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INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) is a 

common, preventable lung disorder characterized by 

progressive, poorly reversible airflow limitation often 

with systemic manifestations, in response to tobacco 

smoke and/or other harmful inhalational exposures.
1
 

According to WHO, 65 million people have moderate to 

severe COPD and is estimated to be the 3
rd

 leading cause 

of death by 2030.
2
 Crude estimates suggest that there are 

30 million COPD patients in India.
3 

It is an often under 

diagnosed and life threatening disease and its incidence is 

on rise due to increased smoking, widespread use of 

biomass fuel and co-morbid infectious diseases. The 

disease presents with symptoms of cough, sputum 

production, or dyspnea (difficult or laboured breathing), 

and/or a history of exposure to risk factors for the disease 

and the diagnosis is confirmed by spirometry. 

Management of chronic stable COPD aims to prevent 

exacerbations and improve lung function through drug 
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and O2 therapy, smoking cessation, exercise, 

enhancement of nutrition, and pulmonary rehabilitation. 

Drug treatment includes bronchodilators and 

corticosteroids or both. Bronchodilators include inhaled 

beta-agonists and anticholinergics and methylxanthines. 

Theophylline is a competitive nonselective 

phosphodiesterase inhibitor, which raises intracellular 

cAMP, activates PKA, inhibits TNF-alpha
 
and inhibits 

leukotriene synthesis
 
and reduces inflammation.

4-7
 It is a 

nonselective adenosine receptor antagonist, antagonizing 

A1, A2, and A3 receptors almost equally, which explains 

many of its cardiac effects.
8
 Doxofylline is a xanthine 

bronchodilator which has greatly decreased affinity 

towards adenosine A1 and A2 receptors which explain its 

better safety profile and less cardiac side effects. 

In this present study, the safety and efficacy of 

doxofylline in comparison with theophylline in the 

treatment of moderate COPD were reviewed. 

METHODS 

This study was conducted in the Department of 

Pharmacology and Department of TB and Respiratory 

Diseases, Osmania medical college, Hyderabad which 

was approved by institutional ethics committee and an 

informed consent was taken from all the patients before 

enrolling them in the study. This is an open label, 

randomized, prospective parallel group study of 12 weeks 

duration. The inclusion criteria were, male patients above 

the age of 18 years of age, who were diagnosed clinically 

and spirometrically with COPD, who had the complaints 

of breathlessness, cough with sputum, and with history of 

smoking. Patients with baseline spirometry of (FEV1) 

between 50-80% of the predicted value were included in 

the study. The exclusion criteria includes complicated 

cases of chronic obstructive pulmonary disease with 

respiratory failure, patients with clinically significant 

lung disease other than COPD, patients with a history of 

hepatic, renal, cardiovascular and neurologic diseases 

which require treatment, pregnant and lactating mothers, 

Subjects who quit smoking less than 3 months prior to the 

screening visit and those already on methyxanthines. A 

case record form, adverse drug reaction form were 

devised to capture all the data during the study. 

Demographic data was collected from all the patients. 

Detailed medical history with general and systemic 

examination was done. All the baseline investigations 

were done. The patients were randomly allocated into 

two groups and given study numbers. Group I patients 

were administered Theophylline, sustained release 400 

mg once daily and group II patients were administered 

doxofylline 400 mg twice daily, orally for a duration of 

12 weeks. All patients are advised to take rescue 

salbutamol inhalation 100-150 mg if the symptoms are 

not controlled with the prescribed medication.  

Efficacy assessment 

The efficacy of doxofylline was compared with 

theophylline on the basis of the clinical improvement of 

the symptom scores and the spirometric parameters 

before and after the drug treatment. The symptom score 

included shortness of breath, cough, night symptomatic 

symptoms and frequency of use of rescue medication.  

FEV1, FVC and the ratio of FEV1 and FVC were 

recorded on days 0, week 1, week 6 and 12 of [in the 

actual study: P.F.T:-FEVI, FVC, FEV1 / FVC%. Baseline 

on 1
st
 day, 3

rd 
day, 7

th
 day thereafter every 2

nd
 week for a 

period of 12 weeks the drug treatment. The pulmonary 

function tests were done by using SPIROLAB II (MIR).  

Safety assessment 

The adverse events reported by the patients or observed 

by the investigator were recorded at each visit. Renal and 

hepatic parameters were assessed before and after 

completion of study. 

Statistical analysis 

Data are expressed as Mean±SD. Paired t- test and 

unpaired t–test were performed for within group and 

between groups analysis respectively. A p-value <0.05 

was considered to be statistically significant. All 

statistical analysis was performed using the Prism 

Graphpad 6, USA. 

RESULTS  

A total of 50 patients were screened and 40 eligible 

patients were randomized and included in the study. 

Twenty patients were randomized to each group, among 

which 2 patients in theophylline group dropped out of the 

study. The mean age of the patients in doxofylline group 

was 55.7±1.02 and mean age of patients in theophylline 

group was 55.45±0.745. 

There were no significant differences between treatment 

groups in baseline characteristics including age, weight 

and body mass index indicating a homogenous 

population. 

In the spirometric assessment values showed significant 

improvement in FEV1 with respective baseline at the end 

of 12 weeks in both the groups of patients. The mean 

FEV1 improved by 0.62 liters (45%) in theophylline 

group and by 0.561 liters (40.2%) in doxofylline group at 

the end of treatment (P<0.01). At the end point mean 

FVC value improved by 0.449 liters (21.87%) in 

theophylline group and by 0.425 liters (17.9%) in 

doxofylline group, in comparison with baseline values 

(P<0.01). The mean FEV1/FVC% ratio also improved by 

19.69% in theophylline group and by 25.32% in 

doxofylline group, compared with baseline (P<0.01) 

(Table 1, Figures 1-4).  

 

http://en.wikipedia.org/wiki/Phosphodiesterase_inhibitor
http://en.wikipedia.org/wiki/Cyclic_adenosine_monophosphate
http://en.wikipedia.org/wiki/CAMP-dependent_protein_kinase
http://en.wikipedia.org/wiki/TNF_inhibitor
http://en.wikipedia.org/wiki/Leukotriene
http://en.wikipedia.org/wiki/Anti-inflammatory
http://en.wikipedia.org/wiki/Theophylline#cite_note-PDEs-Essayan-8
http://en.wikipedia.org/wiki/Adenosine_receptor
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Table 1: Spirometric changes in mean values of FEV1, FVC and FEV1/FVC before and after the therapy. 

Group FEV1 FVC FEV1 / FVC% 

 

 

Mean 

value 

before Rx 

Mean 

value 

after Rx 

Mean 

change 

% 

Mean 

value 

before Rx 

Mean 

value 

after Rx 

Mean 

change 

% 

Mean 

value 

before Rx 

Mean 

value 

after Rx 

Mean 

change 

% 

I Theophylline  

N=18 

 

1.35 

 

1.97 

 

45.92 

 

2.057 

 

2.506 

 

21.87 

 

65.65 

 

78.58 

 

19.69 

II Doxofylline  

N=20 

 

1.393 

 

1.954 

 

40.2 

 

2.376 

 

2.801 

 

17.9 

 

58.514 

 

73.33 

 

25.32 

 

 

Figure 1: Spirometric changes in mean values of 

FEV1 during the therapy with doxofylline                

and theophylline. 

 

Figure 2: Spirometric changes in mean values of FVC 

during the therapy with doxofylline                           

and theophylline.  

 

Figure 3: Spirometric changes in mean values of 

FEV1/FVC during the therapy with doxofylline       

and theophylline. 

 

Figure 4: Spirometric changes of mean percentages in 

values of FEV1, FVC and FEV1/FVC during the 

therapy with doxofylline and theophylline. 

Symptomatic improvement was observed by both the 

groups of patient i.e. score for cough, sputum shortness of 

breath, nocturnal exacerbation of symptoms, severity has 

come down in regard to base line with significant value 

(P<0.05). Mean score improvement of cough and SOB 

(shortness of breath) in COPD patients during 12 weeks 

are shown in the Table 2 and Figure 5. Nocturnal severity 

of symptoms score (NSS) also showed improvement by 

33% and 30% in theophylline and doxofylline groups 

respectively as shown in Table 3 and Figure 5. 

 

Figure 5: Spirometric changes of mean percentages in 

values of nocturnal severity of symptoms score (NSS) 

and risk medication frequency (RMF) use, during the 

therapy with doxofylline and theophylline. 
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Table 2: Mean score improvement of cough and SOB (shortness of breath) during the therapy with          

doxofylline and theophylline. 

Group COUGH SOB 

 

 

Mean value 

before Rx 

Mean value 

After Rx 

Mean 

change % 

Mean value 

before Rx 

Mean value 

after Rx 

Mean 

change % 

I Theophylline N=18 1.888 1.470 22.13 1.944 1.277 34.31 

II Doxofylline N=20 2.05 1.4 31.7 1.9  1.25 34.21 

Table 3: Mean score improvements of nocturnal severity of symptoms score (NSS) and risk medication frequency 

(RMF) in COPD during therapy with doxofylline and theophylline. 

Group NSS RMF 

 
Mean value 

before Rx 

Mean value 

after Rx 

Mean 

change % 

Mean value 

before Rx 

Mean value 

after Rx 

Mean 

change % 

I Theophylline (N=18) 2 1.133 33.5 1.944 1.5 22.83 

II Doxofylline (N=20) 1.95 1.35 30.76 1.95 1.22 37.43 

 

Frequency of risk medication also decreased by mean 

change of 22.83% in theophylline group and 37.43% in 

doxofylline group in the period of 12 weeks with regard 

to baseline (P<0.05) as shown in Table 3 and Figure 5. 

Both the drugs were well tolerated without any major 

adverse event by most of the patients. Overall, the 

adverse events were found to be more in the theophylline 

group when compared to doxophylline group. 

Table 4: Adverse events experienced during the 

therapy with doxofylline and theophylline. 

Adverse 

events 
 Theophylline Doxofylline 

GIT 

Epigastric 

distress 
6 3 

Nausea 6 2 

CNS 
Headache 2 1 

Digginess 2 1 

Sleep 

disorder 
Insomnia 2  

CVS 

Palpitation 2 0 

Typical 

chest pain 
0 0 

Drop 

outs 
 2 0 

Adverse events were observed in 55.5% of patients in 

theophylline group and in 30% of patients in doxofylline 

group. More adverse effects were seen in Group-I which 

is treated with theophylline as shown in the following 

Table 4. The most common side effect in both the groups 

was epigastric distress and nausea. Cardiovascular side 

effects including palpitations were reported from patients 

treated with theophylline only. The adverse drug 

reactions were mild and required only symptomatic 

treatment in a few cases. According to the Naranjo ADR 

probability scale, the adverse events were found to be 

probable in 8 cases (Score = 5-8), possible (Score = 1-4) 

in 17 cases and doubtful (Score = 0) in other cases. 

DISCUSSION 

COPD is a potentially fatal slowly progressive respiratory 

disease. A COPD diagnosis is confirmed by a simple test 

called spirometry. Drug treatment includes 

bronchodilators and corticosteroids or both. 

Bronchodilators include inhaled beta-agonists and 

anticholinergics and methylxanthines. Doxofylline (7-(1, 

3-dioxalan-2-ylmethyl) theophylline) is a novel xanthine 

bronchodilator which differs from theophylline in that it 

contains a dioxalane group in position 7 and has greatly 

decreased affinity towards adenosine A1 and A2 

receptors which explain its better safety profile. 

Theophylline has an antagonistic action on the adenosine 

A1, A2a and A2b receptors, which is responsible for its 

cardiac and central nervous system stimulatory side 

effects. Doxofylline has been reported to have less 

affinity for the adenosine receptor and it has been 

claimed to have a better safety profile. It has been 

claimed to have a decreased affinity towards the 

adenosine A1 and A2 receptors. 

In our study, both doxofylline and theophylline 

significantly improved spirometric values and there was 

significant improvement in symptoms – cough, shortness 

of breath and nocturnal severity of symptoms. There was 

a significant reduction in the use of at rescue medication 

during the treatment with both the drugs. The results in 

the patients showed that the baseline spirometric 

variables were similar and not statistically significant in 

the study groups. Active treatments resulted in 

improvements in the spirometric variables, which were 

sustained throughout the periods of the active treatment. 

The improvement in FEV1 was statistically significant as 

compared to the value at the baseline. The improvement 

was statistically significant at every visit as compared to 



Nagawaram PR et al. Int J Basic Clin Pharmacol. 2016 Apr;5(2):251-256 

                                                International Journal of Basic & Clinical Pharmacology | March-April 2016 | Vol 5 | Issue 2    Page 255 

the baseline. The percent increase in the mean FEV1 as 

compared to the baseline has been shown. A similar 

difference was observed in the FEV1 /FVC ratio.  

Cough score improved by 22.13% in theophylline group 

and by 31.7% in doxofylline group. Shortness of breath 

score improved by 34% (both in) and 34% in 

theophylline and doxofylline groups respectively. 

Nocturnal severity of symptoms score also showed 

improvement by 33% and 30% in theophylline and 

doxofylline groups respectively. Frequency of use of 

rescue medication also decreased by means change in 

score by 22% in theophylline group and 37% in 

doxofylline group. The mean FEV1 improved by 0.62 

liters (45%) in theophylline group and by 0.561liters 

(40.2%) in doxofylline group at the end of treatment 

(P<0.01). At the end point mean FVC value improved by 

0.449 liters (21.87%) in theophylline group and by 0.425 

liters (17.9%) in doxofylline group, in comparison with 

baseline values (P<0.01). The mean FEV1/FVC% ratio 

also improved by 19.69% in theophylline group and by 

25.32% in doxofylline group, compared with baseline 

(P<0.01). The main factor limiting the use of theophylline 

was in fact is high incidence of side effects especially 

gastric distress and central nervous stimulation.  

Most common side effects in our study was gastric – 

epigastric distress (33%) in theophylline group and 15% 

in doxofylline group. In this study doxofylline had a 

lesser number of unwanted side effects, lesser number of 

patients with unwanted effects, and lesser number of 

severe unwanted side effects as compared to 

theophylline. 

These results are consistent with the study of Santra CK 

at Burdwan Medical College and Midnapore Medical 

College in West Bengal done as an open randomized 

multicentric trial.
9
 In that study, both drugs significantly 

increased spirometric parameter (doxofylline p<0.01 and 

theophylline p<0.04) and significantly reduced 

salbutamol consumption (p<0.001 for both drugs). 

Doxofylline was better tolerated than theophylline 

considering either the number of unwanted side-effects: 

(Doxofylline 8 and theophylline 25) or number of drop-

out side-effects (doxofylline 5 and theophylline 10). 

Melillo G et al in 1989 have studied doxofylline and 

theophylline.
10

 Both drugs significantly increased 

spirometric parameters (p less than 0.001 for all tests) and 

significantly reduced salbutamol consumption (p less 

than 0.001 for both drugs). Doxofylline was better 

tolerated than theophylline considering either the number 

of unwanted side-effects: (doxofylline 12; theophylline 

37) or number of drop-outs due to side-effects 

(doxofylline 5; theophylline 10). From these results 

doxofylline seemed to be a good alternative to 

theophylline in the treatment of reversible chronic airway 

obstruction in view of its better safety profile. Goldstein 

MF et al, did the comparative study was done in three 

hundred forty-six patients who were randomly assigned 

to a 12-week oral treatment with either doxofylline 400 

mg tid (high dose), doxofylline 200 mg tid (low dose), 

theophylline 250 mg tid (active control) or placebo.
11

 

Changes in FEV1 exhibited statistically significant 

differences between doxofylline 400 mg tid and placebo 

and between theophylline and placebo. Significantly 

more patients had to interrupt treatment because of 

adverse events under theophylline than under doxofylline 

400 mg tid (p=0.001).  

One of the major limitations of theophylline is its 

nonselectivity for the phosphodiasterase enzyme. This 

was not solved by doxofylline as well, as there is no 

evidence that it was a selective PDE IV inhibitor. 

Theophylline has an antagonistic action on the adenosine 

A1, A2a and A2b receptors, which is responsible for its 

cardiac and central nervous system stimulatory side 

effects. Doxofylline has been reported to have less 

affinity for the adenosine receptor and it has been 

claimed to have a better safety profile. It has been 

claimed to have a decreased affinity towards the 

adenosine A1 and A2 receptors. From these results, 

doxofylline seemed to be a good alternative to 

theophylline in the treatment of chronic obstructive 

pulmonary disease. 

CONCLUSION 

This study provides evidence that doxofylline is an 

effective treatment for relieving airway obstruction and 

displays a better safety profile with respect to 

theophylline with a favourable risk-to-benefit ratio. 
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