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ABSTRACT

Background: Use of inhalable insulin is limited because it causes airway hyper-reactivity. So present study was designed to
ameliorate inhalational insulininduced airway hyper-responsiveness.

Objectives: The objective of the study was to evaluate the acute effects of insulin on airway reactivity and protective
effects of nedocromil against insulin induced airway hyper-reactivity on isolated tracheal tissues of guinea pigs in vitro.
Material and Methods: This experimental study was carried out in Pharmacology department of Army Medical College
Rawalpindi from January 2012 to July 2012. We observed acute effect of insulin (107- 10° M) and insulin pretreated with
nedocromil (10° M) on isolated tracheal strip of guinea pig (n=6) in vitro by constructing cumulative concentration response
curves. The tracheal smooth muscle contractions were recorded with Transducer on Four Channel Oscillograph.

Results: Insulin significantly increased the tracheal smooth muscle contraction. The mean + SEM of maximum amplitudes of
contraction with insulin and insulin pretreated with nedocromil were 35+ 1.13 mm and 27.8 +1.27 mm respectively. So nedocromil
significantly antagonized insulin elicited contractile effect.

Conclusion: Nedocromil significantly inhibited the insulin mediated airway hyper-reactivity in guinea pigs. So we suggest that
pretreatment of inhaled insulin with nedocromil may have clinical implication in amelioration of its potential respiratory adverse
effects.
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INTRODUCTION

The predominant mode of insulin administration is
by subcutaneous injection' . Injection related
anxiety leads to poor compliance and suboptimal
glycemic control *°. Consequently alternative non
invasive inhalational route of insulin
administration was approved in 2006 *
Inhalational insulin causes similar reduction in
HbAlc and fasting blood sugar, compared with
regular insulin and less risk of hypoglycemic
episodes and weight gain °. It increases patient's
satisfaction and improved patients compliance
leading to improved glycemic control °’
Unfortunately its use was limited due to its
potential to produce respiratory adverse effects
such as increased bronchial reactivity, cough,
dyspnoea and bronchoconstriction ®. Insulin has
long been recognized as pro-inflammatory and
pro-contractile hormone. °° The most likely
mechanism of inhaled insulin induced
bronchoconstriction is that insulin increases the
mast cells degranulation and subsequently
increased release of histamine and contractile
prostaglandins are responsible for allergic
inflammation of airways. """
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It is well established from the review of literature
that nedocromil exerts its anti-allergic and anti-
inflammatory effects due to its mast cell stabilizing
activity . Prophylactic use of nedocromil
decreases the symptoms of air-way hyper-
reactivity induced by variety of allergens and
chemicals " Based on these pharmacological
effects of nedocromil the present study was
designed to evaluate the efficacy of nedocromil
against insulin mediated airway hyper-reactivity of
guinea pig in vitro.

MATERIALS AND METHODS

This laboratory based experimental study was
conducted in Pharmacology department in
collaboration with  Centre for Research in
Experimental and Applied Medicine (CREAM)
Army Medical College Rawalpindi.

12 healthy guinea pigs of either sex of Dunkin
Hartely variety weighing 500-700g were used for
current study™. These guinea pigs were randomly
divided into two groups, each group consists of 6
guinea pigs. All the protocols described in this
study were approved by Ethics commitee of
Centre for Research in Experimental and Applied
Medicine (CREAM). They were sacrificed by
cervical dislocation . The trachea was dissected
out and tracheal chain was prepared with smooth
muscle in the centre and cartilaginous portions on
both sides. The tracheal strip was attached to the
hook of oxygen tube of tissue bath containing
oxygenated krebs-Henseleit solution at 37° C".
Tracheal contractions were recorded with
Research Grade Isometric Force Displacement
Transducer Harvard Model
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No 72-4494 on four channel oscillograph Harvard
Model No 50-9307"°.

In first group cumulative dose response curves of

insulin were constructed with varying
concentrations (107 to 10°M). When maximum
response with 107 M concentration was obtained
then the subsequent doses were added without
washing the previous dose *. Four channel
oscillograph was used for recording tracheal
muscle contraction. This group served as control
group 1 and dose response curve of insulin
pretreated with cromoglycate was compared with
that ofinsulin alone.

In group 2, nedocromil was added to the organ
bath in a concentration of 10° M ™ . After 15
minutes, the successive doses of insulin ranging
from107” to 10°M were added into the organ bath in
the presence of nedocromil. Cumulative
concentration response curves pretreated with
nedocromil were constructed.

The results were expressed as Mean £ SEM. The
arithmetic means of amplitudes of contractions
and SEMs were calculated using SPSS version
16. 'Student t test' was used to determine the
significant difference between two observations
and p value of less than 0.05 was considered as
significant.

RESULTS

Acute effects of insulin were studied on isolated
tracheal smooth muscles of guinea pig by adding
the successive doses of insulin ranging from 107
to 10° M. Insulin induced contraction of tracheal
smooth muscle was evident at a concentration of
10" M concentration. However a significant
enhancement of insulin induced contractions
were observed at 10° M, 10* M and 10° M

concentration. (Figure 1).

Changes in tracheal smooth muscle contractions
were measured by taking the amplitudes of
tracheal smooth muscle contraction. Amplitudes
of contraction with maximum dose of insulin (10°
M) was 35 = 1.13mm (Table 1). So insulin
significantly enhanced the myogenic airway
smooth muscle tone. This insulin induced tracheal
smooth muscle contraction was significantly
reduced in nedocromil treated group from 35 %
1.13mm to 14.55 £ 0.62 mm. The means of
amplitudes of contractions with varying doses of
insulin when compared between group 1 and 2
were found to be statistically significant (Table 1).
Our data showed that maximum constrictor
response of insulin in the presence of nedocromil
was reduced by 41.57 percent as compared with
insulin group (Table 1). Insulin concentration
response curve in the presence of nedocromil was
shifted to the right and downwards indicating a
profound inhibitory effect of nedocromil sodium on
airway hyper-reactivity induced by insulin (Figure
1).
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Figure 1: Comparison of semi log concentration
response curve of group 1 (insulin control) and
group 2 (insulin after pretreatment with
nedocromil) on isolated tracheal smooth muscle
of guinea pig.

Table 1: Comparison of responses of isolated tracheal muscle of guinea pig between
insulin (group 1) and insulin pretreated with nedocromil (group 2).

Concentration | Amplitude of Amplitude of p-value Percent Percent
of insulin (M) | contraction contraction between response response
with insulin with insulin group 1&2 with with insulin
(mean *+ pretreated with insulin pretreated
S.E.M) nedocromil (mean+ with
(mm)n=6 S.E.M) (mm)n=6 nedocromil
10 8.167 + 2.14 0+0 .004* 23.34 0
10° 16.16 + 2.48 0.5+ 0.837 .007* 46.17 1.43
10° 26.1+2.78 6.17 + 1.169 0.000* 74.58 17.62
10 31.8+ 2.04 10.33 + 1.63 .003* 90.86 29.5
10 35+ 2.76 14.55 +1.52 .004* 100 41.57

p value < 0.05 = Significant (*)
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DISCUSSION

The present study demonstrated that insulin
induced airway smooth muscle contraction of
guinea pigs in a concentration range of 10" M to
10° M. These contractions were reversible and
sustained in nature. Schaafsma et al also reported
the acute contractile effect of insulin on isolated
tracheal preparation of guinea pig but the
concentration of insulin used was in the range of
10™ to 10° M*. Our observations are also
supported by in vivo studies in which treatment of
diabetic rats with insulin resulted in airway hyper-
reactivity and inflammation. This enhanced airway
reactivity was due to the release of inflammatory
mediators from mast cells under the influence of
insulin . Our findings are also in accordance with
clinical observations in which airway
responsiveness was increased in patients with
type Il diabetes during first three months of insulin
therapy. In another study intratracheal instillation
of insulin loaded nanoparticles increased the
inflammatory response of human airways.
Futhermore it has been demonstrated that insulin
might be required for development of initial events
of asthmatic reactions ».

When isolated tracheal muscle was pretreated
with nedocromil, the maximum percent response
of insulin in the presence of nedocromil was
reduced to 41.57 percent of insulin control. The
mean values of amplitudes of contractions and
mean percent responses when compared
between two groups, were found to be statistically
significant. Nedocromil caused a downward and
rightward shift of concentration response curve.
The concentration response curves obtained with
nedocromil were compared to curves of insulin. It
was observed that nedocromil  significantly
ameliorated the insulin mediated airway hyper-
reactivity. Since insulin is a pro-inflammatory and
pro-contractile hormone. The protection offered
by nedocromil is presumably through the inhibition
of release of contractile prostaglandins and
histamine from mast cells of isolated tracheal
strip. To our knowledge this is the first study which
revealed protective effect of nedocromil against
insulin induced airway contraction. Our results are
in accordance with other studies in which
nedocromil has been shown to inhibit the
bronchoconstrictor response to several kinds of
challenges. Our observations are in agreement
with results of a study conducted on cannine
tracheal smooth muscle which revealed that
nedocromil inhibited voltage dependent Ca™ and
Ca™ dependent CI current in airway smooth

muscles and caused relaxation of tracheal smooth
muscles *.  This study provides us a clue that
nedocromil can attenuate the pro-contractile
effect of insulin. So we suggest that pretreatment
with  nedocromil may ameliorate respiratory
adverse effects of inhaled insulin therapy in
diabetic patients. But further clinical trials are
warranted to confirm whether the protection
offered by nedocromil in guinea pig model can
translate to human airways.

CONCLUSION

Insulin induces airway smooth muscle contraction
which was significantly inhibited in the presence of
nedocromil. So nedocromil can become useful
therapeutic agent for attenuation of insulin
induced airway hyper-reactivity.
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