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Effect on phosphatase activity. Both acid and alkaline phosphatase activity in the pupae from diets
containing up to 1% of thalidomide showed no difference from those on the control diet.
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Dissociation of reserpine-induced depression of spontaneous motor activity and release
of brain serotonin in rats

(Received 14 January 1964; accepted 18 February 1964)

THE mechanism of the central depressant action of reserpine is not completely settled after almost ten
years of investigation. A great body of evidence has been presented in favor of a concept that reserpine-
induced release of serotonin (5-hydroxytryptamine, 5-HT) from its binding sites in the brain causes
the tranquilizing action of the drug.!~'* In opposition to this theory some arguments have been made
in support of a role for the release of brain norepinephrine in the depressant action of reserpine.% 7
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The available evidence indicates that if an indirect mechanism (i.e. amine release) is operative, the
most likely system is the uncoupling of serotonin storage in the brain.

Recent evidence'$: '* has indicated that a role for release of brain serotonin in the depressant
action of reserpine is untenable and perhaps may be an oversimplification of the action of reserpine.??
Gal et al.,'® working with rats made deficient in serotonin with a diet lacking in tryptophan supple-
mented by a single injection of reserpine, suggested that reserpine-induced sedation is not associated
with release of serotonin from the brain. These workers were able to demonstrate a sedative action
with reserpine in such serotonin-depleted animals. The effect of reserpine was indistinguishable from
that seen when the drug was administered to control animals on a tryptophan-sufficient diet. These
findings have since been corroborated by Boullin'® using a similar experimental design.

Shore et al.® indicated that the loss of pharmacologic signs from a single dose of reserpine was
related to the recovery of brain serotonin levels. Studies in this laboratory have shown that recovery
of spontaneous motor activity (SMA) in rats treated with reserpine does not correlate with the con-
tent of serotonin in the brains of these animals.* In our experiments it was noted that essentially
100 % recovery of SMA occurred 24 hr after a single dose of reserpine in rats, followed by a period
of hyperactivity extending for up to 3 days, with no concomitant recovery of the brain serotonin
content. The present communication describes these experiments and the effect of a repeated dose of
reserpine on the parameters under investigation.

Male Sprague-Dawley rats (av. wt., 165 g) were used. Reserpine (2 mg/kg, i.p.) was administered
in the solvent described by Martindale.?* Control animals in both groups received a proportional
volume of the vehicle (1 ml/kg). Spontaneous motor activity was measured in a commercial six-
photocell device* for a 10-min period at appropriate times after injection of the drug or placebo. Since
environmental factors can influence the responsiveness of animals in this type of experiment® several
precautions were taken accordingly. Each animal was used only once in the photocell unit to eliminate
the possibility of environmental conditioning. Activity was measured only in the daylight hours and
hence the drug and placebo were administered at times appropriate for such a measure. The photocell
unit was operated under quiet laboratory conditions and away from direct overhead lighting. Food,
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Fi1G. 1. The effect of sequential 24-hr doses of reserpine (2 mg/kg; arrows) on the spontaneous activity

of the male rat. The circles represent 32 normal animals at zero time (100 %; activity = 38 cpm) and

16 animals at each other time period. The open circles represent the effect of a single dose of reserpine;

closed circles rzpresent the effect of a second dose of the drug. Vertical bars (where they are longer
than the symbols representing activity) are standard errors of the mean.

but not water, was removed from the animals 12 hr prior to measurement of SMA. Preliminary
experiments showed that differences in weight did not affect the observed SMA. (Pearson’s correla-
tion coefficient: r = 0-086). Administration of the placebo showed a slight (10 %) depression of SMA
only in the 2-hr control group representing the animals given the first dose of reserpine. This effect

* Woodard Research Corp., Herndon, Va.
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was not seen in the other (reserpine pretreated) control group. Brain serotonin was estimated fluoro-
metrically* after extraction into butanol as described previously.?

The effect of 24-hr sequential administration of reserpine on the SMA of rats is illustrated in Fig. 1.
It will be seen that a plateau of near immobility was reached 4 hr after the first dose of the drug and
continued for about 8 hr, following to some extent the time course of depletion of brain
serotonin (8 hr) (Fig. 2). However, it can be seen that SMA. recovered in 24 hr and was not
significantly different fromnormal (0-3 < P < 0-4).t A period of hyperactivity (0-02 < P < 0-05)f
was seen 48 and 60 hr after administration of the drug. Examination of the content of serotonin in
the brains of these animals revealed no apparent recovery of the amine levels (Fig. 2). When a second
dose of reserpine (2 mg/kg) was administered to a group of animals treated with the drug 24 hr
previously, an effect on SMA strikingly similar to that obtained with the first dose was seen (Fig. 1).
The brains of these animals given a second dose of the drug showed no alteration in the already
decreased level of serotonin (Fig. 2). This agrees with an early report by Shore et al.> who indicated
that body depots of serotonin in the dog are maximally depleted with the first of two successive
(26-hr) intravenous doses of reserpine (5 mg/kg), although the total depletion of brain serotonin
obtained with a cumulative intraperitoneal dose of 4 mg/kg in the present experiments was to the
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F1G. 2. The effect of sequential 24-hr doses of reserpine (2 mg/kg; arrows) on the serotonin (5-HT)

content of the male rat brain. Open circles represent analyses of 16 whole brains at each time interval

indicated after administration of a single dose of the drug. The closed circles represent the level of

serotonin after a second equivalent dose of the drug and are the mean of 4 analyses at each time

interval. Vertical bars (where they are longer than the symbols) are standard errors of the mean.
Normal level of brain 5-HT was 0-47 ug/g fresh tissue (1009).

extent of only 63%.1 These findings show that reserpine is able to depress SMA in the serotonin-

depleted rat and suggest that release of brain serotonin is not necessarily coupled to this effect.
Correlation of drug-induced changes in SMA with altered central nervous activity necessarily

assumes a single site of action of the drug—i.e. in the brain centers. Although such a relationship is

* Aminco-Bowman spectrophotofluorometer.

t Student’s “t” test; two-tailed distribution. .

+ Westermann®® has indicated that the serotonin-releasing potency of reserpine is to some
extent dependent on the route of administration, intravenous being more effective than the intra-
peritoneal route for a given dose.
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often assumed in drug-screening procedures, it remains to be proven that this assumption is valid. It
must therefore be emphasized that the observed lack of causal relationship between brain serotonin
release and SMA depression is to be taken at face value and that these data do not enable us to state
unequivocally that the central depressant action of reserpine is not caused by brain serotonin release.
Such an extrapolation from the present experiments would also be invalidated by the strong possi-
bility that the sudden environmental change to which the animals are subjected when placed in the
photocell unit is a stimulus capable of arousing them from the drug-induced stupor. It is therefore
noteworthy to mention that the blepharospastic signs characteristic of reserpine were seen in these
animals during the period of hyperactivity. Nevertheless, reserpine or perhaps a metabolite was able
to depress the recovered SMA. by an apparently direct action.

The precise significance of this finding must await the outcome of further experiments on this
phenomenon. In this regard earlier experiments showed that reserpine potentiated the depressant
action of methyldopa on rat SMA.?* Under these conditions methyldopa pretreatment effectively
blocks the serotonin-releasing action of reserpine.?® Furthermore, that release of brain serotonin
and SMA depression may not be causally related has been shown in experiments with guanethidine,
which demonstrate that the drug releases serotonin (and norepinephrine?’) from the rat brain?® and,
in mice, does not cause a depression of SMA.?? Freedman and Giarman?® have recently cited evidence
that dissociation of amine levels and behavior is operant in various other testing procedures and in
humans.3®
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