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SUMMARY:  In this study we examined the effects histopathologic and immunohistochemical of xylene  inhalation in rats by
using light microscopy. Adult wistar albino rats were used in this study. Eight rats were in control group and 8 rats were in the experimen-
tal group. The experimental group was exposed to 300 ppm formaldehyde 3–5 min/day, 5 days/week for 8 weeks. The lining epithelium
of respiratory mucosa showed a loss of ciliated cells with metaplasia of goblet cells, hyperplasia of squamous cells and edema, inflamation
in sub epithelial area). In the group treated xylene.  Disruption of cell-cell contact was observed. Weak expression of E-cadherin was
observed between cells. The vascular endothelium of capillaries and venoles showed intense immunostaining for VEGF.
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INTRODUCTION

Inhalation of xylene is a dangerous type of exposure
to this chemical. The common side effect of inhaled xylene
is depression of the central nervous system causing dizziness,
headache, nausea and vomiting. Irritation of the nose and
throat may also occur with low-level inhalation of xylene
(Shifko, 2015). Histopathological technicians who routinely
come in contact with xylene-contaminated solvents in the
workplace are the population most likely to be exposed to
high levels of xylene. The current Occupational Safety and
Health Administration permissible exposure limit for xylene
is 100 ppm as an 8-h time-weighted average (TWA)
concentration (Occupational Safety & Health
Administration, 2015). Irritation of the nose and throat can
occur at approximately 200 ppm after 3–5 min. Accidental
splash in the eye may damage the surface of the eye, which
will heal within a few days (Agency for Toxic Substance
and Disease Registry, 1993). Cell-cell adhesion plays an
important role in tissue morphogenesis and is commonly
mediated by cadherins, a family of Ca2+-dependent
transmembrane adhesion receptors (Gumbiner, 1996). E-
cadherin is one of the best-characterized transmembrane
glycoproteins expressed on many types of epithelial cell

surfaces, including nasal epithelium (Takeichi, 1988; Alberts
et al., 1994; Lüning et al., 1994).VEGF stimulates the
endothelial cells lining nearby microvessels to proliferate,
to migrate, and to alter their pattern of gene expression
(Yancopoulos et al., 2000). In this study, a chemical agent
such as xylene, nasal mucosal cell-cell contact and impact it
has made on angiogenesis investigate by
immunohistochemistry.

MATERIAL AND METHOD

Wistar rats (180–200 g body weight) used in these
trials were divided into two groups of 16 animals each (Con-
trol group and Experimental group). The rats were obtained
from the Department of Medical Science Application and
Research centre of Dicle University. All the animals were
individually housed in stainless steel cages at room
temperature. The animals had free access to standard
laboratory rat pellet and water. 100x65x100 in the sizes of
the experimental group were taken into a glass vase. During
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the time period of 8 weeks, 5 days a week with 3–5 min the
inhalation of 300 ppm xylene (Li et al., 1986) was made.
Xylene  vapor in the environment,with a special air pump
ventilation constant volume,pressure and temperature
achieved (Pabst, 1987).

Tissue preparation for light microscopy. The skin as well
as all the soft tissues surrounding the nasal cavity were remo-
ved. Then, the bony-framework of the nasal cavity including
the nasal septum was nibbled out with a bone-nibbler. The
samples were fixed with neutral buffered formalin solution
and decalcified with 5 % EDTA (Ethylenediaminetetraacetic
acid). After preservation, nasal samples were directly
dehydrated in a graded series of ethanol then  the sections
were stained with Hematoxylene-Eosin (H-E)

Immunohistochemical staining. Antigen retrieval process
was performed in citrate buffer solution (pH 6.0) two times:
first 7 min, and later 5 min boiled in a microwave oven at 700
W. The slides were allowed to cool to room temperature for
30 min and washed in distilled water for 5 min two times.
Endogenous peroxidase activity was blocked in 0.1 %
hydrogen peroxide for 15 min. Ultra V block (Cat. No: 85-
9043, Invitrogen, Carlsbad, CA, USA) was applied for 10 min
prior to the application of primary antibodies (E-cad antibody,
mouse monoclonal, 1/200, Santa Cruz) and (VEGF antibody,
mouse monoclonal, 1/100, Santa Cruz) overnight. Secondary
antibody (Cat. No: 85-9043, Invitrogen, Carlsbad, CA, USA)
was applied for 20 min. Slides were then exposed to
streptavidin-peroxidase for 20 min. Diaminobenzidine (DAB,
Invitrogen, Cat. No: Invitrogen, Carlsbad, CA, USA) was used
as a chromogen. Control slides were prepared as mentioned
above but omitting the primary antibodies. After
counterstaining with Hematoxylin, washing in tap water for
5 min and in distilled water twice for 5 min, the slides were
mounted.

RESULTS

In control group, no histopathologic changes were seen
(Fig. 1A). As a result of the 8-week inhalation of xylene; The
lining epithelium of respiratory mucosa showed a loss of
ciliated cells with metaplasia of goblet cells, hyperplasia of
squamous cells and edema, inflamation in sub epithelial area.
There was vacuolation and hydropic degeneration in
seromucous glands (Fig. 1B). In another section of xylene
group dilatation and hemorrhagia showed  in blood vessels
and increase in inflamatory cells (Fig. 1C). In the control
group, negative VEGF expression showed  in endothelial cells
but positive expression in some connective cells (Fig. 2A). In
the group treated xylene, the vascular endothelium of

Fig. 1. A) Control group, normal appearance of epithelial cells
and goblet cells (H-E staning, Bar 50 µm). B) Section of group
treated xylene; loss of cilia in apical surface (arrow), degeneration
in epithelial cells, necrotic changes in seromucous glands (arrow)
and edema in subepithelial area (H-E staning, Bar 50 µm). C)
Another  section of group treated xylene, dilatation and intense
hemorrhage in blood vessels of nasal concha (arrow) a increase
in inflammatory cells (H-E staining, Bar 100 µm).
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capillaries and venoles showed intense immunostaining for
VEGF. VEGF immunoreactivity was present in
inflammatory cells (Fig. 2B). E-Cadherin positive expression
was observed in the area of cell-cell contact.  Basal and apical
face increased expression of E-cadherin (Fig. 3A) In the
group treated xylene disruption of cell-cell contact was

observed. Weak expression of E-cadherin was observed
between cells. The results of our study showed that exposure
to xylene inhalation, cause histopathologic changes. such
as: epithelial necrosis, exfoliation and cilia loss subepithelial
leukocyte cell infiltration of rat respiratory mucosa
epithelium as well.

Fig. 2. A) Control group, negative VEGF expression in endothelial cells of blood vessels (arrow) (VEGF
immunostaining, Bar 100 µm). B) Positive VEGF expression in endothelial cells and inflammatory cells
(arrow), negative VEGF expression in nasal bone cells (VEGF immunstaining, Bar 50 µm).

Fig. 3. A) Control group, E-Cadherin positive expression in the area of cell-cell contact (arrow). Positive
E-cadherin expression in apical face and basal membrane (E-cadherin immunostaining, Bar 100 µm). B)
Section of group treated xylene; Disruption of cell-cell contact and weak expression of E-cadherin (arrow)
(E-Cadherin immunostaning, Bar 50 µm).

DISCUSSION

Xylene is a hydrocarbon known for its wide usage in
tissue processing, staining in the histology
laboratory. Exposure occurs primarily by inhalation. The
volatility and lipophilicity of the xylenes make the lung and
nasal mucosa the primary target organs (Vaidyanathan et
al., 2003).

In the study, we observed that xylene  leads to
degenerative changes. Epithelial cells and glands necrosis,
cilia loss subepithelial leukocyte cell infiltration of rat
respiratory mucosa  were observed. The epithelial response
to injury may depend on the xylene, the severity of the injury,
and the presence of inflammatory cells and necrosis in
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glands. Xylene causes an irritant effect on the respiratory
tract and alters its functional activity and cellular
morphology. The principal morphologic lesion in rats
exposed to 300 ppm xylene was a marked, chronically acti-
ve rhinitis.

The epithelial barrier function is provided by the
formation of intercellular junctions. E-cadherin is an
important molecule in the maintenance of epithelial integrity
(Takeichi, 1990). The airway epithelium plays a role in
immune regulation during environmental challenge, which
is intertwined with its barrier function and capacity to limit
submucosal access of environmental factors. Damage to the
epithelium may result in loss of E-cadherin membrane
expression and intercellular contacts (Nawijn et al., 2011).
E-cadherin contributes to the structural function of airway
epithelium, through the regulation of epithelial junctions,
proliferation, that can modulate the immune response. In
our study we observed that E-cadherin expression was

significantly decreased in xylene  group, as compared to non-
treated group. We concluded that xylene might affect the
cellular junctions in the nasal mucosa. Cell-cell junctions
are important to maintain cell and tissue polarity. One of the
functions of vascular endothelial growth factor (VEGF) is
increasing vascular permeability. VEGF is implicated in
several other pathological conditions associated with
enhanced angiogenesis or enhanced vascular permeability,
such as rheumatoid arthritis (Koch et al., 1994). Matsune et
al. (2010) reported that VEGF is present in nasal secretions
in rhinosinusitis, particularly in allergic rhinitis, and is
hyperproduced immediately after antigen provocation. It was
concluded that vascular endothelial growth factor is intensely
expressed, mainly in inflammatory cells and  in endothelial
cells.

This suggests that vascular endothelial growth fac-
tor, inducing edema and angiogenesis, could be involved in
the pathogenesis of nasal damage.
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RESUMEN: Se examinó el efecto histopatológico e inmunohistoquímico de la inhalación de xileno en ratas mediante el uso de
microscopía de luz. Se utilizaron ratas albinas Wistar adultas. Ocho ratas formaron parte del grupo control y 8 del grupo experimental. El
grupo experimental fue expuesto a 300 ppm de formaldehído, 3–5 min/día, 5 días/semana, durante 8 semanas. El epitelio de revestimien-
to de la mucosa respiratoria mostró una pérdida de células ciliadas con metaplasia de células caliciformes, hiperplasia de células escamosas
y edema, con inflamación en la zona subepitelial. En el grupo tratado con xileno se observó una interrupción del contacto célula-célula.
Se observó una débil expresión de E-cadherina entre las células. El endotelio vascular de los capilares y vénulas mostraron intensa
inmunotinción de VEGF.
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