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Activation of 5-HT, receptors induces glycogenolysis in the rat brain
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Abstract

The effect of 5-HT, receptor activation on brain glycogen and the extracellular concentration of glucose was investigated in the present
study. An injection of 1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane (DOI) (2 mg/kg, i.p.) or mescaline (10 mg/kg, i.p.) at an ambient
temperature of 29 °C produced a 35—45% decrease in brain glycogen that persisted for at least 2 h. DOI also increased the extracellular
concentration of glucose in the striatum by 60%. Maintenance of rats at 22 °C significantly attenuated DOI-induced glycogenolysis, as well
as DOI-induced hyperthermia, and the increase in the extracellular concentration of glucose in the striatum. DOI-induced hyperthermia,
glycogenolysis and increase in the extracellular concentration of glucose also were attenuated in rats treated with the 5-HT, receptor
antagonist, 6-methyl-1-(methylethyl)-ergoline-8 3-carboxylic acid 2-hydroxy-1-methylpropyl ester maleate (LY-53,857) (3 mg/kg, ip). These
results support the conclusion that 5-HT, receptor activation promotes glycogenolysis and that hyperthermia exerts a prominent role in this

process.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Glycogen is the single largest energy reserve in the brain
and is localized mainly in astrocytes (Lajtha et al., 1981).
Glycogen concentrations in the brain are highly coupled
with neuronal activity (Magistretti et al., 1993). The glyco-
gen content of the brain has been shown to be affected by
pharmacological, as well as physiological, manipulations. A
breakdown in brain glycogen has been demonstrated by
administration of amphetamines, as well as by subjecting
rats to high (32 °C) or low (10 °C) environmental temper-
atures (Hutchins and Rogers, 1970).

Several studies in recent years have demonstrated that the
glycogen content in the brain is regulated by several neuro-
transmitters, neuropeptides and ions. Potassium ions have
been shown to induce glycogenolysis in astroglial enriched
cell cultures of rat cerebral cortex (Cambray-Deakin et al.,
1988) and in mouse cerebral cortical slices (Hof et al., 1988).
Sorg and Magistretti (1991) have demonstrated glycogenol-
ysis induced by norepinephrine, adenosine and vasoactive
intestinal peptide in primary cultures of mouse cerebral
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cortical astrocytes. Adenosine and vasoactive intestinal pep-
tide also have been shown to induce glycogenolysis in
mouse cerebral cortical slices (Magistretti et al., 1981, 1986).

In addition, Quach et al. (1982) reported that 5-HT
stimulates glycogenolysis in slices of cerebral cortex and
that the effect of 5-HT was attenuated by desipramine and
iprindole. Among the pharmacological properties of iprin-
dole and desipramine is a modest affinity for the 5-HT,
receptors (Palvimaki et al., 1996). Furthermore, Poblete and
Azmitia (1995) have reported that 1-(2,5-dimethoxy-4-bro-
mophenyl)-2-aminopropane (DOB), a 5-HT, receptor ago-
nist, activates glycogen phosphorylase in vitro.

The purpose of the present study was to examine the
effect of 5-HT, receptor agonists on glycogenolysis in vivo
and to assess the potential role of hyperthermia in this
response. Extracellular concentrations of glucose in the
brain also were assessed by in vivo microdialysis.

2. Materials and methods
2.1. Animal procedures

Adult male rats (200-275 g) of the Sprague—Dawley
strain (Charles River, Portage, MI) were used in the studies.
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The animals were housed three per cage in a temperature
(22-24 °C) and humidity controlled room with a 12/12-h
light/dark cycle and allowed food and water ad libitum.
Animals undergoing surgery were housed one per cage, post
operatively. On the day of the experiment, rats were placed
in an environment maintained at 28—29 °C for 2 h prior to
the administration of DOI, with the exception of one experi-
ment in which rats were maintained at a normal ambient
temperature of 22—24 °C. A temperature of 28—29 °C was
maintained with the use of heaters in the experimental room
(8 X 10 ft*). All procedures were in strict adherence to the
National Institutes of Health guidelines and approved by the
institutional animal care committee.

2.2. Chemicals, drugs and drug treatment

(£)-1-(2,5-Dimethoxy-4-iodophenyl)-aminopropane
hydrochloride (DOI), mescaline hydrochloride and 6-
methyl-1-(methylethyl)-ergoline-8 3-carboxylic acid 2-
hydroxy-1-methylpropyl ester maleate (LY-53,857) were
obtained from Sigma (St. Louis, MO). All the drugs were
dissolved in 0.15 M NaCl. NADP disodium salt, hexoki-
nase, glucose-6-phosphate dehydrogenase and amyloglyco-
sidase were purchased from Roche Diagnostics (Chicago,
IL). All reagents used in the assay were prepared as
described by Nahorski and Rogers (1972).

2.3. Biochemical measurements

2.3.1. Glycogenolysis

Rats were killed by decapitation and the brains were
rapidly removed from the skull and immersed in liquid
nitrogen within 12—15 s. The cerebellum was separated
from the rest of the brain, and the tissue was stored at — 80
°C until analysis. Procedures for the analysis of glycogen
were similar to those described by Nahorski and Rogers
(1972). Brain tissue (approximately 250 mg) consisting of
the caudal quarter of the left cerebral hemisphere (including
the hypothalumus, thalamus, and temporal cortex and mid-
brain) was weighed and homogenized in 3 ml of 0.03 N HCI
at 0 °C. The homogenate was placed in boiling water for 5
min. Assay tubes contained 300 ul of acetate buffer
(pH=4.6), 100 pul of the homogenate or glycogen standard
and 10 pl of amyloglycosidase or water. The tubes were
vortexed and incubated at room temperature for 30 min.
After incubation, 1.33 ml Tris buffer (pH="7.8), 0.66 ml
MgCl,-6H,0 (2 mg/ml), 100 ul ATP (2 mg/ml) and 10 pl
NADP (10 mg/ml) were added to each tube. The tubes were
vortexed and subjected to centrifugation at 10,000 X g for 5
min. The supernatants were transferred to other tubes, and
the fluorescence (excitation 350 nm/emission 460 nm) was
measured in a fluorescence spectrophotometer (Model: F-
2000, Hitachi Instruments, Naperville, IL). Hexokinase (10
ng/10 pl) and glucose-6-phosphate dehydrogenase (2 ug/10
ul) were then added, and the tubes were vortexed and
incubated at room temperature for 30 min. The fluorescence

was again measured. The difference in the fluorescence
values was corrected for sample, reagent and enzyme blank.
Glycogen values are reported as glucose equivalents (umol/
g tissue). The glycogen values reported in the present study,
albeit within the range of literature values, may under-
estimate actual glycogen concentrations due to the use of
rapidly dissected tissue from decapitated rats. Concentra-
tions of glycogen from microwave fixed rats recently have
been reported to exceed those reported here (Kong et al.,
2002).

2.3.2. Glucose analysis

Glucose in the dialysis samples was assayed using a
modified method of the glycogen assay (Nahorski and
Rogers, 1972). Assay tubes contained 1.33 ml Tris buffer
(pH=17.8), 0.66 ml MgCl,-6H,0 (2 mg/ml), 100 ul ATP (2
mg/ml), 10 ul NADP (10 mg/ml) and 20 pl of dialysate
sample or glucose standard. The tubes were vortexed and
fluorescence of the sample was measured as described
above. Hexokinase (10 pug/10 ul) and glucose-6-phosphate
dehydrogenase (2 pg/10 pl) were added, and the tubes
were vortexed and incubated at room temperature for 30
min prior to fluorescence determination. Glucose values
were calculated as mM and expressed as percent of the
baseline values. Glucose in plasma was determined by the
glucose oxidase—peroxidase method using a commercially
available product.

2.4. In vivo microdialysis procedures

Rats were implanted with a stainless steel guide cannula
under ketamine/xylazine (70/6 mg/kg, i.m.) induced anes-
thesia 48—72 h prior to the insertion of the dialysis probe.
On the day of the experiment, a concentric style dialysis
probe was inserted through the guide cannula into the
striatum. The coordinates for the tip of the probe were A,
1.2 mm; L, 3.1 mm; V, — 7.0 mm from bregma, according
to the stereotaxic atlas of Paxinos and Watson (1986). The
microdialysis probes were constructed as described previ-
ously (Yamamoto and Pehek, 1990). The dialysis surface of
the membrane (Spectra Por, 6000 molecular weight cut-off,
210 pum outside diameter) was 4.5 mm in length to allow for
analysis of the entire dorso ventral striatum. The probe was
connected to an infusion pump set to deliver glucose free
Dulbecco’s phosphate buffered saline containing 1.2 mM
CaCl, at a rate of 1.8 pl/min. After a 2-h equilibration
period, dialysis samples were collected every 30 min. At
least three baseline samples were obtained prior to drug
treatment.

2.5. Body temperature measurements

Separate groups of rats were used for the determination
of drug effects on body temperature. On the day of the
experiment, the rats were allowed to acclimate in their cages
at 28—29 or 22-24 °C for 2 h before body temperatures
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were measured. Measurements of rectal temperature were
made using a telethermometer and a thermister probe. The
probe was lubricated with a small amount of petroleum jelly
and inserted 5 cm into the rectum of each rat where it
remained for at least 30 s, until a stable temperature was
obtained. LY-53,857 (3 mg/kg, i.p.) was administered 30
min prior to administration of DOI (2 mg/kg, i.p.). Measure-
ments were taken every 30 min for a 1-h period prior to
administration of DOI and for a 1.5-h period following the
injection of the drug. The change in body temperature was
determined by subtracting the body temperature at time 0
from the maximal body temperature recorded after DOI
administration.

2.6. Statistical analysis

The effects of DOI and mescaline on brain glycogen
were analyzed with a one way analysis of variance
(ANOVA). The effects of ambient temperature and the 5-
HT, receptor antagonist LY-53,857 on DOI-induced glyco-
genolysis were analyzed with a two way ANOVA. Glucose
data from dialysis experiments were analyzed with a two
way repeated measures ANOVA. Multiple pairwise compar-
isons were performed using the Student—Newman—Keuls
test. Treatment differences for all the data were considered
statistically significant at P<0.05.

3. Results

Significant reductions in brain glycogen concentrations
were evident following the systemic administration of the 5-
HT,; receptor agonist DOI (2 mg/kg, i.p.) to rats maintained
at 29 °C (Fig. 1). Brain glycogen concentrations were
reduced by 42% (P <0.05) 1 h following the administration
of DOI. Significant (P<0.05) reductions in the brain
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Fig. 1. Effect of DOI on glycogen content in brain. Rats were injected with
DOI (2 mg/kg, i.p.) or vehicle and killed at the indicated times following
drug treatment. The values represent the mean + S.E. of 5—6 rats and are
expressed in terms of umol glucose liberated from glycogen per gram of
tissue. *P<0.05 compared with vehicle (VEH)-treated rats.
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Fig. 2. Effect of ambient temperature or LY-53,857 on the DOI-induced
glycogen depletion. (A) Rats were maintained at an ambient temperature of
29 or 22 °C for 2 h prior to administration of DOI (2 mg/kg, i.p.), or
vehicle (VEH) and the animals were killed 30 min after drug treatment. (B)
LY-53,857 (3 mg/kg, i.p.) was injected 30 min prior to administration of
DOI (2 mg/kg, i.p.). The values represent the mean + S.E. of 5—6 rats.
*P<0.05 compared with VEH-treated rats.

concentration of glycogen were evident within 30 min of
DOI administration and persisted for at least 2 h. Mescaline
(10 mg/kg, i.p.), another 5-HT, receptor agonist, also
produced a reduction of 35% in the brain concentration of
glycogen (vehicle, 2.64 £0.11 vs. mescaline, 1.72 £ 0.08
umol of glucose eq./g tissue; P <0.05).

The extent to which DOI produced glycogenolysis was
dependent upon the ambient temperature at which the drug
was administered. Maintenance of rats at 22 °C for 2 h prior
to the administration of DOI markedly attenuated DOI-
induced glycogenolysis when compared to the response of
rats maintained at 29 °C. Whereas the administration of
DOI (2 mg/kg, i.p.) resulted in a 35% reduction (P <0.05)
in the brain concentration of glycogen in rats maintained at
29 °C, DOI had no significant effect on brain glycogen in
rats maintained at 22 °C (Fig. 2A). The alteration of
ambient temperature alone did not significantly affect brain
glycogen content.

The effect of the 5-HT, antagonist LY-53,857 on the
DOI-induced depletion of brain glycogen in rats maintained
at 29 °C is shown in Fig. 2B. DOI-induced glycogenolysis
was completely abolished (P <0.05) in LY-53,857-treated
rats. Treatment with LY-53,857 alone did not significantly
alter brain glycogen content.
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Attenuation of DOI-induced glycogenolysis by mainte-
nance of rats at 22 °C or by the administration of the 5-HT,
receptor antagonist LY-53,857 was associated with a sup-
pression of DOI-induced hyperthermia. At a warm ambient
temperature of 29 °C, the administration of DOI (2 mg/kg,
1.p.) increased the body temperature of rats by 1.6 £ 0.2 °C
(N=12). In rats maintained at an ambient temperature of
22-24 °C, DOI failed to significantly alter body temper-
ature (0.0 £0.1 °C, N=6). Moreover, the hyperthermic
response to DOI in rats pretreated with LY-53,857 (3 mg/
kg, i.p.) was only 0.2 = 0.1 °C, which was significantly less
(P <0.05) than the response of 1.5 £ 0.17 °C for rats treated
only with DOI (N=6).

In addition to the evaluation of the effects of DOI on the
brain concentration of glycogen, the effect of DOI on the
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Fig. 3. Effect of ambient temperature or LY-53,857 on the DOI-induced
increase in the concentration of glucose in dialysis sample of the striatum.
(A) A single injection of DOI (2 mg/kg, i.p.) or vehicle (VEH) was
administered at time 0 as marked by the arrow at 29 or 22 °C. The values
represent the mean + S.E. of 5—6 rats. ¥*P<0.05 compared with VEH-
treated rats. There were no significant differences in the values for vehicle-
and DOl-treated rats kept at 22 °C. The basal concentrations for
extracellular glucose at time 0 for rats maintained at 22 and 29 °C were
0.3+ 0.03 and 0.28 + 0.02 mM respectively. (B) DOI (2 mg/kg, i.p.) or
vehicle was administered at time 0 (as marked by the arrow) to rats that had
been injected with LY-53,857 (3 mg/kg, i.p.) or vehicle 30 min earlier at
—0.5 h. The values represent the mean + S.E. of 5-6 rats. *P<0.05
compared to values for rats treated with vehicle (VEH)+DOL

extracellular concentration of glucose in the striatum was
investigated using in vivo microdialysis. The systemic
administration of DOI (2 mg/kg, i.p.) to rats at 29 °C
resulted in an immediate and sustained increase (P <0.05)
of 50-65% in the concentration of glucose in dialysis
samples from the striatum (Fig. 3A). The concentration of
glucose in the dialysis samples remained elevated for at least
3 h following the administration of DOI. However, main-
tenance of rats at 22 °C for 2 h prior to the administration of
DOI and throughout the dialysis period prevented the DOI-
induced increase in glucose concentration in the striatum
(Fig. 3A). There was no significant difference in the
extracellular concentration of glucose in the striatum of rats
simply maintained at 22 or 29 °C. In separate groups of rats,
it was determined that DOI treatment did not modify the
concentration of glucose in plasma from peripheral blood
(vehicle, 97 £ 7 mg/dl vs. DOI, 105 £ 6 mg/dl).

Administration of the 5-HT, receptor antagonist LY-
53,857 (3 mg/kg, i.p.) also markedly attenuated (P <0.05)
the DOI-induced increase in the glucose concentration in
dialysis samples of the striatum (Fig. 3B). Glucose concen-
trations in samples from rats treated with LY-53,857 and
DOI did not differ from those in rats treated with LY-53,857
and vehicle. Administration of LY-53,857 alone did not
significantly alter the glucose concentration in the dialysis
samples.

4. Discussion

In a previous study, MDMA (3,4-methylenedioxyme-
thamphetamine), a 5-HT releasing agent (Nash and Gudel-
sky, 1996), was shown to induce glycogenolysis (Darvesh et
al., 2002). The additional finding of Darvesh and co-work-
ers that the 5-HT, antagonist LY-53,857 prevented MDMA-
induced glycogenolysis was supportive of the view that 5-
HT, receptor activation promotes glycogenolysis. In the
present study, the administration of DOI, a 5-HT, receptor
agonist (Marek and Aghajanian, 1996), resulted in a rapid
decrease in brain glycogen that persisted for at least 2 h. In
addition, mescaline, a structurally dissimilar hallucinogen
and 5-HT, receptor agonist (Newton et al., 1996), also
promoted glycogenolysis in the rat brain. These data are
consistent with the hypothesis that activation of 5-HT,
receptors induces glycogenolysis in the rat brain. In further
support of this conclusion is the finding that the admin-
istration of LY-53,857 attenuated DOI-induced glycogenol-
ysis in rat brain.

Data from in vitro studies also are supportive of a role of
5-HT, receptors in promoting glycogenolysis. Quach et al.
(1982) demonstrated that 5-HT enhances glycogen break-
down in slices of mouse cerebral cortex, and that iprindole
and desipramine, which show affinity for the 5-HT, receptor
in the 100—200 nM range (Palvimaki et al., 1996), attenuate
5-HT-induced glycogenolysis in cortical slices in vitro.
Poblete and Azmitia (1995) have shown that 5-HT and
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MDMA, as well as DOB, a selective 5-HT, receptor
agonist, increase the activity of glycogen phosphorylase,
which is the rate limiting enzyme in glycogenolysis, in
astroglia rich primary culture. In addition, the 5-HT, antag-
onist mianserin was shown to attenuate the 5-HT- and
MDMA -induced increases in the activity of glycogen phos-
phorylase (Poblete and Azmitia, 1995).

Hutchins and Rogers (1970) have reported that main-
tenance of rats at 32 °C, which presumably results in an
elevated body temperature, results in a breakdown of brain
glycogen. In the present study, DOI-induced glycogenolysis
was accompanied by an increase in body temperature of
approximately 1.6 °C. This is in accord with previous
documentation of 5-HT, receptor-mediated hyperthermia
(Gudelsky et al., 1986). Administration of the 5-HT, antag-
onist LY-53,857 not only attenuated the DOI-induced hyper-
thermia, but also attenuated DOl-induced glycogenolysis.
An environmental manipulation (e.g., maintenance of rats at
22 °C) also prevented DOI-induced hyperthermia, as well as
DOl-induced glycogenolysis. Thus, pharmacological or
physiological antagonism of DOI-induced hyperthermia
was accompanied by attenuation of the glycogen response
to DOL. These findings support the conclusion that hyper-
thermia plays a major role in the 5-HT, receptor mediated
breakdown of glycogen. The possibility that 5-HT, recep-
tors may not directly regulate glycogen formation/break-
down but rather modulate energy regulation through
alterations in body temperature contrasts with an apparent
direct action of 5-HT and 5-HT, agonists to induce glyco-
genolysis in vitro (Quach et al., 1982), perhaps through
activation of glycogen phosphorylase (Poblete and Azmitia,
1995).

Concentrations of brain glycogen have been reported to
be reduced following exposure of rats to either warm or cold
environmental temperatures (Hutchins and Rogers, 1970).
Thus, glycogen content may not be reflective of brain
metabolic activity, since cerebral glucose utilization has
been shown to be increased and decreased by hyperthermia
and hypothermia, respectively (McCulloch et al., 1982).
Hutchins and Rogers (1970) have suggested that the reduc-
tion in brain glycogen due to changes in body temperature
may be part of a stress response.

The administration of DOI also resulted in an increase in
the extracellular concentration of glucose in the striatum, as
judged from glucose concentrations in dialysis samples.
Pharmacological (e.g., LY-53,857) or environmental (e.g.,
22 °C) manipulations that attenuated the DOI-induced
decrease in brain glycogen also attenuated the DOI-induced
increase in the extracellular concentration of glucose in the
striatum. Although these findings are correlational in nature,
they are suggestive of the possibility that the DOI-induced
increase in the extracellular concentration of glucose is the
result of glycogenolysis. However, the activity of glucose-6-
phosphatase, the enzyme involved in the formation of
glucose from glycogen, is extremely low in the brain. Thus,
it may be unlikely that sufficient glucose is formed in the

process of glycogenolysis to account for the increase in
extracellular glucose.

Brain glucose is heavily dependent on glucose supplied
through the blood (Lund-Anderson, 1979). However, it is
unlikely that the increase in extracellular glucose in brain is
due to increased peripheral glucose, since glucose in periph-
eral plasma was unaltered by DOI treatment.

An alternative mechanism underlying the DOI-induced
increase in extracellular glucose in brain may be related to
glucose transport. Hyperthermia has been reported to
increase the tissue/blood glucose concentration ratio (Carl-
son et al., 1976). Thus, DOI-induced hyperthermia may
accelerate glucose transport into brain. Glucose transport
would have to be increased to a considerable extent inas-
much as glucose utilization in the striatum has been reported
to be increased in response to hyperthermia (McCulloch et
al., 1982).

The results of the present study are supportive of the
view that 5-HT, receptor activation promotes glycogenol-
ysis in vivo. Moreover, hyperthermia, through an unidenti-
fied mechanism, appears to play a critical role in mediating
the 5-HT, receptor regulation of cellular energetics.

Acknowledgements

This study was supported by the grant USPHS
DA07427.

References

Cambray-Deakin, M., Pearce, B., Morrow, C., Murphy, S., 1988. Effects
of extracellular potassium on glycogen stores of astrocytes in vitro.
J. Neurochem. 51, 1846—1851.

Carlson, C., Hagerdal, M., Siesjo, B.K., 1976. The effect of hyperthermia
upon oxygen consumption and upon organic phosphates, glycolytic
metabolites, citric acid cycle intermediates and associated amino acids
in rat cerebral cortex. J. Neurochem. 26, 1001—1006.

Darvesh, A.S., Shankaran, M., Gudelsky, G.A., 2002. 3,4-Methylenedioxy
methamphetamine produces glycogenolysis and increases the extracel-
lular concentration of glucose in the rat brain. J. Pharmacol. Exp. Ther.
300, 138—144.

Gudelsky, G.A., Koenig, J.I., Meltzer, H.Y., 1986. Thermoregulatory re-
sponses to serotonin (5-HT) receptor stimulation in the rat. Neurophar-
macology 25 (12), 1307—-1313.

Hof, PR., Pascale, E., Magistretti, P.J., 1988. K" at concentrations reached
in the extracellular space during neuronal activity promotes a Ca’®*-
dependent glycogen hydrolysis in mouse cerebral cortex. J. Neurosci.
8 (6), 1922-1928.

Hutchins, D.A., Rogers, K.J., 1970. Physiological and drug induced
changes in the glycogen content of mouse brain. Br. J. Pharmacol. 39,
9-25.

Kong, J., Shepel, P.N., Holden, C.P., Mackiewicz, M., Pack, A L., Geiger,
J.D., 2002. Brain glycogen decreases with increase periods of wakeful-
ness: implications for homeostatic drive to sleep. J. Neurosci. 22 (13),
5581-5587.

Lajtha, A.L., Maker, H., Clarke, D.D., 1981. Metabolism and transport of
carbohydrates and amino acids. In: Siegel, G.J., Albers, R.-W., Agranoff,
B., Katzman, R. (Eds.), Basic Neurochemistry. Little, Brown and Co.,
Boston, pp. 329-353.



140 A.S. Darvesh, G.A. Gudelsky / European Journal of Pharmacology 464 (2003) 135-140

Lund-Anderson, H., 1979. Transport of glucose from blood to brain. Phys-
iol. Rev. 59, 305-352.

Magistretti, P.J., Morrison, J.H., Shoemaker, W.J., Sapin, V., Bloom,
F.E., 1981. Vasoactive intestinal polypeptide induces glycogenolysis
in mouse cortical slices: a possible regulatory mechanism for the
local control of energy metabolism. Proc. Natl. Acad. Sci. 78 (10),
6535-6539.

Magistretti, P.J., Hof, P.R., Martin, J., 1986. Adenosine stimulates glyco-
genolysis in mouse cerebral cortex: a possible coupling mechanism
between neuronal activity and energy metabolism. J. Neurosci. 6 (9),
2558-2562.

Magistretti, P.J., Sorg, O., Martin, J., 1993. Regulation of glycogen metab-
olism in astrocytes: physiological, pharmacological, and pathological
aspects. In: Murphy, S. (Ed.), Astrocytes Pharmacology and Function.
Academic Press, San Diego, CA, pp. 243—-265.

Marek, G.J., Aghajanian, G.K., 1996. LSD and the phenethylamine hallu-
cinogen DOI are potent partial agonists at the 5-HT,, receptors on
interneurons in rat piriform cortex. J. Pharmacol. Exp. Ther. 278,
1373-1382.

McCulloch, J., Savaki, H.E., Jehle, J., Sokoloff, L., 1982. Local cerebral
glucose utilization in hypothermic and hyperthermic rats. J. Neurochem.
39, 255-258.

Nahorski, S.R., Rogers, K.J., 1972. An enzymic fluorometric micro method
for determination of glycogen. Anal. Biochem. 49, 492—497.

Nash, J.F., Gudelsky, G.A., 1996. Carrier-mediated release of serotonin by
3,4-methylenedioxymethamphetamine: implications for serotonin—dop-
amine interactions. J. Neurochem. 66, 243 -249.

Newton, R.A., Phipps, S.L., Flanigan, T.P., Newberry, N.R., Carey, J.E.,
Kumar, C., McDonald, B., Chen, C., Elliott, J.M., 1996. Characterisa-
tion of human 5-hydroxytryptamine2 A and 5-hydroxytryptamine2C re-
ceptors expressed in the human neuroblastoma cell line SH-SYSY:
comparative stimulation by hallucinogenic drugs. J. Neurochem. 67
(6), 2521-2531.

Palvimaki, E.P., Roth, B.L., Majasuo, H., Laakso, A., Kuoppamaki, M.,
Syvalathi, E., Hietala, J., 1996. Interactions of selective serotonin reup-
take inhibitors with the serotonin 5-HT2c¢ receptor. Psychopharmacol-
ogy 126, 234-240.

Paxinos, G., Watson, C., 1986. The Rat Brain in Stereotaxic Coordinates.
Academic Press, San Diego, CA.

Poblete, J.C., Azmitia, E.C., 1995. Activation of glycogen phosphorylase
by serotonin and 3,4-methylenedioxymethamphetamine in astroglial-
rich primary cultures: involvement of the 5-HT,4 receptor. Brain Res.
680, 9—15.

Quach, T.T., Rose, C., Duchemin, A.M., Schwartz, J.C., 1982. Glycoge-
nolysis induced by serotonin in brain: identification of a new class of
receptor. Nature 298, 373—-375.

Sorg, O., Magistretti, P.J., 1991. Characterization of the glycogenolysis
elicited by vasoactive intestinal peptide, noradrenaline and adenosine
in primary cultures of mouse cerebral cortical astrocytes. Brain Res.
563, 227-233.

Yamamoto, B., Pehek, E., 1990. A neurochemical heterogeneity of the rat
striatum as measured by in vivo electrochemistry and microdialysis.
Brain Res. 506, 236—242.



	Introduction
	Materials and methods
	Animal procedures
	Chemicals, drugs and drug treatment
	Biochemical measurements
	Glycogenolysis
	Glucose analysis

	In vivo microdialysis procedures
	Body temperature measurements
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References

