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Summary

1. y-Hydroxybutyrate and its lactone precursor, y-butyrolactone, when admini-
stered in anaesthetic doses block the increase in the cerebral concentration of
homovanillic acid normally observed after administration of chlorpromazine
or haloperidol.

2. Other hypnotics such as glutethimide, urethane, chloralose, chloral hydrate

and thiopentone do not have this ability even when administered in anaesthetic
doses.

3. The ability of y-hydroxybutyrate to block the neuroleptic-induced increase
in cerebral homovanillic acid is not due to a reduction in body temperature
since a similar effect is observed in rats treated under conditions (32° C) in
which body temperature remains normal.

4. Possible mechanisms for this action of y-hydroxybutyrate are discussed.

Introduction

vy-Hydroxybutyrate (GHB), the alkaline hydrolysis product of vy-butyro-
lactone (GBL) is a normal metabolite which occurs in mammalian brain in a con-
centration of 1-4 nmol/g (Roth & Giarman, 1970). When administered paren-
terally in large doses GHB or GBL produce a state of behavioural depression and a
subsequent loss of the righting reflex in the rat. Recent experiments have indicated
that administration of ‘sleep’ producing or anaesthetic doses of GHB or the lactone
form, GBL, cause a large increase in the concentration of dopamine in the brain
with little or no effect on brain noradrenaline, 5-hydroxytryptamine or y-amino-
butyric acid (Gessa, Vargiu, Crabai, Boero, Caboni & Camba, 1966 ; Roth & Surh,
1970 ; Giarman & Schmidt, 1963). This increase in the concentration of dopamine
occurs primarily in brain areas normally rich in endogenous dopamine and appears
morphologically to be restricted to the nerve terminals or varicosity portion of the
dopamine containing neurones (Aghajanian & Roth, 1970). It has been suggested
that this increase in dopamine is a result of a GHB-induced change in the utilization
or release of dopamine from the neurones (Roth & Surh, 1970 ; Roth, 1972). This
theory is further supported by the observation that rats treated with GBL plus
probenecid at first have a lower brain concentration of homovanillic acid than rats
treated only with probenecid, indicating that although more dopamine can be formed
and/or retained by the brain, less is initially being metabolized (Roth & Surh,
1970 ; Roth, 1971). In addition, other studies have demonstrated that GBL can
significantly decrease the amount of dihydroxyphenylacetic acid (DOPAC) found in
rat striatum for periods up to 1 hour after GBL administration (Walters & Roth,
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1972). However, 90 min after the administration of GHB, when the concentration
of the drug and dopamine in the brain begin to decrease, the concentration
of homovanillic acid and DOPAC rise rapidly. Preliminary studies in this labora-
tory have also indicated that administration of anaesthetic doses of GBL to rats
antagonizes the increase in homovanillic acid and DOPAC normally produced in
the subcortex by chlorpromazine (Roth, 1971 ; Roth, 1972). Subanaesthetic doses of
GBL were found to be ineffective in blocking this increase in homovanillic
acid (HVA).

The purpose of the work described here was twofold. First to determine if
this effect of GHB in antagonizing the chlorpromazine-induced increase in HVA
is specific for GHB and related active compounds or if it is a general property of
all compounds possessing hypnotic or anaesthetic properties. Second, to see if GHB
can also block the increase in HVA produced by another, structurally unrelated,
neuroleptic drug, such as haloperidol.

Methods
Drug administration

All drugs were administered by the intraperitoneal route. When solubility per-
mitted, drugs were administered in an aqueous solution. The following drugs were
exceptions. Haloperidol (1 mg/kg) was dissolved in 0-1% solution of ascorbic acid
and chlorpromazine (25 mg/ml) was dissolved in an aqueous solution containing
2 mg/ml of NaCl and 2% benzyl alcohol. The chlorpromazine solution was diluted
1:2-5 with distilled water before injection.

In one series of experiments, chlorpromazine (10 mg/kg) or haloperidol (5 mg/
kg) was administered to male Sprague Dawley rats (Charles River Inc.) intraperi-
toneally and the concentration of HVA determined in the subcortex 90 minutes later.
The increase in HVA produced by this treatment was compared to the increase
observed when rats were administered a combination of a neuroleptic drug plus
one of a group of various hypnotic drugs in an anaesthetic dosage. The effect of
the hypnotic drug alone on the HVA concentration in the subcortex was also deter-
mined. The antagonism exerted by various hypnotic drugs on the neuroleptic-
induced increase in HVA concentration was calculated by the following formula:

Per cent blockade of the neuroleptic-induced increase in HVA=

IOO_Dé:S; x 100:|

Where:

A=HVA concentration in rats treated with a hypnotic plus a neuroleptic
B=HVA concentration in rats treated with a given hypnotic

C=HVA concentration in rats treated with a neuroleptic alone
D=HVA concentration in untreated rats.

A second group of experiments was performed in which the rats were maintained
in a 32° C environment after drug treatment in order to avoid any undue hypothermia
as a result of the combined drug treatment.

Homovanillic acid determination

Rats were killed 1-5 h after administration of chlorpromazine (10 mg/ml) or
haloperidol (5 mg/ml). The brains were rapidly excised and the subcortex, basal
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ganglia, diencephalon and midbrain dissected out and immediately frozen on dry
ice. The proteins were then precipitated by homogenization with four volumes
of 0-4 M perchloric acid, and the extracts centrifuged to remove the precipitated
protein. The precipitates were washed with an additional 2 ml of 04 M
perchloric acid, recentrifuged and C“-homovanillic acid (prepared enzy-
matically by incubation of dihydroxyphenylacetic acid with C“-S-adenosyl-
methionine and catechol-O-methyl transferase (cf. Roth & Surh, 1970) ) was added
to the pooled supernatants as an internal standard. HVA was then extracted and
analysed as described previously by Roth (1971) and Roth & Surh (1970). In all
experiments 2 rat brain subcortical regions were pooled for each analysis. Statistical
analyses were performed according to the procedure outlined by Snedecor (1956).

Rectal temperature measurements

The rectal temperatures of treated rats maintained at ambient temperature (22° C)
or at 32° C were periodically monitored via probes connected to a Telethermometer
model 46TUO obtained from Yellow Springs Instrument Company.

Results

Experiments in which tropolone, an inhibitor of catechol-O-methyl transferase
(Belleau & Burba, 1961, 1963) was administered to rats demonstrated that inhibition
of dopamine metabolism resulted in a rapid reduction in the concentration of sub-
cortical HVA. In addition, pretreatment with tropolone completely blocked the

TABLE 1. Effect of tropolone on the chlorpromazine-induced increase in homovanillic acid (HVA) in
rat subcortex

Treatment* n HVA (ng/g)
None 4 202411
Chlorpromazine (10 mg/kg) 8 670422
Tropolone (50 mg/kg) 3 <50
Tropolone +chlorpromazine 4 <50

* Rats were maintained in a 32° C environment for 90 min before killing. Rats were killed 90 min
after chlorpromazine and 100 min after tropolone. All drugs were administered intraperitoneally.
nf=Number of individual experiments. Results are expressed as the mean + the standard error
of the mean.

TABLE 2. Effect of y-butyrolactone (GBL) on the chlorpromazine- and haloperidol-induced increase in
homovanillic acid (HV A) in the rat subcortex

HVA increase over

HVA respective control %
Treatment* n ng/g ng/g Blockade t

None 23 1464+ 5 — —
Chlorpromazine (10 mg/kg) 13 581434 435 —
Haloperidol (5 mg/kg) 8 607 +67 461 —
GBL (750 mg/kg) 4 183425 37 —
Chlorpromazine+GBL 4 274421 91 79
Haloperidol +GBL 8 272452 89 80

* Rats were killed 90 min after administration of drugs. HVA was measured in two pooled sub-
cortices as described previously (Roth, 1971). n=Number of individual experiments. 9, Blockade
of the neuroleptic induced increase in HVA was calculated by the following formula:

A-B)
100—[: ——x 100 :|
(C-D)

Where: A=HVA concentration in GBL+neuroleptic-treated rats; B=HVA concentration in
GBL-treated rats; C=HVA concentration in neuroleptic-treated rats; D=HVA concentration in
untreated rats.
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increase in HVA normally observed after administration of chlorpromazine (Table 1).

When GBL, the precursor of GHB, was administered in anaesthetic doses simul-
taneously with chlorpromazine, the accumulation of HVA normally observed after
chlorpromazine administration was also blocked. This ability of GBL was not
limited only to the chlorpromazine-induced increase in HVA since the HVA increase
produced by another structurally unrelated neuroleptic agent, haloperidol, was also
antagonized by GBL (Table 2).

Other hypnotic drugs structurally unrelated to GHB such as methyprylone, glute-
thimide, urethane, chloralose and chloral hydrate, in anaesthetic doses, had little or
no effect on the accumulation of HVA after chlorpromazine administration even
at ambient temperature (22° C) (Table 3). However, it was observed that chloralose

TABLE 3. Effect of several different hypnotics on the chlorpromazine-induced increase in homovanillic

acid (HVA)
HVA increase over
HVA respective control %
Treatment n (ng/g) (ng/g) Blockade*

None 23 146+ 5 — —
Chlorpromazine (10 mg/kg) 13 581434 435 —
Methyprylone (300 mg/kg) 3 139419 — —
Methyprylone+chlorpromazine 4 492478 353 NS 19
Glutethimide (200100 mg/kg) 3 151412 — —
Glutethimide 4-chlorpromazine 4 466418 315¢ 28
Urethane 3 141415 —_ —
Urethane+chlorpromazine 3 598430 457 NS 0
Chloralose 3 320+24 — —
Chloralose +chlorpromazine 4 687439 367 NS 16
Chloral hydrate (4004200 mg/kg) 3 222422 -— —
Chloral hydrate+chlorpromazine 4 622412 400 NS 8
Pentobarbitone (60 mg/kg) 3 180+16 — —
Pentobarbitone+chlorpromazine 4 394417 214% 51

Rats were killed 90 min after drug administration. n=Number of individual experiments.
 Significantly different from chlorpromazine-treated rat, P<<0-05. 1 Significantly different from
chlorpromazine-treated rat, P<<0-01. NS=Not significantly different from chlorpromazine-treated
rat, P<005. * % Blockade of the chlorpromazine-induced increase in HVA was calculated by the

following formula:
(A-B)
100—[ ——x 100 :I
(C-D)

Where: A=HVA concentration in GBL+chlorpromazine-treated rats; B=HVA concentration in
GBL-treated rats; C=HVA concentration in chlorpromazine-treated rats; D=HVA concentration
in untreated rats.

and chloral hydrate administered alone, in contrast to the other hypnotics studied,
produced small but significant increases in HVA. In these experiments conducted
at ambient temperature (22° C), it was observed that the combined administration
of chlorpromazine, together with GBL or other hypnotic drugs often led to a 2-3
degree drop in body temperature within 90 minutes. In view of this observation
some studies were repeated in which the rats were maintained in a 32° C environ-
ment from the time of administration of chlorpromazine or haloperidol until the
experiment was terminated by killing the animal. When rats were maintained in a
32° C environment even the combined drug treatment (i.e. hypnotic plus neuroleptic
drugs) did not result in a significant lowering of body temperature. Under these
conditions GBL and GHB still blocked the chlorpromazine-induced increase in HVA
by more than 80%, pentobarbitone by 43 %, and thiopentone had no significant effect
(Table 4). It was further observed in these experiments that untreated rats main-
tained at 32° C for 90 min had a significantly higher concentration of HVA in the
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TABLE 4.  Effect of y-butyrolactone (GBL), y-hydroxybutyrate (GHB), pentobarbitone and thiopentone
on the chlorpromazine-induced increase in homovanillic acid (HV A)

HVA increase over

HVA respective control %
Treatment n (ng/g) (ng/g) Blockade*

None 9 194+12 — —
GHB (1,100 mg/kg) 4 376441 182 —
GBL (750 mg/kg) 4 260428 66 —
Pentobarbitone (60 mg/kg) 4 2144-52 20 —
Thiopentone (40+20 mg/kg) 3 244410 54 —
Chlorpromazine (10 mg/kg) 12 666-+34 472 o
Chlorpromazine+GHB 4 475+ 7 ) 99 79
Chlorpromazine +GBL 7 310+18 50 89
Chlorpromazine + pentobarbitone 4 483419 269 43
Chlorpromazine+thiopentone 4 704416 460 2

Rats were maintained in a 32° C environment for 90 min before killing. Rats were killed 90 min
after injection of chlorpromazine. n=Number of individual experiments. * %, Blockade of the
chlorpromazine-induced increase in HVA was calculated as in Table 3.

TABLE 5. Effect of pretreatment with y-butyrolactone (GBL) on the chlorpromazine and haloperidol-
induced increase in homovanillic acid

HVA increase over

HVA respective control e
Treatment n (ng/g) (ng/g) Blockade*

None 9 194+12 — —
Chlorpromazine (10 mg/kg) 6 604 -+46 410 —
Haloperidol (5 mg/kg) 10 570+20 376 —
GBL (13 meq./kg) 5 211410 19 —
Chlorpromazine+GBL 7 190+19 — 100
Haloperidol +GBL 3 269437 58 85

Rats were maintained in a 32° C environment for 90 min before killing. Rats were killed 90 min
after injection of chlorpromazine or haloperidol. GBL was administered i.p. in a divided dose of
8:7 mEquiv/kg 105 min before killing and 4-3 mEquiv/kg 60 min before killing. Results are expressed
as meanzS.E.M. n=Number of individual experiments. * 9, Blockade of the neuroleptic
induced increase in HVA was calculated as in Table 2.

subcortex than rats kept at ambient temperature. If rats were pretreated with GBL
15 min prior to the administration of chlorpromazine or haloperidol an even more
complete block in the neuroleptic-induced increase in HVA in the subcortex was
observed (Table 5).

Discussion

It has been known for several years that chlorpromazine and other neuroleptics
produce a large increase in brain concentrations of dopamine metabolites such as
homovanillic acid and dihydroxyphenylacetic acid while they have little effect on
the endogenous concentration of the parent catecholamine, dopamine (Andén, Roos
& Werdinius, 1964 ; Carlsson & Lindqvist, 1963 ; Laverty & Sharman, 1965). The
ability of chlorpromazine and haloperidol to increase dopamine metabolites has
been attributed to the ability of these neuroleptics to increase the synthesis and
turnover of dopamine in the central nervous system (Nybidck & Sedvall, 1968).
Very recently, Bunney, Walters, Roth & Aghajanian (1972) have demonstrated
that chlorpromazine and haloperidol cause an increase in the rate of firing of the
dopamine containing neurones located in the zona compacta of the substantia nigra.
It is quite likely that it is this increase in activity of dopamine neurones caused by
neuroleptic drugs which is ultimately the cause of the increase in the neuronal release
and subsequent metabolism of dopamine observed after treatment of animals with
these agents.
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Since experiments in this laboratory had suggested that GHB was mediating its
effects on dopamine neurones at least in part by blocking the release of dopamine, it
was of interest to determine if GHB could also antagonize the increase in the
concentration of HVA normally produced by chlorpromazine and haloperidol.

Initial experiments with tropolone indicated that when HVA formation was
blocked by inhibition of catechol-O-methyl transferase that the chlorpromazine-
induced increase in HVA was completely blocked. These observations suggested
that the increase in HVA produced by chlorpromazine was a result of new synthesis
of HVA. Treatment of rats with GHB or the lactone precursor, GBL, likewise
almost completely antagonized the ability of chlorpromazine and haloperidol to
increase the concentration of HVA. This action was independent of any alteration
in body temperatures. Since GHB has been shown to have no inhibitory effect on the
dopamine metabolizing enzymes (Gessa, Crabai, Vargiu & Spano, 1968), this block
in the chlorpromazine-induced increase in HVA was presumed to be the result of
the ability of GHB to block dopamine release from the neurone, thus preventing its
subsequent metabolism to HVA. This ability of GHB and its analogues to block
the neuroleptic-induced increase in HVA seems to show some specificity in that
most other hypnotics tested lack this ability. Pentobarbitone was the exception,
since at high doses it produced a smaller but significant antagonism of the chlor-
promazine-induced increase in HVA concentration.

The mechanism by which GHB blocks the release of dopamine from dopamine
containing neurones is not completely elucidated. In vitro studies conducted in
this laboratory (Bustos & Roth, 1972a and b) have indicated that GHB added
to the medium superfusing striatal slices results in about a 30% inhibition of the
release of newly synthesized dopamine from the slices during depolarization with
potassium ions. These results suggest that GHB might be exerting some direct action
on the release of dopamine from the nerve terminals in the striatum. However, the
contribution of this direct effect on the release of dopamine from the nerve terminals
to the effects of GHB observed in vivo is at present difficult to ascertain. Recent
experiments in this laboratory, more relevant to the in vivo situation, have demon-
strated that GBL administered in doses of 250-750 mg/kg inhibits the firing of
dopamine neurones in the substantia nigra (Walters, Aghajanian & Roth, 1972).
The end result of an inhibition of neuronal activity in the nigro-neostriatal pathway
would be the suppression of transmitter release at the nerve terminals. In view
of recent observations on the effect of chlorpromazine and other neuroleptic drugs
(Bunney e? al., 1972) and GHB (Walters ef al., 1972) on unit firing of dopamine
neurones, the most likely explanation for the observed biochemical effects described
above is that GHB prevents the neuronal feedback activation of dopamine neurones
normally produced by the neuroleptic drugs and in this way antagonizes the chlor-
promazine-induced release of dopamine and the resultant accumulation of HVA.
Unit recording experiments are in progress to test this possibility.
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