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A B S T R A C T

The present study investigated the influence of Vyvanse (lisdexamfetamine), a psychomotor stimulant, on spatial
working memory, body weight, and adiposity in rats. Control and experimental rats were placed in individual
cages equipped with a running wheel, and food and water were provided ad-libitum. The study was divided into
three periods: 1) habituation, 2) experimental, and 3) withdrawal. Control rats received a placebo in periods 1, 2
and 3, while experimental rats received a placebo in periods 1 and 3. Experimental rats received a treatment of
Vyvanse in place of the placebo during period 2. Spatial working memory was examined by utilizing the
methodology of the Morris Water Maze. Rats were evaluated by performance in the maze each day during the
experimental and withdrawal periods. Each assessment consisted of two trials. The first was a sample trial in
which an escape platform was discovered by trial and error. The second was a test trial in which the platform
location was recalled using working memory. Platform placement and start location of the rats were changed
every session. It was hypothesized that Vyvanse would effectively enhance spatial working memory, and sig-
nificantly decrease body weight and adiposity without side effects on activity level and anxiety in rats. Results
supported the hypothesis. Compared to control rats, Vyvanse treated rats had significant improvement in
working memory and significantly lowered body weight, as well as significantly decreased mesenteric, renal, and
epididymal adiposity. No significant effects on activity level and task specific anxiety were noted in experimental
animals. When compared to placebo treatment, Vyvanse treatment produced no significant influence on food
and water intake. It was concluded that Vyvanse treatment in rats can enhance spatial working memory, and
decrease adiposity without suppressing normal appetite.

1. Introduction

Cognitive enhancers are drugs that improve higher-order mental
processes including memory, creativity, focus, and motivation in
healthy individuals (Frati et al., 2015). Psychomotor stimulants are a
major class of drugs utilized as cognitive enhancers. Most of these drugs
are controlled substances, and are abused illegally (Wood et al., 2014a).
The psychomotor stimulants that are most abused as cognitive en-
hancers are amphetamines, with Adderall (dextroamphetamine) being
the most prevalent (Arria and DuPont, 2010). If abused, these drugs are
harmful to the brain and recreational doses tend to create dependency
and adverse side effects (Advokat et al., 2008). Dextroamphetamine,
classified as schedule II by the Food and Drug Administration (FDA),
has a high risk for abuse and adverse effects since the drug activates
reward centers in the brain (Dackis and Gold, 1990). One way to lower
the risk of abuse with amphetamines is to couple the drug with another
compound and create a prodrug, which is a compound that must be

metabolized in some way before the body has access to the physiolo-
gically active component (Krishnan and Montcrief, 2007).

Vyvanse (lisdexamfetamine) is a prodrug of dextroamphetamine
(Food and Administration, 2017). The drug consists of a dex-
troamphetamine molecule bonded to L-Lysine. Once the drug is blood-
borne, the Lysine group is cleaved off through an enzymatic reaction
liberating the active component. Vyvanse is approved by the FDA to
treat Attention-Deficit/Hyperactivity Disorder (ADHD), and Binge
Eating Disorder (Food and Administration, 2017). Dextroamphetamine,
the active form of the drug, is a serotonin, dopamine, and nor-
epinephrine agonist (Heal et al., 2013) which explains why Vyvanse
may be abused as a cognitive enhancer and as a means to achieve a
euphoric high. However, lysine coupled with the amphetamine mole-
cule, makes the risk much lower than other drugs such as Adderall due
to the delayed release of the active form. This occurs because the blood
levels of dextroamphetamine are limited by the rate of the enzymatic
cleavage of lisdexamfetamine (Pennick, 2010). Thus, Vyvanse may
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prove to be a more therapeutic option for ADHD disorders and a safer
alternative than Adderall. Designing drugs in such a way as to create a
delayed release into the blood stream promotes hormesis, a process in a
cell or organism that produces a biphasic response to exposure from
increasing amounts of a substance or condition, with high levels of a
substance being toxic, but low levels being beneficial. Hormesis is
achieved when positive effects of the drug are maintained while as
many negative side effects as possible are eliminated (Mattson and
Calabrese, 2010).

There is still conflicting discourse as to whether or not ampheta-
mines can truly boost cognitive performance in healthy individuals.
There are, however, studies that show that these substances do improve
cognitive performance (Spencer et al., 2015; Ilieva et al., 2015). One
study demonstrated that, at lower doses, amphetamines can boost
prefrontal cortex function in human subjects (Spencer et al., 2015) and
another study found modest improvement in working memory and
long-term memory with therapeutic doses of amphetamines (Ilieva
et al., 2015). Because Vyvanse is a prodrug of amphetamine, it is a
viable option for producing these improved cognitive functions given
by amphetamines in healthy individuals without the usual adverse ef-
fects of amphetamines such as anxiety and hyperactivity (Arria and
DuPont, 2010).

Vyvanse and other amphetamine drugs are believed to improve
cognition through the ability of both isomers of amphetamine to act as
dopamine agonists (Miller, 2011). Dextroamphetamine and levoam-
phetamine are trace amine associated receptor 1 (TAAR1) agonists.
TAAR1 activation causes the efflux of monoamine neurotransmitters,
particularly dopamine, from storage sites on the presynaptic neuron
(Miller, 2011). A consequence of this is increased dopaminergic trans-
mission. Dextroamphetamine can also bind to vesicular monoamine
transporter 2 (VMAT2), being taken up by presynaptic vesicle stores of
dopamine. The influx of dextroamphetamine causes the efflux of do-
pamine out into the neuronal cytoplasm, eliciting a similar effect as
TAAR1 activation and enhancing the effect of TAAR1 activation (Eiden
and Weihe, 2011). Augmented dopaminergic transmission would im-
pact the mesocortical and mesolimbic tracts, which are two major
pathways in cognition and memory. Both of these pathways are major
branching points that connect various parts of the brain implicated in
memory and executive function (McKim and Hancock, 2013). The nu-
cleus accumbens, which receives information from the environment,
projects dopaminergic fibers to the ventral tegmental area which then
has many projections to other areas of the brain involved in the learning
and memory system (McKim and Hancock, 2013). Since dex-
troamphetamine, a metabolite of Vyvanse, acts as a dopamine reuptake
inhibitor in the brain (Miller, 2011), the drug causes amplification of
dopaminergic transmission in the mesolimbic and mesocortical path-
ways. A recent study demonstrated that cognitive-enhancing effects of
amphetamine occur through this indirect activation which, in turn,
affects both D1 dopamine receptors and α2 adrenoceptors in the pre-
frontal cortex (Spencer et al., 2015). Studies have also shown that the
effect of increased dopamine efflux in the nucleus accumbens increases
task saliency, and performance on boring or difficult tasks (Malenka
et al., 2009; Wood et al., 2014a, 2014b). ADHD patients generally have
low levels of dopamine and lower task specific focus, and studies have
demonstrated that amphetamine drugs can correct this cognitive deficit
(Bidwell et al., 2011).

There has been a sparse amount of cognitive enhancement studies
involving healthy subjects conducted on Vyvanse. Most studies, parti-
cularly those with rats, have been focused on the pharmacological as-
pects of the drug. One of these studies found Vyvanse to have about a 5
times higher lethal dose than that of dextroamphetamine (Krishnan and
Montcrief, 2007). Another study on the behavioral effects of the drug
demonstrated that Vyvanse was effective in reducing binge eating in
rats by 71% (Vickers et al., 2015). Because there have been few studies
done on Vyvanse as a cognitive enhancer, the main focus of the present
study was to examine the effects of Vyvanse on spatial working memory

in rats. Spatial working memory was compared between control and
treatment groups using the Morris Water Maze (MWM). The MWM test
was chosen because it has high reliability, experimental versatility, and
specificity for spatial learning and memory (Vorhees and Williams,
2006). In addition, the effects of the drug and placebo on body weight,
activity, food and water intake, anxiety, and adiposity were studied.
Studying food intake, adiposity, and body weight of Vyvanse treated
rats helps confirm or refute drug effects in healthy subjects, and gauges
accordance of results with the study done by Vickers et al. on binge
eating in rats (Vickers et al., 2015). It also helps confirm viability of an
amphetamine prodrug depending on the effect drug treatment has on
appetite. Little to no effect on appetite should be expected if the pro-
drug truly promotes hormesis, as an adverse effect of dex-
troamphetamine is appetite suppression. This also applies to animal
locomotion and anxiety, where adverse effects associated with dex-
troamphetamine treatment should be diminished with treatment of its
respective prodrug instead. The study of water intake can implicate if
there any drug interactions with the endocrine system of the rats. It was
hypothesized that Vyvanse would effectively enhance spatial working
memory and would promote lower body weight and adiposity without
producing side effects on activity level and anxiety in healthy rats.

2. Methods and materials

2.1. Animal care and housing

All procedures were approved by the local Institutional Animal Care
and Use Committee and followed NIH guidelines. Particular emphasis
was placed on implementation of the 3Rs. Twelve Long-Evans male rats
(Envigo, Indianapolis, IN), weighing between 90 and 100 g, were
placed in individual cages equipped with a running wheel attached to a
device that recorded activity using VitalView software (Starr Life
Sciences Corp., Oakmont, PA). Rats were approximately five weeks old
at the start of the study. The running wheel sensor recorded activity
every 5min for the duration of the experiment. Each rat was weighed
upon arrival, and the rats were assigned to control and treatment
groups equally based on weight, with six rats in each group. Food
(Purina Rodent Chow #5001, Nestle Purina PetCare Co., St. Louis, MO)
and tap water were provided ad-libitum. Body weight was recorded
every three days, while food and water consumption were monitored
every day. Each day was divided into 12 h of light and 12 h of dark,
making up a circadian cycle. Room temperature was held constant at
21–23 °C.

2.2. Habituation period

Days 1–16 of the study constituted the habituation period. A 250 μL
condensed milk treat was presented in a shallow glass dish every day at
the start of the dark cycle following the protocol of Murphy et al.
(2015). The treat was completely consumed within 5min by the end of
the third day. Following removal of the dish, rats were provided with
food and water ad-libitum throughout the 24-h cycle.

2.3. Experimental period

Days 17–37 constituted the experimental period. During this time,
the treatment group received the milk treat with a solution of Vyvanse
(Shire, Lexington, MA) dissolved in deionized water at a dose of
1.5 mg/kg as utilized by Vickers et al. (2015). During this period the
experimenters were not blind to treatment. The dose utilized by Vickers
et al. elicited therapeutic behavioral effects in rats, and therefore we
elected to use the same dose in the current study. The control group
received the condensed milk treat with deionized water which acted as
a placebo. Administration of the drug and placebo to the respective
groups was carried out at the start of the dark cycle every day
throughout the experimental period.
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2.4. Withdrawal period

Days 38–47 constituted the withdrawal period. During this period,
both groups received the milk treat with deionized water at the start of
the dark cycle.

2.5. Morris water maze test

During the experimental and withdrawal periods, spatial working
memory for both groups of rats was assessed by using the MWM. Ten to
twenty minutes were allotted for drug absorption before both groups
were assessed by the MWM. Time allotted for drug absorption was
based on a Tmax of 0.17 h found for Vyvanse in rats by Pennick (2010).
This was done to ensure that testing coincided with maximum drug
concentration as close as possible. After the allotted absorption time,
the animals were tested in the MWM. The maze was a circular pool that
was 1.5 m in diameter and 60 cm deep. It was partitioned into 8 seg-
ments and three colored towels, which served as cues for the rats, were
draped over the side in permanent locations throughout the experi-
ment. A rough schematic of the maze is provided in Fig. 1 along with
typical pathing of rats in the maze. The towels being in permanent
locations kept the rat from associating platform placement with the cue
only. Such an association could have introduced bias into the results
because, instead of learning the location of the platform itself, the rat
could have learned to associate the location of the cues with the plat-
form placement.

Water in the pool was kept at room temperature, and monitored by
a thermometer. All maze assessments were held during the dark phase
of the circadian cycle utilizing a red light bulb of 5 lx. At the end of the
allotted absorption time, at the start of the dark cycle each day, the
protocol for spatial working memory in rats proposed by Vorhees and
Williams (2006) was employed for both treatment and control groups.
The assessment of each rat included 2 trials. The first trial was a sample
trial which consisted of the rat discovering the location of the platform
by trial and error. The second trial was a test trial which consisted of
the rat recalling the location of the platform. During the sample trial,
each rat was given 90 s to find the platform. Once the platform was
discovered by the rat, it was allowed to rest on the platform for 15 s. If
the rat did not find the platform after the allotted 90 s, it was guided to
it. After the 15 s of rest, the animal was placed back in the start location
of the maze. During the test trial, 90 s were allotted for the rat to find

the platform. If the rat recalled the location of the platform, it swam
faster to the platform during the test trial. After the maze assessment,
each rat was patted gently with a paper towel to remove excess water
and returned to its home cage. As shown in Table 1, platform location
was varied every day of the study by following a chart proposed by
Vorhees and Williams (2006).

Due to platform relocation every day, no learning of the platform
position from the previous day could be transferred to the test trial of
the next day; hence, recall on each day during the test trial was de-
pendent on the sample trial of that day and measured only working
memory.

2.6. Anxiety measurement

Anxiety was assessed at the start of all MWM test trials when the rat
was placed back into the water after having discovered the platform.
This method of anxiety assessment was elected to minimize experi-
menter handling of the animals as much as possible. The MWM task
induced anxiety was rated by assessing rat behavior that was anxious in
character (squirming, squealing, and aggression) on a scale from 0 to 3,
with 0 showing no signs of anxiety, and 3 being extremely anxious.

2.7. Adiposity measurement

At the conclusion of the experiment, all rats were sacrificed and
differences in renal, and mesenteric adiposity between the treatment
and control groups were assessed by scoring following the procedures
of Wideman and Murphy (2009). Epididymal fat was dissected from the
body of each rat and weighed.

2.8. Statistical analysis

All results were statistically analyzed with SPSS 23 (IBM Released
2015. IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY: IBM
Corp.). Unless noted otherwise, the threshold of significance was set at
α=0.05. For maze data, weekly sample and test trial times of each rat
were averaged for the period for within group analysis. Test trial times
of each group were averaged daily for between treatment group ana-
lysis. Body weight data was averaged by period for between group
analysis. Body weight, running wheel revolutions, food intake, and
water intake data were averaged by period for between group analysis.
Mean sample and test trial times within each group were analyzed

Fig. 1. A Schematic of MWM utilized in the study with typical pathing a rat
would take from the start location to the escape platform.

Table 1
Alternation of platform and start configurations as proposed by Vorhees and
Williams (2006).

Day Platform placement Rat placement

1 SE N
2 NE E
3 SW S
4 SE W
5 NE S
6 NW N
7 NE W
8 SE E
9 NW W
10 SE S
11 SW E
12 SW N
13 NW E
14 NE W
15 SE N
16 SW S
17 NE N
18 NW S
19 NW E
20 SW W
21 SE N
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Fig. 2. A. Mean MWM times (± SEM) of the sample and test trials for the experimental group across weeks 1, 2, and 3 of the experimental period, and the
withdrawal period. An * indicates a significant difference (p < .05) between trials.
B. Mean MWM times (± SEM) of the sample and test trials for the control group across weeks 1, 2, and 3 of the experimental period, and the withdrawal period. An *
indicates a significant difference (p < .05) between trials.
C. Mean MWM times (± SEM) for test trials of both treatment groups across weeks 1, 2, and 3 of the experimental period, and the withdrawal period. An * indicates a
significant difference (p < .05) between treatment groups.
D. Mean MWM times (± SEM) for sample trials of both treatment groups across weeks 1, 2, and 3 of the experimental period.

Fig. 3. A comparison of mean body weight between control and experimental rats during the entire study. An * indicates a significant difference in body weight
between the experimental and control groups for the period (p < .05).
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separately, using a 2× 4 (trial× period) repeated measures ANOVA
across weeks 1–3 of the experimental period and the withdrawal
period. Mean sample and test trial times were compared between
groups using a 2×4 (treatment× period) ANOVA. Body weight, run-
ning wheel activity, food intake, and water intake were analyzed using
a 2× 3 (treatment× period) repeated measures ANOVA. Anxiety
scores were compared between treatment groups using a Mann-
Whitney U Test across weeks 1–3 of experimental period and the
withdrawal period. Renal and mesenteric adiposity scores were com-
pared using a Mann-Whitney U Test. Epididymal adiposity was com-
pared between treatment groups using an independent samples t-test.
When necessary, post hoc Bonferroni tests were carried out for ANOVA
tests. Effects of period on any independent variable are omitted due to
the rats maturing through the study.

3. Results

Fig. 2A shows the comparison between mean sample and test trial
maze times across weeks 1, 2, and 3 of the experimental period, and the
withdrawal period within the experimental group of rats. All data dis-
tributions were normal as assessed by Shapiro-Wilk's test [p > .05],

and Mauchly's test of sphericity indicated that the assumption of
sphericity was met for the two-way interaction [χ2(2)= 9.756,
p > .05]. The results of the ANOVA indicated that there was a statis-
tically significant interaction between trial and period [F
(3,15)= 7.780, p < .01], and a main effect for trial [F(1,5)= 46.642,
p < .01]. Post hoc tests were run between sample and test trials of each
week and it was found that the mean maze time of the sample trial was
higher than that of the test trial for the experimental group during
weeks 1, 2, and 3 of the experimental period. All differences were
statistically significant [F(1,5)= 18.749, p < .01], [F(1,5)= 13.677,
p < .05], and [F(1,5)= 19.758, p < .01] for weeks 1, 2, and 3 of the
experimental period respectively. Post hoc tests showed that test trial
times were not significantly different from sample trial times during the
withdrawal period [F(1,5)= 2.573, p > .05]. Thus, Vyvanse treated
rats performed the Morris water maze significantly faster during the test
trial than the sample trial across weeks 1, 2, and 3 of the experimental
period. During the withdrawal period the rats did not perform the maze
significantly faster in the test trial compared to the sample trial.

Fig. 2B presents the comparison between mean sample and test trial
maze times within the control group across weeks 1, 2, and 3 of the
experimental period, and the withdrawal period. All data distributions

Fig. 4. A comparison of mean running wheel activity between experimental and control groups across all periods of the study.

Fig. 5. A comparison of mean food intake of experimental and control groups during the entire study.
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were normal as assessed by Shapiro-Wilk's test [p > .05] except for test
trial times during week 2 of the experimental period [p= .010]. This
was not considered a severe enough violation to warrant transformation
of the data. Mauchly's test of sphericity indicated that the assumption of
sphericity was met for the two-way interaction [χ2(2)= 5.731,
p > .05]. The ANOVA results indicated that there was a statistically
significant interaction between trial and period [F(3,15)= 3.967,
p < .05] with a main effect for trial [F(1,5)= 28.225, p < .01].
Therefore, post hoc tests were conducted to determine which weeks had
the significant difference between trials. Mean sample maze times were
significantly higher than that of trial maze times during week 1 of the
experimental period [F(1,5)= 11.824, p < .05]. Sample trial times,
however, were not significantly higher than test trial times during
weeks 2 and 3 of the experimental period, and the withdrawal period [F
(1,5)= 4.959, p > .05], [F(1,5)= 4.586, p > .05], and [F
(1,5)= 6.245, p > .05] respectively. Thus, control rats performed the
Morris water maze significantly better during the test trial than in the
sample trial only during week 1 of the experimental period, and did not
perform the maze significantly better during the test trial when

compared to the sample trial during weeks 2 and 3 of the experimental
period, and the withdrawal period.

Fig. 2C illustrates the mean MWM times for test trials between
treatment groups across weeks 1, 2, and 3 of the experimental period,
and the withdrawal period. All distributions were normal as assessed by
Shapiro-Wilk's Test [p > .05] expect for maze times during week 2 of
the experimental period in the experimental group [p= .037]. This was
not considered a severe enough of a violation to warrant transformation
of the data. The assumption of homogeneity of variances was violated,
as assessed by Levene's test for equality of variances [p= .013]. Due to
this violation, the threshold for alpha was changed from 0.05 to.005 for
this test. ANOVA results showed that there was a statistically significant
interaction between treatment and period [F(3,52)= 12.676,
p < .001] with a main effect for treatment [F(1, 52)= 78.139,
p < .001]. Post hoc tests determined that during weeks 1, 2, and 3 of
the experimental period Vyvanse treated rats had significantly lower
test trial times than that of control rats with statistics of [F
(1,52)= 38.304, p < .001], [F(1,52)= 51.207, p < .001], and [F
(1,52)= 11.811, p= .001] for weeks 1–3 respectively. During the

Fig. 6. A comparison of mean water intake of experimental and control groups during the entire study.

Fig. 7. A comparison of mean anxiety scores (± SEM) for experimental and control groups across weeks 1, 2, and 3 of the experimental period, and the withdrawal
period.
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withdrawal period, mean test trial times of Vyvanse treated and control
rats were not significantly different from one another [F(1,52)= 0.016,
p > .05].

Fig. 2D illustrates the mean MWM times for sample trials between
treatment groups across weeks 1, 2, and 3 of the experimental period.
All distributions were normal as assessed by Shapiro-Wilk's Test
[p > .05] except for the control group during the withdrawal period
[p < .001] and the experimental group during week 1 of the experi-
mental period [p= .041]. This was not considered a severe enough of a
violation to warrant transformation of the data. The assumption of
homogeneity of variances was violated, as assessed by Levene's test for
equality of variances [p < .001]. Due to this violation, the threshold
for alpha was changed from 0.05 to 0.005 for this test. ANOVA results
showed that there was no statistically significant interaction between
treatment and period [F(2,12)= 0.372, p > .05]. Average sample trial
times for both groups were not significantly different across weeks 1–3
of the experimental period, and the withdrawal period.

Fig. 3 displays the average body weight comparison between control
and experimental rats during the entire study. It was found from the

ANOVA results that there was no statistically significant interaction
between treatment and period [F(2,186)= 1.3, p > .05]; however,
there was a main effect for treatment [F(1,186)= 7.337, p < .01].
Post hoc tests indicated that Vyvanse treated rats weighed significantly
less than control rats during the experimental period [F(1,186)= 6.1,
p < .05]. It should be noted that, although not significant, the with-
drawal period showed a noticeable difference in weight [p= .06].
Difference in weight was not statistically significant during the habi-
tuation period.

Fig. 4 shows the comparison of average running wheel activity be-
tween experimental and control groups across all periods of the study.
The ANOVA results showed that there was no statistically significant
interaction between treatment and period [F(2,86)= 1.068, p > .05],
and there was no main effect for treatment [F(1,86)= 0.600, p > .05].

Fig. 5 presents the comparison between experimental and control
group mean food intake across the entire study. The ANOVA results
showed that there was no statistically significant interaction between
treatment and period [F(2,86)= 0.03, p > .05], and there was no
main effect for treatment [F(1,86)= 1.244, p > .05].

Fig. 8. A comparison of mean renal and mesenteric adiposity scores (± SEM) between experimental and control groups. An * indicates a significant difference
between treatment groups (p < .05).

Fig. 9. A comparison of mean epididymal fat mass (± SEM) between experimental and control groups. An * indicates a significant difference between treatment
groups (p < .05).
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Fig. 6 illustrates the mean daily water intake of control and ex-
perimental rats across the entire study. The ANOVA results showed that
there was no statistically significant interaction between treatment and
period [F(2,86)= 0.972, p > .05], and there was no main effect for
treatment [F(1,86)= 0.089, p > .05].

Fig. 7 displays the comparison of mean anxiety scores between the
experimental and control group across the experimental and with-
drawal period. A Mann-Whitney U test was run to determine if there
were differences in anxiety scores between the control and experi-
mental groups. Distributions of the anxiety scores for both groups were
similar, as assessed by visual inspection. Median anxiety scores were
not significantly different between control and experimental groups
across weeks 1–3 of the experimental period [U=901, z=0.074,
p > .05], [U=899, z=0.074, p > .05], and [U=833, z=0.730,
p > .05] respectively, and the withdrawal period [U=1713.5,
z=0.484, p > .05].

Fig. 8 shows the comparison of mesenteric and renal adiposity
scores between treatment groups. A Mann-Whitney U test was run to
determine if there were differences in renal and mesenteric adiposity
scores between the control and experimental groups. Distributions of
the adiposity scores for both groups were not similar, as assessed by
visual inspection. There was a significant difference in renal and me-
senteric adiposity scores between control and experimental groups
[U=5, z=−2.183, p < .05], and [U=4, z=−2.442, p < .05]
respectively. Vyvanse treated rats had significantly lower renal and
mesenteric adiposity scores than control rats.

Fig. 9 presents the comparison of mesenteric fat mass between
treatment groups. It was found that control rats had significantly more
epididymal fat mass than that of Vyvanse treated rats at the conclusion
of the study [t(10)= 3.070, p < .05].

4. Discussion

The current study demonstrated that Vyvanse had significant posi-
tive effects on spatial working memory in healthy male rats when
compared to a placebo. Possible mechanisms for the cognitive en-
hancement of Vyvanse can be postulated for the results of the present
study in reference to other studies that have been done on ampheta-
mines. Vyvanse possibly enhances working memory through the ability
of its active form, dextroamphetamine, to increase dopaminergic
transmission in areas of the brain dealing with cognition and memory
(McKim and Hancock, 2013). Dopamine agonism causes efflux of the
neurotransmitter in critical areas of the central nervous system that are
essential to various cognitive processes (McKim and Hancock, 2013).
One possible route for cognitive enhancing capabilities of Vyvanse can
involve motivation and object salience based on classical operant
models. Although not quantified in any way in the present study, it was
observed that Vyvanse treated rats were more prone than control rats to
stand up on their hind legs and look around the maze when discovering
the platform at the end of the sample trial. This observation may ex-
plain the better overall performance of Vyvanse treated rats during the
experimental period compared to control rats. The escape platform has
salience on its own because it is a means for the rat to escape the water.
An increase in dopamine in the mesolimbic pathway could possibly
increase the salience of the location of cues in the maze with respect to
the platform; thus, increasing the motivation to remember this spatial
relationship. The cues in the case of the present study were the colored
hand towels, which were placed in permanent locations around the
maze throughout the study. In a sense, cognitive enhancement achieved
through modification of object salience would be an indirect con-
sequence of increased motivation in the rats (McKim and Hancock,
2013; Bidwell et al., 2011). Another route could include the mesocor-
tical projections to higher areas of the brain, particularly the prefrontal
cortex, which plays a role in executive functions (Diamond, 2013). The
executive functions that pertain to the current study involve memory,
and problem solving. Vyvanse treated rats had significantly lower test

trial times in the MWM when compared to control rats as shown in
Fig. 2C, but the sample trial times between the two groups showed no
significant difference as shown in Fig. 2D. Therefore, maze performance
can't be attributed to possible drug induced hyperlocomotion. Upon
withdrawal of the drug, the test trial times of the experimental group
decreased and were not significantly different from the sample trial
(Fig. 2A).

The current study and the study carried out by Murphy et al. (2015)
show a clear model for studying cognitive enhancement in rats for
prospective studies utilizing the methodology of the MWM. That study
involved the drug, Modafinil, a psychostimulant commonly abused for
cognitive enhancement that also effects dopaminergic transmission
(Murphy et al., 2015). The studies involved two different drugs, yet
yielded similar results with respect to whether or not the drug had an
impact on cognitive enhancement. There was a significant difference
between sample trial and test trial times in the experimental groups,
and there was a clear loss of cognitive enhancement during the with-
drawal period in both studies.

Side effects of Vyvanse on rats that were monitored were not ob-
served in the current study. There was no significant difference in wheel
activity, water intake, and water maze induced anxiety between
Vyvanse treated rats when compared to rats given a placebo. In addi-
tion, food intake was not significantly suppressed in Vyvanse treated
rats when compared to rats given a placebo (Fig. 5). Body weight,
however, showed a distinct difference between the two groups when
the experimental rats were administered Vyvanse. Every weight mea-
surement from the experimental period was significantly different be-
tween the experimental and control groups, with the mean body weight
of control animals being higher than that of the experimental animals
(Fig. 3). The withdrawal period showed a difference in mean weight of
the two groups that was noticeable [p= .06], however, not significant
based on the current study's value of α (Fig. 3). Therefore, it can be
postulated that drug effects on body weight ceased with withdrawal,
but body weight was slower to change afterwards. Mesenteric, renal,
and epididymal adiposity were significantly lower in Vyvanse treated
rats when compared to control rats (Figs. 8, and 9). The results of food
intake did not agree with the results obtained for body weight and
adiposity. It would be expected that the drug would have had some
effect on appetite in light of observed effect on body weight and
adiposity. Therefore, it can be concluded that the effect of a therapeutic
dose of Vyvanse on body weight was not achieved through food intake
suppression in the current study. However, amphetamine is known to
affect fat metabolism. A study done by Pinter and Pattee (1968) de-
monstrated that the administration of amphetamine and methamphe-
tamine led to an increase in the plasma free fatty acid concentration in
human subjects. It was concluded in that study that amphetamine is an
adipokinetic agent that causes an increase in the plasma free fatty acid
concentration to a lesser extent, but of longer duration than equipressor
doses of epinephrine. The effects on weight caused by Vyvanse in the
current study may be due to a change in fat metabolism caused by
dextroamphetamine, the active form of Vyvanse. A change in dopamine
transmission in the mesolimbic pathway can have an impact on appetite
as demonstrated by Pennick's (2010) study; however, food intake was
no different when compared to the placebo in the current study. Per-
haps, the therapeutic dose used in this study only prevents overeating in
the rats and has no impact on normal appetite of the animal. This would
suggest that the effect of the drug on body weight was only attributable
to changes in fat metabolism in the current study. Noting the minimal
drug effects on appetite, water maze induced anxiety, wheel activity,
and water intake in the current study may suggest the viability of
prodrugs. This is because Vyvanse treatment produced cognitive en-
hancing effects without severely suppressing appetite, increasing water
maze induced anxiety, and causing hyperactivity in healthy rats.

A major limitation of the current study was the assessment of an-
xiety in the rats. Anxiety was only assessed while the rats were per-
forming the MWM task. Therefore, it is debatable whether other forms
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of anxiety in the rats were affected, and it can only be concluded that
drug treatment did not impact task specific associated anxiety. In this
case the stressor was the MWM task and the behavior being assessed
was aggression and behavioral cues of fear in rats such as squirming,
and squealing. However, the other parameters that were measured such
as food intake, and activity can implicate other anxiety-like behaviors
in rats. Studies have found links between overeating and hyperactivity
in rats exposed to stressful stimuli (Levine, 1981; Kwak et al., 2009).
And in this study, there was no difference between Vyvanse treatment
and placebo for food intake nor activity. It should be noted that high
variability for anxiety scores in the experimental group shown in Fig. 7
can be attributed to an outlier that was not removed. Subject 4 in the
experimental group showed disproportionate amounts of aggression,
and was the only subject to score a 3 on an established scale of 0–3
throughout the duration of the study. Another limitation of the current
study was that a single dose was used. Although results showed cog-
nitive enhancement with the dose that was chosen, the degree of that
effect could have possibly been found with testing multiple doses. There
was also a limitation of small sample size, with 6 rats in each group.
However, each week represented multiple replicates of data for each
rat, and statistics were analyzed conservatively where assumptions for
the respective statistical test were violated. A stronger conclusion could
be reached with an increased sample size in future studies. One miti-
gating factor related to the MWM was the absence of a habituation
period. Thus, week 1 of the experimental period was the first time the
animals were introduced to the maze. As a consequence, the control
group and the treatment group had similar performance in the maze
during week 1 of the experimental period; however, not during weeks 2
and 3.

In conclusion, Vyvanse treatment had significant positive effects on
cognition in healthy rats, without negative side effects on activity level
or task specific anxiety. Drug treatment also significantly reduced
peritoneal adiposity without impacting normal appetite in healthy rats.
This provides evidence that prodrugs promote hormesis due to the
ability of prodrugs to release the active form of drugs in more of a
controlled manner, as opposed to drugs causing their effects im-
mediately. The implications of prodrugs are promising for the treatment
of diseases involving the nervous system, without inducing adverse side
effects. Particularly, with the treatment of ADHD, the results of the
current study suggest that Vyvanse is possibly a safer alternative to
correcting cognitive deficits caused by the disease than alternatives
such as Adderall.
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