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Introduction
Alzheimer’s Disease (AD) is biologically defined by the accumulation of β-amyloid 

(Aβ) plaques and tau-containing neurofibrillary tangles in the brain, leading to synaptic 
dysfunction, neuronal loss and progressive cognitive impairment [1,2]. Despite extensive 
research, current therapeutic strategies remain limited, prompting growing interest in 
targeting molecular pathways involved in neuroinflammation and synaptic plasticity. One 
such promising target is phosphodiesterase-4 (PDE4), a key enzyme responsible for Cyclic 
Adenosine Monophosphate (cAMP) degradation, which plays a critical role in memory 
formation, learning and neuroprotection [3].

Roflumilast: Mechanism of Action and Clinical Use
Roflumilast (Daliresp®) is an orally administered selective PDE4 inhibitor approved 

for reducing inflammation and the risk of exacerbations in patients with severe Chronic 
Obstructive Pulmonary Disease (COPD) [4-6]. By inhibiting PDE4 and its active metabolite, 
roflumilast N-oxide, intracellular cAMP levels increase, leading to relaxation of airway smooth 
muscle and suppression of inflammatory mediators such as Tumor Necrosis Factor-α (TNF-α) 
and interleukin-17 (IL-17), thereby reducing pulmonary inflammation [4,5].

Beyond its pulmonary indications, PDE4 inhibition has demonstrated therapeutic 
potential in preclinical models of AD. Inhibition of PDE4-particularly the PDE4D subtype-
enhances cAMP signaling, activates cAMP Response Element-Binding Protein (CREB), 
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Abstract

Alzheimer’s Disease (AD) is a progressive neurodegenerative disorder characterized by β-amyloid 
plaques, tau-containing neurofibrillary tangles and cognitive decline. Emerging evidence suggests that 
chronic neuroinflammation, disrupted Cyclic Adenosine Mono Phosphate (cAMP) signaling and early 
olfactory dysfunction accelerate disease progression. Phosphodiesterase-4 (PDE4) inhibitors, such 
as roflumilast, enhance cAMP-mediated signaling and exhibit anti-inflammatory and neuroprotective 
effects. Complementary interventions-including flavonoids, lignans and vitamin D-may modulate the 
brain-lung-olfactory axis and further mitigate neuroinflammation. This review proposes an integrated 
pharmacological and nutritional strategy targeting systemic and central inflammatory pathways, offering 
a novel framework for preventive and therapeutic approaches in AD.
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improves synaptic plasticity, attenuates neuroinflammation and 
reverses Aβ-induced cognitive deficits [3]. Roflumilast has been 
shown to cross the blood-brain barrier, albeit moderately and 
exerts neuroprotective effects through modulation of intracellular 
phosphorylation pathways, including increased CREB, Akt and 
GSK-3β phosphorylation and reduced activation of JNK, IRE1α, p38 
MAPK and SMAD3 pathways [7-9].

Olfactory Dysfunction and Neuroinflammation in 
AD

Olfactory dysfunction is among the earliest clinical 
manifestations of AD and reflects synaptic and neuronal 
disruption within the Olfactory Bulb (OB) [10,11]. Increasing 
evidence implicates Th17 lymphocytes and IL-17A in mediating 
olfactory deficits, with animal studies demonstrating partial 
restoration of olfactory function following IL-17A neutralization 
[12]. TNF-α further contributes to AD pathogenesis by promoting 
neuroinflammation, neuronal injury and Aβ production, although 
its effects differ depending on activation of TNFR1 versus TNFR2 
signaling pathways [13,14]. PDE4 inhibitors such as roflumilast 
may mitigate these inflammatory cascades and restore olfactory 
and cognitive function.

Natural Compounds with PDE4-Inhibitory or 
Neuroprotective Effects

Natural compounds, including flavonoids and lignans, exhibit 
potent anti-inflammatory, antioxidant and neuroprotective 
properties. Flavonoids have been shown to reduce oxidative 
stress, enhance cerebral blood flow, promote neuronal survival 
and support cognitive performance [15]. Lignans, abundant in 
seeds (e.g., flaxseed and sesame) and berries (e.g., Schisandra 
species), can cross the blood-brain barrier and modulate 
inflammatory and oxidative stress pathways, thereby protecting 
against neurodegeneration [16]. In addition, certain plant-derived 
compounds such as sappanone A and licorice-derived molecules 
demonstrate PDE4-inhibitory activity, suggesting potential 
synergistic effects with pharmacological PDE4 inhibitors [17,18].

Vitamin D and the Brain-Lung Axis
Emerging evidence supports the existence of a functional brain-

lung axis, with inflammation serving as a critical mediator between 
these organs. Vitamin D exerts immunomodulatory and anti-
inflammatory effects in both the central nervous system and the 
respiratory tract [19,20]. Vitamin D deficiency has been associated 
with cognitive decline, depression and increased susceptibility 
to respiratory disorders such as COPD and asthma. Furthermore, 
racial and ethnic disparities in vitamin D status-partly attributable 
to differences in skin pigmentation-have been linked to an increased 
risk of AD among Black, Hispanic and South Asian populations [21-
26].

Hypothesis and Future Directions
Based on its capacity to inhibit PDE4, suppress systemic and 

central inflammation and penetrate the central nervous system, 

roflumilast represents a promising candidate for AD prevention 
or therapy. Adjunctive interventions using flavonoids, lignans and 
vitamin D supplementation may further enhance neuroprotection 
and slow disease progression. We hypothesize that AD progression 
may be driven, in part, by chronic disruption of the brain-lung 
inflammatory axis and that targeted modulation of inflammatory 
signaling and cAMP pathways represents a viable therapeutic 
strategy. Further experimental and clinical studies are warranted 
to evaluate the safety and efficacy of these combined interventions.

Conclusion
Roflumilast, natural PDE4 inhibitors, flavonoids, lignans and 

vitamin D supplementation collectively represent an integrated 
therapeutic approach to mitigating neuroinflammation, synaptic 
dysfunction and cognitive decline in Alzheimer’s disease. Systematic 
investigation of these strategies in preclinical and clinical settings 
may open new avenues for preventive and disease-modifying 
interventions in AD.
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