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Abstract: This study was to investigate whether a single dose of methylphenidate (MPH), a dopamine and noradren-
aline enhancing drug for the treatment of attentional deficits, influences mismatch visual information processing 
in young healthy volunteers determined with N270. A randomized double-blinded placebo-controlled study was 
conducted, and each participant was tested on two sessions separated by two weeks. On each session, a matching 
task was given first, followed by taking an opaque capsule (20 mg MPH or placebo), and matching task was adminis-
tered again after 90-min rest. There were two kinds of visually presented stimulus pairs in this task: in the matched 
condition, the second stimulus (S2) in a pair was identical to the first one (S1); in the mismatched condition, S2 
differed from S1 in the color, global shape and direction of the figure. Subjects were asked to press a button in the 
matched condition and another button in the mismatched condition. Scalp event-related potential were recorded 
simultaneously. In the matched condition, P300 was elicited by S2; in the mismatched condition, N270 was also 
elicited by S2 before P300 stimulation. Results showed MPH shortened the latency of N270 and P300 suggesting 
that a single low dose of MPH promotes the information processing at several stages including conflict processing 
and working memory updating. 
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Introduction

There is converging evidence from both animal 
and human studies that catecholamines includ-
ing dopamine (DA) and noradrenaline (NA) are 
involved in a variety of cognitive functions relat-
ed to prefrontal lobe. Brozoski and colleagues 
was for the first time demonstrated that cate-
cholamines played a critical role in the modula-
tion of spatial working memory of the prefrontal 
cortex (PFC) [1]. Depletion of DA and NE in the 
PFC may be produced by infusion of catechol-
amine neurotoxin, 6-hydroxy-DA (6-OHDA) into 
the dorsolateral PFC of monkeys. Animals with 
catecholamine depletion in the PFC show 
impaired impairment similar to those with PFC 
ablation, highlighting the critical role of cate-
cholamine modulatory activity. Experimental 
and clinical observations support the fact that 
alterations of prefrontal cognitive function may 
also be present in diseases with presumed cat-

echolamine dysfunction such as attention defi-
cit hyperactivity disorder (ADHD) [2, 3], schizo-
phrenia [4] and depression [5]. Increasing evi-
dence indicates that altered transmission of DA 
and NA contributes to the changes in cognitive 
function in both healthy individuals [6, 7] and 
patients with ADHD, Pakinson’s disease (PD), 
schizophrenia or other diseases [8-10]. 

Methylphenidate (MPH) is the most commonly 
prescribed drug to treat ADHD. It is claimed that 
MPH is a stimulant drug that can block DA and 
norepinephrine transporter exerting therapeu-
tic effects [11]. Particularly, MPH at therapeutic 
doses blocks more than 50% of dopamine 
transporters and significantly enhances extra-
cellular DA in the human brain, suggesting its 
effect on DA transporters (DAT) [12, 13]. It has 
been reported that MPH is effective to improve 
cognitive impairments such as deficient error 
evaluation and working memory in ADHD 
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patient [14, 15]. Nevertheless, little is known 
about the mechanism underlying its therapeu-
tic effect.

With high resolution, event-related potential 
(ERP) is an important and sensitive method 
used for the investigation of neuronal basis of 
human sensory processing and cognition. 
Different components are related to different 
cognitive functions, and thus changes in these 
components can be used to evaluate the cogni-
tive status in neurological disorders.

Previous studies showed the information from 
the second stimulus (S2) was a little bit differ-
ent from that of the first one (S1) in matching 
tasks, and a negative ERP component N270 
can be elicited at 270 ms after S2 onset. In 
such a task, the information from the first stim-
ulus is first encoded into working memory sys-
tem. When the information from the second 
stimulus is transmitted into some parts of the 
brain, the information from the first stimulus is 
retrieved and compared with that from the sec-
ond one. The difference between information 
from two stimuli may reflect the mismatching or 
conflicting information [16]. N270 can be elicit-
ed by various stimuli, such as color [17, 18], 
shape [19], orientation of pictures [20] and oth-
ers [21, 22], and can be recorded in a mental 
calculation task to a wrong answer [23]. In addi-

tion, N270 may also be elicited by a supra-
modality conflict when the information from 
visual stimulus conflicts with that from auditory 
stimulus [24]. Based on above findings, N270 
may represent the cerebral activity of process-
ing mismatching information, otherwise known 
as conflict processing, in the human brain. 
Topographically, N270 is distributed mainly on 
the prefrontal and posterior areas [25]. A fMRI 
study using the same S1-S2 paradigm match-
ing task revealed that greater activity was 
observed in the anterior cingulated cortex (ACC) 
and dorsolateral prefrontal cortex (DLPFC) on 
the mismatched pairs [26] The fMRI findings 
suggest that the activity of neurons in the ACC 
and DLPFC is a neural substrate for the pro-
cessing of mismatching information reflected 
by N270. Changes in N270, such as a delay in 
the latency and a decrease in the amplitude are 
consistently found in patients with PD [27], 
major depression [28] and other neurological 
diseases. It has been found to be a more sensi-
tive indicator in the evaluation of cognitive 
change [29, 30]. 

In present study, a S1-S2 paradigm visual 
matching task was conducted in young healthy 
volunteers to investigate the effects of MPH on 
the conflicting information processing deter-
mined by N270. In addition, P300 was also 

Figure 1. Examples of stimulus pairs (S1, S2) used in the detection of event related potential (ERP). In each task, 
there were eight conditions. The probability of eight conditions occurring is shown as percentages. C: color, G: global 
shape, D: shape direction. + indicates an attribute shared by the pair of stimuli; – indicates the attribute differing 
between two stimuli in a pair.
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evaluated given the potential effect of MPH on 
other aspects of information processing. 

Subjects and methods

Subjects

Fourteen healthy adults (10 women) aged from 
21 to 28 years participated in this study. All 
subjects were right-handed and had normal or 
corrected-to-normal vision. None had a history 
of neurological or psychiatric diseases, drug 
abuse and alcoholism. All subjects were asked 
to refrain from drinking caffeine or any other 
drugs on the day of test. Written informed con-
sent was obtained from each participant. The 
protocol was approved by the Ethics Committee 
of Capital Medical University. 

Procedures

A randomized double-blinded placebo-con-
trolled design was employed into present study. 
Each participant was tested on two sessions 
separated by two weeks. On each session, ERP 
test was given first, followed by taking an 
opaque capsule (20 mg MPH or placebo). After 
90-min rest, ERP test was performed again. 
The dose of MPH was determined based on a 
previous study which showed 20-mg MPH occu-
pying 54% of DAT and 50% of DAT was required 
for its therapeutic effects on ADHD [31].

Stimuli

The order of visual stimuli used in this study 
was determined according to previously report-
ed [32]. Stimuli consisted of 144 pairs of color 
figures. Each stimulus was defined by color 
(red, yellow, green or white), global shape (tri-
angle, quadrate, hexagon or circle) and direc-
tion of a gap (upward, downward, leftward or 
rightward) (Figure 1). The visual stimuli sub-
tended for a visual angle of 2.47° horizontally 
and vertically. In each trial, a warning tone (60 
dB, 1000 Hz) lasting 30 ms was given first, 
then visual stimuli were administered sequen-
tially in pairs (S1, S2) at 1500 ms after the 
onset of warning tone at the center of a com-
puter-controlled video monitor (STIM, Ne- 
urosoft, Inc, Sterling, VA, USA) against a black 
background. S1 and S2 were present for 300 
ms with an interval of 500 ms. The interval 
between S2 onset and following warning tone 
onset was 2500 ms.

To indicate the various stimulus types, C repre-
sents color, G global shape and L local shape 
(direction of a gap) with the suffix ‘+’ indicating 
an attribute shared by the pair of stimuli, and 
suffix ‘-’ indicating an attribute differing 
between the two stimuli. In the matched condi-
tion, the attributes of S2 were the same as 
those of S1 (C+G+L+). In the mismatched condi-
tion, S2 was completely different from S1 in all 
three attributes (C-G-L-). The probability for the 
presence of each kind of stimulus pairs was 
33.3%. Other kinds of stimulus pairs (including 
C+G+L-, C+G-L+, C-G+L+, C+G-L-, C-G–L+, C-G+L-
) were presented at a probability rate of 5.5%. 
All kinds of stimulus pairs were presented 
randomly.

Tasks

Subjects were asked to press one button using 
one hand in the matched condition (C+G+L+) 
and another button using the other hand in the 
conflicting condition (C-G-L-). They did not have 
to respond in other conditions. The reaction 
time and the rate of their correct responses 
were recorded with the STIM system. Following 
20 practice trials, the 144 test trials were pre-
sented. The task session was divided into two 
blocks, a short break was allowed between 
blocks to avoid fatigue in these subjects and 
the left and right button pressing was counter-
balanced in each subject in these two blocks.

ERP recording and data analysis

Subjects were seated in a dimly lit room. 
Electroencephalogram (EEG) was recorded 
from 20 scalp electrodes according to the inter-
national 10-20 system, using Ag/AgCl elec-
trodes with the impedance of <5 kΩ. All elec-
trodes were referenced to the nose tip. Vertical 
electrooculogram (EOG) was recorded via elec-
trodes situating above and below the left eye, 
and horizontal EOG was recorded via electrodes 
situating 2 cm away from the outer canthi of 
both eyes. EEG was amplified with a band pass 
of 0.05-100 Hz, sampled at 1000 Hz and later 
low-pass filtered down 24 dB at 30 Hz. For 
accurate analysis, we only averaged and ana-
lyzed ERPs obtained from the mismatched con-
dition and the matched condition. The epoch 
averaged was 1200 ms, including 200 ms at 
baseline prior to the onset of S2. Trials with 
EOG, artifacts or incorrect behavioral respons-
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Figure 2. ERP waveforms of one subject in the matched condition under four drug conditions. The vertical solid lines 
represent the onset of S2. In the matched condition, P300 was elicited by S2. In the mismatched condition, N270 
was elicited by S2 before P300.

es were excluded. ERPs obtained in two condi-
tions were averaged over 30 trials in each task.

Statistical analysis

Amplitudes were measured with respect to the 
averaged voltage over 200 ms epoch before 
the onset of S2. According to the visual inspec-
tion of the grand average waveform and our 
previous findings, two main components were 
analyzed. N270 was identified between 210 ms 
and 260 ms, and P300 between 290 ms and 
350 ms. While EEG was recorded from 20 sites. 
ERP at the sites where the ERP components 
were predominant was analyzed, and thus fron-
tal sites (F3, F4) were used for N270 and pari-
etal sites (P3, P4) for P300. The mean ampli-
tude and peak latency of N270 were measured 
in the mismatched condition, while those of 
P300 in the matched condition in order to avoid 
the superimposing of N270.

In order to avoid the influence of differences at 
baseline, changes in pre-/post-treatment data 
(subtracting data of pre-treatment tests from 
post-treatment tests) were compared using 
repeated measures analysis of variance 
(ANOVA). All statistical analyses were per-
formed using STATISTICA 7.0 and a value of 
P<0.05 was considered statistically significant 

N270

A significant main effect of the drug (F1, 
13=8.59, P=0.012) on the N270 latency was 
observed due to significantly shortened latency 
at F3 (P=0.001) and F4 (P=0.013) electrodes. 
Hemisphere had no main effect or interaction 
effect with drug. For N270 mean amplitude 
within 210 ms and 260 ms, no effects were 
found for drug and hemisphere.

P300

There was a main effect of the drug on P300 
latency (F1, 13=8.60, P=0.013). Neither main 
effect nor interaction effect of the drug was 
found for hemisphere. Post-hoc test show- 
ed MPH significantly shortened P300 latency at 
P3 electrode (P=0.002). For P300 mean ampli-
tude within 290 ms and 350 ms, no effect was 
found for drug and hemisphere.

Behavioral data

The mean reaction time and correct rate are 
shown in Table 2. Two-factor (drug condition) 
repeated ANOVA showed a main effect of stim-
ulus condition on the reaction time (F1, 
13=16.75, P=0.002) due to significant reduc-
tion in the reaction time in the matched condi-

Table 1. The changes of amplitudes (μV) and latencies (ms) of N270 
and P300 (

_
x±SD)

Component Sites
Amplitude Latency

Placebo MPH Placebo MPH
N270 F3 0.70±2.11 -0.40±2.93 5.93±13.46 -12.07±22.73*

F4 0.99±1.88 -0.39±3.51 9.08±18.34 -14.93±23.57*
P300 P3 0.68±3.97 0.94±2.28 12.31±22.34 -8.92±17.65*

P4 1.36±3.55 0.79±3.64 6.69±16.86 -6.31±15.19
Footnotes: *Significantly different from placebo condition at the same electrode 
(P<0.05).

Table 2. The changes of reaction time and correct-rate (
_
x±SD)

Condition
Reaction time (ms) Correct rate (%)

Placebo  
(post-pre)

MPH  
(post-pre)

Placebo 
(post-pre)

MPH  
(post-pre)

Match -6.94±74.59 -10.99±45.18 0.00±2.08 0.80±2.00
Mismatched -41.48±70.32 -52.20±32.88 3.18±11.39 1.67±7.49

after Greenhouse-Geisser 
correction. Post-hoc test 
was done using Bonferroni 
method.

Results

ERP data

ERP waveforms are shown 
in Figure 2. In the matched 
condition, P300 was elicit-
ed by S2. In the mis-
matched condition, N270 
was elicited by S2 before 
P300. Changes in ERP data 
were calculated by sub-
tracting the data of pre-
treatment tests from those 
of post-treatment tests and 
are showed in Table 1.
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tion. Drug showed neither main effect nor inter-
action effect in both conditions on the correct 
rate and reaction time.

Discussion

In the present study, we investigated the effect 
of MPH on the conflicting visual information 
processing in young healthy volunteers. Our 
results showed MPH significantly shortened the 
latency of N270 without changing its ampli-
tude. Botvinick et al. proposed that there was a 
conflicting processing system in the human 
brain [33]. Neuroimaging studies also reveal 
that the ACC is mainly associated with monitor-
ing the presence of processing conflict, while 
the DLPFC involves in the implementation of 
control in conflicting situation [34-36]. As N270 
is only evoked by the stimulus pairs with dis-
crepancies or conflicts, and ACC and PFC are 
the most likely generators of N270 [26], we pro-
posed that N270 reflects the neural activity of 
the conflict processing system It has been 
known that dopaminergic neurons of the ven-
tral tegmental area projected to the ACC and 
PFC play an important role in regulating the 
activity of cells in these areas. Volkow et al. 
showed that oral MPH could significantly 
enhance the dopamine action in synapses by 
blocking DAT locating at the presynaptic termi-
nal [37]. Our results suggested that the conflict-
ing information processing was speeded 
because of enhanced activity of cells in the 
ACC and PFC which was regulated by MPH 
through regulating DA. In clinical studies, PD 
patients showed a delayed and smaller N270 
as compared to controls [27]. Study in ADHD 
children also showed significantly increased 
latency of N270. After two-week MPH treat-
ment, ADHD children showed decreased N270 
latency resulting in no significant difference 
between ADHD children and controls (not pub-
lished). These results provide additional sup-
port for the fact that there is a relation between 
changes in N270 and alterations in DA and NE 
transmission. 

Although P300 is the most widely used ERP 
component used to evaluate the cognitive func-
tion, its role in the neural generation and neuro-
psychology was still unclear. Frontal and hippo-
campal/temporal-parietal lobe are the most 
possible generators revealed by fMRI [38, 39]. 
It is generally accepted that P300 reflects the 
reprocessing of information which updates a 

cognitive model of the environment within 
working memory storage [40, 41]. Despite 
inconsistencies in different studies, evidence 
shows that P300 may be influenced by MPH 
and modulated by catecholamines [42, 43]. In 
the study of Cooper et al., MPH was found to 
reduce the latency of target P300 in healthy 
subjects in continuous performance task (CPT). 
Investigators speculated that MPH selectively 
accelerated the updating in working memory to 
task-relevant stimuli which require a fast 
response [43]. In S1-S2 paradigm used in this 
experiment, the probable cognitive processes 
included were acquisition, encoding of stimuli, 
retrieval and comparison of stimuli, and deter-
mination of left or right button pressing [24]. In 
addition, stimuli may be reprocessed in parallel 
with the response selection to update working 
memory. This stimulus reprocessing may mod-
ulate the strategy used for processing the next 
trial. Herein, we found that MPH shortened the 
latency of P300. Consistent with the findings 
from the study of Cooper et al., MPH speeded 
the working memory updating in the present 
study.

In present study, we failed to found an effect of 
MPH on the amplitude of any component, which 
was consistent with previous findings [43, 44]. 
It is considered that the amplitude of ERP 
reflects the neural resources recruited to com-
plete the information processing. Coons et al. 
found that MPH failed to affect the amplitude of 
late positive component (LPC) during an easy 
version of the CPT, but produced a significant 
increase in the amplitude of LPC during a diffi-
cult version. Coons et al. suggested that only in 
longer or more difficult tasks could subjects 
benefit from the extra attentional resources 
produced by MPH [44]. Considering the task 
employed in the present study, it was not diffi-
cult enough for the subjects to recruit more 
neural resources to process the task-related 
information. Thus, in future study, tasks with 
different difficulties should be employed for fur-
ther investigations.

Behaviors were improved in the post-treatment 
tests demonstrated by the reduced reaction 
time and enhanced correct rate. Though signifi-
cant difference was not observed, the reaction 
time tended to reduce after MPH treatment as 
compared to that after placebo treatment as. In 
addition, this lack of obvious behavioral effect 
of 20-mg MPH is consistent with the view that 
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ERP is a more sensitive marker for drug effects 
on the cognitive function than the accuracy and 
reaction time.

In summary, our results show that MPH is able 
to shorten the latencies of N270 and P300. 
Although MPH at a low dose does not signifi-
cantly affect the behavioral response in healthy 
subjects, it speeds the information processing 
in several stages including conflict processing 
and working memory updating.
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