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ABSTRACT
Many years, protozoa are used as cellular models in toxicological studies
and as bio-indicators of water pollution. They allow specifying the inter-
action between a test molecule and target cells. The main objective of our
work was to study the effect of an insecticide: Indoxacarb on freshwater
ciliated microorganism: Paramecium sp. We tested the effect of this
xenobiotic at different concentrations (10, 20, 40 and 80ìM) on aliquots of

50ml of culture of paramecium done beforehand. The results obtained
showed that the growth of paramecium was sensitive at the high concen-
trations to the product. The toxicity was evaluated by determining the IC
50. The dosage of enzymes of phase II including glutathione S-trans-
ferase and antioxidants (catalase and ascorbate - peroxidase) showed
fluctuations with time and concentration of the xenobiotic. The measure-
ment of respiratory activity showed inhibition of oxygen consumption
reflecting a deleterious effect of this insecticide.
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INTRODUCTION

Since the advent of synthetic pesticides, contami-
nation of the environment has grown to the point where
the Earth�s surface, as a whole contains molecules of

this nature without necessarily having been treated di-
rectly[1]. In recent years, it is becoming increasingly
aware that pesticides do not act only against the target
for which they have been approved but on the whole
ecosystem[2]. The effects on biodiversity and including
flora and fauna in terrestrial and aquatic are undeniable.
Over 90% of synthetic insecticides are organophos-
phates, carbamates and pyrethroids with localized sites

of action in the nervous system[3]. Among these prod-
ucts we have chosen an insecticide: indoxacarb. This is
a new broad spectrum insecticide effective against in-
sects[4,5] which shows a low toxicity to mammals and
does not show resistance when it is crossed with car-
bamates, pyrethroids, spinosad, cyclodiene,
benzoylureas or organo-phosphates[4]. This is the first
insecticide blocking Na + channels of the class of
oxadiazine which was marketed. Its selective toxicity
against insects is due in part to the fact that this is a pro-
insecticide, bio-activated in insects by esterases and
amylases[6-8]. It is a modulator of nicotinic receptors of
acetylcholine neurons in mammals[9,10], and its activity
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is similar to that of pyrazolines.
This study was undertaken to better characterize

the mechanism of action of the insecticideIndoxacarb
at different levels of organization of the cell allowing to
specify the interactions between the xenobiotic and cel-
lular targets through monitoring of respiratory metabo-
lism and exactly on the biomarkers that are considered
detection tools relevant pollution and thus constitute a
new approach to assess the effects of environmental
contamination on ecosystems and human health.

MATERIALS AND METHODS

Chemicals

Indoxacarb

(S)�methyl 7-chloro-2,5-dihydro -2 �

[[(methoxycarbonyl) [4-(trifluoromethoxy) phenyl)
amino] carbonyl] indeno [1,2-e][1,3,4] oxadiazine-4a
(3H)- carboxylate.

measuring the optical density (OD) at wave length ë =
600 nm as a function of time by spectrophotometry[13].
The toxicity was evaluated by determining the IC 50,
that determined the concentration, which, under stan-
dard conditions, inhibited 50% of the increase in popu-
lation[14].

Determination of phase II enzymes and antioxi-
dants

(a) The rate of glutathione (GSH)

This assay was performed according to the proto-
col of[15] witch is based on measuring the optical den-
sity of the acid 2-nitro-5-mercapturic. This follows the
reduction of the acid 5,5 �- dithio -2 - nitrobenzoic acid

(DTNB or Ellman�s reagent) by groups (-SH) glu-

tathione

(b) Glutathione S-transférase activity (GST)

Measurement of GST activity is was performed by
the method of[16], which is to provide the enzyme sub-
strate [usually chlorodinitrobenzene (CDNB)], which
reacts easily with many forms of GST and glutathione.
The reaction catalyzed by the combination of these two
products leads to the formation of a new molecule that
absorbs light at a wavelength of 340 nm.

(c) Catalase activity (CAT)

The spectrophotometric determination of catalase
activity (CAT) was carried out following the method
of[17]. The decrease in absorbance was recorded for
three minutes (JENNWAY spectrophotometer) at a
wavelength of 240nm.

Polarographic measurement

The aircraft used was an oxygen electrode, type
HANSATECH, which allowed the measurement of
output or oxygen consumption[18].

Statistical analysis

The analysis of variance with two controlled fac-
tors was used to estimate the differences reported for
the different parameters studied.

RESULTS

Effect of Indoxacarb on cellular growth

Figure 1 shows a decrease in the growth of cells
from the beginning of the second day up to the 4th day.

Cell culture

The culture of paramecium was performed accord-
ing to the method of[11]. It is to infuse the hay in a con-
tainer containing 1 liter of rain water and leave in a warm
place (15 to 20 ° c), dark and well ventilated. Few

more days later flagellates appeared, these organisms
feed at the expense of bacterial veil. The purification of
the culture was through multiple subcultures.

Method of treatment

Xenobiotics were tested in aliquots of 50ml of cul-
ture according to[12], four concentrations were chosen:
10, 20, 40 and 80ìM (the tests were repeated three
times and results were expressed as the average + / -
the STDEV).

Kinetics of growth

The kinetics of growth of paramecium is done by
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Cells treated with 10 µM illustrate a condition almost

identical to that of control. For those treated with 20,
40 and 80 ìM, a gradual inhibition and an inhibitory
effect highly significant (p<0.001) of cell growth was
observed almost from the second day of treatment.

To characterize the toxicity, we determined the 50%

of GSH in most of the treated cells compared to con-
trol where the rate peaked at 40ìM concentration

(about 3 times the control), whereas the highest dose
80ìM achieved the lowest level. Finally, the GSH de-
creased from 48 h with time and concentration in a
highly significant manner (p<0.05).

(b) Glutathione S-transferase activity (GST)

Data obtained after determination of GST specific
activity expressed in nmol / min / mg of protein mea-
sured in the cells of paramecium were grouped in Fig-
ure 3. We noted that the GST increased with time and
with increasing concentrations and significantly (p = 0.05)
and peaked at 48 h at a level double of the control.

Figure 1 : Effect of indoxacarb on cellular growth of para-
mecium

inhibitory concentration (IC 50). The rates corrected
of normality obtained were transformed into probit and
allowed to establish a straight-line regression based on
the decimal logarithms of the concentrations used. Ac-
cording to the curve, we could determine all the out-
standing concentrations (CI 50), and the slope (the slope
of the regression line). We noted that the inhibitory con-
centration decreased with the duration of exposure
(TABLE 1).

Phase II enzymes and antioxidants

Indoxacarb 
Exposition 

CI 50 (µM) Slope 

72 h 83.67 0.271 

96 h 52.81 0.426 

120 h 44.83 0.243 

TABLE 1 : Determination of the 50% inhibitory concentra-
tion (IC 50) of Indoxacarb

(a) Glutathione variations (GSH)

The summarized results in Figure 2 represented the
variation of GSH according to the different concentra-
tions of the insecticide in a period of time (1h - 96h).
After 1 h of exposure, there was a slight induction of
GSH 4,310-5 µM / mg of protein in treated cells at a

concentration of 40 µM while it was worth (2,710-5 µM

/ mg of protein) in control cells.
At 24h of treatment, there was a strong induction

Figure 2 : Effect of Indoxacarb on GSH induction

Figure 3 : Effect of Indoxacarb on GST activity

(c) Catalase activity

The monitoring of the catalase activity revealed that
it increased from the first h of treatment compared to
the control and concentration of (10 and 80 µM). A

peak was observed at 48 h for the concentration of 40
µM. However, there was a decrease in catalase at 96 h

and very highly significant (p 0.001) (Figure 4).

(d) Ascorbate peroxidase activity (APX)

Figure 5 shows the results of ascorbate peroxidase



Sbartai Ibtissem et al. 307

FULL PAPER

BTAIJ, 6(10) 2012

BioTechnology
An Indian Journal

BioTechnology

activity determination. Note that APX activity increased
in a highly significant (p H� 0.01) manner with time and

concentration and peaked at 48 h right from the lowest
concentration where it was approximately three times
the control. However, APX activity decreased at the
end of treatment and for all concentrations.

Figure 4 : Effet of Indoxacarb on catalase activity

Figure 5 : Effect of Indoxacarb on ascorbat peroxidase activ-
ity

Effects of Indoxacarb on the respiratory metabo-
lism

Figure 6 illustrates the effect of Indoxacarb on the
respiratory metabolism during 4 days (96 h) of treat-
ment. We noted that the control cells breathed by con-
suming oxygen, which varied from 58.57 to 39.6 nmol
O

2
 on the last day with a peak of 160.71 nmol / ml of

O
2
 at 24h. The respiratory function registered at 24 h

was about three times higher than that obtained at 1h.
The parallel processing by Indoxacarb at low concen-
trations caused a slight reduction of the respiratory func-
tion with time and this in proportion compared to con-
trols, it was about 20% at concentrations of 10ìM and

25% at 20ìM

However, it is important to note that the most sig-
nificant changes were rated at 24 h.

Figure 6 : Indoxacarb effect on the respiratory metabolism of
paramecium

Regarding the high concentrations, we found that
variations in 24 h were twice more important than those
obtained at 1h with a much more simplistic to 80ìM,
the paramecium consumed only 7.95 nmol. After 48,
72, and 96h. The respiratory activity of paramecium
was very low and reflected the inhibitory effect of these
concentrations and highly significant differences were
observed between concentrations and the rate of oxy-
gen consumed (p <0.001).

DISCUSSION

Many pesticides are used indiscriminately by the
farmers to control pests. They are likely to cause water
pollution and affect the organisms that inhabit the wa-
ters including the paramecium[19]. Paramecia were used
in the past for the rapid assessment of the toxicity of
pesticides[20-22]. These are protists, ubiquitous in the
aquatic and terrestrial environment, characterized by a
short life cycle, and a rapid growth[23] and whose be-
havior in the environment could be affected in the pres-
ence of pollutants, which led us to use them as cellular
models to study the impact of xenobiotics and the as-
sessment of health risks[13].

The evaluation of cytotoxic effects of a xenobiotic
can be performed using different parameters, including
cell growth, which reflects the state of metabolism of
the cell[13,24]. To reach their molecular targets, the
acaricides penetrate inside the body through either the
cuticle or the walls of the digestive tract. This penetra-
tion occurs at a speed which, for the same toxin, varies
from one species to another. If the kinetics of penetra-
tion is sufficiently slow, the acaricide can be degraded
by the detoxification systems and will have little effect[3].
Thus, our results showed that at low concentrations,
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the Indoxacarb has little effect on cell growth. This brings
us to confirm the influx of the pesticide inside the cells,
despite the presence of the cell membrane that consti-
tutes a barrier against the entry of xenobiotics mass but
remains permeable[11] which explains moreover, the
toxic effects which were detectable only from 40ìM.
This is the main similarity between these insects and
microorganisms[25]. These results are consistent with
those of Ujwala et al. (2007)[19] which show a decrease
in population density of paramecium exposed to 1 and
100 ppm of monocrotophos (MCP). The same is true
for Rouabhi et al. (2006)[25]. At high concentrations, a
concentration-dependent inhibition of cell growth was
observed almost from the first day of treatment. Our
results are in the same direction as those reported by
Liebig et al. (2008)[26] who studied the effect of methyl
parathion and prometryn on the growth of flagellates
(Cryptomonas sp.) and ciliate predators (Urotricha
furcata). Thus, it seems clear that the xenobiotic is an
inhibitor of the growth of paramecium to high concen-
trations. This toxicity of indoxacarb is partly due to its
chemical products containing halogens such as chlorine
and fluorine. When microorganisms are subjected to
changes in their environment, they are stressed. This
stress can be intense, and causes the death of these
organisms. It may also be less intense, allowing them to
deploy a battery of responses through the activation of
detoxification mechanisms to fight, survive and in some
cases, to acclimate to this new setting[27]. Biomarkers
represent the initial biological response of microorgan-
isms in the face of disruption or contamination of the
environment in which they live[28]. Among these
biomarkers, the glutathione system is provided by glu-
tathione itself in the presence of several enzymes that
are essential elements of this system with the most im-
portant is glutathione S-transferase (GST) involved in
the reactions conjugation of electrophiles[29]. Glutathione
is the most abundant cellular thiol involved in the me-
tabolism in the processes of transport and in protecting
cells against the toxic effects of endogenous and exog-
enous compounds including ORS[30]. By intercepting a
hydroxyl radical, glutathione generates superoxide radi-
cal that needs to be supported by a superoxide
dismutase. In addition to its role as a reducing agent, it
also operates a second level in the defense against free
radicals through its involvement in the reactions of

detoxification catalyzed by glutathione S-transferase[31].
In our study, we noticed that when paramecia were

subjected to chemical stress, the GSH and GST activ-
ity appeared to be sensitive and responded quickly to
the presence of the pollutants. This could be explained
by the fact that at low concentrations there is a trigger-
ing of detoxification systems, which for the most part,
consist mainly of enzyme catalase. This allows the cell
to tolerate and adapt to xenobiotic thus resulting in an
increase in these enzymes (catalase). On the other hand,
and according to Ha et al. (1998)[32] direct capture of
free oxygen radicals (FOR) caused by this insecticide
is provided by radical scavengers or compounds by
enzyme systems located in the vicinity of the place of
initial production. These radicals can be trapped by glu-
tathione, some dipeptides, proteins rich in thiol groups
(-SH), amino acids, unsaturated fatty acids nonesterified
and phospholipids. At high concentrations, the systems
were the very outdated and the enzymes were com-
pletely inhibited. This is in perfect agreement with the
work of Chaoui et al. (1997) and Cho and Park
(2000)[33,34]. Enzyme systems involved according to this
mechanism have a functioning chain. The enzymes in-
volved are superoxide dismutase, a copper-dependent
enzyme that eliminates superoxide radical by convert-
ing it into hydrogen peroxide, glutathione peroxidase
and catalase, which remove hydrogen peroxide, glu-
tathione reductase, which regenerates glutathione re-
duced, and glucose-6-phosphatase, which provides the
high energy needed to operate the chain of reactions.
These systems are likely to wear the massive influx of
free radicals[35].

We also showed the increase of catalase activity in
paramecia treated with indoxacarb at the start of treat-
ment. This is due to the fact that catalase is considered
as an enzyme with a clear answer and rapid contamina-
tion by xenobiotics. Indeed, the catalase activity is a
transformation of hydrogen peroxide (H

2
O

2
) into wa-

ter and molecular oxygen (O
2
). Yet, the production of

H
2
O

2
 is induced by the presence of exogenous com-

pounds to the body such as our pesticides[36]. The re-
active derivative of oxygen can cause oxidation of mac-
romolecules (DNA, lipids and proteins)[37]. Catalase
plays a role in protecting the body against damage from
oxidative stress and superoxide dismutase is with the
first line of defense[38]. It is considered as one of the
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most sensitive biomarker of oxidative stress, especially
toward chemical pollutants in the aquatic environment[39].
The decrease in Catalase activity at the end of treat-
ment could be explained by the increased level of ORS
resulting from exposure of paramecia to high concen-
trations of the xenobiotic. Peroxidases are oxido-re-
ductases enzyme that catalyze the oxidation of glyco-
protein of many organic and inorganic compounds by
hydrogen peroxide (H

2
O

2
)[40]. APX activity, an enzyme,

very important in the defense system, induces a response
to different treatments in Paramecium. It protects the
cell against oxidative damage by H

2
O

2
 toxicity. The in-

crease in APX under oxidative stress caused by this
xenobiotic demonstrated its role in the elimination of
hydrogen peroxide (H

2
O

2
) formed. It reduces H

2
O

2
 to

water using ascorbate as an electron donor resulting
from dehydroascorbate. It is recycling ascorbate using
GSH as an electron donor and oxidized glutathione
(GSSG) is converted to GSH by NADP-H-dependent
enzyme glutathione reductase. Indeed, during the phase
I metabolism of mono-oxygenases cytochrome P450
catalytic reactions by incorporating their O

2 
atom in the

xenobiotic resulting in greater need for O
2
[41]. Thus we

have shown a disturbance of the respiratory metabo-
lism of microorganisms treated with different concen-
trations of the xenobiotic studied compared to control
cells. Our results are consistent with those of Druez et
al. (1989)[42] who tested the effect of gossypol on the
morphology, mobility and metabolism of Dunaliella
bioculata (flagellate protists) regarded as a cell model
of human sperm. The perturbation of the respiratory
activity obtained in our work showed that low concen-
tration of Indoxacarb generated an oxidative stress that
led to release of ROS which are known as disruptive of
respiratory metabolism[43,44]. The major role of the en-
dogenous production of ROS is the regulation of the
activity. These ROS are quickly neutralized by the sys-
tem of defense / detoxification. The high respiratory
activity recorded at 24 hours supported this finding.
Also after 24h and after trigger of the defense system
of the paramecium, the changes initially recorded at 24
hours were reduced strongly beyond this time. On the
other hand, high concentrations of Indoxacarb caused
a sharp reduction in respiratory activity of cells closely
related to the decrease in the number of paramecium,
with a strong release of ROS capable of interfering with

the components of the respiratory chain specifically at
the site responsible for substrate oxidation from the
Krebs cycle causing malfunction which could inhibit it
totally. This leads to the apoptosis[45]. Our results are in
the same direction as those of Bonsoltane et al.
(2005)[46] who reported that the stimulation of respira-
tion in the paramecia treated with NH 

4
 NO 

3
. On the

other hand the excessive consumption of oxygen could
explain the eutrophication of aquatic environments due
to pollution by chemicals. The eutrophication of lakes
has led to the death by asphyxiation of freshwater fish[47].

After considering all the experimental data obtained
throughout the study, it appears that the ciliate protists
used in our work is a material of choice for studies in
toxicology, and occupies a privileged position in aquatic
ecosystems because it is one of the basic elements of
food. Hence the need for a deep study of the impact of
pollution on our environment is essentially required.

REFERENCES

[1] C.Regnault-Roger, G.Fabres; B.J.R.Philogène;

Enjeux phytosanitaires pour l�agriculture et

l�environnement. Edition TEC & DOC, 20-53

(2005).
[2] R.Calvet; Absorption of organic chemicals in soils.

Environnemental Health Perspectives, 85, 145-177
(1983).

[3] E.Haubruge, M.Amichot; Les mécanismes

responsables de la résistance aux insecticides chez

les insectes et les acariens. Biotechnol.Agron.
Soc.Environ., 2, 161-174 (1998).

[4] J.Z.Zhao, Y.X.Li, H.L.Collins, L.Gusukuma-Minuto,
R.F.Mau, G.D.Thompson; Monitoring and charac-
terization of diamondback moth (Lepidoptera:
Plutellidae) resistance to spinosad. J.Econ.Entomol,
95, 430-436 (2002).

[5] K.D.Wing, A.J.T.Ndaloro, S.F.Cann, V.L.Salgado;
Indoxacarb and the sodium channel blocker insec-
ticides: Chemistry, physiology and biology in insects.
In: Comprehensive molecular insect science,
L.I.Gilbert, K.Iatrou, S.S.Oxford (Eds); Elsevier,
31-53 (2004).

[6] K.D.Wing, M.E.Schnee, M.Sacher, M.Connair; A
novel oxadiazine insecticide is bioactivated in lepi-
dopteran larvae. Arch Insect Biochem Physiol, 37,
91-103 (1998).

[7] S.F.Cann, G.D.Annis, R.Shapiro, D.W.Piotrowski,



310 Induction of oxidative stress in a freshwater ciliated microorganism Paramecium sp.

FULL PAPER

BTAIJ, 6(10) 2012

BioTechnology
An Indian Journal

BioTechnology

G.P.Lahm., J.K.Long; The discovery of indoxacarb:
oxadiazines as a new class of pyrozoline-type-Insec-
ticides. Pest Management Sci., 6, 98-106 (2001).

[8] S.Sugiyama, Y.Tsurubuchi, A.Karasawa, K.Nagata,
Y.Kono, T.Shono; Insecticidal activity and cuticu-
lar penetration of indoxacarb and its N-
decarbomethoxylated metabolite in organopho-
sphorus insecticide-resistant and susceptible strains
of the housefly, Musca domestica (L.). J.Pesticide
Sci., 26, 117-20 (2001).

[9] X.Zhao, K.Nagata, W.Marszalec, J.Z.Yeh,
T.Narahashi; Effects of the oxadiazine insecticide
indoxacarb, DPX-MP062, on neuronal nicotinic ace-
tylcholine receptors in mammalian neurons.
Neurotoxicology, 20, 561-70 (1999).

[10] K.S.Silver, D.M.Soderlund; Differential sensitivity
of rat voltage-sensitive sodium channel isoforms to
pyrazoline-type insecticide, Toxicology and Applied
Pharmacology, 214, 209-217 (2006).

[11] F.Beaumont, M.Cassier; Travaux Pratiques de
Biologie Animale, Zoologie, Embryologie, Histologie,
3ème (Edition), Dunod, 123-143 (1998).

[12] R.Rouabhi, F.Z.Saci, H.Berrebbah, M.R.Djebar;
Toxic effects of combined molecule from novaluron
and diflubenzuron on Paramecium caudatum.
American-Eurasian Journal of Toxicologic Sciences,
1(2), 74-80 (2009).

[13] M.P.Sauvant, D.Pepin, E.Piccini; Tetrahymena
pyriformis: A tool for toxicological studies. Chemo-
sphere, 38(7), 1631-1669 (1999).

[14] J.L.Bonnet, P.Guiraud, M.Dusser, M.Kadri,
J.Lafosse, R.Steiman, J.Bohatier; Assessment of
anthracene toxicity toward environmental eukary-
otic microorganisms: Tetrahymena pyriformis and
selected micromycetes. Ecotoxicology and Envi-
ronmental Safety, 60, 87-100 (2003).

[15] G.Weeckbeker, J.G.Cory; Ribonucleotide reductase
activity and grouth of glutathione-depleted Mopuse
leukameia L1210 Cells in vitro, 40, 257-264
(1988).

[16] W.H.Habig, M.J.Pabst, W.B.Jakoby; Glutathion S-
Transferases. The First enzymatic step in mercap-
turic acid formation. The Journal of Biological
Chemistry, 249, 7130-7139 (1974).

[17] I.Cakmak et al., W.J.Horst; Effect of aliminium on
lipid peroxidation, superxide dismutase, catalase and
peroxidase activities in root tips of soybean (Gly-
cine max). Physiol.Plant, 83, 463-468 (1991).

[18] M.R.Djebar, F.Moreau; Changement de la fluidité
membranaire des mitochondries de pomme au cours

de leur énergisation: effet de l�éthylène.

C.R.Acad.Sc., T.307, S.III, (13), 736-741 (1988).
[19] Ujwala Garad, N.Shanti Desai, V.Prakash Desai;

Toxic effects of monocrotophos on paramecium
caudatum. African Journal of Biotechnology, 6(19),
2245-2250 (2007).

[20] Z.Kamola; Toxicity of fastac 10 EC, a pyrethroid
insecticide to paramecium primaurelia and tubifex
sp. Folia Biol (Krakow)., 40(3-4), 109-112 (1992).

[21] C.M.Juchelka, T.W.Snell; Rapid toxicity assessment
using ingestion rate of cladocerans and ciliates.
Arch.Environ.Contam.Toxicol., 28, 508-512
(1995).

[22] V.J.Rao, S.K.Arepalli, V.G.Gunda, J.Bharat
Kumaret; Assessment of cytoskeletal damage in
Paramecium caudatum: An early warning system
for apoptotic studies. Pesticide Biochemistry and
Physiology, 91, 75-80 (2008).

[23] D.L.Beal, R.V.Anderson; Response of Zooplank-
ton to rotenone in a small pond. Bull.Environ.
Contam.Toxicol., 51, 551-556 (1993).

[24] M.Perez-Rama, A.J.Abalde. L.C.Herrero, E.Torres;
Class III metallothioneins In response to cadmium
toxicity in the marine microalga Tetraselmis suecica
(Kylin) butch. Environmental Toxicology and Chem-
istry, 20(9), 2061-2066 (2001).

[25] R.Rouabhi, H.Berrebbah, M.R.Djebar; Toxicity
evaluation of flucycloxuron and diflubenzuron on
the cellular model, paramecium sp. Afr.J.
Biotechnol., 5, 45-48 (2006).

[26] M.Liebig, G.Schmidt, D.Bontje, B.W.Kooi, G.Streck,
W.Traunspurger, T.Knacker; Direct and indirect
effects of pollutants on algae and algivorous cili-
ates in an aquatic indoor microcosm. Aquatic Toxi-
cology, 88, 102-110 (2008).

[27] L.Lagadic, T.Caquet, J.C.Amiard, F.Ramade;
Biomarqueurs en écotoxicologie: Aspects

fondamentaux. Edition Masson, 53-97 (1997).
[28] J.J.Stegeman, M.Brouwer, R.T.Diguiulio, L.F.Rlin,

B.A .Fowler, B.M.Sanders, P.A.Van Veld; Molecu-
lar responses to environmental contamination: en-
zyme and protein systems as indicators of chemical
exposure and effect. In Biomarkers: Biochimical,
physiological and histological markers of anthrpogenic
stress. Lewis Publishers, 235-335 (1992).

[29] J.E.Kammenga, R.Dallinger, M.H.Donker,
H.R.Kohler, V.Simonsen, R.Triebskorn, J.M.Weeks;
Biomarkers in terrestrial for ecotoxicological soil risk
assessement. In Reviews of Environmental Contami-
nation and Toxicology. G.W.Ware (Edition); 175 Fifth



Sbartai Ibtissem et al. 311

FULL PAPER

BTAIJ, 6(10) 2012

BioTechnology
An Indian Journal

BioTechnology

Ave/New York/NY 10010, Springer-Verlag, 164, 93-
147 (2000).

[30] D.A.Dickinson, H.J.Forman; Cellular glutathione
and thiols metabolism biochemical pharmacology,
64, 1019-26 (2002).

[31] S.Barillet; Toxicocinetique, toxicité chimique et

radiologique de l�uranium chez le poisson zebre

(Danio rerio). Thèse de doctorat, Université Paul

Verlaine de Metz, France, 476-478 (2007).
[32] H.Ha, N.S.Sirisoma, P.Kuppusamy, J.L.Zweier,

P.M.Woster, R.A.Jr.Casero; The natural polyamine
spermine functions directly as a free radical scav-
enger. Proc.Nat.Acad.Sci.USA, 95, 11140-11145
(1998).

[33] A.Chaoui, S.Mazoudi, M.H.Ghorbal, E.E.L.Ferjani;
Cadmium and zinc induction of lipid peroxidation
and effects on antioxidant enzyme activities in bean
(Phaseolus ulgaris L). Plant Science, 127, 139-
147 (1997).

[34] U.H.Cho, J.O.Park; Mercury-induced oxidative
stress in tomato seedlings. Plant.Science., 156, 1-
9 (2000).

[35] C.J.Huang, M.L.Fwu; Degree of protein deficiency
affects the extent of the depression of the
antioxidative enzyme activities and the enhance-
ment of tissue lipid peroxidation in rats. J.Nutr., 123,
803-810 (1993).

[36] P.J.Brown, S.M.Long, D.J.Spurgeon, C.Svendsen,
P.K.Hankard; Toxicological and biochemical re-
sponses of the earthworm lumbricus rubellus to
pyrene a non-carcinogenic polycyclic aromatic hy-
drocarbon. Chemosphère, 57, 1675-1681 (2004).

[37] T.Vlahogianni, M.Dassenkis, M.J.Scoullos,
A.Valavanidis; Integrated use of biomarkers (su-
peroxide dismutase, catalase and lipid peroxidation)
in mussels Mytilus galloprovincialis for assess-
ing heavy metals pollution in coastal areas from the
Saronikos Gulf of Greece. Marine Pollution Bulle-
tin, 54, 1361-1371 (2007).

[38] D.Ribera, J.F.Narbonne, C.Arnaud, M.Saint-Denis;
Biochemical responses of the eartworm Eisenia
fetida andrei exposed to contaminated artificial
soil, effects of carbaryl. Soil Biol.Biochem, 33, 1123-
1130 (2001).

[39] F.Regoli, G.Principato; Glutathione, glutathione-
dependent and antioxidant enzymes in mussel,
Mytilus galloprovincialis, exposed to metals under
field and laboratory conditions: Implications for the
use of biochemical biomarkers. Aquat.Toxicol., 31,
143-164 (1995).

[40] E.M.Farago; Plant and Chemical Elements :

Biochemisty, Uptake, Tolerance and Toxicity (Edi-
tion). VCH., 32-231 (1994).

[41] M.Bounias; Traité de Toxicologie Générale, Edi-

tion Springer, 580-583 (1999).
[42] D.Druez, F.Marano, R.Calvayrac, B.Volochine,

J.C.Soufir; Effect of gossypel on the morphology,
mobility and metabolism of a flagellated protist,
Dunaliella bioculata. J.Submicrosc.Cytol.Pathol.,
21(2), 367-374 (1989).

[43] S.A.Kiss, I.S.Varga, Z.Galbacs, T.H.Maria,
A.Csikkel-Szolnoki; Effect of age an magnesium
supply on the free radical and antioxydant content
of plants. Acta Biologica Szegediensis, 47(1-4),
127-130 (2003).

[44] R.Kuciel, A.Mazurkiewicz; Formation and detoxi-
fication of reactive oxygen species. Biochemestry
and Molecular Biology Education, 323, 183-186
(2004).

[45] S.Benyahia, S.Benayache, F.Benayache, J.Quintana,
M.Lopez, F.Leon, J.C.Hernandez, F.Estévez,

J.Bermejo; Isolation from eucalyptus occidentalis and
identification of a new kaempferol derivative that
induces apoptosis in human mayloid leukemia celles.
Journal of Natural Products, 67(4), 656-658 (2004).

[46] S.Bensoltane, F.Khaldi, H.Djebar, M.R.Djebar;
Toxicity of the ammonium nitrate NH4 NO3 on the
respiratory metabolism of three biological models:
Paramecium, mosses and lichens. Comm.Appl.Biol.
Sci.Ghent University, 70, 4 (2005).

[47] S.Gangbazo, A.R.Pesand, G.Barnett, J.P.Charuest,
D.Clins; Water contamination by ammonium nitro-
gen following the spreading of hog manure and
mineral fertilizers. Journal of Enviromental Quality,
24(3), 420-425 (1995).


