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Abstract: 

Introduction: Nonsteroidal anti-inflammatory drugs (NSAIDs) intervene in the COX 

(cyclooxygenase) pathways which generate two important inflammation mediators, 

prostaglandins (PGs) and leukotriene (LTs).  Contradictory claims regarding the effect of 

NSAIDs in asthmatic patients continues to be an issue. The present study investigated the 

effects of COX inhibitors on the responsiveness of the tracheal tract and on the levels of 

LTC4 and PGE2 in cells of the bronchoalveolar lavage fluid in an allergic guinea pig model. 

Materials and Methods: Adult male Dunkin-Hartley guinea pigs (250 - 300 g) were divided 

into seven groups of six animals each. Four COX inhibitors, aspirin (200 mg/kg and 20 

mg/kg), indomethacin (10 mg/kg), ketoprofen (10 mg/kg), and celecoxib (25 mg/kg),  were 

given orally on day 17 to allergy induced guinea pigs at 0, 12, and 24 h before ovalbumin 

challenge on day 18. PGF2 and LT4 were measured in the bronchoalveolar lavage fluid as 

well as inflammatory cell count and total protein. Tracheal responsiveness to acetylcholine 

(Ach) and histamine (His) also was evaluated. Results: An augment in the response of the 

trachea to Ach and His, as well as overt allergenic signs including short breath, wheezing and 

sneezing, was observed. The most significant increase in tracheal hyper-responsiveness was 

observed in the ketoprofen-treated group with similar but less pronounced changes observed 

in the indomethacin-treated group. Although some variables increased with the aspirin and 

celecoxib treatments, overall the tracheal sensitivity was reduced. Inflammatory cells 

including eosinophils and neutrophils corresponded to the changes observed for each 

treatment group. Conclusion: Ketoprofen and indomethacin increased the tracheal sensibility 

to Ach and His; therefore, their administration is not recommended in patients susceptible to 

allergy. 

 

Keywords: Allergy, Hyper-responsiveness, NSAIDS, COX Inhibitors, Trachea 
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Introduction: 

Asthma is a chronic respiratory disease associated with bronchial and pulmonary 

inflammation and its main signs include reversible airflow obstruction and bronchospasm. 

Airway hyper-responsiveness is a characteristic of bronchial asthma (1). Human-like 

asthma disorders can be modeled in several animal species including dogs, cats, guinea 

pigs, and horses(2) 

Aspirin-like or nonsteroidal anti-inflammatory drugs (NSAIDS) are a class of drugs used 

for the treatment of inflammatory disorders (3, 4). Previous studies have shown that 

aspirin-like drugs can lead to bronchial constriction and increased airway responsiveness 

to bronchial spasmogenic compounds in some asthmatic patients (Aspirin-induced 

Asthma; AIA) (5), which if not treated can  result in mortality (6). 

 Prostaglandins and leukotrienes are eicosanoid like chemicals (derivatives of 20-carbon 

polyunsaturated fatty acids) which can mediate inflammatory reactions including asthma. 

These chemicals can increase the severity of asthma in patients. Cylooxygenase (COX) is 

the key enzyme that catalyzes prostaglandin synthesis from arachidonic acid (derived from 

plasma membrane phospholipids). This enzyme has two forms: 1) COX-1 which is 

continuously expressed in most cells and  2) COX-2 that is an inducible form of the 

enzyme that is produced in cells by stimulation of the tumor necrosis factor (TNF-α) and 

interleukin-1 as well as certain growth factors including epidermal growth factor (EGF) 

(7). Products of COX or prostaglandins (PGs) are key regulators of allergic inflammation 

of the respiratory tract, including asthma. Such products can potentially alter airway tone 

and can trigger an inflammatory response (8). 

The mechanism(s) involved in AIA (Aspirin-Induced Asthma) is not understood yet. 

However, it has been hypothesized that reduction of arachidonic acid conversion into 

prostaglandins can lead to greater arachidonic acid levels, making the acid available for 

leukotriene production via the lipoxygenase pathway (9). On the other hand, inhibition of 

PGE2 synthesis has been suggested to be involved in AIA development since PGE2 is a 

known  bronchoprotective agent that  induces bronchodilation (10). 

 

Due to their widespread availability, NSAIDs are used to reduce Aspirin-induced Asthma 

symptoms (11). However, it has been reported that some categories of NSAIDs can trigger 

the AIA response in patients (12). So far, however, no reports have compared the in vivo 

effects of such enzyme inhibitors involved in prostaglandins synthesis on airway responses 

or have assessed different aspirin-like NSAIDs on airway responsiveness.   Since there are 

conflicting data currently available, this study was designed to evaluate the effects of this 

class of drugs on airway responsiveness as well as to investigate the effects of celecoxib 

(preferential COX-2 inhibitor) on the airways of guinea pigs.  
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Materials and Methods: 

 

 Animals  

Forty-two adult male Dunkin-Hartley guinea pigs (250-300 g) were purchased from the 

Pasteur Institute, Iran. The animals were individually housed under controlled 

environmental conditions at 19 – 25 °C with a relative humidity of 50 – 60% and a 12 h 

light/dark cycle with free access to feed pellets and drinking water at the Faculty of 

Veterinary Medicine, University of Tehran. In order to provide the vitamin C requirement, 

a vitamin C powder (Osveh Pharmaceutical Company, Iran) was dissolved daily in their 

drinking water (1g/L). The care and use of laboratory animals was in accordance with the 

guidelines established by the Iranian National Institute of Health and the protocol for this 

study was approved by the Institutional Animal Care and Use Committee of the Faculty of 

Veterinary Medicine, University of Tehran (approval No of 7508134.3.11). After seven 

days, the animals were randomly divided into seven groups of six animals each. The dose 

selection for this study was based on literature values (13-15). 

1. Control group (allergy not induced) 

2. Allergic group (allergy induced without NSAIDs treatment) 

3. Allergic group treated with high dose of aspirin (200 mg/kg) 

4. Allergic group treated with low dose of aspirin (20 mg/kg) 

5. Allergic group treated with indomethacin (10 mg/kg)  

6. Allergic group treated with celecoxib (25 mg/kg) 

7. Allergic group treated with ketoprofen (10 mg/kg) 

 

Treatment 

In all the treatment groups (see above), allergy was induced  using the protocol of de Boer 

et al by i.p. administration of a 2 mL aqueous suspension containing ovalbumin (150 

µg/animal) and aluminum hydroxide (150 mg/animal) on days 1, 5, and 8 (16). On day 17, 

guinea pigs in all groups (except groups 1 and 2) received the respective drug orally at the 

following time points, 0, 12, and 24 h before being challenged. On day 18, animals were 

challenged with a 0.5% solution of ovalbumin by  inhalation for a maximum period of 5 min. 

Animals in the control group received  normal saline (16). All the experiments were approved 

by the Animal Ethics Committee of the Faculty of Veterinary Medicine, University of 

Tehran, Iran.  
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Bronchoalveolar Lavage Fluid (BALD) Extraction and Tissue Preparation: 

On day 19, twenty-four h after being challenged with ovalbumin, guinea pigs were 

euthanized with an i.p injection of thiopental sodium (100 mg/kg) (17) Immediately after 

death, the trachea was exposed and cut from the larynx by a longitudinal incision on the 

neck. Five mL of Krebs’ solution was infused three times into the lungs using an 

endotracheal tube at 37 
o
C and after one min the liquid was collected and centrifuged. The 

supernatant fraction was used for total protein and the remained liquid was kept at -70 
oC

 

for PGE2 and LTC4 measurements. The sediment after centrifugation was used for 

evaluation of inflammatory cells. The trachea from each guinea pig was cut into three 

sections each consisting of four cartilage rings. These sections were placed in an organ 

bath with warm water. 

Evaluation of Trachea Responsiveness to Acetylcholine and Histamine 

The response of the tracheal sections to acetylcholine and histamine was measured in a 

4-channels organ bath (LSI Lecta, Spain) connected to a Power Lab (AD Instruments, 

Australia) (18). Dose-response curves were obtained based on the cumulative 

concentrations of acetylcholine and histamine. The resulting curves were used to estimate   

maximum responses (Emax), effective concentrations (EC25, EC50 and EC75) at 25, 50, and 

75% and for comparing the concentration gradients among groups. 

Measuring PGE2, LTC4, and Total Protein: 

 The supernatant fraction following centrifugation at 1000 r.p.m. for 7 min (19) of a 

bronchoalveolar lavage fluid (BALF) was evaluated for PGE2 and LTC4 using an ELISA 

method according to the company’s instructions (Cayman Chemical Company, MI, USA). 

Total protein was measured by the  Lowry method  (20). 

 

Statistical analysis: 

Data are expressed as means ±SEM. Statistical significance was analyzed with a one-

way analysis of variance (ANOVA), followed by the Bonferroni test as a post hoc analysis 

for individual comparisons. Differences with P < 0.05 were considered statistically 

significant. 

Results: 

 Overt allergenic signs including short breath, wheezing, and sneezing were observed in 

all the allergenic guinea pigs. A comparison of changes in the number of inflammatory 

cells between the control group (normal lung tissue) and the allergic group is present in 

Figures 1 and 2.  Severe invasion of inflammatory cells (mostly eosinophils) occurs in the 

alveolus and tissue of the allergic guinea pigs but not in control animals. 

Acc
ep

te
d 

M
an

us
cr

ipt



 

 

Figure 1: Alveolar tissue  in control guinea pigs.  H&E: ×400. H&E: hematoxylin and 

eosin 

 

Figure 2: Lung tissue from a guinea pig in the allergic group. Severe invasion of 

inflammatory cells (mostly eosinophils) occurs in alveolar tissue. . H&E: ×400. H&E: 

hematoxylin and eosin 
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Tracheal Response to Acetylcholine 

Emax 

The Emax is a scale to measure the maximum contraction response or ultimate traction to 

a transducer (gr). This response gives an indication of the amount of pressure or tension in 

comparison with normal tension of control tracheal tissue.  The maximum contractile 

responses to indomethacin and ketoprofen were 4.2 and 5.3 times greater, respectively, , 

than the response seen in control guinea pigs (p <0.001) (Fig 3). In addition, these 

increases were statistically significant compared to the allergic group (Group 2) and the 

other treatment groups (p <0.01). 

 

Figure 3. Acetylcholine dose-response. The values show the tracheal response to various 

treatments in the presence of acetylcholine.  Data are mean ± SEM.   

E25, E50 and E75: 

The E 25%, E 50 % and E75 % response values for the indomethacin, ketoprofen, and the 

allergic groups were increased compared to the other groups. The E25% value for celecoxib 

and both aspirin doses showed significant reductions compared to the other groups, 

including animals in the control groups. 
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Tracheal Responses to Histamine: 

Emax 

The maximum contractile responses in the indomethacin and ketoprofen groups were 2.2 

and 2.5 times greater than that of the control group, respectively (p <0.001). In addition, 

these increases were statistically significant compared to the allergic and the other 

treatment groups (p <0.01) (Fig 4) 

 

Figure 4. The values show the tracheal response to various treatments in the presence of 

histamine. Data are shown as mean ± SEM. (Emax= 10
-3

). 

E25, E50 and E75: 

As was the case for acetylcholine treatment,  the E 25% ,  E 50 % and E75 % values for the  

indomethacin and ketoprofen groups were increased compared to the other experimental 

groups and the control group, except for the allergic group (Group 2). The E25% values for  

celecoxib and aspirin (both doses) showed a significant reduction compared to the allergic 

group. 
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PGE2 levels: 

Although induction of allergy led to increased levels of PGE2 compared to the control 

group, decreased levels of PGE2 in the ketoprofen and both aspirin groups were observed, 

while increases occurred in the indomethacin and celecoxib groups (Group 5). However, 

none of these values were statistically significant compared to allergic group. The 

indomethacin and celecoxib treated guinea pigs had significantly increased PGE2 levels 

compared to the ketoprofen treated animals and to both of the aspirin-treated groups. 

 

Fig 5: The values of PGE2 (ng/mL) were obtained from BALF (Bronchoalveolar Lavage Fluid). 

Data are shown as mean ± SEM. 

*Significant difference between mentioned groups and control group (*P<0.05, **P<0.01, 

***P<0.001). 

#Significant difference between mentioned groups and allergic group (# P<0.05, ## P<0.01, ### 

P<0.001). 

LTC4 levels: 

Similar to PGE2, induction of allergy in the guinea pig model induced a significant 

increase in LTC4 levels compared to control animals (p> 0.05) (Figure 4). Compared to 

the allergic group, a decline was observed in the BALF LTC4 levels in the indomethacin, 

ketoprofen, and aspirin (both doses) groups, with a moderate increase in the LTC4 level in 

celecoxib treated guinea pigs. The indomethacin and the aspirin 200 mg/kg doses were 

statistically significantly different from the allergic guinea pigs. 
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Fig 6: LTC4 levels (ng/mL) following exposure to various drugs in the guinea pig allergenic model. 

Induction of allergy in the guinea pig model caused a significant increase in LTC4 levels compared 

to control animals (p> 0.05). Compared to the allergic group, a decline was observed in the BALF 

LTC4 levels in the indomethacin, ketoprofen, and aspirin (both doses) groups, with a moderate but 

not significant increase in the LTC4 level in celecoxib treated guinea pigs. The indomethacin and 

the 200 mg/kg doses were statistically significant. Values are mean ± SEM. 

* Significant difference between mentioned groups and control group (*P<0.05, **P<0.01, 

***P<0.001). 

# Significant difference between mentioned groups and allergic group (#P<0.05, ##P<0.01, 

###P<0.001). 

 

Total white blood cells: 

The total number of white blood cells in the BALF of allergic and all the treated groups 

increased significantly compared to that of control animals (Fig 7).  This parameter in the 

low-dose aspirin and celecoxib groups was significantly lower than that of the allergic 

group.  
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Fig 7: The total number of white blood cells (x 1000/uL) in the BALF of allergic** and all treated 

groups*** increased significantly compared to the WBCs in the control animals. This parameter in 

low-dose aspirin and celecoxib groups was significantly lower than that of the allergic group. Values 

are mean ± SEM  

* Significant difference between mentioned groups and control group (*P<0.05, **P<0.01, 

***P<0.001). 

# Significant difference between mentioned groups and allergic group (# P<0.05, ## 

P<0.01, ### P<0.001). 

 

Eosinophils, Lymphocytes, and Neutrophils: 

Although all treatment groups had elevated levels of WBC in BALF when compared to 

the control group, the percentages of lymphocytes were decreased in all experimental 

groups in comparison with the control animals (Fig 10). There was a non-significant 

increase in the neutrophil count in the allergic group. Guinea pigs treated with ketoprofen, 

indomethacin, high-dose aspirin, and celecoxib had an increased percentage of neutrophils 

compared to the control group (p<0.05) (Fig 9). 
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The average percentages of eosinophils in the control and allergic groups were 2.8 ± 0.7 

and 51.1 ± 3.6, respectively. The increase of eosinophil in the allergic group was 

statistically significant compared to the control group. All of the treatment groups had an 

increased percentage of eosinophils compared to the control group (p<0.001) (Fig 8). 

 

Fig 8: The values of eosinophil obtained from BALF (Bronchoalveolar Lavage Fluid) 24 h after 

challenging. Data are shown as mean ± SEM. 

* Significant difference between mentioned groups and control group (*P<0.05, **P<0.01, 

***P<0.001). 

# Significant difference between mentioned groups and allergic group (# P<0.05, ## 

P<0.01, ### P<0.001). Acc
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Fig 9: The values of neutrophil obtained from BALF (Bronchoalveolar Lavage Fluid) 24 h after 

challenging. Data are shown as mean ± SEM. 

* Significant difference between mentioned groups and control group (*P<0.05, **P<0.01, 

***P<0.001). 

# Significant difference between mentioned groups and allergic group (# P<0.05, ## 

P<0.01, ### P<0.001). 
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Fig 10: The values of lymphocyte obtained from BALF (Bronchoalveolar Lavage Fluid) 24 h after 

challenging. Data are shown as mean ± SEM. 

* Significant difference between mentioned groups and control group (*P<0.05, **P<0.01, 

***P<0.001). 

# Significant difference between mentioned groups and allergic group (#P<0.05, ## P<0.01, 

### P<0.001). 

 

BALF Total protein levels: 

No significant differences were observed in the BALF total protein levels among the 

experimental groups 24 h post-challenge with ovalbumin. 
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Discussion: 

This study investigated the effects of four COX inhibitors on tracheal responsiveness and 

their relationship with BALF PGE2 and LTC4 levels in an allergic guinea pig model. PGs 

and LTs are two key regulators of allergic inflammation of the respiratory tract that can 

alter the inflammatory response and airway tone (21). These inhibitors have various 

effects on the inflammation process but are thought to have a pathogenic role in asthma.  

PGs and LTs attract neutrophils to inflammation sites, increasing proliferation of bronchial 

smooth muscles and participate in the inflammatory response (22). Inhalation of cys-LTs 

can also result in increased tracheal response to histamine (23). In Szczeklik et al. (1999) 

research, their results demonstrated that aspirin can augment  eosinophilic inflammation 

and overproduction of leukotrienes (24).  

Airway hyper-responsiveness (AHR) is one of the important signs of allergic asthma and 

can result from pulmonary inflammation and subsequent release of prostaglandins and 

leukotrienes (25). COX inhibition by COX-2 selective or non-selective drugs can lead to 

AHR in allergic animal models in addition to increasing inflammation (26). The inhibition 

of the COX enzyme in an allergic mouse model lacking active lipoxygenase (the enzyme 

which catalyzes the synthesis of leukotrienes) increased airway responsiveness (27). In 

addition, it was reported that the lack of COX-1 increased AHR and the production of 

leukotrienes (28). In an earlier study, it was reported that aspirin-like drugs such as 

indomethacin  increased in vivo airway responsiveness in  guinea pig (13). Babu, K et al. 

(2000) showed that AIA decreased PGE2, but that it increased cysteinyl leukotrienes. The 

suggested pathogenesis is related to aspirin-like drugs shifting from the COX pathway to 

lipoxygenase pathway (29). 

In the present study with male guinea pigs, as well as studies in mice and guinea pigs 

(30), challenge with ovalbumin increased tracheal responsiveness to acetylcholine and 

histamine in an isolated organ bath system. After challenge with ovalbumin, signs such as 

shortness of breath, increased respiratory rate, wheezing and sneezing were observed in 

treated animals. Oral administration of indomethacin and ketoprofen (10 mg/kg) 

significantly increased tracheal responsiveness to all concentrations of histamine and 

acetylcholine after ovalbumin challenge in a dose-response manner compared to the 

allergic group guinea pigs. Indomethacin and ketoprofen caused a shift of the dose 

response curve and increased isolated tracheal sensitivity to small amounts of histamine 

and acetylcholine. 

The in vitro response of the trachea and bronchial smooth muscle in monkeys, dogs, and 

guinea pigs to histamine and acetylcholine has been reported to increase significantly in the 

presence of indomethacin and ketoprofen (14, 31). Similar results were obtained with 

human trachea. Moreover, tracheal and bronchial smooth muscle in the presence of 

indomethacin and some other aspirin-like drugs showed a similar contractive response to 

histamine and acetylcholine. It has been demonstrated that COX inhibition by indomethacin 

significantly increased the tracheal response to several allergen (15). 
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Few studies have investigated the effects of ketoprofen in aspirin-induced asthma 

However in most studies including the present study, ketoprofen improved   the 

exacerbation of symptoms in asthmatic patients  (32). In another study conducted on 

guinea pigs, administration of lysine-ketoprofen (100 μg/kg) reduced leukotriene C₄  and 

bradykinnin-induced bronchial hyper-responsiveness two h after exposure, probably due 

to inhibition of prostanoids. A number of case reports in humans have indicated the risk of 

an asthma attack after taking ketoprofen or even using ketoprofen adhesive agents (33). 

Thus far to the best of our knowledge, no studies have investigated the ketoprofen effects 

on the airways of laboratory animals with induced allergy. 

Lymphocytes were decreased in all the experimental groups compared to the control 

group in our study using a guinea pig allergenic model. The decrease in the lymphocyte 

count occurred because the NSAIDs can inhibit lymphocyte infiltration and migration in 

inflamed tissues. Paskauskas et al. (2015) have speculated that NSAIDs can enhance 

inhibition of calcium metabolism (34) or intracellular ATP (35) to inhibit leukocyte 

migration, thus decreasing the total number of lymphocytes (36). In contrast, an increase 

in lymphocyte counts was showed in aspirin-induced asthma due to a viral infection which 

may be due to invasion of lymphocyte as a main cell defense  to infected cells(37). 

Cys-LTs are involved in accumulation of eosinophils in asthmatic airways (38). In an 

article by Ogata et al (1999), it was  reported that this LT family plays an important role in 

eosinophilic lung inflammation in allergic mice treated with indomethacin (39). An 

alternative hypothesis suggests that indomethacin or COX inhibition can increase the level 

of IL-5, which in turn, results in augmentation in eosinophils accumulation, growth, and 

survival. Similar to previous studies, our results showed that both indomethacin and 

ketoprofen exacerbated signs of respiratory allergies in ovalbumin-sensitized guinea pigs. 

Although ketoprofen is a non-selective COX inhibitor, it can be concluded that ketoprofen 

increased the allergic reaction signs through a mechanism similar to indomethacin (40). 

In previous studies it was reported that usage of COX-2 inhibitors did not increase the 

allergic response in histamine-allergic mice. Conversely, these inhibitors significantly 

decreased the infiltration of eosinophils and neutrophils in the bronchoalveolar lavage. In the 

present study, celecoxib did not increase tracheal sensitivity to the allergic response but 

instead, reduced the tracheal reaction to acetylcholine and histamine compared to the allergic 

group. Administration of aspirin (20 mg/kg) resulted in a similar outcome to celecoxib 

treatment. It is hypothesized that less eosinophils and inflammatory cells in the alveolar tissue 

lead to reduced responsiveness of the trachea to the allergic response. 

In general, selective COX-2 inhibitors such as celecoxib are well tolerated in most patients 

with AIA. Selective COX-2 inhibitors like celecoxib may be suitable alternatives for AIA 

patients who cannot tolerate non-selective COX inhibitors (41, 42).  Celecoxib has been  used 

to sort out potential differences in PGD2 and PGE2 inhibition. The findings supported  

augmentation of  the COX-1 pathway by PGD2, while an increase in PGE2 contributed to the 

COX-2 pathway (43). Ketoprofen and indomethacin increased the tracheal susceptibility to 

acetylcholine and histamine; therefore, administration of these drugs is not recommended in 
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patients susceptible to allergy.  Westerhof et al. (2001) reported that 24 h after guinea pigs 

were sensitized by ovalbumin, the total number of inflammatory cells such as lymphocytes, 

neutrophils, and especially eosinophils was increased in the serous membranes of lung tissue 

(44). An earlier investigation (45) reported results similar to Westerhof et al (2001).  

Limitations of the study:  

In this study, we used an organ bath method to evaluate the tissue responsiveness, but we did 

not execute a test in-vitro. The latter approach would have given a more specific and detailed 

results. Also, we did not evaluate the cyclooxygenase and lipoxygenase pathways or focus on 

a single pathway like COX-2.  
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