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ABSTRACT: This study aims to compare the Parkinsonism behavior induced by 

two drugs: Tacrine (9-amino-1,2,3,4-tetrahydroaminoacridine hydrochloride hydrate 

and MPTP (1-methyl, 4-phenyl 1,2,3,6 tetrahydropyrolidine) using a Force Plate 

Actimeter (FPA). 25 C57BL/6 black mice were equally divided into two groups for 

5mg/kg tacrine and 30mg/kg MPTP experiment. Both groups contained sham, 

5mg/kg tacrine or 30mg/kg MPTP group and sinemet group (oral administration of 

10mg/kg sinemet (levodopa:carbidopa in 4:1) prior to intraperitoneal injection of 

5mg/kg tacrine or 30mg/kg MPTP).  Mice were immediately kept inside FPA to 

record their behavior. Distance travelled, bout of low mobility (BLM) and power 

spectra of parkinsonian symptoms shown by both drugs were computed. Both 

neurotoxins reduced the motor abilities of mice in comparison with sham. Oral 

treatment of sinemet improved their disability. According to power spectra analysis, 

tacrine had only one significant narrow peak from 10-12 Hz while MPTP exhibited 

one to four peaks from 8 to 12 Hz. This might be because the behavior expected 

from tacrine is lateral movement of jaw (facial part) whilst that of MPTP is rigidity 

and tremor (facial, trunk and tail portion). This experiment indicates that both tacrine 

and MPTP can possibly impair motor functions of C57BL/6 black mice. It is 

possible to use these results to create Parkinsonism model in laboratory by the use of 

FPA. This model may be used to evaluate capability of new anti parkinsonian drugs 

to improve motor abilities in rodents. 

 

INTRODUCTION: Parkinson’s disease (PD) is a 

common neurodegenerative disorder that mainly 

affects elderly people above the age of 60
 1, 2

. 

Motor symptoms of PD like tremor, stiffness, slow 

gait and postural instability are directly linked to 

progressive loss of dopamine neurons of 

nigrostriatal pathway 
3, 4

. Nigrostriatal pathway is 

one of the dopaminergic pathways that connect 

substantia nigra with striatum.   
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Substantia nigra pars compacta (SNpc) is a 

structure of the brain that is found in midbrain 

(mesencephalon) and has a major role in 

controlling movement of body by supplying 

sufficient dopamine to striatum via nigrostriatal 

pathway. This whole system is responsible for 

smooth muscle coordination and movement of 

body under normal physiological condition 
5, 6

.  

 

In case of PD, there is severe loss of dopaminergic 

neurons in SNpc. The level of dopamine is 

drastically reduced in striatum, leading to 

characteristic impairment of movement and 

locomotion 
5, 7. 

Apart from their cardinal motor 

features, patient with PD also display hypokinesia 

and rigidity of or facial muscles. Due to this, 

patients show symptoms like difficulty in 
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swallowing, reduced eyes blinking and involuntary 

jaw movement 
8, 9

. 

 

Tacrine (9-amino-1,2,3,4-tetra hydro amino 

acridine hydrochloride hydrate) belongs to 

parasympathomimetics and acetyl-cholinesterase 

inhibitor group. Tacrine acts by reversibly binding 

and inactivating cholinesterases 
10, 11

. Thus, it 

inhibits the hydrolysis of acetylcholine from 

cholinergic neurons and increases endogenous 

levels of neurotransmitter acetylcholine at 

cholinergic synapses 
10, 12

. Previous studies have 

shown that tacrine can stimulate muscarinic 

cholinergic receptors and triggers different 

movement of facial muscles like rapid and vertical 

deflection of lower jaw 
10, 11

. These deflections are 

purposelessly and are not encouraged by any 

motivation 
12

. TJMs are induced by conditions that 

lead to parkinsonism in humans and have been 

validated as a valuable model of parkinsonian 

tremor 
10, 13

.
 

 

MPTP (1-methyl, 4-phenyl 1,2,3,6 tetrahydro 

pyrolidine) is a lipid soluble neurotoxin that shows 

its lethal action by the inhibiting complex I of 

Electron Transport Chain (ETC) in mitochondria
 14

. 

It is selectively toxic to dopaminergic neurons of 

the nigrostriatal pathway. Inhibition of Complex I 

can also trigger the formation of reactive oxygen 

species that initiates DNA strands breakage leading 

to neuronal cell death. In laboratory, MPTP is used 

to produce parkinsonism like behavior such as 

tremor, rigidity, akinesia 
15, 16

. 

 

Wang, et al in 2001 showed that harmaline and 

amphetamine induce narrow band increase in 10-

12Hz region of power spectra by the use of Force 

Plate Actimeter (FPA) 
17

. Now, by manipulating 

this experiment, the value of frequency required for 

MPTP and tacrine to show their effects is studied. 

Many studies have been conducted in the field of 

MPTP and tacrine in their induction of 

Parkinsonism syndrome in laboratory.  

 

However, the behavioral comparison between these 

two drugs has not been done before. Therefore, this 

article aims to study the behavioral comparison of 

MPTP and tacrine in C57BL/6 black mice using 

FPA.
 

 

Device:  

FPA is especially designed with an objective of 

behavior quantification of rodents and other small 

laboratory animals. It can extract much functional 

information from the behaviors shown by rodents 

after the drug is administered, for example, 

locomotor activity, tremor, distance travelling, gait 

disturbances, and rhythmicity.  Hence, it has been 

very useful for studying the neurological effects of 

drugs in the animals. A rigid, horizontal graphite 

plate is supported by four force transducers. The 

animal is placed on the graphite plate and left 

freely. When it moves on the plate, the movement 

is sensed by transducers whose signal is further 

processed by computer to give data of behavior 

shown by the animal during the recording
 18

. 

 

It can record both force of whole body tremor and 

locomotion of same animal at same time. This 

instrument is used to quantify the behavioral 

attributes shown by toxin after its administration, 

which is required for neuroscience
 18

. Therefore, we 

can describe quantitatively the frequency 

characteristics of jaw movement and tremor 

induced by two drugs (tacrine and MPTP) 

respectively and also locomotor activity effects 

along with other abnormal behaviors on rodents 

using a force-plate actimeter. 

 

METHODS: 

Animals: 

A total of 25 adult C57BL/6 black mice (25-35 g, 

from National Laboratory Center, Salaya, Nakorn 

Pathom) were used as subject in the study. Animals 

were housed in cages under standard and controlled 

conditions of humidity (50-70%), lighting (12 h 

light/dark cycle) and temperature (22±2 ºC), with 

ad libitum water and diet. The protocol of animal 

handling and procedure was approved by the 

Animal Care and Use Committee, Thailand 

Institute of Scientific Technological Research 

(TISTR) and Animal Ethic Committee of Faculty 

of Pharmacy, Mahidol University. 

 

Treatment: 

Animals were randomly divided into two groups, 

5mg/kg tacrine group and 30mg/kg MPTP group. 

Tacrine group was further divided into: 
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Sham: Oral administration of 3% (w/v) acacia 

followed by intraperitoneal (i.p.) injection of 

Normal Saline Solution (NSS) after 30 min. n=5 

 

5mg/kg Tacrine group: Oral administration of 3% 

(w/v) acacia followed by i.p. injection of 5mg/kg 

tacrine dissolved in NSS after 30 min. n=5 

 

10mg/kg Sinemet treatment group:  

Oral administration of 10mg/kg sinemet (Levodopa 

+ Carbidopa in the ratio of 4:1) followed by i.p. 

injection of 5mg/kg tacrine dissolved in NSS after 

30 min. n=5 

 

Mice were immediately kept inside FPA for 

recording their behavior for 1 hr and 30 min. 

 

Mice of MPTP group were randomly divided into: 

Sham: I.p. injection of PBS was injected once a 

week until 5
th

 injection. Two weeks gap was placed 

as watch out phase and they were again injected i.p. 

with PBS (6
th

 injection). Two last injection of 

MPTP (7
th

 and 8
th

) were injected along with oral 

gavage of 3% (w/v) acacia. n=5 

 

30mg/kg MPTP group: 30mg/kg MPTP (i.p.) 

dissolved in PBS was injected once a week until 5
th

 

injection. Two weeks gap was placed as watch out 

phase and they were again injected i.p. with 

30mg/kg MPTP (6
th

 injection). Two last injection 

of MPTP (7
th

 and 8
th

) were injected along with oral 

treatment of 10mg/kg Sinemet suspended in 3% 

(w/v) of acacia. n=5 

 

Injections were administered once a week and mice 

were immediately kept inside FPA for recording 

for 2 hrs.  

 

Locomotor parameters such as distance travelled 

and bout of low mobility (BLM) and power spectra 

shown by mice in order to show their Parkinsonism 

behavior were computed and compared with 

treatment group.  

 

Statistics: 

All data were expressed as mean ± standard Error 

(SE). Comparison between the groups was 

analyzed using Student’s t-test (unpaired) or 

ANOVA with post hoc analysis (LSD). Probability 

of 5% (p<0.05) was considered to be significant. 

All data were analyzed using IBM SPSS Statistics 

version 22.  

 

RESULTS: 

Locomotor activity: 

Locomotion gives us an idea about the motor 

function of body. Under the influence of drugs like 

tacrine and MPTP, we hypothesized that mice 

should experience some motor abnormality and 

might not travel at all. Distance travelled and BLM 

was used as dependent variables to describe 

locomotor activity of mice. BLM is used to 

calculate motor activities in cases when the animal 

stays in one place and performs other activities like 

head bobbing, grooming, and rearing. BLM scale 

ranges from 0-8, 0 being high motor activity while 

8 being the case in which the animal is not showing 

any kind of movement. If an animal says in a 

virtual circle of 15 mm radius for more than 5 sec, 

then BLM scale is increased.  

 

Tacrine started to show its effect 10-15min after 

their i.p. administration. Locomotor activity shown 

by tacrine group is graphically shown in Fig. 1. 

 

  
FIG. 1: DISTANCE TRAVELLED AND BLM OF MICE OF GROUP SHAM, 5mg TACRINE AND 5mg/kg TACRINE+10mg/kg 

SINEMET. DATA ARE PRESENTED AS THE GROUP MEANS ± SEM (n = 5 per group) 

*p<0.05 as compared with Sham 

**p<0.05 as compared with 5mg/kg Tacrine group 
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Mice injected with 5mg/kg tacrine showed 

significantly reduction in distance travelled 

(65294.24±7998.10 mm) as compared with sham 

(400953.3±82248.85 mm). BLM was significantly 

increased in case of mice injected with 5mg/kg 

tacrine (6.82±0.29) as compared with sham 

(1.096±0.33). Both of these parameters were seen 

to be ameliorated significantly by 10mg/kg sinemet 

(314558.5±102940.2 mm and 4.01±0.91) as 

compared with 5mg/kg tacrine group. 

 

Like tacrine, 30mg/kg MPTP also started to show 

its Parkinsonism effect after 10-15 minutes of i.p. 

administration. Fig. 2 describes the locomotor 

activity of MPTP. I.p injection of 30mg/kg MPTP 

also reduced distance travelled significantly 

(80971.38±2576.56mm) as compared with sham 

(502886.5±86387.06mm) and increased BLM 

(6.88±0.16) as compared with sham (1.195±0.786).  

 

Both of these parameters were seen to be improved 

by oral administration of 10mg/kg sinemet 

(337311.1±67183.83 mm and 4.64±0.31) as 

compared with 30mg/kg MPTP group. 

 

  
FIG.2: DISTANCE TRAVELLED AND BLM OF MICE OF GROUP SHAM, 30mg/kg MPTP (6th injection) AND 30mg/kg 

MPTP+10mg/kg Sinemet (8th injection). DATA ARE PRESENTED AS THE GROUP MEANS ± SEM (n = 5 per group. 

*p<0.05 as compared with Sham 

**p<0.05 as compared with 30mg/kg MPTP group 

 

Power Spectra Analysis: 

Time interval inside FPA was divided into different 

number of frames, with one frame equals to 80 sec. 

After each 80 sec, a new frame was started. For 

recording of 2hr, the time interval is divided into 88 

frames. When analyzing results, we selected those 

frames in which the mice are not moving to reduce 

any kind of noise produced in power spectra; for 

example, paws of mice. Trajectory motion pictures 

show the position of mice at that frame which gives 

an idea about the locomotion of each mouse. Y-

axis depicts the intensity of power and x-axis 

represents frequency in hertz (Hz). Noticeable 

peaks are expected to be Parkinsonism symptoms 

shown by mice inside FPA. Black line represents 

positive control (5mg/kg tacrine) and black dotted 

line represents 5mg/kg tacrine group 

 

  
FIG.3: COMPARISON OF TRAJECTORY MOTION PICTURES AND POWER SPECTRA RESULTS OF SHAM v/s 5mg/kg 

TACRINE. 
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Trajectory motion of Sham shows the pathway of 

mice at the frame in which power spectra was 

analyzed. Because of the noise produced by paws 

of mice when walking around the plate, power 

spectra of Sham are not clear.  

 

Power spectra of 5mg tacrine were relatively 

insignificant as compared with Sham group. Mouse 

of tacrine group was standing still as per the 

trajectory motion pictures. 

 

Trajectory motion pictures and power spectra of 

5mg/kg Tacrine compared with the power 

spectra of 10mg/kg Sinemet followed by 

intraperitoneal administration of 5mg/kg 

Tacrine:  

Comparison of power spectra results of 5mg/kg 

tacrine with 5mg/kg tacrine+10mg/kg sinemet 

along with their trajectory motion pictures are 

shown below. Dotted line represents 5mg/kg 

tacrine, and black line represents 5mg/kg 

tacrine+10mg/kg sinemet. 5mg/kg tacrine showed 

significant peak at around 10-12Hz and the peak 

was found to be suppressed by the oral treatment of 

10mg/kg sinemet. This peak was expected to be 

Parkinsonism symptom of tacrine (lateral 

movement of jaw) because it was remarkably 

higher than the remaining other peaks. 
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FIG. 4: COMPARISON OF TRAJECTORY MOTION PICTURES AND POWER SPECTRA RESULTS OF 5mg/kg tacrine  v/s 

5mg/kg tacrine+10mg/kg SINEMET 

 

Trajectory motion of Sham showed the pathway of 

mice at the frame in which power spectra was 

analyzed. Because of the noise produced by paws 

of mice when walking around the plate, the power 

spectra of Sham were not clear. Power spectra of 

30mg/kg MPTP are comparatively insignificant as 

compared with Sham group. Mouse of 30mg/kg 

MPTP group was standing still as per the trajectory 

motion pictures. 

 

  
FIG. 5: COMPARISON OF TRAJECTORY MOTION PICTURES AND POWER SPECTRA RESULTS OF SHAM v/s 30mg/kg 

MPTP 

 

Trajectory motion pictures and power spectra of 

30mg/kg MPTP compared with the power 

spectra of 10mg/kg Sinemet followed by 

intraperitoneal administration of 30mg/kg 

MPTP: 

Comparison of power spectra results of 30mg/kg 

MPTP with 30mg/kg MPTP+10mg/kg sinemet 

along with their trajectory motion pictures are 

shown below. Dotted line represents 30mg/kg 

MPTP and black line represents 30mg/kg MPTP 

+10mg/kg sinemet. 30mg/kg MPTP showed 

significant peak that ranged around 7-12Hz and the 

peak was seen to be suppressed by the oral 

treatment of 10mg/kg sinemet. The number of 

peaks was variable from 1 to 4. These peaks were 

expeced to be Parkinsonism symptoms of MPTP 

(tremor, body shaking and rigidity) because they 

were remarkably higher than the remaining other 

peaks. 
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FIG. 6: COMPARISON OF TRAJECTORY MOTION PICTURES AND POWER SPECTRA RESULTS OF 30mg/kg MPTP v/s 

30mg/kg MPTP+10mg/kg SINEMET GROUP 

 

DISCUSSION: Growing study of PD has 

suggested the role of increased acetylcholine and 

reduced dopamine in brain of PD patients.  Lack of 

dopamine in nigrostriatal pathway is found to have 

directly linked with motor abnormalities of body 
4, 

5, 19
.  Previous studies have discovered the motor 

effects of cholinomimetic drugs. Drugs like 

pilocarpine, haloperidol
 9, 12, 20

 are reported to 

induce extra pyramidal dysfunction, catalepsy and 

reduction of locomotion. Another major motor 

effect of cholinomimetic drugs is the induction of 

vertical deflections of jaw which is rapid and is not 

stimulated by any stimulus Tacrine acts as a 

noncompetitive inhibitor of acetyl cholinesterase. It 

is thought to interact with the hydrophobic site  

 

 

which is adjacent to catalytic site in cholinergic 

system 
5, 19

. 

 

Carriero et al in 1997 and Pan et al in 2006 

demonstrated the dose dependent induction of 

tremolous jaw movement and dose dependent 

suppression of locomotor activity. 1.25, 2.5 and 5.0 

mg/kg tacrine (i.p.) was able to induce jaw 

movements and suppress locomotion in rats.  The 

number of rearing was also reduced on increasing 

dose 
9, 21

. Cousins et al in 1997 also reported that 

the jaw movements induced in rats are directly 

dependent on level of Ach in ventrolateral striatum. 

Administration of 2.5-5mg/kg Tacrine increased 

both jaw movement and extracellular level of Ach 

in ventro lateral striatum. As the dose of tacrine 
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was increased, the level of Ach was also increased 

showing a linear correlation in the first 30 min post 

injection. Hence there may be a direct relationship 

with level of Ach in ventrolateral striatum and 

induction of chewing effect in rodents 
12

.   

Consistent with the previous research, i.p. injection 

of 5mg/kg tacrine reduced locomotion activity and 

increased BLM in rats in a significant amount as 

compared with sham. Rats also showed salivation 

and lateral movement of jaws. The lateral 

movement of jaws persisted for about one and half 

hour, whereas salivation was found up to 4 hrs. 

post injection.  

 

Mulcahy et al in 2011 and Chia et al in 1996 found 

that chronic administration of MPTP induces high 

locomotion that is similar to sham. This may be due 

to the tolerance of mice against MPTP due to 

repeated administration. They also reported that 

after a single dose of MPTP, mice exhibits 

parkinsonism features like straub tail( bowed still 

tail), sialorrhoea (increased salivation and secretion 

from nose), hypernea (increased respiration), 

muscular hypotonia and teeth chatter possibly due 

to tremor. Consistent with previous report, MPTP 

treated mice of our experiment also showed similar 

types of response, but were usually vanished after 

3-4 hours of injection.  

 

As the dose of MPTP injected was only once a 

week for 8
th

 dose, no tolerance effect was seen 

against MPTP because the rate of dose we injected 

may be too low to induce tolerance in mice. 

10mg/kg sinemet (Levodopa + Carbidopa in the 

ratio of 4:1) was found to ameliorate the motor 

deficits induced by both drugs 
22, 23

. Interaction of 

dopamine and Ach in brain is an important factor 

for normal and coordinated movement. Disruption 

in any of this neurotransmitter may result in motor 

abnormality. Sinemet contains the precursor of 

dopamine, levodopa which acts by replacing the 

degenerated dopaminergic neurons and reestablish 

normal dopaminergic flow from substantia nigra to 

striatum. Hence, both 5mg/kg Tacrine and 30mg/kg 

MPTP may possibly be able to affect locomotion in 

C57BL/6 mice which was improved by oral 

administration of Sinemet.  

 

Cousins et al in 1998 found out that the frequency 

of lateral movement of jaws induced by 2.5mg/kg 

tacrine in rats ranged from 3 to 5 Hz 
12

. Our result 

showed that the frequency of lateral movement of 

jaws induced by 5mg/kg tacrine in C57BL/6 mice 

ranged from 10-12 Hz. This variation may be due 

to the difference in species even though they both 

belong to rodent family. 30mg/kg MPTP resulted in 

generation of one to four peaks ranging from 8 to 

12 Hz.  

 

Comparison of power spectra of tacrine and MPTP 

showed that tacrine has only one narrow peak 

ranging from 10-12 Hz that is prominent while 

MPTP has one to four peaks ranging from 8 to 12 

Hz. This may be because the Parkinsonism 

syndrome expected from 5mg/kg tacrine is lateral 

movement of jaw (only oral/ facial part) only whilst 

that of MPTP is rigidity and tremor (facial, 

abdominal and tail portion). Henceforth, MPTP 

may have much number of peaks than that of 

tacrine.  

 

CONCLUSION: These findings imply that 

5mg/kg tacrine and 30mg/kg MPTP can be used as 

a Parkinsonism model using FPA. Since tremor and 

motor dysfunction are classic symptoms of 

Parkinsonism, it is possible to use these results to 

create Parkinsonism model in laboratory by the use 

of FPA. These results may be used to test capability 

of new anti parkinsonian drugs to improve motor 

abilities in rodents. 
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