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ABSTRACT 

Dopamine D2 and D4 receptors play an important role in cognitive functions. Acute 

administration of both methamphetamine and p-chloroamphetamine induced amnesia in animals 

but mechanisms of action remained unclear. The aim of this study was to exam both D2 and D4 

receptor activation involved in methamphetamine and p-chloroamphetamine induced amnesia. 

Dopamine D2 and D4 receptor antagonists were challenged proceeding of acute administration of 

methamphetamine or p-chloroamphetamine in a passive avoidance test, an amnesia murine 

model. Acute administration of methamphetamine (3 mg/kg, i.p.) before the training trial 

induced cognition impairment in passive avoidance test. The amnesic effect could be ameliorated 

by pretreatment of haloperidol (a dopamine D2 receptor antagonist) and L-745,870 (a dopamine 

D4 antagonist). Methamphetamine also induced locomotor hyperactivity that was improved by 

pretreatment of haloperdiol but not by L-745,870. p-Chloroamphetamine (5 mg/kg, i.p.) also 

induced amnesia in passive avoidance test which was significant attenuated by haloperidol, 

eticlopride (a selective D2 antagonist) and L-745,870 when these antagonists were administrated 

50 min before the training trial or immediately after the training trial. We proposed that both D2 

and D4 receptors activation were participated in impairment of memory acquisition induced by 

methamphetamine and p-chloroamphetamine while dopamine D2 receptors activation was also 

involved in locomotor hyperactivity induced by methamphetamine. 

Keywords: p-Chloroamphetamine．Methamphetamine．Haloperidol．L-745,870．Amnesia．

Passive avoidance test 

 

*Corresponding Author Email: yuhcs@nricm.edu.tw 

Received 14 June 2015, Accepted 18 June 2015 
 

mailto:yuhcs@nricm.edu.tw


Shen et al., Am. J. Pharm Health Res 2015;3(6)     ISSN: 2321-3647 

www.ajphr.com  177 

 

INTRODUCTION 

Methamphetamine, an analogue of amphetamine, is a widely abused psychostimulant which 

causes a numerous psychosocial, neuropsychiatric, and medical problems
1
. Applying toxic 

methamphetamine administration schedule by three injections of 10 mg/kg, i.p. at 2-h intervals 

depleted dopamine and serotonin in striatum and impaired object recognition task in male rats
2
. 

Administration of methamphetamine by three injections of 5 mg/kg, i.p. at 2-h intervals to mice 

decreased striatal tyrosine hydroxylase with impairment of consolidation of learned place 

preference, and this impairment was not improved by dopamine D1 or D2 receptor agonists
3
. 

Acute pretreatment of amphetamine (1 and 3 mg/kg, i.p.) significantly increased the percentage 

time in the aversive enclosed arm in the plus-maze discriminative avoidance task and the authors 

reported that amphetamine had an amnestic effect that can be attenuated by tacrine, a 

cholinesterase inhibitor
4
. Furthermore, sulpiride, a dopamine D2 receptor antagonist, 

significantly improved concussive brain injury-induced impairments in learning and memory, 

indicating that activation of dopaminergic neuronal function is involved in the concussive brain 

injury-induced amnesia
5
. Previously, we also showed that acute administration 

methamphetamine induced amnesia in mice and this effect could be ameliorated by a selective 

D2 receptor antagonist eticolpride
6
. However, the mechanisms of action involved in acute 

administration of methamphetamine or amphetamine on various memory performances are still 

controversy. Dopamine is an important neurotransmitter in the brain and plays a key role in 

cognition function and motor control
7
. Dopamine receptors are divided into two pharmacological 

subtypes, namely D1-like and D2-like receptors, which typically couple to Gs and Gi protein and 

trigger to increase or decrease adenylyl cyclase activity respectively
8
. The D2-like receptors 

including D2, D3, and D4 receptors are potent targets for neurolpetic drugs
9
. The distribution of 

D2 receptors were detected in striatum and accumbens nucleus and prefrontal cortex in rats
10

, 
11

. 

Previously study showed that co-perfusion D2-like receptor agnoist quinpirole and NMDA into 

nucleus accumbens attenuated NMDA-induced acetylcholine (ACh) release in prefrontal cortex 

and this effect was blocked by D2 antagonist haloperidol in rats
12

. D4 receptors were widely 

distributed in the hippocampus, frontal cortex, entorhinal cortex, caudate putamen, nucleus 

accumbens in rat
13

. Although D2 receptor in memory is still controversy, bilateral microinjection 

of D3 receptor antagonist S33084 into the prefrontal cortex of rats improvement in social novelty 

discrimination and novel object recognition but bilateral microinjection of D2 receptor antagonist 

L741,626 into the prefrontal cortex (but not striatum) impairment novel object recognition
14

. 
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Furthermore, D2 and D4 receptor mRNA co-localization expressed in monkey prefrontal cortex
15

. 

The low dose of dopamine D4 receptor antagonist PUN-101387G had been reported to attenuate 

working impairment induced by the inverse benzodiazepine agonist FG7142 in monkey
16

. 

However, the role of D4 receptor antagonist in cognition is unclear. p-Chloroamphetamine, a 

derivative of amphetamine, is relatively potent than amphetamine in the induction of serotonin, 

dopamine and norepinephrine release
17

. p-Chloroamphetamine induced animal locomotor 

hyperactivity, decreased investigatory behavior
18

, and impaired learning and memory in passive 

avoidance test
19

. The deficiency in avoidance learning by p-chloroamphetamine was attributed to 

enormous central serotonin release stimulated by p-chloroamphetamine which, in turn, impaired 

animal passive avoidance performance via multiple serotonin subtype receptors
20

. It is well-

known that central cholinergic function plays an important role in mediating the process of 

learning and memory. p-Chloroamphetamine blocked the memory-enhancing effect of 

physostigmine in rats with NMDA-induced unilateral lesions of the nucleus basalis of Meynert 

in passive avoidance test
21

. Furthermore, exposure to multiple doses of methamphetamine and p-

chloroamphetamine impaired passive avoidance performance and resulted in significant 

depletions of dopamine, serotonin, and their metabolites in several brain regions, especially in 

striatum
22

. It is still unknown the role of dopamine D2 and D4 receptor antagonists in p-

chloroamphetamine-induced amnesia. Therefore, the objective of the present study was to exam 

the effect of acute administration of methamphetamine as well as p-chloroamphetamine in 

memory performance of step-though passive avoidance tasks and evaluate the effects of 

dopamine D2 and D4 receptor antagonists in methamphetamine- and p-chloroamphetamine-

induced impairments in memory performance and locomotor activity in mice. 

MATERIALS AND METHODS 

Animals 

Male Institute of Cancer Research (ICR) mice (25-30 g) were obtained from the Animal Center 

of National Taiwan University. They were maintained on a 12-h light and 12-h dark cycle (light 

on between 7:00 and 19:00) with food and tap water ad libitum. All experimental protocols in 

this study comply with international guidelines and were approved by Institutional Animal Care 

and Use committee (IACUC) of National Yang-Ming University. 

Drugs 

Methamphetamine hydrocholoride (methamphetamine) was purchased from National Bureau of 

Controlled Drugs, Department of Health, R.O.C. (Taiwan); haloperidol hydrochloride, (S)-
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eticlopride hydrochloride, L-745,870 trihydrochloride were purchased from Tocris (Ellisville, 

USA); p-chloroamphetamine hydrochloride were purchased from Sigma-Aldrich Chemical Co. 

(St. Louis, USA). The drugs were dissolved in twice-filtered water and i.p. administrated in a 

dosage of 0.1 ml per 10 g of body weight. The dosage of the test drug was administrated 

according to the published literature. 

Step-through passive avoidance test 

The experimental procedure was performed according to our previous established method
23

. The 

experimental apparatus for the step-through passive avoidance test is an automated shuttle-box 

(Cat. 7551 Passive Avoidance Controller and Cat. 7553 Passive Avoidance Mouse Cage, UGO 

Basile, Italy), which is divided into an illuminated compartment and a dark compartment of the 

same size by a wall with a guillotine door. Each mouse was put through the adaptation trial by 

placing it gently in the illuminated compartment, facing away from the dark compartment. After 

10 s, the door was opened and the mouse moved into the dark compartment freely. When the 

latency to leave the illuminated compartment was less than 30 s, the mouse was chosen for the 

training trial 2 h later. The training trial is similar to the adaptation trial except that the door is 

closed as soon as the mouse steps into the dark compartment and an inescapable foot shock (0.6 

mA, 2 s) is delivered through the grid floor. The retention test was performed 24 h after the 

training trial in the similar manner without the electric shock and the step-through latency to the 

dark compartment was recorded. The maximal cut-off time for step-through latency was 300 s. 

Locomotor activity test 

Locomotor activity was measured in a multi-box ActiMot detection system (TSE, Germany). 

This system uses individual photocell activity units (48 X 48 cm) connected to a control unit. 

Each unit consisted of a base frame with two pairs of 32 light-barrier strips (transmitter and 

receiver), set at a distance of 14 mm, which are sensitive to infrared light, and thus animal 

locomotor activity was measured. An additional pair of light-barrier strips (Z-coordinate) was 

used to detect rearing activity. Data for the number and sequence of photocell interruptions were 

collected on a computer. After vehicle or drug treatment, each mouse was transported from the 

home cage to the activity cage and allowed to acclimate for a minimum of 1 min before testing 

began and the locomotor activity was measured for 25 min. Total distance was presented as the 

locomotor activity. 

Experimental design 

In methamphetamine-induced amnesia model, methamphetamine (1-10 mg/kg, i.p.) was 

administrated 30 min before the or immediately after the training trial and D2 or D4 receptor 
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antagonist was administrated 40 min before the training trial. In p-chloroamphetamine-induced 

amnesia model, p-chloroamphetamine was administrated 30 min before the training trial to 

induced amnesia. D2 or D4 receptor antagonists were administrated 50 min before the training 

trial or immediately after the training trial to exam the memory acquisition and consolidation, 

respectively. 

Data analysis 

The results of passive avoidance test were expressed as medians, interquartile ranges and the 5
th

 

to 95
th

 percentile ranges, and the data were analyzed by Kruskal-Wallis non-parametric one way 

analysis of variance (ANOVA) on ranks and followed by Mann-Whitney rank sum test. The 

results in locomotor activity were expressed as means + S.E.M. and the data were analyzed using 

one way ANOVA and followed by Student-Newman-Keuls test. The statistical significance level 

was set at p < 0.05.  

RESULTS AND DISCUSSIONS 

Effects of Methamphetamine and p-Chloroamphetamine on the Memory Performance in 

Native Mice 

None of drug treatment had significant effect on either the step-through latency in the training 

trial or the sensitivity to electric shocks throughout the passive avoidance test compared with the 

control group (data not shown). Methamphetamine (3, 5, 10 mg/kg, i.p.) administrated 30 min 

before the training trial impaired performance in the retention test (H(4) = 23.704, p < 0.01) as 

shown in table 1, but no significant effect in methamphetamine 1 mg/kg (compared with control, 

p > 0.05). p-Chloroamphetamine (1-7.5 mg/kg, i.p.) administrated 30 min before training trial 

dose dependently abolished mice performance in the retention test at 5 and 7.5 mg/kg i.p. as 

shown in table 2. This result was similar with previously report
22

. Therefore, methamphetamine 

and p-chloroamphetamine at the dose of 3 mg/kg, and 5 mg/kg respectively, were used in this 

study.  

Effects of Dopamine D2 or D4 Receptor Antagonists on Methamphetamine-induced 

Amnesia and Changes of Locomotor Activity 

To examine whether the activation of dopamine D2 and D4 receptors plays a role in 

methamphetamine-induced amnesia and changes of locomotor activity, D2 antagonist was 

pretreated before methamphetamine administration. As shown in Fig. 1a, either pre-training or 

post-training administration of methamphetamine (3 mg/kg, i.p.) induced amnesia in the passive 

avoidance test and pretreatment with haloperidol (0.25 mg/kg, i.p.) attenuated 
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methamphetamine-induced amrnesia (Kruskal–Wallis ANOVA, H(5) = 37.526, p < 0.001). In 

addition, pretreatment with L-785,870 (0.03 mg/kg, i.p.), a selective D4 antagonist, also 

attenuated methamphetamine-induced amnesia (Kruskal–Wallis ANOVA, H(5) = 39.124, p < 

0.001) in Figure 1c. As shown in Figure 1b, when the locomotor activity was measured soon 

after the training trial, pre-training or post-training administration of methamphetamine (3 

mg/kg, i.p.) markedly increased the locomotor activity in mice, whereas pretreatment with 

haloperidol (0.25 mg/kg, i.p.) itself markedly decreased the basal locomotor activity and also 

significantly inhibited methamphetamine-induced increase in locomotor activity (F(5,54) =56.169, 

p < 0.001). However, pretreatment with L-785,870 (0.03 mg/kg, i.p.) itself had neither 

significant effect on basal locomotor activity or on methamphetamine-induced increase in 

locomotor activity (F(5,59) =18.887, p > 0.05, compared with methamphetamine groups) (Figure 

1d). 

Table 1: Effect of methamphetamine administrated 30 min before the training trial on the 

step-through latency in the training trial and the retention test of the step-through 

avoidance test in mice  

Treatment (mg/kg, i.p.) N Median of latency (interquartile range, sec) 

Training trial              Retention test 

Control 10 9.6 (7.0-11.6)  265.9 (135.2-298.0) 

methamphetamine 1.0 mg/kg 20 8.7 (6.8-18.7)  116.6 (55.4-180.6) 

methamphetamine 3.0 mg/kg 11 5.5 (4.1-13.1)  43.9 (23.9-115.3)* 

methamphetamine 5.0 mg/kg 19 6.2 (4.5-7.6)  49.8 (13.1-283.3)* 

methamphetamine 10.0 mg/kg 15 7.2 (4.5-9.0)  19.3 (13.8-35.3)* 

  H(4) = 9.257  

P > 0.05    

H(4) = 23.704 

P < 0.01      

* p<0.05, as compared with the control group by the Kruskal-Wallis one way analysis of 

variance on ranks  

Table 2: Effect of p-chloroamphetamine administrated 30 min before the training trial on 

the step-through latency in the training trial and the retention test of the step-through 

avoidance test in mice  

Treatment (mg/kg, i.p.) N Median of latency (interquartile range, sec) 

Training trial              Retention test  

Control 20 8.3 (5.7-11.9) 300 (77.0-300.) 

p-chloroamphetamine 1.0 mg/kg 9 6.0 (3.8-8.8) 207.5 (21.8-288.8) 

p-chloroamphetamine 2.5 mg/kg 8 6.0 (4.9-14.7) 211.0 (42.3-300) 

p-chloroamphetamine 5.0 mg/kg 2 6.5 (5.2-7.9) 25.2 (13.9-53.5)* 

p-chloroamphetamine 7.5 mg/kg 3 5.4 (3.6-9.4) 18.5 (9.9-27.9)* 

  H(4) = 5.9 

P > 0.05   

H(4) = 27.3 

P < 0.01 

* p<0.05, as compared with the control group by the Mann-Whitney U test  
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 1: Effects of dopamine D2-like receptor antagonists on methamphetamine-induced 

amnesia and changes of locomotor activity in mice. Haloperidol (H, 0.25 mg/kg, i.p.), or 

L745,870 (L, 0.03 mg/kg, i.p.) was administered 40 min before the training trial and 

methamphetamine (3 mg/kg, i.p.) was administered either 30 min before the training trial 

(MA-T) or immediately after the training trial (T-MA). The locomotor activity was 

measured for 25 min immediately after the training trial. The locomotor activity was 

expressed as movement distance (m). (a) and (c): Effect of dopamine D2-like receptor 

antagonists haloperidol or L745, 870 on methamphetamine-induced amnesia in the step-

through passive avoidance test, respectively. The step-through latency was recorded in the 

retention test performed 24 h after the training trial. Data are expressed as medians 

(horizontal bar within the column), inter-quartile range (column), and the 5
th

 to 95
th

 

percentile ranges. The number of mice in each group is indicated in parentheses. (b) and 

(d): Effect of haloperidol or L745, 870 on methamphetamine-induced increase in the 

locomotor activity, respectively. In (b) and (d), data are expressed as mean + S.E.M. and 

analyzed by one way ANOVA and followed by Student-Newman-Keuls test. 
*
P < 0.05, as 

compared with the control group; 
#
P < 0.05, as compared with the corresponding MA-T or 

T-MA group. 
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Effects of Dopamine D2 or D4 Receptor Antagonists on p-Chloroamphetamine-induced 

Amnesia and Changes of Locomotor Activity 

To test whether the activation of dopamine D2 and D4 receptors plays a role in p-

chloroamphetamine-induced amnesia, D2 or D4 antagonists was pretreated before p-

chloroamphetamine administration. Haloperidol (0.01-0.3 mg/kg, i.p.) significantly improved p-

chloroamphetamine-induced amnesia when administrated before the training trial (Kruskal–

Wallis ANOVA, H(5) = 35.734, P < 0.001) (Figure 2a) and immediately after the training trial 

(Kruskal–Wallis ANOVA, H(5) = 34.643, P < 0.001) (Figure 2b) with significant doses at 0.1 

and 0.3 mg/kg. On the other hand, eticlopride (0.01-0.1 mg/kg, i.p.) also showed remarkable 

effects in improving animal retention performance when administrated before the training trial 

(Kruskal–Wallis ANOVA, H(4) = 19.925, P < 0.001) (Figure 2c) and immediately after the 

training trial (Kruskal–Wallis ANOVA, H(4) = 37.7, P < 0.001) (Fig. 2d) with significant doses 

at 0.1 mg/kg. On the profile of D4 receptor, the results showed that L-745,870 obviously 

attenuated p-chloroamphetamine-induced amnesia when administrated before the training trial 

(Kruskal–Wallis ANOVA, H(5) = 43.844, P < 0.001) (Figure 2e) with the significant doses at 

0.003 and 0.01 mg/kg, and immediately after the training trial (Kruskal–Wallis ANOVA, H(5) = 

28.306, p< 0.001) (Figure 2f) with significant doses at 0.003 and 0.1 mg/kg. However, L-

785,870 (0.01 – 1 mg/kg, i.p.) and p-chloroamphetamine (3 mg/kg) either itself or combined had 

no significant effects on basal locomotor activity (F(7,114) = 0.769, p = 0.615, data not shown). 

Mesolimbocortical dopamine plays a role in learning and memory. Pre-test intra-dorsal 

hippocampal injection dopamine D1 (SCH23390) and D2 (sulpiride) receptor antagonist reversed 

hepatic encephalopathy-indcued amnesia in passive avoidance test in mice
25

. Post-training 

administrated GABAA receptor muscimol into the ventral tegmental area (VTA) was 

significantly inhibited memory retrieval in passive avoidance in rats and this effect was 

ameliorated by administration of sulpiride in CA1 area of the hippocampus, but not SCH23390 

26
. In addition, it was reported that activation of D2 receptors impaired passive avoidance 

learning and locomotion and a non-selective D2 receptor antagonist, pimozide, enhanced the 

acquisition of the passive avoidance response in mice
27, 28

. Furthermore, it was reported that pre-

training but not post-training administration of amphetamine induced amnesic action on the plus-

maze discriminative avoidance task in mice
4
 and acute administration of methamphtamine 

caused doapmine release in rats
29

. Consistance with these data, the present study demonstrated 

that acute methamphetamine-induced amnesia may involve the over-activation of dopamine D2 

and D4 receptors, because a nonselective D2 receptor antagonist (haloperidol) and a selective D4 
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receptor antagonist (L-785,870) could attenuate memory impairment induced by pre-training or 

post-training administration of methamphetamine. However, previously study showed that both 

methamphetamine and amphetamine produce a broad of spectrum of pharmacological and 

behavioral effects depending on pattern of administration and dosing
30

. Our previously results 

showed that acute or repeated administration of methamphetamine both induced amnesia and D2 

receptor antagonist eticlopride improved acute but not repeated administration of 

methamphetamine-induced amnesia in mice
6
. Our previously also study also showed that 

balicalein, a kind of flavonoids with free radical scavenging action
31

, had effective in binge but 

not acute administration of methamphetamine-induced amnesia and hyper-locomotor activity
6
. In 

terms of locomotor activity, both amphetamine and methamphetamine were equipotent in 

activating the locomotor activity in rats
31

, and amphetamine-induced hyperactivity was 

antagonized by D2 receptor antagonists
33

. Present study showed that pre-training or post-training 

administration of methamphetamine (3 mg/kg, i.p.) induced amnesia and hyper-locomotion in 

mice and these effects were alleviated by haloperidol. L-785,870 also attenuated 

methamphetamine-induced amnesia but not hyper-locomotion in mice. Administration of 

dopamine D2 receptor agonist, quinpirole, led to dose-dependent increase of locomotion while D2 

receptor antagonist sulpiride decreased locomotor activity
34

. In contrast to the classical 

neuroleptic, haloperidol, and the atypical neuroleptic, clozapine, the selective dopamine D4 

receptor antagonist L-745,870 failed to antagonize amphetamine-induced hyperactivity in 

mice
35

. These results also suggested that methamphetamine-induced amnesia is independent 

from its effect on locomotor activity. To examine the effects of dopamine D2 and D4 receptors 

antagonists in memory, this study also evaluated amphetamine analogous, p-chloroamphetamine 

in memory performance. In this study, we showed that p-chloroamphetamine-induced amnesia in 

a dose-dependent manner and p-chloroamphetamine-induced amnesia was successfully inhibited 

by D2 receptor antagonists haloperidol (0.1–0.3 mg/kg, i.p.) and eticlopride (0.1 mg/kg, i.p.) 

when administrated 50 min before and immediately after the training trial. Furthermore, 

comparable profile of the attenuation effects were also seen in treatment with selective D4 

receptor antagonist L-745,870 at both pre- (0.003, 0.01 mg/kg, i.p.) and post-training (0.003, 0.1 

mg/kg, i.p.) administration in mice. However, post-training administration of L-745,870 (0.003, 

0.1 mg/kg, i.p.) alleviated p-chloroamphetamine-induced amnesia in U-shape dose manner and 

this result implied that p-chloroamphetamine-induced amnesia might mediate multiple 

mechanism. In conclusion, the present study demonstrated that administration of 

methamphetamine and p-chloroamphetamine induced memory impairment in the step-through  
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(a). Pre-training administration  

 
(b). Post-training administration 

 
(c). Pre-training administration  

 
(d). Post-training administration 

 
(e). Pre-training administration 

 
(f). Post-training administration 

Figure 2: Effects of dopamine D2-like receptor antagonists on p-chloroamphetamine-

induced amnesia in the set-through passive avoidance. p-Chloroamphetamine (5 mg/kg, 

i.p.) was administrated 30 min before the training trial to induced amnesia. Various doses 

of haloperidol (0.01-0.3 mg/kg, i.p.), eticlopride (0.01-0.1 mg/kg, i.p.) and L-745,870 (0.03-

0.1 mg/kg, i.p.) were administrated 50 min before the training trial as shown in (a), (c), and 

(e), or immediately after the training trial as shown in (b), (d), (e). 
*
 P<0.05, as compared 

with the control group; 
#
P<0.05, as compared with the corresponding p-

Chloroamphetamine group. 
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passive avoidance test in ICR mice, mainly via the over-activation of D2 and D4 receptors. D2 

and D4 receptor antagonists both attenuated methamphetamine and p-chloroamphetamine 

induced memory impairment in passive avoidance. This amnesic effect of methamphetamine 

could be differentiated from its stimulatory effect on locomotor activity. These results implied 

that methamphetamine-induced amnesia and hyper-locomotion may mediate different signal 

pathway. 

ACKNOWLEDGMENTS  

This work was supported by grants from Department of Health, Taipei City Government and in 

part, by grant from the National Science Council (NSC) (NSC-101-2320-B-077-005-MY3), 

Taiwan, Republic of China. 

Disclosure Statement 

The authors declare that there are no conflicts of interest. 

REFERENCES 

1 Nordahl TE, Salo R, Leamon M: Neuropsychological effects of chronic methamphetamine 

use on neurotransmitters and cognition: a review. J Neuropsychiatry Clin Neurosci 

2003;15:317-325. 

2 Bisagno V, Ferguson D, Luine VN: Short toxic methamphetamine schedule impairs object 

recognition task in male rats. Brain Res 2002;940:95-101. 

3 Achat-Mendes C, Anderson KL, Itzhak Y: Impairment in consolidation of learned place 

preference following dopaminergic neurotoxicity in mice is ameliorated by N-acetylcysteine 

but not D1 and D2 dopamine receptor agonists. Neuropsychopharmacology 2007;32:531-

541.  

4 Silva RH, Kameda SR, Carvalho RC, Rigo GS, Costa KL, Taricano ID, Frussa-Filho R:. 

Effects of amphetamine on the plus-maze discriminative avoidance task in mice. 

Psychopharmacology (Berl) 2002;160:9-18. 

5 Tang YP, Noda Y, Nabeshima T: A synergistic interaction between dopamine D1 and D2 

receptor subtypes in the memory impairments induced by concussive brain injury (CBI) in 

mice. Behav Brain Res 1997;83:189-193.   

6 Wong YK, Chou MK, Shen YC, Wang YH, Yen JC, Chen CF, Lin SK, Liao JF: Preventive 

effect of baicalein on methamphetamine-induced amnesia in the passive avoidance test in 

mice. Pharmacology 2014 2014;93:278-285. 

7 Nieoullon A: Dopamine and regulation of cognition and attention. Progress Neurobiol 

http://www.ajphr.com/


Shen et al., Am. J. Pharm Health Res 2015;3(6)     ISSN: 2321-3647 

www.ajphr.com  187 

 

2002;67:53-83.  

8 Calabrese EJ: Dopamine: biphasic dose responses. Crit Rev Toxicol 2001;31:563-583.  

9 Jaber M, Robinson SW, Missale C, Caron MG: Dopamine receptors and brain function. 

Neuropharmacology. 1996;35:1503-1519. 

10 Weiner DM1, Levey AI, Sunahara RK, Niznik HB, O'Dowd BF, Seeman P, Brann MR:D1 

and D2 dopamine receptor mRNA in rat brain. Proc Natl Acad Sci U S A. 1991;88:1859-

1863. 

11 Le Moine C1, Bloch B. D1 and D2 dopamine receptor gene expression in the rat striatum: 

sensitive cRNA probes demonstrate prominent segregation of D1 and D2 mRNAs in distinct 

neuronal populations of the dorsal and ventral striatum. J Comp Neurol. 1995;355:418-426. 

12 Brooks JM, Sarter M, Bruno JP: D2-like receptors in nucleus accumbens negatively 

modulate acetylcholine release in prefrontal cortex. Neuropharmacology. 2007;53:455-463. 

13 Defagot MC1, Malchiodi EL, Villar MJ, Antonelli MC: Distribution of D4 dopamine 

receptor in rat brain with sequence-specific antibodies. Mol Brain Res. 1997;45:1-12. 

14 Watson DJ, Loiseau F, Ingallinesi M, Millan MJ, Marsden CA, Fone KC: Selective blockade 

of dopamine D3 receptors enhances while D2 receptor antagonism impairs social novelty 

discrimination and novel object recognition in rats: a key role for the prefrontal cortex. 

Neuropsychopharmacology. 2012;37:770-786. 

15 de Almeida J, Mengod G: D2 and D4 dopamine receptor mRNA distribution in pyramidal 

neurons and GABAergic subpopulations in monkey prefrontal cortex: implications for 

schizophrenia treatment. Neuroscience. 2010;170:1133-1139. 

16 Arnsten AF , Murphy B, Merchant K: The selective dopamine D4 receptor antagonist, PNU-

101387G, prevents stress-induced cognitive deficits in monkeys. Neuropsychopharmacology. 

2000;23:405-410.  

17 Johnson MP, Conarty PF, Nichols DE: [
3
H]monoamine releasing and uptake inhibition 

properties of 3,4-methylenedioxymethamphetamine and p-chloroamphetamine analogues. 

Eur J Pharmacol 1991;200:9-16. 

18 Callaway CW, Johnson MP, Gold LH, Nichols DE, Geyer MA: Amphetamine derivatives 

induce locomotor hyperactivity by acting as indirect serotonin agonists. Psychopharmacology 

(Berl). 1991;104:293-301. 

19 Ögren SO, Johansson C: Separation of the associative and non-associative effects of brain 

serotonin released by p-chloroamphetamine: dissociable serotoninergic involvement in 

avoidance learning, pain and motor function. Psychopharmacology (Berl). 1985;86:12-26. 

http://www.ajphr.com/


Shen et al., Am. J. Pharm Health Res 2015;3(6)     ISSN: 2321-3647 

www.ajphr.com  188 

 

20 Misane I, Ögren SO: Multiple 5-HT Receptors in Passive Avoidance: Comparative Studies 

of p-Chloroamphetamine and 8-OH-DPAT. Neuropsychopharmacology 2000;22:168-190. 

21 Santucci AC , Haroutunian V: p-Chloroamphetamine blocks physostigmine-induced memory 

enhancement in rats with unilateral nucleus basalis lesions. Pharmacol Biochem Behav 2004; 

77:59-67. 

22 Murnane KS, Perrine SA, Finton BJ, Galloway MP, Howell LL, Fantegrossi WE: Effects of 

exposure to amphetamine derivatives on passive avoidance performance and the central 

levels of monoamines and their metabolites in mice: correlations between behavior and 

neurochemistry. Psychopharmacology (Berl) 2012;220:495-508.  

23 -amyloid peptide-

induced amnesia in mice. Eur J Pharmacol 2001;413:221-225.   

24 Matsuno K, Senda T, Matsunaga K, Mita S, Kaneto H: Similar ameliorating effects of 

benzomorphans and 5-HT2 antagonists on drug-induced impairment of passive avoidance 

response in mice: comparison with acetylcholinesterase inhibitors. Psychopharmacology 

1993;112:134-141. 

25 Nasehi M, Amin Yavari S, Zarrindast MR: Synergistic effects between CA1 mu opioid and 

dopamine D1-like receptors in impaired passive avoidance performance induced by hepatic 

encephalopathy in mice. Psychopharmacology (Berl). 2013;227:553-566. 

26 Nazari-Serenjeh F, Rezayof A, Zarrindast MR: Functional correlation between GABAergic 

and dopaminergic systems of dorsal hippocampus and ventral tegmental area in passive 

avoidance learning in rats. Neuroscience. 2011;196:104-114.  

27 Ichihara K, Nabeshima T, Kameyama T: Differential effects of pimozide and SCH 23390 on 

acquisition of learning in mice. Eur J Pharmacol 1989;164:189-195. 

28 Ichihara K, Nabeshima T, Kameyama T: Effects of dopamine receptor agonists on passive 

avoidance learning in mice: interaction of dopamine D1 and D2 receptors. Eur J Pharmacol 

1992;213:243-249. 

29 Tsuchida K, Akiyama K, Sakai K, Ujike H, Li X, Kuroda S: Ontogeny of striatal dopamine 

release in rats after acute administration of methamphetamine. Pharmacol Biochem Behav. 

1996;53:575-580. 

30 Segal, DS, Kuczenski, R: Repeated binge exposures to amphetamine and methamphetamine: 

behavioral and neurochemical characterization. J Pharmacol Exp Ther. 1997;282:561-573.  

31 Hamada H, Hiramatru M, Edamatsu R, Mori A: Free radical scavenging action of baicalein. 

Arch Biochem Biophys 1993;306:261-266. 

http://www.ajphr.com/


Shen et al., Am. J. Pharm Health Res 2015;3(6)     ISSN: 2321-3647 

www.ajphr.com  189 

 

32 Hall DA, Stanis JJ, Marquez Avila H, Gulley JM: A comparison of amphetamine- and 

methamphetamine-induced locomotor activity in rats: evidence for qualitative differences in 

behavior. Psychopharmacology (Berl) 2008;195:469-478. 

33 Arnt J: 1995. Differential effects of classical and newer antipsychotics on the hypermotility 

induced by two dose levels of D-amphetamine. Eur J Pharmacol 1995;283:55-62.  

34 Stuchlik A, Rehakova L, Rambousek L, Svoboda J, Vales K: Manipulation of D2 receptors 

with quinpirole and sulpiride affects locomotor activity before spatial behavior of rats in an 

active place avoidance task. Neurosci Res 2007;58:133-139. 

35 Bristow LJ, Collinson N, Cook GP, Curtis N, Freedman SB, Kulagowski JJ, Leeson PD, 

Patel S, Ragan CI, Ridgill M, Saywell KL, Tricklebank MD: L-745,870, a subtype selective 

dopamine D4 receptor antagonist, does not exhibit a neuroleptic-like profile in rodent 

behavioral tests. J Pharmacol Exp Ther 1997;283:1256-1263. 

36 Zhang K, Grady CJ, Tsapakis EM, Andersen SL, Tarazi FI, Baldessarini RJ: Regulation of 

working memory by dopamine D4 receptor in rats. Neuropsychopharmacology 2004; 

29:1648-1655. 

 

 

 

 

 

 

 

 

 

 

s 

 

 
AJPHR is 

Peer-reviewed 

monthly 

Rapid publication 

Submit your next manuscript at 

editor@ajphr.com / editor.ajphr@gmail.com 

http://www.ajphr.com/

