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Antitussive activity of alcoxyphenyl carbamic acid analogues
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Abstract. In this study we report pharmacological evaluation of four newly synthetized analogues 
of alcoxyphenyl carbamic acid, structurally related to butamirate citrate that is frequently used as 
cough suppressing drug, and marked as ATK 231, ATK 241, ATK 251 and ATK 261. These agents 
with various modifications of the molecular structure have been tested for antitussive activity in 
cough induced by inhalation of aerosol of citric acid (0.3 M) over 3 minutes using conscious guinea 
pigs. Results revealed significant cough suppressing activity without significant influence on specific 
airways resistances in all tested substances. ATK 231 and ATK241 showed significantly higher total 
antitussive activities when compared to both codeine phosphate and butamirate citrate, while ATK 
251 only comparing to butamirate citrate. We did not observe any notable adverse effects and these 
compounds could thus potentially represent promising new non-narcotic antitussives suitable for 
further studies.
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Introduction

The therapy of pathological cough reflex still remains one 
of the major unmet medical needs (Dicpinigaitis 2011). 
Currently, the availability of prescription or over-the-
counter medications does not definitely satisfy the need 
of clinical practice, although high proportion of patients 
seeks the health care due to acute or chronic cough. Some 
effective centrally acting drugs came with serious side 
effects, while effectiveness of many peripherally acting 
medications has not been fully confirmed (Young and 
Smith 2011; Derebery and Dicpinigaiti 2013). Butamirate 
citrate is currently widely used in clinical practice in adults 

as well as in children for its cough modulation properties 
(Schenker 1983; Miko 2005; Molassiotis et al. 2010; Jurica 
2013). Cough suppressive activity of butamirate citrate in 
animal models was described already in animal models 
several decades ago (Nosal’ova and Strapkova 1986; Szuk et 
al. 1987). Since then, only a limited number of manuscripts 
has dealt with this potent cough modulating agent and 
neither described exact mechanism of its action in details. 
Generally accepted are its local anesthetic, anti-inflamma-
tory and spasmolytic properties contributing to its periph-
eral cough suppressive activity (Eddy et al. 1969; Calderon 
et al. 1994; Brown et al. 2004). Some studies found that 
butamirate binds to the dextromethorphan binding site 
of sigma receptors and NMDA receptors in guinea pig 
brain with the high affinity and thus possibly exerting 
some central antitussive properties (Klein and Musacchio 
1989). Butamirate as a  2-(2-diethylaminoethoxy)-ethyl 
ester is chemically related to oxeladine and pentoxyverine. 
Pentoxyverine has also been described to act as an agonist 
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on sigma receptors and antagonist on muscarinic receptors 
(Brown et al. 2004). 

We identified four different newly synthetized com-
pounds – alkaline esters of alcoxyphenylcarbamic acid 
with citric acid, marked as ATK 231, ATK 241, ATK 251 
and ATK 261. We assessed antitussive properties and 
specific airway resistance influence comparing to codeine 
phosphate, a reference antitussive agent, as positive con-
trol 1, to butamirate citrate, chemically related to studied 
compounds, as positive control 2 and water for injection 
as negative control in chemically induced cough using 
experimental guinea pigs. 

Materials and Methods

Tested material

Four different compounds – analogues of alcoxyphenyl-
carbamic acid chemically related to butamirate citrate, 
marked as ATK 231, ATK 241, ATK 251 and ATK 261, 
were selectively synthetized in order to evaluate the cough 
suppressing properties of new synthetic non-narcotic anti-
tussives. All of them structurally belong to carbamate type 
phenylacetic acid esters (Table 1). This group was established 
in the study of structure and biological activity of antispas-
modic adiphenine. Butamirate citrate and pentoxyverine, 
structurally belonging to this group, are used in clinical 
practice currently.

Synthesis of analogues of alcoxyphenyl carbamic acid

The scheme of the synthesis of tested compounds ATK 231, 
ATK 241, ATK 251 and ATK 261 is shown in Scheme 1. 

Synthesis of 2-(2-diethylaminoethoxy)-ethanol 

The compound was obtained by heating the reaction 
mixture of diethylamine and ethylene oxide in autoclave 
to 120°C for 5 h. The residue was distilled under reduced 
pressure, yielding the fraction boiling at 150–156°C (Caris-
simi et al. 1965).

Synthesis of substituted phenylisocyanates 

The compounds were prepared by reaction of substituted 
anilines with a toluene solution of phosgene.

General procedures for the synthesis of carbamates and their 
salts 

A mixture of freshly distilled alkoxyphenylisocyanate 
(0.03 M), diethylaminoethoxyethanole (0.03 M) and 15 ml 
of anhydrous toluene was heated for 10 h under reflux. After 
cooling, the toluene solution was extracted with water and 
organic layers were dried over anhydrous sodium sulfate. The 
solvent was removed by distillation under reduced pressure. 
The compounds were then converted into their citrates and 
recrystallized. 

Methods of assessment of chemically induced cough reflex 
and specific airways resistance

Animals

The antitussive activity observed as a number of cough ef-
forts and specific airways resistance in vivo has been tested 
in guinea pigs. Adult male guinea pigs, weighing 200–350 g, 
supplied by Department of Experimental Pharmacology 
(Slovak Academy of Science, Dobra Voda, Slovakia) were 
kept in the animal house with food and water ad libitum 
with standard air-conditioning system. Animals were kept 
in quarantine at least one week before starting the experi-
ment. Each substance as well as control agents (“positive” 
codeine and buramirate and “negative” vehicle) were tested 
on separate group of 10 guinea pigs. 

The experimental protocols have been approved by the 
Institutional Ethics Committee of Jessenius Faculty of Medi-
cine, Comenius University in Martin (permission number 
IRB 00005636) and complied with Slovakian and European 

Table 1. Chemical structure, formulas, molecular weights of tested 
analogues of alcoxyphenyl carbamic acid

Sample R Summary formula MW
ATK 231 C3H7 C24H38N2O11 530.54
ATK 241 C4H9 C25H40N2O11 544.57
ATK 251 C5H11 C26H42N2O11 558.60
ATK 261 C6H13 C27H44N2O11 572.62

Scheme 1. Scheme of synthesis of tested analogues of alcoxyphenyl 
carbamic acid.
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Community regulations for the use of laboratory animals. 
This is in accordance with the revised Declaration of Helsinki 
from 1983 and follows the criteria of experimental animal 
well fare. 

The assessment of chemically induced cough and specific 
airways resistance

Conscious guinea pigs were placed in a double-chamber 
bodyplethysmograph box (HSE type 855, Hugo Sachs 
Elektronik, Germany) and restricted so that the head of 
the animal protruded into nasal chamber and the neck was 
sealed with a soft diaphragm. The cough reflex was induced 
by inhalation of citric acid aerosol (concentration 0.3 M) 
generated by a  jet nebulizer (PARI jet nebulizer, Paul 
Ritzau, Pari-Werk GmBH, Germany, output 51/s, particle 
mass median diameter 1.2 µm). The aerosol was delivered 
into the head chamber of the bodyplethysmograph for 
3  min. Cough efforts, defined as sudden enhancements 
of expiratory air flow associated with typical motion and 
sound observed by trained personnel were registered over 
this time interval. The airway smooth muscle reactivity 
in vivo was expressed as the specific airway resistance 
calculated according to Pennock et al. (1979) by the time 
difference between the pressure changes in both parts 
of bodyplethysmograph during normal breathing pat-
tern. Cough efforts as well as specific airway resistances 
were firstly induced by citric acid and registered in every 
animal before administration of an agent. Subsequently, 
tested substance was applied orally. All tested substances 
(marked as ATK 231, ATK 241, ATK 251 and ATK 261) 
were applied orally in the doses 50 mg/kg of body weight. 
Similarly, vehicle (“negative control” – water for injection) 
was given orally in the dose 1 ml/kg of body weight, codeine 
phosphate (“positive control 1”) in the dose 10 mg/kg of 
body weight and butamirate citrate (“positive control 2”) 
in the dose 50 mg/kg of body weight. The cough reflex was 
induced again by inhalation of citric acid aerosol in defined 
time intervals of 30, 60, 120 and 300 min after administra-
tion of the compounds. A minimum 2-h interval between 
two measurements was set to prevent adaptation of cough 
receptors as well as general adaptation of guinea pigs to 
this kind of irritation. Therefore, the experiment with indi-
vidual animal to test the activity of selected compound was 
divided into two days when different time intervals were 
measured. In the first day, cough efforts in intervals of 60 
and 300 min were detected. The next day the same animal 
was used for the experiment with the same compound 
but measurement was done firstly in 30-min interval and 
after 2-h interruption, the substance was given again to 
the animal. The cough efforts were registered then after 
120 min. The maximum duration of the experiment was 
approximately 6 h per day.

Statistical analysis

Paired one-tailed t-test was used for the statistical analysis 
of the differences between the numbers of cough efforts re-
corded before administration of individual substances and 
after defined time intervals post administration of individual 
substances. All data are represented as mean ± standard 
errors of the mean (± S.E.M.) and p < 0.05 was considered 
as threshold for statistical significance. The total antitussive 
activity of individual compounds is represented by average 
percentage of decrease in the number of cough efforts. Paired 
one-tailed t-test was used also for the statistical analysis of 
the differences between the total antitussive activities of 
compounds.

Results

Four different samples (ATK 231, ATK 241, ATK 251 and 
ATK 261) synthetized as potential novel synthetic non-nar-
cotic antitussives were tested for cough suppressing activity 
and their impact on specific airway resistance.

Oral administration of ATK 231 and ATK 241 in the dose 
50 mg/kg of body weight resulted in dramatic and statistically 
significant reduction of cough efforts already after 30 min 
(p = 0.005 for ATK 231 and p = 0.0004 for ATK 241). This 
cough-suppressive effect persisted over all remaining time 
intervals (60, 120 and 300 min) until the end of experiment 
(Fig. 1). 

ATK 251 administered orally in the dose 50 mg/kg of 
body weight led to less pronounced, but still statistically 
significant suppression of cough efforts after 30 min (p = 
0.003). Maximal antitussive effect was reached 60 min af-
ter administration (p = 0.0003) and remained statistically 
significant until end of observation period at 300 min (p = 
0.0007) (Fig. 1). 

Similarly, oral administration of ATK 261 in dose 50 mg/
kg of body weight led to significant reduction of cough efforts 
already after 30 min (p = 0.007). Maximal cough suppres-
sion was achieved 120 minutes after oral administration (p = 
0.003) and remained statistically significant until the end of 
observation period at 300 min (p = 0.006) (Fig. 1).

Fig. 2 gives an overview of total antitussive activities, 
expressed as an average decrease in number of cough efforts 
during the whole duration of experiment, in all different 
synthetic alkaline esters of alcoxyphenyl carbamic acid 
comparing to reference antitussive drug codeine phosphate 
and chemically related antitussive butamirate citrate. Gen-
erally, the strongest cough suppression was observed after 
administration of ATK 231 (86.6%) and ATK 241 (86.3%). 
ATK 261 suppressed the cough efforts by 71.6% and the least 
antitussive potency was found in ATK 251 (67.6%). There 
were no significant differences in total antitussive activities 
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between tested substances. We observed statistically signifi-
cantly higher total antitussive activity of ATK 231 (p = 0.007) 
and ATK 241 (p = 0.021). ATK 231 (p = 0.005), ATK 241 
(p = 0.016) and ATK 251 (p = 0.027) showed significantly 
higher total antitussive activity comparing to butamirate 
citrate (Fig. 2).

None of the tested samples (ATK 231, ATK 241, ATK 251 
or ATK 261) as well as codeine phosphate and butamirate 
citrate significantly changed specific airway resistance during 
the experiment (Fig. 3). 

We did not observe any notable side effects after oral 
administration of ATK 231 and ATK 241. We observed 
two fatal events during experiment with ATK 251 and 261. 
First animal died during inhalation of citric acid in the time 
interval of 30 minutes after administration of ATK 251. 
Second animal died immediately after inhalation of citric 
acid 60 min after administration of ATK 261.

Discussion

We found, that synthetic analogues, esters of alcoxyphenyl 
carbamic acid marked as ATK 231, ATK 241, ATK 251 and 
ATK 261, which were structurally related to butamirate 
citrate or pentoxyverine, after oral administration in the 
dose 50 mg/kg of body weight significantly suppressed the 
number of cough efforts induced chemically by inhalation of 
citric acid in conscious male guinea pigs. Two compounds, 
ATK 231 and ATK 241, also showed significantly higher 
total antitussive activity comparing to codeine phosphate, 
the oldest and the most used antitussive drug in clinical 
practice (Chung and Widdicombe 2009). Three of them, 
ATK 231, ATK 241 and ATK 251, had also significantly 
higher total antitussive activities as chemically related bu-
tamirate citrate, widely used non-narcotic antitussive agent 
in clinical practice (Jurica 2013).

Oral administrations of ATK 231 and ATK 241 were 
well tolerated without any notable unwanted effect. We 
observed fatal adverse events in two animals in groups 
with ATK 251 and ATK 261 (one animal in each group). 
Both events occurred during inhalation of citric acid or 
immediately after it. This indicates rather potential severe 

Figure 1. Number of citric acid-induced 
cough efforts after oral application of ATK 
231, ATK 241, ATK 251 and ATK 261 in the 
doses 50 mg/kg of body weight compared 
to vehicle (water for injection, “negative 
control” – administered orally in the dose 
1 ml/kg of body weight), codeine (“positive 
control 1” – administered orally in the dose 
10  mg/kg of body weight) and butamirate 
(“positive control 2” – administered orally 
in the dose 50 mg/kg of body weight). Axis 
x represents time intervals of the chemical 
stimulation of the airways and axis y  rep-
resents the number of cough efforts. N, 
number of cough efforts recorded before 
administration of substances. The columns 
are represented as mean values of number 
of cough efforts; the range denotes standard 
error of means ± SEM. * p < 0.05, ** p < 0.01, 
*** p < 0.001 in comparison with vehicle.

Figure 2. The comparison of the total antitussive activities of ATK 
231, ATK 241, ATK 251 and ATK 261 administered in the doses 
50 mg/kg of body weight orally with codeine phosphate adminis-
tered in the dose 10 mg/kg of body weight orally and butamirate 
citrate administered orally in the dose 50 mg/kg of body weight. 
* p < 0.05, ** p < 0.01 in comparison with codeine phosphate; # p < 
0.05, ## p < 0.01 in comparison with butamirate citrate.
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acute reaction to inhaled citric acid than possible reaction 
connected to tested substances. All other animals tolerated 
both substances without any notable adverse events. The 
definitive statement that oral administration of ATK 251 
and ATK 261 is really not connected with possible toxic 
effect will require the confirmation with larger group of 
experimental animals. 

The exact mechanism of antitussive activity of tested 
substances is unknown. However, esters of alkoxyphenyl 

carbamic acid were described to have the local anesthetic 
and antibacterial properties (Benes et al. 1972; Cizmarik et al. 
1978; Mlynarcik et al. 1991). We assume that these properties 
would be probably parts of the major mechanisms contribut-
ing to the observed antitussive activity. Butamirate citrate has 
been described previously as moderately acting spasmolytic 
agent and would thus lead to decrease in specific airway 
resistance (Korpas and Nosalova 1991). Surprisingly, our 
results showed no statistically significant alteration in specific 

Figure 3. The influence of ATK 231 
(A), ATK 241 (B), ATK 251 (C), 
ATK 261 (D) and butamirate cit-
rate (E) administered orally in the 
doses 50 mg/kg of body weight on 
specific airways resistances (sRaw) 
in healthy adult conscious guinea 
pigs, compared to vehicle (water 
for injection, “negative control” – 
administered orally in the dose 1 
ml/kg of body weight) and codeine 
(“positive control 1“ – administered 
orally in the dose 10 mg/kg of body 
weight).
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airways resistance seen after administration of butamirate 
citrate, neither in ATK 231, ATK 241, ATK 251 or ATK 261. 
This would suggest that active bronchodilation did not play 
a major role in antitussive effect seen in our study. Similar 
findings have been published by the authors Hoskyns et al. 
(1991), McKenzie et al. (2001) and Shields et al. (2008). They 
have shown that bronchodilators are not effective for acute 
therapy of cough in non-asthmatic patients. Braman (2006) 
also elicited that short acting beta-agonists in stable patients 
with chronic bronchitis steadily relieved dyspnea but reduce 
the chronic cough only in some patients. In spite of this fact 
the studies showing that topical administration of broncho-
dilators is effective for short term cough suppression have 
been published (Chong et al. 2005; Freund-Michel et al. 2010; 
El-Hashim et al. 2011; Sutovska et al. 2012). We assume that 
cough suppressions described by these authors were related 
to rather release of pre-existing bronchoconstriction usually 
accompanying allergic inflammation of the airways. As we 
used healthy animals with intact airways in our experiments, 
the administration of substances did not lead to noticeable 
bronchodilation, which would be detectable by decrease of 
specific airways resistance. Nevertheless, we have clearly 
demonstrated that various esters of alcoxyphenyl carbamic 
acid (ATK 231, 241, 251 and 261) possess very high cough 
suppressive effect without significant changes of specific 
airway resistance.

The question remains whether the esters of alcoxyphe-
nyl carbamic acid – ATK 231, ATK 241, ATK 251 and 
ATK 261, suppress the cough reflex just by the peripheral 
mechanisms. Is it possible that cough suppressive effect is 
also mediated via central mechanisms? Chemically similar 
and thus related butamirate citrate suppresses the cough by 
influencing peripheral as well as central structures. Some 
reports showed butamirate as agonist on sigma receptor 
binding sites for dextromethorphan and some activity of 
butamirate on NMDA receptors was reported as well (Klein 
and Musacchio 1989). Based on these observations it is 
obvious that butamirate would exert both peripheral and 
central antitussive activities. Tested esters of alcoxyphenyl 
carbamic acid (ATK 231, ATK 241, ATK 251 and 261) as 
chemically related to butamirate could thus possess the 
similar central cough suppressing activity on the level of 
sigma and NMDA receptors. The differences in antitussive 
activity among the tested analogues of the alcoxyphenyl 
carbamic acid could be thus caused and explained by struc-
tural differences potentially important for ligand-receptor 
interaction on this level. This as well as exact mechanism 
of central antitussive activity remains to be addressed by 
future specific experiments and analyses. Similarly, relatively 
high doses of studied compounds (50 mg/kg) were used in 
experiments. We use the same dosage of all tested antitus-
sive compounds to preserve the uniformity of experiments, 
which enables the comparison of results from individual 

experiments. The main aim of this study was to evaluate 
antitussive activity of the esters of alcoxyphenyl carbamic 
acid; therefore the determination of optimal or minimal 
doses to achieve sufficient antitussive effect would be the 
aim of follow-up experiments.

Impressive cough suppressive activity of esters of al-
coxyphenyl carbamic acid seen in our animal experiments 
provides the promising insight into this new potential 
antitussive therapeutic option. Good tolerance of these 
substances observed in our animals as well as absence of 
significant influence on airways resistance could contribute 
to its possible therapeutic potential as well.
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