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Background: One of the serious problems that opioid addicted people are facing is repeated withdrawal 
syndrome that is accompanying with a significant stress load for addicts. Therefore, the aim of this study 
was to evaluate the effects of repeated withdrawal on spatial learning, memory and serum cortisol levels 
in morphine‑dependent mice.
Materials and Methods: Male NMRI mice received morphine as daily increasing doses for 3 days. After 
that, the mice underwent one time or repeated spontaneous or pharmacologic (naloxone‑precipitated) 
withdrawal. Then spatial learning and memory were investigated by morris water maze test, and at the 
end trunk blood samples were collected for measurement of serum cortisol levels. 
Results: The results showed that only repeated spontaneous withdrawal significantly increases escape 
latency (P < 0.05), and in other models of withdrawal, spatial learning and memory were intact. The results 
of probe trial were intact in all groups. Radioimmunoassay showed that serum cortisol levels were increased 
significantly in all models of withdrawal (P < 0.05 and P < 0.01) except the repeated spontaneous withdrawal.
Conclusion: The results showed that short periods of withdrawal syndrome can increase serum cortisol 
levels; however they do not affect spatial learning and memory. Nevertheless, repeated spontaneous 
withdrawal can make learning slow.
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INTRODUCTION

Morphine is a potent analgesic drug, which is obtained 
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from the dark poppy and cause severe dependence 
in human central nervous system. Addiction to 
morphine and its derivatives is regarded as one of 
the most serious problems of today’s society, which 
imposes a high psycho‑socioeconomic burden not 
only on its sufferers but also on basic structures of 
the society.[1] In addition, morphine addiction can 
be considered a chronic disease associated with 
significant physiological and psychological changes.[1]

One of the serious problems that opioid addicted 
people are facing is repeated withdrawal syndrome. 
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Since, most of the drug addicts cannot get sufficient 
dosage at the right time because of financial problems, 
therefore, they frequently suffer from withdrawal 
syndrome. Also, the misconception which is pretty 
popular among the concerned family of the addicts is 
imprisoning the addicted person frequently in order 
to force him to quit; this can also cause repeated 
withdrawal syndrome conditions for the addict. It 
has been demonstrated that these sudden repeated 
cessations are accompanying with a significant stress 
load for addicts.[2] Stress‑induced changes results in the 
activation of the hypothalamo‑pituitary‑adrenal (HPA) 
axis. This activation leads to a sequence of events from 
enhanced secretion of corticotropin‑releasing hormone 
(CRH) from the hypothalamus into the portal vessels, 
through increased splicing of adrenocorticotropin 
(ACTH) from pro‑opiomelanocortin (POMC) precursor 
in the pituitary, to elevated synthesis and release of 
glucocorticoids.[3] Studies indicated that increase in 
brain cortisol concentration may play an important 
role in memory impairment following morphine 
withdrawal.[4,5]

Given that studies have shown that repeated morphine 
withdrawals cause a chronic and constant condition 
of stress[6] and also it has been suggested that HPA 
axis activity in the first‑time addiction is significantly 
different comparing with repeated addictions.[7] 
Therefore, changes in learning and memory in these 
conditions may also vary.

Due to the fact that the possibility of returning 
patients to use morphine and repeated withdrawal 
is high[8] and also because learning and memory has 
not been studied yet in this situation, so the aim 
of this study was to evaluate the effects of short 
periods of one time and repeated spontaneous and 
pharmacologic (naloxone‑precipitated) withdrawal 
on learning process, memory performance and serum 
cortisol levels (as the major stress hormone) in 
morphine‑dependent mice. Notably, this study can be 
helpful to find a correct understanding of the principles 
of addiction treatment and associated complications.

MATERIALS AND METHODS

Subjects
Male NMRI mice (3 to 4 months old), were purchased 
from the breeding colony of the Pasteur institute 
(Tehran, Iran). Animals were housed in transparent 
cages and maintained on a 12:12‑h light/dark cycle 
and constant temperature (20 ± 1°C). Tap water and 
standard mouse chow were available ad libitum. The 
Ethic Committee for Animal Experiments at Isfahan 
University approved the study and all experiments 
were conducted in accordance with the National 

Institute of Health Guide for the Care and Use of 
Laboratory Animals (NIH Publications No.  80‑23) 
revised 1996.

To create a dependence on morphine in mice, 
morphine was injected daily with increasing 
doses (10‑20‑40  mg/kg, 3  times per day for 3  days; 
subcutaneous injection; Darou pakhsh co., Iran).[6] 
Animals in the control group received equal volume 
of saline at the same time.

This study was conducted during four different 
sections.  Each section contains two parts: 
A  behavioral study and measurement of serum 
cortical levels.

Section one: Once naloxone precipitated withdrawal 
(one time pharmacologic withdrawal).

Experimental groups were, the saline, the 
saline  + naloxone and the morphine  + naloxane (in 
this group after dependence they only receive single 
injection of morphine and an injection of naloxone). 
After development of dependence during the first 
3 days, the animals received 40 mg/kg morphine at 
the fourth day of the experiment and 3 h after the 
morphine injection they received a single injection 
of naloxone (10  mg/kg; intraperitoneal injection; 
Tolid Daru Co., Iran) as described above. The saline 
groups had treated with saline at the same times. 
Behavioral study begun 21 h after naloxone injection 
(24 h after morphine injection) and the mice, which 
were candidates for serum cortisol measurements 
were decapitated 20 min after naloxone injection.[5,6]

Section two: Repeated naloxone precipitated 
withdrawal (repeated pharmacologic withdrawal).

Experimental groups were, the saline, the 
saline  +  naloxone and the morphine  +  naloxane 
(in this group after dependence they received 
several injections of morphine and naloxone). After 
development of dependence during the first 3 days, the 
animals received 40 mg/kg morphine injection during 
fourth to fourteen days of the experiment and 3 h after 
each morphine injection, they received an injection of 
naloxone. The saline groups had treated with saline at 
the same times. Behavioral study begun 21 h after the 
last naloxone injection (24 h after the last morphine 
injection) and the mice, which were candidates for 
serum cortisol measurements were decapitated 20 min 
after the last naloxone injection.

Section three: Once spontaneous withdrawal.

Experimental groups were the saline and the 
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morphine + spontaneous withdrawal (Morphine + SW) 
(the animals in this group only experienced one 
episode of withdrawal after dependence). After 
development of dependence during the first 3 days, 
the animals received 40 mg/kg morphine injection 
at the fourth day of the experiment. The saline 
groups had treated with saline at the same times. 
Behavioral study begun 72 h after morphine injection 
and the mice, which were candidates for serum 
cortisol measurements were decapitated 4  h after 
morphine injection.

Section four: Repeated spontaneous withdrawal.

Experimental groups were, the saline and the 
morphine + spontaneous withdrawal (Morphine + SW) 
(the animals in this group experienced several episodes 
of withdrawal after dependence). After development 
of dependence during the first 3 days, the animals 
received 40 mg/kg morphine injection at the fourth, 
nineth and twelfth days of the experiment. The saline 
group had treated with saline at the same times. 
Behavioral study begun 72 h after the last morphine 
injection and the mice, which were candidates for 
serum cortisol measurements were decapitated 4 h 
after the last morphine injection.

Blood sampling and cortisol assay
Mice were lightly anesthetized with diethyl ether 
inhalation and then rapidly decapitated; trunk blood 
samples were collected. The elapsed time between the 
start of ether exposure and decapitation was almost 
3‑4 min. After centrifugation of blood samples, serum 
was extracted and transferred to small‑capped vials 
and stored frozen (−20°C) until analyzed.

S e r u m  c o r t i s o l  l e v e l  w a s  m e a s u r e d  b y 
radioimmunoassay  (RIA). The IMMUNOTECH 
CORTISOL assay kit (Immunotech, France) was used 
for the quantitative determination of cortisol.

Morris water maze test (MWM)
The circular tank (100 cm in diameter) was filled with 
water (21 ± 1°C) made opaque and was surrounded by 
a variety of extra‑maze cues. The tank was divided 
into four quadrants, and four start positions were 
located at the interactions of the quadrants. Data 
were recorded using custom software (Radiab1). 
In the spatial acquisition phase, the mice learned 
to find a submerged platform using extra‑maze 
cues. A transparent lucid platform (10 × 10 cm) was 
submerged 2 cm underneath the water in north‑east 
quadrant of the tank, where it remained for all spatial 
trials. Each mouse participated in 16 trials, which 
were organized into daily block of 4 trials (1 trial/start 
position within a block) for 4 consecutive days. For 

each trial, the mouse was given a maximum time 
of 60  seconds to locate the platform, after which 
it remained there for 30  seconds; If the mouse 
did not locate the platform within 60  seconds, the 
experimenter guided the mouse toward its location. 
The next trial started immediately after removal from 
the platform. Escape latencies (s) was recorded.

In the retention phase, 1  day after the spatial 
acquisition phase, 60‑s probe trial was conducted 
to examine how well the rats had learned the exact 
location of the platform. During this trial, the platform 
was removed from the tank. The quadrant time 
(percent time spent in the training quadrant) was 
recorded during the probe trial. To test possible deficits 
in sensory‑motor processes, mice were tested in the 
water maze with a visible platform on a new location 
on the final day of training.[9]

Statistical analysis
Data were analyzed using the SPSS 16 for Windows. 
In Morris water maze test, escape latencies were 
analyzed statistically by two way repeated measures 
ANOVA followed by LSD test for between‑subjects 
differences and within effects across the blocks. The 
probe trial data for percentage of time spent in each 
of the 4 zones were analyzed by multivariate ANOVA 
followed by LSD test. The serum cortical levels were 
analyzed by t‑test and one‑way analysis of variance 
(ANOVA) and tukey test used for the post‑test. The 
significant level was set at P < 0.05. Results are given 
as mean ± S.E.M.

RESULTS

Phase 1: All mice showed a reduction in escape 
latencies (BLOCK effect, F (3,90) = 16.57, P < 0.001; 
Figure 1a) across blocks of trials, indicating spatial 
acquisition. For escape latencies, there was not 
any difference between the groups (F (3, 30) = 2.05, 
P = 0.15; Figure 1a).

For the results of probe trial as measured by the mean 
percentage (%) time spent in each of the 4 zones, 
between group comparison indicated that all groups 
spent same time (P  =  0.155) in zone 1, where the 
platform was previously located [Figure 1b].

The serum cortisol level at the end of experiments was 
significantly increased in the morphine  + naloxone 
group comparing to the saline (P  <  0.01) and 
saline  +  naloxone (P  <  0.01) groups. However, 
there were no differences between the saline and 
saline + naloxone groups [Table 1].

Phase 2: All mice showed a reduction in escape 
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latencies (BLOCK effect, F (3,87) = 21.77, P < 0.001; 
Figure 2a) across blocks of trials, indicating spatial 
acquisition. For escape latencies, there was not any 
difference between the groups (F (2,29) = 1.95, P = 0.16; 
Figure 2a).

For the results of probe trial as measured by the 
mean percentage (%) time spent in each of the four 
zones, between group comparison indicated that all 
groups spent same time (P = 0.74) in zone 1, where the 
platform was previously located [Figure 2b].

The serum cortisol levels at the end of experiments 
was significantly increased in the morphine + naloxone 
group comparing to the saline (P  <  0.01) and 
saline  +  naloxone (P  <  0.01) groups. However, 
there were no differences between the saline and 
saline + naloxone groups [Table 1].

Phase 3: All mice showed a reduction in escape 
latencies (BLOCK effect, F (3,60) = 9.05, P < 0.001; 
Figure 3a) across blocks of trials, indicating spatial 
acquisition. For escape latencies, there was not 
any difference between the groups (F (1,20) = 1.27, 
P = 0.273; Figure 3a).

For the results of probe trial as measured by the mean 
percentage (%) time spent in each of the 4 zones, 
between group comparison indicated that all groups 
spent same time (P = 0.2) in zone 1, where the platform 
was previously located [Figure 3b].

The serum cortisol levels at the end of experiments was 
significantly increased in the morphine + SW group 
comparing to the saline (P < 0.05) [Table 1].

Phase 4: All mice showed a reduction in escape 
latencies (BLOCK effect, F (3,57) = 23.73, P < 0.001; 
Figure 4a) across blocks of trials, indicating spatial 
acquisition. However, the morphine + SW group found 
the platform slower than the saline group (31.88 ± 1.88 
s and 26.1 ± 1.8 s, respectively; F (1,19)= 4.97, P < 0.05; 
Figure 4a).

For the results of probe trial as measured by the 
mean percentage (%) time spent in each of the 4 
zones, between group comparison indicated that all 
groups spent same time (P = 0.51) in zone 1, where the 
platform was previously located [Figure 4b].

Table 1: Effects of one time and repeated pharmacologic and 
spontaneous withdrawal on serum cortisol levels in addicted 
mice (*P<0.05 and **P<0.01 with respect to the saline group 
of that part, ††P<0.001 with respect to the saline+naloxone 
group, n=7) (SW, Spontaneous withdrawal)

Pharmacologic 
withdrawal

Spontaneous 
withdrawal

Saline Saline+ 
naloxone

Morphine+ 
naloxone

Saline Morphine+ 
SW

One time 3.96±0.84 5.38±1.25 8.76±1**†† 2.97±0.41 4.05±0.39*
Repeated 2.37±0.29 2.47±0.33 5.08±0.69**†† 1.78±0.32 2.33±0.5

Figure 1: Effects of one time pharmacologic withdrawal on performance during the spatial acquisition and the probe trial of morris water maze test. 
The escape latency (a) Each point that represents the block is mean±SEM of 4 swims, and the quadrant time, as measured by mean percentage 
(%) time spent in each of the 4 zones, 1 day after spatial acquisition phase (b) For latency, lower numbers indicate better performance (n=11)

ba

Figure 2: Effects of repeated pharmacologic withdrawal on performance during the spatial acquisition and the probe trial of morris water maze test. 
The escape latency (a) Each point that represents the block is mean ± SEM of 4 swims, and the quadrant time, as measured by mean percentage 
(%) time spent in each of the 4 zones, 1 day after spatial acquisition phase (b) For latency, lower numbers indicate better performance (n=10-11)

ba
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The serum cortisol levels had no significant differences 
between the groups at the end of experiments (P = 0.1) 
[Table 1].

DISCUSSION

Although, numerous studies has been done on the role 
of opiate system in tasks aimed at measurement of 
cognitive behavior, but the role of morphine dependence 
and withdrawal is still remained controversial.[10‑12] A lot 
of these studies have been concentrated on the effects of 
chronic morphine usage on cognitive functions;[11] but as 
we know one of the most serious and common challenges, 
which the majority of drug addicts dealt with these days 
is repeated short or long periods of drug withdrawal due 
to financial problems or forced withdrawal. It has been 
demonstrated that these sudden repeated cessations are 
accompanying with a significant stress load for addicts.[2] 
According to what we said and as the review of existing 
evidences shows that prolonged exposure to stress 
exerts destructive effects on learning and memory,[13,14] 
the present study evaluated the effect of repeated short 
periods of morphine withdrawal on learning process, 
memory performance and serum cortisol concentrations 
(as the major stress hormone) in mice.

Just as previous studies has shown, one time and 
repeated naloxone‑precipitated withdrawal and also 
one time spontaneous withdrawal were associated 

with significant increase in serum glucocorticoids 
concentrations compared in controls.[5,6,15] Since the 
elapsed time between ether exposure and decapitation 
was below 5 min, this increase in cortisol level was 
considered to be independent from anesthetic effects 
of ether.[16] As it has been expected and in agreement 
with previous studies, changes observed in the serum 
cortisol concentrations of naloxone precipitated 
withdrawal groups were more pronounced than 
spontaneous withdrawal ones.[5,6]

Our results showed that learning performance and 
reference memory of the first three phases have 
not shown any significant difference compared to 
their control groups. But the data from the fourth 
phase of the study was in part different from 
the others: Repeated spontaneous withdrawal in 
morphine dependent mice was associated with 
slowed acquisition of water maze task, yet all 
the mice finally learnt and though the eventual 
memory remained intact. According to Rabbani et al. 
learning and memory impairment after morphine 
withdrawal is in part due to increased corticosterone 
concentration.[5]

CONCLUSION

In our study, although, we have the least increase 
in serum cortisol levels in repeated spontaneous 

Figure 3: Effects of one time spontaneous withdrawal on performance during the spatial acquisition and the probe trial of morris water maze test. 
The escape latency (a) Each point that represents the block is mean ± SEM of 4 swims, and the quadrant time, as measured by mean percentage 
(%) time spent in each of the 4 zones, 1 day after spatial acquisition phase (b) For latency, lower numbers indicate better performance (n=11)

ba

Figure 4: Effects of repeated spontaneous withdrawal on performance during the spatial acquisition and the probe trial of morris water maze test. 
The escape latency (a) Each point that represents the block is mean ± SEM of 4 swims, and the quadrant time, as measured by mean percentage 
(%) time spent in each of the 4 zones, 1 day after spatial acquisition phase (b) For latency, lower numbers indicate better performance (n=10-11)

ba
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withdrawal group, but the most significant cognitive 
dysfunctions appeared in this group. This discrepancy 
can be justified by several explanations.

First, different methods (i.e., route of morphine and 
the amount used, time, learning evaluation methods, 
etc) have been used in this study compared with the 
previous ones and this can be responsible for the 
results. It has been shown that different methods of 
evaluation and circumstances are important in how 
stress affects learning and memory.[13] Besides the last 
studies evaluated the passive or recognition and not 
reference memory.[5,12,17]

Second, several evidences becomes available, 
which shows that chronic morphine exposure 
is associated with tolerance development to its 
ACTH and glucocorticoids elevating effects.[7,18‑20] 
According to Zenela et al., none of the different types 
of morphine addiction regimens and withdrawal 
methods were associated with serum corticosterone 
levels significantly other than naloxane‑percipitated 
withdrawal. Repeated spontaneous withdrawal 
(just treated like our withdrawal group in phase 
four) failed to cause a significant increase in serum 
corticosterone.[6]

Third, we just seared the serum cortisol level of 
the repeated spontaneous group  4  h after the last 
morphine injection, but we had no control groups to 
evaluate cortisol during each time of withdrawal. It 
may be possible that serum cortisol became elevated 
after second or third time of withdrawal to the 
amounts even higher than of the naloxone‑precipitated 
group. Researchers have revealed that glucocorticoids 
exert their actions via intracellular receptors, which 
regulate the transcription of target genes and this 
makes them slow in onset of biological actions, despite 
their persistent and long lasting actions.[21] Thus, we 
can see their effects even though they had already 
resolved from the body. Furthermore, the mechanisms 
that corticosterones use to exert their effects on 
learning and memory are very complex. Okuda et al. 
have shown that glucocorticoids impaired short term 
memory performance while enhance 24 h retention 
performance in rats.[22]

Additionally, glucocorticoids have different receptors. 
Type I receptors are involved in the agonistic interaction 
between corticosteroid secretion and opioid mediated 
behaviors, while type  II receptors are related with 
the inhibitory effects of glucocorticoids on some 
behavioral effects of morphine such as analgesic and 
cataleptic effects.[23‑25] As we have already said repeated 
spontaneous morphine withdrawal leads to resistance 
and tolerance to glucocorticoids and ACTH elevating 

effects of morphine[7,18‑20] and though resulted in a stable 
and pretty low serum glucocorticoids levels, which may 
induce morphine analgesic and cataleptic effects by 
removing the inhibition exerted by glucocorticoids.

The other fact is that morphine affects learning 
and memory in different manners other than its 
glucocorticoids mediated effects. Changing neuron 
plasticity in various regions of brain including 
hippocampus, ventral tegmental area, nucleus 
accumbens and prefrontal cortex,[13,26‑29] and interactions 
on α2 adrenoreceptors[30] and inhibition in central 
cholinergic activity[31] are some of the recognized 
mechanisms of morphine action on cognitive functions. 
On the other hand, the researches have shown that these 
morphine effects can be reversed by naloxone.[10,17,31,32]

If proven by further researches, these results can be 
used to introduce a true method of drug withdrawal 
accompanying with the least possible impairment on 
learning and memory of the addict patients. It can 
also be a motivation for further researches of course 
with more detailed methods using complementary 
histological and molecular studies in this arena, 
which finally can help us to find the exact mechanism 
through which morphine and its withdrawal exert 
their destructive effects on learning and memory.
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