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Exposurc to an ionic (sodium dodecyl su lfate . SDS). cationic ( cety l trimethy l amillon ium bromide CTAB) and non 

ionic (Triton X - IOO) surfactants at a sub lethal concentration of I ppm resulted in severe oxidati ve stress in the hepatic. renal 

and cardiac ti ssues of fresh water adapted Oreochromis mossambicus . Hepati c catalase showed significant increase 

(P < 0.00 I ) in all the surfactan t exposed fi sh. but the renal enzyme was significantly increased only in CTAB dosed fi . h 

\P < 0.00 I ) and the cardiac enzyme showed signifi cant increase in Triton (P < 0.05) and CTAB dosed fi sh (P < 0.00 1). SOD 

leve ls were signi fi cantl y increased (P < 0.00 I ) in hepati c. renal and cardiac ti ssues of all the urfactant -treated fish. 

Glutathione reductase al so was signi fi cantly increased (P < 0.00 I) in the hepati c and renal ti ssues of surfactant dosed fi sh 

except cardiac ti ssues of CTAB exposed animals. Glutathione levels in the ti ssues studied were significan tly high r in the 

surfactant treated animals (P < 0.00 I ) whereas malondialdehyde leve ls were significantly elevated only in the hepat ic ti ssues 

of animals exposed to Triton (P < 0.00 I ) . The surfactants based on their charge, antioxidant profile and in vivo metabol ism 

may be arranged in the order of decreasing tox icity as CTAB > Triton> SDS. Thus it may be inferred from the present -tudy 

that the allliox idant defenses and the in vivo metaboli sm of the surfactants are key factors in deciding the surfactant tox icity. 

Lipids are a major constituent of membranes 

compnslng 20-80% of the membrane mass. In 

addition to the fundamental role of providing 

compartmentati on, the cell membrane lipids are 

in volved in the response. of cells to a number of 

ex ternal stimuli like hormones, growth factors and 
neurotransmitters I. Deleteri ous effects of various 

chemicals on the membranes are known2
. An often 

neglected group is that of the surfactants which 

con. titu te an important component of detergents, 

pesticides, herbi cides, shampoos, cleaners and other 

products of day to day use. Avai lable toxicity data for 

surfactan ts largely comprise works relating to 
mortal it y, larval development and reproducti ve 

capacity3-8. But reports are almost lacking on 

deleterious effects of surfactants on cell membrane 

specially with reference to perox idation . 
Lipid peroxidation is oxidative destruction of poly 

unsaturated fatty acids (PU FA) in the cell membrane. 

The cell s have built-in antioxidant systems to check 

thi s deleterious process. These include enzymes like 

catalase, uperoxide dismutase, glutathione reductase 

etc as well as non enzymatic molecules like 
glutathione, vitamin E, carotene etc9

. Catalase, a 
porphyrin containing enzy me , destroys hydrogen 
peroxide by catalyzing its two electron dismutation to 
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water and oxygen. Superoxide dismutase catalyses the 

two electron di smutation of superox ide radical to 

hydrogen peroxide and oxygen. Glutathione reductase 

catalyses the reduction of oxidized glutathione at the 

expense of NADPH to its reduced form. The reduced 

glutathione because of its sulfhydryl group can serve 

as a proton donor to the free radicals. Also it is the 

coenzy me of glutathione peroxidase. The attack of 

free radicals on PUFA produces intermediates like 

conjugated dienes and finally the cytotoxic aldehyde 

malondialdehyde. It can directly interact wi th DNA 

causing alkylation of bases, can induce interlinta 

strand scissions and contribute to mutations. 

The present work focuses on the peroxidative effects 
of three surfactants viz anionic (sodium dodecyl 

sulfate/SDS), cationic (cetyl trimethyl ammonium 
bromide/CTAB) and non ionic (Triton X-IOO) on li ver, 

kidney and heart of the euryhaline teleost Oreochrolllis 

lIlossalllbicus (Ti lapia) adapted to freshwater. These 

surfactants are commonly used in a large number of 

cleaning agents, pesticides, herbicides etc. Their 

concentrations in the natural environment like ri ver 

water and sedi ments range between 1-10 ppm for 

sodium alkyl sulfates, 0.01-2.6 ppm for non ionics and 

5-50 )lg IL for cationics 1o
-
12

. Hence the surfactants 

selected in the present study represent simple 

compounds belonging to these 3 groups, which are an 

often neglected group of aquatic pollutants. 
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Materials and Methods 

Fish species weighing 15 ± 3 gm and 8.5 ± 0.5 COl 

long were collecled from Rice Research Institute, 

Yyttila. They were fed on a commercial diet ad 

libitum and were acclimated in aquarium tanks for a 

month before the experiment. Six fish each were 

maintained in a sub lethal surfactant concentration of 

I ppm (I II 0 of 96 hr LC50) in aerated fibre glass 

tanks and a control group was also maintained 

without any surfactant. The surfactant concentrations 

were prepared by di ssolving the respecti ve surfactants 

in tap water and diluted to obtain the required 

concentrati on of I ppm (APHA )I3. 

The tap water used had di ssolved oxygen content 

of 7-8 ppm ,hardness-below detectable limits, p H 7, 

temperature 25° ± 3°C and salinity 0 ppt. During 

ex perimental period of 30 days the animals were fed 

on the same diet so as to avoid the effects of 

starvati on on normal physiological processes and 

ant ioxidant starus. The water in experimental tanks 

was replaced every 48 hr with water containing fresh 

surfactant so as to avoid any poss ible degradation of 

the surfactant. Fi shes were deprived of food 24 hr 

before assay. They were killed by pithing (by 

damaging the brain and severing the spinal cord 

between the head and the trunk region using a sharp 

needl e) and the ti ssues viz li ver, kidney and heart 

were removed, washed in ice-cold sucrose (0 .33M), 

blotted dry and weighed. 

The marker enzymes in lipid perox idation-catalase 

(CAT), superoxide di smutase (SOD) and glutathione 

reductase (GR) were assayed . Also the levels of the 

antioxidant glutathione (GS H) and malondialdehyde 

(MOA) were estimated. 

Catalase was assayed by the method of Maehly and 

Chance I~. The enzy me extract was prepared by 

homogenizing the tissue in the phosphate buffer and 

centrifuging at 5000 rpm . Specific act ivity was 

ex pressed as international units/mg protein , 

IIU=Change in absorbance/min/extinction coefficient 

(0.021). Superoxide dismutase ( SOD) was assayed by 

the method of Kakkar et.aI
15

. Glutathione reductase 

(GR) was assayed by the method of Bergmeyer
l6 

. 

Enzyme activity was expressed as units/mg protein . 

One unit was defined as the change in 

absorbance/minute. Reduced Glutathione(GSH) was 

assayed by the method of Patterson & Lazarow
l7

• The 

ti ssue ext ract for g lutathi one es timation was prepared 

in phosphate buffer p H 7.5 . Malondialdehyde was 

assayed by the method of Niehaus and Samuelsson 18. 

Protein was estimated by the method of Lowry et.al I9
. 

Statistical analysis- Testing of stati ti cal 

differences between test and control groups were done 

using one way analysis of variance (ANOY A) . 

Multiple comparison test (Tukeys test) was done to 

check whether the surfactants differed signifi can tl y 

I 
10 

from the control as well as amongst the mse ves- . 

Results and Discussion 

The results are presented in Table I. 

ANOY A showed that there were sign ificant 

differences between control and surfactant treated 

groups with respect to all the parameters tested. 

Subsequent comparisons were made between the 

individual test groups by a multiple compari son tes t 

(Tukeys test) . Contro l group was compared with each 

of the three surfactant groups, also the surfactant 

treated group were compared between themselves . 

Hepatic catalase acti vity showed an overall 

signi ficant change (F=S2 1.7, P<O.OOI ) as obtained 

by ANOY A. The hepatic catalase acti vity was 

significantly increased (P < 0.00 I ) in a ll the surfactant 

treated groups when compared with the control. 

Compari son between the urfactants revealed that 

SOS and Triton induced similar changes. However 

CTAB mediated effects were significantl y different 

when compared to the effects of SOS and Triton. The 

renal enzy me also showed an overall sign i ficant 

change (F= 40.0 1, P<O.OOI, by ANOYA). However 

multiple compari son revealed that significant increase 

(P<O.OOI) was noted only in ani mals exposed to 

CT AB when compared with the control. Here too 

animals exposed to triton and SOS showed simil ar 

enzyme act ivities which were not significantly 

different from one another. Cardiac enzyme also 

showed an overall significant change (F=2 1.96, 

P<O.OOI , by ANOYA). The enzyme was 

significantly (P < 0.001) elevated in animals ex posed 

to Triton and CT AB. A comparison between the 

effects of these surfactants was found to be 

s igni ficantly (P < 0.00 I ) different from one another. 

ANOYA showed that there was an overall 

significant change in superoxide dismutase activity in 

hepatic (F=3309.88, P<O.OOI) , renal (F=1 6228.77, 

P<O.OOI) and cardiac ti ssues (F=257 I. 14, P <O.OO I ) 

of all the surfactant treated groups when compared to 

control (P < 0.001 ). Comparison between the 

surfactants revealed that hepatic and cardiac enzyme 

activities were significantly different (P<O.OO I ) in all 

the surfactant treated groups. The renal enzyme in fi h 

exposed to either CTAB or SOS did not show 

significant differences in enzyme activity when 
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Table I - Effects of sodium dodecy l sulfate (S OS ). Triton X- I 00 and cetyl trimethyl ammonium bromide (CTAB ) on 

hepatic. renal and cardiac enzy mes 

I Values are mean ± SO from fi sh in each group] 

Ti ssue Enzy me Contro l SOS Triton CTAB 

Hepatic Cata lase# 12.1 ± 1. 25 32.0 I ± I.S 2'c 35.28 ± 3.S 'b 78.31 ± S.8'be 
SOD" 12.51 ±0.3 1 16.6 ± 0.26'·c 14.1 ±0.28'·b 26.6 ± 0.4 'he 

GR+ 2.4±0. 13 6.8 ± 0.17'·c 4.4 ± 0.19'· 4.1±0.2'c 
GS H++ 12S6±48.6 2534 ± SO.2'·c 1920 ±6S.7'·b 2110±68.6'be 
MOA$ 0.063 ±0.02 0.097 ± 0.03· 0.295 ±0.02'· 0.08 ±0.03

b 

Renal Cata lase# 5.29 ± 1.85 4.8±1.7c 8.3 ± 2.3
b 17.35 ± S.S'be 

SOD" 12. 11 ±O. IS 24.2±0.12'· 13.9±0. 18'·b 24.3±0.3'b 
GR+ 4.1 ±U. II 1.9±0. 14' 6.5 ±O. IS ' 2.2±0.18' 
GSH++ 1302±S2.S 3706±63.8' 2280±S9.7' 3040±63.6' 
MOA$ 0.008±0.01 0.004±0.02 0.02 1 ±0.03 0.006±0.03 

Cardi ac Catalase# 10.38 ± 2.S 9.74±3.12°C 13.8 ± 2.9S '·b 17.5 ± 3.2'be 

SOD" 15.38 ±0.41 23.7 ± 0.S3 '·c 20.02 ± 0.36'·b 27.9±0.29'be 
GR+ 2.3 ±0.2 S.2±0.2I '·c 3.5 ±0.18'· 2.4±0.61 
GSH++ 7S0±SO.2 16S0±S2.9'ac I 000 ±48'·b 1580 ± 60.S 'be 
MOA$ 0.009 ±0.03 0.008 ±0.04 0.02 1 ±0.04 0.0045 ± 0.03 

# one IU=Change in absorbance at 230 nm/min. expressed /mg protein 

** units/mg protein 

+ X 10-' units/mg protein 

++ nmolesllOO g wet ti ssue 

$ mmolll 00 g ti ssue 

cont ro l compared with SOS. Triton and CTAB is represented as .. * .. if significant at P<O.OOI. significant differences at 

P <O.OOI between SOS and triton. triton and CTAB and that between SOS and CTAB are represented as" a .. ... b .. and "c" 

respectively. No sy mbol- not significant 

[ANOV A fo llowed by Tukeys test] 

compared with each other, but there were significant 

increases (P<O.OOI) in the enzyme activity in 

animals exposed to triton when compared with SOS 

and CT AS dosed groups. 

Glutathione reductase also showed an overall 

significant change in hepatic (F=18 .99, P<O.OOI), 

renal (F=86.24, P < 0.001) and cardiac (F=36.58, 

P<O.OOI) tissues. The enzyme activity was 

significantly increased (P < 0.00 1) in the hepatic, 

renal and cardiac tissues (except cardiac tissues of 

CTAS) of surfactant treated animals when compared 

to control. The effects of triton and CT AS on the 

enzyme levels in hepatic and cardiac ti ssues were not 

significantly different from one another whereas SOS 

mediated effects were significantly (P < 0.00 I) 

different from that of triton and CTAS (P<O.OOl). 

The renal enzyme was influenced alike by all the 

surfactants. 

There was an overall significant change in reduced 

glutathione content in hepatic (F=32.78, P < 0.00 1), 

renal (F=4626.89, P<O.OO1) and cardiac 

(F=1022.52, P<O.OOl) tissue by ANOYA. There 

were significant increases (P < 0.00 1) in hepatic, renal 

and cardiac tissue levels of reduced glutathione in all 

the surfactant treated groups when compared with the 

control group. SOS dosed fish had the highest and the 

triton dosed fish had the lowest hepatic glutathione 

content. The renal and cardiac glutathione content in 

all the three surfactant treated animals were 

significantly different (P < 0.001). Sut there were no 

significant differences between the hepatic 

glutathione levels in animals exposed to triton and 

CTAS. 

ANOY A showed an overall significant change in 

the hepatic malondialdehyde levels (F=310.48, 

P < 0.00 1). However group comparisons by Tukeys 

test revealed that malondialdehyde levels were 

significantly different (P < 0.00 1) from the control 

group only in hepatic tissues of animals exposed to 

triton. The animals exposed to SOS and CT AS had 

malondialdehyde levels comparable to that of control. 

Also there were no significant differences between 

SOS and CT AS with respect to the hepatic levels of 

malondialdehyde. 

Toxicity of oxygen is due to the production of 

oxygen derived free- radicals, the most common ones 

being superoxide (0 ; ), hydroxyl free radical (OH- ) 

and the singlet oxygen. Under normal conditions also 

free radicals are produced durin"" several 

physiological processes. Ouring mitochondrial 

respiration 1-5% free radicals
2 1 

are produced and 
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immune response by acti vated phagocytes
22 

also 

produces free radicals. These normal levels of free 

radicals are scavenged by the normal amounts of 

antioxidant enzymes. But a substanti al increase in the 

levels of these hi ghly reacti ve radicals occurs when 

the animal is subjected to stress conditions like 

environmental chemicals/pollutants23
. This is 

refl ected in increased production of the antioxidant 

enzymes. 

The anti oxidant profil e in surfactant-dosed fi shes 

revealed significant increase in the levels of catalase, 

superoxide di smutase and glutathione. The 

antiox idant enzy mes viz catalase and superoxide 

dismutase showed the hi ghest increase on exposure to 

CT AB . Also the glutathi one content and glutathione 

reductase were signi ficantl y increased, but 

malondialdehyde levels were not signi ficantly high. 

Thi s could be due to the increase in glutathi one which 
can prevent formation of MDA 24 . Cationic surfactant 

interacts with the cell membrane in two possible ways 

- hydrophobic in teractions with the hydrophobic 

residues and hydrophilic interactions with ionic 

groups of membrane proteins and lipids25 
. The 

negative charge on the phospholipids might also have 

resulted in enhanced interactions. Also the surfactant 

is highly polar and it is thought that the fi sh species 

does not metabolise it26
. 

Triton X-100 was found to resemble CT AB in its 

tox ic effects but differs in that it is non ionic and also 

subjected to metabolism. The levels of catalase and 

superox ide dismutase were lower (han in CT AB 

group, but MDA was significantly higher. It was also 

observed that the glutathione content was the lowest 

in the Triton dosed group. The increased MDA in thi s 

group may be due to the decreased glutathione 

content. This depletion of GSH may be due to its 

increased conversion to oxidi sed glutathione (GSSG ) 

by the enzy me glutathione peroxidase orland 

utili zation for conjugation reactions by the hepatic 

biotransformation enzy me-glutathione-S-transferase 
(GST) . Al so studies have shown that nonionics like 

alkyl phenol ethoxylates are metaboli zed by the fi sh 

species ill vivo to 4-nonyl phenols which are excreted 

as glucuronide conjugates and hydroxylates27
. 

Gadagbui el.aps also support the view that tilapia is 

more likely to excrete xenobiotics as glutathione 

conjugates or mercapturic acids because of its high 
GST acti vity. Thus increased GSH utilization and 

comparati vely lower levels of catalase and superoxide 

dismutase could account for increased oxidati ve stress 

and increased MDA in thi s group. Being nonionic 

Triton X -100 is capable of hydrophobic interactions 

with the cell membrane through its long alkyl chain 

and also hydrophilic interactions through its ethylene 

oxide chain . 

SDS, the anionic surfac tant, is a short chain alkyl 

sulfate . The levels of catalase and superox ide 

di smutase were comparati vely lower in this group 

than in the other two surfactant-treated groups. But 

the levels of glutathione reductase and GSH were 

significantly increased in all the tissues studied. The 

levels of malondialdehyde were comparable to that of 

control. These factors together imply that SDS­

induced stress in these fishes may be overcome to a 

large extent by an increased production of the chai n­

breaking antioxidant GSH as well as increases in the 

levels of catalase, superoxide di smutase and 

glutathione reductase. Being anioni c, SDS 

interactions with the cell membrane are limited to the 

cationic sites on the cell membrane lipids and 

proteins. Al so negati ve charge of the SDS may repel 

similarly charged phospholipids . The surfactant may 

also be metabolized to some extent by beta or omega 

ox idation in the hepatic ti ssues and excreted as 

carboxylic acid deri vati ves26
. 

Thus it may be infefTed from the stati stical data 

analysis that the extent of peroxidati ve damage 

induced is in the order CTAB>TRTTON>SDS. Being 

cationic CT AB has more affinity for the negati vely 

charged membrane lipids, and also is not metabolized. 

Hence it is regarded as the most toxic. Tri ton X -100 is 

metabolized and excreted as glutathione conjugates . 

This results in increased peroxidation and more 

malondialdehyde due to GSH depletion and is the 

second toxic compound. SDS is subjected to 

beta/omega oxidation and also SDS induces increased 

GSH which probably helps the animals to overcome 

the stress to a large extent. 

Thus, from the present study it is inferred that the 

exposure to surfac tants is s.tressful. The increases in 

the levels of malondialdehyde coupled with the 
increased production of catalase, superox ide 

dismutase, glutathione reductase and glutathione 

reflect the cell membrane-directed toxicity of the 

surfactants used and essentially serve as biomonitors 
of surfactant -induced ox idati ve stress. 
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