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Summary
Methylphenidate is a psychostimulant that increases dopamine
and noradrenaline levels. Recent studies have shown that
methylphenidate potentiates the effect of morphine and together
suppress acute and chronic pain. In clinical practice,
methylphenidate has been used as a treatment for ADHD and
changes of pain threshold have been noted in these patients. The
aim of this study was to determine the effect of methylphenidate
in an animal model of peripheral neuropathic pain. Neuropathic
pain was modeled by the chronic constriction of the sciatic nerve
(CCI) in Wistar rats. We evaluated the effect of methylphenidate
(1 mg/kg, s.c.) on evoked pain (reflex tests - plantar test,
vonFrey test and operant test — thermal place preference) and on
spontaneous pain (conditioned place preference). CCI induced
mechanical and  cold

thermal, hyperalgesia/allodynia.

Methyphenidate suppressed mechanical and cold
hyperalgesia/allodynia, while had no effect on thermal one.
Therefore, methylphenidate seems to be a new potential

pharmacotherapy for the treatment of neuropathic pain.
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Introduction
Neuropathic pain is caused by a lesion or disease

of the somatosensory nervous system either in the
periphery or centrally. Patients with neuropathic pain

suffer from complicated symptoms characterized by
spontaneous ongoing or shooting pain, evoked pain
following noxious (hyperalgesia) or non-noxious stimuli
(allodynia) and associated psychological problems [1].
Although neuropathic pain affects approximately 7-10 %
of the population, pharmacotherapy is still limited.
Opioids are often used to treat neuropathic pain,
but they have negative side effects. One of the most
common side effects is sedation. Sedation reduces the
quality of life of patients and can also hinder pain control.
In fact, it is difficult to find the appropriate dose for
adequate pain control while minimizing the sedation
effect. Therefore current research is focused to find new
effective  analgesics as alternatives to opioids.
Psychostimulants have been shown to potentiate the
analgesic properties of opioids and reduce their side
effects (such as improving cognitive function, reducing
etc.). In

psychostimulant has been used in clinical practices for

opioid-induced sedation, addition,
the treatment of ADHD, narcolepsy, depression. It is
treated  with

psychostimulants rarely become tolerant to them and very

important to note that patients
few patients develop psychological dependence [2].

Methylphenidate is
enhances

a psychostimulant that

dopamine and noradrenaline levels by
inhibiting reuptake. In addition, methylphenidate can
modulate p opioid receptor activity at sufficiently high
doses [3,4]. Methylphenidate has been used for several
years in clinical practice in children and adolescents for
the treatment of attention deficit hyperactivity disorder
(ADHD). Recent studies report that ADHD patients
treated with methylphenidate have an elevated pain
threshold [5,6]. Several clinical studies have shown that

methylphenidate potentiates the analgesic effect of opioid
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and reduces sedation of cancer patients. In addition, it has
a significant effect on improving the cognitive status of
patients. Side effects of methylphenidate have been
attacks).
Despite clinical trials suggesting that methylphenidate

observed very sporadically (hallucinations,

improves quality of life in cancer patients, the effect of
methylphenidate on pain required further investigation
[7.8].

Animal studies have shown that methylphenidate
potentiates and prolongs the analgesic effect of morphine
in acute pain [9,10] and in chronic inflammatory pain
(CFA model) [11].

To the authors’ the effect of
methylphenidate on peripheral neuropathic pain has not

knowledge,

been tested. Therefore, the aim of this study was to
evaluate the effect of methylphenidate on evoked and
spontaneous pain in an animal model of peripheral
neuropathic pain.

Methods

Animals and experimental protocol

The adult female Wistar rats (n=30) weighing
310-415 g were used. All rats were housed (2-3 rats per
cage) in a temperature-controlled environment, under
a 12: 12 reversed light-dark cycle, and with free access to
a standard diet and tap water ad libitum. All behavioral
tests were performed from 8:00 A.M. to 5:00 P.M.,
i.e. during the animals’ dark cycle. The mean temperature
was 2242 °C, and the relative humidity equaled 55+10 %.
The acclimation period was 5 days long. The experiment
was approved by the Committee for Animal Care and Use
of the Third Faculty of Medicine, Charles University,
Prague, and conducted according to the guidelines of the
Ethics Committee of the International Association for the
Study of Pain [12]. Animals were randomly divided into
the two groups: chronic constriction injury groups (CCI,
n=18) and control groups without the constriction
(CTRL, n=12). In the first experiment (CCIl+methyl-
phenidate (MP), n=6, CCl+saline, n=6, CTRL, n=6),
mechanical and thermal withdrawal threshold of both
hind limbs and thermal place preference were measured
before and after methylphenidate/saline administration. In
the second experiment (CCI, n=6, CTRL, n=6), the place
preferences were measured before and after conditioning
to MP by the conditioned place preference (CPP) test.
The behavioral testing was performed in a blind manner.

Methylphenidate/Saline

Methylphenidate hydrochloride (Sigma Aldrich)
was dissolved in saline to the concentration of 1 mg/ml.
Methylphenidate (MP) or saline (SA) was injected at
adose of 1 mg/kg or the equivalent volume subcuta-
neously into the dorsal cervical region.

Animal model of neuropathic pain

Rats were anesthetized with combination of
ketamine (100 mg/kg) and xylazine (16 mg/kg) injected
intraperitoneally together in a single syringe. The
CCI model in rats was carried out according to the study of
Bennett and Xie [13]. At mid-thigh level, the left common
sciatic nerve was exposed proximal to the trifurcation and
gently released without stretching the muscles and nerves.
Four ligatures were loosely tied (4-0 chromic gut sutures,

Resocat ®) around it and 1 mm apart.

Experiment one: evoked pain testing

Evoked pain was tested using reflex tests and
thermal place preference on days 10 and 14 after surgery,
because pain threshold changes were showed during the
estrous cycle of females [14]. We measured twice with an
interval of four days to eliminate the effect of the estrous
cycle of females. For analysis, the average value of the
two measurements was used.

Reflex tests

Paw withdrawal mechanical threshold (PWT)
latency (PWL) was
evaluated by electric von Frey (Ugo Basile) and by the

and paw withdrawal thermal
radiant heat (Plantar test, Ugo Basile), resp. The rats
underwent 30 min to acclimate to the environment before
each test. PWT, PWL values of each hind limb were
measured before and 30 min after MP administration for
each behavioral assay. Two (vonFrey test) or three
(plantar test) repeat measures were acquired in each rat
within a 15-min interval. For analysis, the average value
of each limb was used.

Thermal place preference (TPP)

The rats were placed in the middle between two
plates (hot and cold plate was set to 45 °C and 10 °C,
resp.) and they had free access to both plates. The time
spent on the cold plate was automatically recorded during
1h Dbefore after the MP
administration.

10 min and 30 min
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Experiment two: spontaneous pain testing
Conditional place preference (CPP)

Prior to conditioning until day 10 postope-
ratively, each rat was habituated by being individually
placed in the apparatus 3 times for 15 min with free
access to both chambers. Then the time spent in the left
and right chambers was measured on day 11 and was
considered as abasal preference. The conditioning
procedure consisted of two conditioning sessions daily,
and lasted 4 days. Rats were conditioned in the chamber
for 60 min in the morning (at 9 A.M.) and 60 min in the
afternoon (at 4 pm). Left chamber was associated with
MP and right chamber was associated with SA without
the access to the other chamber. In the afternoon part,
alternate substance was applied. Final preference was
measured on day 16. As before the conditioning, the rat
was placed in the apparatus (between left and right
chambers) and the time spent in the left or right chambers
was recorded for each rat.

Statistics

Data are expressed as means + standard error of
the mean (SEM). Where data was normally distributed
according to the Jarque-Bera test, parametric ¢-test was
employed to compare two values (for example: left
vs. right limb, limb before administration vs. limb after
methylphenidate administration, limb of control group
vs. experimental group). Non-parametric Wilcoxon test
for dependent variables was used to evaluate thermal and
condition place preference within the group. All
statistical analyses were carried out by Statistica 6.0
(StatSoft Inc., Tulsa, OK, USA). Statistical difference
was considered significant when p<0.05.

Results

In rats with CCI, both mechanical and thermal
withdrawal threshold of the ligated hind limb was lower
compared to the contralateral limb (47.67+£3.26 g vs.
88.88+6.3 g, p<0.001 and 8.48+0.50s compared to
12.01+0.62 s, p<0.001). After MP, both mechanical and
thermal threshold of the ligated limb increased compared
to the pre-treatment value (74.09+4.21 g; p<0.001 and
9.78+0.37 s; p=0.04, resp.), however, only mechanical
but not thermal threshold did not differ from that of the
contralateral limb (contralateral 81.59+5.82 g; p=0.3; but
12.07+0.52 s; p=0.001; Figs 1, 2).

In the CTRL group, MP increased the thermal
withdrawal latency in both left (before 9.57+0.61 s and
after 11.45+0.76 s; p=0.008) and right hind limb (before

9.67+0.48 s and after 11.56+0.68 s; p=0.01) but had no
effect on the mechanical withdrawal threshold of the left
(before 61.69+6.5 g and after 55.94+7.66 g; p=0.58) and
right hind limb (before 64.46+10.51 g and after
59.19+£9.92 g; p=0.72; Figs 1, 2).

Regarding TPP, rats with CCI spent less time on
the colder plate compared to the CTRL group (66.5£9.21 s
and 111.2542.95 s; p=0.01; resp.). After MP, time spent on
the colder plate increased in the CCI group (216.5£76.19 s;
p=0.002) and did not differ from that in the CTRL group
(p=0.36). In the CTRL group, MP had no effect on the
time spent on the colder plate (after 81.0+25.33 s; p=0.2;
Fig. 3).

Regarding CPP, MP did not induce the place
preference either in the CTRL or CCI group. Before and
after the conditioning, CTRL animals spent in the
MP-paired chamber 422+31.89 s and 495.8+41.12 s, resp.
p=0.18. In the CCI group, the time was 558+43.37 s and
561+25.35 s, respectively, p=0.95 (Fig. 4).

Discussion

In this study, we used an administration dose
1 mg/kg of MP because it is the highest dose that does
not induce stereotyped behavior in rats and increases the
analgesic effects of morphine [10]. We used three types
of evoked pain tests: vonFrey test, plantar test and TPP,
and one type of spontaneous pain test: CPP. VonFrey and
plantar tests are based on spinal reflexes, the TPP and
CPP involve supraspinal structures because animals have
to make decisions. CCI decreased the mechanical and
thermal withdrawal latency of the ligated limb compared
to the contralateral limb, and decreased time spent on the
cold plate in TPP. These findings are in good agreement
with previous studies and they are traditionally
interpreted as evidences of the peripheral nerve injury
and of the already developed hypersensitivity (thermal,
cold and mechanical hyperalgesia/allodynia) [13,15-19].
study, MP

withdrawal threshold and time spent on the cold plate in

In our reversed both the mechanical
TPP after CCI, however, thermal withdrawal latency of
the ligated limb remained lower compared to the
contralateral one after the MP administration and MP did
not induce the place preference in the CPP test in CCI
rats. Further, MP increased thermal but not mechanical
withdrawal threshold in CTRL animals. It suggests that
MP exerts
stimulation

antiallodynic effect during mechanical
and TPP
antinociceptive effect using thermal stimulation.

test, whereas it exerts
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Effect of methylphenidate on mechanical and cold allodynia

To the authors” knowledge, the antiallodynic
effect of MP has not been described yet. Based on the
pharmacodynamics of MP, its antiallodynic effect might
be attributed to a reduction in norepinephrine (NE)
reuptake [20-22]. It has been repeatedly shown that drugs
blocking NE reuptake reversed the mechanical threshold
in CCI model [23,24] or reversed cold allodynia in

14

12 - T
4 1

PWL[s]

-

oxaliplatin-induced neuropathy [25]. At the same time, it
has been shown that CCI leads to dysregulation of the
descending antinociceptive system and that NE levels
decrease after CCI due to reduced locus coeruleus
activity [26,27]. We could speculate that MP normalized
NE levels after CCI and therefore reversed the
mechanical and cold allodynia in CCI rats.

TR
TR

L CL I C

=

BEFORE(BEFORE AFTER | AFTER

CTRL

L C

=

L

]
bt

BEFORE |BEFORE AFTER | AFTER

CCl

Fig. 1. Paw withdrawal thermal latency (PWL, plantar test). The graph shows the means PWL values of the ligated (L) and contralateral
(CL) limbs in CTRL and CCI groups before and after administration of MP. The error bars show SEM and lines show significant difference
(p<0.05). CCI decreased PWL of the L limb compared to the CL limb of CCI (1). MP increased PWL of the L limb in CCI group (2), but
did not reverse the difference between the L and CL limbs (3). MP increased thresholds in both limbs in CTRL group (4, 5).
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Fig. 2. Paw withdrawal mechanical threshold (PWT, vonFrey test). The graph shows the means PWT values of the ligated (L) and
contralateral (CL) limbs in the CTRL and CCI groups before and after administration of MP. The error bars show SEM and lines show
significant difference (p<0.05). CCI decreased PWT of the L limb compared to the CL limb in CCI (1). MP reverse PWT in CCI (2).

MP had no effect in CTRL.
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Fig. 3. TPP. The graph shows the time spent on the cold plate before and after administration of MP in CTRL and CCI group. The error
bars show SEM and lines show significant difference (p<0.05). CCI decreased time spent on cold plate (1), MP increased time spent on

cold plate (2).
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Fig. 4. CPP. The graph shows the time spent in the left chamber before (BAZAL) and after (FINAL) conditioning with MP in CTRL and
CCI groups. The error bars show SEM. MP did not induce a preference in CTRL and CCI.

Effect of methylphenidate on thermal hypersensitivity
Different results were obtained by measuring the
thermal withdrawal latency of both the CCI and
CTRL groups. Although MP increased the thermal
withdrawal latency of the ligated limb, the latency was
still significantly lower compared to the contralateral
limb. In addition, MP increased the thermal withdrawal

latency in the CTRL group. This suggests an antino-
ciceptive effect of MP. Indeed, there is extensive
evidence that norepinephrine in the spinal cord produces
effect that
antinociception is to

a dose-dependent antinociceptive and

norepinephrine-induced due
an action on alpha-2-adrenoceptors [28]. However, in this

case, an increase in mechanical withdrawal threshold
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would also be expected. Therefore, we hypothesize that
the dose of MP we used is too low to induce
antinociception and that the results of the plantar test
could be affected by a change in skin temperature,
induce a decrease in skin
[29,30] and the

withdrawal latency is inversely proportional to skin

because monoamines

temperature in humans thermal
temperature [31]. To answer the question of the effect of
MP on skin temperature in rats, we administered MP to
three rats and found that skin temperature decreased
significantly at an interval of 20-40 min after injection
(data not shown). Thus, it is unclear whether the plantar
test is a suitable method for assessing the nociception of

drugs that alter skin temperature.

Effect of methylphenidate on spontaneous pain

In the second experiment, MP it did not induce
in CTRL group although it
dopamine levels and thus stimulates the reward center in

preference increases
the brain [32-34]. In agreement with our results is the
finding of Cummins et al. [35], who used the same
administration dose of MP (1 mg/kg), and preference was
also not induced. Sellings et al. [36] also did not induced
a preference for MP at a dose of 2 mg/kg, while higher
administration doses of 3 mg/kg [37] and 5 mg/kg [35,36]
induced preference. We can summarize that the induction
of preference is dose-dependent. Thus, the administration
dose we used is too low to induce a significant reward
effect.

MP did not induce preference even in the
CCI group. This could be explained by the absence of
effect of MP on spontaneous pain. No one has tested the
effect of MP in CCI animals using the CPP method. In
animals, spontaneous pain is often assessed by a measure
of locomotor activity. You ef al. [11] showed that a dose
of 0.25 mg/kg MF did not affect the locomotor activity in
rats with chronic inflammatory pain.
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An alternative interpretation could be the
absence of spontaneous pain in this model. The original
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In this study, we showed, that methylphenidate
suppresses mechanical and cold allodynia. Therefore, it
could be a potential drug for the treatment of neuropathic
pain.
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