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Abstract— Uranium is a naturally occurring radioactive material present everywhere in the environment. It is toxic 
because of its chemical or radioactive properties. Uranium enters environment mainly from mines and industry and cause 
threat to human health by accumulating in lungs as a result of inhalation. In our previous study, we have shown the 
effectiveness of antioxidant system response to the oxidative stress induced by Uranyl Nitrate (UN) in rat lung tissue.  In 
the current study, uranium toxicity was evaluated in rat lung epithelial cells. The study shows uranium nitrate induces 
significant oxidative stress in rat lung epithelial cells followed by decrease in the antioxidant potential of the cells. 
Treatment with Uranyl Nitrate to rat lung epithelial cells was attributed to loss of total glutathione, thus the results 
indicate the ineffectiveness of antioxidant system’s response to the oxidative stress induced by uranium in the cells. 
Histological study show slight degenerative changes in lung, pulmonary edema; hemorrhage; emphysema; inflammation 
of the bronchi; alveoli and alveolar interstices; edematous alveoli; lung lesions; minimal pulmonary hyaline fibrosis and 
pulmonary fibrosis. 
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I. INTRODUCTION 

Uranium, a heavy metal, is found widespread in nature, always in combination with other elements. Uranium has 
sixteen radioactive isotopes. Uranium isotopes, like other radioactive materials, emit ionizing radiation that is strong 
enough to damage or destroy living cells. Natural uranium emits gamma radiation and alpha particles. However, 
alpha radiation rarely appears without being accompanied by other emitters and because they penetrate a very short 
distance, these particles concentrate on a few micrometers of tissue and are therefore very harmful(1). 
  The more soluble compounds of uranium, namely, uranium hexafluoride, uranyl fluoride, uranium 
tetrachloride, uranyl nitrate hexahydrate, are likely to be absorbed into the blood from the alveolar pockets in the 
lungs within days of exposure(2). Although inhalation products also are transported through coughing and 
mucocilliary action to the gastro-intestinal tract only about 2 percent of this fraction is actually absorbed into the 
body fluids through the intestinal wall. Therefore all of the research papers on acute effects of uranium refer to these 
soluble uranium compounds via inhalation(3). The main acute effect of inhalation of soluble uranium compounds is 
damage to the renal system, and the main long term storage place of these compounds in the body is bone(4).                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
The increase in ROS was significant. DU by inhalation resulted in increase of inflammatory cytokine expression and 
production of hydro peroxides in lung tissue as a consequence of the inflammatory processes and oxidative stress (5 
) therefore, uranium is known to induce oxidative stress with the earlier findings. 
Increase in oxidative stress could result from failure of the antioxidant system that constantly counteracts the 
formation of oxidative species in the cells. Heavy metals like Pb, Cd, Hg and Cr are capable of inducing oxidative 
stress both in vivo and in vitro (6). The cause of the oxidative stress due to these metals pertains to failure in 
antioxidant status in the system. Therefore, to look for a similar cause with uranium we estimated the levels of 
glutathione (GSH) in uranium treated animals with UN and compared to control(6).. 
In addition to GSH, the antioxidant enzymes effective in scavenging free radicals (7). The above results suggest that 
the increase in ROS by UN in treated animals with UN were possibly due to the failure of the antioxidant 
mechanisms to counteract the rising oxidative species in lung. Therefore, supplementation of antioxidants could 
preferably counteract the oxidative stress induced by UN. As mentioned earlier, the route of exposure to uranium is 
largely through inhalation and therefore it makes the lung tissue as one of its target organs. DU of size <5 μm can 
lodge deep into the lung alveoli, thus producing toxicological impact at the site of contact Uranium toxic studies in 
lung reported the toxic response to the metal(8). 
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II. METHODS 

Twenty male rats (Rattus norvegicus) are used in this study, weighing (200- 210) g (six weeks age) housed in the 
animal house of the collage of science, university of Baghdad. 
 These animals were maintained of controlled temperature (25 ± 2.2 C ْ◌) November 2013 to April 2014, allowed for 
accesses to water, and fed slandered rat chew added powder milk.20 male rats divided into two groups as follow. 
Group I:  Includes 10 animals used as control.  
Group II: Included 10 animals treated with  75 mg/kg body weight UN for one month (administration and 
inhalation) . 
Blood samples were obtained by heart puncture and immediately placed into the tubes then allowed to clot, serum 
was separated after centrifugation for 15 minutes at 2000 rpm and the resulted serum were preserved frozen at (-
18Co ) unless immediate analysis was indicated. 
Serum glutathione is determined by a modified procedure utilizing Ellman,s reagent (9 ) 
 

III. TISSUE PREPARATION 

 Samples (Lung tissue) were fixed in 10% neutral buffer formalin for 24 – 72 hours and processed in routine manner 
to provide paraffin blocks. From each formalin fixed paraffin embedded specimen the 5 Micron section were cuts 
and mounted on clean slides. The 5 µm paraffin sections were stained with Harris hematoxylin and eosin . 
 

Table 1: Parameters of oxidative stress in Serum 
 
 
 
 
 
 
 
 
 
 
 
 

IV. STATISTICAL ANALYSIS:  

The data of this study were complied into the computerized data file and the frequency, distribution and statistical 
description (mean, rang, and SD) were derived using SPSS statically software.   
We used statistical analysis of variance (ANOVA) test and least significantly difference (LSD) test by probability of 
less than  0.05 (P<0.05) according to (10).  
With acute duration exposure this can lead to emphysema or pulmonary fibrosis .Animal studies demonstrate 
uranium compounds can cause adverse hematological disturbances (12).  
 

V. RESULTS 

The data in table((1 ),showed significant  increment (P<(0.05) in  animals group G II (75mg /Kg UN) in MDA levels 
after one month of treatment compare  with control. 
The data in table (2 ) show significant  reduction (P< 0.05) in  animals group G II (75mg /kg UN)in GSH levels after 
one month of treatment compare  with control . 
Histological study showed slight degenerative changes in lung ,pulmonary edema; hemorrhage, emphysema  
,inflammation of the bronchi, bronchial pneumonia, alveoli and alveolar interstices, edematous alveoli,, lung lesions, 
minimal pulmonary hyaline fibrosis and pulmonary fibrosis, in the lung tissue treated with  75 mg/kg body weight 
UN for one month(Fig.2,3,4,5,6) compare  with control(Fig1).  

 
 

Paramet
ers 

 Group 
treated with 
UN GII 
(mean±SD) 

Normal group GI 
Control 
(mean±SD) 

Number 10 10 
MDA 
µmol/g 

3.06±0.109 1.29±o.198 

GSH 
µmol/g 

1.88±o.212 5..11±0.179 
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Fig. 1: Section in the lung of a control rat showing normal lung 
architecture with thin inter-alveolar septa (V). Notice the normal 

clear alveoli and alveolar sacs H& E: Mic. Mag. X 200.  
 

 
Fig. 3: Section in the lung of a rat from group II showing a 

congested blood vessel (H ) with interstitial cellular infiltration (N) 
and presence of eosinophillic material in thickened inter-alveolar 
septa accompanied by narrowing of some alveolar air spaces (V) 
and widening ( W    ) of other spaces. H& E: Mic. Mag. X 200 
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 Fig. 2: Section in the lung of a rat from group II s howing a 
congested blood vessel (  H  ) with interstitial cellular 
infiltration (N) and presence of widening (W ) of other 

spaces. H& E: Mic. Mag. X 200. 
 

 
Fig. 4: Section in the lung of a rat from group II showing a congested 
blood vessel (  H ) with interstitial cellular infiltration (N)and presence 
of eosinophillic material in thickened inter-alveolar septa accompanied 
by narrowing of some alveolar air spaces (V) andwidening (  W   ) of 

other spaces. H& E: Mic. Mag X 200 
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VI. DISCUSSION 

Metals can cause oxidative damage by free radical mechanism (Fenton type chemistry) or through direct 
interactions. Uranium has been earlier shown to produce DNA damaging hydroxyl radical in presence of ascorbate 
(11). There is also growing number of reports documenting the possibility of geno-toxicity by uranium possibly 
through a free radical mechanism. The vulnerability of the lung to uranium rises from the inhalation exposure route 
often encountered during occupational exposure and very few studies have reported on the toxic mechanism of 
uranium in lung. Our results have shown induction of oxidative stress by UN  The induction of oxidative stress by 
heavy metals are known and in addition uranium is also a radioisotope. The increased ROS induce LPO and that 
may lead to cell membrane damage and subsequent cell death. Further, the toxic cell death by uranium might also be 

 
Fig. 5: Section in the lung of a rat from groupII showing 

congested blood vessels (H) with swollen endothelial cells (W). 
Notice, extravasation of blood ( V   ) The inset shows a higher 
magnification of swollen endothelial cells. H& E: Mic. Mag. X 

200. 
     

 
Fig6: Section in the lung of a rat from group II showing massive 

cellular infiltration (  H  ) with loss of normal architecture and 
extravasation of blood (  V   ).H& E: Mic. Mag. X 400. 
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associated with the activation of apoptotic pathways induced by oxidative stress. Oxidative stress generated in cells 
is known to activate apoptotic pathways leading to cell death (12). The increase in ROS due to over production of 
oxidative radicals generated the oxidative stress by uranium. In addition to loss of GSH, decrease in the expression 
of SOD-2 by uranium also may be a reason for increase in ROS. SOD-2 is localized in the mitochondria and is 
involved in the production of oxygen free radicals in the mitochondria. However, the influence of ROS generated in 
the cytosol could be sufficient enough to affect the mitochondria. The oxidative stress generated due to loss of 
antioxidants can be restored by supplementation of antioxidants (13,14). In the present study, we supplemented 
antioxidants and shown the protection against oxidative stress generated by Uranium. The effect of antioxidants 
suggest the generation of oxidative stress by uranium and the protection reveals the excessive generation of 
oxidative species leading to loss of antioxidant response and cell death. 
Because of coughing and other involuntary mechanisms by which the body keeps large particles out of the lungs, the 
larger particles are excreted through the gastro-intestinal tract in feces. The uranium compounds which enter the 
body either through the wall of the gastro-intestinal tract or the lungs, can be broken down in the body fluids, and 
tetravalent uranium is likely to oxidize to the hexavalent form, followed by the formation of uranyl ions. Uranium 
generally forms complexes with citrate, bicarbonates or protein in plasma, and it can be stored in bone, lymph, liver, 
kidney or other tissues. Eventually this uranium which is taken internally is excreted through urine. Presence of 
depleted uranium in urine seven or eight years after exposure is sufficient evidence to substantiate long term internal 
contamination and tissue storage of this radioactive substance(15).  
As mentioned earlier, the route of exposure to uranium is largely through inhalation and therefore it makes the lung 
tissue as one of its target organs. DU of size <5 μm can lodge deep into the lung alveoli, thus producing 
toxicological impact at the site of contact (Monleau et al. 2006). Uranium toxic studies in lung reported the toxic 
response to the metal (16). The impact of cancer risk upon uranium exposure is worked out in epidemiological 
studies. These studies have shown the risk of lung cancer in miners formerly exposed to uranium during mining 
(17). The occurrence of a genomic instability in lymphocytes of uranium miners, especially those who developed 
cancer was observed by studying the cytogenetic endpoint: marker micronuclei (Mn) (18). Further in vitro analysis 
with uranium acetate have shown significant increase in DNA single strand breaks in presence of ascorbic acid (12) 
However, there is little data in the literature and definitive statements are not possible. For these reasons dust 
inhalation is considered the most important route of exposure. 
The differences in toxicity based on the solubility of the uranium compound (regardless of which uranium isotope is 
incorporated in the compound) are more striking: water soluble salts are primarily renal and systemic chemical 
toxicants; insoluble chemical compounds are primarily lung chemical toxicants and systemic radiological hazards. 
Once uranium dioxide enters the blood, hexavalent uranium is formed, which is also a systemic chemical toxicant.  
The direct damage to lungs and kidneys by uranium compounds is thought to be the result of the combined radiation 
and chemical properties, and it is difficult to attribute 
There is general agreement that inhalation of dust is probably the most significant route of exposure (19). Natural 
and depleted uranium shows little mobility in the soil but the particles can be re-suspended in the air and inhaled. 
However, there is little data in the literature and definitive statements are not possible. For these reasons dust 
inhalation is considered the most important route of exposure. 
It may also be due to an inflammatory response of the lung tissue that begins to retard absorption after a few days( 
20) .Whatever the mechanism, inhaled DU appears to have a pulmonary half-life of about 4 years (21). 
There is human research indicating that inhalation of insoluble uranium dioxide is associated with general damage to 
pulmonary structure, usually non-cancerous damage to alveolar epithelium. With acute duration exposure this can 
lead to emphysema or pulmonary fibrosis .Animal studies demonstrate uranium compounds can cause adverse 
hematological disturbances (12).  
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