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ABSTRACTS

Diethylphthalate is a plasticizer widely used in the manufacture of plastics, cosmetics, cellulose ester films, medical
devices and many commercial products. These esters have been detected in the waterways and suspected to exhibit
estrogenic activity. Resultantly, diethylphthalate could have adverse impact on the aquatic biota. This research
paper reports the changes induced by diethyl phthal ate on the tissue damaging enzyme activity like Acid phosphatase
(ACP), Alkaline phosphatase (ALP), Sorbitol dehydrogenase( SDH) , Lactate dehydrogenase (LDH) of gill , liver
and muscle of Tilapia Oreochromis mossambicus . The fishes were exposed to diethyl phthal ate for a period of seven
days at two different concentrations ( 5ppm and 15ppm ) . Sgnificant alternation in the ACP, ALP, SDH and LDH
activity of gill liver and muscle were evinced in diethyl phthal ate exposed fishes. ACP activity significantly decreased
in the gill, whereas significantly elevated in the liver and muscle of Tilapia Oreochromis mossambicus when
compared to the control. ALP activity of gill significantly elevated and that of liver and muscle significantly declined
in diethylphthalate exposed fishes. SDH activity of gill, liver and muscle significantly declined whereas, LDH
activity significantly enhanced in the gill, liver and muscle when compared to unexposed ones. Thus the altered
enzyme activity evinced in this study suggests that diethyl phthalate could cause metabolic changes in Oreochromis
mossambicus .
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INTRODUCTION

Diethylphthalate is an upiquitous contaminant i@ #mvironment especially in water ways. Thus DER gatry in

to the aquatic organisms and causes toxic strédés tdxic stress could be guaged by profiling theyene activities

in fishes. Alterations in alkaline phosphatase (AlKRd acid phosphatase (ACP) activities in tissugsserum have
been reported in fish Jyothi et al ., (2000). Tlevated LDH activity serves as a marker enzymdifsue damage

in fish Ramesh et al., (1993). Umamaheswari et @Q013) have demonstrated that sublethal doses of
diethylphthalate causes changes in the haematalogi@arameters of Tilapia and have concluded that
diethylphthalate exerts its toxic action even ab-Bihal concentration. Several researchers haperted that
treatment of organophosphate to fish inhibits @iy of several enzymes such as glucose -6-pladapbs , acid
and alkaline phosphatases , pyruvate dehydroggRayd) , succinate dehydrogenase (SDH),acetylch@sterase
(ACHE) , lactate dehydrogenase (LDH), malate debgdnase (MDH) and cytochrome oxidase Rao et 2979) ;
Sastry et al ., (1982) ; Natarajan et al ., (198®ipathi et al ., (2006) ; Devarj et al ., (1998atyadevan et al .,
(1993) ; Kumble et al ., (1999). The displayed hyip@onditions Das et al., (2004) and muscular hBatint et al.,
(1997) serves as good diagnostic tool in aquakictdogy. The present study aim to scan the chaimgtee activity
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of tissue damaging enzymes of gill, liver and mesof Tilapia Oreochromis mossambicus on exposure to
diethylphthalate.

MATERIALS AND METHODS

Diethylphthalate toxicity were assessed using hgaliving specimens oOreochromis mossambicus which were
collected from local fresh waters. Prior to Expexittation, fish were allowed to acclimatise to lattory conditions
for a month. These adult fishes were reared in @guatanks for a period of 30 days at standard remmental
conditions and used for further experiments. Dikththalate was purchased from Sigma .St.Louis,USé waas
dissolved in acetone to form a stock solution atmted at room temperature. 10 fishes were randeeligcted
from the stock and exposed to different concéiotma of DEP (10,20,30,40,50,60,70,80,90 and 16Qppr 96
hours to determine the median lethal concentrgli®@b0) of DEP with selection exposure concentratiérs and
15 ppm for chronic sub-lethal concentration expesiudies. Water was replaced daily with fresh Ditked water
to maintain constant level of DEP during exposueeiqu. The LC50 value for DEP was 50 ppm. For sihdl
study, 1/8' and 1/18 of the LC50 value were chosen. A control group wasntained simultaneously. All these
experiments were performed in triplicates.

Sample Preparation

Gill, liver, muscle were dissected from the expental fishes and suspended in 50 mM potassium pladsuffer
with 0.5 mM EDTA (pH 7.0). Fifty microliters of Thon X-100 and a few crystals of phenylmethylsulfioifyoride
(PMSF) were then added to each homogenization tibescle tissues were homogenized on ice using a
homogenizer (VirTis) set at 20,000 rpm for 2 mirr gample. Both gill and liver tissue were homogediin
microcentrifuge tubes using a plastic hand pedttgls, liver). After homogenization, all samplegre centrifuged

at 12,000 rpm for 15 min af@. The resultant supernatant was removed and stodC) for use in tissue enzyme
assays (Acid phosphatase (ACP), Alkaline phospbatésLP), Sorbitol dehydrogenase(SDH) , Lactate
dehydrogenase (LDH).

Statistical Analysis
Results of the experiment were expressed as mahastandard error of mean of different groups. Tifler@nces
between the mean values were evaluated by ANOVASESRersion 16.0). The values for P < 0.001 were
considered significant.

RESULTS

TABLE-1 Changes in the Acid Phosphatase of the vasus tissues oOreochromis mossambicus exposed to Diethylphthalate

CONTROL Gill Liver Muscle
(pmol/mg protein) | (umol/mg protein) | (umol/mg protein)

CONTROL 6.173+0.027 0.267+0.017 3.516+0.216

5PPM 4.16310.017 0.816+0.017 2.39310.253

15PPM 3.166+0.008 1.466+0.088 1.120+0.005

F 6.209%** 126.798*** 38.796**

Significance 0.000 0.000 0.000

***Ggnificant at P < 0.001. In a column, figures having dissimilar letters differ significantly according to Duncan New Multiple Range Test

TABLE-2 Changes in the Alkaline phosphatase of thearious tissues ofOreochromis mossambicus exposed to Diethylphthalate

(DMRT).

Gill Liver Muscle
CONTROL | (umol/mg protein) | (umol/mg protein) | (umol/mg protein)
CONTROL 0.153+0.014% 4.236+0.014 6.173+0.027
5PPM 0.420+0.032 3.133+0.022 4.163+0.017
15PPM 0.556+0.020 2.253+0.008 3.166+0.008
F 76.248** 3.418*** 6.209***
Significance 0.000 0.000 0.000

***Ggnificant at P < 0.001.

In a column, figures having dissimilar letters differ significantly according to Duncan New Multiple Range Test
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TABLE-3 Changes in the Sorbital Dehydrogenase of #hvarious tissues 0Oreochromis Mossambicus exposed to Diethylphthalate

***Ggnificant at P < 0.001. In a column, figures having dissimilar letters differ significantly according to Duncan New Multiple Range Test

TABLE-4 Changes in the Lactate Dehydrogenase of thearious tissues ofOreochromis mossambicus exposed to Diethylphthalate

Gill Liver Muscle
CONTROL | (U/mg protein) | (U/mg protein) | U/mg protein
CONTROL 0.586+0.012% 1.206+0.014 | 12.150+0.01%
5PPN 0.273x0.01° | 0.236+0.00° | 8.123+0.00"
15PPN 0.143+0.00° 0.123+0.01°¢ 6.140+0.00 ¢
F 359.56** 2.455** 8.168***
Significance 0.000 0.000 0.000

(DMRT).

Gill Liver Muscle
CONTROL | (U/mg protein) | (U/mg protein) | (U/mg protein)
CONTROL | 5.516+0.024 | 3.140+0.01f | 1.160+0.01%
5PPM 7.170+0.026 | 4.233+0.018 [ 2.166+0.008
15PPM 8.176+0.020 | 6.146+0.014 | 3.633+0.012
F 4.200%** 1.421%* 1.305*+*
Significance 0.000 0.000 0.000
***Ggnificant at P < 0.001. In a column, figures having dissimilar letters differ significantly according to Duncan New Multiple Range Test

(DMRT).

Exposure ofOreochromis mossambicus to diethylphthalate at sublethal dosages resutedignificant decline
(F=6.209,P<0.001) is acid phosphatase activityilb{TTable-1) . Control group registered acid phioafase activity
of 6.173+0.027 pumol/mg protein which was found t® dignificantly higher than the treated groups (Bpp
4.163+0.017 pumol/mg protein; 15ppm: 3.166+0.008 [immg protein). On contrary, liver exhibited sigogint
elevated (F=126.798, P<0.001) acid phosphatasetsdti Oreochromis mossambicus exposed to diethylphthalate
(5ppm: 0.816+0.017 pumol/mg protein; 15ppm: 1.466.888 pmol/mg protein) when compared to untreatezso
(0.267+0.017 pmol/mg protein). Similar to gills, sele also elecited significant decline (F=38.7960.B01) in
acid phosphatase activity in diethylphthalate erpgd3reochromis mossambicus (5ppm: 2.393 + 0.253 pmol/mg
protein; 15ppm: 1.120+0.005 pmol/mg protein)

Compared to liver, muscle and gill (Table-2), Alkal phosphatase activity obreochromis mossambicus
significantly increased on exposure to diethylplatea. ALP activity of gill of DEP unexposed fishaw 0.153+
0.014 pmol/mg protein, which was found to signifittg elevated (F=76.248, P<0.001) on exposure fmb(0.420
+ 0.032 pmol/mg protein) and 15ppm (0.556+0.020 |immp protein) diethylphthalate . Thus a dose depah
relationship between the ALP activity of gill ardetconcentration of DEP was evident.

On exposure to DEP, liver ALP activity significant{F=3.148,P<0.001) declined (5ppm:3.133+£0.024 immg|
protein;15ppm:2.253+0.008 pmol/mg protein) when parad to unexposed ones (4.236+0.04 pmol/mg photein
Similarly, muscle ALP activity declined in the figbreochromis mossambicus on exposure to diethylphthalate
(5ppm: 4.163 + 0.017 pmol/mg protein; 15ppm: 3.1B688 pmol/mg protein) when compared to the
diethylphthalate unexposed ones (6.173+0.027 pngopratein).

Sorbital dehydrogenase activity of (Table-3) giiver and muscle ofOreochromis mossambicus declined
significantly on exposure to Diethylphthalate. A tconcentration of DEP increased, SDH activity ¥eamd to
decrease. DEP at 5ppm and 15ppm registered gill €Kity of 0.273+0.012 U/mg protein and 0.143 H08
U/mg protein, respectively, On the other hand ,tr@dngroup registered sorbital dehydrogenase dgtioif
0.586+0.014 U/mg protein (F=359.56, P<0.001). Liwrbital dehydrogenase activity significantly dieet
(F=2.455, P<0.001) in DEP expose@reochromis mossambicus (5ppm: 0.236+0.008 U/mg protein;
15ppm:0.123+£0.012 U/mg protein) when compared ® ¢bntrol (1.206+0.014 p/mg protein) . DEP induced
significant decline (F=8.168, P<0.001) in muscle H5Rctivity (5ppm: 8.123+0.008 U/mg protein; 15ppm:
6.140+0.005 U/mg protein) when compared to the pased ones (12.150+0.015 U/mg protein).

Lactate dehydrogenase activity (Table-4) of gillDEP unexposed fish was 5.516+0.024 U/mg proteinijew
significantly (F=4.200, P<0.001) increased on expesof to diethylphthalate. Gill LDH activity at ppm and
15ppm were 7.1701£0.026 U/mg protein and 8.176 #2®.QW/mg protein, respectively. Liver SDH activity
significantly (F=1.421, P<0.001) increased (F=1,4240.001) on exposure to diethylphthalate 5pp232t0.012
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U/mg protein; 15ppm: 6.146+0.014 U/mg protein, veaesr, DEP unexposed fishes exhibited liver LDH #gtiof
3.1404£0.011 U/mg protein. Diethylphthalate inducgidnificant (F=1.305, P<0.001) increase in muscHL
activity (5ppm: 2.166+0.008 U/mg protein; 15ppm63+0.012 U/mg protein) when compared to the cdntro
(1.160+0.011 U/mg protein).

DISCUSSION

The results of the present investigation reflebtst tDEP has altered ACP, ALP, SDH and LDH activitythe
various tissues of Tilapia studied (gill, liver amdiscle). Significant decline in the muscle ACR\étgt observed in
this study coincides with that of Baraeal ., (2007) who have noted decrease in ACP actiityascle inCyprinus
carpio exposed to DEHP 20ppm during 28 days experimemthér, they have also observed that at 0.68 mgsd.d
of 4-tert-butylphenol, ALP activity decreased. ke&@sed ACP activity of liver of fish exposed to D#iPagrees with
that of Venkateswara rao (2006) who have obsenemedse in ACP activity in liver of the fisiOreochromis
mossambicus exposed to RPR-V (2-butenoic acid-3- diethoxy pihdsothionyl ethyl ester). The elevation of
alkaline phosphatase suggests an increase in sbhedgnal mobilization and cell necrosis due to Diththalate
toxicity.

Reduced ALP activity was observed in the gillGdfrhina nmrigala , Catla catla andLabeo rohita, while reduced
ACP activity was observed in the gill @irrhina mrigala , Catla catla andLabeo rohita Daset al ., (2004) . This
line of data disagrees with the present observation

The phosphatases (ACP and ALP) are important bikensibecause they are involved in adaptive celhésponse
to the potential cytotoxicity and genotoxicity obljutants Leohner et al., (2001). The present teisuin good
accord with Venkatesan et al., (2012) who have meskthat exposure @yprinus carpio to atrazine and spirulina
decreased gill and liver ALP and ACP activity batiek recovered. Decline in ALP activity may reduttm fall in
the rate of synthesis of glycogen caused by lowenethbolic demands and electrolytic imbalance dugssue
overhydration.

Decrease in ALP may reflect a change in endoplasngiss known to occur in the cell membrane Edquist.e
(1992). Since it also functions in the conversiéremergy compounds NADPH to NAP Morton (1995), dexlin
ALP activity could result in biosynthesis shift ardergy metabolism pathway of the exposed orgai@smuru
(2000). Results from the present work indicate thésy happen in wild fish exposed to diethylphthalat

The present finding is well supported by Nchunilbéumtsoe et al ., (2007) who have noted a sigaift decrease
in liver ALP activity of the juvenild.abeo rohita exposed to arsenic (144ug/L and 96 pg/L). Furtthery have also
observed that ALP activity significantly declinetdaasenic 144ug/L but no significant decline ireiACP activity

at 96 pg/L and have reasoned out that the decreasizities of ACP and ALP indicate disturbanceha structure
and integrity of cell organelles, like endoplasmdticulum and membrane transport system.

Our findings agrees with that of Barse et al., @00ho have demonstrated significant decline (P8&D)n alkaline
phosphatase (ALK) in the muscle of 4-tert-butylpblesxposed fistCyprinus carpio.

In contraction to the present result, reductiol\itP activity was observed with increasing conceitraof nitrite
1,2,4,8 and 10.4 mg'Lin serum and brain, as well as in gill@frhina mrigala ,Catla catla andLabeo rohita Das
et al., (2004) .The present findings is in goodoadowith the observation of Nte et al., (2011) wiave reported
significant (P<0.05) increase in ALP activity inllgsf Sarotherodon melanotheron exposed to RIVOC industrial
effluent for 14 days . On contrary to the presesutt, Nivedita Ghorpade et al., (2002) have evinsignificant
increase in liver and muscle ALP level in DEP tegldfishCirrhina mrigala

The present findings disagrees with that of Nivedithorpade et al., (2002) who have reported trexetlvas a
significant increase in SDH levels in muscleGfrhina nrigala . The present result is well supported by Samuel
and Sastry (1989) who have shown a significantebeser in the activities of SDBhanna punctatus on long term
exposure to an organophosphate.

Dange and Masurekar (1981) have also found deciieatf® succinate dehydrogenase activity of giled and
muscle of TilapiaSarotherdon mossambicus Peters exposed to toluene and have explainedttbatild be due to
disturbances in the cellular oxidative processéss 1B in consistent with James et al ., (199&}ifigs that sublethal
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levels of mercury inhibits SDH activity of liverillgand muscle oHeteropneustes fossilis and have ascribed it to
impairment of oxidative metabolism and also du¢gh® mitochondrial disruption Brierly and Deung &t,§1978).
Koundinya and Ramamurthy (1978) recorded a signifianhibition in SDH activity and an increase iDH
activity to meet energy demands in the brain ,rliv€idney, intestine , gill and muscle of the fighlapia
mossambica following exposure to fenitrothion.

Tripathi and Shasmal (2011) found that chlorpyriptsignificantly reduced the lactate dehydrogenadeH]
activity in liver, gill and skeletal muscle bfeteropneustes fossilis and have attributed to binding of pesticide or its
metabolites with the enzyme molecules or affectimg synthesis and /or degradation of enzyme Sastal .,
(1982); Tripathi et al ., (1990) ; Hai et al ., 019 .

This present observation coincides with that of @aat al ., (1981) who have investigated that exygosf Tilapia
(Sarotherodon mossambicus Peters) to toluene has stimulated Lactate dehgehage activity in liver,gill and
muscle. Changes in the lactate dehydrogenase athate dehydrogenase activity may indicate thditfaavith
which Tilapia can shift to anaerobic metabolism emddverse conditions and it would be interestinghiserve if
similar enzymatic changes occur more often in theeeobic type of fish following exposure to polhis

CONCLUSION

The waterways serve as an ultimate sink for varkinds of wastes. Diethylphthalate contaminatedewabuld
elicit stress in the aquatic biota. The preserdysts a baseline to assess the impact of dietliydpéte on the tissue
damaging enzymes of qill, liver and muscle of Tiga@reochromis mossambicus. The observation of the present
investigation permits us to conclude that diethiiiplate alters the enzyme activity Acid phosphatgseP),
Alkaline phosphatase (ALP), Sorbitol dehydrogen&ed) , Lactate dehydrogenase (LDH) of gill, liveruscle ,
which could be attributed to the mechanism by whighfish overcomes toxic stress.

REFERENCES

[1] B Jyothi ; G Narayanindian J. Exp. Biol. 200Q 38, 1058-1061.

[2] S Umamaheswari ; S Senthilnath&aropean Journal of Zoological Research, 2013 2 (4):32-38.

[3]1 M Ramesh ; K Sivakumari ; MK Kanagaraj ; K Manavataanujam Journal. Environ. Prot, 1993 13, 124—
127.

[4] KPS Rao ; KVR RaoCurr.ci, 1979 48, 526-528.

[5] KV Sastry; AA Siddiqui ; SK Singhchemosphere. 1982 11, 1211-1216.

[6] GM Natarajan Comp.Physiol.Ecolo, 1984 9, 29-32.

[7]1 BN Tripathi ; SK Mehta ; A Amar ; JP Gaur. Chemosh)2006, 62, 538-544.

[8] P Devarj ; VR selvarjan ; S Durairdjnd.J.Exp.Biol , 1991, 29, 790-792.

[9] S Satyadevan ; S Kumar ; M TembhRigsci. Biotech. Biochem, 1993,57, 1566-1567.

[10]GB Kumble ; DV Muley ; VV Deshpanddnd.J.Environ.Ecoplan, 1999, 2 , 27-31.

[11] PC Das ; S Ayyappan ; JK Jena ; BK Daglyatic. Res, 200435, 134-143.

[12] T Balint ; J Ferenczy ; F Katai ; | Kiss draczer ; O Kufcsak ; G Lang ;C Polyhos, | SzaioSzegletes ; J
Nemcsok Ecotoxicol. Environ. Saf , 1997, 37, 17-23.

[13] AV Barse ; T Chakrabarti ; TK Ghosh ; AK ; BabB Jadhao Resticide Biochemistry and Physiology 2007,
86,172-179.

[14] JVenkateswara RgdPesticide Biochemistry and Physiology , 200686, 78-84

[15] TW Leohner ; RJ Reash ; M William&cotoxicol. Envir. Saf, 2001, 50,217-224.

[16] SK Venkatesan ; Pugazhendy ; CVasantharajaNMéénambal ; D Sangeetha ; S Prabakalater national
Journal of Environmental Biology , 2012 2(1) , 31-35.

[17] LE Edqvist ; A Medej ; M Forsbergiochemical Ambio , 1992 21, 577-581.

[18] RK Morton ,J. Biochem, 1995 61, 240-244.

[19] SS Ovuru ; O Mgberéelta Agric, 2000 7,62—68.

[20] Nchumbeni Humtose ; Reza Davoodi ; BG KulkarBhavita chavan The Raffles Bulletin of Zoology, 2007,
Jan 14 ,17-19.

[21] AV Barse ; T Chakrabarti ; TK Ghosh ; AK PaBB Jadhao Biochemistry and Physiology , 2006 86 ,172—
179.

20
Scholars Research Library



U Sepperumal and S Saminathan Cent. Euro. J. Exp. Bio., 2013, 2 (4):16-21

[22] N Ghorpade ; V Mehta ; M Khare ; P Sinkar K&shnan ; CV Rao Ecotoxical. Environ. Saf. 2002, 53 255—
258.

[23] M Samuel SastryRestiside Biochemisatry and Physiology, 1989 34,1-8.

[24] R James ; K Sampath ; G Devakiamma and V Jpatty. Indian journal .fish, 1996 43(3) ,293-297
[25] D Ajit Dange; B Vasant Masurekal.Biosci., 1981 129-134.

[26] GP Brierly .Biochemistry of effective environmental pollution, 1977, 397-411.

[27] VK Deung ; KH You ; CK Choi ; RS chosehe. 1978 21, 67 -71.

[28] PR Koundinya ; R Ramamoorthytndian J.Expt.Biol , 1978 16:809-811.

[29] G Tripathi ; J ShasmalPestiside Biochemistry and Physiology , 2011, 99, 215-220.

[30] KV Sastry; AA Siddiqui ; SK SinghChemosphere, 1982, 11 ,1211-1216.

[31] G Tripathi ; SP ShuklaBiomed, Environ.Sci, 1990,3166-182.

[32] D Hai ; S Varga ; , B Matkovics;997. Comp. Biochem. Physiol. 117C, 83— 88.

21
Scholars Research Library



