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SUMMARY
The dose-dependent response to variable methylphenidate (MPD) doses on the behavior of male and female adolescent (postnatal day 39) and adult (post-natal day 60) rats of three diﬀerent genetic strains was studied to examine whether there are sex, age and
strain dependent diﬀerences in response to MPD. Twenty-four male and twenty-four female groups were used. The 48 groups each had
an N=8. The results show that female adolescents and adult rats of Sprague-Dawley (SD) and Spontaneous Hyperactive Rat (SHR)
strains were more sensitive to the acute exposure of MPD. Furthermore, female adult rats of the SD, SHR and Wistar-Kyoto (WKY)
strains generally responded with greater increase in locomotor activity than the adolescent females of these strains. In the WKY strain,
adolescent males tended to experience a greater increase in activity than adult males. Lastly, signiﬁcant diﬀerences in response to MPD
also were observed among the three genetic strains. These variable responses to the acute dose of MPD reinforce the need to study the
eﬀects of this psychostimulant across the various sexes, ages and strains.
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INTRODUCTION
The vast majority of studies investigating the effect of
Methylphenidate (MPD) use adult males (only one sex) of a single
strain. Since MPD is used in children and adults, in both males
and females, it is important to obtain information whether this
psychostimulant exerts similar or different effects based on age,
sex and strain. In recent years there has been a rapid increase in
MPD usage all over the world [1]. Furthermore, there has been an
increase in the number of preschoolers, adolescents and adults with
and without a diagnosis of ADHD using MPD [2,3]. However, there
have been few studies done on the possible adverse effects produced
by psychostimulants on developing female and male brains [4-7].
Furthermore, there is a paucity of research when it comes to the effect
of MPD on different strains. For this reason, the present study reports
the acute dose response of MPD on female and male, young and adult
animals of three different strains, two of which serve as a non-ADHD
model.
The neuronal systems mediating behavioral activity in general
and in response to psychostimulants are sexually dimorphic and are
under the control of genes, pituitary and gonadal hormones [8-10].
Several reports indicated that there are sex dependent differences
in response to psychostimulants [8,11-14]. For example, the use of
psychostimulants such as cocaine and methamphetamine in both
adult female rodent and human subjects has been associated with
a more rapid and robust behavioral sensitization following chronic
use when compared to their male counterparts [8,15,16]. Further, sex
differences in endogenous Catecholamine (CA) levels and function
have been reported [17,18]. Given that the mechanism of action of
psychostimulants, such as MPD, is binding to CA transporters and
modulating synaptic CA levels, this presents a potential mechanism
of the sex-related differences [19-25]. Therefore, it is essential to
investigate whether there is a sexual difference in response to MPD in
young and adult female and male subjects.
According to a report by the US Department of Health and Human
Services, the life-time prevalence of Attention-Deficit/Hyperactivity
Disorder (ADHD) in children ages 5-17 was 14.2% for boys and 6.4%
for girls from 2013-2015 [26]. In the last decade, the use of MPD
has increased dramatically [3,27]. The consumption of MPD has been
seen in children as young as two years old [28]. There is growing
concern about the potential effects of MPD use in children, given that
brain development goes on until young adulthood [6]. Lastly, several
articles in the literature report the link between psychostimulant
use and an increased risk of substance abuse disorder [6,29,20]. As
a result, it is essential to study the role of MPD use on different ages,
especially in those that do not have ADHD.
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Studies using various strains of rat, either inbred, such as the
Spontaneously Hypertensive or Hyperactive Rat (SHR), or outbred,
reveal that the genetic differences between strains are important
factors on the effect of drugs [29-34]. Animal models have been
developed to study ADHD and the ability of medications such as
MPD to modulate their behavior, including the SHR. The SHR was
inbred from the Wistar-Kyoto (WKY) strain, with an initial intent
to study hypertension. However, when it was found that these
rats exhibited hyperactivity, motor impulsiveness, and impaired
attention, the SHR strain was proposed as an ADHD model, with
WKY serving as a control [35]. Lastly, the Sprague-Dawley (SD) rat
strain has been well studied in experiments with psychostimulants,
having been characterized to have sensitization to cocaine and
methylphenidate, making it an ideal strain to compare to WKY and
SHR rats. Furthermore, a study has specifically shown that there are
differences in dopamine receptor levels between WKY and SD rats
that may affect their responses to psychostimulants [36]. Therefore,
it is essential to study the effect of MPD on multiple animal strains,
such as the three strains used in this investigation. The hypothesis of
this study is that the response to MPD is significantly different across
age, sex and strain.

METHODS
Animals
Three hundred and eighty-four adult and adolescent, male and
female rats of three strains were studied in this experiment. The three
strains utilized were Sprague Dawley (SD), Wistar-Kyoto (WKY) and
Spontaneous Hyperactive (Hypertensive) Rats (SHR). The animals
were split into groups of 48 animals as depicted in Figure 1. Each being
given a different drug exposure: saline, 0.6 mg/kg MPD, 2.5 mg/kg
MPD and 10.0 mg/kg MPD. All animals were purchased from Harlan
Laboratories (Indianapolis, IN, USA). After an acclimation period,
each animal was placed in an individual home cage (see Figure 2). The
experimental protocol was started on PND 39 for all adolescents and
PND 60 for all adults. The home cage served as the test cage, in order
to minimize the effect of environment on drug response. The animals
were kept in their cages for 5 to 7 days for adaptation prior to the
recording sessions. Lights were turned on daily at 6:00 A.M. as part of
this acclimation process and turned off at 6:00 P.M. All experimental
procedures were approved by University of Texas Health Science
Center Animal Welfare Committee (AWC) in accordance with the
National Institute of Health Guide for Care and Use of Laboratory
Animals.

American Journal of Clinical Anatomy & Physiology

Figure 1: Study Population.
This ﬁgure shows the various groups that were studied in this experiment. Each of the 12 groups that are depicted in the bottom row was split into four
subgroups by their exposure: saline, 0.6 mg/kg, 2.5 mg/kg and 10.0 mg/kg MPD. All 48 of these subgroups had an N=8.

were compiled by the Accuscan Analyzer (Columbus, OH, USA). The
counts were downloaded every 10 minutes to a PC using Outcome
and Assessment Information Set (OASIS) data collection software.
The OASIS program then organized the beam breaks into several
locomotor indices [40,41].
Behavioral Data Analysis

Figure 2: Depiction of the Cage
This ﬁgure depicts the cage that was used as home and test cage with three
diﬀerent levels of motion sensors (depicted as per the legend). The cage
is 41.5 cm in length, 41.5 cm in width, and 31.5 cm in height. There are 16
infrared beam generators on two of the four sides, with 16 sensors present
on the opposite two sides. These beams and their respective sensors are
located at 5, 10 and 15 cm above the ﬂoor. The lowest level (5 cm) of sensors
records the total movement and total distance as horizontal activity. The
middle level (10 cm) records the number of stereotypic movements, while the
highest level (15 cm) records the vertical activity.

Protocol
On recording day 1 (RD1) all animals received an intraperitoneal
injection of saline. On recording day 2 (RD2) either saline, 0.6 mg/kg,
2.5 mg/kg, or 10.0 mg/kg MPD was administered intraperitoneally.
The MPD was measured as free base and equalized to 0.8 mL injection
volume. All injections were done in the morning at 8:00 A.M. Each
recording started immediately post injection and lasted for 120
minutes.

For this study six different locomotor behaviors were analyzed:
Horizontal Activity (HA), Total Distance (TD) traveled, Number
of Discrete Movements (NM), Number of Stereotypic Movements
(NOS), vertical activity (VA) and Rest Time (RT). Horizontal activity
was calculated as the number of beam interruptions in the lowest level
of sensors. Total distance measured the total forward movement in
centimeters. The number of discrete movements indicates the sum of
separate horizontal movements, whereas the number of stereotypic
movements is the number of repetitive movements with at least a 1
second interval between them. Vertical activity was measured as the
number of beam breaks in the highest level of sensors. Lastly, rest time
was the time the animal spent between beam breaks. Each locomotor
activity is regulated by different neuronal circuits .The effect of MPD
was evaluated by comparing the counts of each locomotor behavioral
index post MPD exposure on RD2 with recording following saline
injection on RD1. The student paired t-test was used to compare
counts before and after MPD exposure within each group, for each
locomotor index. Multifactor Analysis of Variance (ANOVA)
with post-hoc analysis using Fisher’s LSD test as well as general
linear model ANOVA (fixed factor) as appropriate followed by the
Bonferroni correction were performed to determine if there were
any statistically significant (p < 0.05) differences between different
locomotor indices, MPD doses, strains, sexes and ages. The power of
ANOVA for this study is estimated to be from 0.83 to 0.94 with a
sample size of N=8 for each group and locomotor index.

RESULTS

Behavioral Data Acquisition

Saline Control

The Computerized Animal Activity Monitoring (CAAM) system
was used as an open field assay to record the locomotor behavioral
activity of the free moving animals (see Figure 2). Open field
locomotion behaviors represent the interaction of the whole animal
within the experimental situation. The details of the procedure
are well established and previously published [4,5,37-40]. Each
interruption from each sensor was counted and cumulative counts

The control groups of animals of each sex, age and genetic
strain were recorded for 120 minutes on recording day 1 (RD1)
and RD2 following injection of saline. Statistical comparison of all
six locomotor indices on RD2 and RD1 was performed, showing no
significant difference between the two days. This indicates that animal
handling, injection procedures, including the volume of injection
(saline) did not have a significant effect on any of six locomotor
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indices measured. The observation that saline on RD1 was similar
to RD2, indicates that recording following saline injection on RD1
in all other treatment groups can be used as a control. During the
preliminary portion of this study, animal activity was recorded for 42
consecutive days in two groups: one that received no injections and
one that received daily injections of saline [42]. It was observed that
time, animal handling and daily saline injections did not modulate
the animals’ locomotor activity significantly (see Figure 3).
MPD eﬀect
Figure 4 compares the locomotor behavioral activity following
MPD injection on recording day 2 (RD2) to the activity on RD1 after
saline injection. The figure summarizes the effect of MPD on all six
locomotor behavior indices of male adult Wistar-Kyoto (WKY) rats,
stratified by the three MPD doses (0.6, 2.5, and 10.0 mg/kg). Each pair
of columns represents the activity during the recording session postsaline injection on RD1 and post-MPD exposure on RD2. The figure
shows that MPD elicits a dose dependent increase in locomotion, i.e.
with increasing doses of MPD there was a further significant increase
in all locomotion indices aside from rest time (F(2,25) = 4.28, p <
0.05) in which an expected opposite trend was demonstrated. In
general, a similar observation was seen in all the other rat groups,
with minor non-significant fluctuation. However, at the lowest dose
(0.6 mg/kg MPD), a few groups, mainly those of the WKY strain,
exhibited a significant decrease in locomotion after the acute MPD
exposure (F(2,25) = 4.28, p < 0.05).
The change in the total distance traveled on recording day 1 (RD1)
after saline administration and on recording day 2 (RD2) after MPD
administration for male (left column of each of the paired histograms)
and female (right column of each of the paired histograms) are
presented in Figure 5. The change is given as the total distance on

Figure 3: Eﬀect of Saline Injections for Forty-Two Consecutive Days on
Locomotor Activity.
The baseline locomotor activity of adult female SD rats (N=8) was recorded
after daily injection with saline for a total of 42 consecutive days. The ﬁgure
demonstrates the average total horizontal activity count, split into the 12
hours of nighttime (Figure 3A), 12 hours of daytime (Figure 3B) and ﬁnally as
the full 24-hour cycle (Figure 3C).
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Figure 4: Eﬀect of Varying MPD Dose on Six Locomotor Indices in Adult
Male WKY Rats.
The pair of columns depict the value in the two hours post-injection of saline
on recording day 1 (RD1) compared to the value post-injection of MPD on
recording day 2 (RD2). Values are present as ±standard error of the mean,
with an asterisk (*) depicting a statistically signiﬁcant (p<0.05) diﬀerence from
saline, as determined by the student’s t-test.

RD2 minus the total distance on RD1. The figure summarizes this
difference for males and females of both ages, for all three strains and
at all three different dosages of MPD. In each of the 9 parts of the
figure (A-I), there are four columns presented: adolescent males and
females and adult males and females. A total of four comparisons are
made in each of these parts: adolescent male versus adolescent female,
adult male versus adult female, adolescent male versus adult male
and adolescent female versus adult female. In the WKY strain, there
was no consistent sex difference or age difference in total distance
traveled. In general, adolescent males exhibited significantly greater
hyperactivity than adult males across the doses (F(2,23) = 4.01, p <
0.05), with the opposite being seen in females (adults exhibiting more
hyperactivity than adolescents), aside from the 2.5 mg/kg MPD dose.
However, for the SHR strain, at the 2.5 and 10.0 mg/kg MPD doses,
the adult and adolescent females exhibited a significantly greater
increase when compared to their respective males (F(3,46) = 4.02, p
< 0.05), a finding that was seen in all three doses for the SD strain.
Furthermore, for the SHR strain, at the 2.5 mg/kg dose, female adults
exhibited greater increases than female adolescents, a trend that was
seen significantly at the 0.6 and 2.5 mg/kg MPD dose for SD rats,
and at the 10.0 mg/kg dose in WKY rats (F(2,50) = 3.67, p < 0.05).
Additionally, at the 10.0 mg/kg dose, female adults trended towards
a non-statistically significant greater increase than female adolescents
in both SD and SHR rats.
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Figure 5: Sex, Age and Strain Diﬀerences in Total Distance Traveled after the Acute Administration of Varying Doses of MPD.
Figure 5 compares the acute dose-response in terms of total distance traveled of male (left column) and female (right column) adult and adolescent WKY, SHR,
and SD rats to an administration of 0.6, 2.5 and 10.0 mg/kg MPD, i.p. The total distance that is represented is the diﬀerence in between the baseline distance
traveled on recording day 1 (RD1) after saline administration and the distance traveled on recording day 2 (RD2) after MPD administration. The ﬁgure is divided
into a total of 9 sections, each representing a diﬀerent strain and dose of MPD. A hexagon () represents a signiﬁcant diﬀerence between adult and adolescents
of the same sex, as determined by ANOVA testing with post-hoc Fischer’s LSD. A star () represents a signiﬁcant diﬀerence between male and female animals
of the same age group, i.e. male adolescents and female adolescents as determined by ANOVA testing with post-hoc Fischer’s LSD. The star is placed on or
above the column that is the signiﬁcantly larger in the comparison (F(10,83) = 14.12, p < 0.05).

The number of discrete movements following MPD doses of
0.6, 2.5 and 10.0 mg/kg in young (Figure 6A) and adult (Figure 6B)
Sprague-Dawley (SD) females are shown. The three MPD doses all
resulted in a significant increase in the number of discrete horizontal
movements when compared to saline exposure on recording day 1
(F(10,83) = 14.04, p < 0.05). A characteristic dose dependent response
was again seen. Moreover, the figure shows that adult female rats
responded to the acute exposure of 2.5 mg/kg MPD with a greater
increase in number of movements than the young female rats. This
reflects the adult female rats exhibiting a greater sensitivity to the
drug than the young female rats.
The MPD dose response curves of the three rat strains (WKY, SHR
and SD) used in this study are summarized in Figure 7. Figures 7A7D represents the adolescent males, adult males, adolescent females,
and adult females respectively. Dose dependent differences in MPD
response were seen across the three strains. Low dose exposure of MPD
in adolescent male rats resulted in minor, non-significant differences
between the three rat strains. However, following the injection of 2.5
mg/kg MPD, the WKY adolescent males responded with significantly
increased activity than the corresponding SHR group. This response
did not differ significantly from the SD group. Following 10.0 mg/kg
MPD exposure, there was a significant difference between the WKY
and SD groups but not between the WKY and SHR groups (Figure
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Figure 6: Eﬀect of Acute MPD Exposure on the Number of Discrete Horizontal
Movements in Young (Adolescent) and Adult Female SD Rats.
This ﬁgure represents the number of discrete horizontal movements (NM)
recorded in the two hours following exposure to varying dosages of MPD:
0.6 mg/kg, 2.5 mg/kg, and 10.0 mg/kg in young (Figure 6A) and adult (Figure
6B) SD female rats. The pair of columns compare the number of discrete
horizontal movements recorded after saline exposure on recording day 1
(RD1) to the number recorded after MPD exposure on recording day 2 (RD2).
A star () above the second bar represents a statistically signiﬁcant (F(10,85)
= 13.97, p<0.05) diﬀerence between the NM measured after saline and MPD
exposure, as determined by the student’s paired t test. Each subgroup
consisted of n=8.
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7A). The adult male rats exhibited a different response pattern than
the adolescents. Following both the lowest and the highest MPD doses
(0.6 and 10.0 mg/kg) each adult rat group exhibited significantly
different responses to the drug. For the low MPD dose, the SD rat
group exhibited a greater sensitivity to the drug. In contrast, after the
high MPD dose, the WKY rat group was the most sensitive to the
drug, with the largest total distance traveled. Following 2.5 mg/kg
MPD, there was no significant difference between the three strains
of adults (Figure 7B). For the adolescent females, the only significant
differences were seen at the 10.0 mg/kg dose, where the SHR group
responded with a much greater increase than the SD and WKY rats

(F(2,23) = 4.51, p < 0.05). There was no significant difference between
the SD and WKY rats at this dose. Different results were seen for the
adult females, where significant differences between the strains were
seen at all doses. At the 0.6 mg/kg dose, the SD rats responded with
the greatest increase, with the other two strains exhibiting a decrease
in total distance traveled. When exposed to 2.5 mg/kg MPD, both
the SHR and SD groups responded with hyperactivity, whereas the
WKY strain exhibited a very minimal increase. Lastly, at the 10.0
mg/kg dose, the SHR rats exhibited a significantly greater increase
(F(2,22) = 3.91, p < 0.05) than both WKY and SD rats, which did not
differ significantly. Overall, the WKY rat strain tended to be the most

Figure 7: Change in Total Distance after MPD Exposure in Adolescent and Adult Male and Female WKY, SD and SHR Rats.
This ﬁgure summarizes the measurements of total distance traveled in two hours after exposure to varying doses of MPD (0.6 mg/kg, 2.5 mg/kg and 10 mg/
kg) in young and adult males and females of the three rat strains (WKY, SHR and SD) used in this study. The measurements depicted are the absolute change
from baseline, i.e. the diﬀerence between total distance traveled after saline injection on recording day 1 (RD1) and after exposure to MPD on recording day
2 (RD2). Figure 7A represents the adolescent male rats and Figure 7B represents the adult male rats, while Figure C represents the adolescent female rats
and Figure 7D represents the adolescent female rats. A star () depicts a statistically signiﬁcant diﬀerence (F(10,83) = 2.90, p<0.05) between the strains, as
determined by multifactor ANOVA with post-hoc analysis with Fischer’s LSD test. Each subgroup consisted of n=8.
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Figure 8: Change in Horizontal Activity after MPD exposure in Adolescent
and Adult SD Rats. This ﬁgure depicts the horizontal activity, as an absolute
change from baseline in adolescent (Figure 8A) and adult (Figure 8B) male
and female SD rats exposed to 0.6 mg/kg, 2.5 mg/kg and 10 mg/kg MPD.
The measurements were calculated by subtracting the horizontal activity
measured in two hours post-saline injection on recording day 1 (RD1) from
the measurement post-MPD injection on recording day 2 (RD2). Values are
presented as the mean, with a star () representing a statistically signiﬁcant
(F(2,25) = 5.14, p<0.05) diﬀerence between male and female exposed to
the same MPD dose, as determined by multifactorial ANOVA with post-hoc
Fischer’s LSD testing. Each subgroup consisted of n=8.

hyperactive in adolescent and adult males, whereas in females it was
the SHR strain at certain doses and the SD strain at others.
Comparing the MPD dose response effect on male and female
adolescent and adult SD rats shows that both male and female
adolescent and adult rats responded with a dose dependent increase
in horizontal activity (Figure 8). Furthermore, female adolescent and
adult rats were more sensitive to the drug, i.e. exhibiting significantly
increased horizontal activity after MPD exposure when compared to
male rats in both age groups (F(10,21) = 4.33, p < 0.05).

DISCUSSION
MPD is among the first line medications when it comes to treating
social behavioral disorders such as ADHD [43-45]. Unfortunately,
there has been an increase in the use of MPD in people without ADHD
and the number of fatalities associated with its misuse has risen to a
record level [3,27,46-51]. Currently, there is widespread prescription
and illicit use of Methylphenidate (MPD) in persons without ADHD
of all ages and both sexes across the world. Given MPD’s similar
pharmacological profiles to the Psychostimulants Amphetamine
(Amp) and cocaine, further research is warranted regarding the drug’s
addictive potential [52]. Previously, studies have shown that cocaine
and amphetamine exert different effects based on the age, strain and
sex of the subject [53-55]. It is important to elucidate whether MPD
shows similarities or differences to cocaine and Amp in this regard.
The objective of this study was to compare the acute effects of 0.6, 2.5
and 10.0 mg/kg MPD doses on adolescent and adult (age difference)
rats of three different strains (genetic difference), while also taking
into account the sex of the rat (sex difference). The study confirmed
the hypothesis that the dose response of MPD is significantly different
across age, sex and strain.
The main findings of this study are as follows. Saline injection and
animal handling did not change the six locomotor indices recorded.
Consistent activity was observed in adult females over 42 days
indicating that the reproductive cycle did not modulate locomotor
activity [56]. Acute MPD exposure elicits dose dependent increases
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in the following five locomotor indices: horizontal activity (HA),
Total Distance (TD) traveled, Vertical Activity (VA), Stereotypic
Movements (SM), Number of Stereotypic Movements (NOS), and
a decrease in Rest Time (RT). Both young and adult female rats
responded to most doses of MPD exposure with more locomotor
hyperactivity than young and adult male rats in the SD and SHR rat
strains. This trend was not seen in the WKY strain. Additionally,
adult female SD and SHR rats responded to most doses of MPD
with a greater increase in locomotor activity than young female
rats, although the baseline activity in the young rats was higher than
adults. This trend was seen to a less significant degree in the WKY
strain. Additionally, in the WKY strain the adolescent males tended
to be hyperactive when compared to the adult males, although this
was not consistent across all three doses. Low dose of MPD (0.6 mg/
kg) in adolescent males and the middle dose of MPD (2.5 mg/kg) in
adult males exerted similar effects on all three rat strains. Similarly,
at the low and middle dose of MPD there were similar effects seen
in adolescent females. However, strain differences were observed
in the adolescent male groups following 2.5 and 10.0 mg/kg MPD,
in the adult male group following 0.6 and 10.0 mg/kg MPD, in the
adolescent female group following 10.0 mg/kg MPD and in the adult
female groups following all doses of MPD.
The observations of this study indicate that MPD elicits different
acute responses in females when compared to males, adolescents
when compared to adults, and among different rat strains, which is
relevant considering the vast increase in MPD use among people in all
of these groups. The largest increase in MPD consumption has been
seen in young subjects in particular, who are still undergoing normal
neuronal plasticity, which may be affected by MPD exposure [4748,57].This development includes crucial neuroplasticity pertaining
to the production and elimination of neuropil. Drug exposure in the
adolescent period while the neuropil is dynamically changing may
lead to a different response than the same drug exposure in the adult.
Furthermore, it is important to consider whether psychostimulant
(such as MPD) exposure during development can modulate the
neuropil, which includes the synapses that are the target of MPD’s
action. It has been previously recognized that adolescent rats express
an attenuated response to cocaine and Amp, possibly due to a
differential neuropil between adults and adolescents [58,59]. The
findings of this study corroborate previously reported observations of
other psychostimulants. There is a further need however, to compare
adults that were exposed to MPD in adolescence with those exposed
to MPD only in adulthood.
The observations of this study indicate that sex, age, and genetic
composition have an influence on the response of animals to MPD,
similar to studies that have shown that different pharmacologic
agents such as cocaine and Amp exert different effects on specimens
of different age, sex and genetic compositions [60-66]. This difference
may be due to differential dopamine receptor expressions in between
rat strains, a finding that has been previously reported for WKY, SD
and Wistar rats [67-68]. Furthermore, there may be differences in
the metabolism of dopamine or other endogenous catecholamines
in different ages, sexes and strains [69]. Previously, pharmacogenetic
research using genetically modified rodents of different strains has
reported that genetic factors are important in how the subject will
respond to a drug [32,70]. The strain differences in response to MPD
use observed suggest that the dose needed for an adequate response
is variable among the strains. Therefore, it is essential to study the
responses to different drugs in different strains and to consider, in a
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clinical setting, that all humans do not respond identically to MPD
pharmacotherapy.
The finding of variable responses by strain also raises the question
of which animal strain is the optimal model to study the effect of
MPD. In our opinion it depends on the objective. If the goal is to
study the effect of MPD on ADHD subjects, the animal model needs
to be an animal expressing behaviors similar to ADHD, such as the
spontaneous hyperactive rat [71,72]. However, the widespread use
of MPD for cognitive enhancement and recreation among healthy
children and young adults without ADHD makes it important to
study the properties of MPD on ordinary animal models such as
Sprague Dawley or Wistar-Kyoto rats.
Several studies report sex dependent differences in response to
drugs and psychostimulants [72-77]. The neuronal systems mediating
the behavioral responses to both drugs in general and psychostimulants
are reported to be sexually dimorphic. These systems are suggested
to be under the control of a subject’s genetics and the endocrine
system. Gonadal hormones, in particular, enhance the neurochemical
responses to psychostimulant administration [3]. Studies have also
reported that sex differences in response to drug exposure are due to
sex differences in metabolism [78,79]. Other studies have shown that
adult females express more severe symptoms of drug dependence as
well as a more robust and rapid behavioral response to acute Amp
and cocaine exposure when compared to males [3,80]. For example,
female adult SHR strain rats have an impaired vesicular storage of
dopamine and their dorsal and ventral striatum contain a 5-fold over
production and elimination of dopamine D1 and D2 receptors than
males which may explain sex and strain differences in response to
psychostimulants. None of the above studies compare young females
to young males, as was done in this study. Generally, female subjects
in our study exhibited a greater increase in locomotor behavior
following MPD exposure than males.
Our study does have multiple limitations that represent areas
for further research. For one, our experiment solely looks at the
acute behavioral response to MPD. Although we found significant
differences in just this first exposure, we believe much more can be
gained from looking at a chronic exposure to MPD, as we would then
be able to make conclusions about the differences in tolerance and
sensitization in the various animal groups we studied. Additionally,
many studies have shown the concordance between behavioral and
electrophysiologic data from brain structures implicated in the
reward pathway [81-83]. This presents another area for comparison
between sex, age and strain. Furthermore, the effect of social isolation,
as our rats were housed in individual cages, presents another variable
to be explored. Studies have shown the ability of social isolation to
modulate behavior and cause metabolic changes with respect to
dopamine [84-93].While our rats were given enrichment materials as
part of their social milleu, this is a factor that could have played a role
in the differential response between adult and adolescent rats, and
therefore should be further investigated.

CONCLUSION
The behavioral response to the MPD dose response protocol in this
experiment was variable between animals of different sexes, ages and
genetic strains. The adult and adolescent females were more sensitive
to the effects of MPD in the SD and SHR strains. Adult females were
generally more sensitive than adolescents to MPD in all the strains.
Adolescent male WKY rats tended to be more sensitive than adults.
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Further strain differences were seen in various doses groups when
separated by age and sex. These differences are consistent with
previous reports of similar differences with other psychostimulants
and MPD and include comparisons that have not been reported thus
far in the literature. Overall, we confirmed our hypothesis that there
are differences in response to MPD based on age, sex and strain.
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