
Acta Adriat. 21 (1): 119-136 (1980) YU ISSN: 0001-5113 
AADRAY 

EFFECT OF PESTICIDES ON MEDITERRANEAN FISH 
MUSCLE ENZYMES 

DJELOVANJE PESTICIDA NA ENZIME MišićA 
MEDITERANSKIH RIBA 

Angela Anastas ,i and Joseph V. Bannister 

Department of Physiology and Biochemistry 
University of Malta, Msida, Malta 

The effect of the pesticides aldrin, dimethoate and 
permethrin on muscle pyruvate kinase, Iactate dehydro­
genase, malate dehydrogenase, succinate dehydrogenase 
and cytochrome oxidase was investigated in the Medite­
rranean fish, Boops boops, Coryphaena hippurus and Mugil 
cephalus. Alclrin and permethrin stimulatecl the extrami­
tochondrial enzymes studiecl. Whilst permethrin inhibited 
the mitochondrial enzymes, aldrin inhibited only cyto­
chrome oxidase. Dimethoate dicl not affect the extramito­
chondrial enzymes but inhibited the mitochonclrial ones. 

INTRODUCTION 

The in vitro effects of organochlor:ine compounds on cellular respiration 
have been reported in both iinvertebrate and vertebrate tissues. Endr,in has 
been shown to linhibit sucoinate dehydrogenase and cytochrorne oxidase 
aotivity in liiver hornogenates of the catfash, I ctalurus punctatus (C a 1 vi n 
and Phli.lips quoted by McCorkle and Yarbrough, 1974). Mc­
C o r k 1 e and Y a r b r o u g h (1974) studied the effect of mirex on succi­
nate dehydrogenase activi-ty in tissue preparations from insectioide-resistant 
Ganibusia affinis and the green sunfish, Lepomis cyanellus which ,is suscep­
tiible to dnsecticides. In G. affinis, succinate dehydrogenase ac1Jivci:ty of brain 
and hver was :inhibited by 10 uM mirex. This result was nat consistent w,ith 
the pattern of effect reported far other organochlorine compounds on enzy­
me aotiv,ity in resristant species (B o y d and Fer g u s on, 1964). In 
L. cyanellus the same concentration of mirex inhiibited enzyme activity. 
Salmo irideus fry were shown to be highlly sensitive to lindane treaument. 
The sensitivity wa:s found to rrncrease with development. The effeot was 
marked by changes in the histological structure of the liiver and muscle 
and ,in the levels of the glycolytic enzymes: lactaite dehydrogenase, pyruvate 
kinase, aldolase and phosphogluoomutase (Bou 1 e k b a ch e and Spi e s s, 
1974). There is some evidence to indicate that the effect of pesticides is 



120 A. ANAlSTASI AND J. V. BANNISTER 

not always inhiibitory. Followdng e:)(posure to sub-lethal doses of hydrocar­
bons glycogenric enzymes of Mercenaria mercenaria showed shmulation. Low 
concentrntiions of imirex were found to stii.rnulate sucoinate dehydrogenase 
and cytochrome o:xii.daise activd.ty iin G. affinis and tin L. cyanellus (M c­
C o r k 1 e and Y a r b r o u g h, 1974). The present paper reports the effects 
of three pesticides on the key enzymes of muscle metaboLism from three 
species of Mediterrnnean fi.sh. Three ii-nsectiio1des of different types have 
been chosen (1) poorly metabolised organochlonine - alwin (2) orga­
nothiiophospharte - dimethoate (3) pyrethroid a class which are rapiidly 
metaboJ~sed - penmethrin. Enzyme effecrts were studiied in vitro. Whiite 
and red musole were ri.nvestri.gated iin view of metabolic differences between 
the two types of muscle. No pesticide tinvestiga•tions appear to bave been 
carried out on Mediiiterranean iiish. 

MATERIALS AND METHODS 

All substrates ,and chemica11s were obtained from Sdgma Chemical Co., 
U. S. A. The pestioides, aldri1n and dimethoate were supplied by the Depart­
ment of Agriculture, Malta. Permethrin was a generous gift from Wellcome 
Laboratories, Be~khamsted, England. 

Fd.sh of the species Boops boops (bogue), Coryphaena hippurus (dolphin­
fush) and Mugil cephalus (grey mullet) were obtained from 1the Fdshenies 
Department, Malta. White and red muscle samples were ,taken from the 
three speo~es. About 1 g of muscle was mlinced wJth soissors and dri.sinte­
grated with a homogenizer of the Potter-Elvehjem type tin 10 ml of d.ce-cold 
buffer, as used for the enzyme assays. Homogenisation was continued for 1 
minute after whtich the homogenates were centrifuged at 1,000 g for 10 
minutes m an MSE Mistral 4L Centrifuge ait 2°C. The supernatants were 
retained in an ice-bath for iimmediate enzyme assays. For pyruvate lcinase 
a partial purfication as described by Ran da 11 and A n d e r s on (1975) 
and by Banntisiter and Anastasi (1976) was carried out. 

Acmvity determinations were oonducted spectrophotometnicalily at about 
23°C tin an Eppendorf photometer with recorder (Eppendorf Geratebau, 
Germany) using 3 ml of assay mixture ,in a 1-cm cuvette. Wii!th the excepitJion 
of succinate dehydrogenase and cytochrome oxidase, alJ enzyme aotiivities 
were measured at 366 nm. The activity of succtina,te dehydrogenase was 
determined at 405 nm and that of cytochrome oxida:se at 546 nm. The as-say 
mi~ture for each of the measured enzymes was as follows: 

Lactate dehydrogenase (EC. 1.1.1.27): 33 mM phosphate buffer, pH 7.4, 
0.27 mM NADH and a maximum concnetration of 1.33 mM pyruvic aoid. 

Pyruvate kinase (EC. 2.7.1.40): 2 mM adenostine diphosphate, 8 mM 
magnesium chlonide, 75 mM potassiium chloriide, 3.6 U of Jacate dehydroge­
nase and 0.15 mM NADH in 50 mM Tris-NCl buffer, pH 7.5. Phosphenol­
pyruvate was used at a maximum concentration of 3 mM. In a separate set 
of assays, O.S mM fructose 1,6-dri.phosphate (FDP) was added as allositeric 
mod:ifer. 
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Malate dehydrogenase (EC. 1.1.1.37) : 0.23 M T:riis-HCl buffer, pH 7.4, O.OS 
mM NADH and a maxiimum ooncentratli.on of 0.25 mM of freshly prepared 
oxaloacetate. 

_ Succinate dehydrogenase (EC. 1.3.99.1): The enzyme was assayed by 
measu:riing the redructiion of potas,sium ferrrd.cyani:de ,in ,the presence of 
suffiiaient potassiium cyanide to linhiihit the cytochrome oxidase actli.v:ity 
(Slater and Bonner, 1952). To a 1 cm cell were added 0.2 ml each of 
0.1 M neutra]Jised potassti:um cynaade and 0.01 M potassium fernicyanide 
and 0.2 M sodium succina,te solutiion. The maxiimum final concentrntli.on of 
succinaite was 20 mM. 33 mM phosphate buffer, pH 7.2 was added to give 
a rtotal volume of 3.0 ml. 

Cytochrome oxidase (EC. 1.9.3.1) : 33 mM-phosphate buffer, pH 7.4 and 
maximum concentration of 17 .5 /tM reduced cytochrome c. 

In all assays the reactlion was s1;arted by the add.i.rtion of the enzyme 
sample. After the contrnl assays 1 ppm and 5 ppm of aldrin, dimethoaite or 
permethrin was a.included jn the !i.ncubatJion rnixture and the enzyme actli.Vli:ty 
deten:ndnation over a range of substrate concentrations was repeated . . The 
aotiVlitiies of pyruvate kiinaise, laotate dehydrogenase and malate dchydroge­
nase were calcu!lated using, the extli.nctli.on coeffiicient of 3.30 X 106 liitre. 
mol-1 • cm-1 for NADH at 366 nm. Actiivitiies were expressed as umoles NADH 
o:xiidised/Litre/minute. 

For calculaticng sucoinate dehydrogenase acti.viity the - change in absor­
bance Ullldts/litre/miinute was dete:rimined. A change in absorbance of one 
uniit was arbitratily defused as an urnit of enzyme activiity. For cytochrome 
oxidase the oXlidatii.on of cytochrome c was followed by measuming the 
deorease in absorbance at 546 nm. The change lin the concentration of redu­
ced cytochrome c (per minute) was calculated as a fu-.action of the total 
measurable change for the cytochrome c concentration in the cuvettes. 

The protein concentrntion of the homogenates was measured with the 
FoLin reagent using crystalhlne bovine serum albumin as standard (L o w r y 
et al., 1951). 

RESULTS 

The experimental data for these enzymes iindicated an overall plioture 
of MichaeLis-Menten kiinetics. The Michaelis constants and maximum velo­
citiies determined for the enzymes are given din Tables 1-15 together with 
theiir standard errors. Comparison of the computed standard errors w,ith 
the values of the kiinetlic para:meters as given lin Tables 1-15 shows tha•t 
the M~chae1is consrtarut (Km) was f.itJt:ed lesis preoisely than the max,imum 
velooirty (Vm,,)· lrt ,is therefore to be considered that the es1Jimates of V ma:x 
are more reliable than those of Km and can be used for stafrstically signif,i. 
cants effects of •the pest,icides of the enzymes. In general, however, compara­
ble Km ivalues were obtained for the whlite and red muscle preparat[ons of the 
enzymes, except in the case of cytochrome oxidase. Comparable va1ues were 
also obtained for each enzyme among the three ffsh speoies. The results 
.obtained indicate that no · significant effect of the pestioides on the Km 
values of lactate dehydrogenase, pyruvate kinase, malate dehydrogenase, 
sucoinate dehydrogenase and cytochrome o:xiidase. The t·rend of staiti,stiically 
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sigl1liffoa11t pestioide effeot was the elevatio11 of the maximum velooity of 
lacta1te dehydroge11ase, py,ruvate kinase 1and malate dehydroge11ase and de­
pressi.011 of the maximum velooity of succinaite dehydrogenase and cytochro­
me oXIidase. Thiis result corresponds to an elevation of the ma,cimum velooity 
of the ext,ramitocho11drrial enzyme. The present work did not distingurish 
between mitochondriial and cytosol malate dehydrogenase. Depression of 
the maXIimum veloaities of the mitochondrial enzymes, sucoinate dehydro­
genase and cytochrome oXIidase, took place. There was no speoial effect of 
any of the pestioides in any of the enzymes. Whereas ald11in a,nd permethrin 
showed both elevation aind depression of max:imum velooi1Jies, as statist,ically 
s,ignifacant effects according to enzyme, d<imethoate showed only depressd:on 
of maXIimum velooHiies. 

DISCUSSION 

The resu1ts do not ex,ibit a constant trend dn the effect of any of the 
pestioides. Of the three pestioides studiied, aldmn showed on the average 
a st1imulatory effect on laotate dehydrogenase, whHe dimethoate and per­
metlrnin showed no effect on this enzyme. This stimulatory effect of aldriin 
is at variiance Wlith the resu,lts of prev:ious studries using other organochloriine 
pestdoides. H e n dri c ks o 11 and B o w d e n (1975) have demonstrated 
ri11hihition of rabbit muscle lactate dehydrogenase actiiV1ity by dieldrin, DDT, 
mirex and kepone. • 

K h ari k ,i 11 a et al. (1970) have shown that DDT and Hndane cause 
depress,io11 of actiwty of total rat ·serum laotate dehydrogena,se and dis•rup­
tion rin the 11ormal distribution of lactate dehydrogenase isozymes. G e,r ti g 
et al. (1970) demonstrated the inhibition of lmman serum lactate dehydro­
genase aotiiV1ity by ald11in, dieldrrin and lrindane. B o u 1 e k b a ch e and 
Spi e s s (1974) showed a mallk:ed decrease iin lriver and muscle lactate 
dehydrogenase dn Salmo irideus that had been eX!posed to lindane. 

The other glycolytiic enzyme, py,riuvate kdnase, showed increased activii.ty 
in the presence of aldrrin. This effect was also observed Wlith permethriin 
but there was no effect w,ith dimethoate. The stiimulatory effect of the 
organochlorines was also observed after elevat<ion of Vmax by fructose 
1,6-diphosphate. Bou 1 e k b a ch e arrd Spi e s s (1974) showed an inhibi­
tory effect on S. irideus l1iver a,nd muscle pyruvate kiinase ,wth 1indane. 

Whiile the glycolytic enzymes were st,imulated by aldriin, the t,rricarboxy1iic 
aoid cycle enymes were on the average unaffected by th~s pest,ioide. The 
other organochlomne, permethrin was 11ot constant rin its effect. It stimula­
ted malate dehydrogenase but depressed sucainate dehydrogenase actiiviity. 
Dimethoate also depressed sucoinate dehydrogenase ac1Jiwty. All ,the three 
pest1ioides, however, inhiihited cytochrome OX!idase activii1ty. PreVlious stud!ies 
011 succinate dehydrngenase and cytochrome o~idase bave given contradictory 
result,s. A1d11in and dieldrin a!t 10 mM concentration oompletely đmhibited 
cytochrome ox!idase activity in in vitm muscle studies on the Periplaneta 
a1nericana (Morrison and Brown, 1954). Johnston (1950) .found 
no inhibition of succinate dehydrogenase iin rat heart homogenates wiiith 
DDT, DDA and HCH at concentratiions of 0.1 mM and 0.01 mM. Endmn has 
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been shown to d,nhli.bit both sucdnate dehydrogenase and cytochrome oxidase 
aotJivity •in },iver homogenates of the catfi:sh (C a 1 v Q n and P h ii.11,i p s, 
quoted in McCorkle and Yarbrough, 1974). McCorkle and 
Y a r b r o u g h (1974) observed 4nhibiition of succinate dehydrogenase acti­
vHy iin brnin and 1iver miitochondrfa from resistant and susceptible mosquito 
fish afiter disruption of the miiitochondrial membrane. These workers postu­
lated a miitochondnial membrane barrier to pesticides dn ['es>istant species. 

Stiimulamon of enzyme actiivity by the two organochlorine pestiioides, 
aldrin and permethriin ii.s difficult to explain. The apparent increase in 
glycolytic enzyme activ:i-ty would inclicate an actiivatiion of the glycoly,t,ic 
pathway ff the response occurs in vivo. Poss1i:bly the stdmulation represents 
a pre-response to inhiibitci.on at higher pesticide concentratrions. The decrease 
in act,i~ity observed for the two m:itochonddal enzymes, succinate dehydro­
genase aind cytochrome oxidase mii.ght be related to a decrease iin accessi­
bilri.,ty of substrate. The pestiioides may affect membrane permeabiliity allo­
wing less substrate to penetra,te the outer mitochondrial membrane. 

The genera,l in vitro effects of pesticides on enzymes are diffiicult to 
relate to what actuaUy happens in vivo. Further experiments are in progress 
to determine in vivo effects. 

CONCLUSIONS 

The musole enzymes from three Medite,rranean fush speoiies showed 
similar responses, ,i,nd,icatci.ng uniform sm,ceptibility to pestiioides. No effect 
of pes·uioides on Km was observed. Aldrin raised the V max of pyruvate kiinase 
and lactate dehydrogenase, permethrin rnised the V max of pyruvate kiinase 
and ma1ate dehydrogenase whii.lst the V max of sucoiinate dehydrogenase was 
depressed by both d~methoate and permethrin. All three pes•ticides lowered 
the Vmax of cytochrome OX!idase. 
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Proučeno je djelovanje pesticida aldrina, dimetoata i permetrina na piru­
vat kdnazu, laktat dehidrogenazu, malat dehidrogenazu, sukcinat dehidroge­
nazu i oitokrom oksridazu mediteranskih riba, Boops boops, Coryphaena 
hippurus ri. Mugil cephalus. Aldrin ,i permetrin stimula.raju ekstramitohondri­
jalne enzrime. Dok permet11in ,inhribira mJrtohondrijalne enzime, dotle aldrin 
inhibira samo oitokrom oksidazu. Dii.metoat raje djelovao na eksrtramitohon­
drijalne enzime ali je ,inhibirno m~tohondrijalne. 





TABLES 
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Table 1. Kinetic parameters for Boops boops muscle lactate dehydrogenase in 
presence of pesticides. 

lO•K .. * 10' Vm••* 
M moles/min/mg 

White Mu.sele 
Control 2.05+0.24 2.86±0.10 

Aldrin 1 ppm 3.16±0,21 3.41±0.08 
S ppm 3.32±0.30 3.34±0.11 

Dimethoate 1 ppm 2.94+0.34 3.29±0.15 
S ppm 1.84+0.41 2.53±0.19 

Control 8.54±1.91 4.96±0.64 
Permethrin 1 ppm 8.80±2.34 5.02±0.78 

5 ppm 8.00±2.91 5.07±0.91 

Red Muscle 
Control 5.33±0.70 0.17±0.01 

Aldrin 1 ppm 5.73+0.9 0.17±0.01 
S ppm 4.73+0.67 0.15±0.01 

Control 4.74+0.72 0.13±0,01 
Dimethoate 1 ppm 4.32±0,46 0.12±0.01 

S ppm 4.19±0.61 0.11±0.01 
Permethrin 1 ppm 4.03±0,21 0.12+0.003 

5 ppm 3.5 ±0.34 0.12±0.004 

* Values include computed S. E. 

Table 2. Kinetic parameters for Coryphaena hippurus muscle lactate dehydro­
genase in presence of pesticides. 

10' K .. * 10• v .... * 
M moles/min/mg 

White Muscle 
Control 1.23±0.11 3.85±0.09 

Aldrin 1 ppm 2.02±0.27 4.39±0.17 
S ppm 1.61±0.22 4.28±0.16 

Dimethoate 1 ppm 2.50±0.23 5.12±0.15 
S ppm 2.21±0.18 4.84±0.12 

Control 6.53±2.14 2.63±0.42 
Permethrin 1 ppm 8.84±2.89 3.09±0.59 

S ppm 8.01±1.51 2.96±0.30 

Red Muscle 
Control 6.76±1.10 2.46±0.21 

Aldrin 1 ppm 7.36±1.52 2.57±0.29 
S ppm 7.92±1.30 2.81±0.26 

Control 7.42±0.76 2.62±0.14 
Dimethoate 1 ppm 6.17+0.97 2.38±0.19 

S ppm 7.68±1.07 2.81±0.21 
Permethrin 1 ppm 6.43±1.05 2.5 ±0.21 

S ppm 7.90±1.98 2.77±0,38 

'' Values include computed S. E. 
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Table 3. Kinetic parameters of Mugil cephalus muscle lactate dehydrogenase in 
presence of pesticides. 

10' Km* 10' Vm,.* 
M moles/min/mg 

White Muscle 

Control 2.75±0.48 1.87+0.13 
Aldrin 1 ppm 3.72±0,86 2:08±0.17 

5 ppm 4.36±0.13 2.71+0.03 
Dimethoate 1 ppm 3.18±0.27 2.3 +om 

5 ppm 3.29±0.47 2.41 +0.12 
Control 9.02±1.73 5.59±0.62 

Permethrin 1 ppm 8.42±0.39 5.41±0.14 
5 ppm 9.41±0.55 5.78±0.19 

Red Muscle 

Control 6.98±0.85 2.49±0.12 
Aldrin 1 ppm 5.75±0.28 2.41±0.06 

5 ppm 7.45±0.61 2.89±0.13 
Dimethoate 1 ppm 7.59+ 1.09 2.58±0.2 

5 ppm 5.99±0.39 2.41+0.08 
Permethrin 1 ppm 8.69±1.3 3.22+0.26 

5 ppm 8.37±0.63 3.08±0.13 

'' Values include computed S. E. 

Table 4. Kinetic parameters for Boops boops muscle malate dehydrogenase in 
presence of pesticides. 

10' Km* l0'Vmax'' 
M moles/min/mg 

White Muscle 

Control 0.26±0.06 1.35±0,09 
Aldrin 1 ppm 0.36±0.07 1.43±0.09 

5 ppm 0.50±0.14 1.51±0.18 
Dimethoate 1 ppm 0.29+0.08 1.31±0.11 

5 ppm 0.37+0.09 1.32+0.13 
Control 2.24±0.94 0.83±0.22 

Permethrin 1 ppm 3.19±0.93 1.06±0.21 
5 ppm 3.43±1.08 1.11±0.27 

Red Muscle 
Control 0.31±0.05 0.32±0.02 

Aldrin 1 ppm 0.34+0.09 0.35±0.03 
5 ppm 0.38±0,08 0.34±0.03 

Dimethoate 1 ppm 0.30+ 0.05 0.35±0,02 
5 ppm 0.35±0,06 0.31±0.02 

Control 0.98±0.44 0.69±0.16 
Permethrin 1 ppm 0.87±0.31 0.74±0.13 

5 ppm 0.86±0.15 0.81±0.06 

* Values include computed S. E. 
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Table S. Kinetic parameters for Coryphaena hippurus muscle malate dehydro­
genase in presence of pesticides. 

W hite Muscle 

Control 
Aldrin 1 ppm 

S ppm 
Control 

Dimethoate 1 ppm 
S ppm 

Control 
Permethrin 1 ppm 

S ppm 

Red Muscle 

Control 
Aldrin 1 ppm 

S ppm 
Dimethoate 1 ppm 

S ppm 
Control 

Permethrin 1 ppm 
S ppm 

,·, Values inclucle computed S. E. 

Table 6. Kinetic parameters far Mugil 
presence of pesticides. 

White Muscle 

Control 
Aldrin 

Dini.ethoate 
Control 

n ·imethoate 
Control 

Permethrin 

Red Muscle 

Con'trol 
Aldrin 

Control 
Dimethoate 

Permethrin 

1 ppm 
S ppm 
1 ppm 

S ppm 

1 ppm 
S ppm 

1 ppm 
5 ppm 

1 ppm 
S ppm 
1 ppm 
5 ppm 

* Values include computed S . E. 

10' Km* 
M 

2.29+0.56 
1.23+0.41 
1.68+0.72 
0.57+0.21 
0.61±0.09 
1.10+0.26 
2.21+0.62 
1.84+0.71 
1.70±0.4 

0.45+0.04 
0.47+0.ll 
0.37+0.04 
0.36+0.07 
0.35+0.07 
1.89+0.49 
2.21+0.53 
1.54±0.52 

cephalus muscle 

lO'K,/' 
M 

1.68+047 
1.85-t0.73 
2.82+0.36 
1.52+0.36 
2.11 +0.76 
1.57±0.70 

lO'Vm.,* 
moles/min/mg 

1.24+0.22 
0.96+0.2 
1.48+0.35 
3.02±0.54 
2.50±0.16 
2.52±0.48 
1.44±0.25 
1.65±0.4 
1.33±0.23 

6.16±0.24 
6.51±0.64 
5.53±0.19 
6.09±0.39 
5.71 ±0.38 
0.46±0.1 
0.56+0.13 
0.45±0.10 

malate dehydrogenase 

10' Vm,x'' 
moles/min/mg 

0.51 +0.09 
0.61 +0.12 
0.65+0.05 
o.s +0.07 
1.63+0.37 
1.18±0.31 

1.68 (as above) 
1.83+0.30 
2.74±0.40 

0.51 tas above) 
0.6 +0.06 
0.62±0.06 

0.57±0.18 
0.62+0.07 
0.61±:0.10 
0.42±0.07 
0.45±0.17 
0.69±0.06 
0.47±0.06 
0.38±0.14 

2.62±0.30 
2.69±0.14 
2.18±0.16 
2.17±0.14 
2.39±0.33 
2.91±0.10 
2.45±0.11 
2.28±0.31 

in 
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Table 7. Kinetic parameters far Boops boops muscle succinate dehydrogenase in 
presence of pesticides. 

103 Km* 105 Vmax* 
M units/min/ mg 

White Muscle 

Control 1.23±0.39 3.86+0.20 
Aldrin 1 ppm 1.14±0.24 3.97+0.13 

5 ppm 0.88±0.23 3.92+0.15 
Dimethoate 1 ppm 0.85±0.10 3.11+0.06 

5 ppm 1.17±0.65 3.22+0.29 
Control 0.26±0.06 1.43+0.06 

Permethrin 1 ppm 0.33+0.04 1.62+0.04 
5 ppm 0.25±0,01 1.42±0.01 

Red Muscl e 

Control 0.71±0.24 3.19+0.28 
Aldrin 1 ppm 0.19+0.06 3.37+0.12 

5 ppm 0.13±0.03 3.29+0.07 
Control 0.15±0.02 2.93+0.04 

Dimethoate 1 ppm 0.33±0,06 3.01+0.l 
5 ppm 0.16±0.02 2.90+0.05 

Control 0.71 (as above) 3.19 (as above) 
Permethrin 1 ppm 0.57±0.18 3.04+0.23 

5 ppm 0.32±0.13 2.97±0.25 

,., Values include computed S. E. 

Table 8. Kinetic parameters far Coryphaena hippurus muscle succinate dehydro­
genase in presence of pesticides. 

lQl 'Km* l05 Vmax* 
M units/min/mg 

White Muscle 

Control 0.12±0,02 2.06+0.03 
Aldrin 1 ppm 0.16±0.03 2.1 +0.04 

5 ppm 0.17±0.02 2.07+0.04 
Dimethoate 1 ppm 0.14±0,02 2.04±0.02 

5 ppm 0.24±0.05 2.04±0.06 
Control 0.25±0.03 2.30±0.04 

Permethrin 1 ppm 0.16+0.02 2.08±0.03 
5 ppm 0.2 ±0.03 2.17±0,04 

Red Muscle 

Control 0.28+0.07 8.86±0.38 
Aldrin 1 ppm 0.39+0.15 8.71±0.67 

5 ppm 0.47±0.11 8.86±0.51 
Dimethoate 1 ppm 0.25+0.04 8.33±0.22 

5 ppm 0.26±0.05 8.31±0.28 
Control 0.38+0.08 5.91±0.28 

Permethrin 1 ppm 0.34±0.06 5.29±0,19 
5 ppm 0.35±0.05 5.51±0.17 

1' Values include computed S. E. 
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Table 9. Kinetic parameters for Mugil cephalus muscle succinate dehydrogenase 
in presence of pesticides. 

lO'Km* l0'Vmax * 
M units/min/mg 

White Muscle 
Control 0.72±0.15 4.32±0.11 

Aldrin 1 ppm 0.97±0.21 4.57±0.15 
5 ppm 1.09±0.18 3.41±0.09 

Dimethoate 1 ppm 0.41±0.13 3.67+0.09 
5 ppm 0.41±0.2 3.8 ±0.15 

Control 0.32±0.07 1.97±0.08 
Permethrin 1 ppm 0.34±0.04 1.97±0.04 

5 ppm 0.28±0.08 2.02±0.10 

Red Muscle 
Control 0.29±0.06 4.00±0.15 

Aldrin 1 ppm 0.17±0.08 3.71±0.21 
5 ppm 0.25±0.06 3.53+0.13 

Dimethoate 1 ppm 0.30±0.08 3.70±0.18 
5 ppm 0.33±0.09 3.37±0.19 

Permethrin 1 ppm 0.28±0.05 3.66±0.12 
5 ppm 0.24±0.06 3.5 ±0.14 

'' Values include computed S. E. 

Table 10. Kinetic parameters for Boops boops muscle cytochrome oxidase in 
presence of pesticides. 

lO'Km* 10' Vm,.* 
M moles/min/mg 

White Muscle 
Control 2.13±0.17 0.20±0.01 

Aldrin 1 ppm 3.06±0.35 0.19±0.01 
5 ppm 2.34±0.35 0.15±0.01 

Dimethoate 1 ppm 1.42±0.29 0.16±0.01 
5 ppm 1.45±0.32 0.16+0.0l 

Control 9.20±1.36 1.06±0.08 
Permethrin 1 ppm 7.34+2.17 1.01±0.13 

5 ppm 9.10±3.23 1.07±0.19 

Red Muscle 
Control 8.80±2.42 1.89±0.27 

Aldrin 1 ppm 10.86+2.21 1.87±0.21 
5 ppm 5.69±0.17 1.44+0.2 

Dimethoate 1 ppm 6.65±0.92 1.62+0.ll 
5 ppm 8.48±0.9 1.86±0.10 

Permethrin 1 ppm 7.8 ±1.73 1.62±0.19 
5 ppm 10.2 ±0.79 2.13±0.09 

* Values include computed S. E. 
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Table 11. Kinetic parameters for Coryphaena hippurus muscle cytochrome oxidase 
in presence of pesticides. 

10' Km'' 10' Vm,.* 
M moles/ m in / mg 

White Muscle 

Control 2.25±0.82 0.16+0.02 
Aldrin 1 ppm 3.28+0.41 0.12+0.01 

5 ppm 4.67+1.04 0.13+0.01 
Dimethoate 1 ppm 2.96+0.87 0.11+0.oi 

5 ppm 2.05+0.64 0.12+0.01 
Control 9.75+0.81 1.25+0.05 

Permethrin 1 ppm 13.45+1.36 1.58±0.09 
5 ppm 13.45±1.36 1.58±0.09 

Red Muscle 

Control 26.47+3.37 20.12+ 1.88 
Aldrin 1 ppm 16.12+2.18 13.62+ 1.15 

5 ppm 23.25+2.02 25.60+1.51 
Dimethoate 1 ppm 12.13+ 1.64 11.83+0.87 

5 ppm 20.76+3.40 17.34+3.40 
Permethrin 1 ppm 18.08+2.5 14.15+ 1.3 

5 ppm 12.29±2.17 11.90±1.24 

* Values include computed S. E. 

Table 12. Kinetic parameters for Mugil cephalus muscle cytochrome oxidase in 
presence of pesticides. 

lO' Km* 10' Vmax'' 
M moles/ min/ mg 

White Muscle 

Control 2.41+0.48 0.37±0.02 
Aldrin 1 ppm 1.06+0.45 0.3 +0.03 

5 ppm 1.7 ±0.36 0.26+0.01 
Dimethoate 1 ppm 1.21±0.16 0.31±0.01 

5 ppm 1.9 +0.41 0.32+0.02 
Control 7.13±1.38 0.29±0,03 

Permethrin 1 ppm 6.43±1.57 0.29±0.04 
5 ppm 3.39±0.82 0.21±0.02 

Red Muscle 

Control 18.44+ 1.25 5.95±0.25 
Aldrin 1 ppm 14.07+2.04 4.72+0.41 

5 ppm 10.04+2.36 3.69±0.49 
Dimethoate 1 ppm 8.25±2.33 3.63+0.46 

5 ppm 6.63±0.49 3.08+0.ll 
Permethrin 1 ppm 10.04+2.36 3.69±0.49 

5 ppm 12.55±3.25 4.19±0.58 

* Values include computed S. E. 
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Table 13. Kinetic parameters for Boops boops white muscle pyruvate kinase in 
presence of pesticides. 

Without FDP''* 

Control 
Aldrin 

Control 
Dimethoate 

Control 
Permethrin 

1 ppm 
5 ppm 

1 ppm 
5 ppm 

1 ppm 
5 ppm 

'' Values include computed S. E. 
,.,,., Data were hyperbolic (n1_1 = 1) . 

lO' K,.,* 
M 

l0"Vm,,* 
moles/min/mg 

1.62+0.39 
0.97+0.17 
1.70±0.24 
1.47+0.41 
0.79+0.07 
1.15+0.16 
1.62 (as above) 
1.53±0.49 
1.25±0.18 

0.7 ±0.08 
0.57 + 0.04 
0.75+0.06 
0.52±0.08 
0.39±0.02 
0.51±0.03 
0.7 (as above) 
0.73±0.12 
0.67±0.05 

Table 14. Kinetic parameters for Coryphaena hippurus white muscle pyruvate 
kinase in presence of pesticides. 

Without FDP** 

Control 
Aldrin 

Dimethoate 
Control 

Dimethoate 
Control 

Permethrin 

With FDP** 

Control 
Aldrin 

Control 
Dimethoate 

Permethrin 

1 ppm 
5 ppm 
1 ppm 

5 ppm 

1 ppm 
5 ppm 

1 ppm 
5 ppm 

1 ppm 
5 ppm 
1 ppm 
5 ppm 

* Values include computed S. E. 
** Data were hyperbolic (nr-r = 1). 

104 Ko.,* 
M 

4.07+0.71 
6.3 +0.68 
6.69+0.95 
6.76±1.02 
7.02+0.55 
7.49+0.85 

l0"Vmox* 
moles/min/mg 

4.07 (as above) 
6.06+0.72 

2.31±0.12 
3.36+0.12 
3.40±0.17 
3.14±0.16 
1.88±0.05 
2.2 ±0.09 
2.31 (as above) 
3.32±0.13 
3.75±0.23 7.8 ±1.13 

10' Ko.,* 
M 

2.97±1.22 
2.71+1.ll 
3.69±0.97 
5.14±0.93 
4.95±0.55 
4.87±1.26 
4.32+0.5 
5.33±0.91 

10' V mu* 

moles/min/mg 

5.46±0.91 
5.84±0.79 
6.29±0.74 
5.70±0.5 
6.03+0.31 
5.84±0.72 
5.50±0.28 
6.31±0.52 
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Table 15. Kinetic parameters for Mugil cephalus white muscle pyruvate kinase 
in presence of pesticides. 

n * H ------ ··--------

Without FDP 
Control 

Aldrin 

Dimethoate 

Permethrin 

With FDP** 
Control 

Aldrin 

Control 
Dimethoate 

Control 
Permethrin 

1 ppm 
5 ppm 
1 ppm 
5 ppm 
1 ppm 
5 ppm 

1 ppm 
5 ppm 

1 ppm 
5 ppm 

1 ppm 
5 ppm 

2.82+0.24 
2.60+0.24 
2.59+0.23 
2.36±0.13 
2.28+0.16 
2.S0+0.17 
2.52±0.17 

10' Ko.,* 
M 

1.13+0.l 
1.18±0.11 
1.13±0.10 
1.02±0.06 
1.10±0.09 
1.09±0.08 
1.07±0.07 

10' Ko.,* 
M 

3.03±1.27 
3.23+1.06 
3 +0.52 
4.45±0.88 
2.79+0.91 
3.67±0.74 

10' V m»* 
moles/min/mg 

1.90±0.04 
2.0l+0.04 
2.06±0.05 
2.11±0.05 
2.58+0.12 
1.96±0.04 
2.26±0.05 

10' Vm.,* 
moles/min/ mg 

7.69+ 1.22 
8.37±1.14 
8.43±0.58 
7.08±0.63 
6.23±0.69 
6.87±0.55 

3.03 (as above) 
2.46±0.66 
3.62±,0.92 

7.69 (as above) 
7.55+0.79 
9.25±1.06 

- --- -------------------------- - - --

* Values include computed S. E. 
** Data were hyperbolic (nH = 1). 


