne uptake carrrer; moreover, the norepinephrine
uptake carmer seems ¢ er ekc%ﬁhmﬁng. lipophilic substituents in
ine ortho position of xv

%EE - &

111, 5?&%’|crm 'A OF INTERACTIONS WITH
SNEUR c{ma RECEPTORS

©drugs. including the tricvelics, not only are
tugh-affinity antagonists of several neurotrans.

y A5 of muscaninic receptors is the cause of anticho-
Hrwﬂ:ﬂm ! @€ common in patients taking tricyclic antdepressant
drugs, ing th. dizziness, blurred vision, constipation, urinary
. and memory dysfunction. Antagonism of a; adren-
in may be responsible for sedative effects of some an-
sant . and antagorusm of vascular a, adrenergic receptors may
side such as postural hypotension, which is especally of concern

elderly nts. Antagonism of central histaminergic H1 receptors may
cause » 4 side effect that can limit the activities of patients being
trea antdepressant drugs. Fluoxetine has little affinity for these re-

hich mediate the side effects of other antidepressant drugs, includ-
inic receptors. histaminergic receptors, or @; or a; adrenergic re-
as studied either in rat brain membranes? ar human brain membranes. =
is direct evidence that fluoxenne does not affect vascular a-adrenergic
tors at therapeunc doses in humans. 2 Nor does fluoxetine have affinity
for other central neurotransmutter receptors that have been studied (ie., se-
rotonin SHT, or SHT; receptors. GABA receptors, benzodiazepine receptors,
dopamine receptors, or opiate receptors.*Z The low affinity of fluoxetine for
neurotransmitter receptors is consistent with a lower incidence of antcholin-
iccside effects, sedation. and postural hypotension in the dinical use of
ine compared with mcvchic antidepressant drugs.”
ine also lacks direct cardiac effects that are common among tricyelic

i t drugs = Upward et al.™ compared cardiac effects of fluox-
etne and amitriptyline given at therapeutic doses to depressed patents. Ami-
miptyvline altered the electrocardiogram by shortening the sinus cycle length
and by prolonging both the PR interval and the QRS duraton. In contrast,
fluoxetine had no effect on the electrocardiogram or on svstolic time intervals.
The findings in humans are companble with earlier data comparing fluoxetine
and amumptvline in dogs. Stemberg et al. ¥ confirmed previous reports and
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@
Tabir | o
Serotorun-Deplenng Agents Whose Efiects are Carner-Dependent and are Antigorazed by
Flucxrtne
Agent Referenceyy)
p-Chioroamphetamune . é,® o
p-Bromosmphetamune F @
- 3 & >
Fenfluramune n &
Morfenfluramane n é} =4
M n i o
H7S12 = ) @*’ ;
HT77 H n@ -

nd
Abbrevunont: MDMA = ) 4-methylenediorymethamphetamne. \
meta-frramine, and HITTT = 4 o-dimethyl-meta-tyramene.

observed that amitriptyline decreased mean
cular resistance, increased heart rate, and

due apparently to antagonism of a, and
to direct cardiac effects. In contrast, fi
dogs.

IV. DEMONSTRATION OF m@r

The potency and specificity of as an inhjb
in vivo have been dmn-nsmttn&' o
arations from rats treated wi

QR uhﬁwmmtmmg
Franng oral efficacy and duration

sov inhibition by a series
2! pchloromethamphetamine
induced depletion of brai gonized by damipramune and
other uptake inhibitars. qune in injtial demonsoa-

Bons of in vivo uptake i
serotonin-depleting drugs, all sub: 7= amphetamines, whose effacts have
been blocked by fluoxetine. Not ¥are the serotonin-depleting effects of
these drugs blocked. but their functional sffecss produced by initial release
of serotonun are also blocked by fluoxetine pretreatment. For instance, flugx-
etine antagonizes the p-chlorosmphetamine-induced increase in SETUM Cor-
beosterone concentration i rats,™ the fenfluramine-induced increase in stria-
tal acetyicholine content in rats,™ and the MDMA-induced suppression of
dorsal raphe firing in a midbrain slice prepanation in vito %

A third means of demonstrating occupancy of serotorin uptake carrier sites
I vivo uses a radiolabel for that carrier, tritated Cyanocumipramine, Wolfe et
al.“ showed that tritiated Cyanoimipramine given intravenously to rats labeled
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1 uptake carners 1n hypothalamus and cortex, and that Auoretne
was a potent inhibitor (EDy, values 9.27 and 0.2] mgrkg v, respecovely) of
titated cyanourupramune binding Other serotonin uptake inhibitors dis-
placed tritiated cyanoimipramine binding with Potendies similar to their bjock-
ade of H75/12-induced depletion. fype of approach may eventually be
applicable to evaluation of serotonifyptake inhibition in brains of humans,
pplica such as positron emission tomography
expected to result in increased concentra-

bons of serotonin within ptic d certain relatively direct evi-
trabons h'.\run ire inceased by fluox-

techniques suggested increased

in rat brain after flucxetine admin-

extracellular concentrations of se-
ucleus accumbens of awake and freely
= 5 and 10 mg/kg i.p., previously shown
*ing serctoMin uptake, increased exisacellular serotorar,
d : vely. Auerbach et al.® applied flucxetine
hypothalamus and found a 6-fold increase in
dialysis fluid.
uptake carrier similar to that on serotonin

ord fore infubits serotonin uptake by these cells as well ¢’
: 'ﬁddﬂn&%udmwtm fluoxetine, this property of fluoxetine was
show that tolerated doses of fluoxetine were efficacious in block-

i %ﬂc in humans.® At doses of 20-30 mg/day, fuoxetine re-

uptake of radiclabeled serotonin in vitro by blood platelets
receving the drug. Since platelets derive their serotonin
entirely by uptake, fluoxetine admunistration also led to a decreased content

& |
0@ of % in blood platelets.
§?

Ty V. INFLUENCE OF METABOLISM ON SELECTIVITY
"\% MMaWMWuk?ﬁﬁqudnwpmmmﬁwﬁm
— to concentrations needed to inhibit serotonin uptake relative to those
@ t inhibit norepinephnne uptake i Clomipramine loses its selectivity as a
@ serotorun uptake inhibitor in vive by virtue of its metabolism by N-demeth-
% @ ylation to chlordesipramine. which is a2 selective inhibitor of norepinephrine
_ uptake.® Other trcydlic anudepressant drugs which are tertiary amines like
%S) domipramine are metabolized by N-demethylation to secondary amines; for
ple. imipramine and amimptyline are metabolized to desipramine and
iptyline. respectively. With all of the tricyclic dru gs. the secondary amine
balites are wezker inhibitors of serotonin uptake and more potent in-
o i nfmrepinzp}uineu:puke&unmﬂupumtmﬁuylmjnu,lnthe
@ @ case of fiuoxetine, metabolic N-demethylation to the primary amine does not
shuft the selectivity of amine uptake inhibition. Norfluoxetine is essentially as
@ potent and selecuve as a serotonin uptake inhibitor as is the parent drug,
fiupxetine, 1030
When fluoxetine is admunustered to animals. the serotonin uptake inhibition
that results ininally is caused by fluoxenne itself. With tme, fluoxenne is
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Table I
Infivence of Metbolic N-Demethvianon on Some Selecuve Inkibton of Serotorun Uptake
LUptaie
Imhutneos Metabalite Selecznry of Metbobite

Clomipramune  Chiordesipramune A potent and selecave mnbubstor of Hﬂft?mqph:@.

uptake, mwm&
d:uhpLulWhnﬂ é

mﬂwwmm“%
A more potent inhibstor of serotonin than
m;'a;,muubuimumi‘%'ht

Limeldune Normmelidine

mnram eficacy, =%
Fuexeane MNorfluoeetine ) ;'I:ﬂ%-m
Cittopram Desmethylatulopram :

y t known relative to its
its for inhibiting

is a tertiary amine and is me-

amine, desmethylctalopram ®

norepinephrine uptake in viln.® G
tabolized by N-demethylation to a
Desmmyhhlnprmismhctnr&y s potent as dtalopram in
inhibiting serctorun uptake in vitro and is 11 omes more potent than dtalo-
Pram in infubiting norepinephrine uptake in vitro.* Therefore, the selectvity
for serotonin/norepinephrine uptake irhibition was reduced neariy S0-fold by
N-demethylation. However, the s=lecuvity of dtalopram is so high that e—en
s 2 50-fold less selective agent, desmethylctalopram retains 100-fold selec-
avity for inhibiting serotonin uptake versus norepinephrine uptake.* There-
!uu.dmunf:ihlopnmﬂutmpmmintﬁhhmwupuhmﬁwdn

. nmot, lnﬁn.inﬂhitmupi:uphﬁruupuh.mﬁnjnpumisﬁhﬂumﬁm
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Table I71
Comparsen of Flucreene Enanbomeny
e
Furu-nwulEmnnnm
__'_-——____'
Parumwerr L3 5
____-—___,
hﬂ:hundl'l-l}mw E i K = 11 o
by mat brain syruptosomes =
iz @
Lnhaixbon of ["H]-Bucertore { = 77 nM ICw = 4.1
bending o ret brun swmbrasey =
n voo
Inhibenon of [*H]-serotonm ICu =12 Ka = 36 nM
by human bood plartken in

o ) Y
Ex vvo wnhibibon of ['Hjxg, B@lﬁl.?mykg EDeitp) = 74 mgig

serotonun uptake by o

SET FyTUPtOLGIeS %
Annguosam of po ﬁ . ini-JlmpH Eﬂ-lu#l-lim'ﬂq
departion of brygn seromnn @u

guce o
m%ahm@ m.hr}-]ﬁmyk‘ ED-.uu-s:'mE—k‘
i =
Inhibaon nl% EDw (1p) = 6.1 mpkg

"

o

EDs(ip) = 49 mghg

@
food

EDuw (p.) = 11 mgrig EDs (ip.] = % mgrkg
Rounpeon 5 EDe (1p) = 10 mgrkg EDw (1.p.) = 7 mgihg

hﬂdm“‘m‘nll.'l-u'btﬂlmﬂd..-w:n!ﬂd.,"lrdmmbhm
& @°
o but d t from domipramine in being able to produce selective inhibition
& of in uptake in vivo.

@ 5@ N | V1. STEREOSELECTIVITY

@ j are also similarly effective in vivo, the EDy, values for inhibition of

@ serotonun uptake ex vivo being about the same for the rwo enantiomers

able ). Both enantiomers were effectve in antagonizing pchioroamphe-

o tmﬁn&-hldumddfpkﬁmufhnhﬂmmnjnhm,inpﬂunﬁaungmnrplﬁnc

@ @' analgesia or in causing analgesia in mice, and in decreasing ingesuve behavior
in rats (Table [I).

@ The S enantiomer of fluoxetine has 2 longer duration of action than does
the R enantiomer in rats * Therefore. in experiments in which duration of
uptake inhibition is a factor, such as antagorusm of p-chloroamphetamine-
induced depletion of brain serotonin in rats. S-fluoxenne & more potent than

ggre \\21%
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2
‘
o
H;m!,&mamm‘hamﬁmw;hrl-ms-ﬁ 0 At
were injecred at 10 mg/kg i.p, a1 Tero tme. Mean valoes = erron for 5 an per group
are shown. Asterisks indicate significant difference (p < the Baneal group

R-fluoxetine. The protective effect of S-fiu against phetam-
ine-induced depletion of brain serotonin i is demongmably longer than
that of R-fluoxetine. Antagorusm of u carmer throughout
the time interval between ' and measurement

of serotonin depletion is necessary lghugu i
at least during the first 24 hours.* o =

Figure 5 shows that S-fluoxetipfcatised a n 4‘:':' onounced and prolonged
reduction in brain SHIAA concent Ty did R-fluoxetine. These
data compare favorably to ibition of serotonin uptake

msm&f, serotonin depletion,

by R-fluoxetine than for Ectine. ™ Bt e rations of fluoxetine and
norfluoxetine were measyyrac dminisirabon of homochiral enantomers
of fuoxetine to rats (Fg8): AR were rapidly converted to
norfluoxetine, and at f¥r & "ol concentrations of norfluoxetne
were greater than g Potts ¢t al® measured individual
‘nantiomers of f : ic enantioseparation after
administering rades t reported similar peak
plasma concentrations of i R enantiomer disappeaning
from plasma only s@&@@?ﬁ: 5 enantiomer. Our data in
Figure 6 shows only slightly R-fucretine in brain compared
with S-flugxetine at times of 4 hours ger. Brain levels of R-norfluoxesine
were slightly higher than those of S-nafflucxetine after administration of the

corresponding fluaxetine enantiomers. Because norfluoxetine was known to
be an eff=chive inhibitor of serotonin uptake, "™ ng explanation for the shorter
duration of the pharmacologic effects of R-flucxetine than of S-fluoxetne was
obvious,

[GzT 11212d



FULLER ET AL
- ol o
504 = A
40 4
.
§ 30 - :{\
: 20 - ff.:xi

& TS
Howrs

AL j
0
Figure &. Boas of and norfluceenne in rat brain alier wpecnon of R-fluoceenne
or 5-f L e

Fats were i.ln!ihMﬂ\er.mmﬂl-ﬂw“&
f mgkg ip. values = sundard errors for 5 rats per group are shown

umt%ﬂ an inhibitor of serotonin uptake by rat brain synapto-
in vi 29.8 nM whereas that of R-norfluoxetine was 484 nM. 5
i nized pchlorcamphetamine-induced depletion of brain
c@ in with an EDy of about 3 mg/kg, whereas R-norfluoxetine did
@ not ca antagorusm even at the highest dose tested (20 mg/kg i.p). S-
decreased brain 5-hydroxyindoleacetic acid (SHIAA) concentra-

& atll doses tested in the 2520 mg/kg i.p. range, but R-norfluosetine
significant effect at these same doses. Thus the shorter duration of

in uptake inhibition by R-fluoxetine in vivo results fram jts conversion
relatively inactive metabolite, R-norfluoxetine, The longer duration of
in uptake inhubition by S-fluoxetine in viva results from the lormahon
and persistence of a metabolite. S-norfluoxetine, as potent as the parent drug

§ in inhibiting serotonin uptake.

%? V1. FUNCTIONAL EFFECTS OF FLUOXETINE IN VIVO

7 port that interpretation. One neurochemical effect of fluoxetine administration
is 2 decrease in serotonin turnaver, which has been demonstrated by a de-
Crease in steady-state concentrations of the serotonin metabolite, SHIAA.? by
2 diminished accumuiation of SHIAA after probenedd is given to block its
efflux from brain,? by a diminished rate of disappearance of serotonin when
pchlorophenylalanine is given to inhibat 1ts synthesis,” and by decreased
incorporation of radicactve myptophan inta 5h vdroxyindoles * The de-

gsez Llzlzd
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creased rurnover of brain serotomin zfter fluoxenne administranon is thought
to be due toincreased activation of auloreceptors on serotorun Neurons whosa
physiclogic roie is sensing the extraneuronal concentranon of serotonin and
modulanng the further reiease and synthesis of serotonin.

The increased concentrations of serotonun in the svnaphe cleft activate
only autoreceptors but also postsynaptic recepiors; also, some neu
effects after fluoxetine administration are thought to result from this i
actvation of postsvnaphc serotomin receptors. One is an increase |
nephnne turmover that occurs after administration of fluoxetine alansy
>hydroxytryptophan, resulting in increased concentrations of A§ norepi-
nephnne metabolites, CHPG (3.4-dihvdrorphenviethvieneglycol )/
suitarz (3-methoxy<-hydroxyphenyiethvieneglycol suifate) -
R. W. Fuller, unpublished data).

some behavioral and neuroendocrine changes also gl from flu e
- ennancement of brain serotonergic function. In suppdittf a possi of
| serotorun in memory processing. flucxetine has ce
memory in mice.* Brain serotonin neurons can infl a ; wvior,
and fluoxetine (like other serotonin uptake inhibitot)dnhibi (mouse-
killing) behavior in rats."” Fluoxetine reduces sleep in
rats and cats, and acts synergishcally with 3 ) n.*“* Fluox-
etine increases ACTH™ and corticoste iqiyan rat blood. and
potentates the S-hydroxytryptophan-ind in et 7 and
prolactn concentrations. ™™ °
uced by direct

Fluoxetine decreases food intake, Bct
Serotorun agonists, serotonin precuf

Goudie et al.™ first reported : food intake in meal-
fed rats. More recendy, fluoxe : to decrease stress-in-
duced,™ insulin-induced,™ 2 duced™™ eating in rats and

to decrease food intake in
Fluoxenine also dec .
rats.™ In rats given a gh

"as well as in normal mice ®
SuiEd excessive fluid consumption in
r high in protein, Suoxetne and

other serotonergic ety I sed ingestion of the low protein
diet, resulting in di hed SRy te intake but not diminished protein
intake.® Repeat istrat ; tory animals results

7 continued d sion of fofExtake 5 weight gain or loss
of body weight in normal ; :

Fluoxetine also select .4 khol intake in rats with a choice
between zicohol soluti d water, Ryen in genetic strains of alcohol-
prefemming rats.® This effect of Aluoxes not due to effects on taste or smell,
since intragastnic self-administrat ethanol is aiso reduced.” Apparently

fluoxetine and other serotonin uptake inhibitors interfere with the reinforcing
effects of aicohol.

Fluoxeune differs from some less selective uptake inhibitors, whose eariier
mentoned interactions with newromansmuster FECEPIOrs Can sometmes an-
t2gonize funcuonal effects of serotonin uptake inhibition in vivo. For instance,
some mcyclic drugs are potent antagomsts of SHT; receptors.® ™ an effect
that can counteract the enhanced serotorun function ordinanly resulting from
uptake infubiton. Becker and Pleece™ recently compared fluoxetine and clom-
ipramine, both of which are potent inhibitors of serotonin uptake 1n vizo.
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Fluoxetne potentated the S-hydrovwmyptophan-induced head twitches |n
ruce by blocking the neuronal uptake of serotorun formed i the brain from
the admunustered S-hvdroxytryptophan. Clomupramuine, in contrast. antago-
nized the SHTP-induced head twitches, ipparently by blocking central 5HT,
receptors.” Trazodone is another antidepressant drug that can inhibit serg-
torn uptake in the test tube and ijometmes referred to as a ~cerotonn
reuptake blocker.™ The most p nt action of trazodone on serotonergic
systems, however. is as 2 5HT, tor antagonist,” and trazodone generally
impairs rather than e onergic Action in vivo. ™" Any enhance.-
ment of serotonergic trazod robably via its metabolite, m.
chiorophenyipiperazine, !
instead of by uptake i

VIIL THE c Eﬁs@"nr FLUOXETINE IN HUMANS
Fluoxetine is iv= in the tregtment of depressive states and i< currently
warketed in ited Sta nd in severa! other countries for this indica-

ibitors of serotonin uptake are also effective
. the compounds are structurally diverse and
share no P ic action other than serotonin uptake inhibinon,
in uptake inhibition is the primary effect that leads
ve symptoms. Uptake inhibition would be expected

i input to the postsynaptic neurons in many brain
ic termmunals project, and it is not possible to know

w regrons or which postsynaptic neurons are most im-
tin to therapeutic effects in depression.
The ty that adaptive changes in receptor number or sensitviry is
a key | iate step in the action of antidepressant drugs is being stud-

ied.™- ough downregulation of f-adrenergic receptors, the earliest dis-
tor adaptation with tncyclic anndepressant drugs (see Ref. 98),

does not occur with Huoxetine,*'™ decreases in B-adrenergic re-

after high doses of fluoxeane have been reported in a few discrete

of rat brain.'” Desensitization of presynaptic serotonergic receptors

3 also been suggested to be important in the antdepressant actions of

fluoxetine’™ and other anbdepressant drugs.'™ Whatever intervening steps
may eventually be established. it now appears that fluoxetine and other se-
rotonun uptake inhibitors are effecove in depression but do not have a faster
onset of action than other antidepressant drugs, their major advantages beng
reduced side effects.
@uaddiﬁnn to depression, fluoxenne has also been shown to be effective
treating obesity.''* Serotonin is thought to be an important neurotrans-
itter involved in hypeothalamic control of food intake and metabolic econ-
omy."*~'® Enhancement of serotonergic function by inhibiting serotonin up-
tzke, by releasing serotonin. by loading with serotonin precursors. or by direct
activation of serotonin receptors has been shown to decrease food mtake in
laboratory animals.™ The reduction of body weight in obese patents meated
with fluoxetine is thought to relate pnmarilv from decreased food intake,
aithough food intake data have not vet been reported 1n humans. There 15
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Bulimua. an eating disorder most common AMAng young women, is ch
acterzed by binges of grossly excessive intake of food, followed by pu
(induced vomiting) to prevent absorption of excess calories which would
unwanted weight gain. Fluoxetine is reported to decrease the bmgé;ﬁ
purges in bulimic patients, 11112

Besides depression, fluoxetine is reported 10 be effective in other

isorders. An open trial in 61 patients with obsessive—compulsi
showed s.gnificant improvement with fluoxetine treztment, ')
reported significant improvement during flucxetine treatmen
with obsessive-compulsive disorder studied over 2 5-mon
ment penod. There have been isolated reports of the e
freatng panic disorder."'*1"* Recently, Hollander et al.' repo
~successful use of fluoxetine in treating patients with bogly-d -
order, a disorder of precccupation with some ima dm%mu
(such as facal flaws) in normal-appeanng individ

In combination with the serotonin precursor,
etine may also be useful in the treatment of 2 &
intention myocionus.'** Fluoxetine has besc
ment of cataplexy, a sudden brief paralysiss
of muscle tone following any momenig

lahon of energy utilization, '™ ' 304 1t is possible that mechanisms in addition @
to decreased food intake are involved in the antiobesity effects of Hmnﬁ
; n

ropathy, fluoxetine being used to _,\ on was reported to
relieve diabetic neuropathy pain Gy eell 1=

Quse dramatic improvement i
pseudobulbar palsy. ' g

associated with

ive serctonin uptake inhibitor in vi-
ine, which resembles that of sertra-
. :ppa@nbu key feature that en-
3 the serotonin transporter

also 2 pivotal structural ele-

has been well-defined, and
mediated almost exclusively by
serotorun uptake inhibidon. Its select; the serotonin transporter, lack of
affinity for neurotransmitter receplors) retention of selectivity following
metabolism to norfluoxetine make Auoxetine a useful tool to explore pharma-
cologically induced increases in serotonin neurctransmussion. Fluoxetine has
found 2 variety of therapeutic applications. lts use in treating depression has
been most extensively studied, but controlled clinical studies also suggest the
drug may have a role in treating obesity ana bulimia. Moregver. a vanety of
other psychiatric disorders may be treatable with this drug. Regardless of the
wmﬂfﬂmdhﬁnlmh.khappmmﬂm&umm has found a useful
mmmmpy.mdmhuudulpmhemdﬂm the role of serotonun
in modulating human pathophysiolog:

ol 22
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