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Abstract

Objective: To explore the neuroprotective mechanisms of CCK-8 for morphine relapse by researching the effect of CCK-8 on the expression of Bax, Bcl-2 and
Caspase-3 of hippocampus CA1 neurons in morphine-relapsed rats.

Methods: A total of 40 healthy male Wistar rats (weight 200g + 10g) were divided into the following groups: normal saline (NS) group (n=8); morphine (MOR)
group (n=8); and CCK-8 treated group (n=24). The groups were selected by the random peer-to-peer principle. The CCK-8 treated group was subdivided into
0.01pg CCK-8 group (n=8), 0.1 pg CCK-8 group (n=8) and 1.0 pg CCK-8 group (n=8). First we established the models of morphine-relapsed rats under CCK-8
intervention using the Conditioned Place Preference (CPP) methods. Three different doses of CCK-8 (0.01, 0.1 and 1.0 pg, i.c.v) were injected 15 minutes before
morphine administration during the conditioning phase. All rats were decapitated and their hippocampi CA1 were made into slices with immunohistochemical
stains. The expressions of Bax, Bcl-2, Caspase-3 of neurons were then measured by their ODs, and each ratio of Bax and Bcl-2 (Bax/Bcl-2) were calculated using a
microscope connected to a computer equipped with Image-ProPlus software.

Results: In the NS group, the expression of Bcl-2 was very weak and the expression of Bax and Caspase-3 was barely observed. In the MOR group, the expression
of Bax and Caspase-3 was strong and that of Bcl-2 was weak, and there were significant differences (P<0.05) compared to the NS group. As to Bax, Caspase-3 the
ratio of Bax/ Bcl-2, showed a gradually decreasing trend in the sequence of group 0.01 pg, group 0.1 g, and group 1.0 pg, but when it came to that of Bcl-2, it was
opposite. There were significant differences (P<0.05), compared to the MOR group, except in group 0.01 pg.

Conclusion: CCK-8 could up regulate the expression of Bcl-2, down regulate Bax and Caspase-3 as well as reduce the Bax/ Bcl-2 ratio of neurons of hippocampus
CA1 in the model of morphine-relapsed rats. This may be one of the main neuroprotective mechanisms of CCK-8 for morphine relapse.

Conditioned Place Preference (CPP) in rats [4], which demonstrated
that CCK-8 could protect the brain from morphine relapse. Therefore,
the neuroprotective mechanisms of whether or not CCK-8 protects
the brain by anti-apoptosis need to be further ascertained. We are
investigating some anti-apoptotic neuroprotective mechanisms of
CCK-8 for morphine relapse.

Introduction

Morphine addiction is a worldwide problem resulting in increasing
damage to an individual’s health and social stability. Presently
morphine addiction can be basically cured by “stupor” through the
use of “methadone recursive subtraction.” For those patients who
use methadone for 7 to 10 days, more than 95% of cured patients will
relapse within half a year [1]. The high rate of relapse becomes a major
problem for dealing with drug addiction [2]. Clinical data showed that
once individuals become addicted, a majority of them are trapped in
the vicious ciycle of dependence, detoxification, relapse, re-dependence,
re-detoxification and relapse. Thus the key to break this cycle is protecting
addicts from relapsing, which is the essential focus of this study.

Animals and drugs

Forty (40) healthy male Wistar rats were obtained from the Center
of Laboratory Animal Science at the Hebei Medical University. Animal

Liu LW, et al.,, [3] reported that morphine can induce neuronal
apoptosis in the brain by increasing the expressions of pro-apoptotic
Fas and Caspase-3 and decreasing the anti-apoptotic Bcl-2 expression.
CCK-8, an anti-opioid peptide, is the most potent neuropeptide
which has been shown to play a key role in the central nervous
system. Our previous research displayed that pretreatment with
CCK-8 significantly inhibited the acquisition of morphine induced
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care and the experimental procedures were conducted according to the
National Institutes of Health Guide for the Care and Use of Laboratory
Animals. The rats weighed 200g + 10g. All protocols in this study were
approved by the Local Committee of Animal Use and Protection of the
Hebei Medical University. Morphine hydrochloride was obtained from
Shenyang First Pharmaceutical Factory (Liaoning, China). CCK-8 was
purchased from Sigma, Ltd. (MA, USA). CCK-8 was suspended to a
concentration of 1 mg/ml in 1% ammonia saline solution. The working
solution of CCK-8 was then diluted in saline to the concentrations of
0.5, 0.05 and 0.005 mg/ml immediately before use.

Procedures

All rats were divided into normal saline group (NS, n=8), morphine
group (MOR, n=8), and a CCK-8 treated group (n=24) by the random
peer-to-peer principle. The CCK-8 treated group was subdivided into
0.01pg CCK-8 group (0.01 pg, n=8), 0.1 ug CCK-8 group (0.1 ug, n=38)
and 1.0 pg CCK-8 group (1.0 pg, n=8). Based on our previous research
[5] we established the models of morphine-relapse rats under CCK-8
intervention using the CPP methods. Three different doses of CCK-
8 (0.01, 0.1 and 1.0 pg, i.c.v) were intracerebroventricularly injected
15 minutes before intraperitoneal administration of morphine during
the conditioning phase. All rats were decapitated and their areas of
hippocampus CA1 were made into slices and immunohistochemically
stained. The expressions of Bax, Bcl-2, Caspase-3 of neurons in
hippocampus CA1 area were measured by computing their average
optical densities (ODs) of positive cells with an Image-Pro Plus 6.0
image analytical software under the microscope. Also, each ratio of Bax
and Bcl-2 (Bax/Bcl-2) was calculated.

Statistical analysis

The data were analyzed with the statistical software SPSS 18.0 using
aone-way ANOVA. The measurement data of normal distribution were
expressed with mean tstandard deviation (x * s), analysis of variance
was applied when comparing groups and a LSD-t test was applied
when making a comparison between two groups. The difference was
statistically significant if the P values were found to be < 0.05.

Results

In the NS group the expression of Bcl-2 was very weak and that of
Bax and Caspase-3 was barely observed. In the MOR group, Bax and
Caspase-3 were strong and Bcl-2 was weak, and when compared to
the NS group, the differences were significant (P<0.05). As to the Bax,
Caspase-3 and the ratio of Bax/ Bcl-2, there was a gradually decreasing
trend in the sequence of CCK-8 treated group 0.01 pg, group 0.1 pg,
group 1.0 g, but when it came to Bcl-2, it was opposite. There were
significant differences (P<0.05) when compared to the MOR group
except for the group 0.01 pg. (Table 1, Figures 1-5).

Protein expression of Bcl-2 was very weak and that of Bax and
Caspase-3 was barely observed in the NS Group. Bax and Caspase-3
were strong and Bcl-2 was weak in the MOR group and when compared

Table 1. OD of Bax, Bcl-2, Caspase-3 expression in rats” hippocampal CA 1 neurons (n=8, x +s)

Group Bax Bcl-2 Bax/ Bcl-2 Caspase-3
NS 0.001 0.018+0.008 0.001 0.001
MOR 0.352+0.005" | 0.095+£0.004* | 3.756+0.457* 0.325+0.03*
0.01png 0.316+0.002 0.110+0.002 2.883+0.103 0.30540.001
0.1ug 0.113£0.00°¢ | 0.271£0.007% | 0.417+0.033$ | 0.104+0.001°
1.0ug 0.103+0.004° 0.313+0.008% | 0.331£0.050° | 0.097+0.0045
# Compared to NS P<0.05; $ Compared to MOR P<0.05
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Figure 1. OD of Bax, Bcl-2, Caspase-3 expression in rats” hippocampal CA1 neurons (n=8, + s)
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Figure 2. Ratio of ODs of Bax and Bcl-2 expression in rats’ hippocampal CA1 neurons
(n=8, £s).
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Figure 3. Bax expression of different groups in rats’ hippocampal CA1 neurons (SPx200).
a: expression of Bax was barely observed in the NS Group; b: expression of Bax was
strongest in the MOR group; c: expression of Bax was strong in group 0.01pg; d: expression
of Bax was a little weak in group 0.1ug; e: expression of Bax was weak in group 1. Opg;
f: Negative control.

to the NS Group the differences were significant (P<0.05). As to
Bax, Caspase-3, there is a gradually decreased trend in the sequence
of CCK-8 treated group 0.01 ug, group 0.1 pg and group 1.0 g, but
when it comes to that of Bcl-2, it was opposite. There were significant
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Figure 4. Bcl-2 expression of different groups in rats’ hippocampal CA 1 neurons (SP*200).
a: expression of Bel-2 was weak in Group NS; b: expression of Bel-2 was a little strong
in group MOR; c: expression of Bcl-2 was strong in CCK-8 treated group 0.01ug; d:
expression of Bcl-2 was strong in CCK-treated group 0.1pg; e: expression of Bel-2 was
strongest in CCK-treated group 1. Opg; f: Negative control.

Figure 5. Caspase-3 expression of different groups in rats’ hippocampal CA1 neurons
(SPx200). a: expression of Caspase-3 was barely observed in the NS Group; b: expression
of Caspase-3 was strongest in the MOR group; c: expression of Caspase-3 was strong
in CCK-treated group 0.01pg; d: expression of Caspase-3 was a little weak in CCK-8
treated group 0.1ug; e: expression of Caspase-3 was weak in CCK-treated group 1. Oug; f:
Negative control.

Clin Diagn Pathol, 2018 doi: 10.15761/CDP.1000125

differences (P<0.05) except group 0.01pg. # Compared to NS P<0.05; $
Compared to MOR P<0.05.

There is a gradual decreased trend about the ratio of Bax/ Bcl-2
in the sequence of group MOR, CCK-treated group 0.01 pug, group
0.1 ug and group 1.0 pg. There were significant differences (P<0.05),
compared to Group MOR, except group 0.01 pg. # Compared to NS
P<0.05; $ Compared to MOR P<0.05.

Conclusion

CCK-8 could up-regulate the expression of Bcl-2, down-regulate
that of Bax and Caspase-3 and reduce the Bax/Bcl-2 ratio of neurons of
hippocampus CAL1 in the model of morphine-relapsed rats. This may
be indicative of one of the main neuroprotective mechanisms of CCK-8
for morphine relapse.

Discussion

There were many researchers [6,7] who have reported that
morphine could induce apoptosis of neurons. There were many other
research studies [8,9] which have reported that downregulation or
antagonist of the CCK receptor promotes apoptosis, which indicates
that CCK may inhibit apoptosis. Our previous research [4,5,10]
indicated CCK-8 could effectively improve all kinds of morphine-
addicted behavioral functions. Therefore we hypothesized that CCK-8
may protect neurons by inhibiting apoptosis in morphine-relapsed rats
and our research has endeavored to seek the evidence of the same.

In this study, a perfect morphine-relapsed model with successful
CCK-8 injection was established based on our previous research
[4,5,10], then the slices with immunohistochemically stained
hippocampus CA1 were made. The expressions of Bax, Bcl-2, Caspase-3
and each ratio of Bax and Bcl-2 were scientifically measured and
statistically analyzed. Bax and Bcl-2 are the major apoptosis regulating
genes which control apoptotic pathways at the upstream [11]. They
have completely opposite functions. Bax promotes apoptosis but Bcl-2
inhibits apoptosis, and the Bax/Bcl-2 ratio eventually decides whether
apoptosis or not [12]. Caspase-3 is the most important apoptosis-
regulating gene at the downstream which controls the last gateway of
apoptotic pathway [13]. Thus the detection of expression of Bax, Bcl-
2, caspase-3 and calculation of Bax/Bcl-2 ratio could precisely reflect
apoptosis [14]. Our experimental results showed that CCK-8 could up-
regulate the expression of Bcl-2 and down-regulate Bax and Caspase-3
and reduce Bax/Bcl-2 ratio, which illustrated that CCK-8 could protect
neurons by inhibiting apoptosis in morphine-relapsed rats.

As a postscript, this study just focused on whether or not CCK-
8 exerted influences on expressions of Bax, Bcl-2 and Caspase-3
of hippocampus CAl neurons in morphine-relapsed rats. But the
mechanisms that just how CCK-8 specifically exerts influences on
them need further study.
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