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ABSTRACT 

The present study was designed to investigate the potential corticosteroid-sparing and 

bronchodilating effects of azithromycin in guinea pigs. Ovalbumin (OVA)-sensitized male 

guinea pigs were divided into five groups:  two controls; sensitized and asthmatic; challenged 

with saline and OVA respectively and three asthmatic groups treated; orally in mg/kg/day; with 

azithromycin (6.25), dexamethasone (10) and azithromycin plus half dose dexamethasone 

(6.25+5) respectively for four weeks. Using double-chamber plethysmograph, PC100 

methacholine was calculated as the provocative concentration of inhaled methacholine required 

to cause 100% increase of specific airway resistance over base line. Bronchoalveolar lavage was 

done for leucocytic count. Cumulative concentration responses to methacholine were conducted 

in isolated naïve guinea pig tracheal spiral strips after incubation with azithromycin.  

All treatments significantly increased PC 100 methacholine; indicating significant decreases in 

airway hyperreactivity; and decreased total leucocytic and eosinophil counts compared to the 

control asthmatic group. The combination therapy showed more pronounced effects. Only its 

total leucocytic decreasing effect was more significant than that of azithromycin. Moreover, 

azithromycin and the combination caused significant decreases in neutrophil counts compared to 

the control asthmatic group while dexamethasone showed a non-significant change. In addition, 
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preincubation with azithromycin significantly increased the effective concentration 50 (EC50) of 

methacholine-induced contractions of the isolated guinea pig tracheal spiral strip compared to the 

control naïve group. 

In conclusion, azithromycin combined with half dose dexamethasone showed both 

antiinflammatory and bronchodilator effects in guinea pigs. Further work is needed to confirm 

usefulness of this combination to reduce dose of corticosteroids in asthmatic patients. 

Keywords: Antiinflammatory, Asthma, Azithromycin, Dexamethasone, Methacholine 

INTRODUCTION  

Bronchial asthma is characterized by chronic 

airway inflammation, acute exacerbations and 

airway remodeling. The structural changes of 

remodeling such as subepithelial fibrosis, 

mucous cell hyperplasia, and increased 

smooth muscle mass correlate with the 

development of airway hyperreactivity (AHR) 

[1]. Patients with allergic asthma exhibit an 

early airway reaction (EAR) characterized by 

abrupt bronchoconstriction due to allergen 

exposure followed by a late airway reaction 

(LAR) that occurs 8 to 24 h later in 

conjunction with the airway inflammation and 

hyperresponsiveness. Allergen exposure 

causes an influx of numerous inflammatory 

cells and mediators into the airway [2].  

Early intervention with anti-inflammatory 

therapy may modify the disease process. 

Corticosteroids are considered the most 

effective long-term anti-inflammatory 

controller medication available for asthma. 

They improve symptoms of asthma, however 

it appears that inflammation still persists at a 

low level [3]. The potential long-term adverse 

effects of corticosteroids including steroid 

resistance constitute a problem [4]. 

Macrolides; in subantimicrobial doses; have 

potential immunomodulatory effects beyond 

their antibacterial properties and thus they 

may become a favored add-on agent for 

patients who require systemic chronic therapy 

with corticosteroids [5]. Whether the 

immunomodulator effect of azithromycin and 

other macrolides in both respiratory and non-

respiratory diseases is an individual or a class 

effect, it is still uncertain [6]. Compared to 

old members, azithromycin is a newer 

macrolide with better tolerability, more tissue 

penetration, less drug interactions, and longer 

half-life allowing once daily dosing [7]. The 

ovalbumin-sensitized guinea pig is commonly 

used as a small animal model of allergic 

asthma because it exhibits many of the 

characteristics observed in asthmatic patients. 

Guinea pigs are relatively resistant to 

corticosteroids compared with rats and mice, 
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thus high doses (3-10 mg/kg) of 

dexamethasone have generally been used in 

guinea pig models of allergic inflammation 

[8]. 

The present study was designed to investigate 

the hypothesis that azithromycin combined 

with half dose dexamethasone will inhibit the 

airway hyperreactivity and inflammation in 

ovalbumin-induced asthma in guinea pigs as 

effective as full dose dexamethasone. This 

might be useful to reduce dose and 

consequently adverse effects of 

dexamethasone in asthmatic patients. 

MATERIALS AND METHODS 

Animals  

Male guinea pigs weighing 300-400 g were 

used. The study protocol was approved by the 

department review board and adhered to the 

international guidelines for the use of 

experimental animals. Animals were allowed 

free access to food and water. 

Induction of Bronchial Asthma in Guinea 
Pigs 
Sensitization of guinea pigs was done using 

100 µg ovalbumin (OVA) and 100 mg 

aluminium hydroxide per ml saline. The 

mixture was gently rotated for 60 minutes to 

obtain a gel of which 0.5 ml was injected 

intraperitoneally, while the other 0.5 ml was 

divided equally over seven intracutaneous 

injection sites in the proximity of lymph 

nodes in the paws, lumbar regions, and neck. 

Sensitization with OVA induces both IgG1 

and IgE antibodies in guinea pigs; however, 

using aluminium hydroxide as an adjuvant 

causes a shift toward IgE. The sensitized 

animals were challenged by inhalation of 

5mg/ml OVA aerosol for 15 min. once a week 

for four weeks. The challenge was 

immediately stopped if the animal showed 

any signs of respiratory distress. The OVA-

sensitized animals were divided into five 

groups:  two controls; sensitized and 

asthmatic; challenged with saline and OVA 

respectively and three asthmatic treated 

groups which received; in mg/kg/day; 

azithromycin (6.25), dexamethasone (10) and 

azithromycin plus half dose dexamethasone 

(6.25+5) respectively. Drugs were given by 

gastric gavage starting at end of the 3th week 

after OVA sensitization and for four weeks. 

Animals were exposed once weekly to OVA 

challenge at end of the 4th, 5th, 6th and 7th 

week after OVA sensitization and airway 

function was measured 24 h after the last 

challenge [9,10]. 

Evaluation of Airway Hyperresponsiveness 
(AHR) to Methacholine (MCh)  
The conscious guinea pig was introduced into 

a whole-body double-chamber 

plethysmograph for measurement of the 

specific airway resistance (sRaw) so that the 
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head projects into the nasal chamber to which 

a nebulizer can be applied to deliver aerosol 

at the rate of 4.5 L/min under pressure of 1.5 

bars and the body is constrained in the 

thoracic chamber by means of a sliding 

plunger. A neck cuff provides the seal 

between the two chambers and each chamber 

is equipped with a pneumotachometer in the 

form of six wire mesh discs. The 

plethysmograph is connected to a non-

invasive respiratory analyzer via a pressure 

transducer. This transmits the respiratory flow 

signals (measured indirectly by changes in 

gas volume) to a data acquisition /analysis 

system (Pulmodyn Pennock software). The 

basis of this method is time delay between 

thoracic and nasal respiration (i.e. the 

increasing phase displacement accompanying 

the increasing airway resistance). This is why 

the volume changes in the nasal and thoracic 

chambers are evaluated separately. The sRaw 

was calculated as airway resistance multiplied 

by thoracic gas volume [R×V] (cm H2O/sec). 

R x V was displayed at 4-seconds intervals. 

The mean of 15 consecutive readings was 

calculated as the measurement at each time 

point [11]. Twenty four hours after the last 

saline or OVA challenge, guinea pigs were 

acclimated in the plethysmograph while 

breathing air for 10 min., exposed to 

aerosolized saline as a vehicle control for 3 

min., followed by 2 min. recording interval of 

sRaw to determine its base-line value. Dose-

response curves were generated after 

inhalation of doubling concentrations of MCh 

aerosol (6.25- 200 µg/ml) until a 100% 

increase in sRaw was recorded or the dose 

sequence was completed. PC 100 MCh was 

calculated as the provocative concentration of 

inhaled MCh required to cause 100% increase 

of sRaw over the base line for each animal 

[12]. 

Measurement of Leucocytic Count in 
Bronchoalveolar Lavage Fluid  
Guinea pigs were anesthetized by 

intraperitoneal injection of pentobarbital (28 

mg/kg). A tracheostomy was done and a 

cannula (23G) was introduced. The lungs 

were washed twice by 3 ml of sterile saline at 

37° C which was recovered after 3 min. The 

fluid was centrifuged and the cell pellet was 

suspended in 1ml of saline. The total 

leucocytic count (TLC) was done using a 

haemocytometer and the differential cell 

count was made from films stained by 

Leishman's stain where 200 cells per film 

were counted using a microscope (Optima 

X5Z-H) at X400 magnification [13]. 

Assay of Effect of Azithromycin on MCh-
Induced Contractions in the Isolated 
Guinea Pig Tracheal Spiral Strip 
Adult male guinea pigs were used; control 

(naïve) and azithromycin-preincubated groups 
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(n=5). After killing of the animal using 

pentobarbital, the trachea was obtained and 

cut into a spiral strip of about 30 mm length 

and 3 mm width. The strip was mounted for 

isometric recording, in a 20 ml water-jacketed 

organ bath containing Krebs-Henseleit 

solution bubbled with carbogen at 37˚C. It 

was tied to a force displacement transducer 

connected to HSE bridge coupler type (570), 

the contraction was recorded isometrically on 

HSE recorder, and the resting tension was 

adjusted to 1g. The strip was left for 90 min. 

for equilibration with washouts of fresh 

solution every 15 min. Cumulative 

concentration response curves to MCh (40 

nmol-10.24 µmol) were conducted after 

incubation of the strip with different 

concentrations of azithromycin (0.12, 1.2 and 

12 µmol) for 20 min. [14]. 

Statistical Analysis  

It was carried out using Graphed prism, 

software program. Comparison between two 

groups was done using Student t-test. 

Statistical differences among more than two 

groups were determined using ANOVA. P 

values < 0.05 were considered statistically 

significant. 

RESULTS 
Effect of Treatments on Airway 
Hyperresponsiveness (AHR) to MCh  
The control asthmatic group showed a 

significant decrease in PC 100 MCh (µg/ml); 

indicating a significant increase in AHR; 

compared to the control sensitized group. 

Pretrearment with azithromycin, 

dexamethasone and the combination caused 

significant increases in PC 100 MCh; 

indicating significant decreases in AHR; 

compared to the control asthmatic group. The 

effect was most; although insignificant; with 

the combination group (Table 1). 

Effect of Treatments on Leucocytic Count 
in Bronchoalveolar Lavage Fluid (BALF)  
There were significant increases in total 

leucocytic, eosinophil and neutrophil counts 

in BALF in the control asthmatic group 

compared to the control sensitized group. 

Pretrearment with azithromycin, 

dexamethasone and the combination caused 

significant decreases of TL and eosinophil 

counts compared to the control asthmatic 

group. The combination therapy showed a 

more significant effect than azithromycin only 

regarding TLC. Regarding neutrophil count 

pretreatment with azithromycin and the 

combination caused significant decreases 

compared to the control asthmatic group 

while dexamethasone showed a non-

significant change (Table 2). 

Effect of Azithromycin on MCh (40 nmol-
10.24 µmol)-Induced Contractions in the 
Isolated Guinea Pig Tracheal Spiral Strip 
The preincubation with different 

concentrations of azithromycin (0.12, 1.2 and 
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12 µmol) for 20 min. showed significant 

increases in effective concentration 50 (EC50) 

of MCh only with the 12 µmol concentration 

compared to the control naïve group (3.72 ± 

0.36 versus 2.50 ± 0.13) (Figure 1). 

 
Table 1: Effects of Azithromycin, Dexamethasone and Azithromycin + Half Dose Dexamethasone on Airway 

Hyperresponsiveness; Expressed as PC100 MCh (µg/ml); in OVA-Sensitized Guinea Pigs 
PC 100 MCh 

 
Control 

sensitized 
Control 

asthmatic 
Azithromycin  

6.25 mg/kg/day 
Dexamethasone 
10 mg/kg/day 

Azithromycin + half 
dose dexamethasone 
(6.25 +5 mg/kg/day) 

Mean ± SEM 109.50 
± 22.17 

31.33 
± 7.63* 

73.83 
± 12.85 ** 

82.33 
± 4.54 ** 

94.67 
± 9.19 ** 

NOTE: PC100 MCh (µg/ml) is the Concentration of MCh Causing a 100% Increase of Airway Resistance Over the 
Baseline. *:  P<0.05 Compared to Control Sensitized, **: P<0.05 Compared to Control Asthmatic  

 
 

Table 2: Effects of Azithromycin, Dexamethasone and Azithromycin + Half Dose Dexamethasone on  Leucocytic Count in 
Bronchoalveolar Lavage Fluid in OVA-Sensitized Guinea Pigs 

Cell count 
(Mean ± SEM) 

Control 
sensitized 

Control 
asthmatic 

Azithromycin  
6.25 mg/kg/day 

Dexamethasone 
10 mg/kg/day 

Azithromycin + 
half dose dexa-

methasone (6.25 
+5 mg/kg/day) 

Total leucocytic 
(x 103 /cmm) 

3.37 + 0.18 13.08 +0.58* 6.3+0.19** 5.45+0.15** 4.6+0.17**,# 

Eosinophils % 4.5 + 0.22 17.17 + 0.87* 6.5 + 0.22** 5.67 + 0.33** 5.17 + 0.31** 
Neutrophils % 2.17± 0.17 4.00± 0.26* 2.67±0.21** 3.50±0.22 3.00±0.26** 

*:  P<0.05 Compared to Control Sensitized, **: P<0.05 Compared to Control Asthmatic, # P<0.05 Compared to 
Azithromycin 

 
 

 
Figure 1: The Concentration-Response Curve for Methacholine (MCh, nmol) in Contractions of the Isolated 

Tracheal Spiral Strips (g) After Azithromycin (12 µmol) Preincubation for 20 min. (n=5) 
NOTE:  P<0.05 Compared to the Control Naïve Group 

DISCUSSION 

In the present study, all treatments 

significantly increased PC 100 MCh; 

indicating significant decreases in AHR; and 

decreased total leucocytic and eosinophil 

counts compared to the control asthmatic 

group. The effects were more pronounced 

with the combination group. The combination 



Murad HAS et al                                                                                                                                                                                      Research Article 
 

 
140 

IJBPAS, January, 2014, 3(1) 

therapy showed a more significant effect than 

azithromycin only regarding the TLC. 

Moreover, pretreatment with azithromycin 

and the combination caused significant 

decreases in neutrophil count compared to the 

control asthmatic group while dexamethasone 

showed a non-significant change. In addition, 

preincubation with azithromycin significantly 

increased the EC50 of MCh-induced 

contractions of the isolated guinea pig 

tracheal spiral strips only with 12 µmol 

concentration compared to the control naïve 

group. 

Recently, azithromycin was reported to have 

an anti-inflammatory effect in Th17-mediated 

allergic asthma in mice which may be through 

inhibition of inflammatory cells infiltration by 

reducing Th17 differentiation and decreasing 

secretion of inflammatory mediators [15]. In a 

mouse model of viral bronchiolitis, 

azithromycin attenuated acute and chronic 

airway inflammation in a way not related to 

its antiviral activity [16]. In asthmatic 

patients, long-term low-dose oral 

azithromycin reduced the severity of 

bronchial hyperresponsiveness after a 

histamine inhalation test [17]. In patients with 

bronchiolitis obliterans syndrome, 

azithromycin significantly reduced BAL 

neutrophilia and directly relaxed airways 

favoring combining azithromycin with 

corticosteroids [18]. Patients with severe 

persistent asthma; treated with azithromycin 

open-labelly; showed clinical improvements 

in asthma symptoms, quality of life, and 

control while asthmatic patients randomized 

to azithromycin didn't show significant 

improvement in asthma outcomes, [19].  In 

patients with non-eosinophilic severe asthma, 

treatment with azithromycin for 26 weeks 

decreased the rate of severe exacerbations and 

lower respiratory tract infections requiring 

antibiotic treatment [20]. However, 

azithromycin; once daily; was ineffective in 

improving indices of asthma control and 

airway inflammation in smokers with asthma 

[21]. 

Azithromycin inhibited neutrophils 

infiltration and activation in patients with 

chronic inflammatory airway diseases, 

resulting in decreased mucus hypersecretion; 

without suppressing baseline physiologic 

secretions; which is a significant cause of 

morbidity and mortality. This may be through 

inhibiting the production of many 

proinflammatory cytokines [22]. Airway 

neutrophilia correlates with asthma severity 

due to release of many tissue-damaging 

mediators such as reactive oxygen species, 

cytokines, and neutrophil elastase which acts 

as a secretagogue for goblets cells causing 

mucus hypersecretion [23]. In OVA-



Murad HAS et al                                                                                                                                                                                      Research Article 
 

 
141 

IJBPAS, January, 2014, 3(1) 

sensitized and histamine-challenged guinea 

pigs, dexamethasone reduced bronchial 

hyperresponsiveness increasing PC100 and 

decreased the TLC and eosinophils count 

markedly, but it failed to decrease the 

neutrophils count [24]. Corticosteroids reduce 

eosinophil numbers and eosinophil cationic 

protein levels in airways of patients with 

severe asthma, but they have no effect on 

neutrophil numbers [3]. Small dose of 

dexamethasone did not significantly reduce 

bronchial hyperresponsiveness in OVA-

sensitized mice challenged with methacholine 

[25]. Oral administration of 500 mg 

azithromycin resulted in a lung concentration 

of 8.93 mg/L, corresponding to approximately 

10 μmol of azithromycin [26]. This 

concentration falls within the range observed 

to cause the relaxant effect of azithromycin on 

airway smooth muscle. Thus, azithromycin 

incubation for 20 min. caused direct 

epithelium-independent relaxation of rabbit’s 

tracheal strips precontracted with carbachol or 

potassium chloride. This relaxant effect was 

not mediated via inhibition of Ca2+ influx into 

airway smooth muscle or Ca2+ release from 

intracellular stores. It doesn’t involve any 

alteration of Na+_K+ ATPase activity, 

cAMP/cGMP formation or Rho-activated 

kinase pathway [14]. Attenuation of 

carbachol-induced contractions by 

azithromycin could be important because in 

inflammatory diseases like asthma, mediators 

like tumor necrosis factor-alpha may enhance 

the cholinergic responses of airway smooth 

muscle [27].  

CONCLUSION 

The present study showed that azithromycin 

reduced airway hyperresponsiveness and 

inflammation in asthmatic guinea pigs due to 

its antiinflammatory and bronchodilator 

effects. These effects were more pronounced 

when combined with half dose 

dexamethasone. This might offer a chance of 

reducing corticosteroids' adverse effects 

commonly encountered with the full dose 

long-term use in asthmatic patients. 
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