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Abstract

Excess production and usage of ethanol as an alternative fuel has resulted in frequent ethanol spillage, which brings about
massive fish kills arising due to depletion in oxygen content by ethanol, and data available so far on the impact of ethanol on
aquatic ecosystems are scarce. The present investigates the alterations in the membrane staibilitifrafterdin vivo

exposure of fish erythrocytes and lysosomes to ethanol at different sub lethal concent@atiocis.omis mossambicus

(Peters) was selected as an animal model and the LC50 value of ethanol was found to be 13.01 g/l. Ethanol brings about
considerable damage to the RBCs when subjecieditivo andin vivo conditions of different ethanol concentrations and it was

found to be highly significant at 0.1% level. Similarly a significant decrease (P<0.001) in lysosomal fraction of &-glseuaodida

acid phosphatase activities were observed bathvitro andin vivo studies. Ethanol induced mutilations to the membrane of

RBCs and lysosomes when subjected to different concentrations of ethanolibettvénandin vitro conditions are found to

be very momentous.

Keywor ds: RBCs,0Oreochromis mossambicus, Ethanol, Membrane, Lysosomes.

In the last ten years, the production of ethanol haand chemical processes could potentially result in the
increased dramatically due to the demand for ethanol-blesdnsumption of significant quantities of dissolved oxygen,
fuels (Shaw, 2011). Sampling and analysis o¥vhichinturnwould adversely affect aquatic life, potentially

environmental media that has occurred in connection witkading to fish kills. An ethanol concentration of 56.4 mg/I

ethanol spill response activities have shown harmfuh the water column causes acute toxicity to aquatic life,
impacts of ethanol on aquatic environments. Thwhereas 61mg/l in water column causes chronic toxicity
breakdown of ethanol in surface waters through biologic&b aquatic life (USEPA, 1995).
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There had been several news reports stating the spillagév/dterials And M ethods

ethanol resulting in fish kills (Environment News Service, ) .

2009). Report by Kris Bevill (2009) cited that derailmenEXPerimental Design

of Canadian national train resulted in the leakage of &iesh water fishOreochromis mossambicus (Peters) of
estimated amount of 55,000 gallons to 75,000 gallons afmost similar size (10 + 2g) was collected from local
ethanol into the surrounding soils and waterways. THetcheries. They were acclimatized to the laboratory
breakdown of ethanol in surface water consumed dissolvednditions for 15 days in large tanks filled with
oxygen from the water column, which caused stress dechlorinated water (500L). The physico chemical
killed fish and mussels (Kris Bevill, 2009). This brings intgparameters of water (dissolved oxygen of 8.16 ppm, total
notice that ethanol is toxic at high concentration and céardness 18 mg/l, total alkalinity 42 mg/l, temperature
oxidize to acetaldehyde which is toxic even at lowe26+2°C, P' 7.0 + 0.33 and salinity at O ppt) was estimated
concentrations. daily using standard APHA (1998) methods and were

maintained constant throughout the experiment. 96 hrs

The_ indigcriminate usage of ethaml co_ntributes to pollutiq_rbSO value has been determined in different concentrations
of air, soil, water and global warming (Pimereteil., 2008). of ethanol ranging from 1.27g/L to 127g/L. A control

The hydrophilic nature of ethanol makes it difficult to . . L -
: ) ... .without the toxicant was also maintained similar to that of
extract it from water. Due to the high water solubility,

i . L .
readily crosses important biological membranes, such test with out addition of ethanol (Bijagt al., 2003). The

) . L value for 96 hour was found to be 13.01g/L and it
the blood brain barrier, which in turn affect a large number__5° . . : . .
. . : - Was confirmed following Probit analysis method (Finney,
of organs and biological processes in the body. Fli

ervihrocvies were used to study adaptive resnonses to7l)' Three concentrations of ethanol that corresponds
ythrocytes y adap PONSES, 301 >0 11/10" and 1/8 of LC. value (0.65g/L, 1.3g/L
xenobiotics induced changes at the membrane level within . 50
. and 2.6g/L respectively) were taken as sub lethal dose.
short time spans as these cells are nucleated and express

many functions as that of somatic cells. Erythrocytﬁ1 vitro RBC and lysosomal membrane studies

membrane was often used as a model membrane _in . o "
investigating the structure and functions of the biologic&f5C Meémbrane stability studiesimvitro condition was
membranes. Lysosomes, the highly conserved mul§one with blood drawn from the common cardinal vein of
functional cellular organelles, contain a battery of over sixfjS: USing 1mi sterile plastic insulin syringe (26mm gauge
hydrolytic enzymes (acid phosphatase (ACP) Size) containing sodium citrate as an anticoagulant (5mg/
glucuronidase, cathepsin, aryl sulphatase etc.) which pidj) (1:5 dilution) (Oser, 1976 and Smith al., 1952).

an important role in breaking down the substances withlySosomal fraction of hepatic tissues was isolated by
a cell (autophagy) or substances that have been taker?fi09€nization in isotonic sucrose (0.33M) and

from outside the cell (heterophagy) (Bozzola and Russdientrifugation. 0.5 ml of ethanol was directly added into

1992; Holtzman,1976). Lysosomal reactions appear fhe tubes having specific volumes of RBCs and lysosomal
provide useful biomarkers that are diagnostic for cell injurff@ction of hepatocytes, in which the final ethanol
and the measure of integrity serves as a simple and cofcentrations in the tubes were 0.65 g/l, 1.3 g/l and 2.6

effective approach to study pollutant exposure (Moor@/! respectively. The RBC membrane stability was
determined by measuring the absorbance of hemoglobin
1990). 9

_ _ _ released by hemolysis in the supernatant at 540 nm. Activity

There is no report is available on the effect of ethanol @t |ysosomal enzyme, acid phosphatase ghd

lysosomal and erythrocyte membrane of the fresh waigiicuronidase in the various sub cellular fractions of liver

teleostO. mossambicus so far.Oreochromis mossambicus  tissue ofO. mossambicus (in vitro andin vivo conditions)

is a hardiest fishes in aquaculture farms and it can tolergjgre determined according to Plummer, (1987). Acid

a wide range of salinity from fresh water to waters of 3ghosphatase activity was carried out by the method of King

to 48 ppt salinity (I_Danlkkar a_nd Thampi, 1954). Thereforgnd Armstrong (1934); Kingt al., (1937, 1942)p—

the present work is a baseline attempt to investigate agicuronidase activity was estimated by the method of

assess the toxicity of different sub lethal concentrations ghwai and Anno (1971). Total protein content in tissues

ethanol. was estimated by the method of Lovetyal. (1951). The
enzyme activity thus obtained were expressed as units/
mg protein.
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In vivo RBC and lysosomal membrane studies stretching half of their body out of water surface and trying

Ten numbers 0®. mossambicus (10+2g each) were kept {0 jJump out. Fish secreted copious amount of mucus, a
in three separate tubs having desired concentration @¥fénse mechanism to neutralize the effect of ethanol in
ethanol (0.65 g/L, 1.3 g/L and 2.6 g/L respectively) along€ terminal phase of intoxication, the fish lost their balance
with tap water. Six replicates were kept for each experimef!d equilibrium and died.

A control was also maintained in the water without thgnhe functions of membrane are determined by membrane
addition of ethanol. While in the sub lethal toxicity StUchomposition and organization (Leviet al., 1990).
water was changed daily and the test solutions wegfemprane lipid composition directly reflects the membrane
renewed every 24 hours to maintain the dissolved oxyggppperties (Yeagle, 1985). The erythrocyte membrane has
concentration at optimum level (USEPA, 1975). The fish%ng been served as a convenient model system employed
were fed on the same commercial daetlibitum. The  for studying the chemical and physical properties of cell
exposure period such as 7 and 21 days were selecte¢@pnbrane due to its relative simplicity (Salil and shyamali,
per Organization for Economic Cooperation andggg). Many xenobiotics evoke alteration directly in the
Development (OECD, 2000) guideline programme meaghunding membrane of the lysosomes (Moore and Lowe,
for aquatic organisms. During the experimental period gfggs). Weeks and Svendsen (1996) stated lysosomal
21 days, the animals were fed on the same diet to avoid {figility as a promising biomarker in environmental toxicity
effects of starvation on normal physiological processegydies. Lysosomal alterations in fish hepatocyte have been
and antioxidant stress. Any other factor likely to influencgacommended as potential cytological biomarkers for
toxicity was nullified by maintaining the suitable controlenyironmental pollutants. Lysosomal stability is a good

RBCs and lysosomal fraction of hepatic tissues were isolatgghicator of physiological fitness in fish liver (Allen and
from those fishes, which were exposed to respectifgoore, 2004).

ethanol concentrations for 21 days followed by a periodical
sampling at 7 days. Membrane stability of RBC angffect of 0.65 g/l, 1.3 g/l and 2.6 g/l of ethanol on

lysosomes are determined as described above. erythrocyte and lysosome membrane stabilityQn
mossambicus is given in Figure 1 to figure 5. The results
Statistical analysis obtained were analyzed statistically using ANOVA of the

Data analysis was done with Microsoft Excel XP and sps8” data, followed by Dunnett's and Tukey's post hoc

version 15.0, for statistical evaluation. Results are presen{ggthOd'l n-vitroand In vivo studies conducted on the RBC

as mean + standard deviation (S.D). Data distributions Werpembrane stability revealed that ethanol had a labilising

examined to fit a normal distribution and homogeneity o fiect on the erythrocyte membrane and was found to be

. : . depended upon dosage. The present study confirms that,
variance was tested using ANOVA supplemented by mUItlpeeTr?anol brir?gs abouqf an incpreased disi)|/1tegration of

comparison test using Dunnett's and Tukey’s post hoe(’}ythrocytes. Findings of Cunha et al. (2007) corroborates

the above statement. RBC hemolysis was observed when
O. mossambicus was subjected to different concentrations
of ethanol inin-vitro conditions (Figure 1) and indicates
The 96 hr LG, value of ethanol was found to be 13.1079fh 4 erythrocyte membrane was damaged depending upon
L (range between 12.786 and 13.382 g/L) with 95%,¢ concentration of ethanol. The levels of released

confidence limit. Fishes exposed to different sub 'ethﬂ'emoglobin serves as an indicator of hemolysis, caused
concentrations of ethanol exhibited erratic movements, Io§§ increased membrane fragility (Niranjan and
of equilibrium, grouping, increase in respiratory rhythmishnakantha 2000). Chi and Wu (1991) observed similar

excess secretion of mucus followed by a gradual onsetQi ¢ of increased rate of hemolysis of red blood cells when
inactivity. Observations made by Yadaval. (2007) mediated by ethanol. The hemolysis rate increased

corroborate the above statement. Frequent surfacing ending upon the increased concentration of ethanol.
gulping shows the effort of the animal to cope with thge present investigation points out that ethanol bring about
deficiency of oxygen, and fill the two lateral vascular aitysiderable damage to the RBCs when subjected to
sacs with fresh air for accessory respiration. On initigfigterent concentrations of ethanol iimvitro conditions.
exposure to ethanol, the fish mossambicus exhibited g ity of organic solvent such as ethanol to destabilize
characteristic avoidance behavior by rapid swimmingne membrane as well as the membrane proteins correlates

method (significance at P<0.001).

Results And Discussion
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to cytotoxicity. This study proves that erythrocytdysosomal) of the treatment groups when compared to
membrane exhibits increased rate of hemolysis wheontrol group 0ofO. mossambicusin in-vitro (Figure 3). In
treated with ethanol. Membrane peroxidation leads the present study a significant decrease (P<0.001) in
changes in membrane fluidity, permeability and results Igsosomal fraction of acid phosphatase and &-glucuronidase
the enhanced rates of protein degradation, which waltivities are observed followed by an increase in soluble
eventually lead to cell lyses. The deformity of destructeahd nuclear fraction both im vitro andin vivo (Figure 3
RBC and increased rate of RBC hemolysis results in tlaed Figure 4). Studies conducted by Koldeal. (2002)
increased production of free radicals. In addition, ethanahd Wahli (2002) demonstrated a good dose-response
exhibits a denaturizing effect on erythrocyte membrarrelationship between the severity of lysosomal alterations
that is associated with abnormal RBC morphology resulting the liver of European flounder and the levels of xenobiotic
in an increased susceptibility to hemolysis (Prokopatva pollution. The lysosomal enzyme release assay carried out
al., 2000; Chiet al., 1990). From these results it can bén vivo (Figure 5) revealed significant increasefin
concluded that RBC hemolysis and lipid peroxidation bglucuronidase release with exposure period (P<0.001). Pair
ethanol can be one of the molecular mechanisms involvetise comparison employing Tukey’s post hoc test explaines
in ethanol induced toxicity (Armutcet.al., 2005). all possible interactions of time intervals and are found to

RBC membranes are prone to peroxidative damage becaB%eh'ghly significant (P<0.001) (Figure 6).

they are rich in unsaturated fatty acids and are exposed_fsosomal membrane destabilization is a prognostic
high oxygen concentration in the blood (Nétial. 1988 biomarker for toxicant-induced fish liver dysfunction in
and Hayanet al. 1993). The increase in RBC hemolysidiomonitoring programs (Broegj al., 1999; Kohleet al.,
(Figure 2) observed whe@. mossambicus was exposed 2001, 2002). Lysosomal membranes on immediate and
to ethanol for 7 days is due to membrane lipid peroxidatigmolonged exposure of ethanol are subjected to structural
and may be due to increased activities of serum speciéind physiological changes such as lysosomal fragility and
enzymes. Ivanov (2001) observed similar destruction oélease of acid hydrolases. These alterations are
RBCs and hemolysis on the membrane when treated wadbmponents of the inflammatory process that are followed
organic solvents. The decrease in hemolysis observedbgicell death (Canciet al., 1995b). Studies conducted on
1.3g/l (Figure 2) whe®. mossambicus was exposed for lysosomes in mammals shows increased membrane
21 days indicates that RBC membrane has become ridicgility, which in turn may lead to cellular destruction and
This can be due to the slight increase in the cholesterodll death upon heavy metal injury as reported by Sternlieb
phospholipids ratio (Yeagkt al. 1990 and Kuyperet al. and Goldfischer (1976). Studies conducted by Tsvetkov
1996). It also leads to the decrease in unsaturated fatty

acids in the erythrocyte membrane followed by an increase

in saturated fatty acids. A fall in polyunsaturated fatty acids

(PUFA) followed by an elevation of cholesterol increases

the rigidity of the phospholipid bilayer (Dobrestetval. 100 Determination of RBC membrane stability (In-vitro)

1977). Oxidative cross-linking of membrane protein can
also induce increased membrane rigidity and decreased RBC 80
deformability. Levinet al. (1990) have proposed that thé?,
oxidation of membrane lipids results in the formation ?;3 60 1
peroxidative degradation products like malondialdehygk
leads to the cross linking reactions of the lipid-lipid anog
lipid-protein type thereby making the membrane more rigid 29 -
and hence less fluid. The increase in hemolysis observed
at 0.65 g/l and 2.6 g/l on prolonged exposure can be due to 0 T ;
the decrease in Hb that arises due to the increased fragility 0.65 g/1 13g1 26 g1
of the erythrocytes. Observations made by Paetral.
(2001) support this finding.

Highly significant (P<0.001) alterations are observed in &fiig 1: Percentagemolysisin Q. mossambicus on exposure to differ-
the three sub cellular fractions (nuclear, soluble arfdt concentrations fo ethanah gitro conditions)

Concentrations of ethanol
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150 Determination of RBC membrane stability (In-vivo) 150 Determination of RBC membrane stability (In-vivo)
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Concentrations of ethanol Concentrations of ethanol
Fig 2: Levels of RBC Membrane stabilitin(vivo) in the blood 0f0. mossamblcus exposed
for 7 day and 21 days to different concentrations of ethanol
Estimation of Subcellular activity of
Estimation of Subcellular activity of Gluconidase assay (In vitro)
Acid Phosphatase assay (In vitro)
14 - = Nuclear fraction
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Concentrations of ethanol Concentrations of ethanol

Fig 3: Levels of sub cellular acid phosphatase activity in the hepatiég 4: Levels of sub cellulag-glucuronidase activity in the hepatic

tissue ofO. mossambicus (in vitro) tissue ofO. mossambicus (in vitro)
Estimation of Subcellular activity of Estimation of Subcellular activity of
Glucuronidase Assay (In vivo) (Day 7) Glucuronidase Assay (In vivo) (Day 21)
2.5 1 = Nuclear fraction 30 - = Nuclear fraction
5 ESoluble fraction 25 ESoluble fraction
= " Lysosomal fraction S 20 - " Lysosomal fraction
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] R15
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Control  0.65g/1  1.3g/1 2.6g/1 Control  0.65g/1  13g/1  2.6g/l

Concentrations of ethanol Concentrations of ethanol

Fig 5: Lysosomal enzyme release fisg{ucuronidase) in the hepatic tissue @f mossambicus
exposed for 7 days and 21 days to different concentrations of ethamah()
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f-Zlucuronidase enzyme release
Groups

assay
0 min Vs 15 min 0.0562
0 min Vs 30 min 0.000
0 min Vs 45 min 0000
0 min Vs 60 min 0000
15 min Vs 30 min 0000

Tukey

15 min Vs 45 min 0000
15 min Vs 60 min 0000
30 min Vs 45 min 0.003k
30 min Vs 60 min 0.000e
45 min Vs 80 min 0.000x

The values are significant at a = P<0.01, C=0.05 and not significant at d.

Fig. 6: Multiple Comparison Test (Time)r(-vivo) Subsequent pair wise comparisons by multiple
comparison tests using Tukey is shown above

et al. (1997) shows similar changes in cathepsin D argljoy Chellan, Ramesh, M., Manavala Ramanujam, R. 2003. Lethal
acid phosphatase, which explains lysosome targeted stress. and sub lethal effects of a synthetic detergent on liver, muscle
and branchial NgK* ATPase enzyme activity lrabeo rohita.

; Indian Journal of Fisheries. 50(3): 405-408.
Conclusions Bozzola, J, J., Russell, L, D. 1992. E(Iezztron Microscopy. In: Principles
The present study reveals ti@atmossambicusis sensitive and techniques for biologistdones and Bartlett publishers,
to sub lethal concentrations of ethanol. Ethanol brings about ~ Boston.
considerable damage to the RBCs when subjected Bipeg, K., Zander, S., Diamant, A., Korting, W., Kruner, G., Paperna,
different concentrations of ethanol in in-vivo and in vitro - Westernhagen, H. 1999. The use of fish metabolic,

. . . pathological and parasitological indices in pollution monitoring
conditions. To understand complete toxic responses inthe - North SeaHelgoland Marine Research. 53(3/4):171-194.

liver and to apply this knOWIed9e1 we need to integra@ancio, I., Gwynn, A, P, ., Ireland, P, M., Cajaraville, M, P. 1995b.

molecular, biochemical, physiological and morphological The effect of sub lethal lead exposure on the ultrastructure and
characteristics from the cellular to organ level. on the distribution of acid phosphatase activity in

chloragocytes of earthworm#rinelida, Oligochaeta).
Acknowledgement Histochemical journal. 27: 965-973.

. . . . . . Chi, L, M., Wu, W., Sung, K, P., Chien, S. 1990. Biophysical correlates
First author is grateful to Cochin University of science and of lysophosphatidyl choline and ethanol mediated shape
technology, CUSAT, Kochi, kerala, India for providing transformation and hemolysis of human erythrocytes:
financial assistance, lab facilities to carry out the work. membrane viscoelasticity and NMR measurentgnthimica

et Biophysica Acta. 1027:163-171.
References Chi, L, M., Wu, W, G, 1991. Mechanism of hemolysis of red blood
cell mediated by ethandiochimica et Biophysica Acta. 1062(1):
Allen, J. I., Moore, M. N. 2004. Environmental prognostics: is the 46-50. Y phys ™)

current use of biomarkers appropriate for environmental risk nha. ¢ C. Arvelos. L. R.. Costa. J. O.. Penha-Silva. N.. 2007.

evaluationMarine Environmental Research, 58: 227-232. Effects of glycerol on the thermal dependence of the stability
APHA. 1998. Standard methods for the examination of water and of human erythrocyteslournal of Bioenergetics and

wastewater (20ed.). American Public Health Association, Biomembranes. 39(4): 341-347.

Washington, DC. _ _ Dobrestov, G., Borschenkaya, T., Petrov, V. 1977. The decrease of
Armutcu, F., Coskun, O., Gurel, A., Sahin, S., Kanter, M., Cihan, A.,  shospholipid bilayer rigidity after lipid peroxidation. FEBS

Numanoglu, K, V., Altin yazar, C. 2005. Vitamin E protects Letters. 84: 125-128.

against acetone induced _OX|dat|ve stressinratblood@ells. gpyironment News Service. 2009. lllinois goes after Canadian national

Biology and Toxicology. 21: 53-60. for ethanol train derailment, June 21, 2009

PRINT ISSN.: 0974-1712 ONLINE ISSN.: 2230-732X 734 ©2013 New Delhi Publishers. All rights reserved



Effect of Ethanol on Membrane Stability @reochromis Mossambicus (Peters)

LIAER

Finney, D.J. 1971. Probit Analysis. Cambridge University Press, New monitoring.Histochemical Journal. 22:187-191.

York, p 337. Moore, M.N. 1993. Biomarkers of contaminant exposure and effect:

Hayam, I., Cogan, U., Mokady, S. 1993. Dietary oxidized oil enhances a way forward in marine environmental toxicologgience of
the activity of (N& K*) ATPase and acetylcholinesterase and the Total Environment. 139/ 140:1335-1343.
lowers the fluidity of rat erythrocyte membraribe Journal  Moore, M.N., Lowe, D.M. 1985. Cytological and cytochemical
of Nutritional Biochemistry. 4: 563—-568. measurements. In: The effects of stress and pollution on marine

Holtzman, E. 197@.ysosomes: A Survegell Biology Monographs, animals, Bayne Bt al.( ed.) Praeger Scientific, New York,
Vol 3, Springer-Verlag, Vienna and New York. pp 46-74.

Ivanov, I.T. 2001. Rapid method for comparing the cytotoxicity oNiki, E., Komuro, E., Takahashi, M., Urno, S., Ito E., Terao, K. 1988.
organic solvents and their ability to destabilize proteins of the Oxidative hemolysis of RBCs and its inhibition by free radical
RBC membrane?harmazie. 56: 808-9. scavengerslournal of Biological Chemistry. 263: 19809-814

Kameda, K., Jmai, M., Senjo, M. 1985. Effect of Vitamin E deficienciNiranjan, T, G., Krishnakantha, T, P. 2000. Membrane changes in rat
on some erythrocyte membrane propertigsurnal of erythrocyte ghosts on ghee feedingolecular and
Nutritional Scienceand Vitaminology. 31: 481-490. CellularBiochemistry. 20(4): 57—63.

Kawai Y., Anno, K. 1971. Mucopolysaccharides degrading enzym@&ECD. 2000. Guidance document on aquatic toxicity testing of difficult
from the liver of squidOmmastrephes solani pacaficus. I. substances and mixtures. OECD Series on Testing and
Hyaluronisae. . Biochimica et Biophysica Acg#2: 428- Assessment number 23. OECD Environment Directorate, Paris,
436. p 53.

King, E.J., Armstrong, A.R., 1934. A convenient method for determinin@ser. 1976. Hawk’s Physiological Chemistry.'{dd.), Tata-McGraw-
serum and bile phosphatase activity. Canadi@dical Hill publishing company Ltd, New Delhi, p 1018.

Association Journal. 31: 376-381. Panikkar, N.K., Thampi, P.R.S. 1954. On the mouth breeding cichlid,

King, E, Haslewood, J. GAD., Delory, G.E., Beall, D. 1937. Tilapia mossambica (Peters).Indian Journal of Fisherie.
Microchemical methods of blood analysis.Revised and 1(1&2): 217-230.
extended. The Lancet29(5928): 886-892. Patra, R, C., Sahoo, A., Pathak, N.N., Dwivedi, S.K., Dash, P.K.

King, E, J., Haslewood GAD., Delory, G, E., Beall, D. 1942. 2001. Enhanced lipid peroxide levels in the erythrocytes of
Microchemical methods of blood analysT$e Lancet. 239 calves with haemoglobinuriaVeterinary Research
(6181): 207-209. Communications, 25: 55-59.

Kohler, A. 1990. Identification of contaminant induced cellular an@®imental, D., Patzek, T. 2008. Ethanol production using corn.
subcellular lesions in the liver of floundét &tichthys flesus Environmental Science and Technology, 42(21): 7866-7872.

L.) caught at differently polluted estuari@guatic Toxicology. ~ Plummer, D, T. 1987. An introduction to practical biochemig8%.
16(4): 271-293. ed.), McGraw Hill Publishing Co. Ltd, New Delhi, 268-269.

Kohler, A. 1991. Lysosomal perturbations in fish liver as indicatorBrokopieva, V., D., Bohan, N.A., Johnson, P., Abe, H., Boldyrev, A,
for toxic effects of environmental pollution. Comparative A. 2000. Effects of carnosine and related compounds on the
Biochemistry and Physiology Part Qoxicology and stability and morphology of erythrocytes from alcoholics.
Pharmacology. 100(1-2): 123-127. Alcohol and Alcoholism. 35:44-48.

Kohler, A., Wahli, E., Soffker, K. 2002. Functional and morphologica8alil, K, D., Shyamali, M. 1999. Heterogeneity of human red blood
changes of lysosomes as prognostic biomarkers of toxic liver cell membrane: Co-existence of heavy and light membranes

injury in a marine flatfishRlatichthysflesusL.). Environmental Molecular and CellulaBiochemistry. 196:141-149.

Toxicology and Chemistry. 21(11) : 2434-2444. Shaw. 2011. Large volume ethanol spills- Environmental impacts and
Kohler, A., Bahns, S, S., Broeg, K, K., Lauritzen, B. 2001. Lysosomes response actions. Shaws environmental and infrastructure

in toxic injury and carcinogenesis of the liver of marine flatfish: group. 11 Northeastern Boulevard. Salem,New Hampshire,

An immuno histochemical study. Paper presented at the 11 03079.

annual meeting of SETAC Europe, May 6-10, Madrid, Spairsmith, C.G., Lewis, W.M., Kaplan, H.M. 1952. A comparative
Kriss Bevill. 2009. Deadly train accident continues to be investigated. morphologic and physiologic study of fish bloothe

Ethanol Producer Magazine. Progressive Fish Culturist. 14:169-172.
http://www.ethanolproducer.com/articles/5788/deadly-train-acciden&ternlieb, I., Goldfischer, S. 1976. Heavy metals and lysosomes. In:

continues-to-be-investigated lysosomes in biology and pathology. Dingle JT and RT Dean
Kuypers, F., Schoot, A., M.A., Scott, M.D. 1996. Phospholipid (ed.), North Holland-American Elsevier, New Yok 185-

composition and organization in model beta- thalassemic 197.

erythrocytesAmerican Journal of Hematology. 51: 45-54. Tsvetkov, I.L., Zarubin, S.L., Urvantseva, G.A., Konichey, A.S.,
Levin, G., Cogan, U., Mokady, S. 1990. Riboflavin deficiency and the Filippovich YuB. 1997. Acid phosphatase of hydrobionts as

function and fluidity of rat erythrocyte membranédasurnal an enzyme—indicator of biochemical adaptation to toxic

of Nutrition. 120: 857-861. substance impactzvestiya Rossiiskoi Akademii Nauk -
Lowry, O, H., Rosebrough, N, J., Farr, A, L., Randall, R, J. 1951. Seriya Biologicheskaya. 5:539-545.

Protein measurement with folin reagelournal of Biological ~ USEPA. 1975. The committee on methods for toxicity test with aquatic

Chemistry. 193: 265 — 275. organisms. Methods for acute toxicity tests with fish, macro
Moore, M.N. 1990. Lysosomal cytochemistry in marine environmental invertebrates and amphibians, United States Environmental

PRINT ISSN.: 0974-1712 ONLINE ISSN.: 2230-732X 735 ©2013 New Delhi Publishers. All rights reserved



Bhanugtal.,

LIAEB

Protection Agency, Duluth Minnesota, Ecol. Res. Sefis, of soil invertebrates. Environmental Toxicology and Chemistry.
660/3-75-009 67. 15:1801-1805
USEPA. 1995. Final Water Quality Guidance for the Great Lak ) ' - L
. . adav, P., Sarkar, S., Bhatnagar, D. 1997. Lipid peroxidation and
System, Rules and Regulations, Federal Register, L . ! . . X
. . antioxidant enzymes in erythrocytes and tissues in aged diabetic
Environmental Documents, 60(56):15365-15425. ) . . )
. - . . . rats.Indian Journal of Experimental Biology. 35:389-392.
Wabhli, T. 2002. Approaches to investigate environmental impacts ST
’ . - ; eagle, P.L. 1985. Cholesterol and the cell membrane. Biochimica et
fish health.Bulletin of the European Association of Fish : . :
: . Biophysica Acta822:267-287.
Pathologists, 22(2):126-132.
. Yeagle, P.L., Albert, A.D., Boesze, B.K., Young, J., Frye, J. 1990.
Weeks, J, M., Svendsen, C. 1996. Neutral-red retention by lysosom —_ . ;
Ao . Cholesterol dynamics in membrandsurnal of Biophysics.
from earthworm coelomocytes: A simple biomarker for exposure )
57:413-424.
PRINT ISSN.: 0974-1712 ONLINE ISSN.: 2230-732X 736 ©2013 New Delhi Publishers. All rights reserved



