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Oxidative phosphorylation is the process in which ATP 
is formed as electrons are transferred from NADH or 
FADH 2 to 02 by a series of electron carriers (Hinkle 
and McCarty, 1978~ The respiratory assembly carrying 
out this process is an integral part of the inner 2+ 
mitochondrial membrane. The oligomycin sensitive,Mg - 
depemdent ATPase catalyzes the synthesis of ATP when 
it is coupled to electron flow. This process is 
adversely affected by DDT and its analogs (Koch et al, 
1971; Cutkomp et al, 1971; Khan and Cutkomp, 1982). 
Byczkowski (1973,1977)and Byczkowski et al.(1978)have 
reported stimulation of ATPase activity in rat liver 
mitochondria and they proposed DDT as an uncoupler of 
oxidative phosphorylation. On the other hand there 
are several reports dealing with insect models showing 
DDT as inhibitor of oxidative phosphorylation (Gregg 
et al, 1964; Ela et ai.1970; Waddill and Keeley, 1971). 

The pesticides DDT (l,l'-(2,2,2-trichloroethylidene) 
-bis(4-chlorobenzene)and endosulfan(l,4,5,6,7,7-hexa- 
chloro-5-norbornene-2,3-di-methano cyclic sulfite)are 
chemically different and have different metabolic 
pathways in the animal systems(Peterson and Robinson, 
1964; Gupta and Gupta, 1979). NADH supplies electrons 
for mitochondrial electron transport chain(Hinkle and 
McCarty, 1978). In addition NADH also generates NADPH 
by an energy dependent trans-hydrogenase system(Hoek 
and Brenster, 1974). The activity of NADH oxidase 
would limit the flow of electrons through electrom 
carriers. Pardini et al. (1980) have recently reported 
that DDT, DDE (l,l'-(2,2-dichloroethenylidene)-bis(4- 
chlorobenzene) and TDE (l,l'-(2,2-dichloroethylidene)- 
his (4-chlorobenzene) are inhibitors of heavy beef 
heart mitochondrial NADH oxidase and succino-oxidase 
enzyme systems. They have also suggested that DDE and 
TDE inhibit the electron transport on the substrate 
site of the cytochrome c. 
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Lung comes first in contact with atmospheric pollu- 
tants. Few studies done on the effect of insecticides 
on animal mitochondrial electron transport system 
have used oral route of insecticide administration.A 
translocation of substances deposited in lungs has 
been observed to extrapulmonary organs (Holt, 1980). 
Thus in view of the paucity of information on the 
effect of insecticides given through pulmonary route 
on mitochondrial respiratory cytochromes, we have 
studied the effects of intratracheally administered 
DDT and endosulfan oR NADH oxidase activity and cyto- 
chromes of lung and liver mitochondria of rats. 

MATERIALS AND METHODS 

Male wistar strain rats (weighing 200 to 250 g) were 
used in this investigation. The animals were fed Hind 
Lever Diet (Hindustan Lever Ltd.,Bombay, India) a_~d- 
libit~m and had free access to water all the time.The 
rats were divided into following three groups and 
given the treatments shown below. 

Rats of Group A were given DDT intratracheally(5mg/100g 
body weight) for three consecutive days. Rats of 
Group B were given endosulfan intratracheally(Img/100g 
body weight) for three consecutive days. Rats of 
Group C were given only the vehicle solution intratra- 
cheally for the same period. 

The insecticides were dissolved in ground nut oil and 
were administered through a cannula. Twenty four hours 
after the administration of last dose of insecticide 
rats were fasted over night and anaesthetized with sodium 
pentobarbitol (Abbott laboratories, Bombay, India, 6mg/ 
I00 g body weight given i.p.). They were secured on a 
board with rubber bands and the abdominal and thoracic 
cacities opened. The lungs were perfused through right 
ventricle with ice-cold physiological saline. After 
perfusion the lung and liver were removed, immersed in 
ice-cold saline, cleaned and weighed. A 20 percent homo- 
genate of lung and liver were made in ice-cold 154 mM 
KCI; 50 mM Tris-HCl buffer, pH 7.4. Mitochondria were 
isolated by the method of Ritter and Malejka-Giganti 
(1982). The mitochondria were suspended in a known 
volume of I0 mM potassium phosphate, 2mM dithiothretol 
(Sigma Chem, Co. st. Luis), 2 mM MgCI 2 buffer, pH 7.4, 
containing 20 percent glycerol. All the operations were 
carried out at 0~176 The protein was estimated by the 
method of Lowry et al. (1951). Mitochondrial suspension 
was assayed for cytochrome a+a 3, c and b spectrophoto- 
metrically according to the methods of Rieske(1967)and 
Gazzotti et ai.(1980). In 2.5 ml of assay mixture, l.0ml 
enzyme protein (5-6 mg); 1.0% deoxycholate, 1.0 ml; 
200 mM potassium phosphate buffer, pH 7.4, 0.45 ml;and 
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1 mM K 3 Fe(CN) 6 solution, 0.05 ml were added. The sample 
cuvette was stirred with few grains of Na2S204 and the 
reduced-oxidized spectrum for cytochrome c and a+a 3 was 
recorded.Again the reference cuvette was stirred with 
few grains of TMPD (N,N-N,'N'-Tetramethylene-o-phenyl 
diamine) and recorded the spectrum for cytochrome b. The 
NADH oxidase activity in mitochondria were estimated 
according to the method of Mackler (1967). 

RESULTS AND DISCUSSION 

The air concentration of D~ has been reported to vary 
from 8.5 ~g/m ~ to 140 mg/m and was profoundly influenced 
by the use of DDT in that area (WHO Geneva 1979). The 
inhalation lethal dose of endosulfan has been reported 
about 350 mg/m (Gupta 1976). The dose of DDT (50 mg/kg 
body weight) and endosulfan (i0 mg/kg body weight) used 
in the present investigation is fairly low. 

The effect of administration of DDT and endosulfan 
through intratracheal route on NADH oxidase of mitochondria 
and cytochromes of mitochondrial electron transport chain 
of lung and liver of rats is shown in Table 1 and 2. The 
effects of intratracheally administered insecticides on 
liver would indicate translocation of the insecticides 
as such or its metabolites to extrapulmonary organs. 
Mitochondrial protein and mitochondrial NADH oxidase 
activity of lung was not affected by either DDT or endo- 
sulfan as compared to the control (Table i). Endosulfan 
significantly reduced the amount ofcytochrome b and 
cytochrome c, whereas DDT significantly increased the 
levels of cytochrome a+a 3 in lung mitochondria as compared 
to the control animals. The effects of these two insecti- 
cides on liver mitochondria shown in Table 2, depicts that 
the effects are more pronounced in liver as compared te 
lung. Both DDT and endosulfan enhanced liver mitochondrial 
protein as compared to control. Both DDT and endosulfan 
in liver significantly reduced the activity of mito- 
chondrial NADH oxidase as compared to the control. Endo- 
sulfan administration significantly increased the level 
of cytochrome b and decreased the level of cytochrome 
a+a3, where as DDT did not affect the level of these 
mitochondrial cytochromes in liver (Table 2). 

These results indicate that the effects of intratrach- 
eally administered DDT and endosulfan are different in 
lung and extrapulmonary organs, and suggests a mobili- 
zation of the intratracheally deposited insecticides as 
such or its metabolite(s) to liver.Alterations in NADH 
oxidase activity would influence the availability of 
electrons for the mitochondrial electron transport and 
thus affect the generation of ATP (Pardini et al, 1980). 
Similarly the generation of NADPH by trans-hydrogenase 
reaction would also be affected by altered NADH oxidase 
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activity. Results show that'in lung, DDT and endosulfan 
though slightly different in chemical nature do not 
affect electron transport chain at NADH level, where as 
in liver both these insecticides reduce the activity 
of NADH oxidase and thus possibly make more NADH avail- 
able for the generation of ATP. Cytochrome b,c and a+a 3 
are electron carriers in mitochondrial electron transport 
chain. The reduction brought about by endosulfan in the 
levels of cytochrome b and c suggests that this insecti- 
cide interferes at these stages of electron transport. 
DDT did not affect mitochondrial cytochromes of electron 
transport chain. These results also show that the effects 
of DDT and endosulfan are different on lung electron 
transport chain components. In liver also endosulfan 
affects the levels of cytochrome b and cytochrome a+a3, 
thereby causing an interference in a normal flow of elec- 
trons and hence in generation of ATP. DDT also affects 
the flow of electrons at cytochrome c level and this would 
possibly affect the generation of ATP. Like lung, the 
effects of endosulfan and DDT on liver mitochondrial 
electron transport components are different. 

The reduction of respiratory cytochromes may cause an 
impairement in energy production as the transfer of 
electrons from substrate to 02 (through reducing equiva- 
lents) will be minimized. These results thus indicate 
that intratracheally administered DDT and endosulfan 
certainly cause reduction in cytochrome levels and hence 
the energy production. At present the mechanism of 
reduction is not clear. 
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