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Article

Attenuation of angiotensin converting 
enzyme inhibitor induced cough by iron 
supplementation: role of nitric oxide

Payal Bhalla1, Narinder Pal  Singh2 and Krishnan Ravi1

Abstract
The present study examined whether (1) the cough associated with angiotensin converting enzyme inhibitor therapy 
is attenuated by oral intake of iron and anti-oxidants, and (2) nitric oxide (NO) has any role in this attenuation. Of 
the 100 patients under investigation, cough occurred in 28 of them with preponderance in females. All the 28 patients 
were followed up for six weeks: the first two weeks were the observation period and the remaining four weeks the 
experimentation period. After the observation period, 11 patients received a single oral dose of ferrous sulphate (200 
mg), eight received vitamin E (200 mg, o.d.) and vitamin C (150 mg, o.d.) and nine were given placebo during the 
experimentation period. Cough scoring, serum NO and malondialdehyde (MDA) levels were determined during both 
the periods. While there were significant decreases in cough scores, NO and MDA levels between these two periods in 
the iron group, cough scores and MDA level decreased significantly in the anti-oxidant group. None of these parameters 
changed in the control group. NO level was found to be increased significantly in patients who developed cough (n = 28) 
compared with those who did not cough (n = 72). These results suggest that iron supplementation suppresses cough in 
patients on ACE-I therapy through its effect on NO generation.

Keywords
ACE inhibitor, anti-oxidants, cough, iron, nitric oxide.

Introduction

Angiotensin converting enzyme inhibitors (ACE-I) are used 
in the management of hypertension, congestive heart fail-
ure, myocardial infarction and left ventricular systolic dys-
function. In spite of their increasing use, these drugs produce 
various side effects, of which the most troublesome and fre-
quent is the production of persistent dry cough.1,2 The inci-
dence of ACE-I induced cough has been reported to range 
between 5%1 and 39%.2 Study by Vegter and de Jong-van 
den Berg3 suggested that cough as a side effect of ACE-I is 
being missed and patients are treated with anti-tussive 
agents with an estimated frequency of 15%. Mooraki et al.4 
have shown earlier that noscapine as an anti-tussive agent is 
beneficial in ACE-I induced cough per se as it inhibits the 
effect of bradykinin. The exact mechanism that induces the 
cough has not yet been fully elucidated. Other drugs such as 
sulindac,5 indomethacin6 and sodium cromoglycate7,8 have 
been reported to be effective, but the search is on to find 
new strategies for reducing the ACE-I induced cough.

Angiotensin converting enzyme inhibition results in the 
accumulation of mediators such as bradykinin which pro-
mote airway inflammation and airway inflammation is one of 

the mechanisms that produce cough. Bradykinin is known to 
induce the production of nitric oxide (NO), which has been 
implicated in the cough response associated with allergic air-
way diseases.9 Whether NO contributes to the cough observed 
in patients on ACE-I therapy is not known. For the present 
study, we hypothesised that NO may have a role in the cough 
associated with ACE-I therapy and hence a reduction in NO 
production will attenuate the cough. NO is synthesised by the 
enzyme NO synthase (NOS), which is a haem related enzyme. 
Iron supplementation has been reported to decrease the pro-
duction of NO.10 Even though there are several methods 
available to reduce NO production, of late iron supplementa-
tion as a means of reducing NO production is gaining a lot of 
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attention. This is because the enzyme NO synthase is a haem 
related enzyme and there is a decrease in the NOS gene tran-
scription following iron supplementation.10 Also, a study per-
formed in South Korea has reported that iron intake reduces 
the occurrence of cough associated with ACE-I usage.11 
Thus, in the first part of the study we decided to investigate 
the cough responses with and without iron supplementation 
in patients on ACE-I therapy. We measured the blood NO 
level to determine whether the suppression of cough after 
iron supplementation is due to a reduction in NO level.

An increase in NOS activity can lead to generation of 
reactive oxygen species.12 Since reactive oxygen species 
also promote airway inflammation,13 for the second part of 
the study, we hypothesised that free radical scavenging by 
anti-oxidant intake may also reduce the incidence of cough 
in these patients.

Materials and methods

The study was a single blinded, placebo controlled, ran-
domised, single centre study. It was done in accordance 
with the Declaration of Helsinki and was cleared by the 
Human Ethical Committee of our Institute.

Patients 

The 100 patients included in the study were selected from 
the outpatient Department of Medicine at Lok Nayak 
Hospital, New Delhi during a 12 month period. This was a 
pilot study and due to constraints of time only 100 new 
patients were recruited. Patients who were more than 18 
years of age and were initiated on ACE inhibitors for any 
indication were screened for inclusion and exclusion. Known 
cases of COPD, bronchial asthma, respiratory tract infection, 
rhinitis and any other history of prolonged cough were 
excluded. All the patients who fulfilled the criteria were 
invited to participate, and a written consent was obtained. 

A detailed history and physical examination were car-
ried out and a questionnaire was filled in. The patients were 
followed up at weekly visits for four weeks. At each visit, 
blood pressure was monitored and patients were specifi-
cally asked about development of cough. Patients who 
developed cough within one month of starting ACE inhibi-
tors were probed about its character. They were observed 
for a further two weeks and cough scoring was done weekly 
according to the following scale:11

0 – No cough
1 – Only a tickling sensation in the throat
2 – Mild cough which does not interfere with daily 

activities
3 – Moderate cough which is tolerable but severe enough 

to interrupt daily activities for some time
4 – Severe cough which persists and interferes with most 

of the daily activities or disturbs sleep at night.

After the two week observation period, the patients with 
cough were randomly divided into the following three 
groups and weekly cough scoring was done for a further 
period of four weeks (experimentation period).

1. Control group – patients who developed ACE-I 
induced cough and were given placebo

2. Iron group – single oral dose of 200 mg ferrous sul-
phate daily (at a gap of at least two hours from ACE-I) 

3. Anti-oxidant group – single oral dose of Vitamin E 
(200 mg/day) + vitamin C (150 mg/day) daily.

During the trial period (six weeks), patients continued tak-
ing their ACE inhibitors at the same dose. Compliance was 
checked at the weekly visits by checking for empty coun-
terfoils. Compliance was similar between the three treat-
ment groups.

Biochemical parameters

Blood samples were taken at the time of inclusion in the 
study for all patients (n = 100). Blood samples were 
obtained in the morning after a minimum of 8 h of fasting. 
Haemoglobin, haematocrit, NO, malondialdehyde (MDA), 
blood urea, serum creatinine and serum electrolyte param-
eters were measured. All of these parameters were reas-
sessed at the end of the observation and treatment periods 
in the study groups (n = 28). 

Estimation of NO

Estimation of NO was done indirectly by measuring the 
serum levels of the products of NO metabolism as recovery 
of nitrite and nitrate from plasma is near-quantitative (87%) 
and reproducible. Nitrites and nitrates (NOx) were meas-
ured using the Greiss reagent and the resultant purple azo 
derivative was measured spectrophotometrically at an 
absorbance of 540 nm.14 The assay was carried out accord-
ing to the method developed by Tracey et al.15 in which 
aspergillus nitrate reductase was coupled with NADPH and 
FAD to convert all the nitrates present in plasma into 
nitrites. Readings were taken at 540 nm on an EC Double 
Beam UV-VIS spectrophotometer. Standard curve was gen-
erated using serial concentrations of sodium nitrate ranging 
from 5 µM/L to 80 µM/L. Results were expressed in µM/L.

Determination of free radical production

MDA, which was used as an index of free radical produc-
tion, was determined by reaction with thiobarbituric acid 
(TBA).16 Readings were taken at 535 nm on an EC Double 
Beam UV-VIS spectrophotometer. Standard curve was gen-
erated using serial concentrations of MDA solution (97%) 
ranging from 0.5 nM/ml to 10 nM/ml. Results were 
expressed in nM/ml.
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Statistical analysis
The incidence of cough and the general characteristics of 
cough in the study groups were evaluated. Systolic blood 
pressure (SBP), diastolic blood pressure (DBP) and cough 
scores during the observation period and the treatment 
period were compared. Laboratory data acquired from 
blood samples that were taken at the end of the observation 
and treatment periods were also compared. Analysis was 
performed with the use of Microsoft Excel and SPSS soft-
ware (version 17). Paired t-test was used to compare bio-
chemical parameters in patients before and after the 
respective treatments. Cough scores before and after treat-
ment were compared by Wilcoxon signed rank test. 
Unpaired t-test was used to compare biochemical parame-
ters in male and female patients. For each variable, data 
was expressed as mean ± standard deviation. p values of 
less than 0.05 were considered as statistically significant.

Results 

The mean age of the patients was 50.75 ± 11.45 years and 
the male to female distribution was 41:59. After the initial 
evaluation, 95 patients received enalapril and five patients 
received ramipril.

Cough

The incidence of cough in these patients on ACE inhibitors 
was 28%. Cough incidence was significantly higher in 

females compared with males (21 females and seven males 
developed cough, p = 0.035). The mean age of patients who 
developed cough was 52.85 ± 8.52 years. The maximum 
incidence of cough was observed in the age group 41–60 
years. The demographic data is shown in table 1. 

The cough was dry and non-productive in all patients, 
with 75% of them reporting increased cough intensity at 
night. Sixteen out of 28 (57.14%) experienced mild cough 
which did not interfere with daily activities and the rest 
(42.85%) complained of severe, distressing cough. Cough 
was not associated with breathlessness in 89.28% patients.

NO and MDA levels in all patients

A significant increase was observed in NO (p < 0.01) and 
MDA levels (p < 0.001) in patients who developed cough  
(n = 28) compared with patients who did not develop cough 
(n = 72) (table 1). Between those who coughed and those 
who did not, there was no significant difference in the val-
ues of haemoglobin, haematocrit, blood urea, serum creati-
nine and serum electrolyte (table 1). Serum creatinine 
values were lower in patients experiencing cough compared 
with patients without cough, but this difference was not sta-
tistically significant. This could be due to the fact that more 
women experienced cough and does not appear to be related 
by itself to ACE-I induced cough. Among the patients suf-
fering from cough, NO levels were significantly higher (p = 
0.03) in females (87.70 ± 48.86 mM/L) compared with 
males (55.62 ± 31.16 mM/L).

Table 1. Baseline characteristics of patients experiencing cough versus patients not experiencing cough

Patients not experiencing cough
(n = 72)

Patients experiencing cough
(n = 28)

p value

Demographic data

Mean age (years) 49.72 ± 12.23 52.85 ± 8.52 0.10
Sex distribution 0.035

Males 34 7

Females 38 21

Biochemical parameters

Hb (gm%) 11.52 ± 1.74 12.01 ± 1.47 0.17
Hct (%) 38.62 ± 4.69 37.66 ± 5.23 0.40
NO (µM/L) 48.72 ± 40.11 79.68 ± 46.74 < 0.01
MDA (nM/ml) 0.88 ± 0.56 2.67 ± 2.00 < 0.001
Blood urea (mg/dl) 35.40 ± 16.27 34.32 ± 10.24 0.692
Serum creatinine (mg/dl) 1.44 ± 1.56 1.05 ± 0.31 0.054
Serum Na+ (meq/L) 139.58 ± 4.25 139.25 ± 4.32 0.729
Serum K+ (meq/L) 4.31 ± 0.45 4.50 ± 0.43 0.058
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Cough score, NO and MDA levels in the patients of 
the three groups

The cough score, NO and MDA levels at baseline were not 
statistically different between the three treatment groups.

1. Control group (placebo group). In the control group (n = 
9), the SBP, DBP, NO and MDA levels were 145.77 ± 27.59 
mmHg, 87.55 ± 12.99 mmHg, 58.55 ± 57.16 µM/L and 2.5 
9± 0.89 nM/ml respectively. After treatment, the values 
changed to 128.44 ± 13.63 mmHg, 80.88 ± 1.45 mmHg, 
48.62 ± 45.87 µM/L and 3.2 ± 3.06 nM/ml respectively 
(table 2). These changes were not significant (p > 0.05). 
The cough score in the observation period was 2.66 ± 0.86 
and it decreased to 2.22 ± 1.30 after treatment period  
(figure, 1, table 2, p > 0.05)). Also, there was no significant 
change in haemoglobin, haematocrit, blood urea, serum 
creatinine and serum electrolyte levels at the beginning and 
end of the treatment period (placebo). 

2. Iron group. In the iron group (n = 11), SBP decreased 
from 146.18 ± 12.31 mmHg to 128.54 ± 9.84 mmHg and 
DBP decreased from 91.27 ± 11.90 mmHg to 82 ± 4 mmHg 
in the first week of the treatment period. These decreases 
were significant (p < 0.05). Thereafter, there was a small 
increase in these parameters, which were below the values 
in the observation period and were not significant. 

The mean cough score in the iron group was 2.81 ± 0.98 
in the final week of the observation period and 0.63 ± 0.67 
in the final week of the treatment period, showing a signifi-
cant reduction with iron supplementation (p < 0.01)  
(figure1). Of the 11 patients in the iron group, in five there 
was abolition of cough. In the remaining six there was a 
significant improvement in cough scores. This improve-
ment was evident from the second week of treatment itself. 

There was a significant decrease in NO (p = 0.043) and 
MDA (p = 0.032) levels on treatment with ferrous sulphate 
(table 2). There was no significant change in haemoglobin, 
haematocrit, blood urea, serum creatinine and serum elec-
trolyte levels at the beginning and end of treatment periods.

3. Anti-oxidant group. In the anti-oxidant group (n = 8), SBP 
decreased from150.5 ± 22.59 to 133.25 ± 11.85 mmHg and 
DBP decreased from 87 ± 10.30 to 85.5 ± 7.30 mmHg. The 
mean cough score in the anti-oxidant group decreased from 
2.62 ± 0.91 in the final week of the observation period to 
1.62 ± 1.18 in the final week of the treatment period (p < 
0.05) (figure 1). In one patient, there was abolition of cough. 

There was a significant decrease in MDA level (p = 
0.04) (table 2) after treatment with anti-oxidants. The NO 
level decreased from 84.26 ± 15.61 to 66.22 ± 11.65 but did 
not reach significance (table 2). There was no significant 
change in haemoglobin, haematocrit, blood urea, serum 
creatinine and serum electrolyte levels at the beginning and 
end of treatment periods.

Discussion

ACE-I remains the logical first line therapy for heart fail-
ure, hypertension, renoprotection and diabetic nephropa-
thy because of the vast experience with these agents, but 
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Figure 1. Cough scores in the patients of iron, anti-oxidant 
and control groups.

Table 2.  Effect of treatment in the various groups

Cough score Nitric oxide levels MDA levels

Before  
treatment

After  
treatment

Before  
treatment

After  
treatment

Before  
treatment

After  
treatment

Control group 2.66 ± 0.86 2.22 ± 1.30 58.55 ± 57.16 48.62 ± 45.87 2.59 ± 0.89 3.20 ± 3.06
Iron group 2.81 ± 0.98 0.63 ± 0.67* 93.63 ± 35.85 64.23 ± 41.23** 2.17 ± 2.22 0.60 ± 0.49**
Anti-oxidant group 2.62 ± 0.91 1.62 ± 1.18** 84.26 ± 44.17 66.22 ± 32.97 3.43 ± 2.55 1.37 ± 0.74**

Before treatment: end of observation week 2, After treatment: end of treatment week 4. *p < 0.01, **p < 0.05
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angiotensin receptor blockers (ARBs) have become a rea-
sonable alternative. Until further evidence is available, it 
might be beneficial to continue with ACE-I despite the 
occurrence of cough if this cough can be effectively 
managed.

The results of the present study show that NO plays a 
significant role in the cough associated with ACE-I therapy. 
This conclusion is based upon the observation that the basal 
NO level is higher in patients who experience cough with 
ACE-I therapy. Furthermore, following iron supplementa-
tion, there is not only a suppression of cough but also a 
decrease in NO level. It is proposed that iron supplementa-
tion is therapeutically useful in reducing the ACE-I induced 
cough through its effect upon NO level.

Incidence of cough and NO level

Among the patients under investigation, 28% experienced 
cough. Previous studies have reported the incidence of 
ACE-I induced cough to be as low as 5%1 to as high as 
39%.2 In the ADOPT and ASCEND trials, it has been 
reported that the highest incidence of cough is among 
Asians.17 The present observation is in agreement with 
these findings. In accordance with earlier findings, cough 
occurred more frequently among our female patients. We 
propose that this increased preponderance may be due to 
increased NO production in women. Indeed Moncada and 
Higgs18 and Khalil19 have demonstrated that oestradiol 
increases endothelium dependent relaxation, and aortae of 
female rats generate more NO than those of male rats. 
Additionally, ovarectomy has been reported to result in a 
reduction in the activity and amount of NOS indicating 
thereby that NO level is higher in females.18,19 In our study 
also, among those patients experiencing cough, NO levels 
were significantly higher in females compared with males. 
These findings support the proposition that NO has a role to 
play in the cough associated with ACE-I therapy.

Link between ACE inhibition, iron and NO

In our study, we observed that NO level increased signifi-
cantly in the patients who had cough, suggesting a link 
between ACE-I, cough and NO. Indeed, it is well known 
that the vasodilatory effect of ACE-I is mediated through 
the generation of NO.18 Bradykinin and other kinins which 
accumulate following ACE inhibition also induce the pro-
duction of NO.20 Besides vasodilation, NO produces other 
effects such as inflammation.21,22 NO level is increased in 
patients with airway inflammation, e.g. asthmatics.23 Thus, 
it is proposed that during ACE-I usage, there is increased 
production of NO, which leads to airway inflammation. 
Airway inflammation stimulates the sensory receptors of 
the airways, notably the rapidly adapting receptors, result-
ing in cough.24 Hence to reduce or suppress cough, it is 
essential to decrease the generation of NO.

Iron supplementation has been reported to be an effec-
tive method in decreasing NO generation and NO-mediated 
cell damage.10,11 Moreover, NOS (nitric oxide synthase), 
which generates NO, is a haem related enzyme. There are 
three known isoforms of NOS – an inducible form (iNOS or 
NOS II) expressed in macrophages and Kupffer cells, neu-
trophils, fibroblasts, vascular smooth muscle and endothe-
lial cells in response to pathological stimuli such as invading 
micro-organisms, and two constitutive forms, which are 
present under physiological conditions in endothelium 
(eNOS or NOS III) and in neurons (nNOS or NOS I).25 
iNOS is the major isoform of NOS which takes part in 
inflammation and there is an abundance of iNOS activity in 
bronchial epithelial cells.10 Since iron supplementation 
decreases the activity of iNOS10 and an increase in iron load 
diminishes the release of NO from alveolar macrophages, it 
is logical to expect that such an effect would occur in our 
patients also. Indeed, after iron supplementation, there was 
not only a significant reduction in NO generation but also a 
significant suppression of cough. The latter findings (sup-
pression of cough) are in agreement with a previous study.11

As observed in an earlier study,11 iron supplementation 
did not result in any significant change in mean haemo-
globin concentration and haematocrit readings. There were 
no significant changes in blood urea, serum creatinine, 
serum sodium and potassium concentrations. Even though 
an increase in ferritin concentration was observed after iron 
supplementation, it was reported that the mean concentra-
tion was not significantly different from that in subjects 
who were given placebo.11 We did not measure ferritin con-
centration in our study. Never the less, along with the sup-
pression of cough, we observed that the NO level decreased 
significantly after iron supplementation. It is known that 
the activity of NOS, iNOS in particular, is regulated by in 
vivo iron concentration. Even though NOS is a haem bound 
molecule and NO is known to express its effect by binding 
to the iron portion of guanylyl cyclase, it has been reported 
that iron deprivation of cells results in increased NOS gene 
transcription, leading to enhanced NO formation.10 
Following iron supplementation, it is likely that there is 
prevention of such an action and hence a reduction in NO 
generation. Once there is a decrease in NO generation, 
there is less airway inflammation. Consequently, there is 
suppression of cough.

Whereas an increase in NO production is essential for 
reducing arterial blood pressure when the ACE-I is pre-
scribed for treating hypertension, reducing the NO level by 
iron supplementation may appear to be contra-indicatory 
in such situations. If there is a general decrease in the gen-
eration of NO, one would expect a rise in SBP and DBP 
after iron supplementation. This was not found to be true. 
In fact, in the first week of iron supplementation, the 
systolic as well as the diastolic blood pressure decreased 
significantly. Thereafter, there was a small increase in 
these parameters, which were below the values in the 
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observation period. The general trend was similar to the 
observations in the patients who were on ACE-I alone. It 
is proposed that iron supplementation may be NOS spe-
cific; it may regulate iNOS activity, but may not influence 
eNOS activity.

A decrease in the generation of NO will reduce inflam-
mation. It will be facilitated further by a decrease in oxida-
tive stress. Indeed, after iron supplementation, there was a 
significant decrease in MDA level (table 2).

Oxidative stress and cough

Cough associated with cardiorespiratory diseases has been 
considered to be a reflex due to stimulation of the vagal 
sensory receptors, notably the airway rapidly adapting 
receptors.24 Airway inflammation is a major mechanism 
by which these receptors get activated.23 Inflammation can 
be caused by excessive production of mediators and free 
radicals.13 It is increasingly recognised that oxidative 
stress plays an important role in airway diseases, such as 
asthma.23 Determination of lipid peroxidation as evidenced 
by MDA reaction is an accepted method for assessing oxi-
dative stress.16

In our study, when compared with the patients who did 
not cough, the basal MDA level was higher in patients 
who suffered from cough due to ACE-I therapy, suggest-
ing thereby that there was oxidative stress. This did not 
change after treatment with placebo (control group) and 
the cough persisted. Similarly, in the anti-oxidant group, 
there was a significant decrease in the MDA level (oxida-
tive stress) and the cough scores. There was no signifi-
cant change in the NO level. In contrast with iron 
supplementation, there were significant decreases in not 
only in the cough score but also in the NO and MDA  
levels (table 2). Taking these findings into consideration, 
it is tempting to postulate that even though airway inflam-
mation may be the underlying mechanism, NO is a key 
mediator in the cough response.

The present study calls for another trial with more 
patients and longer follow-up. The concern that reduc-
ing NO levels with iron may reduce BP response of 
ACE-I should be examined in long-term studies despite 
the fact that this did not seem to be the case in the 
present study. 

In summary, the present study shows that iron supple-
mentation has a beneficial effect in suppressing ACE-I 
induced cough through its action on NO generation and 
indicates that it may have therapeutic implications. 
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