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 TNT is a commonly used chemical in explosives. The present study investigated the 

effects of TNT on CSF [colony stimulating factor] on cultured mouse lung tissues. In 
this experimental study various concentrations of TNT were added to lung tissue 

cultures and the CSF level was evaluated following 48h. We also assayed the effects of 

TNT in a range of doses [0 to 600µmol] on proteins and lipids oxidative damages end 
products; dityrosine [DT] and malondialdehyde [MDA] and on the activity of 

antioxidant enzymes; glutathione peroxidase [GPX], catalase [CAT], superoxide 

dismutase [SOD] and on cAMP in mouse lung tissue culture by spectrophotometry and 
HPLC.Our findings demonstrated that the different concentrations of TNT showed 

significant inhibitory effects on CSF production by mouse lung tissues. Furthermore, we 

also observed decreased levels of cAMP, catalase, superoxide dismutase and glutathione 
peroxidase activities and inversely increased the level of malondialdehyde and dityrosine 

in compare to control. It can be concluded that the inhibitory effects of TNT on CSF 

production by lung tissue may be mediated by oxidative damage to CSF secreting cells. 
On the other words, decreasing of antioxidant enzymes and changing the physiological 

function of membrane resulting disorder in the cAMP signaling pathway. 
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INTRODUCTION 

 

 The CSFs are a family of glycoproteins that regulate the proliferation and maturation of  hematopoietic cells 

and also  affect the function of mature progenitors [1]. They are produced and released by a wide variety of cell 

and tissue types [2]. The conditioned medium provided from the lung tissue has extensively been studied and 

demonstrated to be an enriched source of  CSF [3]. CSFs bind to receptor proteins on the surface membranes of 

hemopoietic stem cells, thereby activating some intracellular signaling pathways which in turn causes type 

proliferation and differentiation of target cells toward a specific blood cell [usually white blood cells] [4]. TNT 

was initially developed for military purposes and was at first prepared by Wilbrand in 1863. It was extensively 

applied  during world wars I and II as a bursting charge explosive [5]. Workers were therefore exposed to its 

potential toxic hazards during the manufacture, filling of bombs and shells, and washing of expired or unused 

bombs [6]. The adverse biological effects of TNT in animals and human are as Following: hemolysis, anemia, 

impairment of nervous system function, gastritis, and liver damage [7]. TNT and its metabolites are structurally 

related to an uncoupler of oxidative phosphorylation  2,4-dinitrophenol which may induce the mitochondrial 

superoxide radical production and in turn leading adverse biological effects [8]. The action of nitroreductase 

system on aromatic nitrocompounds also increases superoxide production [9]. Oxidative stress may produce high 

level of reactive oxygen species [ROS] following tissue cells exposure to many xenobiotic compounds such as 

TNT and its metabolites. The lung has long been thought as one of the most aerobic of the tissues and a main 

target organ affected following exposure to exogenous compounds. Accordingly, it is originally under ROS 

attack, and its oxygen toxicity. ROS attack on cellular membrane lipids, proteins and even DNA of tissues may 

http://en.wikipedia.org/wiki/Hemopoietic_stem_cells
http://en.wikipedia.org/wiki/Intracellular_signaling
http://en.wikipedia.org/wiki/White_blood_cells
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cause oxidative injury leading to pathogenesis condition and disorders. Since the half-lives of ROS are extremely 

short, their stable end products of oxidative damages to cellular macromolecules can be used for oxidative stress 

monitoring. Dityrosine [DT], a hallmark of oxidized proteins and malondialdehyde [MDA], a biomarker of lipid 

peroxidation, are closely correlated with level of oxidative stress [10]. Superoxide dismutase [SOD] is the first 

major enzyme which found in all aerobes and catalyses dismutation of superoxide anion to H2O2 and generates 

molecular oxygen. Glutathione peroxidase protects the membrane lipid compartment from oxidative damage and 

detoxifies the organic peroxides [11]. It can also act on organic hydroperoxides. The intracellular level of H2O2 

is regulated by a broad range of enzymes, the most important being catalase and peroxidase. Catalase inactivates 

H2O2 to oxygen and water [12]. The aim of the present study was to examine the effect of TNT on the 

production of CSF and the possible role of decreased activation of antioxidant enzymes and cAMP in mouse 

lung tissue. 

MATERIAL AND METHODS 

 

Animals: 

 Balb/c mice weighing 30-40 g of either male or female genders were used for the preparation of lung 

conditioned medium and as a source of bone marrow cells. 

 

Chemicals: 

 The TNT was purchased from Malek Ashtar University. Tweeting eight grams of TNT were prepared with 

98 percent purity and equal amount of each dissolved in acetone and streeled by a 0.22µm syringe filter. 

 

Reagents: 

 DMEM culture media was obtained from GIBCO-BRI [GIBCO-BRI, England]. It was subsequently 

supplemented with 30 mg/ml of asparagine and antibiotics [200 U/ml penicillin and 200 mg/ml streptomycin] 

PH 7.4.  

 

Lung conditioned medium: 

 Mice were anesthetized using ether and the lungs were removed from the chest cavity Following a sterile 

conditions. Prepared lung tissues were washed with normal saline, minced and incubated in 5 ml of DMEM for 

48 h at 37℃ in a fully humidified atmosphere of 95% O2- 5% CO2 condition. TNT was added to the cultures 

before incubation. The cultures the supernatants were obtained and heated at 56℃ for 30 min, centrifuged at 

2000 g and dialyzed against two changes of distilled water for 48 h. The dialysates were again centrifuged at 

2000 g and polyethylene glycol was added to the supernatants, at a final concentration of 1% before they were 

sterilized by filtration through 0.45 µm membrane filter [Millipore]. 

 

Biological assay: 

 Samples were assayed by a semi-solid agar culture technique as described by Metcalf [4]. The plates were 

incubated for 7 days. Colonies with greater than 50 cells were scored using a dissecting microscope. 

 

Protein assay:  

 The protein content of the supernatants was collected for enzyme assays and MDA assay was determined 

using the colorimetric method of Lowry et al. [1951] using BSA as the standard. All analyses were performed in 

duplicates.  

 

Enzyme assays: 

Glutathione peroxidase [GP]: 

 GP activity was estimated by the method described by Flohe et al., [1984]. Three grams of gel in 10ml of 

HCL-Trice buffer with PH 7.8, containing 2ml EDTA-Na and homogenated Dithiothreitol [DTT] was 

centrifuged at 2000 g at 4
0
C for 30 min. The obtained solution was used for determining GP. The reaction 

mixture was contained 0.1mM H2O2, 0.1 Mm NaN3, 0.4mM EDTA, 0.1mM HCL-Trice buffer with pH 8, 

0.15Mm NADPH and gel extract. The reaction was started by addition of H2O2 and absorbance of NADPH 

oxidation rate was read at 340 nm. The results were expressed as unit/mg protein [13]. 

 

Superoxide dismutase [SOD]: 

 SOD activity was estimated by the method described by Sun et al., [1988]. Three grams of gel in low 

temperature mixed with 10 ml of 0.1µm potassium phosphate buffer pH 7.3, containing 1ml EDTA and 2ml 

DTT. Homogenated mixture was passed through 4 layer of miracles and centrifuged at 12000 rpm at 4
0
C for 10 

min. Finally, total SOD activity was measured photo chemically. Dicomarol was placed in the mixture to inhibit 

the reduction by bipiridin-nucleotide and for obtaining NBT oxygen-dependent reaction. One unit SOD was 
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determined as amount of enzyme which performed 50% of NBT reduction inhibition under laboratory condition. 

The results were expressed as unit/mg protein [14]. 

 

Catalase [CAT]: 

 The CAT activity was estimated by the method described by Lamprecht et al.,   In reaction solution 

containing 0.1 Mm H2O2 and 0.2 Mm potassium phosphate buffer pH 7, the reaction was started by adding of 

enzyme extract and absorbance was read at 240nm. The results were expressed as unit/mg protein [15]. 

 

Malondialdehyde [MAD]:  

 MAD content was measured by thiobarbitoric acid reaction. In order to remove sugars interfere with the 

MAD-TBA reaction, [16] the amount of MAD was calculated based on following experimental formula, 

according to mmol/gr: 

C= [mmol/L] =6.45 [A 532- A 600]-0.36 A 45 

 

Dityrosine assay: 

 Lung tissue [0.5 g] was homogenized with 5 mL of ice-cold 50 mM HEPES-KOH, pH 7.2, containing 10 

mM EDTA, 2 mM PMSF, 0.1 mM p-chloromercuribenzoic acid, 0.1 mM DL-norleucine and 100 mg polyclar 

AT. The plan tissue homogenate was centrifuged at 5,000 rpm for 60 min to remove debris. Purification of o,o-

dityrosine in the clear tissue homogenized supernatant fluid was accomplished by preparative HPLC. o,o-

dityrosine was recovered by gradient elution from the C-18 column [Econosil C18, 250×10 mm] [12]. The 

composition of eluent varied linearly from acetonitrile-water-TFA [1:99:0.02] to acetonitrile-water-TFA 

[20:80:0.02] over 25 min. The gradient was started 5 min after the injection. A flow rate of 4 mL/min was used. 

o,o-dityrosine was analyzed by reversed phase HPLC with simultaneous UV-detection [280 nm] and 

fluorescence-detection [ex. 280 nm, em. 410 nm]. Phenomenex inertsil ODS 2 [150 mm × 4.6 mm, 5 mm] HPLC 

column [Bester, Amsterdam, the Netherlands], equipped with a guard column, was used for these analyses. A 

gradient was formed from 10 mM ammonium acetate, adjusted to PH 4.5 with acetic acid, and methanol, starting 

with 1% methanol and increasing to 10% over 30 min. The flow rate was 0.8 mL/min. A standard dityrosine 

sample was prepared according to Amado et al [30]. Dityrosine was quantified by assuming that its generation 

from the reaction of tyrosine with horseradish peroxidase in the presence of H2O2 was quantitative [using the 

extinction coefficient e315 = 4.5 mM
-1

 cm
-1

 at pH 7.5] [17]. 

 

HPLC assay for cAMP: 

 cAMP was measured by injecting of 10/xl of sample from a Perkin-Elmer ISS-100 Autosampler through a 

Spherisorb S5-SAX Strong Anion-Exchange column [25 cmx 4.6 mm, Phase Separations, Inc.] or an Ultrasil-AX 

column [25 cm x 4.6 mm, Beckman] at room temperature. The mobile phase was filtered, degassed 0.05 M 

potassium phosphate buffer, pH 3.0, pumped at 1.0 ml/min by a Perkin-Elmer Series 10 Liquid Chromatograph. 

Absorbance was detected at 254 nm by an ISCO V 4 Absorbance Detector. Peaks were integrated by a Perkin-

Elmer LCI-100 Laboratory Computing Integrator. Heights of peaks identified as cAMP were compared to 

standard curves constructed using 0.4-6.0 nmol cAMP/ml [97% pure]. Two standards were injected separately 

for each set of determinations to monitor column performance. One sample in each set was spiked with a cAMP 

standard to ensure peak identification. All reagents were purchased from Sigma Chemical Co. unless stated 

otherwise [18]. 

 

Statistical analysis: 

 Each experiment was repeated 3 times. The data were analyzed with SPSS and using one-way analyses of 

variance [ANOVA].  Differences considered significance where p<0.05. 

 

Results: 

 To clarify the mechanism of CSF production by the lung tissue, preliminary experiments were carried out 

using TNT. In this context, TNT at concentration [ranging from 0 – 600µmol] was added to the lung conditioned 

medium at the initial point of incubation. 

 Following 48 h incubation, samples were treated, dialyzed to remove excess amounts of TNT and finally 

assayed on bone marrow cultures. 

  According to results are given in fig. 1 we found that in absence of TNT, usually 90-100 colonies were 

observed in 1ml of culture medium. In 50µmol concentration of TNT, we could observe 108.3±6.6 colonies in 

culture. Which the difference was not statistically significant compared with the control [P˂0.05]. While at 

higher concentrations TNT shows inhibitory effect. The maximum inhibitory effect of TNT was observed in 

concentration of 600µmol, so that no colony was found at this concentration [pco.05]. Since TNT can cause 

oxidative damage to macromolecules, the result presented here suggested involvement of antioxidant enzymes in 

this process. To investigate this possibility, enzyme activity assays was performed. Results of enzyme activity 

http://www.pagepress.org/journals/index.php/pb/article/view/pb.2011.e1/2806#11
http://www.pagepress.org/journals/index.php/pb/article/view/pb.2011.e1/2806#29
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demonstrated that culture of lung tissues in presence of TNT caused a significant decrease [P<0.05] in the 

activities of antioxidant enzyme as compared to the control after 24h. 

 

 
 

Fig. 1:  The effect of various concentrations of TNT on CSF production by the lung in 48h incubation. All values 

are presented as means  ± S.E.M. * = significantly different with control. 

 

 
 

Fig. 2: Activities of catalase enzymes in lung tissue after 48-h TNT treatment. All values are presented as means 

± S.E.M. *p<0.05= significantly different with respect to control. 

 

  According to our results as is obvious from fig. 2 the catalase activity in concentrations of more than 

100µmol of TNT was reduced. This reduction is statistically significant [P˂0.05] but the 50µmol concentration 

significantly altered catalase activity compared to its respected control. At the 600µmol concentration of TNT a 

sharp reduction in activity of catalase [37% of control] was also observed.  

 

 
 

Fig. 3: Activities of superoxide dismutase[SOD] enzyme in lung tissue after 48-h TNT treatment . All values are 

presented as means  ± S.E.M. * = significantly different with control. 

  

 According to our results which showed in fig. 3 TNT at all concentrations lead to a sharp decreased SOD 

activity in lung tissue. At the 600µmol dose, activity dropped to 72% of the control group. This decrease is 

statistically significant compared with the control [p 0.05].  

 According to our results and as shown in fig. 4 the activity of Glutathione peroxidase was also reduced in 

concentrations of more than 200µmol of TNT. However, this reduction is statistically significant [P˂0.05] but in 

50 and 100µmol, TNT could not significantly alter the enzyme activity compared to the control. Altered in MDA 

and dityrosine levels probably reflect different cellular responses to oxidative damage to lipids and proteins. 

 Again as it is well demonstrated in table-1 the level MDA increases with TNT, which is statistically 

significant [P˂0.05] but in both 50 and 100 µmol concentrations were unable to significantly up-regulate the 

MDA compared to the control. Present results, showed that the level of dityrosine significantly increases with 

TNT in all concentrations in table-1  [P˂0.05]. 
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Fig. 4: Activities of Glutathione peroxidases enzyme in lung tissue after 48-h TNT treatment. All values are 

presented as means  ± S.E.M. * = significantly different with control. 

 
Table 1: The level of lipid peroxidation and protein oxidation biomarker of lung tissue cells after 48- h TNT treatmenta.   

Concentration                      MDA                            Dityrosinb 

[mmol/l]                     [µmol/mg.p]                   [µmol/mg.pro] 
0                                      44.8±4.02                         20.8±.72c 

50                                     46.2±4.59                        43.2±2.41c 

100                                    48.53±4.79                      56.2±1.38c 

200                                    78.46±3.52c                     85.8±2.35c 

400                                    114.36±4.44c                   117.53±6.76c 

6 00                                    116.85±5.75c                  144.13±3.26c 

aData were present as mean±SD[number of replicates=5]. 
bNumber of replicates=4. 
csignificantly different from control[P<0.05]. 

 

 
 

Fig. 5: The effect of 400 µmol concentration of TNT on cAMP level by the lung in different incubation time. All 

values are presented as means S.E.M ,p
*
<  0.05  differed significantly with respect to control.  

 

 To find out whether activation of the protein kinase A-dependent signaling pathway by cAMP is an 

important pathway in regulating of CSF expression, the cAMP concentration was also assayed in the lung 

culture. Our findings indicated that the 400µmol concentration significantly decreased the cAMP compared to 

control in all incubation times [P˂0.05] [Fig.5].  

 

Discussion: 

 The CSF is described as a multifunctional cytokine with several key biological functions beyond the first 

discovered role in promoting proliferation of  myeloid cell lineage [19]. The regulatory effects of various 

parameters including environmental chemicals, drugs, and physical agents on the CSF are influenced by the state 

of development and maturation. In this study, we applied TNT as a model chemical to determine how on CSF 

influenced in lung tissue. Djerassi et al. [20] found that industrial workers who were exposed to TNT due to the 

deficiency of glucose 6-phosphate dehydrogenase, their hemoglobin will be lysed and suffering from crisis of 

hemolytic disease. Sun et al. [21] reported that TNT inhibits endothelial nitric oxide synthase activity and 

increases systolic blood pressure. Individuals who were exposed to TNT suffer from cardiovascular disease. 

Savolainen et al. [22] reported that following effect after TNT inhalation or exposure, the decreased activity of 

two main mitochondrial enzymes necessary for heme synthesis: heme synthase and S-aminolevulinic acid 

synthase. According to previous investigations with regard to its effects on proteins, enzymes and decreasing 

their production and activity it could be proposed that probably TNT penetrates in to the cell through membrane 

pores and by this may prevent production and activity of proteins including CSF and antioxidant enzymes in the 

cells. Therefore, in this investigation, effects of TNT on CSF production were examined. According to our result, 

CSF production, affected by TNT in concentrations upper 50µmol and the maximum inhibitory effect was 

observed at the concentration of 600 µmole of TNT and no colony was found in this concentration. Current 

results suggest are in contrast to other reports by Dilley et al., [23] who reported that TNT[100 mg/kg] caused 
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damages in cerebral, hepatic and renal biomembranes and cell organelles. Morphological studies revealed that 

TNT damages mitochondria; dilatation of Golgi apparatus, vacuolization, swelling of cytoplasm and 

accumulation of lipid material and these morphological changes were more prominent in brain and kidney than 

the liver. Levine et al., [24] demonstrated that male rats treated with 125, 160, or 300 mg/kg/day of TNT for the 

same period of time had serious reproductive effects such as degenerated germinal epithelium, testicular atrophy, 

and atrophic seminiferous tubules. It appears that the antioxidant defenses of lung tissues unable to protect CSFs 

from oxidation damage.  According to our result, antioxidant enzymes activity [glutathione peroxidase, catalase, 

superoxide dismutase] was affected by TNT and in 600μmol concentrations peaked at the determined doses. Our 

results are consistent with previous reports which have investigated the effects of TNT on antioxidant activity. 

Ek all., [25] indicated that Fish treated with TNT had a decreased percentage of oxidized glutathione [GSSG%] 

and inversely increased met hemoglobin, indicating that TNT causes oxidation of macromolecules and activates 

antioxidant defense systems. Djerassi LS et all., [26] found that TNT in the presence of oxygen in oxidation 

reactions produces superoxide anion. The accumulation of this compound can damage to cell membranes and 

proteins and DNA, resulting in inflammation and damage to the vessels. Also results of this study demonstrated 

that TNT reduces the antioxidant enzymes activity such as superoxide dismutase, catalase and glutathione 

peroxidase. Antioxidants enzyme inhibition resulted in the development of oxidative stress which was confirmed 

by elevated level of MDA and DT in some cases.  

 The surgery result also showed the destruction of the biomarkers, DT and MDA that respectively are of 

protein and lipid degradation due to oxidation, under the influence of the TNT concentrations compared to 

control. This may mean that TNT could stimulate the macromolecules and biomarkers destruction. Biomarkers 

were increased with increasing concentration of TNT. These results are in agreement with previous 

investigations which reported the effects of TNT on production of free radicals, damage to macromolecules and 

biomarkers are increasing [27]. The mechanism of TNT and its metabolic intermediates that produce reactive 

oxygen species leading to lipid peroxidation in liver and eye lens. Kong and colleagues [28] revealed that TNT 

induce toxicity by increased levels of superoxide radicals and hydrogen peroxide in monkey liver mitochondria 

and microsomal. Kuma Gaia and colleagues [29] indicated that TNT and its intermediate metabolite produce 

hydroxyl radicals[OH ∙] that is very active against proteins, nucleic acids and phospholipids which causes 

damage to them. in other words, the hydrogen peroxide and hydroxyl radical generated from the superoxide 

anion cause damage to proteins, lipids and nucleic acids. TNT is known to initiate lipid peroxidation throughout 

its cyclic reduction and oxidation by mitochondrial nitro reductases giving rise to superoxide anion [30]. 

 Activation of the protein kinase A-dependent signaling pathway through cAMP is an important pathway for 

regulating CSF expression which we have also shown that cAMP reduces the possibility of damage to membrane 

cells in the presence of TNT. There is also evidence from previous reports that treatment of the cells with 

dibutyryl-cAMP attenuated the expression of M-CSF. This would prevent an abnormal neutrophil survival as a 

result of cAMP signaling stimulation, which provides a novel insight to the role of GM-CSF as a physiological 

regulator of myeloid cell turnover [31].  

  

Conclusion: 

 According to the present investigation we conclude that the inhibitory effects of TNT on CSF production in 

lung tissue occur via enhanced ROS production are that active oxidants cause damage to cell proteins, nucleic 

acids and phospholipids. They also decrease antioxidant enzymes and change the physiological function of 

membrane resulting disorder in the cAMP signaling pathway which leads to impaired cell cycle, cell growth 

signaling and CSF production.  
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