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Effects of Methylphenidate and Atomoxetine
Treatment on Purkinje Cell Number in
Juvenile Rats
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OBJECTIVE: To detect the effects of methylphenidate
(MPH) and atomoxetine (ATX) on the cerebellum.

STUDY DESIGN: Male juvenile rats were separated
into MPH, ATX, and control groups. The amoug
Purkinje cells and the histological structure of t,
bellum were investigated.
RESULTS: In the MPH group a significan
was noted in the number of Purkinje cells as co
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detected that MPH
Attention-deficit hyperactivity disorder (ADHD) is

nswer questions about the one of the most common disorders occurring
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during childhood. This psychopathology is related
with genetic factors, but it has not been identified
specifically which genes play a role in the disorder.!
ADHD is a highly familiar neurodevelopmental
disorder with symptoms such as inattention, impul-
sivity, and hyperactivity.? Increasingly, diagnosis
and treatment of this disease is by psychostimulant
medication.

Methylphenidate (MPH) and atomoxetine (ATX)
are used commonly as a psychostimulant for the
treatment of neurodevelopmental disorders. These
drugs show their effect via extracellular catecho-
lamine levels. Additionally, they affect dopamine
and norepinephrine functions in the brain regions
of the prefrontal cortex, hippocampus, and especi-
ally the cerebellum.**

During active attention tasks, the cerebellum
and prefrontal cortex make connections with the
frontal and parietal lobes. While performing the
attention tasks, the cerebellum receives signals
from a variety of specific brain regions.®” MPH
inhibits the transport of dopamine by binding to
synaptic membranes with high affinity; heaee
levels of dopamine and norepinephrine in€reasée
within the synaptic space.®'! MPH has k 3
neuroprotective effect with the receptor “@ech
nism.!? Additionally, changes in catechola
which include MPH, can lead to
have been no reports about
MPH, but differences in ca
cause toxic or protective e
MPH affects energy

ine blocker. The
s ceruleans, and
ainly affected in the

18 Recent studies have
show activatign on the
e drugs

cerebelldm plays a critical role in hyperactivity. The
potential effects of psychostimulants on the cere-
bellum are still poorly understood. Martins et al
stated that these drugs trigger oxidative stress and
impair the structure and functions of the central
nervous system.?? Additionally, their long-term
use, especially in early childhood, may result in
changes in the biochemical structure of the brain.?32
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Schmitz et al performed an experimental study on
juvenile rats and reported that MPH caused harm-
ful effects in the lipid and proteins of the prefrontal
cortex, but this harmful effect was not seen in the
striatum, hippocampus, and cerebellu

In this study the effects of MPH
analyzed? on the juvenile rat cergbel
logical and histological metho

Materials and Methods
Experimental Design

Juvenile male Wi

sun, Turkey. All
ed by the ethics
/62). Three groups
ly as follows (n=6 rats per
p (physiological saline treat-

or 14 days. Drugs and saline solu-
ed at the end of the 14th day, and the
perimental animals were monitored drug-free
a further 45 days. Food pellets and tap water
provided ad libitum. MPH and ATX were
prepared freshly, dissolved in 0.9% saline solution,
and MPH, ATX, and saline were given by gastric
lavage in a volume of 1 mL/kg of body weight. The
administration of all drugs and saline were per-
formed at 12 h intervals in 2 divided doses.

Histological Examination and Stereological Analysis

All animals were perfused intracardially with
physiological saline at the end of the experimen-
tal procedure (60th day). The routine histological
staining techniques were used in the processing
of the cerebellum tissues. A microtome (Leica RM
2135, Leica Instruments, Nussloch, Germany) was
€used in taking the sections (20 um), and they were
stained with 0.1% Cresyl fast violet dye. Following
the histological processing, stereological analysis
was performed using the optical dissector meth-
od. Stereological methods allow the analysis of
biological tissue in 3-D, allowing the use of theo-
retically unbiased sampling, and these estimation
methods assess the first order stereological pa-
rameters—volume, surface area, length, and num-
ber. In the current study the estimation of the
total amount of neurons in the cerebellum was
carried out with the Optical Fractionator meth-
0d?0?7 (Figure 1).

The Optical Fractionator methods used for par-
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Figure 1 The Optical Fractionator m
(A). Following the contour, the ster:
directions X and Y (B). Micrographs at
different thickness. One Purkiaj is

constitutes a specific fraction of
to be analyzed.”® The optical dis-
r begins with a look up section at the top of
ical dissector and a reference section at the
bottom'6f the optical dissector. According to a pilot
study conducted previously, it has been reported
to sample every sixth section (ssf) through to the
systematic random sampling procedure. Approxi-
mately 15-20 sections taken from each brain are
known to be sufficient in the estimation of the
total amount of neurons when using the Optical
Fractionator method for counting the cells.?%-% Each

h-magnification image of the microscopic field indicated in a section for
Purkinje cells are found at D. The microscopic field is superimposed with a

dissector probe is actually a virtual counting box
located in every counting field, and its height is
less than the section thickness. This means that in
every counting field a known fraction of section
thickness (dissector height/section thickness) was
chosen for particle counting. For the present study
the unbiased counting frame area was 2,025 pm?.
The area sampling fraction (asf) was 2,025 pm?2/
62,500 pm?. The dissector height was 12 um, and a
guard zone of 3 pym at the topmost part of the sec-
tion was left out of the analysis at each step as an
upper guard zone. In this case there is a third samp-
ling step which is called thickness sampling fraction
(TSF) (TSF=20/mean section thickness for each
animal). About 16-20 sections were estimated for
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each cerebellum using systematic random samp-
ling.

In a stereology workstation (Stereo Investiga-
tor 9.0, MicroBrightField, Inc., Williston, Vermont,
USA) stereological analysis was done by using a
light microscope (Leica M 4000 B, Germany) with
an attachment of digital color. The estimation of
the total Purkinje cell number in the cerebellum
was performed by using the following formula:

N =YQ - (1/ssf) - (1/asf) - (1/tsf),

where YQ represents the total amount of Purkinje
cells counted in all optically sampled fields of the
cerebellum as dissector particles, ssf represents the
section sampling fraction (1/6), asf represents the
area sampling fraction (2,025/62,500), and tsf rep-
resents the thickness sampling fraction (defined
by dissector height [20 ym] divided by the estima-
ted mean section thickness).”” The sufficiency of
sampling and the proper number of sampled cells
was coefficient of error (CE), and the coefficients
of variation (CV) were observed in an acceptable
level.3132 When the stereological examination i

bers in the Purkinje cell layer. All discusg
are shown in Figure 1.

Statistical Analysis

Before analysis the test of no
to all groups. Data were fo
us. The mean cell amounts i
compared by groups

erformed using
d as the mean+

kinje cells was significantly increased as compared
to that in the Control and ATX groups (p<0.05). A
significant decrease in the amount of Purkinje cells
was noted in the ATX group as compared to the
MPH and Control groups (p<0.05).

Histopathological Examination

We stereologically and histologically examined tis-
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Table | Comparison of Total Purkinje Numbers for Control, MPH,
and ATX Groups
Mean +standard Coefficient of
Group error of the mean variation value
Control 517,000+5,400
MPH 628,000+ 15,000
ATX 472,000+9,200

Mean cell number and standard error of the
below for each group. Coefficient of variatj
stereological analysis.

mal-looking
had healthy cyto-
ent nucleoli (Fig-

g main purpose of the present research was to
assegs the effects of MPH and ATX on the cere-
bellum. As is known, ADHD is a neuropsychologi-
cal and pediatric disorder with the symptoms of
hyperactivity, inattentiveness, and impulsiveness.
It starts in childhood and continues during ado-

TOTAL PURKINJE NUMBER

*w I
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Figure 2 Comparison of total Purkinje number in the
cerebellum sections for each group. An increase in cellular
density in the MPH as compared to Control and ATX groups is
noted (p<0.01). A significant difference between the Control and
ATX groups was also noted (p<0.05).
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Figure 3 The histological images of the Control group (A), MPH group (B), and ATX
magnification x400 ). The images show dark-stained and pyknotic nuclei (head of b
stained sections were examined (A-C). Note the cellular organization and increase

lescence.®® Changing the extracellular dopamine
levels treats the disorder. ATX and MPH are the
most often used psychostimulant drugs, affectimg
the catecholamine levels. Dopamine neurg
mission is absolutely necessary to moto
which is thought to be disrupted in childre

Our study was undertaken to i
fects of the change in the dop,
the cerebellum following u:
childhood. The cerebellum
a plurality of the do

communication as
regions.?® The cere

the PurKinje cells in the cerebellum. The cerebellar
Purkinje cells are major efferent neurons which
manage the integration of the formation response
and motor function.37:38

According to our study, a significant difference
was seen in the number of Purkinje cells when
comparing the ATX, MPH, and Control groups.
Schmitz et al® reported that the activities of su-

de dismutase and catalase were increased.
here was no change in the amount of
obarbituric acid, the reactive species, and sulf-
lryl groups in the cerebellum of rats treated
.0 mg/kg MPH. Perhaps this was caused by
the antioxidant enzyme situation with its loss of
neutralized reactive species. In our study we de-
tected that MPH administration caused an in-
crease in Purkinje cell numbers, but negative ef-
fects on Purkinje cell numbers for were seen in the
ATX group. Other areas of the brain, such as the
striatum, prefrontal cortex, and hippocampus, may
be more sensitive to the effects of MPH.?

Scherer et al** suggested that MPH has speci-
fic effects on the encephalic regions. They found
that MPH administration caused an increase in
the activity of antioxidant enzymes through free
radicals in the hippocampus and prefrontal cor-
tex, but their activities were not heightened in the
striatum. Many studies indicate that the effect
of MPH depends on the brain region. This effect
may be due to sensitivity and also differences in
the antioxidant capacity of various regions of the
brain,25.39-41

Some researchers reported that ATX led to an
increase in the concentrations of extracellular nor-
epinephrine in the prefrontal cortex, hypothala-
mus, hippocampus, and cerebellum of the rat.1142-4
Swanson et al reported a short-term increase in
the extracellular norepinephrine levels in the cere-
bellum.!" These results are probably associated
with the fact that there is a more efficient auto-



receptor control system in the cerebellum. The ad-
ministration of the physiological saline in the Con-
trol group caused a loss of Purkinje cells in the
cerebellum. This situation could be caused by phy-
siological effects of saline or by the stress mecha-
nism. A reliable and unbiased stereological method,
an Optical Fractionator, was used in this study for
estimating the total number of Purkinje cells, thus
giving the closest results to the true value.3!

In conclusion, MPH and ATX are used to redu-
ce the symptoms of ADHD. MPH usage did not
result in a loss of Purkinje cells in the cerebellum.
It is possible that the amount of MPH applied was
insufficient to create cell damage or that the app-
lication time was too short. Thus, new immuno-
histochemical and molecular studies are required
to explain any degeneration mechanism of MPH
and/or ATX on Purkinje cells in the cerebellum. We
believe that our study will encourage researchers
to further investigate the effects of MPH and/or
ATX on the cerebellum.
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