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Objective(s): NMDA glutamatergic receptors are heteromeric receptors with various subunits. GluN2A 
and GluN3A subunits specify the functional heterogeneity of NMDA receptors. These subunits play a 
key role in the induction of LTP and synaptic plasticity. Note that, the function of NMDA subunits has 
interaction with the mechanism of morphine. On the other hand, NeuroAid is a Chinese traditional 
medicine with neuroprotective and anti-apoptotic effects. In this study, we aimed to investigate the 
effect of morphine and NeuroAid on expression levels of GluN2A and GluN3A in the hippocampus and 
striatum of rats. 
Materials and Methods: Morphine sulfate (increasing doses) and NeuroAid (2.5 mg/kg) were injected 
intraperitoneally. Real-time PCR was used to assess gene expression.
Results: The results showed that morphine increased the expression of GluN2A in the hippocampus 
and striatum, while NeuroAid increased the expression of both genes in the hippocampus and 
decreased the expression of GluN3A in the striatum. NeuroAid increased the expression of GluN3A in 
the hippocampus and GluN2A in the striatum of morphine-addicted rats. 
Conclusion: NeuroAid may have interaction with the effect of morphine on glutamatergic 
neurotransmission; however, this study is innovative and novel, thus, further studies are needed to 
better understand the effect of NeuroAid and morphine on hippocampal and striatal glutamatergic 
neurotransmission.
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Introduction
NMDA (N-Methyl-D-aspartate) subtype of glutamate 

receptors (GluNs) is a heteromeric receptor with various 
subunits including GluN1, GluN2A-D, and GluN3A-B 
that specify excitatory postsynaptic currents (EPSC) 
amplitudes (1). GluN1 is the obligatory subunit, while 
GluN2 and GluN3 specify the functional heterogeneity of 
NMDA receptors (2). The normal function of the NMDA 
receptor is crucial for synaptic plasticity, learning, 
memory, and information storage; while NMDA 
receptor dysfunction leads to cognitive and psychiatric 
disorders such as epilepsy, mental retardation, and 
schizophrenia (3, 4). The GluN2A:2B ratio has a major 
role in the regulation of decay kinetics of GluNs EPSCs 
and affects synaptic plasticity via modulating LTP (long-
term potentiation) and LTD (long-term depression) 
(5). GluN2 subunits are phosphorylated by activity-
dependent protein kinases including PKA (Protein 
kinase A - serines in GluN1, GluN2A, and GluN2C), PKC 
(Protein kinase C - serines GluN1, GluN2A, GluN2B and 
GluN2C), CaMKII (Ca2+/calmodulin-dependent protein 
kinase II - serine in GluN2B), Casein Kinase 2 (serine 
in GluN2B), and Src kinases (at tyrosines in GluN2A, 
2B and 2C) (6, 7). A previous study has reported that 
reduced expression of GluN2A is associated with age-
related working memory impairment, indicating the 
critical role of GluN2A in working memory (8). On the 

other hand, the GluN3A subunit is a unique inhibitory 
subunit among the subunits of NMDA receptors (9). 
GluN3A decreases Mg2+ blockade and Ca2+ permeability 
and augments neuronal excitability at resting potentials 
(10). GluN3A subunit is expressed in the CNS including 
the hippocampus and the cortex, and involved in 
synaptic plasticity (11, 12). GluN3A potently affects 
dendritic spine density and has a critical role in 
regulating glutamatergic synaptic plasticity (13).  

Opioids including morphine, the µ-opioid receptor 
agonist, are widely used for the treatment of moderate 
to severe pain (14). Behavioral and neuro-adaptive 
effects of morphine are related to stimulation of NMDA 
receptors (15). Previous research has suggested that 
NMDA receptors are involved in morphine tolerance 
and dependence (16). It has been also reported that 
morphine increases the expression level of GluN2B in 
the limbic system (17). Furthermore, administration 
of a single dose of morphine decreases the expression 
levels of GluN1, GluN2A, and GluN2B subunits in the 
hippocampus, 4 hr after administration (18).  

NeuroAid is a traditional Chinese medicine with anti-
apoptotic and anti-inflammatory effects (19). A previous 
study has declared that NeuroAid treatment improves 
animal survival as well as functional neurological 
recovery and attenuates neurodegeneration (20). 
NeuroAid also prevents neuronal necrosis and 
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apoptosis (21). NeuroAid has a significant protective 
effect against glutamate-induced cell death (20). It 
seems that NeuroAid by activating BDNF (brain-derived 
neurotrophic factor) modulates neuronal survival 
and exerts a neuroprotective effect against glutamate-
induced damages (22). The inhibitory effect of NeuroAid 
on glutamate-induced excitotoxicity has been also 
revealed in other studies (20, 21). 

According to the points mentioned, the goal of this 
study is to investigate the effects of morphine and 
NeuroAid on the expression levels of GluN2A and GluN3A 
in the hippocampus and striatum of male Wistar rats.

Materials and Methods
Animals

Twenty male Wistar rats (220–240 g) were obtained 
from the Pasteur Institute. The rats were randomly 
housed in groups of five in each Plexiglas cage and 
maintained under controlled environmental conditions 
including stable light/dark cycle (7:00-19:00 lights on) 
and temperature (22±2 °C). All rats had ad libitum access 
to water and food. Our experimental protocol was done 
in accord with the Institute for Cognitive Science Studies 
(ICSS) guidelines and the National Institutes of Health 
Guide for the Care and Use of Laboratory Animals (NIH 
publications No. 80–23).

Drugs
Morphine sulfate (Temad company, Tehran, Iran) 

and NeuroAid (MLC601, Moleac company,  Singapore) 
were used in this research. Both drugs were dissolved 
in normal saline and injected intraperitoneally (IP). 
NeuroAid consisted of nine herbal ingredients (extracts 
of Radix astragali, Radix salvia miltiorrhizae, Radix 
paeoniae rubra, Rhizoma chuanxiong, Radix angelicae 
sinensis, Carthamus tinctorius, Prunus persica, 
Radix polygalae, and Rhizoma acori tatarinowii) and 
five non-herbal components (Hirudo, Eupolyphaga 
seu steleophaga, Calculus bovis artifactus, Buthus 

martensii and Cornu saigae tataricae).   

Experimental design
Twenty rats were randomly divided into four groups: 

control, morphine, NeuroAid, and morphine-NeuroAid 
(five rats/group). Rats in the control group received 
saline without any kind of drug intervention for 21 
days. Rats in the morphine group received a fixed dose 
of morphine (2 mg/kg) for 7 days, and then, during 14 
days, the rats received morphine at increasing doses (2 
mg/kg per day) until the last day (4, 6, 8, 10, …, 30 mg/
kg until day 21). Rats in the NeuroAid group received 
NeuroAid (2.5 mg/kg) every other day until day 21. Rats 
in the morphine-NeuroAid group received morphine 
plus NeuroAid as did the rats in the morphine and 
NeuroAid groups, respectively, for 21 days. After 21 
days, the brains of all rats were separated and prepared 
for molecular analysis (Figure 1).

Tissue sample collection
Rats were euthanized by decapitation. Following 

the decapitation, the hippocampus and striatum were 
removed from the skull, washed with saline, and 
dissected on a plate full of ice. The hippocampus was 
separated from the other parts of the brain by cutting 
the brain’s midline which leads to the separation of the 
cerebral hemispheres. Then, with the assistance of a 
spatula, we cut the fimbria-fornix bundle resulting in 
easier hippocampus dissection.

RNA isolation and RT-PCR
The samples were immediately lysed and the RNA 

extraction procedure was done by a high pure tissue 
RNA extraction kit (Qia gene) in accordance with its 
relevant method. Next, the quality of the extracted RNA 
was checked by NanoDrop spectrophotometers. c-DNA 
was synthesized by reverse transcription kit (Qia gene). 
Following this step, real-time polymerase chain reaction 
was performed as a rapid method for the amplification 
of c-DNA.

Figure 1. The time-line of the study that shows the schedule of the injections. Twenty rats were randomly divided into four groups: control, 
morphine, NeuroAid, and morphine-NeuroAid (each group, five rats)
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Oligonucleotide set design
 In this study, GluN2A and GluN3A were selected 

as targets and beta-actin was selected as the internal 
reference gene. The sequences of these genes were 
obtained from the NCBI database and primer sets were 
designed using the GeneRunner software package and 
analyzed in Basic Local Alignment Search Tool to avoid 
secondary structure and homology with other genome 
regions (Table 1).

Real-time polymerase chain reaction
cDNAs were diluted 1 to 5 with distilled water. 

Therefore, the final cDNA concentration for the PCR 
reaction was 15 ng/ μl. Then, all the primers were diluted 
to a concentration of 0.2 pmol/μl. At the end, Master Mix 
(RealQ Plus 2x Master Mix Green, AMPLIQON, Denmark), 
cDNA, and primers in the 96 wells of Applied Biosystems 
(USA StepOnePlus Real-Time PCR) were added, and at 
this stage, done according to the Master Mix protocol 
(Table 1). Plate design was carried out using two 
repetitions of each sample to increase accuracy. Primary 
denaturation was carried out at 95 °C for 15 min and 
40 cycles, including denaturation at 95 °C for 15 sec and 
the annealing phase at 64 °C for 60 sec. Relative gene 
expression levels were calculated by the Pfaffl method. 
For drawing standard curves proliferation, at first, the 
cDNAs of the control group mixed and dilutions of 0.6, 
3, 15, and 75 ng/μl were prepared. Then, real-time PCR 
reaction was repeated twice, for each dilution with each 
of the primers individually. In the end, the standard 
curve for each primer, based on the obtained values of 
Ct in contrast to the used dilutions, was drawn. Using 
the obtained curve line gradient and this relation “E = 
10 (-1/slope) – 1” (E: reaction efficiency, slope: curve 
line gradient), reaction efficiency for each primer was 

measured.

Statistical analysis
Statistical analyses were performed using SPSS 

software (V. 22.0). One-way ANOVA and post hoc Tukey 
tests were used to assess the significant difference 
between groups. P<0.05 was considered statistically 
significant. 

Results
Effect of morphine and NeuroAid on the expression 
level of GluN2A and GluN3A in the hippocampus 

The results showed that morphine (95% CIs 3.50 
to 4.68, P=0.004) and NeuroAid (95% CIs 4.31 to 5.46, 
P=0.002) up-regulated the expression level of GluN2A 
in the hippocampus (Figure 2, Panel A). Also, only 
NeuroAid (95% CIs 5.54 to 6.91, P=0.028) up-regulated 
the expression level of GluN3A in the hippocampus 
(Figure 2, Panel B). Moreover, NeuroAid (95% CIs 6.44 
to 8.20, P=0.021) increased the expression level of 
GluN3A in the hippocampus of morphine-addicted rats 
(Figure 2, Panel B).

The effect of morphine and NeuroAid on the expression 
level of GluN2A and GluN3A in the striatum

The results showed that morphine (95% CIs 1.96 
to 2.76, P=0.008) up-regulated the expression level 
of GluN2A in the striatum (Figure 3, Panel A). Also, 
NeuroAid (95% CIs 4.64 to 6.68, P=0.002) increased the 
expression level of GluN2A in the striatum of morphine-
addicted rats (Figure 3, Panel A). Moreover, NeuroAid 
(95% CIs 0.16 to 0.39, P=0.000) down-regulated the 
expression level of GluN3A in the striatum (Figure 3, 
Panel B).  

Table 1. Characteristics of the primers used in the Real-time PCR assay. GluN2A and GluN3A were selected as targets and beta-actin was selected 
as internal reference gene

 

  
Figure 2. The expression levels of GluN2A and GluN3A in the hippocampus following administration of morphine and NeuroAid [***P<0.001, 
**P<0.01, *P<0.05 compared with the control group, ###P<0.001, ##P<0.01, #P<0.05 compared with the morphine group]

 

                                                    Sequences Gene 
F: 22 
R: 20 

F: GCCATGGATGACGATATCGCTG 
R: CCCATACCCACCATCACACC 

Beta-actin 

F: 22 
R: 24 

F: TGCATCTATGATCATGGCTGAC 
R: ATAAAGCTGATGAAGTCTCGGTAG 

GluN2A 

F: 19 
R: 20 

F: AACCTCAAGCGCATCGGAC 
R: GTGCCGGACTCTGGATCATC 

GluN3A 
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Discussion
The effect of morphine on the expression level of 
GluN2A and GluN3A in the hippocampus and striatum

As the results showed, morphine up-regulated the 
expression of GluN2A in both brain regions, with no 
effect on the expression of GluN3A. Morphine is derived 
from Papaver somniferum and used for the treatment 
of pain (23). Different studies have mentioned the 
interaction of morphine and NMDA receptors (24, 25). It 
has been reported that GluN2A subunits have a critical 
role in learning and memory. Previous research has 
demonstrated that mice lacking hippocampal GluN2A 
subunits show spatial working memory impairment 
(26). Another study has reported an increase in GluN2A 
subunits at dendritic spines after the induction of LTP 
in the hippocampus (27). Blocking GluN2A subunits 
in the basolateral amygdala impairs reconsolidation 
of conditioned fear memory (28). On the other hand, 
NMDA receptor antagonists prevent morphine-induced 
CPP (Conditioned Place Preference) in mice (29), while 
NMDA receptor agonists facilitate morphine-induced 
CPP (30). Polyamines, naturally occurring polycations 
that activate GluN2B subunits, bind at a dimer interface 
between GluN1 and GluN2B subunits. It has been 
revealed that arcaine (antagonist of the NMDA receptor 
polyamine-binding site) interacts with morphine-
induced behavioral alterations (31, 32). It’s important 
to note that, GluN2A subunits are involved in morphine 
dependence (33). Previous research has declared that 
the signs of morphine withdrawal are significantly 
decreased in GluN2A knockout mice. These results 
suggested that GluN2A-induced adaptive alterations 
have a key role in the development of morphine 
dependence (34). Additionally, up-regulated GluN2A 
expression is observed in the nucleus accumbens of 
mice after chronic morphine dependence (35). It has 
been also suggested that opioidergic neurons are 
connected to the glutamatergic neurons and activate 
postsynaptic GluN2A subunits via unknown inhibitory 
neurons because the morphine analgesic effect is 
potent in GluN2A-/- mice (35). Moreover, the expression 
level of GluN2A is significantly increased after chronic 
treatment of morphine in PAG (periaqueductal gray), 
VTA (ventral tegmental area), and NAc (nucleus 
accumbens shell), indicating the role of GluN2A 
subunits in the development of morphine analgesic 

tolerance (35). Previous research has also revealed 
that activation of D1 dopaminergic receptors regulates 
morphine-induced LTP by direct interaction with 
GluN2A subunits at a wide-range of synapses from the 
prefrontal cortex to the NAc and plays a significant 
role in addiction-related synaptic plasticity changes 
(36). In line with these findings, our data showed that 
morphine up-regulated the expression level of GluN2A 
in the hippocampus and striatum. These results may 
reveal the important role of hippocampal and striatal 
GluN2A subunits in morphine analgesic tolerance, 
morphine physical dependence, and morphine reward-
related memory. Behavioral experiments are needed to 
better understand the interaction effect of GluN2A and 
morphine in the striatum and the hippocampus.

The effect of NeuroAid on the expression level of 
GluN2A and GluN3A in the hippocampus and striatum

As the results showed, NeuroAid up-regulated the 
expression of both subunits in the hippocampus, while 
down-regulating the expression of GluN3A in the 
striatum. NeuroAid (MLC601) is a Chinese drug with 
nine herbal ingredients and five non-herbal components 
(37). NeuroAid has neuroprotective and anti-apoptotic 
effects (20). Furthermore, NeuroAid modulates 
neuronal survival and exerts a neuroprotective effect 
against glutamate-induced damages (22). In addition, 
NeuroAid improves functional neurological recovery 
and attenuates neurodegeneration (20). Previous 
research has shown that post-treatment administration 
of NeuroAid for one week significantly attenuates 
neuronal death in the CA1 hippocampal region (21). 
NeuroAid also induces a potent protective effect against 
glutamate-induced cell death (20). It should be noted 
that there are not many published papers about the 
effect of NeuroAid on the expression of GluNs subunits. 
Also, the mechanism of NeuroAid is largely unknown; 
however, the neuroprotective effect of NeuroAid has 
been reported, especially in stroke and traumatic brain 
injuries. Previous research has reported that NeuroAid 
improves cognitive functions including episodic-
like memory after traumatic brain injury (38). NeuroAid 
also promotes extinction in passive avoidance tasks and 
improves learning in the Morris Water Maze apparatus, 
and also, enhances the performance of mice in the novel 
object recognition test. NeuroAid increases the number 

 

Figure 3. The expression level of GluN2A and GluN3A in the striatum following administration of morphine and NeuroAid [***P<0.001, **P<0.01, 
*P<0.05 compared with the control group, ###P<0.001, ##P<0.01, #P<0.05 compared with the morphine group]
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of hippocampal mature neurons (39). On the other 
hand, the positive role of GluN2A in synaptic plasticity 
and memory has been revealed. After the induction of 
synaptic plasticity, GluN2A subunits are increased in 
the synaptic fraction (40). After effective LTP induction 
via theta-burst stimulation (TBS), GluN2A subunits 
are increased in the hippocampus (41). Furthermore, 
mice lacking hippocampal GluN2A subunits show 
disrupted spatial working memory (26). As mentioned, 
GluN3A affects dendritic spine density and regulates 
glutamatergic synaptic plasticity (13). Astrocytes play 
a role in the regulation of synaptic transmission and 
LTP induction via releasing glutamate. Furthermore, 
astrocytes affect intracellular Ca2+ homeostasis via 
modulating GluN3A expression (42, 43). GluN3A is a 
negative subunit, that constrains NMDA-induced calcium 
influx (44). Also, NMDA activation in GluN3A knockout 
mice is increased (1). According to these reports, 
we can suggest that NeuroAid-induced hippocampal 
GluN2A up-regulation which induces LTP and synaptic 
plasticity, may be related to its improvement effect 
on learning and memory. We can also suggest that 
NeuroAid-induced striatal GluN3A down-regulation 
may be related to its neuroprotective and anti-apoptotic 
effects. This mechanism may be associated with the 
protective effect of NeuroAid on glutamate-induced cell 
death and excitotoxicity. It can be also suggested that the 
therapeutic effect of NeuroAid on Parkinson’s disease, in 
addition to its anti-inflammatory effect, may be related 
to its anti-apoptotic effect in the striatum. 

The effect of NeuroAid on the expression level of 
GluN2A and GluN3A in the hippocampus and striatum 
of morphine-addicted rats

As the results showed, NeuroAid up-regulated the 
expression level of GluN3A in the hippocampus and 
GluN2A in the striatum of morphine-addicted rats. It 
should be noted that this is the first research about the 
effect of interaction between NeuroAid and morphine 
on the expression level of NMDA GluNs subunits. As we 
mentioned, GluN3A subunits are negative subunits of 
NMDA receptors that prevent NMDA-induced calcium 
influx. Also, we mentioned that GluN3A knocking out 
leads to enhanced NMDA current. It has been revealed 
that morphine induces apoptosis (45). Furthermore, 
morphine administration leads to apoptotic effects 
in the heart tissue of mice (46). Stress-induced 
reinstatement of morphine-induced CPP is related 
to increase in glutamate in the medial prefrontal 
cortex (47). Also, chronic opioid exposure leads to 
glutamatergic neurotransmission adaptation which 
has a significant role in the modulation of addiction 
(48). Previous research has revealed that Agmatine by 
regulating the release of glutamate and expression of 
GluNs, decreases the extracellular level of glutamate, 
which in turn leads to attenuated morphine-induced 
glutamatergic adaptation in the hippocampus (48). We 
suggest that up-regulation of GluN3A subunits in the 
hippocampus may be a neuroprotective mechanism of 
NeuroAid to cope with morphine-induced cell death 
and morphine-induced addiction. These results suggest 
that NeuroAid may interact with the effect of morphine 
on glutamatergic neurotransmission. On the other 
hand, NeuroAid increased the expression of GluN2A 

in the striatum of morphine-addicted rats. There is no 
published data on this topic and to better understand 
the interaction effect between morphine and NeuroAid, 
further studies are needed. We can suggest that 
NeuroAid by altering the expression of GluN2A in 
morphine-addicted rats affects the development of 
morphine analgesic tolerance. 

Conclusion
The results of this study showed that morphine 

increased the expression level of GluN2A in the 
hippocampus and striatum. NeuroAid increased 
the expression level of GluN2A and GluN3A in the 
hippocampus, while decreasing the expression of 
GluN3A in the striatum. NeuroAid also increased the 
expression of GluN3A in the hippocampus and GluN2A 
in the striatum of morphine-addicted rats. It should be 
noted that there is no published paper in this field and 
to better understand the interaction effect of NeuroAid 
and morphine on the expression of GluN2A and GluN3A 
in the hippocampus and striatum, further studies are 
needed.
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