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ABSTRACT 

 

The present study was designed to investigate the pathological lesions in different organs induced by chronic 

Ultraviolet type B (UVB) and Xylene exposure in mice. Forty mice were used in this study and divided into four 

groups; Group A (Control group, n=10) not exposed to UVB and Xylene, Group B (n=10) exposed to Xylene 

through painting the mouse’s back skin, Group C (n=10) which were exposed to UVB light only, while the 

remainder group (Group D, n=10) were exposed to Xylene and UVB. The dorsal skin of mice from group B and 

D were painted with 1ml of Xylene whereas the animals in the group C and D exposed to UVB light for 30 

minutes 4 days/week (6 weeks). The result showed that Xylene exposure in group B produced chronic tracheitis, 

bronchitis with some degenerative lesions in the neurons and glial cells of the brain, no specific lesions were 

found in the liver, spleen and kidney. UVB exposure in group C caused chronic tracheitis, lesions like lobar 

pneumonia, bronchopneumonia, and atelectasis, cellular swelling in the liver and kidney and follicular depletion 

in the spleen. In group D, the lesions became more prominent when animals exposed to both Xylene and UVB. 

We concluded that Xylene exposure has an adverse effect in some internal organs of mice, but not to all, when 

combined with UVB exposure it exaggerates its adverse effects on all of the examined organs. 
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INTRODUCTION 

 
In the past, the wrinkle, mottling, 

excrescences, and flaccidity of aging skin were 

considered as inevitable “natural” characters of aging. 

Recently, it is clearly illuminated that the only 

passage of time is not enough to produce these 

changes. The ravages associated with aging are 

mainly a result of excessive sun exposure (Kligman et 

al., 1982, Tsukahara et al., 2005, Saeed and Salmo 

2012, Hassan et al., 2015). For the majority of 

people, the sun is the most important source of 

exposure; body sites will receive different amounts of 

UV depending on their orientation with respect to the 

sun and on reflection from ground surfaces (Belkin et 

al., 1995). Ozone depletion and changes in lifestyles 

are  likely  reason  to  increase  exposure  to  sunlight,  
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including the UVB waveband. Such irradiation may 

induce immunomodulation and, therefore, have 

adverse effects on human health (Garssen et al., 

1999). Many acute and chronic health damages to the 

skin, eyes, and immune system of humans are caused 

by prolonged exposure to solar UV radiation (Gurish 

et al., 1981, Ouhtit et al., 2000, Ullrich et al., 2002, 

Chang and Zheng 2003, Chen 2013). Acute UVB 

irradiation in human skin produces erythema, edema, 

and skin pigmentation, thickening of the epidermis 

and dermis, and synthesis of vitamin D. While 

chronic UVB effects are photo aging, 

immunosuppression, and photocarcinogenesis 

(Anitha, 2012).  

 
It is well known that in the workplace, employees are 

exposed simultaneously or sequentially to several 

chemicals. The degree of chemical exposure and, 

hence the toxicological risk can be assessed by either 

environmental or biological monitoring (Tardif et al., 

1991). Xylene as a solvent and cleaning agent is used 

most commonly in histopathological laboratories, 

printing, painting, rubber and leather industries 
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(Savolainen et al., 1978, Savolainen et al., 1979, 

Savolainen et al., 1981, Savolainen et al., 1984, 

Mohtashamipur et al., 1985, Richer et al., 1993, 

Kandyala et al., 2010). Occupational exposure to 

xylene may result from the use of the compound in 

paints, varnishes, glues and printing inks, and in the 

rubber and leather industries. Skin contact with the 

solvent may occur in actual work situations, but 

normally inhalation is the main route of xylene 

absorption (Laine et al., 1993 and Richer et al., 

1993). Our previous study showed that chronic skin 

exposure to xylene induced epidermal hyperplasia 

when combined with UVB its effect were accelerated 

(Hassan et al., 2015). To further elucidate behavioral 

xylene toxicology, the current study was designed to 

demonstrate the pathological lesions in different 

organs induced by chronic UVB and Xylene exposure 

in BALB/c mice. 

 
MATERIALS AND METHODS 

 
A- Animal model 

Forty adult albino mice from Mus musculus species, 

BALB/c strain (20 males and 20 females) was used in 

this experiment, which had free access to water and 

food. Animals were housed in the animal house 

Department of Biology/School of Science/Sulaimani 

University, the room temperature was 25 ºC and 

where the lighting was automatically controlled on 12 

hours light/dark cycle. Mice were divided into four 

groups; Group A (Control group, n=10) which were 

not exposed to UVB and Xylene spraying, Group B 

(n=10) exposed to Xylene only, Group C (n=10) 

which were exposed to UVB light only, while the 

remainder group (Group D, n=10) were exposed to 

Xylene and UVB.  

 
B- Xylene exposure 

Electrical clippers were used to make a window (2*5 

cm) on the mouse’s back skin, then each mouse from 

group B and D was painted 1ml of Xylene (Surechem 

product LTD, Needham market Suffolk England) 

(Hassan et al., 2015). This process was performed 

4days/week for 6 consecutive weeks. 

 
C- UVB irradiation 

The source of UVB irradiation in this project was a 

Lamp with 312nm wavelength, 15 Watts, Vilber-

Lourmat-France, with a calculated power 80mj/Sec. 

Mice from group C and D were exposed to UVB light 

for 30 minutes 4days/week (6 weeks) consecutively. 

 
D- Sample collections 

At the end of the project, the mice were euthanized by 

using Xylazine-Ketamine intraperitoneally as the 

recommended dose. Tissue samples were taken from 

different organs, including trachea, lung, liver, spleen 

and kidney. The specimens were fixed at 10% neutral 

buffered formalin for 24 hours and then routinely 

processed in the Pathology Lab/International 

hospital/Sulaimani Governorate. Samples were 

embedded paraffin and cut at a 5µm section, then 

stained with conventional Hematoxylin and Eosin and 

examined by light microscopy. 

 
RESULTS 

 
Tissue sections from different organs were examined 

under the light microscope and the lesions that 

observed were listed as follows: 

 
Trachea: In the control group (group A) 

microscopical examination showed a normal 

histologic view of the trachea (Mucosa, submucosa, 

adventitia), the mucosa is lined by pseudostratified 

ciliated columnar epithelium interspersed with goblet 

cells. The lamina propria contains fine connective 

tissue fibers, diffuse lymphatic tissue (Fig. 1a). In 

group B, microscopical sections showed focal mild 

infiltration of mononuclear cells and edema in the 

lamina propria (Fig. 1b). In group C, variable lesions 

were observed, including moderate subepithelial 

infiltration of mononuclear inflammatory cells 

predominately lymphocytes, plasma cells with few 

macrophages and edema in the lamina propria (Fig. 

1c) with focal degeneration of tracheal glands (Fig. 

1d). Whereas lesions in the group D were more 

severe in comparison to the above groups, the lumen 

contained necrotic debris, the epithelium 

demonstrated multifocal sloughing (Fig. 1e), while 

the surviving epithelium revealed focal squamous 

metaplasia (Fig. 1f). Diffuse infiltration of 

mononuclear inflammatory cells and edema with a 

complete degeneration of tracheal glands and hyaline 

cartilages were also seen (Fig. 1g-h). 
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Fig. 1: (a) Histologic view of normal trachea composed of 3 distinct layers: mucosa (M), submucosa (S) and 

adventitia (A) (H&E stain, 40x), (b) Mild infiltration of mononuclear inflammatory cells as indicated by black 

arrow with edema in the lamina propria in group B (H&E stains, 400x), (c) Moderate infiltration of mononuclear 

inflammatory cells (black arrow) with edema (H&E stains, 400x), (d) Focal degeneration of tracheal glands 

(H&E stains, 400x), (e-h) Histologic view of the trachea in group D shows sloughing of epithelial cells (green 

arrow), necrosis (black arrow head and blue arrow), metaplastic change (red arrow), diffuse infiltration of 

mononuclear inflammatory cells with complete degeneration of tracheal gland and fibrosis as indicated by 

yellow arrow (H&E stains, 100x and 400x).  

 
Lung: Lung specimens in the group A, revealed healthy intra pulmonary airways (Fig. 2a), whereas in group B, 

most of the lesions were restricted the conducting portions principally to terminal bronchiole without involving 

the respiratory portions, i.e. it produced bronchiolitis as indicated by the presence of necrotic debris with large 

numbers of RBCs in the lumen of bronchioles, with infiltrations of mononuclear inflammatory cells in the 

peribronchiolar space with no signs of leukocytic alveolitis (Fig. 2b). Samples in the Group C, showed necrotic 

debris in most of the conducting portion from bronchi to respiratory bronchioles, the whole blood vessels were 

engorged with blood, infiltration of mononuclear cells in alveolar spaces and peribronchiolar spaces (Leukocytic 

alveolitis and bronchiolitis “Bronchopneumonia”), associated with partial atelectasis marked by thickening of the 

alveolar walls (Fig. 2c-f); the last group (group D) showed congestion in the pulmonary blood vessels, 

destruction of the bronchioles and alveoli, extensive peribronchiolar fibrosis with the presence of mononuclear 

inflammatory cells in the alveolar spaces and alveolar septa (Interstitial pneumonia) as shown in Fig. 2g-i. 
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Fig. 2: (a) Normal mouse histology of the lung (H&E stains, 40x), (b) Presence of necrotic debris with large 

numbers of RBCs in the lumen of bronchioles “Black arrow”, with infiltrations of mononuclear inflammatory 

cells in the peribronchiolar space (H&E stains, 100x), (c-f) Different lesions in group C samples which are 

showing RBCs and necrotic debris in the lumen of pulmonary bronchi “Black arrows in d-e” (c), (d) 

Peribronchiolar infiltration of mononuclear cells “Black arrow head” and fibrosis “White arrow” (H&E stains, 

100x), (e) Thickening of the alveolar walls that lead to reduction in the alveolar spaces “White arrow head”, (f) 

Diffuse infiltration of mononuclear cells in the subepithelial space “Black arrow head” (H&E stains, 400x), (g) 

Interstitial pneumonia marked by thickening of alveolar walls “White arrow head” with reduction of alveolar 

spaces “Green arrow head” (H&E stains, 400x), (h) The alveoli filled by inflammatory cells “Green arrow” 

“Leukocytic alveolitis” (H&E stains, 100x), and (i) Diffuse chronic inflammatory cells “Black arrow head” with 

fibrosis “White arrows” (H&E stains, 100x). 

 
Liver: Livers of the control group had the normal architecture (Fig. 3a). In group B, no remarkable microscopic 

changes were observed other than mild vascular congestion. In group C, there was congestion in central veins, 

and sinusoids. The hepatocytes, especially in the centrilobular zone, showed vacuolar degeneration (Fig. 3b) 

with infiltration of mononuclear cells, and in some regions, there was dilatation of sinusoids with atrophy of 

adjacent hepatocytes (Fig. 3c). More extensive lesions were observed in the group D, including pericentral 

necrosis, infiltration of mononuclear cells, dilation of sinusoids with atrophy of surviving hepatocytes (Fig. 3d-

e). 
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Fig. 3: (a) Normal histology of mouse’s liver, (b) Aggregation of RBCs in the central vein “Black arrow” with 

swelling of hepatocytes “Blue arrow” (H&E stains, 100x), (c-e) Pericentrilobular and sinusoidal infiltration of 

mononuclear cells “ Brown arrows” with dilatation of sinusoids “Black arrow heads” and atrophy of hepatocytes 

“Green arrow heads” (H&E stains, 100x, 400x), and (f) most of the hepatocytes show necrotic changes “Red 

arrow” with adjacent inflammatory cells (H&E stains, 400x). 

 
Spleen: Microscopic examinations in group A, showed the normal histological appearance of both white and red 

pulps (Fig. 4a). Spleen specimens from group B, remained normal without any pathological observations. In 

group C, depletion of lymphoid follicles, severe infiltration of mononuclear cells, and focal deposition of 

eosinophilic, proteinaceous material (Fibrinous exudation) in the white pulps (Fig. 4b-c). In group D, the lesions 

were present in advance state such as exudation of fibrinous materials in white and red pulps with follicular 

depletions and mononuclear inflammatory cells in the red pulps (Fig. 4d). 
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Fig. 4: (a) Normal histologic appearance of mouse’s spleen composed of two different zones: White pulps 

“White line” and red pulps “Red line” (H&E stains, 40x), (b) Depletion of lymphoid follicles “Black arrow” 

(H&E stains, 100x), (c) Focal deposition of fibrinous eosinophilic, proteinaceous materials in the white pulp 

“Red arrow” (H&E stains, 100x) and (d) Diffuse fibrinous exudation “Red arrow” with follicular depletion 

“Black arrow” (H&E stains, 200x). 

 

Kidney: Mice from the control group (group A), showed the normal components of the kidney (Fig. 5a-b). No 

pathological lesions were found in group B, while, in group C, mild degeneration of epithelial cells in the 

convoluted tubules with narrowing of the lumen, atrophy of glomeruli (Fig. 5c), and vascular renal congestion 

with a presence of mononuclear inflammatory cells in the interstitial tissue. In group D, there was moderate to 

severe epithelial degeneration of renal tubules, mononuclear inflammatory cells, congestion of blood vessels 

with interstitial hemorrhage, and atrophying of the renal corpuscles with decreasing cellularity (Fig. 5d-f). 
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Fig. 5: (a-b) shows normal mouse kidney, distal convoluted tubule (D.C.T), proximal convoluted tubule (P.C.T) 

and glomerulus (G) (H&E stains, 40x, 100x), vacuolar degeneration of renal tubular epithelium “Black arrow” 

with glomerulus atrophy “Arrow head” (H&E stains, 400x), (d) Necrosis in the renal tubular epithelium “Black 

arrow” with mononuclear inflammatory cells “White arrow” (H&E stains, 400x), (e-f) show RBCs in the 

interstitial spaces “Red arrow” with decreasing cellularity of glomeruli “Arrow heads”  and vascular congestion 

“Black arrow” (H&E stains, 400x). 

  
DISCUSSION 

 
Skin is the most susceptible organ to damage by UV 

light as it is directly exposed. It causes a number of 

biological effects, many of which are detrimental. 

The mechanisms of  UV damage on the skin have 

been well documented through induction of 

inflammatory responses, generation of free radicals 

and immunosuppression  (Hruza and Pentland, 1993, 

Clydesdale et al., 2001). The current study showed 

the inflammatory effect of UVB on most of the 

internal organs up to our knowledge, no previous 

studies have mentioned the histopathologic role of 

UV radiation on internal organs most of them 

emphasized on cutaneous lesions induced by UV, 

therefore, the mechanisms by which mediators induce 

this clinical response remain poorly defined (Hruza 

and Pentland, 1993). There has been a previous study 

reported that UV inhibits immunity in internal organs, 

including activation of CD8 T cells and cytotoxic T 

cell activity in the spleen, and memory T cell 

activation in the spleen and bone marrow (Halliday et 

al., 2012). 

 
Inhalation exposure to high xylene concentrations 

have been associated with nose and throat irritation, 

labored breathing, and impaired lung function in 

humans. Similar symptoms have been observed in 

animal studies (Drive, 2004). In our study, we 

observed that xylene painting induced a lot of 

changes in respiratory system, particularly in the 

trachea and lung, which were ranged from sloughing 

epithelium, induction of inflammatory responses to 

metaplastic change in trachea. 

 

There is some evidence from animal studies that rats 

exposed to xylene vapor for one year had increased 

liver weights and some other very minor effects 

considered as an adaptive response. Rats exposed 

orally to 500 milligrams per kilogram of bodyweight 
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(mg/kg/day) for approximately two years had 

increased liver and kidney weights, considered to be 

adaptive responses, but no adverse changes to these 

organs were noted upon examination (Drive, 2004). 

Our results demonstrated that no pathological lesions 

were found in the liver and kidney of group B, 

whereas in group D cellular swelling were observed 

in both liver and kidney specimens. This finding is 

somewhat compatible with a previous study which 

reported the predominant effects of repeat exposures 

to xylenes administered by inhalation or orally were 

mild hepatic alterations that were considered adaptive 

responses to hydrocarbon exposure (Protection, 

2000).  

 
Xylenes do not appear to affect the immune system in 

animals and limited human data does not demonstrate 

diminished immunological reactivity. Repeated oral 

exposure to meta-, para-, or ortho-isomers for 10 days 

at oral doses up to 2000 mg/kg/day increased liver 

weight, but slight decreases in thymus or spleen 

weight were only seen with p-xylene exposure. 

Mixed xylenes did not induce any organ weight 

changes (Protection, 2000). In our experiment xylene 

painting alone didn’t produce any lesions in the 

spleen of group B, while in group D in combination 

with UVB exposure produced fibrinous exudation 

and follicular depletion.  

 
CONCLUSION 

 
Our results revealed that trachea and lung are more 

susceptible to xylene exposure while the other organ 

like liver, kidney and spleen remain resistant. Unlike 

xylene exposure, UVB exposure produced 

inflammatory changes in all of the organs; these 

changes are provoked when UVB exposure combined 

with xylene exposure. Further studies will be needed 

to explore the whole mechanisms that played a role in 

the induction of those pathologic lesions. 
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ٚزعشض انُبس خلال فزشح انحٛبح انٗ عذح ظغٕغبد ثٛئٛخ ٔكًٛٛبئٛخ ٔانزٙ رُزج ربثٛشاد ظبسح. ْزِ انذساصخ صًًذ نجحث انزبثٛشاد 

زعشض انًزيٍ نهحزيخ فٕق انجُفضجٛخ ٔيبدح انزاٚهٍٛ فٙ انفئشاٌ. اصزعًهذ فٙ ْزِ انًشظٛخ فٙ اععبء انجضى انًخزهفخ انُبرجخ يٍ ان

انذساصخ اسعٍٛ فبسا ٔقضًذ انفئشاٌ انٗ اسثع يجبيٛع, يجًٕعخ )ا( ْٔٙ انًجًٕعخ انعبثطخ ٔعذدْب عششح فئشاٌ ْٔزِ نى رزعشض 

ٌ ٔرعشظذ نًبدح انزاٚهٍٛ ثٕاصطخ سط انجهٕد انخهفٛخ نلاشعخ فٕق انجُفضجٛخ ٔلا يبدح انزاٚهٍٛ, يجًٕعخ )ة( ٔعذدْب عششح فئشا

نهفئشاٌ ثٓزِ انًبدح, يجًٕعخ )ج( ٔعذدْب عششح فئشاٌ ٔرعشظذ نهحزيخ فٕق انجُفضجٛخ فقػ, ايب انًجًٕعخ انًزجقٛخ ْٔٙ يجًٕعخ 

اٚعب عششح فئشاٌ, رعشظذ نهحزيخ فٕق انجُفضجٛخ ٔيبدح انزاٚهٍٛ يعب. رى صجغ انجهذ انخهفٙ نفئشاٌ انًجًٕعزٍٛ )ة( ٔ )د( ٔعذدْب 

دقٛقخ فٙ انٕٛو, نًذح  03يم يٍ يبدح انزاٚهٍٛ ثًُٛب رعشظذ حٕٛاَبد انًجًٕعزٍٛ )ج( ٔ )د( نهحزيخ فٕق انجُفضجٛخ نًذح  1)د( ثكًٛخ 

ذح صزخ اصبثٛع. اظٓشد انُزٛجخ اٌ انزعشض نًبدح انزاٚهٍٛ فٙ يجًٕعخ )ة( ادٖ انٗ الاصبثخ ثبنزٓبة اسثعخ اٚبو فٙ الاصجٕع ٔنً

انقصجخ انٕٓائٛخ انًزيٍ ٔانزٓبة انشعت انٕٓائٛخ. نى ٚلاحع ٔجٕد اصبثبد يعُٛخ فٙ انكجذ, انطحبل أ انكهٛخ. انزعشض نهحزيخ فٕق 

ٓبة انقصجخ انٕٓائٛخ, اصبثبد كبنزٓبة راد انشئخ انفصٙ, انزٓبة راد انشئخ انقصجٙ, انجُفضجٛخ فٙ يجًٕعخ )ج( ادٖ انٗ الاصبثخ ثبنز

ظًٕس سئٕ٘, اَزفبخ خهٕ٘ فٙ انكجذ ٔانكهٛخ, رصجغ يٕظعٙ ثًبدح انفجشٍٚ يع اظًحلال كشٔ٘ نًفبٔ٘ فٙ انطحبل. فٙ انًجًٕعخ 

نٗ انحزيخ فٕق انجُفضجٛخ ٔيبدح انزاٚهٍٛ يعب. َضزُزج )د( كبَذ الاصبثبد فٙ يشحهخ يزقذيخ حٛث رعشظذ حٕٛاَبد ْزِ انًجًٕعخ ا

يٍ ْزا اٌ انزعشض نًبدح انزاٚهٍٛ نّ ربثٛش اَعكبصٙ عهٗ ثعط الاععبء انذاخهٛخ فٙ انفئشاٌ ٔنٛش كهٓب ٔعُذ ديجٓب ثبنزعشض نهحزيخ 

 فٕق انجُفضجٛخ, ٚكٌٕ انزبثٛش الاَعكبصٙ اقٕٖ عهٗ كم الاععبء.
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