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ABSTRACT 

Objective: To evaluate the magnitude of insulin induced tracheal smooth muscle contraction of guinea pigs and 
exploration of protective effects of ipratropium against insulin induced increased airway reactivity of guinea pigs 
in vitro. 

Study Design: Laboratory based randomized control trials. 

Place and Duration of Study: Pharmacology department and Centre for Research in Experimental and Applied 
Medicine (CREAM) Army Medical College, Rawalpindi from December 2011 to July 2012.       

Material and Methods: Effects of increasing concentrations of histamine (10-8- 10-3 M ), insulin (10-8- 10-3 M) and 
insulin pretreated with ipratropium (10-6 M) , were studied on isolated tracheal tissue of guinea pig in vitro by 
constructing cumulative concentration response curves. The tracheal smooth muscle contractions were recorded 
with transducer on four channel oscillograph. 

Results: Histamine and insulin produced a concentration dependent reversible contraction of isolated tracheal 
muscle of guinea pig. The mean ± SEM of maximum amplitudes of contraction with histamine, insulin and 
insulin pretreated with ipratropium were 92.5 ± 1.20 mm, 35 ± 1.13 mm and 27.8± 1.27 mm respectively. 
Ipratropium shifted the concentration response curve of insulin to the right and downwards. 

Conclusions: Ipratropium significantly inhibited the contractile response of insulin on isolated tracheal muscle of 
guinea pig, so pretreatment of inhaled insulin with ipratropium may have clinical implication in amelioration of 
its potential respiratory adverse effects such as bronchoconstriction. 
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INTRODUCTION 

Subcutaneous insulin is the main stay for 
controlling blood glucose in diabetes. Non 
invasive, inhalational insulin is an attractive 
alternative to parenteral insulin for those patients 
who defer to initiate subcutaneous insulin7. 
Studies reveal that inhalational insulin thrice 
daily before meals can provide glycemic control 
comparable to conventional subcutaneous insulin 
but with improved patient’s satisfaction and 
compliance3. Long term studies have also 
demonstrated a significant reduction in HbA1c   
with fewer hypoglycemic episodes and less risk 
for weight gain as compared to regular insulin6,13. 
Unfortunately it was withdrawn from the market 
due to its respiratory adverse effects such as 
increased bronchial reactivity, cough, dyspnoea 

and bronchoconstriction14. The most likely 
mechanism of inhaled insulin induced 
bronchoconstriction is that insulin modulates the 
function of neuronal autoregulatory M2 receptors 
in airways which are responsible for inhibiting 
the release of acetylcholine (Ach). Insulin 
mediated airway hyper-responsiveness is 
possibly due to loss of M2 receptor function and 
subsequently increased release of acetylcholine is 
responsible for increased airway reactivity9.   
Previous studies have shown that pretreatment 
with β2 agonists elicited a significant protection 
against inhalational insulin induced broncho-
constriction  but protective effects of ipratropium 
against increased airway reactivity due to inhaled 
insulin have never been evaluated11. 
Experimental and clinical evidences indicated 
that ipratropium offers protection against  
multiple diverse stimuli which increases the 
parasympathetic activity and contributes to 
bronchoconstriction10. Acetylcholine is the 
primary neurotransmitter which stimulates the 
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muscarinic receptors and induces airway smooth 
muscle contraction16. Ipratropium inhibits the 
effect of acetylcholine by blocking the muscarinic 
receptors in respiratory passages (M1 to M5 
subtypes). So it relaxes the airway smooth 
muscles and produces bronchodilatation4. Insulin 
induced isolated tracheal  muscle contraction in 
guinea pig model described in the present study  
closely resembles the bronchoconstriction 
induced by pulmonary delivery of inhaled 
insulin  as high concentration of insulin gets 
deposited in airway smooth muscle (ASM) 
compartment in both cases14. 

 So the current experimental study was 
planned to explore the acute effects of insulin on 
guinea pig airways and to evaluate the efficacy of 
ipratropium regarding its inhibitory effects on 
insulin mediated tracheal tissue contraction of 
guinea pig in vitro. Histamine is commonly used 
for provocative studies on airway smooth 
muscles1. So to evaluate the magnitude of insulin 
induced airway hyper-reactivity, histamine 
mediated airway hyper-responsiveness was 
taken as standard and was compared to insulin 
mediated  tracheal smooth muscle contraction. 

MATERIAL AND METHODS  

 The current study was conducted  in 
pharmacology department in collaboration with  
Centre for Research in Experimental and Applied 
Medicine (CREAM) Army Medical College 
Rawalpindi from December 2011  to July 2012.  

Ipratropium (0.25mg/ml) was purchased 
from Chiesi Pharma. Regular human insulin (100 
IU/ml) and histamine were obtained from Lilly 
Pharma and Sigma chemical Co. USA 
respectively. 

Preparation of tissue and experimental setup  

Eighteen guinea pigs were randomly 
divided into three groups after the approval of 
ethics commitee of CREAM. They were killed by 
cervical dislocation2. The trachea was dissected 
out and tracheal chain was prepared with smooth 

muscle in the centre and cartilaginous portions 
on both sides5. One end of the tracheal strip was 

attached to the hook of oxygen tube of tissue bath 
containing oxygenated Krebs-Henseleit solution 
at 37o C, while the other end was connected to a 
research grade isometric force displacement 
transducer (Harvard Model No 72-4494). Four 
channel oscillograph (Harvard Model No 50-
9307) was used for recording tracheal 
contractions8. 

 

Figure-1: Comparison of semi log 
concentration response curve of group 1 
(histamine) and group 2 (insulin) on isolated 
tracheal smooth muscle of guinea pig.  

 
 

Figure-2: Comparison of semi log 
concentration response curve of group 2 
(insulin control) and group 3 (insulin after 
pretreatment with ipratropium) on isolated 
tracheal smooth muscle of guinea pig.  
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Cumulative concentration response curve 
was obtained with increasing concentrations of 
histamine (10-8 to 10-3M)1. Histamine in a 
concentration of 10-8 M was added into the organ 
bath when the plateau was achieved then the 
next dose was added without washing the 
previous dose. When the maximal histamine 
induced contraction was obtained, the tracheal 
strip was washed three to four times and was 
allowed to relax passively. This group served as 
control (group I) and the effect of insulin on 

tracheal muscle was compared to it because in 
research studies histamine mediated airway 
smooth muscle contraction is commonly taken as 
standard (100 percent). In group II effect of 
varying concentrations of insulin (10-8 to 10-
3M)14 were studied on isolated tracheal muscle of 

guinea pig by using the same procedure as 
described for histamine. In group III ipratropium 
was added to the organ bath in a fixed 
concentration of 10-6 M16. After 15 minutes, the 
successive doses of insulin ranging from 10-7 to 
10-3 M were added into the organ bath in the 
presence of ipratropium. Cumulative concen-
tration response curves of insulin pretreated with 
ipratropium were constructed. Six experiments 
were performed in the same way to get six 
recordings in all the three groups. 

Statistical Analysis 

The results were expressed as means ± 
standard error of means and statistically 
significant differences were assessed by “student 
t-test” using SPSS version 16.  The differences 

Table-1: Response of isolated tracheal muscle of guinea pig to histamine (group I) and insulin 
(group II).     

Concentration (M) of       
histamine/insulin 
 

Amplitude of 
contraction with 
histamine 
 (Mean ± S.E.M) 
(mm) (n=6) 

Amplitude of 
contraction with 
insulin 
(Mean ± S.E.M) (mm) 
(n=6)               

p-value 
between 
group 1 
& 2 

Percent  
response 
with 
histamine 

Percent                      
respons
e with 
insulin 

10-8 9.33 ± 1.33      0 ±  0 .000* 10.086         0 

10-7 19.67 ± 1.081   8.167 ±  0.87 .000* 21.26        8.87 

10-6 44.8 ± 1.68   16.16 ±  1.01 .000* 48.43      17.55 

10-5 68.67 ± 2.106   26.1 ±  1.13 .000* 74.24      28.34 

10-4 87.3 ± 1.33   31.8 ±  0.832 .001* 94.37      34.53 

10-3 92.5 ± 1.20  35 ±  1.13 .001* 100       38 
p value < 0.05 = Significant (*) 

Table-2: Response of isolated tracheal muscle of guinea pig to insulin (group 2)  and insulin 
pretreated with ipratropium (group-VI). 

Concentration 
of  insulin (M) 

Amplitude of 
contraction 
with insulin  
(mean ± S.E.M) 
(mm) n=6              

Amplitude of 
contraction with 
insulin pretreated 
with ipratropium 
  (mean ± S.E.M (mm) 
n=6 

p value 
between 
group2&3 

Percent 
response 
with 
insulin 

Percent 
response with 
insulin 
pretreated 
with 
ipratropium  

10-7 8.167 ±  0.87      2 ±  0.73 0.004* 23.34 5.71 

10-6 16.16 ±  1.01      9.83 ± 1.33 0.007* 46.17 28.09 

10-5   26.1 ±  1.13     17.66 ± 0.76 0.000* 74.58 50.46 

10-4 31.8 ±  0.832     24.16 ± 1.72 0.003* 90.86 69.02 

10-3  35 ±  1.13        27.8 ± 1.27 0.004* 100 79.42 
p value < 0.05 = Significant (*) 
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between the observations were considered as 
significant if p value was less than 0.05. 

RESULTS 

In a series of six experiments for each group, 
histamine and insulin produced a dose 
dependent reversible contraction of tracheal 
chain of guinea pig. Maximum mean amplitudes 
of contraction with histamine, insulin and insulin 
pretreated with ipratropium were 92.5 ± 1.20 mm, 
35 ± 1.13 mm and 27.8 ± 1.27 mm respectively. 
The percentage responses for all the three groups 
were also calculated (Table 1 and 2).  Maximum 
insulin induced contraction was 38 percent of 
histamine mediated contraction (Figure-1). 
Insulin concentration response curves in the 
presence of ipratropium were shifted to the right 
and downwards indicating a profound inhibitory 
effect on air-way hyper-reactivity induced by 
insulin (Figure-2). The mean amplitude of 
responses produced by each dose of insulin and 
insulin pretreated with ipratropium when 
compared between group II and III   were found 
to be statistically significant (Table-2 and Figure-
2).  

DISCUSSION 

The present study was carried out to 
evaluate the beneficial effects of ipratropium 
regarding its ability to attenuate the insulin 
induced contractions of isolated tracheal smooth 
muscle of guinea pig. Histamine and insulin 
produced a concentration dependent, reversible 
contraction of tracheal smooth muscle. These 
findings were consistent with the results of 
Schaafsma and his coworkers who also reported 
the acute contractile effects of insulin on tracheal 
preparations of guinea pig in vitro14.  

The maximum insulin induced tracheal 
tissue contraction was 38 percent of histamine 
mediated contraction which is consistent with the 
findings of Schaafsma and his colleagues who 
demonstrated that insulin induced tracheal 
muscle contraction was 33 percent of histamine 
mediated contraction, using the same 
experimental setup14. Our findings are in 
accordance with in vivo studies in which  

treatment of diabetic rats with insulin resulted in 
M2 receptor dysfunction that leads to increased 
airway hyper-responsiveness and eosinophilia 
after allergen challenge12. Consistent with these 
findings Terzano and his coworkers reported that 
low levels of insulin resulted in decreased M2 
muscarinic receptor sensitivity and subsequently 
decreased airway reactivity in diabetes induced 
rat model15.  

Ipratropium shifted the concentration 
response curve of insulin downwards and to the 
right with percent response of 79.42 percent of 
the insulin control. The mean values of 
amplitudes of contractions when compared 
between insulin control group and ipratropium 
pretreated group, were found to be statistically 
significant. Since insulin mediated hyper-
reactivity is likely to be vagally mediated in 
guinea pigs and rats, ipratropium may afford 
protection against insulin induced tracheal 
contraction due to its ability to inhibit the reflex 
acetylcholine induced bronchoconstriction 
mediated by multiple diverse stimuli10. Moreover 
blockage of M3 receptors by ipratropium in 
airways counteract the enhanced Ach release that 
would result from dysfunction of inhibitory M2 
receptors induced by insulin4.  

 This in vitro study provides the first 
evidence that ipratropium can significantly 
inhibit the contractile response of insulin on 
guinea pig airways. Insulin induced isolated 
tracheal  muscle contraction in guinea pig model 
described in the present study  closely resembles 
the bronchoconstriction induced by pulmonary 
delivery of inhaled insulin as airway smooth 
muscles are directly exposed to high 
concentration of insulin in both cases14. So 
pretreatment with ipratropium may be 
considered as an attractive option for diabetic 
patients encountering respiratory adverse effects 
with inhaled insulin therapy.     

CONCLUSIONS 

Insulin has acute contractile effects on 
tracheal smooth muscle of guinea pigs which 
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were significantly inhibited in the presence of 
ipratropium. So ipratropium can become useful 
therapeutic agent for attenuation of 
bronchoconstriction mediated by inhaled insulin 
therapy in asthmatic patients. 

Acknowledgements 

This research study was financially 
supported by National University of Sciences and 
Technology (NUST) Islamabad.                                   

 REFERENCES 
1 Amira E, Aziz EA, Sayed EN, Mehran GL. Anti-asthmatic and anti-

allergic effects of thymoquinone on airway-induced hypersensitivity in 
experimental animals. JAPS 2011; 11: 109-17. 

2 Aparici M, Angelats GM,  Vilella D, Otal R, Carcasona S,  Vinals M, et al. 
Pharmacological characterization of abediterol, a novel inhaled β2 
adrenoceptor agonist with long duration of action and a favourable 
safety profile in preclinical models. JPET 2012; 112 : 191-201.  

3 Barnett AH, Dreyer M, Lange P, Serdarevic M.  An open, randomized, 
parallel-group study to compare the efficacy and safety profile of 
inhaled human insulin (Exubera) with  glibenclamide as adjunctive 
therapy in patients with type 2 diabetes poorly controlled on metformin. 
Diabetes care 2007; 29 : 1818-24. 

4 Belmonte EK, Fryer DA,  Costello WR. Role of insulin in antigen-
induced airway eosinophilia and neuronal M2 muscarinic receptor 
dysfunction. Journal of applied physiology 2005; 85 : 1708-18. 

1. Hajare R, Darrhekar MV, Shewale A,  Patil V. Evaluation of 
antihistaminic activity of piper betel leaf in guinea pig. AJPP 2011; 5 : 
113-17.  

5 Heinemann L. New ways of insulin delivery. Int J Clin Pract Suppl 2011; 
15 : 31-46.  

6 Hollander AP, Blonde L, Rowe R, Mehta EA, Milburn LJ.  Efficacy and 
safety of inhaled insulin (Exubera) compared with subcutaneous insulin 
therapy in patients with type 2 diabetes. Diabetes care 2010; 27 : 2356-62.  

7 Juskova M, Franova S,  Sadlonova V.  Acute bronchodilator effect of 
quercetin in experimental allergic asthma. Bratisi, Lek Listy 2011; 11 : 9-
12. 

8 Kolahian S, Asadi F,   Nassiri MS.  Reduced inflammatory parameters in 
airways of diabetic-antigen sensitized guinea pigs. Domestic Animal 
Endocrinology 2011; 42 : 13-22. 

9 Ogoda M, Niiya R, Koshika T,  Yamade S.  Comparative characterization 
of lung muscarinic receptor binding after intratracheal administration of 
tiotropium, ipratropium and glycopyrrolate. J Pharmacol Sci 2011; 115: 
374-82.  

10 Peterson HA, Korsatko S, Kohler G, Wutte A, Olschewski H, Sparre T, et 
al. The effect of terbutaline on the absorption of pulmonary 
administered insulin in subjects with asthma. BJCP 2010; 69 : 271-78. 

11 Respir AM, Campos AE, Farmer G,  Yamashita Y.  M2 receptor 
dysfunction with insulin in diabetic rats. Am J Med 2008; 26: 112-18. 

12 Rosenstock J, Lorber LD, Gnudi L, Howard PC, Bilheimer WD, Chang 
CP, et al.  Prandial inhaled insulin plus basal insulin glargine versus 
twice daily biaspart insulin for type 2 diabetes: a multicentre 
randomized trial. The lancet 2010; 375 : 2244-53.  

13 Schaafsma D, Gosens R, Ris JM,  Zaagsma J, Meurs H,  Nelemans SA et 
al. Insulin induces airway smooth muscle contraction. Br J Pharmacol 
2007; 150 : 136-42.  

14 Terzano C, Morano S, Ceccarelli D, Conti V, Paone G, Petroianni A, et al.   
Effect of insulin on airway responsiveness in patients with type 2 
diabetes mellitus. Am J Med 2009; 46 : 703-7.  

15 Villetti G, Bergamaschi M, Bassani F, Bolzoni PT, Harrison S, Gigli PM, 
et al. Pharmacological assessment of the duration of action of 
glycopyrrolate vs tiotropium and ipratropium in guinea-pig and human 
airways. Br J Pharmacol 2006; 148: 291-98. 

 

 
 
 
 


