Physiol. Res. 70 (Suppl. 3): S419-5430, 2021

https://doi.org/10.33549/physiolres. 934814

Does Paternal Methamphetamine Exposure Affect the Behavior of Rat
Offspring During Development and in Adulthood?

Lydia MIHALCIKOVA', Anna OCHOZKOVA', Romana SLAMBEROVA'

'Department of Physiology, Third Faculty of Medicine, Charles University, Prague, Czech Republic

Received April 18, 2021
Accepted October 11, 2021

Summary

Methamphetamine (MA) is one of the most abused
psychostimulants in the Czech Republic and worldwide. Previous
studies have demonstrated the adverse effects of maternal drug
abuse. However, the father's contribution as a parent and donor
of the half genetic information is unclear. The present study
aimed to examine the effect of paternal MA exposure on
behavioral development and locomotor activity in rat offspring.
MA was administrated subcutaneously for 30 days at a dose of
5 mg/kg to adult male rats. The impact of paternal MA exposure
on rat pups was investigated using behavioral tests during
development and locomotor activity tests in adulthood. Prior to
testing, adult offspring were exposed to an acute challenge dose
of MA (1 mg/kg) to examine the possible sensitizing effect of the
paternal treatment. Our results found no significant differences in
behavioral development or locomotor activity in adulthood of
offspring linked to paternal MA application. These results differ
from the effects induced by maternal MA application. Further, our
results demonstrated a significant increase in locomotor activity
on the Laboras test after acute MA application. When comparing
sex differences, females showed more activity than males in

adulthood, whereas males were more active during development.
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Introduction

Methamphetamine (MA),

psychostimulant, is one of the most accessible drug in the

a highly potent

Czech Republic as well as worldwide. Psychostimulant
drugs activate dopaminergic and serotoninergic pathways
in the central nervous system, which are mainly involved
in reward circuits, affective states, sexual behavior, and
control of motor function and cognition. In humans,
MA induces
suppresses

feelings of happiness and pleasure,

anxiety and  depression, increases
concentration, reduces appetite, and promotes weight
loss. It is known as a powerfully addictive drug, and due
to its low price and relatively simple production has
become increasingly popular in our society. In 2017,
statistical surveys by EMCDDA (European Monitoring
Centre for Drugs and Drug Addiction) reported 34,700
active MA users in the Czech Republic. The annual
report of EMCDDA in 2019 reported that MA was
the 4™ most abused illegal drug in the Czech Republic
after cannabinoids, ecstasy, and hallucinogenic fungus
(psilocybin). MA users are mostly men of reproductive
age between 15 and 34 years. However, most recent
studies looked at the impact of maternal MA abuse since
MA crosses the placenta and is secreted into maternal
breast milk; therefore, it can directly influence fetal brain
development (Smith et al. 2008).

studies showed  that

MA administration to pregnant female rats affects the

Our  previous

sensorimotor  development of pups during the
pre-weaning period (Hruba ez al. 2009, Slamberova e al.
2000),
(Schutova et al. 2009), affects offspring learning abilities

2013),

evokes anxiety-like behavior in offspring

(Mactchova et al and leads to increased
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adulthood
(Slamberova et al. 2009). Alterations in behavioral

susceptibility to drug sensitization in
patterns manifested in social behavior in adolescence
(Sevéikova et al. 2020) as well as in aggressive and
1999).

increased

sexual behavior in adulthood (Hol et al
MA exposure is also associated with
physiological stress, decreased arousal, and poor quality
of movement during the first five days of life (LaGasse
et al. 2011, Smith et al. 2008). Maternal-focused research
has resulted in significant advances. However, the
fathers
development of offspring has not yet been thoroughly
studied. Despite that, in the last decade, the role of

paternal drug exposure and its influence on offspring has

contribution of rat on the behavior and

gained more attention.

Psychostimulant drugs such as cocaine,
amphetamines, cannabinoids may cause adverse effects
on the quality and quantity of sperm and result in
infertility of drug users (Verstegen et al. 2020). Few
studies have examined paternal cocaine and cannabinoid
effects on rat pup development and behavior in
adulthood, and no studies on the effects of MA. Abel
et al. 1989 showed that paternal cocaine (another

psychostimulant ~ drug)  administration  increases
hyperactivity behavior in rat pups. Surprisingly, the
reported bodyweight of prenatally exposed offspring has
been inconsistent, with increased, decreased as well as
unaffected body weights reported in previous studies
(Abel et al. 1989, Fischer et al. 2017, George et al. 1996,
He et al. 2006, Killinger et al. 2012, White et al. 2016).
According to neurocognitive outcomes, Le et al. (2017)
showed that the offspring of addicted male rats had
increased cocaine self-administration. A study by
Dalterio et al. (1984) showed that paternal THC (delta-9-
tetrahydrocannabinol) exposure significantly impairs the
development of rat pups. Another study by Levin et al.
(2019) showed that paternal THC exposure does not
significantly affect the health of the offspring, including
litter size, sex ratio, pup birth weight, survival, and
growth. However, it results in neurocognitive alterations
and decreased attention in offspring in adulthood (Levin
et al. 2019). Therefore, the present study’s first aim was
to investigate the effect of paternal MA exposure on
sensorimotor development of rat pups and spontaneous
behavior in adulthood.

showed  that

increases

studies
adulthood
increased locomotion and exploratory

Our previous
MA administration in overall
activity, e.g.

behavior (Hruba et al. 2012). Furthermore, the increased

effect of MA in adulthood was even greater in animals
prenatally exposed to maternal MA administration during
gestation and corresponded with increased dopamine
levels (Bubenikova-Valesova et al. 2009). Based on these
findings, it appears that maternal MA exposure sensitizes
progeny to the effect of a challenge dose of the same drug
in adulthood, which
increased MA-seeking behavior using the Conditioned

supports our study showing
place preference test (Slamberova et al. 2011). As such,
the second aim of this study was to determine whether
a challenge dose of MA exposure can induce a similar
sensitizing effect on rat behavior.

Thus, our study was designed to answer the
following questions: (1) Did paternal MA exposure
induce changes in the sensorimotor development of their
pups or behaviors in adulthood?; (2) Did acute MA
exposure influence behavioral changes in adult rats
relative to prenatal drug exposure?; and (3) Were there
sensorimotor

sex differences in development and

behaviors in adulthood?
Methods

All experimental procedures used in this study
were approved by the Institutional Animal Care and Use
Committee in agreement with the Czech Government
Requirements under the Policy of Human Care of
Laboratory Animals (No.246/1992) and subsequent
regulations of the Ministry of Agriculture of the Czech
Republic (No. 311/1997).

Animals

Forty adult male and 40 female Albino Wistar
rats were purchased from Velaz (Prague, Czech Republic,
bread by Charles River Laboratories International, Inc).
Males (300-350 g) were housed three per cage, and
females (250-300 g) were housed four per cage. All
animals were left undisturbed for one week for
acclimation in a temperature-controlled (22-24 °C)
colony room. Animals had free access to food and water
and were on a 12-hour light/12-hour dark cycle with
lights on at 6:00 a.m. After the acclimation period, adult
males were randomly assigned to the methamphetamine-
treated (MA) group or the saline-treated (SA) group.
D-methamphetamine hydrochloride was administrated
subcutaneously (s.c.) in a dose of 5 mg/ml/kg for 30 days.
This dose of MA induces similar behavioral changes as
those seen in humans and has been routinely used in all

our experiments (Slamberova et al. 2005). The Control
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group was treated with an s.c. saline injection (1 ml/kg) at
the same time and in the same number as the MA group.
After 30 days of exposure, males were mated with non-
treated females. After a week, females were separated
from males and left undisturbed until the day of delivery,
postnatal day (PD) 0. On PD 1, the number of pups in
each litter was adjusted to 12 (whenever possible, half
males and half females).

Behavioral experiments during development

Pups from 20 MA litters and 20 saline litters
were tested in the experiments described below. Averages
from males and females from each MA or SA litters,
respectively, were counted as one unit.

Righting reflex on surface

The surface righting reflex was tested daily on
PD 1-12 (Altman and Sudarshan 1975, Hruba et al. 2009,
Sevéikova et al. 2017). Each pup was turned to a supine
position, and the time that it took for the pup to right
itself with all four paws contacting the surface of the
two-way ANOVA
(Paternal treatment % Sex) with repeated measures

testing table was recorded. A
(Days) was used to analyze differences in righting reflex.
Differences were considered significant if p<0.05.

Negative geotaxis

The Negative geotaxis test was performed on
PD 9 (Altman and Sudarshan 1975, Hruba et al. 2009,
Sevéikova et al. 2017). Each pup was placed facing
downward on a board inclined at a 30° angle. Each
animal was given three trials, and the best latency for
turning to face up the board, i.e. 180° turn, was recorded.
If the pup slid off the board, it was returned to the starting
position, i.e. facing down the board. A two-way ANOVA
(Paternal treatment x Sex) was used to analyze the
differences in negative geotaxis. The Bonferroni post hoc
test was used for comparisons of ANOVA analyses.
Differences were considered significant if p<0.05.

Bar holding test

The Bar holding test was performed on PD 23 to
examine the vestibular function and sensorimotor
coordination. The rats needed to achieve and maintain
balance on a narrow bar (Murphy et al. 1995, Hruba et al.
2009, Sevéikova et al. 2017). A wooden bar 40 cm long
with a diameter of 1 cm was suspended 8 cm above
a soft, padded surface. The pup was placed on the bar
while being held by the nape of its neck, and its forepaws

were allowed to touch the bar. The time of the fore- and

hind-limb grasping reflex, with a limit of 120s, was
recorded. Animals were subjected to three consecutive
trials. A two-way ANOVA (Paternal treatment % Sex)
with repeated measures (7rials) was used to analyze the
differences in performance of the Bar Holding Test. The
Bonferroni post hoc test was used for comparisons of
ANOVA
significant if p<0.05.

analyses. Differences were considered

Rotarod test

The rotarod test was performed on PD 23 to
examine the sensorimotor coordination and the dynamic
postural reactions needed for maintaining balance on
a rotating cylinder (Slamberova et al. 2006, Hruba et al.
2009, Sevéikova et al. 2017). Pups were placed on
arugged cylinder (11.5cm in diameter, rotating at
aconstant speed of 6rpm) oriented in the opposite
direction of cylinder rotation so that they could walk
forward. The duration of balance on the rotarod was
determined for 120 s. Trials were repeated until the rats
accomplished the task or until there were six failures. The
overall number of falls was recorded. A two-way
ANOVA (Paternal treatment x Sex) with repeated
measures (7rials) was used to analyze the differences on
Rotarod Test. The Bonferroni post hoc test was used for
comparisons of ANOVA analyses. Differences were
considered significant if p<0.05.

On the PD 23, the pups were weaned and split
into cages according to sex and left undisturbed until
adulthood. In adulthood (PD 60-80), the Laboras test was
performed to examine the behavior of adult male and
female rats in an unknown environment.

Laboras test

The adult rats were tested in the Laboras
apparatus (Metris B.V., Netherlands), a fully automated
system for continuous behavior tracking of rodents. It
consists of a triangular-shaped sensor platform connected
to a computer. The platform transforms the mechanical
vibrations from movements of the animal into electrical
signals. Each movement pattern has its own unique
frequency and amplitude, and thus separate behavioral
categories can be easily distinguished and classified by
the computer. Two weeks before testing, the light-dark
cycle was reversed in the colony room (lights on at 6:00
p-m. for 12h). As behavior in females can differ
depending on the phase of the estrous cycle, the phase of
the cycle was determined from vaginal lavage smears and
examined using light microscopy (Turner and Bagnara
1976). Prior to testing, animals were exposed to an acute
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dose of MA (1 mg/kg), SA (1 ml/kg), or SHAM (single
injection) to probe the sensitizing effect of the treatment
(MA or SA) and to determine the stress response after
a single injection. The dose 1 mg/kg of MA was chosen
because the dose produces a drug concentration in the
plasma and brain that peaks 45-60 min after MA
administration (Bubenikova-ValeSova et al. 2009) but

Table 1. Experimental groups.

does not induce stereotypical behavior in adult rats
(Schutova et al. 2010). Testing took place from 12 p.m.
to 6 p.m. in a darkened room. Before testing, each animal
was weighed and moved to the testing room, where it
remained in its home cage for 30 min to acclimate. The

following experimental groups were tested:

Acute treatment in

Pat [ treatment S
aternal treatmen adulthood ex
Females Females
MA (1 mg/kg) Males .
(estrus/proestrus) (diestrus/metestrus)
Females Females
MA (5 mg/ml/k; SA (1 mg/k Mal
(o mg 4 (I mgkg) ates (estrus/proestrus) (diestrus/metestrus)
SHAM Males Females . Females
(estrus/proestrus) (diestrus/metestrus)
Females Females
MA (1 mg/kg) Males .
(estrus/proestrus) (diestrus/metestrus)
Females Females
SA (1 mg/k Mal
S4 (I mi/kg) (I mgkg) ates (estrus/proestrus) (diestrus/metestrus)
SHAM Males Females . Females
(estrus/proestrus) (diestrus/metestrus)

Each animal was tested separately in the Laboras
cage for 1 h. The 1-hour period was divided into six
consecutive 10-minute intervals to evaluate the
habituation of the animals. The following parameters
were automatically evaluated: time spent in locomotion
(s), time spent immobile (s), time spent rearing (s), time
spent grooming (s), distance traveled (m), and average
speed (mm/s).

Each measured parameter was evaluated
three-way ANOVA (Paternal

treatment X Acute treatment x Sex) with repeated

separately using a

measures (Intervals). The experiment was analyzed using
STATISTICA software. The Bonferroni test was used for
post hoc comparisons. Differences were considered
significant if p<0.05.

Results

Righting reflex on surface

No significant differences were found between
MA- and SA-treated groups of pups on any of the test
days (PD 1-12). As shown in Figure 1, righting reflex on
determinates differences

surface significant  sex

[F(1.229=5.98, p<0.05]. Male pups were faster in righting
than female pups on PD 2.

Righting reflex on surface

%*
10 | —— |
- e
7
= 6- i
) =
S |
S
N o
2 -
B
0 1
males females
sex

Fig. 1. Sex difference in righting reflex on a surface on the
second postnatal day. Values represent the time [s] required for
rotating from the supine to the on all four paws position and are
shown as means + SEM (n=8). * p<0.05.
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Bar holding test

No differences in time spent on the narrow bar
were shown between MA- and SA- treated groups of
pups on PD 23. As shown in Figure 2, the bar holding test
indicates significant sex differences on the first and
second trials of the test. Males had worse performance on
the test compared to females [F 455=3.66, p<0.05].

Bar holding
125
. -~ males

1204 . -& females
0
- 1154
2
(o]
5 110+
©

105

100 T T T

0 1 2 3
trials

Fig. 2. Sex differences in bar holding test on PD 23. The graph
shows the time [s] that animals endure to balance on the bar.
Values are means + SEM (n=8). * p<0.05.

Negative geotaxis

Paternal MA administration or gender did not
induce any significant differences in negative geotaxis on
PDO.

Rotarod test

The rotarod test did not show any significant
differences in the time spend on the rotating cylinder
between MA- and SA-treated pups on PD 23. The test did
not show any sex differences between groups.

Laboras test

As shown in Figure3, acute MA exposure
significantly increased locomotor activity [Foee0=14.34,
p<0.0001], increased average speed [F(i0660=9.89,
p<0.0001], increased distance traveled [F(j0660=9.89,
p<0.0001], increased rearing [F(j0,660=30.62, p<0.0001],
and decreased immobility [Fg660=12.58, p<0.0001]
relative to control groups. In addition, our results show that
SA-treated animals had decreased locomotor activity
[F132=19.61, p<0.0001] relative to SHAM-injected
offspring in both prenatally exposed groups but only within
the first 10-minute interval of the Laboras test. Moreover,
SA-treated offspring showed increased immobility
[F.132=55.15, p<0.0001] relative to SHAM-injected
animals in the prenatally SA-treated group but only within

the 40-50 minute
No differences were found in any of the parameters of

interval of Laboras session.
Laboras test regarding the effect of paternal MA exposure
on locomotor activity of offspring.

As shown in Figure4, sex differences were
observed after acute MA administration in locomotor
activity, average speed, rearing, and distance travelled. Our
results indicate that MA-treated males had decreased
locomotion [F4,32=2.69, p<0.05], decreased average
speed [F 132=4.01, p<0.01], decreased distance traveled
[F4132=4.01, p<0.01], and decreased rearing activity
[F.132=3.79, p<0.01] relative to females regardless of their
estrous cycle. Additionally, sex differences were also
found in grooming. SHAM-injected males spent more time
[Fa132=2.52, p<0.05] compared  to
SHAM-injected females regardless of estrous cycle.

grooming

Discussion

The present study examined whether prenatal
paternal MA administration causes similar postnatal
consequences in offspring development compared to those
found in previous studies with prenatal maternal
MA exposure. While maternal MA exposure significantly
impairs sensorimotor functions during development and
affects locomotor activity in adulthood of prenatally
exposed offspring (Slamberova et al. 2006, Slamberova
et al. 2007 Hruba et al. 2009, Schutova et al. 2013),
paternal MA exposure does not seem to induce serious,
long-lasting effects.

The present study's data did not show any effects
of paternal MA exposure on sensorimotor development in
the Righting reflex on a surface, Negative geotaxis, Bar
holding test, or Rotarod test. These results are in contrast to
the effects induced by maternal MA exposure, which
showed that maternal MA exposure slowed down the
surface righting reflex on PD 1-5 (Hruba et al. 2008,
Slamberova et al. 2007, Malinova-Sevéikova et al. 2014),
did not change the Negative geotaxis on PD 9 (Malinova-
Sevéikova et al. 2014), impaired performance on the
Rotarod, but not Bar holding on PD 23. Thus, it seems that
paternal MA exposure does not influence sensorimotor
development of rat pups as does maternal MA exposure.
The explanation may be that while maternal exposure can
directly affect the development of pups since MA crosses
the placenta and enters breast milk during lactation (Dattel
1990, Rambousek er al. 2014), paternal exposure would
need a genetic change in the pup, which does not appear to

occur.



S424 Mihaltikova et al.

Vol. 70
Locomotor activity- prenatal treatment SA Locomotor activity- prenatal treatment MA
80 80—
- sham -8 sham
. 60 w sa 60 & sa
. - ma 2 A ma
§ 5
= 40 = 40=
g <
3 3
20+ 20+
1 1 1 1 T T T T 1 1 1 1
0 10 20 30 40 50 &0 0 10 20 30 40 50 60
time (min) time (min)
Average speed- prenatal treatment SA Average speed- prenatal treatment MIA
15+ 15
- sham - sham
- & & sa = = . . & sa
] w
® 104 * * * - ma ® 10+ x * - ma
£ * £ )
= o
[ @
2 5 3 54
7] "]
0 T T T T T T 0 T T T T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60
time {(min) time (min)
Distance traveled- prenatal treatment SA Distance traveled- prenatal treatment MA
81 8
. -8 sham * . -8 sham
6 & sa 64 * * . & sa
E— -+ ma .E. % —4 ma
8 8
4 4
g 8
B 5
© 24 © 24
0 T T L] 1 1 1 o 1 T T T 1 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
time (min) time (min)
Rearing- prenatal treatment SA Rearing- prenatal treatment MA
400+ = 500
* * * * -o sham 5 -& sham
300 - sa ..400- & * * & sa
& - ma £ - ma
c c 300
£ 200+ 2
g ;;.’ 200
100+ 1004
0 T T T T 1 T 0 T T T T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60
time (min) time (min)
Immobility- prenatal treatment SA Immobility- prenatal treatment MA
400 LA 400+
-e- sham & -e- sham
300+ & sa 300 - sa
) * - ma ) - ma
§ 200 5 200
g F £
2 100 2 100+
0 0 T T T T T
10 20 30 40 50 60 10 20 30 40 50 60

time (min)

time (min)

Fig. 3. The effect of prenatal and acute MA exposure on locomotor activity of offspring in the Laboras test. MA=methamphetamine,
SA-saline, SHAM-single injection. Values are mean = SEM (n=8). * p<0.05 acute MA>acute SA, SHAM; # p<0.05 acute SA<acute SHAM
(locomotion); # p<0.05 acute SA>acute SHAM (immobility).
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Fig. 4. Sex differences in locomotor activity after acute MA exposure of offspring in Laboras test. MA = methamphetamine, SA=saline,
SHAM=single injection. Values are mean + SEM (n=8). *p<0.05 males<females (MA administration); *p<0.05 males>females (SHAM

injection).

The studies of paternal MA exposure and its
consequences on the development of offspring are not
entirely complete. Recently, there has been a lack of
relevant studies that could provide a comparison with our
results. Therefore, in this study, we tried to analyze and
compare our data to previous studies that focused on
maternal MA exposure and paternal exposure to different

psychoactive drugs (such as cocaine, cannabinoids, or
alcohol). Abel ef al. (1989) determined that paternal
cocaine administration did not affect litter size or birth
weight but resulted in pup hyperactivity. A work by Lam
et al. (2000) indicates lower weight gain and increased
latency to right themselves in pups from prenatally
alcohol-exposed rats relative to the controls. A study by
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Dalterio et al. (1984) showed reduced litter size and as
well as increased pre- and postnatal mortality in cocaine-
exposed rat offspring. However, there are no studies that
examine the sensorimotor development of offspring after
paternal MA exposure.

The Laboras test data demonstrates that paternal
MA exposure does not affect locomotor activity and
exploratory behavior of offspring in adulthood. Because
no studies have investigated the effect of paternal
MA exposure, we have to compare our results with the
effects of other drugs. However, these studies are
inconsistent in their outcomes. Similarly, with our results,
(2012) showed that
spontaneous locomotor activity after paternal cocaine

a study by Killinger et al

exposure was unaffected. A study by Fisher et al. (2017)
reported increased locomotor activity after paternal
cocaine exposure, and a study by Levin et al (2019)
showed that paternal THC treatment does not affect
although it
increases habituations during locomotor activity. In

spontaneous locomotion of offspring,
addition, another study with paternal alcohol exposure
showed that locomotor activity of offspring increased by
30 % compared to controls (Ledig et al. 1998). However,
our data found no differences in locomotor activity of
offspring after paternal MA administration.

To answer the question of acute MA admi-
nistration relative to paternal MA exposure, our data
showed that acute MA administration increased overall
activity in the Laboras cage as demonstrated by increased
locomotor activity, rearing, average speed, distance
traveled, and decreased immobility. However, this effect
was not dependent on paternal MA exposure. Our
findings agree with our previous studies (Hruba et al.
2012, Slamberova et al. 2014), which demonstrated that
maternal MA exposure during gestation did not affect the
baseline level of locomotor and exploratory behavior in
adult offspring. Further, and in agreement with other
studies (Glatt et al. 2000, Hall et al. 2008, Schutova et al.
2010), acute MA application of 1 mg/kg increased overall
activity on the Laboras test. The increased locomotor
activity after acute MA exposure is mainly associated
with increased levels of dopamine, especially in the
nucleus accumbens (Bubenikova-ValeSova et al. 2009).
However, while maternal MA exposure seems to
sensitize the offspring to the effect of the same drug in
adulthood (Bubenikova-ValeSova et al. 2009), the same
seems not to be true in paternal MA exposure. Only one
(2017) reported increased
induced by paternal

study by Fisher et al

locomotor sensitivity cocaine

exposure to acute cocaine and amphetamine doses. Apart
from the effect of acute MA administration, our data
showed that saline injections significantly decreased
locomotor activity relative to SHAM-injected rats, but
only during the first 10 min of the experiment. Moreover,

SA-treated offspring showed increased immobility
relative to SHAM-injected animals within the
40-50 minute intervals of the Laboras test. The

explanation for this finding may be that the injection
itself, regardless of the injected solution or drug, induces
behavioral changes in animals in an unknown
environment (Slamberova er al. 2018), which may be
associated with the stress reaction and activation of the
hypothalamic-pituitary-adrenal axis (Gomez and Garcia-
Garcia 2017).

The present study is exceptional because it tests
the effects of drugs on both sexes during development
and in adulthood. Most behavioral studies only examine
males. The current data showed sex differences in tests
performed during development as well as in adult rats.
When examining sensorimotor development, male rats
were faster at righting on the second postnatal day than
females. In contrast, females were more capable of
balancing on the narrow bar than males and achieved
a better score on the bar holding test on the first and
second testing trial. There were no sex differences in
Negative geotaxis or the Rotarod test. Based on our data,
males are faster, while females are better at maintaining
balance. The sex differences relative to test performance
can be caused both by the age at which the test was
performed and because males and females differ in the
development of sensorimotor skills. Tests used in our
study revealed different skills. While the righting reflex
on a surface on PD 1-12 examines tactile maturation of
motor skills of pups and is under control of the brain stem
(Pellis and Pellis 1994), the Negative geotaxis test
examined on PD9 is an automatic, stimulus-bound
orientation movement considered diagnostic of vestibular
and proprioceptive function (de Castro ef al. 2007). The
Rotarod and Bar holding tests examined on PD 23 are
related to sensorimotor development that requires fully
developed cerebellar coordination (Murphy et al. 1995).

Sex differences were also observed during the
Laboras experiment when an acute dose of MA was
administrated. Our data showed that MA-treated males
were significantly less active, as demonstrated by
decreased locomotor activity, rearing, average speed, and
distance traveled relative to females regardless of the
estrous cycle. There is considerable evidence for gender
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differences in psychostimulant drug abuse (Becker ef al.
1982, Dluzen and Liu 2008, Cox et al. 2013, Reichel et
al. 2012, Hruba et al. 2012). In rodents, acute or chronic
treatment with psychostimulants results in higher
locomotor activity in females than males (Becker 1999.
Bisagno et al. 2003, Palenicek et al. 2005). In addition,
a study by Milesi-Hallé et al. (2007) demonstrated that
MA-treated females show greater and longer-lasting
locomotor activity relative to males. Thus, our findings
that acute MA exposure impairs locomotor activity in
males compared with females agree with previous
studies.

In conclusion, our results show that paternal
affect

development of offspring. Our findings also indicate that

MA administration does not sensorimotor

MA abuse in rat fathers does not influence the locomotor

Although we did not find any significant effects of
paternal MA exposure, our study is the first to determine
whether paternal MA exposure had similar adverse
effects on offspring development as maternal exposure.
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