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TORDA, C. Effect of recurrent stress on postnatal increase of tyrosine hydroxylase. PHARMAC. BIOCHEM. BEHAV.
3(5) 735—738, 1975. — Tyrosine hydroxylase is present at birth and reaches adult levels in the hypothalamus usually
during the second month. Recurrent stimulation of intrahypothalamic noradrenergic structures shortened this period of

maturation in a statistically significant manner.
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INTRACEREBRAL catecholaminergic systems undergo
morphological [24,29], biochemical [11, 13, 16, 22, 30]
and functional [29,30] changes in a species-dependent time
sequence. In spite of morphological immaturity, the new-
born brain is able to perform most basic biochemical
processes involved in synthesis, storage, release, reuptake
and catabolism of norepinephrine [4,26]. Immature
noradrenergic neurons fulfill the special function to signal
the emergence of homeostatic disquilibria of basic vegeta-
tive functions after birth, a function lost during the process
of maturation [29,30].

Function of hypothalamic and reticular noradrenergic
mechanisms concur with norepinephrine release. Therefore,
their performance depends on increased turnover and
synthesis of norepinephrine. The initiation and rate-limiting
steps in the biosynthesis of norepinephrine depend on
tyrosine hydroxylase (L-tyrosine, tetrahydropterin oxygen
oxidoreductase (EC 1.10.3.1) [18].

The effects of recurrent postnatal stresses (starvation
and electrical stimulation of hypothalamic nuclei) on the
speed of maturation of noradrenergic structures have been
studied in the present work by observations on tissue levels
of tyrosine hydroxlase.

METHOD
Animals and Procedure

Tyrosine hydroxylase levels of hypothalamus of male
albino rats (Sprague-Dawley type) and kittens were studied
from birth to adulthood. The animals were divided into 4
groups: (1) controls, (2) stressed, (3) electrode-implanted
stressed, and (4) sham-operated controls. The controls
(Groups 1 and 4) were raised without interference. The
animals in Group 2 were exposed to starvation for half an
hour before every feeding. The animals in Group 3 received
6 times daily for 30 min rectangular pulses (1/sec frequen-
cy, 40 pA intensity) by means of hypothalamic microelec-
trodes (platinum, 1 u tip diameter). The electrodes were
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lowered daily into the hypothalamus through implanted
electrode guides fastened to the pierced skull with acrylic
dental cement during the second or third postnatal day.
The position of the electrode tips were posthumously
tested (histologically) in a few animals that were randomly
selected at various ages. Implantation was performed under
Nembutal anesthesia. Daily insertion of electrodes did not
require anesthesia. Group 1 served as control to Group 2,
Group 4 to Group 3.

Tyrosine hydroxylase activity was studied following the
method of Nagatsu et al. [19], as modified by Kuczenski
f14].

Materials

L-3,5-3[H] tyrosine (30 Ci/nmole) was obtained from
New England Nuclear Co. The tyrosine was further purified
by passage through a column of Dowex 50 W-X4 [H' ]. The
synthetic factor, 2-amino-4-hydroxy-6,7-dimethyl-5,6,7,8-
tetrahydropteridine (DMPH4;) was obtained from
Calbiochem. Triton X-100 and 3-iodotyrosine were pur-
chased from Sigma Chemical Co. All other chemicals were
of maximum purity.

Assay

The animals were sacrificed by decapitation. The brains
were removed and were placed in 0.32 M sucrose at —1°C.
The hypothalamus was dissected on ice. The hypothalami
were homogenized in 50 vol. ice-cold 2 mM potassium
phosphate buffer, at pH 7.0, using a Thomas glass-Teflon
homogenizer with 0.010 cm clearance. An aliquot of the
homogenate was diluted into an equal volume of 0.2
percent Tirton X-100 in 2 mM phosphate buffer for
measurement of whole homogenate tyrosine hydroxylase
activity. Tyrosine hydroxylase activity was assayed by the
method of Nagatsu er al. [19]. The standard incubation
mixture contained 3 uM 3,5-[>H] tyrosine (specific activity
1 mCi/umole), 1.0 mM DMPH,, 50 mM 2-mercaptoethanol,
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0.436 mM FeSOQg4, and 0.11 M Tris-acetate buffer to give a
final pH of 5.8 (at 37°C). Typical incubations were for 20
min. Blanks consisted of active enzyme incubated for an
identical time period in the presence of 3 X 10*M
3-iodotyrosine. Radioactivity was ascertained in a Beckman
LS-250 liquid scintillation spectrometer with Aquasol (New
England Nuclear Co.) as the scintillation fluid.

RESULTS

The tyrosine hydroxylase levels of hypothalami of the
various animals are summarized in Table 1. Tyrosine
hydroxylase activity did exist already at birth, and seemed
to reach adult levels during the second half of the second
month in both the rat and the cat brains of controls. Adult
levels were reached somewhat earlier in the animals exposed
to recurrent and prolonged stress. The differences between
the tyrosine hydroxylase levels of controls and animals
exposed to stresses were statistically significant. With the
method used significant differences could not be detected
in the tyrosine hydroxylase levels of animals exposed to
hunger and animals exposed to electrical stimulation of the
hypothalamus.

DISCUSSION

Tissue levels and enzymatic activity of tyrosine hydrox-
ylase seem to parellel the function of catecholaminergic
systems [21,23]. Traces of tyrosine hydroxylase precede
detectable traces of catecholamines during the gestation
period [2,16]. During the early postnatal period the

increasing levels of tyrosine hydroxylase reflect the devel-
opment of axon terminals and synapses [11, 21, 25, 26].
Thereafter, the catecholamine requirements of tissues seem
in some way to relate to the amount of enzymatic activity
of tyrosine hydroxylase (e.g. changes in activity of cate-
cholaminergic neurons [1,10], adrenmergic transsynaptic
activity [3, 9, 17, 28], electroshock [6], different types of
stresses (including stimulation of hypothalamic nuclei by
electrical pulses (Table 1), hunger (Table 1), cold [4, S, 7,
8, 271, reserpine [12,23], etc.).

Brain tyrosine hydroxylase occurs in vivo in a partially
inhibited form, and enzymatic activity may temporarily
increase due to changes of local factors [2, 13, 15, 21, 32],
including decreased concentrations of tissue catechola-
mines. This increase occurs with a short latency. Increase of
enzymatic activity due to increased tissue content of the
enzyme usually requires a longer latency {12, 17, 20, 34},
e.g. Otten et al. [20] observed that 2 hr exposure of adult
animals to stress initiates a 24 hr increase of tyrosine
hydroxylase protein at ribosomal transiation level. Prelimi-
nary results of protein determinations ({31] by method of
[34]) suggest that recurrent postnatal stressful situations
studied in the here presented work increase tyrosine
hydroxylase activity by both mechanisms: temporary
enzyme activation and increase of enzyme proteins. Pre-
mature achievement of adult tissue enzyme levels (Table 1)
and permanence of increased tyrosine hydroxylase levels
resulting from continued recurrence of stressful situations
in later life [30] seem to depend on increase of enzyme
proteins [31].
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