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ABSTRACT: Morphine, a potent opioid analgesic, plays a critical role in pain management but elicits 
complex effects on the central nervous system (CNS), demonstrating both beneficial and 
detrimental outcomes. This paper reviews preclinical studies to examine morphine's interactions 
with the CNS, notably via binding to opioid receptors, leading to analgesia as well as a series of 
adverse effects, including addiction, tolerance, and neurological impairments. Acute exposure to 
morphine alters neurotransmitter activity, gene expression, and neuronal firing rates. In contrast, 
chronic use results in significant neuronal damage, altered memory functions, increased pain 
sensitivity, and neuroinflammation, highlighting the drug's impact on neurogenesis and neural cell 
viability. Additionally, morphine's protective properties against neurotoxic insults are discussed, 
alongside its potential to disrupt cellular and molecular pathways, culminating in neurotoxicity and 
cognitive deficits. Given the dual nature of morphine's impact on the CNS - protective vs. harmful, 
depending on specific conditions such as dosage, disease type, and administration frequency - this 
paper underscores the necessity for further research to untangle this complex interplay to leverage 
morphine's pain management benefits while minimizing its risks. A thorough evaluation of 
morphine administration practices can help reconcile these conflicting results. 
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1.0  INTRODUCTION 
Morphine, derived from the poppy plant, is a potent 
narcotic drug widely recognized for its efficacy in 
managing severe and acute pain (Gach et al., 2011). It 
has a chemical composition of 17 carbon atoms, 19 
hydrogen atoms, one nitrogen atom, and three oxygen 

atoms, represented by the molecular formula 
C17H19NO3, as illustrated in Figure 1. This intricate 
structure is essential for morphine's pharmacological 
actions, as it binds to specific receptors in the CNS to 
induce pain relief and sedation. The distinct 
configuration of atoms in morphine's chemical makeup 
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influences its effectiveness and potential benefits and 
drawbacks when utilized for medical purposes. 
 
Morphine has been classified as a vital medication by 
the World Health Organization (WHO), highlighting its 
significance within the medical community. Extensive 
research has consistently demonstrated the drug's 
positive impact on pain reduction, making it a valuable 
treatment option for both musculoskeletal and 
neuropathic pain (Teasell et al., 2010). The beneficial 
effects of morphine on pain relief have been attributed 
to its interaction with the μ receptor (MOR), as indicated 
by several studies (Dominguez & Habib, 2013; Gach et 
al., 2011). This drug is commonly administered to 
alleviate pain in various scenarios, including post-
cesarean section pain (Dominguez & Habib, 2013) pain 
associated with kidney diseases (Murphy, 2005), 
different forms of cancer (Roch & van Oorschot, 2020; 
Schuster et al., 2018), and bone-related issues like 
fractures (Jahanian et al., 2018). 
 
Also, for many years, drugs such as morphine have been 
the primary choice for prescribing neurological 
problems like spinal cord injury. However, it has been 
downgraded to a less prominent role for several 
reasons. These include worries about drug safety, the 
potential for tolerance, dependence, and addiction with 
prolonged use, as well as the presence of side effects like 
nausea, headache, and breathing difficulties.  
 
Furthermore, the use of morphine and other opioids has 
been linked to the opioid crisis, leading to increased 
caution and scrutiny of their prescription. Consequently, 
alternative treatments and medications have been 
explored and recommended for managing neurological 
problems, including spinal cord injury (Stampas et al., 
2020). In a study, it was found that the consumption of 
elevated amounts of morphine during the early stages 
of spinal cord trauma can lead to addiction. Moreover, 
in the long-term, it can harm the recovery and 
restoration of functionality. However, another study has 
demonstrated that when used in analgesic doses, 
morphine does not exhibit addictive behaviors and 
effectively reduces pain (Stampas et al., 2020). 
 
Studies have shown that persistent activation of 
dopamine neurons in the ventral tegmental area and 
decreased responsiveness of opioid receptors following 
morphine exposure may contribute to the development 
of addiction and diminished drug efficacy. This 
phenomenon is linked to the rapid development of 
tolerance to pain relief and the swift onset of addiction 
to morphine (Jahanian et al., 2018). Despite the 

significant and well-defined complications and effects of 
morphine, it continues to be a preferred drug among 
healthcare professionals. However, the current 
consensus among the medical community and most 
therapists is that the use of morphine should be limited 
to appropriate treatment settings. Typically, it is 
administered in a controlled manner within medical 
centers such as hospitals and clinics, primarily for pain 
management. This controlled administration may 
involve a single dose or repeated administration, 
particularly in cases of chronic diseases. 
 
Today, the widespread use of morphine for pain 
reduction raises an important question regarding its 
potential side effects on other cells, particularly nerve 
tissue, even within the seemingly safe dosage range. 
This prompts us to inquire about the primary target 
audience for this drug and the nature of its effects. It is 
essential for therapists and patients who prescribe or 
consume morphine to be aware of its potential effects 
on the cellular levels of the nervous system. In this 
review study, the mechanism of action of morphine is 
explained, and the harmful and beneficial impacts of this 
medication on the CNS are compiled from a range of 
research studies. Also, the effects of morphine on 
cellular levels and in the nervous system of animals were 
considered. Therefore, the results of more than 115 
preclinical articles from reliable scientific databases such 
as Scopus, ScienceDirect, Pubmed and Google Scholar 
were collected, and their data were analyzed and 
compared qualitatively. 
 
 

 
 

Figure 1: Chemical structure of morphine (C17H19NO3) 

 
 
1.1  How morphine works in the CNS  
Morphine is an analgesic that directly affects the CNS by 
binding to μ, δ, and κ opioid receptors, effectively 
relieving pain. Opioid receptors are part of the G-protein 
coupled receptor group (Gach et al., 2011; Sargeant et 
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al., 2008; Schroeder & Lewis, 2006; Teasell et al., 2010; 
Zhang et al., 2019). Additionally, natural opioids like 
endorphins, endomorphins, and nociceptin exist in the 
human CNS and primarily participate in pain modulation 
(Teasell et al., 2010). The main effects of opioids involve 
the suppression of cAMP synthesis, blocking calcium ion 
flow, discharge of calcium from internal sources, and 
activation of potassium channels (Sargeant et al., 2008).  

Figure 2 shows the opioid receptor signal transmission 
path. The use of drugs like morphine, which have both 
beneficial and adverse effects, can lead to various 
changes in neuronal activity and gene expression within 
the nuclei of neurons. These changes occur through 
intracellular signaling pathways (BOX1), ultimately 
resulting in altered neuronal function and manifesting in 
individual behavior (Zhang et al., 2019). 

 

 
 

Figure 2: The signal transduction pathway of opioid receptor activation involves binding an agonist to the opioid receptor, 
which then couples with a heterotrimeric G protein. Subsequently, the G protein undergoes dissociation into its subunits, Gα 
and Gβγ, followed by the movement of subunit Gα, leading to the inhibition of adenylyl cyclase (AC) activity. The release of 
subunit Gβγ inhibits voltage-gated (VGCC, L and N-type) calcium (Ca2+) channels and activates potassium (K+) channels 
(Sakurada et al., 2005). 

 
 
1.2  Morphine in analgesic pathways 
The pathways that transmit pain signals begin with 
sensory neurons in the skin or other internal tissues. 
These pain receptors transmit impulses to the posterior 
region of the spinal cord, which then relay the 
information to the thalamus. Neurons in the thalamus 
subsequently transmit pain messages to the cerebral 
cortex, where they are combined and analyzed. In 
humans, most of the morphine is metabolized into 
morphine-6-glucuronide and morphine-3-glucuronide. 
These metabolites are responsible for their analgesic 
properties at lower concentrations, but they can induce 
pain at higher concentration (Sakurada et al., 2005).  
 
At low concentrations (less than 50 mmol in mice and 
rats), morphine-6-glucuronide, produced from the 
metabolism of morphine in the body, binds to opioid 
receptors and induces analgesic properties through the 
spinal cord. However, at high doses (greater than 30 
nanomoles in mice and greater than 100 nmol in rats), 
morphine instead causes hyperalgesia (increased 
sensitivity to stimuli) and allodynia (pain response to a 
normally non-painful stimulus). In this route, morphine-
3-glucuronide triggers the discharge of substance P (SP) 
and glutamate at presynaptic locations, which then 

activate neurokinin-1 (NK1) and N-methyl-D-aspartate 
(NMDA) receptors on the postsynaptic membrane. The 
stimulation of NMDA receptors, facilitated by 
heightened calcium entry and calmodulin, increases 
nitric oxide (NO) production. This NO can then be 
released into presynaptic locations, subsequently 
triggering the discharge of substance P (SP) and 
glutamate. At high doses of morphine, contrary to its 
analgesic properties at low doses, morphine loses its 
ability to mediate pain through opioid receptors, and its 
analgesic effects diminish (Figure 3) (Gabel et al., 2022; 
Rueda-Ruzafa et al., 2020; Sakurada et al., 2005). 
 
1.3  Pharmacodynamics of morphine 
Morphine can be readily absorbed from all routes of 
administration except through the skin. The maximum 
plasma level is reached within 30-90 minutes after oral 
intake and 15-20 minutes after subcutaneous and 
intramuscular injection (Glare & Walsh, 1991). Oral 
administration of morphine leads to extensive first-pass 
hepatic metabolism. Therefore, subcutaneous or 
intravenous injections of morphine can achieve suitable 
blood levels without undergoing first-pass metabolism. 
Opioids exhibit differing degrees of attachment to 
plasma proteins before quickly exiting the circulation 
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and accumulating at high levels in well-vascularized 
tissues, incorporating the kidneys, brain, spleen, liver, 
and lungs. Conversely, the presence of the blood-brain 
barrier results in relatively low concentrations of opioids 
in the brain compared to other tissues.  
 
Morphine undergoes rapid hepatic glucuronidation, 
forming two biologically active derivatives, morphine-3-
glucuronide and morphine-6-glucuronide, which are 
subsequently excreted through renal pathways. 
Conjugated compounds with glucuronide are also 
present in bile, but due to hepatic enterohepatic 
circulation, only a limited amount of the drug is 
discharged through this route (Ofoegbu & Ettienne, 
2021; Thigpen et al., 2019). In pharmacodynamics, 
various factors influence morphine's effects. For 
example, in a study on the metabolism of morphine in 
pediatric patients, it is observed that, in addition to body 
weight, OCT1 genotypes have a significant impact on the 
processing of morphine when administered 
intravenously. The higher prevalence of defective OCT1 
alleles among Caucasians may lead to decreased 
elimination of morphine and potentially a greater 
likelihood of detrimental effects compared to African-
American children (Fukuda et al., 2013).  

2.0  DIVERSE EFFECTS OF MORPHINE ON CNS 
2.1  Destructive role of morphine in the CNS 
Morphine is a potent narcotic drug commonly used for 
pain relief. However, it can also harm the brain and 
spinal cord neurons. Morphine acts by attaching to 
opioid receptors located in the spinal cord and brain, 
which can lead to several adverse effects on neuronal 
cells. Morphine binds explicitly to a set of mu-opioid 
receptors (MORs) on the surface of brain and spinal cord 
neurons. This binding activates a signaling pathway that 
prevents the transmission of neurotransmitters such as 
glutamate and substance P, which are involved in pain 
perception and other physiological functions. One of the 
main ways in which morphine can be detrimental to 
neurons is through cell death (Li et al., 2023; Yang et al., 
2018)  Investigations have indicated that prolonged and 
continuous exposure to morphine can lead to apoptosis 
or programmed cell death in neurons. Research has 
revealed that morphine causes neuronal apoptosis in 
multiple brain regions, including the hippocampus, 
cerebellum, and cerebral cortex. This can impair brain 
function and cognitive disturbances (Asuni et al., 2021; 
Wang et al., 2020). 

 
 

 
Figure 3: The analgesic pathways of morphine. Low doses of morphine are metabolized to morphine-6-glucuronide, which 
produces spinal analgesic properties. High doses of morphine are converted to morphine-3-glucuronide, leading to an 
increased release of glutamate and substance P (SP) in the presynaptic terminal. Glutamate and SP, acting on N-methyl-D-
aspartate and NK1 receptors, respectively, in the postsynaptic site, increase calcium influx, producing nitric oxide. Nitric oxide 
is then released back into the presynaptic terminal, further enhancing the release of glutamate and SP. 
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The addition of morphine has been found to increase 
neurotoxicity in cultured human neuronal cells. The co-
occurrence of morphine and human immunodeficiency 
virus (HIV) has been shown to lead to the apoptosis of 
neurons, astrocytes, and glial precursors in the striatum 
of mouse models. This highlights the need for further 
investigation into the neurological effects in individuals 
with morphine addiction and HIV infection. In 
experiments using mouse cortex neurons, researchers 
have observed that morphine induces an increase in 
lactate dehydrogenase release caused by beta-amyloid 
and activates caspases 2 and 3 (Harburg et al., 2007). 
The administration of morphine to mice at a dosage of 
20 mg/kg for 12 days led to the initiation of apoptosis in 
the hippocampal neurons and the deterioration of their 
spatial memory (Lu et al., 2010). Additionally, rats that 
received morphine treatment at doses of 2.5, 5, and 7.5 
mg/kg per day over 3 days displayed impaired spatial 
memory function and reduced neuronal distribution in 
the hippocampus (Jahanshahi et al., 2014). Morphine 
can also induce modifications in the morphology and 
activity of neurons. For instance, it can potentially 
modify the activity of particular genes and proteins that 
play a crucial role in signaling and neural 
communication. It has been shown that morphine can 
modulate gene expression in various regions of the 
brain, comprising the amygdala and nucleus accumbens, 
which may lead to changes in behavior and addiction 
(Khazali & Mahmoudi, 2019; Rouhani et al., 2019; Ucha 
et al., 2019). 
 
Morphine can disrupt synaptic plasticity, which involves 
the capacity of synapses to modify their strength and 
connectivity in reaction to stimuli (Drastichova et al., 
2021). It has been shown that morphine induces 
synaptic vulnerability in various areas of the brain, 
including the hippocampus and prefrontal cortex. This 
can lead to disruptions in neural networks and 
impairments in learning, memory, and other cognitive 
functions (Drastichova et al., 2021; Khani et al., 2022; 
Kupnicka et al., 2020). Morphine also has the potential 
to induce inflammation in neuronal cells. Inflammation 
is a natural response to injury or infection, but it can lead 
to damage and dysfunction when it occurs in neuronal 
cells. Neuroinflammation refers to inflammation in the 
brain mediated by immune cells called microglia and 
astrocytes.  It has been found that morphine activates 
microglia and astrocytes, leading to neuroinflammation 
in various areas of the brain, including the spinal cord 
and cerebral cortex. This can result in chronic pain and 
other neurological symptoms such as depression and 
anxiety, as well as play a role in the onset of 
neurodegenerative conditions such as Alzheimer's and 

Parkinson's (Chen et al., 2020; Guan et al., 2021; Rahimi 
et al., 2021).  
 
Another adverse effect of morphine on neuronal cells is 
its ability to alter the levels of neurotransmitters. 
Neurotransmitters are chemical substances that allow 
communication between nerve cells, and changes in 
their levels can disrupt normal brain function. Research 
has indicated that the use of morphine leads to a 
decrease in dopamine levels, a neurotransmitter that is 
essential for reward and motivation (Harburg et al., 
2007). Studies have previously indicated that excessive 
morphine consumption can potentially cause damage to 
the nervous system in animals. It has also been reported 
that prolonged and continuous use of morphine induces 
cell death in diverse regions of the brain and spinal cord 
of a rat, including the cortical, frontal, striatal, posterior, 
entorhinal, perirhinal, and hippocampal areas . 
 
In general, while morphine can be an effective analgesic, 
its detrimental effects on neurons highlight the 
importance of careful monitoring and management of 
its use. As a result, morphine has a destructive role on 
neuronal cells by inducing neuronal apoptosis, synaptic 
vulnerability, neuroinflammation, and gene expression 
changes. These effects can lead to cognitive impairment, 
chronic pain, neurological disorders, addiction, and 
other negative consequences. 
 
2.2  The impact of single doses of morphine on the CNS 
A study by Willner et al. (2014) showed that exposure to 
various morphine doses in a cell culture environment (as 
a single dose for 24 hours) reduced the proliferation of 
neural precursor cells. Additionally, in a clinical dose that 
induces addictive behaviors, the expression of active 
caspase-3, which is a factor in cell death, was increased. 
Furthermore, their research has demonstrated that 
morphine promotes the differentiation of neurons and 
glial cells while simultaneously reducing self-renewal in 
these cells, decreasing the number of nestin-expressing 
cells (Willner et al., 2014). Another study reported that 
different DNA methylation occurs in the administration 
of a single dose and chronic use of morphine in various 
regions of the rat brain (Barrow et al., 2017). Anghel et 
al. reported in a study that in the hypothalamus, short-
term exposure to morphine led to an increase in the 
expression of 39 genes (at least 2-fold) and a decrease 
in the expression of 6 genes (Anghel et al., 2010). In 
research conducted by Ding et al. (2023), it was 
demonstrated that physical dependence on opioid 
substances like morphine occurs in non-human primates 
after exposure to analgesic doses of these substances in 
the short term.  
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Furthermore, in a study by Espinosa et al., they 
considered the downregulation of PC2, PC1/3 (a key 
regulator of many neurohormones), and P-CREB genes 
by morphine during short-term use as a signal against 
the increased expression of these genes in long-term 
morphine treatment, which could potentially shift drug 
use towards substance abuse (Espinosa et al., 2008). In 
research conducted by Cichewicz et al. (2001), the 
examination of Western blot data indicated a significant 
reduction in the levels of all three types of opioid 
receptor proteins (mu, kappa, delta receptors) in the 
midbrain of mice after short-term exposure to 
morphine. In 2021, Muchhala et al. conducted 
electrophysiological experiments that demonstrated 
exposure to 10 μM morphine for a duration of 15 to 18 
hours in laboratory conditions resulted in the 
emergence of acute adaptation in wild-type neurons β-
arrestin-2, without causing damage to the neurons 
themselves (Muchhala et al., 2021). 
 
In a human study conducted by researchers, it has been 
shown that the administration of morphine during 
infancy does not have an impact on cognitive, 
neurological function or heat sensitivity in preterm 
infants without brain injury during early life. However, a 
substantial correlation (with coefficients ranging from 
0.60 to 0.85) has been identified between gestational 
age, the frequency of procedures, morphine usage, and 
brain volume (Muchhala et al., 2021; Valkenburg et al., 
2015). Moreover, in the report by Bian et al. (2022), 
research has shown that a solitary administration of 
morphine can induce behavioral sensitization in rats. 
This phenomenon shows a strong correlation with the 
dose of the drug and the withdrawal time. In Zhang et 
al.'s study, it was discovered that administering a one-
time dose of morphine to rats has enduring impacts on 
dopamine neuron activity (Zhang et al., 2008). Ali et al.'s 
research also showed a one-time exposure to morphine 
that triggers a sustained and reduced reaction in the 
dopaminergic terminal areas of the rat's putamen (Ali et 
al., 2004).  
 
Furthermore, Pirnik et al. (2001) discovered that a 
solitary dose of morphine affects plasma corticosterone 
levels and the primary gene of the NMDA in the adrenal 
gland but does not have an impact on the hippocampus. 
Another study also demonstrated that a single morphine 
administration leads to a decrease in c-Fos expression in 
the central amygdala of rats, persisting for 24 hours (Jin 
et al., 2004). Besides, Farhani and colleagues discovered 
that acute application of morphine reduces the firing 
rate of locus coeruleus neurons and alters action 
potential characteristics (Farahani et al., 2023). In the 

study by Nowycky et al. (1978), it was shown that a 
solitary dose of morphine usage results in a prolonged 
and diminished response to dopaminergic terminals 
within the putamen of rats. They also revealed that a 
single administration of morphine (20 mg/kg 
intraperitoneally) leads to a progressive and sustained 
rise in the firing rate of dopamine cells.  This gradual 
increase is linked to a corresponding gradual buildup of 
the dopamine metabolite, dihydroxyphenylacetic acid 
(DOPAC) (Nowycky et al., 1978). As shown in Table 1, the 
effect of limited use of morphine on the CNS is 
summarized. 
 
2.3  The effect of multiple doses of morphine on CNS 
Occasionally, for therapeutic reasons, especially in 
chronic diseases, morphine consumption is common. A 
previous study on the brain of morphine-resistant rats 
showed that the addition of morphine inhibits calcium 
absorption stimulated by depolarization without 
affecting absorption under non-depolarization 
conditions. This study also demonstrated that adaptive 
changes in calcium uptake at synaptosomes exposed to 
morphine could play a role in the development of drug 
tolerance and addiction.  However, the way morphine 
affects calcium absorption by synaptosomes separated 
from acute morphine tolerance is different from its 
effect in chronic morphine tolerance (Konno & 
Takayanagi, 1982). 
 
In a similar experiment conducted on mice, Wang et al. 
(1989) examined the influence of morphine on calcium 
uptake in brain synaptosomes using two different 
methods: centrifugation and filtration. They observed 
that the presence of morphine decreased calcium 
uptake using both methods. However, after the animals 
developed tolerance and dependence due to morphine 
pellet implantation, an increase in synaptic calcium 
uptake was observed (Wang et al., 1989). Another study 
reported that in a 7-day consumption model in mice, 
morphine increases pain sensitivity and enhances 
microglial activity in the area of nerve injury (Li et al., 
2019). Research indicates that in the nervous system, 
drugs such as morphine can alter the pathophysiology of 
spinal cord injury and lead to further loss of neural 
tissue, exacerbation of inflammatory responses, and 
increased macrophages at the site of injury (Aceves et 
al., 2019). It has been established that morphine use 
enhances the emergence of chronic pain, both in animal 
models and human studies (Woller et al., 2012). The 
protein that binds to the response element of cyclic-
AMP, also known as CREB, and ΔFosB are two influential 
transcription factors in controlling the expression of 
genes in the nervous system. 
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Locus coeruleus is a model for studying some molecular-
level changes that lead to the enhancement of the cAMP 
pathway. This upregulation in the brain is similar to the 
mechanism of action during drug dependence or 
withdrawal, in which CREB plays a central role. Repeated 
use of drugs increases the expression of CREB in the 
mentioned model, which is consistent with the repeated 

use of morphine. On the other hand, repeated drug use 
induces ΔFosB in the nucleus accumbens and posterior 
striatum, which can lead to molecular changes even long 
after drug cessation. Additionally, induction of ΔFosB 
expression also increases locomotor responses to 
morphine (Nestler, 2001). 

 
 

Table 1: The effect of limited use of morphine on the CNS 

 

Study Design Key Results References 

In vitro 

• Reduction in neural precursor cell proliferation. 

• Increase in caspase 3 activity. 

• Induction of neuronal and glial differentiation. 

• Decrease in autophagy. 

)2014Willner et al. ( 

In vivo (Rat) • Differential DNA methylation in different brain regions. Barrow et al. (2017) 

In vivo (Rat) • Gene expression changes in the hypothalamus. Anghel et al. (2010) 

In vivo • Emergence of physical dependence. Ding et al. (2023) 

In vivo (Rat) • Downregulation of gene expression (P-CREB, PC2 and PC1/3). Espinos et al. (2008) 

In vivo (Mice) 
• Decrease in opioid receptor proteins (mu, delta, kappa) in the 

midbrain. 
Cichewicz et al. (2001) 

In vitro & In vivo • Induction of acute tolerance in wild-type neurons of β-arrestin-2. Muchhala et al. (2021) 

In vivo (Zebrafish) • Development of behavioral sensitization. Bian et al. (2022) 

In vivo (Rat) • Long-term effects on dopamine neuron activity. Zhang et al. (2008) 

In vivo (Rat) 
• Reduced and prolonged response in dopaminergic terminal 

endings in the putamen. 
Ali et al. (2004) 

In vivo (Rat) 
• No effect on the concentration of mRNAs encoding NMDAR1 

within the hippocampus and anterior pituitary. 
Pirnik et al. (2001) 

In vivo (Rat) • Inhibition of the c-Fos activity within the central amygdala. Jin et al. (2004) 

In vivo (Rat) • Increase in action potential duration. Farahani et al. (2023) 

In vivo • Increase in firing rate of dopamine cells. Nowycky et al. (1978) 

 
 
In numerous studies, it has been observed that repeated 
use of morphine in rats leads to memory impairment 
(Eisch et al., 2000). In research by Jiang et al. (2021), it 
was demonstrated that morphine synchronizes 
somatostatin and parvalbumin interneurons in the 
prefrontal cortex, inhibiting pyramidal neurons and 
increasing reward. The findings of Chahkandi et al. in 
2015 showed that both acute and chronic morphine use 
increases blood glucose levels as the primary source of 
brain energy (Chahkandi et al., 2015). Furthermore, 
Soto-Montenegro et al. (2022) identified diverse 
patterns of brain glucose metabolism associated with 
morphine use in Lewis and Fischer 344 mice using 
neuroimaging. Lapierre et al. (2021) discovered that 

Beclin1 has a regulatory function in the release of 
inflammatory molecules in glial cells after being exposed 
to morphine and Tat (an HIV protein). They suggested 
that a decrease in glial-Beclin1 might offer protection for 
neurons under stressful conditions, such as exposure to 
morphine and Tat. In 2022, Chen et al. revealed that 
prenatal exposure to morphine leads to an elevation in 
gamma oscillations and enhanced theta coherence 
within the reward system of mice (Chen et al., 2022). In 
another study conducted on mice, it has been shown 
that prenatally administered morphine affects male 
offspring more than females, causing impairments in 
attention and task accuracy, which indicates the 
vulnerability of males to executive dysfunction in 
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response to prenatal opioid exposure, evidence for 
disrupted neuron-microglial signaling (Chen et al., 
2022).  
 
In contrast, Khani and colleagues demonstrated that 
giving morphine to adult rats leads to decreased spatial 
memory and synaptic plasticity in the dorsal 
hippocampus (Khani et al., 2022). Liu et al. discovered 
that morphine dependence in rats inhibits the 
production of new neural precursor cells in the granular 
layer of the hippocampus and decreases levels of cAMP, 
pCREB, and BDNF within the hippocampus (Liu et al., 
2018). Research indicates that prolonged usage of 
morphine and heroin diminishes the formation of new 
neurons in the dentate gyrus of adult rats and 
suppresses this process in the hippocampus (Cao et al., 
2002; Eisch et al., 2000). Moreover, Jimenez-Gonzalez et 
al. stated that morphine delays the differentiation of 
neural stem cells through excessive Nestin expression 
(Jimenez-Gonzalez et al., 2018). Nevertheless, in a 
separate investigation, it has been shown that the 
consumption of morphine by adult rats results in 
heightened neural stem cell differentiation and 
dendritic growth in the dentate gyrus. This research 
group attributed this effect to the increased activity of 
MOR receptors in these cells after being exposed to 
morphine (Zhang et al., 2019).  
 
In a review article, it was mentioned that a common 
factor involved in neurogenesis in embryonic, postnatal, 
and adult neural structures is astrocytic lineage neural 
precursor cells, which are influenced by opioids in their 
proliferation (Sargeant et al., 2008). A study has shown 
that the activity of the three opioid receptors (mu, 
kappa, and delta) affects the behavioral maturation of 
cells (Hauser & Mangoura, 1998). Another study 
demonstrated that morphine administration 
considerably reduces the differentiation of neural cells 
in terms of phenotype and genotype in a culture 
medium (Dholakiya et al., 2016). It was also mentioned 
in the book "Neural Repair" that any drug, such as 
morphine, that increases adenosine monophosphate 
(AMP) expression hinders the repair process (Young, 
2014). 
 
While some researchers, such as Mandyam et al. (2004), 
have shown that chronic opioid treatment reduces 
proliferation and pre-mitotic phase in mice, others, like 
Holmes and Galea (2002), have reported that opioid 
exposure enhances the growth of precursor cells in the 
hippocampus. Exposing young rats to morphine has 
been discovered to diminish corticogenesis by lowering 
the density of somatosensory inputs, with no impact on 

cortical thickness (Sargeant et al., 2008). Zhang et al. 
(2016) demonstrated that morphine consumption in 
mice leads to a reduction in adult neurogenesis, 
accompanied by impaired maturation of neural stem 
cells. Research has indicated that morphine reduces the 
synthesis of DNA in cultured type 1 astrocytes derived 
from rat brains at an early stage of development 
(Sargeant et al., 2008). However, other studies have 
shown that the sensitivity of astrocytes to opioids 
depends on developmental age and the precise origin of 
the cells. The impact of morphine on proliferation and 
differentiation in complex live models is not inhibitory 
or stimulatory. Overall, this review article suggests that 
endogenous opioids are regulators of neurogenesis, 
which depends on the brain area and developmental 
age before and after birth (Sargeant et al., 2008).  
 
Feizy et al. (2016) indicated that the survival of stem 
cells isolated from the telencephalon of rat embryos 
decreased in a morphine-treated culture medium. It has 
been observed that opioids have more inhibitory 
influences on cell proliferation in culture medium, and 
their effects on cell growth and production of DNA in the 
developing brain are dependent on age, duration of use, 
and the specific brain region under investigation (Eisch 
et al., 2000; Sargeant et al., 2008). Another study 
reported that morphine inhibits neurogenesis in adult 
mice and affects memory through a PKCε/Prox1 
pathway (Fan et al., 2018). All addictive drugs, including 
narcotics, act on a common pathway involving the 
transmission of dopamine from the ventral tegmental 
zone to the nucleus accumbens. Additionally, these 
substances also share the effect of reducing neurogenic 
function in the hippocampus (Chambers, 2013).  
 
Chen et al. stated that morphine inhibits glutamatergic 
input to dopaminergic neurons in the ventral tegmental 
area and stimulates dopamine neurons (Chen et al., 
2020) . Additionally, apoptosis in this region is induced 
by increased lactate dehydrogenase release following 
morphine consumption (Nyberg, 2009). Assunção-Silva 
et al. (2015) also indicated that prolonged morphine 
administration in rats can abnormally hasten 
programmed cell death, leading to elevated expression 
of the proapoptotic Fas receptor protein and reduced 
expression of the antiapoptotic Bcl-2 oncoprotein in the 
cerebral cortex. In a similar study conducted in culture 
medium, prolonged use of morphine significantly and in 
a dose-dependent manner decreased the quantity of 
cultured neural cells obtained from embryonic mouse 
hippocampal cells (Nyberg, 2009). It has been observed 
that this drug inhibits cellular growth and induces 
apoptosis through the upregulation of proapoptotic Fas 
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receptor protein expression and downregulation of 
antiapoptotic Bcl-2 expression in human embryonic 
neurons and microglia (Nyberg, 2009). Several research 
teams also reported that long-term addiction to 
morphine results in reduced neurogenesis in the 
hippocampus, impaired memory function, altered 
emotional-cognitive responses, and increased anxiety 
levels in male rats (Eisch et al., 2000; Famitafreshi et al., 
2015; Nestler, 2001). Another study, while highlighting 
the adverse impacts of morphine on neurogenesis in the 
hippocampal region of mice, suggests an inverse 
relationship between neurogenesis and the level of 
morphine dependence. It also indicates that 
proliferation in the subgranular zone decreases at higher 
levels of morphine dependence (Fischer et al., 2008).  
 
Furthermore, it was revealed that repeated treatment 
with morphine considerably diminished cellular 
proliferation in the hippocampus of morphine-
dependent rats, while also decreasing the expression of 
neural cell adhesion molecule for cell-cell interactions 
and altering the phenotype of glial cells (Kahn et al., 
2005). All addictive drugs affect the function of 
dopaminergic synapses in the nucleus accumbens (Fürst 
et al., 2013). It has been suggested in a study that 
morphine, in addition to inhibiting growth and inducing 
apoptosis, can also hinder the repair of damaged nerve 
cells through its toxic effects (Nyberg, 2009). Exposure 
to morphine in adult rat neural stem cells can greatly 
accelerate the biosynthesis of dihydrotestosterone and 
estradiol (Feizy et al., 2016).  
 
In the study by Farrokhfar et al. (2020), it was shown that 
the treatment of neural progenitor cells with morphine 
can hurt their morphology and gene expression, 
inducing a process of dedifferentiation. In another study 
by Zhaleh et al. (2020), it was observed that exposure of 
mesenchymal stem cells from bone marrow (BM-MSC) 
to morphine, in a time-dependent manner, increases 
cell death and reduces cell proliferation. However, they 
prevented the destructive process by changing the in 
vitro culture microenvironment (Zhaleh et al., 2020). It 
has been demonstrated in a study that simultaneous use 
of morphine with radiotherapy should be avoided in the 
treatment of certain cancers such as breast and cervical 
cancer, which may be a subject of discussion and 
contemplation for nervous system cancers (Naderi et al., 
2019). Moreover, it was discovered that morphine 
disrupts the integrity of neural stem cells and reduces 
their ability to induce angiogenesis by inducing p53 and 
simultaneously increasing the activities of aromatase 
and 5-alpha reductase, particularly within the first 48 
hours (Abdyazdani et al., 2017). Another study by Feizi 

et al. showed that in adult rat neural stem cells, when 
subjected to morphine, can greatly accelerate the 
biosynthesis of dihydrotestosterone and estradiol (Feizy 
et al., 2016).  
 
Administering morphine shortly after a spinal cord injury 
increases the presence of microglia and macrophages in 
the injured area and changes the synthesis of 
neuropeptides by these cells, thus modifying the innate 
immune response (Terminel et al., 2022). Darvishi and 
Saadat mentioned in their research that prolonged 
morphine exposure leads to cellular aging in neural cells 
by reducing telomere length (Darvishi & Saadat, 2022). 
Besides, Zhang et al. reported in 2016 that morphine can 
reduce glutamate-induced apoptosis in astrocytes. They 
demonstrated that morphine reduces excitotoxic 
apoptosis mediated by glutamate in astrocytes by 
regulating calcium ion release and endoplasmic 
reticulum stress (Zhang et al., 2016). Additionally, 
Kashiwagi et al. showed that tolerance to morphine was 
developed after 7 days of intrathecal injection in rats. 
They reported a decrease in gamma coactivator-1alpha 
in dorsal horn neurons of the spinal cord and an 
increased delay in response to a hot plate in these 
animals (Kashiwagi et al., 2021).  
 
In 2020, Osmanlıoğlu et al. (2020) reported that 
morphine elevates neuronal apoptosis, oxidative stress, 
lipid peroxidation, caspase-3 and caspase-9 levels, as 
well as neuroinflammatory cytokines (IL-1β,  TNF-𝝰, IL-
6). They also stated that the adverse impacts of 
morphine-induced neurodegeneration occur via the 
activation of TRPM2 (a calcium-permeable cation 
channel) and excessive production of oxidative and 
nitric oxide stress. They suggested that inhibition of this 
channel may modulate morphine-induced 
neurodegeneration in the hippocampus (Osmanlıoğlu et 
al., 2020). In a different study, Feizy et al. (2016) 
investigated the corticotropin-releasing factor receptor 
(CRFr) and corticotropin-releasing factor (CRF) in the 
terminal bed nucleus of the stria terminalis (BSTal) in 
mice that were administered either saline or increasing 
doses of morphine for 14 days. There was no significant 
variance in the total number of axon terminals or the 
frequency of contact between these terminals and 
dendrites observed between the saline and morphine 
treatment groups. This suggests that morphine has no 
impact on the presence of CRF axons in the BSTal. These 
findings have significant consequences for the changes 
linked to drug abuse in the brain's stress response, 
potentially influencing the drive for ongoing substance 
consumption in addiction (Feizy et al., 2016; Jaferi et al., 
2009). 
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In 2020, a study by Zhang & Zhai (2020) demonstrated 
that the administration of morphine led to enhanced 
expression levels of orexin1 receptor (OX1R) and c-FOS, 
as well as increased levels of proteins c-FOS and p/t-
ERK/PKC through exogenous morphine administration. 
Besides, found that exposure to morphine led to a 
decrease in the nicotine-induced upregulation of 
nicotinic receptors and a reduction in voluntary nicotine 
consumption in a mouse model (Avelar et al., 2022). A 
study revealed that prolonged morphine consumption 
alters the expression and distribution of platelet-derived 
growth factor type B (PDGF-B) and platelet-derived 
growth factor beta (PDGFR-β) in the dorsal root ganglia 
and spinal cord of male rats (Cansız et al., 2022). The 
same study also reported that morphine reduces the 
neurotoxic effects of 1-Methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) in the embryonic zebrafish 
by regulating the balance of oxidative/antioxidant and 
acetylcholinesterase activity (Cansız et al., 2022). 
 
Furthermore, Doyle and colleagues reported that the 
development of tolerance to analgesia in mouse models 
is linked to the inactivation of mitochondrial superoxide 
dismutase (MnSOD) and the formation of peroxynitrite 
(PN) in relevant supraspinal sites. They also found that 
simultaneous administration of morphine with potent 
peroxynitrite scavengers based on manganese 
porphyrin reactivated the activity of the MnSOD 
enzyme, reduced nitroxidative stress derived from PN, 
and prevented the development of morphine-induced 
analgesic tolerance (Doyle et al., 2009). Lyu and Li's 2022 
study reveals that prolonged administration of low-dose 
morphine can trigger endoplasmic reticulum stress and 
that inhibiting exosomal protein 4-PBA or TUDCA can 
improve the pain-relieving properties of morphine in 
cases of neuropathic pain (Lyu & Li, 2022). 
 
Amini et al. reported in a study on pheochromocytoma-
derived PC12 cells from the adrenal medulla of rats with 
neural crest origin that low concentration of morphine 
increases cell survival and suppresses cellular toxicity, 
cell death, and mitochondrial membrane potential 
formation compared to cells treated with nicotine, and 
also reduces intracellular and mitochondrial calcium 
levels (Amini et al., 2019). Reymond and colleagues 
investigated the impact of morphine at three varying 
concentrations (1, 10, and 100 μM) over 24 and 48 hours 
on human cerebral microvascular endothelial cells in 
their research. They discovered that the exposure to 
morphine resulted in the disturbance of the Nrf2 
pathway and mitochondrial abnormalities in these cells, 
demonstrating a potential imbalance in redox status in 
human cerebral endothelial cells (Reymond et al., 2022). 

Furthermore, Kong et al. (2019) showed in their study 
that morphine prevents the accumulation of PTEN-
induced putative kinase1 resulting from mitochondrial 
damage in neurons. It hinders the entry of Parkin into 
impaired mitochondria and suppresses the catalysis of 
mitochondrial ubiquitin proteins by Parkin. 
Consequently, morphine hinders the identification of 
impaired mitochondria by autophagosomes via LC3 and 
sequestosome-1 (SQSTM1/p62), impeding autophagy 
and causing an increase in SQSTM1/p62. This ultimately 
prevents damaged mitochondria from reaching 
lysosomes for degradation, leading to the generation of 
potent ROS and the development of morphine tolerance 
(Kong et al., 2019). Another study also stated that 
cocaine, in addition to morphine, interferes with the 
activity of mitochondrial complex I in isolated brain and 
liver mitochondria, with a more pronounced impact on 
the liver (Cunha-Oliveira et al., 2013). 
 
However, Nylander and colleagues stated that morphine 
does not affect mitochondrial morphology, unlike other 
opioid substances (Nylander et al., 2021). Some studies 
have also discussed the protective impacts of morphine 
on mitochondria. Feng et al. found that endomorphin 
1/2 and morphine can shield brain mitochondria from 
oxidative stress induced by reoxygenation in 
experimental settings. This protective effect may 
significantly mitigate damage during ischemia-
reperfusion injury and neurodegenerative diseases 
(Feng et al., 2008). Cansız and colleagues also stated that 
morphine reduces the neurotoxic effects of 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine (MPTP) as a 
neurotoxic intermediate in dopaminergic mitochondria 
by regulating the balance of oxidants/antioxidants and 
acetylcholinesterase activity in fetal guinea pigs (Cansız 
et al., 2022). Table 2 provides a summary of the impact 
of repeated morphine use on the CNS. 
 
2.4  The protective roles of morphine in the CNS 
Numerous substances that are addictive can interfere 
with the regular operation of the brain. Since most 
neurons cannot regenerate, this can lead to long-lasting 
or permanent impairment of neurological function 
(Zhao et al., 2006). Misuse of addictive substances like 
morphine can lead to hyperexcitability in the CNS, as 
well as cognitive and behavioral impairments and 
potentially irreversible nerve damage (Parrott, 2018). 
The main mechanisms involved in these processes 
include imbalances in intracellular and extracellular 
ions, the generation of free radicals, toxicity, and 
inflammation, eventually leading to the death of cells 
(Arabian et al., 2018b).  
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Continued on the next page … 

Table 2: Summary of the impact of repeated morphine use on the CNS. 
 

Study Design Key results References 

In vivo (Rat) 
• Stimulated calcium absorption inhibition. 

• Synaptosomal calcium uptake adaptive changes. 
Konno and Takayanagi (1982) 

In vivo (Mice) 
• Decreased calcium absorption. 

• Increased synaptosomal calcium uptake. 
Wang et al. (1989) 

In vivo (Mice) 
• Increased pain sensitivity. 

• Increased microglial activity at the site of injury to the tibial nerve. 
Li et al. (2019) 

In vivo (Rat) 
• Increased loss of neural tissue 

• Exacerbation of inflammatory response 

• Increased macrophages at the site of injury 

Aceves et al. (2019) 

In vivo (Rat) • Increased neuropathic pain Woller et al. (2012) 

In vivo (Rat) 
• Increased expression of the transcription factor CREB. 

• Induction of the transcription factor ΔFosB 

• Increased locomotor responses 

Nestler et al. (2001) 

In vivo (Rat) 

• Coordinated modulation of somatostatin and parvalbumin 
interneurons in the prelimbic cortex. 

• Suppression of pyramidal neurons 

• Increased reward response. 

Jiang et al. (2021) 

In vivo (Mice) • Increased blood glucose levels Chahkandi et al. (2015) 

In vivo (Mice) 
• Increased gamma oscillations and theta coherence in the reward 

system of prenatally exposed mice. 

• Greater vulnerability of males to executive function deficits. 

Chen et al. (2022) 

In vivo (Rat) 
• Impairment of spatial memory. 

• Synaptic plasticity in the posterior hippocampus in mature 
individuals over time. 

Khani et al. (2022) 

In vivo (Rat) 

• Reduction in the proliferation of neural precursor cells in the 
granular layer of the hippocampus. 

• Decrease in the levels of layers cAMP, pCREB, and BDNF in the 
hippocampus.  

Liu et al. (2018) 

In vitro (Mice & 
Human) 

• Delayed differentiation of neural stem cells through excessive 
Nestin expression. 

Jimenez-Gonzalez et al. 
(2018) 

In vivo (Rat) 
• Increased differentiation of neural stem cells. 

• Expansion of dendrites in the dentate gyrus. 

• Heightened MOR receptor expression. 

Zhang et al. (2019) 

In vitro 
• Decreased differentiation of neuronal cells in terms of phenotype 

and genotype. 
Dholakiya et al. (2016) 

In vivo (Rat) 
• As a result of corticogenesis, there is a decrease in the density of 

somatosensory neurons. 

• Reduction in DNA synthesis in cultured type 1 astrocytes. 

Zhang et al. (2016) 

In vitro 
• Reduction in adult neurogenesis . 

• Hindered development of neural stem cells . 
Young (2014)  

In vitro 

• Decreased survival of neural stem cells isolated from the 
subventricular zone of rat embryos . 

• Suppression of immunity through induction of apoptosis in T 
lymphocytes and macrophages. 

Feizy et al. (2016) 

In vivo (Mice) 
• Inhibition of neurogenesis in adult mice . 

• Decreased neurogenic activity in the hippocampal region . 
Fan et al. (2018) 
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In vitro & In vivo 

• Inhibition of dopaminergic neurons in the ventral tegmental area. 

• Activation of dopaminergic neurons . 

• Increased release of lactate dehydrogenase. 

• Apoptosis in the ventral tegmental area . 

Chambers et al. (2013) 

In vivo 
• Acceleration of programmed cell death.   

• Increase in the protein production of proapoptotic Fas receptor.  

• Reduced expression of antiapoptotic Bcl-2 oncoprotein in cortical. 

Nyberg (2009) 

In vivo (Rat) 
• An inverse relationship between neurogenesis and morphine 

dependence. 
• Decreased proliferation in the subgranular zone. 

Famitafreshi et al. (2015) 

In vivo (Rat) 

• Severe reduction in cellular proliferation in the hippocampus. 

• Reduced expression of the molecule responsible for neural cell 
adhesion 

• Decreased phenotypic plasticity in the dentate gyrus. 
• Impact on dopaminergic synaptic function in the nucleus 

accumbens. 

Kahn et al. (2005) 

In vivo (Rat) 

• Negative impact on morphology and gene expression of pseudo-
neuronal cells. 

• Induction of undifferentiation process. 
Farrokhfar et al. (2020) 

In vitro 

• Increase in cell death of BM-MSC. 

• Reduction in cellular proliferation. 

• Prevention of degenerative cellular processes. 
Zhaleh et al. (2020) 

In vitro 

• Induction of p53. 

• Simultaneous increase in activities of aromatase and 5-alpha 
reductase. 

• Disturbance of the normal condition of neural stem cells. 

• Loss of angiogenic potential in cells. 

Abdyazdani et al. (2017) 

In vivo (Mice) 

• Increase in microglia and macrophage immune cell population in 
the injury site. 

• Alteration in neuropeptide synthesis 

• Alteration in innate immune response. 

Terminel et al. (2022) 

In vitro 
• Reduction in telomere length. 

• Cellular aging in neuronal cells. 
Darvishi and Saadat (2021) 

In vitro 

• Increased expression levels of the orexin1 receptor (OX1R) and c-
FOS, the p/t-ERK/PKC receptor. 

• Increased protein levels of the c-FOS and p/t-ERK/PKC 

Zhang et al. (2020) 
 

In vivo (Mice) 
• Reduction of nicotine-induced upregulation of nicotinic receptors 

• Reduction of voluntary nicotine consumption 
Avelar et al. (2022) 

In vitro & In vivo 

• Regulation of antioxidant/antioxidant balance and 
acetylcholinesterase activity. 

• Reduction of neurotoxic effects in zebrafish embryos. 
Cansız et al. (2022) 

In vivo (Mice) 

• Revival of strong nitrite cleansers 

• Reduction of nitroxidative stress derived from PN 

• Blocking the development of analgesic tolerance 

Doyle et al. (2009) 

In vitro 

• Increase in cellular survival 

• Increase in cellular toxicity suppression 

• Increase in cellular death 

• Increase in mitochondrial membrane potential formation 

• Reduction of intracellular calcium concentration and 
mitochondrial calcium 

Amini et al. (2019) 

In vitro 

• Nrf 2  pathway disorder. 

• Mitochondrial disorders. 

• Potential imbalance in redox in human brain endothelial cells. 
Reymond et al. (2022) 
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In vitro 

• Prevention of PTEN-induced putative kinase1 accumulation 
resulting from mitochondrial damage in neurons 

• Inhibition of Parkin uptake into damaged mitochondria 

• Suppression of mitochondrial proteins 

• Ubiquitination inhibition of autophagosome recognition of 
damaged mitochondria 

• Suppression of autophagy flux 

• Inability of damaged mitochondria to undergo degradation by 
lysosomes 

• Generation of ROS 

Kong et al. (2019) 

In vitro • Impairment in the function of mitochondrial complex I Cunha-Oliveira et al. (2013) 

In vitro • Lack of morphine effect on mitochondrial morphology Nylander et al. (2021) 

In vivo (Mice) 
• Protecting brain mitochondria from oxidative stress. 

• Shielding against harmful effects during brain ischemia-
reperfusion and neurodegenerative conditions. 

Feng et al. (2008) 

 
 
Nevertheless, extended exposure protects the 
mammalian brain from future harmful or lethal stimuli, 
a process commonly known as "preconditioning." 
Preconditioning with morphine has been shown to 
provide defense against brain injury in 
hypoxia/hypoglycemia, ischemia, and Parkinson's 
disease models (Harburg et al., 2007; Zhao et al., 2006). 
For instance, research has demonstrated that 
continuous exposure to a 1 μM concentration of 
morphine prevents neuronal apoptosis induced by 
staurosporine (Cui et al., 2008). In another study, 
researchers reduced oxidative stress in hippocampal 
neurons by increasing antioxidant capacity through 
preconditioning with morphine injections (doses of 10-
30 mg/kg/day) for 5 days (Arabian et al., 2018a). 
Furthermore, the process of morphine conditioning with 
a dose of 50 μM for 24 hours leads to a reduction in 
mitochondrial dysfunction and prevents the generation 
of intracellular radicals induced by 6-hydroxydopamine 
at a concentration of 100 μM in laboratory conditions 
(Wang et al., 2018). Furthermore, the process of 
morphine preconditioning with a dose of 50 μM for 24 
hours, reduces mitochondrial impairment and prevents 
the production of intracellular ROS triggered by 100 μM 
of 6-hydroxydopamine in laboratory conditions (Parrott, 
2018). 
 
In addition, the use of morphine (50 or 100 μM per liter) 
for 30 minutes has been shown to protect against 
neuronal toxicity induced by 6-hydroxydopamine by 
reversing the increase in ROS and intracellular calcium 
levels and reestablishing the normal mitochondrial 
function in cells (Elyasi et al., 2014, 2019). Nevertheless, 
there have been conflicting results regarding alterations 
in ROS levels during the preconditioning process. In a 

laboratory experiment, treating Purkinje cells with 
morphine (at a concentration of 3 μM/liter) for 30 
minutes before exposing them to 20 minutes of oxygen 
and glucose deprivation followed by 5 hours of 
reperfusion, successfully prevented cell death (Lim et 
al., 2004). These results indicate that morphine 
preconditioning could potentially offer neuroprotective 
benefits in specific circumstances, although additional 
research is necessary to comprehend the underlying 
mechanisms comprehensively. While the specific 
mechanisms of this process remain uncertain, these 
findings suggest that activating mitochondrial ATP-
sensitive potassium (mKATP) channels and promoting 
free radical generation are significant factors in 
morphine preconditioning. In tests conducted on 
primary cortical neurons of mice, it has been shown that 
being exposed to a concentration of 3 μM/liter of 
morphine for one hour provides protection against 
damage resulting from oxygen and glucose deprivation 
(Meng et al., 2016). 
 
These findings indicate that non-coding RNAs play a role 
in regulating the process of morphine preconditioning. 
Therefore, morphine preconditioning protects the brain 
from ischemic injury by activating mTOR 
phosphorylation, which boosts antioxidant factors to 
handle oxidative stress (Kennedy & Lamming, 2016). 
Additionally, giving increasing doses of morphine 
subcutaneously (ranging from 10 to 30 mg/kg/day) for 
five days before cerebral ischemia has been indicated to 
provide protection against apoptosis induced by 
oxidative stress in the hippocampus (Arabian et al., 
2015). 
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It has been shown that morphine also exerts a protective 
role against dopaminergic neurotoxicity caused by 
microglial activation in primary neuron-glia co-cultures 
of the mesencephalon. Morphine significantly protects 
against intracellular oxidative stress and 
neuroinflammation in neuroblastoma cell lines. It also 
counteracts apoptosis caused by peroxynitrite in 
neonatal rat astrocytes, reduces toxicity from beta-
amyloid in human neuroblastoma HTB-11 cells, and 
lessens neurotoxicity induced by lipopolysaccharide or 
1-methyl-4-phenylpyridinium in rat neuron-glia co-
cultures. Additionally, morphine triggers 
neuroprotection against ischemia through its receptor in 
rats, decreasing cell death induced by ischemia in the 
hippocampal regions (Chen et al., 2008). 
 
Morphine can block neurotoxicity in neuron-glia co-
cultures of the mesencephalon in rats. However, this 
blocking mechanism does not occur through opioid 
receptors but instead involves decreased NMDA oxidase 
activity (Qian et al., 2007). Apart from its neurotoxic 
effects, morphine and its synthetic derivatives also 

demonstrate anti-cancer properties through apoptosis. 
Opioids impact the signaling pathways of growth 
factors, although other evidence indicates that 
cytoskeletal elements are also involved in morphine-
induced cell death (Eisch and Mandyam, 2007). In an 
experimental rat model, a study compared the 
neurotoxic effects of morphine and tramadol. The 
results showed that morphine induces cell death in 
various brain regions, including the cerebellum, frontal 
cortex, occipital cortex, and prefrontal cortex, along 
with the spinal cord's CA1, CA2, and CA3 regions (Atici et 
al., 2004). Table 3 illustrates morphine's protective 
function in the CNS. 
 
3.0  CONCLUSIONS 
Based on various studies, it is evident that morphine has 
both anti- and pro-effects on the nervous system. It 
appears that various factors, including dosage, 
frequency of administration, type of disease, and timing 
of morphine use, greatly influence the outcomes. A 
more precise evaluation of morphine administration can 
help resolve these contradictions. Given the long history 

 
 

Table 3: Morphine's protective function in the CNS. 
 

Study Design Key Results References 

In vitro • Prevention of neuronal apoptosis caused by cephalosporins. Cui et al. (2008) 

In vitro • Reduction of oxidative stress in hippocampal neurons. Arabian et al. (2018) 

In vitro & In vivo 
• Decrease in mitochondrial dysfunction. 

• Prevention of intracellular ROS production. 
Wang et al. (2014) 

In vitro 
• Reversal of increased levels of intracellular ROS and calcium. 
• Restoration of mitochondrial membrane potential in cells. 

• Protection against neural toxicity caused by 6-hydroxydopamine. 

Elyasi et al. (2014, 
2019) 

In vitro • Prevention of cell death in Purkinje cells. Lim et al. (2004) 

In vitro 
• Protection of primary cortical neurons in mice after oxygen and 

glucose deprivation injuries. 
Meng et al. (2016) 

In vitro 
• Conditioning of morphine through phosphorylation and activation of 

mTOR. 

• Protection of the brain against ischemic damage. 

Kennedy et al. (2016) 

In vivo (Mice) 
• Prevention of oxidative stress. 

• Protection against apoptosis in the hippocampus. 
Arabian et al. (2015) 

In vivo (Rat) 
• Protective role against dopaminergic neurotoxicity. 

• Neuroprotection against ischemia. 

• Reduction of ischemia-induced cell death in the hippocampal regions. 

Chen et al. (2008) 

In vivo (Rat) 
• Inhibition of neurotoxicity in glial-neuronal co-cultures in 

mesencephalic cells. 
Qian et al. (2007) 

In vivo (Rat) 
• Induction of apoptosis in the cerebellar, frontal, occipital, prefrontal 

cortex, and CA1, CA2 and CA3 of spinal cord regions. 
Atici et al. (2004) 
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of morphine use in the medical industry, morphine and 
its analgesic mechanisms have been investigated for 
many years. Nevertheless, the beneficial or harmful 
impacts of this traditional substance on the CNS has not 
been extensively investigated. As a result, there is 
limited evidence to support both of these functions of 
morphine, despite reports that emphasize its harmful 
effects more than its protective role. 
 
Advanced techniques, such as genomics and 
proteomics, have been utilized to uncover novel roles 
and mechanisms of morphine. Nonetheless, the primary 
obstacle lies in handling and interpreting the extensive 
data produced by these investigations. Ultimately, the 
application of new technologies can significantly 
enhance our comprehension of morphine's function. 
Conversely, insights gained from molecular and cellular 
pathways of morphine's effects can lead to a definitive 

understanding of its beneficial or harmful functions in 
neuron cells and other systems. This knowledge will play 
a crucial role in reducing the negative impacts of 
morphine in clinical settings and in furthering the 
treatment and prevention of opioid addiction. 
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