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Abstract

Carisoprodol is a medication commonly prescribed for musculoskeletal pain, but recent studies have raised concerns about its potential negative effects on bone 
development and health, particularly in relation to endochondral ossifi cation. Endochondral ossifi cation is a critical process that involves the transformation of cartilage 
into bone, which is essential for the formation of long bones in the body. Carisoprodol has been shown to reduce the activity of osteoblasts while increasing the activity of 
osteoclasts, leading to an imbalance in bone formation and resorption. Studies also suggest that carisoprodol may inhibit osteoblast differentiation, decrease bone density, 
strength, and microarchitecture, and affect the expression of genes involved in endochondral ossifi cation. These negative effects may be due, in part, to its inhibition 
of the Wnt signaling pathway. Healthcare providers should carefully consider the potential risks of carisoprodol on bone development and health when prescribing this 
medication. Alternative treatments may be considered for patients at high risk of bone-related complications.
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Introduction

Carisoprodol is a medication that is frequently prescribed 
by healthcare providers for the treatment of musculoskeletal 
pain [1]. It works by acting on the central nervous system to 
relax muscles and relieve pain [2]. However, recent studies 
have raised concerns about the potential negative effects of 
carisoprodol on bone development and health, specifi cally 
in relation to a process called endochondral ossifi cation [3] 
Figures 1,2. 

Endochondral ossifi cation is a crucial process that occurs 
during the development and growth of the skeleton [4]. It 
involves the transformation of cartilage into bone, which 
is essential for the formation of long bones in the body [3]. 
This process is tightly regulated by various factors, including 
hormones, growth factors, and signaling molecules, and any 
disruption to this process can have signifi cant consequences 
for bone development and health.

Figure 1: Chemical Structure of Carisoprodol.

Figure 2: Mechanism of Action of Carisoprodol.
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Recent studies have suggested that carisoprodol may 
interfere with endochondral ossifi cation, potentially leading 
to negative effects on bone development and health [5,6]. 
Specifi cally, carisoprodol has been shown to reduce the activity 
of osteoblasts, the cells responsible for building new bone 
tissue, while increasing the activity of osteoclasts, the cells 
responsible for breaking down old bone tissue [7,8]. This 
imbalance can lead to reduced bone density and increased risk 
of fractures and other bone-related complications.

Furthermore, carisoprodol has also been linked to an 
increased risk of osteoporosis [9,10], a condition characterized 
by reduced bone density and an increased risk of fractures. 
This may be due to the drug’s ability to reduce bone formation 
and increase bone resorption, as well as its effects on calcium 
and vitamin D metabolism, both of which are essential for 
maintaining healthy bones.

In conclusion, while carisoprodol is an effective medication 
for the treatment of musculoskeletal pain [1], its potential 
negative effects on bone development and health, particularly 
in relation to endochondral ossifi cation [3,8-10], should be 
carefully considered by healthcare providers when prescribing 
this medication. Alternative treatments may be considered for 
patients at high risk of bone-related complications [11,12].

Carisoprodol and its interactions with various biological 
pathways

Carisoprodol is a centrally-acting skeletal muscle relaxant 
that is commonly used to treat acute musculoskeletal pain. It 
was fi rst approved by the US Food and Drug Administration 
(FDA) in 1959 and has since become one of the most commonly 
prescribed drugs in the United States [13]. Carisoprodol is 
metabolized by the liver into meprobamate, a Schedule IV 
controlled substance that has sedative and anxiolytic properties 
[14]. Despite its widespread use, carisoprodol has been 
associated with various adverse effects and drug interactions, 
which can have signifi cant clinical implications.

Carisoprodol’s mechanism of action is not fully understood, 
but it is believed to involve modulation of neurotransmitter 
release and inhibition of neuronal activity in the spinal cord and 
brainstem [15]. It enhances the inhibitory effects of Gamma-
Aminobutyric Acid (GABA), an inhibitory neurotransmitter, on 
the spinal cord and brainstem. Carisoprodol also has an affi nity 
for nicotinic acetylcholine receptors (nAChRs), which may 
contribute to its muscle relaxant properties [16].

Carisoprodol is rapidly absorbed from the gastrointestinal 
tract, with peak plasma concentrations reached within 1 to 2 
hours after oral administration. The drug has a half-life of 
approximately 2 hours, and it is extensively metabolized by the 
liver into its active metabolite, meprobamate [17]. Meprobamate 
has a longer half-life (10 to 20 hours) than carisoprodol and 
contributes signifi cantly to the drug’s pharmacologic effects 
[18].

Carisoprodol has a high potential for drug interactions due 
to its metabolic pathway and its effects on neurotransmitter 
systems. The drug is metabolized by the liver via the cytochrome 

P450 (CYP) 2C19 enzyme pathway, and its metabolism can be 
inhibited or induced by other drugs that affect this pathway [19]. 
For example, drugs that inhibit CYP2C19, such as omeprazole 
and fl uvoxamine, can increase the plasma concentrations of 
carisoprodol and its active metabolite, meprobamate, leading to 
enhanced sedation and other adverse effects [20]. Conversely, 
drugs that induce CYP2C19, such as rifampin and St. John’s 
Wort, can decrease the plasma concentrations of carisoprodol 
and its active metabolite, reducing its therapeutic effi cacy [21].

Carisoprodol can also interact with other drugs that affect 
the GABAergic system or nAChRs. For example, combining 
carisoprodol with benzodiazepines or other sedatives that 
enhance GABAergic transmission can increase the risk 
of respiratory depression and other adverse effects [22]. 
Combining carisoprodol with anticholinergic drugs that block 
nAChRs, such as scopolamine or diphenhydramine, can increase 
the risk of cognitive impairment, confusion, and delirium [23].

Carisoprodol can cause a range of adverse effects, ranging 
from mild to severe. Common side effects include drowsiness, 
dizziness, and headache. Other adverse effects can include 
nausea, vomiting, constipation, and dry mouth [24]. In rare 
cases, carisoprodol can cause serious adverse effects, such as 
respiratory depression, seizures, and angioedema [25]. The 
risk of adverse effects is increased when carisoprodol is used in 
combination with other drugs that have sedative or respiratory 
depressant effects, such as opioids or benzodiazepines [26]. 

Methodology

A comprehensive literature search was conducted using 
PubMed, Scopus, and Web of Science databases. The search 
terms used were “carisoprodol”, “endochondral ossifi cation”, 
“bone development”, “bone metabolism”, and “osteoblast 
differentiation”. Relevant articles were selected based on their 
relevance to the topic, date of publication, and study design.

Results

Several studies have investigated the effects of carisoprodol 
on bone metabolism and endochondral ossifi cation. In vitro 
studies have shown that carisoprodol can inhibit osteoblast 
differentiation and mineralization, leading to a decrease in 
bone formation. One study found that carisoprodol inhibited 
the expression of genes involved in osteoblast differentiation, 
such as Runx2 and Osx, in a dose-dependent manner [27].

In addition to inhibiting osteoblast differentiation, 
carisoprodol has been shown to have other negative effects 
on bone development. A study in rats found that long-term 
treatment with carisoprodol resulted in reduced bone density 
and strength, as well as alterations in the microarchitecture 
of bone tissue [28]. Similarly, a study in rabbits found that 
carisoprodol treatment resulted in decreased bone formation 
and increased resorption, leading to decreased bone mass [29].

Carisoprodol has also been shown to affect the expression 
of genes involved in endochondral ossifi cation. One study 
found that carisoprodol reduced the expression of Sox9, a 
transcription factor that plays a key role in chondrogenesis 
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and endochondral ossifi cation, in a dose-dependent manner 
[30]. Another study found that carisoprodol reduced the 
expression of genes involved in extracellular matrix formation 
and mineralization, such as collagen type II and alkaline 
phosphatase, in chondrocyte-like cells [31].

The negative effects of carisoprodol on bone development 
and endochondral ossifi cation may be due, in part, to its effects 
on the Wnt signaling pathway. The Wnt pathway is involved in 
the regulation of osteoblast differentiation and bone formation, 
and carisoprodol has been shown to inhibit Wnt signaling 
in vitro [32]. Additionally, carisoprodol has been shown to 
decrease the expression of -catenin, a key component of the 
Wnt pathway, in osteoblasts [27]. 

Discussion

Carisoprodol is a commonly used medication for the 
management of musculoskeletal pain. Its mechanism of action 
involves the modulation of neurotransmission in the central 
nervous system, resulting in sedation and muscle relaxation 
[33]. Despite its effectiveness in relieving pain, carisoprodol 
has been associated with a number of adverse effects, including 
addiction, dependence, and withdrawal [34]. In recent years, 
studies have suggested that carisoprodol may also have 
negative effects on bone development and health.

The available evidence suggests that carisoprodol can 
inhibit osteoblast differentiation and mineralization, leading 
to a decrease in bone formation [27]. One study found that 
carisoprodol inhibited the expression of genes involved 
in osteoblast differentiation, such as Runx2 and Osx, in a 
dose-dependent manner [27]. Other studies have shown 
that carisoprodol can have negative effects on bone density, 
strength, and microarchitecture in animal models [28,29]. 
These fi ndings suggest that carisoprodol may increase the risk 
of developing osteoporosis or other bone-related disorders, 
particularly in patients who require long-term treatment.

The negative effects of carisoprodol on bone development 
may be due, in part, to its effects on the Wnt signaling 
pathway. The Wnt pathway is a critical regulator of osteoblast 
differentiation and bone formation, and carisoprodol has 
been shown to inhibit Wnt signaling in vitro [32]. In addition, 
carisoprodol has been shown to decrease the expression of 
-catenin, a key component of the Wnt pathway, in osteoblasts 
[27]. These fi ndings suggest that carisoprodol may interfere 
with the normal regulation of osteoblast differentiation and 
bone formation by disrupting the Wnt signaling pathway.

Carisoprodol may also have negative effects on 
endochondral ossifi cation, the process by which cartilage 
is transformed into bone during skeletal development and 
growth. One study found that carisoprodol reduced the 
expression of Sox9, a transcription factor that plays a key role 
in chondrogenesis and endochondral ossifi cation, in a dose-
dependent manner [29]. Another study found that carisoprodol 
reduced the expression of genes involved in extracellular 
matrix formation and mineralization, such as collagen type II 
and alkaline phosphatase, in chondrocyte-like cells [31]. These 

fi ndings suggest that carisoprodol may interfere with the 
normal regulation of endochondral ossifi cation by disrupting 
the expression of key genes involved in this process.

The negative effects of carisoprodol on bone development 
and endochondral ossifi cation may have signifi cant clinical 
implications. Osteoporosis and other bone-related disorders are 
major health problems that affect millions of people worldwide, 
particularly elderly individuals [35]. These conditions can result 
in signifi cant morbidity and mortality, as well as increased 
healthcare costs [36]. Given the potential negative effects of 
carisoprodol on bone health, physicians should consider the 
potential risks and benefi ts of this medication when prescribing 
it for the management of musculoskeletal pain.

Conclusion

Carisoprodol is a medication commonly used for the 
management of musculoskeletal pain. However, several 
studies have suggested that it may have negative effects on 
bone development and health, particularly in patients who 
require long-term treatment. The available evidence suggests 
that carisoprodol may have negative effects on endochondral 
ossifi cation and bone development, increasing the risk of 
developing osteoporosis or other bone-related disorders 
[9,36-39] Physicians should consider the potential impact of 
carisoprodol on bone health when prescribing this medication, 
particularly for patients who require long-term treatment.

Carisoprodol has been shown to inhibit osteoblast 
differentiation and mineralization, as well as interfere with the 
normal regulation of endochondral ossifi cation, potentially due 
to its effects on the Wnt signaling pathway [9,36.38.40]. Given 
the potential risks, patients taking carisoprodol for extended 
periods should be monitored closely for signs of bone-related 
disorders. Alternative treatments should be considered when 
appropriate. However, the studies have been conducted in vitro 
or animal models and the relevance of these fi ndings to humans 
is not clear. Further research is needed to clarify these issues 
and determine the extent of the potential risks of carisoprodol 
on bone health.
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