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Abstract
Introduction and Purpose
Theophylline, used for over a century in asthma and COPD treatment, provides anti-
inflammatory and bronchodilatory effects via phosphodiesterase inhibition and adenosine
receptor antagonism. This review examines its mechanisms, clinical uses, and emerging
applications.
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Materials and Methods
A detailed analysis of 23 peer-reviewed studies from scientific databases, including PubMed,
focused on theophylline’s pharmacokinetics, pharmacodynamics, clinical safety, and novel
applications in areas such as immunomodulation, metabolic disorders, and regenerative
medicine.
Results
Theophylline shows anti-inflammatory effects, mitochondrial support, and modulation of key
pathways (e.g., PI3K/Akt, NF-κB). It demonstrates potential in COVID-19-related ARDS,
promoting muscle regeneration, and treating infertility. However, its narrow therapeutic index
and variability in pharmacokinetics remain significant challenges.
Conclusion
Theophylline remains a cost-effective option in asthma and COPD and shows promise in
broader applications like immunomodulation and metabolic disorders. Further research and
advanced drug formulations are needed to enhance its safety and therapeutic potential.

Keywords
Theophylline, Asthma, COPD, adenosine antagonist, immunomodulation, mitochondria,
COVID-19, anti-inflammatory

Introduction
Theophylline (1,3-dimethylxanthine), used for over a century, remains a cornerstone of
pharmacotherapy for respiratory diseases such as asthma and chronic obstructive pulmonary
disease (COPD) (22). Its mechanism of action involves phosphodiesterase (PDE) inhibition,
leading to increased cyclic AMP levels, and adenosine receptor antagonism, as depicted in
Figure 1, contributing to its anti-inflammatory and bronchodilatory effects (23).
Theophylline's ability to modulate inflammatory processes and enhance mitochondrial
function extends its potential applications beyond respiratory disorders to include metabolic
diseases (21, 23).
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Figure 1. Tissue damage and hypoxia stimulates adenosine formation in extracellular space by
degradation of adenosine triphosphate (ATP) and adenosine diphosphate (ADP) through the action of
nucleotidases such as CD39 and CD73. Rapid degradation of adenosine intracellularly occurs by
adenosine kinase and adenosine deaminase, after being taken up through sodium-independent

nucleoside transporters (equilibrative nucleoside transporter (ENT)). As ticagrelor inhibits the ENT
membrane, adenosine accumulates in the extracellular space, leading to adenosine-mediated effects,

such as stimulation of lung neuroreceptors, probably through binding to adenosine membrane
receptors (A1, A2A, A2B, and A3), and later to interaction with adenylyl cyclase and formation of
cyclic adenosine monophosphate (cAMP). Theophylline blockade of adenosine receptors probably

explains inhibition of adenosine-mediated effects (21).
The pharmacokinetics of theophylline are characterized by significant variability, influenced
by environmental factors such as smoking and drug interactions, necessitating the monitoring
of its plasma levels (5, 19). Despite its narrow therapeutic index, low doses of theophylline
are well-tolerated and provide effective support in combination therapy for treating COPD
and asthma (6, 8).
In recent years, theophylline has been explored in the context of new therapeutic indications,
including COVID-19. Its immunomodulatory properties, such as the ability to reduce the
production of pro-inflammatory cytokines like IL-6 and TNF-α, may support the treatment of
patients with acute respiratory distress syndrome (ARDS) (10). Additionally, theophylline
affects cardiovascular functions through adenosine receptor antagonism, which can be
beneficial in treating sinus bradycardia in patients with symptomatic sick sinus syndrome (12).
New studies also suggest potential benefits of theophylline in muscle regeneration. In vitro
studies have shown that theophylline can counteract dexamethasone-induced muscle atrophy
by inhibiting signaling pathways associated with ubiquitin ligases, such as MuRF1 and Cbl-b,
and modulating the FoxO3a/p38 MAPK pathway (23).
The aim of this article is to present the current state of knowledge regarding the mechanisms
of action, clinical applications, and potential new therapeutic indications of theophylline.
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Particular emphasis is placed on the molecular basis of its action and the challenges
associated with its use in various patient populations.
Mechanisms of Theophylline Action
Pharmacokinetics and Pharmacodynamics
Theophylline exhibits significant pharmacokinetic variability due to hepatic metabolism and
dependence on the activity of cytochrome P450 enzymes, particularly CYP1A2. Induction of
this enzyme by smoking reduces the drug’s half-life, decreasing its effectiveness. Conversely,
CYP1A2 inhibitors, such as macrolides or proton pump inhibitors, can increase theophylline
levels and the risk of adverse effects (5, 19).
In pediatric populations, theophylline is metabolized more rapidly, necessitating higher doses
compared to adults. In contrast, in geriatric patients and individuals with liver or kidney
dysfunction, the metabolism slows, increasing the risk of drug accumulation (8).
Theophylline’s pharmacodynamics are primarily based on its ability to block adenosine
receptors (A1 and A2A) and inhibit phosphodiesterases (PDE), leading to increased
intracellular cAMP levels, promoting smooth muscle relaxation, anti-inflammatory effects,
and improved mitochondrial function (22).
Effects on the Immune and Inflammatory Systems
Theophylline is an immunomodulator, playing a particularly significant role in inflammatory
diseases. By inhibiting NF-κB, it reduces the production of pro-inflammatory cytokines, such
as TNF-α, IL-1β, and IL-6, while decreasing neutrophil recruitment and Th2 lymphocyte
activity in the respiratory tract (10, 8).
Its effects also include reducing reactive oxygen species (ROS), which limits tissue damage
during inflammation. In the context of COVID-19, theophylline has been proposed as a
potential supportive treatment due to its ability to modulate cytokine storms, potentially
preventing the progression of acute respiratory distress syndrome (ARDS) (10).
Additionally, studies suggest that low doses of theophylline may enhance immune responses
by increasing histone deacetylase (HDAC2) activity, thereby improving the effectiveness of
glucocorticoid therapy (8).
Effects on Metabolism and Cellular Function
Theophylline impacts signaling pathways crucial for cellular metabolism and regeneration.
Activation of the PI3K/Akt pathway promotes cell proliferation and repair processes, while
modulation of the FoxO3a/p38 MAPK pathway reduces protein catabolism and protects
against muscle atrophy (23).
Its effects on mitochondria include membrane stabilization and improved respiratory function,
supporting cellular energy homeostasis, particularly during increased energy demands, such as
in chronic respiratory diseases (9, 23).
Experimental models have shown that theophylline decreases the activity of ubiquitin ligases,
such as MuRF1 and Cbl-b, counteracting glucocorticoid-induced muscle protein degradation.
This action makes theophylline a promising agent for supporting tissue regeneration (23).
Therapeutic Applications of Theophylline
Respiratory Diseases
Theophylline, as a phosphodiesterase inhibitor and adenosine receptor antagonist, has long
been used in the treatment of asthma and chronic obstructive pulmonary disease (COPD). In
asthma, it exhibits anti-inflammatory and bronchodilatory effects, leading to improved
pulmonary function and symptom relief. Its ability to activate histone deacetylase (HDAC2)
in combination with inhaled corticosteroids (ICS) enables a synergistic anti-inflammatory
effect, reducing the need for higher steroid doses and minimizing their side effects (8, 2).
In COPD, theophylline is primarily used in cases resistant to standard treatment. It has been
shown to improve respiratory performance by relaxing smooth muscles and reducing airway
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inflammation. Moreover, its use decreases the frequency of exacerbations and enhances the
quality of life for patients (6, 22).
Additionally, theophylline may support ventilation in advanced COPD patients, particularly
those with hypercapnia. Its effects on respiratory centers in the brain increase the body's
ability to adapt to hypoxic conditions (3).
Cardiovascular Diseases
Theophylline’s impact on the cardiovascular system is both a therapeutic challenge and an
opportunity. Through adenosine receptor antagonism, it exhibits positive chronotropic effects,
making it effective in treating sinus bradycardia. Clinical studies have demonstrated its utility
as an alternative for patients who do not qualify for pacemaker implantation (12, 14).
As a non-selective adenosine receptor antagonist (A1 and A2A), theophylline plays a critical
role in regulating heart function and respiratory muscles. In cases of cardiac rhythm disorders,
such as bradycardia caused by spinal cord injuries (SCI), theophylline blocks excessive
adenosine receptor activity in the sinoatrial and atrioventricular nodes. This action increases
heart rate and prevents asystole, particularly in autonomic disturbances stemming from
parasympathetic dominance in acute SCI (12, 14).
In managing bradycardia following acute cervical spinal injuries, theophylline has shown
potential as a pharmacological therapy, reducing the need for invasive treatments like
pacemaker implantation. For instance, in a seven-year-old patient with cervical spinal cord
injury, theophylline significantly improved clinical outcomes and reduced episodes of
bradycardia over 74 days. However, pacemaker implantation was ultimately required when
symptoms recurred (14).
On the other hand, high doses of theophylline may cause arrhythmias and other side effects
due to excessive sympathetic stimulation. Therefore, caution is essential in patients with
cardiac conditions, ensuring regular monitoring of serum drug levels (22).
Potential Impact on Ischemic Stroke
Clinical studies have evaluated theophylline’s effects on cerebral perfusion in ischemic stroke.
Results suggest that the drug may increase blood volume in the infarct core, indicating its
potential to improve perfusion in damaged brain areas. However, the lack of improvement in
regions of reversible ischemia (penumbra) highlights the therapeutic limitations of
theophylline in brain tissue rescue (11).
Metabolic and Regenerative Diseases
Theophylline demonstrates intriguing properties in treating metabolic disorders. In vitro
studies have shown that it can counteract glucocorticoid-induced muscle atrophy by
modulating the FoxO3a/p38 MAPK signaling pathways and inhibiting the expression of
ubiquitin ligases, such as MuRF1 and Cbl-b (23).
Research on theophylline extracted from Fu Brick tea indicates its ability to inhibit pancreatic
lipase, potentially influencing lipid metabolism and reducing adipose tissue. This mechanism
involves reducing reactive oxygen species (ROS) production and inflammatory factors in
adipocytes while promoting fatty acid oxidation. Additionally, animal models have shown that
theophylline can improve mitochondrial function, reduce liver steatosis, and enhance glucose
tolerance, making it a potential therapeutic agent for obesity and its related complications (20).
Specific Clinical Cases
In the context of the COVID-19 pandemic, theophylline has been studied as a supportive
treatment for patients with ARDS. Its ability to inhibit NF-κB activity and reduce ROS
production helps mitigate cytokine storms, potentially preventing severe disease progression
(10). Preliminary studies also suggest that theophylline may improve oxygen saturation and
support respiratory functions under hypoxic conditions (3).
Additionally, theophylline has been evaluated for postoperative lumbar puncture pain, where
its effects on adenosine receptors reduced pain levels in postoperative patients (13).
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Effects on Sperm and Fertility
Theophylline positively influences sperm motility by modulating signaling pathways and
reducing oxidative stress. In vitro studies have shown that theophylline can counteract
biochemical damage caused by environmental pollutants, such as soot particles (9).
Theophylline’s use in stimulating primary ovarian follicles opens new therapeutic possibilities
for treating fertility issues. This mechanism involves the regulation of PI3K/Akt and FoxO3a
signaling pathways, which support the regeneration of reproductive cells (18).
Theophylline and Breastfeeding
Theophylline, a methylxanthine derivative, is one of the primary metabolites of caffeine
formed during its hepatic metabolism. It accounts for approximately 10% of caffeine
metabolites, with its presence confirmed in human breast milk. Although theophylline
concentrations in breast milk are relatively low, they can vary depending on the mother’s diet,
residence, education level, and lactation stage. Theophylline has a stimulating effect on the
central nervous system, though weaker than caffeine. Despite its low levels in breast milk,
excessive maternal caffeine intake may have effects on infants. Therefore, it is recommended
to limit caffeine consumption during lactation to avoid potential adverse health effects in
infants. Theophylline remains a significant example of a biologically active substance
influencing both maternal and infant physiology (2).
Theophylline in Olfactology
Theophylline, primarily known for its bronchodilatory and anti-inflammatory properties, has
found applications in treating olfactory disorders, including post-viral olfactory dysfunction
(PVOD). Studies on theophylline’s mechanisms suggest that by inhibiting phosphodiesterases,
it increases cAMP and cGMP levels, promoting the regeneration of damaged sensory axons
and improving olfactory signal conduction (15).
In the SCENT (Smell Changes and Efficacy of Nasal Theophylline) study conducted on
PVOD patients, nasal irrigation with a theophylline-containing solution was evaluated.
Results indicated moderate improvement in olfactory-related quality of life compared to the
placebo group. Although changes in psychophysical tests, such as the University of
Pennsylvania Smell Identification Test (UPSIT), were limited, the theophylline group reported
better outcomes in subjective assessments of olfactory changes and quality of life (15).
Pilot studies on intranasal theophylline formulations have shown a lack of significant side
effects, making this therapeutic method promising. In an initial study involving 10 patients,
80% reported improved olfactory function after using a nasal spray with theophylline for four
weeks. These results were further corroborated in studies on nasal irrigation, which highlight
the need for additional research involving higher theophylline doses to achieve more
significant therapeutic effects (15).
Role of Theophylline in Specific Patient Groups
Pediatric and Geriatric Patients
The pharmacokinetics of theophylline differ significantly between pediatric and geriatric
populations, necessitating precise therapy adjustments. In children, theophylline metabolism
is accelerated due to higher activity of cytochrome P450 enzymes, such as CYP1A2. This
results in a shorter drug half-life, requiring more frequent or higher doses to achieve effective
therapeutic levels. However, children are more susceptible to adverse effects, such as
irritability, insomnia, and headaches, making regular monitoring of serum levels crucial (6,
19).
In geriatric patients, the metabolism of theophylline is slowed due to reduced liver and kidney
function, leading to prolonged half-life and an increased risk of drug accumulation. Older
adults are more vulnerable to the toxic effects of theophylline, including seizures, cardiac
arrhythmias, and nausea. Regular monitoring of serum levels and dose adjustments based on
individual pharmacokinetic parameters are essential (5, 8).



8

Patients with Comorbidities
Theophylline poses particular challenges in patients with comorbidities such as liver or
kidney failure. In patients with liver failure, the metabolism of theophylline via CYP1A2 is
significantly impaired, leading to increased serum levels and a higher risk of adverse effects.
Pharmacokinetic models, such as Child-Pugh and MELD scores, are useful in predicting
toxicity risk and determining appropriate dosing (5).
Patients with renal failure have difficulty eliminating theophylline metabolites, which may
lead to their accumulation and toxicity. Dose adjustments based on creatinine clearance and
regular serum level monitoring are recommended (19).
Drug interactions are a critical issue in this patient group. Macrolides (e.g., erythromycin) and
proton pump inhibitors can inhibit theophylline metabolism, increasing its serum
concentration and toxicity risk. Conversely, antiepileptic drugs and hepatic enzyme inducers
may reduce theophylline’s therapeutic efficacy (8).
Treatment in Asthma and COPD
Theophylline is widely used in asthma and COPD therapy, particularly as an adjunctive
medication. The addition of low-dose theophylline to inhaled corticosteroids (ICS)
demonstrates synergistic effects, enhancing anti-inflammatory efficacy. This mechanism
involves histone deacetylase 2 (HDAC2) activation, which reduces the expression of pro-
inflammatory genes and improves symptom control (6, 8).
In COPD, theophylline improves exercise tolerance, reduces hypercapnia, and decreases
exacerbation frequency. Its mechanism of action involves stimulation of respiratory centers in
the brain and relaxation of airway smooth muscles. Theophylline may also protect respiratory
muscles, which is especially important in advanced stages of the disease (22).
Guidelines for High-Risk Patient Groups
The management of high-risk patients, including children, older adults, and individuals with
multiple comorbidities, requires adherence to several essential principles:

1. Regular monitoring of serum drug levels: Strict control of theophylline levels
minimizes toxicity risk and allows for individualized dosing adjustments (19).

2. Dose adjustments based on liver and kidney function: Patients with impaired
hepatic or renal function require lower doses and more frequent pharmacokinetic
monitoring (5).

3. Avoidance of drug interactions: Medications such as macrolides, proton pump
inhibitors, and antiepileptic drugs can significantly alter theophylline serum
concentrations, necessitating careful evaluation of potential interactions (6, 8).

Adherence to these guidelines enables the effective and safe use of theophylline in treating
respiratory and other diseases in patient groups particularly vulnerable to adverse effects.
Limitations and Challenges in Theophylline Use
Narrow Therapeutic Index
Theophylline has a very narrow therapeutic index, making its clinical use challenging. The
therapeutic range is 10–20 mg/L, with levels above 20 mg/L considered toxic. Theophylline
toxicity can result in severe adverse effects such as seizures, tachycardia, arrhythmias, nausea,
and vomiting. Rhabdomyolysis, a rare but life-threatening complication, can lead to acute
renal failure in cases of overdose (16).
Pharmacokinetic variability, caused by differences in theophylline metabolism related to age,
comorbidities, and drug interactions, further complicates its use. In geriatric patients, reduced
liver and kidney function increases the risk of drug accumulation, while in children, faster
metabolism requires higher doses to achieve therapeutic effects (19).
Drug Interactions and Overdose
Theophylline is prone to numerous drug interactions. Inhibition of cytochrome P450 enzymes,
particularly CYP1A2, by macrolides (e.g., erythromycin), proton pump inhibitors (e.g.,
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omeprazole), or antifungal agents increases serum theophylline levels, raising the risk of
adverse effects. Conversely, enzymatic inducers like rifampin or antiepileptic drugs (e.g.,
carbamazepine) accelerate theophylline metabolism, reducing its therapeutic efficacy (4, 19).
Theophylline overdose, often caused by improper dose adjustments or unrecognized drug
interactions, can lead to severe complications such as seizures, respiratory arrest, or death. In
critical cases, methods such as hemofiltration or hemodialysis are recommended for drug
removal, though these require specialized equipment and care (16).
Reduced Efficacy in Long-Term Therapy
Long-term theophylline use may result in tolerance, weakening its therapeutic effects. This
mechanism involves the downregulation of adenosine receptors, reducing their sensitivity to
the drug. Studies suggest that combining theophylline with inhaled corticosteroids may
enhance therapeutic efficacy by activating histone deacetylase 2 (HDAC2), improving
inflammation control. However, the effectiveness of this approach is limited and warrants
further investigation (8, 22).
Lack of Innovative Drug Formulations
Currently available theophylline formulations, such as immediate-release or extended-release
tablets, are insufficient in terms of safety and user comfort. The lack of modern delivery
systems, such as nanotechnology carriers or controlled-release systems, limits the potential to
improve the drug’s safety profile and efficacy. Innovative pharmaceutical technologies could
minimize toxicity risks and enhance patient adherence to therapy (22).
Need for Research into New Indications
Theophylline has potential in new therapeutic areas that require further research. In vitro
studies have shown that theophylline can counteract glucocorticoid-induced muscle atrophy
by modulating signaling pathways such as PI3K/Akt and FoxO3a/p38 MAPK. This action
positions theophylline as a promising agent for treating degenerative muscle diseases (23).
Additionally, theophylline has been shown to reduce ROS (reactive oxygen species)
production and improve mitochondrial function, which is significant in the treatment of
chronic inflammatory and metabolic conditions such as type 2 diabetes and obesity. Its ability
to stabilize cellular energy functions opens new directions for research into regenerative
therapies (7, 22).
Comparative Analysis of Theophylline Applications in the Context of Modern Therapies
Theophylline vs. Modern Bronchodilators
Despite its long-standing use in the treatment of asthma and COPD, theophylline has been
largely supplanted by modern bronchodilators such as long-acting beta-agonists (LABA, e.g.,
salmeterol, formoterol) and long-acting muscarinic antagonists (LAMA, e.g., tiotropium).
These newer drugs exhibit superior efficacy in improving respiratory parameters, such as
forced expiratory volume in one second (FEV1), and have a better safety profile. Unlike
theophylline, which has a broad, non-selective pharmacological action, LABA and LAMA act
directly on specific adrenergic or muscarinic receptors in the airways, minimizing the risk of
adverse effects (8, 22).
Theophylline, however, retains an advantage in conditions where inflammation control is
critical. Its mechanism of action involves phosphodiesterase inhibition (primarily PDE3 and
PDE4) and histone deacetylase 2 (HDAC2) activation, which reduce pro-inflammatory
cytokine production and improve responsiveness to corticosteroids. These anti-inflammatory
effects are absent in LABA and LAMA, which focus solely on bronchial smooth muscle
relaxation (1, 8).
A major limitation of theophylline compared to modern bronchodilators is its narrow
therapeutic index, which necessitates regular monitoring of plasma drug levels. Adverse
effects such as tachycardia, cardiac arrhythmias, headaches, and nausea are more common
with theophylline, restricting its use as monotherapy (6, 22).
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Theophylline as a Component of Combination Therapy
Theophylline demonstrates potential in combination therapy, particularly with inhaled
corticosteroids (ICS). Adding low-dose theophylline to ICS therapy can improve symptom
control in asthma and COPD, especially in patients who respond poorly to steroids. This
mechanism involves HDAC2 activation, enhancing the efficacy of corticosteroids by reducing
pro-inflammatory gene expression and oxidative stress (1, 8).
Clinical studies, such as TWICS and TASCS, have provided significant data on the use of
theophylline combined with ICS in COPD. Results indicate that while theophylline does not
always reduce the overall number of exacerbations, it may decrease the frequency of severe
exacerbations requiring hospitalization, particularly in patients with higher blood eosinophil
levels (8, 17).
In asthma treatment, combining theophylline with ICS may allow for steroid dose reduction
while maintaining symptom control. This approach reduces the risk of corticosteroid-related
side effects, such as osteoporosis or steroid-induced diabetes. However, due to the potential
adverse effects of theophylline, careful monitoring of serum levels is essential (1, 8).
Theophylline in the Context of Cost and Accessibility
In resource-limited medical settings, theophylline continues to play a crucial role as an
affordable and widely available drug, especially compared to expensive modern
bronchodilators that often require specialized inhalers. Theophylline’s oral formulation makes
it suitable for use in areas with restricted access to healthcare, rendering it a valuable
therapeutic tool in many parts of the world (6, 22).
Social and Economic Significance of Theophylline
Accessibility in Developing Countries
As one of the oldest drugs used in asthma and COPD therapy, theophylline plays a crucial role
in developing countries, where access to modern bronchodilators such as LABA and LAMA
is limited due to high costs and infrastructure requirements. Theophylline is widely available
in oral form, making it more practical in resource-constrained medical environments. It is
particularly useful in rural areas where the lack of specialized inhalers restricts the use of
other therapies (6, 8).
Studies conducted in Africa and Asia have shown that theophylline is a cost-effective solution
for treating COPD associated with biomass smoke exposure, a common issue in households
using open fires for cooking. Its use reduces symptom severity, improves quality of life, and
lowers hospitalization rates, which is critical in countries with limited access to advanced
medical care (6, 22).
Theophylline is also an essential medication in low-income countries where other therapies,
such as LABA, are unavailable due to their high costs. It enables symptom control at minimal
expense, making it a foundational option for treating chronic respiratory diseases in such
regions (8, 22).
Impact on Healthcare Systems
The cost of treatment with theophylline is significantly lower compared to modern therapies,
making it more accessible to patients and less burdensome for healthcare systems. Studies in
South Africa have demonstrated that even in cases of theophylline toxicity, the hospitalization
and treatment costs were lower compared to advanced treatment methods for obstructive
pulmonary diseases. This underscores theophylline’s role as a critical medication in healthcare
systems with limited financial resources (6, 16).
Due to its low price and availability, theophylline reduces the need for more expensive
medications and hospitalizations, enabling more efficient allocation of resources within
healthcare systems. Economic modeling suggests that treating COPD with theophylline is
among the most cost-effective strategies in middle- and low-income countries. The costs per
Disability-Adjusted Life Year (DALY) are significantly lower compared to modern
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bronchodilators, making theophylline a preferred option in financially constrained settings (6,
8).
In developed countries, despite its limited use, theophylline remains relevant for patients with
financial difficulties or those intolerant to modern medications. It also serves as an alternative
when access to specialized inhalers is restricted (6, 22).
Conclusion
Theophylline, one of the oldest methylxanthine drugs, remains a vital component of modern
pharmacotherapy, both in conventional and emerging clinical applications. This article
highlights the extensive capabilities of the drug, focusing on its mechanisms of action,
therapeutic applications, and the challenges associated with its use.
Theophylline’s primary mechanisms of action include phosphodiesterase (PDE) inhibition,
adenosine receptor antagonism, and modulation of signaling pathways such as PI3K/Akt and
FoxO3a/p38 MAPK. These mechanisms contribute to its anti-inflammatory,
immunomodulatory, and tissue-regenerative properties. In asthma and chronic obstructive
pulmonary disease (COPD), theophylline plays a critical role as an adjunctive therapy. It
improves respiratory function, reduces inflammation, and decreases the frequency of
exacerbations. Additionally, by activating histone deacetylase 2 (HDAC2), theophylline
enhances corticosteroid efficacy, allowing for dose reduction and minimizing corticosteroid-
related adverse effects.
Beyond its traditional applications in respiratory diseases, research points to theophylline’s
potential in new clinical indications. It has been used in the treatment of olfactory dysfunction,
where its ability to increase cAMP and cGMP levels promotes sensory axon regeneration and
improves olfactory function. Studies on fertility disorders have shown theophylline’s capacity
to enhance sperm motility and regenerate ovarian cells through signaling pathway modulation.
Furthermore, its mitochondrial protective effects and ability to reduce oxidative stress open
new therapeutic opportunities in managing metabolic diseases such as type 2 diabetes and
obesity.
Theophylline has also been applied in postoperative pain management related to lumbar
punctures and as supportive therapy in severe COVID-19 cases. Its ability to modulate
cytokine storms and reduce reactive oxygen species (ROS) makes it a promising adjuvant in
severe inflammatory conditions, such as acute respiratory distress syndrome (ARDS).
Despite its numerous advantages, theophylline poses significant clinical challenges. Its
narrow therapeutic index necessitates regular plasma level monitoring, particularly in
pediatric, geriatric, and comorbid patient populations, such as those with liver or kidney
dysfunction. The drug’s susceptibility to numerous pharmacological interactions complicates
its use in combination therapy. Moreover, the lack of advanced formulations, such as
controlled-release systems, impacts patient compliance and toxicity risks.
From a socio-economic perspective, theophylline plays a crucial role in developing countries,
where it serves as a cost-effective alternative to more expensive modern therapies. Its broad
availability and simplicity of oral administration enable the treatment of obstructive
pulmonary diseases in resource-limited regions. Economic modeling suggests that
theophylline therapy is highly cost-effective in improving population health, further
emphasizing its global significance.
In summary, despite its age, theophylline remains a drug with a broad spectrum of
applications, combining anti-inflammatory, immunomodulatory, and bronchodilatory
properties. Its potential in new therapeutic areas, such as tissue regeneration and olfactory
dysfunction treatment, requires further clinical investigation. Understanding its mechanisms
of action and developing modern pharmaceutical technologies could enhance theophylline’s
role in contemporary medicine while minimizing associated risks.
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