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Abstract: To study the effects of sinomenine on conditioned place preference (CPP) zebrafish induced by morphine and
expression levels of intracephalic tyrosine hydroxylase (TH), NMDA receptor subunit 2B (NR2B), p-opioid receptor
(zfmor) and d-opioid receptors (zfdorl and zfdor2), morphine (40mg/kg) was administrated to zebrafish and the effect of
CPP was detected in these zebrafish treated with sinomenine. The expression of TH and NR2B was detected by
immunohistochemistry; and the mRNA expression of opioid receptors zfmor, zfdorl and zfdor2 in the zebrafish brain
was assayed by RT-qPCR. In the CPP test, morphine induced significant behavioral alteration, while pretreatment with
sinomenine or methadone, resulted in decreased activity time in the morphine-paired compartment significantly.
Morphine also increased the integral optical density value of TH- and NR2B-positive cells in the zebrafish brain, and
reduced the amount of opioid receptors. However, the compound sinomenine could attenuate these effects. These
findings demonstrate that sinomenine (80mg/kg) decreased the CPP effects of zebrafish induced by morphine
significantly, downregulated expression of TH and NR2B, and upregulated p-opioid (zfmor) and $-opioid (zfdorl and

zfdor2) receptor expression in the CPP zebrafish brains.
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INTRODUCTION

Sinomenine is the main effective component of the
Menispermaceae plant family, Caulis Sinomenii. Caulis
Sinomenii is a dried plant stem of Sinomenium acutum
and Sinomenium acutum var. cinereum. As a type of
traditional Chinese medicine, Caulis Sinomenii is
primarily used for the treatment of rheumatism and for
analgesia and sedation. Pharmacological studies have
demonstrated that sinomenine could reduce the release of
intracephalic monoamine neurotransmitters and regulate
the concentration of intracellular Ca’* and thereby
possesses a therapeutic effect for morphine withdrawal
symptoms (Zhang et al., 2009). It can also inhibit the
contraction of isolated guinea pig ileum induced by
naloxone-precipitated withdrawal in a dose-dependent
manner (Wang et al., 2003). However, sinomenine itself
neither induces conditioned place preference (CPP)
behavior in mice nor produces psychological or physical
dependence (Mo et al., 2004; Wang et al., 2002). Taken
together, these results indicate that sinomenine is a
potential active ingredient with good application
prospects for treating morphine dependence.

Opioid drugs (opiates) include opium, morphine and
heroin, which are made from raw material from the opium
poppy. In 1973, the high affinity receptor for opioid was
found in the brain (Pert et al., 1973; Simon ef al., 1973).

*Corresponding author: e-mail: cherrymo001@126.com

Opioid receptors belong to the G protein-coupled receptor
family, and can be classified into four subtypes: p-opioid
receptor (zfmor), §-opioid receptor (zfdorl, zfdor2), «-
opioid receptor (zfkor) and opioidreceptor-like receptor
(zforl), which are widely distributed in the brain and
spinal cord (Gavril et al, 1998). By activating the
intracellular Gy, protein, opioid receptors can transmit
extracellular signals into the cell and activate adenosine
cyclase, thereby inhibiting the cyclic adenosine
monophosphate (cAMP) signaling pathway (Bian et al.,
2012). Studies on related receptor agonists, inhibitors and
gene knockout animals have demonstrated that opioid
receptors mediate the rewarding effects of opioids and are
associated with the formation of opioid dependence (Le
Merrer et al., 2011; Nguyen et al., 2012). In addition,
dopamine, glutamate, serotonin and other
neurotransmitters in the central nervous system have a
close relationship with drug dependence (Helmuth, 2001;
Tassin, 2002; Thomas et al., 2010).

Although the zebrafish nervous system is relatively
simple, it can control learning, dependence, depression,
and other complex behaviors of zebrafish, which is
advantageous in studies of drug abuse and dependence
(Guo, 2009; Klee et al., 2012). There are relatively few
reports of sinomenine on drug dependence. For example,
sinomenine does not result in physical or psychological
dependence or addiction in rats and mice, which suggests
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that sinomenine is safe for use (Wang et al., 2003; Mo et
al., 2004). Another study reported that sinomenine could
inhibit morphine withdrawal syndromes in mice or rats
(Hu et al., 2003). Moreover, one study reported that an
ethanol-induced zebrafish CPP model has been
successfully established (Mathur et al. 2011). Our team
previously established the morphine-induced zebrafish
CPP model in the early stage of study (Peng et al., 2013).
Methadone is an opioid receptor agonist with morphine-
like pharmacological effects and methadone maintenance
treatment (MMT) is high acceptability and stable efficacy,
so, we used methadone as the positive drug (Joseph et al.,
2000).

Fig. 1: Representative photographs of the swimming
trajectories of zebrafish in the CPP compartment; each
group consisted of 10 zebrafish. AI1-E1 are the activity
routes of zebrafish in the CPP compartment before CPP
training (A1, control group; B1, morphine group; CI1, low
dose of sinomenine group; D1, high dose of sinomenine
group; EI, methadone group); A2-E2 are the activity
routes of zebrafish in the CPP compartment after CPP
training (A2, control group; B2, morphine group; C2, low
dose of sinomenine group; D2, high dose of sinomenine
group; E2, methadone group).

In this study, we established a CPP model of zebrafish
induced by morphine, to observe the effects of
sinomenine on behavioral indicators of morphine-induced
CPP zebrafish. We investigated the expression level of N-

methyl-D-aspartate  (NMDA) receptor subunit 2B
(NR2B), glutamate receptor (GluR), tyrosine hydroxylase
(TH), p-opioid receptor (zfmor), and d-opioid receptors
(zfdorl, zfdor2) in morphine-induced CPP zebrafish
brains. The experimental results will allow us to better
understand the mechanism of sinomenine intervention on
morphine dependence.

A1 BP0

Fig. 2: Results of TH and NR2B immunohistochemistry
of the zebrafish whole brain tissue. al-a5 are TH-positive
cells in zebrafish brain (A1, control group; A2, morphine
group; A3, low dose sinomenine group; A4, high dose
sinomenine group; AS, methadone group); B1-B5 are
NR2B-positive cells in zebrafish brain (B1, control group;
B2, morphine group; B3, low dose sinomenine group; B4,
high dose sinomenine group; B5, methadone group).

MATERIALS AND METHODS

Animals

AB wild-type strain zebrafish (0.5-1g, 4-7 months old)
were used in this research. All experimental operations
were in accordance with the rules for use of laboratory
animals of Southern Medical University and National
Institutes of Health (NIH, USA). This research was
allowed by the Southern Medical University Experimental
Animal Ethics Committee.
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Table 1: Primers used in real-time PCR

Yingbo Lin et al.

Gene Sequence Length/bp
EFla Sense:5-GTACTTCTCAGGCTGACTGTG-3' 136
Antisense:5'-ACGATCAGCTGTTTCACTCC-3'
Zfmor Sense:5-ACGAGCTGTGCAAGATTGTG-3' 187
Antisense:5'-CCGATTGCAGATGAAAGGAT-3'
Zfdorl Sense:5'-ACTATGAGAGCGTGGACCGTT-3', 116
Antisense:5'-GCGGAGGAGAGGATCCAGAT-3'
Zfdor2 Sense:5-TCAGGCAAAACAATCTGCATG-3' 138
Antisense: 5'-CAGGATCATCAGGCCGTAGC-3'

Equipment and instruments

Table 2: Change in the time spent in the non-preferred compartment after injection of morphine. Data are expressed as
mean £ SD, n=10. *p<0.01, v.s. morphine group; **p<0.01, *»<0.05, vs. control group.

Group Dose (mg/kg) Zebrafish time spept in non-preferred cornpartment.(s.)
pre-training post-training
Control -- 239 £ 60 201 £ 60
Morphine 40 237 +£103 531 + 120%**
Low dose of Sinomenine 40 222 £ 80 292 + 138*
High dose of Sinomenine 80 260 £+ 99 229 +74 7
Methadone 40 217 + 100 261 + 897
F value 0.178 54.492
P value 0.512 0.009

Sinomenine decreased the expression of TH and NR2B

Table 3: The IOD values of TH- and NR2B-positive cells in zebrafish whole brain in each group. Data are expressed as
mean £ SD, n=3. * p<0.01, vs. morphine group; **p<0.01, vs. control group

Group Dose(mg/kg) TH (IOD) (x10°) NR2B (IOD) (x10°)
Control - 13.68 £2.47 26.59 + 14.37
Morphine 40 62.36 + 24.68%* 85.49 + 74.53 **
Low dose of Sinomenine Sinomenine 40 43.47 £ 14.90** 73.41 £25.78 **
High dose of Sinomenine 80 2536+ 3.68" 37.91 + 34.688
Methadone 40 20.47 £ 6.817 27.68 +33.58 7
F value 41.895 45229
P value 0.000 0.000

Sinomenine increased the expression of opioid receptors zfinor, zfdorl and zfdor2 in zebrafish brains.

Table 4: The relative mRNA expression of opioid receptors in the zebrafish whole brain. Data are expressed as mean +
SD, n=3. "p<0.01, vs. morphine group; **p<0.01, *p<0.05, vs. control group.

Group Dose(mg/kg) zfmor zfdorl zfdor2
Control -- 1.00 + 0.00 1.00 + 0.00 1.00 + 0.00
Morphine 40 0.42+0.05%* | 0.47 +0.05 ** 0.47 + 0.06 **
Low dose of Sinomenine 40 0.89+0.127 0.49 + 0.06** 0.51 + 0.08%*
High dose of Sinomenine 80 0.90+0.097 | 0.81+0.04%™ | 0.82+0.09%* ™
Methadone 40 1.09 + 0.087 0.88+0.11% % 1.02 + 0.14%
F value 60.231 55.383 75.254
P value 0.000 0.000 0.000

Drugs and reagents

Morphine hydrochloride (Lot# 710303, with purity >
98%) was provided by pharmaceutical plant of PLA
General Logistics Department; methadone (Lot# 020111)
was bought from Tianjin Central Pharmaceutical Co.,
Ltd.; sinomenine (Lot# 20000528) was obtained from
Hunan Zhengqin Medicine Co., Ltd., China. Tricaine

methanesulfonate (MS222) was purchased from Sigma.
Primers were synthesized by Genomics Institute of
Beijing and the sequences are presented in tablel. Total
RNA extraction reagent, RN Aiso Plus (TaKaRa company,
Japan); reverse transcription kit (Lot# DRR037S, TaKaRa
company, Japan); fluorescence quantitative reagent,
SYBR"Select Master Mix dyes (Lot# 4472908, Life
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Technologies); diethyl pyrocarbonate (Amresco company,
USA); Anti-NR2B (Lot# AB1557P, Millipore); Anti-TH
(Lot# MAB397, Millipore).

The CPP apparatus used in this study was consistent with
the equipment reported in the previous literature of our
research team (Jiang et al., 2016). It is a rectangular tank
and consisted of two equal-sized compartments. There
was a transparent door in the neutral area of the tank
providing access to each compartment. Swimming
trajectories of zebrafish in CPP apparatus were detected
by software of Noldus Ethovision XT 8.0 (Noldus,
Netherlands).

CPP procedure

Zebrafish were randomly divided into five groups with 10
qualified zebrafish in each group: control group,
morphine-only group, sinomenine 40mg/kg and 80mg/kg
groups, and methadone 40mg/kg group. They prefer black
versus than white versus, as confirmed by our pilot test
(Jiang et al., 2016). So, we considered the white side as
non-preferred side. A baseline preference of zebrafish was
detected by video cassette recorder for calculating activity
distance and time in non-preferred side. They were tested
in a CPP apparatus and the method of CPP paradigm was
established by our previous reports (zhu et al., 2017).

Immunohistochemistry for TH and NR2B expression
After the CPP test, we anesthetized zebrafish by chloral
hydrate and euthanized them in water. The whole brain
tissues of zebrafish were excised with 4%
paraformaldehyde in 0.1M phosphate buffer saline for 24
h at 4°C. The method of immunohistochemistry was
reported by our previous work (Jiang et al., 2016).

RT-qPCR detection of zfmor, zfdorl, and zfdor2
expression in zebrafish brains

The total RNA in zebrafish whole brain tissue from each
of the three samples per group was extracted individually
according to the total RNA extraction reagent RNAiso
Plus (TaKaRa Company) manual. The total RNA
concentration was measured by an ultraviolet
spectrophotometer, the ratio of A260/A280 nm was
between 1.8-2.0, and the ratio of A260/A230 nm was
between 2.0-2.2. All of the total RNA extractions were
kept at -80°C until use. A 1ul total RNA of every
extraction was synthesized individually into cDNA by the
reverse transcription in line with instructions of reverse
transcription kit (TaKaRa Company). A 1ul cDNA was
assessed in line with manual of master mix dye by real-
time PCR. We selected EFla as a reference gene. All
experiments were repeated three times.

STATISTICAL ANALYSIS

All data processing and statistical analysis are carried out
by SPSS 17.0 software. Data were expressed as mean =+

SD and analyzed by one-way analysis of variance. p<0.05
was considered statistically significant.

RESULTS

Sinomenine reduced the CPP effect of zebrafish caused
by morphine

The effect of sinomenine on CPP zebrafish caused by
morphine is presented in fig. 1 and analyzed in table 2.
Zebrafish receiving morphine spent significantly more
time on the white compartment than did the control
zebrafish given fish physiological saline (»p<0.01). The
high doses of sinomenine or methadone spent
significantly less time in the white compartment than did
the morphine group (p<0.01), indicating that high doses
of sinomenine and methadone reversed the CPP behavior
induced by morphine in zebrafish.

As illustrated in fig. 2, the integral optical density (IOD)
value of TH- and NR2B-positive cells in the zebrafish
brains was significantly increased in the morphine group
compared to the control group (p<0.01), and no
significant difference was observed in the expression of
TH and NR2B in the brains of zebrafish in the low dose
sinomenine group compared to the morphine group.
However, the high dose sinomenine reduced the 10D
value of TH- and NR2B-positive cells (p<0.01), and
similar results were observed in zebrafish treated with
methadone (p<0.01). The 10D values of TH and NR2B
immunoreactivity cells in the zebrafish brains are
analyzed in table 3.

As is shown in table 4, the relative mRNA expression of
opioid receptors in the brains of morphine-induced
zebrafish was significantly lower than that of the control
zebrafish (p<0.01). The high dose of sinomenine reversed
the decreased relative mRNA expression of the
intracorporal p-opioid receptor (zfmor) and &-opioid
receptors (zfdorl and zfdor2) in the morphine-induced
zebrafish to similar levels to the control group, which
indicated that a continuous injection of morphine could
suppress the expression of opioid receptors in zebrafish
brains. The high doses of sinomenine and methadone
could upregulate the expression of zfmor, zfdorl, and
zfdor2 in zebrafish brains, compared to that of the
morphine group, and the difference was significant
(»<0.01). The low dose of sinomenine reduced the
expression of zfmor to normal levels, but no significant
difference was observed in the expression of zfdorl and
zfdor2 compared to that of the morphine group (p > 0.05).

DISCUSSION

CPP is a classical conditioning task for assessing drug
dependence (Cart, 1989). Our previous studies have
investigated the optimal conditions for the formation of
morphine-induced CPP in zebrafish (Peng et al, 2013),
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suggesting that morphine could induce zebrafish to
prolong their activity time in non-preferred compartment
(Khor et al., 2011; Mathur et al., 2011). The results of this
research (fig.1) also indicate that we have successfully
established a morphine-induced CPP model of zebrafish.
The mesolimbic dopamine reward circuit is a common
pathway of drug addiction, and consists of dopaminergic
neuron and its projection targets including the
hippocampus, amygdala and nucleus accumbens (Nestler,
2001). Functional upregulation of dopaminergic neurons
is the neurobiological basis of triggering positive
reinforcement effects and causing drug addiction (Berke
et al., 2000).

Tyrosine hydroxylase, as the key enzyme in the process of
catecholamine biosynthesis, is the marker enzyme of
dopamine neurons, the amount of which can reflect
dopamine content (Rao et al., 2007). GluRs are abundant
in the brain, and can be classified into two large families:
the ionotropic family and metabotropic family (mGluRs).
There are two receptor subtypes of ionotropic GluRs: the
NMDA and AMPA receptors which are closely related to
drug dependence (Aitta et al., 2012; Shen et al., 2014). In
this experiment, the expression of TH and NR2B was
enhanced in the brains of zebrafish in morphine group
(table 3) compared to the control group.

The CPP effect increased correspondingly, which
confirmed that the formation of the morphine-induced
CPP effect in the zebrafish brain is related to increasing
protein expression of TH and NR2B. Additionally, the
positive expression of TH and NR2B in the brains of
zebrafish in the high dose sinomenine group and the
methadone group was significantly decreased (table 3),
while the CPP effect was also reduced accordingly (fig.
1). The results suggest that sinomenine can suppress
zebrafish morphine-induced CPP effect to some extent, in
addition to methadone, and that its mechanism may be
related to modulating the expression of TH and NR2B.
Our previous results demonstrated that Sinomenium
acutum and sinomenine can return dopamine and other
neurotransmitters in rat brains to normal levels after
morphine withdrawal (Zhang et al, 2009; Liu et al,
2014). The NR2B receptors are involved in inducing a
series of tolerance and withdrawal syndromes due to
opioids abuse (Narita et al., 2000). Phosphorylation of the
NR2B amino acid residues plays an important role in the
morphine-induced reward effect (Kato et al, 2007).
Ifenprodil, a highly selective antagonist of NR2B, is
associated with a dose-dependent decrease in morphine-
induced CPP effect in zebrafish, which is not caused by
the environment or food (Ma et al, 2006). Therefore,
sinomenine may affect the expression of TH and NR2B or
sequentially regulate the amount of dopamine in the brain
or the interaction between glutamic acid and its receptors
to inhibit the development of morphine dependence.

Yingbo Lin et al.

Dopaminergic neurons are dominated by inhibiting
neurons of y-aminobutyric acid (GABA) in different brain
regions. Opioids are coupled with opioid receptors on the
presynaptic membrane of GABA neurons, which can
activate opioid receptors to produce an inhibitory effect
on GABA neurons and reduce the release of the inhibitory
neurotransmitter GABA in the ventral tegmental area. The
decreased GABA level can trigger the dopamine level in
the nucleus accumbens to rise and result in the rewarding
effects and euphoria. Under normal physiological
conditions, endogenous opioid peptides regulate and
maintain a functional balance between the various
systems of the body via interacting with opioid receptors.
Long-term use of opioids results in the adaptive
upregulation of the reward threshold, and breaking the
steady state of endogenous opioid peptides, leading to
drug tolerance, dependence, and addiction (Bretaud et al.,
2007; Le et al., 2009).

There are opioid receptors in zebrafish that are
functionally similar to those in mammals, which are
known to be related to morphine addiction (Ninkovic et
al., 2006). The morphine-induced CPP effect in zebrafish
could be antagonized by intraperitoneal injection of
antagonists of opioid receptors or dopamine receptors
(Bretaud et al., 2007). In the p-opioid receptor gene
knockout mice, the CPP effect of morphine disappeared
(Nguyen et al., 2012). Therefore, the p-opioid receptor is
an important factor in the development of morphine
dependency. The 6-opioid and p-opioid receptors are
present in the same neuron. The §-opioid receptor found
in the large, dense, core vesicles of the cytoplasm and is
transported to the plasma membrane by vesicles when
stimulated by morphine or pain (He ef al., 2002). The 6-
opioid receptor does not directly regulate the rewarding
effects of morphine, but it may promote contextual
learning (Chefer et al., 2006; Le et al., 2011; Le et al.,
2012). In the process of drug dependence, the d-opioid
receptor plays an important role in regulating the p-opioid
receptor (Rozenfeld et al, 2007). The d-opioid and p-
opioid receptors can form a heterodimer, the formation of
which is associated with morphine tolerance and
dependence (Daniels et al., 2005; Ananthan, 2006; Billa
et al, 2010). Therefore, pharmacological targeted drug
delivery of the &/p heterodimer is a potential novel
method for treatment of chronic pain and drug
dependence (Stockton et al., 2012).

Morphine can affect the expression of the opioid receptor
gene in zebrafish (Sanchez et al., 2010). The present
study indicated that the relative expression of the p-opioid
receptor (zfmor) and 6-opioid receptors (zfdorl, zfdor2)
were significantly decreased in the brains of zebrafish in
morphine group compared to the control group (table 4),
indicating that a continuous injection of morphine can
suppress the expression of the p-opioid and &-opioid
receptors in the zebrafish brain, resulting in down
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regulation of opioid receptors. This is likely to be an
adaptive adjustment of the organism for long-term use of
morphine, but it will result in the dysfunction of the

endogenous opioid peptides system after morphine
withdrawal.

CONCLUSION

In this study, sinomenine and methadone were

demonstrated to inhibit the reduction of the relative
mRNA expression of zfmor, zfdorl, zfdor2 and return the
levels to normal. This indicated that sinomenine may
suppress the effect of morphine on opioid receptor
expression in addition to methadone, and therefore
maintain the balance of normal metabolic and organ
functions after morphine withdrawal. The chemical
structure of sinomenine consists of a hydrogen
phenanthrene nucleus and ethylamine bridge, which is
similar to the chemical structure of morphine; thus,
sinomenine may play an effective role by acting on opioid
receptors. In summary, the results of this experiment
demonstrated that the decrease of morphine-CPP by
sinomenine is associated with down-regulating the
expression of TH and NR2B and up regulating the
expression of zfmor, zfdorl, and zfdor2 in the zebrafish
brain, but the specific mechanism requires further study.

ACKNOWLEDGMENTS

This work was supported by National Natural Science
Foundation of China (No. 81673628), Guangdong
Science and Technology Project (No. 2016A020226003),
Natural Science Foundation of Guangdong Province
(No0.2014A030310251) and Guangzhou Science and
Technology Project (No. 201707010287).

REFERENCES

Aitta-aho T, Moykkynen TP, Panhelainen AE,
Vekovischeva OY, Backstrom P and Korpi ER (2012).
Importance of GIluAl subunit-containing AMPA
glutamate receptors for morphine state-dependency.
Plos One, T: €38325.

Ananthan S (2006). Opioid ligands with mixed n/d opioid
receptor interactions: An emerging approach to novel
analgesics. Drug Addiction, pp.367-380.

Berke JD and Hyman SE (2000). Addiction, dopamine,
and the molecular mechanisms of memory. Neuron, 25:
515-532.

Bian JM, Wu N, Su RB and Li J (2012). Opioid receptor
trafficking and signaling: What happens after opioid
receptor activation? Cell. Mol. Neurobiol., 32: 167-
184.

Bretaud S, Li Q, Lockwood BL, Kobayashi K, Lin E and
Guo S (2007). A choice behavior for morphine reveals
experience-dependent drug preference and underlying

neural substrates in developing larval zebrafish.
Neuroscience, 146: 1109-1116.

Cart GD, Fibiger HC and Phillips AG (1989).
Conditioned place preference as a measure of drug
reward. NewYork: Oxford University Press, 1: 264-
319.

Chefer VI and Shippenberg TS (2006). Paradoxical
effects of prodynorphin gene deletion on basal and
cocaine-evoked dopaminergic neurotransmission in the
nucleus accumbens. Eur. J. Neurosci., 23(1): 229-238.

Daniels DJ, Lenard NR, Etienne CL, Law PY, Roerig SC
and Portoghese PS (2005). Opioid-induced tolerance
and dependence in mice is modulated by the distance
between pharmacophores in a bivalent ligand series.
Proc. Natl. Acad. Sci. USA., 102(52): 19208-19213.

Guo S (2009). Using zebrafish to assess the impact of
drugs on neural development and function. Expert
Opin. Drug Discov., 4: 715-726.

He L, Fong J, von Zastrow M, Whistler JL (2002).
Regulation of opioid receptor trafficking and morphine
tolerance by receptor oligomerization. Cell, 108(2):
271-282.

Helmuth L (2001). Addiction. Beyond the pleasure
principle. Science, 294: 983-984.

Hu XD and Li FY (2003). Effects of sinomenine on
withdrawal reaction of morphine-dependent mice, rats
and guinea pigs in vitro. Chin. J. Drug Depend., 12:
28-31.

Jiang M, Chen Y, Li C, Peng Q, Fang M, Liu W, Kang Q,
Lin Y, Yung KK and Mo Z (2016). Inhibiting effects
of rhynchophylline on zebrafish methamphetamine
dependence are associated with amelioration of
neurotransmitters content and down-regulation of TH
and NR2B expression. Prog. Neuropsychopharmacol.
Biol. Psychiatry, 68: 31-43.

Joseph H, Stancliff S and Langrod J (2000). Methadone
maintenance treatment (MMT): A review of historical
and clinical issues. Mt. Sinai. J. Med., 67(5-6): 347-
364.

Kato H, Narita M, Suzuki M, Yoshimoto K, Yasuhara M
and Suzuki T (2007). Role of tyrosine kinase-
dependent phosphorylation of NR2B  subunit-
containing NMDA receptor in morphine reward. Jpn.
Alcohol Stud. Drug Depend., 42(1): 13-20.

Khor BS, Jamil MF, Adenan MI and Shu-Chien AC
(2011). Mitragynine attenuates withdrawal syndrome
in morphine-withdrawn zebrafish. Plos One, 6: €28340.

Klee EW, Schneider H, Clark KJ, Cousin MA, Ebbert JO,
Hooten WM, Karpyak VM, Warner DO and Ekker
(2012). Zebrafish: a model for the study of addiction
genetics. Hum. Genet., 131: 977-1008.

Law PY, Erickson-Herbrandson LJ, Zha QQ, Solberg J,
Chu J, Sarre A and Loh HH (2005).
Heterodimerization of mu- and delta-opioid receptors
occurs at the cell surface only and requires receptor-G
protein interactions. J. Biol. Chem., 280(12): 11152-
11164.

1664

Pak. J. Pharm. Sci., Vol.34, No.5, September 2021, pp.1659-1665



Le Merrer J, Becker JA, Befort K and Kieffer BL (2009).
Reward processing by the opioid system in the brain.
Physiol. Rev., 89(4): 1379-1412.

Le Merrer J, Faget L, Matifas A and Kieffer BL (2012).
Cues predicting drug or food reward restore morphine-
induced place conditioning in mice lacking delta opioid
receptors. Psychopharmacology, 223: 99-106.

Le Merrer J, Plaza-Zabala A, Del Boca C, Matifas A,
Maldonado R and Kieffer BL (2011). Deletion of the
delta opioid receptor gene impairs place conditioning
but preserves morphine reinforcement.  Biol.
Psychiatry., 69(7): 700-703.

Liu Wei, Peng Ju, Lei Xiaolin, Liu Fan and Mo Zhixian
(2014). Effect of Qingfeng capsule on anxiety and
intracephalic monoamines neurotransmitter in rat of
repeated dependency and withdrawal of morphine.
Pharmacol. Clin. Chin. Mater. Med., 30: 55-58.

Ma YY, Guo CY, Yu P, Lee DY, Han JS and Cui CL
(2006). The role of NR2B containing NMDA receptor
in place preference conditioned with morphine and
natural reinforcers in rats. Exp. Neurol., 200(2): 343-
355.

Mathur P, Lau B and Guo S (2011). Conditioned place
preference behavior in zebrafish. Nat. Protoc., 6: 338-
345.

Mo ZX, Zhou JY and Wang CY (2004). An experimental
study on phyical and psychological dependences of
sinomenine. Chin. J. Drug Abuse Prev. Treat., 4: 190-
193.

Narita M, Aoki T and Suzuki T (2000). Molecular
evidence for the involvement of NR2B subunit
containing N-methyl-D-aspartate receptors in the
development of morphine-induced place preference.
Neuroscience, 101(3): 601-606.

Nestler EJ (2001). Molecular basis of long-term plasticity
underlying addiction. Nat. Rev. Neurosci., 2: 119-128.
Nguyen AT, Marquez P, Hamid A and Lutfy K (2012).
The role of mu opioid receptors in psychomotor
stimulation and conditioned place preference induced
by morphine-6-glucuronide. Eur. J. Pharmacol.,

682(1-3): 86-91.

Ninkovic J and Bally-Cuif L (2006). The zebrafish as a
model system for assessing the reinforcing properties
of drugs of abuse. Methods, 39(3): 262-274.

Pasternak GW (2011). The Opiate Receptors. Humana
Press, 1: 3-28.

Peng ju, Liu wei, Luo chaohua, Chen xiaohui, Zhang
wenging and Mo zhixian (2013). Research of
morphine-induced conditioned place preference model
in zebrafish. Chin. Pharmacol. Bull.,29: 1614-1617.

Pert CB and Snyder SH (1973). Opiate receptor:
demonstration in nervous tissue. Science, 179(4077):
1011-1014.

Rao F, Zhang L, Wessel J, Zhang K, Wen G, Kennedy
BP, Rana BK, Das M, Rodriguez-Flores JL, Smith
DW, Cadman PE, Salem RM, Mahata SK, Schork NJ,
Taupenot L, Ziegler MG and O'Connor DT (2007).

Yingbo Lin et al.

Tyrosine hydroxylase, the rate-limiting enzyme in
catecholamine biosynthesis: Discovery of common
human genetic variants governing transcription,
autonomic activity, and blood pressure in vivo.
Circulation, 116: 993-1006.

Rozenfeld R, Abul-Husn NS, Gomez I and Devi LA
(2007). An emerging role for the delta opioid receptor
in the regulation of mu opioid receptor function. Sci.
World J., 7: 64-73.

Sanchez-Simon FM, Arenzana FJ and Rodriguez RE
(2010). In vivo effects of morphine on neuronal fate
and opioid receptor expression in zebrafish embryos.
Eur. J. Neurosci., 32: 550-559.

Shen N, Mo LQ, Hu F, Chen PX, Guo RX and Feng JQ
(2014). A novel role of spinal astrocytic connexin 43:
mediating morphine antinociceptive tolerance by
activation of NMDA receptors and inhibition of
glutamate transporter-1 in rats. CNS Neurosci. Ther.,
20: 728-736.

Simon EJ, Hiller JM and Edelman I (1973). Stereospecific
binding of the potent narcotic analgesic (3H) Etorphine
to rat-brain homogenate. Proc. Natl. Acad. Sci. USA.,
70: 1947-1949.

Stockton SD Jr and Devi LA (2012). Functional relevance
of mu-delta opioid receptor heteromerization: a role in
novel signaling and implications for the treatment of
addiction disorders: From a symposium on new
concepts in mu-opioid pharmacology, Drug Alcohol
Depend., 121: 167-172.

Tassin JP (2002). Role of dopamine in drug dependence
processes. Bull Acad. Natl. Med., 186: 295-304.

Thomas DM, Angoa Perez M, Francescutti-Verbeem DM,
Shah MM and Kuhn DM (2010). The role of
endogenous serotonin in methamphetamine-induced
neurotoxicity to dopamine nerve endings of the
striatum. J. Neurochem., 115: 595-605.

Wang CY, Mo ZX and Shao HX (2003). Effects of
sinomenine on the psychic dependence on morphine
and the brain cyclic amp level in mice. Chin.
Pharmacol. Bull., 19: 575-577.

Wang CY, Mo ZX and Tu HH (2003). Effects of
sinomenine on morphine dependence in isolated guinea
pig ileum. J.First Mil. Univ., 23: 3-4.

Wang CY, Mo ZX and Zhang ZH (2002). Effects of
sinomenine on conditioned place preference induced
by morphine in mice. Chin. J. Drug Abuse Prev. Treat.,
6: 8-9.

Zhang GM, Mo ZX and Wang CY (2009). Study on the
detoxification of alcohol extracts from orientvine and
its effective component on withdrawal syndromes of
morphine. Chin. Med. Mat., 32: 1414-1418.

Zhu C, Liu W, Luo C, Liu Y, Li C, Fang M, Lin Y, Ou J,
Chen M, Zhu D, Yung KK and Mo Z (2017). Inhibiting
effects of rhynchophylline on methamphetamine-
dependent zebrafish are related with the expression of
tyrosine hydroxylase (TH). Fitoterapia, 117: 47-51.

Pak. J. Pharm. Sci., Vol.34, No.5, September 2021, pp.1659-1665

1665



