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Introduction

Obstructive pulmonary diseases are important health problems 

in our country and all over the world. Besides the preventive 

measures, it is necessary to know the mechanism of action and 

side effects of the drugs used. Asthma is a reversible chronic 

inflammatory disease of the respiratory tract resulting from 

increased bronchial hypersensitivity. Although inhalation beta-2 

agonists and systemic corticosteroids are used in treatment, it has 

been reported that beta-2 agonists and inhalation quarternary 

ammonium derivative ipratropium bromide and atropine 

can also be used (1,2). Chronic obstructive pulmonary disease 

(COPD) is characterized by chronic inflammation in the airways, 

diffuse alveolar damage, and airway collapse and increase in 
respiratory work resulting from the loss of elasticity. Beta agonists 
and anticholinergic drugs are used during attacks. Due to their 
lipophilic quarternary ammonium structure, systemic absorption 
and toxicity in the inhalation use are lower in anticholinergics 
than in beta 2 agonists. The main mechanism of action of 
anticholinergic drugs such as ipratropium, oxitropium and 
tiotropium bromide is the blockade of the acetylcholine effect via 
M

3
 receptors on airways in COPD patients (3). 

The M
3
 receptor is the major mediator of the muscarinic receptors 

in bronchoconstriction, mucus secretion and mucociliary 
clearance. M

3
 stimulation activates phospholipase which causes 

an increase in inositoltriphosphate (IP
3
) and intracellular calcium. 

Abstract
Aim: This study aimed to investigate the effect of inhaled ipratropium on pupil diameter when applied directly to the eye in a closed 
environment.

Materials and Methods: A total of 14, 8-week-old and 350-g weight Sprague-Dawley rats were obtained from Yeditepe University Laboratory 
of Experimental Animals for research. At constant temperature (22 ºC±3 ºC) and 12-hour light/dark cycle, the rats had access to standard food 
and water. A total of 7 rats were exposed to ipratropium, whereas 7 rats were given saline nebular. Pupil diameters and pupillary-orbital 
diameter ratios were compared before and 2 hours after drug exposure.

Pupil diameters and pupillary-orbital diameter ratios measured before and 2 hours after ipratropium inhalation were compared in the 
computer environment after 4288 × 2848 pixel magnification.

Results: No significant difference was observed in the pupil/orbital diameter ratios in either right or left eyes after treatment compared to 
baseline values (p>0.05, for both). No significant difference was found in Delta rates. The numerical data fitted the normal distribution.

Conclusion: In our study, no significant difference was determined in diameter changes that would advocate a more careful action in 
the case of anisocoria development in patients receiving ipropropium treatment and perform a detailed neurological examination and 
request neurology consultation as soon as possible. Anisocoria or changes in pupil diameters encountered in both pupils may not always be 
associated with drug use.
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Ipratropium is a non-selective antimuscarinic agent. However, 
in acute asthma, Ipratropium is more effective on the bronchi 
than other antimuscarinics. Antimuscarinics have a low oral 
absorption and they cannot cross the blood brain barrier (4).

Retinal vascularity lacks sympathetic innervation. Circulating 
hormones and local factors are the main determinants of retinal 
blood flow. Activation of central nervous system increases the 
level of circulating adrenaline and stimulates beta receptors 
in the retinal arterioles by increasing retinal blood flow (5). In 
obstructive airway diseases, inhaled ipratropium can block 
muscarinic receptors and cause pupil dilatation with local 
parasympatholytic effect (6,7).

Mydriasis, cycloplegia, blur in vision, dryness in eyes may be 
observed due to local absorption of ipropropium. Unilateral or 
bilateral mydriasis has been reported due to leakage or due to 
improper placement of direct contact or face mask (8,9).

In vivo studies have shown that beta 1, 2, 3 specific receptor 
agonists as well as beta agonists are effective in retinal 
vasodilatation. In these studies, the intravenous form of drug 
was used (10-13).

Clinical studies were carried out in the Emergency Medicine clinic 
of the University of Health Sciences Turkey, Ümraniye Training 
and Research Hospital, İstanbul. Except for clinical trials and case 
reports, there was no study to determine whether experimentally 
inhaled ipratropium had any effect on pupil dilation.

Aim

The aim of this study was to investigate the effect of inhaled 
ipratropium on pupil diameter when applied directly onto the 
eye in a closed environment. 

Materials and Methods

A total of 14, 8-week-old and 350-g weight Sprague dawley rats 
were obtained from Yeditepe University Faculty of Medicine 
Experimental Research Center. At constant temperature (22±3 ºC) 
and 12-hour light/dark cycle, the rats had access to standard feed 
and water. Seven rats were exposed to ipratropium while seven 
rats were given saline nebular. Pupil diameters and pupillary-
orbital diameter ratios were compared before exposure and 2 
hours after exposure to the drug.

In a closed environment, ipratropium nebular was inhaled at a 
dose of 1.5 mg/kg. The control group received the same dose 
of saline inhalation. The use of masks was not possible in rats. 
There was no mask for the rats. Ipratropium was given with the 
help of nebulizer in the closed area covered with glass, which 
the rats could easily move, we could observe from the outside. 

Thus, direct eye contact was achieved. Saline administration 
to the control group was performed with the same method. 
The rat pupil diameters were measured using original high-
resolution nikon digital fundus camera (1.5 ft, 0.45 mm) at 
the same temperature (22±3 ºC) and lightened environment. 
Photos were obtained and recorded in the same heat and light 
environment at a 90º angle at a distance of 30 cm to the orbit. 
Pupil diameters and pupillary-orbital diameter ratios measured 
before and 2 hours after inhalation ipratropium administration 
were compared in the computer environment after 4288x2848 
pixel magnification. The same method was applied for the 
control group.

Statistical Analysis

Collected data analysis was performed by using SPSS software 
(version 20.0, SPSS Inc., Chicago, Illinois). The Shapiro-Wilk 
test was used to evaluate distribution of continuous variables. 
Normally distributed continuous variables were compared 
with Student’s t-test, while non-normal distributed continuous 
variables were compared with Mann-Whitney U test. Pupil 
diameters of rats before and second hours were compared with 
paired t-test and/or Wilcoxon tests. The results were evaluated at 
95% confidence interval and a p-value of <0.05 was considered 
as statistically significant.

Ethics committee was given by Yeditepe Experimental Research 
Center where the study was conducted. No treatment was applied 
to the subject rats after drug exposure.

Results

There were also significant differences in the pupil diameters 
of the rats at the 0th hour measurements. For this reason, we 
thought that we would get reliable results with the ratio of pupil 
diameter/orbital diameter and delta value. 

An increase in the mean right pupil diameter was observed at 
the 2nd hour compared to the baseline in the ipratropium group, 
but this difference was not statistically significant (p=0.09). 
Although there was an increase in left pupil diameter, no 
statistically significant difference was found (p=0.05). There was 
no significant difference in pupil diameter ratios in either the 
right or the left eyes after treatment compared to baseline values 
(p>0.05, for both). There was a significant difference in pupil/
orbital ratio in right (p=0.014) and left (p=0.016) eye, but not 
in delta values. Madication and Control Group Pupil Diameter, 
Orbital Diameter and Delta Ratios are specified in the table 
(Table 1).

There was no significant difference in Delta rates (right pupil 
p=0.67, left pupil p=0.95). The numerical data fitted the normal 
distribution.
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Discussion

Anticholinergic drugs are more effective in COPD than in asthma 
(3). The significant side effects of inhaled anticholinergics are 
mouth dryness and cough. Metallic taste and urinary obstruction 
may occur rarely. Headache, nervousness, irritability, dizziness, 
nausea, constipation, tachycardia and rashes can also be seen. 
Paradoxical bronchospasm may occur due to the preservative 
ingredients in the nebulizer ipratropium (2,3,14-16). 

Only 1% of ipropathium is absorbed; therefore, it has a wide 
therapeutic range. There are different reportsregarding the effect 
initiation time and maximum duration of effect in different 
papers. According to some authors, the bronchodilator effect 
starts at 30 to 120 minutes, lasts for 4-8 hours, and the half-life 
is 3.2 hours (2,17-19).

According to some reports, the aerosol reaches its maximum 
effect after 30-60 minutes of application and its effect lasts for 
3-6 hours (20-25).

The most technically feasible inhalation doses of metered 
dose aerosol are 1.5 mg/kg/day in rats and 1.8 mg/kg/day in 
rabbits. There was no adverse effect on the reproductive system. 
Ipratropium bromide solution in water (0.05 mg/kg) was locally 
well tolerated when administered to rats by inhalation (single 
administration for 4 hours). In repeated dose toxicity studies, 
ipratropium bromide was locally well tolerated (26).

In our study, ipratropium was given at a dose of 1.5 mg/kg/day. 
No rat died during or after the procedure. Decapitation was not 
performed in rats; there was no change in pupillary diameter 
or the ratio and no other side effects were observed either. Two 
hours after drug administration, the pupil diameter and the pupil 
diameter/orbital diameter ratios and delta values were measured 

and evaluated. As the size of the orbital diameters may vary 
slightly, the ratio of the pupil diameter to the orbital diameter 
was also included in our data. Although large-scale studies are 
not sufficient, there is no in vivo study comparing the changes in 
pupil diameter after inhaled ipratropium. Inhaled ipratropium 
contact with the eye in aerosol form may sometimes present with 
mydriasis and sometimes anisocoria. This may be due to mask 
mismatch, patient discordance, or mask shape. Mydriasis due to 
aerosol leakage has been reported in cases receiving ipratropium 
treatment. These cases were mostly published as case reports. 
The normal mental status and absence of any speech disorder 
or hemiparesis has led to exclusion of a possible herniation 
diagnosis (25-30).

To date, there is an insufficient number of clinical studies on 
the effect of inhaled ipratropium on pupil dilatation. In the 
case reports, it was emphasized that the patients receiving 
ipratropium treatment could experience anisocoria or change 
in pupildiameters in both pupils, and therefore, unnecessary 
examination should be avoided.

In our study, no significant difference in diameter changes were 
determined that would advocate that we should be more careful 
in the case of anisocoria development in patients receiving 
ipropropium treatment and to perform a detailed neurological 
examination and request neurology consultation as soon as 
possible. Anisocoria or changes in pupil diameters that we may 
encounter in both pupils may not always be associated with 
drug use.

Conclusion

Our study is important in terms of demonstrating that significant 
pupil dilatation does not occur due to ipratropium inhalation in 
rats.

Table 1. Medication and control group pupil diameter, orbital diameter and delta ratios (p<0.05)

Data Iratropium group Control group p

Right pupil 0th hour average diameter (pixel) 7.0±1.7 5.5±1 0.07

Right pupil/right orbit 0 hours (%) 16.7±4 12±2.6 0.02

Left pupil 0th hour average diameter (pixel) 7±1.7 5.5±1 0.07

Left pupil/left orbit 0 hours (%) 16.4±3.6 12±2.3 0.017

Right pupil 2nd hr average diameter (pixel) 7.6±1.7 6±1.5 0.09

Right pupil/right orbita 2nd hour (%) 17.2±2.6 13±2.7 0.014

Left pupil 2nd hour averagediameter (pixel) 7.8±1.8 5.8±1.4 0.05

Left pupil/left orbita 2nd hour (%) 16.8±3.2 12.4±2.5 0.016

Delta right pupil 0.5±3.5 1.1±1.6 0.67

Delta left pupil 0.4±3.4 0.5±1.4 0.95
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In addition to clinical studies, it is necessary to conduct large-
scale experimental animal studies and detailed studies for long-
term side effects.
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