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Cyclic adenosine monophosphate (cAMP)

cAMP is a second messenger which influences homeostasis 
and cellular functions, for instance, structural and 
inflammatory cells. cAMP exerts its cellular functions via 
protein kinase A (PKA) activation, through a non-PKA 
pathway, or by guanosine triphosphate (GTP) exchange 
protein activated by cyclic AMP (EPAC) (1,2). cAMP is 
converted from adenosine trisphosphate (ATP) by adenylyl 
cyclase (AC). However, it is unstable and rapidly hydrolyzed 
by phosphodiesterase enzymes (PDE). Thus, either AC 
activation or PDE inhibition resulting in increased cellular 
cAMP and physiological changes such as enhanced smooth 
muscle relaxation and suppressed inflammation (3,4). 
Mammalian PDE was classified into PDE1–11 which 
is based on kinetics, substrate selectivity, and cellular or 
tissue distribution. The most important PDE isoforms in 

respiratory diseases are phosphodiesterase 4 (PDE4) and 
PDE5. PDE4 is further divided into PDE4A, PDE4B, 
PDE4C and PDE4D which depend on gene encoding. 
PDE4B inhibition is associated with bronchodilator and 
anti-inflammatory effects, while PDE4D inhibition is 
associated with emesis due to its prominence in the brain 
cells (5,6).

Mechanisms of roflumilast in airway disease 
treatment

Rolipram, the first PDE4 inhibitor, was developed for 
the treatment of psychiatric diseases. However, rolipram 
has severe side effects due to its predominant PDE4D 
inhibition. Hence, the more selective PDE4 inhibitors, 
for instance, cilomilast (GlaxoSmithKline), roflumilast 
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(Altana and Nycomed) and piclamilast (Novartis) were 
developed. Meanwhile, only roflumilast is an agent 
that has been extensively studied and was approved 
for treating chronic obstructive pulmonary disease 
(COPD) (7). The binding affinity (Km) of various 
selective PDE4 inhibitors to PDE4B and PDE4D 
contributes to the clinical efficacy as well as unwanted 
side effects. According to in vitro studies, roflumilast 
has a significantly higher PDE4B affinity (low Km)  
than the prototypic drugs rolipram and cilomilast. Thus, the 
effective dose inhibitory concentration (IC50) of roflumilast 
is lower than that of other PDE4 inhibitors (7,8) (Figure 1).

Effects of roflumilast and other PDE4 inhibitors 
on inflammatory cells

PDE4 inhibitors were demonstrated to inhibit inflammatory 
cytokine and mediator release from inflammatory cells. In 
addition, it inhibits neutrophil chemotaxis or migratory 
activity. Lastly, PDE4 inhibitor promotes apoptosis of these 
cells (8,9).

Macrophages

Macrophages are key switch of airway inflammation in 
COPD. Roflumilast and roflumilast N-oxide reduced LPS-
induced release of chemokines (CCL2, CCL3, CCL4 and 

CXCL10) and tumor necrosis factor alpha (TNF-α) from 
human lung macrophages in dose-dependent fashion (10). 
The decrease in chemokines and pro-inflammatory cytokine 
production from macrophages and monocytes plays role in 
pathogenesis of COPD (11).

Eosinophils and mast cells

Theophylline and PDE4 inhibitor (rolipram) suppressed 
platelet activating factor (PAF) and C5a-stimulated 
eosinophils decreasing leukotriene C4 (LTC4) synthesis and 
chemotaxis (12). In addition, rolipram caused concentration-
dependent inhibition of zymosan-stimulated superoxide anion 
generation by human eosinophils (13). In addition to the 
inhibition of LTC4 production from eosinophils, rolipram 
inhibited the IgE-dependent generation of IL-4, IL-13  
and histamine from basophils (14). Roflumilast inhibited 
IgE-mediated mast cell degranulation has been shown from 
in vitro study. Rolipram inhibited pulmonary eosinophilia 
in ovalbumin (OVA)-challenged mice (15). Roflumilast also 
inhibited early and late allergic response and airway hyper-
responsiveness in fungal sensitized mice (16).

Neutrophils

Since neutrophilic inflammation is key pathogenesis of 
corticosteroid resistance asthma and COPD. In vitro study 

Figure 1 Molecular mechanism of roflumilast for treating obstructive airway diseases. AC, adenylyl cyclase; ATP, adenosine trisphosphate; 
cAMP, cyclic adenosine monophosphate; PDE4, phosphodiesterase 4.
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has shown that roflumilast and roflumilast N-oxide inhibit 
neutrophil release of interleukin 8 (CXCL8), leukotriene 
B4 (LTB4), matrix metalloproteinase-9 (MMP-9) and 
neutrophil elastase (NE) in dose dependent fashion (8). 
They inhibit neutrophil degranulation by selective PDE4 
effects not shared by PDE3 inhibitors or theophylline (17).  
In addition, roflumilast N-oxide concentration-dependently 
suppressed neutrophil adhesion to endothelial cells 
and CD11b expression on bacterial peptide stimulated 
neutrophils. Hence, it potentially inhibits neutrophil 
migratory activity (18).

Effects roflumilast and other PDE4 inhibitors on 
airway structural cells

Structural cells of the lungs such as airway smooth muscle 
(ASM) cells, fibroblast and epithelial cells play roles in 
pathogenesis of asthma and COPD. PDE4 inhibitors 
inhibiting morphological and functional changes of these 
cells will be discussed.

ASM cells

ASM cells exert their contractile function resulting in airway 
obstruction in asthma and COPD. In vitro study has shown 
that roflumilast N-oxide in combination with formoterol 
significantly enhanced the effect of dexamethasone in 
ASM (19). It potentiated formoterol-induced expression of 
mitogen-activated protein kinase phosphatase 1 (MKP-1).  
In addition, other selective PDE4 inhibitors (cilomilast, 
piclamilast, rolipram) have been shown to increase cAMP 
and MKP-1 mRNA expression in respond to formoterol (20).

Fibroblasts

Since fibroblast proliferation contributes to small airway 
fibrosis in COPD (11). Roflumilast antagonizing profibrotic 
activity of fibroblasts stimulated by tumor growth factor 
β (TGF-β) has been shown from in vitro study (21). 
Rolipram and cilomilast attenuating fibroblast chemotaxis 
has been shown in in experimental study (22). Roflumilast 
mitigates bleomycin-induced lung fibrotic remodeling in 
rodents (23). Cilomilast lowered pulmonary fibrosis which 
are pathologically quantified examination of bleomycin 
instilled mice (24). In vitro and animal experimental results 
suggest that PDE4 inhibitors may be able to inhibit 
fibroblast activity and, thus, have the potential to prevent of 
progressive fibrosis of airways and lung parenchyma (22).

Bronchial epithelial cells

PDE4 inhibitors suppress TNF-α release from airway 
epithelial cells hence they exert anti-inflammatory effect (25).  
PDE4 inhibitor also suppresses TNF-α release from airway 
epithelial cells. Bronchial biopsy study has shown neutrophil 
infiltration in the bronchial submucosa and glands of 
chronic bronchitis compared to normal subjects (26).  
Furthermore, co-localization of immunoreactivity of 
MUC5AC and EGFR has been detected in human goblet 
cells (27). PDE4 inhibitors may reduce mucus hyper-
secretion in COPD. Rolipram, cilomilast and roflumilast 
decreased MUC5AC expression induced by EGF in human 
airway epithelial cells (28). Roflumilast has been shown to 
improve ciliary function in the bronchial epithelium (29). 
The activation of cystic fibrosis transmembrane receptors  
(CFTR) via elevating cAMP level in airway epithelial cells 
could promote epithelial rehydration thereby facilitating 
mucous clearance (30). These effects may contribute to 
clinical efficacy PDE4 inhibitor in chronic bronchitis.

Synergistic effect of roflumilast and other anti-
inflammatory agents

Despite the observed anti-inflammatory properties of 
roflumilast, the additive effect of other agents such as 
corticosteroids or long-acting β2-agonists is open to question. 
A synergistic effect between roflumilast and fluticasone 
propionate has been demonstrated in peripheral blood 
mononuclear cells (PBMCs). Roflumilast and roflumilast 
N-oxide were found to increase glucocorticoid receptor 
activity and glucocorticoid-dependent gene transcription 
in PBMCs compared with a control (31). Addition of 
formoterol to roflumilast provided superior in vitro anti-
inflammatory activity. Formoterol significantly increased 
the inhibitory effect of roflumilast on the LPS induced 
release of the cytokines from human lung tissue (32). Adding 
roflumilast to indacaterol has shown an enhanced anti-
fibrotic effect by inhibiting mediator release from fibroblasts 
and myofibroblasts. Activation of PKA is the mechanism 
underlying the additive effect between PDE4 inhibitor and 
long-acting beta-adrenoceptor agonists (LABAs) (33,34). 
However, the translation from a scientific basis to a clinical 
meaning is yet to be proven.

Clinical evidence of roflumilast in asthma

Inhaled corticosteroid (ICS) is an effective treatment for 
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persistent asthma and is reserved as a first-line therapy 
according to most guidelines. However, clinical studies of 
roflumilast on asthma have been limited (35). Roflumilast 
inhibiting allergen-induced airway inflammation was shown 
by the attenuating allergen-induced sputum eosinophilia 
in mild asthma (36). Roflumilast was found to attenuate 
allergen-induced early- and late-phase asthmatic reactions 
in early clinical study (37). A comparison of the efficacy of 
roflumilast versus a placebo was conducted in a 12-week 
clinical study (Table 1). Improved morning peak expiratory 
flow rate (PEFR) in a dose-dependent fashion was noted. 
Higher doses (250 and 500 µg) were superior to a lower 
dose (100 µg) (41). Moreover, other studies have shown 
comparable clinical efficacy of 500 µg roflumilast and 400 µg 
inhaled beclomethasone dipropionate on forced expiratory 
volume in 1 second (FEV1) (40,43). Proof-of-concept 
studies were conducted in asthma patients by comparing 
roflumilast to placebo or ICS. Improved lung function was 
noted in roflumilast treated patients. Adding roflumilast 
to ICS in asthma provided additional FEV1 improvement 
from baseline to 24 weeks (44). Despite clinical studies 
of roflumilast and other PDE4 inhibitors in asthma have 
not been undertaken due to potentially severe adverse 
effects and the availability of effective alternative therapies, 
particularly ICSs. Recently, crossover study was conducted 
by addition roflumilast and montelukast versus montelukast 
alone in moderate-to-severe asthma whose symptoms are 
uncontrolled by ICS/LABA. Clinical meaningful change of 
FEV1 and patient report outcome were noted in roflumilast 
arm versus placebo (42). Roflumilast has been investigated 

in asthma, and has extensively been shown to reduce 
COPD exacerbation; for this reason, the role of this agent 
in treating inadequately controlled asthma with frequent 
exacerbation appears promising and needs further clinical 
evaluation.

Clinical evidence of the efficacy of roflumilast in 
COPD

The selective PDE4 inhibitors rolipram, cilomilast and 
roflumilast have been investigated for their inhibitory effects 
on neutrophilic airway inflammation. An experimental 
study found that PDE4 inhibitors inhibited MMP-
9 and NE release from neutrophils in a concentration-
dependent manner (17). However, cilomilast failed to 
decrease sputum neutrophilia as a marker of pulmonary 
inflammation in COPD patients, compared with a placebo-
controlled clinical study (45). Another placebo-controlled 
study showed roflumilast decreased sputum cell counts, 
both eosinophils and neutrophils. In addition to its effect 
on inflammatory cells, roflumilast reduced neutrophilic 
and eosinophilic inflammatory mediators in sputum of 
COPD patients (46). The difference between the efficacy 
of cilomilast and roflumilast is associated with the different 
IC50; roflumilast is more potent than cilomilast for PDE4B 
inhibition in inflammatory cells (35).

The aims of COPD treatments comprise symptom 
improvement and future risk reduction. COPD exacerbation 
reduction was noted in clinical studies of long-acting 
bronchodilators [LABA and/or long-acting muscarinic 

Table 1 Major clinical trials of roflumilast in asthma

Investigators Year Duration (week) Primary objective Treatment arms

van Schalkwyk E et al. (37) 2005 1 Improved LAR (dose related) RF 250 µg OD & RF 500 µg OD vs. 
placebo in mild-moderate asthma

Timmer W et al. (38) 2002 4 Prevention of exercise induced fall of FEV1 RF 500 µg OD vs. placebo

Aubier M et al. (39) 2004 12 ↑ PEFR (speed of action) RF 500 µg OD vs. placebo

Bousquet J et al. (40) 2006 12 ↑ FEV1, ↑ FEEFR and improve asthma control RF 500 µg OD vs. BDP 200 µg BID

Leichtl S et al. (41) 2002 12 ↑ FEV1, alg OD vs. BDP 200 µg BIDfall of FEV 
mild-moderate control in mild-moderate asthma

RF 100 µg OD, RF 250 µg OD, RF 
500 µg OD

Bateman ED et al. (42) 2016 4 ↑ FEV1, improve ACQ-7 in uncontrolled asthma 
by ICS/LABA

ML 10 mg plus RF 500 µg OD vs.  
ML 10 mg plus placebo (crossover)

Albrecht A et al. (43) 2002 12 ↑ FEV1, ↑ FEVEFR & ↓ rescued SABA RF 500 µg OD vs. BDP 200 µg BID

↑, increase; ↓, decrease. RF, roflumilast; BDP, beclomethasone dipropionate; ML, montelukast; OD, once-daily dose; BID, twice-daily; 
LAR, late asthmatic response; FEV1, forced expiratory volume at 1 second; PEFR, peak expiratory flow rate; ACQ-7, asthma control 
questionnaire-7; SABA, short-acting beta agonist; ICS-LABA, combined inhaled corticosteroid and long-acting beta-agonist.
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antagonist (LAMA)] or combined inhaled corticosteroid and 
long-acting beta-agonist (ICS-LABA) (47). However, ICS-
LABA was found to be significantly associated with pneumonia 
in COPD (48). PDE4 inhibitors, as a nonsteroidal treatment, 
were tested for their efficacy in clinical studies of COPD 
patients. Different doses of cilomilast (5, 10 and 15 mg)  
were investigated. There was significant improvement in lung 
function, i.e., FEV1 and PEFR, in a concentration-dependent 
manner. However, the effect on quality of life, as measured 
by St. George’s Respiratory Disease Questionnaire (SGRQ), 
was demonstrated at a high dose (49). Effects on PEFR were 
also observed in short-term studies on COPD treated with 
roflumilast (250 and 500 µg) compared with a placebo (50). A 
clinical study of roflumilast in COPD patients was conducted 
over a 24-week period. There was significant improvement of 
both pre- and post-bronchodilator FEV1 and quality of life, 
as measured by SGRQ score, in roflumilast-treated COPD 
patients compared with a placebo (51).

The long-term effects of oral 500 µg roflumilast on 
COPD were investigated in 52-week placebo-controlled 
trials (M2-124 and M2-125 trials). The studies aimed to 
evaluate the effects on lung function and exacerbation (52). 
Significant improvement of pre- and post-bronchodilator 
FEV1 in comparison with a placebo was noted. In addition, 
maximizing the benefit of a bronchodilator was noted when 
roflumilast was added to the bronchodilator—either an 
inhaled long-acting muscarinic antagonist (tiotropium) or an 
inhaled long-acting β2-agonist (salmeterol) (53). However, 
the effect on increasing FEV1 by adding roflumilast to a 
long-acting bronchodilator did not reach a minimal clinically 
important difference (MCID) in these studies. Moderate 
to severe COPD exacerbation and exacerbation requiring 
corticosteroid were significantly reduced in roflumilast-
treated COPD patients. The maximal benefit of roflumilast 
for reducing exacerbation was noted in ICS-treated COPD 
patients and in those with chronic bronchitis, compared 
with those without ICS treatment and those without chronic 
bronchitis (54). Findings from subgroup analysis confirm 
the benefit of roflumilast in personalized medicine for 
specific COPD phenotypes. For these reasons, roflumilast 
was approved by the U.S. Food and Drug Administration 
(FDA) and the European Medicines Agency (EMA) for 
treatment of severe COPD and those suffering from frequent 
exacerbation, in particular patients with chronic bronchitis 
phenotype (55,56).

Despite maximizing COPD therapy by using either ICS-
LABA with a long-acting muscarinic antagonist (LAMA) 
or triple therapies, substantial numbers of COPD patients 

suffer from exacerbations. That is why roflumilast was 
investigated as an add-on treatment in COPD patents 
with inadequately controlled disease (57). Data from a 
series of 52-week-placebo trials of combined treatment 
with roflumilast and ICS-LABA or roflumilast and ICS-
LABA-LAMA in severe COPD patients who experienced 
chronic bronchitis and frequent exacerbation were recently 
published. Adding roflumilast to ICS-LABA or ICS-LABA-
LAMA resulted in a significant reduction of moderate 
to severe COPD exacerbation (58,59). In addition, the 
effect of roflumilast was more pronounced with increasing 
severity of exacerbation. Adding roflumilast to ICS-LABA 
or ICS-LABA-LAMA has also shown a reduction of severe 
COPD exacerbation in patients who experienced frequent 
exacerbation (>3 times/year) or hospitalized exacerbation in 
the past year (59) (Table 2).

Clinical evidence of the efficacy of roflumilast in 
other airway diseases

Bronchiectasis is a chronic respiratory disease characterized 
by abnormal dilatation of the bronchi, chronic productive 
cough and recurrent infective exacerbations. The effective 
treatments of disease are in most urgent need of evidence-
based support (62). Both pharmacological and non-
pharmacological interventions have been investigated 
and shown promising results (63). The PDE4 inhibitor, 
roflumilast, was evaluated in short term clinical trial of 
non-cystic fibrosis bronchiectasis. It has been shown 
symptomatic improvement from baseline (64). Since 
the bronchiectasis prevalence varies from 4% to 58% in 
COPD (65,66). In addition, bronchiectasis and COPD 
overlap syndrome (BCOS), is associated with poor 
outcomes (67). Despite that chronic cough and sputum 
production are characteristics of bronchiectasis, they have 
been suggested as a risk factor for exacerbations of COPD 
(68,69). Roflumilast has been shown benefit for inhibiting 
neutrophilic airway inflammation in COPD and preventing 
exacerbation in COPD with chronic bronchitis (46,54). 
In addition, neutrophils are prominent cell type involved 
in bronchiectasis and neutrophilic inflammation is key 
pathogenesis of COPD (70-72). The potential benefit of 
roflumilast for treating COPD with bronchiectasis has to be 
further investigated.

Asthma-COPD overlap syndrome (ACOS) is generally 
observed in 15–20% of patients in airway disease clinics, and 
they experience more frequent exacerbation and account 
for greater health care cost utilization than those with pure 
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COPD (73,74). Treatment of ACOS currently consists of 
ICS/LABA with and without LAMA. Prospective studies 
to investigate the benefits of roflumilast and other PDE4 
inhibitors for treating severe asthma and ACOS patients 
need to be conducted (75).

Comparing selective PDE4 inhibitors with 
xanthine derivatives

Roflumilast and other selective PDE4 inhibitors are different 
from xanthine derivatives, e.g., nonselective PDE inhibitors 
such as theophylline and doxofylline, in terms of chemical 
structure and pharmacological effects (6,7). Roflumilast 
and sustained release theophylline have been positioned 
for being the COPD pharmacological treatments (47,76). 
Roflumilast is recommended for being added on therapy to 
ICS/LABA or LAMA in COPD with frequent exacerbations. 
However, the roles of theophylline for CODP are limited 
due to relatively narrow therapeutic window and the 
availability of the effective inhaled bronchodilators (76-78).  
Despite that theophylline enhancing histone deacetylase 
(HDAC) activity and improving corticosteroid sensitivity 
were recognized (79). Oral low dose theophylline on top 
of ICS/LABA failed to reduce COPD exacerbation (80). 

Co-administration of roflumilast and xanthine derivatives 
is not recommended, as xanthine increases the level of 
roflumilast in the blood (77,81). In addition, the clinical 
study showing the benefit of adding roflumilast to xanthine 
derivative in COPD has never been conducted. Apart 
from its efficacy, roflumilast was generally well tolerated, 
according to pooled data from clinical studies (Table 2). The 
most commonly observed adverse side effects were diarrhea, 
weight loss and nausea, in approximately 9.5%, 7.5% and 
4.7% of patients, respectively, which were significantly 
higher compared with a placebo (82,83). The potential 
mechanisms of gastrointestinal side effects involve both 
central and peripheral actions. One way is by inhibiting the 
PDE4D isoform binding site in the brain, causing nausea. 
Another way is that roflumilast stimulates cystic fibrosis 
transmembrane conductance regulator (CFRT)-dependent 
chloride secretion, causing diarrhea (30). However, these 
side effects typically resolve within 4 weeks after initiating 
treatment (3). Weight loss is a major concern in COPD, 
and lower body mass index (BMI) is associated with poor 
prognosis. Nevertheless, the average weight loss in subjects 
treated with roflumilast was found to be approximately 2.09 kg. 
Greater weight loss was more common in obese patients 
than in those underweight; reduced fat mass (lipolysis) 

Table 2 Major clinical trials of roflumilast in COPD

Clinical trials and investigators Year
Duration 
(weeks)

Primary objective Treatment arms

RECORD (M2-127): Rabe et al. (51) 2005 24 Post-BD FEV1, SGRQ RF 500 µg OD, RF 250 µg OD vs. placebo

RATIO (M2-112): Calverley et al. (53) 2007 52 Post-BD FEV1, AECOPD RF 500 µg OD vs. placebo

OPUS (M2-111): Calverley et al. (53) 2008 52 Post-BD FEV1, AECOPD RF 500 µg OD vs. placebo

AURA (M2-124), HERMES (M2-125): 
Calverley et al. (52)

2009 52 Pre-BD FEV1, AECOPD RF 500 µg OD vs. placebo

EOS (M2-127): Fabbri et al. (60) 2009 24 Pre-BD FEV1 RF 500 µg OD vs. placebo

Helios (M2-128): Fabbri et al. (60) 2009 24 Pre-BD FEV1 RF 500 µg OD vs. placebo

ACROSS: Zheng et al. (61) 2014 24 Pre-BD and post-BD FEV1 RF 500 µg OD vs. placebo (ICS-LABA allowed)

REACT: Calverley et al. (57),  
Martinez et al. (58)

2012
2015

52 Rate of moderate to severe 
AECOPD

RF 500 µg OD vs. placebo (COPD were  
pre-treated with ICS-LABA with or without 
LAMA for 12 months)

RE [2] SPOND: Martinez et al. (59) 2016 52 Rate of moderate to severe 
AECOPD

RF 500 µg OD vs. placebo (COPD were  
pre-treated with ICS-LABA with or without 
LAMA for 3 months)

RF, roflumilast; OD, once-daily dose; FEV1, forced expiratory volume at 1 second; BD, bronchodilator; AECOPD, rate of COPD 
exacerbation; SGRQ, St. George’s Respiratory Questionnaire; ICS-LABA, combined inhaled corticosteroid and long-acting beta-agonist; 
LAMA, long acting antimuscarinic antagonist.
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contributed to the weight loss (3,52).

Future direction of PDE4 inhibitors

COPD is a corticosteroid-insensitive disease due to 
decreased HDAC activity as a result of tobacco smoking 
or oxidative stress (84). Low-dose theophylline increases 
corticosteroid sensitivity, as its molecular mechanism 
enhances HDAC activity in PBMCs in cases of severe 
asthma and COPD (79,85). However, the effects of 
roflumilast on HDAC activation and reversal corticosteroid 
resistance in COPD require further investigation (78,86). 
Despite that roflumilast was approved for COPD, its 
potential beyond inflammatory lung diseases such as 
bronchiectasis, pulmonary fibrosis and ACOS is promising. 
In addition, the benefits of anti-inflammatory effect of 
roflumilast in the preclinical studies and the adverse 
effects of long-term use of inhaled corticosteroid in 
COPD were addressed. Hence, corticosteroid sparing 
effects of roflumilast in the treatment of COPD need to 
be investigated. The effect of roflumilast on metabolic 
derangement in newly diagnosed diabetes mellitus type 2 
was examined by the reduction in glycosylated hemoglobin 
(HbA1C) from baseline and the reduced fat mass in obese 
COPD patients (52,87). Since metabolic syndrome is 
commonly observed in COPD, likely due to inflammatory 
cytokine spillover, this drug may have the benefits on 
COPD and comorbidities since it is an anti-inflammatory 
agent rather than a bronchodilator (88). Roflumilast has 
also been shown to improve FEV1 in severe COPD but 
the magnitude does not reach MCID (52,60). In addition, 
roflumilast does not affect pulmonary hyperinflation and 
exercise tolerance in COPD (89). Roflumilast treated 
COPD patients experiencing small improvements in 
dyspnea with accompanying improvements in lung function 
were shown in a pooled analysis (90,91). Furthermore, 
the benefits of oral agents for targeting small airways in 
COPD are interesting when comparing roflumilast with 
ICS-LABA or LAMA. However, the gastrointestinal side 
effects of roflumilast limit its use in elderly patients with 
COPD. An inhaled selective PDE4 inhibitor was recently 
developed; however, this inhaled formulation (UK-500) 
failed to improve FEV1 or to decrease the breathlessness 
score in COPD patients (92). The development of the 
inhaled formulation of PDE4 inhibitors aim of minimizing 
side effects is critical for improving patient acceptability and 
tolerability.

Apart from airway diseases, apremilast a novel selective 

PDE4 inhibitor shows promising activity in chronic 
rheumatologic and dermatologic diseases. The preclinical 
and clinical studies conducted in psoriasis and psoriatic 
arthritis. They have shown equivalent clinical efficacy of 
apremilast to methotrexate but less than that of tumor 
necrosis factor inhibitor (93,94). PDE inhibitors enhance 
cAMP and cGMP signaling by preventing the degradation 
of these nucleotides. In addition, cAMP and cGMP are 
essential in neuroplasticity and neuroprotection (95). Since 
cAMP response element-binding (CREB) may be modulator of 
processes required for memory formation (96). Rolipram was 
the first compound found to effectively restore cognitive defect 
in Alzheimer’s disease animal models (97). Furthermore, 
roflumilast and rolipram ameliorate hypertension-induced 
impairment of learning and memory functions in rats (98). 
Meanwhile, the therapeutic potential of these inhibitors 
will be evaluated in the near future. Nevertheless, the 
applications of PDE inhibitors for memory dysfunction 
and neurological diseases have to be clinically proven and 
intensively investigated (99).
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