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Protective Effect of Lignocaine
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ABSTRACT

Objective: To evaluate the protective effect of lignocaine against acetylcholine and bradykinin induced airway
contraction of isolated tracheal tissue of guinea pig in vitro.

Study Design: Laboratory based quasi experimental study.

Place and Duration of Study: Pharmacology department in collaboration with Physiology Department at Army
Medical College, Rawalpindi, from Jan 2016 to Oct 2016.

Methodology: Effects of cumulative doses of acetylcholine (10-6-10-3 M) and bradykinin (11pg -66 pg) in the
presence of fixed dose of lignocaine (1mM) were observed on isolated tracheal smooth muscle of guinea pig by
constructing cumulative dose response curves. Isometric Force Transducer DT-475 (USA) attached to Power Lab
data Acquisition Unit, was used to record the tracheal smooth muscle contractions.

Results: Acetylcholine and bradykinin reversibly increased the tracheal muscle contractions of guinea pig.
Maximum amplitude of contraction with acetylcholine and bradykinin alone & acetylcholine and bradykinin
pretreated with lignocaine were 0.025 + 0.0009 mV, 0.013 £ 0.0007 mV, 0.013 + 0.0012 mV and 0.007 = 0.0002 mV
respectively. So lignocaine significantly ameliorated acetylcholine and bradykinin induced contraction.
Conclusion: Lignocaine significantly inhibited the constrictor response of acetylcholine and bradykinin. The
percent inhibition was more for acetylcholine than for bradykinin induced tracheal tissue contraction. So it is
suggested that lignocaine may be used as spinal anesthesia in asthmatic patients undergoing surgeries due to its
bronchodilatory effects.
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INTRODUCTION

Asthma is one of the most prevalent chronic
airway diseases that is characterized by varying
levels of bronchoconstriction, airway hyper-
responsiveness, mucus secretion and chronic
inflammation, resulting in airway dysfunction?.
According to Global Burden of Diseases Study
published in 2012, the latest estimate of asthma
prevalence was almost 334 million which is
still increasing. The disease has immunological
basis and is multifactorial2. Large number of inf-

mine, prostaglandin and bradykinin, ultimately
causing the symptoms of asthma3. Parasym-
pathetic system provides the major innervation to
the airways and acetylcholine is the main neuro-
transmitter. In inflammatory diseases of airways
like asthma there is over activity of this system
leading to broncho-constriction, vasodilatation
and increased mucus secreation*. Bradykinin, one
of the inflammatory mediators, has contribution
in pathogenesis of allergic inflammatory condi-
tions of airways like asthma5. Patients of asthma

lammatory cells are involved in the pathogenesis
such as eosinophils, mast cells and CD4+T
lymphocytes that release mediators like hista-
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undergoing surgeries develops airway hyper-
responsiveness secondary to endotrcheal intuba-
tion, which comes out to be fatal sometimes.
Endotracheal intubation should avoided in such
patientst. Studies have shown that some local
anesthetics in high thoracic and epideural anes-
thesia decrease bronchial reactivity in patients of
airway allergic inflammatory diseases due to
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their systemic effects’8. So the present experi-
mental study was undertaken to evaluate and
compare the protective effects of lignocaine
against acetylchline and bradykinin mediated
airway hyper responsiveness in guinea pig model
as acetylcholine and bradykinin are two main
mediators of asthma.

METHODOLOGY

It was a laboratory based quasi experimental
study. The study was conducted on isolated
tracheal rings of 24 guinea pigs in Pharmacology
and Physiology department, Army Medical
College Rawalpindi from January 2016 to October
2016. Twenty four healthy Dunkin Hartely gui-
nea pigs of either sex, weighing 400-600g, were
included in this study through non-probability
convenient sampling. Animals were randomly
divided into four equal groups by random num-
ber table. Each group comprised of six animals
(n=6). The drugs used in this study included
lignocaine, acetylcholine and bradykinin.

After approval from the institutional ethics
committee, the guinea pigs were sacrificed by
cervical dislocation®. A midline incision was
given in the chest near trachea. The entire trachea
from larynx to bronchi was dissected out. Serosa
and loose connective tissue was removed from
the trachea and then it was transferred to a
dish containing Krebs Henseleit solution at 37°C.
Epithelium was gently removed and the tracheal
tube was cut into 2 to 3 mm wide rings each con-
taining about 3 to 4 cartilages. Each small piece of
tissue was opened by a longitudinal cut on the
ventral side opposite to the smooth muscle,
forming a tracheal chain with smooth muscle in
the centre and cartilaginous portion of the rings
on the both sides!0. The tissue was transferred
to isolated organ bath of 50 milliliter capacity
containing Krebs solution at 37°C, provided with
oxygen continuously. Kreb-Henseleit solution
was used as nutrient solution which contained
NaCl 11.82 mM, KCl 4.7 mM, MgSO.7H,O
1.2mM, CaCl; 2.5 mM, KH,PO4 1.3 mM, NaHCO;
25.0 mM and dextrose 11.7 mM.
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One end of the tracheal strip was attached to
the oxygen tube in tissue bath and the other end
was attached to a research grade Isometric Force
Transducer DT-475 (USA) by means of a thread.
Equilibration period of 15 minutes was allowed
to the mounted tissue. During the equilibration,
physiological solution in the organ bath was
changed three or four times. The tracheal is mus-
cle activity was recorded through Displacement
Transducer. Dose response curves were cons-
tructed using Power Lab data acquisition unit
(AHK/214 iworx)!.

Experimental Groups

Group I: In group I, cumulative dose res-
ponse curves were constructed using cumulative
concentrations of acetylcholine ranging from 10-6
to 10-3 M. Next dose was added after attaining
the maximum response with the previous dose.
The effect was recorded through a Research
Grade Isometric Force Transducer. After obtain-
ing the maximal acetylcholine induced contrac-
tion, the tracheal strip was washed and allowed
to relax passively. This group served as control
group 1 for the study.

Group II: In group II, cumulative concentra-
tion curves were constructed by using various
doses of bradykinin ranging from 11 pg to 66 pg.
This group served as control group II.

Group III: In group III lignocaine was added
to the organ bath in a concentration of 2mM.
Cumulative concentrations of acetylcholine rang-
ing from 10-6 to 10-3 M were added into the
organ bath after 15 minutes in the presence of
lignocaine. Cumulative concentration response
curves pretreated with lignocaine were cons-
tructed.

Group IV: In group IV lignocaine was added
to the organ bath in the same concentration as
that in group III. After 15minutes, the successive
doses of bradykinin ranging from 11 pg to 66 pg
were added into the organbath in the presence of
lignocaine. Dose response curves were construc-
ted with bradykinin in the presence of lignocaine.
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The data was taken as an average of six
observations of isolated tracheal rings in each
group. Mean and standard error of means
were calculated. One way ANOVA and Post Hoc
Tuckey Test using SPSS version 16 was used for
comparisons of amplitude of contractions of four
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directly increased the contractile response of
tracheal tissue of guinea pigs (fig-1 & 2). Changes
in amplitude of contraction were recorded in
millivolts. Maximum amplitude of contraction in
acetylcholine control group was 0.025 + 0.0009
mV and in bradykinin control group was 0.013 *

Table-I: Comparison of group 1 (acetylcholine control) with group 3 (acetylcholine after pretreatment with

fixed dose of lignocaine).
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6 0.009 £ 0.0002 0.003 £ 0.0004 <0.001 36 14 61
12 0.011 £ 0.0003 0.005 £ 0.0007 <0.001 44 22 50
24 0.014 + 0.0004 0.007 + 0.0008 <0.001 56 29 49
48 0.018 + 0.0009 0.009 + 0.0008 <0.001 72 36 50
96 0.025 £ 0.0009 0.013 £0.0012 <0.001 100 53 47

*=significant (p<0.05)

Table-II: Comparison of group 2 (bradykinin control) with group 4 (bradykinin after pretreatment with fixed

dose of lignocaine).
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11 0.003 £ 0.0003 0.001 £ 0.0002 0.001* 23 10 57
22 0.005 £ 0.0003 0.002 +0.0003 0.001* 38 17 55
33 0.006 + 0.0003 0.003 + 0.0003 0.001* 46 25 45
44 0.008 + 0.0004 0.005 + 0.0002 0.001* 61 39 36
55 0.010 + 0.0008 0.006 + 0.0003 0.001* 76 46 39
66 0.013 £ 0.0007 0.007 £ 0.0002 0.000* 100 52 48

*=significant (p<0.05)

groups. Percentage responses for all the four
groups were also calculated. Value of p<0.05 was
taken as significant.

RESULTS

The study was conducted on 24 guinea pigs
to observe protective effect of lignocaine against
acetylcholine and bradykinin induced tracheal
tissue contraction. Acetylcholine and bradykinin

0.0007 mV. This maximum response of acetyl-
choline was reduced in the presence of lignocaine
from 0.025 £ 0.0009 mV to 0.013 £ 0.0012mV in
group III and 0.013 + 0.0007 mV to 0.007 + 0.0002
mV in group IV respectively (table-I). Our data
showed statistically significant difference bet-
ween group 1 (acetylcholine control) and 3 (ace-
tylcholine pretreated with lignocaine). The p-
value between group 1 and 3 was significant with
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all doses of Ach. A p-value was 0.000 with 3pg, 24
ng, 48ug, 96ug doses of Ach. A p-value for doses
6ug, 12pg was 0.001 which was highly significant.
Statistically significant difference was also obser-
ved between group 2 (bradykinin control) and
group 4 (bradykinin pretreated with lignocaine).
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Figure-1: A Comparison of dose response curve of
group 1 (acetylcholine control) with group 3 (acetyl-
choline pretreated with lignocaine).
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Figure-2: A Comparison of dose response curve of
group 2 (bradykinin control) with group 4 (brady-
kinin pretreated with lignocaine).

The p-value between group 2 and 4 was 0.001 for
all doses of bradykinin except for 66u g dose for
which p-value between group 2 and 4 was 0.000
which was highly significant (table-I & II).

Percentage responses and percentage inhibi-
tions for the groups were also calculated. The
mean percent inhibition of acetylcholine pre-
treated with lignocaine was 54 percent and
for bradykinin pretreated group was 47 percent
(table-I & II). So we conclude that lignocaine
significantly attenuated acetylcholine and bra-
dykinin induced tracheal smooth muscle contrac-
tion.
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DISCUSSION

Lignocaine is the most commonly use
damide-type of local anesthetic. In addition to its
anaesthetic effects, lignocaine has important anti-
arrhythmic, analgesic, antinociceptive, immuno-
modulating and anti-inflammatory properties!2.
The current study was undertaken to evaluate the
relaxant effect of lignocaine against acetylcholine
and bradykinin mediated airway hyper-respon-
siveness on isolated tracheal tissue of guinea pig
in vitro. Acetylcholine reversibly increased the
contraction of guinea pigs tracheal smooth mus-
cles. Acetylcholine is the major neurotransmitter
in airways which produces contraction of smooth
muscles through M3 receptors via quantal and
non quantal release??.

Lignocaine significantly reduced the contrac-
tile responses of acetylcholine and bradykinin.
The mean values of responses as well as mean
percentage responses when compared between
group 1 and 3 were found to be significant. The
maximum response was reduced to 0.013 + 0.0012
mV with lignocaine as compared to acetylcholine
control group which was 0.025 + 0.0009 mV. Our
results are in accordance with the observations of
a study conducted by Kao and his colleagues on
isolated tracheal smooth muscle of rats.

It was observed that lignocaine in a dose of
10-3 M decreased methacholine and acetylcholine
induced tracheal smooth muscle contraction.
Using the same dose, lignocaine also inhibited
electrical field stimulation spike contraction of
isolated tracheal muscle. The study indicated
that lignocaine could cause bronchodilatation by
blocking parasympathetic tone, antagonizing the
effect of cholinergic receptors and by decreasing
the influx of Ca++ through L-type calcium
channels’.

Our study is in agreement with human trials
in which when salbutamol was combined with
lignocaine its bronchodilatory effect was
potentiated. Possible mechanisms involved in
bronchodilatory effect of lidocaine were also
evaluated in this study. It was concluded that
relaxant effect of lignocaine may be partially due
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to increase release of nitric oxide, blockage of
Ca++ influx to the respiratory muscles and due
to increased cAMP?15,

Bradykinin also produced a dose dependant
reversible contraction of tracheal smooth muscles
but to a lower extent than produced by acety-
Icholine. Bradykinin mediates its effect via B1 and
B2 receptors. Both G-protein coupled receptors
mediate airway inflammation and airway hyper
responsiveness in asthmatics and in other
inflammatory airway diseases. Noor and his co-
workers reported the similar contractile effects of
bradykinin on isolated tracheal tissue of guinea
pigs. Significant contractions of smooth muscle of
trachea were observed at a dose of 11 pg of
bradykinin and reached its maximum at 77ug?e.
Mulrennan also reported similar effects of
bradykinin on isolated trachea at concentration
range of 10-11 M to 10-5 M'7. Zhang and his
colleagues described that there is up regulation of
bradykinin receptors which leads to hyper-
responsiveness in asthmatic individuals?s.

In group 4, lignocaine significantly reduced
bradykinin induced tracheal contraction from
0.013 £ 0.0007 mV to 0.007 = 0.0002mV shifting
the dose response curve to right and downwards.
Comparisons of mean values of contractile res-
ponses and mean percent responses between
group 2 (bradykinin alone) and group 4 (brady-
kinin pretreated with lignocaine) were found to
be significant. The relaxant effect of lignocaine
has been studied against other inflammatory
mediators of asthma like histamine and acety-
Icholine but to our knowledge it has never been
studied against bradykinin. So lignocaine can
serve as a treatment option in patients of airway
hyper-reactivity undergoing endotracheal intuba-
tions, bronchoscopies and surgeries.

Percent inhibitions obtained with acety-
Icholine pretreated with lignocaine group were
compared with those of bradykinin treated
groups, it was observed that percent inhibition of
lignocaine was more against acetylcholine media-
ted tracheal tissue contraction as compared to
bradykinin induced contraction. This may be due

Pak Armed Forces Med ] 2019; 69 (6): 1221-26

to the fact that acetylcholine is the main mediator
of asthma and the main neurotransmitter in
airways.
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CONCLUSION

Our study revealed a significant ameliora-
ting effect of lignocaine against acetylcholine and
bradykinin mediated tracheal tissue contraction.
So we suggest that lignocaine can be used as
spinal anesthesia in patients of asthma and other
airway inflammatory diseases undergoing gene-
ral anesthesia and surgical procedures due to its
bronchodilatory effect.
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