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INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is one of the 
most commonly diagnosed and treated neurological behavior 
disorders in children and adolescents [1]. The prevalence of 
ADHD among children and adolescents is estimated to be 3%–
5%, depending on the classification system used, with boys af-
fected 3–10 times more frequently than girls [2,3]. ADHD is 

characterized by inattention, hyperactivity, impulsivity, or a 
combination of these symptoms, which compromise everyday, 
basic functions [1]. Although ADHD is the most commonly 
studied and diagnosed psychiatric disorder in children and ad-
olescents, its cause remains unknown.
 Methylphenidate (MPH) is a central nervous system (CNS) 
stimulant that has been widely prescribed for the treatment of 
ADHD, and has been used for treating ADHD since more than 
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Purpose: Methylphenidate (MPH) is one of the most commonly prescribed psychostimulants for attention deficit hyperactiv-
ity disorder (ADHD). However, there is limited research on its effects on lower urinary tract function. This study investigated 
changes in cystometric parameters after intragastric administration of MPH in conscious spontaneously hypertensive rats 
(SHRs), an animal model of ADHD.
Methods: Fourteen- to 16-week-old male SHRs (n=10), weighing between 280 and 315 g, were used. Three micturition cycles 
were recorded before administering MPH. One hour after each intragastric MPH injection, three cycles of cystometrogram 
were obtained in the awake condition. Various cystometric parameters were evaluated, including basal pressure (BP), maximal 
pressure (MP), threshold pressure (TP), bladder capacity (BC), micturition volume (MV), micturition interval (MI), and re-
sidual volume (RV). The data were analyzed using paired Student t -tests.
Results: Five SHRs were each administered a dose of 3-mg/kg MPH, and the other five received a dose of 6-mg/kg MPH. BP 
and MP increased significantly in the rats that received the 3-mg/kg MPH injection, but not in those that received the 6-mg/
kg injection. BC, MV, and MI significantly increased in the rats that received the 6-mg/kg MPH injection, but not in those that 
received the 3-mg/kg injection. There were no significant changes in TP after either injection.
Conclusions: Significant increases in BC, MV, and MI after the 6-mg/kg MPH injection suggest that the peripheral and the 
central nervous systems may play important roles in bladder function in those receiving MPH for ADHD.
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50 years [2]. It is presumed that the effects of MPH on ADHD 
symptoms are related to its role on dopaminergic and norad-
renergic neurotransmission in the CNS [4].
 Several studies have revealed co-occurrence of lower urinary 
tract (LUT) symptoms with enuresis and symptoms of ADHD 
[5,6]. Notably, the co-occurrence of enuresis and ADHD is ap-
proximately 30% [6]. However, little is known about the precise 
effects of MPH on the LUT. Only a limited number of studies 
have reported therapeutic effects of MPH in the treatment of 
giggle incontinence [7,8]. We recently performed a cystometric 
study about the effects of MPH in conscious mice that showed 
dose-dependent effects on the function of the LUT [9]. Howev-
er, animal disease models are needed to establish the various ef-
fects of MPH on the LUT, particularly in patients with ADHD.
 The spontaneously hypertensive rat (SHR) is the most exten-
sively investigated genetic model and the only animal model 
that has been used to demonstrate all the behavioral character-
istics of ADHD [10]. The aim of this study was to investigate 
whether intragastric injection of MPH affects cystometric pa-
rameters in conscious SHRs, an animal model for ADHD.

MATERIALS AND METHODS

Animals
Fourteen- to 16-week-old male SHRs (n =10), weighing be-
tween 280 and 315 g, were purchased from Orient Bio Inc. 
(Seongnam, Korea). The animals were kept in standard housing 
facilities with a 12-hour light/dark cycle. The rats were given 
food and water were ad libitum. All experimental animals were 
handled according to the Guide for the Care and Use of Labo-
ratory Animals of the National Institutes of Health.

Surgical Procedures
Each SHR was intraperitoneally anesthetized using xylazine (15 
mg/kg) and ketamine (75 mg/kg). A suprapubic midline inci-
sion was made to expose the bladder and the urethra. Three 
days before the cystometric investigations, a surgery was per-
formed for catheter placement to record intra-abdominal pres-
sure (IAP) and intravesical pressure (IVP), and the procedure 
was based on a previously used method [11]. 
 A polyethylene PE-50 catheter (Clay-Adams, Parsippany, NJ, 
USA) with a cuff was introduced into the bladder dome. A 
purse-string suture was applied to attach the catheter. A balloon 
was placed around the cuff proximal to the bladder for record-
ing the IAP. 

 Another PE-50 catheter (Clay-Adams) with a cuff was intro-
duced into the body of the stomach in a similar manner. All 
catheters were tunneled subcutaneously and transported percu-
taneously to the backs of the animals.

Materials
MPH (Ritalin, Novartis Pharmaceuticals, Basel, Switzerland) 
was dissolved in 0.9% saline solution. To evaluate the effects of 
two different doses of MPH (3 mg/kg and 6 mg/kg), a 0.39- to 
0.94-mL solution was administered intragastrically using the 
catheter.

Cystometric Investigations
Three days after the surgery, awake cystometry was performed. 
The catheter from the bladder was connected to a pressure 
transducer and an injection pump by using a T-tube. The other 
catheter to the balloon was connected to an extra pressure 
transducer for recording the IAP. A thin polyester sealing film 
prevented leakage through the connectors. These leakages can 
introduce errors while recording the IAP.
 Micturition volumes (MVs) were measured using a collect-
ing funnel connected to a force displacement transducer. Saline 
was continuously infused intravesically at a rate of 10 mL/hr. A 
cystometrogram was recorded using the AcqKnowledge soft-
ware (Biopac Systems, Goleta, CA, USA) and an MP150 system 
(Biopac Systems) at a recording speed of 10 mm/min.
 Three representative MVs were recorded consecutively to 
analyze the baseline data. One hour after each intragastric in-
jection of MPH, cystometrograms were obtained consecutively 
using the same method. The results were compared with the 
corresponding baseline values.
 The cystometric parameters were analyzed using the mean 
values of three consecutive micturition cycles. The parameters 
analyzed are listed as follows:
∙ Basal pressure (BP): the lowest bladder pressure during filling 
∙  Maximal pressure (MP): the maximum bladder pressure dur-
ing micturition
∙  Threshold pressure (TP): the bladder pressure immediately 
before micturition
∙  Residual volume (RV): the volume of urine remaining after 
micturition
∙ Micturition volume (MV): the volume of urine passed
∙ Bladder capacity (BC: RV + MV)
∙ Micturition interval (MI): the intercontraction interval
 IAP was defined as the recorded balloon pressure corrected 
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by subtracting the lowest balloon pressure in each micturition 
cycle.
 After the procedure, the animals were sacrificed by cervical 
dislocation. The bladder and urethra were excised and weighed.

Statistical Analyses
Data were analyzed using paired Student t-tests. GraphPad 
Prism (GraphPad Software Inc., La Jolla, CA, USA) was used 
for the same. The results were expressed as mean±standard er-

ror. The level of significance was set at P<0.05.

RESULTS

Five SHRs were each administered a low dose of MPH (3 mg/
kg), and the other five received a higher dose of MPH (6 mg/
kg). Body and bladder weights did not differ significantly be-
tween the two groups (Fig. 1).
 The representative baseline cystometrograms and the cysto-

Fig. 1. Body weight (A) and bladder weight (B) in spontaneous hypertensive rats treated with 3- or 6-mg/kg MPH. There was no dif-
ference in body and bladder weights between the two groups. MPH, methylphenidate; NS, not significant.
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Fig. 2. Representative baseline cystometrograms and cystometrograms obtained 1 hour after intragastric injection of methylpheni-
date in the low-dose, 3-mg/kg group (A and B, respectively) and in the high-dose, 6-mg/kg group (C and D, respectively). Pves, vesi-
cal pressure; Pabd, abdominal pressure; Vol, volume.
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metrograms obtained 1 hour after intragastric injections of 
MPH in the two groups are shown in Fig. 2. The different pres-
sure parameters were compared on the basis of detrusor pres-
sure, which is derived by subtracting IAP from IVP.
 The BP and MP increased significantly after the 3-mg/kg MPH 
injection (BP: 13.9±6.9 cm H2O before the injection vs. 23.2±6.9 
cm H2O after the injection, P<0.01; MP: 47.0±9.8 cm H2O be-
fore vs. 57.9±8.2 cm H2O after the injection, P<0.05). However, 
BP and MP did not show any significant changes after the 6-mg/
kg MPH injection. There were no significant changes in TP after 
either injection (Fig. 3).
 Volume parameters, including BC, MV, and MI increased 
significantly after the 6-mg/kg MPH injection (BC: 0.47±0.07 

mL before the injection vs. 0.60±0.05 mL after the injection, 
P<0.01; MV: 0.47±0.07 mL before vs. 0.60±0.05 mL after the 
injection, P<0.01; MI: 4.68±0.21 minutes before vs. 5.75±0.26 
minutes after the injection, P<0.01). However, there were no 
significant changes in these parameters after the 3-mg/kg MPH 
injection (Fig. 4). There was no RV at any time, either before or 
after the MPH injection, in any group.

DISCUSSION

This study investigated dose-dependent changes in cystometric 
parameters after intragastric administration of MPH in SHRs, 
an animal model of ADHD, and determined whether the CNS 
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Fig. 3. Effects of each dose MPH on cystometric parameters. (A) Basal pressure. (B) Micturition pressure. (C) Threshold pressure. 
MPH, methylphenidate; NS, not significant. *P<0.05. **P<0.01.
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stimulant MPH could influence LUT function in this animal 
disease model.
 The SHR is a well validated and frequently used animal 
model of ADHD [10,11]. It has been reported that although 
other strains and species may present hyperactivity and atten-
tion deficits in accordance with the genetic, environmental, and 
pharmacological interventions, the SHR is the only strain to 
have the main behavioral appearances of ADHD [11,12]. In ad-
dition, because of their multiple, coexisting phenotypic charac-
teristics, SHRs have also been used as models of other diseases, 
such as hypertension, stroke, anxiety, and detrusor overactivity 
[13,14]. Therefore, in this study, we evaluated the cystometric 
response to MPH by using conscious SHRs.
 Previous studies reported increased afferent sensitivity in 

SHRs that may contribute to their bladder hyperactivity [15]. 
SHRs show increased voiding frequency, and conversely, de-
creased BC and MV compared to Wistar rats [13]. The results 
of our study, using the animal model of ADHD, are similar to 
those of previous studies on SHRs.
 MPH is a CNS stimulant that has been used as the first 
choice in the treatment of ADHD in children [2,4]. MPH 
blocks the reuptake of dopamine and noradrenaline, but its 
precise mechanisms of action on symptoms of ADHD are not 
clear [12]. MPH has also been used in the treatment of narco-
lepsy, mild depression, brain injury, cancer, cognitive disorders, 
and in combination with other drugs, in the treatment of 
chronic pain [16]. Side effects are usually mild and are generally 
well tolerated by patients. The most common side effects are in-
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Fig. 4. Effects of each dose MPH on cystometric parameters. (A) Bladder capacity. (B) Micturition volume. (C) Micturition interval. 
MPH, methylphenidate; NS, not significant. **P< 0.01.
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somnia, stomachache, headache, and anorexia [17]. Usually, 
these side effects either diminish in severity over time to tolera-
ble levels or can be managed effectively during the course of the 
treatment [16,17].
 In this study, we used two different doses of MPH: 3 mg/kg 
and 6 mg/kg. Most of the previous studies have used signifi-
cantly higher doses (2–15 mg/kg, intravenously or 10–50 mg/
kg, intraperitoneally) than those used clinically in humans 
(0.3–1 mg/kg) [18]. In SHRs, the effects of MPH over a wide 
range of doses (0.1–20 mg/kg, intraperitoneally) have been 
evaluated [19,20]. Intraperitoneal MPH (5 mg/kg and 10 mg/
kg) was approximately twice as potent as intragastric MPH re-
garding the increase of extracellular dopamine levels and loco-
motion stimulation [18]. MPH doses used in this present study 
were selected based on a previous study.
 In our previous study, we administered a low dose of MPH 
(1.25 mg/kg) as well as high doses of MPH (2.5 mg/kg and 5.0 
mg/kg) in mice by using a gastric catheter. We observed typical 
micturition cycles of mice using awake cystometry. MP de-
creased and BC increased without any elevation in RV in the 
low-dose group. However, in the high-dose groups, we could 
not find any typical configurations of micturition cycles, except 
urine leakage [9].
 Unlike our previous mice study, this study showed typical 
micturition cycles, regardless of the dose of MPH for all SHRs. 
With high doses of MPH (6 mg/kg), the SHRs showed in-
creased MV, MI, and BC with no increase in RV. However, with 
low doses of MPH (3 mg/kg), the SHRs showed no significant 
changes in MV, MI, or BC. These findings suggest that despite 
being a CNS stimulant, MPH may play a pivotal role in the pe-
ripheral nervous system (PNS) of the LUT in patients receiving 
treatment for ADHD with high doses of MPH (6 mg/kg). To 
date, the exact oral dose of MPH to regulate LUT has not been 
established, especially for SHRs. However, our results provide 
knowledge on the doses of MPH to regulate LUT involving 
PNS action while maintaining CNS effects.
 One of the limitations of this study was the absence of a con-
trol group to compare the effects of MPH on the LUT. A con-
trol group consisting of normal Sprague-Dawley or Wistar rats 
should have been included to compare the results of the effects 
of MPH on a rat model without ADHD. Another limitation is 
the lack of morphological assessment using molecular assays. 
We only evaluated the functional role of MPH in the LUT by 
using awake rat cystometry. However, the combined use of 
functional and molecular assays would have elucidated the pre-

cise effects of MPH on the LUT of SHRs. Despite these limita-
tions, this study provides important information on the effects 
of MPH on the LUT.
 In conclusion, intragastric injection of MPH (6 mg/kg) in 
SHRs showed significant increases in BC, MV, and MI. This 
suggests that the PNS, as well as the CNS, may have important 
roles in LUT function when treating ADHD with MPH.
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