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Anti-in�ammatory effect of erythromycin on histamine-
induced otitis media with effusion in guinea pigs
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Abstract
In this study, the anti-in�ammatory effect of erythromycin was investigated in a model of histamine-
induced otitis media with effusion (OME). OME was induced in guinea pigs by the transtympanic
injection of histamine solution into the middle-ear cavity. Guinea pigs were randomly assigned to one of
three groups: control, erythromycin treatment, or methylprednisolone treatment. After histamine
injection, the animals were treated with intraperitoneal medication for �ve days consecutively.
Afterwards, the animals were sacri�ced and the temporal bones were removed. The samples were
examined stereologically.

In the erythromycin-treated group, it was observed that neutrophil in�ltration was signi�cantly
inhibited when compared to the control group. This result shows that erythromycin may produce a
signi�cant anti-in�ammatory effect in this model of OME.
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Introduction
Otitis media with effusion (OME) is a very common
disease, especially in childhood and infancy and is
characterized by non-purulent �uid in the middle ear
and �uctuating conductive hearing loss. OME is an
in�ammatory response of the middle ear caused by
multiple factors such as viral or bacterial infection,
eustachian tube dysfunction, or allergy. In�amma-
tory mediators, such as histamine, kinin, leuko-
trienes, prostaglandins, platelet-activating factor,
lysosomal enzymes, hydrolytic enzymes, or protease
and neutrophil chemotactic factors, seem to play a
major role in the pathogenesis of OME.1–4 Current
treatment of OME consists of antimicrobial therapy,
decongestants, corticosteroids, in certain cases anti-
histamines or the insertion of ventilation tubes in the
eardrum in unresponsive cases. OME is an impor-
tant problem, making life harder for the patients and
leading to economic loss. Therefore, physicians have
investigated more effective treatment strategies.

Macrolide antibiotics have been used for the
treatment of infectious diseases. Erythromycin is a
well-known macrolide antibiotic and it is active
against such organisms as Staphylococcus aureus,
Streptococcus pyogenes, Haemophilus in�uenzae,
Streptococcus pneumoniae, and Streptococcus viri-
dans.5 Apart from their antibacterial activity

macrolide antibiotics, also have anti-in�ammatory
activity, increase mucociliary transport and decrease
goblet cell secretion.6–9

There is also increasing evidence that macrolide
antibiotics are effective in the treatment of chronic
diseases such as OME, sinobronchial syndrome and
diffuse panbronchiolitis.10–12 The clinical effects of
macrolide antibiotics may depend on their anti-
in�ammatory and anti-secretory effects, as well as
their antimicrobial properties.

We hypothesized that erythromycin would be as
effective as anti-in�ammatory agents, including
corticosteroids, for the treatment of experimental
aseptic OME. Therefore, the objective of the present
experiment was to determine the anti-in�ammatory
effect of erythromycin and methylprednisolone on
histamine-induced OME in guinea pigs. Stereologi-
cal and histopathological �ndings (neutrophil
in�ltration and vasodilatation in blood vessels)
were considered for evaluation of the degree of
severity of experimental OME.

Materials and methods
Animal, management and treatment

All animals received humane care in compliance
with the guidelines of Atatürk University Research
Council’s criteria. Twenty-one albino guinea pigs
between 600–650.g obtained from the Research
Institute of Animal Diseases, Erzurum, Turkey,
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were used in this study. After two weeks adjustment,
histamine solution was injected to the right middle-
ear cavity of the animals. Twelve hours after
histamine injection, the animals were separated
into three groups, receiving erythromycin or methyl-
prednisolone or saline. Guinea pigs were adminis-
tered intraperitoneal medication twice daily for �ve
days. Erythromycin was given at 25.mg/kg per day
and methylprednisolone was given at 2.mg/kg per
day. Two hours after ending the administration
period, animals were anaesthetized (100.mg/kg
ketamine hydrochloride and 3.mg/kg diazepam,
intraperitoneal) and were sacri�ced with an intra-
cardiac injection of a high dose of sodium pento-
barbital.

Induction otitis media with effusion

Absence of middle-ear pathology was established by
otomicroscopic examination and tympanometry.
Histamine dihydrochloride (Sigma) was added to
normal saline solution (1.mg/ml), and the pH of this
solution was adjusted to 7.4 with sodium hydroxide.
Before the histamine injection, animals were anaes-
thetized (100.mg/kg ketamine hydrochloride and
3.mg/kg diazepam, intraperitoneal) and 0.1.ml hista-
mine was injected via a 27-gauge needle through the
right tympanic membrane to the middle-ear cavity.1

Histopathological procedures

Immediately after sacri�ce, the temporal bones were
carefully dissected. For histopathological examina-
tions, the bullae were �xed with formalin (10 per
cent, vol/vol). After �xation, the bullae were
decalci�ed with EDTA (10 per cent, wt/vol) for 10
days at 4 8 C and the right bulla of each animal was
embedded within paraf�n.

Microscopy for stereological examination

Embedded sections (4.m m) were cut serially with a
Leica RM2155 microtome, and stained with haema-
toxylin and eosin (H.&.E).

A detailed description of the dissector method is
found in Sterio (1984).13 Data were obtained from
dissector pairs, which consisted of pairs of parallel
sections taken at known intervals until the tissue
samples were exhausted. Two consecutive sections
(a section and its adjacent section) were mounted on
each slide. The same �eld on two consecutive
sections on a slide was found and photographed.
Thirty dissector pairs were found and photographed
in each block to be analysed in this study. The
section pairs, consisting of two adjacent sections, on
slide were examined together according to the
dissector counting method rule. First rule an
unbiased counting frame was superimposed on
each micrograph that was obtained from the
adjacent section on slides to perform the counting.
The bottom and left hand edges of the frame were
considered to be the forbidden lines together with
the extension lines. Other boundaries of the frame
and the top-right corner were considered to be
inclusion points and any particle which hit these lines

or was located inside the frame counted as a
dissector particle. The pro�les of interesting object
(neutrophil leukocyte in our study) were counted in
case they were visible in the references section (one
of consecutive sections on each slides) but not in the
look-up section (other section on each slide).14

The mean numerical density of neutrophils (Nv

neutrophils) per m m3 was estimated using the
following formula.13

Nvneutrophils = S Q– neutrophils / t. 3 .A

Where S Q–
(neutrophils) is the total number of

counted neutrophils pro�les appearing only in the
reference sections; t is the section thickness and A is
the area of the counting frame.

Rate vascular dilatation with stereological method

In the vascular response of in�ammation, stereo-
logical assessments are based on the Cavalieri
volume estimation method. According to the �rst
important rule of this principle, an unbiased estimate
of the volume of the object to be studied must be
obtained by sectioning the object with a series of
parallel planes separated by a �xed distance (t).15–17

The volume fraction of a phase that is estimated
within the reference volume is the proportion of
each unit volume of the reference space. Volume
fraction was estimated by the following formula in
our study:

Vv = Volume of phase interesting area in reference
space/Volume of reference space

We placed a frame with known size on the area of
interest, and then a modi�ed point counting grids
were placed on �rst frame with known size to obtain
the surface area of interesting pro�les (blood vessels
in this study). The point density of the point grid was
designed to obtain an appropriate coef�cient of error
(CE) for the serial sections of our study. The
coef�cient of error and coef�cient of variation
(CV) were estimated according to Gundersen and
Jensen’s formula, 1987.18 All points hitting the object
of interest were counted according to a �xed rule.
The area (a m m2) of per test point (k m m) is equal to
k 3 k m m2. Subsequently, the volumes of the blood
vessels in each section are estimated from

Volume ( m m3) = t ( m m) 3 a/p ( m m 3 m m) 3 ( S P)

Where V is the volume of the object of interest
(blood vessels) in one section plane, t the section
thickness, a/p interpoint area, and S P the number of
point hitting the temporal bone in that section. After
the same formula was applied to the other sections,
total volume that is wanted to be estimated was
obtained from

Total Volume = V1. 1 .V21 ....... 1 Vn

According to our sampling procedure, an average
of 30 pairs of sections for the physical dissector
method, 10 sections for the Cavalieri volume
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estimation method were suf�cient to a signi�cant
coef�cient of error of which the highest limit is
accepted as �ve per cent.18

Finally, we calculated a ratio of our interesting
volume by using Cavalieri method within the
reference space.15–17

Statistical analysis

For statistical analysis, parameters were analysed by
one-way analysis of variance (ANOVA). The least
signi�cant difference (LSD) multiple range test was
used to compare means (signi�cance = p<0.05).
Statistical analyses were performed with the Statis-
tical Package for the Social Sciences (version 10.0,
SPSS Inc., Chicago, IL). Results are reported as
mean 6 SD.

Results
All parameters are shown in Table I. As seen from
the Table, neutrophil in�ltration and vasodilatation
were detected across all treatment and control
groups. Neutrophil in�ltration was the most severe
in guinea pigs treated with saline (Figure 1). The
degree of severity of neutrophil in�ltration was
reduced in the animals treated with methylpredni-
solone or erythromycin when compared with those
treated with saline (p<0.001). Inhibition of neutro-
phil in�ltration was the most pronounced in animals
treated with methylprednisolone (Figure 2), but
there was no signi�cant difference between the
methylprednisolone group and erythromycin group
(p>0.05).

Vasodilatation was observed in all the treatment
and control groups. Among three groups, vasodilata-
tion was found to be most pronounced in the
erythromycin group (p<0.01) (Figure 3) and the
least pronounced in the saline group. Although there
was a signi�cant difference between the erythromy-
cin and methylprednisolone groups (p<0.05), no
signi�cant difference was found between the methyl-
prednisolone and saline groups (p>0.05).

Discussion
Stereological procedures are ef�cient methods, if
you want to estimate quantitative analyses, interest-
ing number of objects in any biological tissue. This
method used in our study involves a hierarchy of
systematic random sampling combined with the
physical dissector.

Although a lot of useful information has been
obtained from different types of studies of in�am-
matory cells such as structural,19 ultrastructural,20

quantitative21 and clinical22 information up until now
there has only been one study using this stereological
method in the literature.23

It is known that recalcitrant sinusitis may occur in
association with a prolonged and excessive state of
in�ammation rather than a simple bacterial infec-
tion.24 The neutrophil exudation and generation of
chemotactic mediators by the exudative cells at the
site of in�ammation results in sinusitis becoming
chronic.25 The degree of mucosal destruction is
correlated to the number of in�ltrating in�ammatory
cells, but not with the number of invading bacteria.26

TABLE I
mean 6 sd values of neutrophil in� ltration (number density) and vasodilatation (%) in middle ear mucosa of guinea pig

with experimental otitis media with effusion

Control (n = 7) Methylprednisolone (n = 7) Erythromycin (n = 7)

Neutrophil in�ltration (number density) 0.11 6 0.04 0.01 6 0.005b 0.04 6 0.03b

Vasodilatation (%) 5.2 6 1.8 7.9 6 2.6c 14.4 6 8.2a

a = p<0.01, b = p<0.001, vs. control group, c = p<0.05, vs. erythromycin.

Fig. 1
Control group: most severe neutrophil infiltration (arrow)

(H.&.E; 3 200).

Fig. 2
Methylprednisolone group: minimal neutrophil infiltration

and vasodilatation (H & E; 3 200).
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This explanation may be valid for OME. It is
supported by the fact that some cases of refractory
OME may be treated with corticosteroids.

In the present study, administration of erythro-
mycin inhibited signi�cantly neutrophil in�ltration to
the middle ear mucosa when compared to the
control group. This result showed that erythromycin
had an anti-in�ammatory effect in the middle ear.
This inhibition may be attributed to the inhibiting
effect of erythromycin on the production of
cytokines and pro-in�ammatory mediators.9,27 It
was observed that there was a signi�cant reduction
in neutrophil chemotactic activity after erythromycin
treatment in the patients with diffuse panbronchio-
litis.28 Moreover, it was suggested that erythromycin
inhibits neutrophil in�ltration into the middle-ear
cavity, affecting both the �rst and second stages of
leukocyte adhesion by modulating the expression of
adhesion molecules such as L-selectin and Mac-1.8

Unexpected vasodilatation was the most pro-
nounced in animals treated with erythromycin and
there was no meaningful relationship between the
degree of neutrophil in�ltration and vasodilatation in
all the groups. It may be possible that erythromycin
may cause vasodilatation. Further studies are neces-
sary to �nd out the effect of erythromycin on blood
vessels.

Because of their side-effects, it is preferable not to
use corticosteroids in the treatment of OME. But, in
our study, inhibition of neutrophil in�ltration was
the most pronounced for guinea pigs treated with
methylprednisolone in this model of OME. How-
ever, there was no statistical difference between the
erythromycin group and the methylprednisolone
group with regard to neutrophil in�ltration. So, due
to the fact that erythromycin unlike corticosteroids
does not have adverse effects and has considerable
anti-in�ammatory effects,9 improves ciliary
motion,10,29 and inhibits mucus secretion,6 it may
be the most effective antibiotic for the treatment of
OME. However, further studies will be necessary to
�nd out the effects of other macrolide antibiotics on
OME.
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x The anti-inflammatory effect of erythromycin is
investigated in the model of histamine-induced
otitis media with effusion (OME) in guinea
pigs. They were randomly assigned to three
groups: control, erythromycin treatment, or
methylprednisolone treatment

x In the erythromycin treated group, it was
observed that neutrophil infiltration was
significantly inhibited as compared to the
control group

x Erythromycin may produce a significantly anti-
inflammatory effect in this model of OME
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