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Sub-cellular Distribution of Serotonin in the
Developing Rat Brain

It is well known that the neonatal rat brain contains
relatively little serotonin's? and that the level of Lhis amine
increases slowly with age. Karki et al.? have shown that
the onzymes moediating the synthesis and oxadation of
serotonin are also low in the immature rat brain, and
increase thereafter with growth of the animal. The
aforomentioned authors suggest that the low levels of
indolamines in the rat brain at birth can be attributed, to a
deficiency of the binding or storage system, and are not a
reflexion of the insufficiency of the enzyme systems.
Schanberg and Giarman®s have shown that endogenous
brain serotonin distributes itself hetween the particulate
matter of brain homogenates and the supernatants, and
that this relationship is suseoptible to altoration by drugs.
It was, therefore, of interest to investigate the sub-
cellular distribution of serotenin in the developing rat
brain and to determine whethor it will parallel other
maturational ehanges.

Rats of the Wistar strain, bred in our colony under
standard conditions of management and nutrition, were
used in this investigation, and were sclected at various
ages after birbh. Animals were decapitated rapidly, the
braing minus cerebella removed, weighed and homogenized
in unbuffered 0-3 M sucrose containing tranyleypramine
(1 pmole). All procedures were carried out at 4° C.
Sufficiont brains were pooled to give a homogenate dilution
of 20 per cont (w/v). Duplicate aliquots of the homo-
genntos wore centrifuged for 30 min in a No. 40 rotor of the
model I, Spinco ultracentrifuge. The high-speed residuo
and supernatant were extracted separately for their seroto-
nin eontent by the method of Shore and Olin?, as modified
by Mead and Finger? and assayed in concentrated hydro-
chloric acid as deseribed by Bogdanski et al.®. All results
are averagoes of six or more individual determinations, and
represent 10-30 animals, depending on the age group.

Table 1. WET WEIGHTS AND SEROTONIN CONTENT OF THE DEVILOPING
RAT BRAIN
Brain wet Percentage Brain 5-H7T TPercentage Ratio
Age  weight-  of adult  5-HT p/pm ag percent of total  brain wt,
(days) cerebellum brain wet  (/g) of adult levels 5-HT in 5-HT
() weight— residue  content
cerebellum
1 026 171 0-26 30-3 72-4 1-0
2 026 17-2 027 416 720 105
4 043 28-8 031 47-3 735 14
10 0-08 15-5 30 4644 ] 23
12 085 56-3 -3¢ 653 76 24
23 103 H8-6 0-37 56-9 732 28
3L 1-13 753 0-50 769 734 2-3
33 1-32 B&-0 0-51 789 72:0 2:5
Aduli 1°5 = 0-65 _ 745 23

The weight of brains and the amine content of rat
brains at various stages of development (Table 1) wero
obtained without the ecorobellim. Tt is apparent that the
rat brain at one day of age containg 3% per cent of tho adult
amine content, but only 17 per cent of the adult weight.
The values for 5-HT content in the developing brain are
in agreement with those quoted by Karki et al.?. At 1 day
post-natally, tho ratio of brein weight to serotonin is
mity, and inereases to 2:3 by 10 days. Thereafter, this
ratio is approximately constant, suggesting that both wet
weight and scrotonin-levels are maturing at equal rates.

A number of investigators®? have consistently observed
that the bulk of endogernous brain serotonin (75 per cont)
is agsociated with the high-speed residue. Our results
show that homogenatos prepared from rat brains at all
ages from 1 day post-natally yield essentinlly an adult
gubeellular distribution, in thal in excess of 70 per cent is
recovered in the particulate frection. The concentration
of & number of enzyimes, such as suceinie dehydrogenase??,
cholinesterase'l, and glutamic aeid decarboxylase!?:3, is
low in the immature rat brain and increases slowly Lo adult
lovels. Typical adult electrieal activity can only be re-
corded from the rat cortex at 2 weeks of age's, and it has
been supggosted that mature bioslectric activity depends on
complelion of synaptie eonnoxions in the cortex?!s:16.
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The suggostion has been made by Karki® that the
immature rat brain cannot bind serotonin as efficiently as
it does at maturity, and a similar phenomenon has been
observed by Glowinski et al.’” for the binding of circulating
norepinephrine by the developing heart. Though the
immature brain may be deficient in its ability to store
sorotonin, such differences are not evident in the present
results on the sub-cellular distribution. It can only be
suggested that if spocific cellular componenta are respon-
siblo for the binding of small quantities of endogenous
amine, then these components do not exhibit maturational
changes which are qualitative in nature. It is tompting to
speculato that the in vivo binding of serotonin might
correlate with the maturation of synaptic vesicles, and
also possibly to the biosynthesis of gangliosides. Possibly
the cellular components responsible for the binding of
serotonin are present at birth in the rat brain and mature
at the same rates as the wet weight, and the total amine
storago capacity, thus resulting in an ossentially constant
sub-cellular distribution,
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Oscillation in Enzyme Reactions

THe widespread existence of poriodic phenomena in
living organisms is well known. These events, like all
other material phenomena i living systems, should
ultimately be considered in terms of the individual chemieal
reactions oceurring during the life process. Since chemical
reactions occurring in biological systems are catalysed
by enzymes, it was the purpose of our investigation to
examine the possibility of oscillatory behaviour in
cnzyme-catalysed reactions.

The mathematical treatment of the differential equations
arising in chemical kinetic problems is often impeded by
the faet that the exact analytic solution of the equations
is difficult, if not impossible, to obtain. Nevertheless,
Lotka! in 1910 proposed an autocatalytic system wherein
periodieity is clearly possible, and in 1821 Bray?® illustrated
cxperimentally a chemical aystem wherein periodieity is
actually observed.

Diffieuttics attonding the mathematical treatment of
the differential equations arising in enzyme kinetic
problems have served as a severc impedance to the develop-
ment of enzyme kinetic theory. However, Christiansen?
and (Ozawa?! obtained analytical results indicating that
oscillations could ocewr in cortain types of enzyme-
eatalysed reactions, provided certain conditions are met.
Sinec  then, Anderson®, Chance® and Shnoll” have

©1966 Nature Publishing Group



	Sub-cellular Distribution of Serotonin in the Developing Rat Brain

