
Exp Brain Res (2008) 185:595–601  

DOI 10.1007/s00221-007-1186-7

RESEARCH ARTICLE

Acute perinatal asphyxia impairs non-spatial memory 
and alters motor coordination in adult male rats

Nicola Simola · Diego Bustamante · Annalisa Pinna · 
Silvia Pontis · Paola Morales · Micaela Morelli · 
Mario Herrera-Marschitz 

Received: 7 July 2007 / Accepted: 17 October 2007 / Published online: 8 November 2007
©  Springer-Verlag 2007

Abstract A large body of clinical evidence suggests a
possible association between perinatal asphyxia and the
onset of early, as well as long-term, neurological and psy-
chiatric disorders including cognitive deWcits. The present
study investigated cognitive and motor function modiWca-
tions in a well characterized and clinically relevant experi-
mental rat model of human perinatal asphyxia. The results
reported here show that adult rats exposed to a single
(20 min) asphyctic episode at delivery displayed: (a) a deW-
cit in non-spatial memory, assessed in a novel object recog-
nition task; (b) an impaired motor coordination, measured
by the rotarod test. On the other hand, gross motor activity
and spatial memory, evaluated in both the Y maze and the
Barnes maze, were not aVected by perinatal asphyxia. The
results of this study provide further insights into the long-
term eVects of perinatal asphyxia on neurobehavioural
functions.
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Introduction

Perinatal asphyxia is a major birth complication occurring
in approximately 1–6 per 1,000 of newborn babies and
resulting in either death or various brain injuries in the
aVected individuals (Vannucci 2000; du Plessis and Volpe
2002; de Haan et al. 2006) being, in addition, suggested as
a factor facilitating the onset of delayed psychiatric disor-
ders (Toft 1999; McNeil et al. 2000).

A valuable and clinically relevant model for investigating
human perinatal asphyxia in rodents has been developed by
Bjelke and co-workers (Bjelke et al. 1991; Andersson et al.
1992; Herrera-Marschitz et al. 1993). Previous studies have
demonstrated various neurological abnormalities in rats
undergoing the Bjelke model of asphyxia. Thus, an altered
expression of tyrosine hydroxylase (Chen et al. 1995), dopa-
mine receptors (Chen et al. 1997b; Gross et al. 2005) as well
as modiWcations in dopamine release (Herrera-Marschitz et al.
1994; Chen et al. 1997b), have been detected in basal ganglia
and limbic regions of developing asphyxiated rats. Moreover,
acute perinatal asphyxia was associated to neuronal death in
the CA1 region and dentate gyrus of the hippocampus (Bjelke
et al. 1991; Dell’Anna et al. 1997; Morales et al. 2005), as
well as to the demise of striatal GABAergic neurons (Van De
Berg et al. 2003). Notably, asphyxia-induced neuronal abnor-
malities have been demonstrated to persist in adult rats (Loidl
et al. 1994; Herrera-Marschitz et al. 1994; Chen et al. 1997a;
Kohlhauser et al. 1999), being possibly related to the delayed
onset of behavioural disorders reported by clinical observa-
tions (Mañeru et al. 2003; de Haan et al. 2006).

Previous studies have investigated the manifestation of
behavioural disturbances in rats subjected to acute perinatal
asphyxia, mainly addressing motor function, emotional
behaviour and spatial memory (Boksa et al. 1995; Hoeger
et al. 2000; Loidl et al. 2000; Van De Berg et al. 2003;
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Venerosi et al. 2006). No study, however, has yet investi-
gated whether an acute perinatal asphyctic insult may have
long-term eVects on rat non-spatial episodic memory. On
these bases, the present study evaluated the performance of
adult asphyctic rats in the object recognition task, a rodent
model used to assess non-spatial working memory deWcits
and thought to mimic the recognition tests used to evaluate
amnesic syndromes in humans (Ennaceur and Delacour
1988; Reed and Squire 1997; Dix and Aggleton 1999).
Moreover, in order to verify whether possible non-spatial
memory deWcits were associated to motor and spatial mem-
ory impairments, perinatal asphyctic rats were evaluated for
gross motor activity, motor coordination and cognitive per-
formance in both the Y maze and the Barnes maze.

Thus, in the present study rat cognitive performance was
investigated by behavioural tests devoid of any stressful
cues or primary reinforcers, such as swimming, food depri-
vation or electric shocks, largely evaluating the behaviour
of the rats under ethological-like conditions (McLay et al.
1998; Morrow et al. 2002).

Materials and methods

Subjects

Three-month old male Wistar rats were used throughout the
study. Rats were obtained from pregnant dams (bred at
local colony) which, on gestational day 22, were anesthe-
tized, sacriWced by neck dislocation and hysterectomized.
One or two pups for each dam were promptly removed
from the uterus to be used as non-asphyxiated cesarean-
delivered controls. The uterine horns containing the
remaining fetuses were subsequently placed in a 37°C ther-
mostat-controlled water bath for 20 min to induce perinatal
asphyxia. Following this procedure asphyctic pups were
removed from uterine horns, stimulated to initiate breathing
and observed for 60 min. Successively, both cesarean-
delivered controls and asphyctic pups were assigned to sur-
rogate dams for nursing. After weaning, rats were housed
(5–6 per group) in Plexiglas cages under an artiWcial 12 h
light-dark cycle (lights on at 8:00 am). Food and water
were available ad libitum and standard conditions of tem-
perature and humidity were maintained.

All experiments were conducted by an experimenter blind
of rats treatment in accordance with the guidelines for care
and use of experimental animals of the European Communi-
ties Directive (86/609/EEC; D.L., 27.01.1992, number 116).

Novel object recognition task

Measurement of novel object recognition is widely used for
evaluating non-spatial working memory in rodents (Ennac-

eur and Delacour 1988). Object recognition experiments
were performed in a black wooden box (length 60 cm,
width 40 cm, height 30 cm) with the Xoor covered in saw-
dust. Objects to be discriminated were made of plastic or
glass, diVering as to shape and colour. Objects had no genu-
ine signiWcance and had not been previously associated to
rewarding or aversive stimuli. Two days before the test, rats
were allowed to explore the box twice for 5 min, in order to
acclimatize. On the testing day each rat was placed in the
box for two 4 min sessions and left to explore objects
freely. During the Wrst session (S1) two copies of the same
object were present, whereas in the second session (S2) rats
were exposed to a copy of the objects presented previously
in S1 plus a novel object. S1 and S2 were separated by a 15
or 60 min interval. Exploration was deWned as the rats sniV-
ing, gnawing or touching the object with the nose, whereas
sitting and/or turning around the object were not considered
as exploratory behaviours. To avoid the presence of olfac-
tory cues, objects were thoroughly cleaned after each ses-
sion. Moreover, the combination of objects (novel vs. old)
and their respective position (right vs. left) were counter-
balanced to prevent biased preferences for particular
objects or positions. The performance of the rats was video-
taped and the following parameters were evaluated: (a)
time spent by the rats in exploring the objects during either
S1 or S2, and (b) novel object recognition. The latter was
calculated as the percentage of time spent in exploring the
new object, respect to the total amount of time spent in
exploring the two objects during S2.

Spontaneous alternation in the Y maze

Evaluation of spontaneous alternation behaviour in a Y
maze is commonly employed to investigate short-term spa-
tial memory in rodents (Maurice et al. 1994; Yamada et al.
1996). The apparatus was made of black PVC, consisting in
three equal arms (length 50 cm, width 20 cm, height
35 cm), named A, B and C. Arms converged onto a central
triangular area and the Xoor of the maze was covered in
sawdust, which was changed in between rat tests. Rats were
placed in the central area and left free to explore the whole
apparatus for a single 8 min trial during which their perfor-
mance was videotaped. Percentage of spontaneous alterna-
tion was calculated on the basis of the sequence of arm
entries as reported by Yamada et al. (1996).

Barnes maze performance

Barnes maze is widely used to evaluate long-term spatial
memory in rodents (Barnes 1979; McLay et al. 1998;
Komater et al. 2005). Apparatus consisted of a white
acrylic (diameter 120 cm) circular platform placed 90 cm
above Xoor level, having 18 holes (diameter 9 cm) equally
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spaced around its perimeter. Experiments were performed
by placing each rat individually in a square box (side
15 cm), located in the center of the apparatus, for 30 s, then
the box was removed and the rat was left free to explore the
whole apparatus for 4 min. During the trial the rat had to
retrieve a black escape box, connected to one of the holes,
by using spatial cues surrounding the maze. Both acquisi-
tion (two trials a day, for 5 days) and retention (two trials,
7 days after the end of acquisition phase) of spatial memory
were investigated by measuring both latency in retrieving
the escape hole (in seconds) and number of errors (an error
was considered as the rat placing its nose in a hole not con-
nected to the escape box), performed by rats. The above
values were measured for each session and averaged on a
daily basis.

Motor activity

Evaluation of gross motor activity was performed in Plexi-
glas cages (length 47 cm, height 19 cm, width 27 cm) hav-
ing a metal grid over the Xoor and equipped with infrared
photocell emitters-detectors situated along the long axis
(Opto-Varimex Mini; Columbus Instruments, Columbus
Ohio, USA). A counter recorded two diVerent kinds of
motor activity: (a) locomotor activity, consisting in move-
ment of the rat along the axes of the cage, and (b) total
motor activity, due to locomotion plus non-Wnalized move-
ments (such as grooming, rearing and sniVing). Motor
activity was evaluated 30 min a day for Wve consecutive
days.

Rotarod performance

The rotarod test was used to evaluate motor balance and
coordination (Hamm et al. 1994; Rogers et al. 1997) and
consisted of (a) an acclimation session, (b) a training ses-
sion and (c) a test session. During the Wrst week, animals
were acclimatized to the rotarod equipment having a rod
diameter of 6.1 cm (LE 8500, Panlab s.l., Barcelona, Spain)
for three consecutive days. During this session, the rats
were moved to the rotarod room and placed on the immo-
bile rotarod (at 0 rpm) for 5 min on three separate occa-
sions, with an interval of 30 min between each trial. The rat
was placed perpendicular to the rod axis with its head in the
opposite direction to rotation. At the end of the acclimation
period no increased defecation rate and/or refusal to exer-
cise was displayed by animals. During the second week,
animals were trained to run on the rotarod for three consec-
utive days. The training session was performed at a con-
stant speed of Wve rotations per min (5 rpm) for 5 min twice
a day; training sessions were separated by an interval of
30 min. Rats were required to move forward in order to
remain on the rotating rod to avoid falling. Trained animals

invariably stepped onto the rod voluntarily and did not
appear particularly stressed by the rod movement. The
actual rod test was performed immediately following the
end of the last training session, consisting of three trials
(5 min each) on the rod set at a constant speed of 5 rpm.
The three trials were separated by a 30 min rest period. Tri-
als ended once the rat had fallen and the time spent on the
rod was automatically registered. Individual test rod perfor-
mance was added to calculate mean time spent on the rod
during the three trials.

Statistical analysis

Values are reported as means § S.E.M. Data from object
recognition task, spontaneous alternation and rotarod test
were analysed by one-way ANOVA. Data from gross
motor activity test and Barnes maze were analysed with
two-way ANOVA for repeated measures. SigniWcance was
set at P < 0.05.

Results

EVects of perinatal asphyxia on memory tasks

Perinatal asphyxia impaired novel object recognition in
adult rats. Asphyctic rats spent signiWcantly less time
exploring the novel object respect to controls (F = 4.31,
P = 0.04), when a 60 min interval elapsed between S1 and
S2 (Fig. 1c). In contrast, when a shorter (15 min) interval
was used, no diVerences between the experimental groups
were observed (Fig. 1a). There were not diVerences
between asphyctic and control rats, when the total time
spent exploring the objects was considered, either during
the S1 or the S2 sessions (Fig. 1b, d).

On the other hand, perinatal asphyxia aVected neither Y
maze nor Barnes maze performance of rats (Table 1).

EVects of perinatal asphyxia on motor function

Rotarod performance was signiWcantly aVected by perinatal
asphyxia when measured at the adult stage. Asphyctic rats
showed a signiWcant reduction in the time spent on the rota-
rod during the three (5 min) trial sets performed at a con-
stant speed (5 rpm), compared to that observed in control
rats (F = 10.17, P = 0.003) (Fig. 2). No signiWcant diVer-
ences, but only a tendency to a decrease, were observed in
any of the test sessions. Similarly, no diVerences were
observed during the acquisition of the task.

Furthermore, as reported by previous studies, perinatal
asphyxia inXuenced neither the intensity of non-Wnalized
movements, nor the time-course of the motor activity mea-
sured at adulthood (data not shown).
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Discussion

The present study demonstrates that rats receiving a single
asphyctic insult at delivery show a deWcit in both non-spa-
tial working memory and motor coordination similarly to
what has been observed in humans (Mañeru et al. 2003; de
Haan et al. 2006).

Cognitive functions in asphyctic rats

In the present study, adult rats subjected to an acute asphyc-
tic insult at delivery displayed an impaired performance in

the object recognition task, suggesting the presence of a
deleterious eVect of perinatal asphyxia on non-spatial
working memory.

The novel object recognition paradigm is merely based
on the rat spontaneous exploratory behaviour measured
under ethological-like conditions, being devoid of the spatial
reference memory component, not involving primary rein-
forcers or stressful cues, such as food deprivation and/or
electric shocks (Ennaceur and Delacour 1988; Morrow et al.
2002). Therefore this experimental model allows to
selectively investigate the presence of possible deWcits in
non-spatial memory, avoiding the possible interference of
motivated and/or stress-mediated behaviour on memory per-
formance, which could be the main target of the changes
induced by asphyxia, as suggested for other stress-mediated
behaviour (Venerosi et al. 2004; Caputa et al. 2005). It is
important to point out that the asphyctic rats did not display
any deWcit in general motor activity during the experimental
trials, and they spent a similar time exploring the objects
during the S1 and/or S2 trials to that shown by the control
rats. These observations suggest that the impairment in
object recognition observed here is not an epiphenomenon
due to either a decrease in spontaneous exploratory activity,
or a reduced interest of the rats towards the objects produced
by perinatal asphyxia. Interestingly, perinatal asphyxia did
not seem to alter the ability of the rats for discriminating
between diVerent objects, since the asphyxia-exposed rats
were capable of recognizing the novel object when a shorter
(15 min) delay between the two experimental sessions for
the object recognition task was used. On these bases, the
impairment in novel object recognition is likely to reXect an
actual speciWc deWcit in non-spatial working memory of rats
subjected to an acute episode of perinatal asphyxia.

Fig. 1 EVect of acute perinatal 
asphyxia on novel object recog-
nition. Asphyctic rats spent sig-
niWcantly less time in exploring 
the novel object as compared to 
non asphyxiated controls when a 
60 min (c), but not a 15 min (a), 
interval between the two experi-
mental sessions of object recog-
nition was used. The novel 
object was totally unfamiliar to 
the rats and it was presented in 
combination with a familiar ob-
ject that rats had experienced be-
fore. Asphyctic and control rats 
spent a comparable amount of 
time in exploring the objects pre-
sented during either S1 or S2 ses-
sions for all object recognition 
experiments (b, d). *P < 0.05 as 
compared to control rats 
(n = 13–18)

Fig. 2 EVect of perinatal asphyxia on rotarod performance at a con-
stant speed (5 rpm) for 5 min. Mean § S.E.M. of time spent on the ro-
tarod across three trials by asphyctic (black column) and control (white
column) rats. **P < 0.005 asphyctic versus control rats (n = 16–22)
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DiVerently from what observed in the object recognition
task, the asphyctic rats used in this study did not display
impairments in both Y maze and Barnes maze performance,
therefore accounting for an intact spatial memory in these
animals, in agreement with data from previous studies
(Boksa et al. 1995; Loidl et al. 2000; Hoeger et al. 2006).
Again, it is interesting to evidence that tests used in this
study, diVerently from other paradigms previously
employed to evaluate spatial memory in asphyctic rodents,
did not involve reinforcers or stressors, therefore providing
a measure of memory performance devoid of inXuences by
either stress or motivation. Taken together the outcomes
obtained in the analysis of rats memory performance sug-
gest the existence of a more pronounced sensitivity of non-
spatial memory to the deleterious eVects of perinatal
asphyctic insults.

It has been postulated how in the rat brain two distinct,
although interconnected, neuronal circuits process either
non-spatial or spatial memory. Non-spatial memory is pro-
cessed through a pathway involving cortical associative
areas, the medial thalamus and other subcortical structures;
while spatial memory depends on a circuit connecting the
hippocampus, prelimbic cortex and anteromedial/posterior
parietal cortex (Steckler et al. 1998). Since both circuits
appear aVected by perinatal asphyxia (Bjelke et al. 1991;
Kohlhauser et al. 1999) the lack of inXuence of this insult
on spatial memory might be due to a diVerential sensitivity
to asphyxia-induced neuronal damage between the two
memory pathways, or to the occurrence of more robust
compensatory mechanisms in the neuronal circuit process-
ing spatial memory.

Motor functions in asphyctic rats

In line with previous results, the present study revealed no
inXuence of perinatal asphyxia on gross motor activity.
Nevertheless, asphyctic rats displayed an impairment in
rotarod performance, which accounts for deWcits in motor
coordination and balance (Hamm et al. 1994; Rogers et al.
1997).

The deleterious neuronal modiWcations induced in basal
ganglia by perinatal asphyxia (Kohlhauser et al. 1999; Van
De Berg et al. 2003; Gross et al. 2005) may underlie the
impairment of rotarod performance observed in the present
study. In particular, alterations in dopaminergic transmis-
sion, markedly inXuenced by perinatal asphyctic insults
(Herrera-Marschitz et al. 1994; Gross et al. 2005; Busta-
mante et al. 2006), may be critically implicated, in view of
the acknowledged regulation of motor functions by dopa-
mine (Hauber 1998; Jay 2003).

Evidences obtained in rats subjected to basal ganglia
dopamine depletion demonstrated how the expression of
gross motor activity is aVected only by massive deWcits in
dopamine transmission, whereas abnormalities in motor
coordination, as well as in skilled movements, emerge
even in the presence of partial and/or mild reductions in
dopaminergic tone (Kirik et al. 1998; Barneoud et al.
2000; Deumens et al. 2002). In a recent microdialysis
study (Bustamante et al. 2006), it was shown that a
decrease of dopamine release after perinatal asphyxia was
only observed when the animals were challenged with a
pulse of D-amphetamine, or K+-depolarization induced by
a pulse of KCl, indicating that under basal conditions

Table 1 EVect of perinatal asphyxia on spatial memory tests

No diVerences in Barnes and Y maze performance were observed between asphyctic and control rats. Barnes maze mean values § S.E.M of latency
(in seconds) and errors in retrieving the escape hole are reported for each experiment day and for each group. A indicates a day of memory acqui-
sition phase, C indicates the day of the memory consolidation test. Y maze no diVerences in the percentage of spontaneous alternation were ob-
served between asphyctic and control rats (n = 9–11)

Barnes maze: latency in retrieving the escape hole (in seconds)

A1 A2 A3 A4 A5 C

Control 36.2 § 5.9 25.2 § 3.4 22.6 § 4.3 12.2 § 1.9 7.3 § 1.7 15 § 3.3

Asphyctic 35.6 § 10.2 18.1 § 3.6 18.4 § 2.9 11.2 § 1.8 8.6 § 1.5 23 § 10.5

Barnes maze: errors made in retrieving the escape hole

A1 A2 A3 A4 A5 C

Control 3.8 § 0.8 2.9 § 0.5 2.9 § 0.6 1.7 § 0.4 1.4 § 0.3 1.9 § 0.5

Asphyctic 3.7 § 0.8 2.2 § 0.4 3.0 § 0.6 1.5 § 0.5 1.0 § 0.4 2.1 § 0.6

Y maze: spontaneous alternation (% of spontaneous alternation)

Control 73.19 § 6.78

Asphyctic 77.20 § 3.87
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compensatory mechanisms take place, enough to help the
animals to cope with standard environmental challenges.
Moreover, Ogura et al. (2005) showed that rats with a par-
tial striatal dopaminergic denervation displayed a behav-
ioural impairment at the rotarod, but not at a condition for
evaluating gross motor behaviour. In agreement, it has
been shown that perinatal asphyxia is associated with sub-
tle rather that gross alterations in basal ganglia neurocir-
cuitries (Kohlhauser et al. 1999; Van De Berg et al. 2003;
Gross et al. 2005; Klawitter et al. 2007). Those subtle
changes can be reXected in tests for Wne coordination
movements, but not for gross or stress mediated behav-
iours. It should be considered, however, that brain regions
other than the basal ganglia can be involved in the long-
term behavioural changes produced by perinatal asphyxia,
including the cerebellum, a region playing a critical role in
motor coordination and balance (Thach 1998), reported to
be damaged after perinatal asphyxia (Dell’Anna et al.
1997; Kohlhauser et al. 1999, 2000; Bernet et al. 2003).

Implications for human perinatal asphyxia

Clinical studies have reported the presence of both verbal
and visual memory deWcits and, in some cases, impaired
spatial orientation, clumsiness and mild motor incoordina-
tion in children and adolescents who suVered perinatal
asphyctic injury (Gadian et al. 2000; Mañeru et al. 2001a,
b; Marlow et al. 2005; de Haan et al. 2006). On these bases,
the results of this study appear relevant for the preclinical
investigation of delayed impairments in cognitive and
motor-related function following non-disabling episodes of
perinatal asphyxia. The relevance of the present results is
corroborated by analogies existing between the features of
brain damage previously observed in the experimental
model used here and those reported in humans suVering
from perinatal asphyxia. Indeed, in both cases overall dam-
ages have been described as being subtle and restricted to
speciWc regions rather than extended throughout the whole
brain (Kohlhauser et al. 1999; Gadian et al. 2000; Mañeru
et al. 2001a). Moreover, working memory deWcits are
observed in both schizophrenia and attention deWcit hyper-
activity disorder (Elvevag and Goldberg 2000; Schweitzer
et al. 2006), and a possible relationship between perinatal
asphyxia and these disorders has been suggested (McNeil
et al. 2000; Boog 2004). The cognitive impairment
observed might therefore enhance proper elucidation of the
potential inXuence of perinatal asphyxia on the onset of
psychiatric disturbances in later life.
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