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1. Introduction

Perinatal period is essential in the developmerthefcentral nervous system. Injuries in
this period can cause severe damage with permalisatiilities. However, very little is
known about the short-term effects of neuronal olesj despite the prognostic
significance of the early changes. The nervousegyst especially in young age — has a
huge potential of plasticity and regeneration, Wwhtan prevent the negative effects of
neuronal damage. Examination of the environmeraelofs affecting this regeneration
and remodeling process is very important. In itis first two weeks of age is the critical
period of neuronal maturation. Pups reach adulellem development at the third
postnatal week. In our present studies we used didfterent types of treatments in
newborn rats. Toxic lesion was induced by monosuodijlutamate and hypoxic/ischemic
lesion was induced by carotid occlusion and hypexigosure. As positive influence we
treated neonatal rat with the neurotrophic pityiteadenylate cylase activating
polypeptide (PACAP), and finally, we used enricheavironment. Neurobehavioral
development was examined with complex functionstiste

1.1. Monosodium-glutamate (MSG)

Glutamate, the major excitatory neurotransmittethi@ brain, is also categorized as an
excitotoxin. Monosodium glutamate (MSG) is use@dsod additive, which causes only
minor alterations in adults. However, administrataf MSG to neonatal rodents brings
about several profound changes. It leads to degkoerof the neurons in the arcuate
nucleus, inner retinal layers and various otheinbaigeas.

1.2. Hypoxic/ischaemic lesion

Perinatal hypoxic-ischemic injury is a serious peob in human neonates, with a high
risk of future behavioral and neurological deficits spite of improvements in obstetric
and neonatal intensive care. The most commonly teieht model of neonatal hypoxia-
ischemia is the unilateral ligation of the caratidery followed by a period of hypoxic
exposure.

1.3. Pituitary adenylate cyclase activating polypejle (PACAP)

PACAP was isolated in 1989. It exists in forms 8f&d 27 amino acid residues, with

PACAP38 being predominant. Since its discoveryesm\effects have been attributed to



PACAP, and numerous studies show its neurotrophdt reeuroprotective actions. It is
suggested that the peptide acts in the neural tusgng patterning to control cell

proliferation and gene expression. Several othafiss show that PACAP patrticipates in
regulating mitosis, differentiation and apoptosisiglg neurogenesis.

1.4. Enriched environment

The discovery that rats raised as pets show h@ttéormance in various problem-solving
tasks than animals raised in laboratory conditigménted out the importance of
environmental effects in the development of thevoes system. Expanded field,
compared to standard laboratory cages, with coatisunew stimuli has positive

environmental effects, thus improves development.

1.5. Aims of the present study
1. Examination of neurobehavioral development of newboats using standard
neurological tests in:

e Toxic (monosodium-glutamate induced) lesion

* Hypoxic/ischemic injury

* Neurotrophic factor (PACAP) treatment

» Enriched environment
2. Examination of possible neuroprotective effeftBACAP treatment or environmental
enrichment in monosodium-glutamate induced toxsoie.



2. Materials and methods

2.1. Animals

TREATMENT NUMBER OF ANIMALS

30 treated and 15 control in reflex and mator
coordination tests

Monosodium- 14 treated and 12 control in the open-field
glutamate test
12 treated and 12 control in novelty-seeking
tests

12 treated and 12 sham operated in reflex,
motor coordination and open-field tests
18 PACAP 38, 20 PACAP 6-38-treated and
14 control in reflex and open-field tests

Hypoxia/ischaemia

PACAP 15 MSG and PACAP 38 treated animal|in
reflex and motor coordination tests
8 control and 4 MSG treated impoverished
Enri animal (standard cage),
nriched

12 control and 16 MSG treated enriched
animal is reflex, motor coordination and
open-field tests
Animal housing, care and application of experimept@cedures were in accordance

with institutional guidelines under approved pratisc (No: BA02/2000-20/2006,

University of Pecs).

environment

2.2. Treatments
2.2.1. MSG treatmenRat pups received a high dose of 4 mg/g, or losedof 2 mg/g

MSG subcutaneously, dissolved in physiologicalnrgabn postnatal days 1, 3, 5, 7 and 9
or on postnatal days 1, 5 and 9. Control animalsived only physiological saline on the
same days.

2.2.2. Hypoxic-ischemic injuryNeonatal unilateral carotid artery ligation waduned in

7 day-old Wistar rat pups. The left common caratitéry was ligated through a midline
cervical incision. Following surgery pups were @daen an airtight chamber containing a
gas mixture of 8% oxygen and 92% nitrogen for 2rou

2.2.3. PACAP treatmentrom the day of birth to two weeks of age, allnaals in the
litters received a daily subcutaneous injectionlgig PACAP 38, or 1qug PACAP
antagonist (PACAP6-38) dissolved in sterile physgatal saline.




2.2.4. Enriched environmengirst group of animals was kept in standard haysin

conditions (dimensions: 43x30x20 cm). Second graas kept in an expanded cage
(88x50x44 cm). In this large cage, several objettifferent colour, size and shape were
placed, and half of them were changed each day.

2.3. Examination of neurobehavioral development

Examinations of neurobehavioral development wereezhout daily. Inspections were
made for maturation of physical characteristicshsag eye opening, incisor eruption and
ear unfolding. Weight was also recorded. Pups wested for the following neurological
signs and reflexes:

2.3.1. Righting reflex:

(a) Rats were placed on supine position and the tomseconds to turn over to prone
position and place all four paws in contact with surface was recorded.

(b) animals were dropped head down onto a sofasarénd the first day of landing on
four paws was recorded.

2.3.2. Negative geotaxianimals were placed head down on an inclineddicEne day

they began to turn around and climb up the boatl thieir forelimbs reaching the upper
rim was observed. Time in seconds to reach theruppé of the board was recorded
daily.

2.3.3. Sensory reflexeshe ear and the eyelid were gently touched witoon swab

and the first day of the ear twitch reflex and ¢batraction of the eyelid was recorded.

2.3.4. Limb placingthe back of the forepaw and hindpaw was touchigd thre edge of

the bench while the animal suspended, and thed@gwf lifting and placing the paws on
the table was noted.

2.3.5. Limb graspthe fore- and hindlimbs were touched with a tlud, and the first day

of grasping onto the rod was recorded.

2.3.6. Gait the animals were placed in the center of a wpéper circle of 13 cm in
diameter, and the day they began to move off tmeleciwith both forelimbs was
recorded. From the day of the appearance, theitirmeconds to move off the circle was
recorded daily.

2.3.7. Auditory startlethe first day of the startle response to a clagpsound was

observed.



2.4. Motor coordination tests

Rat pups were tested for motor coordination twieeeak between 2-5 weeks of age.

2.4.1. Grid-walking and foot-fault tesRats were placed on a stainless steel grid floor

(20x40 cm with a mesh size of 4 Ynelevated 1 meter above the floor. For a 1-minute
observation period, the total number of steps wamted. The number of foot-fault
errors, when the animals misplaced a forelimb adimb that it fell through the grid,
was also recorded.

2.4.2. Rota-rod tesAnimals were tested on a commercially availabdadmill for small

animals with diameter of 14 cm, attached to a mgamnotor. The test was performed at a
speed of 13 rpm. The pups were placed on the mgtatium and the time the animal
could stay on the rota-rod was measured (max. 2itesi.

2.4.3. Walking initiation:Rats were placed on a horizontal surface in tmeceof two

concentric circles with diameters of 10 and 45 €The time taken to move off the circles
was recorded.

2.4.4. Rope suspension tegnimals were suspended by both their forepaws on a

horizontal nylon rope, stretched horizontally 40 aver a foam pad. The time the
animals fell off the rope was recorded.
2.4.4. Inclined board tesfnimals were placed on a wooden board, and thedbwas

gradually elevated by 5 degrees. The maximum a@aglevhich the animals could
maintain position on the inclined board for 5 setwas recorded.

2.4.6. Vertical screen tedRats were placed on a screen (50 x 22 cm, gridiogs 15

mm) in the horizontal position. The screen waseédrto vertical position, and the rat was
observed for 5 seconds. A score of 0 was giveneifrat gripped to the screen for the full
5 seconds; a score of 1 was given if the rat fefird) the 5 second period and a 2 was
assigned if the rat fell immediately.

2.4.7. Elevated body swing te#nimals were held by the tail 3 cm from the botton

the surface. During the 30-second trial, the dioecend number of times the animals
moved more than 10 degrees to either the left gitrside of the vertical axis was

recorded.

2.4.8. Traversing a square bridgeats were placed on a square bridge (1x1x40 cm,
elevated 40 cm above the floor). The duration gtetayed on the bridge was measured.



2.5. Open-field activity

Animals were observed for locomotor behavior inogen-field at 2, 3, 4, 6 and 8 weeks
of age. Pups were placed in an open-field congjisifra 42x42 cm box with 21 cm high
walls around. The floor was divided into 8x8 are&ibjects were placed individually in
the center, always facing the same direction, aedewideo-recorded for 5 minutes.
Recordings were evaluated in a blinded fashion. Tdleowing parameters were
measured: distance travelled, ambulation time, hiffidg, rearing and grooming
behavior. Speed was calculated from the ambulabory and the total travelled distance.
The time spent in the first zone next to the walliroone of the four corners was also
recorded.

2.6. Novelty-seeking behavior

Testing consisted of four 5-min trials at 3 weeksge in the open-field. There were no
objects in the field during trial 1, which servesl @ familiarization period to the novel
environment. In trial 2, two identical pink glass#ied with sand with white covers were
placed in the open-field. The same two objects needhin the open-field during trial 3.
In trial 4, one of the objects (familiar object) suaeplaced with a novel object, which was
a quadrangular white plastic container with a iy The behavior of each animal was
video-recorded for 5 minutes, and behaviors weuaed later in a blinded fashion.
Total activity time, number of fields crossed, tispent in the center and in the periphery
were recorded during each trial. Central area veggarded as the fields contacting the
object and their neighboring ones. During triatle time spent in the proximity of the
familiar and the novel objects were recorded sdphraHabituation index was calculated
as a percentage of areas crossed during the @irse@nds in relation to the total crossed
fields.

2.7. Histological analysis

2.7.1. MSG Neonatal MSG treatment causes morphological amchbmical alterations
in various brain areas, including destruction & tieurons in the arcuate nucleus and in
the retina. After completing the behavioral testiramimals were anesthetized and
perfused with 4% paraformaldehyde at six weeksgef. 8rains were removed and 50

um-thick serial frontal vibratome sections were méaen the hypothalamus. Sections



were stained with toluidine-blue, and parallel EBts were processes for tyrosine-
hydroxylase (TH) immunohistochemistry.

2.7.2. Hypoxic/ischemic injuryAfter completing the behavioral testing, animelere

anesthetized and perfused with 4% paraformalder§dens were removed and ptn-
thick serial frontal vibratome sections were maflections were stained with cresyl-
violet. For morphometric analysis, a total of 2@tsms, with a 0.5 mm distance, were
used between 3.8 mm anterior and 5.2 mm posteribrdgma point. Total brain area as
well as the area of the cortex, hippocampus, smaand the lateral ventricle of both
contralateral and ipsilateral sides were measured.

2.8. Statistical analysis

Results in appearance of physical and neurologicgls were compared with ANOVA
followed by Newman-Keul's post hoc analysis. Dailglues were compared with
Student’s t-test. Improvements in the daily perfomoe in righting reflex, negative
geotaxis and gait were evaluated by ANOVA repeateshsures, while the different
groups were compared with Newman-Keul's. Corretatletween body weight and
appearance of neurological signs was evaluated 8pearman's correlation test.
Nonparametric data of the open-field were evaluate&ruskal-Wallis test followed by
Dunn post hoc analysis. Parametric data were agdlysith Newman-Keul's test
following variance analysis. Mann-Whitney test vedso used in evaluating result of the

open-field of hypoxic animals.

3. Results

3.1. MSG treatment

We used the dose of 4 mg/g given on postnatal @idyand 9. During the treatments, 2
control and 12 MSG-treated rats died. There wasigoificant difference in any test
between female and male pups. Histological invattg of the arcuate nucleus revealed
severe loss of neurons in the arcuate nucleusedftBG-treated rats compared to control
animals.

3.1.1. Physical characteristicBhere were no significant differences in theadsigns of

somatic development such as the days of eye-openitigor eruption and ear unfolding.

However, the average body weight of the MSG-treateichals was significantly lower



starting from day 6 throughout the observed 6 we€hke retarded somatic development
was also reflected in the shorter body length ef MiSG-treated pups: body length of
MSG-treated rats was significantly shorter fromehe of the first week.

3.1.2. Neurological reflexesAmong the examined neurological reflexes, forelimb

placing, forelimb grasp and air righting reflexggpeared significantly later in MSG-

treated pups compared to control rats. Rightintexefvas performed in a significantly

longer time by MSG-treated pups throughout the nadi®n period. Control animals had

better daily performance in negative geotaxis atl g

3.1.3. Motor coordination, strengtin the grid-walking test, control and MSG-treated

pups made the same number of steps during the dtenobservation period. However,
MSG-treated pups had a higher number of mistakbs Higher number of foot-faults
was the result of more mistakes with both the famed hindlimbs. Worse performance
was also observed in the rota-rod test.

3.1.4.0Open-field activityMSG-treated rats were more active during the 8rgibstnatal

weeks. A markedly increased activity was observedveek 2, when control animals
moved very little. There was no difference in tipeexd of movement between the two
groups. At 3 weeks of age, the locomotor activitglbanimals increased markedly. The
speed of the MSG-treated pups increased significariten compared to control animals
and this led to significantly larger explored aréa.4 weeks of age, most differences
disappeared. At 8 weeks of age, MSG-treated pupsgdsignificantly less than their
control littermates. The number of headlifts anariregs were not significantly different
during most of the observation period, the numlidreadlifts was lower in MSG-treated
rats only at 3 weeks of age, which was compensattdda slightly higher number of
rearings. The time spent at walls (thigmotaxis) Wwaser in MSG-treated pups at 2
weeks of age, although this difference was notissiedlly significant due to the high
number of control animals that did not move awayfrthe central starting position. At

following weeks, MSG-treated pups spent signifibalgss time at the walls.

3.1.5. Novelty-seeking behavioDuring trials 2 and 3, when the same objects were
present in the arena, MSG-treated rats showedfisigmi hyperactivity compared to the
control group. The activity of control rats sigodntly increased during trial 4, when the

novel object was introduced. MSG-treated rats sldoaveopposite behavior: activity was
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reduced during trial 4. Control rats showed no geam the habituation index during
trials 2 and 3, and rats were more active during first 90 seconds of the trials.
Habituation significantly decreased during triainéaning that rats were almost equally
active during the first and second halves of theeolation time when exposed to the
novel object. MSG-treated rats showed an oppositeeqm of habituation: it decreased
during trial 3, and increased during trial 4. Graognbehavior also showed opposite
patterns in control and MSG-treated animals. Comparof the times spent in the center
(in proximity with the objects) and in the periphehows that during trial 2, all animals
spent significantly more time in the periphery tharthe center. The ratio between the
times spent in the center and periphery did nohgbaluring trial 3 in control rats, but a
significant increase in the time spent in the cemtas observed during trial 4. During
trial 4, there was no longer a significant differerbetween central and peripheral times,
so animals spent significantly more time in thexproty of the objects when the novel
object was introduced, compared to trial 3. In Mi8€ated rats, the difference between
the central and peripheral times disappeared ajrdadng trial 3, when the same two
objects were present as during trial 2. Calculativgtimes spent in the proximity of the
novel and familiar objects during trial 4 showsttbantrol rats spent significantly more
time exploring the novel object, while MSG-treatats spent less time in the proximity
of the novel object.

3.2. Hypoxic/ischemic injury

Only 2 hypoxic-ischemic pups died during the fRdthours after the insult, and 1 further
pup died during the '3 postoperative week. Retardation of somatic devetp was
reflected in significantly less weight gain in hyio animals. Although pups with the
same average birth weight were used, body weiglaise wignificantly lower than in

control animals starting from 1 day after the hyiporsult.

3.2.1. Neurological reflexesOnly eye opening was delayed among the physical
characteristics in hypoxic-ischemic animals. Iniadd, several neurological reflexes,
such as negative geotaxis, ear twitch reflex, fioreland hindlimb grasp and gait reflex
appeared significantly later compared to normalspuiypoxic-ischemic injury caused
not only delay in the appearance of some reflexgsahimals performed certain tasks,
such as righting reflex, negative geotaxis andigastgnificantly longer times.
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3.2.2. Motor coordination, strengtin the rope test, hypoxic animals had significantl

shorter fall off latencies at 3 and 4 weeks of afpen they were allowed to use only the
right forelimb, and differences were significantyoat 4 weeks of age when they were
grasping to the rope with both forelimbs. Intemegly, the rotarod test did not reveal
significant differences. In the grid-walking testypoxic animals had significantly less
total number of steps at 2 and 4 weeks of age ntingber of foot faults was not different
between control and hypoxic groups with fore- amidlhmbs on the ipsilateral side.
Hypoxic animals had a higher number of mistake$ whte contralateral forelimb than
with the ipsilateral forelimb, and the number diilfa with the contralateral forelimb was
significantly higher than in control animals thrdwagit the observation period. In the
inclined board test, significant difference wasrfdwnly at 2 weeks of age. The time
animals could stay on a narrow bridge was longeaomtrol rats only at 2 weeks of age.
At later stages, all animals could stay on thedwitbr the entire observed 2 minutes or
could reach the platform.

3.2.3. Open-field activityln the open-field, general activity and movemeritgya did

not show gross differences between the two gra@pps moved very little at 2 weeks of
age. The number of head-lifts and rearings sigamifiky increased by 3 weeks of age, but
no significant differences could be observed betnamntrol and hypoxic animals. By 6
weeks of age, further increase was only observedemumber of rearings, and hypoxic
animals reared significantly more than control.r&isnilarly, animals traveled very short
distances at 2 weeks of age, with hypoxic animaseting slightly, but significantly
longer distances than control pups. Both groupsveldaa significant improvement by 3
weeks, with no differences between the 2 groups6 Ateeks of age, hypoxic pups
covered more distance than at 3 weeks and this siggmficantly different from the
control rats as well. Similar pattern was obserirethe speed of the animals: hypoxic
rats moved significantly faster at 2 and 6 weekag#, while no difference was observed
at 3 weeks of age. The time spent at walls andomess was significantly more in
hypoxic animals only at 2 weeks of age. Controhais spent more time at the walls and
in the corners at later stages, while the time sptang the walls did not show further
changes in hypoxic animals and they spent less itimike corners as they grew older.

3.2..4. Histological evaluatiorBrains of hypoxic pups showed a severe atrophyast
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cases. The total ipsilateral hemisphere was apmately 58% of the uninjured,

contralateral hemisphere. Most severe reductionakasrved in the hippocampus, which
was only 11% on the ipsilateral side compared eodbntralateral side. Approximately
50% reduction was observed in the cortex and tetein. A compensatory enlargement

of the lateral ventricle could be also observed.
3.3. PACAP and antagonist (PACAP 6-38) treatment

3.3.1. Physical features and neurological reflexB&CAP treatment accelerated

maturation of facial characteristics with an averag 1-1.5 days, while PACAP6-38
retarded eye opening and ear unfolding. Among tleeiralogical reflexes, the
disappearance of the crossed extensor reflex andppearance of air righting reflex and
hindlimb placing were not influenced by PACAP treaht when compared to control
groups. All other reflexes showed significant, 2.5-days advance in the PACAP-treated
animals. Anti-PACAP retarded only the appearancehwidlimb placing. PACAP
treatment caused significant advance not only enday of appearance of most reflexes,
but animals achieved certain tasks in shorter tinfeACAP-treated animals had
significantly better daily performance throughote twhole observation period than
control animals also in negative geotaxis, i.e.rdach the upper rim of the inclined
board, while there was no difference between amintedated with PACAP6-38 or
vehicle. The time taken to move off a circle 13 @m diameter (gait) was also
significantly shortened by PACAP between days 12-&@ile significant difference
could be observed between animals treated withRERGAP or vehicle only at 18 days
of age. Measuring the righting reflex revealed PAC#ntagonist caused a significant
retardation in this sign: there was a big diffeeengetween control animals and

antagonist-treated animals between days 2-6, VAAIEAP had no effect.

3.3.2. Open-field activityln the open-field, the typical movement patternesiaed at 2

weeks was similar in all 3 groups: animals movexuiad for a few seconds in the center
and then moved to the walls, where they spent robsheir times in one area. All

animals showed improvement in ambulance at 3 wedien compared to the scores
obtained at 2 weeks. The number of areas entereatbyreated with PACAP was almost
the double of the number entered by control andRACAP-treated animals at 3 weeks.
The time spent along the walls in the open-field dot show difference between the
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groups at 2 weeks: animals spent approximately @®%heir time along the walls.
However, this time was significantly reduced inraals treated with PACAP at 3 weeks:
they spent only two-thirds of their time along thalls. No improvement was observed in
vehicle- or anti-PACAP-treated animals when comgpdmethe 2-week values. Animals
treated with vehicle or anti-PACAP spent more th&@6 of their time in corners at 3
weeks, while PACAP-treated animals only 25%. At 8eks: PACAP-treated animals
spent only 14% of their time in one area, whiletoonand anti-PACAP-treated animals
spent more than 35% of their time in one area.

3.4. Effect of PACAP in MSG-induced lesion

In this experiment rats were administered 4 mg/gGvi& 1, 5 and 9 days of age
combined with 1 pg PACAP 38 subcutaneusly from Hays.

3.4.1. Physical signs and neurological reflex®d$SG treatment led to retardation of

forelimb placing, forelimb grasp and air rightingflexes, while in PACAP-treated

animals, these reflexes appeared significantlyeradimilarly to normal rats. By the end
of the observation period, MSG-treated rats weighedlmost one third less than normal
rats. The average body weight of PACAP- treatednals was about 1 gr more than
MSG-treated controls every observed day startioghfday 6, but differences were not
significant. MSG-treated pups performed worse ghting and gait reflexes which were
ameliorated by PACAP treatment at 2 weeks of age.

3.4.2. Motor coordination testsoot-fault test has been shown to be a good itaticd

MSG-induced retardation of motor coordination depehent and the number of foot
faults was less in the PACAP-treated group thathenMSG-treated pups, but only at 2
weeks of age.

3.4.3. Histological analysisSevere loss of tyrosine-hydroxylase immunopositieurons

was found in the arcuate nucleus after MSG treatnierthe PACAP-treated group, the
number of neurons was higher, but it was not sicgnitly different from the MSG-
treated control pups.

3.5. Enriched environment

3.5.1. Physical signs and neurological reflexBedy weight of the animals kept in

enriched environment was significantly less from d@ys of age. Other physical

parameters didn't show any difference. Appearanteneurological reflexes was
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enhanced by enrichment, and the animals also shavetightly better performance than
standard housed animals.

3.5.2. Motor coordinatianEnriched animals moved significantly more in tred walk

test and made less mistakes than standard house#®esformance in the walk initiation
at 3 weeks of age was also better in enriched dsirAh 4 and 5 weeks of age, enriched
animals managed to perform better in the rota-estithan impoverished animals.

3.5.3. Open-fieldNo significant difference could be observed ia #mbulation between

the groups. However, at 3 weeks of age, enrichathals moved slightly more.

Movement speed showed no difference, the obserltedatton was caused by the
significantly increased ambulation of the enriclagiimals. At 3 weeks of age, enriched
animals reared also more than standard housed snivith no significant differences at
later ages. At 4 and 5 weeks of age, standard Hoarsienals showed more head-lifting

than the enriched rats.
3.6. Effect of enriched environment in MSG-inducedesion

In both animal groups, half of the animals werated with low-dose MSG (2 mg/g) in
postnatal day 1, 5 and 9.

3.6.1. Physical signs and neurological reflexet$SG treatment significantly retarded

somatic development, animals weighed less thanes&leated controls. This difference
disappeared in enriched environment, MSG treatetl Gomtrol animals weighed the
same. Appearance of the physical parameters wasltesed by this dose of MSG.
Appearance and performance of the neurologicaéxefl were better in MSG treated
enriched animals than MSG treated standard houstsd but this difference was not
significant.

3.6.2. Motor coordinatian In the foot-fault test MSG treated animals perfed

significantly worse than saline treated animalsthe standard housed group. This
negative effect was prevented by the enriched enment, MSG treated enriched
animals made significantly less foot-faults thanpawverished MSG treated rats, and
performed similarly to enriched saline treated canats.

3.6.3. Open-fieldMSG treatment caused hyperactivity at young agech appears as

significantly higher ambulation and greater movemepeed. These alterations

disappeared in enriched environment.
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4. Discussion

4.1. MSG treatment

Severe growth retardation was observed in the M8&&tad pups: both body weight and
length were significantly lower than those of tlentzol animals. Also, MSG treatment
led to higher premature mortality. In our study, ¥eeind that several measures of
neurobehavioral development were delayed while retlveere not altered by MSG-
treatment. Although there are relatively few datailable on the effect of MSG on these
reflex performances, there are some other actmiéasures that have been reported to
remain unchanged in MSG-treated rats. As far asomadtivity is concerned, results
obtained by different investigators vary. Most manced differences in our study were
observed in the rota-rod test and in the foot-feegt. Worse performance in the rota-rod
test has already been shown. The foot-fault tesktisnsively used after lesions to show
differences in motor coordination. MSG-treated pupede significantly more mistakes
in spite of making the same number of steps.

In the present study we showed that neonatal M3&Gtrtrent caused a temporary
hyperactivity during early postnatal period follavby a slight hypoactivity at 8 weeks
of age. MSG treatment also reduced the time ofnibigxis after week 3. Novelty-
seeking behavior was significantly altered after ®B1Sreatment: treated animals
responded to a novel object in the opposite pattempared to control rats. Control
animals were clearly interested in the novel objettbduced in the last trial: they spent
more time with ambulation with a decreased haliwnatcovered a larger area, spent less
time with grooming and spent more time in the pnuky of the novel object. In contrast
to control rats, MSG-treated pups were less acipent more time with grooming and
spent significantly less time near the novel obgroing trial 4.

The efficacy of the MSG-treatment was confirmedtogy histological examination of the
arcuate nucleus, which, similarly to the findingsothers, showed neuronal degeneration
and lack of TH-immunostaining.

Locomotor activity is known to increase when ansnare subjected to a novel
environment and this behavior is closely relatedthte hippocampus. The markedly

changed behavior of MSG-treated rats in the nomglrenment may be related to the
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structural and neurochemical changes in the hipppaa. Also, the close relationship of
the mesolimbic dopaminergic system with the novedgking behavior and with the
arcuate nucleus is well-established. Neonatal M$€&atment interferes with the
dopaminergic system at various brain levels. Itlsamssumed that the destruction of the
arcuate nucleus and other changes in the dopantngrgthways upon MSG
administration may also be responsible for the oMesk behavioral changes. Various
consequences of MSG treatment have been reporteteigdependent, while others do
not show sexual dimorphism. In our study, no dédferes were found in any measured
parameter between males and females, similarlytherstudies on the development of
neural reflexes or on motor activity.

4.2. Hypoxic-ischemic injury

We showed that an approximately 50% atrophy of higgoxic hemisphere results in
retarded neurobehavioral development as shown bgyeld appearance and worse
performance of some neurological reflexes, andrdeth development of motor
coordination. However, in spite of the permanemelgl atrophy, most animal reached
control levels by 6 weeks of age in most testsepikfor the footfault test. In the open-
field, hypoxic animals were more active at 2 anavéeks of age. The rat model of
neonatal hypoxia-ischemia is known to result ineagtve cerebral atrophy, but in
contrast to human neonates, rats that underwematedypoxic-ischemic injury do not
show gross functional deficits. This can be due tbigher degree of plasticity of the
neonatal rat brain compared human brain. Howekergtare several functional tests that
show short-and long-term deficits after exposuredonatal hypoxia-ischemia. Animals
with severe cortical damages can show recoveryomesdeficits. In accordance with
other reports, we observed that animals subjeatetypoxia have retarded somatic
development as shown by the significantly lowerdydaieights. Our results show that
hypoxic animals perform worse in negative geotaxighting and gait reflexes as
measured by the reflex times. Righting reflex wdaswer throughout the whole
observation period, gait reflex was slower at dBysand 12 and geotaxis at days 14 and
16. At later stages, differences between hypoxid aarmal rats disappeared, which

indicates that hypoxic pups showed a consideradige# of recovery.
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According to our observations, one of the mostab#é tests was the contralateral
forelimb footfault test, since hypoxic animals madere mistakes throughout the whole
observation period. The finding that the forelindyse more affected than the hindlimbs
might be explained by the size of the injury in Hrea of cortical representation for the
hindlimbs. This is in accordance with results répaifor adult rats after unilateral middle
cerebral artery occlusion, where the behavioraisigere less damaged in the hindlimbs.
However, differences between hypoxic and contrtd cauld not been shown throughout
the 5 weeks of observation period, and most hypawrimals recovered to normal levels
by 5 weeks of age or earlier. While adult rats witfilateral cerebral ischemia also show
a certain degree of recovery in sensorimotor dsficieonatal rats recover significantly
better. This may be explained by the higher le¥@lasticity of the neonatal brain.
Regarding open-field activity, both hyper- and hggivity have been described
following neonatal hypoxia-ischemia. Our observagioshow that rats subjected to
hypoxia are hyperactive at 2 weeks of age, whemabpups hardly move at all. This
may also explain why hypoxic animals spent moreetahthe walls at 2 weeks of age: a
natural reflex of the pups is to quickly find thelwhere they feel more safe. Since
normal pups hardly move at all, several of thenyeslain the center where they were
originally placed and did not move to the wall kt\&hile hypoxic animals moved more
and found the wall more quickly. Since the diffesenn this thigmotactic behavior
disappeared at later stages, it was probably dumgteer activity level in hypoxic pups
rather than increased anxiety at 2 weeks, althaigh latter possibility cannot be
excluded either. Consistent with our previous ole#wns, there is a significant increase
in locomotion at 3 weeks of age also in normal pupbkich may explain why no
significant differences were found between contand hypoxic animals at this age.
However, hypoxic animals were more active at 6 weskage as shown by the number
of rearings, the distance traveled, ambulation tamé their speed. Interestingly, in spite
of increased activity in the open-field, hypoxiaraals made less steps on a horizontal
wire. This indicates that when locomotion requiagsigher level of coordination, like on
a wire, hypoxic animals do not show hyperactivitycan be even hypoactive. Although
the immature nervous system is capable of conditlereompensatory reorganization

following injury, most studies have described seveerebral atrophy after hypoxic-
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ischemic insult. It has been reported that the redmieral hemisphere occasionally
becomes hypertrophic. Our results show that moserseatrophy occurred in the
hippocampus, where the hypoxic hippocampus was aplyroximately 10% of the

normal side. Other brain areas, as well as thé bosen area showed approximately 50%

reduction. These results correlate with those lo¢icst
4.3. Effects of PACAP and PACAP antagonist
In the present study we showed that neonatal reééed with PACAP from the day of

birth showed significant improvement when comparesehicle-treated pups in the day
of appearance of physical features, and most neteMoral signs.

PACAP treated animals showed accelerated facialdpment, while pups treated with
PACAPG6-38 had delayed ear unfolding and eye operiuast neurological signs and
reflexes were accelerated in PACAP treated animdide anti-PACAP treated animals
showed retardation only in hindlimb placing. PACARated pups performed righting
significantly better between days 6-10, while 3CAP treated animals were slower
between days 2-6 than control pups. PACAP-treate@dals performed negative geotaxis
and moving off a circle much faster than contrahaais, while anti-PACAP did not have
an effect on them. These observations show thatAfAlCeatment causes acceleration of
the development of complex motor skills. PACAP timeent caused significant increase
also in exploratory behavior at 3 weeks of age. RRGreated animals moved more,
spent less time resting in one area, returned tb spent more time in the center. In
contrast, control and PACAP6-38-treated animalsispmwre time at the walls. To stay in
proximity with the perimeters of the environmertigimotaxis) is part of the animal’s
defensive repertoire and can indicate anxiety. Tigher frequency of headlifts may
already indicate an increased interest in the enuient by PACAP-treated rats.
Increased activity in the open-field clearly dentostes increased locomotor and
exploratory behavior of PACAP-treated animals,ibatay partly be due to less anxiety.
4.4. Effects of PACAP in MSG-induced lesion

In summary, our results show that the dose of PACGA& effectively enhances
neurobehavioral development in normal rats was @bé®unteract the retarding effect of
MSG on righting, forelimb placing and grasp reflexand caused a significant

amelioration of the righting and gait reflex perfamce and motor coordination at 2
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weeks of age. However, the assigned dose was totabounteract the effects of MSG
on the body weight and the neuronal loss in thaaecnucleus. This might be explained
by findings of others that have shown in vivo néwophic effects of PACAP only by

local treatments. However, the slight protectiveeaf of PACAP found in the present
study calls for other investigations to find a pbksoptimal treatment paradigm with

PACAP for neonatal nervous injuries.
4.5. Enriched environment

Environmental effects play an essential role in diegelopment of the central nervous
system. Enriched environment causes neurochenmmchh®rphological changes in the
brain. Thickness of the cerebral cortex, densitgeaftritic spikes, expression of different
neurotrophic factors and their receptors increase, many brain areas show a higher
level of neurogenesis.

However, not only morphologic changes occur, alsefional differences can be found.
Enriched environment causes improved performanckeaming tests, social behavior
and exploration, and show decreased anxiety. Thereevidence that enriched
environment can counteract the negative effects didferent neuronal injuries.
Enrichment in the adolescence can ameliorate tfeetefof prenatal stress. However,
most studies examinating the effects of enrichedrenment were done on adult rats,
where enrichment was induced only in postweaningg@er in adulthood. Very little is
known about the early, postnatal effects of endofievironment.

In our study we found that altogether enriched mmment has no significant effect on
the neurobehavioral development, in spite its pnogahancement of different growth
factors. Decrease in body weight may be due t@uas moving more in the expanded
field while playing with each other or the toys. tlre motor coordination tests, which
require more advanced skills, enriched environmemtaimals showed a better
performance than standard housed rats. In the fipldntest at 3 weeks of age, enriched

animals were more active, which was significarttafituation.
4.6. Effects of enriched environment in MSG-inducedioxic lesion

Only low-dose MSG treatment was used in this expenit. This treatment was able to
cause severe neurodegeneration in the arcuateusueled in the retina. This dose,

however, causes only minor alterations in the negroal, motor coordination and open-
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field tests. These changes were greatly ameliofagegtie enriched housing. According to
our data, it is suggested that enriched environnoogs not change the normal
neurobehavioral development, but causes some Kimgéserve capacity in the brain,
which results in an increased resistance agairifdreint neuronal lesions, and better

recovery following injury.

Summary of new findings

We managed to set up a standard testing method different tests decribed in the
literature in order to investigate neurobehaviatalelopment, motor coordination and
exploratory behavior in newborn rats.

We described the early negative effects of monasodjlutamate treatment, which
causes significant delay on the neurobehaviorakldgment. These effects could be
prevented in most cases with environmental enrictimend (neurotrophic factor)

PACAP treatment.

This short-term developmental delay was also foumthe perinatal hypoxic/ischemic

injury, and the alterations might have prognostjniicance.

We have shown that environmental enrichment orowts does not influence general
neurobehavioral development, but results in impdov®tor coordination skills in more

complex tests.
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