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D. MUTOLO?, E.CINELLIY, F BONGIANNIY, S.EVANGELISTA? T. PANTALEO?

COMPARISON BETWEENTHE EFFECTS ORISINOPRILAND LOSARTAN
ON THE COUGH REFLEX INANESTHETIZEDAND AWAKE RABBITS

Department of Physiological Sciences, Universita degiilili Firenze, Firenze, Italy;
2Department of Preclinical Development, Menarini Ricerche S.p.A., Firenze, Italy

The aim of the present study was to analyzéemihces in cough induction between losartan and lisinopril in both
anaesthetized and awake rabbits, under conditions in which the influences of higher brain areas on the cough reflex are
strongly reduced or abolished. Losartan (500 pg/kg), lisinopril (100 pg/kg) and NaCl 0.9% saline solution (vehicle) were
administered by intravenous injectiodgiimals were randomly assigned to thefadifnt experimental treatment&he

cough reflex was induced by chemical (citric acid) and/or mechanical stimulation of the tracheobronchial tree. In
anaesthetized rabbits, losartan and lisinopril caused similar hypoterists. dfisinopril, but not losartan, increased the

cough response induced by both mechanical and chemical stimulation due to increases in the coygle.rtbmbember

of coughs induced by each stimulation challenge. In awake animals, only lisinopril significantly increased the cough
numberThe results support the notion that cough potentiation induced by losartan, and possibly other sartans, is lower than
that induced by most angiotensin-converting enzyme inhibitors despite the reduction or complete absence of higher brain
functions. In this connection, the comparison between present results and our previous findings on ramipril and zofenopril
shows that losartan and zofenopril display similar cough-inducing potency lower than that of lisinopril and ramipril.

Key words:losartan, lisinopril, cough, hypéension, saians, angiotensin |l eceptor inhibitors, angiotensin-convieg
enzyme inhibitors, pstaglandin k&

INTRODUCTION They have been associated with low cough incidence in humans
and are employed to substitufeCE inhibitors in patients
Cough is one of the most important airway defensivepresenting as sidefetts cough or angioedema (15-21). Sartans-
reflexes (1-5) and the most common symptom for which patientinduced cough is due to not yet defined mechanisms probably
consult a doctorThe cough reflex is purposeful under many different from those involved in th&CE inhibitorassociated
circumstances (“appropriate cough”), but is without an apparentough. ARBs may involve not only the blockade &T,
aim (“inappropriate cough”) in cases of chronic cough (6) andreceptors, but also the activation of the angiotensin Il receptors,
in particular during treatment with angiotensin-converting subtype 2 (&,) by increased levels of angiotensin Il (12, 22)
enzyme (ACE) inhibitors. Dry cough is widely considered onethat may activate the bradykinin-prostaglandin-nitric oxide (NO)
of the major side &cts of ACE inhibitors (7), a class of drugs cascade (12, 23-26) and lead to increases in cough reflex
widely used for hypertension, heart failure, and post-infarctiorsensitivity
treatment ACE inhibitorassociated cough incidence has been  To our knowledge, a comparative study on ttiects ofACE
estimated at 0.7 to 14.0% (8), with considerable variationinhibitors and sartans on the cough reflex has not been yet
between published reports, probably due to the method used fperformed in experimental animals either awake or under general
its assessment (9) and the pharmacological and kinetianaesthesia. Such a study could confirm previous observations in
differences between varioASE inhibitors (10). It is reversible humans (15-21), under conditions in which the influences of
when the drug is discontinuedlhe pathophysiological higher brain areas on the cough reflex are drastically reduced or
mechanism of this adversdadt is still unknown, but it has been completely removed. Such influences may include the volitional
suggested that local high concentrations of autacoids (such asntrol as well as the influences of psychological and social
substance,®radykinin, and prostaglandins) resulting fra@E factors known to regulate cough (27-30).
inhibition may play a role @ 12). In a previous report (5), we The present study is devoted to compare tfecef of the
have provided evidence that ramipril, but not zofenopril, ACE inhibitor lisinopril and the angiotensin Il receptor
increases the cough reflex in response to mechanical armhtagonist losartan both in anaesthetized and unanaesthetized
chemical stimulation of the tracheobronchial tree in bothrabbits. Losartan is a long-lasting selective antagonigtToef
anaesthetized and awake rabbits. receptors (13, 14). Lisinopril is a carboCE inhibitor with
Losartan as well as other sartans are angiotensin Il recepttong-lasting antihypertensive activity (31) feifing for its
blockers (ARBs) acting on subtype 1T@\receptors (13, 14). functional group from othekCE inhibitors such as sulphydrylic
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captopril and zofenopril or the phosphonylic fosinopfihe cannula, through which the rabbits were spontaneously
cough reflex was induced by chemical stimulation (citric acidbreathing, was exposed to a steady stream of the nebulized citric
inhalation) in awake animals and by both chemical andacid solution for 3 SAll the animals coughed in response to such
mechanical stimulation of the tracheobronchial tree ininhalation challengedhe interval between chemical challenges
anaesthetized animals (5, 32-38). was at least 15 min (5, 34, 36).
The cough motor pattern in response to mechanical or
chemical stimulation of the tracheobronchial tree is usually

MATERIALS AND METHODS characterized by repeated coughs consisting of coordinated
bursts of inspiratory and expiratory activity (32-38). Each cough
Preliminary remarks usually consisted of a phrenic burst of variable amplitude

(preparatory inspiration) immediately followed by a burst of
All animal care and experimental procedures wereexpiratory abdominal activityin some cases, the first obvious

conducted in accordance with the Italian legislation and theesponse following mechanical stimulation of the
official regulations of the European Community Council on thetracheobronchial tree was a small-amplitude expiratofyrtef
use of laboratory animals (Directive 86/609/EEQ)he without a preceding preparatory inspiration (32, 35, 3)s
experimental procedures were approved by the lAciinal pattern could fit more appropriately the definition of expiration
Care and Use Committe&wo different study protocols were reflex that is typically evoked by mechanical stimulation of the
used in two separate groups of experimehtsetal number of 70  vocal folds (1, 39), but that can be also produced by mechanical
rabbits was used. Experimental procedures and details about te8mulation of the tracheobronchial tree (40, 41). For further
methods employed have previously been described (32-38), armtktails on this topic see our previous reports (33-35, 37, 38). In
particularly in our previous report (5) on theeets of ACE a previous study in the rabbit (35), we have observed by
inhibitors on the cough reflex. Howeyer brief description of recording tracheal pressure during couglioré$ that the

the methods employed has been reported. expiration reflex clearly occurred after the beginning of the
expiratory phase of a control breath (35, figure 2). From the
Experiments on anaesthetized animals scrutiny of tracheal pressure recordings we also found that in

most cases the first expiratoryfat following mechanical

Experiments were carried out on 28 male New Zealandstimulation is immediately preceded by an inspiratory
white rabbits (3.0-3.8 kg) anaesthetized with 40 mg/kgcomponent of normal or even reduced amplitudéis
intravenously (i.y) sodium pentobarbitonesupplemented by expiratory efort was considered a real cough since it is preceded
2—-4 mg/kgevery 30min (Sigma-Aldrich, § Louis, MO, USA). by an inspiration that is not aimed at preventing aspiration of
The adequacy of anaesthesia was assessed by the absencdoodign particles into the lungs (35)hus, also in the present
reflex withdrawal of the hindlimb in response to noxious study expiratory dbrts that were clearly found to be
pinching of the hindpawAdditional criteria were the absence of immediately preceded by an inspiration of normal or even
fluctuations in arterial blood pressure or phrenic nerve agctivityreduced amplitude are considered real coughs. Howieveur
spontaneously or in response to somatic nociceptive stimuli. study an expiration reflex only occurred as the first motor event

Phrenic nerve activity was recorded by means of bipolain a cough epoch, and its appearance was limited to a few
platinum electrodes from the central stump of cut andoccasions.Therefore, these expiratory responses were not
desheathed Lor G phrenic roots.The electromyographic considered for data analysis.
(EMG) activity of abdominal muscles was recorded using wire  The animals were randomly assigned to one of the two
electrodes (Nichrome wires, insulated except fanrh at the  experimental groups (14 for each group) and were treated i.v
tips; diameter 0.1 mm) inserted into the external or internalvith losartan (500 pg/kg; 1084 nmol/kg; Fluka- Sigma-Aldrich)
oblique abdominal muscles. Phrenic and abdominal activitiesr lisinopril (100 pg/kg; 226 nmol/kg; Sigma-Aldrich). Drugs
were amplified, band pass filtered, full-wave rectified, andwere dissolved in 1 ml saline solution (NaCl 0.9%)e doses
“integrated” (low-pass RC filtetime constant 100 mg)rterial were based on the knowledge that the antihypertensive potency
blood pressure was recorded by a strain-gauge manofeter  of zofenopril is similar to that of lisinopril (42), while the
tidal CQ, partial pressure was measured by an infrared COantihypertensive potency of lisinopril is ~5 times higher than
analyzer (Datex, CD-102; Normocap, Helsinki, Finlanal). that of losartan (31, 43-45). In a few preliminary experiments
recorded variables were fed into an eight-channel rectilinearlyn=4) devoted to other purposes, these doses were found to
writing chart recorder (model 8K20; NEC Sanfeikyo, Japan). produce similar reductions in arterial blood pressure 30 min after
Cardiorespiratory variables were also acquired and analyzetheir i.v. administration in anaesthetized rabbithis finding
using a personal computerquipped with an analog-to-digital was confirmed in the present results obtained in anaesthetized
interface (Digidata 1200Axon Instruments, Union CityCA, animals.
USA) and appropriate software (Axoscop&pn Instruments). In each animal of the two groups, drug treatments were

Cough was induced both by mechanical and chemicapreceded by i.ninjections of saline solution (NaCl 0.9%). Cough
stimulation of the tracheobronchial tree. Mechanical stimulatiorwas induced both by mechanical (3 trials) and chemical (1 trial)
was performed by means of a 0.5-mm diameter nylon fibestimulation in each animal of the two groups before (control) and
inserted through a lateral port of the tracheal cannula until the tiB0 min after the dférent types of treatment,e., saline and
was judged to be near the carina and main bronchi (32, 33, 3tesartan or saline and lisinoprillhirty-min intervals after
38). Back and forth movements of the fiber aimed at touchingadministration of both losartan and lisinopril were adequate for
repeatedly (~% time every second) the carina or nearby airwaystabilization of blood pressure and blockade of the renin-
walls were made over periods of 4-5As. interval of ~1 min  angiotensin system (42, 46-50). Respiratory variables were
was scheduled between cough stimulatioks.a rule, three measured for an average of 10 consecutive breaths during
stimulation trials were performed in succession. Chemicabaseline respiration before and 30 min after each treatifieat.
stimulation was performed by means of citric acid inhalation.inspiratory (T) and expiratory (d) times, as well as the total
Citric acid (1M, Sigma-Aldrich) was freshly dissolved in 0.9% duration of the respiratory cycle )T were measured on
NaCl solution and nebulizeda an ultrasonic nebulizer (Projet, recordings of raw phrenic nerve activitfhe respiratory
Artsana, Grandate, CO, ltalylhe opening of the tracheal frequency (breaths/min) was subsequently calculated. Peak
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amplitude (arbitrary units) of the phrenic nerve activity andsecond citric acid challenge was performed 5-7 days after the
abdominal EMG activity were measured on integrated traces anfirst challenge to avoid tachyphylaxis (5).
were normalized by expressing them as a fraction of the highest
amplitude obtained in each animal during coughirigerefore,  Satistical analysis
amplitudes were expressed in relative units (5, 36) (RU). During
baseline respiration (10 consecutive breaths), systolic and In each group of anaesthetized animals, tHectf of
diastolic blood pressures were measured at 2-s intervals botheatment on the respiratory pattern, arterial blood pressure, and
before and 30 min after each treatment. Mean arterial pressumdugh-related variables were compared by means of one-way
was calculated as the diastolic pressure plus one-third of the pulsepeated-measures analysis of variance followed thye8t-
pressure. Owing to the small variations in cardiorespiratorfNewman-Keuls test. Comparisons between groups of the
variables within each measurement period, average values wevariables that were significant were performed by means of
taken as single measurements for the purpose of statisticahpaired-tests.
analysis. Under the dérent experimental conditions, cough- In unanaesthetized animals, the number of coughs for each
related variables were measured (an average of 3 trials f@&-min citric acid challenge was counted for each animal and the
mechanical stimulation and a single trial for chemicalmean value for each group was calculated. Changes in the
stimulation) before and 30 min after the injectioffiese  number of coughs for each treatment were evaluated by
variables included cough-relat@g Tg, andT+, as well as peak Students pairedt-tests.The changes in the number of coughs
phrenic amplitude, peak abdominal activi;d cough numbger  due to the three treatments were compared by one-way analysis
i.e. the number of coughs induced by each stimulation challengef variance followed by tBdent-Newman-Keuls testll
reported values represent mean *S.E. (standard error of the
Experiments on unanaesthetized animals mean). P<0.05 was taken as significant.

Experiments were performed on 42 unanaesthetized male
New Zealand white rabbits (3.2-3.9 kg). In each cough
induction test, the rabbits were placed individually into a
transparent Perspex inhalation chamber (approximately 0.058naesthetized animals
m?3) and exposed for Biin to 1M nebulized citric acid (5).

The number of coughs during the 3-min citric acid challenge  Losartan (500 pg/kg) and lisinopril (100 pg/kg) caused
was evaluated by two trained observers unaware of the treatmesimilar (P>0.05) changes in arterial blood pressure 30 min after
used. Coughs were recognized mainly from the characteristicv. injection (mean arterial blood pressure in controls 102.1+3.7
behavior of the animal and the sound produced, and readiljnmHg versus losartan 93.5+3.5 mmHg, P<0.05; in controls
distinguished from sneezing. Cough sounds were recorded by15.7+3.5 mmHg versus lisinopril 96.5+3.9 mmHg, P<0.05).
microphone placed in the box and monitored both visually andecreases in arterial blood pressure ranged for losartan from 8 to
acoustically making use of a personal computer equipped with10 mmHg (8.6+0.2 mmHg; n=14) and for lisinopril from 7 to 12
an analog-to-digital interface (Digidata 128@pon Instruments) mmHg (9.1+0.6 mmHg; n=14As expected, NaCl 0.9% saline
and appropriate software (Axoscop®on Instruments)An solution did not cause any significant changes in
example of a microphonic cough recording has been shown in @ardiorespiratory variables (data not shovdmong the studied
previous report (5). Control trials (first citric acid challenge) cough-related variables, only the cough number significantly
were performed on all the animals. Rabbits that did not cough imcreased in all investigated rabbits in response to both
response to citric acid inhalation were not included in the studymechanical stimulationT@ble 1) and chemical stimulation

All studies were carried out at the same time of. dée (Table 2 of the tracheobronchial tree following .i.Nsinopril
animals were randomly assigned to three groups (14 for eachdministration. Nevertheless, it should be mentioned that
group) to undego one of the following treatments administered losartan increased the cough number in 3 animals during cough
i.v. in 1 ml saline solution (NaCl 0.9%): 1) vehicle; 2) losartan induced by mechanical stimulation and in 1 animal during cough
(500 pg/kg; 1084 nmol/kg); 3) lisinopril (100 pg/kg; 226 induced by chemical stimulatiofhe efects of the 3 treatments
nmol/kg). During each treatment, the animals were exposed ton the cough number are illustratedrig. 1. Figs 2 and3 report
citric acid (second citric acid challenge) 30 min after theexamples of original recordings of drug-induced changes in
injection and the number of coughs was counted addie. cough responses induced by mechanical and chemical

RESULTS

Tablel. Effects of losartann=14) and lisinopril 1=14) on cough responses induced by mechanical stimulation of the tracheobronchial
tree in anaesthetized rabbits.

Losartan Lisinopril

Control 500 pg/ke Control 100 Lth;kg

Tr (s) 0.52+£0.03 | 0.52+£0.03 | 0.57+0.03 0.56 +0.02

Ty (s) 0.33+0.02 | 0.33+0.02 | 0.36+0.01 0.34+0.01

Te(s) 0.18+0.02 | 0.19+0.01 | 0.21+0.02 0.23 £0.02

PPA (RU) 0.62 +0.02 0.66 +0.02 | 0.64+0.02 0.64 £ 0.02

PAA (RU) 0.61 £0.02 0.54+£0.03 | 0.59+0.02 0.56 +0.03
CN 3.26+0.13 3.19+0.19 | 2.81+0.14 3.85+0.15*

Values are means +S.E.Mh,;, number of animalsT+, cycle duration(T,, inspiratory timeTg, expiratory time; PR, peak phrenic
activity in relative units (RU); RA, peak abdominal activity; CN, cough numb#P<0.001 compared with control.
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Table 2 Effects of losartann=14) and lisinopril §=14) on cough responses induced by citric acid inhalation in anaesthetized rabbits.

Losartan Lisinopril

Control 500 ug/ke Control 100 p.gp/,kg

Tr (s) 0.51+0.02 0.49+0.03 0.54+0.02 0.55+0.03
Ti (s) 0.33+£0.01 0.33+£0.02 0.36+0.01 0.35+0.02
T (s) 0.18+0.01 0.16 £0.01 0.19+0.01 0.20+0.01

PPA (RU) 0.59 +0.02 0.56 +0.03 0.59 +0.03 0.58 +0.02
PAA (RU) 0.48 £0.02 0.51+0.03 0.53£0.02 0.50+0.03
CN 3.92+0.29 3.81+0.29 3.71+0.32 483 +0.31*

Values are means +S.E.Mh,;, number of animalsT+, cycle duration(T,, inspiratory time;Tg, expiratory time; PR, peak phrenic
activity in relative units (RU); RA, peak abdominal activity; CN, cough numb#P<0.001 compared with control.

- Mechanical stimulation . Citric acid inhalation
6+ 6
* #
5 5
5] * 5 NS NS
€Y £
2 NS NS 2
< 34 < 34
2 g
o Q
o 24 (] 2
1 14
0 0
C S C Los C Lis C S C Los C Lis

Fig. 1. Histograms showing the number of coughs induced by mechanical or chemical stimulation of the tracheobronchial tree before
(control conditions, C) and 30 min following intravenous injection of saline (S), losartan (Los), and lisinopril (Lis) in anaesthetized rabbits.
NS, not significant; * P<0.001 compared with contr6R<0.001 compared with losartan or saline solution.

Table 3 Cough number induced by citric acid inhalation under
control conditions and 30 min after each treatment in

unanaesthetized rabbits. DISCUSSION

Treatment Control 30 min after treatment The results of this study on rabbits show for the first time in

experimental animals that the cough potentiation induced by the

Sali =14 21.79£5.17 21.64 £5.50 :
aline (n _) AT, receptor blocker losartan is lower than that of AGE
Losartan (n=14) 25.57 + 6.90 24.71 + 6.20 inhibitor lisinopril. They are in agreement with previous findings
500 pg/ke in humans (15-21) and consistent with the results of a recent
Lisinopril (n=14) " study showing that théCE inhibitor enalapril, but not the
J9 £3. 36 £5.22% . . ’ .
100 pg/kg 18.79%3.10 29.36+5.22 newly developed angiotensin Il type 1 receptor antagonist KD3-

) 671 enhances the cough reflex in awake sensitized guinea pigs
Values are means +S.E.My; number of animals; P<0.05  (51). Noticeably present results were obtained both in awake
compared with controf: P<0.05 compared with losartan and and anaesthetized preparations, in which the influences on the
saline. cough reflex from higher brain areas, including not only
volitional and general psychological factors, but also
placebo/nocebo fdcts (27-30), are greatly attenuated or
completely removedThis is, in our opinion, of particular
stimulation, respectivelyNo treatment caused changes in theinterest in that it can be relevant to the cardiovascular therapy

ongoing pattern of breathing. and in particular to the discontinuationAEE inhibitors. In this
context, it should be also mentioned that, according to a recent
Unanaesthetized animals study (52), the incidence of cough associated with se€gl

inhibitors and the withdrawal rate due to cough is significantly

Table 3 and Fig. 4A show that the saline solution and greater in the literature than reported in the PhysiciBesk
losartan did not induce any significant changes in the cougtReference/drug labefs in our previous report (5), the cough
number compared with their respective control values, whereasumber was the only variable fafted in both types of
lisinopril significantly increased the number of coughs. ChangegreparationThe interpretation of this finding is obscuvée can
in the cough number following the three treatments are alsbiypothesize that thefetts caused in a few instances byAfie
illustrated Fig. 4B). However it is worth noting that in 5 receptor blocker and those consistently provoked byAtDE
animals losartan caused increases in the cough number inhibitor are mainly mediated at the peripheral leiel, at the
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Mechanical stimulation

Control Saline Losartan
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Fig. 2. Examples of cough responses induced in anaesthetized rabbits by mechanical stimulation of the tracheobronchial tree under
control conditions and 30 min after intravenous injection of saline, losartan, and lisinopril. Dots indicate the expiratory component of
each cough. Expiration reflexes are not indicafde: greater écts of lisinopril on the number of evoked coughs can be seen in the

third panel.

Traces are: Phr IN, phrenic integrated neurogram; Phr N, phrenic neurddrditEMG abdominal integrated electromyographic

activity; Abd EMG abdominal electromyographic activitimulation periods (~4 s) marked by filled bars.

level of cough-related receptors that trigger stereotyped andgreement with our previous suggestions (33, 35), we propose
fixed cough motor patterns by increasing the cough-relatedhat several neural substrates are responsive to administered
afferent input (increases in the number of recruited receptors andfugs and that the fetts on cough-related variables may be
their dischage). In fact, it has been suggested the existence of different according to the responsive neural structures involved.
central gating mechanism that does not participate in breathinp other words, the drug-inducedfeafts may depend upon the
pattern control, but specifically regulates the cough number as @ute of administration, the actual concentration reached at the
function of the intensity of cough-relatedea&nt input (53-55). neuronal level and the involvement of single or multiple
However since bothACE inhibitors and sartans (56-59) cross responsive sites including neural substrates subserving not only
the blood-brain barriea central action at the level of the cough- the cough reflex, but also the control of breathing.

gating mechanism can be suggested. By contrast, in previous A discussion on the possible receptors involved in cough
studies not only the cough number but also other cough relatgatoduction has already been provided in our previous report (5).
variables were altered by the antitussive or protussive drugk brief, we believe that the cough reflex in anaesthetized
applied through dférent routes of administration (33, 35, 37, animals is mainly due to the activation of rapidly adapting
38, 54).The reasons of these discrepancies are not known. Ireceptors, while it depends upon both rapidly adapting and C-
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Citric acid inhalation

Control Saline Losartan
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Fig. 3. Examples of cough responses induced in anaesthetized rabbits by citric acid inhalation under control conditions and 30 min
after intravenous injection of saline, losartan, and lisinopril. Dots indicate the expiratory component of eachheogigtater éécts

of lisinopril on the number of evoked coughs are very clear (third panel).

Traces are: Phr IN, phrenic integrated neurogram; Phr N, phrenic neurddrditEMG abdominal integrated electromyographic
activity; Abd EMG abdominal electromyographic activitimulation periods marked by filled bars.

fiber receptors in conscious animals (2-4, 33, 34, 36 ,37 ,60)potentiating €&ct of blood pressure changes could underlie the
The subgroup of rapidly adapting receptors called “coughobserved increases in cough numivertheless, it should be
receptors”, that has been described in the larynx and trachea afso recalled that changes in arterial blood pressure induced by
guinea pigs, but that is possibly present in other animals, majsinopril and losartan were fairly small as compared with those
also have had a role in both anaesthetized and unanaesthetizeduced by Poliacekt al (64). In this context, it should be also
preparations since these receptors are responsive to punctabentioned that the cough reflex is subject to several peripheral
mechanical stimuli and acid solutions (61-63)e diferencesin  and central regulatory influences (55, 64). Interestinthg
cough potentiation between the two drugs employed cannot beough reflex induced by mechanical stimulation of the
likely ascribed to dierences in their antihypertensive activity tracheobronchial region is enhanced by intranasal capsaicin
The two drugs proved to produce similar arterial blood pressurechallenges (65) and suppressed by spasmodic inspirations of
lowering efects in line with available data of the literature (31, aspiration reflexes induced by mechanical stimulation of the
42-45). However Poliacek et al (64) reported that blood nasopharyngeal mucosa (66).

pressure changes could alter tracheobronchial cough in cats. The in-deep pathogenesis of tA€E inhibitors-induced
Thus, we cannot exclude that tWeCE inhibitorinduced  cough is not completely known, but cough is thought to be
sensitizing dkct on the cough reflex combined with the cough- related to a cascade ofexts that begins with the accumulation
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Fig. 4. Effects of saline, losartan, and lisinopril on the cough number in unanaesthetized rabbits.
(a), cough number before and after each treatment. NS, not significant; * P<0.05 compared with controls.
(b), changes in the cough number induced by each treathier@.05 compared with the other treatments.

of kinins, and then involves the production of arachidonic acidosartan in a few cases (see Results). On the possible mechanism
metabolites and NO (12ACE inhibition is known to block the of losartan-induced cough potentiation there is at present no
metabolism of bradykinin and leads to the accumulation of thisvailable explanation (74). Siné&, receptor blockers, such as
bronchoconstrictor autacoid in the airwayBhe indirect losartan, do not have anfedft on agents involved in cough
demonstration thatCE inhibitorinduced cough is linked to the mediation, such as bradykinin and substan¢g7p 63, 75-77),
accumulation of kinins is proved by the fact tA&IE is able to  theoretically they should not be associated with cough (5, 18, 20,
degrade kinins and thaCE inhibitor protussive éct is 68, 69). Howevelit should be also mentioned that recently it has
reduced by kinin antagonists (67). Bradykinin has many locabeen reported that losartan causes H@ffeases both in plasma
effects, including the release of histamine from mast cells, an@78) and bronchoalveolar lavage fluid (79).
also interferes with locally produced neurotransmitters, such as Losartan involves the blockadeA¥, receptors, but also the
substance Rand neuropeptidé’ (68). Both bradykinin and activation ofAT, receptors due to the blockade-induced increase
substance Btimulate vagal receptors that subserve the couglin plasma levels of angiotensin Il (12, 22). In turn, angiotensin Il
reflex, particularly the endings of unmyelinated C fibers (3, 69).may activate bradykinin-prostaglandin-NO cascade (12, 23-26)
Local efects on prostaglandin synthesis have also beerand produce increases in cough reflex sensitivity and therefore in
suggested to play a role since prostaglandins act locally ake cough numbein this context, it should be also recalled that
inflammatory agents. Besides directly interacting with C fibers,the activation oAT, receptors may induce a suppression of ERK
bradykinin may also cause bronchoconstriction indirectly by thel/2 activity in adult cardiac myocytes (80). Interestinglhg are
release of arachidonic acid derivatives, such as leukotrienes amdovided evidence that inhibition of ERK 1/2 activation within
prostaglandin E(PGE) and } (68). Similarly to bradykinin, the caudal nucleus tractus solitarii (NTS) causes suppressant
PGE stimulates the endings of unmyelinated bronchopulmonangeffects on the cough reflex in the anaesthetized rabbit (36). Since
C fibers resulting in couglA recent study in guinea-pigs has evidence has been provided tAdt receptors are present in the
shown that ramipril-induced cough was associated withNTS (81-83), including its caudal portions (82), we can
increases (32%) in bradykinin levels and with marked increaselypothesize that a suppression of ERK 1/2 activity due to the
(232%) in PGEM, a metabolite of P&iA the bronchoalveolar activation of caudal NT®T, receptors could explain the low
lavage fluid (70). Noticeablyin the same experimental occurrence of cough potentiation following losartan
conditions, zofenopril did not enhance bradykinin and PGEMadministration in our preparations. Finallye cannot exclude
levels in the bronchoalveolar lavage fluid. In addition, it hasthat genetic factors may underliefdiences in the susceptibility
been reported that captopril increases P@®Edbduction in  to blockers of the renin-angiotensin system (84, 85).
hypertensive patients and that the treatment with a Previous studies in humans have shown that the prevalence
cycloxygenase inhibitor may alleviate cough ifeafed patients  of cough is lower with sever&diRBs than withACE inhibitors
(71).Actually, it has been reported that in guinea pigs cough and15, 17-20) and is similar to that of placebo (16, 18) or the
bronchoconstriction induced by citric acid inhalation arediuretic hydrochlorothiazide (17, 21). In a study carried out on
mediated by bradykinin release (72, 73)Jthough cough- 100 hypertensive patients with a history ACE inhibitor
potentiating dects were observed during both chemical andinduced cough (18), it was found that the incidence, seyarity
mechanical stimulation following lisinopril administration, the frequency of dry cough were significantly lower in those treated
additional release of bradykinin during citric acid challengeswith losartan than in those treated with lisinopril and are similar
may have contributed to the observeig@s. to the incidence, severjtand frequency of dry cough in those
We should mention that especially in unanaesthetized rabbiteceiving placebo. Ramsa&y al (21) compared the prevalence
losartan-induced cough responses showed a relatively higbf cough associated with t#d; receptor blocker losartan, the
degree of variability and were also slightly potentiated byACE inhibitor lisinopril, and the diuretic hydrochlorothiazide in
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135 hypertensive patients with a history ACE inhibitor 5. Mutolo D, Bongianni FEvangelista S, Cinelli E, Pantal&o
induced coughThey observed a significantly lower prevalence Effects of zofenopril and ramipril on cough reflex responses
of cough associated with losartan compared with lisinopril and  in anesthetized and awake rabhit€ardiovasc Pharmacol
similar to that of hydrochlorothiazide. Cough frequency was also  Ther2010; 15: 384-392.

significantly lower for losartan compared with lisinopril and 6. Haque RA, Usmani OS, Barnes PJ. Chronic idiopathic cough:

similar to that of hydrochlorothiazide. a discrete clinical entity@hest2005; 127: 1710-1713.
In a preceding report (5), we analyzed tHea$ of the two 7. Berkin KE, Ball SG Cough and angiotensin converting
ACE inhibitors zofenopril and ramipril on the cough refl€kre enzyme inhibitionBr MedJ (Clin Res Ed 1988; 296: 1279.

results of the present study can be compared with those of th& McEwan JR, Fuller R/. Angiotensin converting enzyme
previous investigationThe comparison seems appropriate since  inhibitors and cough.J Cardiovasc Pharmacol1989;
the employed experimental procedures were exactly the same in  13(Suppl 3): S67-S69.

both studies and, in particula@ecreases in arterial blood pressure9. Amir M, Khan B, Tahir M. Incidence of angiotensin
induced by zofenopril, ramipril, losartan and lisinopril in converting enzyme inhibitor induced coudbProf Med J
anaesthetized rabbits (one-way analysis of variance followed by 2005; 12: 435-439.

Student-Newman-Keuls test, P>0.05) were quite compafdlde. 10. Takahama K, Fuchikami J, Suzuli TabataT, Kai H,
made use of the same statistical analysis to compare the changes MiyataT. Differences in the mode of cough augmentation by
induced on the cough number by each treatment (zofenopril, four angiotensin-converting enzyme inhibitors in guinea-
ramipril, losartan and lisinopril) both in awake and anaesthetized pigs.J Pharm Pharmacol993; 45: 1003-1005.
preparationsThe statistical analysis showed that saline solution,11. Dicpinigaitis PV Angiotensin-converting enzyme inhibitor
losartan and zofenopril had similafexfts and caused no changes induced cough:ACCP evidence-based clinical practice

in the cough reflex (Rlways >0.05)At variance, ramipril and guidelines Chest2006; 129: 169S-173S.
lisinopril increased the cough number to a similar extent (P>0.05}2. Dykewicz MS. Cough and angioedema from angiotensin-
and displayed obvious @&rences (Palways <0.05) with the converting enzyme inhibitors: new insights into mechanisms

other drugsThese results are consistent with previous findings  and managemenEurr Opin Allergy Clin ImmunoR004; 4:
by Cialdaiet al (70) in guinea pigs and with the conclusions of  267-270.

previous reports on the lower incidence of dry cough in patientd 3. InagamiT, lwai N, Sasaki Ket al Cloning, expression and
treated with losartan (15-18, 20, 21, 86). In short, the following  regulation of angiotensin Il receptodd-ypeitens1992; 10:
conclusions of our studies on cough potentiation can be drawn: 713-716.

saline=losartan=zofenopril<<ramipril=lisinopril. 14. Mcintyre M, Cafe SE, Michalak RA, Reid JL. Losartan, an
In conclusion, this study supports the notion that losartan orally active angiotensin (&) receptor antagonist: a review
and possibly other sartans are lesfeative than mosACE of its eficacy and safety in essential hypertension.

inhibitors in inducing cough also when influences arising from  Pharmacol Thed997; 74: 181-194.

higher brain structures are reduced or completely removed. 145. Coca A, Calvo C, Garcia-Puig Jet al A multicenter

this connection, we have also shown that losartan and zofenopril randomized, double-blind comparison of théicety and
display a similar cough-inducing poteneyuch lower than that safety of irbesartan and enalapril in adults with mild to
lisinopril and ramipril.The finding that losartan could potentiate moderate essential hypertension, as assessed by ambulatory
cough in some experimental animals along with the recent case blood pressure monitoring: the MAWEL Study

report by Dashti-Khavidaket al (74) and the fact that sartans, (MonitorizacionAmbulatoria Presiomrterial APROVEL).

and in particular losartan, can induce dry cough in a low Clin Ther2002; 24: 126-138.

percentage of treated patients (15-18, 20, 21, 86) may refled6. Goldbeg Al, Dunlay MC, Sweet CS. Safety and tolerability
biological variability including genetic factors (84, 85), but of losartan potassium, an angiotensin Il receptor antagonist,

could also raise the problem of the presence oferdifit compared with hydrochlorothiazide, atenolol, felodipine ER,

mechanisms underlying the incidence of dry cough induced by and angiotensin-converting enzyme inhibitors for the

the treatment with diérent antihypertensive drugs. treatment of systemic hypertensidim J Cadiol 1995; 75:
793-795.
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