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ABSTRACT

The usage of morphine for analgesia purposes is widely known, usually for the post-operation procedure and as chronic
pain management. However, addiction and overdose liabilities before morphine usage are also common. Morphine addiction
is observed and studied from various perspectives; tolerance, dependence, and withdrawal. With growing and expending
research field, researches on addiction were done using in vivo and in vitro model. However, the scientific evidence of
morphine addiction using human neuroblastoma cell lines is uncommon. Thus, the present study was designed and conducted
to observe the liability of SK-N-SH, as a model for morphine addiction. The cells were administrated with morphine for 24
hr before being treated with methadone. The cytosolic fraction of the cell was collected and used for determining the addiction
mechanism. Data showed the involvement of the μ-opioid receptor in expressing the addictive properties of morphine.
Exposure to 24 hr morphine had increased the protein level responsible for addiction and reduce the protein levels expressing
the endocytic machinery, desensitization of receptors, and cellular adaptation. The altered proteins level was normalized
by the treatment of methadone. The study proposed the use of SK-N-SH as an addiction model, as it showed morphine
addiction and methadone anti-addiction properties.
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INTRODUCTION

Morphine is the most potent analgesic used for
chronic pain regardless of the limitation of the
usage. It tends to initiate addiction, observed
through tolerance, severe withdrawal symptoms,
and rewarding properties. More studies were
conducted and designed in various perspectives,
from understanding the mechanism of the therapeutic
uses of morphine (Yadlapalli et al., 2017), the
stimulated-addiction mechanism (reviewed by Ahmad
et al., 2019 & Listos et al., 2019), and exploring the
alternative medicine of morphine (Suliman et al.,
2016).

Researches were designed following various
models; in vivo (Halim et al., 2017; Vashchinkina
et al., 2018), in vitro (Suliman et al., 2016), and
ex vivo (Jeon et al., 2019). Listos et al. (2019) had

reviewed four different experiments depend on the
addiction phases; morphine dependence, withdrawal,
tolerance, and induced behavioral sensitization. Out
of these four phases, morphine-induced behavioral
sensitization is done via in vivo model since it
measures morphine-seeking behavior such as
locomotor activity and rewarding behavior.
Morphine dependence, withdrawal, and tolerance can
be designed using in vitro model to measure the
protein markers affected. Thus, a suitable and reliable
in vitro model must be established.

American Type Culture Collection (ATCC, USA)
is currently supplying more than ten different human
neuroblastoma cell lines. Out of that number, the
current researchers have frequently use the SK-N-
SH cell line (Paschou et al., 2020; Sánchez-Blázquez
et al., 2020). The present study was designed to
establish the SK-N-SH as an addiction model to
observe the mechanism of alternative medicine in
treating morphine addiction. With the same model,
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the present study was conducted by using
methadone as a positive control to help further
explanation of morphine and methadone mechanism
interrelatedly.

MATERIALS AND METHODS

Materials
Human neuroblastoma cells line SK-N-SH

(ATCC® HTB-11™, American Type Culture
Collection, ATCC, USA); Minimum Essential
Medium (MEM), fetal bovine serum (FBS), penicillin-
streptomycin, Trypsin, phosphate-buffered saline
(PBS) solutions (Gibco Life Technologies, Invitrogen,
USA); dimethyl sulfoxides (DMSO), retinoic acid
(RA), forskolin (Sigma-Aldrich, USA); morphine
sulphate pentahydrate (M-35-SU), d,I-Methadone.
HCl (MET-637) (Lipomed AG, Switzerland);
isobutylmethylxanthine (IBMX), radioimmuno-
precipitation assay (RIPA) buffer, protease inhibitor
(Amresco, USA); α-synuclein, vesicle-associated
membrane protein 2 (VAMP2), β-arrestin 1/2,
mitogen-activated protein/ERK 1/2 (MEK1/2),
anti-β-actin, and horse-radish peroxidase (HRP)
(Cell Signalling Technology, Massachusetts);
WesternBrightTM ECL, WesternBrightTM Peroxide
(Advansta, USA).

Cell culture and neuronal induction
The human neuroblastoma cell line SK-N-SH

(ATCC® HTB-11™) was cultured and maintained
following prescription by American Type Culture
Collection (ATCC). The cell was introduced to 10 μM
of retinoic acid (RA) for six days (Suliman et al.,
2016).

Morphine and methadone treatments
The method for chronic morphine was following

the study by Jamil et al. (2013). The cells were
introduced to 50 μM of morphine sulphate
pentahydrate for 24 hr and subsequently followed
by 1% of DMSO or 50 μM of d,I-Methadone for
another 24 hr.

Receptor affinity
Three types of opioid receptors were examined

using 10 μM of the following antagonist; β-
funaltrexamine hydrochloride (μ-opioid receptor),
nor-binaltrophimine dihydrochloride (κ-opioid
receptor), and natrindole hydrochloride (δ-opioid
receptor) (Greenwood & Dragunow, 2010). To
investigate the type of receptor involved in chronic
morphine in SK-N-SH, two different experiments were
studied; pre-treatment of antagonists before chronic
morphine and post-treatment of antagonists before
methadone. For pre-treatment of the antagonist, the
SK-N-SH cell was treated with 10 μM of antagonists

were for 60 min, followed by 24 hr of 50 μM of
morphine sulphate pentahydrate. For post-treatment
of the antagonist, the cell was induced with 24 hr of
50 μM of morphine sulphate pentahydrate, followed
by 60 min of 10 μM of antagonists and subsequently
by 50 μM of d,I-Methadone.HCl for another 24 hr.
The cytosolic fraction of the cell was used to run
the cAMP assay (cAMP Direct Immunoassay Kit,
Calbiochem, Germany).

Protein expression
Withdrawal properties, endocytic machinery,

desensitization or internalization, and cellular
adaptation were observed through the expression of
protein marker by western blot technique; α-
synuclein, VAMP2, β-arrestin 1/2, MEK 1/2 (Suliman
et al., 2016). For the electrophoresis procedure, 4%
of stacking gel and 10% of resolving gel were
used, run at 100 V for 60 min, followed by 150 V
for another 30 min. The concentration of antibodies
used is 1:1000.

Statistical analysis
The data collected were analyzed using IBM

SPSS Statistics 21 for one-way ANOVA and Tukey’s
multiple comparison test.

RESULTS

Pre-treatment of the antagonist was done to evaluate
the involvement of the receptor in chronic morphine
incubation. Figure 1 shows the changes in the
concentration of cAMP before chronic morphine
exposure to the cell. Data showed that upon blocking
the μ-opioid receptor, the expression of cAMP in
chronic morphine-induced cells was comparable to
control. In contrast, by blocking of ê- and ä-opioid
receptors, there were significant changes in cAMP
concentration.

Post-treatment of an antagonist after the chronic
morphine-induced cell was expressed in Figure 2.
From the figure, blockage of the μ-opioid receptor
was observed to diminish the effect of methadone.
compared to δ- and κ-opioid receptors, blockage
of those receptors was observed to resume the
effect of methadone to normalize the cAMP level
influenced by chronic morphine treatment.

Specific markers were used to analyze the
withdrawal activity, endocytic machinery, desensitiza-
tion, or internalization of receptor and cellular
adaptation. The proteins expression of α-synuclein,
VAMP2, β-arrestin 1/2, and MEK 1/2 were observed
to be altered in the chronic morphine-induced
cell (Figure 3). The treatment of methadone had
normalized the changes by morphine, comparable to
control.
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Fig. 1. The concentration of cAMP after antagonist treatment. The bar chart expressed
the concentration of cAMP in percentage over control. *P<0.05 as compared to control.

Fig. 2. The concentration of cAMP after antagonist treatment. The bar chart expressed
the concentration of cAMP in percentage over control. *P<0.05 as compared to control.

Fig. 3. The concentration of protein of interest upon chronic morphine. The bar chart shows the expression
of α-synuclein, VAMP2, β-arrestin 1/2, and MEK 1/2. The data were expressed in percentage over control.
*P<0.05 as compared to control and methadone.
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DISCUSSION

The human neuroblastoma cell line, SK-N-SH, was
used throughout the study. SK-N-SH purchased from
ATCC is a cell derived from a girl suffering from
neuroblastoma disease (“SK-N-SH ATCC ® HTB-
11™ Homo sapiens brain; derived from meta”, 2016).
The cell line was hypothesized to express a
muscarinic (Olianas et al., 2016) and opioid receptors
(Caputi et al., 2018). Researches had postulated the
involvement of opioids (Grim et al., 2020) in
expressing morphine addiction. Referring to Grim
(2020), three types of opioids were used to determine
the type of opioid receptor involved in morphine
withdrawal in SK-N-SH.

To observe the receptor involved in morphine
and methadone, two different experiments were
studied. The blockage of the μ-opioid receptor of the
SK-N-SH cell before the chronic morphine treatment
has diminished the effect of morphine, as showed in
Figure 1. The cAMP level of the μ-opioid antagonist
was comparable between the control and morphine,
hypothesized the effects of morphine was denied
by the blockage of the μ-opioid receptor. In contrast,
the blockage of κ- and δ-opioid receptors were
observed to resume the effects of morphine by
increasing the level of cAMP in the cell, postulating
the involvement of μ-opioid receptor in expressing
the effects of morphine in SK-N-SH cell line.

Observing the involvement of μ-opioid receptors
in morphine addiction is fruitless without proposing
the treatment for the addiction. Methadone, a
synthetic opioid, was manufactured to manage an
opioid addiction patient (Nurulhuda et al., 2018;
Noble & Marie, 2019). To study the effect of
methadone in the addiction-induced cell, antagonists
were introduced to the addicted cell before being
treated with methadone. By blocking the δ- and κ-
opioid receptors, the treatment of chronic morphine
expressing the addiction property by increased
concentration of cAMP. Increased cAMP expression
in SK-N-SH was postulated to demonstrate the
addiction activity (Jamil et al., 2013). The same cell
that was subsequently treated with methadone was
observed to reduce the concentration of cAMP as it
was comparable to control, suggesting the blockage
of δ- and κ-opioid receptors did not influence the
effect of methadone to the addicted cell line. In
contrast, addicted SK-N-SH treated with μ-opioid
antagonist followed by subsequence treatment of
methadone diminished the effect of methadone. The
level of cAMP after treatment of methadone was
significantly differenced as compared to control. The
data showed that morphine bound to the μ-opioid
receptor to express the addiction properties while
methadone reacted on the same receptor to diminish
the effect of morphine comparable to control.

The level of cAMP in demonstrating the activity
of addiction in SK-N-SH was widely reported
(Jamil et al., 2013; Yuan et al., 2020). Following
the study on the receptor, indirectly shows the
addiction activity in SK-N-SH upon chronic
treatment of morphine. To justify the addiction
property expressed by SK-N-SH, an additional protein
marker was evaluated, α-synuclein. Up-regulated
α-synuclein was proclaimed to express morphine
addiction (Ujcikova et al., 2020). To observe the
properties of morphine withdrawal in SK-N-SH,
the cytosolic fraction of the morphine-induced
cell was collected and proceeded to determine
the concentration of α-synuclein. As showed in
Figure 3, the chronic morphine-induced cell showed
increased level α-synuclein expression, exhibited the
addiction property. The treatment of methadone on
the addicted cells was observed to down-regulate the
concentration of α-synuclein, as it was proclaimed
to express withdrawal activity (Ujcikova et al., 2020).

As reported, α-synuclein plays a major role
in synaptic plasticity (Valdinocci et al., 2017). α-
synuclein was observed to alter the dopaminergic
system in the brain, leads to exhibiting dependence
and withdrawal behaviors (Ziolkowska et al., 2005).
Alteration in the dopaminergic system affects various
mechanisms including the endocytic machinery
(Ziolkowska et al., 2005; Fauzi et al., 2018). Though
the increased level of α-synuclein in the SK-N-SH
cell line was proclaimed to demonstrate the property
of morphine addiction, it was also representing
the reduced endocytic machinery activity. As to
justify the proclaim, VAMP2 was observed. VAMP2
or synaptobrevin is a vesicular soluble N-
ethylmaleimide-sensitive factor activating protein
receptor (v-SNARE) (Lou et al., 2017). Down-
regulation of v-SNARE was hypothesized to inhibit
the release of neurotransmitters in the treatment of
(Lai et al., 2014 VAMP2 was postulated to bind to
syntaxin and SNAP-25 to aid the vesicle trafficking
at the presynaptic terminal of the neuron (Xu et al.,
2004). As showed in Figure 3, SK-N-SH cells treated
with chronic morphine expressed a non-significant
low concentration of VAMP2 as compared to control.
It suggested that chronic morphine caused the
reduction in exocytosis of the neurotransmitter, thus
diminishes the vesicle release. By the treatment of
methadone, it was observed to normalize the
concentration of VAMP2, comparable to control.

Activation of the μ-opioid receptor by effectors
mainly inhibits the adenylyl cyclase (Koehl et al.,
2018). However, upon activation by morphine will
activate the adenylyl cyclase and subsequently
increases the level of cAMP (Jamil et al., 2013).
Administration of morphine was postulated to
induced desensitization of the μ-opioid receptor
(Ma et al., 2020), making the activated receptor to
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endocytosed and became inactive (Ma et al., 2020).
Physiologically, the desensitization of the receptor
prevents the overstimulation of the receptor by the
effector. However, these physiological changes
also limit therapeutic usage against the effectors
(Ferguson, 2001).

The desensitization or internalization of the
μ-opioid receptor was observed via the involvement
of β-arrestin (Koshimizu et al., 2018). The binding of
β-arrestin 1/2 to clathrin was suggested to initiate
the internalization of receptors (Goodman et al.,
1996). Figure 3 showed the down-regulation of
β-arrestin 1/2 proclaimed to demonstrate the
desensitization of the μ-opioid receptor. With the
treatment of methadone, the addicted SK-N-SH cells
have expressed an internalization of the μ-opioid
receptor, observed by increased concentration of
β-arrestin 1/2. Physiologically, chronic morphine
was unable to cause the overstimulation of proteins
since there was desensitization of the μ-opioid
receptor. However, the effects of chronic morphine
were persisted showed by increased cAMP and
α-synuclein and decreased VAMP2.

The increased protein markers involved in
expressing the withdrawal activity, endocytic
machinery, and desensitization or internalization
properties were influenced by cellular adaptation
before chronic treatment of morphine (Zhang et al.,
2020). Narita (2001) suggested that desensitization
and internalization processes are the characteristics
of cellular adaptation. In the human brain, the MEK-
ERK signaling pathway is stimulated by morphine
expressing morphine addiction activities (Zhang et
al., 2020). MEK is an essential protein marker for
opioid addiction (Lin et al., 2010). A high level of
MEK upon chronic morphine was postulated to
demonstrate morphine dependence, tolerance, and
withdrawal, consistent with the report by Al-Hasani
and Bruchas (2011).

CONCLUSION

As observed through the study, chronic morphine
treatment on SK-N-SH react on the μ-opioid receptor.
The addiction properties expressed by the up-
regulation of withdrawal markers; α-synuclein and
cAMP, postulates the involvement of stimulated
adenylyl cyclase pathways by morphine. Increased
α-synuclein and decreased VAMP2 are related to
decreased endocytic machinery, suggested to
reduce the release of neurotransmitters in the
presynaptic terminal of a neuron. The desensitization
of μ-opioid receptor in SK-N-SH by morphine
was expressed by decreased β-arrestin 1/2 thus
supposedly preventing the overstimulation of

effects by the morphine. However, cellular adaptation
was hypothesized to happen so that the effects of
morphine were consistently stimulated.
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