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INTRODUCTION

ABSTRACT

Background: The role of intravenous magnesium sulfate in acute asthma is
restricted to severe and resistant cases while that of zinc as prophylactic agent.
What is quite interesting is to know the benefits of zinc in acute attack of asthma
and that of magnesium as prophylactic agent. The objective of the study was to
analyze the bronchodilatory effects of zinc sulfate and prophylactic role of
magnesium sulfate using a preclinical model of histamine and acetylcholine
induced acute bronchial asthma in conscious guinea pigs.

Methods: Animals were exposed to histamine diphosphate (1%) and
acetylcholine chloride (10%) aerosols before and after administration of the
respective test drugs after acute and sub-acute treatment regimens. Time for onset
of preconvulsive dyspnea (PCD) was noted and compared within and between
the treatment groups interms of percentage of protection.

Results: Magnesium significantly prolonged time for convulsion compared to
control group. But this difference was insignificant when compared with
antihistaminic and anticholinergic drugs. Zinc was superior to control and
magnesium treatment group in sub-acute treatment study.

Conclusions: Magensium sulfate has bronchodilatory effects but no prophylactic
effects while it is vice versa with zinc sulfate.
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restricted to severe and resistant cases owing to its safety
issues.? What is quite interesting is to know the benefits of
zinc in acute attack of asthma. This is because apart from

Bronchial asthma is a chronic inflammatory disease of the
airway with recurrent exacerbations or attacks
characterized by breathlessness associated with wheeze,
cough, tightness in the chest, etc.2? The prevalence of
bronchial asthma in India varies from 3-38% in children
and 2-12% in adults.? Treatment with inhaled beta-2
agonists and intravenous cortecosteroids is the perhaps
effective therapy in most cases of acute exacerbations.
Role of aminophylline is limited and addition of
ipatropium bromide to beta-2 agonist is considered to be
beneficial.? The use of intravenous magnesium sulfate is
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the evidences of its deficiency in bronchial asthma
patients, zinc has shown cellular and molecular level anti-
asthma effects.®® Daily supplementation of low dose of
zinc was proven to be beneficial at least in terms of
reduction in severity of clinical signs and symptoms of
bronchial asthma in children.® Unlike zinc, the deficiency
of magnesium in asthma patients was not found in a
clinical study but has shown the weak but significant
effects in treatment of acute asthma.”® This perhaps
indicates the restricted role of magnesium in the treatment
of only severe acute exacerbations of asthma. So as per the
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available evidences zinc and magnesium perhaps have
different roles in bronchial asthma with zinc having
prophylactic role on bronchial epithelium and magnesium
having acute bronchodilator effect. It is not clear whether
low dose supplementation of magnesium has the
prophylactic effects as that of zinc sulfate and whether zinc
can be used as alternative to magnesium in treatment of
acute attacks of bronchial asthma. This is relevant since the
magnesium administration needs to be done under
supervision owing to its toxicity profile and to explore
whether supplementation of the zinc on daily basis would
reduce the severity of asthma.® Hence the present study
aims at analyzing the acute bronchodilatory effects of zinc
and prophylactic role of magnesium using a preclinical
model of histamine and acetylcholine induced acute
bronchial asthma in conscious guinea pigs.

METHODS

T Study was conducted in the central animal house of our
institute after the approval from Institutional Animal
Ethics Committee.  Histamine  diphosphate  and
acetylcholine chloride were purchased from the Sigma
Aldrich, Bangalore while salts of magnesium and zinc as
sulfates were purchased from the NICE Pharmaceuticals,
Bangalore. Sterile distilled water, injection atropine and
pheniramine maleate were purchased from local
pharmacy. Salt solutions of zinc sulfate and magnesium
sulfate were freshly prepared just before administration by
dissolving in distilled water. Guinea Pigs of either sex
weighing 250-350gms were used for this study. Animals
were obtained from central animal house of department of
Pharmacology of our institute, kept under standard
laboratory conditions with free access to food and water.
Thirty animals were selected and randomly divided into
five groups, each containing six rats as follows: Distilled
Water (control) group, receiving distilled water (1ml/kg,
i.p);  Antihistamine  group, receiving injection
chlorpheniramine maleate (2mg/kg, i.p); Anticholinergic
group, receiving atropine (2mg/kg, i.p); Magnesium
sulfate group and Zinc sulfate group.

All the animals were exposed to histamine diphosphate
(1%) and acetylcholine chloride (10%) aerosols before and
after administration of the respective test drugs. Aerosols

were generated by the nebulizer machine with constant
pressure of 160mm Hg in the histamine chamber.
Preconvulsive time (PCT) i.e. time from exposure to
aerosols to appearance of convulsions was noted in all
animals before and after administration of the drugs. In
sub-acute study, same procedure was repeated after fifteen
days of treatment with zinc sulfate (10mg/kg/d) and
magnesium sulfate (10mg/kg/d) to the animals in zinc
group and magnesium group respectively. Animals in
control group received distilled water for fifteen days and
animals in the standard group did not receive any treatment
for fifteen days. The doses of atropine and
chlorpheniramine maleate were selected based on the
doses used in one of the published study.’® Dose of
magnesium sulfate (140mg/kg) used in acute study is the
extrapolated dose used for acute asthma in humans.** Dose
of zinc sulfate (150mg/kg) used in acute study was the
extrapolated dose used in studies screening its antiepileptic
effect in rats.> Sub-acute doses of magnesium
(10mg/kg/d) and zinc (10mg/kg/d) used for daily
administration in sub-acute study were based on the
studies screening for their CNS disorders.’3!* No anti-
histamine an anti-cholinergic group was used while
screening for the effects of magnesium and zinc in sub-
acute treatment study. Mean and standard deviations
values of time for PCT were calculated for each group. The
differences in the values of time for PCT before and after
administration of drugs within the groups were estimated
by using paired t-test. The differences between individual
test groups were estimated by unpaired t-test. P value
<0.05 was considered as significant difference.

RESULTS

Tables 1 to 3 shows the effects of different drugs and
comparison between them in acute and sub-acute
treatment study designs.

Magnesium sulfate at the given doses was significantly
better than control treated group in acute study. However,
no significant difference was observed when compared
with standard treatment groups. Zinc at the given doses has
failed to show any significant effects in acute treatment
study. In sub-acute treatment study, zinc sulfate was far
superior to magnesium as prophylactic agent.

Table 1: Effect of drugs on time for onset of histamine induced pre-convulsive dyspnea.

Baseline
Acute treatment study
Control group 96.17+41.77
ZnSO4 group 108.17£13.76
MgSO4 group 104.33+£49.05
Antihistamine group 76.17+33.98
Sub-acute treatment study
Control group 96.17+41.77
ZnS0O4 group 108.17+£13.76
MgSOQO4 group 104.33+49.05

After treatment Difference P-value
94.50+44.42 -1.67+2.08 0.5540
95.67+27.40 -12.50+15.62 0.2414
143.67+25.84 39.33+32.21 0.0112*
221.83+35.74 145.67+41.41 0.0001*
95.67+35.58 0.50+0.62 0.5407
390.33+49.16 -282.17+60.61 0.0001*
122.50+40.84 -18.17+23.12 0.5039

*Significant difference. All values are in seconds as mean + SD. P-value using paired t-test
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Table 2: Effect of drugs on time for onset of acetylcholine induced pre-convulsive dyspnea.

~Baseline _ After Treatment _Difference P-value |
Acute treatment study
Control group 25.00+4.60 28.33+6.35 3.33+4.16 0.1324
ZnS0O4 group 26.00+4.43 29.83+8.54 3.83+4.78 0.2519
MgSO4 group 23.3348.09 62.67+16.32 39.33+17.19 0.0007*
Anticholinergic group 20.67+3.93 148.33+23.71 127.67+31.80 0.0001*
Sub-acute treatment study
Control group 25.00+4.60 24.67+2.66 0.33+0.41 0.7711
ZnS0O4 group 26.00+4.43 45.0+2.83 -19.0+5.81 0.0001*
MgSO, group 23.33£8.09 27.0£6.63 -3.67+4.59 0.4683

*Significant difference. All values are in seconds as mean+SD. P-value using paired t-test

Table 3: Group wise comparison of mean difference in onset of pre-convulsive dyspnea between individual groups.

~Histamine _ P-value _ Acetylcholine P-value |
Acute treatment
Control vs ZnSO4 10.83+13.53 0.1232 -0.50+0.62 0.8506
Control vs MgSO4 -41.00+36.69 0.0110* -36.00+£20.10 0.0005*
Control vs Antihistamine -147.37+47.14 0.0001* - -
Control vs Anticholinergic - - -124.34+36.46 0.0001*
Zn SO4 vs MgSO4 -51.83+40.69 0.0053* -35.50£20.27 0.0006*
Zn SO4 vs Antihistamine -158.17+50.30 0.0001* - =
Zn SO4 vs Anticholinergic - - -123.84+36.56 0.0001*
Mg SO, vs Antihistamine -106.34+59.64 0.0006* - =
Mg SOs vs Anticholinergic - - -88.34+41.09 0.0001*
Sub-acute treatment
Control vs ZnSO4 282.67+68.73 0.0001* 19.3346.62 0.0001*
Control vs MgSO. 18.67+23.33 0.0762 4.00+4.99 0.0594
Zn SO4 vs MgSO4 264.00+40.69 0.0001* -15.3348.41 0.0005*

*Significant difference. All values are in in seconds as mean+SD. P-value using unpaired t-test

DISCUSSION

Results of our study suggest that magnesium sulfate is
more efficacious than placebo and zinc sulfate but not
superior to antihistamines or anticholinergics in treatment
of acute attacks of bronchial asthma. With regard to
prophylactic effects zinc was far superior to magnesium
and control group. On comparision of these results of zinc
with the acute study results of antihistamines and
anticholinergics treated groups, it appears that the zinc is
non-inferior  to  standard  antihistamines  and
anticholinergics. It is quite difficult for us to attribute this
observation to bronchodilator effects of the zinc sulfate
since the animals in zinc sulfate treated group still showed
some amount of mild dyspnea but it took significant time
for them to have convulsions. Unlike in antihistamine and
anti-cholinergic treated groups where the onset of dyspnea
itself was delayed, in zinc sulfate treated groups it was the
onset of convulsions that was delayed. It perhaps points at
the anti-convulsant effects of zinc sulfate rather than
bronchodilator effects.? Since the available evidences
justify prophylactic role of zinc in asthma, it is possible

that the mild amount of dyspnea in zinc sulfate treated
group may represent this effect.

The differences in the observed effects of zinc and
magnesium could be explained on the basis of their
different mechanisms of actions on the respiratory track
and its epithelium. Magnesium effects are supposed to be
mediated by smooth muscle relaxation by modulating
influx of calcium ions.'>6 In addition, minor effects like
inhibition of local histamine, acetylcholine, superoxides
release during the acute exacerbations of asthma have also
been proposed to be responsible for its bronchodialtor
effects and thus make it suitable for the acute treatment of
bronchial asthma.'®® On the contrary, the anti-
inflammatory, anti-apoptotic effects of zinc on respiratory
epithelium rather than smooth muscles of the respiratory
tract make it a better prophylactic agent than a
bronchodilator drug.®* However, our idea behind
screening bronchodilator effect of zinc in acute attack of
asthma was based on the inhibitory effect of magnesium
on NMDA receptors. Relaxation of the smooth muscles by
inhibition of calcium channels by magnesium is basically
an indirect effect mediated through inhibition of NMDA
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receptors.*® Since zinc also has NMDA receptor inhibitory
activity and we thought that perhaps zinc might also be
having bronchodilator effects.’” Our hypothesis was
further supported by the fact that the NR1 subunit of
NMDA receptor inhibited by zinc is expressed in the
respiratory smooth muscles rather than on the respiratory
epithelium.®® Further, unlike neuronal NMDA receptors,
where both potentiating or inhibition of the receptor may
occur depending on the neuronal activity, the receptors in
respiratory smooth muscles are only inhibited.®

Other significant change observed after sub-acute
treatment of zinc sulfate was the generalized depression,
reduced motor activity with slow and shallow respiratory
movements after removal of animals from the histamine
chamber. This might represent the CNS depressant activity
and its direct cardiac suppressant activity at the dose we
used in our study.?’ Animals recovered after giving rescue
doses of antihistamine and atropine. Possibility of high
risk of respiratory centre depression and direct cardiac
depressant effect can be a major drawback for use of zinc
sulfate. We would like to highlight that this is just a
hypothesis and needs further studies. In addition, since we
did not see such effects in one of our previous study on
anti-convulsant activity of zinc in albino rats, we cannot
extrapolate the effects to other animals. With the available
results, efficacy and safety of zinc sulfate as an alternative
to magnesium sulfate in treatment of acute asthma cannot
be confirmed and needs further studies on non-rodent
animal models. To conclude, magnesium sulfate is
effective anti-astmatic agent in acute attacks rather than as
a prophylactic agent while use of zinc sulfate perhaps
should be restricted to prophylaxis rather than for
treatment of acute attacks. There is a need for further
studies elucidating the possible toxicities associated with
acute high dose treatment of zinc sulfate.
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