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The purpose of this study was to explore the correlation between electroencephalogram (EEG) 
power spectra, locomotor activity and stereotyped behavior in response to methamphetamine 
treatment. Doses of methamphetamine were administered intraperitoneally to rats and correlation 
coefficients between power spectrum of each cortical EEG frequency band, locomotor activity, and 
stereotyped behavior score were examined. The EEG data were analyzed by quantitative power 
spectrum analysis.  A decrease in power of all of the frequency bands of EEG activity was observed 
in rats treated with methamphetamine 0.5, 1.0, and 2.0 mg/kg BW doses. This finding was 
accompanied by locomotor activation and stereotyped sniffing.  The highest dose of 
methamphetamine (4.0 mg/kg BW) increased the power of alpha-1 band activity, but decreased the 
other bands and were accompanied by locomotor activation and oral stereotyped behavior.  Positive 
and significant correlation between locomotor activity and stereotyped behavior score was obtained 
but none of the EEG frequency bands was observed with significant correlation with both activities. 
The close association between locomotor activation and stereotyped behavior score is concluded 
from the study and it is suggested that stereotyped behavior score could be the most reliable index 
to demonstrate the dose-dependent effects of methamphetamine treatment. 
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Methamphetamine was originally used as nasal decongestants and bronchial inhalers (Ando 
et al., 1993; Fry, 1998; Anglin et al., 2000). It can be smoked, snorted, injected intravenously, or 
ingested orally.  In all forms, the drug stimulates the central nervous system with a positive feeling, 
but later depressed which is believed to be due to suppressed dopamine production.  However, 
relating to dopaminergic system in the brain, most of the studies were done using a 
methamphetamine-related compound, amphetamine as a central nervous system stimulant though 
its central effects are claimed to be less than those of methamphetamine (Derlet and Heischober, 

1990; MacKenzie and Heischober, 1997).  
A low or moderate dose of 

amphetamine produced an EEG pattern 
which closely resembled to the pattern 
produced by a D1-typed dopamine receptor 
agonist  (Ferger  et  al.,  1994).   The  dose of 
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amphetamine produced no stereotyped behavior but only a slight increase in locomotor activity 
(Kuczenski and Segal, 1999).  A larger dose of amphetamine produced a pattern in EEG suggesting 
an additional activation  of  D2-typed  dopamine  receptors, with a selective increase in alpha-1 band 
EEG power, accompanied by locomotor activation and  stereotyped sniffing (Groves and Tepper, 
1983; Segal and Schuckit, 1983).  

As amphetamine, methamphetamine has been reported to induce a number of behavioral and 
EEG effects.  Low dose of methamphetamine administration increased locomotor activity and the 
high dose elicited stereotyped behavior (Kelly et al., 1975; Riviere et al. 1999; Segal and 
Kuczenski, 1994; Wallace et al., 1999). A study in rabbit by Yamamoto (1997) reported the 
methamphetamine-induced decrease in all cortical EEG power spectra and a marked increase in 
Theta-2/Theta-1 frequency band ratio in the hippocampal spectra. It is believed that 
methamphetamine acts by reversing the dopamine transporter and facilitating the cytoplasmic 
dopamine release, as well as by releasing vesicular stores of dopamine (Cubells et al., 1994; Liang 
and Rutledge, 1982; O’Dell et al., 1991; Schmidt and Gibb, 1985; Seiden et al., 1993).  

The purpose of this study was to study the correlation between each EEG power spectra, 
locomotor activity and stereotyped behavior in response to methamphetamine treatment since so far 
there has been no direct study reported yet.  
 
Materials and Methods 
 
Drug  

Methamphetamine HCl (99.84 %, Dainippon Pharmaceuticals, Osaka, Japan) was provided 
by courtesy of the Drug Control Division, National Police Bureau, Thailand.  The drug was 
dissolved in physiological saline and administered at a volume of 1 ml/kg BW.  The four 
methamphetamine dosages were calculated as 0.5, 1.0, 2.0 and 4.0 mg/kg BW.  Rats with 
physiological saline injection were assumed as control groups.  
 
Animals  

Male Wistar rats (National Laboratory Animal Center, Salaya Campus, Mahidol 
University) weighing about 300 g were used.  The animals were housed under controlled 
environmental conditions of constant temperature (25 °C) with a 12:12 hr light-dark cycle (lights on 
06.00 - 18.00 hr). Laboratory food and water were given ad libitum.  

EEG and locomotor activity were not recorded in the same rats due to machine noise from 
the animal activity monitor.  However, the stereotyped behavior was observed during both EEG 
recording and locomotor activity monitoring experiments.  

 
Electrode implantation  

About one week before the experiment, the animals were stereotaxically implanted with 
stainless steel screw electrode over the cerebral cortex under pentobarbital sodium anesthesia (40 
mg/kgBW IP).  Two electrodes for EEG recordings were symmetrically implanted on both side at 3 
mm laterally from the sagittal fissure and at half-way between bregma and lambda.  The reference 
electrode was at 2 mm laterally from midline and 3 mm anterior to the bregma while an additional 
fixing screw was at 2 mm rostral and 2 mm lateral to the lambda on left side. All electrodes were 
fixed with dental cement.  After implantation, the rats were returned to the laboratory house in 
separate cages.  
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EEG  recording  
On the day of the experiments, the animals were adapted to the experimental conditions for 

about 15 min before starting the recording.  EEGs were recorded using PowerLab 4/20, 
(ADInstruments Corporation) and EEG signals were connected to a microcomputer system coupled 
with a Fast Fourier transformation. The drug-free baseline activity was recorded for 60 min and 
after that the drug was injected and recording was continued for at least 3 hours.  

Power spectrum analysis was used for EEG data analysis.  In brief, this involves separating 
the EEG signal into fundamental frequencies, and determining the amount of frequency in the 
record.  The data are then displayed as power as a function of frequency. In the present study, the 
spectra obtained were divided into 7 frequency bands in accordance with Ferger et al. (1994) and 
Stahl et al. (1997). These frequency bands were 1.25-4.50 Hz (delta band), 4.75-6.75 Hz (theta 
band), 7.00-9.50 Hz (alpha-1 band), 9.75-12.50 Hz (alpha-2 band), 12.75-18.50 Hz (beta-1 band), 
18.75-35.00 Hz (beta-2 band) and 35.25-60 Hz (gamma band).  The basis sweeps of 4 seconds 
activity were averaged as spectra of power density (µV2/Hz) on the monitor and stored in a file. Data 
in successive time-blocks of 3 min each were summed up again and averaged to obtain periods of 
15 min each.  The mean values of the four 15 min pre-drug periods were regarded as the baseline 
activities.  The EEG spectra of each 15 min-period each was calculated into % of the baseline 
activity and used for further analysis.  

After completing the experiments, all animals regardless of any treatments survived until 
discarded.  However, EEG data with inevitable movement artifacts were discarded.  

Locomotor activity  
The locomotor activity of each rat was determined using Automex-II-2SD animal activity 

monitor (Columbus Instruments International Corporation).  The activity was counted every minute 
and all counts were summed for a period of 15 minutes each.  The mean values of the four 15 
minute pre-injection periods were regarded as baseline activities.  The other locomotor activities 
counted were calculated into % of the baseline activity.  

Stereotyped behavior  
Behavioral effects of methamphetamine were quantified in an experiment complementary to 

the EEG recording,.  During the experiment, each rat was scored for the first 10 seconds of each 1-
minute period. A scoring system of Costal and Naylor (1973) for classification and evaluation of 
stereotyped behavior was slightly modified. The values in bracket represented the minimal time 
during which the stereotyped behavior occurred during the of 10-second period: stereotyped score 1 
corresponds to discontinuous stereotyped sniffing (5-7 seconds), score 2 to continuous stereotyped 
sniffing (8-10 seconds), score 3 to discontinuous licking (2-7 seconds), score 4 to continuous 
licking (8-10 seconds),  score 5 to discontinuous gnawing (2-7 seconds), and score 6 to continuous 
gnawing (8-10 seconds).  In the cases that different stereotypic patterns co-existed in the same 
observation period, only the highest score was taken into calculation.  Stereotyped behavior was 
scored each minute and was summed up for a period of each 15 minutes interval. This summed 
score was used for analysis. 

Statistical analyses 
All data were expressed as means ±standard error and those of EEG spectra and locomotor 

activity were analyzed using a two-way ANOVA for repeated measurements with following 
Duncan test.  All stereotyped behavior scores were analyzed by Kruskal-Wallis H test with 
following Mann-Whitney U test.  The correlation between each EEG power spectra, locomotor 
activity, and stereotyped behavior data at 30 minutes after drug administration was estimated by 
Spearman's rank order correlation coefficient. 
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Table 1.    Correlation values between  each  EEG  power spectrum, locomotor  activity, and 
stereotyped  behavior score 

 

Delta 
Locomotor  Activity 
Stereotyped Behavior 

Delta 
1.0000 
0.4000 (p=0.600) 
0.4000 (p=0.600) 

Locomotor  Activity        
0.4000 (p=0.600) 
1.0000 
1.0000 (p<0.001) 

Stereotyped Behavior    
0.4000 (p=0.600) 
1.0000 (p<0.001) 
1.0000 

Theta 
Locomotor  Activity 
Stereotyped Behavior 

Theta 
1.0000 
-0.2000 (p=0.800) 
-0.2000 (p=0.800) 

Locomotor  Activity 
-0.2000 (p=0.800) 
1.0000 
1.0000 (p<0.001) 

Stereotyped Behavior    
-0.2000 (p<0.800)     
1.0000 (p<0.001) 
1.0000 

Alpha-1 
Locomotor  Activity 
Stereotyped Behavior 

Alpha-1 
1.0000 
0.8000  (p=0.200) 
0.8000 (p=0.200) 

Locomotor  Activity       
0.8000 (p=0.200) 
1.0000 
1.0000 (p<0.001) 

Stereotyped Behavior      
0.8000 (p=0.200) 
1.0000 (p<0.001) 
1.0000 

Alpha-2 
Locomotor  Activity 
Stereotyped Behavior 

Alpha-2 
1.0000 
0.0000 (p=1.000) 
0.0000 (p=1.000) 

Locomotor  Activity      
0.0000 (p=1.000) 
1.0000 
1.0000 (p<0.001) 

Stereotyped Behavior      
0.0000 (p=1.000)      
1.0000 (p<0.001) 
1.0000 

Beta-1 
Locomotor  Activity 
Stereotyped Behavior 

Beta-1 
1.0000 
-0.6000 (p=0.400) 
-0.6000 (p=0.400) 

Locomotor  Activity 
-0.6000 (p=0.400) 
1.0000 
1.0000 (p<0.001) 

Stereotyped Behavior      
-0.6000 (p=0.400)      
1.0000 (p<0.001) 
1.0000 

Beta-2 
Locomotor  Activity 
Stereotyped Behavior 

Beta-2 
1.0000 
-0.4000 (p=0.600) 
-0.4000 (p=0.600) 

Locomotor  Activity 
-0.4000 (p=0.600) 
1.0000 
1.0000 (p<0.001) 

Stereotyped Behavior      
-0.4000 (p=0.600)      
1.0000 (p<0.001) 
1.0000 

Gamma 
Locomotor  Activity 
Stereotyped Behavior 

Gamma 
1.0000 
-0.8000 (p=0.200) 
-0.8000 (p=0.200) 

Locomotor  Activity 
-0.8000 (p=0.200) 
1.0000 
1.0000 (p<0.001) 

Stereotyped Behavior      
-0.8000 (p=0.200)      
1.0000 (p<0.001) 
1.0000 

 
Results 
 
Power spectrum analysis of electroencephalogram (EEG)  

The cortical EEG power specta of various frequency bands in response to saline and 
methamphetamine injection are shown in Figure 1. The control group of animals showed a 
significant increase of delta band power from baseline activity mostly during the last hour of the 3-
hour post-injection period.  The band in both 0.5 and 1.0 mg/kg BW methamphetamine-treated 
groups showed the same tendency. It increased from their baseline activity mostly during the last 
hour and was not different from the control group.  However, those in 2.0 and 4.0 mg/kg BW 
methamphetamine-treated groups showed no difference from their baselines and mostly not 
different from the control group too.  No significant difference was observed among all of the 
methamphetamine-treated groups.  

The theta band in control group of animals, like the delta band, increased from baseline 
activity during the last hour of post-injection recording period.  The band in all methamphetamine-
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Figure 1. Time-courses of cortical EEG power spectrum in various frequency bands produced by 
saline and various doses of methamphetamine. The values of the four 15-min pre-injection periods 
were regarded as the baseline activity of which a mean value of 100% of the frequency band was 
assumed and shown at the time 0. Abscissa: time (min) before and after drug injection, ordinate: 
percentage of baseline activity. Means + SEM of the animals in each group are shown. n, control, 
physiological saline-treated group, n=14; ❍ , 0.5 mg/kg BW methamphetamine-treated group, n=6; 
▼, 1.0 mg/kg BW methamphetamine-treated group, n=9; ■, 2.0 mg/kg BW methamphetamine-
treated group, n=8; , 4.0 mg/kg BW methamphetamine-treated group, n=7;  #, significant 
difference from baseline, p < 0.05; *, significant difference from control (saline-treated) group, p < 
0.05; @, significant difference from other methamphetamine-treated groups, p < 0.05. 
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Figure 2.  Time-courses  of  locomotor  activity  produced  by saline and various doses of 
methamphetamine. The values of the four 15-min pre-injection periods  were regarded as the 
baseline activity of which a mean value of 100% of locomotor activity was assumed and shown at 
the time 0. Abscissa: time (min) before and after drug injection, ordinate:  percentages of baseline 
activities. Means + SEM of the animals in each group  are shown. n, control, physiological  saline-
treated  group, n=11; ❍ , 0.5 mg/kg BW  methamphetamine-treated  group, n=11; ▼, 1.0 mg/kg BW  
methamphetamine-treated group, n=10; ■, 2.0 mg/kg BW  methamphetamine-treated  group, n=12; 

, 4.0 mg/kg BW  methamphetamine-treated  group, n=8; #, significant difference from baseline, p 
< 0.05; *, significant difference from control (saline-treated) group, p < 0.05; @, significant 
difference from other methamphetamine-treated groups, p < 0.05.  

treated groups showed the same pattern of response. However, the band in most methamphetamine-
treated groups was significantly lower than the control group during the early period after drug 
injection.  This effect of methamphetamine treatment to decrease the theta band was in dose-
dependent pattern, the higher dose of treatment will result in the longer period of the theta band 
lowering effect.  However, no significant difference was observed among various groups of 
methamphetamine treatment as for delta band.  

Regarding the alpha-1 band, those in the control and most methamphetamine-treated 
groups of animals were observed with the same pattern of response as theta-band except the 4.0 
mg/kg BW methamphetamine-treated group in which the alpha-1 frequency bands were 
significantly lower than the control group during the last hour of post-injection period.  The alpha-1 
band in this group of animal was not different from the control group during the early post-injection 
recording period though was higher than those of the 2.0 mg/kg BW dose group.  

The alpha-2, beta-1 and beta-2 frequency bands in both control and methamphetamine-
treated groups showed the same pattern of response as theta-band though beta-2 frequency band in 
control group was not changed throughout the 3-hr recording period.  All control and 
methamphetamine-treated groups of animals showed the gamma bands, which were not 
significantly different, neither from their baseline activity nor from different treatment groups.
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Figure 3. Time-courses of stereotyped behavior score produced by saline and various doses of 
methamphetamine.  The summed scores of each 15-min pre- and post-injection periods were 
shown. Abscissa: time intervals (min) before and after drug injection, ordinate: score of 
stereotyped behavior. Means + SEM of the animals in each group are shown. n, control, 
physiological  saline-treated  group, n=21; ❍ , 0.5 mg/kg BW  methamphetamine-treated  group, 
n=22; ▼, 1.0 mg/kg BW  methamphetamine-treated  group, n=23; ■, 2.0 mg/kg BW  
methamphetamine-treated group, n=24; , 4.0 mg/kg BW methamphetamine-treated  group, n=23; 
*, significant difference from control (saline-treated) group, p < 0.05; @, significant difference 
from other methamphetamine-treated groups, p < 0.05.  

Locomotor activity  
Control group of animals showed comparable levels of locomotor activity during the 1-hr 

after saline injection followed by a gradual decrease throughout the remaining period (Figure 2).  
The animals in 0.5 mg/kg BW methamphetamine-treated group showed the relatively same level of 
locomotor activity as in control group.  The animals in 1.0, 2.0 and 4.0 mg/kg BW-treated groups 
were observed with significant increases of the activity in dose-dependent manner though those in 
4.0 mg/kg BW-treated group were not different from the activity of 2.0 mg/kg BW group during the 
first 2-hr post-injection period.  

Stereotyped behavior  
Control group of animals had no stereotyped behavior score throughout the experiments 

(Figure 3).  Methamphetamine treatment significantly and distinctly increased the scores in dose-
dependent pattern, i.e., the more the amount of the drug injected, the longer the periods that the 
scores were higher than the control group.  In addition, the significance differences between the 
scores among different groups of methamphetamine treatment were obtained.  

By using the data at 30-min post-injection period in different groups of treatment, various 
degrees of correlation coefficients between bands of EEG activity and locomotor activity and 
stereotyped behavior were obtained (Table 1).  The significant correlation coefficient level of 1.0
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was obtained between locomotor activity and stereotyped behavior (p< 0.001). For most EEG 
frequency bands, correletion levels with locomotor activity and stereotyped behavior were less than 
0.4 except the alpha-1 and gamma frequency bands which were observed to insignificantly correlate 
at coefficient levels of 0.8 and –0.8 respectively (p.0.05).  
 
Discussion 

It is well established that EEG rhythms are generally classified into 4 frequency bands as 
delta, theta, alpha and beta rhythms.  Gamma rhythm may be accepted as an additional rhythm with 
the highest frequency band.  However, no individual band is normal or abnormal by definition 
(Misulis and Head, 2003). Clinically, EEG can be used in determining encephalopathy.  A relative 
increase in slow activity or suppression of all activity over one hemisphere during surgery is 
suggestive for infarction or damage to the cortex. For other applications, Bulyalert (1993) used a 
change in (delta+theta)/(alpha+beta) power to indicate the sleep-inducing effects of plant extracts.  
Yamamoto (1997, 1998) used the cortical and hippocampal EEG power spectrum to characterize 
models of schizophrenia and emotional activity.  

In the present study, most slow activity of EEG frequency bands in the control group of 
animals began to increase after saline injection.  This can be explained by the facts that the animals 
were habituated well and were gradually getting familiar to the recording cage.  The increase in 
these power bands of EEG might be a sign of relaxing emotional state. At the same time, 
methamphetamine decreased most power spectra in dose-dependent manner though with no clear 
distinction. This dose-dependent effect can be interpreted more clearly from the longer power-
lowering effects when higher doses of methamphetamine were used. However, interestingly, 
different effect of the drug injection on alpha-1 power band was noted. As the effects on other EEG 
bands, low and moderate dose of the drug decreased the alpha-1 band in the early period after 
injection and after that the band increased to the comparable level as those in control group.  
Apparently, high dose of the drug did not decrease the alpha-1 band.  This band was significantly 
higher than other methamphetamine-treated group at the same time.  These results indicate that high 
dose of methamphetamine treatment increased the alpha-1 power band.  It seems difficult to explain 
this effect of methamphetamine treatment on alpha-1 power spectrum since the dose appeared to 
cause different changes in other bands of the EEG power spectrum.  It might be due to different 
mechanism activated by different doses of the drug.  The results observed here are the same as those 
reported by Ferger et al. (1994) who found that large dose of d-amphetamine selectively increased 
power of the alpha-1 band while the low dose decreased power of all other frequency bands. The 
different EEG patterns in response to different doses of drug were reported and activation of 
different levels of reticular activating system was assumed (Bulyalert, 1993). Supporting this is the 
evidence that the quantitative and qualitative features of behavioral response to ampheatmine-like 
substance in rats can be dissociated from the dopamine response (Kuczenski and Segal, 1999). In 
that study, the dissociation was evident in the temporal profiles of the extracellular dopamine level 
and stereotypy response to high dose of amphetamine (4.0 mg/kg).  

From the results, it might be concluded that the effects of methamphetamine on EEG power 
spectra, locomotor activity, and stereotyped behavior are similar to those caused by amphetamine. 
The effects on locomotor activity are similar to those reported by Kuczenski and Segal (1999). 
However, in another aspect, the results do not agree with the study of Kuczenski and Segal (1999) 
which reported absence of stereotyped behavior in response to amphetamine treatment.  This 
difference might probably result from the different definition of stereotyped behaviors.  The present 
study scored all stereotyped behaviors including stereotyped sniffing and oral stereotyped behavior 
but Kuczenski and Segal (1999) scored only oral stereotyped behavior. Also supporting this is the 
findings that the stereotyped behavior score obtained after high dose of methamphetamine treatment
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 in this study agrees with those obtained by Ferger et al. (1994) who scored both sniffing and oral 
stereotyped behavior after 4.0 mg/kg amphetamine injection.  The scores obtained in the present 
study also agree with the studies of Groves and Tepper (1983) and Segal and Schuckit (1983) in 
which exploratory behavior and repetitive head movements were reported in rats after low dose of 
amphetamine.  Rats showed oral stereotyped behavior such as licking or gnawing after a further 
high dose of amphetamine.  

The EEG recording reflects mainly the signals from the cerebral cortex located just below 
the skull. Though many other neurotransmitter systems, e.g., serotonin and noradrenergic 
mechanism (Itoh et al., 1990) and cholinergic mechanism (Stumpf and Gogolak, 1987) cannot be 
excluded, the dopaminergic mechanism has been proposed as the primary mechanism to affect 
EEG, locomotor activity and stereotyped behavior (Creese and Iversen, 1974; Hisashi, 1995; Kehne 
et al., 1981; Kelly et  al., 1975; Kelly and Iversen, 1976; Lucot et al., 1980; Sessions et al., 1980; 
Swerdlow et al., 1986).  It is suggested that the dopaminergic mechanisms influencing the EEG and 
hence the cortical activity might occur at various levels (Stahl et al., 1997). The most relevant 
action might be in the striatum containing the main part of dopaminergic terminals and dopamine 
receptors. Its functional alterations would then relay via the thalamus to the cortex.  In addition, 
dopaminergic terminals in various cortical areas, mainly the prefrontal cortex might contribute to 
the EEG alterations by a direct action on cortical areas, though with less density than the striatal 
terminals (Kandel, 1991).  The mesolimbic dopaminergic system innervating mainly the nucleus 
accumbens might contribute less to the EEG alterations due to its smaller size as compared with the 
main striatum.  

Apparently, all doses of methamphetamine used in the present study increased the 
stereotyped behavior scores.  For locomotor activity, low and moderate doses of methamphetamine 
injection increased locomotion but high dose caused multiple phases of locomotor activation. The 
dopminergic mechanism might be responsible for these methamphetamine-induced increases in 
locomotion and stereotyped behavior score in the present study. In addition, different dopamine 
receptor subtypes might contribute to different receptor activation, and hence the multiphasic 
locomotor activation, in response to high dose of methamphetamine injection (Gingrich and Caron, 
1993). Supporting this explanation is the suggestion that concurrent activation of both D1 and D2 
receptors is required for full expression of the effects of drugs such as methamphetamine (Delfs and 
Kelly, 1990; Xu et al., 1994; Kuczenski and Segal, 1999).  When dopamine binds to D1 receptor, 
adenylated cyclase is activated (Dearry et al., 1990; Kebabian et al., 1972; Kebabian and Caine, 
1979; Monsma et al., 1990; Stoof and Kebabian, 1984; Zhou et al., 1990).  The resulting cAMP 
subsequently activates protein kinase A enzyme and finally causes post-synaptic neuron to increase 
excitability. In contrast, if the membrane-bound D2 receptor is stimulated, the activity of enzyme 
adenylate cyclase will be inhibited and the amount of intracellular cAMP decreases (Onali et al., 
1984; Stoof and Kebabian, 1981, 1984) and post-synaptic neuron excitability decreases finally 
(Valentijn et al., 1993).  

The mesolimbic brain region is expected to mediate the response to low dose of 
amphetamine while the nigrostriatal pathway is believed to mediate the response to high dose. This 
assumption is supported by some electrophysical studies that demonstrated such complexity of the 
dose-dependent effects of amphetamine (Groves and Robec, 1976; Robec and Zimmerman, 1980).  
Amphetamine was previously shown to induce the biphasic dose-dependent effects on in vivo 
striatal dopamine synthesis (Kuczenski, 1977).  

Various levels of correlation were obtained between each EEG frequency band and 
locomotor activity and stereotyped behavior score.  With the relatively high level of 0.8 positive but 
insignificant correlation coefficients between the alpha-1 frequency band of EEG and both the 
locomotor activity and stereotyped behavior, it indicates that increase in alpha-1 power band might
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 not associate the increase in locomotor activity and stereotyped behavior score.  This is in contrast 
to the suggestion that EEG has higher sensitivity than behavioral parameters to indicate the D2 
dopamine receptor effects (Stahl et al., 1997).  However, most obviously, the positive correlation 
value of 1.00 between locomotor activity and stereotyped behavior score was significantly obtained.  
This implies that whenever the animals show high locomotor activity the high score of stereotyped 
behavior will definitely be obtained, and vice versa.  So far, this might be the first report to show 
statistically the close association between the two parameters.  Since the locomotor response to 
different doses of amphetamine or methamphetamine release are possibly complex as described 
above, the results of correlation study here indicate that stereotyped behavior could be the most 
precise and reliable index to demonstrate the dose-dependent effects of methamphetamine 
treatment.  

In conclusion, the present study demonstrates that methamphetamine modulated the EEG 
activity, locomotor activity and stereotyped behavior.  The low and moderate doses of 
methamphetamine caused decreases in all EEG frequency bands and this is likely to be due to D1 
dopamine receptor activation.  With high dose of the drug, increase in alpha-1 EEG frequency band 
was produced.   Both locomotor activity and stereotyped behavior score increased in response to 
doses of methamphetamine treatment.  Significant and positive correlation between locomotor 
activity and stereotyped behavior score was obtained and it is suggested that stereotyped behavior 
score could be the most reliable parameter to demonstrate the dose-dependent effects of 
methamphetamine treatment.  
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