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SHORT COMMUNICATIONS

Effect of anesthetic dosages of pentobarbital on the content
and turnover of serotonin in brain areas

(Received 22 April 1974; accepted 11 October 1974)

The suppression of rapid eye movement {REM) sleep by
barbiturates may be related to effects of these agents on ser-
otonergic pathways in the brain |1,2). Serotonergic
neurons have been implicated in the induction and regula-
tion of REM sleep [3], and evidence is available, although
it is somewhat conflicting, to suggest that barbiturates affect
brain serotonin (5-HT). Bonnycastle et al. [4, 5] and Ander-
son and Bonnycastle [6] reported an increase in whole
brain 5-HT in the rat after treatment with a number of dif-
ferent barbiturates: pentobarbital, hexobarbital, amobarbi-
tal or thiopental. On the other hand, Efron and Gessa [7]
found no changes in whole brain 5-HT content 30, 60 or
150 min after injections of anesthetic dosages of pentobarbi-
tal or phenobarbital.

Although the cell bodies of the neurons which contain 5-
HT are localized in the brainstem, their nerve terminals pro-
ject to areas throughout the brain [8]. It is very conceivable
that barbiturates, as well as other drugs, may affect 5-HT
differently in various areas of the brain. Small changes in 3-
HT content or turnover in discrete areas of the brain might
be completely undetected in whole brain studies. Further,
whole brain studies cannot differentiate the pentobarbital-
induced response of 5-HT containing cell bodies from the
response of 5-HT nerve terminals. Due to the importance of
pentobarbital as a clinical agent and recently as a drug of
abuse and due to the shortage of consistent information
concerning the effects of pentobarbital on brain biogenic
amines, 5-HT content and turnover were investigated in six
discrete areas of the rat brain.

Male Sprague-Dawley rats (150-200 g) were injected in-
traperitoneally with an anesthetic dosage of pentobarbital
(50 mg/kg) or an equivalent volume of saline. In some
studies, anesthesia was prolonged by supplemental dosages
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of pentobarbital (2530 mg/kg) given 60 and 120 min after
the initial injection. Body temperatures of pentobarbital-
treated animals were monitored at 15-min intervals. If
necessary, an animal's body temperature was maintained
with 2 heating pad. Brain 5-HT was analyzed in six discrete
brain areas: the cerebellum, medulla-pons, midbrain, dien-
cephalon (thalamus-hypothalamus), stristum and cerebral
cortex. Serotonin was extracted and analyzed according to
the method of Maickel et al. [9], and S-hydroxyindoleacetic
acid (5-HIAA) was analyzed by the method of Curzon and
Green [ 10].

The rate of synthesis of 5-HT was estimated by measuring
5-HT accumulation after monoamine oxidase (MAQ) inhi-
bition by nialamide (100 mg/kg) (Pfizer, Inc.) [11]. The rate
of 5-HT degradation was estimated by measuring 5-HIAA
accumulation after probenecid (200 mg/kg) (Merck Institute
for Therapeutic Research) [11]. In separate studies, niaia-
mide or probenecid was administered 60 min after the initial
pentobarbital injection. Groups of pentobarbital-treated
and saline-treated rats were sacrificed 0, 30, 60 and 90 min
after the nialamide or probenecid.

Five min after the administration of pentobarbital
(50 mg/kg), 5-HT content was elevated (20 per cent,
P < 0-005) in the midbrain of the rat (Fig. 1). By 30 min, 5-
HT content in the diencephalon was also significantly ele-
vated (20 per cent, P < 0-05) (Fig. 1). No statistically signifi-
cant elevations in 5-HT content were observed in any other
brain area during the first 60 min of pentobarbital anesthe-
sia. By 60 min, S-HT in the midbrain and diencephalon had
returned to control levels.

In a subsequent experiment, anesthesia was prolonged
through 120 min by the injection at 60 min of 2 supplemen-
tal dosage of pentobarbital (30 mg/kg). Serotonin content
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Fig. 1. Effect of anesthetic dosages of pentobarbital on 5-HT content in discrete areas of rat brain. The
clear bars represent mean 5-HT content + standard errors in saline animals, and the black bars represent
pentobarbital-treated animals. The 60-, 120- and 180-min resuits were obtained in three separats studies
performed weeks apart, and thus a separate group of saline animals are represented for each study. The
number of animals sacrificed are shown for each group by the numbe. in parentheses. Statistical signifi-

cance was determined by the analysis of variance. Key: * P < 005;

P <001; P <« 0005; and

t+P < 0001,
127



1128

MEDULLA-PONS

NIALAMICE

=em = NIALAMIDE « PENTOBARSITAL.

e
2
2
=
b
- - y
) 0 80 %0
MINUTES AFTER NIALAMICE

Fig. 2. Effect of anesthetic dosages of pentobarbital on the
rate of 3-HT accumulation in the medulla-pons after
monoamine oxidase inhibition by nialamide. Mean 5-
HT + standard errors for saline (@) and pentobarbital-
treated rats (A) are shown for 0, 30, 60 and 90 min after nia-
lamide (100 mg/kg). The respective regression lines were
determined by the least squares method [12]. The statistical
significance of the difference between the slopes of the res-
pective regression lines was determined by a Student t-test

(3]

was elevated not only in the midbrain (29 per cent,
P < 0:005)and the diencephalon (20 per cent. P < 0-05) but
also in the cerebral cortex (20 per cent, P < 0:005) (Fig. 1).

When anesthesia was extended to 180 min by giving a
second supplemental injection of pentobarbital (25 mg/kg)
at 120 min, 5-HT content was significantly elevated in three
brain areas: the medulla-pons (8 per cent. P < 0-01), the
midbrain (13 per cent, P < 0-001) and the cerebral cortex
{13 per cent, P < 0-01) (Fig. 1). Serotonin content was not
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significantly elevated in the striatum or cerebellum at any
time during the first 180 min of pentobarbital anesthesia.
No significant changes in 5-HIAA content were observed in
any brain area of pentobarbital-treated compared to control
animals.

A small but significant decrease (P < 0:03) in the rate of
accumulation of 3-HT after MAO inhibition was observed
in the medulla-pons of pentobarbital-treated rats (Fig. 2),
but not in any other brain area. On the other hand. the rate
of depletion of 5-HIAA after MAO inhibition was signifi-
cantly reduced in the medulla-pons (P < 0-003), midbrain
(P < 0:001), diencephalon (P <003 and striatum
{P < 0:05) (Fig. 3). Further. the correlation coefficients {r)
for the decrease of 5S-HIAA content vs time after nialamide
plus pentobarbital were not significantly greater than zero
in these same brain areas and also the cerebellum {Fig. 3).
The corresponding correlation coefficients in all six brain
areas of control nialamide-treated rats were highly signifi-
cant (P < 0-01).

The rate of degradation of 5-HT to 5-HIAA, as measured
by the rate of accumulation of 5-HIAA after probenecid,
was significantly reduced in all six brain areas of the pento-
barbital-treated rats: medulla-pons (47 per cent, P < 0-005),
midbrain (47 per cent. P < 0:005), diencephalon (46 per
cent. P < 0:001), striatum (38 per cent. P < 0-05), cerebral
cortex (24 per cent, P < 0-003) and cerebellum (50 per cent,
P < 0-01) (Fig. 4).

The elevations of 5-HT content observed in the medulla-
pons. diencephalon, midbrain and cerebral cortex after pen-
tobarbital administration could have resulted from: (1) an
increase in the rate of 5-HT synthesis, {2} a decrease in 5-HT
degradation or (3) a combination of these mechanisms. No
increase in the rate of 5-HT accumulation after MAQ inhi-
bition was observed in any of the six brain areas after pento-
barbital-induced anesthesia for 150 min. On the contrary,
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Fig. 3. Effect of anesthetic dosages of pentobarbital on the decline of 5-HIAA content after monoamine
oxidase inhibition by nialamide. The mean log concentration of 5-HIAA + standard error are shown for
six discrete areas of the rat brain in both control (@) and pentobarbital-treated animals (A) at 0. 30, 60
and 90 min after nialamide. The rate of 3-HIAA depletion after nialamide (slope of best fit line) was signifi-
cantly decreased in the medulla-pons (P < 0-003), midbrain (P < 0-001), diencephalon (P < 0:05) and
striatum (P < 0-05) in the pentobarbital-treated rats [13]. Key: *P « 0:05; **P < 0:01.
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Fig. 4. Effect of anesthetic dosages of pentobarbital on the accumulation of 5-HIAA in six discrete brain

areas after the excretion of 5-HIAA has been inhibited by probenecid. The mean 5-HIAA levels + stan-

dard errors are shown for both control (@) and experimental animals (A) at 0, 30, 60 and 90 min after

probenecid (200 mg/kg). The rate of 5-HIAA accumulation after probenecid (slope of best fit line) was

significantly reduced in all six brain areas in the pentobarbital plus probenecid-treated rats: medulla-pons,

P < 0-005; midbrain, P < 0-005; diencephalon, P < 0-001; striatum, P < 0-05; cerebral cortex. P < 0-005;
and cerebellum, P < 0-01 [13].

the rate of 5-HT accumulation after MAO inhibition was
either unaffected or slightly decreased by pentobarbital.
Thus, it seems unlikely that the increase in 5-HT levels in
the various brain areas can be accounted for by an increase
in the rate of 5-HT synthesis.

In some brain areas, pentobarbital was observed to
reduce or block the linear exponential decrease in 5-HIAA
content normally observed after MAO inhibition. Pento-
barbital could produce this effect (1) by interfering with the
inhibitory action of nialamide on MAO or (2) by partially
inhibiting the active transport system which removes 5-
HIAA from the brain. However, with the exception of the
medulla-pons, 5-HT accumulation after MAO inhibition
was not significantly different in pentobarbital-treated com-
pared to control animals, and further the correlation coeffi-
cients for the accumulation of 5-HT were all significantly
greater than zero, indicating that nialamide had effectively
inhibited MAOQ in the pentobarbital-treated animals. Thus,
these data best support the hypothesis that pentobarbital in-
terferes with the acid transport system which removes 5-
HIAA from the brain.

Since synthesis of 5-HT is not increased by pentobarbital,
the elevation in 5-HT content may result from a decrease in
the rate of metabolism of 5-HT to 5-HMIAA, the primary
metabolite of 5-HT in the brain. However, because pento-
barbital interferes with the transport of 5-HIAA out of the
brain, a significant decrease in 5-HIAA content due to a de-
crease in 5-HT depletion was not observed after pentobarbi-
tal treatment alone. On the other hand, when the rate of
degradation of 5-HT to S-HIAA was determined after pro-
benecid administration, a marked decrease in the accumu-
lation of S-HIAA was observed in pentobarbital-treated

rats, probably resulting from a decrease in 5-HT degrada-
tion or turnover. Using different methods, Kuschinsky ez al.
[14] and recently Lidbrink et al. [15] have also concluded
that pentobarbital produces a suppression of 5-HT turn-
over. However, alternate explanations must also be consi-
dered. Pentobarbital may shunt the degradation of S-HT
into other metabolic pathways in preference to the S-HIAA
pathway. This possibility is unlikely because pentobarbital
is not an MAQ inhibitor [16], and it does strongly inhibit
aldehyde reductase which is responsible for the conversion
of 5-HT to S-hydroxytryptophol {17].

The small magnitude of the increases in 5-HT content
observed in certain brain areas after pentobarbital suggest
that they are of minor physiological significance, although
further studies are needed to determine if the increases of 3-
HT are in the functional or the metabolic pool. At present,
it appears that the elevations in 5-HT content observed in
some brain areas are a reflection of a decrease in 5-HT
degradation (turnover) without an equivalent decrease in 3-
HT synthesis. As other investigators have suggested [18],
measurements of 5-HT turnover may provide a better in-
dication of changes in serotonergic activity than does con-
tent. If the turnover of neurohumoral agent is related to the
impulse activity of the neuron in which it is contained
{19], the decrease in 5-HT turnover observed in the six
brain areas may reflect a suppression of serotonergic im-
pulse activity by pentobarbital. The suppression of sero-
tonergic activity could be related to the suppression of REM
sleep by barbiturates.

The resuits presented in this report explain some of the
inconsistency in the earlier literature concerning the effects
of pentobarbital on the brain serotonergic system. During
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the first hour after an anesthetic dosage of pentobarbital. 3-
HT was significantly elevated in only two areas of the rat
brain. Therefore, it is not surprising that Efron and Gessa
[7] found no significant effect of a single dosage of pento-
barbital on 5-HT content in the whole rat brain. These data
provide a strong argument for the study of the effects of
drugs on brain biogenic amines in discrete brain areas
rather than in the whole brain.
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Transformation of A'-tetrahydrocannabinol (THC) by rabbit
liver microsomes

(Received 24 Adugust 197-}; accepted 29 November 1974)

The major transformation products of A'-tetrahydrocan-
nabinol (A'-THC) by rabbit liver have been reported by
Nilsson et al. [1] and Wall [2]. They found that subcellular
fractions of rabbit liver readily metabolized A'-THC 1o
7-hydroxy-A'-THC [1, 2], 68-hydroxy-A'-THC [2] and 6.
7-dihydroxy-A'-THC [2]. In order to provide 2 more com-
plete picture of the biotransformations in the rabbit, we
have reinvestigated this process with a view toward identi-

fying some of the less abundant metabolites. This report
describes the isolation and identification of two pharmaco-
logically active metabolites.

Female albino rabbits approximately 6 months old were
used as the tissue source. The livers were homogenized
and the microsomal fraction was obtained as previously
described by Burstein and Kupfer for the rat[3]. '4C-A!-
THC was obtained from the National Institute on Drug

Table 1. Metabolism of A!-THC by rabbit liver microsomes

Tlc. Retention time Principal ionst
zone Rf Assignment* (min) (M/e)
1 067 A'THC acetate
2 040 1,2z-Epoxyhexahydro- 57 372(25), 357(25), 330(50), 315(75), 312(45)
cannabinol acetate 298(100), 288(55), 274(75), 231(8-8)
6a-Hydroxy-A'-THC 70 372(3-4), 354(100), 339%(21), 312(82), 297(65) 295(18)
diacetate
3 030 7-Hydroxy-A'-THC 75 372(3-8), 354(43), 312(100), 297(28), 259%(31)
diacetate
4 013 64,7-Dihydroxy-A*-THC 11-3 412(34), 397(5). 370(9), 355(12), 337(47)
triacetate 310(46), 295(100)

* All materials were acetylated prior to tlc. with a mixture of acetic anhydride and pyridine. T.lc. system: Silica

gel G, hexane-ether (7:3).

t The spectra were obtained on a Finnegan 1015 at 70 eV. The column conditions were: 2 ft, 2%, OV-1; 180-240°
(8°/min); carrier gas, He; injector temp., 255°. Numbers in parentheses refer to relative intensities.



