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Objective: Bronchospasm is a very important complication that can be encountered
during the post-operative and intraoperative periods. This complication may
be caused by surgery, anesthesia, or patient-related issues. Many analgesics are
preferred during the intraoperative period for post-operative analgesia. In this
study, we aimed to investigate the effects of ibuprofen and paracetamol on rat
bronchus with supramaximal tonus as a model of bronchospasm under in vitro
conditions.
Materials and Methods: Totally, 20 male rats were used in our study. After
the ketamine anesthesia, the left main bronchus of each rat was removed and
suspended in the organ bath in Krebs solution. Four rat bronchi were excluded
because of not demonstrating viability with atropine and acetylcholine. After
demonstrating the viability of the rats’ bronchi (n=16), acetylcholine was applied
to produce supramaximal contraction. The rats’ bronchi with supramaximal
contraction were randomly divided into two groups. Paracetamol was applied to
group 1, and ibuprofen to group 2. The contraction responses of each group were
recorded and compared statistically.
Results: While a statistical significance was not detected regarding the supramaximal
contraction in group 1 with a mean of 0.18±0.07% (p>0.05), tonus was reduced to
6.79±0.28% (p<0.05) in group 2, and the relaxation response reached the baseline
tonus in this group.
Conclusion: Intraoperative analgesia is very important in preventing post-operative
complications and ensuring patient comfort. In general, opioids and concomitant
nonsteroidal anti-inflammatory or paracetamol group drugs are preferred
intraoperatively for post-operative analgesia. In our study, although there was no
effect of paracetamol on rat bronchi with supramaximal tonus, ibuprofen showed
an unexpected significant relaxation response. In conclusion, ibuprofen may be
preferred much more the than paracetamol in patients with high risk of clinical
bronchospasm.

Öz
Amaç: Bronkospazm post-operastif ve intraoperatif dönem boyunca karşılaşılabilen
çok önemli bir komplikasyondur. Bu komplikasyon cerrahi, anestezi ve hastaya ait
nedenlerle oluşabilmektedir. Post-operatif analjezi oluşturmak için intraoperatif
dönemde rutinde pek çok analjezik tercih edilmektedir. Bizde bu çalışmada
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in vitro şartlarda bir bronkospazm modeli olarak supramaksimal tonuslü rat trakeasında intravenöz analjeziklerden ibuprofen ve
parasetamolün etkilerini görmeyi amaçladık.
Gereç ve Yöntemler: Çalışmamızda toplam 20 erkek rat kullanıldı. Ketamin anestezisi sonrası her ratın sol ana bronşları çıkarılarak
Krebs solüsyonunda organ banyosuna asıldı. Dört rat bronşu asetilkolin ve atropine cevap alınamadığı için çalışma dışı bırakıldı.
Canlılığı kanıtlanan rat bronşlarına (n=16) asetilkolin uygulanarak supramaksimal kontraksiyon oluşturuldu. Supramaksimal
kontraksiyon oluşturulan rat bronşları randomize olarak iki gruba ayrıldı. grup 1’e (n=8) parasetamol, grup 2’e (n=8) ibuprofen
uygulandı. Her bir grubun kontraksiyon cevapları kaydedildi ve sonra istatistiksel olarak karşılaştırıldı.
Bulgular: Supramaksimal kontraksiyonda grup 1’de ortalama %0,18±0,07 ile istatistiksel olarak anlamlı bir değişiklik saptanmazken
(p>0,05) grup 2’de ortalama %6,79±0,28 (p<0,05) tonusu düşüşü izlenerek bazal değerlere indiği belirlendi.
Sonuç: İntraoperatif analjezi post-operatif komplikasyonların önlenmesinde ve hasta konforunun sağlanmasında çok önemlidir.
Genel olarak post-operatif analjezi için intraoperatif olarak opioidler ve beraberinde non-steroid anti-enflamatuvar ilaçlar veya
parasetamol grubu ilaçlar tercih edilmektedir. Çalışmamızda tonusu artırılmış bronş dokusunda “in vitro bronkospazm modeli”
parasetamolun herhangi etkisi olmazken, iboprofenin beklenilenin aksine istatistiksel olarak anlamlı oranda gevşeme cevabı verdiğini
saptadık. Sonuç olarak eğer in vivo çalışmalarla da desteklenirse klinik olarak bronkospazm riski yüksek olan hastalarda ibuprofenin
parasetamolden daha öncelikli olarak tercih edilebileceğini düşünmekteyiz.

Introduction
Airway spasms are common and increase
surgical risk (1-3). Bronchospasm is an undesirable
phenomenon in all phases of operation and anesthesia.
There are also studies supporting that endotracheal
intubation and general anesthetic agents increase
the incidence of bronchospasm and post-operative
bronchospasm by 20% for both regional and general
anesthesia (4,5). Many studies have also been
conducted on pediatric surgical patients, in whom
one of the major concerns of anesthesiologists is the
identification of perioperative respiratory adverse
events and associated risk factors (6). Especially in
interventions as removal of respiratory foreign body
and procedures associated with the upper respiratory
tract, this risk is increasing (7,8). Intravenous
analgesics are often preferred in post-operative
pain prophylaxis. However, in the literature, the
bronchospasm risk of these intravenous analgesics is
small. In this study, we tried to show concrete effects
of ibuprofen and paracetamol, and we applied the
model of bronchospasm to the bronchial smooth
muscle of rat bronchus which was simulated under in
vitro conditions.

Materials and Methods
Twenty male rats (four to six-month-old, about
350-400 g) were obtained from Experimental Animal
Center of Aydın Adnan Menderes University (ADU), and
all experiments were performed in accordance with
the principles and guidelines of ADU Animal Ethical
Committee’s approval (HADYEK 64583101/2016/56).

Experimental Model
Krebs-Henseleit solution contains (g/L): glucose
2, MgSO4 0.41, KPO4 0.16, KCl 0.35, NaCl 6.9, CaCl
0.373, NaHC03 2.1 (pH=7.4) in isolated tissue bath.
The buffer solution was oxygenated with 95% O2
and 5% CO2. During the equilibrium period in the
organ bath, the Krebs solution of the organ bath was
washed for four times in one hour (once a 15-minuteperiod), 1 g basal tension was slowly supplied. All
rats were anesthetized with 50 mg/kg ketamine.
After the anesthesia, while heartbeat was continuing,
trachea and left main bronchus were removed with
thoracotomy and sternotomy as rings sized 3 mm and
suspended with 1 g rest tension in 10 mL organ bath.
After the left main bronchi of rats were
removed, all rats were decapitated and sacrificed.
Isometric contractions of circular smooth muscles
were measured with the MAY frequency-doubling
technology 10-A® transducer. After the viability of the
tissues was demonstrated with acetylcholine (Ach)
and atropine, washed tissues were kept waiting until
they reached the basal tonus. Four rat bronchi were
excluded from the study because of not demonstrating
viability with atropine and Ach. The bronchi that
completed these steps were considered as alive. After
demonstrating the viability of the rat bronchi (n=16),
Ach was applied to produce supramaximal contraction.
Sixteen rats, which produced at least 7% increase in
Ach supramaximal contraction and provided a plateau
for at least 15 minutes were included in the study.
Two groups were assigned to a random number table.
Paracetamol (1x10-1 M) was administered to group 1
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in the supramaximal contraction and ibuprofen (1x101
M) in group 2 in the supramaximal contraction. The
results were recorded in the Acknowledge MP 100®
program.
Statistical Analysis
The normality test of tonus, before and after
administering to the groups of ibuprofen and
paracetamol, was performed by Kolmogorov-Smirnov
test and data were log transformed for normal
distribution. After logarithmic transformation data
were normally distributed. All data were shown
as mean, standard deviation, and 95% confidence
interval (CI). Comparisons of pre- and postmeasurements in each drug were made using the
paired sample t-test for normally distributed data in
groups. The comparisons of relaxion rate of two drugs
were done by using independent samples t-test. SPSS
22.0 program were used and p<0.05 was considered
statistically significant.

Figure 1. Box plot representing the initial (pre) and last (post-)
% contractions of bronchioles after Ibuprofen and Paracetamol.
Ends of the whiskers represent the 10th and the 90th percentiles.
Horizontal lines represent mean values. Paired sample t-test
results *p<0.001

Results
In the 10 mmoL group of ibuprofen, it was
determined that the level of supramaximal tonus was
at 0.41±0.93 before implementation, which decreased
to the level of 0.34±0.90 after implementation.
The reduction in tonus was statistically significant
(estimated mean difference, -0.41; 95% CI, 0.038 to
0.092; p=0.001 (Figure 1). Mean tonus decrease rate
for ibuprofen was 1.423±0.2% (Figure 2).
However, in the 20 mmoL group of paracetamol,
level of supramaximal tonus was at 0.20±0.85 before
implementation, which had no change in the level
of 0.20±0.85 after implementation. The difference
was not statistically significant [estimated mean
difference, 0.20; 95% CI, -0.006 to 0.002; p=0.340]
(Figure 1). Mean tonus change rate for paracetamol
was 0.213±0.6% (Figure 2).
In the paracetamol group, the duration of reaching
supramaximal contraction after Ach was 190±5
seconds, while 180±4 seconds in the ibuprofen group
but there was no statistical significance (p>0.05)
(Figure 3). In group 1, supramaximal tonus after
paracetamol could be kept for 500 s (Figure 3).
After ibuprofen administration, it showed a
relaxation, down to much below from baseline tonus
before Ach, within a mean of 270±8 s and this tonus
was preserved for 500 s (Figure 3).
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Figure 2. The relaxation rate of groups after supramaximal
contraction *p<0.001

Figure 3. The effects of ibuprofen and paracetamol on alteration
of ach-induced contractile response. Straight line denotes the
contraction changes on ibuprofen. The dotted line denotes the
contraction changes on Paracetamol
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Discussion
In our experimental study, we found that ibuprofen
gave a response as a muscle relaxation in contrast
to the expected increase in supramaximal bronchial
muscle tissue tonus. Paracetamol did not cause any
change in muscle tone.
In this study, we measured the smooth muscle
response of the bronchial tissue to ibuprofen and
paracetamol, which we use most frequently for
analgesic purposes, under in vitro conditions, in the
organ bath. We evaluated the responses obtained
with ibuprofen and paracetamol, which we added in
supramaximal contractions after increasing tonus of
bronchial tissue to simulate bronchospasm. We found
no muscle response to paracetamol in the smooth
muscle of the bronchus, while ibuprofen caused a
significant muscle relaxant response in the smooth
muscle of the bronchus in the supramaximally
contracted state.
Airway spasm is very common and one of the
most important and life-threatening complications.
Regarding the etiology of this spasm, there is a
wide range of causes, from an upper respiratory
tract infection to an underlying allergic reaction to
anesthetic medications. Except for the predictable
ones, the sudden and unpredictable development of
airway spasm, which is a serious problem for both the
surgeon and the anesthetist, is not less at all (9).
Non-steroidal anti-inflammatory drugs show their
analgesic and anti-inflammatory effects by inhibiting
COX-1 and COX-2. Inhibition of these enzymes
inhibits the release of pathogenic inflammatory
and physiological mediators (10). There are many
clinical studies showing that ibuprofen increases the
frequency and morbidity of bronchospasm, resulting
in exacerbations in asthmatic patients (11-13). Some
investigators have reported severe and fatal asthma
attacks due to ibuprofen (14,15).
In recent years, the risk of acute bronchospasm
induced by ibuprofen in children with asthma has
been questioned. There is little evidence related
to the increased morbidity in pediatric asthmatic
patients. In addition, the inflammatory pathogenesis
of asthma can reduce morbidity in asthmatic children
due to the anti-inflammatory effect of ibuprofen. This
feature of ibuprofen causes an interesting possibility
of therapeutic benefit, at least for some children
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with asthma (16). In an in vivo study, non-steroidal
pharmaceuticals have been shown to result in reduced
guinea-pig tracheal tone by inhibition of intramural
biosynthesis of prostaglandins (17). In another study,
following oral administration of ibuprofen resulted in a
45% to 80% improvement in forced expiratory volume
1 in spirometric measures (18). Because airway
responses occur through many different mechanisms,
the airway responses of ibuprofen obtained in clinical
trials show differences. In our experimental study, we
objectively have shown that bronchial smooth muscle
tissue shows distinctive muscular relaxation with
ibuprofen in the bronchial tissue bath.
Paracetamol appears to be the most reliable
analgesic preparation in analgesic-dependent
bronchospasm risk (esp. in asthmatic cases) (19). In
our study, it caused no effect on the supramaximal
tonus of the bronchial smooth muscle cells. In a
study by Corominas et al. (20) a paracetamol-induced
asthma attack was mentioned. In some meta-analyses,
associations seem to be present between paracetamol
use and asthma development, and paracetamol has
been reported to increase asthma risk by a factor of 6
(21,22). A long-lasting relationship between asthma/
chronic airway spasm and paracetamol has been
shown in publications, but it is evident that its acute
use is reliable in patients who are not at risk. In our
experimental study, we applied that paracetamol on
the bronchial tissue in supramaximal tonus and did
not get any muscular response.
Ibuprofen and paracetamol have both oral and
intravenous (IV) preparations. Oral or IV use does not
alter their bioavailability (23). However, there are a
limited number of available analgesic agents via IV
route. There are many clinical studies showing the
difference of effects of ibuprofen, paracetamol, and
IV analgesics on airway spasms (24). There is no organ
bath study that demonstrates the effects of the drugs
on specific bronchial muscle tissue. We compared the
effects of two drugs on the bronchial smooth muscle
at supramaximal contraction. Both analgesics did not
cause an increase in muscle tone of the bronchial
smooth muscle. Ibuprofen was shown to give a
significant relaxation response when compared to
paracetamol. In the light of these data, ibuprofen is
more effective than paracetamol for the relaxation of
the contracted bronchial smooth muscle.
Meandros Med Dent J 2019;20:82-6
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Conclusion
Although with this study, we were able to
accomplish objective measurements of the effects of a
single dose of the drugs on tonus-enhanced bronchial
tissue, it needs to be supported by clinical studies
measuring and comparing the effects of different
doses on various airway tissues with different tonus.
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