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ABSTRACT

The study of biological indicator organism is more important than analyzing water or sediments for monitoring
heavy metal pollution in the aquatic environment .Non-essential elements enter the animals and accumulate to the
different organs so that chelating agents are most versatile and effective antidotes to eliminate the metals toxicities.
The aim of our present study is to finds out bioaccumulations of aluminum and the effects of chelating agents DFO
and DFP in Muscle, kidney and liver tissues of Cirrhinus mrigala by using Inductively Coupled Atomic Emission
Soectrometer (ICP-AES). This study finds out the accumulation of aluminum is Muscle>Kidney>Liver. The present
result suggests that DFO and DFP reduce the aluminum concentration in the tissues of Cirrhinus mrigala
fingerlings and both are efficient chelator. Aluminum toxicity is a wide spread problemin all forms of life, including
humans, animals, fishes, plants, and cause wide spread degradation of the environment and health.
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INTRODUCTION

The estimation of aluminium concentration in thenpkes of fish had made using an ICP-AES (ISA JOBNON

24 MODAL) and the analytical standard was prepdredh the aluminium stock solution. Metal contamioat
from laboratory was avoided and triplicates of eaample were analysed. The metal concentrationifierent
tissue samples were calculated as follows [1], [2].

Metal concentration (ug/g) = [ICP-AES reading (py/sample mass (g)]x samples volume(ml).

Bio concentration of chemicals by aquatic biotarisimportant factor in the assessment of the piatdmazard of
chemicals to the environment. The bio concentraféator or Biological Magnification Factor (BMF) @alculated
as BMF = K/K, =Chemical concentration in each part of the figly/¢g wet weight)/ Chemical concentration in
water (ug/l). Calculation of excretion rate constzhemicals from the whole fish body/organ is

C= 0@-k2'{

Where, C = Chemical concentration in whole bodgaor (1ug/g wet weight) at time t.
Co= Initial chemical concentration in whole fish bédygan (1g/g wet weight).
K,= Excretion rate constant thand t= time (H).

Aluminium, which is the most abundant metal and pases about 8% of the Earth's crust, is foundoimlgination
with oxygen, silicon, fluorine and other elememshe soil, rocks, clays and gems [3]. It has novkm biological
function [4]. Presently, aluminum utensils are viydesed throughout the world, especially in deveigpcountries
[5]. The use of such tools may increase an indaffidualuminium exposure, particularly when these ased with
salty, acidic or alkaline foods [6]. AdditionallgJluminium and its salts are commonly used in dbféy as it is
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believed that it is a non-toxic and is quickly ested in the urine. However, this element can hagative impact
human and animal health [7]. Aluminium is poteryiabxic to humans. The Agency for Toxic Substanees
Disease Registry (ATSDR) [8], reported that alunnmiis distributed mainly in the bone, liver, tesk&lneys and
brain. In patients on dialysis [9] or on long-tetotal parenteral nutrition [10] this metal accuntefain different
organs. The toxicological effects of aluminium innans include encephalopathy [11] bone diseasen@asand
skeletal system disease [12]. Furthermore, aluminia possibly a contributing factor in the develemmn of
Alzheimer’s disease [13]. However, this remainstaictory [14], [15]. The chelating agents possésscommon
ability to form complexes with heavy metals andréiey prevent or reverse the binding of metallicticays to body
legends. Chelating therapy is recommended for heaetal poisoning. Heavy metals exert their toxifeets by
combining with one or more reactive groups (leg¢mrdsential for normal physiological functions. Brebxamine
(DFO) and Deferiprone (DFP) Chelating agents arsigieed specifically to compete with these groupstfe
metals and thereby prevent or reverse toxic efi@aetsenhance the excretion of metals. DFO is timeipal product
of the various side amines obtained from strept@syRilosus [16]. Inductively Couple Plasma Atommigsion
spectroscopy (ICP-AES) is an important techniquestiedy the trace elements at molecular level inouar
biological samples. It is a valuable technique tuigs high sensitivity for detecting the majordeaelements [17].

EXPERIMENTAL SECTION

Chemicals
All the chemicals, Al (SO4) DFO and DFP were purchased from S.D. Fine, Novantid Sigma, chemicals
limited Mumbai, India.

Experimental design
Test specimens were divided into eleven groups eanhisting of 20 fishes and stokes in 20 litresfitaaquaria in
Annamalai University, Tamilnadu-608002.

Group-1: Fingerlings treated with metal free water.

Group-11: Fingerlings intoxicated with 17.3 ppm of Al, (SO4); for 14 days.

Group-111: (i) Fingerlings intoxicated with 17.3 ppm of Al, (SO4); for 14 days (acute) and again treated with DFO
(5mg/kg b.wt.) for another 7 days.

(i) Fingerlings intoxicated with 17.3 ppm of Al, (SO4); for 14 days (acute) and again treated with DFP (5mg/kg
b.wt.) for another 7 days.

Group-1V: (i) Fingerlings intoxicated with 5.2 ppm of Al, (SO4); for another 15 days (chronic)

Group-V: Fingerlings intoxicated with 5.2 ppm of Al, (SO4); for 15 days and again treated with DFO (5mg/kg
b.wt.) for another 15 days.

(il) Fingerlings intoxicated with 5.2 ppm of Al, (S04); for 15 days and again treated with DFP (5mg/kg b.wt.) for
another 15 days.

Group-VI: Fingerlings intoxicated with 5.2 ppm of Al, (SO4); for 30 days (chronic).

Group-VII: Fingerlings intoxicated with 5.2 ppm of Al, (S04); for 30 days and again treated with DFO (5mg/kg
b.wt.) for another 15 days.

(i) Fingerlings intoxicated with 5.2 ppm of Al, (SO4); for 30 days and again treated with DFP (5mg/kg b.wt.) for
another 15 days.

Group-VI11: Fingerlings intoxicated with 5.2 ppm of Al, (SO4); for 60 days (chronic).

Group-1X: (i) Fingerlings intoxicated with 5.2 ppm of Al, (SO4); for 60 days and again treated with DFO (5mg/kg
b.wt.) for another 15 days.

(i) Fingerlings intoxicated with 5.2 ppm of Al, (S04); for 60 days and again treated with DFP (5mg/kg b.wt.) for
another 15 days.

Group-X: Fingerlings intoxicated with 5.2 ppm of Al, (SO4); for 90 days (chronic).

Group-XI: (i) Fingerlings intoxicated with 5.2 ppm of Al, (SO4); for 90 days and again treated with DFO (5mg/kg
b.wt.) for another 15 days.

(i) Fingerlings intoxicated with 5.2 ppm of Al, (SO4); for 90 days and again treated with DFP (5mg/kg b.wt.) for
another 15 days.

Lethality studies

Experiments were conducted in the laboratory fod@@s in 20 liters plastic trough. UnchlorinatedevgpH is 8.2,

alkanity is 408 mg/L, temperature 27%9 was used as the test medium. Cirrhinus mrigatgeflings of 4+1 cm
and body weight 81 gm were used as testing organi$e fish specimens collected from the local parde

acclimatized in the laboratory condition for 90 64¢8]. Median lethal concentration (Lgg) for 120 hours was
determined by the method of Litchfield and WelcoX@849).The sub-lethal concentration of aluminiunpbate

was prepared on the basis of ten times dilutiothefLG, value. Except control group all others groups vagain
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treated with chelating agent DFO and DFP for anmottiedays subsequently. All the control fingerlingsre fed
daily with oil less groundnut cake. End of the expental period, subjected to estimate the aluminia Brain,
Liver tissues of Cirrhinus mrigala by using ICP-AES

Sample preparation

Dissecting the cirrhinus mrigala and taken outNhsscle, gill, kidney, brain and liver. Then thergdes were dried
at 80°% for 24 hours. Then the samples were filled withi2NO3 overnight and rinsed several times with deub
distilled water. The samples were digested by waghbne gram of the sample into a 100 mL BoraasKland then
adding 15 ml of concentrated HN(55%) and 5ml of concentrated Perchloric acid (ytgestion was performed
on a hot plate at 80 to 96 for approximately 120 minutes or until the saug become dried. After the digestion
[19] was completed, each sample was allowed to befdre being filter through a whatman No. 42 filpaper
using vacuum pump. After filtration, the filteringystem was rinsed with distilled water to removk tace
elements, and each sample was made up to 25 mldisiihed water and stored in acid-washed polykethg flasks
until the metal concentration analysis.

Statistical Analysis:

Statistical analysis was performed using SPSSvaoft program, version 11.5. The results were egprkas mean
+ standard deviations. The data were analyzed blysisaf variance (ANOVA). A Probability levep{value) of
less than 0.05 was considered statistically sicguifi.

RESULTSAND DISCUSSION

Muscle

In the present study gave us Muscle tissues acatesualuminum as 142.62 ug/g in acute exposurdas3® ug/g,
50.21 pg/g,73.22 pg/g and 159.25 pg/g in chronjmoswure at 15, 30, 60 and 90 days respectively asrshn
Table-1. Then treatment with chelating agents DR@® RFP reduced the concentration of aluminum inntluscle

to significantly 73% and 71% for acute, 56%-71% aB8%-70% for chronic exposure respectively.
Bioaccumulation and elimination of Aluminum in milescduring acute and chronic exposure as showigit.Frhe
uptake rate (K decreased upto 30 days and then gradually inedeapto 90 days as shown in Fig.2, but the
execration rate (i decreased upto 30 days and slowly decreased & days and remain almost constant upto 90
days as shown in Fig.3. Also the BMF increased wggiig upto 60 days and after increased upto 90 dayshown

in Fig.4. The greatest bioconcentration factorsuoed at the lowest exposure level 5.2 ppm for 8@sdat that
exposure level muscle accumulated approximately &iunt of aluminum. At the highest exposure |eveB3
ppm, the muscles accumulated the least amounuafialim so that uptake rate was low and eliminataie was
high in the acute exposure (K0.0756H and K= 0.0092 i) as shown in Table-1. When compared to chronic
exposure the elimination rate was very low in cica@xposure as shown in Fig.3, and it remain conisifter the

30 days, which gave in maximum BMF 31X as showirim4. Therefore, the present study gave us Fisleze
known for their ability to concentrate heavy meialsheir muscles and various organs, also subatamount of
aluminum was observed in muscle for chronic andeaenposures and the heavy metals mainly througlbltod
[20].

Table-1: Accumulation, recovery, uptake, excretion rate and BMF of aluminum in the musclestissue of Cirrhinus mrigala at acute and
chronic exposures

Periods of exposure

Muscle Control 14days 15days 30days 60days 90 days
Al intoxicated 6.49 142.62 45.33 50.21 73.22 159.25
Al+ DFO 6.49 41.36 22.85 28.67 29.40 47.18
Al+ DFP 6.49 39.11 20.16 25.32 28.11 46.72
K1 0.0756 0.0469 0.0203 0.0289 0.046
K2 0.0092 0.0054 0.0021 0.0017 0.0015
BMF 8X 9X 10X 14X 31X

Values are statistically significant between the control and treated is p<0.05.
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Corresponding plots are as shown below:
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Fig. 1: Bioaccumualtion and elimination of Aluminium in muscle tissues during acute and chronic exposure
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Fig. 2: Uptakerate (k;) of muscle tissues during acute and chronic exposures
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Fig. 3: Excretion rate (k;) of muscle tissues during acute and chronic exposures
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Fig. 4: BMF of muscle tissues during acute and chronic exposures

Kidney

Kidney tissues accumulated a higher amount of mlum 106.52 pg/g for acute and for chronic 35.5@yug4.51

pa/g, 47.61 pg/g, 112.50 pg/g atl5, 30, 60 and & despectively as shown in Table-2. Treatmenh wie

chelating agents DFO and DFP reduced the concemtrat aluminum in the kidney was 60.28 ug/g foutecand
for chronic 16.45 pg/g, 19.50 ug/g, 26.75 ug/g aadb7 pg/g at 15,30,60 and 90 days respectivelshasvn in

Fig.5. The accumulation and elimination of aluminimacute and chronic exposure, the variation efuptake rate
and excretion rate were as shown in Fig.5, FigFg.7 respectively. The uptake rate decreasedlgily upto 60
days and increased suddenly afterwards upto 90 akghown in Fig.6, on the other hand the excratde was
gradually decreased from 15 days to 90 days asrsho®ig.7. BMF values were increased slowly fotd%0 days

3024



S. Sivakumar et al J. Chem. Pharm. Res,, 2012, 4(6):3020-3030

and afterwards increased rapidly as shown in Filj.8vas inverse manner as that of excretion ratemFthe
comparison of uptake rate and BMF of kidney tissitesas seen that the greatest biological magatific factor
occurred at the chronic exposure for 90 days. At ¢xposure level, the kidney accumulated approtatpe22X
amount of aluminum. As the exposure concentratimmeiased the BMF was reduced as shown in Fig.@hét
highest exposure level the kidney accumulated ¢astlamount of aluminum approximately 6X. Also timake
rate was low and elimination rate was high in tbeta exposure ¥ 0.0563 H and K= 0.0092 H compared to the
chronic exposure ¥ 0.0563 H and K= 0.0015 Has shown in Table-2. The very low elimination rdteing the
chronic exposures leads to maximum BMF was 22X. fié@tment of the chelating agents DFO and DFPcesdiu
the concentration of aluminum significantly 43% &®P6 for acute, 61% to 73% and 54% to 74% for cicras
shown in Fig.5. The excretory organs usually acdated large quantities of metals especially in fisk and
animals. During the excretion process the excessuatmof aluminum ions are rapidly eliminated frohe tbody
through the kidney mainly detoxification mechanidi@nce kidney is clearly a major target organ fothbacute
and chronic aluminum exposures [20]. Aluminum ovad in renal patients causes a humber of diseastsas
Dementia, Alzheimer’s disease, and memory loss.[21]

Table-2: Accumulation, recovery, uptake, excretion rate and BMF of aluminum in the Kidney tissues of Cirrhinus mrigala at acute and
chronic exposures

Kidney Periods of exposure
Control 14days 15days 30days 60days 90 days
Al intoxicated  4.852 106.52 35.50 44.51 47.61 102.5
Al+ DFO 4.852 60.28 16.45 19.50 26.75 30.57
Al+ DFP 4.852 49.75 13.73 17.50 20.52 29.67

K1 0.0563 0.0378 0.0198 0.0145 0.0315
K2 0.0092 0.0055 0.0023 0.0016  0.0015
BMF 6X X 8X 9X 22X

Values are statistically significant between the control and treated is p<0.05.

Corresponding plots are as shown below:
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Fig. 5: Bioaccumualtion and eimination of Aluminium in Kidney tissues during acute and chronic exposure
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Fig. 6: Uptakerate (k;) of Kidney tissues during acute and chronic exposures
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Fig. 7: Excretion rate (k) of Kidney tissues during acute and chronic exposur es
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Fig. 8: BMF of Kidney tissues during acute and chronic exposures

Liver
In the present investigation found that the livissues accumulated significant amount of aluminamacdute
86.35ug/g and chronic exposures 39.18ug/g, 46.4918%2.31ug/g and 104.11pg/g at 15, 30, 60 and $8 da
respectively as shown in Table-3. The treatmenhefchelating agents DFO and DFP reduced the ctatien of
aluminum significantly 45% and 40% for acute, 14084tand 45% 46% for chronic exposure as shown irBFig
The accumulation and elimination of aluminum duraggite chronic exposures were shown in the Figh®.Uptake
rate decreased suddenly during the initial peripth uhe 30 days then after it remain almost consiato the 90
days as shown in Fig.10. On the other hand thecimarrate decreased suddenly upto 30 days andaksa slowly
afterwards as shown in Fig.11. BMF increased slawptp 60 daythen after it increased slowly as shown in Fig.12.
In the present investigation, the greatest Biamfaigtions factor was found at the lowest aluminexposure level
5.2 ppm for 90 days, at this exposure level, therlaccumulated approximately 20X amount of aluminés the
exposure concentration increased then BMF was esHudt the highest exposure level 17.3 ppm, therliv
accumulated the least amount of aluminum and it$=Bias 5X. Also the uptake rate was low and theiahtion
rate was high in acute exposure,;¥8.042h" and K, =0.0085H) compared to their rates in chronic exposure
(K,=0.0282i" and K=0.0014f"). The very low elimination rate during chronic espres leads to maximum
accumulation of aluminum in the liver and consedjyethe highest BMF.

Liver plays an important role in contaminant staagedistribution, detoxification or transformatiand acts as an
active site of pathological effects induced by eomihants. The metal binding protein metallothionisiof almost

importance in the accumulation of metals. The ligethe main target organ for homeostasis in fishclearing the

blood substance entering the circulation from thstigintestinal tract passes through the liver feefeaching the
systematic circulation from the gastrointestinalctr passes through the liver before reaching trstematic

circulation. Therefore, the liver remove the toxitsafrom the blood, biotransforms them into bilel gmesents their
distribution to other parts of the body. Hence Ither, which is a major procedure of metal bindmgteins, shows
higher concentration of the heavy metals alumintihe liver plays an important role in the detoxifioa process

as metal elimination is routed through it and ikerlis perhaps the last organ to be relieved efaltuminum metal
load, this might possibly require a longer time éémination.

In the present study liver received least amouralafinum for both acute and chronic exposuresirésment of
the chelating agents reduced aluminum concentratigmificantly in the liver tissue and the deplativas down
with increased in exposure and it reported mostémt enters the body through the gastrointestiaak and after
absorption they are carried to the liver and thmuamilated [22]. Also the high doses of Al may eeflhomeostatic
process down regulating gene expression for ptasimhatory elements by negative feedback [23]. Sthedevel
of inflammatory markers was not changed in the reefar) liver of treated animals following exposuceAl, the
effects observed were not due to systemic chamgesather reflect a selective vulnerability of viaus tissue.

3027



S. Sivakumar et al J. Chem. Pharm. Res,, 2012, 4(6):3020-3030

Table-3: Accumulation, recovery, uptake, excretion rate and BMF of aluminum in the Liver tissuesof Cirrhinus mrigala at acute and
chronic exposures

Liver Periods of exposure
Control 14 days 15days 30days 60days 90 days
Al intoxicated  4.961 86.35 39.18 46.49 92.31 104.11

Al+ DFO 4,961 52.21 33.89 38.25 52.75 62.01
Al+ DFP 4.961 47.61 27.89 28.51 46.50 56.12
K1 0.0424 0.468 0.0208 0.0360 0.00282
K2 0.0085 0.0062 0.0023 0.0020 0.0014
BMF 5X 8X 9X 18X 20X

Values are statistically significant between the control and treated is p<0.05.

Corresponding plots are as shown below:
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Fig. 9: Bioaccumulation and eimination of Aluminum in Liver tissuesduring acute and chronic exposure
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Fig. 10: Uptakerate (ky) of Liver tissues during acute and chronic exposures
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Fig. 11: Excretion rate (k) of Liver tissuesduring acute and chronic exposures
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Fig. 12. BMF of Liver tissuesduring acute and chronic exposures
CONCLUSION

It had been found in the present study that theirmotation pattern follows the order: Muscle>Kidn&pwer by
using ICP-AES. Chelating agents were most versatild effective antidotes for metals intoxicatiord estable
complexes, which can handily get accumulated inaoigms, thereby reducing the toxicity of the metals
organisms. The present study suggests that in FRIPRAES is best instrument was to find out the D&t DFP

reduced the aluminum concentration in @ierhinus mrigala fingerlings and the BMF was low for acute exposure
period.
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