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			Abstract

			Objective: To study the effect of the acute otitis media (AOM) on the middle ear mucosa and auditory tube in rabbits and to evaluate the results histologically.

			Material Methods: The study was carried out on 35 adult rabbits (New Zealand white rabbits), weighing 1500-1800 grams. The middle ear was inoculated with a bacterial suspension containing S. aureus to induce acute otitis media. Based on the exposure time of 1, 2, 4, 12, 24 weeks, the animals were classified into five groups. The rabbits in the acute otitis media group were killed after they were exposed for 1 and 2 weeks (acute), four weeks (subacute), or 12 and 24 weeks (chronic), and they were compared with the control group. The left control middle ear, the right inoculated bulla and the eustachian tube were removed. Sections of the temporal bones were dissected on block by covering the middle ear cavity and nasopharynx passing through the eustachian tube.

			Results: The goblet cells in the group AOM after one week was as dense as those in the control group. There was no difference between the groups in subepithelial edema, the number of eosinophils, subepithelial vasodilatation, intraepithelial gland formation and, subepithelial gland formation (p>0.05). The gland volume and the goblet cells density were extended to peak two weeks after the inoculation since there was primarily a volume increase in the components of the mucous gland. There was a significant increase in the volume of the gland layer within at least 12 weeks after the inoculation of the bacterial middle ear, primarily since there was an increase in a volume of the components of the mucous gland. Although there was a decrease in the volume 12 weeks after acute infection, it was completely normalized after 24 weeks.

			Conclusion: Acute otitis media directly affects the auditory tube. Besides, excessive mucus secretion and goblet cell proliferation included histologic changes of auditory tube mucosa
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			Introduction

			One of the most common infectious diseases in all age groups is acute otitis media (AOM) characterized by symptoms of middle ear infection and proceeded manifestation of inflammation, and its pathogenesis is affected by host immune circumstance, structure and function of eustachian tube (ET), virulence and strain of pathogen, innate mucosal defense, and genetic vulnerability [1]. The most common four pathogens seen in AOM are Haemophilus influenzae, morexella catarrhalis, Streptococcus pneumoniae, and Staphylococcus aureus. Viruses, especially Rhinovirus and Adenoviruses, are identified as pathogens in up to 20% of patients 
[2]. Only if the balance is shifted inside, the eustachian will be 

used for these bacteria to colonize and invade the middle ear. 
After the change of the mucosal conditions in the host leading to the proliferation of the bacteria caused by the viral infection of an upper respiratory tract, this event will generally occur.

			The eustachian tube is a small canal which extents along the tympanic cavity with the nasopharynx, helps normal hearing equalize the middle ear pressure (ventilation), drains the secretions from the middle ear to the nasopharynx (cleans), and avoids the aspiration to the middle ear (protection). Negative middle ear pressure is caused by ET dysfunction, yielding effusion. However, the exact mechanism that leads to rapid changes observed with AOM, including cytokine release, derangement of middle ear gas respiration, negative pressure, local immune response, and microbial colonization, has not been certainly understood [3,4]. This study aims to study the effect of the AOM on the middle ear mucosa and auditory tube in rabbits and to evaluate the results histologically.

			Materials and Methods

			The study was carried out on 35 adult rabbits (New Zealand white rabbits), weighing 1500-1800 grams. Before the experiment was conducted, the tympanic membrane was checked to exclude rabbits suffering from middle ear disease. All procedures were performed in conformity with the 1986 Strasbourg International Declaration of Animal Rights under veterinary supervision at the Medical Sciences Experimental Research and Practice Center following the ethical committee’s approval.

			Based on the exposure time of 1, 2, 4, 12, 24 weeks, the animals were classified into five groups. The rabbits in the acute otitis media group were killed after they were exposed for 1 and 2 weeks (acute), four weeks (subacute), or 12 and 24 weeks (chronic), and they were compared with the control group. Each tympanic membrane was studied using an operating microscope before death, excluding the obvious middle ear disease. The exclusion criteria included a purulent discharge in the external ear.

			Anesthesia consisting of 5mg/kg xylazine hydrochloride (Ksilazol; Provet Veteriner Urunleri Sanayi, Istanbul, Turkey) and 50 mg/kg ketamine (Ketalar; Eczacibasi Warner-Lambert, Istanbul, Turkey) was administered to all rabbits by intraperitoneally (i.p.) injection before the procedure. Subjects with no evident infection and perforation in the tympanic membrane at otomicroscopic examination were included in the study.

			A fine needle was passed through the bony bulla wall to inoculate the middle ear with a bacterial suspension containing S. aureus (½ Mc Farland (200 x 106 CFU/ml) strain NCTC-8330 at 0.5 mL intratympanic ally to induce acute otitis media. The sham-inoculated suspension medium was the left tympanic bulla of the rabbits, which acted as normal controls. AOM was expanded for 48 hours. Hyperemia of the tympanic membrane was observed after the second day the macroscope. The S. aureus growth was confirmed based on the culture. No antibiotics were applied to the rabbits in this course. On weeks 1, 2, 4, 12, and 24, seven rabbits were randomly selected and killed on each occasion. Euthanasia was accomplished with an intraperitoneal injection of 100 mg sodium pentobarbital, as an anesthetic agent, before the dissection of tympanic bone. Rabbits that were killed within 3 and 6 months were observed using otomicroscopy every 14 days to eliminate the spontaneous infection, and otomicroscopy was used to examine all rabbits on day 4 to ensure that there is established infection. The left control middle ear, the right inoculated bulla and the eustachian tube were removed. Sections of the temporal bones were dissected on block by covering the middle ear cavity and nasopharynx passing through the eustachian tube

			Histologic Examination

			Then, the cross-sections were taken by 5-10 micrometer intervals, parallel to the longitudinal axis of the eustachian tube. Each section was embedded in the paraffin block, and lams were prepared. They have been kept in a 4% formaldehyde solution for 48 hours and decalcified in 15% formic acid. The taken slices are stained with hematoxylin and eosin, and examined for mucosal, submucosal, and peri tubal inflammations under the light microscope. All such structures were counted in every stained section with a magnification of x200 for determination of the density of tubal mucous and serous gland acini.

			The numbers of eosinophils, lymphocytes and polymorphonuclear leukocytes (PMNLs), submucosal edema, submucosal vasodilatation, formation of mucosal gland and the formation of submucosal gland among the groups were assessed under a light microscope at a magnification of 200.

			
					The goblet cell density was measured as low i.e., goblet cells 5%, intermediate i.e., 6%–10%, or high i.e., 10%.

					The numbers of PMNLs, lymphocytes, and eosinophils were measured as low i.e., 0–5, intermediate i.e., 6 –10, or high i.e., 10.

					Vasodilatation and submucosal edema were grouped into absent, mild, or manifest.

					The formation of the submucosal, and the mucosal glands was measured as 1, 2, above. 

			

			Statistical Analysis

			The statistical method used in this research was the Mann-Whitney test, with the critical significance level of p <0.05. The Kruskal-Wallis test (nonparametric analysis of variance) was used to calculate differences among the related parameters in groups.

			Results 

			The goblet cells and pseudostratified mucociliary respiratory-like epithelium were included in the ET of the control group. The goblet cells in the group induced to AOM after one week was as dense as those in the control group. More than 5 to 10 lymphocytes and 10 PMNLs were found in the sections which were composed of the isthmus and ET nasopharyngeal orifice (Figure 1). There was no difference between the groups in subepithelial edema, the number of eosinophils, subepithelial vasodilatation, intraepithelial gland formation and, subepithelial gland formation (p>0.05).
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			The gland volume and the goblet cells density were extended to peak two weeks after the inoculation since there was primarily a volume increase in the components of the mucous gland. More than ten lymphocytes and 5 to 10 PMNLs were found in the sections which were composed of the isthmus, and ET nasopharyngeal orifice and lymphoid follicles were found (Figure 2). There were no significant differences between the subjects and the controls in the number of eosinophils, subepithelial vasodilatation, subepithelial edema, intraepithelial gland formation and subepithelial gland formation (p>0.05).
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			There was a significant increase in the volume of the gland layer within at least 12 weeks after the inoculation of the bacterial middle ear, primarily since there was an increase in a volume of the components of the mucous gland (Figure 3). Although there was a decrease in the volume 12 weeks after acute infection, it was completely normalized after 24 weeks.

			There was no change in the number and subtype of the gland acini, which indicates that hypertrophy of the gland cell, particularly the mucous gland cell caused to increase the volume. There was difference among the groups in the tympanic orifice (P=0.006), numbers of PMNLs at the nasopharyngeal orifice (P=0.029), middle segment of the ET (P=0.009), middle segment of the ET (P=0.015), density of goblet cells at the nasopharyngeal orifice (P=0.005), tympanic orifice (P=0.021), and the lymphocytes number at the nasopharyngeal orifice (P=0.017), while there were no differences in other parameters (P=0.056).

			Discussion

			The presence of an inflammatory substance in the middle ear, along with fever and other acute symptoms of the disease is called acute otitis media [5]. Acute otitis media typically follow an infection of the upper respiratory tract, which is often seen in children [6]. Despite medical therapy, the disease may continue to get worse, and it may end up with the secretory otitis media (SOM), chronic otitis media (COM), and recurrent otitis media (ROM) [7].

			The immune immaturity of children below the age of 2 years and the enduring dysfunction of the ET cause a high recurrence rate [8]. The eustachian tube is highly effective in both the recovery and progress of acute otitis media. Long terming inflammation of ET is the most important reason for the AOM, particularly among the children below the age of 2 years. Impaired clearance, protection, and ventilation of the middle ear in this age group are caused by the small caliber of the ET as well as its horizontal direction. The poor enduring prognosis of AOM in children below the age of 2 years has been demonstrated in the recent prospective studies, reporting persistent otitis media with effusion (OME) and at least 50% of recurrences among 35% of children within six months after AOM.

			In other words, if the protective function of ET is damaged during the early period of the disease, the formation of SOM and COM may develop due to the dysfunction of drainage. It is considered that the inflammation of peri tubal area affecting muscle during AOM may be responsible for the dysfunction of ET suppressing the contraction of the peri tubal muscle. The authors demonstrated that goblet cell depletion, loss of cilia, and squamous metaplasia of the ET mucosa were found after they were exposed to smoke in rats [9]. A study assessed the effects of reflux on the ET mucosa in rats. They claimed that the ET mucosa histopathology could be changed with nasopharyngeal exposure to experimental reflux [10]. The authors showed severe thickening of the mucosa of the ET orifice at the middle ear affected by SOM [11].

			Several studies have shown an association between or increased staining of intracellular mucin or the increase of goblet cell density and goblet cell proliferation and differentiation and increase in mucus exocytosis, storage, and synthesis, which are regarded important for the evaluation of the potential tendency to extend the secretory otitis media [12]. Eustachian tube seems to play an effective role in the pathogenesis of OME since the middle ear is directly connected to the upper respiratory tract through the ET. 

			Lu et al. claimed that they had constituted the experimental inflammation by applying ethanol and acetic acid to the dog intestine, which shows that muscle contraction stimulated varies agents demonstrates less function than the normal muscles [13]. It is asserted that the inflammation may damage both myogenic and neural regulation of intestine muscle contractions. Furthermore, patients with ulcerative colitis or animal models created inflammation have demonstrated that the fascia contraction in the muscle decreases during inflammation period [14]. 

			To figure out whether this effect depends on the inflammatory process that reduces muscle fibrils contraction functions or not, Wilcox et al. applied monocyte solutions to the hamster diaphragms and it is claimed that the inflammation decreases the muscle contraction by directly affecting the muscle fibrils [15]. The result of these studies is that inflammation involves the functional damage in both the smooth and skeletal muscles.

			Herein, to detect the existence of inflammation of tensor veli palatini (TVP) muscle, located in the peri tubal area, AOM was experimentally induced in rabbits. According to our study, acute inflammatory cell infiltration of the soft tissue in peri tubal area due to the experimentally induced AOM could create movement restriction of the TVP that causes the dysfunction of the ET. During AOM, the inflammation of TVP muscle in peri tubal area may cause dysfunction of drainage of ET. Insufficient drainage function may delay the recovery of AOM as well as causing the ROM and SOM formation.

			The middle ear is a part of respiratory mucosa, which has mucociliary system that has a crucial role in clearing the tympanic cavity [16]. The present paper showed that the ciliary activity of the middle ear mucosa in rabbits experimentally induced AOM was short, impaired and disrupted. The goblet cell density of eustachian tube that produces mucin, uphold mucosal integrity by producing antileukoprotease, and can lead to a more specific antimicrobial event through release and synthesis of bactericidal lysozyme is increased with acute otitis media [17]. However, the auditory tube may be obstructed with increased density of goblet cells, which pathologically and correspondingly enhanced secretion. Therefore, mucociliary transport function and ventilation of the middle ear may be damaged. Following this, the infection process may continue, or secretory otitis media may develop. 

			The proliferation of actual goblet cell as well as storage, synthesis, and exocytosis of mucin are affected by the increase of the goblet cell density and intracellular mucin [18]. When the potential inclination to develop the secretory otitis media is defined, it seems that these entities are needful subjects when defining [19]. Tos and Caye-Thomasen [12] found an increase in goblet cell density of the auditory tube within six months after acute otitis media. Kong et al. demonstrated that there was a slow increase in the number of goblet cell based on the exposure time to cigarette smoke in the middle ear and auditory tube [18]. Production of mucus immensely being due to population growth of goblet cell may worsen the function of an auditory tube, which can be observed after acute otitis media and thus predispose, continue, or complicate middle ear disease.

			The limitation of this study is that the acute inflammation cascade was highly effective during the early stage, whereas it was important to increase the density of goblet cells in the late stage. A larger, long-term study is necessary for determining the role of this process. Then, the density of goblet cells and cilia function should be analyzed under electron microscopy.

			Conclusion

			In conclusion, acute otitis media directly affects the auditory tube. Besides, excessive mucus secretion and goblet cell proliferation included histologic changes of auditory tube mucosa. In the current study, the volume, number of gland acini, and composition were studied while the number of duct openings in the tube epithelium, which corresponds to the number of individual glands, was not considered. Further studies overall mounted eustachian tube mucosae are required to determine the number of glands ideally and more exactly. 
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Figure 2: Showing cell infiltration of mucosa and submucosa.
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Figure 3: Profound polymorphonucleary leucocyte was formed in the sections of middle ear and the ET (me: middle ear, et: eustachian
tube, le: polymorphonucleary leucocyte).
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Figure 1: Light microscopy of peri tubal area. Showing infection findings in muscle layer.






