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Abstract 
 

All living systems have the intrinsic ability to respond, to counteract and to adapt to the external 
and internal sources of disturbance. The aim of this study was to determine the effects of the iron 
chelating agent desferrioxamine (DF) and its dose combinations on heat stress in Caenorhabditis 
elegans (Nematodes). So, in this temperature dependent study, the protective effects of different 
concentrations of DF on heat stress were examined in Caenorhabditis elegans.  Different 
concentrations of DF (100, 200, 400, 800 and 1600 μM ) were added to the food source and the 
worms L4 stage were transferred in these new plates. 100, 200, 400 and 800 μM DF treatment 
prolonged lifespan in animals grown at 35 °C. At tested concentrations, the lifespan increasing in 
Caenorhabditis elegans was significantly higher than lifespan in control group. On the other hand, 
no significant difference was observed between control group and 1600 μM DF upon lifespan in 
Caenorhabditis elegans.  This study indicated that in the temperature and concentration dependent 
experiments DF has an effect of lifespan in C. elegans.    
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Introduction 

 
Heat is a complex stress causing damage to a range of cellular components, so it 

should not be surprising that a large number of different protective pathways are required in 
order to survive [1, 2]. The heat response is known to be evolutionarily a highly conserved 
biological response, exhibited by almost every living system studied, it helps in physiological 
adaptability against not only heat but a number of metabolic stresses and toxicants [3, 4]. All 
organisms have the intrinsic ability to respond, counteract and to adapt to the external and 
internal sources of disturbance [5]. Among the nematode species, Caenorhabditis elegans (C. 
elegans) is readily available, easy to culture in the laboratory, has a short life span, and vast 
knowledge is outstanding of this species. For instance, its entire genome and neurological 
map are known. The genetic and environmental factors influence aging and lifespan of C. 
elegans [6, 7, 8]. Up to date, studies have shown that heat shock induced free radicals 
production in isolated mitochondria of worms [9, 10]. On the other hand, studies have also 
shown that some compounds (i.e. blueberry polyphenols and ginko biloba extract) can 
prolong C. elegans lifespan under heat stress and laboratory conditions [6, 11, 12].  

DF is used as a metal-sequestering agent to treat certain metal overload diseases. For 
example, aluminums and iron metals. It is currently used in the treatment of either acute or 
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chronic iron poisoning. DF removes excess iron from the body, this necessary in certain 
patients with anemia who must receive many blood due to transfusion, treat acute iron 
poisoning especially in small children, deferoxamine combines with iron then removed from 
the body by the kidneys. It also can react with the free radicals which increased by heat shock 
as in vivo [13, 14, 15].  The aim of this study was to determine the effects of the iron chelating 
agent DF and its dose combinations on heat stress in C. elegans. 
 

Materials and Methods 

The C. elegans wild-type (N2) strain was obtained from Genetic Center at the 
University of Minessota, (USA). The strains were transferred in plates including cultivation 
media. Also, the Eserichia coli (E. coli) OP50 strain was obtained from Genetic Center at the 
University of Minesota, (USA). C. elegans cultivation media supplies were purchased from 
MERCK (Germany), and deferoxamine mesylate (commonly known as desferrioxamine) was 
gained Novartis Institutes for BioMedical Research from Switzerland. The lifespan analysis 
experiments were performed according to the standard protocol [16]. Briefly, worms were 
grown on plates containing nematode growth medium (NGM) consisting of 8.5 g bacto agar, 
1.5 g sodium chloride, 1.25 g peptone, 0.5 ml cholesterol (5 mg/ml stock prepared in 95% 
ethanol), 0.5 ml of 1 M CaCl2, 0.5 ml of 1 M MgSO4, 12.5 ml of 1 M KH2PO4, and 487.5 ml 
nanopure water per 500 ml NGM. The solidified NGM agar plates were spotted with OP50, a 
strain of E. coli used as a food source, and worms were transferred to a new plate by moving 
an agar chunk containing worms from a stock plate to the new plate. After several days of 
growth at 22 oC, when the worms were predominantly in the gravid stage (body filled with 
eggs), they were washed off from the plates using sterile M 9 solution. The worms were 
separated from the bacteria using successive centrifugation at 4oC,3500 rpm for one minute 
and washing in M 9 and then were subjected to an alkaline hypochlorite treatment to isolate 
the eggs. The collected eggs were then applied to a new NGM plate containing concentrated 
OP50 and were incubated at 22 oC for approximately 48 h, allowing all of the eggs to hatch 
and grow to the larval stage 4, producing a synchronized population on the plates. Different 
concentrations of DF (100, 200, 400, 800 and 1600 μM ) were added to the food source and 
the worms (L4 stage) were transferred in these new plates. Final concentration of the 
substances was performed from stock solutions. The study was planned as six groups, five 
quoted concentrations and control, of worms and each experiment was performed in triplicate  
and 17 worms were transferred to NGM plates for every experimental group. Worms were 
incubated at 35 oC. Animals which were in different groups were counted and recorded at the 
beginning of each hour. Thermotolerance assays were performed and the experiments 
sustained for 8 hours at 35oC until all the animals died.  

Statistic Analysis 
 
Data are presented as mean±S.D. of at least three independent experiments. One-way 

ANOVA followed by Scheffe’s test were performed to determine statistical differences 
between groups with the aid of SPSS software version 11.0 (SPSS, Chicago, IL, USA). 
Statistical significance was defined as p < 0.01 and p < 0.05 for tests. 
 
Results and Discussions 
 

There is a strong correlation between lifespan extension and resistance to multiple 
environmental stresses (17). Temperature stress, especially heat stress (HS), is one of stress 
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conditions that have been used with a specific aim to test and apply hormesis. The reason for 
this is not only because HS is easy to implement and gives consistent results, but also it 
mainly acts through an evolutionarily highly conserved stress response pathway known as the 
heat shock response [18]. In C. elegans, resistance to high temperature is often correlated with 
increased lifespan [19]. Because of the fact that based on previously described antioxidant and 
metal chelating properties of DF either in vitro or in vivo in biological systems [13, 14, 15]. In 
the concentrations dependent experiments, it was seen that 100, 200, 400 and 800 μM 
concentrations of DF exhibited a protective effect against heat stress. At that concentrations 
survival rates of worms are significantly higher than in control group (Figure 1, Table 1). It 
can be possible that exposure to different DF concentrations and associated physiological 
alterations may modulate one or more of genetically independent pathways. Previous studies 
were shown that after a heat shock, DAF-16  (Abnormal dauer formation protein 16) and 
FOXO, (Forkhead box protein O, R13H8.1) are located in the nucleus and promote the 
expression of old-1 gene, hsp70F heat shock protein and possibly other genes which function 
is repairing molecular damages [20, 21]. Moreover, a number of encouraging studies suggest 
that chemical antioxidants may extend lifespan in the absence of antioxidant or other 
substances such as vitamin C, E  [22, 23, 24].  

 
 
 

Table 1: Comparison of thermotolerance effects between desferrioxamine concentrations and 
control in animal model C. elegans.  

Groups N X  sd p 
17 7.94 7.65 Control - DF 100 μM 17 10.44 7.35 0.02 

17 7.94 7.65 Control - DF 200 μM 17 10.25 8.37 0.02 

17 7.94 7.65 Control - DF 400 μM 17 10.00 7.03 0.02 

17 7.94 7.65 Control - DF 800 μM 17 9.38 7.51 0.01 

17 7.94 7.65 Control - DF 1600 μM 17 9.50 7.28 0.07* 

                 *p < 0.05  
 
 
On the other hand, the same protection was not observed in our experiment at 1600 

μM concentrations of DF. Moreover, there was not any statistically significance between 
control and 1600 μM concentrations of DF (Table 2). Significant differences were not 
determined between  the concentrations of DF. In other words, among the concentrations of 
DF, 100 μM DF showed a more significant increase in lifespan of C. elegans (Table 2).   
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Figure  1: The longevity effect different concentrations of  desferrioxamine in C. elegans. 

 
Table 2: Comparison of thermotolerance effects of desferrioxamine, and its concentrations in   
animal model C. elegans. 

Groups N X  sd p 
17 10.44 7.35 DF 100 μM - DF 200 μM 17 10.25 8.37 0.81* 

17 10.44 7.35 DF 100 μM - DF 400 μM 17 10.00 7.03 0.52* 

17 10.44 7.35 DF 100 μM - DF 800 μM 17 9.38 7.51 0.16* 

17 10.44 7.35 DF 100 μM - DF 1600 μM 17 9.50 7.28 0.00 

17 10.25 8.37 DF 200 μM - DF 400 μM 17 10.00 7.03 0.77* 

17 10.25 8.37 DF 200 μM - DF 800 μM 17 9.38 7.51 0.28* 

17 10.25 8.37 DF 200 μM - DF 1600 μM 17 9.50 7.28 0.23* 

17 10.00 7.03 DF 400 μM - DF 800 μM 17 9.38 7.51 0.26* 
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17 10.00 7.03 DF 400 μM - DF 1600 μM 17 9.50 7.28 0.46* 

17 9.38 7.51 DF 800 μM - DF1600 μM 17 9.50 7.28 0.83* 

             * p < 0.01 

 
All these results suggest that at the concentrations (100, 200, 400 and 800 μM) used in 

our studies, DF is somewhat beneficial and can prolong lifespan to the wild type worms. It 
may be said that treatment of 100, 200, 400 and 800 μM DF had direct or indirect effects on 
gene and shock protein expression and effects lifespan C. elegans. To further determine how 
DF prolonged C. elegans lifespan, genetic requirements for these effects can be analyzed in 
future studies. 
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