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FULLER.R W ANDH D SNODDY Fluoxetine enantiomers as antagonists of p-chloroamphetamine cffects in rats

PHARMACOL BIOCHEM BEHAYV 24(2) 281-284, 1986 —The dextrorotatory enantiomer of fluoxetine was shghtly more
potent than the levorotatory enantiomer 1n antagonizing the depletion of brain serotonmin by p-chloroamphetamine 1n rats

The time course of the depletion of brain serotonin at times out to 24 hr after the injection of p-chloroamphetamine was
determmed with or without simultaneous administration of one of the fluoxetine enantiomers The dextrorotatory
enantiomer prevented the depletion of brain serotonin at any time after p-chloroamphetamine The levorotatory enantiomer
prevented the imitial depletion of brain serotonin at 2 and 4 hr, but by 8 hr brain serotomn concentration was decreased and
by 24 hr the depletion of serotonin was almost as great as in rats treated with p-chloroamphetamine alone The elevation of
serum corticosterone that occurred acutely after injection of a low dose of p-chloroamphetamine was sigmficantly antago-
mzed by both enantiomers of fluoxetine, the dextrorotatory enantiomer being slightly more potent In contrast, the
lowering of DOPAC (3,4-dihydroxyphenylacetic acid) concentration in rat brain by p-chloroamphetamine was not antago-
nized by either enantiomer of fluoxetine, indicating this effect 1s not secondary to serotomin release by
p-chlorcamphetamine The results are consistent with other evidence that both enantiomers of fluoxetine are potent
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ihibitors of serotonin uptake, the dextrorotatory enantiomer being longer-acting than the levorotatory enantiomer in rats

Serotonin p-Chloroamphetamine Fluoxetine

Corticosterone

FLUOXETINE 1s a potent and selective inhibitor of seroto-
nin uptake [15] that has been widely used as a pharmacologic
tool 1n animal studies [3] Fluoxetine 1s climically effective 1n
the treatment of mental depression [1,13] and acts synergis-
tically with L-5-hydroxytryptophan in the treatment of in-
tention myoclonus [14] Fluoxetine has been used as the
racemate, and until recently no information was available on
the stereospecificity in fluoxetine’s inhibition of serotonin
uptake Wong ¢t al [16] reported that both enantiomers of
fluoxetine are potent mhibitors of serotonin uptake but that
the dextrorotatory enantiomer 1s shghtly more potent i1 vitro
and 1 vivo and has a longer duration of action than the
levorotatory enantiomer Previously, we had shown that
fluoxetine (as the racemate) antagomzes effects of
p-chloroamphetamine (PCA) that are dependent on the
serotonin uptake carrier, namely the prolonged depletion of
brain serotonin [7] and the acute elevation of serum cortico-
sterone [9] This paper describes a comparison of the
fluoxetine enantiomers in blocking these effects of PCA in
rats

METHOD

Male Wistar rats (HSD/[WI]BR), 150-200 g, were ob-
tained from Harlan Sprague-Dawley, Inc, Cumberland,
IN The rats recetved IP injections of (=*)-p-
chloroamphetamine hydrochloride (Regis Chemical Com-
pany, Morton Grove, IL) after pretreatment with one of the
enantiomers of fluoxetine hydrochlonde, synthesized mn the
Lilly Research Laboratories We are grateful to Dr B G
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Jackson for supplying these enantiomers Rats were decapi-
tated, and whole brains were excised, frozen on dry ice, and
stored at —15° until assayed Trunk blood samples were
allowed to clot, then serum obtamned by centrifugation was
stored at —15° prior to analysis Serotonin and DOPAC
(3,4-dihydroxyphenylacetic acid) concentrations 1n brain
were measured by high performance liquid chromatography
with electrochemical detection Corticosterone concentra-
tion 1in serum was measured spectrofluorometrically [12]

RESULTS

Figure 1 shows that the depletion of serotonin concentra-
tion 1n whole brain of rats treated with PCA was antagonized
i a dose-dependent manner by the enantiomers of
fluoxetine The dextrorotatory enantiomer was shightly more
potent than was the levorotatory enantiomer

In other experiments, the enantiomers of fluoxetine were
found not to affect serotonin concentration by themselves
At 1, 2 and 4 hr after mjection of the dextrorotatory
enantiomer (10 mg/kg IP), brain serotonin concentration was
325+009,3 52+0 07 and 3 53+0 03 nmoles/g, respectively,
not significantly different from the control value of
332+0 09 nmoles/g At 1, 2 and 4 hr after injection of the
levorotatory enantiomer (10 mg/kg IP), brain serotonin con-
centratton was 3 56x015, 328+009 and 3 59+005
nmoles/g, respectively

Figure 2 shows the time course of brain serotomn deple-
tion by PCA given alone or simultaneously with one of the
fluoxetine enantiomers (10 mg/kg) After PCA alone, brain
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FIG 1 Dose-dependent antagomism of p-chloroamphetamine-
induced depletion of bram serotonin by the dextrorotatory (@) and
levorotatory (M) enantiomers of fluoxetine Mean and standard error
range for control rats 1s shown by the shaded area at the top Mean
and standard error range for rats treated with PCA alone (10 mg/kg
IP of PCA HCI 4 hr before rats were killed) is shown by the shaded
area at the bottom Lines connect points representing rats treated
with PCA 4 hr before they were killed The fluoxetine enantiomers
were mnjected 1P at the mg/kg doses shown on the bottom axis (log
scale) | hr before PCA All data represent mean and standard errors
for 5 rats per group All groups that received the fluoxetine
enantiomers had sigmificantly (p<0 01) higher serotonin concentra-
tion than rats receiving PCA alone

TABLE 1

DOSE-DEPENDENT ANTAGONISM OF THE PCA-INDUCED
ELEVATION OF SERUM CORTICOSTERONE CONCENTRATION IN
RATS BY THE ENANTIOMERS OF FLUOXETINE
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FIG 2 Serotonin concentration in rat brain at various times after
the myection of PCA alone (@) (10 mg/kg IP of PCA HC) or together
with the dextrorotatory (©) or levorotatory (l) enantiomers of
fluoxetine (each at 10 mg/kg 1p) Mean values=+standard errors for 5
rats per group are expressed as percent of the control mean As-
terisks indicate significant differences from the control group
(p<<0 05)

TABLE 2

INABILITY OF FLUOXETINE ENANTIOMERS TO ANTAGONIZE
THE PCA-INDUCED LOWERING OF BRAIN DOPAC
CONCENTRATION IN RATS

Serum corticosterone

DOPAC 1n brain,

Treatment group ug/100 ml Treatment group nmoles/g

Control 46+05 Control 055002

PCA alone 475+ 17* PCA alone 028 + 002*
PCA + (+) enantiomer (1 mg/kg) 28 8 + 4 5% PCA + (+) enantiomer (1 mg/kg) 030 =001*
PCA + (+) enantiomer (3 mg/kg) 269 = 5 6*t PCA + (+) enanttomer (3 mg/kg) 025 +001*
PCA + (+) enantiomer (10 mg/kg) 202 + 4 6*t PCA + (+) enanttomer (10 mg/kg) 026 =+ 001*
PCA + () enantiomer (1 mg/kg) 456 = 3 1* PCA + (—) enantiomer (1 mg/kg) 027 = 0 02%
PCA + (—) enantiomer (3 mg/kg) 391 + 2 7% PCA + (—) enantiomer (3 mg/kg) 028 + 001*
PCA + (—) enantiomer (10 mg/kg) 257 = 7 3% PCA + (—) enantiomer (10 mg/kg) 023 +001*

*Sigmficant difference from control group (p <0 05)

tSignificant difference from group with PCA alone (p <0 05)

Serum corticosterone concentration was measured 1 hr after the
IP admimstration of PCA HCl (2 5 mg/kg) Fluoxetine enantiomers
were injected IP 1 hr before PCA Mean values +standard errors for
5 rats per group are shown

serotonin concentration was significantly decreased within 2
hr, reached a mimimum concentration at 8 hr, and remained
decreased at 24 hr This time course of serotonin depletion
by PCA has previously been reported [11] In rats that re-
ceived the dextrorotatory enantiomer of fluoxetine at the
same time as PCA, brain serotomn concentration was not

*Significant difference from control group (p<<0 05)

DOPAC concentration in whole brain was measured 4 hr after the
IP admimstration of PCA HCI (10 mg/kg) Fluoxetine enantiomers
were mjected IP | hr before PCA Mean values *standard errors for
5 rats per group are shown

decreased but instead was slightly increased at all time
points Such an increase has been observed previously with
PCA and some of its analogs and has been attributed to an
unmasking of monoamine oxidase inhibition when the de-
pletion of serotonin concentration was blocked by uptake
mhibition [5.6] In rats that received the levorotatory
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enantiomer of fluoxetine at the same time as PCA, bramn
serotonin concentration was shightly increased at 2 hr but
declined thereafter Within 8 hr there was a significant de-
crease In serotonin concentration, and by 24 hr the concen-
tration of serotonin was almost as low as in rats receiving
PCA alone

Table 1 shows the elevation of serum corticosterone con-
centration by PCA, as influenced by pretreatment with the
enantiomers of fluoxetine Both enantiomers caused signifi-
cant and dose-related (albeit incomplete) antagonism of the
effect of PCA With the levorotatory enantiomer, the lowest
dose did not antagomze PCA, and the effect at the middle
dose was less than that of the dextrorotatory enantiomer

Table 2 shows that PCA decreased whole brain concen-
trations of DOPAC, a metabolite of dopamine This effect of
PCA was not antagomzed by either enantiomer of fluoxetine

DISCUSSION

The ability of fluoxetine enantiomers to antagonize the
depletion of brain serotonin by PCA agrees with earlier find-
ings with the racemate This antagonism 1s believed to be due
to antagonism of the active accumulation of PCA by the
amine carrier on the cell membrane of serotonin neurons [4],
and other inhibitors of serotonin uptake produce similar an-
tagonism [2] The dextrorotatory enantiomer of fluoxetine
was slightly more potent than the levorotatory enantiomer
This finding 1s consistent with the report of Wong ¢t al [16]
that the levorotatory enantiomer of fluoxetine has a shorter
duration of action than the dextrorotatory enantiomer n
vivo The ability of serotonin uptake inhibitors to antagonize
brain serotonin depletion at times up to 24 hr after PCA 1s an
index of uptake mhibition throughout the period of time from
PCA jection until the measurement of brain serotonin con-
centration Thus the inhibition of serotonin uptake during the
4 hr after PCA njection was shightly less with the levorota-
tory enantiomer of fluoxetine, consistent with 1ts shorter du-
ration of action as a serotonin uptake inhibitor iz vivo [16]

A clear indication of this shortened duration of action 1s
revealed in Fig 2 In this experiment, the enantiomers of
fluoxetine were mjected at the same time as PCA, and brain
serotonin concentration was measured at various time inter-
vals later The dextrorotatory enantiomer of fluoxetine pre-
vented any serotonin depletion from occurning The shght
Increase 1n serotonin concentration may be due to an un-
masking of the monoamine oxidase-inhibiting action [5.6] of
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PCA The levorotatory enantiomer of fluoxetine antagonized
serotonin depletion by PCA at early times but did not antag-
onize the depletion of serotonin at longer times after PCA
This pattern of effect 1s similar to that reported earher with
chlonnmipramine [11], a potent and selective inhibitor of
serotonin uptake that has a short duration of action 1 vivoe
because of its metabolism to chlordesipramine (which 1n-
hibits norepinephrine uptake, not serotonin uptake) Appar-
ently the continuous transport of PCA to serotonin
neurons via the uptake carner 1s required for the depletion of
serotomn to be mamntamned As we have shown previously,
an uptake inhibitor can be jected after the imjection of
fluoxetine, at a time when serotonin stores are depleted, and
the depletion of serotomn 1s terminated, serotonin levels re-
turning rapidly to normal [8] A short-acting uptake inhibitor
can initially prevent the depletion of serotonin by PCA, but 1f
PCA remains in the bramn longer than the uptake mhibitor
does, then serotomn levels become depleted at longer times
as mhibition of the accumulation of PCA mto serotonin
neurons dimmmshes That phenomenon 1s suggested to ac-
count for the loss of protection against PCA-induced
serotonin depletion with time after injection of chlorimip-
ramine [9] or the levorotatory enantiomer of fluoxetine (Fig 2)

The enantiomers of fluoxetine antagonized the acute 1n-
crease In serum corticosterone concentration that occurs fol-
lowing PCA administration This increase 1s attributed to
central serotonergic activation due to release of serotonin by
PCA, that release occurring secondanly to accumulation of
PCA by serotomin neurons [9] Prevention of PCA accumu-
lation by fluoxetine prevents the release of serotonin The
slightly greater potency of the dextrorotatory enantiomer in
antagonmzing corticosterone elevation by PCA 1s consistent
with the greater potency of that enantiomer in blocking
serotonin depletion by PCA The lack of complete antago-
nism of PCA-induced elevation of serum corticosterone may
have been related to the transient increase in serum cortico-
sterone that occurs with fluoxetine itself [10]

The lowering of brain DOPAC by PCA is probably due
directly to monoamine oxidase inhibition, but in any case 1s
apparently not an effect that 1s secondary to the uptake
carner-dependent release of serotonin The enantiomers of
fluoxetine had no effect on the ability of PCA to decrease
brain DOPAC concentrations Those findings indicate that
effects of PCA not dependent on the serotonin uptake carrier
are not influenced by fluoxetine pretreatment
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