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LOSSNER, B., R. JORK AND H. MATTHIES. Dopamine induced changes in L-fucose incorporation into proteins of rat
hippocampus and corpus striatum during postnatal development. PHARMAC. BIOCHEM. BEHAV. 15(5) 705-709,
1981.—In 60 day old (adult) male Wistar rats dopamine caused a dose-dependent increase of L-fucose incorporation into
total proteins of both hippocampus and corpus striatum slices up to +47.8+6.0% (n=6) and +53.2+8.5% (n=20), respec-
tively, when compared to corresponding controls. Under these conditions the dopamine concentration leading to a
maximum stimulation of fucose incorporation was 5x 10~ M in hippocampus and 1x 10~ M in corpus striatum. In the latter
tissue the range of dopamine concentrations causing a significant elevation in incorporation rates was larger than in
hippocampal tissue. In the corpus striatum of 9 day old rats dopamine was ineffective, but by 30 days the transmitter
stimulated fucose incorporation rate reached the maximum observed for any age studied. This developmental pattern
seems to be related to the ontogenesis of dopamine receptor sites or dopamine sensitive adenylate cyclase formation in this
brain structure. In the hippocampus the postnatal development of dopamine induced augmentation of glycoprotein synthe-
sis showed a longer latency, but the maximum effect was also seen in 30 day old animals. These results support our
assumption that at the end of the postnatal differentiation period the glycoprotein synthesis in brain tissue may be
controlled (at least to some extent) by the state of dopaminergic receptors and/or of dopamine sensitive adenylate cyclase.
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NUMEROUS biochemical investigations indicate changes in
the incorporation of precursors into proteins and glycopro-
teins of rat hippocampus related to training experiments [6,
9, 10, 16, 18, 19, 20, 24, 27, 31]. There is evidence for an
increased incorporation of L-fucose into hippocampal
glycoproteins during the acquisition and consolidation of a
foot-shock motivated brightness discrimination in rats [20,
24, 27]. Similar alterations in glycoprotein formation of rat
hippocampus are elicited by the action of dopaminergic
agonists (dopamine and apomorphine), both in vivo[13] and
in vitro [12,14]. Since, in rats, the intrahippocampal applica-
tion of apomorphine prior to, or immediately after training
improves the retention of this brightness discrimination task
[7]. a link between the consolidation of a long-term memory
trace and the activation of dopamine sensitive structures as
well as of glycoprotein synthesis within rat hippocampus
might be assumed.

With the exception of some recent findings [1, 8, 28] the
existence of a dopaminergic transmitter system within the rat
hippocampus is still an open question. However, in slices of
this brain region dopamine stimulates the accumulation of
cyclic AMP [15]. Both the dopamine induced stimulation of

glycoprotein synthesis and the dopamine stimulated accumu-
lation of cAMP is blocked by haloperidol (dopamine receptor
antagonist) [15]. This indicates the presence of dopamine
receptor sites and of dopamine sensitive adenylate cyclase in
rat hippocampus. Moreover, exposure of hippocampal slices
to dibutyryl-cyclic AMP (db-cAMP) enhances the incorpo-
ration of L-fucose [15].

Based on these findings it is assumed that these two re-
sponses of rat hippocampus to dopamine, i.e., accumulation
of cAMP and augmentation of glycoprotein synthesis, are
causally related. It is important to determine whether the
dopamine stimulated glycoprotein synthesis in rat hip-
pocampus [12, 13, 14, 15] is the resuit of dopamine-dopamine
receptor-interaction. For this purpose the dopamine effects
on L-fucose incorporation were contrasted between hip-
pocampus and corpus striatum (a brain region known to be
rich in dopaminergic synapses and receptor sites [3]). In ad-
dition, to answer the question as to whether this transmitter
induced augmentation of glycoprotein synthesis is related to
the existence and density of dopamine receptors, the on-
togenetic development of this dopamine action was tested in
slices of corpus striatum and hippocampus.

'This work was supported by the Ministry of Science and Technology of the G.D.R.

Copyright © 1981 ANKHO International Inc.—0091-3057/81/110705-05$01.00/0



706

METHOD

Male Wistar rats from our own breeding stock aged 9, 14,
20, 25, 30, 40 and 60 days (adult) were used. After dissecting
from the brain both hippocampus and corpus striatum [25],
0.5 mm thick slices were prepared. The hippocampus was
sliced perpendicularly to its longitudinal axis [17,29]. For
each tissue, alternate slices were used for control and exper-
imental groups. After preincubation for 15 min in 0.8 ml
incubation mixture (134 mM NaCl, 5 mM KCI, 16 mM
NaHCO,, 0.7 mM CaCl,, 1.24 mM KH,PO,, 1.3 mM
MgSO, and 10 mM glucose; pH 7.35) at 37°C, test substances
were added in a volume of 0.1 ml. Ten min later 25 uCi
L-(1-*H)-fucose (specific activity: 1 Ci=37 GBq per mmole;
The Radiochemical Centre, Amersham, Great Britain), in a
volume of 0.1 ml of incubation medium was added to control
and experimental slices. The final concentration of labelled
L-fucose was 1x103 M [4]. The medium was aerated
throughout the experiment with carbogen (95% 0,/5% CO,).

In order to stop any further incorporation after the 1 hour
incubation period, the slices were repeatedly washed with
ice-cold incubation medium and then frozen on solid CO.,.
The slices were homogenized in 0.3 ml of 0.1 N NaOH. In
order to determine total incorporated radioactivity of
proteins a 0.1 ml aliquot of the homogenate was treated with
0.5 ml ice-cold 12% trichloracetic acid (TCA; w/v), and the
precipitated proteins were pelleted by centrifugation (10,000
G x 10 min). The pellet was washed twice with 692 TCA,
water and ethanol. Afterwards the proteins were solubilized
in 0.3 ml of a mixture of 0.66% sodium dodecylsulfate (SDS),
10% mercaptoethanol, 0.03% dithiothreitol and 0.02 M
K,CO, (final concentration) by heating at 90°C for 10 min.
Aliquots of solubilized proteins were treated with Hyamine
hydroxide, subsequently dissolved in a dioxane containing
scintillator [17] and counted in a scintillation spectrometer
(Intertechnique, Plaisir, France) for determination of
radioactivity. The protein content of the solubilized fraction
was determined using the amido black technique [26] with
bovine serum albumin as standard. To calculate the incorpo-
ration rate (IR) (nmoles L-fucose being incorporated per mg
protein per hour), the specific radioactivity of total proteins
(d.p.m. x mg protein~') was corrected by the amount of
radioactive L-fucose in the incubation medium using the fol-
lowing equation:

IR = d.p.m. X mg protein~! X hr™!
~ d.p.m. X nmoles L-fucose™" (medium)

This calculation is based on the assumption that within a few
minutes the specific radioactivity of the intracellular space
(d.p.m. X nmoles L-fucose™") will be identical with that of
the incubation medium [4], i.e., 1x1073 M.

The age dependent developmental pattern of the basal
rate of protein and glycoprotein synthesis in hippocampal
slices, was studied simultaneously using L-(U-"C)-leucine
(specific radioactivity: 185 mCi=6.8 GBq/mmole, purchased
from UVVR, Prague, CSSR) and L-(1-*H)-fucose as previ-
ously described [11].

RESULTS

In adult rats the effects of dopamine on L-fucose incorpo-
ration into glycoproteins were studied in slices of corpus
striatum and compared to that seen in hippocampus. As de-
picted in Fig. 1, dopamine caused a dose-dependent increase
in fucose incorporation into total proteins of both hippocam-
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FIG. 1. Mean values (=SEM) of the percentage deviation of
L-fucose incorporation rate (IR; nmoles/mg protein/hr) from control
levels (C) in hippocampal (O---O) and striatal slices (A—A) of adult
rats in the presence of dopamine (5% 10~* M). The IR-values of con-
trols were 0.41 nmoles/mg protein/hr in hippocampus and 0.30
nmole/mg protein/hr in corpus striatum. The filled circles and trian-
gles denote statistically significant values (p<0.05) according to
Wilcoxon's matched pairs signed rank test [30].

pus and corpus striatum. Corpus striatum appeared to be less
sensitive to dopamine than hippocampus. Maximum stimu-
lation of glycoprotein synthesis by dopamine occured at
510~ M in hippocampus but at 1x10™® M in corpus
striatum. However, in hippocampus the range of dopamine
concentrations resulting in a significant increase of L-fucose
incorporation was 5x107* to 1x10™® M, while in striatum a
significant effect was obtained with 5x 10~ M up to 7.5x107*
M.

Figure 2 shows the developmental pattern of incorpora-
tion rate of hippocampal and striatal slices. These data indi-
cate a decrease in glycoprotein synthesis in both hippocam-
pus and corpus striatum between the 9th and 30th day after
birth. In comparison to adult rats the IR-values of 9 day old
animals are five-to sixfold higher in hippocampus and only
twofold higher in corpus striatum, indicating a faster decline
in glycoprotein synthesis rate during the postnatal period in
the hippocampus compared to the striatum. The IR-values in
hippocampus as well as in striatum reached the adult level
between 25th and 30th day (Fig. 2). However, even in adult
rats the IR-values of hippocampal slices were above those of
the corpus striatum.

The effect of dopamine on the in vitro incorporation of
L-fucose into total glycoproteins of striatum during the
postnatal period is demonstrated in Fig. 3. Dopamine is inef-
fective on slices from 9 day old rats. Bewteen 9 and 30 days
of age there is an increase in dopamine induced stimulation
of fucose incorporation in striatal slices. Maximal dopamine
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FIG. 2. Mean values +SEM of incorporation rate (IR) of L-fucose in
rat hippocampal (O-:-O) and striatal slices (A—A) during postnatal
period. If not otherwise indicated the number of animals per group is
equal to 6.

stimulation was observed at 30 days and subsequently the
dopamine induced stimulation declined slightly.

In contrast, the postnatal development of dopamine ac-
tion on fucose incorporation into hippocampal slices shows a
pattern that is different from that observed in corpus
striatum. From 9 to 20 days after birth, dopamine caused a
significant decrease in glycoprotein synthesis. Between 20
and 30 days of age the dopamine effect on fucose incorpora-
tion shows a transition from inhibition to stimulation (Fig. 3).
As in the striatum, maximum stimulation by dopamine is
observed at 30 days and with increasing age the stimulation
also declines. Thus, the ontogenetic development of
dopamine stimulated fucose incorporation in hippocampus
seemed to have a longer latency than in striatum.

In addition, the postnatal development of the action of
cAMP on hippocampal glycoprotein synthesis was studied in
vitro. The effects of 2.5x10-* M db-cAMP on fucose incor-
poration into total proteins were tested in hippocampal slices
of 20, 30 and 60 day old rats. The results demonstrate (see
Fig. 4) that the developmental pattern of the effect of db-
cAMP closely corresponds to that of dopamine.

DISCUSSION

Previous investigations in our laboratory demonstrated a
statistically significant augmentation of L-fucose incorpora-
tion into hippocampal proteins of adult rats under the influ-
ence of dopaminergic agonists, both in vivo [13] and in vitro
[12, 14, 15]. These effects seemed to be mediated by cAMP.
This supposition is based on our findings of a dopamine in-
duced accumulation of cAMP in hippocampal slices. In ad-
dition, the in vitro administration of db-cAMP results in an
enhanced incorporation of L-fucose into total proteins of
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FIG. 3. Mean values of the percentage deviation of the IR-value in
rat hippocampal (O---O) and striatal slices (A—A) from control level
(C) in the presence of 5x10~* M dopamine during the postnatal
period.
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FIG. 4. The effect of dopamine (5x 10~* M: hatched columns) and of
db-cAMP (2.5x10-3 M; white columns) on the incorporation of
L-fucose into total proteins from hippocampal slices of 20, 30 and 60
days old rats. Data are presented as means +SEM of percentage
deviation of IR values from control levels (see Fig. 2).

hippocampal slices [15]. Both of these effects were blocked
by haloperidol, a dopaminergic antagonist, indicating the
existence of dopamine sensitive structures within the rat
hippocampal formation [15].

However, previous reports provide conflicting evidence
concerning the existence of a dopaminergic transmitter sys-
tem or dopamine sensitive structures within this rat brain
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TABLE 1

POSTNATAL DEVELOPMENT OF BASAL INCORPORATION RATES
OF L("C-U)-LEUCINE AND L-(1-*H)-FUCOSE IN RAT
HIPPOCAMPAL SLICES

IR-values expressed as nmoles
of precursors incorporated
per mg protein per hr

Age (*C)-leucine (*H)-fucose

(days) Mean SEM Mean SEM Ratio n
9 13.71 = 0.92 4.49 + 0.32 3.05 3
20 2.48 + 0.32 1.55 + 0.20 1.60 6
25 0.66 = 0.09 0.51 = 0.06 1.29 3
30 0.64 = 0.08 0.55 = 0.05 1.16 6
60 0.63 = 0.07 0.83 + 0.09 0.76 10

region [1, 3, 8, 12, 13, 23, 28]. In adult rat corpus striatum, (a
brain structure known to be rich in dopaminergic synapses),
dopamine stimulates the incorporation of L-fucose into total
proteins, also. But, the corpus striatum appears to be less
sensitive than the hippocampus, because the dopamine con-
centration needed to induce the maximum stimulation of fu-
cose incorporation is higher (see Fig. 1). This finding is un-
expected if one assumes a relationship between the extent of
dopamine induced augmentation of glycoprotein synthesis
and the density of dopamine receptor sites. The latter is
higher in corpus striatum than in hippocampus {3]. However,
the slope of the dose-response curves up to the maximum
effective dopamine concentration is much steeper in hip-
pocampal tissue than in striatal slices (see Fig. 1). This indi-
cates that in the striatum, dopamine is still active in enhanc-
ing glycoprotein synthesis in a concentration range that is
ineffective in the hippocampus. The question as to whether
this finding is the result of a higher efficacy of dopamine on
striatal glycoprotein synthesis in vivo must be answered by
future investigations. Nevertheless, the differences in the
slopes of dose-response curves could be the result of either a
different behavior of striatal and hippocampal dopamine re-
ceptors within these two brain structures.

Furthermore, the similar time course of postnatal devel-
opment of dopamine stimulated fucose incorporation into
total proteins of corpus striatum (see Fig. 3) and the increase
in both the specific *H-haloperidol binding [23] and the
dopamine sensitive adenylate cyclase [2] support our con-
clusion that these effects of dopamine on glycoprotein syn-
thesis may be mediated by a dopamine receptor-adenylate
cyclase system. The dopamine concentration (5x107% M)
causing a statistically significant increase in fucose incorpo-
ration in adult rat hippocampus, elicits in both 9 and 20 day
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old animals a significant suppression of glycoprotein syn-
thesis (about 70 to 75% of that of control level). Between 20
and 30 days after birth a transition in the dopamine effect on
fucose incorporation from suppression to maximum stimula-
tion takes place. Moreover, as in striatal slices the extent of
dopamine stimulated fucose incorporation into hippocampal
proteins is smaller in adult rats when compared to 30 day old
animals (see Fig. 3). Since the developmental pattern for
dopamine induced augmentation of glycoprotein formation
in rat hippocampus demonstrates some differences when
compared to that of corpus striatum (Fig. 3), there might be
regional variation in the time course of postnatal develop-
ment of dopamine receptors. This supposition should be
tested by future studies of the ontogenesis of specific
ligand-binding to dopamine receptor sites in these two re-
gions. However, the results described in this paper may indi-
cate that the dopamine stimulated glycoprotein synthesis
[13,14] is a general phenomenon in dopaminergic innervated
and/or sensitive structures of the rat brain.

According to our previously published data [15,21] it
might be assumed that the dopamine induced elevation of the
incorporation of L-fucose into hippocampal proteins is
mediated by cAMP. The age dependency of the db-cAMP
effects on the in vitro fucose incorporation into hippocampus
is comparable to that of dopamine (see Fig. 4). One could
deduce from these findings that both the dopamine receptors
and the intracellular mechanisms involved in the enhanced
glycoprotein formation mature during the postnatal period.
Dibutyryl-cAMP was ineffective in stimulating the fucose
incorporation into proteins of hippocampal slices in rats
younger than 20 days. This finding might indicate that the
¢AMP-system of this brain structure becomes important in
controlling and regulating glycoprotein synthesis during on-
togenetic development. During the first stages of brain mat-
uration, the observed high rate of glycoprotein synthesis (see
Fig. 2) is mainly dependent on the rapid synthesis of
polypeptide chains (see Table 1 and [5]) which could function
as acceptors for glycosylation. During this early period,
glycoproteins would serve to permanently connect func-
tional activated synapses without additional influences. As
aminergic systems mediating emotional or motivational in-
fluences mature during postnatal development, and as the
early intense protein synthesis decreases, the dopaminergic
influence begins to control glycoprotein synthesis. Thus, this
dopaminergic system gains in importance in the formation of
permanently activated synaptic connections underlying the
consolidation of the memory trace. This supposition should
be evaluated by further investigations.
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