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ABSTRACT 

Objective: The aim of the present study was to demonstrate the effects of misoprostol in ovalbumin-
induced allergic rhinitis (AR). The second purpose was to compare the effect profile of the combination of 
an antihistamine with misoprostol during treatment of AR.

Materials and Methods: Twenty-five adult male rats were used and were randomly classified into five groups 
(n=5): healthy+saline, AR, AR and desloratadine (D)-treated group, AR and misoprostol (M)-treated group, 
and AR and combined-treated group.

Results: Desloratadine administration had significantly lower nasal symptoms than the AR group, but nasal 
symptoms in the AR+M group were better than those in the AR+D group. The best improvement in serum 
IgE levels was seen in the misoprostol alone and combination treatment groups.

Conclusion: We suggest that prostaglandins should be considered in the treatment of AR, and that the ef-
fects of these types of drugs should be tested clinically in patients.
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Introduction
Allergic rhinitis (AR) is defined as the presence of at least one of the following: nasal discharge, 
sneezing, nasal itchiness, and nasal congestion [1]. Patients with AR may also be disturbed by 
sleep disorders, mood disorders, impaired daily activities, and deterioration in social relationships 
[2]. Concurrently, it is stated that AR causes significant morbidity and has a significant effect on 
the quality of life. According to epidemiological evidence, the prevalence of AR, as well as all 
atopic diseases, is increasing worldwide [3]. AR is a common disease that affects 10%-40% of the 
world’s population [4].

AR treatment consists of allergen prevention, patient education, pharmacological treatment, and 
allergen immunotherapy. Preventing contact between the allergen and the nasal mucosa is the 
main prevention method, but in most cases, this is insufficient, and appropriate drug treatment 
for symptom control is also required. Currently, the most commonly used treatment agents are 
nasal steroids, antihistamines, leukotriene receptor antagonists, and immunotherapy. The aim of 
the treatment is to increase the patient’s quality of life and adaptation to their current life by con-
trolling the symptoms [5, 6]. However, because of the frequency of side effects and the chronic 
use of the drugs used in the treatment of AR, most patients stop using the drugs and cannot be 
treated. Therefore, the production of drugs that are more effective, especially those with fewer 
central side effects, plays an important role in increasing patient compliance.

Prostaglandin E (PGE) is a metabolite of the arachidonic acid produced by the cyclooxygenase en-
zyme, which is known to prevent inflammation developed in the airways [7]. PGE performs its physi-
ological function through four PGE receptors (EP1-4), which play a pharmacologically important role 
[7]. Studies have shown that PGE receptors mediate many physiological events, such as pain, fever, 
platelet aggregation, gastric cytoprotection, airway protection, ovulation, fertilization, bronchodila-
tion, vasodilatation, angiogenesis, cytokine, and chemokine modulation. PGE is synthesized in the 
body in two forms, PGE1 and PGE2, but it is also among the most important prostaglandins, having 
ligands at four different receptors. However, while endogenous PGE2 acts as an inflammatory, PGE1 
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acts as an anti-inflammatory agent [8, 9]. Studies 
of our subject have shown that the EP1, 2, 3, and 
4 receptor analogs may have beneficial effects 
on antigen-induced hypersensitivity and mucus 
secretion in the nasal epithelium [10]. It is shown 
here that the EP2 and 3 analogs prevent mucus 
production, and the EP3 analog prevents neutro-
phil migration, thus reducing inflammation in the 
airways. However, the selective EP1 analog has 
been shown to have no effect. Additionally, the 
EP4 analog has been shown to affect the effector 
phase of the antigen. In a clinical study, it has been 
shown that the local administration of PGE1 and 
PGE2 analogs is beneficial for AR and improves 
symptoms [11]. However, the local use of PGE1 
has been reported to cause nasal irritation.

Misoprostol is a PGE1 analog drug used in the 
treatment of peptic ulcers due to nonsteroidal 
anti-inflammatory drugs’ resistance to destruc-
tive enzymes, such as aspirin [12]. The effect of 
misoprostol on prostaglandin EP2 receptors is 
attributed to the prostaglandin EP3 receptor 
and prostaglandin EP4 receptors. However, it 
has no effect on the prostaglandin EP1 receptor 
[13]. In 1992, misoprostol was patented to treat 
allergic diseases in the late phase, but its effect 
on AR was not directly demonstrated [14].

Therefore, the aim of the present study was to 
demonstrate the effects of misoprostol in oval-
bumin (OVA)-induced AR. The second purpose 
of the study was to compare the effect profile 
of the combination of an antihistamine with 
misoprostol during treatment of AR.

Materials and Methods

Animals
Male Sprague-Dawley rats were supplied by 
the Ataturk University’s Experimental Medical 

and Research Center. The study was approved 
by the Ataturk University National Animal Eth-
ics Committee (2018/207). Rats were housed 
in standard plastic cages with sawdust bedding. 
The cages were placed in an air-conditioned 
room at 22 °C under lighting controls (14 h 
light/10 h dark cycle). All rats had free access to 
standard rat food and tap water. Rats were fed 
a standard rat diet.

A total of 25 adult male Sprague-Dawley rats 
(220-250 g) were used. Rats were randomly 
classified into five groups (n=5): healthy+saline, 
AR, AR and desloratadine (D)-treated group, 
AR and misoprostol (M)-treated group, and AR 
and combined-treated group.

Preparation of OVA-induced AR rat model
The AR model was established according to liter-
ature-based standard protocols [15, 16]. Specifi-
cally, 20 rats belonging to the AR, AR+D, AR+M, 
and AR+DM groups were sensitized with a 1 mL 
intraperitoneal injection of 30 mg Al (OH)3 and 
0.3 mg OVA (Sigma, USA) solutions once every 
other day over a period of 14 days (total of seven 
injections). Then, sensitization continued via nasal 
challenge (by putting drops in bilateral nasal cavi-
ties) with 20 mL 10% OVA once a day from day 
15 to day 21. All rats in the AR+D group received 
10 mg/kg desloratadine orally (dissolved in saline 
solution), the AR+M group received 100 μg/kg 
misoprostol administered orally (dissolved in sa-
line solution), and the AR+DM group received 
combined therapy with the nasal challenge once 
every 7 days at the same schedule. The healthy 
group and the AR group were given a saline solu-
tion alone according to the same schedule.

Evaluation of nasal symptoms
On day 21 of the study, rats were placed in an 
observation cage for approximately 10 min for 

acclimatization before the experiment started. 
After nasal instillation of 20 mL 10% OVA into 
the bilateral nasal cavities, the animals were 
placed in observation cages (one animal/cage), 
and the numbers of sneezes and nasal rub-
bing movements were counted for 30 min by 
four blinded observers who were unaware of 
the sample’s identity. Thereafter, blood samples 
were collected from each rat via cardiac punc-
ture under anesthesia using isoflurane; the rats 
were then killed. Serum was prepared and fro-
zen at -80 °C prior to biochemical analysis. Nasal 
tissue and submandibular glands were immedi-
ately removed from all the rats at the end of the 
study for histopathological changes.

Immunoglobulin E measurements in serum
OVA-specific IgE levels in serum were measured 
in duplicate using a highly sensitive enzyme-
linked immunosorbent assay (Sunred, China) ac-
cording to the manufacturer’s instructions (201-
11-4050) for kits designed specifically for rats.

Histopathological examination
The tissues reserved for histopathological ex-
amination were rapidly fixed in a 10% buffered 
formalin solution for 24 h. After fixation, a tissue 
sample was routinely processed and embedded 
in paraffin. For routine histological examina-
tion, 5 μm-thick sections were cut as paraffin-
embedded tissue samples. After 5 μm-thick sec-
tions of the tissue were mounted onto positively 
charged slides and then underwent deparaf-
finization and rehydration, two sections of each 
rat were stained with Mayer’s hematoxylin and 
eosin and Toluidine blue. All sections were ex-
amined and photographed using a light photomi-
croscope (Nikon Eclipse E600; USA).

Statistical analysis
The Statistical Package for the Social Sciences 
(SPSS), version 20.0 software (IBM Corp., Ar-
monk, NY, USA) was used for molecular analy-
sis. The results are presented as mean±standard 
deviation. Between-group comparisons for 
biochemical analyses and nasal symptoms were 
performed using a one-way ANOVA and 
Tukey’s multiple comparison tests. A p<0.05 was 
considered significant.

Results

Nasal symptom findings
In AR studies, the gold standard that is closest to 
the clinic is the evaluation of nasal symptoms. As 
shown in Table 1 and Figure 1, nasal symptoms 
were significantly higher in the AR group than in 
the healthy group (p=0.04). Desloratadine ad-
ministration had significantly lower nasal symp-
toms than the AR group, but nasal symptoms in 
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Table 1. Demonstration of serum IgE levels and nasal symptom scores

		  Mean	 SD	 Min	 Max	 p

IgE	 H	 96.77	 12.09	 77.30	 113.37	 0.000

	 AR	 241.01	 12.63	 222.83	 263.39	

	 AR+D	 173.67	 14.25	 149.11	 199.50	

	 AR+M	 158.61	 12.44	 138.03	 176.85	

	 AR+DM	 149.33	 14.25	 118.79	 172.18	

Nasal symptoms	 H	 29.80	 8.93	 19.00	 40.00	 0.000

	 AR	 303.60	 15.63	 285.00	 322.00	

	 AR+D	 144.20	 7.60	 133.00	 151.00	

	 AR+M	 125.60	 7.92	 118.00	 138.00	

	 AR+DM	 105.60	 3.65	 101.00	 110.00	

p<0.05 significant, test: post hoc Tukey. 
H: healthy; AR: allergic rhinitis; D: desloratadine; M: misoprostol.



the AR+M group were better than those in the 
AR+D group (p=0.026). In our study, if we eval-
uate the nasal symptoms in the AR+D group, 
the best improvement is seen after combined 
treatment (p=0.000). In this case, misoprostol 
significantly inhibits the symptoms both alone 
and when combined with an antihistamine.

Serum IgE results
Since AR is IgE dependent, it is important to 
show serum IgE levels. In Figure 2, the level of 
IgE is significantly higher in the AR group than in 
the healthy group (p=0.001). Desloratadine sig-
nificantly improved serum IgE levels when com-
pared with the AR group. However, the best 
improvement was seen in the misoprostol alone 
and combination treatment groups (p=0.000).

Histopathological results
Finally, we evaluated the nasal septum and 
submandibular gland histopathologically. In the 
healthy group, the nasal septum epithelium and 
connective tissue were normal, and no histo-
pathological findings were found (Figure 3-E3). 
Serous and mucous sinuses were histologically 
normal in the submandibular gland (Figure 3-E1). 

No mast cells were observed in this group (Fig-
ure 3-E2). In the nasal septum of the AR group, 
intense inflammatory cell areas in the epithelium 
and connective tissue, edema areas within the 
connective tissue, and a significant thickness in-
crease in the connective tissue were observed 

(Figure 3-A3). In the submandibular glands, 
changes in the atrophic sinuses, from serous aci-
nus and pyknotic nuclei, were significant in some 
gland epithelial cells. However, it has been ob-
served that they had lost their prominent limits 
(Figure 3-A1). Mast cell increase was observed 
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Figure 1. Nasal symptom scores after OVA-
induced allergic rhinitis model. The same letters 
in the columns were not statistically significant. 
Different letters in the columns were statistically 
significant (p<0.05). 
H: healthy; AR: allergic rhinitis; D: desloratadine; M: misoprostol.
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Figure 2. Serum IgE levels of  the groups. The 
same letters in the columns were not statistically 
significant. Different letters in the columns were 
statistically significant (p<0.05). 
H: healthy; AR: allergic rhinitis; D: desloratadine; M: misoprostol.
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Figure 3. Light photomicroscope results of  the submandibular gland and nasal septum. First column 
(1) is hematoxylin and eosin staining of  the submandibular gland. Second column (2) is Toluidine blue 
staining of  the submandibular gland. Third column (3) is hematoxylin and eosin staining of  the nasal 
septum. 
E: healthy; A: allergic rhinitis; B: AR+desloratadine; C: AR+misoprostol; D: AR+DM groups.

Table 2. Histopathological scoring

Groups	 AA	 E	 EA	 V	 PN	 MC

Healthy	 0	 0	 0	 0	 0	 0

AR	 3	 2	 3	 0	 3	 3

AR+desloratadine	 2	 1	 2	 0	 2	 2

AR+misoprostol	 1	 0	 1	 1	 2	 0

AR+desloratadine+misoprostol	 0	 0	 1	 1	 1	 0

E: edema; AA: acinar atrophy; EA: inflammation area; V: vacuolization; PN: pyknotic nucleus; MC: mast cell. 
Scoring: 0 (none), 1 (mild), 2 (moderate), and 3 (severe).



(Figure 3-A2). In the AR+D group, inflamma-
tory cell areas were observed in the nasal sep-
tum connective tissue, whereas the connective 
tissue increase was relatively lower than in the 
AR group (Table 1, Figure 3-B3). In the subman-
dibular gland, the serous acinus was normal, but 
atrophic acinus and pyknotic nuclei were partly 
found in epithelial cells (Figure 3-B1). However, 
fewer mast cells were observed than in the 
AR group (Figure 3-B2). There were markedly 
higher inflammatory cell areas in the epithelial 
and connective tissues in the nasal septum of the 
AR+M group than those of the AR group, but 
no edema areas were observed (Table 1, Fig-
ure 3-C3). In the submandibular glands, serous 
and mucous membranes were similar to that 
of healthy tissues. However, some vacuoliza-
tion and pyknotic nuclei were observed (Figure 
3-C2). No further mast cells were observed 
(Figure 3-C2). In the AR+DM group, relatively 
fewer inflammatory cell areas were seen in the 
nasal septum epithelium and connective tissue, 
but edema areas were not observed. However, 
the increase of goblet secretion cells in the epi-
thelium was noteworthy (Table 2, Figure 3-D3). 
Serous and mucous acini were the most similar 
healthy tissue in the submandibular gland. How-
ever, rarely, pyknotic nucleus gland epithelium 
and vacuation were seen (Figure 3-D1). No 
mast cells were observed in this group (Figure 
3-D2).

Discussion
In our study, we have shown that misoprostol 
may have beneficial effects alone and in combi-
nation in the OVA-induced allergic model.

AR is characterized by nasal mucosal inflamma-
tion that develops because of an IgE-mediated 
reaction. Cells, mediators, cytokines, chemo-
kines, neuropeptides, and various adhesion 
molecules involved in inflammation interact with 
one another in a complex structure and con-
tribute to the emergence of specific symptoms 
and nonspecific nasal hyperreactivity [17]. In ex-
perimental AR model studies, nasal symptoms 
are evaluated clinically. Observable nasal dis-
charge and nasal itching scores were observed 
to be significantly higher in the AR model than 
in the healthy group [18]. Significant improve-
ments are observed in these symptoms due to 
treatment [19]. In our study, it was shown that 
nasal symptoms increased significantly due to 
hyperreactivity in the AR group. Concurrently, 
it was reported that serum IgE levels were sig-
nificantly higher after AR, and serum IgE levels 
approached normal levels [20]. In the present 
study, serum IgE levels were significantly higher 
in the AR group than in the healthy group, thus 
supporting the appropriateness of our model.

The inflammatory process in AR begins when 
the nasal mucosa meets the allergen and con-
tinues with inflammatory cell infiltration. IgE 
production occurs as a result of complex inter-
actions between B cells, T cells, mast cells, and 
basophils [21]. In this process, cytokines, such 
as interleukin (IL)-4, IL-13, and IL-18, as well as 
surface and adhesion molecules, which provide 
a physical interaction between T and B cells, 
also play an important role [22]. T helper cell 
type 2-type cytokines induce allergen-specific 
IgE production by inducing an IgE isotype shift 
in IL-4 and IL-13 B cells and lead to the matura-
tion and aggregation of cells, such as eosinophils, 
basophils, and mast cells [23]. Allergens associ-
ated with bridging to IgEs after allergen expo-
sure cause the release of histamine; leukotrienes 
C4, D4, and E4; prostaglandin D2; and cytokines 
from mast cells and basophils, causing early and 
late phase inflammation [24, 25]. However, the 
pathophysiology of AR is still not fully resolved. 
Therefore, the development of new treatment 
strategies and the clarification of physiopathol-
ogy are still up for discussion.

PGE is a metabolite of the arachidonic acid 
produced by the cyclooxygenase enzyme and 
is known to have a physiological effect in the 
prevention of inflammation in the airways [7]. 
It dilates the bronchi, inhibits the proliferation 
of lymphocytes, and inhibits the production 
of important inflammatory cytokines, such as 
tumor necrosis factor-α, IL-1β, IL-8, and IL-12, 
and the production of important chemokines 
released from macrophages, neutrophils, and 
dendritic cells, such as chemokine ligand (CCL) 
3 and CCL4 [26-28]. It performs its physiologi-
cal effects with four types of receptors (EP1-
4), which are also pharmacologically important 
[7]. PGE receptors have been shown to me-
diate many physiological events, such as pain, 
fever, platelet aggregation, gastric cytoprotec-
tion, bone health, airway protection, ovulation, 
fertilization, bronchodilation, vasodilatation, 
angiogenesis, cytokine, and chemokine modu-
lation. Endogenous PGE1 acts as anti-inflamma-
tory [8, 9]. Therefore, in our study, we evalu-
ated misoprostol, which is the PGE1 analog and 
has the effect of binding to prostaglandin EP2, 
EP3, and EP4 receptors. In the present study, 
we found the best IgE recovery in the combina-
tion group at serum IgE level when compared 
with misoprostol and desloratadine. This sug-
gests that misoprostol may play an important 
role in the treatment of AR, which is another 
important finding in combination with existing 
antihistamine therapy. Previous studies have 
shown that misoprostol decreases IgE depen-
dent histamine release, supporting our findings 
[29]. Furthermore, EP1, 2, 3, and 4 analogs 

have been shown to have beneficial effects on 
antigen-induced hypersensitivity and mucus se-
cretion in the nasal epithelium [10]. It is shown 
here that EP2 and EP3 analogs prevent mucus 
production, and EP3 analog also reduces neu-
trophil migration and inflammation in the air-
ways. However, the selective EP1 analog had 
no effect. Furthermore, the EP4 analog was 
shown to act on the effector phase of the anti-
gen. A clinical study also showed that the local 
administration of PGE1 and PGE2 analogs was 
beneficial in AR and improved symptoms [11]. 
In our study, misoprostol showed a significant 
effect on both the AR group and the AR+D 
group. However, the combination of deslorata-
dine and misoprostol has been more effective 
in relieving the symptoms.

In our study, nasal septum and submandibu-
lar glands were evaluated histopathologically. 
Pathological changes in the nasal tissue due to 
AR are usually as follows: thickening of the na-
sal respiratory epithelium, edema, and degen-
eration of the mucous membrane, mast cell 
increase, and vascular congestion [16, 18]. In 
addition, significant histopathological changes 
occur in the salivary glands of patients with AR. 
Significant changes, such as reduction of salivary 
secretion, decreased contents, and number of 
secretory cells, have been recorded [15]. It is 
thought that the acinar cells did not recover 
despite treatment with vacuolization, apoptosis, 
and irradiation, and this situation is associated 
with decreased salivation [30]. In our study, in-
tense inflammatory cell areas in the AR group 
and edema areas within the connective tissue, as 
well as a significant thickness increase in the con-
nective tissue, were observed, whereas atrophic 
acini and some of the gland epithelial cells were 
observed in the serous mucins of the subman-
dibular glands. Inflammatory cell areas of the 
epithelium and connective tissue were signifi-
cantly lower in the nasal septum of the AR+M 
group than that of the AR+D group. Never-
theless, some vacuolization and pyknotic nuclei 
were observed. In the AR+DM group, relatively 
fewer inflammatory cell areas were observed 
in the nasal septum epithelium and connective 
tissue, but edema areas were not observed. Se-
rous and mucous acini were determined as the 
closest group to healthy tissue in submandibular 
glands.

As a result of our study, we have shown that the 
pathophysiology of AR, which has become an 
important disease in modern society, has not yet 
been clarified. Many cytokines, as well as immu-
nological cells of these cells and systems, can be 
important in products, and we have determined 
that it is important for new treatment methods 
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to be taken into consideration. In conclusion, we 
suggest that prostaglandins should be consid-
ered in the treatment of AR, and that the ef-
fects of these types of drugs should be tested 
clinically in patients.
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