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Norepinephrine Stimulated Increase of Cyclic AMP
Levels in Developing Mouse Brain Cell Cultures

Abstract. Norepinephrine causes a four- to sixfold increase in the intracellular
level of cyclic AMP (adenosine 3',5'-monophosphate) reaggregated brain cell cul-
tures derived from embryonic mouse brain. The cyclic AMP level of adult brain
is increased by norepinephrine; however, embryonic mouse brain does not show
a cyclic AMP response. The aggregate cultures thus demonstrate an event of dif-
ferentiation very similar to that seen in vivo.

Norepinephrine produces a fivefold
increase in the level of cyclic AMP
(adenosine  3’,5’-monophosphate) in
slices of cerebral cortex of both rat
and mouse (/). This stimulation of
cyclic AMP levels is not observed in
brains of newborn rats and appears
only after 4 days of age (2). Thus,
the response to norepinephrine can be
considered to be a developmental event
occurring during brain maturation.

Recently a brain cell culture system
has been developed which shows pat-
terns of biochemical differentiation
similar to that of maturing mouse brain
in vivo (3). This cell culture system is
founded on the ability of dissociated
cells to reassociate and to form aggre-
gates during rotation culture (4). The
brain cell aggregates are organized
structures that often possess a cellular

Table 1. Effect of catecholamines on cyclic
AMP levels of fetal mouse brain slices and
brain cell aggregates. Brain cell aggregates
and fetal tissue were preincubated for 30
minutes in Eagle’s basal medium plus 0.4
percent glucose and 10-3M theophylline at
37°C in an atmosphere of 5 percent CO,
and 95 percent air. Norepinephrine and iso-
proterenol were added at a concentration of
10-*M each and incubation was continued for
15 minutes. The medium was rapidly removed
and the aggregates or tissue were homog-
enized in ice-cold 5 percent trichloroacetic
acid. After centrifugation at 15,000g for 5
minutes, the supernatants were assayed for
cyclic AMP content (9). The trichloroacetic
acid precipitate was resuspended in 0.1N
NaOH and assayed for protein (10).

Cyclic AMP
(pmole/mg of protein)

Cell culture

Additions Fetal
tissue 15 9
hours days
None 11 12 8.5
Norepinephrine 11 10 38
Isoproterenol 14 14 45
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architecture resembling normal brain
tissue (5). In addition, electron micro-
scopic observations show the presence
of highly developed synaptic regions in
the aggregates after several weeks in
culture (6).

Since the brain cell aggregates under-
go several events of differentiation dur-
ing culture, we determined their ability
to develop a cyclic AMP response to
norepinephrine. Isoproterenol was also
used to test the B-adrenergic nature of
the effector mechanism and to eliminate
the possibility of inhibitory effects of
a-adrenergic receptor stimulation on
accumulation of cyclic AMP. The re-
sults are shown in Table 1. As expected,
the fetal tissue does not respond to
norepinephrine or isoproterenol. Al-
though aggregate formation is essenti-
ally complete by 15 hours of culture,
the catecholamines again fail to elicit
an increase in levels of cyclic AMP in
the cells. However, after 9 days of
culture the aggregates show a four- to
sixfold increase in cyclic AMP levels
in response to both norepinephrine and
isoproterenol-—an effect of similar mag-
nitude to that seen in adult mouse brain,

Other experiments (not shown) have
indicated that the magnitude of the re-
sponse does not change with longer
culture times. In addition, when incu-
bations were done in the absence of
theophylline, the catecholamine-stimu-
lated level of the cyclic nucleotide was
not appreciably different from the levels
presented in Table 1. In this respect the
aggregate cell cultures also resemble
slices of guinea pig and rabbit brain
(1). v

Clonal lines of rat glial tumors show
large (& 200-fold) stimulatory effects
of catecholamines on intracellular levels

of cyclic AMP (7), suggesting that
such response in normal brain and in
the cultures described above may be
due primarily to responding glial ele-
ments. Furthermore, primary monolayer
cultures derived from embryonic rat
brain show similar 50- to 100-fold
stimulatory effects of catecholamines
(8). Since considerable cell division
takes place in the monolayer cultures,
there is undoubtedly enrichment for
glial cells, supporting the hypothesis
that predominant cell type responding
to norepinephrine in rat brain is glial.
The more “normal” magnitude of

the response seen in the aggregates
may be reflection of more natural pro-
portions of neurons and glia present
in these cultures. Presumably this is a
consequence of the restriction of cell-
ular division in a system where cell-
cell interactions are prominent (3).
The value of aggregate cell cultures is
indicated by the fact that the develop-
ment of norepinephrine responsiveness
in these aggregates is the fifth phenom-
enon they have shown that is character-
istic of the program of differentiation
of the developing mouse brain. Others
include increased specific activities of
choline acetyltransferase, acetylcholin-
esterase, glutamate decarboxylase (3),
and the formation of synapses (6).
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