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INTRODUC TION

The role of guanosine 3',5'-cyclic monophosphate (c-GMP) in neuronal function

is just beginning to be understood., c¢c-GMP may he a mediator of the actions of acetyl-

9 14,20 12

choline in the superior cervical ganglion, ¥ cerebral cortex and cerebellum™“ and i

may play an additional role as an antagonist of the actions of adenosine 3',5'-cyclic
monophosphate (c—AMP).11 The relationship of cyclic nucleotides to neuroexcitability

has prompted several investigations of the effects of ethanol on the c-AMP sys-
7,10,13,22

tem, To date there have been no reports of the effect of ethanol on c-GMP
levels. Our initial studies reported here indicate that cerebellar c~GMP levels are

severely depleted after a single dose of ethanol.
METHODS

Male Sprague-Dawley rats (200~300 g) received 6 g/kg of ethanol as a 20 percent
(W/v) aqueous solution of absolute ethanol by means of intragastric intubation, At var-
ious times after treatment the animals were euthanatized by focused microwave irra-
diation (Litton Menumaster 70/50, modified by Medical Engineering Consultants, Lex-
ington, Massachusetts; 1.3 kW; 3.5-sec exposure time), the brains excised and the
cerebella removed for analysis. The tissue was purified as outlined by Mao and
Guidotti, 15 Brain samples were extracted with 1 ml of 0,4 N perchloric acid, neutral-
ized with 0,15 ml of 3 M Tris and centrifuged at 30,000 x g for 20 minutes. The super-
natant solutions were purified by first passing them through an alumina column (0.4
X 4.3 cm) equilibrated with 0,06 M Tris-HCI buffer (pH 7.5). The cyclic nucleotides
were eluted with 0.6 M Tris-HC1 (pH 7.5) onto a Dowex 1 x 2 column (0.4 x 8,0 cm,
200-400 mesh) equilibrated with water. After washing the resin with 4 ml of water

c-AMP was eluted with 3 ml of 0,05 N HC1 and ¢c~-GMP with 3 ml of 0,5 N HCl. The

c-AMP fraction was neutralized with 0.2 ml of 0,6 M Tris base and passed through a

Dowex 50W-X8 column (0.4 x 3.0 cm, 200-400 mesh H* form) equilibrated with water.
After washing the resin with 2 ml of water, the c-AMP was eluted with another 2.5 ml
of water, The c~GMP fraction was lyophilized, rehydrated in 1 ml of water and passed ﬂ
through a Sephadex G-10 column (0.4 x 7.5 cm) equilibrated with 0,1 mM NH4OH, then




Qo e

water. The c-GMP was collected in 2 ml of water and lyophilized, c¢c~AMP was quan~
titated using the competitive protein binding assay of Gilman,8 while ¢c~GMP was mea-
sured by the binding assay of Murad et al. 18 45 modified by Dinnendahl, 4 Blood etha-~
nol concentrations were determined enzymatically using the Calbiochem Ethanol Stat-

Pack, Statistical comparisons were made using Student's 't test.
RESULTS AND DISCUSSION

A single dose of ethanol resulted in a rapid depletion of cerebellar c-GMP,
c-GMP levels were reduced 80 percent 2 hours after treatment (Table 1) with no alter-

ation in c~AMP levels, On closer examination c-GMP was observed to be depleted

Table 1. Cerebellar c-GMP and c-AMP Levels 2 Hours after a Single Dose
of Ethanol (6 g/kg, p.o.). Each value represents the mean + stan-
dard error and was obtained from five to ten animals. *Denotes
statistical significance (P<0.05).

c-GMP c-AMP
(pmoles/mg of protein) (pmoles/mg of protein)
Controls 4.0 + 0.14 3.4 + 0.16
Ethanol-treated 0.5 + 0.04 * 3.2 ¢+ 0.08

maximally by 95 percent 1 hour after ethanol administration (Figure 1). Over a
30-hour period c~GMP levels slowly returned to control levels in parallel with blood
ethanol elimination,

To our knowledge, ethanol is one of the most effective compounds capable of
depleting c~GMP in the cerebellum, The potential significance of this finding depends
on the role of c-GMP in the function of the cerebellum. Little information is known
about the location of c-GMP, but experiments with mutant mice deficient in different
cell types suggest that c-GMP is localized in Purkinje cells. 17 Purkinje cells act in
the proper control of body musculature by providing inhibitory input to other areas of
the brain and derive their excitatory input from climbing and mossy fibers projecting
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Figure 1. Cerebellar c-GMP levels after a single dose of ethanol (6 g/kg)
as a function of time after treatment and the blood ethanol con-
centration, Each value represents the mean + standard error
and was obtained from five to ten animals. *Denotes statisti-
cal significance (P <0. 05).

from the brain stem. ! Iontophoretic application of c-GMP to Purkinje cells suggests
that it mediates excitatory influences. 19
The mechanism by which ethanol depletes cerebellar c-GMP is unknown. How-
ever, several possibiiities exist. Ethanol could directly either inhibit guanylate cy-
clase, the enzyme that converts guanosine triphosphate to c-GMP, or stimulate cyclic
nucleotide phosphodiesterase, the enzyme that metabolizes ¢c-GMP to guanosine mono-
phosphate. In studies of the effects of ethanol on phosphodiesterase neither a single
dose of ethanol (4 g/kg, i.p.) nor chronic ingestion for up to 3 weeks had any effect on
7,10,13,22

phosphodiesterase activity. The effects of ethanol on guanylate cyclase

have not been reported.

An alternative explanation of these results might involve an effect of ethanol on
putative neurotransmitters thought to be interacting with the c~-GMP system. Acetyl-
| choline has been shown to stimulate the formation of c-GMP in the superior cervical

; ganglion,? cerebral cortex!4+20 and cerebellum,12 an effect which can be blocked by




atropine, a cholinergic antagonist. This suggests that c-GMP levels may in part be
regulated by cholinergic activity. Ethanol has been reported to inhibit acetylcholine
release in vivo as much as 60 percent in the cerebral cortex and reticular formation,
If cerebellar ACh release is reduced, the resultant reduction of the interaction of ace-
tylcholine with its receptor, might lead to a depression of c-GMP levels., Further sup-
port of this possibility is the ability of oxotremorine, a central cholinergic agonist, to
elevate and of atropine to depress c-GMP levels in the cerebellum.® On the other
hand, iontophoretic application of ACh to Purkinje cells is not consistently excitatory. 19
Other lines of evidence suggest that the amino acids, gamma-aminobutyric acid

(GABA) and glutamate in addition to their possible roles as neurotransmitters, may
regulate cerebellar c-GMP levels. Changes in ¢c-GMP levels have been reported to be

positively correlated to glutamate levels, while negatively correlated to GABA levels. 16

Glutamate is excitatory and GABA inhibitory to Purkinje cells. eie

Single doses of
ethanol have no effect on cerebellar GABA, but reduce glutamate levels 15-20 pe]c'cent.21
The degree to which glutamate release may be inhibited cannot be deduced from these
data., In any event, alterations in the actions of glutamate might explain in part the
ethanol~induced c-GMP depletion. Whether disturbances in the interaction of c-GMP
and neurotransmitters are in any way responsible for some of the biochemical effects
of ethanol will depend on further research into the nature of these interactions.

It appears from Figure 1 that at blood ethanol concentrations encountered with
moderate drinking (50-150 mg/dl) a significant reduction of cerebellar c-GMP occurs.,
How ¢c-GMP is related to the intoxicating properties of ethanol is yet to be determined.
A major neurological decrement of ethanol intake is lack of muscular coordination.
Since insufficient excitatory input to Purkinje cells can lead to av.ta_xia,2 disruption of

the actions of c-GMP in its role as a possible mediator of excitatory influences might

explain in part the ataxia observed after drinking alcoholic beverages.
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