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Abstract
Objective. To observe the expression of postsynaptic density-95 (PSD-95) protein in hippocampal CA1 region of the 

withdrawn rats depended on morphine for different times and investigate the influence of morphine-withdrawal on addic-
tion memory. Methods. Animal models of the withdrawn rats in different morphine dependent times (1 week, 2 weeks, 
4 weeks) were established. The rats’ behaviors and livings were observed. The expressions of PSD-95 protein with im-
munohistochemistry and PSD-95 mRNA with RT-PCR in hippocampal CA1 region were identified. Results. The expres-
sion of PSD-95 in hippocampal CA1 region decreased (P < 0.01) in the withdrawn group dependent on morphine for 1 
week as compared with that in normal saline (NS) group, and it increased (P < 0.05) in the withdrawn group depended on 
morphine for 2 weeks as compared with that in morphine-dependent group for 1 week, but still decreased (P < 0.01) as 
compared with that in NS group, and it decreased the most in the withdrawn group depended on morphine for 4 weeks as 
compared with the other three groups (P < 0.01). Conclusion. The expression of PSD-95 in hippocampal CA1 region of 
the withdrawn rats depended on morphine decreased and might play a role in addiction memory. [Life Science Journal. 
2008; 5(3): 27 – 39] (ISSN: 1097 – 8135).
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1  Introduction

It was discovered that memory and addiction share 
neural circuitry and molecular mechanisms in the recent 
studies[1] and memory plays the important role in drug ad-
diction. The study on morphine dependence is scare but 
on cocaine dependence a lot at present[2,3]. The expres-
sions of postsynaptic density-95 (PSD-95) protein with 
immunohistochemistry and PSD-95 mRNA with RT-
PCR were identified in hippocampal CA1 region of the 
withdrawn rats in different morphine dependent times (1 
week, 2 weeks, 4 weeks), and investigate the influence of 
morphine-withdrawal on addiction memory in this study.

2  Materials and Methods

2.1 Animals
16 healthy Sprague Dawley rats (weight, 300 ± 20 g) 

were randomly allocated into 4 groups with 4 rats in each 
group: rats of control group treated with normal saline 
for 1 week (N), rats treated with morphine (Shenyang 
No.1 Pharmaceutical Factory, China) for 1 week (N1), 
rats treated with morphine for 2 weeks (N2), and rats 
treated with morphine for 4 weeks (N3). They were al-
lowed for free eating and drinking, and their behaviors 
and diet, drinking, excrement etc. were observed. All rats 
were provided by experimental animal centre of Wenzhou 
Medical College (Wenzhou, Zhejiang, China).

2.2  Management
The animal model of withdrawn rats in different mor-

phine dependent times (1 week, 2 weeks, 4 weeks, respec-
tively) were established by hypodermic injecting the mor-
phine hydrochloride into the back of rats with increasing 
dose twice per day for 7 days (8:00, 16:00), and trained 
the rats for conditioned place preference (CPP) at the 
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same time. The CPP box combined two identical volume: 
the black part and the white part with an operative board 
between them and a camera connected to the computer 
in the wall. In the preliminary experiment we discovered 
that the rat stayed longer in the black part than the white 
part. The rat did not prefer to stay in the white part, so we 
selected the white part as the site to train the rat for the 
proneness experiment process. The dose of morphine for 
the first day: 5 mg/kg; the second day: 10 mg/kg; the third 
day: 15 mg/kg; the fourth day: 20 mg/kg; the fifth day: 
30 mg/kg; the sixth day: 40 mg/kg; the seventh day: 50 
mg/kg. After injecting the morphine the rats were put into 
the white part of the CPP box for 50 minutes. All the rats 
were weight every day. On the eighth day the rats were 
injected the naloxone hydrochloride (5 mg/kg) to induce 
the withdrawal symptom before injecting the morphine. 
We evaluated the withdrawal symptom with scores ac-
cording to the way of Maledonade’s through observing 
the behaviors of wet dog shaking, stretching, swallowing, 
diarrhea, saliva etc. Four rats were selected randomly as 
N1 and were put into the CPP box with the board drawn 
away for 15 minutes to test how long they stayed in the 
white part. N2 and N3 continued to be treated with mor-
phine for 1 week or 3 weeks respectively once a day (8:00 
A.M.). On the next day (10:00 A.M.) after the last injec-
tion, they were put into the CPP box with the board drawn 
away for 15 minutes to test how long they stayed in the 
white part. N was treated as N1 but normal saline instead 
of morphine.

2.3  Immunohistochemistry
The rat’s brain was obtained and filled with 4% para-

formaldehyde solution. The hippocampal CA1 region was 
striped according to the stereo-allocation atlas of rats and 
embed. The process of immunohistochemistry (Beijing 
Biosynthesis Biotechnology Co., Ltd, China) was done 
under the instruction of the kit.

2.4  RT-PCR 
The rat’s brain was obtained after its decapitation and 

the hippocampal CA1 region was striped quickly accord-
ing to the stereo-allocation atlas of rats. Total RNA was 
isolated from the hippocampal CA1 region. The process 
of One-Step RT-PCR was done under the instruction of 
the RT-PCR kit (Shanghai Promega Biological Products 
Limited, China). Primer sequence (Shanghai Songon 
Biological Engineering Technology & Services Co., Ltd, 
China): PSD (upstream: 5'-CAAGACCGACATCAC 
AGGA-3'; downstream: 5'-ACGGCAAGGGCGAAT-3'). 
β-actin was an internal control (upstream: 5'-TCACCC 
ACACTGTGCCCATCTACGA-3'; downstream: 5'-

CATCGGAACCGCTCGTTGCCAATAG-3'). The am-
plified fragments were 470 bp for PSD and 346 bp for 
β-actin. The RT-PCR amplification products were gel ele-
trophoresed, stained with ethidium.

2.5  Statistical analysis
Statistical analysis was performed with SPSS10.0 soft-

ware. Group-sample t test was for comparison. P < 0.05 
was considered statistically significant.

3  Results

3.1 Scores of withdrawal symptom and the staying 
times in the white part of the CPP box

The morphine dependent groups (N1, N2, N3) mani-
fested withdrawal symptom which indicated the animal 
model was established successfully as compared with 
the control group (N) through observing the withdrawal 
symptoms (P < 0.01). Rats of N1, N2 and N3 stayed much 
longer in the white part of the CPP box as compared with 
rats of  N. The scores of withdrawal symptom and the stay-
ing times in the white part of CPP box showed in Table 1.

3.2  Immunohistochemistry  
As shown in Figure 1, there were buffy particles in the 

neuron kytoplasm of all the rats’ hippocampal CA1 re-
gion. Buffy particles were obvious and thick in N (Figure 
1A), and a little thick in N1 and N2 (Figure 1B), and thin 
and low in N3 (Figure 1C).

3.3  RT-PCR
PSD-95 was expressed at high level in all rats’ hippo-

campal CA1 region (Figure 2 and Table 2). It decreased in 
N1 as compared with that in N (P < 0.01), and it increased 
in N2 as compared with that in N1 (P < 0.05), but still 
decreased as compared with that in N (P < 0.01), and it 
decreased the most in N3 as compared with the other three 
groups (P < 0.01). 

Table 1.  Scores of withdrawal symptom and the staying times 
in the white part of the CPP box ( X  ± SD)

Group Scores Staying time (s)
N 2.1 ± 2.5 328.2 ± 67.4
N1 28.2 ± 5.1* 486 ± 107.6*

N2 24.5 ± 3.2* 494.8 ± 31.3*

N3 22.5 ± 3.9* 470.6 ± 56.7*

N: The control group; N1: The withdrawn group treated with 
morphine for 1 week; N2: The withdrawn group treated with 
morphine for 2 weeks; N3: The withdrawn group treated with 
morphine for 4 weeks. *: vs. N, P < 0.01.
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4  Discussion

Hippocampal is a key part in cerebral region on memo-
ry and plays an important role in drug dependence. PSD-
95 is a substructure in the postsynaptic membrane, which 
is sensitive about stress and changes in some cerebral re-
gions at some kinds of stimulus. It has been proved that 
knockdown of spinal cord PSD-95 protein prevents the 
development of morphine tolerance in rats[6], which indi-
cates that PSD-95 takes a part in the process of morphine 
addiction.

Rats of N1, N2 and N3, stayed much longer in the 
white part of the CPP box than the rats of N, which in-
dicated the rats of withdrawn group had formed addic-
tion memory. The results of immunohistochemistry and 
RT-PCR showed that the expressions of PSD-95 in hip-
pocampus CA1 region of N1 decreased firstly, then N2  
increased a little as compared with N1, and N3 decreased 
again as compared with N2, but all the groups decreased 
as compared with N. The expressions of PSD-95 in hip-
pocampus CA1 region of N1, N2 and N3 decreased as 
compared with N, which indicated morphine damaged the 
neurons in hippocampus severely; but it increased in N2 
as compared with that in N1, which might due to mor-

phine tolerance. After injecting morphine for 1 week the 
rats had already been in morphine dependence. We didn’t 
increase the dose of morphine but keep the last dose once 
a day for the rest of the experiment from the eighth day, 
which induced the rats in morphine tolerance. With the 
extension of time hippocampus was destroyed more by 
morphine, the expression of PSD-95 in hippocampal CA1 
region of N3 also decreased more.

The influence of morphine on memory has double 
sides. On one side, it harms memory and on the other 
side, it emphasizes some bad adaptive memory that 
makes drugger crave for drugs and relapse after treating 
more morphine which induces memory to come back and 
strengthen[6,7]. PSD-95 acts on memory mainly through 
changing the plasticity of dendritic spine and the synapse. 
In the process of morphine dependence, the expression of 
PSD-95 increased in order to maintain the normal func-
tion of the body because of morphine damaging the neu-
rons. Treating the rat with morphine longer, damage of 
the neurons and the memory was more serious. But this 
process of memory on the euphoria induced by morphine 
and craving for drugs was strengthened gradually. Then 
at the same time the plasticity of dendritic spine and the 
synapse in hippocampal CA1 region also changed gradu-

Figure 1. The expression of PSD-95 in hippocampal CA1 region of different groups. A: The control group; B: Rats treated with morphine for 
1 week and 2 weeks; C: Rats treated with morphine for 3 weeks.

              
        

Figure 2. Expression of PSD-95 in hippocampal CA1 region of dif-
ferent groups. M: Maker; N: Control group; N1: Rats treated with 
morphine for 1 week; N2: Rats treated with morphine for 2 weeks; 
N3: Rats treated with morphine for 3 weeks.

Table 2.  Expression of PSD-95 in hippocampal CA1 region of 
different groups ( X  ± SD)

Group Case PSD-95
N 4 0.782 ± 0.052
N1 4 0.575 ± 0.024a

N2 4 0.666 ± 0.031a,b

N3 4 0.328±0.023a,b,c

N: Control group; N1: Rats treated with morphine for 1 week; 
N2: Rats treated with morphine for 2 weeks; N3: Rats treated 
with morphine for 3 weeks. a: compared with N, P < 0.01; b: com-
pared with N1, P < 0.05; c: compared with N1 and N2, P < 0.01.
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ally, and the changes of the plasticity were strengthen 
and modified by degrees with the extension of time. Af-
ter morphine withdrawal, morphine stops damaging the 
neurons, and the expression of PSD-95 decreased, but the 
plasticity of dendritic spine and the synapse connected to 
the euphoria induced by morphine and craving for drugs 
had been steady, so the addiction memory on the eupho-
ria induced by morphine and craving for drugs expressed 
significantly. The numbers of synapse near neuropil in-
creased significantly in rats depended on morphine for 4 
weeks in our previous study[8], which also indicated that 
addiction memory was more and more firm with the ex-
tension of the morphine dependent time.
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