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ABSTRACT

Background: Benzodiazepines have a direct bronchodilatory effect. Me-
thacholine is a non-selective muscarinic receptor agonist causing bronchocons-
triction. Aim: To examine the effects of inhaled benzodiazepines, modulating
bronchoconstriction induced by methacholine in patients with asthma. Patients
and Methods: Twelve patients with well controlled asthma were studied. On
the first day, after determining the initial values of pulmonary function, a dose
response curve was carried out with progressive doses of methacholine. After the
last dose, when at least a 20% drop of the initial forced expiratory volume in the
first second (FEV,) was achieved, vital capacity (VC) and FEV, were measured
at 7, 15 and 30 minutes after provocation. On the second day a diazepam ae-
rosol was inhaled by the patients prior to the same protocol with methacholine.
Results: In the first day of testing, methacholine inhalation (6 mg/mlL) led to a
significant drop in FEV, from 2.98 to 1.69 L. On the second day of study, in the
same patients, previous inhalation with diazepam reduced the changes of FEV
after inhalation of methacholine. This parameter decreased from 2.48 to 2.21 L.
Conclusions: Inhalation of benzodiazepines reduce bronchoconstriction after a
methacholine challenge in patients with asthma.

(Rev Med Chile 2016; 144: 434-441)
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Bloqueo de la respuesta bronco constrictora
a metacolina con diazepam inhalado
en pacientes con asma

Antecedentes: Las benzodiacepinas tienen un efecto broncodilatador directo.
La metacolina es un agonista muscarinico que causa bronco constriccién. Obje-
tivo: Evaluar el efecto modulador de la inhalacion de diazepam sobre la bronco
constriccién inducida por metacolina. Pacientes y Métodos: Se estudiaron 12
pacientes con asma bien controlada. En el primer dia, se determind la curva
dosis respuesta de pardmetros de funcion pulmonar a una dosis progresiva de
metacolina. Después de la tiltima dosis, cuando se consiguié un 20% de reduc-
cion en la capacidad vital forzada en el primer segundo (FEV,), se midié FEV,
y la capacidad vital (CV) a los 7, 15 y 30 min después de la provocacion. En el


mailto:joksimovic_bojan@yahoo.com

ARTICULOS DE INVESTIGACION

The effect of benzodiazepines on bronchoconstriction in asthma patients - M. Miric et al

segundo dia los pacientes se inhalaron con diazepam antes de hacer la prueba
con metacolina. Resultados: En el primer dia, el FEV, bajo de 2,98 a 1,69 I con
6 mg/ml de metacolina. En el segundo dia, la inhalacién de diazepam redujo la
respuesta a metacolina con una reduccion de FEV, de 2,48 a 2,21 L. Conclusio-
nes: La benzodiacepinas reducen la respuesta de vasoconstriccion a metacolina.

sthma is a chronic inflammatory disease
Aof the airways characterized by attacks

of reversible airflow obstruction that is
clinically manifested by dyspnea, wheezing, chest
tightness and cough. Asthma is characterized by
pathological changes in the airway smooth muscle,
which lead to obstruction and bronchial hyperre-
activity"?. The opposing actions of the parasympa-
thetic and sympathetic divisions of the autonomic
nervous system represent the primary mechanism
for regulating airway function. It seems that the
bronchial smooth muscle is normally under grea-
ter parasympathetic than sympathetic influence’.
The role of the cholinergic nervous system in the
regulation of muscle tone is in reflex bronchocons-
triction and increased bronchial gland secretion.
Acetylcholine is released from the intrapulmonary
endings of vagus nerve branches and directly cau-
ses constriction of smooth muscles by stimulation
of the muscarinic receptors®. Stimulation of the
adrenergic sympathetic fibers causes dilation of
bronchial and bronchiolar smooth muscle as well
as inhibition of glandular secretion. This dilation
of the airways smooth muscle is mediated by beta,
receptors'>.

Gamma-Aminobutyric acid (GABA), is the
mostwidely distributed inhibitory neurotransmi-
tter in the mammalian central nervous system’, it
binds to postsynaptic receptors, GABAA, GABAB,
and GABAC, which are localized in brain and
peripheral tissues including the lung®”. GABA
receptors modulate cholinergic tone or flow to the
airways®. Benzodiazepines increase the activity of
GABA on the level of the postsynaptic receptors
and at the level of all axons in CNS. Benzodiazepi-
nes are drugs which are used as muscle relaxants,
anticonvulsants and anxiolytics®**. Methacholine
acts as a non-selective muscarinic receptor agonist
to stimulate the parasympathetic nervous syste-
mand administered in vivo or in vitro mimics
the effects of parasympathetic innervation of the
musculature of the respiratory tract, thus causing
bronchoconstriction'* It is most commonly
used for diagnosing bronchial hyperreactivity
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in asthma patients using the bronchial challenge
test. Through this test, the drug causes broncho-
constriction and people with pre-existing airway
hyperreactivity, such as asthmatics, will react to
lower doses of drug. Methacholine inhalation test
also helps in the assesment of disease severity'>".
With this research we expect to demonstrate that
bronchoconstrictor effects of methacholine in
patients with asthma are reduced if the patient
has previously inhaled benzodiazepine.

Therefore, the main purpose of our study was
to examine the effect of benzodiazepines (diaze-
pam) in modulating bronchoconstriction induced
by methacholine, in patients with asthma. For this
purpose, we tested: a) spirometric response of va-
riables of lung function in bronchoconstrictor sti-
mulus-methacholine and; b) spirometric response
variables on pulmonary function in methacholine
after inhalation of diazepam.

Patients and Methods

Study was carried out in the period January-
July 2011. The patients were contacted for permis-
sion to be included in the study and were asked to
give their written informed consent. The clinical
trial included 12 patients with well controlled as-
thma. Clinical evaluations were conducted at the
Department of pathological physiology, Faculty of
Medicine in Foca, with assistence of department of
pneumophtisiology at University Hospital-Foca,
Republic of Srpska, Bosnia and Herzegovina. The
local Ethics Commitee revised and approved this
protocol.

Functional testing of respiratory system consis-
ted of the determination of the vital capacity (VC),
forced expiratory volume in first second (FEV)),
Tiffeneaux index (100 x FEV /VC), resistance to
air flow in the airways (Rt) and intrathoracic gas
volume (ITGV). From obtained values the speci-
fic resistance was calculated (SRt = Rt x ITGV).
Obtained values for VC and FEV, were compared
with the expected table values of the European
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Commission for Steel and Coal (Jonasset, 1960).
Functional assessment of the respiratory system is
done with the help of spirometer of the “Jaeger”
calibration pump and physical plethysmograph
of the “Jaeger” Werzburg. Intrathoracic gas volu-
me and resistance airway was measured by body
plethysmography's.

In order to detect changes in airflow after
inducing methacholine in patients with asthma,
the index of bronchial reactivity was calculated.
Bronchial reactivity index was defined as the log
of the percent decline in FEV /log final histamine
dose after adding 10 to eliminate negative values”.
Bronchial reactivity was tested by using aerosol of
methacholine (Acetyl-B-methylcholine chloride)
as inhalation test,manufactured by Sigma - Aldrich
Chemie GmbH, Product Number: A2251. Metha-
choline was used as a solution for inhalation, at
room temperature, as recommended elsewhere".

The group of 12 asthmatic patients, which were
treated by aerosol of methacholine was investiga-
ted in the course of two consecutive days:

First day: After determining the initial values
of pulmonary function, dose response curve were
made for the following doses of methacholine until
a maximum response: 0.2, 0.6 , 2.0, 6.0, and 20.0
mg/mL%. After the last dose, when at least a 20%
drop of the initial FEV, value was achieved, we
measured VC, FEV, 7, 15 and 30 minutes after
provocation. Patients were in seated position and
inhaled methacholine as a nebulization through
the mouth. The nose was sealed with cotton
wool. Each inhalation lasted two minutes and the
device used for inhalation was the “Inhalet” type
INHO2 (IEVT). The air flow during inhalation
was 5 L/min and size of the particles obtained
spray, ranged from 0.5 to 5.0 Nm. The flow of
dispersed liquid was 0,2 ml/min. After each dose
of inhaled methacholine, the same parameters of
lung function were determined in the patients. The
provocative dose (PD), by definition, is the dose
that results in the desired response and represents
a reflection of the sensitivity of airways. The dose
of provocative substance which caused at least a
35% change in RT and SRt (proposal of the Eu-
ropean Society for Clinical Respiratory Physiolo-
gy-SEPCR) was considered clinically significant?'.

Second day: The inhalation of aerosol parti-
cles, which comprised at least 10 percent by weight
of diazepam (Apaurin, Krka) and less than 90
percent by weight of water, was given to the same
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group of patients. Vials of 10 mg/2 mL were used.
The nose was closed with soft plastic clips like
clothespins, which pinched the nostrils together.
Benzodiazepines containing aerosols were deli-
vered using the inhalation device “Inhalet” type
INHO2 (IEVT). The device consisted of three
elements: an element for heating a benzodiaze-
pine containing composition to form a vapor;
an element allowing the vapor to cool, thereby
providing a condensation aerosol; and, an element
permitting the patient to inhale the aerosol. The
air flow during inhalation was 5 L/min and size
of the particles obtained spray, ranged from 0.5 to
6.0 Nm. The flow of dispersed liquid was 0,2 ml/
min. A typical dosage of a benzodiazepine aerosol
is either administered as a single inhalation or as
a series of inhalations taken within 5 minutes or
less (dosage equals sum of inhaled amounts). After
the inhalation, parameters of lung function were
measured again. Then, we repeated methacholine
inhalation in increased doses, in the same manner
as on the previous day.

Statistical analysis of the results included the
calculation of the mean value (X), standard devia-
tion (SD) and standard error (SE) for all measured
lung function parameters. To determine statistical
significance, data were tested by t-test, a threshold
value included changes in the level of statistical
significance of p < 0.05.

Results

The population examined consisted of 12
patients with well controlled asthma in which we
examined the response of the airways to increasing
doses of methacholine with inhalative application
of diazepam. The anthropometric data and lung
function parameters are given in Table 1 and 2. Se-
ven patients were women and five men. Their age
ranged from 32 to 59 years. Only patients which
FEV, declined in more then 20% after inhalation
of one of the doses of methacholine were analyzed.
After application of methacholine dose of 0.6 mg/
mL, six (50%) subjects responded with an increase
of resistance of more than 20%,after application
of methacholine dose of 0.2 and 6.0 mg/ml, four
patients had the same response, and two patients
(16.6%) had significant bronchoconstriction to
methacholine dose of 2.0 mg/mL.

The characteristic response to increasing doses

Rev Med Chile 2016; 144: 434-441
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Table 1. Anthropometric measures of patients
treated with methacholine and benzodiazepines

Anthropometric measures X + SD (SE)

Age (years)

Body height (cm)
Body weight (kg)
Broca index (%)

Number of respondents

485 =109 (3.1)

1642 =85 (2.4)
73.7 +12.6  (3.6)
115.5 = 21.3 (6.1)
12

Table 2. Mean values of lung function
of asthmatic patients who are treated by
methacholine and benzodiazepine

Parameters of lung
function

VC (%)

FEV, (%)

100 x FEV,/VC (%)
Rt

TGV (L)

Srt (kPa « s)

PaO, (mmHg)
PaCO, (mmHg)
pH

Number of respondents

X = SD (SE)
929 =160 (4.6)
833 =314 (9.0)
680 =232 (67)
0.1+006 (0.02)
17406  (0.2)
03=0.16  (0.04)
753=59  (17)
354+103 (2.9
7.4+002  (0.006)
12

of inhaled methacholine is shown in Figures 1 and
2. Figure 1 shows the effect of methacholine on
the value of VC of patients with asthma, before
and after inhalation of diazepam. On the first
day of testing, giving methacholine provoked the
dose-dependent response and reduction of VC.
After inhalation of 6 mg/ml of methacholine, the
values od VC significantly fell from 4.2 Lto 2.7 L.
Even 30 minutes after the provocation, VC values
did not return to normal. However, in panel A it
is shown that on the second day of testing, prior
to the administration of diazepam, VC was 3.74
L in the same patient. After administration of the
diazepam and methacholine (dose of 6 mg/ml),
change in values of VC were significantly higher,
3.98 L, which means that VC increased and not
decreased as compared to the initial value. VC was
not significantly changed even after 30 minutes of
testing (3.72 L) (Figure 1).

Figure 2 shows the effect of methacholine on
the value of FEV, in patients with asthma, before
and after inhalation of diazepam. In the first day of
testing, methacholine inhalation (6 mg/mL) led to
asignificant drop in the value of FEV, from 2.98 L
to 1.69 L. On the second day of study, in the same
patients, pretreatment with diazepam reduced
the changes of FEV, so that upon inhalation of
methacoline the values of FEV, droped from 2.48
Lto2.21 L.
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Figure 1. Effect of methacholine on the value of vital capacity (VC) in patients with asthma before and after inhalation of
diazepam. Panel A: On the first day of study, methacholine given by inhalation caused dose-dependent response, and re-
duction of VC. On the second day test, previously given diazepam significantly decreased the change of VC. Panel B: shows
motion of the value in VC, and response on methacholine in relation to time (30 minutes), before (2.7 L) and after (2.21 L)

inhalation of diazepam.
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Figure 2. The effect of methacholine on values of forced expiratory volume in first second (FEV,) of patients with asthma,
before and after inhalation of diazepam. Panel A: The first day of testing, inhalation of methacholine caused a dose depen-
dent response and the reduction of FEV,. On the second day of study, previously given diazepam lowered the changes of FEV,
curve. Panel B: Shows movement of FEV, and response to methacholine in relation to time (30 minutes), prior to (1.69 L) and

after (2.21 L) inhalation of benzodiazepines.

Figure 3 and 4 present summarized data of
the relationship between VC and FEV, where
patients were treated only with methacholine
and methacholine with previous administration
of diazepam. VC is given as a function of changes
in the static parameters of lung function, FEV,
indicates a change of the dynamic parameters of
lung function .

Figure 3 shows the effect of diazepam on
changes of VC caused by inhalation of metha-

choline in patients with asthma. On the first day
of study, administering methacholine reduced
VC of patients (from 3.8 L to 3.1 L) (p < 0.05,
n = 12). On the second day of testing, changes
in VC after inhalation of methacholine were not
significant if diazepam had been previously inha-
led in a concentration of 1.710-2M, for a period
of 5 minutes (p > 0.5). Values are given as mean
values of X £ SE .

The graph 4 shows the cumulative change in

VC (lit.)
4,5
METHACHOLINE
4
V'S
A\
3,5 \\—/
3
2,5 . . . . ,
init. 0.0 7.0 15.0 30.0
Time (min.)

Figure 3. The effect of benzodiaze-
pines on the changes of VCinduced
by methacholine in patients with
asthma. On the first day of study,
methacholine given by inhalation
resulted in the decrease in VC of
tested patients. In the second day
of testing, a changes in VC after in-
haled methacholine were not signi-
ficant, if previously benzodiazepines
(diazepam) were inhaled. Values
are given as mean values of X = SE.

—&— before

after Diazepam
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FEV, (1) 3
*
2,5 3 —
2
Figure 4. The effect of benzo-
L5 diazepines on the change in FEV,,
—o— before caused by methacholine in patients
1 after Diazepam with asthma. Given methacholine
METHACHOLINE resulted in the decrease of FEV, (p
0,5 < 0.05,n = 12). On the second day
of study, the changes in FEV, after
0 inhalation of methacholine were not
init. 0.0 7.0 15.0 30.0 significant, if benzodiazepines were
. X previously inhaled in 5 minutes. (p
Time (min.) > 0.5). Values are given as mean
values of X = SE.

FEV, data, wherein the patients were only treated
with methacholine and methacholine with pre-
vious administration of diazepam, FEV, was given
as a function of changes in the dynamic parameter
of lung function. In Figure 4 a significant decline
in FEV, is noticeable after the administration of
methacholine from 2.8 L to 1.9 L (p < 0.005). In
this case, also, the FEV, curve was normalized even
after 30 min (2.2 L). The previous administration
of diazepam showed no significant changes at
FEV, curve to the provocation, which means that
diazepam diminished the effects of methacholine.

Discussion and Conclusions

The smooth muscle of the airways from the
trachea down to the alveolar ducts is under the
control of efferent fibers of the autonomic nervous
system. Different typical transmitters and pep-
tides participate in regulation of contractility of
airway smooth muscle (opioid, GABA, serotonin,
tachykinin and glutamat). Airway preganglionic
nerve activity is regulated by subsets of pulmonary
and extrapulmonary afferent nerve fibers, which
continuously provide polysynaptic input to brain
stem preganglionic nuclei**?.

On the basis of our present knowledge, clinical
tests and experimental studies, the hypothesis that
increased cholinergic activity leads to broncho-
constriction and that it may be blocked or reduced
by administering inhaled diazepam, is confirmed.

Rev Med Chile 2016; 144: 434-441

Airway effector cells (bronchial and vascular-
smooth muscle and glands) are densely, albeit
differentially,innervated by fibers derived from
both the parasympathetic and sympathetic ner-
vous system which regulate airway smooth-mus-
cle tone, glandular secretion and blood-vessel
diameter. Autonomic innervation of the airways
is derived primarily from the parasympathetic
nervous system"*%,

Benzodiazepines are drugs that have direct
and indirect bronchodilatory effect on the smoo-
th muscle of the airways, directly by inhibiting a
voltage-dependent Ca2+ channels, and indirectly
by increasing neurotransmision role of GABA at
postsynaptic receptors, resulting in an increase
in the number of open channels for chloride'*2.
Benzodiazepine receptor agonists increase the
affinity of GABA to its receptor. The broncho-
dilatory effect of diazepam indicates its potential
application in the treatment of acute exacerbation
of asthma®-%.

It is known that GABA-B-specific agonists
decrease airway responsiveness to various bron-
choconstricting agents by modulating presynaptic
acetylcholine release from parasympathetic nerves.
On the other hand, a GABA-B receptor agonist,
baclofen, can worsen airway responses following
the administration of methacholine to asthmatic
patients. This paradoxical enhancement by baclo-
fen of airway responsiveness led us to hypothesize
that there may be postganglionic (i.e., smooth
muscle) GABA-B functional receptors that couple
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to the Gi protein, known to impair relaxation of
airway smooth muscle?®?!. Many laboratory exa-
minations proved that except diazepam, many
other derivates of GABA for example baclofen
effects on spinal respiratory neurons depending on
doses. Low doses of baclofen from (0,5-2 mg/kg)
increases frequency action potentials on phrenic
and intercostal neurons. Middle dose of 2-4 mg/
kg increases the lasting of inspiration. Higher
dose 4-10 mg/kg paralyses the inspiration. The
common things about these two medicines are that
their effect on central neurons is dose dependent
and muscle relaxant®2,

From previous experience, it can be concluded
that increased parasympathetic innervation, which
leads to constriction of bronchi, becomes blocked
or reduced by giving GABA or medicines that
are GABA’s derivates. GABA has relaxing effect
by inhibiting muscle conduction, by decreasing
resistance in airway breathing channels and by
decreasing contractility of trachea muscle. The
same effect produce benzodiazepines by increasing
GABA secretion indirectly*%. Our research
shows that benzodiazepines have bronchodilatory
effect on the smooth muscle of the airways.

Methacholine is a synthetic choline ester
that mimics the effects of parasympathetic in-
nervation of the musculature of the respiratory
tract, thus causing constriction of the bronchi.
For this reason, methacholine may be used as a
pharmaceutical in broncho provocation tests for
the detection of bronchial reactivity>'®'* and also
for this reason we used it in this clinical trial, as a
drug that provokes bronchoconstriction.

Based on this research results in patients with
asthma, we conclud that the bronchoconstrictor
effects of methacholine in patients with asthma is
significantly reduced if the patient has previously
inhaled diazepam.
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