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PREFACE 

The present report is a tribute to thousands of 

workers in the Agricultural, sector, who constantly expbse 

themselves to the danger of unintentional and accidental 

exposure to insecticides and,- other pesticides. They 
undergo this unnoticed process just to increase the 

agricultural produce by saving the crops, vegetables, 

fruits etc., from the pest attack. The present research 

project was aimed at assessing the visible and or 

invisible damage done to non target organisms by chlori-

nated insecticides. Rats were used as experimental 

(model) animals and the results obtained and reported in 

this document can be extrapolated to human system, 

despite all the arguments for and against such extra-

polations. The research project. MORPHOLOGICAL AND..  

METABOLIC HAZARDS OF CHLORINATED INSECTICIDES ON. SMALL 

MALMAIS IN PAKISTAN was initiated in August, 1980 and 

vot' 
	 the experiMental work was completed in September, 1985. 

Maintenance of a large rat colony for long term experi-

ments in which animals were fed with insecticides 

continuously for two years for 4 different insecticides 

was the major problem. This had to be done in the face 

of acute heat during summer in Lahore, tremendous 

financial constraints and quite a few unforeseen mishaps. 

The results being reported in this document are completed 

according to the approved plan of work of the projedt. 

The report has been divided into five Chapters. The 

first four Chapters deals with one insecticide each viz. 
Dieldrin, aldrin, rBHC and DDT, while the fifth Chapter 
interrelates the major findings reported in the first 

four Chapters. The main conclusions, various 

recommendation and future line of action with regard to 



research activities in this field have also been 

included in the 5th Chapter. In each Chapter the 

effects of insecticides have been described with 

reference to effect on body weight and liver weight, 

haematology, biochemical analysis of blood, and bio-
chemical and histological analysis of liver. Thee data 

has adequately been tabulated and illustiated. This 

work has solely been done in the. Cell Biology. Labs. of.  

the Department of Zoology, which is fully equipped. to 

do this type of biochemical work. For a part of this 

work during initial stages laboratory facilities at 

Nuclear InStitute of Agriculture & Biology;. Faisalabad 

and Quaid-i-AzamUniversityslamabad were also used,. 

which is gratefully acknowledged. 

Syed Shahid Ali, M.Sc. has been working as.  a 

Research Officer in the project and has therefore been 

the main technical help. The data presented in this 

report will form a major part of the thesis which 

Mr. Ali is preparing for his Ph. D.' degree: 

Thanks are due to Pakistan Science Foundation 

for financial support, without which this work would 

not have been possible. 

Lahore, Pakistan 
10th June, 1986. 

A.R.SHAKOORI 
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SUMMARY 

Adult albino, sprague Dawley rats, were fed on differ-
ent doses of chlorinated insecticides for different periods 
of time. The chlorinated insecticides and their time 
schedule for which they were fed to the rats is as follows: 

• 

Insecticide pihse(mg/kg body wt./day)administered 
for_ 	. 

48 hours "1.5-days*. -18 months 

1.  DDT 100 20 10 
2.  Gamma. BHC. 

(=Lindane) 30 
3.  Al drip 20 8 2.5 
4.  Dieldrin 40 12 

'At the end of stipulated period, the animaiS were ,slaugh-_ 
tUred, their blood samples collected from Infe'rior Vena 
Cava and livers taken out. The blood was then procesed 
for haematologfoal and biochemical studies, while the , 
livers were used.for histological and bioche4cal.an6-lyS4s. 
kost of the biochemical studies of blood and liver were 
carried ,out. with an object to observe chSnges 
function after exposure to insecticides. -  In thatcOntext_ 
the blood'serum *as analyted for the estimation- of 'various 
enzymatic activities including enzymes of liver function tests 
viz. Amylase, alkaline phosphatase (AO,-  acid-p#abpitatase 
(AcP), Par= glutamate oxaloacetate transaminase (SGOT), 
serum glutamate pyruvate transaminase (SGPT), laatate.-. 
dehydzogenase (LDH), isocitrate dehydrogenase (ICDH)-, 
oreatine' phosphokinase (CP.K) and Cholinesterase.(0h4),;_and 
several _other biochemical 'components like Bilirubin, seruM 
protein, urea, cholesterol, 'tree amino acids (F.AA) and 
glucose. The lirver, on theother hand r  was also used:for 
estimation of various enzymatic activiities 
GPT, LDH and ICDH; and several other biochemical cqmpenents 
such as cholesterol, glucose, FAA, total protein, soluble 
protein, DNA and RNA contents.  

ti 
' HaemaglObin content; .RBC 'count, WBC count: and paoked, 

cell ivo,lume: (PCV) were generally taken as haematological 
Parameters. For histological ohanges.the marPhometri,q,-. 
studies on the hepatictissuesections were performed with 
special reference to record changes in the number and 
size of hepatic,cells, -their nuclei and nuca,eol.i.! _The 
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various effects of different insecticides are summarized 
below: 

I. EFFECTS OF DIELDRIN 

1. Haematological parameters 

The haemaglobin_content, RBC count and PCV 
decreased under all experimental conditions. . The WBC 
count was considerably increased. 

2. Blood Chemistry  

All the blood serum enzymes was raised after 
dieldtin treatment under all experimental conditions 
except for amylase, which was unchanged in 48 hour, experi—
ment. Besides that CPK and ChE were unaffected in 15 day 
and 18 month feeding experiment , The two phosphatases 
and LDHwereprominently increased. From amongst the other 
blood serum components, cholesterol and FAA content 
exhibit well defined decrease after dieldrin feeding; while 
the proteins were significantly increased._. Bilirubin, urea 
and glucose did not show any consistent behaviour..... 

3. Liver Chemistry  

Hepatic GPT, 'AT and LDH activities were raised 
prominently under all experimental conditions. GOT 
activity, which generally wasnot much altered in short 
term experiment, shown a significant increase of 26% after 
18 months of dieldrin feeding. The ICDH activity behaved 
almost the same way as GOT. Although 17/0 decrease was 
noted after 48 hours of dieldrin treatment 	the ICDH 
activity showed 65% increase after 18 months of continuous. 
feeding. 

Hepatic cholesterol and FAA content decreased after 
dieldrin feeding. The glucose content showed significant 
decrease in the short term experiment, but got. considerably 
increased after 18 months of feeding. The soluble proteins 
increased while the total proteins did not show any definite 
pattern. 

The DNA content decreased 63% after 48 hours of 
dieldrin feeding, while 15 days and 18 mOnths of feeding 
did not cause any change. The RNA content showed almost 
the same pattern. It decreased 47% after 48 hours of 
treatment and 12% after 18 months of dieldrin feeding. 



4. Histological Changes  
The histological changeswere prominently 'marked 

by hypertrophy of hepatic cell, its nucleus and nucleolus. 
The number of nucleoli/nucleus also increased 
insecticide administration. 

II. EFFECTS OF ALDRIN 

1. Haematological Changes:  

. Like
, 
 a typical insecticidal response, the 

haemoglobin- content, RBC count and PCV decreased, while 
WBC count increased si(;nificantly after feeding aldrin to 
rats. The c1BC response was much more prominent in` 15 day 
treatment experiment and comparatively less so in 48 
-hours and 18 months feeding. 

2. Blood Chemist/1y 

All blood serum enzymes showed increased activi-
ties after aldrin feeding. In 48 hour feeding experiment 
SGPT activity was not affeated, while in 15 day feeding 
this enzyme activity was raised and showed 197% increase 
after 18 months of feeding (2.5 mg/kg/day). ICDH activi-
ty, which was not significantly altered after dieldrin 
feeding was raised after aldrin feeding for 18 months. 
The CPK enzymes; though. showed non, significant changes in 
most of the earlier part of aldrin feeding, 	showed 
significant _iagreasel When insecticide was administered for 
18 months. The ChB showed 88% increase after 15 day 
treatment (20mg/kg/day) but did not show any significant 
change in other treatments: 

The bilirubin, urea and'the protein contents 
increased after aldrin treatment. This•increase was 64% 
and 18% in bilirubin content after 15 days and'18. months 
of feeding, respectively. The protein content likewise 
showed 26%;' 31% and 24% increase after 48 hours, 15 days 
and 18 monthS of feeding, respectively. The urea content 
increased 70% and 45% after 15 days and 18 months of 
feeding, respectively. 

-• The FAA content decreased significantly throughout 
under all experimental conditions, while the cholesterol 
showed 29% decrease.  in 48 hour treatment experiment and 
almost no , change iluthe other long term feeding experiments. 
The glucose content- likewise was unaffected in 1B months 
feeding group, although 28% increase was recorded after 
48 hours and 2407 	 P-P1- r 15 days of feeding. 



3. Liver C emistr,,y 
All hepatic enzymes tested were elevated after 48 

hours of feeding, except for, AP, which increased even after 
24 hours and ICDH, which was not affected by this short 
term treatment. The GPT and LDH enzymes were not signifi-
cantly altered after 15 days of feeding (8mg/kg/da'y),while 
GOT, AP and ICDH activities showed 171%,172% and 100% 
increase during this feeding. The long term feeding for 
18 months raised all the enzymatic activities. 

The hepatic cholesterol content decreased29%,72% and 8% 
respectively after 48 hours, 15 days and 18 months of 
feeding. Total 'proteins did not show any significant 
deviation in 48 hours feeding group, although 33% and 6% 
increase was observed after 15 days and 18 months of feed-
ing. The soluble proteins showed significant,increase 
after 48 hours and 18 months of feeding, but no significant 
change was recorded in the 15 days experiment. The FAA 
content showed 57% increase during the same experimental 
periOd. The DNA remained unaltered, while RNA -̀ showed no 
change after 48 hour feeding, 113% increase' after 15 days 
of feeding and51% decrease after 18 months of feeding. 

4. Histolozical changes  
Histologically the cellular morphology was marked 

by hypertrophied cells, their nuclei and nucleoli. The 
number of nucleoli/nucleus increased 25% after'15 days of 
feeding, while the number of nuclei/cell remained unaltered. 

III. EFFECTS OF GA1MA BRIG (=Lindahe) 

1. Haematological Changes 
The haemoglobin, idiC count and .PCV decreased after 

lindane feeding 7%,11% and 7% after 48 hours feeding,8%, 
16% and 9% after 15 days feeding, respectively. In long 
term feeding group the RBC count decreased 10%, but the 
haemoglobin and PCV did not alter. The WBC count, on the 
other hand, increased 46% after 4.8 hour feeding and 24% 
after 15 day and 18 months of lindane feeding. 

2. Blood Chemist_EI 

Like other insecticide treatments, lindane feed-
ing alsoresulted in increased enzymatic activities. 
Amylase activity was however unaffected after 48 hour of 
feeding. SGPT and ChE are not significantly deviated 
after 15 days of feeding while SGPT,'SGOT and LDH 
activities are not affected even after 18 months of 
feeding. 

The bilirubin content increase 46%, 69% and 30% after 
48 hours, 15 days and 18 months of lindens feeding. Protein 
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and cholesterol, which were Significantly increased after 
48 hours of feeding,, were not affected in other treatments 
FAA content increased21%.after 48 hOurs feeding, but 
decreased 19% when lindane: was administered. for'15 days.-
Urea content were unehahged, except for 18 Morithb feeding 
group 	 showed.18% decrease. 

3., Liver Chemistrl►  
All hepatic enzymes were significantly increased 

after lindane feeding. ICDH activity, however, remained 
unaffected in 48 Your feeding group, dhowed 66,6 increase 
after 15 days 'of lindane feeding, and was decreased 27% 
after 18 months of feeding. All other enzymes behaved 
uniformly except for AP and GOT activities, which did not 
show any significant deviation after 18 months of lindane 
feeding. The hepatic cholesterol and FAA contents 
decreaSed, both in 48 hours and 15 days of feeding,whiie 
these remained unaffected after 18 months of feeding. 
Total proteins did not show any significant variation, 
while the soluble proteins showed 30% increase after 
48 hours and 18 •months of feeding. 

The DNA content, did not alter 'during 48 hours of 
feeding, but were increased 62% and 55% after 15 days and 
18 months of feeding, respectively. The RNA content, on 
the other hand, decreased.during these periods. 

4. Histological Changes  

The morphological changes in liver were marked by 
increased size of hepatic cell , 	its nucleus and nucleolus. 

IV. EFFECT OF DDT 

1. Haematological Changes  

The various haematological .parameters. generally 
-followed the same pattern, as shown in other insecticides. 
Haemoglobin content 	decreased 17% after 48 hours of 
feeding, while 15 days and 18 months did not cause,any 
change. RBC count decreased 16%, 17% and 14%; respectively, 
after 48 hours, 15 days and 18 months of feeding: The 
WBC count is raised 48% 64% and 29% during the same 
experimental duration. 

2. Blood'Chemistry 

The various blood serum enzymes reacted sharply 
to the administration of DDT. All enzymes 	increased 
significantly after 48 hours of feeding. In 15 days 
feeding experiment ChE remained unaffected, while all 
other enzymes weresharply increased. When DDT was 
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administered for 18 months, Amylase, AP, AcP, ICDH and 
CPK increased significantly, while GOT and GPT activities 
decreased and ChE remained Unaltered. 

The bilirubin content generally remained unchanged,'  
except for 15 days, treatment, when it showed 45% increase. 
The cholesterol content decreased 40% after 48 hou.7s of 
feeding bat remained unchanged in other feeding grdups. 

content‘decreaaed 52% after 15 monthb of feeding, but 
did not Show any effeCt in other gral4s. No definite 
pattern emerged in urea and glucose content. 

3. Liver Chemistry 

The hepatic enzymes although showed a general 
increase after DDT treatment, 	:the effects were not as 
uniform as in other insecticides. AP and ICDH . act`iv'ity 
remained unchange after 48 hoUrs of feeding, while AP 
and GPT showed the same behaviour in 15 day feeding 
experiment. The ICDH activity increased 85% in this group. 
After 18 months` offeeding,the AP activity increased 39% 

and GPTactivity by 86%. The ICDH and GOT activities were 
unaltered or regained their normal values once again. 

The hepatic cholesterol and FAA content showed 
significant decrease in 'all groups. The glucose content 
decrease 21% and 31% in 48 hour and 18 months feeding 
group, but showed 88% increase in 15 day feeding experi- 
ment. The total proteins 	decreased 21% in 15 day 
group end 	increased 21% in 18 months feeding group. 
The soluble proteins on the other hand 	decreased 
throughout in 15 day and 18 months group. 

The DNA content remained unaffected-in-48-houz. 
feeding groups while DNA showed 40% increase after,15 
days of feeding, when RNA remained unaltered. Both these 
content, however decreased'after 18 months of DDT feeding. 

4. Histological Changes  

Except for the increase in hepatic cells, the 
size of nuclei and nucleoli were not so prominent except 
for increase in nuclear size in 15 day and' 18 month groups 
and increase in nucleolar size in 48 hour group only. 
The number of nuclei and nucleoli remained unaffected. 
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1. INTRODUCTION 

The chlorinated hydrocarbon insecticides, including 
dieldrin, continue to remain a topic of lively debate in 
the recent years because of their toxic effects on the 
non-target organisms especially fish, birds and mammals 
(Rudd and Genelly, 1956; Harrington and Bidlingmayer, 
1958; Hayes Jr.,195,j; Fitzhugh et al.,1964; Hathway,1 965; 
Stickel et al., 1969; Walker etEf771969,1973; Stickel, 
1973; Thorpe an&Walker,1973; ArgyIe'et a1.,1975; 
Kan and Tuinstra.0975,19764 Kan, 1978; Blus, 1978; 
Radakovic et ai:1930; Beyer:and-Gish,1980; Griesbach 
et al.0 1982; traenzie et.al.,1982). In spite of the ' 
facT-that majority:pf*TNe-Xmeriban and European States; 
have pOsed restrict-ions-on their use, these compounds `  
are still quitv-extensively used.in developing third 
world countries .  

• t . 

Dieldrin iz-an immense source of danger due to 
its persistent nature (Bann et a1.,1956; Buck and Vtailt: 
1968; Deichmann et al., 1971; Korschgen, 1971) ancb . . 
residual effects in the,  vertebrate systems especially 
in adipose tissue;- lactating organ 	brain, •muscle, 
liver and blood (Moss and Hathway, 1964.; Klassen and 
Plea, 1967; Deichmann et al., 1968; Mick et al., 1971; 
Harr et al.,197(5i Mathews-et al;; - 19)74; naFgy and 
Thomas; -1-.575fWasermann., 1976; Driver ,et a1.0_ 1976.;. 
VremonAL.  al.?  1976; Klenmer et al.? - 1977; Polishak eta . 
1977; Wdberg et .al., 1977; Ceylan,i19/7.; Kutz, 1977; 
Shannon', 1977;=Albert et al.,1980; Eckenausen et 
1981; Alomar et al., 1985; Abbot et al., 1 985). Dge,t-g,  
unplanned and indiScriminate uSeinsectiCidal residuQa. 



are also found in atmosphere, aquatic food chain, food 
crops and dairy products (Graham, 1970; Hill et al., 
1973; Balayannis, 19744 Manske and Corneliussen,-7974; 
Rudd, 1975; Rosenberg, 1975; Downey et al,, 1975; 
Suzuki et al., 1976; Yang et al., 197;-rurr et al., 
1976; Hashemy-Tonkabony and Soleimani-Amiri, 717 
Hashemy-Tonkabony and Langaroodi, 1976; Baldwin et al., 
1977; Luck and Dyk, 1978; Coway, 1981)p 

Most of the organochlorine compounds are quite 
stable but in the soil and living systems they are 
converted into different metabolites which are not 
less toxic and in some cases, even more toxic than the 
parent compound. Toxicological effects are associated 
either with the direct ingestion of insecticide through 
drinks, food (fatty meat, dairy products, poultry, 
eggs) or through occupational exposure, There are 
indisputable evidences that dietary intake of dieldrin 
has produced harmful effects in animal systems (e.g. 
Kadous and Matsumura, 1982; Vrochinskii et al., 1976; 
Kutz, 1977; Bhatnagar et al., 1980; Reeves eT al., 
1981; Maliwal and Guthrie, 1981; Lawton et al., 1985; 
Guzelian, 1985). 

The studies on the effects of dieldrin has been 
undertaken by different laboratories of the world. 
Many reports exist on the absorption, distribution 
metabolism, metabolic fate and excretion in vertebrates 
(Hayes Jr., 1959; Lindstrom et al., 1974,1975,1976; 
Mathews et al., 1974; Walker and Zorgani, 1 974; 
Iatropoulos-et al., 1975; Lay et al., 1975; Reddy and 
Khan, 1975, 1978; Muller et al., 1975,1979; Hutson, 
1976; Virgo and Bellward, 1977; Sell et al., 1977; 
Somasundaram et al., 1978; .Morgan and -rin, 1978; 
Davidson, 1979; Tanaka et al., 1980; Sudershan and 
Khan, 1980). After ingestion through intestine the 
insecticide is taken into the liver through the 
portal blood where it is reported to induce number of 
changes (Skalsky and Guthrie, 1975; Kontek et al., 
1976; Morgan and Lin, 1978), Moss and Hathway-T1964) 
have reported the preferential localisation of diel-
drin in the erythrocytes and plasma. Lone and Javaid 
(1976.) and Hamilton et al..(1976) concluded that 



dieldrin causes anaemia in fish :and. man, which is 
evi&hi frot'thelOw:-:.RBC,count, Skaleky-and Guthrie 

,5'0.9 
 

(19770i  have snOwn-the binding,of 
lipbPrOteikfrebtin 	the 
and man,A11-6k6t-ali (1971) studied that greater 
amount•&td4eldrin is bo016Tto the alpha-lipoprotein 

et .a1.09.78) had shown drestiC 
effesion the total:- cholesterol and plasma trigly- 	• 
cerides in rats. Market and his group has demonstrated 
effect of dieldrin feeding on the physiological, behavi-
oral, liver 'weight, bodyweight i, b consumption and 
several histological andbiochemica.1 -changes in liver 
of rabbit (riiurkat and Joshi,:1977; Hurrkat et al*, 
1977; Hiirkat, 1978) and histological and hITtochemi-
cal effects on albino rats (Hurkat and hath; • 1975;.  
Hurkati 1977 a,b4c).'. There are several studies which 
correlate diO.drin with neurotoxicity (e,g. Sharma, 
1976; Kohli et' al:, 1977 b; Joy ct'al., 1980;- Bowyer 
et al,, 1980; Joy,- 1982; Shankland,-T982; Hermanawicz 
et 	al. 1982 9  ' .Swanson and Woolley, 1983). •  

Agarwalet al..(1981)hrave also reported the 
effect of dieldrin on lipid metabolism of rhesus 
monkeys. Changes in serum proteins and free amino 
acids are observed by Wassermann et al. (1973) and 
Shakoori et al. (1976). 

Microsomal electron transport components have • 
been shown to .increase after dieldrin treatment. from 
several laboratories .(Straet l. 1969; Sell and. Davison-,' 
1973; Den et al. ,' 1 974; hdhli- e...t al. , 1975i  1977d; 
Krample and HYSdk, 1975; Belf;Erd et ul„,1975; 	• 
Ford et al.,. 1976; Stevens et al., TI777,.:•Virgo and 
Bellward-T1975) reported increase in. cytochroMe P450 
and microsomal proteins, Bellward et al. (1975) 
and Vainio and Parkki (1976) have reported increase, 
in several microsomal enzymes,. That the dieldrin . 
induces hepatic microsomal•monoxygenase system has 
also been shown' by Hutson and Wright . (1980). 

al 
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Many laboratories have reported the effects of 
dieldrin on carbohydrate metabolism (Bhatia et al.r  
1972a,b, 1973; Costello and Virgo, 1980). frenYin 
feeding resulted in hyperglycemia, lactic acidemia, 
lowered glucose tolerance and elevated plasma non-. 
esterified fatty acids (NEFA) concentration. Bhatia 
et al. (1973) concluded that dieldrin induce the 
hepatic glycogen accumulation by a stimulation of 
synthetic pathway coupled with the decreased break 
down of polysaccharides. However, Hurkat (1977a) 
showed decrease in liver glycogen in rabbits which 
according to him may be due to the destruction of 
glucose-6-phesphatase in the membranes of the 
endoplasmic reticulum. - 

Blood also, is a reliable and sensitive indicator 
of liver malfunctioning due to insecticide treatment. 
Most of the enzymes in blood, including liver function, 
have been reported to show increased activities after 
insecticide feeding (Knox and Greengard, 1965; Jager, 
1970; Kagan et al., 1970; Gertig et al., 1971 a, b; 
Bhatia et al., Tg72 a, 1972 b, 19779-Pfunter et al., 
1972; Krample and Hladka, 1975). Ishikawa 
(1978) has, however, shown that liver function tests 
remain unaffected after dieldrin treatment. Total 
liver DNA in mice show increase after dieldrin feed-
ing which was proportional to hepatic cell hyperplosia 
(Tennekes et al., 1979). 

Wright et al. (1972, 1978) published two 
informative reports that dealt with the effect of 
dieldrin on the subcellular structure and function 
of mammalian liver cells and on the prolonged inges-
tion of dieldrin on the liver of male rhesus monkeys. 

Characteristic changes in liver of laboratory 
animals are 	induced - 	by dieldrin and variety 
of other xenobiotic compounds. These changes 
include, liver enlargment, liver cell hypertrophy, 
liver cell hyperplasia, induction of drug metabolising 
enzymes and proliferation of smooth endoplasmdc reticu-
lum. Degenerative changes in liver and kidney 
parenchymatous cells are also reported in chronic 

'or 
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studies in dbgsand rats (Kitselman, 1953; Clevelan4 
1966; MathuirI  1975; Reuber2 1975,  1976, 1.978 b;. 
Cabral eta1'..i:1979; Reuber, 1980; Ruebner:et 
1980). -Tocording to different workers these cITEnges 
do not cause` liver. damage -and are reversible upon 	(*8chulte- 
withdrawalbr eliMinatibn of the compound (Schulte-. Hermann) 
Hermann et al., 1.971 1 ".974; Wright et al6 1972,1977). ,  
These changes in liver:are regarded-78-7daptive:resoonses 
of the organ to'inprease'functional'demands4 The 
chronic exposure.-_ ofvarious . strains of mice to dieldrin 
may lead to developMent of liver tumor (Davis and 
Fitzhugh, 1962; Walker et  al.,1973; Thorpe and Walker, 
1973; Epstein, 1975al bilfutson,1976; Stevenson et al., 
1976;.Reuber,1977; Tennekes et al., 1982). Tennekes 
et a1:(1979) concluded that die7rin itself is not 
carcinogen and acts by facilitating the expression of 
pre-existing oncogenic potential only inmouse:liver 
probably by inducing hyperplasia in this organ.Experi- 
ments.in rats and other animals reveal that dieldrin 
does not produce any carcinogenic changes in these 
animals.(NCI.Report,1978). 

Although dieldrin has been the focus of attention 
Of several workers, who have studied end 'reported his-tor. 
pathological changes (e.g.Kitselman9 1953;Mathur,1975; 
Hurkat 21977a,b,c;. Reuber,1980,1976,1978), ultra structural 
changes (e.g.Kimbrough et al.,1971;2pux et al. ,1974;: 
Kohli et al.,1977), teratogenic effect (Ottolenghi et al., 
1973; Dix et al.,1977c),carcinogenic.effects (Davis and 
Fitzhugh,1962; Thorpe and Walker,1973; Reuber,1976,19779 
1978; Reubnet et al.,1980; Tennekes et al.,1982 etc. and 
several othersrand several biodheMica2 changes :in blood 
liver and kidney (see previous pages in Introduction) 
no' systematic study has ever been undertaken except for 
a few scattered reports(Shakoori et al,i198204) to 
ascertain the effects of dieldrin feeding on the various 
liver function tests and the corresponding biochemical 
components in the liver. These studies have been nece-
ssitated due to frequent accidental exposure of farmers, 
factory workers, or other persons who work with these 
insecticides and hence get affected by .direct exposure 
or are affected indirectly through contaminated food 
or water. The possible changes caused'by these insecticide 
must be known in order to:plan'a remedy and cure for 
the clQiimantaleffects of theSe persons..: In the present 
study liver- function testsimobeen taken 	indicators 
of dieldrin toxicity.  

The objective of present study iSherefore, to' 
evaluate the dieldrin toxicity at haematological,bio-
chemical and histological levels in rats. These findings, 
then can be extrapolated• to human beings to augment the 
argument for potential hazards of dieldrin treatment 
through insecticidal sprays. 

v4K 
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2. MATERIALS AND METHODS 

2.1. ANIMALS 	 • 

A colony of albino rats 'Sprague Dawley strain' was 

raised from a few animals obtained from National Institute of 

Health, Islamabad. They were housed in the animal house of 

Department of Zoology, in groups of 5-6 in each cage and 

allowed food and water ad libitum. 

Themmitb used were as follows: 

a) For short term experiments: Two groups of female 

rats weighing about 120-180 grams and five to six 

months of age. One group was used for feeding 

insecticide for 48 hours, while the second was used 

for feeding insecticide for 15 days. 

b) For long term experiment: Male rats weighing about 

70-90 grams and about three months of age. 

2.2, 	PREPARATION OF FEED 

The rat feed was prepared in the lab, by mixing the 

following constituents: 

1. Poultry feed 	  5 Kg 

2. Fish Meal 	 ,. 1 	Kg 

3. Wheat Flour 	  2 Kg 

4. Molasses 	  100 gm 

5. Water 	  3 lit.(approx.) 

Poultry feed, fish meal and wheat flour wore first mixed 

thoroughly and then mixed in water containing molasSes into 

semi-solid feed cakes. The feed cakes were air dried before 

presenting them to the animals. 

2.3. 	INSECTICIDE USED 

An organochlorine insecticide of cyclodiene group i.e. 

dieldrin (1,2,3,4,10, 10-hexachloro-6, 7-epoxy-1,4,4a,5,6,7,8, 



8a-octahydro-1, 4-endo-exo-5, 8-dimethano-naphthalene 
=HEOD), was used for this study. This was obtained from 

Plant Protection Division of Agriculture Department 'as 2'0' 

EC formulation. 

2.4. 	ADMINISTRATION OF INSECTIaIDE 

Dieldrih was administered to rats as strong and weak 

doses as follf&Ws:-. 

a) Strong dose.For :,S,kbrt termexperiments twoleye-

lS'of strong doses were administered. In one 

group of rats a strong dose of 12 mg dieldrin per 
kg body weight per day was administered fbr.a 
total period of 15 days. In 'the, second group 40 

log dieldrin per kg body weight per day was 

adminittered fOr a total period of 48 hours. 

b) Weak  dose  .it the rate of 6 mg/kg body weight/ 

day was administered to another group of rats for 
long term experiment. 

2.4.1. SHORT TERU EXPERIMENTS 

For short term experiments, in which the total durat-

ion was 48 hours in one case and 15 days in the other case, 

the insecticide was administered as follows: 
a) For 48 hours experiment, the insecticide mixed 

diet was. prepared by mixing 1.66 ml of 20% diet-, 

.drin in small amount, of water, which was, then 

thoroughly mixed with 1 kg of ingredients of rat 

feed. Each' experimental rat consumed 30 gm of 

rat feed daily. That way the rats consumed 40mg 
,of, dieldrin/kg'body.weight/day. 

b) For 15 day experiment the insecticide mixed diet 
was prepared by: mixing 0.5 ma 'of :20% dieldrin 
in small amount of water which was then thorough-

ly mixed with 1 kg of ingredients, of rat' feed. . 
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Each experimental rat consumed thirty grams of 

feed daily. That way the rats took 12 mg of 

dieldrin/kg body weight/day. 

2.4.2. LONG TERM EXPERIMENT, 

For long term experiment, the total duration of which 

was 18 months, the insecticide mixed-diet was prepared by 

adding 0.5 ml of 20% dieldrin to 2 kg of ingredient-mixed 

diet in the same way as above. In this way the experimental 

animals consumed dieldrin at the rate of 6 mg/kg body weight/ 

day. 

2.5. 	EXPERIMENTAL PROCEDURE 

a) SHORT TERM EXPERIMENTS 

Two short term experiments were set up. In one 

case 8 animals were selected. They were weighed and then fed 

on dieldrin mixed dieti prepared for this purpose, for 48 

hours. A group of 4 rats were weighed, anaesthetized and 

slaughtered every 24 hours. The blood samples were collected 

and livers taken out for various analyses. A group of 

control animals, each of 4 rats, was proceeded exactly in 

the same manner, except for the dieldrin treatment. For the 

second short term experiment another group of 20 rats was 

selected. They were weighed initially and fed on dieldrin-

mixed diet regularly for a total period of 15 days. A group 

of three rats were weighed, anaesthetized and slaughtered 

regularly every third day. The blood samples were collected 

and livers taken out for various analyses. A gro.up of cont-

rol animals was proceeded exactly in the same manner except 

for the dieldrin treatment. 

b) LONG TERM EXPERIMENT 

For long term study, a group of 9-10 animals was 

fed regularly on dieldrin mixed diet,prepared for this 



purpoSe, for a total - period of 18 nionths 	Every six months 

3-4 rats were weighed, anaesthetize'd and slaughtered. 
Their blood samples and. livers were collected for various 
analyses. A group of control rats, each of 	rats, fed 
on dieldrin free diet, were slaughtered each time and used 
as control of the long term experiment. 

2.5.1. COLLECTION OF BLOOD 

Blood specimens were collected from the inferior 
vena cava with the help of 10 ml sterilized syringe and 
transferred gently , to a blood centrifuge tube after remov-
ing the needles from the syringe. It was allowed to clot 
and centrifuged at a speed of 1,000 rpm to obtain a clear• 
serum which was afterwards used for different biochemical 
studies. Small quantity of blood was collected in, the tube 
containing EDTA as anticoagulant aad was used for various 
haematological studies. The amount of LDTA used was 15 mg/ 
ml of blood, and it was mixed gently by rotation of tube. 

LIVER'PROdESSING 

The liver was taken out i  weighed and then precesbed 
for histological and biochemical studies. 

Saline extract was prepared by homogenising a piece , 
of liver in 0.89% NaC1 solution in a glass ,homogenizes. The 
hoiiioenate was centrifuged at 15,000 rpm to obtain ..clear.`  
supernatant, which was then used for different biochemical 
studies. 

A . ID-o}tion of :liver was weighed and prObessed tor 
nucleic acids (DNA and R4A.) and total protein content.. 

Por cholesterol estimation ethanol extract was 
prepared. 



-17— 

A small piece of liver was also fixed in Bouin's 

fixative for histological studies. 

2.5.3. HAEMATOLOGICAL STUDIES 

Anticoagulant (EDTA) containing blood was used for 

studies which involved the estimation of haemoglobin content 

according to Van-Kampan and Zijlstra (1961), packed cell 

volume (PCV) according to microhaematocrit method of 

Strumia et al. (1954), red blood cell (RBC) count, and total 

leukocyte count (TLC) according to routine clinical methods. 

These values were then utilized for calculating mean corpus-

cular haemoglobin (MCH), mean cell volume (MCV) and mean 

corpuscular haemoglobin concentration (MCHC), as described 

below: 

MCH 	 : Haemoglobin/1 

RBC/p1 

MCV 	 PCV/1 

RBC411 

MCHC 	 o Haemoglobin/dl  

PC V 

2.5.4. BIOCHEMICAL ANALYSIS OF BLOOD 

The extensive analysis of blood serum was carried 

out for evaluating liver dysfunctioning and other metabolic 

disorders which involved the estimation of acid phosphatase 

(AcP) and alkaline phosphatase (AP) activities according to 

ibing and King (1954), amylase activity according to Wootton 

(1964), cholinesterase (ChE) activity according to 

Rappaport et al. (1959), creatine phosphokinase (CPK) acti-

vity according to Okinaka et al. (1961), isocitrate 

dehydrogenase (ICDH) activity according to Bell and Baron 

(1960), lactate dehydrogenase (LDH) activity according to 

Cabaud and Wroblewski (1958), serum glutamate oxaloacetate 
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transaminase (SGOT) and serum glutamate pyruvate transaminase 

(SGPT) activities according to Reitman and Frankel (1957)t  

In addition Same other biochemical contents i.e.  bilirubin 

according to Jendrassik and Grof (1938), cholesterol accord-

ing to Liel7ermann and BurChard reaction of Henry (1964), 

free'amino acids (FAA) according to Loore and Stein (1954), 

protein according to Lowry et al. (1951 ) and urea according 
to DAM method of Netelson et al. (1951)were alsa estimted. 

2.5.5. BIOCHEMICAL STUDIES OF.  LIVER 

Aqueous liver extract (inseline) Was used for the 

estimations of AP activity, GOT activity, GPT activity, 

ICDH activity, LDH activity and FAA, glucose and protein 

(Total and Soluble) contents.. :Cholesterol was estimated 
from ethanol prepared extract. Total protein content. was 

estimated from the tissue processed for nucleic acid estimat-

ion. ?or this purpose the pellet ,obtained after extraction 

of DNA and RNA, was mixed with 2.5 ml of 0.5 N NaOH to 

solub4ze the protein fraction for estimation with Lowry's' 

method (Lowry ei al., 1951). 

Nucleic acids content of liver was extracted by; the 

method described in Shakoori and Ahmed e1973). Weighed 

amount of-liver was crushed ' in boiling ethanol for 3 minutes. 

Three washings in ethanol were done; followed-by 2-3.washings 

in methanol:ether (3:1) mixture. The crushed =liver -waa then 

desiccated over dry NaOH under 'Vacuum. RNA was extracted in 

10A PCA at 4°C for 18 hours, while Li-A was extracted in 10% 
PCA at 65°C for 30 minutes. 

IINA estimation was based on-Diphenylamine method 

and Ri4A estimation on Orcinol method. Both these methods 
follow Schmidt and Thannhauser procedure described by 
Schneider (1957). 
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2.5. 6. HISTOLOGICAL STUDIES 

Histological sections of liver, after fixation in 
Bouin's, fluid, were prepared accordingto - outine section 

cutting technique. Sp thick sections Were cut. after wait 

embedding and stained with hamatoxylin.and eosin. These 

sections were then studied to note vbrious histopathologi•- 

cal alterations. Morphometric studies were conducted. 	which 
included the followingparametersl- 

i. Number of cells/microscopiC field.• 

ii. Number of nuclei/cell. 

iii. Nulriber of nucleoli/nucleus. 

iv. - Size of hepatic cells. 

v.. 'Size of nuclei. 

vi.. Size of nucleoli. 

The measurements were made with 'the help of an 

ocular micrometer which was calibr'ated with stage micro-,  

meter. The parameters from (i).. to (iii) were determined at 

magnification of 500X,'while the rest of the studies were 

performed at a. magnification of 1250X. The number of 

observations recorded for each parameter has been mentioned. 

as a foot-note in each relevant table. 
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. 3.. RESULTS 

3.1. 	EFFECT.OP:DIELDRIN MIXED DIET 
(40 Mglicgboay7Weight/day)—
ADMINISTEREIYTOR 48_HOURS 

3.1,1. HAEMATOLOGICAL  STUDIES  

The dieldrin administered to rats through feed at 
a dose of 40 mg/kg body Weight/day_resulted.in drastic 
changes in the various haematological parameters of albino' 
rats (Fig.1 and Table I). A control rat contains haemo-
globin 13.27+0-.14 g/dl which after dieldrin treatment is 
reduced significantly, 6% after 24 hours and 4% after 48 
hours of insecticide feeding. The RBC count and packed cell 
vol (PCV) are also likewise affected, The RBC count is 
decreased 16% and 22%, while the PCV is reduced 8 and .11%, 
respectively,24 and 48 hoUrs after dieldrin feeding 
(Fig.1, Table I). The WBC count, on'the other hand,show 
drastic increase after dieldrin administration. The 

increaso, after 24 hours is about 34%, while it is 55% aftax'. 
48 hours of feeding. 

The other haematological parametera like MCAT and 

MCH show significant increases at both points of observat- 
ion, while MCHC show significant change only after 24.  
hours of feeding (Table I, Fig.1). The RBC count/WBC 

count hold a ratio of 1.07 in the control animal. This 
ratio in 24 hours and 48 hour group, respectively40.67 & 0.94. 

3.1.2. BIOCHEMICAL ANALYSIS OF BLOOD SERUM 
The blood serum of control and dieldrin fed rats 

were analyzed for numerous enzymatic activities, like 
phosphatases (acidic and 	alkaline), transaminases 
(GOT and GET), dehydrogenases (lactate and isocitrate; 
LDH,ICDH), creatine phosphokinase (CPK), Cholinesterase 
(ChE) and amylase (Table II, Fig42). Besides that 
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FIG.1: Effect of feeding dieldrin mixed diet (40 mg/kg 
body weight/day) for 48 hours on the various 
haematological parameters of albino rats. 
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FIG.2: Effect of feeding dieldrin mixed sJ et (40 mg/ 
Kg body weight/day) for 48 hours on the various 
eriz:imutic activities of rat blood serum. 
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TABLE - I 
EFFEGT OF FEEDING DIELDRIN MIXED ,DILT(40 111,3/kg body 
weight/day) FOR 48 HOURS ON THE VARIOUS HAMATOLOGICAI 

PARALETERS„ OF ALBDO RATS' 
• "1 	• 

Dieldr in  fed  
C oiAt 61 	24 hours 	48 Hours 
(n=8) 

(n = 4) 	(n = 4) 

, 	 *** 
Haerno:clob4h. 	13.27+0..1 	12.42+0.12 	12'0 3+0615 
(6/di 

RBC c 0,unt 68.37+2.53 	57.17+1. 53 	45+1',*. g2-  
(X105/p1) 

WBC qount 
(x10 /F1) 

63.64+2.60 	85.00+3.37 98.62+2.44 

*** *** 
PCV 42.09+0.34 	38.74+0.42 37.47+0.49 
(%) 

**- - 
ECV 
(fl) 

61.56±0.17 	70.22+1.23 63.50+2.42 

** ** 
MCH 19.30+0.08 	22.73+0.85 21.76+0.49 • 
(Pg) 

MOHO 
(g/d1) 

31.52+0.09 	32.36+0.0 31.76+0.19 

aLoan+SEM, Student's 	'ti'test; 
* 	- 	** 	*** 
P< 0.05; 	P < 0601 ;' 	P< 0.001 
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TABLE - II 

EFFECT OF DIELDRIN FEEDING MIXED DIET ( 40 mg/kg body 
weight/day) FOR 48 HOURS ON SOLI ENZYME ACTIVITIES OF 

RAT BLOOD SERUM 

My.•••••...Mru. 

Control 
	 Dieldrin  feedinE  

(n = 8) 
	

24 hours 	48 hours 
(n = 4) 
	

(n = 4) 

AcP *** 
(KU/dl) 4.23+0.20 7.91+0.t8 6.30+0.32 

AP *** 
.(KAU/d1) 1%67+0.16 16.64+0.75 16.24+0.7Y 

Amyl.we 
(S0mogyi U/d1)216.77+18.02 219.77+12.93 258.13+15.71 

ChE (Rapp- 
aPoitEVim],) 24.37+1.42 36.56+4.:01 38.19±3-.83 

CPK *** 
(Sigma U/ml) 9.01+0.63 10.25+3.27 14.65+0.95 

ICDH' *** * * * 
tSigma U/ml) 243.18+14.80 415.73+21.73 499.61+23.21 

LDH 
(IU/1) 465.66+26.29 908.40+23.89 987.60+72n6 

SGOT 
(IU/1) 21.73+1.65 35.19+3.1" 29.58+2.51 

SGPT 
(I11/1) 23.05+2.40 19.18±1.93 	0  31.08+1.51 

    

Mean+SEM, Student's 't' t6st 
. *** *P 0:0$; 	P 0.01 ; 	0.001 
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several other biochemical components of sera were also 
tested e.g. bilirubin, cholesterol, proteins, free amino 
acids (FAA), glucose and urea (Table III, Fig. 3). 

Off all the enzymes tested, amylase activity 
remains undisturbed. All other enzymes are significantly 
elevated after dieldrin treatment (Table II, Fig.2). The 
control blood serum contains alkaline phosphatase (AP) 
activity of 11.67+0.16'.1KAU/d1, while the acid phosphatase 
(AcP) activity is 4.23 KAU/d1. The AP activity increases 
43% and 56%, while the AcP activity is increased 87% and 
49;;) respectively, 24 hours and 48 hours after dieldrin 
treatment...Both the transaminases are also elevated. The 
SGOT appears to be more sensitive, as it is elevated 62% 
and 36/0, after 24 hours & 48 hours of dieldrin treatment. 
The SGPT, on the other hand, does not show any significant 
deviation from the normal,after 24 hrs. of treatment , but 
is increased. 35% after .48 hours exposure to insecticide. 
Both LDH and ICDH activities are drastically. increased. 
The control blood *serum contains 465.66+26.29 IU/1 as LDH 
activity and 243.18+14.80 sigma units/1 as ICDH• activity. 
These enzymatic activities ,increaSe almost- '2 timed after , 	...• 
dieldrin treatment. The Lai activity" shows 1.95X and 
2.12X, while ICDH activity shows 1.71X and 2.05X increase, .• 
utter. •24 hour's, & 413 hours of dieldrin 'treatment (Table. II, 
Fig.2). The activity pg. creatinine phosphokin,ase,' (QM 
does not show any',..plYrecdable increase after 24 hours, but 
increases significantly sibnificantly (63%), after 4E .,iars. of insect icide 
treatment. Cholinedterase activity also increaSes/5O‘and 
57',4 respectively; after 24 houAs & 48 hours of insecticide 
treatment:"  

Table III and Figure 3 show the effect the 
dieldrin f3•the various biochemical :components of blood 
serum. The bilirubin, protein, urea and glucose content 
increase, wh.4.le cholesterol and free amino acids decrease 
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TABLE - III 

3FFECT 'OF FIZDING DIELMIN MIXED DIET ( 40 mg/kg body 
weight/day) FOR 48 HOURS ON THE VARIOUS BIOCHEMICAL 

TARAMLTERS OF RAT BLOOD SERUM 

feedinE 

• .48 hours 
(n = 4) 

Parameters Control 
(n = 8) 

Dieldrin  

24 hours 
(4-= 4) - 

Bilirubin * 
(mg/dl) 0.72+0.07°  0.69+0.04 0.95+0.06 

Cholesterol ** 
(mg/di) 195.64+6.94 131.94+9.24 140.00+8:664 

Free amino * ** 
acids(mg/dl) 7.26+0.19 6.32+0.29 5.13+0.38 

Gldcose 
(mg/d1) 107.37+3.36 125.71+6.78 1 31.15+9.34 

Proteins *** 
(g/dl)  7.30+0.13 3.32+0.14 -  3.51+0.49 

Urea *** 
(mg/d1) 35.49+0.96 34.67+1.09 49.91+1.72,  

a.Mean+SET4 Student's ''t' test; 
*. • 	** 	 ***  

PK- 0.05; 	2( 0.01; 	P./0.001 
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TABLE - IV 

EFFLCT OF FEEDING DIELDRIN MIXED LIET (40 mg/kg body 
weight/day) FOR 48 HOURS ON ACTIVITIES OF SOME ENZYMES 

OF RAT LIVER 

Parameters 

AP 	- 

Control 
(n = 5) 

Dieldrin  

24 hours 
(n=4) 

feeding 

48., hours 
(n = 4) 

*** 
(KAU/g) 0.61+0.168  1.43+0.20 

lo 

2.52+0.14 

GOT 
(IU/g) 7.10,.38 7.75+0.91 8.i+0.64- 

GPT • • *** 
(IU/g) 732+0..68, 14.72j-2.52 14.60+0.88 

IC Iii 	 x 
(X103  Sigma U/g) 	31.39+0.78 	28.19+3.93 	26.79+1.4E 

LDH 
(X1OL'-  Ili/g) 	56.57+4.43 • 	83.'20..545 	75.55+3.08 

Mean+SEM, Student .'.0test;. 

*P 
	- 	** 

0.05; 	P < 0.01; 
* * * 

Pl.  0.001 



DNA 
(mg/g) 

RNA 
(mg/g) 

	

* 	 *.* 

	

3.84+0.44 	2.58t0:17 
	

1.63+0.31 

	

9.53+0.55 ' 	7.45t0.31 	5.07+1.27 
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TABLE — V 

EFFECT OF FEEDING DIELDRIN MIXED DIET ( 40 mg/kg body 
weight/day) 2OR 48 HOURS ON THE VARIOUS BIOCHEMICAL 

COMPONENTS OF RAT LIVER 

. 	. 
Parameters .• -Control 

(n = 5) 
Dieldrin feeding  

24 hours 	48 hours 
(p = 4) 
	

= 4) 

Cholesterol 
(mg/g) 	7.62+0.22a 	5,40+0.56 	5.76+0.55 

Free amino 	 *** 
acids(J2g/g) 399.21+18.13 223.26+13.57 

** 

239.66+29.20 

Glucose 	 *** 
(mg/g) 	20.14+0.53 	12.350.25 	13.12+01g: 

Soluble Trotein 
(mg/g) 	111.18+5.08 	135.65+4.47 	155.34+15.67 

Total protein:. 	 ** 
(TEE/g) 	199.33+6.11 	250.02+11.82 	191.34+32.06 

aMean+SEK, Student's 't' test; 
*1) 0e*05; 

*13  0.01 ; ***P 0.001 
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after dieldrin feeding. 

The blood serum of control rats contain 

0.07 mg/dl bilirubin, 7.30+0.13 g/dl. proteins 35.49+ 

0.96 mg/dl urea and 107.37+3.36 mg/d1 glucose. the' 
bilirubin content ihcceases 32%, while urea increases 
42%, 48 ate hors /dieldrin treatment; proteins and 
glucose content are affected even after 24 hours (Table III, 

Fig. 3). 

3.1.3. BIOCHEMICAL ANALYSIS OF LIVER 
The liver was analyzed for activities of some 

hepatic enzymes like AP, GOT, GPT, ICDH, and LDH (Table IV, 
Fig.4). A few other biochemical components like ahbles-
terol, '.-ffee amino acids, glucose, soluble proteins, total 
proteins, DNA and RNA were also analyzed (Table'V, Fig.5). 

Table IV and Figure 4 Shows the effect of dieldrin 
on various enzymatic activities._ The GOT activity remains 
undisturbed, while the G2T activity shows 100% increase, 
both in the 24 and 48 hour group. The AP activity in 
control liver'i 0.81.+0.16 KAU/g, which increases 1.74_, 
and 3.13X,after 24 hours. 	hours .of dieldriA treatment. after 
The LDH activity is increased 47 and 36%,/24 and 48 hours 
of' 	insecticide treatment. The ICDH activity is not 

much altered within 24 hours after dieldrin treatment, 
while it shows 17% decrease during the next 24 hours of 
insecticide administratj,on. 

Majority of the hepatic biochemical components 
decrease after dieldrin feeding. (Table V, Fig.5). The 
control liver contains 7.62+0.22 mg/g of cholesterol, 
20.14 ± 0.53 mg/g,of glucose and 399.21+18.13 ,ug/g of 
Free amino acids. The cholesterol content decrease 29.  
and 24%,,Whours and 48 hours of insecticide feeding;.  
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while the glucose showso reapectively1 39 and 35% decrease 

and FAA 44 and 40%Aecrease. The.tOtal and doluble 

proteins contentionthe_other hand, shov-  significant 

increase (Table V, FIg.5). The soluble proteinHincreases 

22 and 40%,oter 24 & 40,  hours of dieldrin feeding, while 
protein 

the total/increases 25% within 24 hours of exposure to 

insecticide. The DNA and RNA content also decrease 

significantly. The control rat liver contains 3.84+0.44 mg/ 

g DNA and 9.53+0.55 mg/g:RNA. The RNA content decrease 
22% after.  24 hours and 47% after 48 hours of dieldrin 

at a doseof 
feeding / 40 mg/Kg trody wt./day. The DNA content follow 
almost the aaMe ,path. There is 33% decrease after 24 

hours and 63% decrease after 48 hours of dieldrin feeding. 

3.1.4, HISTOLOGICAL STRUCTURE 02 LIVER 

Figures 6-8 show histological structure of liver 
in control rats, while

d  f
i gures 9-12 show histological 

changes after,24 hours/feeding 	. Figures 13-14 demona-• 
trate changes in liver structure after 4.8 hougs of feeding 

insecticide. The size of hepatic cell is distinctly 
increased and ao-  are the nuclei and nucleoli. Although 

the hepatolobular architecture is generally maintained, 
but the nuclei ,become vesicular, the number of nucleoli 

increase and the sinusoidal space increase:(Figs.11 12). 

Table VI and Figure 15 shows changes in various 

morphometric parameters. The size •of cell, nucleus and 

nucleolus increase. Hepatic cell,on the averagelmeasures 
.,after 

260.09+8.29 ,u2, which increases 37,% and, 4670,/24 hours and 
48 hours of 	dioldrin trdatment. The size of nucleus 

2, and nucleoli in control rats is respectively 40.27+2.51 A 
and 2.44+0,42p. Both these cellular organelle hypertrophy. 
The nuclear size increases 534 after 24 hours and 62% after 

48 hours of insecticide treatment. The nucleolar size is 
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FIGS.6-8: Histological structure of normal rat liver. 
Note the typical hepatic lobule (6) with portal 
areas, hepatic cords, arrangement of cello with 
nuclei (7, 8). 

Stain: Hematoxylin and Eosin. 
Magnifications: 6, X25; 7, X100; 8, X250. 
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TABLE VI 

EFFECT OF FEEDING DIELDRIN MIXED DIET (40 mg/kg body 
weight/day) FOR 48 HOURS ON THE VARIOUS MORPHOMETRIC 

PARAMETERS OF RAT LIVER 

Parameters 	Control 
•(1-1 	= 	90) 

No.of cells/ 

Dieldrin feeding 

24 hours 	48 hours 
(n = 90) 	(n = 90) 

*** 	 *** 

field 	239.62+9.14 183.55+8.18 181.44+5.10 

No. 	of 
Nuclei/cell 	1.11+0.03 1.24+0.06 1.12+0.03 

No. of Nucleoli/ *** 
Nucleus 	1.53+0.12 2.52+0.17 1.86+0.10 

Size oft  ** 
cell 	(p ) 	260.09+8.29 356.46±7.31 381.23+13.59 

Size of 2  *** *** 
NucleusCp ) 	40.27t2.51 61.50+3.19 65..22+4.85 

Size of ** 
Nucleolus(u2) 	2.44+0.42 4.92+0.55 3.61+0.22 

** 	*** 
2 ' 0.05; 	P< 0.01; P : 0.001 
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likewise increa. Sed-41-100% after eieldrn treatment. The 
increase in size has led to decreased number of cell per 
micrloscopical field (Table VI, Fig.15). The number of 
nuclei/nucl6ds- did not _oviate from the normal liver 
pat -torn, whIle'humbcr- of.nueleali/naoleus increased 
significantly aftzr .0;Leldrin. feeding. 

3.2. 	EFFECT,  OF DIELDRIN MI ED LIET 
(12 Mg/14body:: weight/day) 
ADOINISTERED FOR 15 DAYS 

3.2.1. BODY WEIGHT iL7ID  LIVER WEIGHT 

84PX't terM dieldrin feeding at a dose of 12 mg/kg 
body weight/day has an inhibit6±y effect on the growth of 
rats. Control animals, on the average, have 0.47+0.04% 
(n=4) gaiin boidy weightidayduring the 15 days of 
experimental period but afterthe'dieldrin adiniStration 
this gain is continuously reduced (Table VII, Fig. 16). 
The bodygioWfh - rate on dayA, 12. and 15 is reduced 
significantly.  by 69, 70 and 83%, respectively. 

During the course of 15 days of experimental 
period when bodyweight,was 'considered in relation to 
liver weight, the body weight/liver weight- raio was'sig-
nificanty altered. The control animals hold the ratio of 
32.41+0.23The ratio increased on day; 3,6 and 9 after 
continuous dieldrin feedin8-  by 17%, 7.5 Arid 10%1-respe-
ctively (Table VII, Fig. 16). During subsequent period 
the ratio levels off - with the control ratio. 

When liver weight aSAlercent of the body weight 
was considered the reverse data was obtained (Table.VII, 
Fig. 16). 

Nah 



TABLE - VIII 

EPPECT OF ORAL FEEDING OP DIELDRIN MIXE.D DIET (12mg/kg body weight/day) FOR 15 
TOTAL BODY AND LIVER WEIGHT OF ALBINO RATS 

Dieldrin 	Total body weight(gm)  
feeding 	 weight gain Weight of 	Body weight/ 0 day 	Before 

slaught- (%/day) 	liver(gm) 	liver weight 
ering 	 

DAYS ON THE 

Liver weight 
(% body 
weight) 

Control 	122.25+11.19 
(n 	4) 

130.75t12.71 0.47+0.04 4n0471-0.40 32.41+0.23 3.08+0.02 

** ** 
3 cay 	184.33+11.46 

(n = 3) 
** 

1C)5.33+13.38 

** 

0.41+013 4.91+0.48 

. 	** 

37.90+0.94 2.64+0.06t  

*** 
6 cay 	163.00+4.72 

(n = 3) 

9 day 	 ** 

186.00+ 4.00 

_ - 	. 	* 

0.28+0.08 

** 

5.34+004: 
Min 

34.83+0.19 

*** 

2.87+0.01 

(n = 3) 	173.00+ 7.21 175.66+ 8612 0.15+0.05 4.91+0.17 35.76+0.42 2.80+0.03 

12 day *- 
(n = 3) 	139.00+ 6.2,k 141.33+ 	6.98 0.141-0.06 4.68+0.14 30.30+2.15 3.33+0.22 

•. 
15 	day ** * • 

-(n = 	3) 	119.66+ 	9.21 120.33+ 9.28 0.08+0.04 4.06+0.21 ,29.62t1.38 3.39+0.16 

** *** 
Man +SEM; Student's 

• 
test; 	P 	0.05; ,< 0.01 ; P 	0.001 



TABLE — VIII 

1-JF2.b.;CT OF FEEDING DIELDRIN iitIED DIET (-1.2 mg/kg body weight/day ) FOR 15 DAYS ON THE 
VAR-10U-S: 	 PAHAliETERS OF ALBINO RATS 

Control 
='5) 

Haemoglo-1 3.. 51+0.31 a  
bin( g/d1 ) 

RBC 6 	. 
(X10 /U1) 6.37+0.04 

WBC- 
(X1 0'/u1) 6. 67.±0 . 09 

PCV 
(%) 40.63+0.28 

MCV 
( fl) 

NCH 

MCHC 
(g/dl) 

(pg) 

63.76+0.55 

21.20+0.24 

33.25+0.22 

alciean + SEM, Student' s it' — 

Dieldrin feeding 

3 days 
(n = 3) 

13.42+0.31 

6. 13+.0 . 13 

6: 96+0.20 

6 days 
(n = 3) 

12.89+0. 29 

6.17+0.28 

6.83J-0.47 

9 days 
(n = 3) 	- 

11. 45+04.11 

5.84+0.10 

7.83+0.48 

12 days 
(n = 3) 

11.64+0.0g. 

*** 
5.44+0.07 

*** 
8.07+0.25 

15 days 
3) 

12.05+0.1; 

5.38+0.03 

9.06±0.29 

**-y 
40.20+0.32. 38.69±0.37 38.50±0.54 t*  37.77±0. 4 35.95±0.25 

65.62+1.77 62. 91±2 .23 65. 97±1. 60 69.43+1 	46 66.81 +0.51 

21.88t0.35 20. 96+0,84 19. 61+0.20 21 . 4 0±0.35 22.40+0.28 

*** 
33.38±0.86 33.31+0.62 29.75+0.42 30.02+0.16 33.55+0.60 

*. * *** 
test; 	2 0.05; 	0.01 ; 	P 	0.001 
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3.2.2. HABLIATOLOGIakL STUDIES.  

Feeding of dieldrin-mied diet at a dose of 12 mg/ 

kg body wei3ht/day for 15 days caused a decrease in. 

haemoglobin content, RBC count and PCV (Table VIII,Fig.17). 

The haemoglobin content remained unchanged during first 

6 days of feeding,. but then showed' significant decrease 

during tho'subsequent 'period. A decrease of 15, 16 &11% 

was obSerVed. on day .  19, 12 and 15, respectively. The 

RBC count followed exactly the same pattern, The control 

rats have 6.37+0.04 X 106.  cells/u1 of blood, which 
decrease 8, 15 'and 16% trespectively,on days 9, 12 and 15.• 
The ';IBC count remains, unaltered during the first 9 days 
of insecticide feedin:_,, but s ignificant increase of.35% 
and 36% was 'recorded on day 12 and'15. of dieldrin feeding, 

respectively. The PCV appea7rsto be a more sensitive 

indicator of toxicity, as it is affected Tight from the 
very.  beginning. The maximum decrease of 13%, when . 

compared with the control, was observed on:day 15. 

The MCV remained unaffected till day 12, when it 
got elevated significantly on day •12 and 15 the MCV values 
increase, respectively, 9 and 5% (Table VIII, Fig. 17). 
The MCH shows 7.5% decrease on day. 9 of dieldrin feeding 

frOM•the control value of 21.2+0.24 pg(n=5). During the 
subsequent experimental period, the values increased in 
all groups', The MCHCi on the other hand, isnot changed 
significantly in any of. the groups except for 9 days 
observation, when this shows about 11`% increase over the 
control value of 33.25+0.22 g/dl (n=5). 

3.2.3. BIOCHEMICAL  ANALYSIS OF BLOOD SERUM.  

Table IX and Figure 18 shows the effect of 
dieldrin mixed diet (12 mg/kg body weight/dayfor 15 

days on some enzymatic activities in blood serum. Almost 



all the enzymes tested, except for ChE which remains unaff- 
ected,are eleved at differentf 	times during 15: dayp pf,. 
Ansecticidal `ateing  
/the two phosphatases.testedAP. is more sensitive to this 

treatment. The normal blood. serum showsAT activity 

6.80+0.70 KA.U/d1 (n=5), which is increased 2.0, 2.6,  

5.5„:3.6 and 3.9 fold on day 3, 6, 9, 12 and 15 of 

experimental period. The. AcP activity, on the other hand, 
shows significant increase during first 6 days of treat-i 

-mot, 47% after 3 days and 43% after 6 days of treatment. 

During the subsequent period AcP activity did not deviate 

from the normal level (Table IX„Fig.18). The.. amylase 

activity was not much altered during the first week of 

dieldrin feeding, but there was a marked elevation. during 

the second week. The control animals show amylase activity 

216.86+12.84 Somogyi units/di of blood serum, which 

increased 29, 40 and 63% on day 9, 12 and'151 respectively. 

The CPK activity also showed 2.7 and 2.1 fold increase 'in 

day 3 and day 6 after dieldrin feeding, which normalizes 

during the subsequent period. Out of the two dehydrogen—

ases tested ICDH was found to be more sensitive. The 
normal, blood serum shows 291.56+3.53 sigma units/ml LDH 

activity,. which increases 21%, 10.5%, 12%, 10%, 10.5%, 

after 3, 6, 9, 12" and 15 days of dieldrin feeding. The 

LDH activity is significantly increased from day 9 onward. 
The increase is 1.8, 1.9 and 2.2 fold on day. 9,, 12 and 15, 

respeotiVely. From amongst transaminasps.the SOFT activity 

is affected from the very first day of observation, while. 

the SOOT activity is significantly modified on day 9 and 

afterwards. The blood serum in control rat shows. SOOT 

activity 31.80+2.91 Iull (n=5),'which increases 32, 49 
and 71%, respectively, on day 9, 12 and 15. The SOFT 
activity.  showed 55.4% increaSe.  Within first 3 days of 
dieldrin feeding, which.  was maintained as such till the' 
end 'of experimental period. 



TABLE - IX 

EFFECT OF FEEDING DIELDRIN MIXED DIET (12  mg/ kg body 
weight/day) FOR 15. DAYS ON SOME-ENZYM ACTIVITIES OF 

RAT BLOOD SERUL 	 • 

3 days 
'(n=3) 

Control 	 Para- 
meters (41. 	= 	5) 

Dieldrin feeding 

6 days 	9 days 	12daya 
(n=3) 	(n=3) 	(n.3) 

15days 

(n=3) 

AcP 1.86a  2.73 2.65 2.23 - 	1.94 1.90 
activit + 0.24 + 0.40 + 0.16 + 0.32 + 0.07 + 0.06 
(KAU/d1 

AP 6.80 14.73 17.70 24.14 24.46 26:2 ' 
activity ±0..70 + 1.37 + 0.61 + 0.76 + 2.38 + 1.48 
(KAU/di) 

* • *** *** 
Amylase 216.86 240.00 243.80 278.61 303.81.  354.28 
activity 	+12.84 +23.79 +16.92 ±16.86 4. 2.52 + 7.19 
(Somogyi U/71) 

ChE 42.38 44.16 43.50 43.33 39.17 39.66 
activity + 1.98 .+ 	1. 4 45 + 2.77 ± 4.56 + 2.68 + 3.09 
(RU/m1) *** ** 
CPK 6.66 18.16 14.00 7.16 6.83 5.16 
activity + 0.71 + 1.30 ± 1.53 ± 1.09 + 	1.09 + 	0.60' 
(Sigma U/miT 

** a: -x 
ICDH 291.56 352.83 322.02.  328.21 320.06 322.05 
activity 	+ 3.53• ±11.62 + 7.45 + 8.84 + 6.96 + 7.20 
(Sigma U/miT 

*** *** *** 
LDH 448.40 543.49 559.47 799.24 885.20 977.48 
activity +19.47 ±73.83 +46,15 +39.69 +53.44 +70.47 
(TU/1) 

SGOT 31.80 36.50 40.66 42.00 47.50 54.33 
activity + 2.91 + 4.07 +2,73 + 2.31 + 4.27 + 3.18 
(IU/1) 

SGPT 14.16 22.00 18,88 21.08.  20.00 21.81 
activity ± 0.62 -IL 	2.52 + 0.50 + 2.64 + 	1.50 + 2.49 
(IU/1) 

aMean+SEM, Student's 	't' 	,test;, 
** 	 *** 

P 0.05; 	P 0.01; 	P :  



TABLE - X 

EFFIJCT Ors FE26DING DILLDRIN MIXED DIET (12mg/kg bAy weight/day) FOR 15 DAYS ON SOME 
BIOCHELICAL COMPONENT& OF RAT BLOOD SERI& 

Control 	 Dieldrin feedink 	  
(n 5). 	 days 	6 da 
	9n 	

12 days 	.15 days 

Bilirubin 
content 
(mg/di) 

content 
(mg/di) 
Free amino 
acids 
(mg/dl) 

0.43+0.03a  

148.78+7.41 

9.71+0. 

0.88+0.11 

132.43+8.86 

7.94t0.25 

Cholesterol  

0.58+0.05 

122.97t3.57 

6.52+0.4 

0.48+0.04 

110.80+3..;-4 

5.71+0.M' 

0.42+0.04 

108.10+4.8'' 

*; 
4.47+0.40 

. 	0.35+0.03 

110.81+5.89 

** 
4.33+0.21 

Glucose 
content 
(g/d1) 

139.40+4.62 111.33+8.71 127.60+3.12 137.33+4.65 149.33+8.51 152.00+9.45 

Protein 
content; 7.08+0.51 
(mg/di) 

8.26+0.66 
*** 

11.70+0.11 _ 
*** 

12.53+0.41 
*** 

11.38+0.25 .... 11.06+0:, 

Urea 
content 
(mg/dl) 

31.09+1.18 46.63+4.86 35.33+3.90 .  31.58+1.17 30.00+4.07 30.50+0.76 

- 	** a. laean+SEM 	
*

, Student's 't'test; 21: 0.05; 	P 	
*** 

0.01; 	P• 0.001 
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Fig.'s. Effect of feeding dieldrin-mixed diet 
(12 mg/kg body weight/day) for 15 days 
on some enzymes activities of rat 
blood serum. 

(AcP,acid phosphatase; AP, alkaline 
phosphatase; ChE, cholinesterase; CPK, 
oreatine phosphokinase; IDH, isocitrate 
dehydrogenase; LDH, lactate dehydrogenase; 
SCTOT, serum glutamate pyruvate transaminase ; 
KAU, King Armstrong units). 
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Fig.19. Effect of feeding dieldrin-mixed diet 
(12 mg/kg body weight/day) for 15 days 
on some biochemical contents of rat blood 
serum. 
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Table X and Figure 19 shows the effect of feeding 

dieldrin - mixed diet (12 mg/kg body weight/day) on some 
int other biochemical 

Cholesterol, Free 

Bilirubin content 

days. After this 

reedjustment sets 

after day 9. The 

components of blood serum like Bilirubin, 
amino acids, Glucose, Protein and Urea. 

increase two fold during the ,initial 3 
preliminary increase, some kind of 

in and bilirubin content normalize 

cholesterol content, on the other hand, 

decrease after dieldrin feeding. Although the 3 day 
group still has the normal leVel of cholesterol, the 

feeding for another 3 days and beyond results in about 

27% decrease, Which is maintained till the end of execri-

mental period. 

The serum protein content increase during 15 days 

feeding. The control blood serum contains .7.08+0.51 gm 
protein/di of blood, which is raised 77% on day 9. A 

slight decline was noticed on day 12 and 15 but the values 

were still significantly higher when compared with those 
of control blood serum. In concomitant with these changes, 

there_is •significant decrease in free amino acids, which 

was first observed in 6day old group.. A maximum decrease 

of 53% was observed on day 15 (Table X, Fig.19). The 
nitrogen metabolism apparently is not' much affected by 

dieldrin treatment. The urea content, except for that of 

3 day group remains unaltered. A 50% significant rise was 
observed after 3 days of feeding. The glucose content 
also did not follow any definite response. Except for 

20% decrease within 3 days of feeding, all other experi7 
mental groupb showed non significant alterations. 

3.2.4. BIOCHEMICAL AhALYSIS OF LIVER 

Biochemical toxicity of dieldrin in liver was 

evaluated as described earlier by estimating some hepatic 
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enzymes and other biochemical components (Figs. 20,21; 

Tables XI, XII). 

Of all the hepatic enzymes tested, ICDH activity 

remained. unaffected during the present experimental 

conditions. The LD1 activity, however, was considerably 

affected. Within three days an increase of 21% was 

recorded, which 	reached 	26% on day 15. From 

amongst the two hepatic transaminases, GPT Was found to 
be more sensitive. A significant increase of 24%, 44%, 
and' 55% was observed on day 6, 9 and 15. The GOT activity, 
on the other hand, is not significantly affected until day-

12, when the increase is 43%. The AP activity was also 
elevated. The control. animals showed 0.64 KAV AT activity/ 
g of liver, which although showed regular increase, but 

significant values wore observed only at day 9, 12 and. 15. 
The maximum Indrease of 89% was recorded on day 15. 

Table XII and Fig. 21 show the effect of dieldxin 

mixed diet (12 .Mg/kg body weight/day) for 15 days on some 

of the •biochemical components like' cholesterol.. Free 

amino acids, glucose, soluble protein, total protein,DNA 
and RNA of rat.liver. The 	cholesterol content of 
control rabbit liver is'15.72+0T35 mg/g, which .after 
dieidrin feeding is decreased 24 , 42 and 19% on day 3, 

6 and 9, respectively, and is then normalized aftervards. 
The free amino acids are the most sensitive components, 

which are adversel.Taffected by insecticide treatment. 

The FAA content decrease 0.8%, 12%, 21%, 25%, 26%, res-
pectiveIy,on day 3, 6, 9,. 12 and 15. The total hepatic 

proteins, on the other hand, after dieldrin treatment 

shoWed. 16 and 15% decrease on day 3 and 6, while the 

soluble protein showeaatout30% inarcase.after 15- days of 

continuous dieldrin feeding. The gludese content decreased 
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Fig.20. Effect of feeding dieldrin-mixed diet 
(12 mg/kg body weight/day) i'qr 15 days 
on some enzyme activities of rat liver. 
For abbreviation see Fig.5. 
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TABLE — XI 

E.O.PEOT O. 2EEDING LIELLRIN MIXED DIET (12mg/kg body weight/day) FOR 15 DAYS.-  ON SOME 
ENZYME ACTIVITIES 02 11.A T 

• 

AP 
activity 
(KAU/gm) 

Control 
(n = 5) 

0.64+0..023  

3 days 
(n = 3) 

0.67+0,08 

Dieldrin feeding 
6 days 	9 days 
(n = 3) 	(n = 3) 

0.83+0.11 	1.10+0..08 

12 	days. 
(n 	= 	3) • 

1.11+0.18 
nom 

15 days 
(n = 3) 

• ; *** 
-1,.21+0.05 

Lr 
GOT 
activity 7.34+0.17 9.01+0,(85 8 7 5 +1 --. 55 10.'27+1.24 

:of 

1:'O;50+0.62 
** 

10.51+0.82 
I  (-IU/gm) 

GPT ** * - 	*** ** 

activity 11.07+0.25 13.63+1.25 .13.75+0.28- '15.96+1.39 15.76+0.54 17.11+1.39 
(IU/gm) 

ICDH acti-n- 
vity (X10"-  
sigma U/gm) 

2.01+0.05 2.59+1 .06 2.59+0.25 2.44+0.34 2.04+046 2.11-4%06 

LD1-1 
actiyity 5.19+0.12 6.28+0.n 6.37+0.35 6.55+0.15

***  4** 
6.35+0.08 

*** 
6.38+0.08 

(X1CPU/gm) 

    

a  Mean + 31111‘ii, Student's 't! 	
** 	***

test; P 0.05; 	P .  0.01; 	• 0.001 

 

• 



Glucose 
.in-(mg/gm) 	1:2.93±0.61 

Soluble pro- 
tein(mg/gm) 	152.99+5.62 

Total- pro- 

8.92+1.91 

151.69+12.24 

tein(mg/gm) 268.58+8.88 225.01+6.7T 

DNA.. ** 
(mg/gm) 1.74+0.18 0.75+0.05 	• 

RN.e. 
(mg/gm) 6.05+0.2 6.77+0.0( 

aMean+SEivi, Student's 	t test.; 	' 	0.05; 

	

** 	 *** 

	

6.57+0.94 	5.63+1.02'" 	5.95+0.55 

** 
180.91+15.27 177.32+11.74 199.30+12.15 

248.64+11.52 261.16+7.06 276.15t13.16 

1.14+0.22 1.34+0.06 1.68+0.18 

5.89+0.16 5.98+0..12 5.84+0.25 

7.45+1.67 

161.02+10.38 

227.90+12.1 5 

9.90+0.146-  

6.19+1.18 

** 	*** 
P 0.01; 	P 0.001 

TABLE -7 

E2FECT OF FEEDING DIELDRIN MIXED DIET (12mg/kg body weight/day) FOE. 
BIOCHEMICAL COMPONENTIB OF RAT LIVER 

Control 	 Dieldrin feeding  

15 DAYS ON SOME 

-(n = 	5) 3 days 6 days 9 days 12 days 15 days 
) (n = 	3) (n =3) (n = 3) (n = 3) 

Ch6lesterol * * ** 

(mg/gm) 	15.82+0.35a  12.01+0.68 9.07+0.81 12.81+0.75' 14 85+0,89 14.59+1.32 

Free amino *** 
acId(Ug/gm) 	319.95+12.68 317.36+12.24 280.65+8.53 254.23+17.'71 238.92+29.0 237.95+13.80 
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significantly throughout the experimental period. The 

decrease was 31, 42, 49, 56 and 54%, xesp.ectively . on 'day 

3, 6,.9, 12. and 15, 

Both the nucleic acids are affected during the 

initial stages of dieldrin treatment, The DNA content• is 

docz:)ased 57% after 3 days, while during subsequent period, 
the contents level off with the control values. The DNA 
content show about 12% increase, but no significant 

alteration vas observed. 

3.2.5. HISTOLOGICAL STRUCTURE 0 LIVER .  

Dieldrin feeding at 0 dose of 12 mg/kg body weight/ 

day for the total ;duration of 15 days, proved moderately 

toxic as far as the liver structure is concerned. 

3.2.5.1.3 DAYS_ FEEDING 

There was marked increase in the sinusoidal area, 
(Figs. .25, 26),slight margination (Figs. 25, 26), disrupt 
ion of definite hepatic cords (Fig. 26), condensed nuclei 

27), and slight increase in the degree of 
vacoulation after 3 days of regular dieldi.in feeding 
(Figs. 26, 27). These changes are in contrast to the 

typical normal hepatic structure (Figs. 22-24). Morpho y  

metric studies indicated significant inerease•in cell 

size and number of nucleoli per nucleus and decreabe in 

number of cells par microscopic field, which revealed 

nucleolar and cellular hypertrophy(Tablc XIII, Fig.45).• 

3.2.5.2.6 DAYS  FEDING
,  

Regular dicldrin feeding for 6 days caused 
further increase in the sinusoidal space S and vacuoIat- .  

ion (Figs. 28-31). Darkly stained condensed nuclei were 
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also observed (Figs. 29, 30) but definite hcpatolobular 
structure was retained (Figs. 26, 29). There vies signi-

ficant increase in -the size of liver cell, nucleoluS, 
number of nucicoli/nucicus and decrease in the number of 
cells/microscopic field (Table XIII, Fig.45). 

3.2.5.3...  DAYS  FEEDING 
In 9 day dieldrin feeding, the disruption of 

double cell hepatic cord structure was evident (Figs.34, 
35). Excessive cytoplasmic and slight nuclear vacuolat-
ion was also noticed (Figs. 32-36) with increase in 
cellular end nuclear size (Table XIII, Figs. 34-36). 

3.2.5.4. 12 DAYS .i?lEEDING  
Continuous feeding of dieldrin mixed diet for 

12 days revealed cytoplasmic vacuolation whose intensity 
is greater near the centre of the hepatic lobule 
(Pigs.39,40). Although generally the nuclear vacuoldtion,  
was evident, the darkly'stained condensed nuclei were also 
present (Figs. 38-40). Hypertrophy of hepatic cells and 
nuclei vies also revealed by morphometric data (Table XIII, 
Fig.45). 

3.2.5.5. 1.5  DAYS 121]EDING _  

In 15 days dieldrin treated animals the sinusoi-

dal area is, increased with the disruption of linear 
hepatic cord structure (Figs.41,43). Clear rounded areas 
\4ere observed but not so frequently.  (Figs.41, 43). 
Significant increase in the cellular, nuclear and 

nucleolar areas was indicative of hypertrophy of these 
organelles (Table XIII, Fig. 45). 
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FIGS.25-27: Histological structure of liver of rat fed 
on dieldrin-mixed diet for 3 days. Note increased 
sinusoidal areas (25,26) and hypertrophied nuclei and nucleoli (27). 
Stain: Hematoxylin and-Eosin. 
Magnifications: 25, X50; 26, X100; 27, X500. 
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FIGS.28-31: Histological structure of rat liver fed 
on dieldrin-mixed diet for 6 days. Note increased 
sinusoidal areas, vacuolation (28,31) and hyper-
trophied cells (30, 31). 
Stain: Hematoxylin and Eosin. 
Magnifications: 28, X20; 29, X50; 30, X100; 
31, X500. 
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FIGS.32-36: Histological structure of rat liver fed on 
dieldrin-mixed diet for 9 days. Note hepatic cord 
disruption (34, 35) cytoplasmic and nuclear vacuo-
lation (32, 36). 
Stain: Hematoxylin and Eosin. 
Magnifications: 32, X50; 33, X100; 34, X100; 
35, X200; 36, X500. 
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FIGS. 37-40: Histological structure of rat liver fed 
dieldrin-mixed diet for 12 days. Note cytoplasmic 
and nuclear vacuolation (38,-40) and many rourded 
clear areas (37). 
Stain: Hematoxylin and Eosin. 
Magnifications: 37, X20; 38, X50; 39, X100; 40, X500. 
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FIGS.41-44: Histological structure of rat liver fed on 
dieldrin-mixed diet for 15 days. Note disruption of 
hepatic cords (41,-43), ma 	rounded clear areas 
and hypertrophied cells 	# ,r,,tAtA  ),(,tak 	/1 	• 	, 

Stain: Hematoxylin and Eosin. 
MagffirIcations: 41, X20; 42, X50; 43, X100; 44,X500. 
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C = CONTROL 
3 = 3 DAYS DIELDRIN FEEDING 
6 = 6 DAYS DIELDRIN FEEDING 
9 = 9 DAYS DIELDRIN FEEDING 

12 =12 DAYS DIELDRIN FEEDING 
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Fig. 45. Morphometric studies on rat liver fed on 
dieldrin—mixed diet (12 mg/kg body weight/ 
day) for 15 days. 



TABLE — XIII 

MORPHOLTRIC STUDIES OP RAT LIVER FED ON DIELDRIN MIXED DIET (12mg/kg body weight/day) 
FOR 15 DAYS 

QD 

Control 
(n = 5) 

No.of cells/ 
microscope 	227.88+5.66a  
field 
No.of Nuclei/ 
cell. 	1.09+0.06 

No.of Nucleoli/ 

3 days 
(n = 3) 

204.88+5.4 

1.02+0.01 

6 days 
(n = 3) 

1.6.55+6.68 

1.15+0.03 

Dieldrin feeding. 
9 days 	12 days 
(n = 3) 	(n = 3) 

	

170.00.0n1 	160.66+5in 

	

1.12+0.04 	1.03+0.02 

Nucleus 	1.38+0.07 

Size 

1.68+0.08 1.77+0.07 1.59+0.09 1.60+0.13 

Cell(U 	) 	199.39+9.52 

Size of 2  

357.75+21A5 391.77+16:92 365.05+9:546 422.86+136 

Nucleus(U ) 	33.70±1.03 

Size of 	
1 leolus(U L) 	2.16+0.22 

41.92+3.56 

2.30+0.34 

41.90+2.78 

2.56+0.26 

52.00+1:16 

2.58+0.32 

60.17+0:58 

2.94+0.26 

* aMean+SEL, Student' s 't ' test; 	
* 

P < 0.05; 	P 	
*** 

0.01_; 	P < 0.001 

1.10+0.03 

1.92+0.17 

407.99+17:746 

56.60±1.25 

3.59+0*Ag 

15 days 
(n = 3) 

160.44+574 
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EFFECT OF DIELDRIN MIXED DIET 
(6 mg/kg body wei t7day) 
ADidINISTiRED FOR -18 MONTHS . 

BODY.  AND LIVER WEIGHT 
• 

Thcdieldrin feeding apparantly'does not cause 

any significAnt effect on the body growth rate over .a 

period of 6-18 month's. 	he body/liver weight ratios 

are however significantly-decredsed. After 6 months 

feeding this ratio decraaSes 193x, the same percent 

decrease was recorded even after 18 months of feeding. 

The liver weight which:has been reported on the basis of 

percent of total body Weight is increased after dieldrin 

feeding. This increase in 6 month feeding is 23% and 6% 

in 18 months feeding 9periment (Table. XIV). 

3.3.2. 	HAEMATOLOGICAL STUDIES  

Table XV and Pigure 46 show effect of feeding 

of dieldrin mixed diet for a total period of 18 months 
on the various haematological oarameteis of rat. The 

RBC count is signiTicantly decreased after dieldrin 

treatment; while the WBC codnt is conv'ersely increased 

during this period., •The amount of haemoglobin is also 

decreased. Control rats usually contain an average of 

70.151105  R3C/ul, 64.79X102 'OC/u1 and 13.32 g haemo-

globin/100 ml of blood. All these paFametcrs are 

drastically affected after ' dieldrin feeding. The packed 

cell volume (PCV) is-likewise decreased after long term 
feeding for six and more months. The I. CV is not signi-

ficantly altered in the 6 months feeding group, but is 
significantly increased in the 12. and 18 month, groups. 

MCH is sighificantly decreased in' the 6 month group and 

is increased in 1.2 and 18 months groups. The MCHG;'on • v;44" 
the other hand, is decresed in all the experimental 

groups. 

3.3. 

3 ,30 1 9 



*** 
31.88+0.27 37.95+0.92 36.23+2.08 48.98+1.21 39.80+1.14 

*** 
3.14+0.03 2.64+0.07 2.64+0.13 2.37t0.08 2.52+0.07 

kr) 
LO 

Body _Arta 
wt. 

Liver vit. 
(% ipody 
weight 

39.27+0.73 

2.55+0.05 

TABLE - XIV - 

EFhLiCT 02 .el,LDIING LI:E,LDRIN MI  X:10 DIET (..6 mi/kg body weight/day)FOR A PERIOD 
OF 6-18 MONTHS ON THE LIVER WEIGHT AND BODY WEIGHT/LIV3R WEIGHT RATIOS OF RAT. 

Para;neters 6 months dieldrin 	;12 .months dieldrin 	1  1 18 months dieldrin 
feeding experiment 	:feedina -exp-eriment 	;feeding experiment 
citiroi 	nei'drin re*ontrof- 	Dieldrin l'e*ontroI 	Dieldrin Ted 

(n... 6) 	(n = 3) 	[(n = 4) 	(n = 41 	1(n = 6) 	(n =  2Z-- 

  

los  

* * * 
P 0.001. 
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TABLE - XV 

EFFECT OF FEEDING DIELDRIN MIXED DIET ( 6 mg/kg body 
veight/day) FOR A PERIOD OF 6-18 MOIITHS ON LIE VARIOUS 
dAEMATOLOGICAL PARhLETEliS OF ALBINO RAT . 

.6 months 
,cUeldrn 
der 	e  

rol 

ex2. 

Dield--
rin fed 

) 

Parame-
ters, 

? 
i 12 months 	;18 months 

fee-; dieldrin 	I dieldrin 
p. - 	feeding ext.), ifeedin 

J4eld-;Cont,  
ine.rol 	in fOIJI i'ol 

(n= , 	)1(n#,)) 	) 

Hb 11ttl :1:3,14; 12.0/ 13.04 11 *.'65 
(g/di) +0.32 ±0.30 	.±0.23 +0422 +0.16 +0.11 

*** -**• ***„ 
RBC 70.87 60.57 	70.48 60.78 69:10 :57:60 	• 
(X10 /,u1)• .+1: . 26 +1.10 +1.43.  +1.20 +1:50 

** • - 
WIC 66.50 76.50 	62.38 70.75 65.50 67.50 2 (X10 All) +3.99 +5.06 	+1.34 +1404 +5.20 +2.10 

POV 45.92 38.32 	42.89 39ttl 43.28 40.23 
(%) ±0.44 ±0.46 	+0.19 +0.55 ±0.40 +0.13 

MOV 64.5a 62.83 	60.91 65.24 62.64 69.61 
(fl) +0.65 +0.58 	+0.66 ±0.97 +0.46 +1.60 

MCH 19.45 18.18 	18.64 19,87 18.88 20.6'  
(Pg) +0.33 +0.17 	:170.-06 +0426 ±0.28 +0.58 

MCHC '30.24 28. 94 	30,62. 30,46 . 30.15 29.56 
(g/dl) ±0.65 .+0.07 -+0.41 ±0.21 .+0.36_ tC427 

61.Mea4 ± SEM, Student' 4 't' „ test 
* 
P10.05; **, P C 0.01'; **4 B< 0.001' 
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TABLE - XVI 

EFFECT OE ELE,D1J.,G L 1ELDRIN blIXED D- IET ( 6 mg/kg body 
weight/day) FOR A PERIOL OF 6-18 EGNTHS ON ENZYthE 
AO T IVIT S IN RAT BLOOD SERUM. 

Parame-
ters 

6 months 	• 12 months 	1- 18 months 
Dieldrin 	t-Dieldrin 	Die1rin 
feeding ex2.1- feeding.. ex2.1_ f eed Ind exp-.  

Cont- Die 1-,1 Cont- Diet-1. Cont- 
rol 	drin 1 rol 	drin 	rol 	drin 

fed 1 	*fed - 	fed 
(n=6) (n=3)1- (n=4) (n=4)1 (n=6) (n=3) 

L  

 

   

   

- ** 
AcP 	5.458a  10.7T 	4.48 	7.91 	5:34 	7.27 
(KAU/di) ±0.48 +0,49 +0.25 +0:37 +0.59 +0.54 

AP 	9.568 22.65 9.46 15.71 10.21 1'5.15 
(KAU/d1) ±0.40 ±0.72 ±0.68 +1.28 +0.92 ±0.38 

Amylase 	242.57 235,.00 -210.29 317, 64 202.03 238.45. 

	

( Somogi 	+16.74 +16.07 +10.57 +28.31 +12-.22 +15.90 
u/dl ) 

ChE(RaPP- 	80 23.33 .26.00 25.94`31.08 36. 50 
aport u/m1)+3. 76 ±2.60 +1.85 +1;12 +1 .82 	31 

CPK(Sigma .10.30 8.03 7.57* 9..87 8.75:-  6.83 
unit s/ml ) +0.77 ±0.58 * ±0.61 -+1 . 08 , ±04:97 ,±0..20 

ICDH(Sigma391.86 522.140 395.22 541.05 462.53 493.53 
unit s/m1 ) 11-28. 33 ±43.71 +10.33 ±52.55 +24.13 g5.12 

*** 
LDH 	.401.44 704.00 442.20. 629.11 509.49 429.60 

	

( IU/1 ) 	,+10.87 43.8 	'+.49. 	•+13.01 .+27.82- , ±7.71 

SGOT 
( IU/1) 

SG2T 
(IU/1) 

*** 
P.. 0.05; 	2 .0.01; 	P 0.001 

, 

*** 
21.02 34.17 
±1.46 t1.80 

17.72 17.68 
+1.40 ±0.78 

** 

28.98 46.53 35.66 56:tg 
+2.73 +1.35 +2.55. ±0.88 

14.82 19.72 18.75 15.83.... 
+0,9 9 +2.24 +1.87 +1.72 
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3.3.3. 	BiqpdEaicAL Al4ALYSIS OF' BLOOD. SURal 

The activities of several enzymes -in blood 
serum are raised. after dieldrin feeding (6 mg/kg body 
weig ht/day) for a total period of 18 months (Fig.474 

Table XVI)r -  Ther'sbIood. serum of control rat has alkaline 

phosphatascbctiviiy of 9.75-KAU/160ml,; and acid 

phosphataa4,aptivity of.5.13 KAU/100 ml;- i,'4hieh are 

raised 137%, 66'/:, and- 4,8%.„„and 96%, /-6% and 36%, respect-

ively, on ":6,;,12 and. 18 Lionth grOUgs. 2rom amongst two 
transaminases tested;. SGOT'exhibits very prominent and 

dis tinct` increase, which is ranged. between 59 and 63% 
over a period of 18. months. The SGPT activity, on the 

other hand, is app*ently:not sigpificantly altered and 

so is the case with CPK. anzyMo (Dig. 47, T.elble XVT).. 

The two dehydrogLnases (LDH and ICDH) are also signifi,  

cantly increased a'fter dieldrin feeding. A control rat 

on the 'aiierase, shows LDH activity of 451.04 IU/1 in,the 
blood serum. After 6, .12 and 18.  months of dielcIrn food-
ing, the LDH activitys ls incfecia6d 75, .42 and 17'%, 

respectively.  The ICDH activity is iikewise,,inerease, 

33,. 37 and 7%praspectiValy. 'The cholinesterase activity 
remains unafected, while the anylase.activity shows an 

increase of 51% and 1:8%, resp.ectively, after 12 and 18 

months of dieldrin feeding (TaIlle XVII  Fig. 47). 

Figure 48 48 and Table :VII show the effect of 

dieldrin feeding on the various. biochemicalcomponents of 
blood serum, other than the—enzymas. 

Bilirubin and Cholesterol content are affected 

only in the 18 month group. The control rat blood serum 

contains 0.55 mg bilirubin/100 ml of blood serum and 

180.12 mg cholesterol/100 ml of blood seru in the control 
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TABLE- 

EF-2ECT OF FEEDING DIELDRIN MIXED DIET ( 6 mg/kg body 
weight/day) FOR A PERIOD OF 6-18 MONTHS ON THE VARIOUS 
BIOCHEMICAL COL2ONENTS OF ALBINO RAT SERUM. 

Parame-
ters 

6-morahs 
Dieldrin 
feeding exp. 

:12 months 	r713-Ifi5rith-e77  
I Dieldrin 	iDieldrin 

feeding es p. 	i_feeding. exp. 

	 (n= 

Cont- 
rol 

Diel- 

) 	(n= 	) 

Cont- 
rol 

(n.  

Diel- 
• drin 

fed 
) 	(n = 	) 

Cont-
rol 

(n =  

Die l-
drin 
fed. (n 

Bilirubin 0.74a  0.45 0.63 0.66 0455 0.92  
(mg/di) ±0.05 ±0.03 +0.03 +0.05 +0.04 +0.06 

Choles-
terol 182.95 165.19 177.19 159.21 180.12 148.5T 
(mg/di) ±6.25 ±8.29 +5.21 +10.48 ±9.80 ±5.96 

Free amino 
acids 9.27 7.33 9.00 9.10 11.09 10.90 
(mg/dl) +0.34 ±0.45 ±0.36 t0.42 +1.33 ±0.42 

Glucose 114.76 98.64 107.45 118.29 150.57 121.71 
(mg/dl) ±8.52 ±4.13 ±7.26 +8.99 +.3.67 ±5.84 

*** 
Protein 6.90 8.05 7.68 8.17 8.58 9.09 
(g/dl) +0.04 ±0.1 6 +0.21 ±0.47 ±0.45 ±0.05 

Urea 36.34 40.44 23.55 30.94 41.15 36.37 
(mg/di* +2.20 +2.70 ±6.84 +4.71 +1.98 +1.10 

aMean+SEM, Student's 't'test; 
** 	** • 

2 '0.05; 	• P( 0.01; 	P 0.001 
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ruts. After 18 month of daeldrin feeding the bilirubin 

content increase 67%, while the cholesterol content 

decrease 18%. Just like cholesterol the blood glucose 

content are also decreased .(19%) after 18 months of 

dieldrin feeding. The blood serum proteins and the 
free amino acids show 17 and 21% decrease, respectively, 

during first six• months of feeding. During the rest of 

the experimental period, both these content remain 
undisturbed. The urea content are also not affected 

throughout 18 months of experimental period (Fig.48, 

Table XVII). 

3.3.4. 	BIOcHillICAL AkALYSI OF LIVER 

All enzyme activities examined in liver pare 

raised after dioldrin feeding (Fig.49, Table XVIII). 

The-AP activity in control rat liver varies 

between 0.74+0.05 KAU/g liver weight to 1.12+0.07 KAU/g. 

This activity increases 122%, 37% and 45% after 6, 12 
and 18 months of feeding. The transaminases (GOT and 

GPT) also show elevated activities after dieldrin feeding. 

The GOT activity is increased 13, 8 and.26, while GPT 

activity is increased 74,130 and 56% in 6, 12 and 18. 
month group of animals. The GPT activity is apparently 

more sensitive, as it is affected significantly even 

after 6 month feeding, while GOT activity is significantly 
altered only after 18 months of feeding. Out of the 

dohydrogenoses viz. ICDH and LDH, the former is 

significantly raised throughout the experimental period, 
-N 	while the later is only significantly changed in 12 

month group. The ICDH activity is raised. 35%, 31% and 

65%, respectively in 6,.12 and 18 month rat group;. 

while LDH is affected generally during later part of the 
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study (Table VIII). 

'Table XIX and Fig, 50 shows the effect of 

dieldrin 'feeding on some of the other biochemic'al 
components of liver. The total proteins are not affected 

till 12 months of.feeding end show only 20% significant 

increase oftor,18 months of dieldrin administration. The 
soluble protein component, however, show increase through—

out insecticidal feeding period, while the free amino acid 

content show distinct decrease in the rat liver (Fig.50, 

Table XIX). The .hepatic glucose-content increase after 

insocticide administration. This increase in 6, 12 and 

18 months groups is, respectively, 39, 45 and 61%. 

Cholesterol, on the other hand, show reverse behaviour. 

No Significant, change was. observed after 6 months of 
feedingibut.  37and60% increase was recorded after 

feeding d.ioldrin mixed diet to. rats for 12 and 18 months, 
r- Spectively (Table XIX, Fig. 50).- 

The control liver contains an average of 2.9 mg.  
DLIA/gm liver weight, which remained unaltered after 6 

and 18 months of feeding, but showed about 35% increase 

after 12 months of feeding. The RNA content, on the 

other hand, do not show any significant change in the 6 

and 12 month feeding group, but show a 12% significant 
docr,:asu after 18 months of dieldrin feeding (Table XIX, 
Fig. 50). 

3.3.5. 	HISTOLOGICAL STRUCTURE OF LIVER 

Figure 51 and Table XX shows the effect of 

dieldrin feeding on the various histological parameters 

of rat. The hepatic cells,their nuclei and nucleoli 
hypertrophy after dieldrin feeding. The increase in cell 
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TABLE - XVIII 

EFFECT 02 FE: DING DI=RIN MIXED LIET (6  mg/kg body 
weight/day) FOR A PERIOD OF 6-18 MONTHS ON THE ACTIVI-
TIES Of VARIOUS HEPATIC ENZYMES Of ALBINO RATS. 

Para-
meters 

6 months 
Dieldrin 
feeding exp. 

 

12 month's 	18 months 
Dieldrin 	Dieldrin 

,feedin exp. 	feedinz exp. 

  

Cant- 	Diel- 
rol 	4xixi 

ct 
(n = 6) (n = 3) 

Cont- 	Diel- 
rol 	drin 

(n = 4) cn = 4) 

Cont- 	Diel- 
rol 	drin 
(n 	

fe d 
6) (n =3).  

AP 
(KAU/g) 

GOT 
(Ip/g) 

	

0.74 	1:n 	1.12 	1.53 	1.08 	1.57 
+0.05 +0.05 +0.07 +0.14 +0.08 +0.07 

*** 

	

8.66 	9.81 	7.56 	8.19 	6.79 	8.56 
+0.54 +1.16 +0.46 +0.36 ±0.23 J-0.20 

GPT 	7.71 
(IUte 	±0.68 

13.43 	5.02 	11.t5 	605 
±0.85 +0.54 ±1.24 +0.60 

9.42 
±0.89 

ICDH 	33.29 
(X103 	±6.08 
Sigma U/g) 

61.P 
±2.26 

49.49 64.69 42.50 70.10 
+2.52 +5.63 ±5.70 +10.30 

LDH 	. 58.29 66.51 54.25 
(xicrau/g) +2.99 	+.560 	+5.37 

86.8 ,  
±9.62 

44.60 
±3.00 

50.10 
+1.30 

aMean+SEU, Student's 't'teSt; 
P: 0.05; 	P 	 0.001 



Die t- 
, dri n 
fed 

6. months 
PPra- Deliarri mptars f.tedix16_:exp. 

Cont- 
rol -_ 	- 	- 

.(R.6) .(n=3) 

C6lesterql 5.97E.1. 5.41 
(mg/g) 	'+0.29 '+0.61 

'Free amino217.27 188.47 197.98 
dcid(ug/g)'+7.70 +9.1 1 +14.18 

Glucose 06,30.87 18.71 27.12 
ttlig/g) 	+2.32 ,t1.68 ,+1.37 

Soluble 
protein 	124.92 167.88 135.22 
(mg/.g) 	+4.67 ±13.87 

Total 
protein 	216.96 232.93 208.48 
(mg/g) 	t13.05 +17.01 +6.7 

DNA 	3.05 2.89 2.54 
(mg/g) 	±0.11 t0.20 t0.14 

RNA 	9.68 11.55 6.39 
(mg/g) 	+0.62 +0.83 +0.31 

9.01 
+0.32 

** 
12.33 10.50 16..7g 

°±0.75 +T..21 +1.11 

151.28 - 170.12 145 
±8.65 411..59 +7.62 

15:-m 38.32 14:i82 
t1.06 40:86 

152.14 159.00 191.44 
+7.68 ±11.59 

202.75 227.60 273.65. 
+2.64 01.88 ---0.45 

*** 
3.43 3.06 2.71 

+0.01 +0.12 +0.14 

6.01 11.30 9.28 
+0.16 +0.49 +.0 .58  

1 12 monthb 
1_Dieldrin 
_Lfeedirl exp. 
Cont-' 	Diel- 

dr 1 rol 	in 
1, 	, fed 
1.(n=4) 	.(h=4) 

18 months 
.Lieldrin 
,faedina exp.  
Cont- Diel- 
rol 	dr.n,  
(n=6) em) 

-80.  

TABLE - XIX 

EFFECT OF FEEDING DIELDRII\ MIXED DIET. ( 6  mgAg body 
weight/day) FOR A 'PERIOD OF t-lamonlis 	BIOCH12MI- 
CAL C0,1110NENTS 02 ALB1NO.RAT LIVER. 

aMean+SEM, Student's 	't'test; 
P 	

** 
0.05; 	P1 	

** 
 0.01; 	P<, 04001 
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CONTROL 

TREATED 

TREATMENT(MONTHS) 	 TREATMENT (MONTHS) 

r-,ffect of feeding dieldrin 	(6 mg/kg body weight/day) 
for 6-18 month,: on the various histological parameters 
of albino rat liver. 
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FIGS.57-59: Histological structure of rat liver fed on 
dieldrin-mixed diet for 18 months. Note disturbed 
hepatic cord morphology (57,58), vacuoles (577.59) 
hypertrophied hepatic cells and vesicular nuclei 
(58,59). 
Stain: Hematoxylin and Eosin. 
Magnificatiuns: 57, X50; 58, X200; 59, K500. 
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TABLE - XX 

CP P.,EDING LiELDRIN 	DIET ( 6  mg/kg body 
weight/day) AR A PERIOD OF 6-18 LIONT,IS ON TiH VARIOUS 
LURPHOMETRIC PARAMETERS 0P. ALBINO RAT LIVER. 

6 months 12 months ' 18 months 
Dieldrin Dieldrin Dieldrin 
feedinz ex2.  feeding exp.  feeding exp. 

Cont-
rol 

(n=4) 

Diel- 	Cont- 
drin fe'd rol 
(n=3) 	I 	(n=4) 

Diel- 	Cont- 
drin Zed ro 1 

(n=3) 	(n=4) 

Diel 
drin fed 

(n=3) 

No.of
*  

248.76+ 165.
*
63 262.20 176.29 227.88 185

*
.33
**  

cells/field12.05 ±9.01 ±16.75 ±9.04 ±5.66 +5.53 

No.of 
Nuclei/ 1.07 1.01 1.03 1.13 1.09 1.13 
cell ±0.02 ±0.01 ±0.04 +0.04 ±0.06 ±0.04 

No. of *** 
Nucleoli/ 1.59 1.95 1.47 1.85 1.38 2.09 
Nucleus +0.09 +0.11 k0.12 ±0.08 

Size of2 
cell(u) 	. 231.55 ±21.25 

446:TO 
+14.06, 

.218.51. 
+.17.53 

*** 
429.55 
+8.79 

199.39 
±9.52 

*** 
372.59 
+13.24 

Size of * ** 
Nupleus 43.72 71.25 49.05 68

*
.41
*  

33.70 46.84 
(LI) ±2.86 ±1.97 ±2.65: +2.21.. ±1.03 ±1.12 

Size of 
Nuqleolus 2.07 2.95 2.34 3.78 2.16 2.47 
(L1 ) ±0.21 ±0.18 ±0.63 ±0.86 ±0.22 ±0.1 3 

aMean+SEM, Student's 	test; 
** 

*-2 	O. 05 ;- 	P 0.01; *** PI, 0.001 
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size is respectively 93%, 97% and 87% in 6, 12 and 18 
month_ group,. The increased hepatic cell will resin± 'in- 

decreased huniber of coils/micro scoi.ACal fie 	This 

decrease, is, resp?ectively, 33.4, '33 and 18% t-leit644 - 6, 12 

and 18 -months of dieldrin feedi,ng. 

The, nticl_ear. size i4 increased 63,39 and 39%, while . 
the _n1-191.67914 	 of 43, 62 and 147 
during the long term feeding cikprirnent-s for 6, 12 and 
18 months respectively. The number of ri,...ucLA show 
significant-  decrease. during... th.e.  first 6 mon'ths but these 
do not show any st:tistically significont deviation from 
thO normal' for tht rest Of' the periog. The number of 
nuclOoll however show very prominent incre3so during • 
dioldrin feeding (Fig. 51,,Table XX). 

That the hepatic cellb and their nuclei and 
nucleoli hypc-rtrophy after., d.ieldrin feeding is evident 
frWhistoloE;ical se6tions shown in Figures 52-59. 
Figures 56 and 59 show necrotic regions, where typical 
hepatic cells' are not discerhable , instead tile numerous • . 
nuclei are embedded in 6 mass- of broken cells. - The 
hypertrophied cells with distinct nuclear vacuolos ure  
soon in Figure 59. 
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4. DISCUSSION  

The effects of dieldrin on albino rats have been 

determined on the basis of three doses, viz (a) 40 mg/ 

kg body weight/day for• 48 hours (b) 12 mg/kg body weight/ 

day for a total period of 15 days, and (c) 6 mg/kg body 

weight/day for a total period of 18 months. The first 

two doses have been designated as short term experimehts, 
while 'third dose has been called as long term, depending 

upon the duration of administration of insecticide. 

The dieldrin treatment for 15 days and then for 

18 months result in a decrease in the total body weight 

as well as in % weight gain/day. Besides that the body' 

weight/liver weight ratio are also altered after dield-

rin administration. This ratio increases 8-17% during 
the first nine days of dieldrin administration at a dose 

of 12 mg/Ica body weight/day, but is retu.rned to normal 

level during subsequent administration till day 15. On 

the other hand when weaker dose of dieldrin (i.e. 6 mg/ 
kg body weight/day) was administered for 18 months, the 

body weight/liver weight ratio decreases 19%. This 

decrease may be attributed to decrease, in the total body 

weight without affecting the liver weight or liver 

weight decrease does not commensurate with the decrease 

in the total body weight or in fact the liver is hyper-

trophied in response to dieldrin toxicity. In the short 

term experiment of 15 days the body weight/liver, weight 

ratio increases during the first 9 days, which maybe.  

because the total body weight is not drastically 

decreasing, while the liver may be. There are confli-
cting reports in the literature on the effect of dieldrin 

on body weight. Bias (1978) reported loss of weight in 
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the short tailed shrew after dieldrin treatment. Shakoori 

et al. (1984) alQo reported decrease .in. total body weight 

of 'albino fats,,,,  after .feeding, them:d1.eldrin mixed diet 
for 6 months.. There are, however, :several reports which 

show the reverse (Fitzhugh et al. 1964,, Hodge at al. , 

1967; Walker et al. , 1973; Hurkat et al. 0  1977). , DiX et al. 

(1977) reported..reduced body weight Gains in pregnant 

fe?nale mioe.after feeding dieldrin and dime thylsulphoxide. 
It, foli owe thqt the feeding, of dieldrin for a period upto 
8 days does not cause any percepible change in body 

weight. The loss of body weight in the present'study 

should be ascribed- to chronic intoxication with dieldrin. 

Haematological Parameters 

Dieldrin treatment at different dose levels has 

caused almost same type of effects on the various haema-

tological parameters. In'all these cases the haemoglobin 

content, the RBC count and PCV has significantly deCreased, 
while the WBC count increased proMinently. The- decreased 

haemoglobin is apparently due to decreasein RBC count, 

which 'in turn is responsible for= decreased PCV. The RBC 

count is decreased, because perhaps the dieldrin inhibit' . 	. 
the RBC 15roduction and or haemoglobin synthesiS. Not only 

that the RBC s also disintegrate more rapidly . in' the 

presence of dieldrin, which 'contribute toards decrease' 

in haemoglobin conteht, RBC cell count and' packed - cell,  
volume. Like a typical -insecticidal toxicity' (or 

pathoiogical) responqe the number' of '\11BC increase' •unde±-  

all circumstances after treatment with dieldrin. This 

is perhaps a typical defensive response' of the animal 
against a totc18 invasion. Malik et.  al. (1974) has' also 
reported intfease in leukocytiC count after dieldrin:  
administration at 25 mg/kg body weight`` in' bLiffalo' 

t:!..•,! 	• 
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In short term experiments the effect of insecticide 

is intensified along with the duration of administration. 

When administered at a dose of 40 mg/kg body weight/day 

the haemoglobin content decrease 6 and 9%, RBC count 

16 and 22 and PCV 0 and 11%, respectively after 24 and 

40 hours of dieldrin administration. In the second 

short term experiment, where dieldrin dose of 12 mg/kg 

body weight/day was administered, the haemoglobin and 

RBC count remains unaffected till day 9, when a decrease 

of 15% was recorded for haemoglobin and 8% for RBC count. 

During subsequent period the haemoglobin loss is 

mazintained 'almost to the same level, while the RBC count 

decreases further. The PCV is significantly changed 

after 15- - days of feeding dieldrin. The WBC count is 

the most sensitive 'count. At a dose of 40 mg/kg body 

weight/day the WBC-  count increases 34% and 55%, respect-

ively, after 24 and 48 hours of dieldrin administration. 

The . WBC count in the second short term experiment is 

not significantly affected until day 12, when the WBC 

count show a 35% and 36% increase after 12 and 15 days of 

dieldrin feeding. The other parameters like MCV, MCH 

and MCHC follow almost the same pattern. The long term 

experiments in which. dieldrin was administered at a dose 

of 6 mg/kg body weight/dayalthough showed the .same 

trends, but behaved slightly differently when compared 

with short term experiment. ''Out'of the three experiment-

al groups examined for long term treatment, the six 

month group showed maximum deleterims effect. The 

animals seem to have adjusted themselvesto continuous 

administration of insecticide. For example haemoglobin, 

RBC count and PCV show 18, 15 and 17% decrease after 6 

months of feeding, but in 13 months group, the decrease 

is respectively 9, 17 and 7%. The . W.IIC count increases, 

7). 
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but this increase is not very much significant, when 
compared With the treatments in short term: experiment. 
Probably the amount of dieldrin which is being adminis 
tered Alongwith food is not sufficient enough to bring 
about any' drastic: effects to the tune of short term 
experithents., 	 • .t 

The PO c° unt/WBC count ratio de .ceases 50 and-`37% 

respectively after 24 and 46 hours of ,dieldrin treat-
ment at a dose of 40 mg/kg body ,  weight/day, while in 
long term e4periMent, this ratio is reduced 26%, 24% 
and 19%, ,respectively after 6, 12 and 18 months of 
feeding. 

The decreased PCV:isbecause of deerease'in RBC 
count and deCtease in consistency of plasma/serum due 
to accumulation of water (perhaps) in the blood. 

Serum Biochemistry 

Although dieldrin is known'to affect various 
metabolic processes associated with lipids, carbohydrates 
(Bhatia laIal., 1972' a,b; 1973; Kahn et al. , 1975)' and 
proteinsA(WASserMann jet al., ,197.1;-Skalsky and .Guthiiet' 
1975, 1978; Ishikawa et'li,'197Q), but thechaiiges in 

-enzyme systems, specially for carpohydrat? metabolism,' 
microsomal and liver function :have: received special 

attention. Under pathological conditions the parenchymal 
. 	. 

cells of hepatic lobUles'fail to carry out vital funct 
ions:, which may result'in disturbed intermediary 
metabolism. Several enzymes like AP, GOT, GPT, LDI et 
leach,  out into the serum (KoJ J,i at11.,, 1975; Bhatia 
et.  al., 1972i; Gertig et al., 1971 a'bi ShakOori'et al., 
1982), thus raising theirlevels in the blood serum.! 
The increase in SGOT, SGPT and LDH accompanied-by'a 
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decrease in cholesterol and protein level in the blood 

serum is an indication of liver damage. The extent 

of the damage inflicted and hence the increase in 

enzymatic activity in the blood serum are proportional 

to the amount and duration of dieldrin feeding. Several 

enzymes including those of conventional liver function. 

tests (LFT) were tested. Almost all the enzymes got 

elevated after dieldrin treatment. Dieldrin appears to 

have either led to necrosis of cells, which ultimately 

result in increased activities of these enzymes in the 

serum or perhaps has induced the synthesis of these 

enzymes. The possibility, that both these processes 

may be in operation, is very strong. In short term 

experiments, when dieldrin:js administered at a dose 

of 40 mg/kg body weight, AP, AcP, SGOT, LDH and,ICDH 

activities are raised within 24 hours of dieldri41. 
treatment. The SGPT and CPK activities are not affected 

until 48 hours of insecticide exposure. The amylase is 

the only enzyme which is not significantly affected 

after 48 hours of dieldrin treatment. The two 
dehydrogenases viz. LDH and ICDH have been found to the 

most sensitive enZyMes. The, OI activity increases 
1.98 and 2.12 fold'Hithile ICDH activity increases 1.71 

and 2.05 fold alter 24 and 48 hours of dieldrin treatment. 

The AP activity increases 43-and 56%, AcP activity 
increases 87 and 49%, SGOT.62% and 36%, and ChB 50% and 

57% respectively after 24 and 48 hours of dieldrin 
feeding. The SGPT and CPIC activities increase 35% and 

63%, respectively after 48 hours of insecticide 

administration. 

In the second short term experiment, in which 

rats were fed dieldrin mixed diet at a dose of 12 mg/kg 
body weight/day , the AP, CPK and ChE activities 
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increased considerably ,after 3 days of dieldrin 

administration. The CPK activity increased 2.7 X and 

2.1X after .3 and 6 days of feeding, respectively. The 

CPK activity later on got normalized inspite of persis-

tent feeding for 15 days. The ChE activity likewise got 

elevated 2 fold after 3 days of insecticide feeding, 

and was later .normalized inspite .: of .extended feeding, 
AP activity is the onewhlch..goes on increasing, with 

the increasing duration.. This activity increases 2, 2.6, . 

3.5, 3.6 and 3.9 fold, respectively after 3,6,9,12 and 

15 days of feeding. The AcP activity shows ..45% increase,  

during firOt weak of dieldrin administration, and is. 

normalized during the subsequent insecticide feeding. 
The SGPT activity increases 55% within 3 days. This 

raised activity is' maintained for the entire experimental 

period of =15 days. .The SGOT activity, however, is not 

affected until day 9, when this activity increases 32%, ' 

49% and 71% after 9,. 12 and 15 'days of. dieldrin feeding. 
Just like SGOT activity the LDH activity ds also not 

affected until day 9. This activity -increases 1:8X, 

1.9X and 2.2X after 9, 12 and 1.5 days of feeding. The 
ICDH activity' is however affected right from the very 

beginning. This enzyme is increased .21% after 3 .days of 

feeding, and is then maintained at 10-11% increase during 

the rest of the peridd despite continuous feeding. The 

ChE activity is not affected at this dose, while the 

amylase activity lis increased 29, 40 and 63% after 9, 

12 and 15 days of dieldrin feeding. 

In long term experiments in which dieldrin was 
administered to rat for a period of 6-18 months at a 

	 .01 

dose of 6 mg/kg body weight/day, the animal system 

appearsto have.got itself adjustedthe continuous 
feeding and the intensity of effect/dieldrin, which As 
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normally expected does not appear. The SGPT, CPK and ChE 

activities do not show any appreciable deviation. The 

amylase activity is significantly affected in 12 and 

18 months group. The AP and AcP, SGOT, LDH and ICDH 

activities are increased after six months of dieldrin 

feeding. In the case of AP activity this increase is 

137%, 66% and 48%, while for AcP activity it is 96%, 76% 

and 36% after 6, 12 and 18 months of feeding. The SGOT 

activity show about 59% increase after 6 months and 63% 
increase after 18 months of feeding. The LDH activity 

increases 75%, 42% and 17%, while ICDH activity increases 
33%, 37% and 7% after 6, 12 and 18 months. 

In addition to several enzymes, some other biochemi-

cal components of blood serum were also tested to 

ascertain the toxic effects of dieldrin. The cholesterol 

and FAA decreased under all experimental contitions. 

In short term experiment the cholesterol content 

decrease 33% and 28% after 24 and 48 hours of dieldrin 

treatment, while FAA decrease 13 and 29%, respectively. 

In the second short term experiment the cholesterol 

content show uniform decrease of 27%, while the FAA 

content decrease 53% at the end of 15 days of experiment-

al period. In the long term_experiment, however, when 

dieldrin was administered at a dose of 6 mg/kg body wt./ 
day for a total period of 6-18 months, the cholesterol 

content decreased 19% at the end. of experimental period, 

while FAA content decreased 21%-after 6 months ,of feeding. 
No effect ,on FAA content was observed after prolonged 
feeding. The biluribin , protein, urea and glue.ese 

content increase after dieldrin administration for 48 

hours. The biluribin content and urea content increase 

respectively.  32% and 42% after 48 hours of dieldrin 



-94- 

feeding.. The protein content show 14 and 17% increase, 
while glucose content show 17% and 23% increase after 

24 and 	hours, respectively. When dieldrin was 
administered at' a dose of 12 mg/kg body weight/day for 

15 days the biluribin and urea showed 2 fold and 50%, 

increase: during the first 3 days. No change was 

obser4ed- during:the subsequent period. the glucose 

content-.showed 20% decrease during the same period. The 
protein content. increase 77% after 9 days of feeding. 

During long term feeding for 6-18 months at a dose • 
of 6 mg/kg body weight/day the biluribin content increase 

67%, while glucose and cholesterol content decrease 21% 

after 18 months of feeding. The urea content remain,  
unchanged, while the protein, and FAA content docreasex 

respectively, 17% and 21% after 6 months of feeding. 

A-cursory glance on the above data will show that 

all the liver function tests are abnormal and deviate 

significantly from their respective control values. The 

short term experiments with 40 mg dose and 12 mg dose 

for; 48 hours and 15 days, respectively, apparently cause-

much greater effects than long term experiments. All 

liver function enzymes (AP, SGOT, SGPT, LDH) are 

increased. The biluribin and urea content increase, 

while cholesterol and FAA content decrease significantly. 

All these changes manifest liver malfunction and are 

indicative of structural and metabolic disturbance under 

the specified conditions of dieldrin administration. 

Onikienko (1963) have also "demonstrated an increased 
AP activity in rats chronically exposed to dieldrin. 
However, Haricot (1972. 	a) was , unable to;  detect any,  change 
in the phosphatases (AP as well as AcP) activity after 

dieldrin treatment. Ishikawa et al. (1978) likewise 
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maintained that liver function tests remain unaffected 
after-  dieldrin treatment. Elevation of the aminotrans-
feraseS activity after single dose of dieldrin was also 
reported by Bhatia et'al. (1973) and Gertig et al. 
(1971 a,b). This increase was attributed to enhanced 
gluconeogenases (Bhatia et al., 1973). Elevation of 
serum LDH activity after dieldrin treatment was also 
reported by Bhatia et al. (1972 a). On the other hand, 
Hen6rickson and Bowden (1976) and ,Dlealay and Pocker(1979) 

showed an in vitro inhibition of the LDH activity after 
treatment 	dieldrin or other brganochlorinated 
insecticides. The raised enzymatic. leVel in the blood 
serum may be attributed to extensive hepatic. necrosis, 

as a result of which the enzymes leach out into the 

blood serum or conversely the synthesis of these 
enzymes is induced with concomitant leaking out of these 
dnzymes into the blood serum and thus raising their 
activities beyond normal limit. Raised bilirubin 
level is indicative of enormous RBC breakdown and 

disintegration of haemoglobin molecules, while decreased 
level of FAA and cholesterol is because dieldrin has 
interefered with the process; of synthesis in the liver. 
The increased protein content of blood serum after 
dieldrin treatment in short term experiment is perhaps 
due to raised levels of different enzymes. 

Raised leyel of. amylase activity in the blopd 
serum after 12 mg dose and that of ChE in 40mg.d9se.. 
experiment is indicative of accumulation of these 
enzymes after cellular necrosis. 

r- 	
In long term experiments-in which •dieldrin was 

administered at .,a dose of 6 mg/kg body .  weight/day. for 
6-18 months, all the major liver function tests became 
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abnormal after 6, 12 and 18 months of dieldrin feeding. 
SGPT, at. and ChE remain undeviated. Plasma cholinest-

erase activity of male rats have also been reported to 

be unaffected by other acute or chronic dieldrin 
administration. Although the general trend of events 

in serum in long term experiment is generally the same 

as in.  Short term experiment, the data suggests adjustment 

of varJ:eus,metabolic processes to dieldrin feeding as a 

result of which the various biochemical changes will not 

be magnifiad, as one would have expected from a 

chlorinated,:  insecticides, which are known for their low 
biodegradibility and comulative effects. 

ahakoori et'al. (1984) have also reported increase 

in almpsi all the enzymes of. LET viz. AP, GOT, GPT and •, 
LDU after treatinent with Dieldrin at a dose of 2 mg/kg 
body.  weight/day for a total period of 6 months. In 
their studies, cholesterol and protein levels,however, 

did not change appreciably. Morgan and Roan (1 974), 
however, did not report any appreciable change in the 

serum. enzythe activity in the dieldrin exposed workers. 

Call and Call (1974) reported significant increase 

in total lipids, but no effect was,  seen in serum Cal-+  

total protein, inorganic phosphate or cholesterol levels in 

Japanese quails fed on dieldrin. Bhatnagar et al. (1980) 

have shown below normal values of cholinesterase and 

high serum cholesterol, phospholipid and GOT levels in 

pesticide factory workers. 

Liver Biochemistry  

Thee changes in blood scrum were corraborated by 

recording 'changes' in the various enzymatic activities of 
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liver and other hepatic components. 

In short term experiment in which a dose of 40 mg/ 
kg body weight/day was administered for 48 hours, all 
the LFT enzymes except for GOT were elevated. Hepatic 
GPT got raised 100% after 48 hours of dieldrin treatment, 
while AP showed 1.78 fold and 3.13 fold increase after 
24 and 48 hours of dieldrin treatment. The LDH activity 
increased 47% and 36% .during the same period. The hepatic 
ICDH activity remained unaffected after 24 hours, but was 
reduced 17% after 48 hours of dieldrin administration. 
In the second short term experiment in which dieldrin was 
administered at a dose of 12 mg/kg body weight/day for 

15 dayS the ICDH activity is not 	significantly devi- 
ated. The GOT activity is not affecteduntil day.  15 of 
dieldrin feeding,when this activity increases 43%. The 
GPT and. AP activilidesare also not affected until day 9 of 
feeding when the enzymatic activities continue to increase 
with increasing duration of insecticide administration. 
LDH is the onlyenzyme, which is affected from the very 
beginning. This enzyme shows 21% increase on day 3 and 
2etria: on day 15 of the- feedingexperiment. 

In long term expeTinient, in Which dieldrin has been 
fectfor a period ranging' between 6 months and 18 months 
at a ,dose of Cmg/kg body weight/day, all the hepatic 
enzymes tested showed elevated activities. GOT activity 
was, briWeVer, significantly elevated only in 18 month 
feeding group. The hepatic GPT activity shows raised 
enzymatic values 74%, 130% and 56% after 6, 12 and 18 
months of dieldrin feeding. The AP activity likewise 
is raised-122%, 37% and 45%, respectively. The LDH.  

raised 14%, 60% and 12% after 6, 12 and 18 
months of feeding, while the ICDH activity is raised 
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35%, 31% end '65% respectively in the same group. 

The increase in enzymatic activity in blood serum 

after dieldrin treatment may be because of (i) enzyme 

induction, followed by leakage into the blood -serum, 

and or 	leaching out of the enzymes in the blood 

stream after destruction of pathological cells. formed 

under the influence of dieldrin treatMent. This leaking/ 

leaching but of. enzyMes may be beeause of pathological 

condition in liver or some other organs of the body. 

For example COT` activity is not much affected in liver, - 

if at all, it 'is .after prolonged feeding. Apparently 

liver /?,i0cheittieal Milieu 	could not have contributed 
towards enhaneed GOT levels' in serum. This is definitely,  

because of some ?non hepatic source. The hepatic GPT is 
increased after dieldrin treatment but the increase of. 

this enzyme it serum is comparatively low. This is 

perhaps because hepatic cells do not allow movement of 

SGPT enzymes that freely as it does in the Ce SO of other 

enzymes. The AP activity in the liver increases 

tremendously but its leakage outside into blood serum 

almost tally to a large extent. This should be kept in 

mind that there are several other. organs in the body, 

which contribute towards increase of AP and other enzyme 

activities in the blood serum. So is true of LDH and 

ICDH activity, the hepatic IODH activity is not much 

affected in short term experiment, but signifiGat n ,increase 
increase in blood serum is.  obviously because of/in some 
organ other than liver. .In rong-  term experiment. all 

enzymatic activities increase; which eventually .contri-
bute towards raised blood ser'Funf enzymes. 

The raised enzymatic levels in blood are attribUt- 
.. 

able to liver damage under pathologICal -cend,itions, 



while their low levels in blood could either be because 
of great regenerative power of liver, as a result of 
which leaking out of the enzymes in blood serum .becomes 
minimal, or due to the biosynthetic activity which 
implies routing of all the biochemical component,9 
towards this activity (Rosen and Nichol, 1963; Knex and 
Greengard, 1965; Bhatia et al., 1972 b, 1973)-in livet. 
The raised enzymatic activity in the liver, on the other 
hand, may be because of induction of enzyme synthesis 
(Street, 1969; Kimbrough et al., 1971; Krample and 

Hladka, 1975), while their low levels could either be 
because of enzymatic inhibition (Hendrickson and Bowden, 
1976;-Meany and Pocker, 1979) or due to 4liver damage 
withoUt any regeneration. 

Dieldrin is also known to affect several other 
enzyme systems, other than LFT. It has been reported 
by Kohli et al. (1977a) that mixed functions hydroxylaseS, 
microsomal -NADPH oxidase and phosphatidylcholine 
increase,,.but enzymes of lipid peroxidation decreases: 
Hepatic aminopyrine N-demethylase increase in horses, 
cattle and sheep (Ford et al., 1976). 

Shakoori et al. (1982') have reported increase in 
hepatic GOT and AP activity after treatment of rat into '  

dieldrin at a dose of 2 mg/kg body weight/day-for 6 
months. The GPT activity remained unchanged. 

DDT, dieldrin and lindane also produce change in 
the lysospmal enzyme activity'. Roux et alp;` 1974), and 
plasma membrangenzymes (Bandyopadhyay et al, 19824 
Bandyopadhyay and Tewari, 1982). NerMa gtal.. (1978) 
have reported inhibition of total ATPase and Metv'Nat- -
and 10.  dependent ATPase. 
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In addition to enzymes, some other biochemical 

components have been considered as indicators of dieldrin 

toxicity. In short term experiment, at a dose of 40 mg/ 

kg body weight/day cholesterol, FAA and glucose content 

decrease. The same trend is observed, when a dose of 

12 mg/kg body weight/day was administered for,15 days. 

When a weaker dose of 6 mg/kg body weight was adminis-

tered for 6-18 months, the. FAA and cholesterol content 
decreased, but the glucose content in these long.;  term 
experiments showed' significant increase. 

The hepatic 'soluble protein content increase under 

all circUmstancea.The total protein on the other hand 

increase '25% after administratien of 40-mg dieldrin/kg.  

body weight for 24 hours. When dieldrin was administered 

at =a dose of 12 mg/kg body weight the soluble protein 

content increase, 30% after 15 days of feeding. Six` and 

12 months of dieldrin feeding at a dose of 6 mg/kg body 

weight/ ay does .not make any difference on the total 

proteina, but 20% increase was recorded in the 18 month 
feeding group. 
	 • 

Shakoori et al.: (1982) haVe reported decrease in 

bilirubin, cholesterol and total protein , content after 
long term feeding of albino rats with dieldrin at a 

dose of 2 mg/kg body weight/day for 6 months. The urea 

and glucose content did not show any change, after 

insecticide treotment. 

Somasundaram et al. (1978) have reported. increased 
liver RNA, protein and glycogen content when higher 
concentration of dieldrin was 'Coated on.the skin of 
guinea pig. 
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Ikepatic nueleic acip colltent 

A strong dose of 40 mg/kg body weight/day adminis-
tered for 48 hours reduce the RNA.  and DNA .content of 

liver. The DNA content Aecraase 33 and 63% after 24 and 
48 hours of dieldrin feeding, while the RNA content show 

22 and 47% decrease during the same time. I second 

• short term experiment the DNA content show 4 decrease of 

57% alter 3 days of dieldrin feeding, which - is recovered 

.to the normal level during prolonged feeding. The RNA 
content remain unchanged. In long term experiment the.  

DNA content increase 35% after 12 months of dieldrin 

feediAg, while the $1'u content decline in quantity (12%) 
after 18 months of feeding. 

Bhatia et al. (1973), who administered dieldrin 

to rats for shorter period of time, have not shown 

different results from the ones reported here. There 
are, however, some reports in the literature contrary 

to these (Annau 1953; Ahmed 21 at., ,1977) in tissue 

culturc syste,A. Bergen et al. (1974) did not find any 

effect in brain RNA synthesis and synthesis of DNA in 

brain and liver of suckling rats after dieldrin treatment. 

Shakoori et al. (1982) have also reported 4.38 times 

increase in the hepatic RNA content, while no change was 

seen in DNA content, when rats were fed on dieldrin mixed 

diet at a dose of 2 mg/kg body weight/day for 6 months. 

Walker et al. (1973) have reported raised RNA and 

DNA contents in malignant tumors of mouse induced by 

dieldrin treatment. 

Histolog.ical structure of  liver 

Amongst conflicting reports of carcinogenicity of 
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dieldrin, the chlorinated insecticides have overwhelming-

ly been reported to be carcinogenic to mice (Davis and 

Fitzhugh, 1962; Song and Harville, 1964; Innes et al., 
1969; Walker et el., 1973; Tomatis et al., 1973; 
Epstein, 1975; Reuber, 1976, 1978 a,b, 1980; Deichmann, 
and Macdonald*  1977; Sternberg, 1979; Sugar et.al., 1 979; 
David, 1979; Axcl.::,n, 1900; Ruebner et al., 1 980; 
Meierhenry et al. ,1981 ,1983; Maslansky and Williams11981). 
In the present -studies the dieldrin treatment has 
resulted in hepatotoxicity-as.evidenced by typical 
histological changes, but no indication of carcinogeni-

city was noticed. Liver show typical toxic effects. 
The appearance of vacuoles within cytoplasm, hypertrophy 

of hepatic cells, their nuclei and nucleoli are typical 

indicators of chemical toxicity. The general.hepatolo-

bular architecture generally remains unaffected, except 

for a slight disturbance in the cords of hepatic cells, 
which were no longer 2 to 3 cell thick and marked by 
greater sinusoidal spaces. 

Microscopical structure of rat liver is considerably 

modified after dieldrin treatment. Some of the typical 
cellular responses to toxic chemicals 'are- shown. The 
hepatic cells, their nuclei and nucleoli hypertrophy. 

Although the number of nuclei/cell generally remain 

unchanged, but sometimes binucleated nuclei were seen 

in the treated liver sections. The number of nucleoli/ 

nucleus, however, increase significantly. In addition 

to increase in the size of cell, the sinusoidal spaces 
usually increase in area, while the cytoplasm is marked. 
by numerous vacuoles. 

That the dieldrin is a potent compound, which 
besides disturbing biochemical millieu can also bring 
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about vast histopathological changes in liver (Hurkat,  

1977; Kiselman, 1953;'MathUr, 1975; Shakoori et al., 

1982) and kidney (Reuber, 1980; Reddy and Khan, 1975, 
1970. 

Several ultrastructural changes caused by dieldrin 

feeding have also been described (Kimbrough et al.,1971;, 

Kohli et al., 1977c; Roux et al., 1974). Lysosomas 

usUallY get stabilized and increase in number after 
dieldrin treatment. The AcP activity has been reported 

to disappear (Roux et al., 1974). 

General Observations 

Effects of dieldrin in the non target organisms is 

marked by quite diverse types of results from different 

labs. Inspite of several controversial and diverse 

findings in connection with carcinogenic effects (e.g. 

Davis and Fitzhugh, 1962; Innes et al., 1969; Epstein 

1975 a, b; Reubor, 1976, 1978a,b; 1980; Maslansky and 

Williams, 1981 and several others, see paragraphs 

on page 102), teratogenic effects (Dix et al„ 1977; 

Ottolenghi et al., 1973), mutagenic effects OMajumdar 

et al., 1977; Marshall et al., 1976; Dean et al., 1975) 

due - to administration of dieldrin, the several histo-

pathological changes produced in different tissues/ 

organs mainly liver, kidney and blood are generally 

uniform , which arc manifested in terms of typical effects 

of toxicity. That the LFT are disturbed has abundantly 

been made clear in the present studies. The dieldrin 

spray has therefore a great potential hazard for human 

health and animal life (Allsopp, 1978; Babcock and 
Flickinger, 1977) and unless proper care is taken at the 
time of insecticidal spray, this insecticide will cause 
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ecological and human and wildlife problems inspite of 
the controvernal effects mentioned above. Dieldrin is 
a metabolite, of aldrin, which is produced.as a result of 
microsomal epoxidation. Aldrin, therefore, besides 
inflicting its own pathological changes, may be more 

harmful through its metabolite 	dieldrin, which is 
produced%by, microsomal epoxidation (Giliasuddin and 
Menzer, 1976; Kuikarni and Hodgson, 1984; Kuriham-et a 

,.• 
1984; Buck and Van, 1968). 
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INTRODUCTION 	
•• • • 

Aldrin is a widely used chlorinated compound of 
cyclodiene group. It is one of the most, ative,general 
contact and stomach insecticide and has beeh used 

against the crop insects, and the termites in the soil 
(Hassall, 1969;, Kor6hien k  1.970,1971; Lichtenstein 
et al., 1970), ...;Like other compounds of the group aldrin 
is highly lipophilliC and is a central,nervous system 

stimulant, Aldrift is readily converted 'into its, 
epoxide, dieldrin, in the soil ,and ;in the biological • 
systems such as fat., muscle and ,.liver (Bann et al., 
1956; Buck-and Van, 1968i Lichtenstein et al., 1970;, 
Korschgen, 1971; Corbett, 19744, Ghiasuddin and Menzer, 
1976), where it is stored'almost unchanged. 
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Remarkable amounts of residues are reported 
from the plants and food stuffs (Correia, 1972; 

Balayannis, 1974). In literature .several cases regard-
ing contamination of aquatic and terrestrial food., 

chains with insecticide residues are quoted (Graham, 

1970; Korschgen, 1970; Rudd, 1975; Hashemy-Tonkabony 

and Langaroodi, 1976). Deichmann et al. (1971a) fed 

aldrin to pure-bred beagles for 10 months which resulted 

in a constantly increasing concentrations of dieldrin 
in b.lbod , and body fat. Discontinuation of aldrin 

administration resulted in the gradual decline in 

dieldrin fat concentrations from 75 ppm to 25 ppm after 
12 additional months (Deichmann et al., 1971a). 

These residues pose a severe threat to our 

ecosystem because of their greater stability. They are 

very slowly metabolized and excreted by maAmalian 

system in milk and other dairy products (Buck and Van, 

1968; Downey et 4., 1975; Vreman et al., 1976; 

Kodric-Smit et al. , 1980), As far as vertebrates are 

concerned, aldrin is a highly toxic compound. The 

toxicity may be due to direct ingestion through food, 

through inhalation, and through industrial and :occupat-
ional exposure for exampleduring agriculture and 

public health programmes. Hayes (1963) has reported 

that the effects of aldrin and -dieldrin are similar, 

both qualitativelyand_quantitatively in animals and 

appeared to be true 	 Cleveland (1966) 

did not observe any mortality or decrease in growth 
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rate in rats after feeding aldrin-mixed diet for 2 
years-at the concentrations of 2.5, 12.5 and 25 ppm. 

• 
However at 12.5 and 25 ppm dcPQ, the animals showed 
increased liver.weights. Oral ,administration of 
aldrin to beagles;,.who64.- di0 a],rea4y inc]cided 

fixed oral dosage of .DDT resulted dn'a dramatio rise 
in the cencentrations- 6fDDT;Dand DDD in the 
blood and gat (Deichmanh et al.,.1971b). 

Aldrin affects the blood components (e.g. 
Moss and Hathway, 1 964 ; Deichmann et al., 1971a ; 
Mick et al. ,1 971 	Mahajan and Juneja 1 1979) as it is 
the first -target &nd carrier of insecticide inside 
the body and the liver in fish, beagle dog and man 
because it has a key role in body metabolism. There 
are few scattered reports regarding the effect of 
aldrin in biochemical aspects ofrertebrates. 
Gertig et pl. (1971a,b) has .reported the effect cf' 
aldrin on transaminase (aspartate 	trvsferase 
and alanine amino transferase) tind,phosphatase 
(alkaline and acidic) activities: Aldrin( like other 
xenobiotics, also induce microsomal enzyme's', the 
extent of which, according to K 
	

13 1A,grid; 8.,d 	( 1 9 7 5 ) , 

is dose dependent. 
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Aldrin also affects the carbohydrate metabolism 
in Indian cat fish (Srivastava and Singh, 1981).  

Reproductive function and development in animals 
is also altered by aldrin (Kitselman, 1953; Deichmann 

et al., 1971b; Ottolenghi et al., 1973), besides known 

neurotoxic effects (Gupta, -1975). 

Exposure of animals to aldrin resulted in 

histopathological changes in liver, kidney and other 

tissues, which include parenchymatous cell degeneration, 

hypertrophy and necrosis (Kitselman, 1953; Cleveland, 
1966; Reuber, 1976, 1980). Corelations between 
accumulation of organochlorine insecticides and patho-

logies of liver, oarginomal premature biith, lung 

cancer, leukemia malignant neoplasia, aplostic anemia, 

atrophy of the bone marrow, neurological syndromes and 
kidney diseases have been made (IrroChinskii et al:4  

1976). Aldrin has also been shownto affect the 
development and course of the cardiac pathological 
processes in. rats and rabbita (Kagan et Al., 1974):  

There are conflicting reports about the 

carcinogenic potential of aldrin in the literature 

(for example Cleveland, 1966; David, 1979):. 
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However, National Cancer Institute (NCI) report 
1978, conclude that there 'was no convincing evidence 
that aldrin or dieldTin-were carcinogenic. Although, 
increase in liver lesions called hepatoma, was 
observed in mice. This report is' based on the previous 

work of Song and Harville‘1964); Fitzhugh et al. 1964) 
Deichmann et al. (1977);- Walker et al. (1'968); 
Stevenson et al. (1976); Cleveland (1966); Davis and 
Fitzhugh (1962); and Thorpe and Walker (1973). 

Gillespie et al. (1979) have made an,aasessmeat 
of carcinogenic riskd in the United States and. 
Great Britain due to aldrin and dieldrin. 

The present studies aim at _evaluating the effect 
,of-  long term feeding oi aldrin to rats. These 
effects have been assessatein terms of haematologica 
biochepical and histopatho1og4.cal changed in liver 
of tcl:drin treated 
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2. MATERIALS AND METHODS 

2.1. 	ANIMALS 

A colony of. sprague DwIey albino-rats raised as 
described in the first chapter of this report was used for 

the present studies. The rats used were as follows:- 

a) For short term experiments, two groups of 

female rats, weighing about 160-250 g and 6-8 

months of age were used. One group was used for 
feeding insecticide for.48 hours, while the 

second was used for feeding insecticide for 
15 days. 

For long term experimentstmale rats about 50-70 

grams and, 2-3 months of age were used., 

2.2. 	PREPARATION OP FEED 

The rat feed was prepared in the same way as des-
cribed in Chapter I of this report. 

'2.3:- 	INSECTICIDE USED 

Aldrin (1,2,3,4,10, 10-hexachloro-1,4,4a,5,8, 

8a-hexahydro-1, 4-endo-exo.-5, 8-dimethanonaphthalene) a 

chlorinated insecticide of cyclodiene group (20% EC) wad 

obtained from Entomology Department, University of Agricul-

ture, Faisalabad, and administered to the animals orally 

along with feed. 

2.4 	ADMINISTRATION 'OF INSECTICIDE 

Aldrin was administered to rats as strong and weak 

doses as follows:- 
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a) Strong dose 

For short term experiments, two levels of strong 

doses were administered. In one group of rats 

a strong dose of 8 mg. Aldrin/kg body wt/day was 

administered for a total period of 15 days. In 

the second group, 2Q mg aldrin/kg body weight/ 

day was administered for a total period of 48 

hours. 

b) Weak dose, 

A. weak dose.atHa rate of.2.5 mg/kg body weight/ 

.day. was administered to another group of rats for 

18 months. 

2.4.1. SHORT TERM EXPERIMENTS 

For short term experiments, in which the total durat-

ion is 48 hours in one case and 15 days in the other, the 

insecticide was administered as follows:- 

) For 48 hour experiment the insecticide mixed 

diet was prepared by mixing 0.8 ml of 20% EC 

Aldrin in 1 kg of rat feed. Since each experi-

mental rat on the average consumed 30 g of feed 

daily, it will get 20 mg aldrin/kg body wt/day. 

b) For 15 day experiment, ;the insecticide, mixed :  

diet was prepared by mixing 0.32 ml of 20% EC 

Aldrin in 1 Kg of rat feed. The rats in thiy 

way got 8 mg aldrin/kg.body weight/day. 

2.4.2. LONG TERM EXPERIMENT 

The insecticide-mixed diet was prepared by adding 

0.1 ml of 20% aldrin EC in small amount of water and then 

that insecticide-mixed water was thoroughly mixed with 1 kg 

of ingredient mixed feed. 
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That way the rats.  consumed 2.5 mg aldrin a.i.)/ 

kg body weight/day. 

2.5. 	PROCEDURE ADOPTED 

Experimental procedure adopted for the two short 

term and one long term experiments is the same as described 

in Chapter Z for dieldrin experiments. The prodedures 

adopted for collection of blood, liver processing, haemato-

logical studiesi biochemical analysis of blood, biochemical 

analysis of liver and histological studies were the same as 

described in Chapter I. 
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3. RESULTS 

3.1. 	EVFECT OF ALDRIN MIXED DIET (20 mg/kg body 
weiaht/day)  ADMINISTERED FOR  48  HOURS 

3.1.1. HAEMATOLOGICAL STUDIES: 

Aldrin administered at 20 mg/kg body weight/day 
produced typical reaction in the haemoglobin content, 

RBC counts and VBC counts (Fig. 1, Table" I). A control 
rat has 13.27+0.14 g haemoglobin/100 ml, 6.84 X 106+0.25 
RBC/u1 and 6.36 X 103  WBC6.11. The haemoglobin content 
decrease 11 and 12% respectively after 24 and 48 hours of 
insecticide feeding. The RBC count is likewise decreased 
14% after insecticide administration. The WBC count is 
conversely increased 27 and 25% respectively after 24 and 

48 hours (Fig. 1, Table I). The PCV in control rats is 

42.09 + 0.34%, which remains unaffected after aldrin 
treatment. The MCV and MCH is significantly increased 

after insecticide treatment while the MCHC is decreased 

8-9% after insecticide treatment for 48 hours (Fig.1, 
Table I). 

3.1.2. BIOCHEMICAL ANALYSIS  OF BLOOD 	of 

Figure 2 and Table II show the effect/aldrin fed 

for 48 hours on the various enzymatic activities of rat 

blood serum. Almost all the enzymes except for GPT acti-
vity are significantly altered. The control rat blood 

serum shows AP activity 11.67 + 0.16 KAU/100 ml and AcP 
activity as 4.23+0.2 KAU/100 ml. The AP activity is 
comparatively more drastically changed, as compared with 

AcP. After 24 and 48 hours of aldrin administration,the 
increase in AP activity is respectively, 51 and 141%, 
while the increase in AcP activity is 26 and 15%. The 

GOT activity is one of those enzymes, which is most 

drastically affected after aldrin treatment. The activity 
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TABLE - I 

EFFECT OP FEEDING ALM = =ED DIET (20 mg/kg body 
weight/day) FOR A PERIOD OF 48 :TOURS ON THE MAEMATO-
LOGICAL PARA-/]TRS OF AL3INO RATS. 

Para-
meters 

24 hburs 
(n = 4) 

48 hours 
(n = 4) 

.Oontrol 
(11 = 7) 

Aldrin feeding 

Hb 
(g/dl) 

13.27+0.149* 11.77+0:15 
*** 

11.74+0.23 

RBC 6.84+0.25 '5.87+0.06 5.89+0.12
**  

(X106 

oelIS/p ) 

WBC 
*** 

(X103  6.36+0.26 , 	11'+0:111 7.98+0,09 
ckils/ul) 

• 
PCV 
(%) 42.09±0'.34` '40.771-0.63 41.00±0.57 

MC V 
(fl) .61. 56±0.17 69.511-0:55 69.70±0:44 

IUiCII 1.9..38+0, 08 20.07+0.13 19.95+0.1 (Pg) 

MCHC 
(g/dl) 

. ..*** 	*** 
3152+0.09 28.88+0.24, 28.61+0.23. 

  

aMean + SEL, Student'  
,** 

P 0.05; 	P.'. 0.01; 
't' test; . 
*** 

P 0:001 
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TABLE 

EFFE_02 OPTEEDING ALDRINIXED DIET -(20 mg/kg 'body 
---Weight/day) . FOR 48%1.1:OURS ON ACTIVITIES OF SOME ENZYMES 

OF ALBINO RAT BLOOD SERUL. 

4 

Ap 
(KAU/d ) 	11.67+0.10 

AcP 
(RAU/d1' 	4.23+0.20 

Amylase 
(Somogy1' 216..774-8.02 
tinits/d1)-
ChE 
('Rappati- 	24.37+1.42 
ort units/ml) 
CPR 
(Sigma 
unit s/ml 
GOT 
(IU/1) 

GPT 
(IU/1) 

17.62-±p:H.r.'-- • 28.11 

5.31±0.31 	4.85+0.1g 

*** 
238.S2+10.76 327.27+16.82 

38.40+4.31- 

	

10.70+0.64 
	

11.82+0.51.  

	

*** 	 *** 

	

43.49+2.40 	1Q1.99+5.31' 

	

23.16+1.81 
	

23.67+2.21 

9.01+0.63 

21.73+1.65 

23.05+2.40 

** 
45.75+4.77 

IC DH 
(Sigma 	243.18+14.80 
units/m1) 
LDH 
(IU/1) 	465.66+26.29 

**-Y 
392.48+23.05 

* * * 
678.12+21.10 

570.26+44.04 

*** 

827.64+25.55 

aMean+SEM, Student's 't' test; 
** 	 *** 

PI 0.05; 	PK 0.01; 	P< 0.001 
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increase 100% and 69% from a control value . of 2173+1.65 
IU/1 after 24 and 48 hours of insecticide feeding. The 

LDH activity and ICDH activity also show increase after 

insecticide treatment. The control blood serum shows 

LDH activity 465.66+26.29 IU/1 and ICDH activity 
43.18+14.80., which increase 46 and 78% after 24 and 48 

hours (for. LDH) and 61 and 135% 	(for ICDH activity). 
The CPK activity is affected only.  after 4$ hours of 
insecticide exposure, when it is increased 31% and is not 

significantly affected after 24 hours of aldrin adminis-

tration. Amylase, just like CPK, is also not affected 

at 24 hour obseivation time, but shows an increase of 60% 

over the control activity. The control serum shows ChE 

activity of 24.37+1.42 Rappaport units/ml, which is 

increased 53 and 88% after 24 and 48 hours, respectively 
(Table II, Fig.2). 

The blood serum protein increase after aldrin 

treatment, \ihile the free amino acids (FAA) decrease 

during the same oeriod (Table 	Fig.3). The blood 

serum proteins increase 1-3 and 26%, while the F.AA content 

decrease 14 and 18% after 24 nad 48 hours of aldrin 
treatffient. -Thebilirubin,' cholesterol and urea decrease 

during
V( 
 the same period after insectieide_treatment. The 

bilirubih. decrease 35.  And 29% from control level of 

0.72+0.07 mg/100 ml, while the cholebteroa eontent 

decrea6. -.31 and 29% after 24 and 48 hours of aldrin 

treatment. aater 
	 , 

T,he urea content, on the other hand, remain 
unaffected / 24 hours.treatMelt and shows' 31% decre"ase, 

after-2,48 hours of aldrin treatment. The glucose content 

likewise A6c±ease 1.'a:2and-28% after 24 and 48 hours of 
aldrin administration (Table III, 	3). 

7 
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TABLE III 

EFFECT OF FEEDING ALDRIN MIXED LIET (20 mg/kg body 
weight/day) FOR 48 HOURS ON SOME BIOCHEMICAL OMPONENTS: 
OF RAT BLOOD SER1Li. 

Para—
meters Control Aldrin feeding 

  

= 24 hours 
(n = 4) 

48 hours 
(n = 4) 

Bilirubin 
(mg/dl) 0.72+0.07a  0.47+0.05 .0..51+0.07 

Cholesterol195.64+6.94 (mg/di) 
*** 

135.34+6 .78 
*** 

139.06+5.33 

Free amino.. acids. *** 

(mg/dl) 7.26+0.19 6.211-0.05 5.93+0.2g. 

Glucose 
(mg/di) 107.37+3.36 119.99+5.94 137.74+476" 

Protein ** 
(g/dl) 7.30+0.13 8.28+0.23 9.18±0.40 

Urea 
(mg/dl) 35.49t0.96 33.63+1:03 24.46+114 

Mean+SEM, Student's 't' test; ' 
** 	 ** 

P 0.05; P 0.01; . P 0.001 
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3.1.3. BIOCHEMICAL ANALYSIS OF LIVER 

The hepatic enzymes are not affected to that 

extent, as they were in blood serum after aldrin treat-

ment. In fact GPT and ICDH activities are not affected 

at all, while the LDH activity. and GOT activities are 

signifcantly altered only: after48 hours of aldrin 

feeding (Table IV, Fig.4). The control liver shoWs GOT. 

activity701+0.3QIU/g, which increases 18 and 28%, 24 
.and 48-  hours after Eiiat'in administration. The LDH 
activity, on the other hand, decreases 26% after 48 hours 
of 'aOri- treatme/41+-H The., AP activity is, however•, 

drastically affected. The control liver shows AP activity 

0.80+0.16 KAU/g, which increases 69% and 171% after 24 and 
48 hours of aldrin feeding. 

Figure 5 and Table V shoWs the effect of aldrin 

feeding oh the various biochemical components of liver 

other than enzymes. The nucleic acids (both DNA. and RNA) 

do not show any significant change after aldrin treatment, 

while the total proteins show 19 and 13% increase during 
the same period i.e. 24 and 48 hours after• aldrin treat-
ment. The soluble protein likewise 3how increase of 13 

and 18%, but conversely the FAA content decrease 68 and 

37% after 24 and 48 hours 	respectively. The 

cholesterol content in control rat liver is 7.62+0.22 

mg/g, while the glucose content are 20.14+0.53 mg/g. 
The Cholesterol content decrease 29% after aldrin treat-
ment, while the glucose content is significantly (43%) 

decreased after 48 hours of aldrin treatment (Table V, 

Fig.5). 
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TABLE - IV 

EFFECT OF FEEDING ALDRIN MIXED DIET (.20 mg/kg body 
weight/day) FOR A PERIOD OP 48 HOURS ON THE ACTIVITIES 
OP HEPATIC ENZYMES OP ALBINO RATS. 

Para- 
meters 

AP.  
-(-emu/g) 

Control 
(n = 	5) 

0.80+0.1 6a  

Aldrin feeding 

24 hours 	48 hours 
41T. 	 _(n = 4) 

**-y, 
1.36+0.1" 	2.18+0:09 

GOT 
(IU/g) 7.11+0.8-  8.'40+0451: 911+0.5t 

GPT 
7.32+0.58 7.88+0.55 10;2/+1.22 

ICDd 
(110' Sigma 
units/g) 

31.39+0.78 27.71+3.16 31.20+2.46 

(X107 IV/g) 56.57+4.43 66.24+3.32' .41,83+27g 

.a..Mean +. SEM, Student's 't' test;,  
** 	 ** 
P< 0.01; 	P 0.'001 
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C = CONTROL 

24 = 24 HOURS ALDRIN FEEDING 
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- V 

EP SECT OP Fil;EDIG ALDRIL 11[IXEL' 
weight/day) FOR 48 HOURS ON 
COMPONE.NTS OF ALBINO RAT LITM. 

Para- Control 
meters 	(n = 5) 

Cholesterol 

DIET (20 mg/kg body 
THE VARIOUS BIOCHEMICAL 

Aldrin feeding 

24 hours_ 	48 hours 
(n 	 (n = 

** 

(mg/g) 	7:.62}0.22a. 5.35±0.50 5. 42+1 .06 

FAA  *** 
(-Wile) 	399.2 	18:13 126.24+0.51 250.23+20:;27 

Glucose 
(mg/g) 	20.14+0.53 2044t0.76 11.57+1n5 

Soluble Protein 
(mg/g) 	111.18+5..08 125.41+10.25 142.17+12.01 

Total protein ** 
(mg/g) 	199.33+6.11 237.38+8.21 174.02+10.58 

DNA 
(mg/g) 

RNA 
(mg/0) 

3.04+0.44. 

9.53+0.55 

2.99+0.33 

10,44+1.72 

2.54+0.45 

9,04+0.75 

AM. 	••••••.•11114.3.m 

7 	• • 

aMean+Sai, Student's 	test;,  
2 1_0.05; 

** 
P'' 0,01; 	P 
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TABLE—VI • 
EFFECT OF FEEDING ALDRIN MIXED DIET ( 20 mg/kg body wt./ 
day) FOR 48 HOURS ON THE VARIOUS HISTOLOGICAL PARAMETERS 
OF RAT LIVER. 

ilF.r....111 

Parameters 	Control 
(n = 90) 

Aldrin feeding  

  

  

24 hodrs'- 	48 hours 
(n = 90) 	(n = 201 

 

  

No.of cells/ 
field. 	252.91+8. 230.41+6.24 	212.68+11.64 

No. of nuclei 
cell. 	 1.13+0.19 	1.16+0.04 	1.13+0.04 

Alo.of nucleoW 
Nucleus. 	1.47J-0.11 1.52+0.00 	1.53+0.09 

', Size of cell 
(,u

2 )  279.79+14.24 373.26+12.4 391.92+9:84 

—Size of nucleus., *** 

(11
2 )  47.29+2.01 68.01+1.93 62.05+1.83 

Size of 	2  *** 
Nucleolus(ip ) 	2.94+0.26 5.52±0.35 5.26+04:52 

aMean+SEM, Student's 't' test; 
** 	*** 

4. 0.05; 	P <,0.01; 	P 0.001. 
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FIGS.?-9: Histological structure of normal rat liver. 
Note the general lobul structure (7) with many 
portal areas, almost linear hepatic cords (8) and 
arrangement of nuclei and cells (8, 9). 

Stain: Hematoxylin and Eosin. 

Magnifications: 7, x25; 8, x100; 9, x250. 
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3.1.4. HISTOLOGICAL STRUCURE OF LIVER 

Table VI and Figure 6 show the effect - of aldrin 
feeding on the various histological parameters of male 
albino rat, livers., -;The size of, .hepatic cell, its nucleus 
and nucleolub inc .eases tremendously after insecticide 
treatment for a taal peridd of 48 pours. A typical _ • 
hepatic cell measIlres 279,79414.24 ;u2  (n = 90), while its 
nuclear size is er.29+2.01 ,u (n = 50) and nucleolar size 
is 2.94+0.26 p.2(n = 90). After aldrin treatment for 24 
hours and- 48 hours, the hepatic cell size increases 33 
and 41%,respectivelY, the auclear size increases- 44 and 
31% respectively, while the nucleolus shows 88 and 79% 
inoreaSe (Table VI, Fig. 6). The number of nuclei/cell 
and number of nucleoli/nucleus remain unaltered 

That the hepatic cAllsand their nuclei and 
nucleoli hypertrophy afte insecticide t±eatment is 
obvious from Figures;10-16. The insecticide exposure for 
48 hours has much more prominent and drastic effect as 

compared to 24 hours treatment, comparison of Figures 9 
(control) with 13 (24 hours) and 16 (48 hours) highlight 
the effect of insecticide. Nuclei are prominently', 
vesicular with well defined nucleoli. The entire hepatic 
1.obule is marked by extensive vecuolation, which 
typical sign of toxicity. In certain cases a part, 'of the 

liver tissue was seen-to develop signs of necrosis 
(Figs. 10, 11). 

3.2, 	EFFECT. OF ALDRIN MIXED DIE.- 
(8 mg/kg body weight'/day 
ADMINISTER 'D FOR 15  DAYS  

3.2.1. BODY- WEIGHT• AND,LIVBR WEIGHT  

The total body weight of rabbit cicreases after 
administration of aldrin at a dose of 8 mg/kg body weight 



TABLE — VII 

22ECT 02 .P.L,ELIUG ALDRIN idIXED DIET (8.  mg/kg body weight/day) FOR A p,rau OF 
15 DAYS ON THE TOTAL BODVAND LIVER EIGHT OF ALBINO 

Al drin 
feeding 

Total body weiVitica-1  
eight 

0—day 	, Before 	gain 
Slaughter— 	( %/day) 
ing 

Body weight/ Liver wt. / 
liver 	(% body 
weight 	weight ) 

Control 
(n=6) 185.00+11.864  214.42+12.10 

3 day 
(n=4) 237.37+13.56 252.75+15.50 

6 day 
(n=4) 168.75+6.84 188.37+7.03 

9 day 
(n=4) 146.75+6.05 162.37+6.53 

12 day 
(n=4) 161.75+12.31 183.37+13.78 

15 day 
(n=4) 164.00+9.61 191.50+11.08 

1.99+0p 15 36.32+0.62 2.76+0.05 

2.13+0.18 26.78+1:15 3. 76+0.18 

1.95+0.16 26.27+1:51 3.82+0.14 

1.19+0.10 28.73+0140 3.49+0:11 

*** 
1.12+0.09 31.89+1.17 3.15±0.1 2 

*** *** *** 
1.12+0.02 30.39±0.62' 3.29+0.06 

aMean+SEM;  Student's I t' test ; *P / 0.05; 	P < 0. 	
**

01; 	0.001 
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per day. Control rabbits generally show 1.99+0.15% 
gain in body weight per day. After three days of aldrin 
feeding the percent weight gain is 2.13+0.18 per day 

which decreases to 1.12% per 'day after 15 days of inse-
cticide administration (Table VII). The body weight/ 
liver weight ratio is 36.32+0.62 (n,.. 6), which decreases 
to 26.78+1.33 (n = 4) after three days of insecticide-
administTation. The ratio further decreases to 
26.27 after 6 days but starts increasingg- dUring prolonged 
aldrin feeding (Table VII),,The liver wieght in terms 
of % body weight increases' after insecticide treatment 
(Table VII). 

3.2.2. HAEUTOLOGICAL  STUDIES 

Aldrin administered at a dose o' 8 mg/kg body 
weight causes significant decrease' in the haemoglobin 
content, RBC 'count, and PCV (Table VIII, Fig. 17). The 

haemoglobkn'Oontent decrease'from 13.04 ±0.16 g/dl 

6) to 12.06+0.19 g/dl (n = 4) within 6 days of 
aldrin treatMent. It continues to do so till day 15, 

when the haelOglobin'content are decreased 12%. The 
RBC count is affected within three days of aldrin feed-
ing, when it shows 10% decrease. This count gradually 
decreases till day 15, when it is reduced 	22%. The 
PCV is likewise affected, but only after 9 days of 
aldrin feeding and continues to do so till day 15 

(Table VIII, _Fig. 17). The lad on the, other hand is 
conversely affected, A control rat contains 65.50+ 

5.20 X 102  cells/al (n .6), vffiiih increase 20% within 
three days of aldrin,treatment. The WBC continlles,to 
increase till *day 15, when it is 45% more thanthe 
control, The various other haematolagical parameters 
such as MCV and NCH are also significantly increased after 

'• 
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aldrin treatment for 15 days. The MCHC on the other. hand 

decreases during this treatment. The decrease affected 

is generallF6-7%'(Table VIII, Fig. 17). 

3.2.3. BIOCHEMICAL ANALYSIS OF BLOOD 

  

Table IX and Figure 1:8 shoWthe effect of . aldrin. 
administered at a dose of 8-̀.mg/kg `body weight/day for 
15 days on the various enzymatic'activities of rat blood 
serum; 

Activities of moat of the enzyMes•testedsuch 
AcP, Ap, amylase, SGOT,, SGPT, LDH and CPK are increased' 
after aldrin feeding for 15 days, Usually the increase 

in activity is accelerated with increasingduration Of 

insecticide administration. Most of these enzymes are 

drastically affected within three days of aldrin feeding: 

The AP activity increases 94, 129, 240, 278 and 368% 
after 3, 6, 9, 12 and 15 days of insecticide feeding. 

The AcP activity likewise is increased 115, 194, 256, 
142 and 105% after 3, 6, 9, 12 and 15 days of feeding. 
The control rats show 27.80±1.48 IU/1 of SGOT and 

22.39+1.60 IU/1 of SGiT activity. After aldrin feeding 

the fOrmer activity shows an increase of 136, 143 and 

195% after 9, 12 and 15 days of feeding, while the latter 

enzyme shows an increase of 88, 117, 73, 75 and 23% on 

day 3, 6, 9, 12 and 15 (Table IX, Fig. 18). From 

amongst dehydrogenases LDH activity increases 39, 49, 

96, 103 and 115% after 3, 6, 9, 12 and 15 days of aldrin 
fceding 	while the ICDH activity is conversely 
decreased 41, 40, 11, 23 and 22% during the same obser-

vation periods. The CPK activity is also increased 

significantly after 9 days of aldrin feeding, when it 

shows 83% increase over the control activity (Table IX 
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TABLE - 

EFFECT OP FEEDING ALDRIN MIXED DIET ( 8 mg/kg body "-sive4ght/day) FOR. 15.• 	DAYS. ON THE 
V.a.IOUS HAEMATOLOGICAL PARAMTE13,,S OP ALBINO 1. i T 

PararQ,eters ont rdl 
• (n=6) 

   

Aldrin fes4nE 
• - , 

(n = 4)' 

   

3 days 
(n = 4) 

 

6 day s 
(n 	4) 

12=, days 
(n. = 4) 

 

15 days 
(n = 4) 

Hb 
(g/dl) 	13.04+0.16a 	12.71+0.19 

RBC 	 • 	** 
(X105cells/69 10+1.20 	62.38+0.95 
P.1) 

(X10 
u1) 
PCV 
(%) 	 43.28+0.40 	42.34+0.35 

* 12.'06+0.19 

60.18+Ln 

? 	, * 
88.50+3., 23 

42.97+0.25 

	

78+Ong 	-11.63+0.15 

*** 

	

58.25+1:4'31 	55..42+1.08 

	

87. 25-14.57 	t96, 0Q+4.87 

	

41.93+.0 '.33 	40.17+0:15 

*** 
11.48+0.19 

*** 
53.75+19..01 

** 
54.92+4. 43 

40.6a- +0. 44 

cells/65,50+5.20 78.09+2.30, 

• ,*** 	*** 

	

72: 51+0.83 	75.70+1 • 94 
MC V 
(fl) 

14CH 
Pg) 

MCHC 
(g/dl) 

62.644;0.46 

18.88+0.28 

30.15+006 

68.70+0:17 

20.29+0.51 

(- *** 

	

71.49+1:17 	72.07+1.15 

	

20.0610122 	20.23+0.18- 
* * 

20.97+0.31 

28.94+0.58 

21.39+0'1'4 . 

28.27±0.25 
** 

29.54+0.23 28.06+0.,;t29 2;8.09+0.,22 

* 	 ** 	 *** 
test; 	P ( 0.05; 	-1)  0.01; 	P 0.001 aMean+SEM Student's ' t ' 
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TABLE - IX 

EFFECT OF. FEEDING ALDR1N MIXED DIET ( 8mg/kg body 
weight/day) FOR 15 

ENZYMES 
DAYS ON 

OF FAT BLOOD 

3days 

THE ACTIVITIES OF VARIOUS 
SERUM 

2ara, 	ContrOI 	 
meters 	(n = 7) 6days 

Aldrin feeding 
9days 	12days 15days 

(n=4) (n=4) (n=4) (n=4) (n=4) 

AcP 
(KAU/d1) 	3.63a  7:n 10.68 *** 

12.92 
*** 

8.77 
*** 
7.45 

±0.26 + 008 ± 0.171 ± 1.08 + 0.49 ± 0.28 
*** 

AP 	 8.57 16.64 19.58 	29:16 32:51 40.09 
(KAU/d1) 	± 0.39 + 2.14 ± 1.60. A- 	1.32 +. 2.59 + 2.78 

* 
Amylase 	226.76 309.25 38411.  354.28 429.62 473.91 
(Somogyi '+14.45 +18.86 ±28.11 +39.03 +21.8 +414.74 
ii/c11) * tip,.* it -it 
SGOT 	27.80 28.74 34.12 65.74 67.49. 81.99 
(IU/1) 	± 1.48 ±1.65: + +2,61 ±2,.8,7 

SGPT. 	22.39 41.99 48.59 38. .39.11 27.47 
(IU/1) 	+ 1.60 +:306 ..I- 	14.87 +2.91 ±3.89 

*** *** 
LDH 702.43 754.32 990:5g 1029:n 1090:M 
(IU/) 	±21.91 ±17.53 +25,85 +50.55 ±38.51 14-56.24 

IC DH 	428.76 254:5g 256:1A 380.18 328'1'6 335.9 
(Sigma 	+12.93 
unit s/ml) 

± 9.25 :+18.T8 +15. 48' ±15.76 +34..69 

CPK 	9 9.66 9.12 1 3..81: 17114i 4,"'11.8 7 
(Sigma 	+ 0.60 
units/m1) 

± 0.55 ±2.37-  +1.10 ±1.̀15 +1.11 

ChE 	34.77 24.00 28.72 29.62 29.25 32.21 
(Rappaport+ 2.34 ± 3.06 +-2.56 + 3.74 + 4.11 + '4.59 
U/mi) 
a - Mean+SEM; 	P ( 0.05 ; ( 0.01 ; 

*** 
P 
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C= CONTROL 

3= 3 DAYS ALDRIN FEEDING 

6= 6 DAYS ALDRIN FEEDING 

9= 9 DAYS ALDRIN FEEDING 

12 =12 DAYS ALDRIN FEEDING 

15=15 DAYS ALDRIN FEEDING 

FIG.19. Effect of feeding aldrin mixed diet 
(80 mg/kg body weight/day) for 15 days 
on the various biochemical parameters of 
rat blood serum. 
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C = CONTROL 

3 = 3 DAYS ALDRIN FEEDING 

6 = 6 DAYS ALDRIN FEEDING 

9= 9 DAYS ALDRIN FEEDING 

12 = 12 DAYS ALDRIN FEE DIN G 

15 =15 DAYS ALDRIN FEEDING 

FIG. 20. Effect of feeding aldrin mixed diet 
(80 mg/kg body weight/day) for 15 days 
on activities of some enzymes of rat 
liver. 



TABLE - X _ 

EFFECT OF FEEDING ALDRIN MIXED DIET ( 8 mg/kg , bOdy weight/-day) FOR 15 DAYS. ON .THE 
VARIOUS BIOCHEMICAL 2ARALETERS OF RAT BLOOD SERUM - 	• 

Parameters Control (n =47) 

   

Aldrin f2eding 

9 days. 
4) 

   

 

3 days 
(n = 4) 

6 days 
(n = 4) • 

12 days 	15 days 
(n = 4) 	(n = 4) 

Biliru-bin 	 *** 	 * ** 
(mg/d1) 	a.76+04 e 	1.87+0.11 	1.67+0.4 	1.34+0.11 	1.29±0.12 

	

m 	1.24+0.07 

Cholesterol 
(mg/d1) 	• 180.73+7.16 	172.38+7.37 	170.48+9.17, 161.32+7.31 	158.07+15.84 159.44+15.03 

,-. 	Protein 	 *t  
1  (g/dl) 	8.04+0.21 7.64+0.16 8.56+0.28 9.78+0.52 9.71+0.3b 10.54+0:11 

FAA ** 	 *** 
(mg/dl) 	9.81+0.14 	7.68+0.53 	6.44±0.51 	6.35+0:-a 	4.36+0:17 

Glucose 
(mg/di) 129.60+7.08 94.61+8.8S 88.37+5.45 .68.87+511 90.15+5.67 96.08+8.75 

Urea ** 
(11X;/(4) 33.56+1.19 42.'994-2:51:. 42.50+1.16 51.44+311 67.76+2:11 57.00+2:14 

4 * 	, a Mesn ± SEM, Student's I 	test; 	Pk 0.05; 	a 	
44

sol j 	P 0.,001 
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Fig.18). The amylase activity is likewise increased, 

which is affected, with4e three days- Of insecticide 

feeding.,  The increase is 36, 70, 56,:90 and 109% after 
3, 6, 9, 12 and 15 days of insecticide feeding. 

Cholinesterase is the only enzyme, which is 
beast affected by aldrin feeding. Except for first 3 
day observatiOn, when ChE activity is decreased 31%, all 
other deviations were ion 0:gnificant. 

Table Land Figure .19 shows the effect of aldrin 
feeding on the various biochemital components of blood 
serum other than enzymes. A control rat shows 0.76+0.04 
mg/100 ml (n =,7) bilirubin content, which increase 

147, 121, 77, 71 and 64%:after 3, 6; 	12 and 15 days 
of insecticide tredtment. The urea content are likewise 
increased. The increase is 28, 2Y, 5,-102 and 70% 
during the same observation period. The- blood serum 
proteins increase, but .only after 9 dayS_of aldrin feed-
ing, when it is,22% mere than the control'. After. 15 
days of aldrin feeding the- protein content increased 

31%. The FAA content are highly sensitive and decrease 
22, 36, 34, 35 and 56% after 5, 6, 9,'12--and 15 days of 
aldrin treatment. The glucose content ;:also decrease 

, 	 . 

(Table X, Fig. 19). The= cholesterol content however, 
remain unaltered. 

3.2.4. BIOCHEMICAL ANALYSIS 02 LIVER 

Most of the hepatic enzymatic activities!(Fig.20, 
Table 'XI) and other biochemical components (Fig. 21, 
'Table XII) are 'significantly affected after oral admi-
nistration of .aldrin at a dose of,8 mg/kg body weight/ 
day for 15 day. 



Lf1 

.ABLE 

EioECT OF 

Para- 
meters 

• 
FEDILG ALDRIN ME LED DIET ( 	mg/kg 'body \Aleightld y) POR 15 DAYS ON 

ACTIVITIES GF SOME ENZYMAS OF AT LIVER. 
• 

Control 
(n = 5) 3 days 

(n = 4) 

*** 

Alden feeding' 

6 dayA 	•.9 days 
(n = 4) 	(n . 4) 

*** 

12 days 
(n = 4) 

15 	days 
(n = 4) 

(KAU/g) 0.64+0,02a  1.15+0.05' 1.11t0.08 1.49+0:11 1.56+0.1 7 1.74+0:88 

GOT 
(IU/g) 7.34+0.17 8.34+0.18 	• 14.46+3.24 20.96+2.5g 12.92+0:82 19.88+2.86 

GPT 
(IU/g) 11.07.t0,25 6.98+0.51 11.59+2.01 13.60+2.33 11.85+1.38 12.90+3.09 

ICDH 
(X10'siLima 20.10+0.50 44.33+3.17 31.36+3.13 46.60+4.98 48.55+3.51 40.23+4.08 
u/g ) — 

— 

Lai A  
'(X104IU/g) 51.90+1.20 47.21+2.77 53.72+3.24 63.76+3.0e 61.12+1.g8 57.67+4.07 

** 
ean+SEM, Student's 	't' test; 	0.05; 	P 	0.01; ***P 0.001 
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From amongst enzyMes, the AP -and ICDH activities 
are increased within three days of insecticide feeding.. 
The hepatic AP activity shows an increase of 80, 73, 
133, 144 and 172%,: while the DIDH activity shows an 
increase of 121, 56, 132, 142 and 100% after 3, 6, 9, 
12, and 15 days of aldrin feeding in both cases. The 
LDH activity is affected only after 9 days of aldrin 
feeding, when the activity is 23% more than the control 
activity. The GOT activity is likewise signifiOantly 

affected after 9'days of feeding. It shows 186, 76 
and 171% increase after 9, 12 and 15 days of insecticide 
feeding. The GPT activity however, generally rep440 
unaffected except for 3 day feeding observation time., 

when this activity show about 37% increase over t4q, 
control values (Table XI, Fig. 20). 

Table XII and Fig. 2j' shays/ effOct of aldrin 
feeding on the various biochemical components of, liver 

other than enzymes. The hepatic cholesterol 'content 
decrease significantly. The decrease after 3, 6, 9, 12 
and 15 days of insecticide feeding is 66, 49, 65, 64 

and 72%, respectively. The glucose content, on the 
other hand, increase - after aldrin feeding. The...increase 
is 52, 78, 80, 98 and 143% after 3, 6, 9, .12 and 15 days 
of insecticide feeding. 

The soluble proteins do not shOW any significant, 
change after insecticide treatment. A 14-16% increase 
after 15 days of treatment is statistically non-signi-
ficant.. The total proteins, on the other hand, after 
initial decrease (19%) during the first three days 
gradually increase to 9, 19, 28 and 33% on day 6, 9,12, 
and 15 of insecticide feeding. The FAA do not show any 
change until day 9, when they increase 53%. After 15 
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FIG.21. Effect of feeding aldrin mixed diet 
(8 mg/kg body weight/day) for 15 days 
on the.  various biochemical components of 
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CONTROL 

3 = 3 DAY ALDRIN 
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9 = 9 DAY ALDRIN 
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1G.22. Effect of feeding mixed diet (8mg/kg 
body weight/day) for 15 days on the 
various histoloical ,Darameters of 
albino rat liver. 



TABLE - XII 

EFFECT OP FEEDING ALDRIN MIXED DIET ( 8 mg/ kg body weight /day ) FOR 
VARIOUS 3IOCHEICAL COLPONENTS OP RAT LIVER. 

-Issmovansa•ow 

15 DAYS ON THE 

12 days 	15 days 
(n = 4) 	= 4) 

*** 

Para- Control 
meters 	(n = 5) 

Cholesterol 

3 days 
(n = 4) 

Aldrin feeding 
6 days 	9 days 
(n = 4) 	(n = 4) 

*** 
(mg/g) 	15,72+0.35a  5.32+0n, 8.09+1. 448 5.44+0.44 5.63+0:18 4.41+0.37 
Glucose *** 44* 
(mg/g) 	12.93+0.61 19.65+1V05 22.99+0.32 23.24+0.41 25.60±3.43 31.41+1.43 
FAA 
(110g) 	319.95+12.68 312.86+11.61 312.35±13.66 489 • 37±20”; 41 0. 71+13.08 503.18+13n; 
Soluble 
protein 	152.99+5.62 
(mg/g) 

127.52+14.95 151.33+4.85 156,69+3.09 170.62+5.80 174.51+8.40 

Total protein 
(mg/g) 	233.67±7.45 190.40+11.38 253.85+5.74 278.82+7.0 297.88+12.75 311.27+114:0 

DNA 
(mg/gm) 	2.42+0..17 1.99+0.16 2.52+0.14 2.47+6.1.4 2:53+0.06 2.'65+0.21 

RNA ** *** 4** *** 
(mg/g) 	8.62+0. 38 12..93+0.75 14.41±0.60 16.52+1 :32 22.24+2.40 18.42+3.31 

..morMil.11••••••••• 

aMean+SEM, Student's't' test; 	P **P0.05; 	4.01 
*** 

; 	P 	0.001 
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ALDRIN 	 TABLE -XIII 

EFFECT OF PEEDfl'G/IiIXED DIET 0 mg/kg body. weight/day) FOR 15 DAYS ON THE 
VARIOUS HISTOLOGICAL PARAIETERS OF ALBINO RAT LIVER. 

:Parameters 	Gontrol 
	 (n =  

3 days 
(n = 	) 

Aidrin feeding.. 
6 6 -dajt. 	' 	9-days 

-) 	 ) 
12' days 
(n=.' 	) 

15. days 
) 

No. of c ell s/ 	257:0e 240.50: 23549Z 228.72 214,32 223.48 
micr.ascOpid 	+ 9.78 : .. +8.09.  + 5.37 +11.24 410.47 ±9.57.  

No. of -Nuclei/ 	1.09 1.14 1.10 .1,16 	' 1.11 
cell 	 0.03 

No. of-  nucleoli/ 	.1,63 

± 0.04 

102.- 

+ 0.05 

1.73 

+ 0.04 

1.83 

± 0.33 

1.74 

+ 0.04, 

2.03 
nucleus- 	+ 0.10 +. (1.14.  ±;0.05 + 0.08 ± 0.13 

Size of cell 	281.03 
*44 

369.75' 
*** 

389.42 407.48 
***. 

432.007. 
*** 

428.33 
(u2). 	 .± . 9.62 7.41 ±9.74 +17.25 +15442 +13.81: 

**. * 
Size -of 	2 	3.09 4.70 4.35 4.67 44 

**
8 

 

nacleolus(4 	± 0.22 + 0.34 -1- -  0.29 + 0,31 + 0.3G 

Size af 	2 	42.51- 
***. 

59.13 - 61.32.  
.*** 

63.G2 i70.30 68.48 
-aiucleus(4 ) 	+ 1.79 , - 	-- 	1.72 +-I-55 ± 1.80 + 2.09 ± 2.04 

----tr-""-  - - 	* 
aMean+SEL:"Student's 't' test; P ;.0.05, .,... 

   

**, *** 

 

P 0.01; 

 

P < 0.001 
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FIGS.29-31: Histological structure of rat liver fed 
on aldrin-mixed diet for 6 days. Note extensive 
cytoplasmic vacuolation, cytoplasmic margination 
(29-31), irregular shape of nuclei (31) and 
hypertrophied cells (30-31). 
Stain: Hernatoxylin and Eosin 

Lacnifications: 29, x25; 30, x100; 31, x250. 
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FIGS.32-37: Histological structure of rat liver fed on 
aldrin-mixed diet for 9 days. Note cytoplasmic vacuo-
lation and margination (32,34), large number of rounded 
clears areas (vacuolation) in the tissue (33,35-37), 
hypertrophied cells (34, 36-37) and irregular shape 
nuclei (34). 
Stain: Hernatoxylin and Eosin 
Magnifications: 32-33, x25; 34-35, x50; 36, x100; 
37, x 250. 
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FIGS.42-45: Histological structure of rat liver fed 
on aldrin-mixed diet for 15 days. Note the cyto-
plasmic vacuolation (42-45), hypertrophied cells 
and irregular shaped nuclei (43-45). 

Stain: Hematoxylin and 3osin. 

Magnifications: 42,x25; 43,x50; 44,x100; 45, x250. 
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days of'aldrin feeding the FAA content increase.57%. 

The DNA,content remain unaltered while the 
RNA content increase 50, 67, 92, 158 and 114% after 3, 
6, 9, 12 and 15 days of aldrin feeding (Table: XII, 
Fig. 21). 

3.2.5. HISTOLOGICAL STRUC'TURE OF LIVER  

Table XIII and. Figure-22 show the effect' of 
aldrin on the various histological parameters of 

. 
albino rats liver..-LThe".hepatic cells, their nuclei 
and nucleoli are significantly hypertrophied. The 
degree of hype±trophy incieases with the duration of 
administration of insecticide. The number of hepatic 

cells/microscopical,feld are accordingly decreased. 
The number of nuclei/cell and number ,of nucleoli/ 
nucleus remain unchanged under the influence of 
aldrin feeding except that the number of nucleoli/ 
nucleus increase 25% after 15 days of aldrin feeding. 

That the hepatic cells hypertrophy, and that 
the hepatic nuclei and nucleoli are also enlarged is 
abundantly clear from Figures 26-45. The nuclei are 
vesicular during the first three days of feeding 
(Fig. 28), but are converted into condensed bodies 

during prolonged feeding (Fig. 37 and 45). The 
hepatic structure of 9 day aldrin feeding is marked 

by extensive vacuolation (Figs. 34-36). Most of the 
hepatic cells at higher doses have extensive granulat-

ion with cytoplasm (Fig. 45). 
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3.3, 	EFFECT OF ALDRIN MIXED DIET 
(2.5 mg/kg body weight/day 
ADMINISTERED FOR A PERIOD OF 
6-18 MONTHS 

3.3.1. BODY WEIGHT AND LIVER WEIGHT  

The body wt. /liver wt. ratio decreases when. 
animals are fed on aldrin mixed diet for a peribd of 
12 months. Eighteen months of feeding results in bbout 
22% decrease in the body weight/liver weight ratio 
(Table XIV). 

The liver weight when considered in terms of 
% of body weight is increased after insecticide treat-
ment. This increase is 8% after 12 months and 11% 
after'-1't months of aldrin feeding. 

3.3.2. HAEMATOLOGICAL STUDIES 

Table-  XV and figure 46 show the effect of long 
term feeding of aldrin on "the various haematological 
parameters of male albino rats. The haemoglobin 
content, RBC count and PCV decreases after long term 
feeding. The haemoglobin content, decrease from 
29-30%, the RBC count decrease from 15-18%, while PCV 
show 5-9% decrease (Table XV). The WBC count, just 
as in other typical insecticide treatment exposure, on 
the other hand increases 5-11% (Table XV; Fig. 46). 
The figure 46 shows a distinct increase in MCV and 
MCH and a distinct decrease in MCHC after aldrin 
treatment. The deviation of MCHC is however not 

significant (Table XV). 
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TABLE - 

RoTECT OF FiluDING ALDRIN MIXED DIET :(2.5 mg/kg body wellght /day 
6-18 MONTHS ON THE TOT.,,L BODY. 	LIVER WEIGHT Of AMINO RAT. 

FOR A PERIOD 

Parame-
ters 

f 
(n 	3 )  

6 **Irionths 
aldrin feeding 
experirae,nt  

I 12 months 
al drin feeding 

tt experiment  
- 	- 

d 	Control_ 
= 4) 

118 months 
t aldrin feeding 
4experiment  

,Control 
(n =  

A ldrin fed 
(n = 3) 

:Control 
= 

Aldrin fed 
(n = 31 
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TABLE - XV 

EFFECT OF F.L.i;DING ALDRIN MIXED DIET (2.5mg/kg body 
1,-4eight/day) Foa A PERIOD OF 6-18.MONTHS ON THE VARIOUS 
HAEPIATOLOGICAL PARALETIiiRS OF ALBIro RATS. 

Para-
meters 

6-months : 	T12 months 	18 months 
eldrin 	f aldrin 	ialdrin . 
feeding eXp.:4feeding exp. 	_reeding exp. 
Cont- 	Aid- I Cont, 	Ald- , font- Ald- 
rol 	rin fed rot 	.rin fed frol 	rin fed 
(n=6) (n=4)  '(n=4) -.(n=3) Kn=6) (n=4) I 

Hb 
(g/dl) 	13.799' 

± 0.32 

RBC 	70.87 
(X106 	+ 1.27 
cells/µ1): 

11.88 
± 0.29 

*** 
57.85 
+0.98 

13.14 
± 0.23 

70.48_ 
± 1.28 

11-.946  
± o, 21 

*** 
59.40 

± 1.00 

13..04 
0.16 

69.10 
± 1.20 

11.10 
± 0.22 

*** 
58.92 

± 1.60 

WBC '66450; 69.87 62.38 69.28 65.50 70.25 
(X103 	+ 3.99 + 	1.13 + 1.34 ±1.80 + 5.20 + 3.19 
cells/p1)7  

*** *** 
PCV 45.92 41..84 42.90 40.64 43.28.. 40.09 

+ 0.44 + 0,24 ±0.20 ±0.3,7 .  ±0.40 ±0.21 

MCV 64.38 72:51 60.91 • 68:41 62.64 68.1 
(fi) ± 0.65 + 0,87 ± 0.86 ± 0.64. ± 0.46 + 1.49 

MCH 19.45 20.52 18.64 -20.04 18.88 19.87 
(Pg) + 0.32 . + q.15 +0:o6 ±0405 ±0.28 ±0:19 

MCHC 30.24 28.37 30.62 .29.28 30.15 29.18 
(g/dl) + 0.65 ± 0.56 ± 0.41 ± 0.26 ± 0.36 ± 0.38 

aMean+SLM, Student's 't' test; 
** 	*** *P , 0.05; 	0.01; 	P 0;001 j. 
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.3.3.. .BIOCHEEIICAL ANALYSIS OF BLOOD 

Table XVI' and Figure_47 depict~~ the. effect of 
aadrin mixed diet adminisiered for.•a‘Aeriod of 6-18 

months on the variepenumes in blebd. From amongst 
ti6'phosphatta4s, Ae.was founds  to be the `most sensitive 
one. This ez.Ymes ahows 2.28, 4.00, and 2.93 fold 
increase after 6, 12 and 18 month:S:6f aldrinjeeding 
The Ac:', on the other hancl.;'she,97% increase, but 

riot' shpw any significant deviation after prolon-. 
4 

Oil feeding for 12' an& 18 months. 
. 	• • 

• _ 
The SG activity is 	:significantly altered 

• 

during first 12 months of feeding, but after '18 months 
of aldrin feeding, the'SGPT activity, increases 197%. 
The SGOT activity, on the other hand, .. shows signifi-
cant increase of 102 and 47% after 6 and 12 months of 
aldrin adiiiiiiistration, but shows 32% decrease during 
18 months of aldrin feeding. LDH, ICDH, CPK and 
amylase activities are also drastically increased. 
after aldrin feeding. As is obvious from Tepid XVI 
and Figure 47, the L]JH activity shows' 1 9,  59 and 
46.5% increase over the control; 1CDH activitybilpw6 
15, 57 and 33.5% increase over the.,control,-,  arid 
amylase activity shows 52, 8.5 and 40% increase over 

the control after 6, 12.  and 18-thOnths of aldrin Teed-
ing. The cholinesterase actiyity is .got' signif cant .y 
altered during the first 12,49nths of feeding, `but 
is raised 27% after 18 menth's of aldriin feeding. 

From amongst the several other bioehemical 
components tested the-glucose, urea and protein con-
tenta increases; `'while free amino acids show signifi-
cant decrease when'compared with the control blood 
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TABLE - XVI 

EFFECT OF FEEDING ALDRIN MIXED LIET (2.5mg/kg body 
weight/day) FOR A TOTAL PERIOD OF 6-18 MONTHS ON THE 
VARIOES ENZYME ACTIVITIES IN ALBINO RAT BLOOD SERUM!  

1 
Para- 6 months i12 months : 18 months 
meters aldrin 

feeding  ex2. 
t 
feedind_ex2._ 

aeldrin 	 ldrit  

Cont- Aldrin i Control Aldrirl Cont- Aldrin 
ro l fed 	 fed rol fed 
(n=4) (n=6 

*** 
(n=4) (n=3) ; 

*** 

(n=6) (n=4) 

AP 	9.57a  21.85 9.46 37.92 10,21 29.90 
(KAU/dl) ± 0.39 ±0,67 ±0.68 +0.99 ± 0.92 

AcP 	5.46 9.77 4.48 4.99 5.34 6.09 
(KAU/di) + 0.48 + 0,38 ± 0,25 ± 0.30 ± 0.59 + 0.43 
Amylage ** 
(Somogyi 242.53 368.57 210.29 288.11 202.03 283.48 
u/dl) 	±16,74 +22,43 ±10.57 +15.82 +12,22 +23.65 

* 
ChE 	31.80 27.17 26.00 29.83 31.0B 39.35 
(Rapp- 	+ 3.76 
aport u/nT) 

+ 0.79 ±1.85 ±1.74 ± 1.82 ± 1.88 

CPK 
(Sigma 	10.30 21:52 7.57 26.00 8.75 30,62 
u/ml) 	± 0.77 ±2.64 ±0.61 + 0.52 + 0.97 ± 1.86 

*** 
GPT 	17.72 26.64 14.82 16.66 18.75 55.68 
(IU/1) 	± 1.40 + 4.14 + 0.99 ± 0.66 + 1.87 + 2.76 

IC DH *** 
(Sigma 	391.86 449.46 395.22 618.77 462.53 617.22 
u/mi) 	+28.33 ±10.25 J-10.33 ±11.16 ±24.13 +23.03 

*** 
LDH 	401.44 917.40 442.20 692..71 509.49 74614 
(IU/1) 	±10.87 ±21.37 ±49.62 +43.55 ±27.82 +29.68 

*** 
GOT 	21.02 42.49 28.98 42. 35.66 24.51  (IU/1) 	± 1.46 + 1.35 .+ 2.73 ± 1.30 + 2.55 ± 0.94 

aMean+SEM, Student's 't' test; 
*P 	Q.05; t*P 4; 0.01; **P 0.001 
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• Serum (Table XVII, Fig-. 48). ':-The,,bilirubin content 
- decrease by 37% clirirl„&  Ahestirst 6- months of feeding, 
but are` then unchanged during.  subseqUentsprolonged 
fotding. The-Cimlesterol\cOntent-, on', the other hand,. 
are significantly lowered 	aldrinieeding. 
CT-able XVI; Yig.,487.  

3.3.4. .ZgCCHEMICAL ANALYSIS 02 LIVER 

kigure 49 and Tab/e XVIII shows effect of. oleg 
term- feeding or:Eldrin on the hepatic enzyme.s,while 
Figure 50.aia Table XIX shows effect on-;hepatic 
biOchemidel components, othei than enzymes.,‘Th yari-
oUS'hepatic enzymei-viz4 AP;-GOT, GPT,LEH and'ICDH 
are raised afier longterm adminiStration of insecti-• 

	f 

cide. The increase in AP activity is 68, 71 444..76% 
after',6, 12 and 18 months of insecticide:administrat- 
ion. The GOT - actifity is increased 44, 38 and 92%1 
while thQ GPT activity is increased 72 62 and 16% s  
when compared with, their control activities'l  "the LDH 
and ICal'ag.ftvitieb behave in the like'Manner., The 
LIE activity shows 31, 27 and 45% increase, phiTe 
ICDH activity incre4pes-68, 23 and 71% after 6,r1.2 
and 18 months of aldrin feeding (Table XVIII, Fig.49). 

The changes induced by long term feeding of 
aldrin on the various biochemical components of rat 
liver, other than enzymes, are shown in Figure 50 and 
Table XIX. The soluble protein content are increased 
after insecticide feeding. This increase is 36, 33 
and 17% after 6, 12 and 18 months of feeding. The 
total proteins decrease 27% during the first 6 months, 
but shows 41 and 6% increase during the rest of the 
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TABLE - XVII 

EFFECT OF FEEDING ALDRIN MIXED DIET (2.5 mg/kg body 
weight/day) FOR. A PERIOD OF 6-18 MONTHS ON- THE VARIOUS 
BIOCHEMICAL COMPONENTS OF ALBINO RAT BLOOD SERUM. 

Para-
meters 

Bilirubin 	0.74 0.47 0.63 0.63 0.56 
(mg/di) 	+ 0.05 ± 0.05 + 0.03 ± 0.04 ± 0.04 

Choles- 
terol 	182.95 161.54 177.19 1041g 180.12 
(mg/d1) 	±6.25 ±6.18 ±5.21 ±5.15 ±9.80 

Free amino 
acids 	9.27 7.8g 9.00 7.89 11.09 
(mg/dl) 	± 0.34 ± 0.17 ± 0.36 ± 0.07 .+ 2.33 

Glucose 	114.76 123.68 107.45 132.84 150.57 
(mg/dl) 	± 8.52 -I: 	5.85 ± 7.26 ± 7.04 + 3.67 

PrOtein 	6.90 8.75 7.68 11.'07 8.58 
(g/dl) 	+ 0.37. ± 0.25 ± 0.21 + 0.33 + 0.45 

Urea 	36,34 44.27*  23.55 39.73 41.15 
(mg/dl) 	± 2.20 ± 1,53 ± 2.84 +-0.91. + 1.98 

0.66 
± 0.07 

165.24 
±5.07 

9.30 
+ 0.23 	. 

128.63 
+15.35 

10.59 
+ 0.16 

59.58 
± 3.32 

aMean+SEM, Student's 't' test; 
, 	** 	*** 

P/ 0.05; 	P q.411; 	0..001 
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TABLE - 

EFFECT OF ALDRIN biIXED .  DIET (2'; i  mg/kg -body iveight/daY ) 
FOR A PERIOD OF 6-18 .IVIONT,',3 ON THE ACTIVITIES OF 
VARIOUS friliDATic .E.ZZYMES IN ALBINO RATS. 

' 	(t=4) 
L 	• L 

(A=3) 

**k 

(t=6) (t=4) 

*** 
1.12 1.91 1.08 1.90 

+ 0.07 + 0.09 + 0.08 + 0.12 

,7.56 10.44 6.79 13:05 
± 0.46 + 0.34 + 0.23 + 0.85 

5.02 8.11 6.05 7.02 
+ 0.60 +• 0.49 

.49 61.'65 42.50 - 	72.50  
52 + 	0-.91 + 5.7Q' ± 1 	77 

*-* 
54.25 68.60 44.60 64. 

± 3.37' • + 4.00 ± 0.30 + 	1..79 

UMean+SEL, Student's ' t test; . 
P ' 0.05; 	P 0.01; 	2 . 0.001 

, 

• 

Para- Months - 	-r  -12 months - 	• 18 months 
meters aidrin' 	italdrin 	aldrin . 	- geedi..26 ex2: 	ex2.-  1feeding ex2.  

Aldrinr Cont.- 	Aldrin. Cont- 460...drin 
rol 	fed 	rol 	fed 	;To' 	fed 

• (n.E) 	(n=3) 

*i±* 
AP 	0.74 	1.24 
(KRU/ 	 ± 0.03 

GOT,„ 	8.66 12.44 
(1121/0(  + . 9:54 ± 0:92 

*** 
• •GPT 	. • • 	,..7.7t 	13.29 

(IU/g.Y -f:;731!),(66. +1:9p46  

:33..'2s 	-.5*  
SU/g) + 4.,A4108 	7 

LDH 	 . * 
(Xf04 58.29 	76:40 
IU/g) 	+ 2.99 ± 4.53 
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TABLE - XIX 

EFFECT 02 FELDING ALDRIN MIXED DIET (2.5mg/kg body 
weight/day) FOR A'PERIOD OF 6-18 MONTHS ON THE VARIOUS 
BIOCHEMICAL COIVLONENTS CAP ALBINO RAT LIVER.. 

Para- 	6 months 	112 months 	; 18 months 
meters 	bldrin 	I aldrin' 	; aldrin 

feedinE .exp. 	Lfeedihz- exp. 	̀feeding exp. 

Cont- Aldrin;;Cont- 	Aldrin tCoklt- Aldrin 
rol 	fed 	Arc . 	fed 	Irol-- 	fed 
(n=6) (n=3) (n=4) t(.n.1)._ Ct.a___C-tA4) 

'Choles- 
terol 5.97a  5.20 9-.01 12:81 10.50 9.65 
(mg/g) +0.29 + 0.80 + 0.32 .±1.`21.  ±1.21 + 0.21 

Pree 
amino 217.29 171.19 197:98 170.12 226.70 203.33 
acids 
(ug/g).  

+ 7.70 + 4.01 +1418 - +11;62 ±13.24 +10.98 

Glucose 30.87 T9.11 
* 

27.12 21.78 38.32 .  18.46 
(mg/g) ± 2.32 +'3.64 +.1:37 ± 3.10 ± 3.38 ± 1.93 

Soluble 
protein '124.92 -169.75 135.22 180:18 159.00 185.23 
(mg/g). + 4.67 -+ 7.94 ±9.96 ±1.73 +2.58 ±5.41 

Total 
protein 216.96 159.2' 208,48' 294.20 227.60 241.50 
(mg/g) +13,05 ± 4.10 + 6.70 +12.88 ±11.88 +12.57 

DNA 3.05 2190  2.54 2,33 3.06 2.65 
(mg/g) + 0.19 ±0,13 ±0.14 + 0,03 + 0.12 ±0.40 

*** 
RNA 9.68 4.52 9.39 5.74 11.30 5.55 
(mg/g) ± 0,62 ± 0.37 + 0.31 + 0.42 + 0.49.  + 0.44 

Mean+SEM, Student's 'tt test; 
*
P '0.05; **P • 0.01. 

*** 
, 	P< 0.001 
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prolonged administration of 12 and 18 months. The 

FAL contents conversely show a constant decrease of • 
21, 14 and 10% during this period. The glucose 
content likewise show consistant lower values in 
insecticide treated liver. This decrease is 38, 20 
and 52%. The cholesterol content are not signifi—
cantly affected during the first 6 months but show 

a prominent increase (43%) after 12 months of aldrin 
feeding (Table XIX, i.g.50). 

Both,the nuclei acids are adversely affected. 
The DNA, although 'shows' lower 'values' in. insecticide 
treated groups, but most of `chose ,values are not 
statistically significantly different„ 

content a:-E also 6:)cre,Lsed after insecticide feoding. 
decZeese is 53, 39 and 51% after 6, 12 and 18 

iliont'is of ldrio 'feeding. (Table XIX, --?ig.50). 

3.3.5. HISTOLOGICAL STRUCTURE OF LIVER 

Table XX and Fig. 51 show the effect of long 
term feeding of aldrin on the ifarious,histological 

parameters of rat liver. The insecticide treatment 
is marked by hypertrophy of hepatic cells, their 

nuclei and nucleoli. A typical*hepatic.cell measures 
2 ; 251.57+12.84 A (n = 	), which increases 48, 29 and 

104%-aXter 6, 12 and'18 months of aldrin feeding,. The 
hepatic nucl4 likwwise show 39, 40 and 70% increase 
and nucleolai' size increases 11, 16 and 34% during the 
same period. ,Concomitant with the change in:the 'size 
of cells, the number 04' cells/microscopical field 
decTease in the differnt insecticide treatMent groups 
'(Table' XX, Fig. .52). 



6 month 
Parameters 	aldrin feeding 

 

Control 

(n= 5) 

Aldrin 
fed 
(n= 

   

No. of cells/ 
microscopical 

277.29 
+11.74 

a *** 

184.73. 
± 8.46 

Size of 2  
nUcieus(P ) 

Size of 
nucleolus(u2) 

40.23 
± 2.62 

2.20 
± 0.35 

** 
'55.78 
± 1.77 

2.44 
+ 0.21 

aidean+SEL, student's 'tt test; P 

No. of nuciel/ 	1.03 
cell 

No. of nucleoli/ 1.43 
nucleus 	+ 0.10 

Size of2  
cell 41 ) 

1.09 
± 0.04 

1.91 
+ 0.12 

*** 
371.47 
• 9.39 

251.57 
+12.84 

al) 
	 NI 

TABLE - XX 
E2FECT 02 FIKMING r LDRIlt1 iIZ.ED'DIET (2.5 mg/kg body weight/day) FOR 6-18 LIONTHS 
ON THE VARIOUS HISTOLOGICAL PARAMETERS OF MALE ALBILO RATS'. 

12 month 
aldrin feedinz 
Control 

5) 

Aldrin 
fed- 
(n= 4•) 

-7-t-7  18 Month 
1 aldrin feeding 	 
.1 Control 
.1 	. 	

1ceirin 
fe

' 9 
 

(n= 5) 	(n= 4) 

** *** 

249.31 171;22 251.42 164.81 
+13.79 50 + 9.68 + 7.24 

t.02 1.07 .1,04- 1.05 
+ 0.03 + 5.02 +0.01 + 0.02 

1.64 2.17 1.46 1.33 
+ 	0.11 + 0.13 + 0.07 ± 0.09 

*** 
262.65 339.35 232.41 474.62 
+14.32 +12.81 ±10.22 +15.81 

** *** 
38.54 53.96 46.54 79.25 

± 2.04 ± 1.87 ±1.92 ±1.76 

2.17 2.51 2.09 2.79 
± 0:26 + 0.20 ± 0.31 ± 0.29 

P 
**

2 0.011  0.001. 
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FIGS.52-55:Histological structure of normal rat liver. 
Note typical hepatic lobule, with many portal areas 
(52)arrangement of cells and nuclei (53-55). 

Stain: Hematoxylin and Eosin. 

Magnifications: 52,x50; 53,x100; 54,x200; 55,x500. 
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FIGS.56-61: Histological structure of rat liver 
fed on aldrin-mixed diet for 6 months (56-58) and 
12 months (59-61). Note slightly increased rounded 
clear areas (56-57,59), cytoplasmic vacuolation 
arround the nuclei, hypertrophied cells and nuclei 
(57-58,60-61), and irregular shape nuclei (57-58, 
60 

Stain: Hematoxylin and Eosin. 

Magnifications: 56,x25; 57,60x100; 59,x50; 58,x250; 
61,x500. 
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Figures 56-58 show hepatic structure after 

6 months of aldrin feeding, while Figs. 59-61 show 

histological structure of 12 month and Figs.62-65 

that of 18 month feeding experiments. Figures 52-55 

show histological structure of normal, untreated 

rat liver. 

Although the general hepatolobular 

architecture is maintained. throughout the experimen-

tal period, the hepatic cells are distinctly enlarged, 

which are more so prominent in 18 month group 

(compare Figs. 55 with 65). Majority of the nuclei 

are converted into condensed bodies, and several 

darkly stained granules appear in the cytoplasm, most 

of which is now merginated leaving clear pores 

(= vacuoles) between the nuclei and-marginal 

cytoplasm. 

4. DISCUSSION 

just like several other organochlorinated 

insecticides,'are known to contaminate the atmosphere and 

thus gain entry into non target organisms directly by 

.contact or indirectly through contaminated food 

(Jager, 1970; 1,gnihotri et al., 1976; Baldurin et al., 

1977). This unintentional insecticidal exposure . usually 

leads to several maladies depending upon the quantity. 

and route of administration (Buck and Van,. 1968; Mick 

et al., 1971; Gertig et al., 1971a,b; Deichmann 0--1; al. 
¶971d,b; Ottolenghii et al., 1973; Reuber 1976, 19E0; 

iCrample and Hladka, 1975 David, 1 979; Brandt and 
Hagman, 1980; and several others). In the presently 
reported experiment aldrin was mixed in the diet and 
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then adthirasteredl,to, rats as follows: (i) 20mg/kg body 
, 

weight for a period of 48 hours (ii) 8 mg aldrin/Kg body 
weight/day fOr- a total period of 15 days'and , (iii) .2i5mg/ 
kg body weight/day for period 6-18 months. The first . ' 
two experiments have been designated as short term 
experiment, while the third experiment h66 been desig-
nated' as long term experiment... /41:-these doses have 
proved to affect various metabollQ•processes as evidenced 
by their effect on various ellzymes., ,Specifically all 
the liverfunction tests (LFT) are drastically affected-. 

Body  weight and liver-WO: ht 

Justasin:dieldrin,. - the'body weight is' decreased:  
after aldrip l Zeeding. In short term experiment; the 

• _ 
rats were exposed to aldrin feeding for only 48 houia, 
therefore no significant change in the body weight could 
be recorded. In the second short term experiment, in 
which the rats were treated with aldrin 0!) 8 mg/kg bOdy 
weight/d4y for V5 cleY, the body weight decrease 

• - 
significantly after 12 days.of continuous feeding. The 

fl 

daily body we'igh gain,  ,decreased 44% after 12-15 days of 
feeding. The body weight/liver weight ratio was not 
affected.  after 3 days of feeding, but then showed 8-12% 
decrease during subsequent prolonged feeding. In long 
term experiment `the 2.5 mg of aldrin administered per kg 
body weight/da§for a perio-dOf t.-18 months did not cause 

,.. 

any significant change, while 156'dy "vibight4iye 
ratio decreased'22* after 18 mOnths of-feeding. No 
such change was obserVed in the 6 'Month' and12 mont 
group. TheSmgli-amddnt.ofdribeCticide-  in-the long 
term experiMent probably "did :not cause any-major 

, 	• 
disturbancein -thesgrawth prd6.deb Or if the one.had 
occurred, it got compensated during subsequently 'prolOngee 
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feeding: The decrease in body Weight/liver weight ratio 

can be-attributed to enlarged liver in proportion to 
body .growth rate, which can be attributed to insecticide 

treatment. 

Haematol2IV,cal studies 

All the haematological parameters tested 'behave 

exactly in the same way irrespective of the dose and 

duration of aldrin administration. The haemoglobin 

content and RBC count decrease in all.  experiments. The 

haemoglobin content e.g. decrease 11-12% in Short term 

experiment I, 8-12% in short term experiment `II and 

9-14% in long term experiment. The RBC count decrease 

14% in short term experiment I, 10-22% in short term 

experiment II over a period of 3-15 days and 15-18% in 

long term experiment over a period of 6-18 months. The 

insecticide treatment has repeatedly been found to cause 

a decrease in haemoglobin content and ̀RBC count 

(Shakoori et al., 1982al b; Shakoori and 11.1i, 1982). The 

decreased synthesis of haemoglobin and slower activity 

of haematopoietic tissue under the influence of aldrin 

may explain the low values of haemoglobin and breakdown 

of RBC. 

The PCV on the other hand remains unaffected in 

short term experiment I, remains unchanged until day 9 

in short term experiment II, when it is decreased 3% 

and further falls down to 6% after 15'days of aldrin 

feeding. In long term experiment the PCV decreases 

5-9% over a period of 6-18 months. This decrease in 

PCV may be attributed either to decreased cellular 

content and or increased liquid(plasma) content mainly 

the water. 
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WBC count shows typical response to insecticide 
treatment. This count rises in all experiments. This 
increase is prominent in ‘both the. short,  term experitherit:s. 
This increase is 25-28% in 48 hours exposure experiment , 
and 19-45% in ,3-15 	feeding 	 In long toini 
experiment the. VilitC—ooktat ,)Shows 5-41% increase', :Which is 
c omp.arat iv ely ,a; 	change .•( thrOUgh.-, Signi-fddalit )'. 
The MC V and l Ci-.values increase -under :e.,11 • eXp iiment al • 
conditions .The MQV increase,  is. 13% af ter-2-0 mg/kg •badi'""'3; 
weight ,for 	.hours* while it, iS 10,-.21% in',  'the --sed'ond - 

short t.Prm. PN 0 qlriment , 	which the! 	48.3 AsciMiriia'-'' • 
tered at a dose. of. ..8,:.mg/kg, body; weight/days for 15  ways,,  • 
In long term experime.nt,  the increase.; in MC-111;Krangess bdtwee'n 
9-12%. The MCH shows maximum increase ( 6-1 3%) in 15 day 
feeding .experiment, whil.e this increase in 48 hour feed-
ing experiment, .j-s‘ -,4% ,4nd'.in along term feetling 
experiment: is, 51-8%. ,The MCHC As not significantly 
altered in long: tern experiment.; but.. is. deCreased 8-9% -iii 
the first , 	 , short , term experiment. and. -7% -in,  the- second 
short term experiment,. , 	 . 	 t 	t 

, 	 • 

pagscusp11.1LAIlprtiipt  ry ! 

Under liePatOtOxic 	 normally 
ensue after aldrin - treatment, the ehzymes of hepatic 
cells appareitlY tend •to-reach" ottt' and' accumulae in the, 
blood forSOme-time. -Until there aweo-Cleared from tfie 
blood by further-:metbolic pro6eSS "or degradation 
(Krample 'and A1adka1975). :LimoSt all the 'enzymes 
tested in-the';'present: studies were eleiated except for 

	

, 	 • 
ChE artd:'10DH; which..-bdhaired:'differently Under

.  .,,hfrerent 
experimental.:16.6hd'itiL4IS.' .in :Short 'term 'experiment, 
when aldrin 	administered 0 20 mg/kg body Weight for 
48 hours, all enzyiaes showed elevated activities " except 
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for SGPT, which remained unaltered. The amylase and 

CPK activities were not significantly deviated after 
24 hours of feeding, but showed 60% and 31% increase 
respectively, after 48 hours of aldrin feeding. Prom 
aiongst other enzymes, SGOT showed maximum increase i.e. 

100% and 370% after 24 and 48 hours of insecticide' 
feeding. This increase in AP activity is 551% 'and 1 41%, 
in AcP activity is 26% and 15%, in LDH activ.ity it is 

46 and 78%, in IC DH activity it is 61 and 135%. and ChE 

activity is increased 58% and 88%, respectively in 24 
hours and 48 hours feeding experiments. 

In the second short term experiment, in which a 

dose of 8 mg/kg body weight/day was administered for 
15 days, all the enzymes generally demonstrated the same 

trend, as'in the first experiment, except for ChE which 
did not change at this dosage, of all the enzymes tested 
AP, AcP, SGOT, LDH and amylase activities increased 
tremendously. The amylase activity is increased 36% after 
3 days and 109% after 15 days of continuous feeding. . 
The AP activity increases 94% after 3 days of feeding 
and is increased 368% after- 15 days of feeding. The AcP 

activity increases 115, 194, 256, 142 and 105% after 
3, 6, 9, 12 and 15 days of aldrin feeding. The SGOT 
activity is not affected until day 9, when it shows 
137% increase, and which shoots upto 195% after 15 days 
of continuous feeding. The SGPT activity, which. was 

not altered in the 48 hour feeding experimentl  increases 

88%, 117%, 73% and 75% after 3, 6, 9and 12 days: of 
feeding. The LEH activity increases 39% after 3 days 
and 115% after 15 days of feeding. 
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The ICDH activity, on the other hand, was 
decreased.. This decrease*was respectively,_ 41, 40,, 11, 
23 and 22%, after 3, .6, 9, 12 and 15 days of insecticide.  
feedinfT. The CPK activity increases 83 and 53% after 9 and 
12 days of aldrin. feeding. In the Ions- , term experiment 
the extent of elevation of enzyme activities was not of 
that level as in shcrt term experiments- except for CPK 
activity, which increased 3..099X, 3.43X :and 3.499X after.. 
aidrin feeding. Like short term experiments, the 
activities of all the enzymes tested, elevated after 
aldrin deeding. y  The amylase activity increased 40-52% 
after 6-18 months of feeding, while the increase in AP 
activity was 2.28X, 4.00X and 2.9.3X, while in AcP this 
increase was 97%, 11% and 15% after. 6, 12 and 18 months 
of feeding, *respectively. The SGOT and. SGPT activities 
likewise increased., This increase was 102i. 47 and 32.% 
for SGOT and 50, 12 and 197% for SGPT after 6, 12 and 
18 months of aldrin feeding. The LDH activity also 
increased, while the ICDH activity was increased 57%-and 
33% after 12 and 18 months of insecticide feeding. The 
ChE activity was raised (27%) only after 18 months of 
continuous feeding. 

The raised enzymatic activity, especially of liver 
function is, therefore, direct indicator !of disturbed 
liver function (Geriig et al., 1971a,b; Fitzhugh.,et al., 
1964). The response of - all these doses of aldrin on the-._ 
activity of blood serum enzymes has been fairly.,un.iferm. 
Although ,aldrin is metabolized in the liver into 
dieldrin, ,(Ghiasuddin and.Menzer, 1976; Wolff et al.,19.80) 
the sensitivity, of, different enzymes to aldrin treatment 
has beep. clearly Manifested 	these experiments. .The: 
aldrin treatment, generally,,les,  to, increased CPK. activi;by,i 
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while in dieldrin treated grouPS, the CPK activity 

remains unaltered in short term and long term experi-

ment, while a distinct increase has been reported in 

the case of aldrin-treated blood serum. The CPK activi-

ty, therefore, is inhibited or have tendency to be 
inhibited by dieldrin (Williams and Casterline,1970; 

Hendrickson.  and Bowden, 1976; Meany and Pocker, 1979). 

The SGPT activity likewise is not drastically affected 

in short term experiment, and has no effect in the 
case of-long term experiment with dieldrin. In aldrin 
feeding the SGPT activity is comparatively less affected. 

Increase of hepatic enzymes under the influence 
of aldrin has also been reported with reference to 
several other enzymes, other than being reported here 

for LFT. Anastasi and Bannister (1980) have reported 

that aldrin stimulated mitochondrial enzymes like 

muscle pyruvate thirace, LDH and malate dehydrogenase, 

but inhibited mitochondrial enzymes like cytochrome 

oxida.se in Fish. 

Besides various enzymatic activities, theother 

biochemical components of blood serum have also been 

variously affected by aldrin treatment. The bia,irubin 

content decrease in short term experiment, but show 

signif4_Cant increase after 15 day feeding. The 

bilirubin content decrease 35% after 24 hours of aldrin 

feeding Q 20 mg/kg body weight/day and decrease 37% 

after 6 month of feeding Q 2.5 mg/kg body weight/day 
for 6 months. In short term experiment II (in which 
the aldrin was administered 0 8 mg/kg body weight/day 

for 15 days) the bilirubin content increased 148,121, 
77, 71 and 14%, after 3, 6, 9, 12 and 15 days of 
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insecticide feeding. The blood serum proteins also 
increase after aldrin treatment. This inc'rease is -13% 
and 26%' after 24 and .48 hours of :feeding, while the 
protein Dontent remain unchanged until day 9 after 
aldrin treatment 8 mg/kg body weight/day, vhdri the 
protein content increase 22%. During subsequent 
feeding for 12 and 15 day, the increase is respectively, 
21.  and 31%. In long term experiment, the blood serum 

proteins increase 27, 44 and 24% after 6, 12 and 18 
months of feeding. The blood urea content decrease 31% 
after 48 hours of feeding, while this content increase 
with second short term experiment 28%, 27%, 53%, 102% 
and 70% after 3, 6, 9, 12 and 15 days of aldrin treat-
ment. This increase in long term experiment is 22, 
26 and 45% after 6, 12 and 18 months. The glucose 
content are not affected in the long term experiment„ 

while in the first short term experiment, the glucose 
content increase 28% after 48 hours of aldrin feeding. 

In the second short term experiment, the glucose content 
decrease 27, 32, 47, 30 and 26% after 3, 6, 9, 12 and 
15 days of continuous feeding. The cholesterol content 

are drastically decreased (31% and 29%) •after 24 and 48 
hours of feeding, while re-main unaltered when 8 mg 'of 
aldrin was administered/kg body weight/day for 15 days. 
In long term experiments, the cholesterol content 
decrease 12% and 41% after 6 and.12 months of aldrin 
feeding. The FAA, content are most drastically affected. 
These content decrease after; short term and long term 
administration. Aldrin administered for 15 days 
produced the maximum effect. 



- 206 - 

The dieldrin, when fod directly to -'at result in 
67% increase in bilirubin content, while the aldrin 
feeding does not cause any significant change in this 
metabolite. The other biochemical parameters 2,a. 
cholesterol, glucose and urea contents decrease in both 
insecticidal treatments. Although aldrin treatment has 
caused increase in the total serum protein content, the 

dieldrin treatment does not cause any appreciable change. 

Skalsky and Guthrie (1977) have also shown bindjng of 
dieldrin with proteins of rat blood. Accbrding to 
Iatropaulos et al. (1975) the dieldrin is quickly absor-
bed and transported to the liver of Sprague Dawley rats. 
Only a portion is metabolized and excreted. The major 
portion is redistributed and stored in adipose tissue. 

Liver biochemistry 

The changes in the parameters of liver function 
tests are actually reflection of changes in the liver 
structure and chemistry (Shakoori andliaq, 1982). All 

the hepatic enzymes tested stiOwed raised activities after 
aldrin treatment. In short term experiment I, in which 
aldrin (0 20 mg/kg body weight was administered for 48 

hours, the GOT, GPT and LDH activities are'not affected 
unti/48 hours, when all their activities increase 28%, 
40% and 26% after aldrin treatment. The AP activity 
appears to be more sensitive and is increased 69% and 
17% after 24 and 48 hours of aldrin feeding. The ICDH 
activity is not affected at all. 
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In the second. short term experiment the ICDH 
activity is considerably increased 121%, 56%, '132%, 142% 

and 100%. after 3, .6, 9, 12 ,a,x4 15 days of feeding 0 8 mg/ 

kg body weight/day for 15 days. -AP activity is drasti-

cally increased. The increase is 80, 73, 133,.' 144 and 
162%, respectively, after 3, 6, 9, 12, and 15 days of 
aldyin feeding. The GPT activity is not significantly 

altered, while' hepatic GOT activity shOws 14, 97, 1E36, 
76 and 171% increase aft'er 3, 6, 9, 12 and 15 days of 

aldrin_ feeding. Thu LDEI activity is also significantly 
increased after 9 and, 12-  days of insecticide administrat-
ion. 

In long term experiment the activities of all 

hepatic enzymes are significantly increased. 

The raised enzymatic levels in blood are attri-
butable to liver damage under 'pathological conditions, 

while their low levels in blood could either be because, 

of great regenerative power of liver, as a result of 

which leaking out of the enzymes yin blood serum 'becomes 

minimal, or due to the biosynthe-tic .activity which 

implies routing of all' the biochemical components -towards 

this activity (Rosen and Nicholl  1963; Knox and Greengard, 
1965; Bhatia et al., 1972b, 1973) in liver. The raised 

enzymatic activity. in the- liver, on the other.  hand, may 
be,,because of induction of enz'yme synthesis (Street, 
1969; Kimbrough et al., 1971 ; Krample and Hladka, 1975), 
while their low ICv6Is could- either be because of 

enzymatic inhibition (Hendrickson and Bowden, 1976; 

Moany and Pocker, 1 979) or due to liver damage wit ho ut 

any regeneration..  



Besides various enzymatic activities several 

other biochemical components of the liver were considered 
to ascertain hepatotoxicity. The cholesterol content 
-decreased under all circumstances. Ih short term 

experiment I,t the cholesterol content decreased 29%, 

while in 15 day feeding experiment the cholesterol 

content decreased 66-72% after 3-15 days of feeding. 

When feeding of aldrin was extended for 6-18 months, the 

cholesterol content decreased 8%. The cholesterol 

content behaved differently under different experimental 

condition. In short term experiment the glucose content 

decrease 43%, while in long term experiment a decrease 
of 38-52% was recorded. In 15 day feeding experiment 

the glucose content show a gradual increase of 52, 79, 

80, 98 and 143% after 3, 6, 9, 12 and 15 days of aldrin 
feeding. The FAA content likewise behave almost in 
the same way as in the case of glucose. The FAA content 

decrease drastically in short term experiment I and 

long term experiment, while an increase of 53, 28 and 
57% was recorded after 9, 12 and 15 days of insecticide 
feeding. The soluble protein content are not altered 
in 15 day feeding experiment, while about 29% increase 

was found in short term experiment I and in long term 

feeding experiment. A distinct increase in the total 

hepatic content was observed under all experimental 

conditions. The decreased cholesterol level, increased 

glucose content, decreased FAA content are indicative, 

of hepatotoxicity and corrective measures to acquire 

more energy by raising level of glucose and increased 
protein synthesis. 
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Nucic:ic acids content  

The DNA content remain unaffected after aldrin 

treatment, while the RNA content increase after 15 days 
of aldrin mixed diet CD 8 mg/kg body weight/day., This 
increase is 50, 67, 92, 158 and 113% after 3,6,9,12 and 

15 days of feeding.. In the long term experiment, 

however, the RNA content decrease 51-53% after 6-18 
months, of aldrin feeding. The increase RNA content is 

related with increased protein content as the two 

processes are consequent of first into second. This 

decrease indicates hepatic necrosis, which is also 
indicated by raised enzymatic levels in blood serum due 
to cell damage. The raised hepatic enzyme level could 

be because of enzyme induction. In dieldrin treated 

rats also the DNA content resist the effect of the 

insecticides, while the RNA content show increase at 
the same time. 

Hall (1980) has studied biological interaction 
of aldrin with the nuclear DNA of.  human fibroblasts. 
Rocehi et al. (1980) studied action of aldrin on DNA 

synthesis with a short term in vitro system using rat 

thymocytbs and found that it does not induce damage 

to human lymphocyte .  DNA. In-sWine kidney:cellaj413RS 
2 cells) the Cellular protein, RNA and DNA content - J 
decrease, when exposed to 0.1-100 pg/m1 aldrin 

(RodTigues and i'uga; 1979). 

Liver histology 

All the above biochemical changes are indicated 

in the typical liver histological changes due to 
chemical toxicity. The appearance of vacuoles and 
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hypertrophy of cell and its inclusions are, the typical 
signs of hepatotoxicity. Inspite of the fact tact 
biochemical state predicts mild necrotic region, this 

is apparently not substantiated by the histological 

studies. 

Although the number of nuclei/cell and number of 

nucleoli/nucleus are not drastically altered, but the 

size of hepatic cell, its nucleus and nucleolus hyper-

trophy considerably. The hypertrophied cell, its 

nucleolus and nucleus is very typical response of hepatic 

cells to xenobioties. 

The carcinogenic potential of aldrin in mice, 

which has so frequently been reported in the previous: 
literature(David, 1979; Davis and. Fitzhugh, 1962; 
Fitzhugh of al., 1964) was not seen in the present 

studies. 
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1. INTRODUCTION 

Pest control chemicals are poisons, they. may 

present immediate danger to the user if applied improper-

ly 
.•: 

or,vitbout sufficient knowledge of their toxic 

effects. Some,are.bighly toxic and may cause serious 

illneSs and even death if spilled on the skip, inhale-d 

or otberwise.used carelessly. In.addition potential future 

hazaidS to. human health and wildlife can be crea5;ed by 

nisiaues from some long lived pesticides that..may build 

up in the food chain and cause widespread contamination 

of the environment. The contamination of the environment 

by peStiCides,has.been.a subject of concern for the 

last,30-35. yearS. The.pesticideS most frequentlY 

invo4Y(14.4e,the.organochlorine insecticide DDT,iDE, 

endrtn, heptachlor, aldrin, dieldrin, obloi-dane,ioxaphene 
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Strobane and BHC or its 	=isomer, lindane (Nicholson, 

1969). The reports of contamination of human environ- 

ment with these inSecticided are piling• up. 	TL,e, 

contamination of drinking water and 'food; anc accul-mlat-

ion of.insecticides in plants and.variou' -human and 

animal'organs!are being increasingly reported from 

different parts of the world.e..g. (Milby et.al.,1968; 

Milby and Samuels; 1971; Hill et al.,1973; Sino.offy et a ., 

.1973; Villeneone, 1975; Bluemthal and Cerny, 1976; 

Vrochinskii et al., 1976; Traczyk et :al., 1972.; Joia 

et al., 4978; Yadar et al., 1978; veils and Johnstone, 
4WD.. 

1978; Williams et al., 1979; Battu et al., 1980; Kapoor 

et al., 19801Saxena et al., 1960; Cris s: 	1980; 

Harrison et al., 1980; Barquet et al.;ti981;'"Brassow 

et al., 1961; SicTdiqui et al., 1981; Kaphalia and,Leth,., 

198t; Blakley, 1982; Teich and Jarvis 1982; Uickstrom' 

et al., 1983). 

Gamma BHC or .Iindane is , one_of the •Most important 

and common chlorinated insecticides, 	conLaminato 

the environment. Like any other insecticides, lindane 

has also gained entry into non target organisms frequently 

with'serious consequences (Samuel and Milby, 1971i Milby 

and Samuel, 1971)." .Strik (1973) has reported 'weight loss, 

tremor, liver injury and eventual rortality ,as.,a ,restat. 

of administration of polychlorinated aroma-tie 'fieXachloro-

cyclobexane. Toxicity of lindane.in,'different animalS't 

has been 'described from different laboratories (t.a. 
Thorpe and Walker,i1973; Powell, 1980; Bargmhn, 1982; 

Bakthavathsalam and Reddy, 1983; Frank and Braun; 19814; 

henschler, 1985). 

• 
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Convincing evidences are also available to prove 

carcino,enicity of lindane. Most of tue evidences 

however prove tumorigebesis. in. ,mice_ and rats (e 

Thorpe and Ualker'; 'Herbst-et 'al., 1975 ;. We.is se and  

Herbst, 1977'; liaSti
,
yap et.  al. , 	;  „Reuber, 1979 ;' 

Hirayama et al., 1979; Tatematsu et, al., 1979; .A.ieiSon, 

1980;...Bhatt et al:, 1981a,b,c,d;..Thakore et al., 1981; 

Oasch, 	 inspd te5, of:; its elabor0 	:.9tabolic 

pathway (Ctia-dwick 	' .197.5, 1977), • in which 

been „reported to 	 , 3 4. 0 5, 6, pentachloroLcYclo- . 
hexane , pentachlOrobaniene and pqn,tachlorobeni

: e 
ne (Engst 

 • 
t al 	197i, i4-77;-4979 ) 

 

and merop.pt9Firtoi acrid _(Luribara 

t 	•, 1979),  iindane' 	5,-6trong --tendencies to get 

accumulated 	f re n t organs Andtissues  of 146e 
, 	 • 	• body :offg. rblood, fat body -Writst 	1975; Arthur 

a 1.. , 1975;  116-a-trisrtry.;-Torikabony,ard 

1978, Ramachandran et al 	1984 ) . lung (SWZioi4Ski; 1980) 

Brain (Seidler et al., 1975). 

Since liver is the main metabolic centre, where 

the xenolOioiio ai-'6:-,EneiLabo;yid and' detoxified, 
: 	 - tpis is there fore one Of -..t'36 foreXrait oigans of the ' 

body, which fall the major' conslaugPt bf a '`Univrited • 
chemical invasion. 	 c-t 	tb ere f ore 

likely to be disturbed: M 	baaie.(197s) #6 -6 studied 

the modificatiOn of hepatbailiary futiction ihdaced by 

hexanchlorobenzene 	tyubeililako:i 	19714) have 

reported that lindatet'crai.-4.6.e:&fwit1041-44 rs in the activity 

of cholinesterase and"h'isticPajstennct also impairs the 
•-• 	 : 

1•!..„ 

• r. tn9gt 
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excretory function of liver, Gertig and Nowaezyk (1975) 

have also reported de creased alkaline and acid phospha-

tases, glutamate oxaleacetate transaminase and LDH 

activities in blood serum and decreased hepatic 

glutamate pyruvic transaminase and LDH activities. 

Khaikina (1972) have also sieen appreciable diminution 

of total LDH activity in the serum as well as liver 

after prolonged feeding of lind.ane for 180 days. 

The uopbyro6enicaction of bexachlorObeniene is 

also well known, though the mechanism is not well 

understood (Grant et al., 1974; Koszo et al., 1974; 

Stonard, 1974; 	Lissner et al., 1975; Goldstein et al., 

1978; Graof et al., 1982; DeCalmanovici et al., 1984). 

The porphyrogenesis is usually accompanied by 

increased drug 	metabolizing enzymes (Grant et al., 

1974). Lindane induces 0-demethylase, activates 

benzo ( 	) pyrene and reduces acid phosphatase 

(Mikol et al., 1980). A significant increase in 

cytochroma p450 and activities of mixed function 

oxygenases was observed in polychlorinated hydrocarbon 

treated animals (Konat and Clausen, 1973; Brade et al., 

1974; Den et al;, 1974; Pelissier et al., 1975; 

Farber et al., 1976; Pelissior and Albrecht, 1976; 
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Oesch et al., 1982; Albrecht et al., 1981; Srinivasan 

and Radhakrishna-Murty, 1983). 

The chlorinated insecticides, like other toxic 

coemicals. cause liver malfunction, which is evicenced 

by several liver function tests, The present report 

deals with the effect of different doses of lindane, 

administered for different periods of time, on the 

haematological parameters, biochemital composition of 

blood and liver and hepatic histological structure.. 
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2. MATERIALS AID IETHODS  

2.1. 	ANIMALS 

A colony of Sprague Dawley albino rats raised as 

described in the first Chapter was used for the present 

studies. The rats used were as follows: 

a) 
	

For abort term experiments: two groups of female 
rats, weighing about 175-200.g and 6-8 	months 
of age were used. One group was used for feeding 

insecticide for 48 hours, while the second was 
used for feeding insecticide for 15 days. 

rats of 
For long term experiment/ about 90 — 100gm and 
3 — 4 months of age were used. 

2.2. 	PREPARATION OF REED 

The rat feed was prepared in the same way as 

described in Chapter I of this Report. 

2.3. 	INSECTICIDE  USED  
Gamma BHC (=Lindane, 	, 3.,;3, 4 	51:e( 

6 P- hexachlorocyclohexane) a chlorinated insecticide 
(26% poder) were obtclfled from Jafer Brothers, Lahore 

and administered to the animals orally alongwith feed. 

2.4. 	AaiIIIISTRATION OF INSECTICIDE  

Gamma BHC was administered to rats as strong and 

weak doses as follow: 

a) Stro dose: 

For short term experiment, two levels of strong 
doses were administered. In one group of rats a 
strong dose of 18 mg/kg body weight/day was 

administered for a total period of 15 days. 

In the second group 30 mg tBHC/kg body weight/ 
day was administered for a total period of 
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48 hours. 

Weak dose: 

A weak dose at a rate of 9 mg/kg. body weight/ 
day was administered to another group of rats 
for 6-18 months. 

2.4.1, SHORT TERM EXPRIEENTS 

For short term experiments, in which the total 

duration is 48 hours in one C.1?130 and 15 days in the other 
the insecticide vas administered as followst 

a) 
	

For 48 hour experiment the insecticide mixed 
diet was prepared by mixing 3.84gm of 26% powdered 

BHC in 1 kg of rat feed. Since each cxperimental 
rat on the average consumed 30 g of. feed daily, 
it will get 30 mg BHC/kg body wt. /day. 

b 
	

For 15 day experiment, the insecticide mixed 

diet was prepared by mixing 2.31gm of 26% podered 
rBHC:  in 1 Kg of rat feed. The rats in this way 

got 18 mg 'BHC/kg body weight/day. 

2.4.2. LONG TER I," EXPERIMENT 

The insecticide mixed diet was prepared by 

adding 1 . 1 5gm of 26% y. 	Towder in oma 11 amount of water 

and then that insecticide mixed water was thoroughly 
mixed with 1 Kg of ingredient mixed feed. That way the 

rats consumed 9mh MC /kg body weight/day. 

2.5. 	PROCEDURE ADOPTED 

Experimental procedure adopted. for the two short 
term and one long term experiments is the same as • 
described in Chapter I for dieldrin experiments. The 

procedures adopted for collection of blood, liver 
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processing, hacmatolosical studies, biochemical analysis 

of blood, biochemical analysis of liver and histological 
studies were the same as described in Chapter I. 

3. RESULTS  

EFFLCT OF '4,13HCADi1ENISTERED-AT A...  
DOSE OP 30'mg/kg body weight/day 
FOR A PERIOD OF 48 HOURS  

3.1.1. HAE4ATOLOGICAL STUDIES 

Figure 1 and Table I show the effect of ).-BHC, 

administered at a dose of 30 mg/kg body weight/day for 
At- 	a total period of 48 hours on the various haematologi- 

cal parameters of albino,rat blood. The haemoglobin -

content dccrecse after insecticide treatment. A control 

rat has 13.27 + 0.14 g haemoglobin/100 ml of blood, 

which decroasos'7% after'48 hours of rnHd'fceding. The 
RBC count and PCV also decrease under the influence of 
1..BHC feeding, RDC counts decreases 11%, while. PCV 

shows 7% decrease during the same period, Feeding for 
24 hours does not cause any significant change. The 

WBC con b, ,on the other hand shows 39 &nd'46% increase 
after 24 and 48 hours of pBHC feeding, respectively. 
The MCV and MCH increase, while LICHC decrease after 

insecticide. feeding (Tablb I, 'ig.1). The MCV shows 
10% increase, while MI shows- 5% increase after 48 
hours of feeding. The MCHC in control rats is '31.52 

± 0.09 g/100 ml, which decreases 5% aftinsecticide 
feeding. 
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TABLE - I 

EFFECT OF FEEDING T-BHC MIXED DIET . 30 mg/kg body 
weight/day) FOR 48 LOURS ON THE VARIOUS HAMAATOLOGICAL 

PARALETERS OF ALBINO RATS. 

11••••••••amalommws-..isr.mraavi•••••••••.. - 

Hb 
(g/dl) 

RBC 
(X105  
cells4u1) 

IBC 
(X102 
cells/ul) 

PCV 
(%) 

IVIC V 
(a) 

13.27+0.14a  

(n = 	3) 

12.43+0.37 

(n = 	3) 

12.36+0.35 

60.37+2.53 63.63+1.48 61.0Y-F0.4 

63.64+2.60 88.33+4.37 92.83+8.91 

42.09+0.34 41.7.1+0.61 
39.18+0.t4 

61.56+0.17 65.39+2.42 67.45+1.71 

MCH 
(Pg) 

MCHC 
(g/dl) 

.
31.52+0.09 

19.38+0.03 19.53+0.14 

29.79+0.49 

20.24+0.27 

29.99±0.37 

ablean+SEM, Student's 't' test; 
** 	*** 

P 4,0.05; 	P 4.0.01; 	P 0.001 
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3.1.2. BIOCI-IELIICAL Al- ALYSIS OF BLOOD - 	- 

Several` blood serum anzymeS, besides other 
* 	biochemical components were tested to ascertain the 

effects of TDHC on the blood of albino rats, which was 
administered for 48 hours (Figs.2,3; Tables II, III). 

• Figure 2 and Table II -shows the effect of 
insecticides on the bIaod'scruM-en*me. Except for the 
activity of amylase which is not affected at all , 

activities' 
all other%enzyMes/were raised otter insecticide adminis-,  
tretion. A control rat shows 11.67 +.0.16 KAU activity:. 

of AP/dlot blood serum; and' 4.23 + 0.2 KAU activity of 

AcP/dl of blood scrum. After rBHC administration the 

former -activity is raised 126 and 144%, while the latter 

is raised 56 and 81%, respectively after 24 and 48 hours 
of rBHC'adi-dinistration. The SGOT activity is increased 
52 and 72%, while SaPT activity is increased 14 and 33% 

after 24 and 48 hourS of insecticide feeding. From 

amongst the two dehydrogenases LD11 show 1.15 times and 

1.31 times increase after 24 and 48 hours of feed:L/1g,-.  

while IOW. activity increases 1.714 and 1.804 times 

respectively after 24 and 48 hours of feeding. 

Control blood serum shows 24.37 + 1.42 Rappaport 
unit of ChE/ml of blood serum. This activity increases. 
29-30% after insecticide administration. The CPK acti-

vity shows 49 and 62% increase after 24 and 48 hours of 

insecticide- fooding. 

Several other biochemical components of-blood* 
scram are also affected and a11 of then,:'showed raised 

level is evident from Table III and Fig.3. The Bilirubin 
content arc not affected after 24 hours of rliC feed-

ing, but is raised 46% after 48 hours of feeding. The 
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TABLE - II 

EFFECT OF FEEDING I  -BHC MIXED DIET ( 30 mg/ kg body 
weight/day) FOR 48 HOURS ON THE T:CRIOUS ENZYMATIC 

ACTIVITIES OF ATaIL0 RAT SERUM. 

Para-
meters Control 

(n = 8) 

	

).':.BHC 	feeding 
hours 	48 sours 
	 (n = 32 	= 3) 

AP *** *** 
(KAU/di) 11.67+0.16a  26.40+1.50 28.42+1.02 

Ac.P *** 
(KAU/dl) 4.23+0.20 6.60+0.23 7.66+On5 

Amylase 
(Somogyi 216.77+18.02 214.70+7.24 214.70j:22.39 
U/dl) 
ChE 
(Rapp- 
sport U/mi) 

24.37+1.42 31.66+2.05 
*** 

31.50+1.44 

CPK 
(Sigma 9.01+0.63 13,40+1.38 14.60+0.01 
11/m1) 

SGOT 
(IU/1) 21.73+1.65 0+2.92  

,*** 
37.40+2.31 

S GPT 
(IU/1) 23,05+2.4Q 26.33+0.51 30.66+0.4 

ICDH 
(Sigma 243.18±14.80 416.95+24. 40 

*** 
438.83+17.02 

U/ml) 
LDH 
(IU/1) 465,66+26.29 534.08+23.87 608.80+25.n 

aMean+SEM, Student's 	't' 	test; 
** 	*** 

P 0.05; 	P< 0.01; 	P K 0.001 
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TABLE - III 

EPPECT OF FEEDING ?'-BHC MIXED DIET ( 30mg/kg body 
weight/day) FOR 48 HOURS ON THE VARIOUS BIOCHEMICAL 

COLLJODEilTS OP RAT BLOOD SERUM. 

Para- 
meters 

Bilirubin 

Control 
(n = 8) 

J. BHC feeding 

24 hours 	48 hours 
(n = 3) 	(n = 	3) 

(mg/dl) 0.72+0.07a  0.77+0.06 1.05+0.11 

Cholesterol *** 
(mg/dl) 195,64+6.94 258.92+9.02 216.28+10.73 

FAA *** *** 
(mg/dl) 7.26+0.19 0.92+0.13 8.77+0.23 

Glucose 
(mg/d1) 107.37+3.36 136.00+9.45 150.00+13.11 

Protein **t *** 
(g/dl) 7.30+0.13, 8.21+0.0 9.20+0.14 

Urea 
(mg/dl) 35.49+0.96 30.02+4.41 38.73+4.82 

"ft 

aMean+SEM, Student's 't' test; 
** 	*** *P4.0.05; 	P(0.01; 	P.4 0.001 



TABLE 

EFFECT OF FEEDING -BHC MIXED DIET (30 mg/kg body 
weight/day) FOR 48 HOURS ON THE ACTIVITIES OF VARIOUS 

HEPATIC ENZYMES OF RAT. 

Para- 	Control 
meters 	(n = 5) 

7-BHC feeding 

  

     

24 hours 	48 hours 
(n = 3) 
	

(n 3) 

AP 
(KAU/g) 0.80+0.16a  1.94+0.4. 	2.29+0.1 6 

GOT ** 
(IU/g) 

GPT 

7.11+0.38 11.36+1.47 10.25+0.74 

(IU/g) 

ICDH 

7.32+0.68 19p 4O*4.6g 20.65+4.71 

(X103  
Sigma U/g) 

LDH 

31.39+0.78 29.25+5.30 31087+2.58 

(X10'IU/g) 56.57+4.43 157.17+12.93 0 159.47+14.82  

aMean+SEM, Student's 	't' test; 

P < 0.05; 	< 0.01 ; 11-**P < 0.001 
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cholesterol content increase 1.32 time; end 1.1.1 times 

after 24 and 48 hours of,insecticide treatment. The 

control rat blood serum 'contains 7.30 + 0.13 g protein/ 
17- 	100 ml of scrum and 7.26 + 0.19 mg FAA/100 ml serum. 

The protein content arc increased 13 and 26%1  while FAA 
content increase 23 and 21%, after 24 and 48 hours of 

rBHC administration, respecti.vely. The glucose content 
olso-increase viz-27% -after.  24-'hours of insVeticide 
treatLent, and 40% after 48 hours of insecticide: 

administration, The:blbod serum Urea is also raised', 

but the deviation is statistically non-significant 
(Table III, ig.3). 

3.1.3. BIOCHEMICAL ANALYSIS OF LIVER 

Table, IV and Figure IV shows - the effect of 
feeding xBHC mined diet at a dose of 30 mg/kg body 

weight/day for 48 hours on the activities of various 
hepatic -enzymes. Of oll the enzymes tested, ICDH acti-

vity remained unaltered, while all other activities 

viz. AP, GOT, GPT and LDH were considerably increased. 

The hepatic AP activity increases 141% (24 hour feeding) 

and 184% (48 hour feeding), while the LEH activity 

increases 178% and 182%, respectively. Out of the two 

transeminases tested, GPT was more drastically affected. 

A control rat liver contains 7.11 + 0.38 IU of GOT 
activity& of liver and 7.32 + 0.68 Yu of G?T activity/g 
of liver. The- former-enzymatie -d6Iivity is raised 60% 
and 44% after 24 and 48 hours of feeding, while the 
latter activity is raised 165% and 182%, 'respectively'. 

Besides hepatic enzymes, some other biochemical 

components were also tested to ascertain the effect of 
rBHC feeding. 
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TABLE - V 

EFFECT OF FELDING Y-BHO Ed= DIET ( 30 mg/kg body 
weight/day) FOR 48 HOURS OW TilE VARIOUS BIOCHEJAICAL 

COm2ONENTS OF RAT LIVIM. 

Para- 	Control 
meters 	(n . 5) 

-BHC feeding 

 

24 hours 	48 hours 

Cholesterol 
(mg/g) 7.62+0.22a  

(n = 3) 

5.07+0.g9 

(n = 3) 

5.11+0.2n 

FAA t* *** 
(ug/g) 399.21+18.13 282.20+4:68 190.04+4.70 

Glucose 
(mg/g) 20.14+0.52 20.2911.45 20.83+1.92 

Soluble 
Protein 
(mg/g) 

11.1.18+5.08 129.47+5.62 144.17+10.32 

Total protein 
(mg/g) 199.33+6.11 183.16+15.94 197.48+4.38 

DNA 
(mg/g) 3.84+0.44 3.90+0.26 3.23+0.59 

RNA *.* 
(mg/g) 9.53+0.55 5.46+0.0 4.89+0.09 

aMean+SEL, Student's 	't' test; 
** 	*** *P 005; P 0.01; 	P 0.001 
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on the various biochemical components of 
albino rat liver. 
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Control 

24= 24 Hours rBHC Feeding 

48= 48 Hours r BHC Feeding 

• 6. Effect of feedirz gamma BHC mixed diet 
(30 mak,g body weight/day) for 48 lab,,rs 
on the varioas histological parameters of 
albino rat liver. 
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TABLE - VI 
EP]?ECT OF FEEDING OF )"- DIIC MIXED DIET ( 30 mg/kg body 
weight/day) FOR 48 HOURS ON THE VARIOUS HISTOLOGICAL • 
PARAMETER OF RAT LIVER. 

Parameters goi-nra -BHC feeding 

   

Control 
	

24 hours 
	

48 hours 
(n = 5) 
	

(n = 4) 
	

(n = 4) 

No.of cells/ 276.54+9,62 	247.92+11.39 226.13+14.45 
* 

field _ 

No. of 	aclei/ 
cell 1.12+0.83 1.19 	+0.05 	1.26 .+0.15 

No. of 
nucleoli/ 
nucleus 

1.52+0.17 1.77 	+0.09 	1.63 	+0.13 

Size oft ** 	 ** 
cell 	(.1. 	) 269.27+8.49 306.91+4.92

T 	
373.95±9.09 

Size of 	2  *** 	 ** 
nucleus(u ) 37.71+0.92 47.39 +1.18 	44.45+1.33 

Size of * 	 -X- * 
nuleolus 2.811-0.10 3.98 	+-0.30 	3.80 1-0.21 

aMean+SEM, students 't' test; 
** 	 *** 

P 
_
N  0.05; 	P( 0.01; 	P 0.001 
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• _ 

The hcp,tie cholebteleilconent:deezease 33% 
after rBHC feeding while glucose and total protein 
remain unaltered. The soluble protein content arc not 
affected after 24-hours of deeding', but show 30% 
increase after 48 hours of feeding. The7hepatic 211A 
content-are-drastically docre-ased.--These-eentent 
decrease'.29%and 52% after 24.dnd 48 hour=s-@dter 
insecticide administration (2ig. 5, Table V). 

DNA content do not show any sin.ifigant deviat-
ion, while the RNA content are decreased43 and 49%, 

respectively (Fig. 5, Table V). 

3.1.4. HISTOLOGICAL  STRUCTURE  OF  LIV-10.  

Figure 6, and Table VI show the ef:ect of feeding 

oldrin mixed diet at a dose of 30 mg/kg body weight/day 

for a total period of 48 hours on the various 
histological parameters.of rat liver. , As.is'obvious.  
the hepatic cell, its nucleus and nucleolus are 

hypertrophied after insecticide treatment. The hepatic 
cell size increases 14% and 	after 24 hoUrs and 48 

hours of feeding. The nuc.lcar size increases 26% and 

18%, while the size of nucleolus incrcses 42% and 35% 

during the same exposure period, respectively. The 
• 

number of nuclei/cell and number of nucleoli/nucl6us 

are not significantly altered after insecticide 
treatment. 

Figures 11-14 shows histological structure 

after 24 hours of rBHC treatment, while Figures 15-18 
show histological structure of liver after 48 hours 

of insecticide treatment. The hopatolobular architect-

ure is maintained, though very prominently hypertrophied 
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FIGS.7-10: Histological structure of normal rat liver. 
Note the normal hepatic lobule, central vein with 
portal areas (7,8), hepatic cord structure 
sinusoidal spaces with rod shape kupffer cells,cell 
and nuclear arrangement (9,10). 
Stain: Hematoxylin and Eosin. 
Magnifications: 7,x25; 8,x50; 9,x100; 10,x250. 
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FIGS.15-18: Histological structure of rat liver fed on 
gamma-BHC-mixed diet for 48 hours. Note disorgani-
sed lobular structure (15,16),nuclei with irregular 
margin (16, 17), cytoplasmic margination and hyper-
trophied cells (17,18). 

Stain: Hematoxylin and Eosin. 
Magnifications: 15,x25; 16,x50; 17,x100; 18,x250. 



TABLE - VII 

ifL,1=G)/-BHO LILED DIET (18 mg/ kg body weight) FOR 15 DAYS 0I 	TOTAL 
BODY ALL LIVE =GHT OF ALBINO RATS. 

Total body wt.Lgml__  
jt. gain 0 day 	Before 

slaughtering 	(%/day) 

Boly wt./ 
liner 
weight 

Liver wt. 
CA body 
wt.) 

---- 
Control 185.00+11.86a  214.42+12.10 1.99+0.15 36.32+0.62 2.76+0.05 
(n . 6) 
3 day 
(n = 3) 203.37+17.89 	216.00+17.78 1.78+0.05 36.65+0.19 2.73+0.01 
6 day 

i (n = 	3) 202.33+14.51 	218.50+14.18 1.35+0.18 35.93+1.01 2.88+0.23 
4- -1- 9 day ** 
N (n = 3) 192.00+8.02 	212.33+8.14 1.18+0.09 35.76+1.12 2.80+0.09 
i 12 day ** 

(n = 3) 174.33+8.74 	202.00+11.92 0.94+0.11 33.81+0.T7 2.96+0.V 
15 day *** 
(n = 3) 179.33+10.87 	204.17+11.07 0.93+0.08 34.26+0.65 2.94+0.05 

** ** 
aMean+SEL, *P Student's 't' 	test; 	< 0.05; P < 0.01; P < 0.001 



hepatic dells with v;esicUlCted nuclei, prominent nucleoli 

and granulated cyteplasacompere . Figures 10,14 and 18). 

3.2. 	EFFLCT OF rDHC ADMIT ISTERiD AT A 
DOSE OF 18 mg/kg body weight/day 
FOR A TOTAL PERIOD  02 15 DAYS 

3.2.1. EFFLCT ON BODY WEIGHT AND LIVER WIiIGHT  

Table VII shows the effect of fceding,dieldrin 

mixed diet at a dose of 18 mg/kg body weight /day for a 

total period of 15 days on the total body weight and 

liver weight of albino rats. A co:Itrol rat ahois a 

growth rate of 1.99 ± 0.15% .(n = 6) per day. This 

gro7;th rate is.significantly docrecsed after rDHC 

feeding. The percent growth rate in 3, 6, 9,
.
1,2 and 15 

day feeding group is reduced. to 1.78, 1,35, 1.18, 0.94 -

and 0.93%. Conversely the liver weight, when considered 

in terms of per cent of the body weight increases after 

insecticide feeding. Tire liver weight 4% loody-Nyeight) 

is 2.76 + 0.05 (n = 6) in control rats, which is 

increased to 2.94 + 0.05 after 15 days af'.feeding. This' 
weight increase howeve14, statistically non-significant. 

3.2.2. HAEi,iATOLOGICAL  aTuDii]s  

Gamma BHC, like a typical insecticide exposure 

response has detrimental efNct on thc haemoglobin 

content of rat blood. A control rat blood contains 

13.04 ± 0.16 g haemoglobin/di of blood (n = 6), which 

after 15 days of insecticide feeding is reducod by 8% 
(Table VIII, Fig. 19). The number of RBC count and 

PCV is likewise significantly reduced. Mire RBC 

decreases 13, 20, 18, 14 and 16% after 3, 6, 9, 12 and 

15 days of feeding, while PCV shows 7, 14, 9, 8 and 9% 



T.,321,2] - VIII 

E2FILT 02. 	 La.La• (18 g, kg body 1.7,1eight) 2UE 15 	OZ THE 
T:LW 	 III:0 'LT. 

L 	. 	 , 	,. 	. 	 • 

Paame-Control 
tars 	(n = 6) 

rib 

3 days 
(n 	3) 

6 days 
(n = 3) 

BHC feeding 
9 days 
(11_. 	3) 

12. days 
(n = 3) 

15 	days 
(n = 3) 

(J/ dl) 13.04+0.16a  12,70+0.12 11.14+0.56 12.26+0.31 12.23+0.33 12.00+0.35 
R.3C ** *** ** 
(L10J  
cells/ul) 

2 	• 	. 

69.10F1.20 59.86+1.53 55.43*1. .57.03+2.43 59:(i6+1.16 58.13+1.88 

(X10 
cells/u1) 

65.50+5.20 89.00+5.56 32. 661:4.34 91.33+5.311  82.17+5.34 81.50+2.51 

?CV 
vo) 43.28+0.40 40.18+1.06 37.10±0:O3 39.371-1.16-  39..66+0.7t 39.36+1.21_ 

LCV *** 
(fl) 62.64+0.46 67.12+0.61 67.11-1-0.0 69.11+0.97 66.51+0.6T 67.73+0.71 

LOH *** 
(26 ) 18.88+0.28. 20.30+1.07 20.07+0.47 21.53+0.39 20.50+0.11 20.65±0.0  

(g/dl) 30.15+0.36 31.64+0.54 29.91+0.93 31.15+0.15 30.82+P.83 30.49+0.34 

aLean+SEL, Student's 	't' test; 	P 	0.05; 2, 0.01 . 	0.001 
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Fig.19. Effect of feeding gamma BHC mixed diet 
(18 mg/kg body weight/day) for 15 days 
on the various haematological parameters 
of rat blood. 
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TABLE - IX .  

EFFECT OF FEELTLG (-ERC =ED DIET (18 mg/kg body 
weight) FOR 15 DAYS ON THE ACTIVITIES OF VARIOUS ENZYi4ES 

IN RAT BLOOD SERUM 

15 	day,n 
(n=3) 

2:1,  

Para-
meters 

Control 3 du 

7 

ENC feedina 
6 days 	9 
(n=4) 	(n=4 
777 	'777 

12 days 
(n=3) 

7** 
AP 8.57a  11.22 13.23 18.23 • 27.05 22.58 
(KAU/di) + 0.39 + 0.83 ± 0.52 ± 0.52 ± 0.77 ± 0.45 

**- ** *** *** *** 
AcP 3.63 6.0 5.11 6. 51 6.71 7.27 
(KAU/di) ± 0.26 + 0.21 ± 0.27 ± 	0.28 ± 0.22 + 0.19 

Amylase ** *** *** 
(Somogyi 226.76 296.13 330.77 332.27 392.98 398.59 
U/dl) +14.45-  +28.87 +37.04 +17.66 +15.82 +24.47 

ChE 34..77 37.83 40.00 41.75 38.33 38.66 
(Rapp- 	+ 2.34 ± 1.74 + 4.04 + 	1.61 + 1.20 + 2.91 
aport U/miT 
CPK * *** 
(Sigma 9.66 15.33 16.20 16.95 19

*
.80 23.13 

U/ml) + 	1.60 ± 1.45 + 1.68 + 0.76 ± 0.92 + 	1.69 
*** *** ** 

GOT 27.80 40.44 48.27 43:g 37.32 36.66 
(IU/1) + 1.48 + 1.06 + 2.32 + 1.46 ± 1.21 ± 4.41 

GPT 22.39 26.15 20 .21 21.87 20.63 27.40 
(IU/1) ± 1.60 + 1.40 ± 0.59 ± 1.03 + 0,73 + 	1.91 

** 
ICDH 428.76 435.18 543.0 562..97 570.72  625.42 
(Sigma 
u/ml) 

±12.93 +35.02 +21,58 +12.12 +38.58 +49.06 

LDH 506.56 678
*
.72
**  

507.52 522.24 574.0g 636.n 
(IU/1) +21.91 +19.59 +31.53 ±12.12 +15.45 +14.56 

-•••••••re 

aMean+SEM3  Student's 't' test; 
** 	 *** 

0.05; 	P 0.01; 	P e‘s  0.001 
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during the same experimental period. The WBC count, 

just as expected increases after rBdC feeding. The 

maximum increase of 40%, aces• recorded ofter 9 days of 

feeding. The LICH in control rats is 18.8 + 0.28 Pg 

(n = 6) which increases . 6-14%, while LICHCrelhziris - 
unaltered after.. insecticide treatment' 	..' 19, Tab le 
VIII) . 

3.2.3. BIOCHEilIC 	Aici LYSIS  OF BLOOD 

•1 Table II and figure 20- show the effe,ct of . 	, 
feeding gamma MC on the various cnz umtie activities 

in rat blood.,.scrum. A control rat blood serum shows.  

8.57 +. 0.39  KAIJ of AP/,100 ml and 3.63. •+ •0.26 KAU .of 

AcP/100 ml. Both these enzymes show drastic_inca.ease. 

The former enzymatic activity ,increeses 31, 54,, 113, 

216 and 164%, while the latter enzyme shows 66, 41 1  79, 
85 and.; 106% increase after 3,, 6, 9, 12, and 15..days of 

F-BEIC feeding.. Ont of-'t v o t ran samine SOS :t este-d, •SGPT 

remains unaffected, while SGOT increosed 45, 74, 57, 34 

o,ne 32% after 3, 6, 9, 12-and 15 days .sof insecticide 

feeding. The LDII activity increases34% after .3 days of 

insecticide feeding and shows `26% increase after 15 days' 

of feeding. :,The ICDII rictivity. is not •,significantly 

affected after 3.  dayb loUt shovs27%, 3-1% .  37% 'arid 46% in.reeise 

after 6, 9, 12 and 15 days of lin.d.a.nc feeding. Besides 

phosphatases, CPK activity is .a.lso considerably zaffectod. 

A control blood serum shows 9.66 + 1.60 CPK activity 

in terms of sigma unit siml, which silo t ,s 	59, 68, 76, 

105 and 140% after insecticide treatment. 

The Cholinesterase activity, generally remains 

unaltered except for 9 day treatment, when the CliE 

activity shows 2C% increase over the normal enzymatic 



TABLE X 

EFFECT OF FE DING t-BHC MIXED, DIET (18 mg/kg body weight/day) FOR 15 DAYS ON T;-IT, 
VARIOUS BIOCHEMICAL COMPONENTS OF RAT BLOOD SERUM 

15 	days 
(n = 	3) 

Para- 
meters. 

Control, 
(n = 6) 3 days 

(n = 3) 

'BHC feeding..  
6 days 	9 .days 
(n = 3) 	(ii = 4)  

12 days 
(h = 3) 

Bilirubin ** *41- *** 
(mg/dli 0.76+0.04a  0.71+0.07 0.90+0.06 0.99+0.04 1.17+0.09 1.27+0.03 
Cholesterol 
(mg/di) 180.73+7.16 178.65+5.62 175.46+8.08 177.92+0.94 185.26+2.10 196.82+5.55 
FAA 
(mg/dl) 9,81+0.14 

-*** 
7.13+0.44 

*** 
6.47+0.21 6.33+0:-6T 7..06+0:54 7.92+0.15 

Glucose 
(mg/dl) 129.60+7.08 118.92+7.28 117.33+4.67 106. 31 +5.41 164.56+4.2.7 109.40+3.85 
Protein * 
(g/d1) 8.04±0.21 8.28+0.25 9.51+0.45 9.7+0.28 8.41+1.08 8.32+0.11 
Urea 
Irk/d1) 33,56+1.19 

** 
28.19+0.82 

** 
27.79+0.72 26.141-0.81 30.62+0.51 31.75t0.98 

 

*- 
P 0.05; #P=<: 	

*** 
0.01; 	P 0.001 

 

ailean+SEi.d, Student's t test ; 
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level. The amylase activity also incises j1,,49, 47, 
73 and 76% after 3, 6, 9, 12 and 1$..  day of` B C feuding 
(Table IX, Fig.20). 

Besides enzyme activities, several other serum 
components were also tested-for ascertainingeffect of 

,t4.-BHC on the general metabolic processet of.  rat. - Figure  
21 and Table X show the data in that context. The 
bilirubin'oontent are not affected until day 9, when, it 

increases 31%. After 15 days of feediing the bilirubin 

content increase 69%. - The cholesterol content are .not 
affected at all. - The blood. serum pr6tcias increase 
18 and 21% after 6 .and 9 days of .feeding. while the . 

FAA content decreabe considerably. The'decrease,is 27, 
34, 35, 28 .and 19% after BHC feeding. The glucoseand 
urea content likewise Show significant decrease. The 

glucose content decrease 16% - 19% after 9, 12 and 15 
days of insecticide treatment, while:thelplOO:d uica' 

shows 16-22% - decrease during first 9 days.  of.treatment. 

During the latter part of experimental period, ;tile tu'ca 

content does not show appreciable deviation. 

3,2 . BIOCHELIICAL ANALYSIS, OF LIVER 

All hepatic enzymes are elevated after 'BHC 
feeding, AP, GPT, ICDH and LDH activities ,:L'ec; 

within three days of feeding, while GPTrIctivity is.. 

significantly affected after 6 days of feeding. The 
hepatic AP activity in control rats is 0.64 -+ 0.02 KAU/ 
g (n = 5), which increases 118, 147, 77, 64 and 34% 
after 3, 6, 9, 12 and 15 days of feeding (Tdble XI, 

Fig,22). The GPT activity increases 73, 104, 90, 73 
and 65% after 3, 6, 9, 12 and 15 days of feeding. The 
GOT activity, on the other hand shows 31, 74,. 67 sand 21% 
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Pig. 21. Effec t of feeding gamma BM mixed diet 
(18 mg/kg body weight/day) for 15 days 
on the various biochemical components 
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TABLE - XI 

EFIPECT Op_ FE DDG Y-BHO MIXED DIET(18-mg/kg body. weight/day) 10013 15 DAYS ON THE 
ACTIVITIES OF. VARIOUS:HEPATIC ENZYMES 

Para-
meters 

AP 

Control 
0 day 
(n = 	5) 

3days 
(n = 3) 

* 

p,  HC feedinc  
6 days 	9 days 
(n = 3) 	(n = 	3) 

* 	 *** 

12 	days 
(n = 4) 

*** 

-15 days 
(n = 4) 

(KAU/g) 

GOT 

0.64+0.02a  1.40+0.13 1.58+0.13 ,  1.13+0.08' 1.05+0.04' 0.86+0.05' 

(IU/g) 7.34+0.1 7^ 0.84+0.64 13.31+04:U 90 12.814-1. 12.29+0:4 8.90+0.42 
)r) 
kr1 GPT ** ** * 

(IU/g) 11.07+0.15' 19.15+1.38 22.54+1.06 21.05+0.64 19.18+0.8g 18.24+0.87 

IC DH'  *** *** 4** *** 

(X103  
sigma u/g) 

20.10+0.50 34.59+0.88 43.00+1.- 78 32.95+5.21 33.68+1.17 33.41 +1 .27 

LDH A  **,* 
(x1rIU/g) 5100+1.20 60.80+0.77 82.82+4.81 96.00+4N 82.01+9.4'2 79.35+7.58 

-------6 

aMean+3Eid, Student's "0-  test; P 0.059 
** 	• 

PK 0.01; 
*** 

P 0.001 

4 



TABLE - XII 

EFFECT OF FEEDING y-BHC 1o1IXED DIET ( 18 mg/kg body weight/day) FOR 15 DAYS ON THE 
VARIOUS BIOCHEMICAL COMPON=S OF RAT LIVER. 

Para- Control 
meters. 	(n = 5) 

Cholesterol 

3 days 
(n = 	3) 

*** 

BHC feeding 
6 days 	'9 days 
(n = 3) 	(n . 3) 

-12 	days 	-. 15 	days 

	

(n = 4) 	(n = 4) 

(frig/g) 	15.72+0.35 7.40+0.40 7.87+0.57 6.73+0.48 5.60+0.28 582+0.34 

PA **• 
(dg/g) 	319.95+1268 269.74+17.99 262.68+24:22 247.77+17.92 186.58+8:51 210.52+13:24 
Glucose 
(mg/g) 	12.93+0.61 , 15.78+1.30 17.87+1.3 20.16+1.9g 14.57+0,64 14.47+1.04 
Soluble Protein / 
(rng/g) 	152.99+5.62 123.24+0.83 126..32+6.6 139.88+5.44 143.31+5.31 154.92+7.85 
Totc.1 protein 
(mg/g) 	237.67+7.45 207.14+11.99 218.54+5..21....225.27±6.10 228.56+15.34 241.52+12.53 
DNA *** 
(mg/g) 	2.42+0.17 4.44+0.20  4.55+0:T5 5.46+0:21 4.22+0.21 

4
(*

* 
3.'11+0.20 

RNA. *) ) ;: -: 
(mg/g) 	8.62+0.38 7.86+0.48 7.14+0.015 5.94+0.09 5.22+0.46 5.80+0.95 

** *** aMean+SEK, Student' s 't' test; 	P 0.05; 	P<0.01-; 	P < 0.001 
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Fig. 23. Effect of feeding gamma BHC mixed diet 
(18 mg/kg body weight/day) on the various 
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24. '2,ffect of feedi:cg 	MX mixed diet 
(18 mg/1%,  body weight/day) on the 
varioas histological parameters of the 
rat 



TABLE - XIII 

EFFECT OP FEEDING OF ALDRIN MIXED DIET ( 18mg/kg body weight/day) 
ON THE VARIOUS HISTOLOGICAL PARAMETERS OF RAT LIVER. 	. 

FOR 15. DAYS 

Para- 	Control 
meters 	(n = 5) 3 

(n=4) 

	 DNS OF DIELDRIN FEEDING  
6 	9 

(n=4) 	(n=4) 
* 	  

12 
(p=4) 

15 
(n=4) 

* * 

No.of cells/ 274.67a  ?53.32 231.17 223.54 220.40*  213.15 
field 	±12.47 + 8.40 -,-  + 9.63 +10.19 +11.21 410.44 

No.of nuclei/ 	1.03 1.166 1.34 1.16 1.10 1.14 
cell 	± 0.0L), + 0.04 + 0.20 + 0.04 + 0.032 

v. 
+ 0.04 r. 

No.oinuo1301i/ 1.49 1.54 1.71 1.51 1.62 1.65 
nucleus 	+ 0.11 + 0.09 + 0.26 + 0.08 + 0.10 + 0.10 

"* ** *- *** 

Size og 	289.23 317.01 330.32 30 5.12 335.95 375.11 
oell(pz) 	± 8.81 + 	5.61 ± 5.03 + 6.45 + 7.84 +10.94 

Size of 2 	39.45 45.79
* 

47.93 47.90
**  

46.44**  
*.* 

47.52 
nucleus(p. ) 	+ 1.18 + 1.49 + 1.44 ± 1.42 + 1.20 + 1.28 

Size of 	2.57 2  3.68 3.90 3.44 3.19 3.33 
nucloolus(p )+ 0.30 t 0.22 + 0.25 + 0.20 + 0.17 ...... + 0.18 -,-, 

* * * 
P <0.001 aMean+SEE, students 't° test; 	0.05; 	P / 0.01; 
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after 6, 9, 12 and 15 days of insecticide •:-..dministratio:a. 
The hepatic LDH and ICDH activities incrc se si4::,.ilific2.rit- 
ly. 	This increase is 17, 60, 85, 58 .  and .53% 	c 	of 
LDH, and 724 	"64, 	66 :in the:, c ase,  
after 3, 	12 and 15 days of-y3HC geeding.T. 

sTbleXII and Figre 23i-show effect of-WHC 
feeding on tic various heatic biochemical components 
other than anymes, The hepatic-  choleSterol content 
are most drastically 'redUced. The decrease V-axies from 

	

, 	. 

50 	 64% dUring 15 days ice insecticide_ :t 	The 
glucose content show increase after insecticide adminis-
tration,' but it is only:during the first 9 days that 
alteration is significant:. - ;.The total proteins -are 
unaffected, although the soluble pTotein-component 
decreased 17r19% during :the firSt week of insecticide 
administratien. The FAA: content also decrease, which 
is 16, la, 23,! 42'and 34%af.ter 3, 6, 9,1 2 and 15 days 
of feeding. 	 . 

The hope -tie nucleic acid component is consider-
ably affected. The DNA content increase significantly. 
A control rot liver contains. 2.42 .+ 0.17 mg DNA/g liver 
tissue (n = 5). This content increases 154, 88,, 123, 
75 and 62% after 3, 6, 9, 12 and 15 days of pBHC feed- 
ing. The RNA content, conversely is significantly 
decreases, which is 9, 17, 31, 39, and 33% after 3, 
9, 12 and 15 days of lindanc feeding (Table XII;Fig..2.3). 

3.2.5. HISTOLOGICAL STRUCTURE 02  LIVER 

As a typical toxic response t'ae hepatic calls,. 
their nuclei and nucleoli increase in size (Table XIII, 
Fig. 24). A control hepatic cell measures 289.23 + 
8.81 iu2, while its nucleus measures 39.45+1.18 2 and 

• 



IGS.25-28: Histological structure of normal rat liver. 
Note a portion of liver lobule, with portal areas, 
hepatic cords (25-27), sinusoidal spaces, rounded 
nuclei and almost compact tissue (27-28). 
Stain: Hematoxylin and Eosin. 
Magnifications: 25,x25; 26,x50; 27,x100; 28,x250. 
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FIGS.29-32: Histological structure of rat liver fed on 
gamma-BHC-mixed diet for 3 days. Note hepatic lobule 
with slightly disturbed cords with few lightly stained 
irregular zones (29,30) and numerous clear areas in 
the nucleus (30-32). 
Stain: Hematoxylin and Eosin. 
Magnifications: 29,725; 30,x50; 31,x100: 32,x250. 



• J 	, ..fr ,..- 	',...' 1 AP •r„,%,,,,,..„,,,, 	.0.. 	le 

	

..,, 	Is • • slob 	is • 	..,1 %Ilya", 4 ...4' : 7. 71,  .. I. 	• 1 	, . ... le $ ..}. 1 	. • -.4.: '''t -.4 lir' 014" ::-"°' 1.•'-'''. . 1  .:* r' a'lit,etti';'/ .  :.- '....c1:-f o.s% *";%ciiii!IC.'- ' :L I  !.....21'et*,, -41'... 10,/,-- 04 	• ' 	0.,.. • 11. IP. 4;41:4.4. 4,-".......-' ,.."1" : .. • . „ or. 	,1: 	.....SA ..." .1 . ....f.: : 01  .—.- • : 4. r. 1. 0, 	..4'.:„...' II 	, .. ....,.. ,..;• .. 	‘m• • J.  0 ..... 	ill. 	t ••• ...: .wr . 	w 	.. 41  % 	w . 	. .. , 	r .....^Lvd...` •'"•!••:s '' ' 4 et 	•Sk•; ' -•••1•1c". ie** ''' i  . -• ' •• . • , 	• 	0 ,0 .c....— ; 	.. 	. 	..k. ... .. • '''' ' 	• , ' • s• 4 ii . • sr .s.f:,•• , :4•74, ...ti ..„.... 	1- -;• 

	

" "••• •• •:.'rlik -4,  • 	) 41 • . • " 	, -..• ..- • • - a . , . 4 4.0. J. :6..  ...., 	1,":".* 
.Y:l.' ZPI..‘- t.4 • .i !".r -,.•,:..%.,. 	,V4Z4.1' 	' .;

OS: "1 .. 	: ,te • .„ % ,,,., 	it. -.....„. .../ t 	•<„ ..• ..Zt 04 • ..i. •'• • - 	., J. - ,...........1„ 	.i
ii

- 	oil" . 	„ •. 	:. ,, 

113 • • .. A'' '0• 

	

. 	AIN,' 	+ ' ''  	, 	• ' 	. . • 	- 	, ' , .."... 
. 	...N  . \ I.\ 	'' • 	. '''' "5' ' •' • 4  ''''' 1' ..•' e • m...' ' 7,7* 4P 	- 	 .., ..,.4

.
„4 , . ..), „ ...6 a • . , . 4., 	, , . 

• ' 101. ,r "....".."." - e ...irs,,.• :. , i .. 	..-.?, ,...:. 0., 	,...,-ii, , :...7,. 1.i.,',,,..)..,...2 . Jr.,-:-..4N.,,...-%.;:r...,,.4  ..,.. % f • .11." .,' 1 7  ',Zitt•k 's.:5•: ..d.. .44• S X? 7'''..:•--'.....r.4.:= I 4;" . 4!.. .41 a 1.-  ,,..Nc: r-.„:..,I.:,... .7. ,,,..... 	..,1 , qe..- 	.. • , 	, 
:,..., :- a 	%. • , ..14,  .•- 	,..,,,,:,,., 	„,,:,,o,11, • 	: 

.., 	fr,t4.. ,•:, 	* .,::,
,-...:.,:....,'A.,;,......;:-,.........,.c., f±•:,,,......... „ V)  

dm. 	, , „„ „. ,.. 	• —. ma- „:4. - ':-. :41,-‘2,... 	-...ti,  
;.,...i. 	' . i• • .; ;...7r 	. • . . . 1' ,,, , ..',. 	̀,.. • ' 

— 263- 

FIGS.33-37: Histological structure of rat liver fed on 
amma-BHC-mixed diet for 6 days (33-34) and 9 days 

(35-37). Note disorganised lobular, and cord 
structure (33,35), increased sinusoidal spaces with 
swollen (33,36), almost rounded, kupffer cells,loss 
of cell structure with irregular nuclear margins 
(necrotic region) (34,37). 

Stain: Hematoxylin and Eosin. 

Magnifications: 33, 35,x25; 36,x50; 34, 37,x250. 
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FIGS.41-44: Histological structure 
gamma-EHC-mixed diet for 15 days 
hepatic lobular morphology with 
(41), enlarged sinusoidal spaces 
margination with dull irregular 
hypertrophied cells (42-44). 
Stain: Hematoxylin and Eosin. 

Magnifications: 41,x25; 42,x50; 

of rat liver fed on 
. Note disrupted 
several portal areas 
(42,43), cytoplasmic 
shape nuclei and 

43,x100; 44,x250. 
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nucleolus as 2.57 -- 0.30 µ2. After ;BHC feeding the 

hepatic cell size increases gradually and show 30% i 

increase after 15 days of insecticide feeding. The 

nuclei increase 20% during the same period. The 

nucleoli show 52% increase during first week of 
insecticide administration, although during the later 

part of the experimental period the nucleoli no longer 

show any significant deviation from the control size. 

The number of nuclei/cell and the number of 
nucleoli/nucleus arc not affected, although the number 
of cells/microscopical field decrease from 274.67 + 

12.47 (n = 5) to 213.15 + 10.44 (n = 4) after 15 days 

of OHO feeding. 

Figures29 - 44 show effect of PHC on the 
histological structure of rat liver after feeding for 
3 days (Figs. 29-32), 6 days (Figs. 33-34), 9 days 

(Fig. 35-37), 12 days (Figs. 38-40) and 15 days 

(Figs. 41-44). The histological structure of control 

rats, who have been fed on normal diet is given in 
Figures 25-28. 

The hepatolobular architecture is maintained. 

The nuclei arc compact structures, with distinct 

vacuolar spaces which appear prominently during the 

first 3 day treatment (Figs. 31-32). The cytoplasm is 

not granulated until day 15, when vacuoles appear in 

the cytoplasm and. slight granulation is visible (Fig.44). 

Although the hepatic cell and nuclei appear to be larger 

in size, but the typical indication of insecticide 

toxicity i.e. vacuolation is not di.stinilty visible in 
these groups of.  animals. 
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3.3. 	EFFECT OF GAbUik 3HCLUSTER:ED AT 
A DOSE OF 9 rig/kg body weight/day 
FOR A  PERIOD OP 6-18 IIONTHS 

3.3.1. BODY WEIGHT AND LIVER WEIGHT 

Table XIV shows the effect of long term feeding 

of gamma BHC on the Body weight/liver weight ..ratio and 
the weight of liv cr: (in terms of % of the bodrweight). 
The body, weight liver weight ratio decreases 4 and 9% 

during '6' 'and 12 months feoding..i-espectiVely, while a 
significant decrease of 30% was recorded after 18 

months of feeding. The liver weight behaved exactlyin 
the same pattern. It is only after 18 months of feed-

ing that about 24% increase was Observed in liver 
weight considered in terms. of percent of body weight 

3. 2. 2. HA.EidATOLOGICL STUDIES  

Gamma BHC (=Lindono) administered for a period of 
6-18 months does not appear to *ye brought about any 

drastic change in haematolOgical paranletersaS was seen 

in other chlorinated jnsecticides(Fig. 45, Table XV). 

The haemoglobin content show slight decrease from the 
control level, but 'except for 6 " month observation, which 
show 10% significant_ decrease, all other deviations are 
non significant. Tha- Ri3C cour.t • is significantly 

decreased, which is:19%, 14% and 10% after 6; 	and 
18 months of feeding. The ..WBC count, on the other hand, 
does not change significantly. The PCV behaves just 
like Haemoglobin content. The s,ix month feeding 
causes about 12%. decrease, while .  prolonged feeding 
does not have any significant effect. The LICV and LICH 
is increased after 'BHC feeding. The MCH shows 11, 
14 and 8% increase, while LICV shows 10 2.15 and 10% 



TABLE - XIV 

EFFECT 02 FEEDING 	BHC iiiIXED DIET ( 9 mg/kg body weight/day) FOR 6-18 MONTHS 
N TH. TOTAL BODY ANL LIVER WEIGHT OF RAT. 

-"-Trjr- 

Para-
metera 

? 6 months 	 , 	12 months . 18 months 
*)BHC'feeding exp. 	i 1BHC -C feeding exp. 	1 7.--BHO feeding exp. 

9  
7 	 7 

Control 	i. BHC fed v 9  9 	Control 	7---BEIC fed 1 	
Control 	7BHC fed 

(n . 6) 	(a = 4) 	i 	
9 

v 	(n = 4) 	(n = 3) 	(n = 6) 	(n = 4) 
1 
1 	 1 	  

	

! 	Body wt/ 
liver co _ 

	

\t) , 	v:t.ratio 
N 

I 

I

39.2 +0.73a  37.84+2.80 37.95+0.'92 34.71+2.22 48.90+1.21 
*-X* 

34.45+0.27 

Liver wt. 	 ** 
(% body. 
	2.55+0.05 
	

2.69+0.19 	2.64+0.07 	2.90+0.19 	2.37+0.08 
	

2.90+0.02 
wt.) 

* * ** -X- 
aMean+SEM, Student's 't' test; 	P4,0.05; 	P (0.01; 	P (0.001 
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Fil_L;•46. Effect of feeding gamma ETIC mixed diet 
(9 ms/kg body ',:veisht/day) for 6-18 
months on the activities of various 
enzymes in rat blood serum. 
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increase, in 6, 12 and 18 month groups, respectively. 

The MCHC remains unaltered (Table XV, Fig. 45). 

3.3.3. BIOCHEMICAL ANALYSIS OF BLOOD 

All blood scrum enzymes, except for SGOT and 
SGPT incre-se after long term feeding of y!--BHc and 
generally follow the same pattern .(Fig, 46; Tablo''XVI). 
The SG2T decreases ;23 end 34% after 6 and 12 months of 

administration, but the enzyme activity is 

recovered inspite of continuous feeding for another 6 

months. The SGOT activity on the otler hand is signi-

ficantly increased (41%) after 6 months of feeding,. 

but then.lateT on does not shown any deviation from the 

normal after prolonged feeding upto 12 or 18 months. 

Fromm' amongst the most drastically affcted 

enzymes, phosphatases (both acidic and alkaline) are 

at the top. AP activity increases 236, 460 and 113% 
while AcP activity increases 140, 131 and 171% after '6, 

12 and .18 months of feeding. 

Tile two dehydrogenases follow opposite routes 

aftorT=BHC feeding. The LDH activity shows 123% 

increase in 6 months and 33% increase in 12 month group, 

while after 18 months of feeding the LDH actin ity shows 

no deviation at all. The ICDH activity, on the other 

hand, 'shows significant change (33% increase) 'after- 12 

months of 3%:DHC feeding, while the same increase after 
18 months of feeding is 32%. 

The CPK activity is dignificontly increased 

(102%) within 6 months of feeding, while this increase 

after 12 and 18 months of feeding is respectively, 147 
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TABLE -XV 

EFFECT OF FTE_,DIG i i -BdC 	DIET ( 9 mg/kg body 
weight/day) FOR 6-18 MONTHS ON TIE VARIOUS HAEMATOLOGICAL 

PARAMETERS OF ALBINO RATS. 

Cont- 	YBHC 	t 	Cont- 	YBHC 	i 	Cont- 	Y-BHC 
rol 	fed 	rol 	fed 	i 	rol 	fed 
(n=6) 	(n=4) 	(n=4) 	(n=3) 1 	(n=6) 	(n=4) 

Hb 13.79a  12.5g 13.14 12.83 13.04 12.66 
(g/dl) + 0.32 + 0.26 + 0.23 + 0.14 ± 0.16 ± 0.17 

*x ** 
RBC 70.87 57.50 70.48 * 60.40 69.10 62.28 
(X105  
cells/111) 

+ 	1.26 + 2.48 + 	1.28 j- 	1.25 ± 1.20 + 1.45 

WBC - (A102  
cells/al) 

66.50 
+ 3.99 

75.00 
+7.60 

62.38 
+ 	1.34 

63.33 
+ 1.09 

65.50 
+ 	5.20 

80.88 
+ 4.60 

*** 
PCV 45.92 40.55 42.89 42.18 43.28 42.64 
(%) + 0.44 ± 0.94 + 0.19 + 0.55 + 0.40 + 0.22 

** it 
MCV 64.38 70.71 60.91 69.8

**
6 62.64 68.tg 

(f1) ± 0.65 + 1.60 + 0.86 + 0.56 ± 0.46 + 1.29 

IvICH 19.45 21:4 18.6421 *** .24 18.88 
** 

20.35 
(Pg) + 0.32 + 0.47 + 0.26 + 0.10 + 0.28 + 0.21 

IvICHC 30.24 30.49 30.62 30.40 30.15 29.69 
(g/dl) + 0.65 ± 0.21 + 0.41 + 0.36 + 0.36 + 0.29 

Lean+SEL, Students °V test; 
** 	 *** 

• P <, 0.05; 	P c 0.01; 	Pk 0.001 

Para- 	6 months 
meters YBHC feeding 

experiment  

12 months 
yBHC feeding 
experiment  

1 18 months 
I -:'BHC feeding 

experiment  
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TABLE - XVI 

EFFECT OF FEEDING ) -BHC MIXED DIET ( 9 mg/kg body 
weight/day) FOR 6-18 MONTHS FOR ACTIVITIES OF VARIOUS 

ENZYMES OF RAT SERUM. 

Para 
meters 

6 months 
YBHC feeding 
experiment  

Cont- 	r- BHC 
rol 	fed 

12 months 	18 months 

	

YBHC feeding 	t "I/BHC feeding 
experiment 	experiment 

Cont- YBHC 	Cant- Y BHC 
rol 	fed 	I 	rol 	fed 

(n=6) (n=4) (n=4) (n=3)1 (n=6) (n=4) 

AP 9.57a 32.19 	9.46 52:11 1 0.21 21 .78 
*** 

(EAUld1) ± 0.39 + 2.41 + 0.68 + 	3.24 + 0.97 +0.45 

AcP 5.46 
* 

 13.11 	4.48 10.35 5.34 14 )."4 g 
(KAU/d1) + 0.48 + 	1.11 	+ 	0.25 + 0.49 + 0.59 ± 0.52 

** *** 
Amylase 242.53 279.24 	210.29 299.03 202.03 306.25 
(Somogyi +16.74 +1 5.97 	+10.57 +10.42 +12.22 ±14.77 
U/d1) 

ChE 31.80 25.33 	26.00 33.06 31.08 38.7 5. 
(Rapp- 	+ 3.76 + 3.38 	+ 1.85 + 1.80 + 1.82 + 2.31 
apart u/mlJ 

CPK 	10.30 
*** 

29.03 	7.57 18. 8.75 
*** 

31.25 
(Sigma + 0.77 ± 3.20 	+ 0.61 t 0.58  ± 0.97 + 0.75 
U/ml) 

SGOT 21.02 29.5g 	28.98 30.22 35.66 32.00 
(IU/1) + 	1d46 + 2.54 	+ 2.73 + 0.48 ± 2.55 + 	1.69 

SGPT 17.72 13.62 	14.82 9.77 18.75 19.2.0 
(IU/1) + 	1.40 + 1.26 	+ 009 + 1.42 + 1.87 +. 0.99 

IC DH 391.86 401.14 	395.23 547.02 462.53 L09481 
(Sigma +28.33 +22.35 	+10.33 +11.14 +24.13 +16.77 
U/m1) 

*** 
LDH 401.44 895.80 	442.20 586.24 509.49 501.1'2 
(IU/1) +10.87 +18.93 	+49.62 +47.94 +27.82 ±58.43 

aMean+SEM, 

PH 0.05; 

Student's 't' test; 
-x-* 	 *** 

P‘.. 0.01; 	P 0.001 
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and 257%. 

The ChE and amylase activities are affected 
after 12 months of feeding. The six month group does not 

show any ap.prcaiable change. The ChE activity 
increased 27 and 25%, while amylase •activityis increased 

42 and 52% after 12 and 18 months of feeding .(Table XVI, 
Fig. 46). 

A few other 'biochemical components of r...7t blood. 
serum.were also tested ..to find out the effect of long 
term feeding . -Of Y:BI-Idto albino rats for 6-18 .months ;  • 

(Table XVII, Fig. 47). The bilirubin content decrease 

18 and. 36% during the first 6 'end 12 Months of .:feeding ,. 

but after-  18 Months of prolonged feeding the bilirubin 
content... increase 30%. The Cholesterol,.dontent ,  remain -• 
unchanged exaept .for 12 Month 'feeding group, vLcn en 

increase of 23% was recorded. The FAA content likewise 
showed no appreciable throughout except for 3 month 

feeding group when a 24% increase was observed. The 
blood. serum protein content are t ot ly unafectcd, 

while 'urea content show a significLrit'decrease of 18% 

after 18 months of feeding. Tne only component, which ,„ 

is consistently deviated is blbod -sugar level., The 
glucose content increase 47 and 31% after 6 and,  12 

month.s, feeding, while -a significant decrease of • 20% was 
observed after 18 months of r BHC feeding (Table XVII, 

Fig. -47). 	. 	 ...• 

BIOCHEIiICLL ANALYSIS OF LITTER 

Figure 48 end Table XVIII show the effect of 
feeding )fr-BHC to male albino rats on .  the activities 
of hepatic enzymes, while figure 49 end Table XIX show. 
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TABLE - XVII 

EFFECT OF FEEDING 	-BHC MIXED DIET (9 mg/kg body 
weight/day) FOR 6-18 MONTHS ON THE VARIOUS BIOCHEMICAL 

COMPONEZTS 	ALBINO RAr BLOOD SERUM 

Para-
meters 

6 months 	12 months 	1  18 months 
(BBC feeding 1 YBHC feeding 	'fBHC feeding 

experiment 	experiment 	experiment  
ControO'Blig f?d controlir2Cfq Control ;TIC  fed 
(n=6) 	 (±1-4) 	(n=3) 	(n=6) 	(n=4) 

   

4. 	  

   

0.52 
+ 0.06 

196.09 
+6.91 

** 

0.63 
+ 0.03 

177.19 
+ 	5.21 

0.41 
+ 0.04 

2184.12 
+ 2.36 

0.56 
+ 0.04 

180.12 
j- 	9.80  + 

0'13 
+ 0.03 

199.11 
9.62 

11.45 9.00 '9.92 11.09 10.31 
+'0.48 +`2.33 ± '`0.23' 

*** 
168.25 107.45 140.47 150.57 120.34 
+14.75 + 7.26 + : 3.92 + 	3.63 ± 3.40 

7.18 7.68 8,15 8.58 7.69 
4-0.29 + 0.21 +'0.32 +0.45 + 0.27 

32.65 23.55 28.26 41.15 33.75  
± 4.43 +,6.84 ±,2.71 +.1.98 +2.11 

Bilirubin 0.73 
(mg/di) 	± 0.60 

Choles- 	182.95 
terol 	+ 6.25 
(mg/d1) 
FAA. 	9.27 
(mg/dl) 	+ 0.34 

Glucose 	114.76 
(mg/dl) 	t8.52 

Protein 	6.90 
(g/dl) 	+ 0.04 

Urea 	36.34 
(mg/dl) 	+ 2.20 

aManiSEM, Student's 	test; 
** 	 *** 

P <0.05; 	P 0.01; 	P 	0.001 
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TABLE - XVIII 

EFFECT OF FEEDING -BHC MIXED DIET( 9 mg/kg body 
weight/day ) FOR 6-18 MONTHS ON THE ACTIVITIES OF VARIOUS 

HEPATIC ENZTIES OF ALBINO RATS. 

Para-
meters 

6 months 	12 months 	1 
Y'BHC feeding 	1 y- BHC feeding 	1 
experiment 	I 	experiment 
Cont- 	BHC 	1 	C ont - 	-BHC 
rol 	fed 	1 	rol 	fed 
(n=6), 	(n=4)1. 	(n=4) 	(n=3) 

I 
18 months 

.,10- BHC 	feeding 
11. 
	

experiment 

Cont- 	yBHC 
rol 	fed 
(n=6) 	(n=4) 

L 

AP, 0.74a 1.631.12 .0,821.08 1.06 
CKAU/g) + 0.05 + 0.19 + 0.07 + 0.08 	±0.08 ±0.09 

GOT 8.66. 8.14 7.56 7.53 	6.79 . 	9.62 
( IU/g) - +0.54 + 	0.61: t 0.46. +0.45 	+0.23 +0.83 

UPT 7.71 14:85 5.02 8:15 	6.05 1 7. 
(IU/g) + 0.68 + 0434 + 0.54 ± 0.06 	+ 0.60 + 2.33 

IC DH 33.29 38.85 49.49 40.45 	42.50 31.04 
(X103 	+ ± 6.08 ± 8.65 + 2.52 ± 1.89 	+ 5.70 ±. 2.18 
Sigma U/g) 

LDIV. 58.29 63.02 54.25 99.4g 	4.4.60 56.63 
(1104  ± 2.99 ±10.42 ± 5.37 + 9.98 	± 0.31 ± 5.69 
IU/g) 

aMean+SEM, . Student's 't' test; 
** -y.-*-,v,- 

P 	0.05 ; 	P 4 0.01 ; 	P ,O.001 

4 
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changes in the various other biochemical components 

of rot liver. 

Two. enzymes. i.e. GPT and LDH activities are 

prominently affacted• The GPT'•.activ ity is increased 

92, 71 and 134% after 6, 12 and 18 months, while LDH 

activity is increased 8, 83 and 27% during the same 

period, respectiVoly. AP activity is increased 126% 

after 6 months, of feeding, while it Shows 27% decrease 

after 12 months of feeding and no change was observed 

after 18. months. The hepatic GOT activity is signifi-

cantly affected and is raised 42% afIer 18 months of 

T-BHO feeding. The ICDH activity is, increased 17, 

18 and 27% after 6, 12 and 18 months of feeding (Table 

XVIII, Fig. 48)..,  

Figura '49 and Table XIX show the effect of 

feeding :-BHC, (= Lindane) at a dose of 9 mg/kg body 

weight/day for 6-18 months on the various biochemical 

components of liver other than enzymatic . activities. 
The cholesterol content increrse 55% after 6 months of 

feeding, bet do not show any significant change after 

prolonged feeding. Tha. glucose content arc drastically 

decreased. The decrease is 53, 60 and 49% after 6, 12 

and. 18 months. of feeding. The total protein content 
,• 	, 

remain unchanged:  while the soluble proteins decrease 

18, 20 and 30% after 6, 12 and 18 months of )BHC 

feeding. The FAA content, on the other hand,- show 

very significant increase of 14 and 28, and 15% during 

6 and 12 and 18 .months of insecticide feeding.: •The... 

lt 	increase in 18 months feeding., group iS, however iaot.  
significant.. 



118 months 
li-BHC feeding 
' experiment  

i Cont- 13HC 
1 rol 	fed 
; (n=6) 	(m=4) 

	

10.50 	8.48 

	

+ 1.21 	+ 0.28 

	

170.12 	197.19 
+11.59 +21.32 

** 

	

38.32 	19.71 
+3.38 +1.91 

159.00 111:62 
+ 2.58 + 5.62 

227.60 239.49 
+11.88 +11.46 

** 

	

3.06 	4.89 
+ 0.12 + 0.36 

	

11.30 	9.93 

	

+ 0.49 	1.13 
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TABLE - XL 

EFFECT OF FEUDING 	-BHC MIXED DIET ( 9 mg/kg body 
weight/day) FOR 6-18 MONTHS ON THE VARIOUS BIOCHELICAL 

COMPONENTS OF ALBINO RAT LIVERS. 

6 months 	T 
1 

 
Para- BHC feeding  meters 	I 	 i 

experiment 	.:. 

12 months 
-BHC feeding .. 
experiment 

Cont- 	iBHC 	1 Cont- 	'i/.BHC 
rol 	fed 	1 rol 	. 	fed 
(11=6) (n=4)1 (n=4) (n=3) 

Choles- 5.97
a 

9.25 9.01 8.97 
terol 
(mg/g)- 

+ 0.29 + 0.99 + 0.32 + 0.41 

* 
FAA 217.29 247.49 197.98 252.53 
(Pg/g) t 7.70 + 7.69 +14.18 +15.62 

*** 
Glucose 30.87 14*.t1'  27.12 10.89 
(mg/g) +2.32 +1.78 +1.37 +1.38  _ 

Soluble 124.92 102.99 135.22 108.25 
Protein 
(mg/g) 

+ 4.67 + 4.63 + 9.96 + 6.00 

Total, 216.96' 267.51 208.48 240.10 
Protein 
(mg/g) 

+13.05 + 7.22 + 6.70 +11.57 

DNA 3.05 2.81 2.54 2.60 
(mg/g) + 	0.11 + 0.25 + 0,14 + 0.37 

RNA 	• 9.68 1 2.78 6.39 6.92 
(mg/g) + 0.62 + 0.89 + 0.31 + 	0.91 

aMean+SEM, Student's 	't' test; 
* 	 ** 	 *** 
P(0.-05; 	P 0.01; 	P P 0,001 
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The MA content arc not changed until month 18 
„ a of feeding, when 	55% increase in the DNA content was. 

irc 	recorded. The RNA content generally was unchanged,. 
except for six.,month feeding group, when the RNA content • 

increased 32%. 

3.3.5. -HISTOLOGICAL  STRUCTURE OF LIV.L,M. 

Typical effects of ihsocticidol toxicity arc 
visible in at liver after ...-it_13HC:  fc.,eding. TobLe XX and 
Fig. 50 shows the effect of long• term feeding of 7-BHC 
on the varibus histological paramete2:'s of rat liver. 
The hepatic •cells, their nuclei and nucleoli register . -
a significant increase. The: hepatic cells increase 34, 
28 and 59% respectively after 6, 12 and' 18 months, while 
the nucleus . sh.ous. 20 13 and 14% and nucleolus shows increase 
73, 42 and 37% /during the same period..., The number of 
nuclei/cell and number of nucleoli/nucleus reran in 
unaltered and do not show any significant change. The 
number of cell/microscopical field arc decreased because 
of hypertrophy .of -  cells. 

Figures 55-58 .show . effect of -4.131 IC fed for 6 
month on the hepatic histological struetlire, while 
Figures 59-63 and Figures 64-67 show effect of insect-
icides. fed for 12! and 18 months respectively on the 
hepatic structure. .•Although: prominent well, define 
hypertrophied hepat ic .601 ls ‘..and hypert r.Ophie d..and 

ompare 
condensed hepatic nuclei can be seen (aigures 58 arid... 
63 with Figuro 54). The most prominent and significant 
change is obServed in 18 month group, where cytoplasm 
is mostly vacuolDted and marginated, whi e. hepatic 
nuclei arc considerably condensed (Pigui'es 64-67; 
compare Figs. .54 with 67.). Although the general 



No. of cells/ 263.35. 
Field 	+13.42 

197.24*  
+15.63 

258.87 
+11. 21 

No, ofauc el/ 	1.14 1.32 1.19 
cell 	+ 0.09 + 0.26 -r ± 0.13 

No. of 	1.25 1. 38 1.28 
nucleoli/ 	t 0.05 + 0.07 + 0.07 
nuc le us 7 

*** 
272.41 Size oft

cell 	0.1) 	+ _9.1:3 
365.34 
±10.75 

302.92 
+11.81 

Size of42. 78 51.35 38. 57 
nucleus(u2) 	+ 1.29 + 	.57 ± 1.14 

Size of 	2.88 4.97 2.64 
auqleolus 	+ 0.31 
( a') 

± 0.25 + 0.41 

aMean+SEM, students 't' test; 	P 0.05; 

* 
180. 55 
+12.82 -r 

252.77 
+14. 51 

161.80
**  

+ 9.72 -r . 

+ 0.30 

1 .12 
± 0.11 

1.27 
+ 0.07 .7- 

1. 50 1. 21 1.30 
+ 0.17 + 0.47 + 0.10 

** ** 
388.12 310.63 496.88 
+11.27 +16.89 +19.21 

43.48 40.84 -6.80 
+ 2. 50 ± 1.37 + 	1.95 

3.74 2. 71 3.72
; 

 
± 0.35 ± 0.19 ± 0.33 

** *** 
P < 0.01; P 	0.001 

TABLE - 	 ADEINISTERED 
EFI'ECT OF FEEDING 	BHC 	IiiIXED DIET ( 	mg/kg body vie ight /day )/FQR 18 MONTHS 
ON THE V.t.RIOU6 HISTOLOGICAL PARAMETERS 0.2 RAT LIVER. 

st-rtne, rit 
Para- 	r mon.t s7BHC 	 77_ pl.-DI-Ft-11s EFIC 	 18 Months TBHC 
meters 	 . e 	f cedij.:4-; 	 . fee din   r 	nt 

ont -$01 	f 	Control 	311.c; ft:rd 	Control r 	fed. 
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FIGS.51-54: Histological structure of normal rat liver. 
Note typical hepatic lobule with portal areas (51), 
central vein, normal hepatic cord structure (52,53), 
cellular and nuclear arrangement (54). 

Stain: Hematoxylin and Eosin. 

Magnifications: 51,x25; 52,x50; 53,x100; 54,x250. 
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FIGS.59-63: Histological structure of rat liver fed on 
gamma-BHC-mixed diet for 12 months. Note disturbed 
lobular morphology with slight vacuolation (59,60), 
cytoplasmic margination (60-63),hypertrophied cells 
and hypertrophied nuclei with irregular margins 
(62,63). 
Stain: Hematoxylin and Eosin. 
Magnifications: 59,x25; 60,x50; 61,x100; 62-63ix250. 
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hcpatolobular architecture is not disturbed but the 
liver of insecticide fed r.,7,.t is marked by distended 
central vein and prominent blood vesselaand bile 

canaliculi on the sides of cords of cells (Figs.65-67). 

4. .DISdUSSION - — 

Lindane,, 1,2,3,4,5,6,- hexa chlprocyclohexane 

(gamma.-iSomerFhas been used as effective controlling 

chemical against various mites infesting man and livestock. 

It is also remarkably toxic to locusts and grasshopper 

than have developed resistance against DDT... Because..of 

its high vapour pressure it also .possess fumigant 	. • 

properties and in warmer climates it is very effective, 

against insects that hide in corners and crevices. 

Lindane therefore is a very effective insecticide against 

cotton and livestock. .Because of its special properties. 

end specificity, this insecticide is likely to gain. . 	• 

entry into the non target organisms, more easily.(Wells 

and Johnstone, 1973; Crissmsn, 1980; Angerer et al., 

1903). 

In the present experiments, three different doses 

were administered to albino rats for three different 

periods of time, i.. 30mg lindane/kg body Weight for 

40 hours, 18mg lindOne/kg body weight for 3-15 days and 

9mg lindane/kg body weight for 6-18 months. 

4aematoloal _parameters  . 	. 
The haemoglobin content, RBC count and PCV decrease 

under all experimental conditions. The haemoglobin _ 
content decrease .Th_after 40 hours of lindane treatment 
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at 30mg/kg body weight and 8% after 15 days of lindane -

treatment at 18mg/kg body weight. In long term feeding 

experiment, the haemoglobin content decrease 10% after 

6 months of feeding. The 12 and 18 months of feeding 

does hotproduce any significant change. Severe cases 

of hypoplastic anemia and aplastic anemia have been 

reported previously ( Reeves et al., 1981; Schimmel 

et al., 1980; Morgan et al,, 1900). .The,RBC count 
decreases significantly. A strong dose of 30mg/kg body 
weight did not cause much change in the various haema-.  

tblogical parameters except for WBC count, which rises 

39% within 24 hours of insecticide treatment; When 
insecticide treatment was extended for another 24 hours, 
the RBC, PCV and LCHC decrease 11, 7 and 5(;L, respectively. 

The WBC, MCV and MOH, however, increase 46, 10 and 4%, 

respectively. Linden administered at a dose of 18mg/kg 

body weight for 15 days causes decrease in the 
haemoglobin content RBC count and PCV, which is respect-

ively 8, 16 and 956, while WBC, MCV and LC1i shows 24%, 

8% and 9% increase, respectively, durin the same period.-

In the lord term feeding experiment of 18 months, the 

haemoglobin content decrease 10% after 6 months of 

feeding at a dose of 9mg/kg body weight/day. No 
significant change was observed after prolonged-  feeding, 

The PCV behaved the same way, while RBC count decreases 

10% after 18 months of feeding. The WBC, 2CV and MCH 

increase respectively, 24%, 10% and 8% during the same 

period. 

The decrease in RBC count is much more drastic 
than in the haemoglobin contcnt. This is perhaps due 
to special property of lindane to bind with membrane of 

erythrocyte (Yang et al., 1975; Antunes,Madeira et al., 

1981). The hepatiC - heme biosynthesis has also been 
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reported to be affected, -Aich contributes to decreased 

haemoglobin content (Taljaard et.  al., 1972). Lindane 

has also been reported to produce abnormalities in 

different haematological parameters from other laborat-

ories (IJengle et al., 1967; Christophers, 1969; 
Traczyk et al., 1977; Buteiko, 1980). Long term treat-

ment of lindane has also been reported to cause 

pronounced moYpholOgical changes in haematopoeitic 

organs likehyperplasia of reticular cells, increased 

number of lyMphocytes and plasma cells (Komarova and 
Gorbachevskava, 1979). 

Blood serum biochemistry  

The blood serum was tested with a view to ascertain 
effects of lindane administration on the various liver 

function tests (LT). The typical LFT viz. activities 

of AP, AcF, SGOT, SGPT, LDH and contents of bilirubin, 
protein, cholesterol and FAA were evaluated. A high-

dose of 30mg/kg body weight/day, administered twice 

resulted in in significant increase in all LFT parameters. • 

Tile most drastic changes Were recorded in AP (2.44 fold), 
AcP (81%), SGOT (72%), SGPT (33%), LDH (1 31 .fold)$  

bilirubin (46%), protein (2W, cholesterol (1.11 fold) 

and FAA (21%) increase after 48 hours of insecticide 

treatment. Almost similar trend was observed, when 

weaker doses of lindane were administered for longer 

periods of time. A dose of 18mg/kg body weight/day 

administered for 15 days resulted in significant increase 

in AP (164%), AcP (100%), SGOT (32%), LDH (26%), and 

bilirubin content (69%). The SGPT, protein and 
cholesterol content were not affected while FAA content' 

showed19% decrease. 
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A dose of 9mg - lihdane/kg body weight/day Ddlinis- 

monins 
..tered for a total period of 6/caused drastic increase in 

AP (236%), AcP (140%), SGOT (41%), LDH (123%) and FAA 

content (24%). The SGPT, protein and cholesterol did not 

show any appreciable change while bilirubin content 

decrease 18%. when this insecticide treatEent was 

extended for 18 months, the rats apparently seer to have 

adjusted themselves to this long term treatment, The AP 

and AcP activities and bilirubin content show 113, 171 

and 30%, increase; while SGOT, SGPT, LDH, protein, 

cholesterol and FAA content do not show any significant 

deviation. 

Rivett et al. (1978) has reported increased serum 

alkaline phoSphatase activity in beagle dogs, which were 

fed on lindane (100 and 200 ppm) or two years, without 

any detectable- histopathological change. 

Significant changes in the GOT, GPT and AP activi-

ties.in the blood serum and liver have .been reported by 

Dikshith et al. (1978) in guinea pi;;s after dermal 

application Of gamma-BHC in daily dose of 100, 200 and 

500mg/kg for 30 days. 

The increased serumacid phosphatase activity, ,which 

is indicative of lysosomal enzyme activation/synthesis 

in lymphocytes of peripheral blood has also been reported 

by Komarova and Gorbachevskava (1979). 

Brassow et al. (1981) did not obServe any significant 

difference in - nedrological status and ECG of normal and 

lindane treated animal. Significant differences were, 

however, ascertained giz, higher polymorphonuclear 

leukocytic count, low lymphocyte count, higher reticulocyte 
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count, lower prothrombin Lost-  and lower blood concentrat-

ion of creatinine and uric acid. No significant 

differenees were observed in total red and white blood 

cell or platelets count, haemoglobin content, gamma-
glutemyltransferase, GOT, G2T, LDH, ChE, triglyceride, 

cholesterol and urea. No signs of severe health 

impairment were observed in workers of lindane factory. 
Lyub-Chenko et 'al. (1974) have likewise not reported 
any major change inthe LFT in workers having direct • 
contact with lindane. Gertig et al. (1971) have reported 
increase in AP and AcP activities after lindane treatment 

in rats, while similar trend in GOT and GPT activities 

has been reported by Bakthavathsalam and Srinivosan Reddy 
(1982) in a fish. Gertig and. Nowaczyk (1975) have 
reported decrease serum AP, AcP and LDH activities after 
a dose of 0.1 LD50  given to rats. In the presence of 
protein rich diet this. trend is further intensified. 

Prolonged treatment of rats with'lindane (1.7mg/kg) 
for 180 days produced an appreciable diminution of 

total LDH activity in blood and converse relationship 
in liver (Alekhina and Khaikina, 1972). Thakore et al. 
(1981a,b) have. also reported decreased LDH activity in 

blood serum after lindane treatment. - ideany and Pocker 

(1979) have shown.behaviour of LDH in in vitro system. 

IndreaSed cholesterol level after feeding lindane 

at a dose of 40mg/kg body weight for- 27-33  weeks has 
been reported by DaVey and Johnson (1974). Carlson and.  
HolmadIn-diedman (1977) have however shown that when 80 
men were expb'sed to lindane, 	.--lipoproteirr:(HDL) 

cholesterol decreased significantly within two years 
after exposure. 
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Besides LET, several ,other biochemical components 

of the blood serum were. testedito•evaluate certain other 

aspects of .metabolism. The amylase, ICDH, GPK and ChE 

activities increase under all experimental conditions. 

In 48 hour treatment experiment, amylase activity is 

not significantly affected, while the ICDH, CPK and 

ChE increase respectively 1.8 fold, 62% and 29%. The 

LlucoSe content also increase 40% after 48 hours of 

treatment with 30mg lindane/kg -  body weight. In 15 day 

treatment experiment, in which lindane-has been adminis-

tered at a dose of 18mg/kg body weight/day for 15 days, 

the amylase, ICDH and CPK activities increase 76%, 46% 

and 139%, respectively. The ChE activities, urea content 

and glucose content are not significantly changed. 

A same trend was recorded, when lindane was. 

administered for a period of 18 months. The amgase, 

ICDH, CPK and ChE activities show 52%, 32%, 257% and 25% 
increase, respectively. The urea and the glucose 

content show a decrease of 18% and 20%, .respectively 

after 18 months of feeding. 

The raised LFT enzymes and bilirubin content is 

an indication of liver malfunction due to lindane 

treatment. Although the FAA and protein content 

increase in the 48 hour treatment experiment, but 

remain non...significantly modified in long term experi 

ments. The amylase activity increases after lindane 

treatment, which points towards increased-. flow Of 

glucose from glycogen into the main metabolic pathway. 

This is accompanied by accelerated kreb's cycle, as 

indicated by enhanced ICDH .activity. The CPK activity 

reflects muscle damage, which is significantly7affected 
after lindane treatment. The ChE activity which is 
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usually the target of organophosphorous insecticides is 
enhanced about 20% in 48 hour experiment and shows 
about 20-27% increase in 18 month feeding experiMent. 
The increased-  ChE'activity probably sensitizes the 
organisms- and allows the nerve impulses to travel much 

more efficiently and quickly than they would normally do. 

Liver biochemistry 

All hepatic enzymes tested were elevated after 
lindane treatment. In 48 hours treatment experiment, 
in which lindane was administered at a dose of 30mg/kg 

body weight/day, the AP, GOT, GPT and LDH activities 

increase 2.84 fold, 44, 2.82 fold and 2.82 fold 
respectively, the ICDH activity remains unaltered-. Ta 
15 day treatment experiment .in which lindane was 

administered at a dose of .18mg/kg body weight/day, the, 

maximum increase was recorded after 6 days of lindane 
treatment. After 15 days of continuous feeding the 
various enzyme activities are elevated, but not to the 

same extent on 6th day. For example hepatic A2, GOT, 

GPT, LDH and ICDH activities show, respectively, 34%, 
21%, 65%, 53% and 66% increase after 15 days, as against 
increase of 147%, 81%, 104%, 60% and 114%, respectively, 

on day 6. In long term experiment, in which lindane 

was administered at a -dose of 9mg/kg body.weight/day 

for 6-18 months, only AP and GPT activities showed 

126% and 92% increase after 6 months of feeding. All 
other enzyme activities•did -riot deviate significantly. 
After 18 months of lindane feeding, however, GPT and 

LDH activities increased 184% and 27%, respectively, 
while the changes in hepatic AP, GOT were non significant, 

and ICDH activity showed 27(i) decrease. 
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Alckhina and Khaikina (1972) have reportcd reduced 

LDH activity in liver after :administration of linCane 

at a dose of 17mg/kg' for 180 days in .rats. 

similar type. of observation has bcen.made 

Nowaezyk (1975) and Boulekbache and Spiess (1974)r. 
This is in contrast to the results beinL; reported here, 

which show high. LDH -activity. This is because Of_ 6 gold 

more lindane eontent of each dose. 

The increased ,hepatic enzyme content arc probably 

because of enzyme induction. Lihdane has been shown• to 

induce several other enzymes- Viz drug metabolizing • 
enzymes or microsomal menoxygenase systems (Taljaard 

at al., 1972; Konat and Claysen, 1973 9  Dent et al., 

1974; Herbst et al., 1974; Eikol et al., 1900; Oesch 

al.., 1982; Sharmanov et al., 1905), lysosorasl 

enzymes (Roux et al., 1974; 1976; Carevic, 1977), 

Carbohydrate metabolizing enzymes (Escoubet and.  Vicente, 

1976; Barros and Saliba, 1978; Strebocen et al., 1970), 

enzyme:JA steroid metabolism (Graef et al., 1979). 

Besides that several other reports exist in literature 

in which changes in various enzymatic etivit -fes have 

been related with the development of hepatic tumors 

(Srinivasan and Radha-Krishnamutay, 1977; Schulte--

Hermann and Schmitz, 1930; Bhatt et al., 1901al b,c; 

Thakore et  al. 1901; Pereira et al., 1982). 

The hepatic cholesterol content decrese in 48 

hour and 15 day feeding experiment. The decredse in 

the former dose is tout 33%, while in the 15 day 

feeding experiment it varies between 50-60. In Utie 
	

4 

long term experiment, the cholesterol increase 

after 6 months of feeding. Eo significant effect was 

observed after 12 and 18 months of feeding. The 
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glucose content remain'unehange after strong dose 

administration, but increase 56% alter 6-9 days of 

lindane feeding at' a dose ef,- 18mgAg body.  weight/day. 

These. content:however decrease 53%,..60% aii:d 49% after 
6, 12 and 18 months of feeding. The total protein 

content remain unchang d_.undor all experimental 2 	• 	, 	• 	• 
eonditipns, while the•soluble protein content-increase 

30% after 48 hours of lindene feeding at a dose of 

30mg/kg body weight/day.• In 15Aay-feeding experiment, 

the soluble protein decrease 17-19% during 3-6 days of 

lindane feeding at a dose of 18mg/kg body - weight/day, 

while this decrease was 18-30% after 6-18 months of 
lindane feeding. The 21,A. decrease after lindane 

feeding. 

The DNA content is not affected - in 18' month feeding 

experiment, but shows significant increase of 34%, 88%, 
123%, 75% and 62% after 3,6,9,12 and 15 daYs-of lindane 

feeding at .a dose of 18mg/kg body weight/day. In long 

term feeding experiment the DNA content are not affected 

after 6 and 12 months of feeding, but shows 55% increase 

after 18 months of feeding at a dose of ,9mg/kg body wt./ 
day. The RNA content decreased after lindane feeding. 

This decrease was 43-49% in 48 hour feeding experiment, 

while-it ranged -between 17-39% after 6-15 days of 
feeding. The RNA content however increase 32% after 6 

months of feeding. 

Liver histology_ 
The size of hepatic cell, its nucleus and nucleolus 

increase considerably after lindane treatment. The 

extent of hypertrophy of hepatic cells, nuclei and 

nucleoli is greatest in long term experiments. The 
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various histochemical and histological and ultra- 

structural changes have been reported from different 

labs.(Modline et al., 1973; Obucho'eska and Pawlowska-

Tocilan, 1973; GrSycLi and Zarebsk, 1973; Kimbrough 
and Linder, 1974; Zufarov et al., 1975; Dikshith et al., 
1978a,b; Joanne, 1979; Shiranandappa and Krisknakumari, 
1981; Gupta and Singh, 1982; Nigam at al., 1984). 

Rivett et al. (1978) however could not find any 
detectable hibtOp-athological changes after treatment of 
dogs with 100 and 200 ppm of lindane for 104 week. 

Lindane stimulates liver cell proliferation (Brade 

et al., 1974) and in several cases development of liver 
cancers have been reported (Ito et al., 1975; Herbst 
at al.; 1975; Weisse and Herbst, 1977; Tatematsu et al., 
1979; heuber, 1979; Xashyap et al. , 1979; phatt et al.,1981d; 
IARC, 1982; Nigam et al., 1984). 
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I. INTRODUCTION 

DDT is one of the flist, quite eitensiyely'ased 
chlorinated hydrocarbon insecticide throughout the world, 
including Pakistan, primarily ,for the control of insect 
pests of agriculture and medical, importance. 

Like other orgapochlorinated.pcupounds, DDT is a 
very stable substance, Whlch 	only slowly biodegraded 
into different. ,metabolites, which aY's also not less toxic . 	=., 
th241. DDT. itself, Iirs persistent nature (Adamezyk,1971; 
Deichmann et •a1,, 	Halppka and Vymeta1,1973; Waldron 
and Naber, 1974; Haiii - et al.:1979; ICraltthacker et al.9 
1980) and mobility ih- fbioO chains is an important factor 
in chronic toxicity:•• 

The deleterious effects of DDT on nontarget organisms. 
are largely 'due to its indiscriminate and unplanned use ' 
in domestic plfices, on fruitd,' -vagetables, crops, and'in 

• 
forests. •Consequently the whole environment. became 

polluted' with DDT' and its metabolites which are present 
in air, rainwater, in large' water bodies and in aquatic, 
life (Hoffmann,' 1953; Bulter and Drooz,1969; Johns et.a.1., 
1971; Dayies t'al., 1975; Spencer,1975; Young et al., 
1976;4'41j114'1978; Skaftason and Johannesson,1979;-
Mukhezjee 

After,Osorpton into the-system by inhalation; 
ingestion or contact with the skin, it is trinsooIted to 
the blood. So blood is the-  first target of insectiGide 
in the body (Morgan et al., 1972; Hesselberg cZe 'Scherr, 
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1974; Liedtke et al., 1976; Lone and Javaid, 1976) where 
it becomes chemically linked with-the lipid fraction 
especially with the lipoprotein complexes of the blood, 
(Tinsley et al., 1971; Pocock and Vost,1974; Skalsky, 
1978; Flack et al., 1975; Ciupe et al., 1979; Leighty 
et al., 1980; Nageswara et al., 1980) and enters into the 
liter. 

There are many reports of storage of large amounts 
of DDT residues in animal tissues, such as liver, muscles, 
brain, adipose tissue and lactating organs (Laug et 
1950; Dale et al., 1962; Brown et al.,1566; Zimak and Zero, 
1970; Morgan and Roan, 1971;1972; Simonffy et al.,1573 
Whiting et al., 1973; Avavindakshan et al.,1974; Fang 
et al.,1977),. 

Quite extensive work has been done on metabolism, 
distribution(Hunnego, 1971; Feil et al., 1973; Kuzinskaya 

ti- and Girenko, 1973; Morgan and Roan, - 1974'; Vaskovskaya, 
1974; Watson et a1.,1975; Yadav et al., 1976; Ahmed and 
Walker,1979) and residueanalysis of DDT in different 
tissues of invertebrates and vertebrates including man 
(Keil et,a1.,1972; Pordab and Maik,1972; Bronise and 
Ochynski,1973; Ramachandran,1574; Zobel, 1975; Agaxwal 
et a1.,1976; Latimer and Seige1,1977; Dhaliwal and Kalra, 
1977; Dikshith,1978; Delos Reyes and Mora, 1975). 

Due to their persistence in the animal tiesues, 
(Adamczyk,1971; Halacka and Vymetal,1973) the DDT and its 
metabolitestcause abnormal alteratidns-in the physioldgy 
which are obviously a consequence of their interfererice 
with different metabolic pathways (Sanchez,1967;Clifford 
and Wei1,1972; Haynes,1972; Kacew et al.,1972; Konat and 
Clausen,1973; Darsie et al.,1976; Sanyal et al.,1979; 
Agarwal et al.,1980; Dudeja et al.,1980; Sampson et al. 
1980). As a result DDT has a quite large range of 
animal toxicity which id evident from the 	of 
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different laboratories. Considerable information is ' 

available in the literature on 	(Adams et al.,  
1949; El-Samra,1971; IC.ashu and Gupta,1971 Deichmann, 

1972; Terracini et al.,1973; Okay, znd 'age, 19749 Cordes, 

1976), mortality, abborption and excretion of DDT and ' 
its metabolites in nontarget animals especially in fish 

birds and mammals (Dale et al,,1962, 3rown et al.,1966; 

Zimak and Zero, 970, Lorgan and Roant1971,1972; ;;biting 

at al.91973; Paschal et al.,1974; Ohmiya and Nakai,1977). 

ri;ffect on reproduction and horMonal syStem is 
reported by many authors (Clement and Okey,1974; Copeland 

and Cranmer,1974; Orberg and Lundberg, 19749 Ware,1975). 

Allison (1963, 	. 1964) reported that DDT has no effect 
on ova produCtion and embryonic development in Cutthoart 

trout. However, Jonsson (.1975776) concluded that proton- 
ged ingestion of DDT affects the progesterone level andt 
in turn reproduction ih fethale rat. 

Histopathology is another aspect of great importande 

(Gabr and .Al-Hussaini,1967-68; Delos Reyes and Hara;1=379)... 

imbrough et al. (1971) has shown increased liver size 

after DDT ddministration. He also .noticed the moderate 
vacuolation of liver cells and decrease in glycogen 

contents. There are other conflicting reports about the. 
carcinogenic potential of DDT (Grey et p1„1970; Svendson, 
1973; Thrope,1973; Rossi et al,,1977; Renberl.1978,1979). 

Tomatis et als(1974) and Kashyap et al. (1977) reported 
the initiation of tumours in mice after chronic adminis-
tration of - DDT. Life time feeding experiments oil an 

especially tumour crone strain of laboratory mice showed 
that DDT increases the incidence of liver tumpur(Tarasov 
et al.,1973)'. The carcinogenic activity of DDT has been 

Challenged by Laws (1971) and Cabral et al.,(19Q2a,0-... 

Agthe et al. (1970) also reported that no increase in 

tumours were induced in golden hamsters after DDT feeding. 



- 323- 

Hayes et al. (1971) showed that feeding DDT to man 
for two year did not result in tumours. 

Quite a few repoits are available on the effects 
of DDT on diiferent biochemical aspects of vertebrates 
especi,lly mammals (Kagan et al., 1970; Dvorchik 
et al., 1971; Cli:ford and 	1972; Cranmer et al., 
1972; Haynes, 1972; Byczkowski, 1973; Davison, 1973; 

Ionat and Claussen, 1973; Dinu et al., 1974; Kohli 

et al., 1975; Traczyk et al, 1977; Sanyal et al.,1979 
Ji.garwal et al., 19.80;. DOwn and CasSeaud, 1981) but none 
of these ha6rshown any 'comprehensive evaluation of 

liver function due to DDT feeding. Since, like all 

xenobiotics, DDT will be metabolized in the liver, it 

is therefore likely to cause liver dysfunctioning. 

Gertig et el., (1971, 1975) has reported the effect 

of DDT on alkaline phosphatase, acid phosphatase, 

alanine transaminase and pyruvate transaminase acti-

vities. There are reports of increased protein 

synthesis in the rat liver after DDT administration. 

(Coppon and Nicholls, 1973, 1975). Dudeja et al., 

(1930) reported the effects of DDT on carbohydrate 

metabolism in the rhesus monkey. Story and Freedland 

(1970) reported that LTT feeding inhibitis the 

Lauconeoenesis in the isolated hepetocytes of rat 

liver. Increased glucose 6-phosphatase activity was 

reoorted by Kacew and Singhal (1973). Darsie (1976) 
Isn(f", Sai-dpson et.  al. (1930) have concluded that dietary 

iv 
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DDTcauses defficiency of essential fatty acids. 

These incomplete informations on biochemical 

and haematological asciects reveal the need of 

further more elaborate studies on these lines to 

understand the mode -of actaction of' this compound.. The. 

objective of the present xtudy was mainly to investi—

gate the response of liver to continuous feeding. of 

DDT for short and long' periods. This response was 
evaluated-at biochemical, histopathological and .  

haematologicql level. These results are meant for 

later on extrapolation to human beings and other 

useful vertebrates of the - ecosystem who are exposed 

to insecticidal hazids due to improper safety 

measures in Pakistan and most of the third,workdo_ 



- 325- 

2. MATERIALS AND EETHODS 

	

v. 2.1. 	ANIMALS 

A colony of sprague Dawley albino rats raised 

as described in the first Chapter was used for the 

present studies. The rats were used as follows: 

a) For short term experiments: Two groups of 

female rats, weighing about 120-180,2;m and S-6 

months of age were used. One group was used 

for feeding insecticide for 48 hours, while 

the second was used for feeding insecticide 

for 15 days. 

b) For long term experiment about 70-90gms and 

three months of age were used. 

	

2.2. 	Pi EPAP,ATION OF FLED 

The rat feed was prepared in the same way as 

described in Cahpter I of this Report. 

	

2.3. 	INSECTICIDE USED 

A Chlorinated insecticide DDT (1,1,1rtrichloro-
21 2-bis (p-Chlorophenyl). ethane1 was obtained from the 

Plant Protection Division of Punjab Agriculture Depart-

ment, in the fonnof 75% .powder which is administered to 

animals alongwith. feed. 

2.4. 	ADLINISTRATION OF INSECTICIDE  

DDT was administered to rats as strong and weak 

doses as follows: 

a) PIT21114222: 
	 • 

For short term experiment, two levels of 
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strong doses were administered. In one 

group of rats a strong dose of 20 rag/kg 

body weight/day was administered for a 

total period of 15 days. In the second 
group 100 mg/kg body weight/day vies 

administered for a total period of 48 hours. 

b) Weak Dose: 
A weak dose at a rate of 10 r.g/kg body 

weight/day was administered to another 

group of rats for 18 months. 

2.4.1. 	SHORT T. 	EJL2.,,RINIENTS 

For short term experiments, in which the total 

duration is 48 hours in one case and 15 days in the other, 
the insecticide was administered as follows: 

a) For 48 hour experiment, the DDT mixed diet 

was prepared by mixing 800 mg of 75% DDT 

in 1 kg of dry food. Since each experi-

mental rat on the average consumed 30 g of 

feed daily, it will get 100 mg/kg body 

weight/day. 

b) For 15 day experiment, the -insecicide 

mixed diet was prepared by mixing 52.5 .m.; 
of 75% DDT powder in about one litre molasses 

mixed water. Each rat of about 200 g weight 

consumed about 35 g of this feed daily. So 
in this may rats got a DDT dose of 20 mg/kg 

body weight/day. 

2.4.2. 	LO KG Tfall =ERILEITT  

The insecticide mixed diet was prepared by 

adding 	mg of 75% DDT powder in 1 kg of ingradient 
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mixed feed. That way the rats consumed 10 mg DDT/kg 
body weight/day. 

z 2.5. 	PROCEDURE ADOPTED 

Experimental procedure adopted for the two short 

term and one long term experiments is the same as 

described in Chapter I for DDT experiments. The procedure 

adopted for collection-of blood,'liver processing, 	• 

haematological studies, biochemical analysis of blood, 

biochemical analysis. of liver.qand histological studies 

were the same as described in Chapter I. 

3. RESULTS 

3.1. EFFECT' OF DDT ADUILISTERED AT A 
DOSE OF 100 mg/kg body weight /day 
FOR A PERIOD OF 48 HOURS  

    

3.1.1. 	HAELATOLOGICAL STUDIES  

7igure 1 and Table I ,  shows effect of feeding 

DDT mixed diet at a dose of 100 rag/kg body weight/day for 

a total period of 48 hours on the various haematological 

parameters. Thb haeMoglobin Content decrea.se'6 and 11% 

respectively, after 24 and 48 hours of DDT feeding. The 

NBC count L;,,orcrases 16%, while.  PCB remains unaffected. 

The MU. a40_DXV_increctse atex_iaaQ_cticide.. 
treatment. The MCV shows 19% increase, te4i_leNCH Ohowd: 

7.72% increase after 48 hours of.pDT feeding:  ,;Thee- 

on the other hand, shows 6 and 10% decrease after 24 and 

48 hours of inseetinide feeding. 
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TABIZ] 	I 

EFFECT OF FEEDING DDT MIXED DIET (100mg/kg body wo ight / 
day) FOR 48 HOURS ON THE V1iRI0U3 HAEivJ 	PALAPEDT__ 

OF ALBINO RATS. 

Para- 	Control 
meters 	(n = 7) 

DDT fed 

 

Hb 
(g/dl) 13.27+0.14a  

24 hours 
(n = 41 

* 
12.47+0.25 

48 hours 
(n = 4) 

*** 
11.67+0.22 

RBC 
(X105/u1) 68.37+2.53 57.60+1.76 57.40+1.30 

WBC2 *** *** 
(X10 4.1) 63.60+2.0 90.00+4.40 94.40+2.00 

PCV 
(%) 42.09+0.34 41.94+0.29 41.81+0.20 

MCV *** 
(fl) 61.56+0.17 72.95+1X6 72.93+1.34 

MCH 
(Pg) 19.38+0.08 21.67+0.53 20.69+0.42 

MC HC 
(g/dl) 31 6 52+0.09 

** 
29.72+0.39 

**›, 
28.39+0.39 

aMean+SEM6  Student's 	't' test; 
** 	*** *P 0.05; 	P 0.01; 	P 60.001 
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Fig.1: Effect of feeding DDT-mixed diet (100mg/kg body 
weight/day) for 48 hours on the various 
haematological parameters of albino rats. 
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Fig.2: Effect of feeding DDT-mixed diet (100mg/kg body 
vieight/day) for 48 hours on the activities of 
various enzymes of rat blood serum. 
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3.1.2. 	BIOCHELICAL AhALYSIS OF BLOOD  

The rat blood serum was tested for several 

enzymatic activities, to ascertain the toxic effect of 

DDT„ Figure 2 and Table II show such char-es. Almost.. 
all the enzymes tested arc significantly increased. The 

AP activity incroases 268 and 323% • 	 , while 
AcP activity show 489 and 158 	 % increase, 

respectively after 24 and 48. hours. of DDT feeding 

Cholinesterase, SGOT and SGPT activities arc increased 
after both feedings, though 24 hoUr- feeding.  has. rdore 
drastic effect that 48 hour feeding. The cholinesterase 
activity increase 70 and 77% after 24 and 48. hours of 
feeding. The SGPT activity likewise show 76 and 124% 
increase, respectively, while -SGOT :activity is.  affected 

% increase) only after 48 hours of feeding. The 
LDH and ICDH activities are also elevated. LDH activity.  
show 117 and 66% increase, while acm activity sh.ow 

166 and 131% increase after 24 and 48 hours of DDT 
feeding. The CPK activity.  in .qontrgl bloodserdm.is 

9.01 + 0.63 sigma units/ml, while increases 85% after 

24 hodrs and 69% after 48 hours of insecticide. feeding. 
The 

• 
The amylase activity is also increased 95 and 29% after 
24 and 48 hours of DDT feeding, 

Figure 3 and Table III show the effect of DDT 

feeding on the various biochemical components of rat 

blood serum. The bilirubin content remain naffected, 

while glucose and urea arc not affected until 48 hours 

of DDT feeding. The glucose content show 36% increase, 

while urea content, are decreased 32%-after-48 - hours of 

DDT feeding. The Cholesterol content decrease 57% and 

40% after 24 and 48 hours of insecticide feeding chile 

FAA content show 17% decrease within 24 hours of DDT 



- 332 - 

TABLE = II 

EFFECT OF FEEDING DDT MIXED DIET 	(104Adkg  body weight/ 
day) FOR 48 HOURS ON THE ACTIVITIES CF VARIOUS ENZYMES 

OF RAT BLOOD SERUM. 

Para- 	Control 
meters 	(n = 8) 

DDT fed 

 

24 hours 	48 hours 
(n = 4) 
	

(n 	4) 

AP 
(KAU/di) 

AcP 
(KAU/di) 

Amylase 
(Somogyi 
units/di) 
ChE 
(Rappaport 
units/d1) 
C2K 

11.67+0.16a  

4.23+0.20 

216'.77+8.02 

24.37+1.42 

42.94+13.84 

*** 
24.93+1.41 

423.53+23:7b 

*** 
41,51t3.29 

* * * 

49.08+1.28 

10.90+6:58 

*** 
280.42+8.18 

*** 

43.15+4.59 

** 
(Sigma. 9.01+0.63 16.65+0.53 15.22+1.80 
Units/ml) 
IC DH *** 
(Sigma 243.18+14.80 646.85+74.9

**
1 562.05+50.20 

Units/ml) 

Lai 
(IU/1) 465.66+26.29 1012.44+27.84 774.84+26:58 

	

21.73+1.65 	24.14+1.77 	58.66+8.65 

** 

	

23.05+2.40 	40.60+3.31 	51.66+3.:74 

SOOT 
(IU/1) 

SOFT 
(IU/1) 

aMean+SEL, Student's it' test; 
** 	 *** *P4,0,05; 	P < 0.01; 	134; 0.001 
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Fig. 3: Effect of feeding DDT-mixed diet (100mg/kg body 
weight/day) for 48 hours on the various biochemical 
components of albino rat blood serum. 
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TABLE - III 

EFFECT OF FEEDING DDT MIXED DIET (100 mg/kg body weight/ 
— day) FOR.48 HOURS ON THE 	BIOCHELICAL COMPONENTS 

OF ALBINO RAT BLOOD SERUM 

Para-
meters 

Control 
(n = 8) 

DDT fed 

 

Biiirubin 

24 hours 
(n = 4) 

48 hours 
(n = 4) 

(mg/dl) 0.72+0.07a  0.91+0.09 0.71+0.08 

Cholesterol *- *** 
(mgidl) 195.64+6.94 84.20+5.50 147.01+3.31 

FAA k 
(mg/dl) 

Glucose 
(mg/di) 

7.26+0.19 

107.37+3.36 

6.03+0.42 

97.50+16.90 

7.90+0.24 

146.32+10.58 

Protein 
(g/dl) 7.30+0.13 8.45+0.2 9.49+0.51 

Urca *** 
(mg/dl) 35.49+0.96 32.68+1.57 24.09+0.70 

aMean+SgM, Student's 't' test; 
** 	*** 

P<.0.05; 	F 0.01; 	P< 0.001 
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TABLE — IV 

EFFECT 02 FEEDIhG DDT MIXED DIET (100 mg/kg body weight/ 
dcly) FOR 48 HOURS ON THE ACTIVITIES OF SOLE ziE2ATIC 

ENZYMES OP ALBINO RAT. 

Para— 
meters 

AP 
(KAU/g) 

Control 
(n = 5) 

0.80+0.10 

DDT fed" 

24 hours 	48 hours 
(n = 4) 	 = 4) 

0.95+0.06 	0.74+0.09 

GOT 
(IU/g) 7.11+0.X3 9.76+0755 12.61+1.746' 

GPT 
(IU/g) 7.32+0-.68 1 '3..87+3. t'2 9.91+0..4 

ICDH-4  
(X10' Sigma 31.39+0.78 30.59+4.24 32.60+3.06 
Unitsig) 

LDH * • 
(X104  56.56+4.43 90.96+4.5'4 9'6.-94+2.30 
IU/g) 

aMean+SEM, StUdeht's 't' 	9 test- 
*P

** 	 1-** 

0.05; 	P ( 0.01; 	P ( 0.001 
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feeding. The blood serum protein increase 16 and 30% 

after 24 and 48 hours of EDT feeding. 

3.1.3. 	BIOCHEMICAL ANALYSIS OF LIVER 

Just like serum enzyme activities, the hepatic -
enzyme activities are also raised after .DDT .feeding 

(Table IV; Fig.4). The GOT activ ity Shows37 and 77% 
increase, while GPT activity shows 171% and 35% increase 

after 24 and 48.. hpurs of_DDT-  feeding.  
shows 61% and 71% increase during the same period. The 

AP and Jua activities, are not affected. 

Several other hepatic biochemical components 

were tested (Table V, Fig.5). The nucleic acids and 
total protein content wore not altered, while the 

soluble protein content increased 33% after 48 hours of.  
DDT feeding. .The FAA content, on the other hand, show 

drasti- 0-crc.aFlp After 24 and 48 hours of DDT feeding 

0 100 mg/kg body weight/day, the FAA :content decrease 

51;i0 and 43%, respectively, The glucose content also 

decrease (21%) after 48 hours .of feeding. The cholesterol 

content aro not affected after 24 hours of feeding, but 

when this feeding is prolonged for 48 hours, these 

content decrease 44%. ' 

3.1 	TTIOLOGICAL STRUCTURE OF LIVER 

Table VI and Figure 6 show the effect of_100 mg 
DDT/kg body weight/day for 48 hours on the histological 
structure of liver. 

-40 	 The his.cgatic cells increase in size. This 

increase is 29% in 24 hour feeding group and 23% in 48 
hour fecrlirs. The nuclear size is slightly increased, 
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TABLE - V 

EFFECT OP FEEDING DDT MIXED DIET (100 mg/kg body weight/ 
day) FOR 48 HOURS ON THE VARIOUS BIOCHEMICAL COMPONETS 

OF ALBINO RAT LIVER. 

Para- 	Control 
meters 	(n = 5) 

DDT fed 

 

24 hours 	48 hours 
(n = 4) 
	

(n = 4) 

Cholesterol 
(mg/g) 7.62+0.22a  7.64+0.78 	4.23+0.8 

FAA 
(.1g/g) 

Glucose 
(mg/g) 

Soluble 
Protein 
(mg/g) 
Total 
Protein 
(mg/g) 
DNA 
(mg/g) 

RNA 
(mg/g) 

** 	 *** 
399.21+1 8.13 194.85+17.51 226.11+16.43 

	

20.14+0.53 	16.06+1.41 
	

1 6.00 +1 .88 

** 

	

111.18+5.08 	122.06+8.06 	159.45+8.45 

	

1 99.33+6.11 	211.58+16.2 9 218.44+11.58 

	

3.84+0.44 	2.64+0.50 	3.68+0.58 

	

9.53+0.55 	7.86+0.90 	9.61+0.29 

aMean+SEM, Student's 't' test; 
** 	 *** 

P /0.05; 	P 0.01; 	P < 0.001 
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EFFECT Or FEliDIDG 
day) Oil THE VARIOUS 
LIVER. 

el 

Parameters 

TABLE - VI 

LET-MI-LED DIET (100mg/kg body weight/ 
HISTOLOGICAL 	PARAMETERS OF RAT 

Control 	 DDT- fed 
(n = 90) 

24 hours 	48 hours 
(n=90).. 	(n=90) 

No. of cells/ 
field 

a 291,42+16.73 	244.55+9.78 
4 • 

228,49+13.52*  

Ho. of nuclei/ 1.10+0.08 	1.15+0.05 1.10+0.07 
Cell 

No. 	of nucleoli/ 1.58+0.16 	1.78+0.25 1.72+0.16 
nucleus 

Size of cell 	281.77+11.46 363.72+9:8 	345.57+6i6 ( u2) 

Size of nucleus 39.57+2.04 	37.54+1.18 	40.98+1.34 
(p2 ) 

Size of nucleolus 2.52+0.34 	3.93+0.38 	3.62+0.26 
(p2 ) 

allean+SEM, Student's 	teat; P4.0.05; P <0.0 
*4* 

0.001 
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but this increase is nOt stctistically sigriffc,Trt. The 

nucleolar size, on the other hand, is s gniiJcantly 

increased. This increase is 56% in 24 hours and 44%  in 

40 hour feeding group. The number of nuclei/cell and 
number of nucleoli/nucleus are not changed and remain 
unaffected after DDT feeding. 

Figures 11-14 show histological structure of 

liver of rat fed. on DDT mixed diet for 24 hours, while 
Figures 15-18 show histological changes after 48 hours 
of feeding. 

The hepatic cells, nuclei and nucleoli hypertro-
phy. The nuclei in 24 hour group arc condensed with a 

clear space around mcrei. The blood vessels and bile 
canaliculi are prominently enlarged (Figures 17 and 18; 
compare with Figures 10 and 14). The nuclei are 
distinctly enlarged and vesicular. 

The general hepatolobular architecture remains 
undistUrbdd. 

3.2. 	EFFECT OF DDT ADLII;ISTERED Aq A 
DOSE OF 20 mg/kg body weight /day 
FOR A PERIOD OF 15 DAYS  

3.2.1. B07WEIGHT , AND LIVER WEIGHT 

The body weight is decreased after DDT adminis-

tration for 15 days. In control rats the body weight 

gains at a rate of 1.99 + 0.15% per day (n = 6). The 

percent body weight gain is decreased to 1.82, 1.32,1.11 
and 1.07 after 6,9,12 and 15 days of DDT feeding 
(Table VII). 
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FIGS.15-18: Histological structure of rat liver fed on 
DDT-mixed diet for 48 hours. Note the large number of 
vacuoles in the tissues (15-17), high degree of 
cytoplasmic margination arround the nuclei (16-17), 
large sinusoidal spaces (16-18) and hypertrophied 
cells and nuclei (17-18). 	Also note the darkly 
stained oblong area in the center of the hepatic 
lobule (18). 

Stain: Hematoxylin and Eosin. 

Magnifications: 15,x25; 16,x50; 17,x100; 18,x250. 



TABLE — VII 

EFFECT OF FI3EDING DDT LIJ,.ED DIET (20 mg/ kg body weight) FOR 15 DAYS ON THE 'TOTAL 
BODY 	LIVER WEIGHT OF ALBINO RATS. 

Total body weiht(Gm2 

0 day 	 Before 
slaughtering 

Weight gain 
(%/day) 

Liva'wt. 
(g) 

Body wt./ 
Liver wt. 

Liver wt. 
(% body 

wt.) 

Control 
(n = 6) 185.00+11.86a  214.42+12.10 1.99+0.15 5.89+0.41 36.32+0.62 2.76+0.05 

3 day ** 
(n = 3) 182.62+6.82 193.50+6.85 1.99+0.10 6.44+0.21 30.15+1.33 3.33+0.16 

6 day 
(n = 3) 163.25+4.82 181.12+6.15 1.82+0.14 6.08+0.16 29.80+0.

*
41
*  

3.36+0A 

9 day 
(n = 3) 159.25+5.45 178.12+5.40 1.32+0.18 5.97+0.09 29.81+0:6 3.36+0:66' 

12 day 
(n = 3) 167.13t4.09 189.37+3.21 1.11+0.6 6.84+0.21 27.74+016 3.61+0:58 
15 day 
(n = 3) 166.37J-6.53 192.87+7.12 

** 
1.07+0.10 7.09+0.27 27.22+0.07 3.68+0.09 

 

iC 

  

---,kir.* 	• 
P 0.001 aMean+SEL, Student's ' t ' test; P P (0.01; 
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The liver weight is, on the other hand, 

increased after DDT fcGding. The .iver weight in 

control animals is 5.89 ± 0.41 (n = 6). After 15 days 

of insecticide feeding the liver weighs 7.09 ± 0.27 
gm (n = 3). Tho liver Weight, when considered - in ,terms 
of per cent body weight, increases after DDT feeding. 
In control rats: the' livdr wdight is 2.76 +'0.05(n = 5) 
per cent of body weight, which increases to,  '3.68'; + Q.09/0 
(.n = 5) after. 15 days df DDT administTatioll at a dose 
of 20 ng/kg body weiL;h_t/day (Table VII). 

3.2.2, 	HALMATOLOGICAL .STUDIES  

Table VIIIand-t-Figure 19 show changes in the 

various haematologital.parameters after DDVfecding, The 

haemoglobin content do not change after insecticide 

feeding. The RBC count, however, decreases. considerably. 
A control rat contains 69.10 + 1.20 X 105  113,08411 
which after DDT treatment decrease, significantly and:  are 

reduced by.'17% after 15 days of insecticide:treatmen,. 
The WBCs, on the other hand, increase.'significantly,:after 

6 days of DDT fending. After 15 days of insecticide 
feeding the WBC count increases 46%. The PC,V is .not 
changed until day.  9, when it is reduced by 6%4Qn:day 15 
PCV is reduced by 7%. 

The MCV in control rats is 62.64 + 0.46 fl (n=6), 
,,hich is increased considerably after DDT administration. 

This increase is 6% aftcT 3 days of insecticide treat—
ment and 12.40% after 15 days of insecticide treatment. 
The HCH is increased 7% after 9 days and 9% 'after 15 days. 
The MCHC is decreased after 9 days of DDT feeding 
(Table VIII; Fig. 19). 



TABLE - VIII 

au'ioECT 02 FEEDING DDT iviIXED DIET ( 20 	mg kg body weight) FOR 15 
PARA_:„LETERS 0...ALBINO RATS. 

DAYS ON THE HAELATOLOGICAL 

Control 
(n = 6) 3 days 

DDT 

6 days 

feeding 

9 days 12 days 15 days 
(n 	4) = 4) (n = 4) (n = 4) (n = 4) 

Rb 
(g/dl) 	13.04+0.16a  12.37+0.39 12.28+0.36 11.98+2.37 11. 	4+0.49 11.85+0.36 

RBC 5 ** *** 
cellsial)69.10+1.20 61,63+1.T7 62.92+1.11 59.02±0.87 58.85±1.45.  57.62+1:58 

;IBC ** 
(X10

2cells/1)65.50+5.20 77.00+5.63 86.75+5.15 95.00+7.2g 90.12+6.60 95.75+2.
*
28 

PCV *** 
(%). 	 43.28+0.40 42.17+0.93 41.76+1.09 40.85+0.82' 40.50+0.97 40.48+0.0b 

LCV 
(f1) 	 62.64+0.46 66.26+0:1g 66.34+0.g' 79.21+0:85 68.82+0:25 70.41+0:g8 

LICH 
(Pg) 	 18.88+0.28 19.42+0.27 19.50+0.26 20.29+0.T, 19.75+0.1g 20.56+0.21 

LCHC 
(g/dl) 	30.15+0.36 29.31+0.32 29.39+0.14 29.31+0.05 28.70+0.25 29.22+0.15 

a 	 ** 	 *** 
Mean+SENI, Student' s' -0 test; 	PK 0.05; 	P 0.01; 	P < 0.001 
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Control 
(n = 6) 3 days 6 days 

-(n=4) 	(n=4)- 
9 days 12days 15days 
(n=4) (n=4) (n=4) 

para-
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DDT  feeding 
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TABLE - IX 

EFFECT OF FEEDING DDT MIXED DIET ( 20 mg/kg body we igh-V day ) 
FOR 15 DAYS ON TEL ACTIVITIES OF VARIOUS ENZYMES IN RAT 

BLOOD SERUM. 

At 
(KAU/(IL) a 

8.57 
+ 0.39 

AcP 
(KAU/dl) 3.63 

± 0.26 

Amylase 
( Somogy 226.76 
U/dl) +14.45 

ChE 
(Rappaport 34.77 
U/mi) ± 2.34 

CPK 
( Sigma U/ml) 9.66 

+ 1.60 

S GOT 
( IU/1 ) 27.80 

± 1.48 

S GPT 
( IU/1 ) 22.39 

+ 1 .60 

L DH 
(IU/1) 506.56 

±21.91 

	

*** 	*** 

	

24.90 	29.67 
+ 2.28 +3.27 

	

4.92 	10.68 
±0.96 ±0.96 

366:gg 410.98 
+23.57 +44.88 

28.87 
t 555 

16.47 
± 2.33 

*** 
14.99 

± 1.08 

** 
43.58 

± 4.34 

801.00 689.88 
+65.18 ±56.98 

58:0 4910 
± 3.25 ± 2.94 

11
*
.62 

* 
12

*
.09

** 

+ 0.81 + 0.57 ± 0.49 

392.85 4146T 416.tg 
+53.92 +24.93 +39.09 

40.34 42.53 42.72 
+ 5.85 ± 3.02 ± 3.17 

*** 
28.32 29.85 3310 
+2.66 + 	3.16 t 4.38 

** 
20.29 38.99 43.15 
+ 	1.35 + 3.37 ± 3.44 

52.93 59.24 67.18 
± 5.62 ± 4.36 +10.07 

*** 	*** 	*** 
739.80 780.00 897.12 
+37.51 +39.95 +46.84 

35.76 
+ 5.25 

*s4 * 
24.05 

± 2.03 

21.45 
+ 1.67 

*-x* 
45.87 

± 2.66 

* * * 
55.27 

± 6.00 

129.14 

(Sigma. U/ml) 428.76 
±12.93 

ICDH *** 	*** 	*** 
591.4 732.09 722.98 7 56.59 751.12 
±53.48 ±37.14 +45.14 ±61.94 ±69.42 

a. iviean+SEM, Student's 't' test; 
** 	 *** 

P < 0.05; 	P < 0.01; 	P 0.001 
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3.2.3. 	BIOCHELICAL ANALYSIS OF BLOOD -------------- 

Table IX and Figure 20 show the effect of DDT 

on the activities `of various enzyMes in Rat blood serum. 
The AP and AcP activities arc considerably elevated. 

The AP activity shows 2.90 X 3.46 X, 6.85X, 5.792: and 

6.451 increase over the control level after 3,6,9,12 

'and 15 days 'ofITT feeding. The AcP activity likewise 

is .increased 1.36X, 2.94 1 	-3.331:, and 3..48X 
aftdr 3,6,9,12 and 15 days of DDT feeding. 

The amylase activity is raised 62%,. 01%, 73%, 
83% and 84% after 3, 6, 9, 12 and 15 days of insecticide.  

feeding. The ChE activity is not affected after DDT 

feeding. The C21.‘: activity in control rat blood serum is 

9.66 + 1.60 sigma units/ml (n=6). This activity 

increases_73%, 149%, 193%, 209% and 248% after 3, 

12 and 15-days of DDT feAing. 

The SGOT activity is decreased until day 9 and is 

then increased on day 12.and 15. The decrease is 46%, 

23% and 27% after 3, 6 and 9 days of fccdin,7;. After 12 

'days and 15 days of DDT feeding: th_ GOT activity is 

increased 40% and 55%. The SGPT-activity iS continu-

ously increased. The increase is 95%, 105%, 136%, 165% 

and 200%, 3, 6, 9, 12 and 15 days of insecticide feeding. 

The activities of t o dchydrogenases i.e. 

ICDH and Lad are considerably increased. The 'CDC 

activity in blood scrum of control rats is 428.76 + 

12.93 sigma units/ml (n = 6), which increases 38%,71%, 

69%, 75% and 75% after 3, 6, 9, 12 and 15 days of DDT 

feeding. 'The LDI acti\ii.EY is increased58%1 36%, 46%, 

54% and 77% after 3, 6, 9, 12 and 15 days of DDT 

administration (.Table IX*  Fig. 20). 
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TABLE - X 

EFFECT OF FEEDING DDT MIXED DIET (20 mg/kg body weight/day) FOR 15 DAYS ON THE VARIOUS 
BIOCHEMICAL COMPONENTS OF RAT BLOOD SERUM. 

DDT feeding  Para- 	Control • 
meters 	(n = 	 3 -days 	6 days 	9 days. 	12-deys- 	15 days 

(n = 4) 	(n = 4) 	(n = 	(n = 4). 	(n = 4) 

Bilirubin 
(mg/di) 

Cholesterol 
(mg/di) 

FAX 
(Mg/d1) 

Glucose 

0t76+0.04a  

180.73+7.16 

9.81+0.14 

0.72+0.15 

161.92+9,64 

* * 
6.83+0.55 

0.71+0.06 

223.09+12.4 

5.58+0114 

0.70+0.06 

196.25+16.06 

4.78+0:46 

0493+0.13 

194.16+16.91 

*** 
4.92+0.10 

*-* 
1.10.+0.05 

207469+18.25 

4.69+0:24 

(mg/dl) 

Protein 
(g/dl) 

Urea 
(mg/dl) 

129.60+7.08 

8.04+0.21 

33.56+1.19 

97.72+7.56 

8.89+0.73 

39.16+2.6e 

82.75+10.37 

10.21+0.46 

36.83+3.58 

81.75+9.74 

11.58+0:r0 

39.08+2.86 

90.93+5.04 

11.14+0:46 

40.91+3.32 

8774+6.13 

11.55+0.58 

43.56+3.17 

aMean+Sai, Student's 't' test; 	P4 0.05; 
** 	*** 

P k0.01; 	P c0.001 



TABLE - XI 

LL2I;CT OF FE DI G DDT iiIXED DIET (20 mg/kg body weight/day) FOR 15 DAYS Oh THE 
ACTIVITIES OF VARIOUS HEPATIC ETZYhES. 

Control 
(n L- 5) 

. 	. 
Para-
meters 3 	days'- 

(n = 4) 

DDT feeding 

6 days 	9 days 	12 days ' 
(n = 4) 	(n = 4) 	(n = 4) 

- 	, 
15 days 
(n = 4) 

AP *** 
(KAU/g) 0'.64+0.02a  1.79+0.21 0.87+0.11 0.61+0.05 0.62+0.06 0.43+0.12 

GOT • 
(ITJ/g) 7.34+0.17 8.79+2.26 8.89+1.28 11.03+1.77 12.30+1.51 '1.82+1.11 

(IU/g) 11.07+0.25 8.29+0.83 12.10+0.59 14.86+1.38 10.45+2.25 10:31+1.29 

ICDH ** 

(X103  Sigma 20.10+0.50 46.32+8.60 36.71+5.88 36.54+4.44 36.9 +3.09 37.25+5.18 
(U/g) 
LDH A  ** ** *;c- *** 

(X10"-IU/g) 51.90+1.20 67.14+3. 	0 73.12+5.48 84.27+9.11 83.13+8.84 94.61+5.15 

** *** 
ai'sliean+SEI,I, Student's 	't' test; 	PK 0.05; 	PK 0:01; 	P 	0;01 
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Besides enzyme activities, a few other biochemi-

cal components wore tested (Table X, Figure 21). The 

cholesterol and urea content remain unchanged. The 

bilirubin content are also not significantly affected 
until day 16, when these content increase 45%.-  The FAA 
content decrease significantly, while protein content 

show signjfiCantincrease. The - debrease in FAA content' 
is 30%,,43%, 51%, 50% and 52%, -after 3, 6, 9, 12 and 15 
days ef'DDT.feeding. The protein content conversely 

increase 27%, 44% 39% and, 44% after69, 12 and 15 

days of insecticide feeding. The glucose content 

decreasp4.,: Thj-0. decrease. is 25% after 3 days of feedi-Pg 
and 32%rafter'15 dayS of fee:din (Table X Fig. 21), 

3.2 	AippH.E.gTp4 ApALysIs OF LIVER 

Table XI and Figure 22 show effect of DDT 

feeding on the activitips of vaxious hepatic enzymes 
in rat liver. :The-AP. actiVity-israiscd 1.80% after3 

days of DDT feeding, but is then normalized with 

increasing period of administration. -121.:-fact with 

continuous feeding the 'AP:activity is indicated to be 

inhibited. The GOT and GPT activities are also mildly 

affected. A:r,,Tritrol rat liver„shows:t1-.07- + 0.25 IU 

G2T actLvity/g tissue, which is reduced 25% after 3 days 

of feeding, While GOT ,activity2.sraibed 74% after 12 

days of feeding. The ICDH and LDS activities appear 

to' be highly sensitive to DDT feeding.' The ICDH 

vity is raised 130% after 3 dayS Of ke&ding and-tb: 85% 

after 15 days of insecticide administration. Theq:JDT 

activity i 7nntrol rat liver is 51.90 ± 1.20 X 1041U/g. 

This activity increases 29%, 41%, 62%, 60% and 82% 
after 3, 6, 9, 12 and 15 days of feeding (Fig.22;Table 

XI). 
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TABLE - XII 

EFFECT OF FEEDING DDT MIXED DIET (20 	mg/kg body weight/ 
day) FOR 15 DAYS ON. THE. VARIOUS BIOCHE:AICAL 	ENTS  

OF RAT LIVER, 

Para- DDT feeding  Control 
meters (n= 5) 3 days 6 days 9 days 12dai 15days 

(n=4) (n=4) (n=4) (n=4 (n=4) 

Cholesterol ,15.72a  5.06 9.91 7.26 9.47 9.77 
(mg/g) ± 0.35 + 0.95 ± 1.42 + 0.71 ± 0.37. ± 1.18 

*** 
FAA 319.95 147.09 163:46 192.73 222.23 220.75 
(ug/g) 	. +12.-68 ± 5.15 + 7.89 +12.36 +23.41 +18.97 

Glucose 12.93 10.56 18.11 22.1 25.7t 24.28 
(mg/g) ±0.61 +1.78 + 1.38 +1.65 +2.31 ±2.66 

Soluble 
Proteins 152.99 116.M 99.44 106.4 

** 104.25 
** 

100.88 
(mg/g) + 5.62 ± 7.17 ± 4.24 +11.45 ± 9.58 + 7.99 

Total ** 
Protein 237.67 224.83 211.02 204.59 1,9849 188.35 
(mg/g) ± 7.45 +12.15 +12.73 +11.80 + 9.37 +10,81 

DNA 2.42 2.70 3.19 3.40 3.43 3.38 
(mg/g) ± 0.17 ± 0.21 ± 0.24 ± 0.25 + 0.33 ± 0.25 

RNA 8.62 •8,92 9.91 9.26 8.83 7.82 
(mg/g) ± 0,38 ± 0.73 ± 0.94 + 0.77 ± 0.78 + 0.62 

aMean+SEM, Student's 't' test; 
** 	 *** 

AK 005; . 
 

F. 0.01; 	P < 0,001 

1. 
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Sevetal other hepatic biochemical components, 
besides enzyme activities were also analyzed (Table XII; 

Fig.23). Almost all hepatic components were signifi-

cantly affected. The cholesterol content is drastically 

decreased i.e. 68% after 3 cloys of DDT feeding. The 

decreaSe on day 6, 9, 12 and 15 is respectively, 43%, 

54%, 40% 'and 3a%, rcspoctl_oly Total protein content 
are not altered until day 12, when 16% decrease was 

recorded. After 15 days of feeding, the total protein 
was found to decrease 21%. The soluble proteins, 

and FAA content likewise decrease after DDT administrat-

ion for 15 days. A control rat liver contains 152.99 ± 

5.62 mg soluble proteins/g liver. After 3 days of 
feeding the soluble protein content decrease 24%. It 

- continuesto decrease till. day 15 of DDT feeding, 
when soluble protein ,content decrease - 34%... The FAA are 

also drastically decreased, Those content decrease 

54%, 49%, 40%, 31% and 31% respectively after 3., 6, 9, 
12 and 15 days of DDT feeding. The glucose content 

remain unaffected after 3 days of feeding. Tie 
.
first 

significant change .(40% -increase) is.netod, after 6 days 

of feeding. • The glucose content increase 88% after 15 

days of feeding DDT mixed diet. 

Out of the two nucleic acids the RNA does not 

show any significant change, while DNA exhibits signi-

ficant increase after prolonged feeding period. The 

DNA content in control rat liver is 2.42 + 0.17 mg/g 
liver:weight. This content increases 32%, 40%, 42% and 
40% ai'tor,,6, 9, 12 and 15 days of DDT feeding. 

(Table XII, Fig. 23)t 
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Pig.23: Effect of feeding DDT mixed diet (20mg/kg 
body weight/day) on the various biochemical 
components of rat liver. 



—J 
Lia 

300 - 
ti) —T—, ....T._,  

200 — 

41 
C.) 
LL. " 1 0 
0 

0 

C 3 	6 9 

      

0- 2.0 

z 

""*.,- 1• 5 

0 
I • 0 

U 

z 0 .5 -
ti. 
0 

0 

     

  

14
0

-O
F

  N
U

C
L

E
/C

E
 L

L
 

        

   

T 

    

        

         

         

          

12 15 	 C 3 6 9 12 15 
	

C 3 6 9 12 15 

- 362 - 
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Fig.24: Effect of feeding DDT mixed diet (20mg/kg 
body weight/day) on the various histological 
parameters of albino rat liver. 
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3.2.5. 	HISTOLOGICAL  STROTTRE OF LIVER  

The histological changes induced by' feeding of 
DDT miaod diet in rat liver are quantified in Table XIII 

and Figure 24. The hepatic cell size increases after 

DDT feeding. This increase is 14%, 14%, 24% and 26% 
after 6, 9, 12 and 15 days of feeding. The size of the 
nucleus is not changed until day.  12, when it increases 

18%. although the size of nucleolus is elso increased 
after DDT feeding, but this increase is not statisti-
cally significant. 

The number of nuclei/cell and number of 

nucleoli/nucleus remain unaltered. Due to increase in 

the sizc of hepatic cells, the number of hepatic cells 

per microscopical field arc decreased. For exai,ple this 

number decreases 23% after 15 days of feeding (Table XIII, 

Fig. 24). 

Figures 29-33 show histological structure of 

liver of rat fed on DDT mixed diet for 3 days. Figs.34-37 
show hepatic structure of liver of 6 day feeding group. 

Figures 38-41 show structure of liver of 9 day feeding 

group. Figures 42-45 represent hepatic structure of 

12 days and Figures 46-50 show structure :Df 15 day 

food group. 

The hypertrophied cells, well defined vesicular 

nuclei, swollen bile canaliculi and other blood vessels 
(Figures 5, 13; compare with Fig.28) are the prominent 

structural changes in liver, With increasing duration 

of administration. The cellular hypertrophy and format-

ion of vesicular nucleus becomes more prominent. 
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• a 

• •*. • 	'6i. 

• •
T. 

131 
FIGS.34-37: Histological structure of rat liver fed on 

DDT-mixed diet for 6 days. Note the altered'lobular 
morphology (34,35), rounded vacuoles inside cytoplasm 
(35), enlarged sinusoidal spaces(35,36), and hyper-
trophy of the hepatocytes and nuclei (36,37). 

Stain: Hematoxylin and Eosin. 

Magnifications: 34,x25; 35,x50; 36,x100; 37,x250. 
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FIGS.46-50: Histological structure of rat liver fed on 
DDT-mixed diet for 15 days. Note the irregular 
margins of blood vessels (46), enlarged sinusoids 
(47), cytoplasmic margination in the cells (48), 
many clear areas, and hypertrophied cells and nuclei 
(49,50). 
Stain: Hematc)xylin and Eosin. 

Magnifications: 46,x10; 47,x25; 48,x50; 49,x100; 
50,x250. 



TABLE - XIV 

EFFECT OF FEEDING DDT MIXED DIET ( 10 mg/kg body weight/day) FOR A PERIOD OP 
6-18 MONTHS ON THE TOTAL BODY AND LIVER WEIGHT OF ALBINO RATS. 

Para-
meters 

 

6 months 	 12 months 
DDT feeding experiment 	DDT feeding experiment 
Control 	DDT fed 	Control 	DDT fed  
(n = 6 ) 	(n = 3) 	(n = 4) 	(n = 3) 

 

18 months 
DDT feedin experiment  

   

  

Control 

(n = 6) 
DDT fed 
(n = 3) 

      

30dy wt./ 
liver wt. 

0 ratio r- 
39.27+0.73a  33.74+1.22 37.95+0.92 	31.89+0. 73 	48.90+1.21 32.66+1. 

Liver nt. 
((;, body 
wt.) 

2.55+0.05 2.97+0.11 	2.64+0.07 3.14+0.0g 	2.37+0.08 3.06+0,74{1 

* * 
	

** 
Mean+SEE, Student's 't' test; 	PI(.0.05; 	0.01; 	Pi\  0,001 
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3.3. 	EFFECT OF DDT ADO:INISTERED AT A 
DOSE OF 10 big/kg body weight/day 
FOR A PERIOD OF 18 MO1'ITHS  

3.3.1. 	BODY WEIGHT AND LIVER WEIGHT 

Table XIV shows effect of long term feeding 

of DDT on Body wt. /liver weight ratio and on the liver 
weight in terms of per cent body weight. The body wt./ 

liver weight ratio decreases 14%, 16% and 33% after 6, 
12 and 18- months of DDT feeding at a rate-of 10 mg/kg 
body weight/day. The liver weight (% body weight) is 

incrcasad, which-  in 	1'2 and 18 Months feeding 

experiments was recorded as'17%, 19% and 29%(Table XIV). 

3.3.2. 	HAEMATOLOGICAL  STUDIES 

Table XV and Figure 51 show the effect of long 
term feeding of DDT on the various haematological para-

meters of rat. The RBC count and PCV are significantly 

decreased after DDT feeding. The haemoglobin count are 

affected significantly only after 18 months of feeding. 

The RBC count is - decreased 13-14%, while -PCV show 6-8% 

significant decrease. The WBC count is increased 8%,19% 

and 29% after 6, 12 and 18 months of feeding. 

The MCV and MCH arc significantly increased 

after ins'ecticidai administration. After. 6,:12 arid 18 

months of feeding the MCV is increased 8, 13 and 10%, 
while the increase in MCH during the same periad is, 

respectively, 8, 11 and 6%. The MCHC 	not significant- 
ly deviated (Table XV, Fig. 51). 

3.3.3. 	BIOCHEMICAL  ANALYSIS ,OF BLOOD 

Blood scrum enzymes representing,-difforcpt 
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TABLE - XV 

EFFECT OF FEEDING DDT MIXED DIET (10 mg/kg body 
weight/day) FOR 6-18 MYTHS ON THL VARIOUS HAEMATOLOGICAL 

PARLLETERS OF LLDINO RATS 

0.1011W-Laierafimeala6 

Para-
meters 

6 months 	12 months 	j .18 months - 
-DDT feeding 	DDT feedihg t  DDT feeding 
experiment 	,_  experiment 	L experiment  

 

  

Cont- DDT Cont- DDT Cont- DfT 
ol 	ed 	of 	ed 	of 	ed 
	  littaLa__ n_3. _L._ rizilL.- n_3).-L_ 116).-7- 12-.).- 

Hb 	13.79a  12.79 13.14 12.64 13.04 12.n 
(g/dl) 	±0.32 ±0.51 +0.23 	0.26 +0.16 ±0.19 

RBC 

	

	70.87 60.83 70.48 69.10 59.93 ** 

(X105 	
61.40 

* 

 + 1.26 + 1.07 +1.28 + 1..47 + 1.20 + 1.33 
cells/µ1) - 

* 
W 2 BC 	66.50 72.00 62.38 74.33 65.50 84.33 
(X10 	±3.99 + 1.15 + 1.34 + 3.21 +5.20 + 2.85 
cells/p1) 

MC V 
(fl) 

*** 	0 	** 
64.38 69.A1 60.91 69.06 62.64 68.01 
+0.65 ±0.81 ±0.86 t 1.10 ±0.46 +0.92 

MCH 	19.45 21.01 18.64 20.60 18.88.  20.05 
(Pg) 	± 0.32 ± 0.55 ± 0.06 + 0.22 ± 0.28 	0.21 

MCHC 
(g/dl) 

30.24 30.12 30.62 29.84 30.15 29.48 
± 0.65 + 1.05 + 0.41 + 0.33 ± 0.36 ± 0.09 

aMean+SEM, Student's 't' test; 
** 	 ** *P c,0.05; 	P <0.01; 	Pc 0.001 

*** 
PCV 	45.92 42.45 42.90 42.37 43.28 40.75  
(%) 	±0.44 ±0.22 	0.20 ±0.39 +0.40 ±0.63 
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Fig.51: Effect of feeding DDT mixed diet (10mg/kg 
body weight/day) for 6-18 months on the 
various haematological parameters of 
albino rats. 
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Fig.52: effect of feeding DDT mixed diet (10 mg/kg 
body weight/day) for 6-18 months on the 
activities of various enzymes of albino 
rat blood serum. 
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TABLE - XVI 

EFFECT OF FEEDING DDT MIXED DIET ( 10 mg/ kg body weight/ 
day) FOR 6-18 MONTHS ON THE ACTIVITIES OF VARIOUS ENZYMES 

OP ALBINO RAT BLOOD SERUM 

Para-
meters 

6 months 	S 	12 months 	1 18 months 
DDT feeding 	DDT feeding 	1 DDT feeding 
experiment 	1 experiment 	I 1  experiment 
Cont- 	DDT ! Cont- 	DDT 	T1  Cont- 	DDT 
rol 	fed 1 rol 	fed 	I rol 	fed 
(n=6) 	(n=3); (n=4) 	(n=3) i (n=6) 	(n=3) 

I 	 t 

*** *** 
AP 9.57a  75:n 9.46 26.89 10.21 23.85 
(HAU/d1) ± 0.39 +11.73 + 0.68 ± 2.45 ± 0.92 ± 1.27 

*** 
AcP 5.46 19.11 4.48 7.92 5.34 5.7g 
(KAU/dl) ± 0.48 + 3.36 + 0.25 + 0.37 + 0.59 + 0.64 

*** 
Amylase 242.53 317.24 210.29 323.81 202.03 345.00 
(Somogyi ±15.41 ±21.07 +10.57 +21.96 +12.22 ±14.43 
U/dl) 
ChE 31.80 35.33 26.00 29.02 31.08 32.00 
(Rappa- 
port U/m1) 

+ 3.76 + 4.33 + 	1.85 + 1.55 + 1.82 + 1.60 

CPK 10.30 13.23 7.57 14.27 8.75 12.56 
(Sigma + 0.77 + 0.67 + 0.61 + 2.15 + 0.97 + 0.99 
U/mi) 
GOT 21.02 50.78 28.98 47.20 35.66 21.55 
(IU/1) ± 1.46 + 5.69 + 2.73 + 6.66 + 2.55 + 4.24 

GPT 17,72 23.91 14.82 18.99 18.75 13.1 5  
(IU/1) ±1.40 ±4.46 +0.99 ±3.05 +1.87 +0.98 

*** 
IC DH 391.86 494.7-x5 395.22 674: 5 462.53 731.18 
(Sigma ±18.33 ±23.33 +10.33 +23.91 +24.13 ±13.19 
U/mi) ** 
LDH 401.44 966.40 42.20 608.64 409.49 539.08 
(IU/1) ±10.87 +24.05 ±19.62 ±22.25 +27.82 ±18.22 

aMean+SEM, Student's 't' test; 
** . 	 ** *P 0.05; 	P 0.01; 	P< 0.001 
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aspoot8-  of metabolism were tested after .DIRT feeding in 
order to corelatc theHinbeeticidal treatment .with 
raacromolccular , abnormalities. In blood serum the 
activities of almost all the enzymes testedd -Were 
elevated after - DDT feeding. The AP activity is 
increased 7,90, 2.84 and 2..34 fold over the control 
.ett-e4.A2 aild-10Months-of fecdihg,- respectively. 
The AcP- activity is alsO increased. This increase is 
only 3.5 fold 1..77 fold and 1,08-fold after 6, 12 and 
la.menths - of DDT fteding. 

,The twe.transaminases 	SGOT aid SGPT) 
show significant increase during 6 and 12 months 
feeding, but. _them show drastic decresed..whCh-DDT:Milted %  
diet is fed for 18 months. In SGOT, the activity 
increases 142% and 63%_after 6 and 12 montha:of 
insecticide feeding, but after 18 months this activity 

decreases 40%. The SGPT.f011ows almost the same pattern. 
The'tSGPT activity is raised 35% and - 28% after 6 and 12 
months, and is lowered by 30% after 18 months. 

Tto dchydrogcnase i.e. IC EH and LDH were also 
tested. The LDH 	 incrased 141% and 38% 
after. 6 and 12 months feeding, but then shoW'S non-signi-
ficant increaso,after 18 menths4 feeding.: The IGLE 
activity generally fellows the Same pattern The ICDH 
enzyme activity is increased 2679'2171% and 58% afte.  
6, 12 and 18 months of DDT-feeding. The:6PN activity 
is likeWise raised afterinsectic*de adMinistration- 
(Fig. 52; TableXVI).. 	 activityis.raised 29%.. . 	.  
89% and-  44%;after'6, 12 and-I8-menth6 of DD' feeding. 

The ChE activity is rifcCted. Sligh 
deviation from the control group is just non s=ignificant. 
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TABLE - XVII 

EFFECT OF FEEDING DDT MIXED DIET (10 mg/kg body weight/ 
day) FOR 6-18 MONTHS ON THE VARIOUS BIOCHEMICAL 

COLPONDIfTS OF ALBINO RAT BLOOD SERUL. 

Para-
meters 

6 months 	12 months 
DDT feeding 	DDT feeding 
experiment 	experiment 

 

r 

18 months 
DDT feeding 
experiment  

 

   

Cont- 
rol 
(n=6) 

DDT 	I 
fed 	1 
(n=3) 	I 

Cont-
rol 
(n4) 

DDT 
fed 
(n=3) 

Cant-
rol 
(n=6) 

DDT 
fed 
(n=3) 

Bilirubin 0.74a  0.55 0.63 0.60 0.56 0.62 
(mg/dl) ± 0.05 ± 0.07 ± 0.03 + 0.08 ± 0.04 ± 0.07 

Cholestero1182.95 224.02 177.19 178.97 180.12 167.99 
(mg/d1) + 6.25 +17.39 + 	5.21 ± 6.24 + 9.80 + 5.29 

FAA 9.27 8.57 9.00 9.44 11.09 11.50 
(mg/dl) + 0.34 + 0.25 + 0.36 ± 0.27 + 2.33 ± 0.39 

Glucose 111.76 92.95 107.45 109.47 150.57 172.45 
(mg/dl) ± 8.52 +21.86 + 7.26 ±11.14 + 3.67 + 7.14 

Protein 6.90 8.12 7.68 6.88 8.58 11.83 
(g/dl) ± 0.04 + 0.42 + 0.21 + 0.62 ± 0.45 + 0.13 

Urea 36.34 37.94 23.55 47.94 41.15 35.05 
(mg/dl) + 2.20 ± 2.67 ± 6.84 + 	1.16 + 	1.98 + 1.83 

iml•lipmgaisicshspein•RIma 

aMean+SEM, Student's 't' test; 
** 	 *** *

P K0.05; 	PK 0.01; 	- P( 0.001 
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The amylase activity is disti.nctly affected. This 
enzyme-shows 31, 54 and 71% increase after, 6, 12 and 
18 months' of =feeding. 

Although several enzymes tested in this study 
Were significdntly altered after DDT feeding, but some 
other biochemical components did not evince, any notable 
response (Table XVII, Fig. 53). The:  bilirubin, _ . 	. 
cholesterol and FAA content remain unaltered. The 
glucasecontent arc not altered Until 18 months of 
feeding, when 15% significant Increase Was recorded. The 
protein content lik.owise increased 38% after 18 months 
of feeding.. 

The Urea content generally remain, unaltered 
after insecticide feeding except for. 12 month feeding 
when 2.04 fold increase was observed. 

33.4. 	BIOCHEMICAL _.ANALYSIS OF LIVER 

Figure 54 and Table. XVIII show the effect of 
long term'fccding'ofJMT on the activities of various 
hepatic enzymes. The AP and I,Dri activities show vcry 
prominent effect. The AP actil)ity: is increased 64, 24,: 
and 39% after 6, 12 and 18 months'ef feeding, respectively. 
The LDH activity, during thd same period is increased 

42, 39 ane39%, respectively. The hepatiO:d0T and I(;14-1) 
activities remain unaltered except for 12 month group 
in which the former enzyme activity is raised 2.12 fold, 
while the latter enzyme shows 22% increase ':The qp.fr 
activity is raised 1.24.  fold 5.27 fold and 1.86 fold 
after 6, 12 and 18 months of feeding (Table XVIII, 
Fig. 54), 
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Fig.53: Effect of feeding DDT mixed diet (10mg/kg 
body weight/day) for 6-18 months on the 
various biochemical components of albino 
rat blood serum. 
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albino rats. 



- 381 - 

TABLE - XVII•I 

EFFECT OF FEEDING DDT MIXED LIET ( 10mg/kg body weight/ 
day) FOR 6-18 MONTHS ON THE ACTIVITIES OF VARIOUS HEPATIC 

&TZYLES OF ALBINO RATS. 

Para-
meters 

6,mohths 	12 monthS 	18 months 
DDT.feedifig- 	i.DT-feeding 	t DDT feeding 
experiment 	I experiment- 	1 experiment  

 

  

 

Cont- 	DDT 	Cont- ' DDT . 	Cant-. DDT 
rol 	fed 	1 rol - fed 	rol 	fed 
(n=6).  '(.1=3) 1 (n=4) 	(n=3) : (n=6) 	(n=3) 

AP 0:74a. 1.12 	. 1.35 
(KAU/g) + 0.05 ± 0.08 t 0.07 + 0.04 

*** 
GOT 8.66 6.09 7.56 16.05 
( IUig) + 0.54 + 0.10 + 0.46 + 0.49 

GFT 7.71 9.55 5.02 26:47 
(IU/g) + 0.68 + 0.53 + 0.54 + 3.03 

	

1.08 	1.45 
+ 	± 0.11 

	

6.79 	6.60 
± 0.23 +, 1.13 

6.0511.g 
+ 0..60 ) + 0.62 

ICDH 	33.29 	29.12...49.49 	60.33.42 . 50 	45.11 
,  (1,103  Sigma+ 6.08 + 	+ 2.52 + 1.66 	5'..:7'O + 3.56 

U/g) 

LDH A 	58.29 82.64 54.25 750i 44.60 61.81 
(xl0L' 	i + 2.99 + 8.57 t 5.37 + 0.89 +0.30 + 5.33 
IU/g) 

aMean+SEM, Student's 't' test; 
* 	 ** 	- *** 
P (0.05; 	P 0.01; 	P < 0.001. 
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TABLE.- XIX 

EFFECT OF FEEDING DDT MIXED DIET 010 mg/kg body weight/ 
dAyYFOR A PE,RIOIYOF'618 .MONTHS ON THE VARIOUS-   

BIOCHEMICAL COMPONEATS OF ALBINO RAT LIVER. 

Para-
meters 

6 months 
DDT feeding 
experiment  

12 months 
DDT feeding 
experiment 

1.18 months 
DDT feeding 

- 4 experiment 

 

Cont- 
rol-  
(n=6) 

DDT 
fed 
(n=3) 

Cont- 
 xol 
(n=4) 

	

_UT 	1 Cont- 

	

fe.d 	S  rol 
(n=3) 	I 	(n=6) 

	

rt 	  

DDT 
fed 
(n=3) 

Cholesterol 	5.97a  6.89 9.01 6.32.  - 	10.50 7.11 
(mg/g) 	+ 0.29 + 0.76 + 0.32 i 0.70 0~ ± 1.21 + 0.39 

FAA 217:29 221.83 197.98 216.00 170.12 187.47 
(Pg/g) + 7.70 +21.81 +14.18 +13.41 +11.59 +13.04 

*** 
Glucose 30e87 12.71 37:12 22.75 38.32 26.11 
(mg/g) +2.32 +1.22 +1.37 +3.21 ±3.38 ±3.23 

Soluble- 124.92 106.73 135.22 111.48 159.00 128.08 
Protein: 
(mg/g) 

+ 4.67 +10.96 + 9.96 +17.23 ± 2.58 ±10.93 

Total 216.96 145.88 208.48 228.54 274.4T 
Protein 
(mg/g) 

±13.05 +15.76 + 6.70 +12.38 +11.88 +:8.65 

DNA 3.05 3,15 2.54 2.78 3.06 *2.6t 
(mg/g) + 0.11 t 0,16 + 0.14 + 0.30 + 	0.12 -i7 j0.09 

*** 
RNA 9.68 5.35 10.39 ..7.68 11.30 6 8 :1 
(mg/g) ± 0.62 ± 0.86 + 0.31 ± 1.09 + 0.49 + 0.26 

aMean+SEM I  Student's- 	test; 
** 	 *** *

P <0,05; 	P K 0.01; 	P ( 0.001 
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The effect of DDT feeding on the various 
'biochemical components of rat .liver other than enzyMes 
As shown in Figure 55 and Table XIX... 

The FAA:cohtent are not affected at all,while 

soluble proteins: are reduced 20% after 18 months. of 
DDT feeding.. The total protein content of liver 

decrease 33% after 6'months of DDT fecding,', while these 

content increase 21% when.DDT 'feeding vas, extended till 
18 months.-,- The glucose content also decrease. This 

decrease is 59%, 39% and 31% after 6, 12 and 18 months 
of DDT feeding. 

The DNA content. are not affected until 15 
Q 

months when these content show.13% decrease. The RNA 
content decrease 45%, 26% and 39% after 6, 12 and 10 

months of DDT feeding (Table XIX, Fig. 55). 

3.3.5. 	HISTOLOGICAL STRUCTURE OF LIVER 

Table XX.  and Figure 56 show the effect of long 
term feeding of DDT on the various histological para-

meters of rat liver. As is typical of.all the chlorinated 

insecticide toxicity in non target organism,' the 

hepatic cells hypertrophy. The hepatic cells increase 

33%, 27% and 45% after 6, 12 and 18 months of feeding. 

The nuclei qf hepatic cells increase significantly.(20%) 

after 18 months of insecticide feeding. The nucleolus 

remains unaltered. -The number bf nuc1.6i/coll and 

number of nucleoli/nucleus also. remain'unaltaTed. 

On comparison- of Figures 61-63 (6 month 

feeding) Figures '6+-67 (12,monthz feeding) and Figures 

68-71 (18 months feeding) -with Figures 57-60 (Control 
group) several histological changes can be observed. 



cr\ 

TABLE - XX 
EFFECT 0J FEEDING DDT =.1_11) LILT 
'3,_,TOD 02 10 Li( =HS ON TH1, VARIOUS 

6 months 
DDT feedinG Exp.  

(10 Inc,/kg body ueight/day 	roh A TOTAL 
HISTOLOGICAL 21,17,1,1iDT_, -Z3 02 RAT LIVER. 

12 months 
DDT feedi4- Ex2. 

18 months 
DDT feeding Ex2. 

Parameters 	Control 
(n = 90) 

LDT fed 
(n = 90) 

Control 
(n = 90) 

DDT fed 
(n = 90) 

Control ,  
(n = 90) 

ADDT fed' 
(n = 90) 

No.of cells/ 	238.37a  184.78 269.41 213.90 244.64 174.81 
field 	+11.68 +10.49 +12.40 +14.41 +10.71 +13.81 

No.of nuclei/ 	1.07 1.17 1.11 1.17 1.04 1.12 
cell 	 + 0.06 - 	0.00 + 0.04 + 0.00 ± 0.03 + 0.04 

No.of nucleoli/ 1.52 1.88 1.46 1.63 1.40 1.62 
nucleUs 	+ 0.16 0.31 + 0.14 ± 0.21 ± 0.19 ± 0.12 

Si2ie of cell 	290.31 387.12
**  

258.61 328.34 273.44 
JC 

395.56"  
(u`) 	 + 8.78 ±15.76 ±14.17 ± 6.84' +11.19 ±11.37 

* 
Size of 	uc- 	37.91 40.96 41.72 45.92 43.69 52.26 
cipus 	+ 1.23 * 1.50 + 	1.81 + 1.57 ± 1.94 + 2.88 

Size of 	2 	2.79 3.29 2.94 3.24 3.11 3.50 
nucleolus (u )+ 0.21 + 0.22 + 0.30 + 0.32 + 0.24 + 0.39 

** ** •••••••••••,-.1...0 

aMean+SE111; Student's 't' test; i ( 0.05; 	P 4.0.01.; 	P (. 0..001 
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FIGS.57-60: Histological structure of normal liver. 
Note a portion of hepatic lobule, with normal cord 
structure, portal areas (57-59), sinusoidal spaces, 
regular shape of nuclei and almost compact arrange-
ment of cells (59-60). 

Stain: Hematoxylin and Eosin. 

Magnifications: 57,x25; 58,x50; 59,x100; 60,x250. 
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Although the general hcpatolobular architecture 
is maintained, but hepatic cells gradually increase in 

size. After 12 months of feeding of DDT the hepatic 
Dells arc hypertrophy.(Fig.66), nuclei become well 

demarcated (Fig.67). The plasma membrane of hepatic 

cell becomes very prominent (Fig. 67). The bile 
camaliculi become very prominent (Figs. 65, 66). 

Eighteen months of feeding results in.toIicity, which 

is evidenced by numerous vacuoles, which can be soon in 

Figure 70. The hepatic nuclei also become very much 

condensed and arc surrounded by clear zone (Fig. 71). 

4. DISCUSSION 

DDT administered as three different doses viz. 

100mg/kg body weight for 48 hours, 20mg/kg body .weight 
for 15 days and 10mg/kg body weight for 18 months pro-

duced almost similar type of effects in the various 

haematological., biochemical and histolOgical Changes in 

rat blood and liver. The extent of damage, however, 

depended upon the dose and duration of administration. 

Haematological _parameters 

The haemoglobin, RBC count and PCV decreased alter 

DDT treatment while WBC, MCV and LICH increased at the 

same time. The haemoglobin content decrease 11); after 

48 hours of DDT at a dose of 100mglkg body weight, while 

the other two doses  did not have any significant effect. 

The RBC content decrease 16%, 17 and 14% after DDT 

.treatment for 48 hours, 15 clays and 18 months administered 

at their respective doses. The decrease in I0C count 
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could be attributed to breakdown of erythrocyte due to 
DDT treatment (O'Brien and Hamilton, 1979)., The 2CV

decreased -significantly at the end of experimental 
period in the 15 day and 18 months feeding.experimentS4 

The 48-hour experiment did not produce any change in .  

PCV. 

The. NBC are drastically increased as 	defence 
mechanism_... In 48 hour feeding experiment, the. WBC 

increase 48%while in 15 day experiment it is 64; 

increase at the end of experimental period. In 18 

months'long - feeding experiment the 713C showed an incre 30 

of 8, 19 and 29% after 6, 12 and 18 months of DDT 
feeding at a dose of 10mg/kg body weight. The i. CV and 

LCH also shows significant increase' after DDT treatment. 

Blood Biochemists 

All blood serum enzymes under all experimental ' 
conditions show raised levels of activities after DDT 

feeding except. for ChE, which is elevated 771,; after 48 

hours of DDT feeding. This enzymatic actiVity-reMains 

unaltered under all other experimental±conditions. 

All other blood serum enzymes viz. 4mylase, 

AcP, SGOT, SG21, LDH, ICDd and C2K art significantly 

increased. The most prominent changes have been 
observed in activities of 	Ac.  , LDH and GOT. .kgarwql, 

et al. (1978) have reported, marked increase in blood 

serum LDH, transaminases, amylase and AP after. °single 

oral dose of 150mg/kg body weight in rhesus money, 
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The intensity of the insecticide effects depends 

upon the amount of DDT, which the animal picked up 

during feeding -(Kagan et al., 1570; Gertig et al., 

1571a, b). The lower dcisea caused liver dysfunction as 

evidenced by raised levels of AP, AcP, LDH, GOT, GPT 

and low protein content in the blood serum. The 

intensity of this dysfunction increases with the 

increased duration of DDT feeding. It also depends 

upon the amOUnt of DDT, which the rats may consume to 

the@ritical level, even in shorter period of time, say 

24 hours. The stronger doses have greater damaging 

effects than the weaker dose administered for a longer 

period of time. Gertig et al., (1971a, b) have'reported 

similar type of increase in the liver function test 

enzymes after DDT feeding. 

Liver is the main metabolic centre and is also the 

centre for drug metabolism. The DDT is, therefore, likely 

to hit the liver directly thus leading to .significant 

deviations in the biochemical profile of blood serum 

(Kohli et al., 1975). The liver damage may pause leadh- 

ing out 	and eventual raising their level in 

the blOod.. The blood serum analysis, therefore,ceuld 

be a toxicity indicator for various poisons. 

The other biochemical components of bloOd, other 

thanSeveral:enzymes mentioned above were not:very 

drastically,  or uniformly affected. 

In 48 hour feeding experiment, the bilirubin and 

FAA content are unchanged, protein, urea acrd-glucoSe 

increase respectively 30, 32 and 36%, while:6410tei..61 

shows-40%.4ecreaSe after 48 hours of feeding. 
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In 15 day feeding experiment, in which DDT was 

administered @ 20mg/kg body weight, the piotein and PAA 

content are the most sensitive indicators. The protein 

content inc-rease 44%, while FAA content decrease 52% 
after 15 days of. DDT feeding. The.ured and cholesterol 
content remain unaltered, while glucose shows 32% 

decrease after 15 days. In long term feeding experimehtS 
for 18 months, most of the - blood,seruM biochemical 

components remain unaffected, except for minor changes in 

protein and glucose contents. 

Liver Biochemistry 

The various hepatic enzymes behave uniformly after 

different treatments of rat with DDT. In 48 hour feeding 

experiments, in which DDT was administered at a dose of.  

100mg/kg body weight, the hepatic AP and ICDH activities 

remain unchanged, while hepatic GOT, GPT and LDH is 

considerably increased. In 15 day DDT feeding experi-

ment, only hepatic LDH and ICDH activities show consistent 

increase throughout the experimental period, while AP, 

GOT and GPT activities show occasional increase during 
15 day DDT feeding. Some consistent and significant 

changes ware'observed however, in the various hepatic 

enzymes tested after 6-18 months of DDT feeding @ 10mg/ 

kg body weight. The GOT and GPT activities are most 

significantly affected and show prominent deviation from 

the control. 

DDT has already been reported to induce enzyme systems 

(Chadwick et al., 1975). The increase,in activity of, 
various hepatic enzyme may be due to induced synthesis 

of these enzymes after DDT treatment. Suhasini et al.(1979) 
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have also reported increased synthesis of GOT and GPT 

activities in liver of frog after DDT administeration. 

'Agarwal et al. (1978) have shown increased SDH and 

transaminabeS in brain, liver, kidney, adrends and spleen 

of rhesus monkey after single dose of 150mg/kg body wt. 
LDH, mg++ ATPhse, AcP and amylase increase in some of 
these tissues, while AP decreased in all organs except 
kidney (Agarwal et al., 1978). 

The liver tissue reacts to DDT feeding by an 

increase in larger number of biochemical components. 

The activities of AP, LDH, GOT and GPT enzyme and sugar 

content of hepatic tissue increase significantly after 

milder doses. of DDT. If the weak doses are prolonged 
for 15 days:the cholesterol contents decreases while 

the protein contents increase slightly. Stronger -doSes 
of DDT do not behave differently. The raised level of 

different enzymatic activities of liver could be because 

of (i) liver damage followed by liver proliferation or 

(ii) because of increase in the synthesis of these 

particular proteins, Which has been stimdIated.  by DDT 
treatment' (Coppola and Nicholls, 1973, 1975). Thc sugar.  
metaboliSm is enhanced i.e. glycogenolysis is need of 

enzyme, which is required -for various biochemical 
processes inside the cell (Haynes, 1972; Kacew et al., 

1972). The cholesterol metabolism, however,appearsto 

be hindered or inhibited, partly or wholly. 

Besides enzymes, several other biochemical 
components of liver were tested after DDT feeding, In 

48 hour feeding experiment, significant ,changes were 

observed only after 48 hours of feeding. FAA content 

seem to be the most prominent and sensitive parameter. 
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The hepatic FAA, glucose and cholesterol eontent decrease 

43, 21 and 44%, while soluble protein shos 33% increase 
during this period. In 15 day feeding.experiment however 

all hepatic biochemical components, except for glucose, 

decrease Significantly. After 15 days of feuding, the 

cholesterol, FAA, total protein and soluble protein 

show deciease of 38%, 31%, 214 and 34%, respectively. 
The glucose content on the other hand show 884 increase 

during this period. No consistent pattern was visible 

in 18 month long to= feeding experiment. After 18 months 

of feeding 0 10mg/kg body weight, the glucose and soluble 

protein showed respectively 31% and 20% decrc,.se, while 

total protein showed 214 increase. 

The nucleic acids contents of liver showed some 

variable effects of DDT feeding. In 48 hour feedirc7 

experiment, both DNA and RNA remain unchanged, while in 

15 day feeding experiment, the RNA content remain 

unchanged and DNA content increase 40% after 15 days of 

DDT feeding. In long term iceding experiments the DNA 

content decrease 13% after 18 months of feeding, while 
RNA content decrease 39% during the some period. 

Ireland et al. (1980) have reported in-creased DNA 
, 	. 

synthesis by 0 P - DDT with uterine tissue. 

Histological Changes  

Just like other insecticide treatments the DDT 

feeding results in hypertrophy of hepatic cell and 

its nuclear and nucleolar size. In 48 hour feeding 

experiment the cell size shows about 23% increase, while 
nucleolus shows 44%, increase after 48 hours of DDT 

feeding. In 15 day feeding experiment the cell size 
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increases 26%, while nucleus shows 18% increase. ,In 
18 month feeding experiment, this increase is resi5cct-

, 
ively ., 45% and 20%. The number,of_cells, nucleic or 
nucleoli remain unaltered. Besides these changes in 
sizes of different hepatic cell components, typical 
hepatic damage as manifested in the form of sinasoided 
uongeStion, cellular vacuolation and foamy appearance is 
evident in the present study. Similar type of morpho-
logical  changes have been reported from other labs. 
(Datta and Dikshith, 1973). 
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-I.INTRODUCTION' 
The chlorinated insecticides,, inspite of, being placed 

on thelist of banned chemicals for'common and-Open usp, 

are still being maaufactured and extensiVeiy used in 

several.countries. Whatever the rationale the users and 

manufacturers may have., but it has Veen proved on several 

occasions that these insecticides are hazardous-to , human 

health, as they are,likely to gain .entry into the, food 
chain directly or indirectly. Frequently residue 'analysis 

has shown the dePosition of these insecticides_ in 

different human= tissue with carcinogenic consequences. 
As liver is the main'metabolic centre of .the body the 

chances that it may be affected the most are not remote. 

The insecticide treatment ip likely td affect most of. 

the metabolic . processes. Liver tunction tests are the-' 
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most appropriate parameters to look for any such deleter-

ious effects. In the present studies the various enzymes 

and a few other biochemical components of blood serum, 

which are known for clinical diagnosis, have been studied 

with specific objective to record changes due to insecti-

cidal exposure. The corresponding enzymes and biochemical 

components have also been studied in the liver. This 

chapter highlights the effects of different doses of 

insecticides administered under different conditions of 

experimentation on the various biochemical components and 

enzymes. After, a-brief information on their chemical 
nature and general mode of.action, an account of different 
changes consequent to administration of insecticides have 
been described under different subheadings. 

— II. CHLORINATED INSECTICIDES 

Man has. been concerned with his capacity to metabolize 
toxicantsin-his.environment, although this is a sadly neg-
lected field of insecticides as far as pesticides are 
concerned; and most of the available data are derived from 
studies of drug metabolism. A major question:, is. that of 
extrapolation of metabolic studies from animals to man 
(Hollingworth,1976). It is established that no species is an 
adequate surrogate for man,but thatas phylogeny would suggest, 
the old world monkeys are among our closest metabolic consins, 
with the New world monkeys next,but less closely related. 
Rodents4articularly the rat,may be used as a predictor for 
man only with an acute awareness of their -many differences 
from him. 

Man may not only sometimes differ from laboratory animals 
in the mechanisms by which he eliminates xenobiotics,but often 
in the rate,also. In some important reactions (e.g.with mixed 
function oxidases and glutathione transferase)thereis evidence 
that man,at least in in vitro,has a rather 	capacity to 
degrade foreign compounds compared to laboratory animals 
(Hollingworth,1971;Chasseaud,1973;Nelson et al.,1971). 

While performing the present studies, the above considerat-
ionswere kept in mind. A few chlorinated insecticides were fed 
to rats for different periods of time and their effects noted 
on different aspects of metabolic processes of the animal. 
Types of Chlorinated insecticides: 

OC insecticides are classified in the three main 



DDT, DEC and compounds related to aldrin. 

,1,. 
- 

C, 
d f.,71  

'41 

.0( 

- 417 - 

families comprising respectively compounds related to 

They have common. PJaYsirT)Chemical characteristics. 

(1) • Chemical stability tecaU8e of presence of bonds 

G....(al-(-which are chemically- 

inactive under normal environmental conditions) 

Accumulation in environment is common. 

(2
.
) Low solubility in water coupled with their strongly 

lipophilic character unless organism's defenCe ° 

mechanism can degrade-them to excretable products 

at a rate that is sufficiently rapid to 

the rate of ei•vbry accumulation in body lipids 

will take place. 



- 418 - 
General mode of  action 

All are neurotoxic substances. Initial effect of 

DDT is upon peripheral nervous system, whereas 7- BHC 

and aldrin appear to attack the central Nervous system. 

The general effect of all of 	is to destabilize 

neural activity and this is manifested by. a hyper.  

excitability of nerves and muscles. 

Insecticides have other effects besides acute and 

chronic toxicity to their direct targets 	chEvf 
various tissues, the nervous system as a whole). 

(1) Side-and after-effects, which generally occur 

at doses close to the fatal amount, and 

(2) Subtle, aften unexpected effects occurring at 

much lower doses. 
Effects of insecticides 

The chlorinated insecticides have been administered 

orally alongwith food according to the following schedule: 

Dose (mg/kg/day for 
Insecticide 48 hour... exp. 	15 day exp. 18 months 

exp. 

1.  DDT 100 20 10 
2.  ?-BHC 30 18 9 
3.  Aldrin 20 8 2.5 

4.  Dieldrin 40 12 6 

At .the end of stipulated period the blood and liver 

samples were analyzed for various liver function tests. 

Lainly the changes were recorded in haematological 
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pamme,r, biochemical composition of blood and liver 

and pathological changes in the hepatic structure. The 

major features of these changes as supported by experi-
mental , 

 data given in the previous chapters are being 
highlighted below: 

Hoematoloical parameters  

The OC inpecticides generally decrease haemoglobin 

content, RBC count. and PCV in both the short term and 
long term experimen-4, while the WBC count is very 

prominantly increased under all these experimental condi-
tions. The MCV and MCH are accordingly increased 
(Tables 

The increase in WBC is a typical response and is 

very prominent in the 48 hour and 15 day feeding experi-

ments for all insecticides. In long term experiments,, 

however, the aldrin and dieldrin do not affect the WBC 

count, while 7 BHC and DDT do .result in increased count. 

The decreased haemoglobin content could be attributed 

either to (i) decreased production of erythronytes or 

(ii) increased breakdown of RBC and henc.e haemoglobin. 

Both these possibilities will result in decreased RBC 

count and PCV. 

Ch=ical 	 of blood  

The blood Samples were tested for the activities of 

various blood serum enzymes e.g. amylase, AP, AcP, SGOTi 

SGPT,- LDH, ICDH, CPK and ChE. All these enzymes were 

elevated after OC insecticide treatment under all 

experimental conditions. Tables IV-VI show the effect 

of different insecticides on the various blood serum 
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TABLE I: Effect of different insecticides administered 
for 48 hours on the various .haematological 
parameters. The effects have been shown in 
terms of percent increaae(T) or decrease( ), 
with reference to control values. 

Parameter 
	

DDT 	BHC 	Aldrin 	Dieldrin 
(100mg/kg) (30mg/kg) (20mg/kg) 	(40mg/kg) 

TABLE II: Effect of different chlorinated 'insecticide 
administered for 15 days on the.various 
heamatological parameters. The % increase(t) 
or decrease (4 )has been calculated with 
reference to, control 

DDT 	BHC 
(20mg/kg) * (18mg/kg) 

Aldrin 
(8mg/kg) 

Dieldrin 
(12mg/kg) 

- 

17 
8 

16 

12 

22 

11 

16 

7 9 r 0 13 

64 24 v  45 36 
12 8 21 5 
9 9 13 

- - 6 - 

Parameter 

Hb 

RBC 	 %I/ 

PCV 	 ,i/ 

WBC 	 I` 

MCV 	 /1 

MCH 	 l' 

MCHC 	 1 
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TABLE III: Effect of different chlorinated insecticides 
administered for 18 months on the various 
haematological parameter. The /0 increase( ) 
or decrease 	) has been calculated with 
reference to control values. 

• 

.;!?a'raffieters DDT' 
(10mg/kg) 

BHC 
(9mg/kg) 

Aldrih 
(2.5mg/kg) 

Dieldrin 
(6mg/kg) 

Hb am• 10 9 
RBC Ji 13 10 15 17 
PCV- J/ 0 7' 7 
WBC • 	- 29 24 

may 1 10 10 9 12 
MC H: - 	6 8 5 9 
MC HC y - 

TABLE IV: Effect of different insecticides administered 
for 48"hours on the various 'blood serum enzymes 
activities. The effects are shown as % increase 

) or, acrease 	) with reference to control 
values. 

.. 	, 	. 
Parameter 	DDT 

... (100mg/kg) 

Aftwia8e 	1-  29 
AP 	 t 323 

AeP 	 T 158 

SGOT, 	 1* 170 

sd-PT, 	t 124 
Lai 	 t 66 
ICfld 	 I. 131 
CPK 	 t 69 
ChE 	 ,1-._ 	77 

BHC 
(30mg/kg) 

Aldrin 
(20mg/kg) 

Dieldrin 
(40mg/kg) 

- 60 

144 141 56 
_. 

81 15 49' 
72 379 36 
33 - • 35, . L.: 	, 
31 78 120 

 80 135 105 
62 31 63. 

_,. 
29 88 57 
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TABLE V: . Effect of different insecticides administered 
for 15 days on the various blood serum enzyme 
activities. The effects are shown as % increase 
(t) with reference to,Lontrol. 

Parameter DDT 
(20/mg/kg) 

BHC 	Aldrin 
(18mg/kg) 	(8mg/kg) 

Dieldrin 
(12mg/kg) 

Amylase t 84 - 76 109 63 

AP t 550 164 368 290 

1cP 1` 250 100 105 - 

SGOT 55 32 1 95 71 

SGPT i^ 200 - 55.4 

LDH I 77 26 115 120 

ICDH - T 75 46 11 

CPK I 248 139 

ChE 1' - - - 

TABLE VI: Effect of different insecticides administered 
for 18 months on the various blood serum 
enzyme activities. Tha effects are shove as 
% increase (1' ) with reference to control.- 

Parameter LDT 
(20mg/kg) 

BHC 
(18mg/kg) 

Aldrin 
(8mg/kg) 

Dieldrin 
(12mg/kg) 

.....mmoinsaioomarme. 

Amylase t 71 32 40 18 

AR 1' 134 113 193 48 

AcP t 8 171 15 36 

SGOT:.: t 40 - 32 63 

SGPT T 30 - 197 - 

LDH t - - 47 17 

ICDH .1' 58 32 33 7 

CPK t 44 257 250 

ChB T - 25 27 - 



-423 - 

enzymes administered at different doses for different 

time periods. The effect on all enzymes in the 48 hour 

feeding experiment is very .obvious, -while in the 15 day 

feeding experiment the ChE activity remains unchanged. 

Besides that Y-DHC does not affect SGPT, aldrin has no-
effect -  on SGPT and CPK, while;  CPK and AcP remain 
unaffected by dieldrin. In 18 months long feeding experi-

ment the DDT does, not alter LDH and ChE. The SGOT, SGPT 

and LDH are unaffected by Y-BHC treatment, while SGPT,. 

CPK and ChE are not affected by dieldrin. , 

The raised leVel of these enzymes in serum is generally 
indicative of cellular damage in the liver muscle, nerve 

endings-etc. The Cells thus damaged contribute towards 

increased enzymatic activities in serum where they have 

leaked .into. In 48 hour treatment all the insecticides 
have very drastic effect, while in 15 day feeding experi- 

ment "(-.BHC doeb not effect two enzymes (SGPT and ChE), 

while aldrin and dieldrin do not change three enzymes each e. 

e.g. SGPT, CPK and ChE in the first case, while AcP, CPK 

and ChE in the second case. In 18-months long feeding 

no effect on SGOT, SGPT and LDH. Aldrin produces very 

drastic effects, while dieldrin does not change SGPT,  

CPK and ChE. 

From amongstneveral other biochemical components 

tested bilirubin and blood_perum protein contents are 

raised after insecticide treatments under almost all 

exoprimental conditions, while FAA contents. are decreaaed 
during this period (Tables VII-IX). The increased 

bilirubin content is in conformation with the typical 
malfunction of hepatic cells. The blood serum proteins 
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TABLE VII: Effect of different. insecticides administered 
for 48 hours on the various blood serum 
component. The effects are shown as % increase 
( 	) 	or decrease 	( 	) with reference to control. 

Parameter DDT 	BHC 
(100mg/kg)(30mg/kg) 

Ald rin 
(20mg/kg) 

Dieldrin 
(40mg/kg) 

Bilirubin I' - f 46 - T 32 

Protein l' 30 f 26 1' 26 it 17 

Urea l' 32 - J, 31 1' 	42 

Glucose ,r 36 't 40 1 28 / 	23 
Cholesterol ,I 40 f 	11 J, 29 4 	28 
FAA - . 	21 ,i, 	18 J, 	29 

• 

TABLE VIII:Effect of different insecticides administered 
for 15 days on the various blood serum 
components. The effects are A increase 	) 
or decrease (4, ) with reference to control. 

Parameters DDT 
(20mg/ kg) 

BHC 
(18mg/kg) 

Bilirubin t 45 t 69 

Protein D 44 - 

Urea - - 

Glucose ..1,  32 4 16 
Cholesterol - - 

FAA 4 52 4, 19 

Adlrin 	Dieldrin 
(8mg/kg) 	(12mg/kg) 

t 64 

	

l• 31 	 - 

	

ir 70 	 - 

	

,i, 26 	 - 

	

— 	4 27 

	

J' 56 	sb 53 
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TABLE a: Effect of different insecticides administered 
for 10 months on, the various blood serum 
components. The effects are shown as % increase 
(t )or decrease (4' ) with reference to control. 

Parameters - 
	

DDT 	BHC 	Aldrin 	Lieldrf_u 
(10mg/kg) (9mg/kg) 	(2.5mg/kg) (6mg/kg) 

Bilirubin 	.r.- 	'r30 	tic 

Protein 	T 38 	- 	f' 24 
-I.Trea: 	 - 	4,18 	1 45 

Glucose 	T. 15 	4, 20. 

Cholesterol 	- 	- 

FAA 	 - 	- 	, 16 

67 

j, 19 
18 

TABLE X: Effect of different insecticides administered 
for 48 hours on the activities of hepatiC 
enzymes. The effects have been shown as percent 
increase (t ) or decrease 	) with reference 
to control. 

eaemormemutol•cals,  

Parameters 	DDT 	BHC 	Aldrin 	Dieldrin 
(100mg/kg)(30mg/kg) (20mg/k3) (40mg/kg) 

GOT 	 - 1 77 	1 44 	It 28 	 _ 

GPT 	 t 35 	1' 181 	'I' 40 	1 100 

AP 	 - 	1` 184 	1 171 	r 213 

LDH 	 T 71 	ir 181 	1' 26 	t 36 

ICLH 	 - 	- 	- 	1 17 



have increased probably because some new protein has 

been synthesized in response to insecticide, treatment. 

The FAA content of blood serum have decreased, because 

these are being used up in the synthesis of new protein. 

The other biochemical components generally have fluctuating 

response to different insecticides administered at 

different doses for. different periods of times. In 48 

hour experiment r. BHC shows 1.11 fold ,increase, in 
cholesterol content whichdecrease in all other insecti-

cide treatments. In 15 day experiment DDT, ),BHC and 

aldrin has no effect on cholesterol, while dieldrin 

treatment results_in 27% decrease. The same pattern is 

maintained in 18 months long feeding experiment. 

Liver biochemistry 

Most of the hepatic enzymes tested were elevated 

after insecticide feeding (Tables 	 In 48 hour 

feeding experiment YrBHC shows maximum. increase in the 

activities of GPT, AP and LDH. The aldrin treatment 

also shows similar trend. Although DDT does not appear to 

have- caused any significant change 'in AP activity after 

48 hodt feeding, but this is the most sensitive enzyme 

so far as other insecticides are concerned. , ICDH 

activi4 remains unaffected under the influence of DDT, 

le..BHC and aldrin, but is decreased -17% after dieldrin 

feeding for 48 hours. When dieldrin is fed for 15 days 

or for 18 months the ICDH activity is significantly 

raised. Besides that other enzymes are also increased 

(Tables XI-XII). These enzymes are apparently, induced 

as a result of which their activity is raised in the 

liver. This increase is then reflected in the blood 
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TABLE XI: Effect of different insecticides administered 
for 15 days on the activities of hepatic 
enzymes. The effects have been •shown as % 
increase 	(1' ) 	or decrease 	( 	) with reference 
to control. 

Parameters DDT 	BHC 	Aldrin 
(20mg/kg) 	(18mg/kg) 	(8mg/kg 

Dieldrin 
(12mg/kg) 

GOT 	't - 174 	1' 	21 j'.171' 

GPT 25 	1' 	65 T 	55 

AP T 	. 34 1' 	172 P 	89 
LDH '( 	82 	4' 	53 t 	26 

ICDH- T 	85 	T 	66 1' 	100 

TABLE XIIi Effect of different insecticides administered 
for 18 months on the activities of hepatic 
enzymes. The effects have been 
increase - (T ) 	or` decrease(4-.) 
to control. 

shown as % • 
with reference 

Parameters DDT 
(10mg/kg) 

BHC 	Aldrin 	Dieldrin 
(9mg/kg) 	(2.5mg/kg) 	(6mg/kg) 

GOT T 92 T - 26 

GPT t 1036 '1' 	104 16 ir 56 

AP-- D 39 1' 76 'r' 	45 

L DH f 39 /.. 	27 1% 45 P 	12 

ICDH- fl 27 71 • 1' 	65 
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serum, into which the enzymes leak and hence lead to 

raised enzymatic activities in the blood serum.. 

Tables XIII-XV show the effect of different doses 

of different insecticides on the various biochemical 

components of liver. The hepatic cholesterol show 

consistent decrease after insecticide treatment under 

all experimental conditions. Although FAA content are 

not much affected after- 18 months of feeding, but these 

are otherwise drastically decreased in the other two 

feeding experiments i.e. 48 hours and 15 days. Total 

protein remain unaffected in the 15 day experiment, show 

a tendency towards increase in the long term feeding 

experiment, but has no definite pattern in 15 day feeding 

experiment. The soluble protein increase in the 48 hour 

feeding, but has fluctuating values in other treatments. 

The hepatic'nuoleicacid content behave differently 

under different experimental conditions. Dieldrin causes 
a decrease in the RNA. and- DNA content, while 12.HC 
results in RNA decrease only. All other treatments 
remain non effective. In 15 day feeding. experiment - the 
DDT and y-BHc treatment results in increased DNA, 

although aldrin and dieldrin do not make any.  effect. The 
RNA content, on the other hand, are,  decreased by y,.BHc. 

and. increased by aldrin and are not affected by DDT and 
dieldrin. In 18 month long feeding experiment the DDT 

decrease both RNA and DNA content, while /tBHC results 
in increase of DNA. The other insecticide do not show 
any significant change in DNA content. The RNA content 
are however significantly decreased after dieldrin 
treatment for 18 months. 
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TABLE XIII: Effec t of different insecticides administered 
for 48 hours on the various biochemical compo-
nents of rat liver. The effects have been 
shown as % increase ('s) or decrease (41,  )with 
reference to control. 

Parameters 
	

DDT 	BHC 	Aldrin 	Dieldrin 
(100mg/kg)(30mg/kg) (20mg/kg) (40mg/kg) 

Cholesterol 	,I, 44 	J 34 	1 29 	J7 24 
Giuc ose 	J, 21 	 L 43 	.ii 35 
FAA. ,,, 43 	1 52 	1 37 	,1, 40 

Total Protein 	- 	- 	- 	 - 

Sol . Protein 	1' 33 	T 30 	T 29 	'I'..40.  
DNA 	 - 	- 	- 	41 63 
RNA 	 - 	,f 49 	- 	„i, 47 

TABLE XIV: Effect of different insecticides administered 
for 15 days on the various biochemical c ompo- 
nent s of rat liver. The effects have been 
shown as /0 increase (4' ) 	or decrease 	(+//) with 
reference to control. 

Parameters - DDT 
( 20mg/kg ) 

BHC 
(18mg/kg) 

Al drin 
( 8mg/ kg ) 

Dieldrin 
( 12Mg/ kg ) 

.181•Mft..••••• 

Cholesterol J' 38 J, 	63 4 72 
Glucose 1' 88 - 3- 143 NI, 	54 
FAA 1 31 ,t, 	34 .1' 	57 ,j, 	26 
Tot al.1Pro tein 4 21 - t 	33 - 

Soluble Protein J 34 	- 	- 	1' 30 
DNA 	 t .10 	1' 62.. 

RNA 	 - 	y.33 	T 1-1, 
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changes  

All insecticides under all experimental conditions 

generally lead to hypertrophy of hepatic cells, its 

nuclei and nucleoli (Tables XVI-XVIII). This' indicative 

of toxicological symptoms. The number of nuclei/cell 

and number of nucleoli/nucleUs:generally,remain unaltered. 

In. 15 day feeding experiment however, the dieldrin 

feeding results in 25% -increase in number of nuclei/cell 

although number Of nucleoli/nucleda remain unchanged. 
General consid(Jrations 

It is now clear that chlorinated hydrocarbon 

insecticides cause liver .damage at high concentrations 

(e.g. at about 1000 ppm). The damage ranges from increase 

in weight and fat content to cell necrosis. There ,is 

great variation in the doses which `-induce such effects, 
even among individual animals belonging to the same 

species, for general' health and nutritional 'conditions 

are known to greatly affect the susceptibility of the 

liver. 'In rat at least, se7 also plays an important role 

in the manifestation of these histopathological changes. 

Cytological effects, representing induction phenomen can 

take place at very low doses. .Jager (1970) has reported 

that LFT or aldrin/dieldrin and endrin factor of workers 

and states that there is a slight increase in SGOT, GPT. 
The increases suggest liver enzyme induction. West (1967) 

believes that lindane causes haematological reactions. 

Tocci et al. (1969) have reported that heavy exposure 

to pesticide causes changes in kidney and liver function 
and in the concentration of some circulating amino acids 

in about 30% of the people,studied. The exposed group 

tended to have higher SGOT, AP, serum osmolality and 
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TABLE XV: Effect of different insecticides administered 
for 18 months on the various ;hepatic biochemi-
cal components. The effects have been shown as 
% increase (1.,) or decrease (J/ ) with reference 
to control. • 

Parameters 	DDT 	BHC 	Aldrin 	Dieldrin 
(10mg/kg) (9mg/kg) 	(2.5mg/kg) (6mg/kg) 

.1 1 E3. 
1 52, 

,I, 10 

Cholesterol 	- 	- 

Glucose 	.( 31 	149 
FAA 	 - 	- 

Total Protein 	1' 21 	 - 	41  6 
Soluble Protein ),,:20 	i 30 	it,.. 17 

DNA 	 113 	T 55 
RNA 	 7j, 39 	- 	/1"-  51 

61 
T 61 

TABLE XVI: Effect of different insecticides administered 
for 48 hours on the various histological 
parameters of rat liver. The effects have been 
shown aq % increase ( 1' ) or decrease (1) with 
reference to. control. 

Parameters -. DDT 	BHC 
:(100mg/kg)(30mg/lig) 

Aldrin 
(20mg/kg) 

DieMdrin, 
(40mg/kg) 

Cell size 

Nuclear-  size 

Nucleolar size 

• 

T 23 
- 

44 

39 
18 

35 

40 
31 

79 

46 

No. of -nuclei/ 
cell 

No. of 'nucleoli/ - 
nucleus 

•••••••-••••00.-.• 



-432— 

TABLE XVII: Effect of different insecticides administered 
for 15 days on the various histological para- 
meters of rat liver. The effects have been 
shown as % increase(# )or decrease(•- ) with 
reference to control. 

Parameters DDT 
(20mg/kg) 

BHC 
(18mg/kg) 

Aldrin 
(8mg/kg) 

Cell size t 26 , 	30 53 

Nuclear size T - 20 61 

Nucleolar size 1` - - 84 

No. of Nuclei/ 
cell 1%  - - 25 

No.of nucleoli/ 
nucleus 	 OEM 

TABLE XVIII:Effect of different insecticides administered 
for 16 months on the various histological 
parameters of rat liver. The effects have 
been shown as % increase(' )or• decrease(J,) 
with reference to control. 

Parameters DDT 
(10mg/kg) 

BHC 
(9mg/kg) 

Aldrin 
(2.5mg/kg) 

Dield/in 
(6 mg/kg) 

Cell size if. 45 59 104 87 

Nuclear size 'I' 20 14 70 39 

Nucleolar size t 37 34 14 

No.of nucleic/ 
cell 

No.of nucleoli/ 
nucleus. 

ami•S•Mr....1V+1.- 
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creatinine values than were found in a control population 
and 16% of the group_ were thought to have specific renal 
tubular transport defect. 

Gertig et al. (1971a,b) made efforts to measure 

biochemical changes induced by various chlorinated 

hydrocarbens'in the serum enzymes by using human blood 
in vitro.-  The effects of aldrin, linlane, DDT; DDE and 

TDE (DDD) on both AcP and AP were slight. -Their effects 

on human.aminotransferases in vitro were varied-, but on 

the whole they activated SGOT and SGPT activities. 
Kacewet.  al. (1972) injected 100 mg/kg of 0,P'-DDT 

(intraMusdUlarly).in the rat and observed increase in • 

various renal.gluconeogenic enzymes-pyruvate carboxylase, 

phosphoemlpyruvate carboxykinase, fructose 1,6, difo.Es- 
phatase_and glucose-6-phosphatase to the levels of 298, 273, 300 

273, 300 and 298% of the control values, respectively. 

In studying biochemical lesions caused by pesticidal 

compounds, it appears necessary to distinguish the 

lesions reLulting froth general stress and insult to the 

body systems from those which represent sOccific biochemi-
cal, reactions. The specific reactions include inhibition 

of cholinesterases and other-esterases, organaphosphates 

and carbamates. i:.TPose . inhibition by chlorinated 

hydrocarbon insecticide , action of DDD analogus on 

the .adrend cortex and aconitase inhibition by fluoroacetate 

generating agents. Some of the non specific responses 

arp definitely related to the hepatic changes whick can, 

be induced by many. pesticides, including induction of 
serum aminotransferases (e.g. SGOT and SGPT) LDH and AP 

changes in levels of hormones and various biogenic 
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amino are indirectly related to these hepatic changes. 

Since this hepatic changes take place at relatively low 

pesticide concentrations, and since the hormones and 

biogenic amines do act on vital biological sites at very 

low doses,•it is likely that subtle biochemical changes 

can be produood by relatively low doses of pesticides. 

As for the detection of these subtle effects of 

Testididez in man, there is no convenient monitoring method 

sensitive enough to be useful at this level (exclusive 

of blood ChB test). Naturally it is not feasible to 

collect liver samples from patients and biochemical 

changes in the blood,f:J.oce6 , urine etc., cannot be 

detected at low pesticide levels. Perhaps it is necessary 

to. develop a reliable assay method-for changes in • 

bioenzyme pattern or immunological testing methods. Other 

alternative would be to conduCt a complete diagnostic 

investigation such as a complete blood count, serum 

bilirubin, thymol turbidity, goldsol reaction, lencine 

aminopeptidis9,pIacma Na+, le, serum carotene and serum 

protein haemoglobin in addition to other routine tests 
already discussed. 

Arc OC insecticides carcinogenic? 

The question of the carcinogenicity of chlorinated 

insecticides is not quite settled. Kemeny and Tarjan 

(1966) and Tarjan and Kemeny (1969) conducted a long-

term multigeneration feeding study on, the effects of 

DDT in mice maintained on a diet containing 2.8-3.0 ppm 

of p.p'-DDT, which corresponds to 0.4-0.7 mg/kg/day. 

They observed that the increased incidence of -:leukemia and 
tumors was statistically significant with respect to 

controls in the second and third generations. By the 
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fifth generation, the incidence of pulmonary carcinoma 

had increased 25-fold. However, no effects on reproduct-
ion - were-  found. 

Even,  though the carcinogenicity of DDT has not been 

satisfactorily proven, it is clear that tumorigenic - 

whether malignant or b nigh - effects intensify during 
continuous exposure of .generations of mice to DDT. 

Tomatis (1970) found that tumors occurred in the second 

generation of mice (BALB/c strain) administered 2.8-3.0 ppm 

of DDT. Tomatis et al. (1972) found that in a two-

generation experiment with the CF-1 minimum-inbred strain 

of mice the incidence of liver tumors, but not of 

lymphomas, osteomas, or lung tumors, increased at all 

levels 	2,10,50, and 250 ppm in the diet) of DDT 

and also appeared at an earlier age than in controls. 

According to Tomaiis et al, the tumors are "well-differen-

tiated nodular growths, compressing, but not infiltrating, 

the surrounding parenchyma, or nodular growths in which 

the architecture of the liver is obliterated, often 

showing trabecular or glandular patterns'. 

That DDT causes more profound tumorigenic effects 

on subsequent generations than- on the parental gendration 

has also been Shown by Shabad et al. (1972). 

It would be unfair not to mention the studies 

indicating that DDT and its analogues are not carcinogenic 

and those showing that these compounds have antitumori,enic 

properties in certain cases. Ortega et al. (1956) and 

Ottobami(1969) were, not able to show that .DDT .has 

carcinogenic effects -in the rat. Unfortunately, because 
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these studies were conducted for a relatively short period, 

they do not resolve the extremely important question of 

whether this difference is species specific. Studies 

comparable to the mice experiments just discussed 

(including multigeneration studies) would have answered 

the question. Although there is some evidence that DDT 

might increase the incidence of hepatic tumors in the rat 
(Fitzhugh and Nelson, 1947)  at very high doses, the issue 
of the effect of DDT in the rat is not settled. 

Laws (1971), on the other hand, found that DDT had 

an antitumo±igenic effect on the rate of success ("take') 

in transplanting an experimental ependymoma in the mouse. 
These animals were exposed to- a 5.5 mg/kg/day dose of 
technical DDT (given in the diet at 33.3 mg/kg), and an 

ependymoma (the Zimerman ependymoma) known to have .a 100% 

"take" rate in mice was transplanted 1 week after the 

initial feeding of DDT. The incidence of subcutaneous 

tumors was 92.1% in the DDT treated mice and 100% 411 
controls. Of 89 animals receiving DDT and a transplant, 

seven'never developed. any tumors throughout the experi-
ments. Moreover, the DDT-fed mice lived longer. There 

are a few other studies indicating that DDT-treated 

animals are less likely to develop cancer in response to 

experimentally introduced chemical carcinogenic agents, 

probably because DDT has the ability to induce hepatic 

microsomal detoxification mechanisms. Okey (1972), for 

instance, studied this effect by using dimethybenzanthracene, 

known to cause mammary tumor, against rats, p.p'-DDT 
concentrations in the diet as low as 10 ppm caused a 

significant reduction in tumor incidence. It must be 

remembered, however, that the effects of induction can 
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be multifold. Induction clearly decreases the danger 
of carcinogenic chemicals that act directly, because 

metabolic transformation detoxifies them, but there are 

other compounds whose metabolic preducts are the 

carcinogenic agents (e.g. tryptophan metabolites) so 
that induction could increase the danger. Vorious induct-

ion aspects of chlorinated hydrocarbons in relation to 

carcinoenicity have been discussed by -Palk (1971). 

Studies on other chlorinated hydlrocarbon in  

are, less' extensive. BHC isomers have been examined by 

Japanese scientists 	Nagasaki et al. (1971) fed mice 
6,66, and 660 ppm of technical BHC and found that hepa-

tomas developed in 24 weeks in all 20 of those fed 660 
ppm. Laer, Nagasaki et al. (1972) compared the effects 

of four isomers of BHC and found' that' 	0(-BHC induced 

hepetomo in mice at-250-500 ppm levels in the diet after 

24 weeks. Yellowish nodules up to 0.3-2.0 cm in diameter 

appeared at these doses of W:-BHC, no carCinoenic effects 

were obseived with the 0., y  (lindane), and. ') -isomers. 

Independently, Goto et al. (1972) studied the effectsof 

-, 	-, and t -BHC and their possible metabolites, 

1,2,4-triehlbrobenzene, 2,3,5-trichlorophenol, and 2,4,5-

trichlorophenol, on male mice. Their finding was 

essentially the same, that 	Sk-BHC is the most active 

analogue in causing hepatoma in mice. They, observed 

tumors of 0.5-1.5 cm diameter. 

A.s for dieldrinand aldrin, Fitzhugh et.  al. (1964) 

studied their effects onrats' for -a:Years. They found 

18 tumors (in 41 rats) at 0.5'ppni; 15 tumors (in 41 rats) 

at - 2 ppm,'- and 16 tumors (in 40 - rats) at 10 ppm of aldrin- 
z 
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or dieldrin in the diet. In contrast, Deichmann et al:, 

(1967) and Balker et al. (1968) could not observe any 

increase in tumor incidence in rats fed aldrin (5ppm) 

or dieldrin (0.1, 1.0, and 10 ppm) for 2 years. Aldrin 
and dieldrin are known-to increase the occurrence of 

hepatic tumor in mice. Davis and Fitzhugh (1962) found 

increased hepatic tumors in mice fed 10 ppm of aldrin/ 

dieldrin for 2 years. The experiments in the Tunstall 

Laboratory (Shell Chemicals in Britain), confirmed this 

observation. At 10 ppm, hepatic tumors appeared in about 

9 months; however, at 1.0 ppm tumors were rare (Jager, • 

1970). Assuming that 1.0 ppm in the diet is the 

minimum effect level, aldrin/dieldrin concentrations in 

food commodities (0.01-0.1 ppm) are in excess of that 

allowed by the 100-fold safety factor. 

In the rat,._ there is'e'vidence that aldrin, dildrin, 

and endrin have mild antitumorigenic activities. 
Deichmann et °it_ (1970) fed diets containing 20,30, or, 

50 ppm of aldrin or dieldrin or 	6, or 12 ppm of 
endrin to. 900 albino rats for their lifetime. The mean 

life spans of females fed 50 ppm aldrin and dieldrin 

were 13.0 and 16.6 months, respectively, compared to the 
control life span of 19.5 months. Altogether 257 tumors 

of all types were observed in 793 treated rats and 79 tumors 

in 163 controls. This reduction in tumor incidence was 

attributed to increased hepatic activity in the treated 

rats. The most frequent tumors were in the. lungs, 

mammary tissues, lymph modes,. liver, and kidneys. Treon 

(1956) could not observe any sign of carcinogenicity in 

rats fed 1,5, 25, 50 and 100 ppm of endrin in their diet 
for 2 years. The frequency of tumor incidence in the 
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treated animals was identical to that in controls. 

Cabral et al. (1972) gave five'doaes of 10 mg/kg hepta-

chlor in 2 days to 95 suckling rats and compared tumor 

incidence after 106, 110 weeks with that in control rats 

(which received onlycorn- oil). They conClUded that 
heptachlor is not carcinogenic %  as their studies revealed 
no statistically significant differences. 

In conclusion, it is clear that certain insecticides 

can induce tumors in some experimental animals (mostly 

rodents) even at relatively low concentrations; the 

lowest figure for such effects is approximately 1 ppm. 

While such effects have not been carefully assessed in 

terms of human hazard, they certainly represent potential 

danger, close enough to warrant further investigation. 

III. CONCLUDING R-11MARKS 

Synthetic pesticides When used properly have been 

of tremendoUs benefit to man and his enVironment, but 

when misused or used carelessly they have caused consider-
able harm. Fortunately the adverse effects have been 
relatively minor in comparison to the great benefits.  from 
pest.. control. There is little doubt that pesticides have 

played, and most likely will continue to play, an import-

ant role in the production of food as the world's 

supply of raw agricultural products continues to decline 

in proportion to the increase in population. The risks 
or hazards of using chemical pesticides have increased 
in recent- years with the 'sharp rise in their 'con'sumption 
by agriculture, industrY and householders. 
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Pesticides are of great benefit to man. OC insecti-

cides just like other insecticides have saved millions 

of lives through control of disease carrying insects. 

They have minimized catastrophic crop damage by insects, 

weeds, plant diseases, rodents and other pests, preserved 

valuable forests and porklandS from insect destruction, 

and protected households against damaging beetles, moths 

and other bugs. ;i'e cannot afford to lose the advantages 

gained through pesticides, but neither can we ignore the 

potential dangers. We must therefore find ways to 

minimize or eliminate the hazards that (may) accompany 

the application of these chemicals. 

One of the problems of OC insecticides is that these 

chemicals get deposited inside the animal tissue, as well 

as in various ecological nickes. The recent slift in 

pesticide usage from the chlorinated hydrocarbons to the 

so called substitutes or non persistent pesticides is an 

encouraging trend. However, these less persistent carbo-

mates and organophasphate are more toxic. 

In order to minimize a liminate the harmful efjcts 

of pesticides, the users may be directed/taaght to follow 

the instructions and precautions prescribed. 
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