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Abstract 

 

Introduction: Opiates dependence has many side effects on body especially brain 

neuroplasticity leading to changes in behavior. In this study, we evaluated the effects of 

morphine dependence on learning and memory as well as on Peroxisome proliferator-

activated receptor gamma coactivator -1 alpha (PGC-1α) protein level as a key regulator 

of mitochondrial biogenesis. Also, by using Chloroquine (lysosomal inhibitor) and 

dopaminergic system inhibitor (Sulpiride), the molecular mechanism, underling 

morphine addiction related to lysosome, dopamine receptors and mitochondria, has been 

considered in this study.  

Materials and Methods: Male albino Wiastar rats received morphine in their water for 

21 days; during the ending 4 days, they received daily intracerebroventricular (i.c.v.) 

injection of Chloroquine diphosphate (50 mM). Also, i.c.v. injection of Sulpiride 

(0.25µg/rat) was done before behavioral test. Shuttle box apparatus was used for 

learning and memory evaluation. After behavioral test, the brains of rats were extracted 

and the level of PGC-1α protein was investigated by western blotting.  

Results: Results indicated that morphine oral administration has reduced learning and 

memory-like behavior. Pre-training i.c.v. injection of Chloroquine and Sulpiride 

improved learning and memory. PGC-1α protein level in rats which received 

Chloroquine and also in the morphine group increased and there was a more significant 

increase in rats which received morphine, Chloroquine and  Sulpiride altogether. 

Conclusion: Morphine has an adverse effect on learning and memory as it has been 

shown with spending more time in dark rooms of Shuttle box apparatus, which was 

reversed by Chloroquine (lysosomal inhibitor) and dopamine inhibitor (Sulpiride).  

Increasing PGC-1α protein level may imply the important role of mitochondrial 

biogenesis in morphine-dependent learning changes. Overall, data suggest dopaminergic 

system along with lysosome and mitochondrial activity play an important role in 

morphine addiction status. 

Keywords: Learning, Memory, Morphine, Chloroquine, Rat, PGC-1α, Sulpiride 

 

 

Archives of Advances 

in Biosciences 
 

https://journals.sbmu.ac.ir/aab/article/view/39090
mailto:isa.nazar89@gmail.com
mailto:isa.nazar89@gmail.com
https://orcid.org/0000-0002-5192-6634
https://creativecommons.org/licenses/by-nc/4.0


                 Khalifeh S et al 

                       

AAB, 2023; 14:E39090 
2 

Archives of Advances 

in Biosciences 
 

1. Introduction 

ddiction is a complex and serious social, 

economic, and health phenomenon. It is a 

disorder related to the reward system of the 

brain, which is caused by transcriptional and 

epigenetic mechanisms and develops over time by 

chronically high use of an addictive stimulus (e.g., food, 

drugs, sexual activities, gambling, etc.)[1, 2]. One of the 

most commonly used groups is opiates. Morphine is a 

commonly used opiate that is widely used for patients 

with acute pain [3]. The efficacy and safety of using 

opioids as a treatment for chronic pain has not been yet 

proved to be certain [4]. It has been shown that opioid 

addiction causes changes in mood and increases 

anxiety, depression, and cognitive disorders [5, 6]. 

Furthermore, it causes learning and memory problems 

[7]. Withdrawal syndrome and dependence occur as a 

result of long-term use of opioids, such as morphine [8, 

9]. Continuous injections of addictive drugs result in 

neural adaptation and changes in the number and 

efficiency of opioid receptors, signalling pathways, 

gene expression, and subsequent protein components 

[10-14].  

Dopamine (DA) is a neurotransmitter which is 

involved in many neuropsychiatric disorders and has 

wide effects on many types of cognitive tasks. There 

are two known family of DA receptors: D1-like 

receptors that are expressed throughout the brain and 

include D1 and D5 subtypes, and D2-like receptors 

that exhibit more regional specificity and include 

D2, D3 and D4 subtypes. These variations have 

important consequences for cognition and 

behaviour. All receptors of DA are slow 

metabotropic receptors that are related to G proteins. 

The activation of D1 receptors increases 

intracellular cAMP levels, whereas the D2 receptors 

end up with decreasing intracellular cAMP levels. 

There is some evidence showing that DA has two 

special effects on neuromodulators: a fast effect 

which has impacts on postsynaptic glutamate 

response, and a slow effect that potentiates synaptic 

plasticity [15]. Additionally, studies have shown the 

coupling of ERK pathway with D2 receptors 

activation in the different parts of brain [16-18]. 

Some studies have shown the role of ERK pathway 

in dopaminergic neurons, for example in the 

development of dopaminergic mesencephalic 

neurons [19, 20]. It has been shown that sulpiride as 

a dopamine D2 antagonist is practical in working 

memory [21], and depression symptoms [22].  

Chloroquine has been used to treat malaria before. 

Chloroquine increases the inducement of 

vacuolization in the cell by increasing lysosomal pH; 

also, it is used to treat tumors. 

 In the present research, we studied the intrinsic 

relation among mitochondria, lysosome and 

dopaminergic system in morphine addiction by using 

Chloroquine as autophagy inhibitor and sulpiride 

(dopamine D2 antagonist) on learning and memory. 

Moreover, we examined mitochondrial biogenesis by 

evaluating Peroxisome proliferator-activated receptor 

gamma coactivator -1 alpha (PGC-1α) protein level in 

rats with morphine addiction. 

2. Materials and Methods  

Animals and experimental groups design 

Adult male albino rats of Wistar strain (Pasteur 

Institute, Tehran, Iran) weighing 200-230 gr at the 

time of surgery were obtained. Each group included 

eight rats (n=8) and the animals were kept in plastic 

cage (four/cage) under retention 12-h light/dark 

cycle (lights on 7:00 a.m.) and persistent 

circumstance (50±5 % humidity, 23±1°C). The 

animals had free access to standard laboratory chow 

and enough drinking water except in the course of 

brief test periods. Behavioral experiment procedures 

were fulfilled between 9:00 a.m. and 2:00 p.m. All 

of the experiments and methods qualified in this 

research were performed in accordance with the 

Guidelines for the Care and Use of Laboratory 

Animals (National Institutes of Health Publication 

No.80-23, revised 1996) and were confirmed by 

research and ethics committee of Tehran Medical 

Sciences, Islamic Azad University, Tehran, Iran, 

ethical code 1401.074. 

Regarding anesthetization, the rats received 

Ketamine Hydrochloride (80 mg/kg) plus Xylazine 

(20 mg/kg) with intraperitoneal (i.p.) injection to 

implicate adequate depth of anesthesia for surgical 

flow in stereotaxic equipment (machinery). In the 

next step, stainless steel guide cannula (27 guage,10 

mm in length) was directed toward their dorsal third 

ventricle(D3V) (coordinates: anteroposterior 

(AP): -1.08 mm in comparison to bregma, 

mediolateral(ML): 0 mm and dorsoventral(DV): -5.2 

mm from the skull surface) [23]. The injector 

cannula (22 gauge, 11 mm) was embedded into 

guide cannula and was anchored with dental acrylic 

cement. Drugs (Chloroquine diphosphate and 

Sulpiride) with 5λ volume were inject while the rat 

freely moved around the holding cage for over 2 

minutes. All the rats experienced the recovery 

procedure at least 3-7 days after stereotaxic surgery. 

Microinjection process was performed by 22-guage 

needle connected to a short piece of polyethylene 

tube and a 25-µl Hamilton syringe. Morphine sulfate 

A 
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was purchased from TEMAD (Tehran, Iran). 

Chloroquine diphosphate salt and Sulpiride were 

acquired from Sigma-Aldrich (St. Louis, MO, USA). 

The rats received daily intracerebroventricular 

(i.c.v.) injection of Chloroquine diphosphate (50 

mM) for 4 continuous days (5 µl/day). Sulpiride was 

dissolved in vehicle (a drop of acetic acid in saline 

(pH =7.4) immediately before the experiment. 

Sulpiride administration was performed in 

accordance with previous researches in the sense 

that we prepared 0.25(µg/rat) dose for (i.c.v.) 

injection.  

For Morphine dependency, rats of addicted groups 

received the level of daily intake of morphine through 

oral administration in order to prevent stress of 

injection. We added 0.1 mg/ml morphine to drinking 

water on the first and second days of testing. 0.2 mg/ml 

was added on the third and fourth days; 0.3 mg/ml was 

added on the fifth and sixth day. On days seven 

through 21, the dose of morphine was fixed and we 

added 0.4 mg/ml morphine during this period (from 

the seventh to the 21st days). In addition to changing 

the bitter taste of morphine, Sucrose (20 mg/ml) was 

added into drinking water. This method of morphine 

administration has the Has advantage that morphine 

consumption is distinguished by the animal itself not 

by the examiner [24].  

In this research, the animals were put in two separate 

tentative groups. First, the main group was Non-

Addicted one including 32 rats, which was subdivided 

into four subgroups: subgroup Ia (including eight rats 

that received 5λ normal Saline (Control group), 

subgroup Ib (entailing eight rats that received 5λ 

Sulpiride) [25], subgroup Ic (comprising eight rats that 

received 5λ Chloroquine) and subgroup Id (including 

eight rats that received both Chloroquine and Sulpiride 

each of which contained 5λ volume). 

The second main group was the addicted group 

including 32 rats, which was subdivided into four 

subgroups: subgroup ІІa (entailing eight rats that 

consumed Morphine through oral administration), 

subgroup ІІb (including eight rats that consumed 

Morphine through oral administration and received 

5λ Sulpiride), subgroup ІІc (comprising eight rats 

that consumed morphine through oral administration 

and received 5λ Chloroquine), and subgroup ІІd 

(including eight rats that consumed Morphine 

through oral administration and received both of 

Chloroquine and Sulpiride each of which 5λ 

volume). All injections of Chloroquine and Sulpiride 

were administered through (i.c.v.) injection. For 

addicted groups (group ІІc and ІІd) receiving 

chloroquine, we injected 5λ Chloroquine (50mM) in 

their D3V for four continuous days (one 

injection/day) from the eighteenth day to the twenty-

first day after starting morphine dependency. On the 

day of testing Id and ІІd groups, 10 mins after 

Chloroquine injection, Sulpiride was inject  and 30 

mins after Sulpiride injection, behavioral test was 

taken from the  rats. 

Learning and memory test 

For assessing the level of learning and the memory 

of rats, the rats were given the shuttle box test. This 

instrument contains two compartments; each part size 

is (20×20×30 cm3). For this experiment, the rats were 

allowed to acclimatize For 2 continuous days, before 

the test day, rats were transfer to test room for 

acclimatization. For gain (inception) train, the animals 

were put in the elucidated (transparent) chamber 

(cubicle) and 5 seconds later the guillotine door (7×9 

cm3) was picked up. Then, when all the four paws of 

rats crossed to the dark room, the guillotine door was 

closed and immediately an electric shock with 50 Hz 

frequency and 1 milliampere (mA) direct current was 

applied for 3 seconds. The rat exited the dark room 

after 20 seconds and was put temporarily into its cage. 

Two minutes after this process, we retested the rat in 

the same way as the pristine trials. If the rat stayed in 

the illuminated compartment for 120 seconds, 

successful acquirement of passive avoidance response 

was registered and training was ended. If the rat was 

not learning in first time, the process was repeated 

once again (up to three times for learning procedure 

with the interval of 30 minutes). The rat was put in the 

lighted room after 24 h of PA training and 5 seconds 

later, the guillotine door was opened for 5 mins. The 

latency of entering the dark room (Step-Through 

Latency =STL), Dark Room Entries (DAE) and Dark 

Room Time (DRT) were recorded. 

Western Blotting 

For investigating the effect of morphine addiction, 

autophagy inhibition and sulpiride injection 

(dopamine D2 antagonist) mitochondrial biogenesis 

western blotting was used for master regulation of 

mitochondrial biogenesis PGC-1α as described below:  

Hippocampus, which has an important role in 

learning and memory, was extracted immediately after 

behavioral test and was stored in nitrogen tank for 24 

hours; then, they were transported to minus 80˚C 

refrigerator, up to protein extraction for Western 

blotting test. Protein concentration was determined by 

spectrophotometer (Picodrop, UK). Sixty μgs of total 

protein in each sample were loaded and separated by 

SDS-PAGE and electrophoretically transferred onto 

polyvinylidene fluoride (PVDF) membranes. 

Electroblotted proteins were put onto PVDF 
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with PGC-1α antibody overnight at 4 °C and then 

incubated with relevant secondary antibodies. 

Following extensive washing, immunoreactivity was 

visualized using the enhanced chemiluminescence 

method. Also, antibody was used against Beta-Actin 

as housekeeping protein to normalize all of the 

treatments. The bands were analyzed by densitometric 

quantification using ImageJ software and normalized 

to the appropriate loading controls. 

Statistical analysis 

All data were expressed as mean ± S.E.M and 

analyzed using one-way analyses of variance 

(ANOVA) with Graphpad Prism Software. 

Following Tukey’s post-hoc analysis was performed 

for multiple comparisons. Differences with p<0.05 

between tentative groups were accepted  

statistically. 

3. Results 

In this experiment, we evaluated the effects of 

morphine-dependence on learning and memory with 

shuttle box apparatus. 

Effect of Morphine-dependence, Sulpiride and 
Chloroquine injection on Dark Room Entries (DRE) 
value 

Fig. 1 shows the effect of pre-training Morphine oral 

administration and (i.c.v.) injection of Sulpiride and 

Chloroquine on Dark Room entries (DRE) in Shuttle 

box apparatus. Statistical analysis (One-way ANOVA 

and post hoc) indicated 18% decrease in dark room 

entries in the Chloroquine group and also 

Sulpiride+Chloroquine compared to the control group. 

Dark room entries decreased 34% in morphine+ 

Chloroquine group compared to the morphine group. 

In morphine+ Chloroquine+ Sulpiride group, it was 

17% less than that in the morphine group.

 

 

Fig. 1. The Effect of pre-training Morphine oral administration and (i.c.v.) injection of Sulpiride and Chloroquine on 
Dark Room Entries (DRE) value in passive avoidance learning test. Dark Room Entries (DRE) was measured for each 
animal. The test was taken 24 h after training. Each value expressed as mean ± S.E.M.  In accordance with bahavioral 
protocol, eight animals were put per group. .###p <0.001 compared to  the Morphine group. .*p <0.05 compared to  the 
control group 

 

Effect of morphine-dependence Sulpiride and 
Chloroquine injection on Dark Room Time (DRT) 
value 

Fig. 2 illustrates the effect of pre-training Morphine 

oral administration and (i.c.v.) injection of Sulpiride 

and Chloroquine on Dark Room Time (DRT) in 

Shuttle box apparatus. Statistical analysis 

demonstrated a considerable difference in Dark Room 

Time (DRT) in the Chloroquine groups compared to 

that in the Control group (29% decrease).  

The Sulpiride+ Chloroquine+morphine  group 

showed 19% decrease, and the Sulpiride+ morphine 

group showed 11% decrease; Chloroquine+morphine 

demonstrated 22% decrease compared to the morphine 

group in (DRT) value.  

Effect of morphine-dependence Sulpiride and 
Chloroquine injection on Step-Through Latency (STL) 

Fig. 3 indicates the effect of pre-training morphine 

oral administration and (i.c.v.) injection of Sulpiride and 

Chloroquine on Step-Through Latency (STL) in Shuttle 
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box apparatus. Statistical analysis demonstrated a 

remarkable increase in the Chloroquine group 

compared to the Control group. Accordingly, the 

Chloroquine group had a notable increase 3.205 fold 

and the group receiving Sulpiride + Chloroquine had a 

significant increase 2.008 fold compared to the Control 

group. No considerable differences were observed in 

other experimental groups.   

 

 

Fig. 2. The Effect of pre-training Morphine oral administration and (i.c.v.) injection of Sulpiride and Chloroquine on 
Dark Room Time (DRE) in passive avoidance learning test. Four groups received Morphine through oral 
administration(21 day). Sulpiride (0.25 μg/rat) and Chloroquine with 50 mM  density(dose) were injected . Dark Room 
Time (DRE) was measured for each animal. The test was taken 24 h after training. Each value expressed as mean ± 
S.E.M. In accordance with bahavioral protocol, eight animals were put per group. # and *p <0.05 compared to  the 
Control group(*) or the Morphine group(#).##p <0.01 compared to  the Morphine group. 

 

 

Fig. 3. The Effect of pre-training Morphine )oral administration (and i.c.v. injection of Sulpiride and Chloroquine on 
Step-Through Latency in passive avoidance learning test. Four groups received Morphine through oral 
administration(21 day). Sulpiride (0.25 μg/rat) and Chloroquine with 50 mM density(dose) were injected .The test was 
taken 24 h after training. Each value expressed as mean ± S.E.M. In accordance with bahavioral protocol, eight animals 
were put per group. ***p <0.001 compared to the Morphine group.  
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 Effect of morphine-dependence Sulpiride and 

Chloroquine injection on PGC-1α protein level 

Protein level of PGC-1α in rats which received 

Chloroquine was increased about 3 fold 

(***P<0.001) and also it was increased about 2 folds 

in the morphine group compared to the control group 

(***P<0.001). In group which received morphine 

and Chloroquine together, it was 1.3 folds more than 

that in the morphine group and also it was about 1.5 

folds more in the group which received morphine+ 

Chloroquine+ Sulpiride (Fig 4).

 

 

Fig. 4. Sixty micro gram of proteins were separated on SDS-PAGE, Western blotted, probed with anti- PGC-1α  
antibody, and re-probed with anti-b-actin antibody (one representative Western blot was shown). The densities of 
corresponding bands were measured and the ratio to b-actin bands was reported. Three rats were used for groups, and 
experiment was repeated 3 times independently. ***p <0.001 compared to the Control group. ### p <0.001 compared to 
the Morphine group. # p <0.05 compared to the Morphine group. 

 

4. Discussion 

According to previous studies on the effects of 

morphine oral administration on learning, According 

to previous studies on the adverse effects of morphine 

on learning, memory and cognitive abilities. [26, 27]. 

According to current results, morphine oral 

administration reduced learning and memory-like 

behavior in the sense that Dark Room Time (DRT) 

increased and Step-Through Latency (STL) decreased 

in the passive avoidance response. However, no 

considerable change in Dark Room Entries (DRE) was 

observed. In addition, the results of the present study 

indicated significant changes in groups receiving 

Chloroquine and Sulpiride. On the other hand, it was 

observed that pre-training (i.c.v.) injection of 

Chloroquine and Sulpiride (in the Chloroquine and 

Sulpiride groups), reduced Dark Room Time (DRT) 

and increased Step-Through Latency (STL) in the 

passive avoidance task in contrast to the effects of 

morphine addiction. Based on the findings of the 

present study, Chloroquine and Sulpiride enhanced the 

learning and memory-like behavior in comparison to 

morphine oral administration. Also, the effect of 

morphine-dependence Sulpiride and Chloroquine 

injection on PGC-1α protein level as a key regulator 

of mitochondrial biogenesis was investigated. PGC-1α 

protein level in rats which received Chloroquine and 

also in the morphine group increased and there was a 

more significant increase in rats which received 

morphine, Chloroquine and  Sulpiride altogether. 

A previous experiment about the effects of drug 

abuse, like morphine, on learning and memory 

revealed that post-training subcutaneous (s.c.) 

administration of morphine dose-dependently impairs 

learning and causes amnesia [28].  

This result might be consistent with other reported 

data which have demonstrated that perpetuated 

administration and disuse (withdrawal) of addicted 

drugs modify the expression of various genes in the 

brain [29]. 

Moreover, one of the most important and vital factors 

associated with long-term memory and neurogenesis 

is correct function of mitochondria. Morphine has an 

adverse effect on mitochondrial function and could 
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induce apoptosis [30]. Lysosomal and Mitochondrial 

functions have an important role in cell survival and 

anti-oxidative defence system; when one of them 

undergoes some dis function, other would change its 

activity to reduce cellular problems [31]. Relation 

among mitochondrial function and lysosomal function 

is regulated with some factors involving PPARGC1 

family of transcriptional co-activators [31, 33]. In the 

current study, using Chloroquine and sulpiride in 

morphine addicted rats increased mitochondrial 

biogenesis which could suggest its protective role in 

oxidative stress induced by morphine. 

The effect of sulpiride on morphine-dependent 

learning has been described before [33], but in this 

study co-administration of sulpiride and lysosome 

inhibitor Chloroquine showed new insight in 

molecular mechanism of morphine addiction 

therapies; this suggests that accurate doses of these 

drugs could be used together to inhibit morphine-

dependent impairments.  

5. Conclusion 

In conclusion, current data shows morphine has an 

adverse effect on learning and memory as it has been 

shown with spending more time in dark rooms of 

Shuttle box apparatus, which was reversed by 

Chloroquine (lysosomal inhibitor) and dopamine 

inhibitor (Sulpiride).  Increasing PGC-1α protein level 

may suggest an important role of mitochondrial 

biogenesis in morphine-dependent learning changes. 

Overall, data suggest an important role of 

dopaminergic system along with lysosome and 

mitochondrial activity in morphine addiction status. 

More investigation is needed to understand signaling 

pathways underlying morphine addiction.  
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