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Abstract

Objective: The aim of this study was to investigate how isotonic sea water solution (Physiomer) affects the structure of porcine nasal mucosa

when it is applied simultaneously with vasoconstrictors (xylometazoline) for a prolonged period of time.

Methods: Twenty pigs of the PMR-Landraze breed formed the study group. A solution of xylometazoline 0, 1% (Otrivin spray, Novartis) was

sprayed every 8 h in both nasal cavities of the pigs, with two applications into each nostril for 28 days. Between the applications (4 h later), the

right nasal cavity was washed with sterile isotonic sea water (Physiomer Normal, Geomar). Biopsies were taken under endoscopic guidance

from the nasal mucosa of each nasal cavity separately at specific times. Five histological parameters were microscopically examined for each

biopsy section: (1) inflammation, (2) fibrosis, (3) metaplasia of the epithelium, (4) reactive atypia of the epithelium and (5) necrosis.

Results: Statistically significant differences regarding grade of inflammation on days 7 ( p = 0.0009), 12 ( p = 0.01), 20 ( p = 0.02) and 28

( p = 0.0005), regarding grade of fibrosis on day 28 ( p = 0.026) and regarding epithelial metaplasia on day 5 ( p = 0.052) were found between

the nasal mucosa treated only with vasoconstrictors and the nasal mucosa treated with vasoconstrictors and sea water washing. In all cases,

samples from the nasal cavities that had been washed with Physiomer appeared with a lower grade of inflammation, fibrosis and metaplasia

compared to the samples from nasal mucosa where no nasal washing was performed.

Conclusion: Nasal irrigations with isotonic sea water, when are applied 4 h after vasoconstrictors for a long period of time, prevent nasal

mucosa from histological damage.
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1. Introduction

Various medications with local or systemic action may be

administered intranasally. All these applied substances, no

matter how their target, affect the histological integrity of the

nasal mucosa. In particular, nasal decongestants cause

vasoconstriction acting on a and b adrenergic receptors of

the arterioles. Prolonged use of vasoconstrictors alters the

structure and consequently the functionality of the nasal
.
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mucosa. The total time of use plays a decisive role in the

damage done. A serious side effect of prolonged local act of

vasoconstrictors is Rhinitis Medicamentosa (RM). It is a

condition characterized by chronic inflammatory and

degenerative changes in the secretory elements of nasal

mucosa, leading to nasal obstruction as a rebound phenom-

enon. Our study focuses on imidazoles, the most widely used

intranasally applied drugs [1]. They are selective agonists of

a2-adrenergic receptors. Xylometazoline is the most well

known and frequently used representative of imidazoles.

Nasal irrigations with physiological saline or sea water

improve nasal function. Washing moisturizes the mucous

membrane, reduces crusts and edema and promotes drainage

through the sinus ostia. Empiric evidence of these benefits is

shown for several sinonasal diseases, including rhinosinu-

sitis, allergic and vasomotor rhinitis and for postoperative

nasal care [2]. Physiomer is a specific, isotonic, sterile,

electrolyte-rich sea water solution, very well tolerated, with

no side effects. The commercially available solution

processed from Atlantic Ocean sea water, uses electro-

dialysis to establish isotonicity. The trace elements and

minerals remain in concentrations similar to those found in

sea water and pH is alkaline. In vitro studies on experimental

cultures show that Physiomer has a positive action on

cellular growth in respiratory tract mucosa [3]. Clinical

studies confirmed beneficial action of nasal sea water

washing on the nasal and sinus mucosa in various diseases

and after surgery [4].

The aim of this study was to investigate if sea water

washing in the intervals between imidazole administrations

on the nasal mucosa of pigs influences side effects. In

particular, the potential protective role of Physiomer isotonic

sea water on the histological integrity of the nasal mucosa

during a prolonged application of xylometazoline was

evaluated. Pig was chosen as experimental animal model

since the porcine nasal mucosa is similar to the human in

length and structure [5–7].

2. Materials and methods

Twenty pigs of the PMR-Landraze breed formed the

study group. The ethics committee of the University of

Athens, Faculty of Medicine, approved the animal use

protocol for the present study in accordance with the 86/609

guideline of CE and act PD 160/May 1991. The initial

weight of pigs was 26–28 kg and their weight at the end of

the study was approximately 30–32 kg. Substances under

examination were administered intranasally for 28 days.

A solution of xylometazoline 0, 1% (Otrivin spray,

Novartis) was sprayed every 8 h in both nasal cavities of the

pigs, with two applications into each nostril, which is the

dosage used in humans. Additionally, the right nasal cavity

was washed in the intervals between the applications of

Otrivin (4 h later) with sterile isotonic sea water (Physiomer

Normal, Geomar Laboratoire de la Mer, Saint Malo,
France). Three applications of Physiomer were applied,

administering approximately 3 ml of saline per application.

Biopsies were taken using endoscopic guidance from the

nasal mucosa (inferior nasal turbinate and the opposite side

of the nasal septum), from each nasal cavity separately at

specific times. The animals were anaesthetized with

midazolame intramuscularly 0.5 g/kg (Dormicum 0.10 ml/

kg) and ketamine 20 mg/kg (Narketan 0.20 ml/kg). The first

sample was taken on day 0 before initiating treatment and

then on days 3, 5, 7, 12, 20 and 28. The biopsy samples were

placed in 10% formalin. The tissue samples were embedded

in paraffin, sliced and then were stained with hematoxylin

and eosin in order to be placed under optical microscope.

Five parameters were examined for each biopsy section

under light microscopy: (1) inflammation, (2) fibrosis, (3)

squamous metaplasia of the epithelium, (4) reactive atypia

of the epithelium and (5) necrosis. The pathologists

evaluating the respective slides were blinded towards

treatment. The grading for each of the first four parameters

depended on the extent of the histological lesion as a

proportion of the whole tumor section, as already assessed

by Tas et al. [8]. A proportion of 0–33% was considered as

grade 1, 34–67% as grade 2 and 68–100% as grade 3. For the

fifth parameter, there were two grades 0 and 1 indicating the

presence or absence of necrosis. Inflammation and fibrosis

were evaluated in the subepithelial connective tissue, while

metaplasia and reactive atypia were estimated on the

covering epithelium. The degree of inflammation was

assessed on the presence of increased number of lympho-

cytes primarily; plasma cells and, when presents, neutrophils

as well as increased vascularity/subepithelial edema.

Data is expressed as median for ordinal data and as

percentages for categorical data.

The comparison of ordinal data between treatments was

performed using the Mann–Whitney test.

All tests are two-sided, statistical significance was set at

p < 0.05. All analyses were carried out using the statistical

package SPSS vr 13.00 (Statistical Package for the Social

Sciences, SPSS Inc., Chicago, IL, USA).

3. Results

Regarding inflammation, a statistically significant

increase of inflammation grade on days 7 ( p = 0.0009),

12 ( p = 0.01), 20 ( p = 0.02) and 28 ( p = 0.0005) was

noticed in nasal mucosa treated only with xylometazoline by

comparison to nasal mucosa treated with xylometazoline

and Physiomer. In all cases the nasal cavities that had been

washed with Physiomer demonstrated a lower inflammation

grade compared to the nasal cavities where no Physiomer

irrigation was performed (Figs. 1–3).

There was also a statistically significant difference on the

grade of fibrosis on day 28 ( p = 0.026) between nasal

mucosa treated with xylometazoline and Physiomer and

nasal mucosa treated only with xylometazoline. Nasal
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Fig. 1. Graph showing the grade of inflammation in the two groups, with

and without Physiomer washing. There is a statistically significant differ-

ence between the two groups on days 7, 12, 20 and 28. In all cases, receiving

Physiomer was consistent with lower inflammation grade compared to the

group where no nasal washing was performed.

Fig. 2. Intense inflammatory infiltration in the stroma and epithelium of

nasal mucosa of a case treated only with xylometazoline (H–E, 100�).

Fig. 3. Almost normal stroma and epithelium. Minimal scattered inflam-

matory cells are present. A case washed with Physiomer (H–E, 100�).

Fig. 4. Graph showing the grade of fibrosis in the two groups, with and

without Physiomer washing. There is a statistically significant difference in

the two groups on days 12 and 28. The group receiving Physiomer nasal

wash had a lower fibrosis grade than the group without nasal washing.

Fig. 5. Extensive fibrosis of the stroma surrounding serous glands in a case

without Physiomer nasal washing (H–E, 100�).

Fig. 6. Minimal subepithelial fibrosis in nasal mucosa in a case washed with

Physiomer (H–E, 100�).
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Fig. 7. Graph showing the grade of epithelial metaplasia. There is a

statistically significant difference in the two groups on day 5. The group

receiving Physiomer nasal wash had a lower grade of epithelial metaplasia

than the group treated only with xylometazoline.

Fig. 8. Multilayered stratified metaplastic respiratory epithelium in a case

treated only with xylometasoline (H–E, 200�).

Fig. 9. Normal respiratory epithelium in a case washed with Physiomer

(H–E, 200�).
mucosa washed with Physiomer had a lower fibrosis grade

than the one treated without nasal washing (Figs. 4–6).

Interestingly, the grade of epithelial metaplasia on day 5

revealed statistically significant difference ( p = 0.052)

between nasal mucosa treated with xylometazoline and

Physiomer and nasal mucosa treated only with xylometazo-

line. Samples from nasal cavities that had been washed with

Physiomer demonstrated a lower grade of epithelial

metaplasia compared to nasal cavities where no Physiomer

irrigation was performed (Figs. 7–9).

No statistically significant differences were found on the

grade of atypia and necrosis of nasal mucosa between the

two investigated sides.

4. Discussion

The objective of this study was to clarify the influence of

Physiomer on the histological integrity of the porcine nasal

mucosa in conditions of prolonged use of nasal deconge-

stants. Topical nasal decongestants fall under two cate-

gories: (1) sympathomimetic amines together with

ephedrine and phenylephrine and (2) imidazoles (oxyme-

tazoline and xylometazoline). Imidazoles are selective a2

agonists that act postsynaptically on sympathetic nerves,

interact with the postsynaptic a1 and a2 receptors of the

arterial resistance vessels, and cause a quick-acting

vasoconstriction [9]. They also lower the production of

endogenous norepinephrine via a negative feedback

mechanism, decreasing the blood flow and decongesting

the nose. Animal studies showed that the regulation of the

blood flow in the nasal mucosa and the function of the

capacitance vessels are regulated mainly by a2-adrenor-

eceptor mechanisms [10]. Xylometazoline is an imidazoline

derivative and acts particularly as an a2-agonist. The

vasoconstrictive effect after topical application of Xylome-

tazoline lasts for approximately 7–9 h with a maximum

effect after 20–30 min [11]. Several studies demonstrate

histological damage of the nasal mucosa after prolonged use

of oximetazoline, including ciliary loss, subsequent inflam-

matory cell infiltration and subepithelial edema [8,12].

Rhinitis Medicamentosa is defined as a reactive type of

nasal congestion caused by the overuse of nasal deconge-

stants. The pathophysiology of RM is unknown. It may be

secondary to the decreased production of endogenous

sympathetic norepinephrine through a negative feedback

mechanism. With the prolonged use of vasoconstrictors, the

sympathetic nerves may be unable to maintain vasoconstric-

tion, because norepinephrine release is suppressed [13]. It

typically occurs after more than 7 days use. Possible

complications of Rhinitis Medicamentosa are chronic

ethmoiditis and atrophic rhinitis [14]. Apart from the

rebound swelling and stiffness, and the tendency to

addiction, a serious aggravating factor in RM is that the

nasal hyper-reactivity is resistant to any treatment.

Imidazoles appear more likely to cause rebound swelling
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and RM than the sympathomimetic amines due to their

longer effect on mucosal blood vessels [15]. It is notable that

even only once a day use of oxymetazoline nasal spray in

healthy subjects for a month was adequate to induce rebound

swelling and nasal hypersensitivity [16]. Chronic inflam-

matory infiltration is finally consistent with fibrosis. In

particular, oxymetazoline seems to irreversibly inhibit

activities of ciliated cells [17]. Similar findings have been

demonstrated in our study. All five investigated factors show

severe morphological changes after 28 days use of

xylometazoline.

Nasal irrigations with physiological saline and/or sea

water have been used as an adjunctive treatment of sinonasal

diseases. An abundance of clinical studies demonstrates

significant improvement of chronic nasal and sinus

complaints using normal saline in a variety of conditions.

However, scientific evidence of its efficacy is rather poor and

the exact mechanism of action is not known. The most

widely accepted theory is that benefits are due to one or more

local effects, including rinse of debris, static secretions,

bacteria, allergens and inflammatory mediators by the

mechanical washing, as well as decrease of mucosal edema

and viscosity of nasal secretions [18]. Although it is

accepted that the effect is predominantly mechanical, based

on clearing mucus, there are studies investigating other

possible mechanisms of action. Anti-inflammatory effect of

saline is one of them. It has been shown that saline positively

affects inflammatory mediators in perennial allergic rhinitis

[19]. The presence of high mineral content in sea water

solutions enhances anti-inflammatory action since the

various minerals and trace elements are known to exhibit

favorable effects in the treatment of skin inflammatory

diseases [20]. Prospective, placebo-controlled double-blind

studies have shown that the efficacy of Ems Mineral Salts

solution, a natural product from a natural spring, was

superior to saline solution in the treatment of chronic

rhinosinusitis [21]. Mineral salt solutions are used as an

adjuvant treatment in sinonasal diseases since they have

been proven to enhance the ciliary activity of epithelial cells

and stimulate the regeneration of the nasal cell layer [22]. A

clinical study comparing the effect of a 14-day treatment

with isotonic Ems Mineral Salts solution or xylometazoline

solution in children found no difference in efficacy between

the two treatment options, with the distinction that with

EMS the length of use was not restricted and there were no

potential side effects of nasal decongestants [23].

Physiomer is a natural sea water solution, rich in various

minerals and trace elements. In vitro studies have shown that

Physiomer had a post-transcriptional effect on IL-8 expres-

sion in activated human bronchial gland epithelial cells,

suggesting that it is potentially useful in the reduction of

airway mucosal inflammation [24]. Recently, Slapak et al.

demonstrated that isotonic Physiomer irrigations improved

sinonasal symptoms during cold and flu in children aged 6–10

years and they were able to reduce reappearance of upper

respiratory tract infections [25]. Our study revealed that sea
water washing reduces histological damage of the porcine

nasal mucosa, caused by the intranasal application of

xylometazoline. Statistically significant difference was

observed regarding inflammation, fibrosis and metaplasia,

between samples of nasal mucosa treated with xylometazo-

line and samples of nasal mucosa treated with a combination

of xylometazoline and Physiomer irrigations. In details,

inflammation grade on days 7, 12, 20 and 28 was significantly

lower when Physiomer was applied. Epithelial tissue is known

to respond more quickly to stressful stimuli than subepithelial

tissue. Hence, as it was expected, changes regarding epithelial

metaplasia appeared early on day 5, with a significant lower

grade when Physiomer was used. Finally, fibrosis which is a

result of chronic inflammation was observed late, after day 12,

showing, however, a tendency to be lower, when Physiomer

was used on day 28. It is not clear whether Physiomer acts

predominantly mechanical, clearing mucosa or whether its

minerals and trace elements have a significant anti-

inflammatory role. Our promising findings have to be

confirmed in the future by clinical studies in humans, both

in healthy subjects as well as in different sinonasal diseases.

Underlying inflammatory nasal diseases are eventually more

prone to develop RM than healthy subject [26]. In addition,

there is always a potential risk Physiomer to remove

xylometasoline from nasal mucosa, reducing vasoconstric-

tion. Hence, we have to see if this combination remains

effective enough in improving congestion.

The conclusion drawn by this study is that parallel

prolonged use of nasal sea water washing and nasal

vasoconstrictor in porcine nasal mucosa leads to lower grade

of inflammation, fibrosis and epithelial metaplasia in

comparison with the use of vasoconstrictor alone. This

combination could be useful and beneficial not only because it

minimizes the side effects of decongestants, but also because

the latter can be applied intranasally for a longerperiodof time.
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