MRS REEE: £18% - L1 1985
Korean J. Nuir. Vol. 18, No. 1, 1985

Effect of Maternal Dietary Restriction on Serotonin and
Catecholamine Levels of the Developing Rat Brain
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ABSTRACT

A quantitative restriction of maternal diet was gi-
ven to the Sprague Dawley rats during the third
week of gestation and during the lactation, Dams of
deficient groups were fed 20g of a stock diet a day
and compared with the control group fed ad libi-
tum throughout the experimental period Dietary
restriction started from birth in deficient
and from the 14th day of gestation

1 group
in deficient 2
group. Brain serotonin, norepinephripe, dopamine
and tyrosine of offsprings were determined at seve
ral intervals. Brain serotonin of offsprings of defi-
cient groups 1 and 2 were significantly lower than
the control and significant differences between the
deficient groups were noticed. Brain catecholamines
and tyrosine of offsprings of deficient groups were
significantly lower than the control and there was
no difference between the deficient groups. Maternal
dietary restriction during the gestation and the lac-
tation may have retarded the synthesis of serotonin

and catecholamines in the brain.

INTRODUCTION

Early undernutrition changes in biochemical com-
brain of humans (1)
and rats (2-4). The cellular and structural integrity

position and functions of the

of the brain is critical to the proper brain function
and brain cellularity and connectivity ( function) may
be most vulnerable to a dietary restriction during
a “critical period of development* when brain grow-
th is most rapid (1). However, the appropriate num-
ber of brain cells and correct connectivities among
them are not always enough to guarantee normal
brain function. Brain neurons must also be able ‘to
synthesize and release neurotransmitter  molecules
The function of neurotransmitter is to relay electri-
cal impulses chemically among the neurons that do
not make direct membrane contact with each other.
This chemical function of neurons has been suspect:
ed to be susceptible to diet and malnutrition (5) as

all of the known or suspected neurotransmitters are

themselves constituents of the diet( amino acid such
as glycine, aspartate, glutamate ), or relatively simple
metabolic products of dietary constituents( eg. sero-
tonin from tryptophan, norepinephrine and dopamine
from phenylalanine or tyrosine, GABA from gluta-
mate, histamine from histidine, and acetylcholine
from choline ).

The catecholamines, norépinephrine and dopamine
and the indolamine, sgrotonim are the brain . mono-
amines on which interest has been focused. Nor-
epinephrine is synthesized from the amino acid tyro-

sine through the intermediates 3,4~ dihydroxyphenyl-

alanine( dopa ) and dopamine: itis stored in intro-
neuronal granules. Serotonin is synthesized from the
precursor amino acid tryptophan by decarboxylation
and, like norepinephrine, may exist in the neuron as
a bound and a free form. Recently it is

that rapid and specific changes in brain constituents

recognized

including a neurotransmitter and its amino acid pre-
cursor, occur after each meals, It was suggested that
effect of protein malnutrition be either to delay the
formation of neurotransmitter synapses, or to inhibit
the synthesis or storage of the amine (6). Therefore,
the concentration of these neurotransmitter in brain
may be decreased by undernutrition Wurtman and
Fernstrom (7) have shown that the brain of rats

whose mother were fed 8% protein diet during the
pregnancy and the lactation contained significantly
less norepinephrine and dopamine than the brains
of offspring from well —nourished dams. Smart (8)
reported that brain norepinephrine and dopamine

contents in 24 ~day old deprived rats were decreased

and tyrosine hydroxylase activity increased. However,
Sobotka et al (9) reported that there were no changes
in catecholamine levels in 22-day old deprived

rats. Thus, it is still not clear whether the changein

brain catecholamine level resulted from perinatal

undernutrition is permanant, even after a prolonged

period of normal feeding.

The purpose of this investigation was to deter-
mine the effect of a dietary restriction during the
third week of gestation and lactation on brain
serotonin, norepinephrine, dopamine, and tyrosine

contents.
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MATERIALS AND METHODS

Virgin female rats of Sprague Dawley strain
supplied by animal breeding laboratory of Seoul
National University were used in this experiment.
Stock diet was obtained from Jeil Fodder Co., Seoul,
Korea.The scheme of experimental design was illust-
rated in the previous paper(10 ). Control group fed
a stock diet ad libitum during the gestation and
lactation :deficient 1( Def 1) fed a restricted diet
(20g/day) from both ; deficient 2( Def 2) from the 15th
day of gestation. At the age of 0,3,7, 10,14, and
21 days of postnatal period, offsprings were taken
randomly from each group and the brain were
analyzed for serotonin ( 11), catecholamines( 11}, and
tyrosine ( 12 ). Most of the chemicals used in this
experiment were obtained from Sigma( USA) and
the Farrand Spectrofluorometer was used.  Experi-
mental data from the control and the deficient groups
were analyzed by Student’s t-—test.

RESULTS AND DISCUSSION

Previous experiment ( 10) by this lab showed that
the body and brain weights of deficient pups were
significantly lower than the control, but the ratios
of brain weight to body weight in deficient groups
were higher than the control. Significant differences
of ratios between deficient groups were noticed at
weaning. Brain DNA, RNA, and total protéin of off-
springs of deficient groups were significantly lower
than the control, but RNA/DNA, brain weight/DNA
and total protein/DNA showed that cell number
were more affected than the cell size by the mater-
nal dietary restriction during the 3rd week of ges
tation and lactation Between the deficient groups,
there was a significant difference in brain DNA and
RNA, but no significant difference in total brain pro-
tein,

Deficient pups were either stawed to death or cami-
lalized by their dams so they could not survive
beyond the weaning.

Serotonin content in brain

Brain serotonin contents are shown in Fig. 1 As
early as 7th day of postnatal period, the brain sero-
tonin contents of deficient groups were significantly
lower than the control. Even between the deficient
groups, there was a significant difference in brain
serotonin content at 14th and 21st day.

The substrates of neuronal intercommunications are
neurotransmitters :these compounds are released by
depolarizing neurons, and have the ability to de
polarize other neurons. This study was concerned with
the change in the ability of neurons to synthesize
and release normal amounts of neurotransmitters. It
is believed that the diet influences the formation of
these transmitters by making more or less of each
of their respective precursors available, This is based
on the fact that the enzyme catalyzing the rate—deter-
mining step in the formation of each transmitter
is relatively unsaturated with substrate Thus, increase
or decrease in the amount of tryptophan in brain

rapidly stimulate or reduce the rate of serotonin

formation.
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Table 1. Effect of matetary restriction on brain tyrosine of offsprings ( mg/ whole brain)
Age( days ) Control Deficient 1 Deficient 2
0 0.209-+0.065 2 (17 )® 0.209+ 0.065 (17) 0.172+0.062 (17)
3 0.100+0.0417( 7) 0.31040.040 (10) 0.378+0.059 (11)
7 0,880+0.062 ( 6) 0.854+0.204 ( 6) 0,678+ 0.070™*( 7)
10 1.3004-0.415 ( 4) 0.609+0.133 ( 4) 0.764+ 0,087 (-5}
14 128140089 ( 5) 0.194-+ 0.099"*{ 5) 0.996+0.255 { 5)
21 1.408+0.206 ( 3) 0.760+0.230 ( 7) 1.25340.134 ( 4)
a Mean+SD.

b  Number of animals sacrificed.
+* P¢ 0.01 : significantly different from the control.

++ P 0.01 : significantly different from the deficient.

The amount of tryptophan available to the brain
might control the serotonin synthesis was suggested
by the four lines of evidence(7):1) The existence
in rats and mice of a diurnal rhythm in brain con-
tent; 2) The likelihood that tryptophan hydroxylase
an enzyme that catalizes the initial step in serotonin
saturated
in vivo; 3) Published evidence that very high dose

biosynthesis, might not normally be fully
of tryptophan and serotonin could increase brain
serotonin; 4) Tryptophan deprivation by malnutri-
tion lowered tryptophan and serotonin,

Fernstrom and Lytle (13) carried outthe stu-
dies on the effect of corn malnutrition on brain
serotonin. The chronic  ingestion of the corn diet
reduces tryptophan intake via the diet. Thislowering
of tryptophan intake ultimately leads to a depression
in serum and tissue pools of the amino acid, and
notably a reduction in brain tryptophan concentra-
tions. A predominant effect of the reduced size of
the brain tryptophan pool is probably to lower the
degree of substrate saturation of tryptophan hydroxyl-
ase in those neurons containing the enzyme. The
fall in substrate saturation of tryptophan hydroxylase
slows the rate of conversion of the amino acid to
serotonin, which ultimately is expressed as a decline
in brain serotonin and 5 -hydroxyindoleacetic acid
concentration.

The integrity of many types of behavior (pain sen
sitivity, locomotor activity, sleep, and sex) depends

in part on the normal function of serotonin—contain-

ing neurons in the brain( 14 ). Therefore, abnormal

content of serotonin by malnutrition can cause the

abnormal behavior patterns.

Catecholamines and iyrosine contents in brain
Norepinephrine content in the whole brain of off-

springs are shown in Fig. 2. In Def 1 and 2 groups
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Fig. 3. Effect of maternal dietary restriction on brain
dopamine of offsprings.

the norepinephrine contents in brain of offsprings
were significantly lower than the control. There was
no significant difference in norepinephrine between
the deficient groups.

Dopamine content in-the whole brain of offsprings
are depicted in Fig. 3. In the deficient groups, brain
dopamine contents of offsprings were significantly
lower than the control. Between the Def 1 and 2,
there was no significant difference in brain dopa-
mine content.

Brain tyrosine contents are shown in Table 1.In
Def 1 and 2, tyrosine content was significantly lower
than the control.

Shoemaker and Wurtman ( 6 ) have reported that
the most of the dopamine deficit by prenatal under
nutrition was localized within the neurons of basal
ganglia. These decreases in brain apparently do not
reflect decrease in the activity of the principal en-
zymes of catecholamine biosynthesis. No dopa was
detected in the brains of malnourished animals. Brain

dopamine and norepinephrine were not signifi-

cantly elevated and tyrosine, the precursor for nor-
epinephrine and dopamine was concentrated in the
brains of undernourished rats at the expense of the
rest of the body. Brain tyrosine concentrations were
identical in the well-nourished and the undernourish
ed rats. They also reportedthat the increase in
brain tyrosine hydroxylase activity, the selective con-
centration of tyrosine within the brain, and the de-
crease in the turnover rate of brain norepinephrine
all suggest that brain catecholamines are conserved
when nutrient supply limits their synthesis in the
developing rats.

Sereni et al ( 15) have shown that undernutrition
during the suckling period significantly depressed the
concentration of catecholamine and returned to nor-
mal by prolonging undernutrition until 35 days of
age. Therefore, it seemed that maternal dietary res-
triction during the gestation and the lactation retarded
the synthesis of catecholamin. If the period of
undernutrition is prolonged, it is expected that signifi-
cantly low concentration of catecholamine is recovered

to normal.
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