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Abstract 

The effect of different concentrations of deltamethrin (0.5, 1.0, 2.0 and 4.0 ppm) on 
the carp erythrocyte plasma membrane was examined. Carp erythrocyte plasma membrane 
was exposed to deltamethrin for 48 and 96 hrs. Results showed that the deltamethrin 
pol­lutants significantly (P'$;0.0l) led to a decrease of phosphatidylethanolamine 
(PE), phosphoglyceride (PG) and phosphatidic acids (PA), with higher 
concentrations of deltamethrin leading to elimination of phosphatidic acids and cardiolipin 
(CL). Deltamethrin also brought about a marked difference in the fatty acid patterns of 
the phospholipids in the erythrocyte plasma membrane. 

Higher concentrations lead to increased levels of saturated fatty acids, primarily 
palm­itic (16:0) and stearic acid (18:0) as well as polyunsaturated fatty acids (PUFA), 
especially arachidonic acid (20:4 n-6). Of monounsaturated fatty acids (MUFA), palmitoleic 
acid (16:1 n-7) and oleic acid (18:1 n-9) did not increase significantly. At the same time 
the level of omega-3 polyunsaturated fatty acids [eicosapentaenoic (EPA, 20:5 n-3) and 
docosahexaenoic acid (DHA, 22:6 n-3)] significantly (P:-:;0.01) decreased, �aking the 
membrane more rigid and less permeable.
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Materials and Methods 

A stock of carp fish (Cyprinus carpio L.) with body weight 200-250 g pur­
chased from Alexandria Govemorate Fish Farm, located 15 km west of Alexan­
dria, and acclimated in the laboratory for one week under aquarium conditions 
were used in the experiment. Ten fishes were kept in an aquarium containing 
100 L of 02 saturated water. The temperature was maintained at 20°C ± 1 °C.
Deltamethrin [(s)-alpha-cyano-3-phenoxybenzyl (IR, 3R)-cis-2,2-dimethyl-3-(2,2-
dibromovinyl) cyclopropanecarboxylate] used was of the purest chemical grade 
(98%) (Kafr El-Zayat Co. for Insecticides and Chemical Products. Egypt). 
Deltamethrin was dissolved in ethanol (1 mg/25 ml ethanol) and the stock 
solution was added to the water to achieve final concentrations of 0.5, 1.0, 2.0 
and 4.0 ppm. The duration of treatments were 48 and 96 hrs, respectively. All 

experimental animals survived this exposure time. Six fishes from one concen­

trate were caught at each exposure time and killed by vertebral rupture. The 
blood of the fishes were rapidly collected and kept in ice for isolation of the· 
erythrocyte plasma membrane. 

Preparation of erythrocyte plasma membrane 

Following Sorensen's (1983) method, blood was collected from each carp 
via the caudal vein in an Na-heparinized syringe and erythrocytes were col­
lected by centrifugation and washed with 0.16 M NaCl. After washing, the 

cells were resuspended in 0.15 M NaCl, 3 mM MgCl
2 

and 0.01 M Tris-HCI, 

pH 7.2 and homogenized in a virtis 45 homogenizer fitted with knives. Nuclei 
and unbroken cells were removed from the homogenate to low speed differential 
centrifugation (500-1200 g for 5 min). The broken plasma membrane was col­
lected by centrifugation at 25000 g for 15 min, and the supernatant discarded. 
Then the membranes were washed several times with 0.1 M Choline chloride, 
0.01 M Tris-HCI, pH 7.2. Finally, the washed membranes were resuspended in 
chloroform-methanol (2:1 v/v) for lipid extraction. 

Lipid analysis 

EXTRACTION OF LIPIDS 

Lipid extraction was performed according to Folch et al. ( 1957) by homog­
enizing the erythrocyte plasma membrane in an all glass potter homogenizer 

in the presence of ice cold chloroform: methanol 2:1 containing 0.01% butylated 
hydroxytoluene (BHT). The homogenate was flushed with CO

2 
and placed in a 

refrigerator overnight, then filtrated using fat filter paper and separated into 

two phases by adding 0.1 M KC! solution. 

Phospholipids were separated by adsorption (solid-liquid) column chroma­
tography (1.9 cm in diameter) using 15 gm silicic acid such as adsorbosi-CAB 

(100-140 mesh, Applied Science Lab.) Chloroform was used to remove neutral 
lipids and methanol to obtain the phospholipid fractions. The polar head group 
composition of the latter was determined according to Rouser et al. (1970). 
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Total phospholipids were transmethylated in the presence of 5% HCl in 
absolute methanol at 80°C in sealed vials for 2.5 hrs. 

Gas liquid chromatography of fatty acid methyl esters 

Methyl esters were separated using a Hewlett- Packard 5890 II gas chro­
matography, equipped with a capillary column coated with SP2330 of 0.25m 
thickness (0.25mm I.D. x 30mi CPS-Li Quadrex, New Haven, CT, USA). 
High-purity nitrogen was applied as carrier gas with a pressure of 230 KPa. 
Hydrogen was used at 100 KPa and 280 KPa. The dual column system was 
programmed from 160°C to 200°C to give partial separation of 18:3 n-3 and 
20:1 n-9 at a flow rate of l °C·min•1. The detector temperature and injector 
temperature were 250°C and 230°C, respectively. The peaks were identified by 
means of primary standard mixture (e.g., for fatty acid methyl esters, laurate, 
myristate, palmitate and stearate in equal amounts, Applied Science Lab. N° 

K-108), by secondary standards (cod liver oil) and by plotting log relative elu­
tion temperature versus the number of carbon atoms (Schmit and Wynner
1966). The percentage composition was calculated as weight percentage (%w/w)
using a Hewlett-Packard 3396A integrator. All peaks from myristic acid (14:0)
to DHA (22:6 n-3) were included in the calculations.

Statistical analysis 

Experimental results were subjected to one-way analysis of variance by 
Snedecor and Cochran (1982) t-test (SAS 1994). Results were presented as 
means ± S.E. A result of P$0.05 was considered statistically significant. 

Results 

Effects of different deltamethrin concentrations on the polar head 

group 

The results presented in Table 1 provide a quantitative phospholipids 
(PL) picture of carp erythrocyte plasma membrane in untreated (control) 
and treated animals with different doses of deltamethrin 0.5, 1.0, 2.0 and 
4.0 ppm for short- and long-term exposure time 48 and 96 hrs, respec­
tively. The phosphatidylcholine (PC) dominated the PL fraction (56.1 ± 
7.0%) followed by phosphatidylethanolamine (PE) (21.2 ± 3.2%) and 
sphingomyline (SM) (7.7 ± 0.52%). There were smaller amounts of 
phosphatidylserine (PS) and phosphatidylinositol (PI), with traces of phos­
phatidic acid (PA), cardiolipin (CL) and lysophospholipids. The major differ­
ences between the control and polluted samples were the significant 
(P$0.0l) declines in PE, PS, PG, PA and CL. The amounts of marmoset 
erythrocyte PC were not altered by deltamethr'in concentrations in the 
long-term, whereas, in the short-term, it significantly increased (P$0.05) 
with an increase in deltamethrin concentrations. 
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The proporti ons of lysophosphatidylcholine (LPC) progressively increased 
from 0.94 ± 0.1% to 6.5 ± 0.7% in response to increases in deltamethrin con­
centrations. 

Effects of the different deltamethrin concentrations on the phospho­

lipid fatty acid compositions 

The phospholipid (PL) fatty acid compositions of the control and polluted 
carp erythrocy te  plasma membrane are li sted in (Tables 2 and 3). 
Deltamethrin brought about marked differences in the fatty acid composition 
of the PL from the same tissue. The quantities of saturated fatty acid s (SFA) 

increased considerably in fish given higher doses (2.0 and 4.0 ppm), especially 
in those exposed to deltamethrin, whereas, no significant changes were noted 
in lower doses (0.5 and 1.0 ppm). The quantities of monounsaturated fatty ac­
ids (MUFA) decreased in response to deltamethrin. Amounts of I n-3 polyun­
saturated fatty acids (n-3 PUFA) also declined in response to deltamethrin. 
Despite the change s in the n-3 PUFA, eicosapentaenoic acid (EPA, 20:5 n-3) 
decreased from 8. 7 ± 0.9 to 2.0 ± 0.2% in the short-term exposure time, but 
was eliminated in the long-term one. Docosahexaenoic acid (DHA, 22:5 n-6) 

Table 1. Influence of different concentrations (ppm) of deltamethrin on the polar head 
composition of carp erythrocyte cytoplasmic membrane. 

48 Hours 96 Hours 

0.0 0.5 1.0 2.0 4.0 0.0 0.5 1.0 2.0 4.0 

LPC 0.94 2.06 3.0 4.li 6.55 1.21 2.0 1.3 2.5 2.8 
± 0.lE ±0.15D ± 0.5c ± 0.4" ± 0.7A ± 0.lB ± 0.lA ± 0.lB : 0.2A : 0.2A

SM 7.7 8.1 8.9 10.3 12.5 8.05 7.5 8.9 11.4 12.1 
±0.51C ±2_[6C ± 1_7B ±2.12A ± 1.8A ±1.05" ± 1.2B ± 1.4B ±0.95A ± 1.3A 

PC 56.1 55.3 58.8 61.7 66.1 54.1 56.0 59.8 65.4 68.5 
± 7.08 ±5.35B ± 8.28 ± 7.4B : 8.5A 

± 8.28 ± 6.78 ± 5.4B : 6.7A ± 6.9A 

PI 2.7 3.16 2.8 3.36 5.6 3.05 3.4 5.0 4.6 8.2 
±0.25C ±0.278 ±0.45C ± 0.lB ± 0.4A ±0.25c ±0.31C ±0.33B ± 0.4B ± 0.� 

PS 6.12 5.8 5.2 4.01 2.17 7.18 7.5 5.11 5.0 3.05 
± 1.2A ±0.87A ±0.65A ± 0.5B ±0.36c ± 0.4A ±0.7[A ± 0.5B : 0.6B :0.4C 

PE 21.16 20.7 18.2 15.0 6.3 21.0 19.0 16.12 9.0 5.45 
: 3.2A ± 2.4A ±3.08" :4.59C :2.81D ± 2.4A ± 1.8A ± 1.5B ± 1.3C :.1:::1.10 

PG 1.45 1.3 0.72 0.04 0.23 0.8 1.0 0.8 0.4 0.4 
± 0.2A ± 0.lA ± 0.18 % o.oc ± 0.1D ± 0.lA ± 0.lA : 0.lA ± 0.lB "'o.o" 

PA 1.4 1.5 0.93 0.16 0.36 1.9 1.87 1.4 1.0 0.65 
± o.oA ± 0.JA : 0.3B ± o.oc ±0.15c ± 0.2A ± 0.2A ± 0.3B ±0.llB ± 0.lc 

CL 2.3 1.21 1.1 0.86 0.3 2.46 1.5 1.05 0.8 0.33 
±0.21A ± 0.3B ± 0.68 ± Q_4C ± 0.2D ± 0.3A ±0.21B ± 0.4B ±o.34B ± o.5c 

The given values are the average of 6 fishes (::t:SD). Means within the same row with the 
same superscript are not significant at Ps0.05. 
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decreased from 17.6 ± 2.1 to 10.4 ± 1.5% and from 16.8 ± 1.7 to 6.5 ± 0.4% in 

the short- and long-term exposure time, respectively. At the same time, the 

proportions of L n-6 PUFA significantly (Ps0.01) increased under the higher 

doses (2.0 and 4.0 ppm). Despite these changes, the acylchain indexes (polyene 
index A and B) had significantly higher values in control fish than in pol­

luted ones. Differences due to the different deltamethrin concentrations were 

more significant in the case of polyene index A compared to polyene index B. 

Discussion 

Measurements of quantitative changes in fatty acid desaturase and other 

enzymes relating mainly to the PL metabolism may provide a further explana­

tion of the mechanism behind the molecular action of deltamethrin. 

The major metabolic reactions were oxidation, cleavage and conversion of 

the cyano portion to thiocyanate (Miyamoto 1981). The resultant carboxylic can 

contribute to the depletion of dissolved oxygen in polluted waters (Phipps 1981), 

action explained by the formation of free radicals (0
2
) which oxidize various cel­

lular substrates, especially unsaturated fatty acid, (Rady et al. 1993) and en­

hance aging of the cell membrane. The lack of unsaturated fatty acids and the 
blocking of glycerolipid formation result in the inhibition of cell membrane for­

mation as well as necrosis and cell death (Rady and Korshom 1995). 
It is evident from the results obtained here that the polar lipid composi­

tion, with particular emphasis on PC, is in general agreement with that of 

other freshwater fish analyzed to date (Henderson and Tocher 1987; Olsen et 

al. 1990). The high levels of PC in the blood lipid is consistent with high-den­

sity and low-density lipoproteins being major lipoproteins in the blood of 

Cyprinus carpio as in rainbow trout (Fremont et al. 1981) and Tilapia nilotica 

(Olsen et al. 1990). Also, decreasing PE and plasmalogen species as a result of 
increased deltamethrin concentrations enhance oxidative stress and aging of 

the cell membrane (Morand et al. 1988). 
The results of the present study are consistent with the well established 

observation that fatty acid composition of polar lipids in carp erythrocyte 

plasma membrane is influenced by the toxic action of deltamethrin. This is 

particularly true for the long-chain SFA and MUFA. The higher proportions of 

SFA and MUFA in the PL of polluted fish in comparison with control fish, 

suggest that long-term exposure to higher deltamethrin (2.0 and 4.0 ppm) con­

centrations leads to decreased desaturase activity (Barabas et al. 1983), therby 

inhibiting the conversion of linoleic (18:2 n-6) and linolenic (18:3 n-3) acids to 

longer-chain PUFA. Furthermore, the low levels of n-3 PUFA in the erythro­

cyte plasma membrane of polluted fish in comparison with those in control fish 

are in keeping with the formation of oxidizable fatty acids (Rady and Korshom 

1995). 

It is well known that the 22:6 n-3 in fish tissues is responsible for the 

biophysical properties of membrane, modulation of lipid protein interactions and 

membrane bound enzymes as well as the precursor of functionally important 

lipooxygenase products (Neuringer et al. 1988; Bazan 1990). The decrease of 
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this fatty acid and the double bond index/saturation of fatty acid, which is 

taken as indicative of membrane fluidity, led to changes in allosteric transi­

tions and could indicate that the condensing effect of the SFA of the membrane 

increases the strength of interactions between the allosteric effector sites (Bloj 

et al. 1973). Meanwhile, effects of low doses become mild at long exposure and 

even disappeared. 

These measurements proved the conception that, in aquatic animals (fish), 

the toxicity of deltamethrin, which is related to intercellular 0
2 

generation af­

fects the membrane lipids directly, changing their quantitative values, presum­

ably by the direct action of deltamethrin on the enzymes influencing fatty acid 

metabolism. 
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