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Abstract

Pregnant Wistar rats received 50 ppm of zinc (ZnSO, - 7H,0) in their drinking water for the entire
duration of pregnancy. On the day of delivery zinc was removed from the drinking water. Another group,
dams, received 50 ppm of zinc in drinking water during the suckling period (from delivery until the 21st
day of postnatal life). Their offspring were weaned on the 21st day, at which time zinc was removed from
the drinking water. The control group drank tap water only. In 8-12-week-old offspring of all three groups
the DA, DOPAC, HVA, 3-MT, 5-HT, 5-HIAA, NA, and MOPEG synthesis rate in the brain was estimated
by HPLC/ED technique. Independent behavioral exam were performed such as locomotor and exploratory
activity, irritability, yawning and oral activity, stereotype behavior, catalepsy and others. For the above, cen-
tral DA receptor agonists (quinpirole, SKF 38393, apomorphine, 7-OH-DPAT) or antagonists (haloperidol,
SCH 23390) were used. It was found that exposure to zinc during early stages of ontogenic development
produce changes in the central dopaminergic system activity of adult offspring. From the above we con-
cluded that uncontrolled supplementation with zinc during pregnancy or lactation can induce disturbance
of the central dopaminergic system in adult mammal.
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Introduction

Zinc (Zn) is a nutritionally essential metal, and Zn-de-
ficiency results in severe health consequences. Conversely,
excessive exposure to Zn is relatively uncommon and a
heavy body-burden is found only after heavy exposure [1].

Zn is ubiquitous in the environment, so that it is pres-
ent in most foodstuffs, water and air. Zn exposure may be
increased if drinking water is in contact with galvanized
copper or plastic pipes. Zn applied to soil is taken up by
growing vegetables. Zn atmospheric levels are increased
over industrial areas. The average daily intake is approxi-
mately 12 to 15 mg, mostly from food [1].
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About 20 to 30 percent of ingested Zn is absorbed.
The mechanism is thought to be homeostatically con-
trolled and is probably a carrier-mediated process [2]. It is
influenced by prostaglandins E, and F,, and Zn is chelated
by picolinic acid — a tryptophan derivative. Deficiency of
pyridoxine or tryptophan depresses Zn absorption. Within
the mucosal cell, Zn induces metallothionein synthesis
and, when saturated, may depress its absorption. In the
blood, about two-thirds of Zn is bound to albumin, and
most of the remainder is complexed with B -macroglobin
[3].

Zn concentration in tissues varies widely. Liver re-
ceives up to about 40 percent of a tracer dose. Concen-
trations of Zn in this organ are influenced by humoral
factors including adrenocorticotropic hormone, parathy-
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roid hormone, and endotoxin. In the liver, as well as in
other tissues, Zn is bound to metallothionein. The greatest
concentration of Zn in the body is in the brain and in the
prostate, probably relative to the rich content of the Zn-
containing enzyme acid phosphatase [1].

Hundreds of metalloenzymes require Zn as a cofactor,
and Zn-deficiency results in a wide spectrum of clinical
effects depending on age, stage of development, and defi-
ciencies of related metals.

Zn toxicity from excessive ingestion is uncommon, but
gastrointestinal distress and diarrhea have been reported fol-
lowing ingestion of beverages standing in galvanized cans or
from the use of galvanized utensils. However, evidence of he-
matologic, hepatic, or renal toxicity has not been observed in
individuals ingesting as much as 12 g of elemental Zn over a
two-day period [1]. In animals teratogenicity and carcinogenic-
ity mostly of sex organs was observed [4]. On the other hand
Zn deficiency induced Prasad’s syndrome in humans [5].

There are some data on the toxic effect of Zn exposure on
the central dopaminergic system in mammal. Zn applied to
the brain’s substantia nigra of rats decreased dopamine (DA)
content and tyrozine hydrooxylase activity in the examined
structure [6]. Some authors suggested a role for Zn in the eti-
ology of Parkinson’s disease because of its ability to generate
free radical oxygen species [7-9]. In the post-mortem study
of a person who died of Parkinson’s disease the Zn level in
the brain was 31-35% higher as compared to the control [10].
Zn also can induce apoptosis and neurodegeneration [11].
Agents chelating Zn prevent its neurotoxic activity in vitro
[7]. In another study it was shown that Zn regulates neuronal
uptake of the DA [12, 13], influencing the function of the DA
membrane transporter (DAT) [14-16]. Zn also modulates ac-
tivity of MAO [17] and decreases specific antagonist binding
to the central DA receptors [12, 18].

Zn easily penetrates the placenta and blood-brain bar-
riers, and is transferred to a suckled child via mother’s
milk [19-21]. Among the different organs, the brain of
developing animals is most sensitive to the neurotoxic ef-
fects of Zn and other heavy metals.

There is only scarce data concerning the effect of Zn
on the central nervous system, particularly related to the
effect of Zn exposure during early stages of ontogenetic
development. It is important to know more, because of the
tendency to supplement and overdose vitamins and trace
elements during pregnancy and lactation. Accordingly,
the first aim of this study was to examine the effect of
prenatal (during intra-uteral development) and postnatal
(during the first 3 weeks of the suckling period) Zn expo-
sure on the central dopaminergic nervous system function
in adulthood. For this study biochemical and behavioral
methods were used, induced by specific DA receptors
agonists and antagonists.

Material and Methods

Adult female Wistar rats about 250 BW were used for
this study. Animals were single housed in a room at 22 +

1°C, with an alternating light/darkness cycle of 12 hours
(light on 07.00). Rats had free access to standard food pel-
lets (Labofeed, A. Morawski’s Animal Food Works, Kc-
ynia, Poland). All studies were approved by the Bioethic
Committee of the Medical University of Silesia for Ani-
mals (permission # 24/02, issued on 17.09.2002).

Pregnant rats were divided into 3 groups. The control
group received tap water during pregnancy. The second
group received tap water with Zn (ZnSO, - 7H,O; 50 ppm)
throughout pregnancy. On the day of delivery water with
Zn was replaced by tap water. The third group received
tap water during pregnancy, and from the day of delivery
for the next 21 days this group received water with added
Zn (50 ppm). Fluid consumption was monitored. At 21
days after birth offspring from each of the 3 groups were
weaned and housed by sex.

A following behavioral and biochemical study was
performed on male offspring 8-12 weeks old.

Biochemical Estimations
Biogenic Amines Assay

Two-month old male offspring from all three study
groups were sacrificed by decapitation, and the brains
were immediately excised and placed on ice. The striatum,
hippocampus and frontal cortex were separated, placed
on dry ice, weighed and stored at -70°C, pending assay.
Brain specimens were homogenized in ice-cold 0.1 M tri-
chloracetic acid, containing 0.05 mM ascorbic acid. After
centrifugation (5000 x g for 5 min), the supernatants were
filtered through 0.2 pm cellulose membranes (Titan MSF
Microspoin Filter Scientific Resources Inc., Eatontown,
GB) and the supernatant was injected into the HPLC/ED
column. In the above structure dopamine (DA), 3,4-di-
hydroxyphenylacetic acid (DOPAC), homovanillic acid
(HVA), 3-methoxytyramine (3-MT), serotonin (5-HT), 5-
hydroxyindoleacetic acid (5-HIAA), noradrenaline (NA),
4-hydroxy-3-methoxyphenylethylglycol (MOPEG) was
estimated according to Magnusson et al. [22] and ex-
pressed in ng/g of wet tissue.

DA Synthesis Rate

The study was performed in separate adult offspring
rats from the three examined groups. Animals were in-
jected with the aromatic amino acids decarboxylase in-
hibitor NSD-1015 100.0 mg/kg IP [23], and decapitated
30 minutes later for excision of the corpus striatum,
hippocampus and frontal cortex. Brain specimens were
stored at -70°C pending assay. Then in the above tissues
L-DOPA was estimated according to Magnusson et al.
[22]. The level of the above aminoacid in the examined
brain’s part was expressed indirectly as a DA synthesis
rate [23].

Each group consisted of 5-6 rats (tissues).
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Behavioral Study
Locomotor Activity [24]

Rats from each group were individually placed in
transparent glass cages 48 x 26 x 36 cm, and were allowed
to acclimate for 30 minutes. Then 1.0 ml/kg saline was
injected IP to each rat, and 10 minutes later locomotor
activity (time spent walking, sniffing, grooming and rear-
ing) was recorded in seconds during 10 minutes. Simul-
taneously, grooming time (sec) was recorded as well as
numbers of rearings. After completing the above observa-
tion irritability was evaluated according to Nakamura and
Thoenen [25].

Then quinpirole (a central DA receptor D_/D, agonist)
3.0 mg/kg IP or SKF 38393 1.0 mg/kg IP was injected,
and 30 and 60 minutes later all observations as above
were repeated.

Exploratory Activity [26]

After rats had acclimated to the laboratory environ-
ment for 30 minutes, each rat from the three examined
groups was injected IP with saline 1.0 ml/kg. Ten min-
utes later each rat was placed in the center of a wooden
platform, 100 cm square, surrounded by a 40-cm fence to
prevent escaping. The flat platform had 4 rows of 4 holes
each, 7 cm in diameter and 20 cm apart. The number of
times (during a three minute period) that each rat stuck its
head beneath the interaural line, into any hole, was count-
ed and recorded. Then quinpirole 3.0 mg/kg IP or SKF
38393 1.0 mg/kg IP was injected, and 30 and 60 minutes
later observation as above was repeated.

Yawning Activity

Yawning activity was evaluated by 7-OH-DPAT (a cen-
tral DA D, receptor agonist), according to Kostrzewa and
Brus [27]. After one-hour adaptation to the laboratory envi-
ronment, each rat was injected IP with saline 1.0 ml/kg, and
the number of yawns was counted for 60 minutes. Then,
each rat was injected IP with a low dose (0.0325 mg/kg) of
7-OH-DPAT (a selective D, receptor agonist) [28], and the
number of yawns was counted for an additional 60 minutes.
The same male rats were challenged on subsequent days
with escalating doses of 7-OH-DPAT (0.065 and 0.130),
one dose per day, and were observed as above.

Oral Movements

Oral movements (vacuous chewing) were evoked by
SKF-38393, a selective central D, agonist [24]. After ac-
climating to the laboratory environment, rats were inject-
ed with SKF-38393 in escalating daily doses of 0; 0.1; 0.3
or 1.0 mg/kg IP.

Stereotyped Behavior

Rats were individually placed in transparent glass cag-
es 48 x 26 x 36 cm, on fresh wood-chip bedding, and were
allowed to acclimate for 30 minutes. Then, all rats were
injected SC with 1.0 mg/kg apomorphine, a non-selective
DA receptor agonist. Every 15 minutes after the injection,
up to 90 minutes, stereotyped behavior of each rat was
measured by the scoring method according to Creese and
Iversen [29], on a scale of 0-6.

Catalepsy

Catalepsy was evaluated as described by Kostrzewa and
Kastin [30], using 0.5 mg/kg IP of haloperidol (a selective
central D, receptor antagonist), or SCH 23390 (a selective
central D, receptor antagonist), or saline. Each rat was placed
on a 25x50 cm wire mesh screen, forming 1x1 cm squares,
and was inclined by 60° to the horizontal plane. The time (in
seconds) taking each rat to move any paw along at least one
screen division within 60 seconds was recorded. Measure-
ments were performed 5 times: at 15, 30, 45, 60 and 90 min-
utes, and the results of each observation were summarized.

Reaction to Painful Stimulus

Reaction to painful stimulus was performed using the hot
plate method [26]. Each rat was placed on a 28 x 28 cm cop-
per plate, maintained at 55°C and surrounded within plexi-
glass walls. The time interval between the moment when a
rat had all four paws on the plate, and when it started to shake
or lick one of its paws, was recorded in seconds. Each re-
cording started 10 minutes after IP saline administration, and
was performed 3 times, with 10 minute intervals. Results are
expressed as the mean of the three measurements. No central
DA receptor agonists were used for this examination.

Locomotor Coordination [26]

After 30 minutes of adaptation to laboratory condi-
tions, rats were injected IP with saline (1.0 ml/kg). Ten
minutes later each rat was placed on a wooden bar, 3 cm
in diameter. The bar rotated longitudinally five times per
minute, and the length of time (in seconds) each rat man-
aged to stay on the rotating bar was recorded. A rat that
stayed on the bar for 300 seconds was taken off. This test
was carried out on each rat twice, at 30-minute intervals,
and the mean time was calculated for each rat. No central
DA receptor agonists were used in this study.

Each group consisted of 8 rats.

Statistical Analyses

Data from all biochemical or behavioral studies were
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analyzed by two-way ANOVA and post-ANOVA test of
Neuman-Kuels. Differences in p value of < 0.05 were
considered significant.

Results

Consumption of Fluids

Pregnant rats drank an average of 14.5 ml/100g BW of
tap water (control group), and 13.7 ml/100g of tap water
with added Zn (50 ppm) (study group) per day. Rats that
nursed their litters drank 15.2 ml/100 g BW of water with
added Zn per day.

Biogenic Amines Assay (Table 1).

The DA level in the frontal cortex of the brain in-
creased significantly in adult rats exposed to Zn prena-
tally and postnatally by ab., 37% and 54%, respectively as
compared to the DA level in the control group. No differ-
ences in the level of all other examined biogenic amines
between all three groups in the frontal cortex, striatum or
hippocampus of adult rats were observed.

The L-DOPA level increased in the striatum only of
adult rats postnatally exposed to Zn only by ab. 17% as
compared to the control group. No significant changes in
L-DOPA level was observed in the other examined struc-
tures of the adult rat’s brain exposed to Zn pre- and post-
natally.

Behavioral Study (Table 2)

Spontaneous locomotor activity (after saline) of the
rats from the three examined groups was similar. Rats
were active about 200 seconds during 600 seconds of ob-
servation. Quinpirole (a central DA D,/D, receptor com-
plex agonist) 3.0 mg/kg IP increased locomotor activity
30 and 60 minutes after its injection in all three examined
groups. The strongest effect was observed in the adult
rats exposed to Zn postnatally as compared to the control.
SKF-38393 (a central DA D, receptor agonist) 1.0 mg/
kg IP did not influence locomotor activity in any exposed
group 30 and 60 minutes after its application in compari-
son to the respective controls.

Spontaneous grooming time (after saline injection)
was similar in all three examined groups. Rats groomed
about 120 seconds. Quinpirole 30 minutes and 60 minutes
after its injection dramatically decreased grooming time
in all examined groups as compared to saline control. No
grooming was observed in adult animals exposed to Zn
postnatally. 60 minutes later grooming behavior was very
short in all three examined groups of rats pretreated with
Zn, but shortest in postnatally exposed rats as compared
to the respective controls. SKF 38393 1.0 mg/kg IP did
not influence grooming activity (30 and 60 minutes after
its injection) in any examined group of adult rats as com-
pared to respective controls.

The spontaneous number of rearings (after saline in-
jection) was similar in all three examined groups, rang-
ing from 1.5 (control) to 2.5 (Zn prenatal). Quinpirole 3.0
mg/kg IP increased the number of rearings in the control
and Zn prenatally exposed rats 30 and 60 minutes after

Table 1. Effect of zinc pre- and postnatal exposure on the level of biogenic amines and 1-DOPA in the brain of adult rats (x = SEM; n = 5-6).

BIOGENIC AMINES
ng/g of wet tissue DA | DOPAC | HVA | 3-MT | 5-HT |5-HIAA| NA | MOPEG | L-DOPA
Part of the brain Group
100242 | 7599 | 6699 | 1598 | 4192 | 3203 | 1428 - 1393.0
CONTROL |\ 4168 | +471 | <455 | 127 | £256 | +168 | ~11.4 = 1838
Zn 97415 | 7112 | 6979 | 1408 | 4043 | 3032 | 1109 - 1389.6
STRIATUM | bR ENATAL | £295.7 | <402 | 375 | =141 | 262 | +106 | +58 - +114.0
Zn 11160.9 | 7442 | 6914 | 1246 | 4299 | 3393 | 1272 _ 1638.8%
POSTNATAL | +592.2 | +422 | +338 | =117 | +163 | +21.8 | =115 +66.9
i - - _ 2962 | 1609 | 5283 | 116.8 919
CONTROL | = = = £205 | 106 | £287 | £105 | 40
Zn B - _ _ 287.9 | 1958 | 425.1 | 1123 89.3
HIPPOCAMPUS | bp ENATAL - - +£267 | £190 | £289 | £73 | £6.0
Zn _ _ _ _ 267.1 | 1695 | 4902 | 1185 95.1
POSTNATAL £163 | £102 | 429 | +65 | +69
198.5 437 58.1 - 4004 | 1413 | 3723 | 1227 | 1564
CONTROL | g | 1238 | +338 - 211 | +76 | +692 | =89 | £176
FRONTAL Zn 272.1% | 41.0 47.8 _ 3507 | 1382 | 3262 | 1460 | 1583
CORTEX PRENATAL | +139 | =36 | +82 £272 | £81 | £106 | £125 | =7.1
Zn 3652% | 532 66.8 _ 362.0 | 1514 | 483.0 | 1482 | 157.6
POSTNATAL| +463 | +53 | +50 £241 | 145 | 655 | +96 | +97

Explanation: * p < 0.05 as compared to the control, = not detectable
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Table 2. Effect of zinc pre- and postnatal exposure on locomotion irritability and exploratory activity of the adult rats after quinpirole
and skf 38393 application (x £ sem; n = 8).

TYPE OF QUINPIROLE 3.0 mg/kg/IP SKF 38393 1.0 mg/kg IP
ALINE ALINE
BEHAVIOR S 30 min. 60 min. S 30 min. 60 min.
CONTROL 190.7 £48.7 [472.1 £47.9% | 499.0 £ 48.2* | 245.0+42.4 | 263.8£60.9 | 168.2 + 64.6
LOCOMOTOR 70
ACTIVITY PRENATAL | 16235649 |332.8+61.5% | 533.5£24.0% | 1633366 | 168.7+76.3 | 86.0:+42.5
seconds 7n
* *
POSTNATAL 222.1+£44.1 |412.4+70.6*% | 557.1 £19.0% | 308.6 £56.0 | 293.0+42.7 | 117.5+32.1
CONTROL 119.2 £42.5 11.6 £4.5*% | 27.0+19.7* | 111.2+31.2 | 142.1+483 | 82.6+31.8
GROOMING Zn * -
scconds PRENATAL 118.1+32.2 | 20.8+12.8 7.6+5.1 84.8+24.4 | 106.6£53.1 | 33.7x12.1
Zn o .
POSTNATAL 127.6 £43.0 | 0.0+0.0 22+1.0 125.0+43.9 | 1383 +38.1 | 46.0+16.2
CONTROL 1.5£0.9 19.7 £ 8.1*% | 29.6 + 12.4* 22+1.7 2.0+0.6 22+1.1
REARINGS Zn
ber PRENATAL 25+14 14.0+99 13.0£10.6 1.2+0.5 1.6+£0.9 1.6+0.9
/n * *+
POSTNATAL 1.6 £0.8 132+72 7.1+4.1 42+1.3 22+1.1 1.6 £0.6
CONTROL 1.0+£0.0 22+0.5 1.7+£04 1.4+0.2 1.1+0.4 09+0.3
IRRITABILITY Zn
Seores PRENATAL 09+0.2 1.0£0.3 1.0+0.3 1.2+0.1 0.5+£0.2 0.2+0.1
Zn
POSTNATAL 1.0+0.0 09+0.2 0.7+0.3 1.0+ 0.0 0.7+0.1 03+0.2
CONTROL 98+24 59+2.0 54+14 13.8£2.7 8.0x1.5 42+1.0
EXPLORATORY 7
ACTIVITY n
rber of PRENATAL 6.1+2.6 49+0.6 4.7+0.7 7.1+1.8 102 +£2.1 7.1+£22
i Zn
peepings % %
POSTNATAL 149+24 3.7£0.9 42+1.2 15.1£2.0 127+ 1.5 102+1.9
Explanation: * p < 0.05 as compared to saline, + p < 0.05 as compared to control
25 4
its injection. SKF 38393 1.0 mg/kg IP did not change the
rearing activity in all three examined groups of adult rats 20
30 and 60 minutes after its injection in comparison to re- 2
spective control (saline). =
Spontaneous irritability (after saline injection) was E 10 A .
similar in all three examined groups (about 1.0). Quin- “ . :
pirole and SKF 38393 did not change irritability in any 1
examined group 30 and 60 minutes after their application o
0.9% NaCl 0.0325 0.065 0.130

as compared to respective control (saline).

Exploratory activity (after saline injection) was similar
in all three examined groups (about 10 peeps per 3 min-
utes of observation). Quinpirole 3.0 mg/kg IP decreased
the number of peepings mostly in postnatally exposed rats
30 and 60 minutes after its injection as compared to re-
spective control (saline). SKF 38393 1.0 mg/kg IP did not
modify exploratory activity in any examined group.

Yawning activity (Fig. 1). The average number of yawns
after saline injection in all examined groups was about 2.5,
and steadily increased after 7-OH-DPAT up to a dose of
0.130 mg/kg IP. The greatest increase was observed in the
control group (tap water), and the lowest number of yawns
was noticed in rats exposed to Zn prenatally. The number
of yawns after 7-OH-DPAT in the rats pretreated with Zn
postnatally was in between the above groups.

1.0 ml/kg IP
7-OH-DPAT mg/kg IP

Fig. 1. Effect of pre- and postnatal zinc (Zn) exposure on yawn-
ing behaviour in adult rats after 7-OH-DPAT application (x +
SEM; n=28)

Explanation: 1. — O — control, 2. — M— Zn prenatally 50 ppm in
drinking water, 3. —A— Zn postnatally 50 ppm in drinking water,
*p <0.05 as compared to the control

Oral activity (Fig. 2). There was a gradual increase in
the number of oral movements in all three groups tested af-
ter SKF 38393 challenges. The lowest effect was observed
in prenatally exposed group as compared to the control.
The group exposed to Zn postnatally was in between the
values of control and Zn prenatally exposed adult rats.
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Stereotyped behavior (Fig. 3). Scores for stereotyped
behavior peaked in all three groups at 15 to 30 minutes af-
ter apomorphine 1.0 mg/kg SC administration, then grad-
ually declined. There were insignificant differences in the
scores between the three examined groups up to 45 min-
utes of observation. In 60 and 75 minutes of observation
significantly higher scores were observed in the prenatally
exposed rats as compared to the other two groups.

No differences in catalepsy intensity between the three
examined groups were observed after haloperidol or SCH
23390 0.5 mg/kg IP application (results not presented).

Reaction to pain stimulus was significantly higher in
both groups of adult rats exposed to Zn (pre- and postna-
tally) as compared to the control group, and higher in the
Zn postnatally exposed group (6.09 £ 0.18; 7.26 + 0.41
and 5.08 = 0.40 seconds respectively).

Locomotor coordination expressed in seconds was
significantly shortest in the Zn prenatally pretreated rats
and longer in postnatally exposed rats as compared to the
control (13.35 + 2.41; 122.8 + 45.55 and 67.66 seconds,
respectively).

Discussion

In the present study we exposed pregnant rats to Zn in
the concentration of 50 ppm in drinking water. We have
used similar concentrations of other heavy metals (eg.
lead, cadmium, mercury) to expose pregnant rats and cen-
tral dopaminergic system function study in adult offspring
[31-33]. There was no such model in the literature and the
concentration of Zn used cannot be related to any other
data except ours. It must be stressed that daily requisition
of Zn in humans is about 15 mg. Pregnant and lactating
women have a tendency to take additional vitamin com-
plexes where usually trace elements are added, among
them Zn. As a consequence, overdosage of the metal can
easily occur.

Zn is easily transferred through the blood-placenta
and blood-milk barriers, and is therefore easily available
in fetuses and in pups [19, 21, 34, 35]. For this reason we
chose the pregnant rat as our study model for Zn intoxica-
tion of the offspring. The reason for choosing neurotrans-
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Fig. 2. Effect of pre- and postnatal zinc (Zn) exposure on oral
activity in adult rats after SKF 38393 application (x £ SEM;
n = 8). Explanations in Fig. 1.

mitter-induced behavioral parameters as our criteria stems
from the fact that the fetal and developing brains are much
more susceptible to the toxic effects of Zn as compared to
mature brain tissue, because of the slow development of
the fetal blood-brain barrier. For this reason, uptake of Zn
by the fetal rat brain during gestation is greater than its
uptake by the brain after weaning. In our previous study
we found that mostly postnatal Zn exposure increased
metal accumulation in the brain of 3-week-old offspring
[36]. It also has been demonstrated that Zn interferes with
synaptic mechanisms of release of some neurotransmit-
ters, and is responsible for the observed impairment of
various neurotransmitter systems.

The central dopaminergic system has been demon-
strated to have two main receptor classes, D1 and D2.
To both classes of DA receptors belong different types of
receptors: D, — D_, which are involved in behavioral, neu-
robiological and psychotic disorders [37]. Many of their
agonists and antagonists have been used for treating men-
tal disturbances. In addition, nonselective and selective
agonists such as apomorphine, SKF-38393, quinpirole, 7-
OH-DPAT, and antagonists such as haloperidol and SCH-
23390, have been widely used as pharmacological tools.

SKF-38393 is an agonist of the D, receptor complex,
which includes D, and D, (D,-like) receptor subtypes.
The D, subtype is associated with SKF-38393-induced
oral activity in rats, and this has been demonstrated to be
a sensitive method for evaluating its binding [38]. Quin-
pirole and 7-OH-DPAT has been shown to be an agonist
of the D, and D, (both D2-like) receptor subtypes, respec-
tively. The D,/D, receptor complex has also been impli-
cated in quinpirole and 7-OH-DPAT-induced yawning or
locomotor behavior. It has therefore been suggested that
the D, receptor subtype may be the most important of the
D, receptor isoforms, which is involved specifically in
yawning [28, 39]. For this reason we have used the oral
movement, locomotor and yawning activity induced by
DA agonists, in order to assess the reactivity of DA re-
ceptors following pre- and postnatal exposure to Zn. Also
apomorphine, a nonspecific central DA receptor agonist
was used for stereotype behavior measurements.

Zn is an essential nutritional element, involved in the
activity of many enzymes and in a variety of biochemi-

SCORES
w

0 15 30 45 60 75 min
APOMORPHINE 1.0 mg’kg SC

Fig. 3. Effect of pre- and postnatal zinc (Zn) exposure on ste-

reotype behavior in adult rats after apomorphine application
(x = SEM; n = 8). Explanations in Fig. 1.
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cal processes. It can interact with such metals as copper,
iron, manganese, cadmium and lead. Administration of
Zn together with cadmium decreases its hepatic and renal
uptake and reduces the cadmium-induced inhibition of
delta-aminolevulonic and dehydratase activity in serum.
Increased dietary Zn content decreased cadmium level in
blood and tissues, and its toxicity in mammals [40, 41].
Zn also protects cadmium and copper inhibition of glu-
cose transport in the kidney in vitro [42]. Previously we
found that single injection of Zn followed by consumption
of cadmium-containing water during pregnancies of rats,
prevent some disadvantageous effects on the central DA
receptors reactivity to specific agonists and antagonists in
their offspring [43].

Overdoses of Zn from excessive ingestion are uncom-
mon, and result mostly from inhalation of Zn fumes dur-
ing industrial processes. It may cause respiratory prob-
lems, fever, weakness, nausea and vomiting [1, 40].

As previously mentioned, Zn is an environmental ele-
ment among many others suspected to induce neurotox-
icity and Parkinson’s disease development [7-9]. In our
experiment we presented that pre- and postnatal exposure
of rats to Zn-modified reactivity of the central DA recep-
tors to their agonists and antagonists, and by this function
the dopaminergic system, can be changed. Pretreatment
with Zn also affected locomotor coordination and reactiv-
ity to pain stimulus. Observed behavioral changes were
manifested mostly in prenatal Zn-exposed rats, in contrast
to biochemical changes such as DA level and its turnover,
and uptake of (*H)glucose [36] was more expressed in
postnatal exposed adult animals.

From the foregoing we conclude that prenatal exposure
to Zn can change the function of the central dopaminergic
system, and that uncontrolled supplementation of Zn dur-
ing pregnancy or the suckling period can be disadvanta-
geous for the developing mammalian brain (especially for
the central dopaminergic neurotransmitter system).
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