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ABSTRACT

The aim of this study was to assess the mariner@maent quality along the east Algerian coasts gisam
approach based on biomarkers in the polychaeterfeeeis cultrifera. Individuals were collected frahree sites
(Skikda, Annaba and El-Kala) based on the leveladiution. The non urbanized site of El-Kala wasisidered as

a healthy reference site. The biomarkers selectethg this study were the activities of acetylchefiterase as
neurotoxicity marker, glutathione S-transferasephimse Il enzyme and catalase as oxidative stresgemarhe
results show differences between sites compared thi¢ reference samples. This approach confirmg tha
individuals from Skikda and Annaba have been suedhib highly polluted environment. Individualsleoted from
Skikda show the highest reduction of the mean fwesight, length and number of setigers as wellheshighest
inhibition or induction of enzyme activities indiicey a highly contamination status.

Keywords: Perinereis cultrifera Pollution, Biomonitoring, Biomarkers, Eastern Afg.

INTRODUCTION

Polychaete annelids are well represented in manivronments and constitute a significant percemtaghe total
biodiversity and abundance of benthic macrofaunéydhaetes are the dominant macrofauna within §e@iments
[1] and are commonly used in toxicological stud&s3]. The polychaet®. cultrifera (Nereididae) was described
for the first time by Grube (1840) from the Adr@atea. It occurs along the north-western coasBuofpe and the
Mediterranean. This species has also been desdnbtd Indian and Pacific Oceans [4, 5, 6]. Acaogdto the
geographical location of the populations, mode egroduction differs largely [7]. Reproduction inetfienglish
Channel and the Atlantic is of an epitokous type9[810, 11] as in the Mediterranean Sea at Sal&mmehlr Tunis,
at Annaba on the Algerian Mediterranean coast tieaf unisian border and in the Venice Lagoon itylfa2, 13,
14]. However, on the west coast of Algeria in treeyB®f Algiers, the reproduction has been descrée@tokous
[15, 16], as on the Moroccan Atlantic coast [178l dhe Gulf of Marseille [18]P.cultrifera is an intertidal poor
disperser polychaete. It is reported to be a fpEaveer. According to [19P. cultrifera has a bentho-pelagic life
cycle with a brief semi-pelagic phase. Eggs argeldegg diameter 350 um), lecithotrophic and deateatching
occurs at the 3-setiger erpochaete stage. Larvaibier little developed ciliary crown and oftenaed on the
bottom. At the end of the semi-pelagic phase, alsirhacome sedentary at the 4-setiger erpochaede. sthen
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erpochaeta loose their ciliary crown and thus ammpletely benthic. The juvenile, benthic worm of @0 11
segments has the same life style as the adult.

The pollution of marine environments by the vasmnber of xenobiotics has increased during the lastde as a
direct consequence of a wide variety of anthropgiivdies [20 21]. Such contamination representegous threat
to the overall health of aquatic ecosystems [2Bf Tultibiomarker approach appears to be effedtivestimating

the toxicity of complex mixtures [23, 24, 25, 26,]2Acetylcholinesterase (AChE) is an enzyme essett the

correct transmission of nerve impulses. An inhdlnitof this enzymatic activity has been used toadetad measure
the biological effects of organophosphorus and a@dies in the marine environment [28]. MoreoveChE may

be also inhibited by heavy metals [29, 30, 31]. Ghdathione-S-transferases (GSTs) are a multipisame family

involved in phase Il detoxification processes anel @sed as biomarkers of organochlorine pesticaaes PCBs
pollution in invertebrates [28, 32, 33, 34]. Casa&laCAT) is an anti-oxidant enzyme that is usech awvarker

involved in the primary defense against oxidatiaendge [35].

The aim of this study was to test if the polychdetecultrifera could be used as a bioindicator in biomonitoring
programs on the eastern coast of Algeria. In otdeest this hypothesis we studied the effectsmfirenmental
pollution on AChE, GST and CAT activities. We alseasured indicators of physiological (mean indigidoody
weight, mean length and mean number of setigeait) st

MATERIALS AND METHODS

Sampling sites

Sampling sites were chosen because of their gebigeddocations in eastern Algeria (Fig. 1). Sitdestion was
based on the level of pollution as well as easaaufess to the study area and abundance of spé&tiksila

(36°53'44" N; 08°26'35" E) is close to the Tumisborder (10 km). This site is part of a natiopatk and is not
urbanized, therefore, it was considered as thettheatference site. Annaba (36°54'27" N; 7°4528"iElocated
about 80 km from the Tunisian border. This siteexposed to the pollution by pesticides and/or heaefals
released from the FERTIAL factory and the port\atiis [36]. Skikda (36°45'0" N; 06°49'60" E)lixated about
180 km from the Tunisian border. This site is ns|am Stora port that is characterized by an intemseitime

traffic. This site is exposed to the pollution b&HPdue to the presence of an important petrochdromaplex.

Seawater temperature, pH, dissolvega@d salinity were measured with a Multiparametey®ater (Multi 340
i/SET) at each site monthly from January 2011 tadpeber 2011.
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Fig. 1. Location of the different sampling sites @ng the east Algerian coast: El-Kala, Annaba, Skika
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Collection of individuals

Individuals were collected monthly from JanuaryCitecember 2011. They were found within Rhodophycéae,
algal-covered hard bottoms. They occur low in theertidal zone and extend down into the sublittoial
consequence, the intertidal and shallow sublittbeatl bottoms were sampled methodically by scrapigge and
looking for individuals [14]. The fresh weight, tHength and the number of setigers of each indaliduere
measured.

Biochemical analyses

Individuals were homogenized at 4°C in a solutiontaining 38.08 mg EGTA, 0.1 ml Triton X 100, 5.8¢%aCl
and 80 ml Tris/HCI buffer pH 7 for AChE and in QML phosphate buffer pH 6 for GST and CAT. Homogesate
were then centrifuged at 9000yfor 15 min at 4°C for AChE activity and 1300@%or 30 min at 4°C for GST and
CAT activities. The supernatant of each sample stased at -20°C. Total protein content in the hoerade was
determined according to Bradford [37] at 595 nnmgdBovine Serum Albumin as standard.

Acetylcholinesterase activity

AChE activity was determined according to Ellmamle{38]. Reaction mixture contained 0.1 M sodiphosphate
buffer (pH 7.5), 8 mM 2.4- dinitroochiocyanatebemze and the stock cytosolic solution containing
acetylcholinesterase fractionsAfter pre-incubation, the reaction was started bgdigon of 8.25 mM
acetylthiocholine (AtChl) as substrate. AChE atyiwvas determined by kinetic measurement at 420 Results
were expressed as nanomoles (AtChl) hydrolyzedrnaente per milligram protein.

Glutathione S-transferase activity

Glutathione S-transferase (GST) activity was deiteech according to Habig et al. [39] using 1-chl@d-
dinitrobenzene as substrate and glutathione (14amaM final concentration, respectively) in 100 midaim
phosphate buffer, pH 7.5. All GST activity assaysewealized in conditions of linearity with respexincubation
time. Results were expressed as micromoles produeeshinute per milligram protein.

Catalase activity

Catalase (CAT) activity was determined accordin@lairbone [40] measuring the rate of enzymaticotgmosition

of H,O, determined as absorbance decrements at 240 nma3dasy mixture consisted of 750 pl of sodium
phosphate buffer (0.1 M, pH 7.5 and 25°C), 200ghitson of 0.5 mM HO, and 50 pl of cytosolic fraction. Results
were expressed as micromolegdsiconsumed per minute per milligram protein.

Statistical analysis

The results were expressed as means + standamtide(S.D). The normality of the distribution wiasted using
the Shapiro-Wilk test. To assess multiple compags@ parametric one-way analysis of variance (ANRDWas
performed on data with a Tukey's test. Statistgighificance was defined at tipe< 0.05 level. Statistical analysis
was performed using Minitab (2000) Statistical $afte version 13.31.

RESULTS

Abiotic parameters
The physico-chemical parameters were measuarsidu throughout the duration of the study at the tisteiy sites.
We did not observed any significant differencesmeen the study sites for seawater temperaturedjsidolved @
and salinity (Fig. 2).

Indicators of physiological status

Mean fresh weight

The mean fresh weight of individuals collected frtme three study sites increased from January td Ap306 +
0.001; 0.248 £ 0.004 and 0.191 + 0.005 g for Ela&K&nnaba and Skikda respectively), then it deeas August
(0.098 = 0.002; 0.085 + 0.001 and 0.074 = 0.004 EbKala, Annaba and Skikda respectively) and sligh
increased again to December (Fig. 3).
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Fig. 2. Seawater mean physico-chemical parameten®m El-Kala, Annaba and Skikda during 2011. Each déa point represents mean +
standard deviation (n=12)

The mean fresh weight was significantly higher IrKBla compared to Annaba and Skikda throughoutstheied
period excepted in February for individuals coketfrom El-Kala and Annaba (Fig. 3). The mean fresight was
significantly higher in Annaba compared to Skikdeotighout the studied period excepted in September.
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Fig. 3. Monthly variations of the mean fresh weightg) for individuals collected in El-Kala, Annaba and Skikda from January to
December 2011
Each data point represents mean + standard deviafic=3)

Mean length

The mean length of individuals collected from theee study sites increased from February to May3®* 1.52;
47 £ 1 and 42 + 1 mm for El-Kala, Annaba and Skikespectively) then it decreased to August (30 271+ 1 and
21.33 £ 1.52 mm for El-Kala, Annaba and Skikda eesipely) and slightly increased again to Decen{bey. 4).

The mean length was significantly higher in El-Katampared to Annaba and Skikda throughout the etluperiod
excepted in March, August and October for individueollected from El-Kala and Annaba, and in Juty f
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individuals collected from the three sites (Fig. Bhe mean length was significantly higher in Ana@ompared to
Skikda throughout the studied period excepted iveJu
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Fig. 4. Monthly variations of the mean length (mmYor individuals collected in El-Kala, Annaba and Skkda from January to December
2011
Each data point represents mean + standard deviatie=3)

Mean number of setigers

The mean number of setigers of individuals colledi®m the three study sites increased from Jant@pril
(75.66 + 4.93; 67 £ 2 and 54.33 + 1.52 setigersBBKala, Annaba and Skikda respectively) thendatrgased to
August (36.33 £ 1.52; 32.33 + 1.52 and 24.66 + XBfigers for El-Kala, Annaba and Skikda respebtjvend
slightly increased again to December (Fig. 5).
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Fig. 5. Monthly variations of the mean number of segers for individuals collected in El-Kala, Annabaand Skikda from January to
December 2011
Each data point represents mean +standard (n=3)
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The mean number of setigers was significantly higheEl-Kala compared to Annaba and Skikda througttbe
studied period excepted in August and Decembemftividuals collected from El-Kala and Annaba (Fg. The
mean number of setigers was significantly higheAimaba compared to Skikda throughout the studieribg
excepted in November.

Biomarkers

AChE activity

We observed seasonal variations of AChE activityeaath sites. Globally, AChE activity was maximaspring then
it decreased in summer and then remained moressrsiable (Fig. 6). The higher values of AChE #gtiwere
observed in April at the three study sites (34.00.67; 28.38 + 1.86 and 25.60 + 0.76 nmmh mg” protein for
individuals collected in El-Kala, Annaba and Skik@spectively) while the lower values were observedugust
(22.58 + 0.67; 19.47 + 0.83 and 14.69 + 1.21 nmivi'mg™ protein for individuals collected in El-Kala, Arivea
and Skikda respectively).

AChE activity was significantly higher in El-Kalaompared to Annaba and Skikda throughout the stupéstbd
excepted in September where the difference wassigmtficant between El-Kala and Annaba (Fig. 6). &C
activity was significantly more important in Annabampared to Skikda throughout the studied periaggted in
October.
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Fig. 6. Monthly variations of AChE activity expresed as nmofmin™mg protein for individuals collected in El-Kala, Annaba and Skikda
from January to December 2011
Each data point represents mean + standard dewiafio=3)

GST activity

We observed seasonal variations of GST activigaah sites. Globally, GST activity wagaximal in spring then it
decreased in summer. In Skikda and Annaba GSTilgctiereased in late summer (September) and terained
more or less stable while GST activity remained vEl-Kala (Fig. 7). The higher values of GST wtyi were

observed in April at the three study sites (6.54.3; 8.84 + 0.93 and 9.77+0.7 umwin™mg" protein for

individuals collected in El-Kala, Annaba and Skik@spectively) while the lower values were obserivedugust

(4.52 + 0.75; 5.11 + 2.49 and 6.67 + 1.06 umat'mg* protein for individuals collected in El-Kala, Arlve and

Skikda respectively).

GST activity was significantly lower in El-Kala cgared to Annaba and Skikda throughout the studesig (Fig.
7). GST activity was significantly more importamt Skikda compared to Annaba throughout the stugeibd
excepted in May and June.
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Fig. 7. Monthly variations of GST activity expressd as pmol*'min*mg protein for individuals collected in El-Kala, Annaba and Skikda
from January to December 2011
Each data point represents mean + standard deviafic=3)

CAT activity
We did not observed seasonal variations of CATvagtiat the three studied sites (Fig. 8). CAT atyiwas
significantly higher in Skikda compared to Annaloal &I-Kala and in Annaba compared to El-Kala (Big.
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Fig. 8. Monthly variations of CAT activity expressel as umol'min™mg protein for individuals collected in El-Kala, Annaba and Skikda
from January to December 2011
Each data point represents mean + standard dewiafio=3)

DISCUSSION

The Mediterranean area has been classified by PaJ&he of the five regions of the world where emvinental
problems are the most severe [41], while the Megitean Sea is ranked among the seven most theglateas
[42]. During the last years, Algeria has experieheesignificant urban, industrial and agricultudaivelopment,
threatening the quality of the marine environm&hirrently scientists and environmental managersiden more
specific concepts in the biomonitoring of the maranvironment based on the study of the biologiesponse by
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measuring biomarkers in bioindicator species ofytioln [43]. The inhibition or induction of biomagksin vivois a
good tool to assess environmental exposure andipedteffects of xenobiotics on organisms [44, 45, 47, 48].

The evaluation of the marine ecosystem quality ¢da¢ done by the study of its abiotic and biotimmponents
[49]. In fact, water temperature, salinity, pH aidsolved oxygen are important components of watatity. We
only noticed a slight non significant decreasehaf tlissolved oxygen level in water samples colteétem sites
receiving pollutants (Annaba and Skikda). Dissoleegygen is consumed during the heterotrophic oladabf
organic matter and respiration by aquatic flora tada. Ali and Soltan [50] have reported an insecaf water
temperature, a decrease of the dissolved oxyger aeditral pH (due to alkaline effluents), in watamples taken
from the polluted sites of Nile River. The samehaus have highlighted that the increase of watemptrature
(caused by pollution) may be responsible for trduction of dissolved oxygen concentrations, becaxsgen is
less dissolved in warm water.

Our investigation highlights a relationship betwebe gradient of altered conditions and the variatof the
studied physiological and biochemical parameteithénwormP. cultrifera In fact, the mean fresh weight, length
and number of setigers decreased in individualkeded from altered sites. In another studies usirggsame
species, Daas et al. [51] showed that the meah fresght of females collected in a polluted sitesi@wver than
that of females collected in a reference site hat the mean oocyte diameter of females colleateoh the two
sites showed no difference.

We found an inhibition of AChE activity in individils taken from altered sites. This inhibition ma&ytbe result of

a neurotoxic effect by exposure to pollutants. @tedterase activities are known to be inhibitethim presence of
some pesticides [28, 52] and several studies haeel WChE inhibition to evaluate the biological irnpaf
organophosphate and carbamate pesticides [53]. Studis have also demonstrated that AChE may Hibitied

by heavy metals in various organisms [29, 30, B4}Bs induce cytochrome P450 (phase 1) enzymes land t
biotransformation products (including reactive &leghiles) could play a role in AChE enzyme inhiit [55].
According toLeinid and Lehtoner27] there is an increasing evidence of the p@énise of AChE activity in
“stress screening”.

Inhibition of AChE activity from polluted sites havalso been reported in two marine invertebrateseis
diversicolorandPatella vulgatacollected from Tangier's Bay (Morocco) [56] andtire blue musséWytilus edulis
and the female eelpowoarces viviparoudrom the southwestern Baltic Sea [57]. Ricciartiaé [58] have
highlighted comparable results in zebra mugxelissena polymorphéaken from polluted locations of the Lake
Maggiore (northern ltaly). Canty et al. [59] alsported an inhibition of AChE activity in the maluM. edulis
exposed to the organophosphate pesticide azamethigimalogous disturbances were shown also in cleapgs
philippinarumtaken from contaminated sites of Venice lagoon.[60]

Moreover, we showed an increase of GST activitwamms sampled from altered sites. These findingssanilar

to those obtained for the worr diversicolorcollected from polluted estuary of the Seine [@4l from the Oued
Souss (Bay of Agadir, Morocco) before implantatimhwastewater treatment [62]. GST is a phase llyemz
involved in the metabolism of lipophilic organicrdaminants such as PAHs and PCBs detected at cativedy

high levels in the Seine estuary [61]. In addititiis enzyme plays a role in cellular protectiomiagt oxidative
stress which can be triggered by pollutants suahetsls, PCBs and PAHs [63].

Finally, we noticed an increase of CAT activityworms sampled from altered sites. This may be edl&d an
induction of its biosynthesis, for protection agdioxidative stress resulting from the xenobiotiestabolism. In
fact, CAT is an antioxidant enzyme that facilitatbe breakdown of hydrogen peroxide thus preventety
damage by reactive oxygen species (ROS), althotsgimducibility under field conditions is more comtersial
[64]. Our findings are similar to those obtained tlee wormsN. diversicolorcollected from the Oued Souss (Bay
of Agadir, Morocco) before implantation of wasteeratreatment [62]. Douhri and Sayah [56] also reggbran
increase of CAT activity in two marine invertebatéereis diversicolorand Patella vulgatataken from altered
sites of Tangier's Bay (Morocco) and Lionetto et [@5] in musselsMytilus galloprovincialis collected from
polluted sites in the Italian coastline. Such dfewere also seen in the mussBlsrna viridis and the clams
Ruditapes philippinarunof the Hong Kong coastline [66], and in the cl&uditapes decussatsampled from
Tunisian polluted marine ecosystems [67]. In catfrBa Silva et al. [68] have reported a lack & @AT activity
change in the oyst&rassostrea rhizophoraexposed to an acute exposure to diesel.
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CONCLUSION

Our study reports the use of physiological paramsetad enzymatic biomarkers, P cultrifera for coastal
biomonitoring. The multi-marker approach confirrhere is an obvious correlation between contaminatiothe
sites by xenobiotics and the studied physiological biochemical parameters in this species. Wecoanlude that
the biomarkers’ responses can reflect the pollutiegrees of the sites and predict the ecologidacesf of
xenobiotics. So, they can be used as biomarkepslbftion.
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