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Abstract

We have previously reported that the perinatal exposure of pregnant rats to cannabinoids affected the activity of tyrosine
hydroxylase (TH) in the striatum of their male offspring at peripubertal ages. In the present work, we examined whether this
cffect was accompanied by modifications in TH gene expression. The amount of TH-mRNA — measured by Northern blot
analysis with a specific TH probe — in the mesencephalon of 15- and 20-day-old male rats perinatally exposcd to hashish
extracts was higher than that measured in aged-matched controls. No differences appeared at 30 and 40 days after birth, a priori
because they correspond to ages after the hashish withdrawal occurring on day 24 after birth. However, a significant decrcase in
the amount of TH-mRNA was observed in adult animals (70 days of life} perinatally cxposed to hashish. The increase in
TH-mRNA concentrations observed in hashish-exposed 15-day-old animals corresponded to an increase in the amount of TH
protein, measured by Western blot analysis, in the mesencephalon, with no differences in the striatum. However, the amount of
TH protein in both tissues was not modified by perinatal hashish treatment in adult animals, where TH-mRNA amounts had
been decreased. In summary, perinatal cannabinoid exposurc enhances the expression of the TH gene in mesencephalic
catecholaminergic neurons during early peripubertal ages, coinciding with hashish treatment. Normality was found after hashish
withdrawal and an interesting decrease in the amount of TH-mRNA appeared in adulthood, although with no reflection on the
amount of TH protein.

Key words: Marihuana; Cannabinoid; Mesencephalic catecholaminergic neuron; Nigrostriatal dopaminergic neuron; Tyrosine
hydroxylase; Tyrosine hydroxylase gene

We have recently reported that the development of
nigrostriatal dopaminergic neurons is markedly af-
fected by the perinatal exposure to the psychoactive
constituents of Cannabis sativa derivatives (marihuana,
hashish) [9,10] (for a review, see [2]). This was to be
expected because: (i) the striatum and the other basal
ganglia of adult rats contain one of the highest densi-
ties of cannabinoid receptors [5], although they do not
appear to be located in the nigrostriatal neurons but
rather in their functionally related striatonigral
GABAergic neurons [4]; (ii) we have recently described
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that these receptors are present from the early postna-
tal life in these brain areas [11]. Perinatal exposure to
cannabinoids decreases the activity of tyrosine hydrox-
ylase (TH) in the rat striatum [10]. This effect was
observed consistently throughout the peripubertal pe-
riod (15-40 days after birth) [10] but only in males, in
parallel with a decrease in spontaneous locomotor ac-
tivity [2,9]. Both effects are partially normalized in
adulthood, although certain behavioral and neuro-
chemical alterations still remain at this age [9].

An interesting question emerges from these previ-
ous data: is the cannabinoid-induced decrease in the
ontogeny of striatal TH activity accompanied by
changes in the TH synthesis? To elucidate this ques-
tion, pregnant rats were fed daily with hashish extract
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from day 5 of gestation until day 24 after birth and
their male pups used at different immature ages and in
adulthood to analyze TH gene expression. This was
evaluated in the mesencephalon, the area where cell
bodies for TH-containing striatal neurons, basically
nigrostriatal dopaminergic neurons and other minor
mesostriatal catecholaminergic neurons, are clustered,
using Northern blot analysis with a specific TH probe.
In addition, analyses of the amount of TH protein were
also made, using Western blots, to correlate with
mRNA changes. This was done not only in the mesen-
cephalon but also in the striatum.

Animals, treatments and sampling. Female virgin
rats of the Wistar strain were housed from birth in a
room with controlled photoperiod (08.00 h-20.00 h
light) and temperature (23 + 1°C). They had free ac-
cess to standard food and water. At adult age (> 8
weeks of life; 150-200 g), they were pregnant and used
for the cannabinoid exposure studies. Hashish was
obtained from the Spanish Administration. A crude
extract was prepared in a sesame oil solution as previ-
ously reported [10] (it contained 14.5% of 8°-tetrahy-
drocannabinol (THC) and lesser percentages of other
related cannabinoids). Pregnant females received a
daily oral dose of hashish extract (equivalent to 20
mg/kg THC daily) or vehicle from the 5th day of
gestation until day 24 after birth, the day on which the
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rats were weaned. Males born from these mothers
were sacrificed at different immature ages (15, 20, 30
and 40 days after birth) and in adulthood (70 days after
birth). Their brains were quickly removed and the
mesencephalon and the striatum dissected [3] and im-
mediately frozen at —70°C until assayed.

RNA extraction and blot hybridization. Analysis of
mRNA-TH concentrations from mesencephalic sam-
ples was done by using the method of RNA extraction
described by Chomezynski and Sacchi [1] and a method
of blot hybridization using a rat TH cDNA kindly
supplied by Dr. Chikaraishi (Tufts University, Boston,
MA, USA) [8] (see the legend to Fig. 1 for details).
Values are the means + S.E.M. of at least four differ-
ent samples.

Immunoblot analysis. Analysis of TH protein
amounts was done according to the method described
by Labatut et al. [7] using a monoclonal anti-TH anti-
body (see the legend to Fig. 2 for details). Values are
the means + S.E.M. of at least four different blots.

Statistics. For data analysis, two-way analysis of vari-
ance (treatment-age), followed to an appropriate post-
hoc analysis, were used.

The postnatal ontogeny of TH-mRNA levels in the
mesencephalon of the control male rats followed a
typical pattern. In this sense, we found a progressive
increase as from day 15, reaching a maximum on day
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Fig. 1. Effects of perinatal cannabinoid exposure on TH-mRNA concentrations in the mesencephalon of immature and adult male rats. A:
Northern blot analyses, showing the 1.9 kb band corresponding to TH-mRNA, of total RNA extracted from the mesencephalon of perinatally
hashish-exposed male rats at different ages after birth selected from the most representative. Total RNA was probed with a [**P}TH-cDNA
using previously published [12] conditions of hybridization and washing. Blots were exposed to X-ray films and the autoradiograms quantitated by
computer-assisted videodensitometry. As a contral, 20 pg of total RNA from a pool of rat adrenal glands were run in each gel and the
densitometric values referred to it, Every age corresponded to different blots wizh a different control signal as revealed by the different rRNA
signals in the Methylene blue stain. B: Methylene blue stain of the membranes after transfer, in which the positions of 18s and 28s rRNA are
indicated. Left blot: oil-exposed 15-day-old males (lane 1) and hashish-exposed 15-day-old males {lane 2); Right blot: oil-exposed 70-day-old
males (lane 1) and hashish-exposed 70-day-old males (lane 2). C: TH mRNA concentrations in the mesencephalon of perinatally hashish-exposed
male rats at different ages after birth. Values are expressed as percentages of a control value (total RNA from adrenal glands), They are
presented as means + S.E.M. of at least four different determinations per group. * Indicates P < 0.05 according to two-way ANOVA (treatment:
F 49 =3.08, ns; age: F, 9= 7.38, P <0.005; interaction: Fy,q =322, P < 0.05).
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40 and decreasing afterwards in adulthood (Fig. 1).
This pattern was not similar to that observed in the
amount of TH protein in the mesencephalon, where
relatively similar values were found at 15, 40 and 70
days of age (Fig. 2). This presumably indicates the
existence of age-dependent changes in the regulation
of TH gene expression at transcriptional or transla-
tional levels. In the striatum, the evolution of TH
protein amounts also followed a particular pattern,
exhibiting a progressive increase as from day 15 until
adulthood (Fig. 2). Interestingly, this pattern is similar
to that previously reported in the enzymatic activity of
TH in the striatum of control animals [10].

These patterns, especially in the mesencephalon,
were markedly modified by perinatal hashish treat-
ment. The effects of the treatment always depended on
age as revealed the two-way analysis of variance (see
the legends to the corresponding figures). Thus, the
amount of TH-mRNA in the mesencephalon of 15-
and 20-day-old male rats perinatally exposed to hashish
extracts was higher (110.2% and 104.6%, respectively)
than that observed in aged-matched controls (Fig. 1).
This difference was statistically significant in animals
of 15 days of age, whereas the level of statistical
significance was borderline in 20-day-old rats. We be-
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lieve that this latter aspect would be due to the exis-
tence of important individual differences at this age, as
revealed the high S.E.M. of TH-mRNA values in both
groups. The increase in the mesencephalic content of
TH-mRNA at 15 days after birth was accompanied by
a parallel increase (81.8%) in the amount of TH pro-
tein measured by Western blots (Fig. 2). However, this
increase was not seen in the striatum (Fig. 2). This
could mean that in spite of the higher TH synthesis in
the mesencephalon, where cell bodies of mesostriatal
neurons are located, the axoplasmic transport of this
protein to the striatal terminals was not correlatively
increased or that the half-life of the protein in these
terminals was correlatively decrcased. However, the
present results do not confirm that the augmented TH
gene expression in the mesencephalon of hashish-ex-
posed 15-day-old males is only circumscribed to mesos-
triatal dopaminergic neurons. Possibly, it could occur
in other mesotelencephalic dopaminergic neurons as
well as in other catecholaminergic neurons, whose cell
bodies are also located in the mesencephalic area
dissected in the present study. However, the densest
population of TH-containing cell bodies in the mesen-
cephalon mostly corresponds to nigrostriatal and
mesolimbic dopaminergic neurons. In this regard, we
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Fig. 2. Effects of perinatal cannabinoid exposure on the amount of TH protein in the mesencephalon and the striatum of immature and adult
male rats. A: Western blot of total TH protein in the mesencephalon of perinatally hashish-exposed male rats at different ages after birth
selected from the most representative. Tissues were subjected to previously published procedures of electrophoresis and immunolabelling [7).
Blots were exposed to X-tay films and developed under standard conditions. Films were quantitated by computer-assisted videodensitometry. As
a control, a constant amount of total protein from a pool of rat striatal tissues was run in each gel and the densitometric values referred to it. The
positions of molecular size markers (in Kilodaltons) are shown. Lanes are: {1) oil-exposed 15-day-old males; (2) hashish-exposed 15-day-old males;
(3) oil-exposed 40-day-old males; (4} hashish-exposed 40-day-old males; (5) oil-exposed 70-day-old males; and {6) hashish-exposed 70-days-old
males. B: TH protein amounts in the mesencephalon and the striatum of perinatally cannabinoid-exposed male rats at different ages after birth.
Values are expressed as percentages of a control value (total TH protein from striatal tissues). They are presented as means 4+ S.E.M. of at least
four different determinations per group.® Indicates P < 0.05 according to two-way analysis of variance (mesencephalon: treatment; Fi 9= 374,

ns; age: Fy,5 = 3.63, P <0.05; interaction: F 5 = 7.40, P < 0.005).
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have also found that TH protein amounts in the limbic
forebrain were not affected by perinatal hashish expo-
sure (data not shown).

Perinatal hashish treatment did not affect either the
amounts of TH-mRNA in the mesencephalon of ani-
mals at 30 and 40 days of age (Fig. 1) or the amounts of
TH protein in the mesencephalon and the striatum
(Fig. 2) of 40-day-old rats. This could be related to the
fact that these ages correspond to moments after
hashish withdrawal. Because previous studies have in-
dicated that THC and its metabolites disappear from
the intact rat with a half-life of approximately 17 hours
[6], it is unlikely that significant amounts of cannabi-
noids would have been present in the brain of the
offspring at these ages and, of course, in adulthood.
Hence, the effects on TH synthesis observed on day 15
after birth are acute and readily reversible and disap-
pear after the drug withdrawal. However, an interest-
ing decrease in the amount of TH-mRNA (45.9%) was
observed in adult males perinatally exposed to hashish
(Fig. 1). This effect might represent a potential long-
term effect caused by perinatal hashish exposure. How-
ever, the fact that this reduction was not accompanied
by changes in amounts of TH protein either in the
mesencephalon or in the striatum (Fig. 2) (a non-sig-
nificant trend to decrease could be appreciated in the
striatum) seems to indicate that it would be apparent
only when faced with certain circumstances which might
demand a higher dopamine synthesis with a possible
requirement of de novo TH synthesis rather than in
basal conditions.

In summary, perinatal cannabinoid exposure cn-
hances the expression of the TH genc in mesen-
cephalic catecholaminergic neurons during early
peripubertal ages, coinciding with hashish treatment,
whereas normality was found after hashish withdrawal
and an interesting decrease, but only in the amount of
TH-mRNA, appeared in adulthood.
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