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Methylphenidate Elicits Long Term Sex Difference Effects
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ABSTRACT

ADHD is commonly treated with the psychostimulant methylphenidate (MPD). 
The use of MPD as a recreational drug and cognitive enhancer has expanded 
among regular people across a range of age groups. Because MPD and cocaine 
and amphetamines have such similar pharmacological profiles, there is worry that 
MPD may lead to addiction and dependence. The goal of this study was to ascertain 
whether and for how long MPD use as a child has an impact on adult female and 
male normal participants. A computerised monitoring system was used to record 
behavioural activity both before and after acute and chronic MPD exposure. The 
locomotors of five distinct behavioural expressions were noted. On experimental 
day 1 (ED1 BL), Baseline (BL) activity was obtained in all groups.followed by 3 to 37 
washout days and an MPD re-challenge at ED 11, ED 27, ED 36, or ED 42, followed 
by six daily Saline or MPD injections. Each of the MPD dosage groups at ED 11, ED 
27, ED 36, or ED 42 produced a rechallenge response that resulted in behavioural 
sensitization in some animals and behavioural tolerance in other animals. All five 
types of behavioural manifestations showed gender disparities. According to 
the observations, each of the five behavioural expressions under investigation is 
controlled by a different neural circuitry, and MPD’s effects are prolonged when it 
is administered for six days.

INTRODUCTION

Nowadays, Ritalin, also known as methylphenidate (MPD), is a medication used to treat 
ADHD [1-3]. MPD is a stimulant with effects that are comparable to those of cocaine 
and methamphetamine [4]. Owing to its chemical makeup, there has been substantial 
debate regarding whether MPD is currently an addictive substance or has the capacity to 
do so. One of the most frequently recommended medications for kids with behavioural 
disorders is MPD. In some parts of the United States, its use among school-age children 
has increased by 15%, while in metropolitan regions of Europe, it has increased from 
3% to 6%. Adult MPD usage frequently persists [2,5,6]. Also, the prevalence of its use 
as a cognition enhancer has increased both its legal and criminal use among adults 
in their professional and college years [7].This is especially troubling because earlier 
meta-analyses have shown that chronic behavioural changes and SUD are more likely 
with later initiation at or after the adolescent stage, even though MPD initiation during 
childhood appears to mitigate or even lower the risks of Substance Abuse Disorder 
(SUD) [8–10]. According to estimates, MPD users have a lifetime prevalence of cocaine 
use that is doubled for those with ADHD, going from 10% to over 20%. Figures for ADHD 
and SUD range from 9.5% to 58%.MPD is becoming more widely used as a recreational 
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drug and as a cognitive enhancer [1]. Rats are commonly 
used as animal models in MPD research because they have 
many pharmacological and behavioural characteristics with 
humans. Differences in sex and how long MPD continues to 
affect tolerance or sensitization during repetitive (chronic) 
usage are a few problems that were not addressed in earlier 
investigations. Lately, it has been demonstrated that the short-
term consequences of MPD can lead to drug abuse [3]. Studies 
on animals have revealed that MPD has a sizable impact on 
the dopaminergic neuronal system, providing indications 
of its potential for addiction [11]. Another animal study has 
demonstrated that the introduction of MPD treatment at a 
particular point in adolescence has varied long-term effects.
neurological transmission [12, 13]. Although MPD use has been 
extensively covered in the media, the high rates of prescription 
and misuse among teenagers and adults of both sexes 
necessitate a more thorough and conclusive examination of its 
consequences. The goal of the current study is to determine 
how long MPD’s effects will continue after a subject has used it.
To evaluate the long-term effects of MPD, behavioural 
expressions of tolerance and/or sensitization were examined. 
These two factors—behavioral tolerance and sensitization—are 
frequently employed as biomarkers to assess the duration of 
a drug’s effects and if it has the capacity and characteristics to 
cause dependence [4, 14–16]. The study sheds light on how long 
MPD will remain in the body and whether it has the potential to 
become an addictive drug.

Discussion

The study looked over how long six days of MPD ingestion 
in a row would continue to show behavioural consequences. 
The study’s key conclusions are: 1) Five distinct locomotor 
behaviour expressions were measured; they all responded to 
acute MPD treatment similarly but differently to chronic MPD 
exposure, indicating that each of the five locomotor behavioural 
expressions is controlled by a unique neural circuit.2) The same 
dose of chronic MPD (0.6 mg/kg, 2.5 mg/kg, or 10.0 mg/kg) 
resulted in behavioural tolerance in some rats and behavioural 
sensitization in others. One of the experimental indicators 
for dependence and addiction is behavioural sensitization or 
tolerance. 3) After six daily MPD exposures of 0.6 mg/kg, 2.5 
mg/kg, or 10.0 mg/kg, the effects of the MPD rechallenge at 
ED 11 show that behavioural sensitization has occurred.during 
the six daily MPD exposures, or behavioural tolerance. While 
MPD re-challenge at ED 27, 36, and 42 shows that behavioural 
sensitization and tolerance persist for extended periods of time 

with intensity changes. 4) Both male and female rats exposed 
to MPD exhibit its effects on locomotor activity for extended 
periods of time.The research builds on earlier studies that 
looked at the acute and long-term effects of MPD, also known as 
Ritalin, in male and female WKY strain rats. Field arrays are used 
in this investigation.to assess the differences between acute and 
repetitive (chronic) behavioural effects of MPD administration, 
we measured the locomotor behavioural expression (indices) 
of WistarKyoto (WKY) rats in groups of males and females in 
response to three different doses of MPD: 0.6 mg/kg, 2.5 mg/kg, 
and 10.0 mg/kg. In numerous studies [30,31], rats demonstrated 
a behavioural response to stimulants that was comparable to 
that of humans. The open field array is a time and money-saving 
alternative to research that rely on more advanced technology, 
such as brain implants, for monitoring the locomotor behaviour 
of five rats.various neural circuitry. Our experience supports 
using five of the 20 data points provided by the open field array 
system we used, which has three levels of 16 sensors each and 
measures the following parameters: horizontal activity (HA), 
total distance (TD) travelled, numbers of movements (NM), 
vertical activity (VA), and frequency of stereotypical movement 
(SM) activity expression. These assessments have shown to be 
useful in detecting behavioural changes brought on by both 
acute and chronic MPD use. 

The more recent, better-tech solutions can distinguish between 
the five neural circuits involved in behaviour, but they come at a 
higher cost, with more invasive harm to the individuals.Results 
processing may be more difficult since isolating the circuits can 
hide tolerance and ANOVA analysis with sensitization. Individual 
movement behaviours and specific neural circuits and cellular 
alterations may be related to one another, and this relationship 
may be discovered by combining open field tests with some 
more recent technologies.At the highest MPD dose of 10.0 mg/
kg, half of the rats displayed behaviour that was decreasing with 
chronic exposure as compared to the initial MPD dose, while 
the other half showed further significant increases in response 
after washout as compared to the initial exposure that elicited 
the greatest response in 80% of the subjects. Males were more 
likely than females to experience persistent MPD effects (86% 
vs. 66% respectively), while females did not experience an 
increase in vertical activity even after receiving the lowest dose 
of MPD. The difference in activity levels between the sexes as 
well as the later sexual maturity of female specimens may be 
influenced by hormonal impacts. Given the contentiousness 
of treating millions of people The acknowledged disparities 
between males and females in children with MPD indicate that 
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more research into sex differences in usage is necessary since 
they could affect clinical judgements for human patients.The 
differences in how the five types of locomotor behaviour are 
expressed between the sexes and between them suggest that 
each of these is regulated by a different neuronal circuit and 
that MPD affects each neuronal circuit differently. This suggests 
that distinct neuronal circuits are involved and that each one 
needs to be identified and given a separate study to determine 
how MPD affects it. The WKY rat model was employed in the 
current study to examine the impact of sex in a non-ADHD 
rat model.Yet more research is necessary to see whether 
MPD in ADHD models using SHR rats and potentially other In 
particular, sex effects on persistent behavioural alterations 
and consequent propensity towards SUD are being studied in 
genetic strains, both with early and late onset of MPD. The use 
of the open field assay may also be increased, enabling more 
affordable research to be conducted at a larger scale, by studies 
that give correlation between the results of the open field assay, 
electrophysiological measures, and histological analysis.
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