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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 uM ) were added to the food source and the
worms L4 stage were transferred in these new plates. 100, 200, 400 and 800 uM 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 uM 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 CaCl,, 0.5 ml of 1 M MgSOs4, 12.5 ml of 1 M KH,PO4, 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 °C, 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 4°C,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 °C 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 uM ) 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 °C. 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 35°C 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 uM
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 uM 7 10.44 735 0.02

17 7.94 7.65
Control - DF 200 pM 7 1025 237 0.02

17 7.94 7.65
Control - DF 400 uM 7 10.00 703 0.02

17 7.94 7.65
Control - DF 800 uM 7 933 751 0.01

Control - DF 1600 uM 7 794 765 s

17 9.50 7.28
*p <0.05

On the other hand, the same protection was not observed in our experiment at 1600
UM concentrations of DF. Moreover, there was not any statistically significance between
control and 1600 puM concentrations of DF (Table 2). Significant differences were not
determined between the concentrations of DF. In other words, among the concentrations of
DF, 100 uM 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 5 sd p

17 1044 1735 .
DF 100 uM - DF 200 pM T loas w3 081

17 1044  7.35 .
DF 100 uM - DF 400 uM 000 o5 032

17 1044 735 i
DF 100 uM - DF 800 uM o35 s 016

17 1044 735
DF 100 uM - DF 1600 uM s a5 000

17 1025 837 .
DF 200 uM - DF 400 pM oo 795 077

17 1025 837 .
DF 200 uM - DF 800 uM T oae o 028

17 1025 837 .
DF 200 uM - DF 1600 yM oo 023

17 1000  7.03 .
DF 400 uM - DF 800 uM o3z s 026
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17 1000  7.03 .
DF 400 uM - DF 1600 pM T 050 72 046

17 938 1751 .
DF 800 uM - DF1600 uM 7 9.50 753 0.83
*p<0.01

All these results suggest that at the concentrations (100, 200, 400 and 800 uM) 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 uM 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.

References

1.

10.

11.

12.

13.

14.

15.

J. LARKINDALE, J.D HALL, M.R. KNIGHT, E. VIERLING. Heat stress phenotypes of Arabidopsis
mutants implicate multiple signaling pathways in the acquisition of thermotolerance. Plant Physiology,
138, 882-897 (2005).

M. YILDIZ, H. TERZI. Evaluation of acquired thermotolerance in wheat (Triticum aestivum and T.
durum) cultivars grown in Turkey. Pakistan Journal of Botany, 40(1), 317-327 (2008).

P.K. TIWARI, D.R.K. MOHAN, A. JOSHI. Developmental study of thermotolerance and the heat
shock response in Lucilia cuprina (Weidemann). Journal of Biosciences 20 (3), 341-354 (1995).

N.S. PETERSEN. Effects of heat and chemical stress on development. Advances in Genetics. 28, 275—
296 (1990).

I. SURESH, 1.S. RATTAN. Hormesis in aging. Ageing Research Reviews., 7, 63—78, (2008).

M.A. WILSON, B. SHUKITT-HALE, W. KALT, D.K. INGRAM, J.A. JOSEPH, C.A. WOLKOW.
Blueberry polyphenols increase lifespan and thermotolerance in Caenorhabditis elegans. Aging Cell. S,
59-68 (2000).

D. GARIGAN, A.L. HSU, A. GRASER, R. KAMATH, J. AHRINGER, C. KENYON. Genetic analysis
of tissue aging in Caenorhabditis elegans: a role for heat-shock factor and bacterial proliferation.
Genetics. 161,1101-1112 (2002).

L.A. HERNDON, P.J. SCHMEISSNER, J.M. DUDARONEK, P.A. BROWN, K.M. LISTNER, Y.
SAKANO, M.C. PAUPARD, D.H. HALL, M. DRISCOL. Stochastic and genetic factors influence
tissue-specific decline in ageing C. elegans. Nature, 419, 808814 (2002).

L.B. GOURLEY, S.B. PARKER, B.J. JONES, K.B. ZUMBRENNEN, E.A. LEIBOLD. Cytosolic
Aconitase and Ferritin Are Regulated by Iron in Caenorhabditis elegans The Journal of Biological
Chemistry, 5 (31),3227-3234, (2003).

S. MELOV, J. RAVENSCROFT, S. MALIK, M.S. GILL, D.W. WALKER, P.E. CLAYTON, D.C.
WALLACE, B. MALFROY, S.R. DOCTROW, G.J. LITHGOW. Extension of life-span with
superoxide dismutase/catalase mimetics. Science, 289 (5484), 1567-1569 (2000).

J. WOOD, B. ROGINA, S. LAVU, K. HOWITZ, S. HELFAND, M. TATAR, D. SINCLAIR. Sirtuin
activators mimic caloric restriction and delay aging in metazoans. Nature, 430, 686—689. (2004).

Z. WU, J. SMITH, V. PARAMASIVAM, P. BUTKO, I. KHAN, J. CYPSER, Y. LUO. Ginko biloba
extract EGb 761 increases stress resistance and extends life span of Caenorhabditis elegans. Cellular
and Molecular Biology, 48, 725-731, (2002).

M. DAVIES, R. DONKOR, C.A. DUNSTER, C.A. GEE, S. JONAS, R.L. WILLSON. Desferrioxamine
(Desferal) and superoxide free radicalsFormation of an enzyme-damaging nitroxide. Biochemical
Journal, 246, 725-729, (1987).

T.P. KIRA, A.R. NATALIE, B. FRASER, H.S. MATTHEW, B. CLEMENT, C. SRINIVASAN.
Measuring ‘‘free’” iron levels in Caenorhabditis elegans using low-temperature Fe (III) electron
paramagnetic resonance spectroscopy. Analytical Biochemistry, 358, 199-207, (20006).

D. ABELE, K. HEISE, H.O. PORTNER, S. PUNTARULO. Temperature dependence of mitochondrial
function and production of reactiveoxygen species in the intertidal mud clam Mya arenaria, Journal of
Experimental Biology, 205, 1831-1841, (2002).

Romanian Biotechnological Letters, Vol. 17, No. 2, 2012 7149



Comparison of thermotolerance effects of desferrioxamine and 1its concentrations in animal model
caenorhabditis elegans

16.

17.

18.

19.

20.

21.

22.

23.
24.

7150

K.T. PATE, N.A. RANGEL, B. FRASER, H.S. MATTHEW, B. CLEMENT, C. SRINIVASAN.
Measuring ‘‘free’’ iron levels in Caenorhabditis elegans using low-temperature Fe III) electron
paramagnetic resonance spectroscopy. Analytical Biochemistry, 358, 199-207, (2006).

M.G. BENEDETTI, A.L. FOSTER, M.C. VANTIPALLI, M.P. WHITE, J.N. SAMPAYO,M.S. GILL,
A. Olsen, G.J. LITHGOW. Compounds that confer thermal stress resistance and extended lifespan.
Experimental Gerontology, 43, 882—-891, (2008).

P. VERBEKE, J. FONAGER, B.F.C. CLARK, S.I.S. RATTAN. Heat shock response and ageing:
mechanisms and applications. Cell Biology International, 25, 845857, (2001).

L. DANA, L. MILLER, M.B. ROTHI. Hydrogen sulfide increases thermotolerance and lifespan in
Caenorhabditis elegans. PNAS., 104 (51), 20618-20622, (2007).

A.l. MICHALSKI, T.E. JOHNSON, J.R. CYPSER, A.. YASHIN. Heating stress patterns in
Caenorhabditis elegans longevity and survivorship. Biogerontology, 2, 35-/44, (2001).

Al YASHIN, JW. CYPSER, T.E. JOHNSON, A.I MICHALSKI, S.I. BOYKO, V.N.
NOVOSELTSEV. Heat shock changes the heterogeneity distribution in populations of Caenorhabditis
elegans: does it tell us anything about the biological mechanism of stres response? The Journals of
Gerontology. Series A Biological Science and Medical Science, 57, B83-/B92, (2002).

G. SUDAMA. There are observable metabolic signature patterns in C. elegans: Specifically for
different life stages grown with and without the added antioxidants Vitamin C and Vitamin E? Doctor
of philosophy thesis of George Mason University, pp, 1-229 Spring Semester Fairfax, VA, (2008).

C. KENYON. The plasticity of aging: insights from long-lived mutants. Cell., 120, 449-460, (2005).

S. WOLFF, A. DILLIN. The trifecta of aging in Caenorhabditis elegans. Experimental Gerontology,
41(10), 894-903, (2006).

Romanian Biotechnological Letters, Vol. 17, No. 2, 2012



	a 1.pdf
	a 2.pdf
	a 3.pdf
	a 4.pdf
	a 5.pdf
	a 6.pdf



