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Abstract : Aldrin-mixed diet, fed to Sprague Dawley rats at a dose of 20 mg, 8 mg and
2.5mg/kg body wt./day for 48 hours, 15 days, and 18 months, respectively produced significant
changes in the blood and liver. The haemoglobin content, red blood cell couat and packed
cell volume decreased, while ths white blood czll count increased under all trexments. Tha
serum glutamate oxaloacetate transaminase (GOT), alkaline phosphatase (AP) and isocitrate
«dehydrogenase increased 370, 141 and 135%, respectively in 48 hour trcatm:at, The
creatin phosphokinase activity increased (83%)iin 15 day treatment. The acid phosphatase
activity increased 979 after 6 months treatment. Bilirubin content increased in 15 day,
urea in 15 day and 18 month and protein content under all experimental conditions.
Cholesterol and free amino acids (FAA) contents decreased after aldrin feeding. In
48 hour experiment hyperglycemia was induced, ‘while hypoglycemia was found in 15 day
treatmant.

In liver, AP and GOT activities increased 171 % and 28 7 respectively in 48 hour feeding,
while lactic dehydrogenase (LDH) decreased (26%). In 15 day feeding experiment the
glutamate pyruvate transaminase (GPT) and LDH, activities increased 186% and 23% after 9
and 15 days, respectively. This increase was more pronounced in 18 months treatment. The
hepatic cholesterol generally decreased in 48 hour and 15 day treatments. The FAA and
glucose contents decreased in 48 hour and 6 month treatments, while in 15 day feeding
reverse pattern was obtained. Hepatic soiuble préteins increased in 48 hour and 18 month
feeding groups, DNA content remained unaltered, while RNA showed almost constant
increase in 15 day treatment., Aldrin treatment produced hypertrophy of hepatic cells,
nuclei and nucleoli. Fatty degeneration and extensive vacuolation was evident in 48 hour
feeding. The vacuolation, granulation of hepatic tissue and prominent clear areas
around nuclei were found in 15 day feeding. These changes, with distorted nuclei and
enlarged kupffer cells, were also observed in 18 months feeding group.
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INTRODUCTION

Aldrin is a chlorinated compound of cyc]odie’ne group. It is one of
the most active, general contact and stomach insecticide and has been used
against the crop pests and termites in the soil (Hassall, 1969 ; Korschgen,
1970, 1971 ; Lichtenstein e7 al., 1970; Trivedi and Srivastava, 1986 ; Ahi,
1988; Yao et al., 1988). Like other compounds of the group, aldrin is
highly lipophilic (Siddiqui and Saxena, 1985) and is a central nervous system
stimulant (Agarwal ez al., 1988; Chandra and Podder, 1988). Aldrin is readily
converted into its epoxide, dieldrin, in the soil and biological system such as
fat, muscle, liver and blood (Bann et al., 1956 : Buck and Van, 1968 ;
Lichtenstein et al., 1970 ; Korschgen, 1971 ; Corbett, 1974 : Ghiasuddin and
Menzer, 1976 ; Kurihara ez al., 1984 ; Lang ez al., 1986: Dhanaraj et al., 1989)
where itis stored almost unchanged. However, Akkermans ez al. (1973) has
stated that dieldrin may be metabolized first to aldrin-transdiol before it can
exert its neurotoxic action.

Kaphalia and Seth (1984) and Mick ef al. (1971) have shown the pre-
sence of aldrin residues in the blood of food animals, chicken and human
beings. Kan (1978) has also published a review regarding the accumulation
of these pesticides in poultry. Remarkable amount of residues are reported
from the plants and food stuffs (Correia, 1972 ; IARC, 1973 ; Balayannis,
1974; Celeste et al., 1988 ; Kahunyo er al., 1988). In literature several cases
regarding contamination of aquatic and terrestrial food chains with insecticide
residues are quoted (Graham, 1970; Korschgen, 1970; Rudd, 1975 ; Hashemy-
Tonkabony and Langaroodi, 1976 ; Cathey, 1982 ; Juneja and Mahajan, 1984 ;
Hamilton, 19853 Al-Omar, 1986 ; Kumar er al., 1988; Dhanaraj ef al, 1989)
Its residues were also reported from the air (Wallace and Sherren, 1986).
Deichmann e al. (1971a) fed aldrin to pure-bred beagles for 10 months which
resulted ina constantly increasing concentrations of dieldrin in blood 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.

These residues pose a severe threat to our ecosystem because of their
greater stability (Hamilton, 1985). They are very slowly metabolized and
excreted by mammalian system in milk and urine or stored in different dairy
products (Buck and Van, 1968 ; Downey et al., 1975 ; Vreman et al.; 1976 ;
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Kodric-Smit et al., 1980 ; Siddiqui and Saxena, 1985). As far as vertebrates
are concerned, aldrin is a highly toxic compound (Truhant ez al., 1974 ; Verma
et al., 1978 ; Singh and Singh, 1982 ; Srivastava et al., 1989). The toxicity
may be due to direct ingestion through food, inhalation and industrial
and occupational exposure, for example, during agriculture and public health
programmes. Hayes (1963) has reported that the effects of aldrin and dieldrin
are almost similar, both qualitatively and quantitatively in animals and
appeared to be truein man also. Cleveland (1966) did not observe any
mortality or decrease in growth 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 dose, the animals showed increased liver weights.

Aldrin affects the blood components (e.g. Moss and Hathway, 1964 ;
Deichmann et al., 1971 ; Mick etal,, 1971 ; Mahajan and Juneja, 1979 ;
Srivastava and singh, 1981 ; Verma et al.,, 1987 ; Srivastava and Srivastava,
1988) as it is the first target and carrier of insecticide inside the liver and other
tissues of vertebrates (Hamilton., 1985). There are scattered reports regarding
the effect of aldrin on biochemical aspects of vertebrates, including enzymes
(Rodrigues and Puga, 1979; Verma ef al., 1980 ; Enan et al., 1982; Mahajan and
Sharma, 1984 ; Denison and Yarbrough, 1985 ; Chatterjee et al., 1988 a, b,c).
However, several reports are available from this laboratory in connection with
the biochemical pathology induced by different pesticides on the blood and liver
of various mammals (Ali and Shakoori, 1981, 1988 a,b; Shakcori and Alj,
1985 ; Shakoori etal., 1982, 1984 ; Shakoori_and Haq, 1987 a,b). Gertig
etal, (1971 a,b) havereported the effect of aldrin on transaminase (aspartate
aminotransferase and alanine aminotransferase) and phosphatase (alkaline and
acid) activities. Aldrin, like other xenobiotics, also induce microsomal enzymes
(Bellward et al., 1975 ; Burns, 1976 ; Vainio and Parkki, 1976 ; Stevens et al.,
1977 ; Singh et al., 1985) the extent of which, according to Krample and Hladka
(1975), is dose-dependent.

Aldrin also affects the carbohydrate metabolism in different animals
(Srivastava and Singh, 1981 ; Gupta and Dhillon, 1983 ; Omkar et al., 1984 ;
Gluth and Hanke, 1985). Presence of aldrin in human placenta, fetus and its
accompanying fluids was reported by Saxena er al. (1980, 1981) and Siddiqui
and Saxena (1985). Transplacental movement of aldrin in Egyptian buffaloes
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was studied by Aly and Fassbender (1984) and was also found in fetal tissues.
Reproductive function and development in animals is also altered by aldrin
(Kitselman, 1953 ; Deichmann ez al., 1971 b ; Ottolenghi ez al ., 1973 ; Singh
and Singh, 1982 ; Crawford and Guarino, 1985 ; Chatterjee et al., 1988 a,b,c ;
Gonzalez and Hiraldo, 1988), besides known neurotoxic effects (Gupta, 1975 ;
Srivastava et al, 1989). Bone growth abnormalities in goats during
chronic aldrin intoxication was shown by Singh and Jha (1982). Recently an
inhibition of metabolic coordination was reported through its effects on gap-
junction communication (Lin et al., 1986). Aldrin has also been shown to affect

the course of cardiac processes in rats and rabbits (Kagan et al., 1974).

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 ; Mathur et al., 1981 ; Bernardi etal, 1988), Correlations between
accumulation of organochlorine insecticides and pathologies of liver, carcinoma,
premature birth, lung cancer, leukemia, malignant neoplasia, aplastic anemia,
atrophy of the bone marrow and kidney diseases have been made (Vrochinskii
et al., 1976 ; Reuber, 1975, 1976, 1977, 1980 ; Singh et al., 1985).

There are conflicting reports about the carcinogenic potential of aldrin
in the literature (for example, Cleveland, 1966 ; David, 1979 ; Reuber, 1976,
1980). However, National Cancer Institute (NCI) report (1978) concluded ' that
there was no convincing evidence that aldrin or dieldrin were carcinogenic,
although increase in liver lesions called hepatoma were observed in mice.
This report is based on the previous work of Davis and Fitzhugh (1962),
Fitzugh et al. (1964), Song and Harville (1964), Cleveland (1968), Walker
et al. (1968), Thorpe and Walker (1973), Stevenson ef al. (1976) and Deichmann
and MacDonald, (1977). Gillespie et al. (1979) have made an assessment of
carcinogenic risks in the United States and Great Britain- due to aldrin and
dieldrin.

The present studies aim at evaluating the effect of short and long term
feeding of aldrin to rats. These effects have been assessed in terms of haema-
tological, biochemical and histopathological changes in blood and liver of

aldrin treated rats.
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MATERIALS AND METHODS

Animals and their maintenance

Sprague Dawley albino rats raised in the Animal House of the
Department of Zoology, were used for the present studies. For short term
experiments, two groups of female rats, with average weight 181.511+8.98g
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 experiments, male rats (135.38 % 19.41g average weight)
of 2-4 months of age were used.

The rats were fed on a feed which was prepared by the formula mentioned
in Ali and Shakoori (1988a).

Insecticide used and its administration

Aldrin [(IR, 4S, 5S, 8R)—l, 2, 3, 4, 10, 10— hexachloro—1, 4, 4a, 5, 8,
8a—hexahydro—1, 4, 5, 8—dimethanonaphthalene], a chlorinated insecticide
of cyclodiene group (20 EC) was obtained from Entomology Department,
University of Agriculture, Faisalabad, and administered to the animals orally
alongwith feed as strong and weak doses.

For short term experiments, {wo levels of strong doses were administered.
In one group of rats a strong dose of 20 mg (0.4 LDyy) aldrin/kg body weight/
day was administered for a total period of 48 hours. In the second group,
8 mg (0.16 LDs,) aldrin/kg body weight/day was administered for a total period
of 15 days. A weak dose at a rate of 2.5 mg/kg body weight/day (0.05 LDy)
‘was administered to another group of rats for 18 months.

The insecticide-mixed diet for 48 hour experiment was prepared by mixing
0.8 ml of 20% EC aldrin in 1 kg of rat feed. Since each experimental rat, on
the average, consumed 30 g of feed daily, it will get 20 mg (a.i.) aldrin/kg body
weight/day. For 15 day experiment, 0.32 ml of 20% EC aldrin was mixed in
1 kg of ratfeed. The rats in this way got 8 mg (a.i.) aldrin/kg body weight/
day. Forlongterm experiment, the insecticide-mixed diet was prepared by
adding 0.1 ml of 20% EC aldrin in small amount of water and then that
insecticide-contained water was thoroughly mixed with 1 kg of rat feed. That
way the rats consumed 2.5 mg aldrin (a.i.)/kg body weight/day.
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Experimental procedure

Twa short term experiments were set up. For the first, 8 animals were
fed on aldrin mixed diet, 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, weighed and
processed for various analyses. Eight control rats were processed exactly in
the same manner, except for the aldrin treatment. For the second short
term experiment a group of 20 rats were initially fed on aldrin
mixed diet regularly for a total period of 15 days. A group of four
rats were weighed, anaesthetized and slaughtered regularly every third
day. The bloxd samples were collected and livers taken out, weighed and
processed for various analyses. A group of control animals was proceeded
exactly in the same manner except for the aldrin treatment. For long term
study, a group of 12 animals was fed regularly on aldrin mixed diet, prepared
for this purpose, for a total period of 18 months. Every six months 3-4 rats
were weighed, anaesthetized and slaughtered. Their blood samples and livers
were collected and processed as mentioned in the short term experiment. Three
groups of rats, each of 4-6 animals, fed on aldrin free diet, were slaughtered
each time and used as control of the long term experiment.

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 removing the needles from the syringe. It was allowed to clot and
centrifuged at 800 g 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 an anticoagulant and was used for various haematological
studies. The amount of EDTA used was 2 mg/ml of blood, and it was mixed
gently by rotation of tube.

Liver processing

The liver was taken out, weighed and then processed for histological and
biochemical studies. Liver weight, alongwith body weight was used for cal-
culating relative liver weight (RLW ; liver weight/ body weight x 100).

Saline extract was prepared by homogenizing a piece of liver in 0.89 %
saline in a motor driven glass homogenizer. The homogienate was
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centrifuged at 8500 g to obtain clear supernatant, which was then used for
different biochemical studies. A portion of liver was weighed and processed
for the estimation of nucleic acids (DNA and RNA) and total protein content.
For cholesterol estimation, ethanol extract was prepared. A small piece of
liver was also fixed in Bouin’s fixative for histological studies.

Hamatological studies.

Anticoagulant (EDTA) containing blood was used for studies which invol-
ved the estimation of haemoglobin (Hh) content according to Van-Kampan
and Zijlstra (1961), packed cell volume (PCV) according to micro-
haematocrit method of Strumia er al. (1954) and total erythrocytic count
(TEC) and total leukocytic count (TLC) according to routine clinical methods.
The data obtained was then utilized for calculating different haematological
indices i.e. mean cropuscular haemoglobin (MCH), mean corpuscular volume
(MCV) and mean corpuscular haemoglobin concentration (MCHC) according
to Dacie and Lewis (1977).

Biochemical analysis of blood

The analysis of blood serum was carried out for evaluating liver
dysfunctioning and other metabolic disorders which involved the estimation
of acid phosphatase (AcP ; orthophosphoric monoester phosphohydrolase,
acid optimum ; EC, 3.1.3.2) and alkaline phosphatase (AP ; orthophosphoric
monoester phosphohydrolase, alkaline optimum ; EC. 3.1.3.1.) activities
according to Kind and King (1954), amylase (1,4-glucan, 4-glucano-
hydrolase; EC. 3.2.1.1) activity according to Wootton and Freeman
(1982), cholinesterase (ChE; acylcholine acyl-hydrolase; EC. 3.1.1.8.)
activity according to Rappaport et al. (1959), creatine phosphokinase
(CPK; ATP: creatine N-phosphotransferase; EC. 3.7.3.2) activity
according to Okinaka efal. (1961), isocirate dehydrogenase (ICDH;
threo-Ds-isocitrate : NADP* oxidoreductase; EC. 1.1.1.42) activity
according to Bell and Baron (1960), lactate dehydrogenase 'LDH ; L-lactate:
NAD* oxidoreductase ; EC. 1.1.1.27) activity according to Cabaud and
Wroblewski (1958), serum glutamate oxaloacetate transaminase (SGOT;
L-aspartate 2-oxoglutarate aminotransferase; EC. 2.6.1.1.) and serum glutamate
pyruvate transaminase (SGPT ; L-alanine 2-oxoglutarate aminotransferase ;
BC. 2.6.1.2) activities according to Reitman and Frankel (1957). A brief
acgount of the reaction mixtures with respect to each enzyme is given
below. 2 o, : 3 pplEe’s
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Amylase activity : One milliliter of 0.4 g/1 buffered starch, pH 7.0 was
mixed with 0.1 ml of 10 fold diluted serum in 0.15 M saline. The mixture was
incubated at 370C for 15 minutes. The reaction was stopped and colour was
developed by the addition of 0.4 ml of 0.01 N iodine solution. The absorbance
of blue colour solution of test and control was measured at 660 nm wavelength
after dilution with water.

AP activity ©  One milliliter of carbenate buffer, pH 10.0, 1 ml of 0.01
M disodium phenylphosphate and 0.1 ml of scrum were incubated for
15 minutes. The reaction was stopped with 0.8 ml of 0.5 M NaOH followed
by the addition of 1.2ml of 0.5 M NaHCOs, 1 ml of 4-aminoantipyrine
(0.6%) and 1 ml of potassium ferricyanide (2.4%). Reddish brown cclour
was read at 510 nm wavelength. Crystalline phenol (I mg/100ml) was used as
a standard.

AcP activity : One milliliter of citrate buffer, pH 4.9, 1 m] of 0.01 M
disodium phenylphosphate and 0.2 ml of serum were incubated for one hour,
the reaction was stopped with 1 ml of 0.5 M NaOH followed by 1ml of
0.5 M NaHCO;, 1ml of 4-aminoantipyrine (0.6%) and 1 ml of potassium
ferricyanide (2.4% ). Reddish brown colour was read at 510 nm wavelength.
Phenol solution (as above) was used as standard.

ChE activity : A blank and test were prepared by placing 0.2 ml of
serum with an equal volume of 0.15M NaCl. The blank was placed in
600C water bath for 10 minutes to inactivate the enzyme. Both test and
blank were then treated with 2 ml of 538 mM m-nitrophenol in phos-
phate buffer, pH 7.8 and 0.2ml of 0.83 M acetylcholine chloride. After
incubation at 37°C for 30 minutes, the difference of absorbance between test
and blank at 420 nm wavelength was used to derive ChE activity from calibra-
tion curve.

CPK activity : Serum (0.3 ml) was incubated with 1 ml of Tris-HCl
buffer containing magnesium sulfate, pH 9.0, 1 ml of 60 mM creatine in the
above buffer, and 0.1 ml of 0.5 mM ATP-glutathione at 37°C for 30 minutes.
A blank was prepared by substituting buffer for the creatine solution.
Following addition of 1.6 ml of 207 cold TCA, 1 ml of supernatant was
mixed with 4 ml of water and treated with 1 ml of 1.25% molybdate solution
and 0.25 ml of Fiske and. SubbaRow reducer and again incubated for. -
30 minutes at room temperature. The absorbance for the test and blank was
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read at 660 nm wavelength using water as reference. The Fiske and Subba-
Row solution was prepared by dissolving 1g of Fiske and SubbaRow
reducer (l-amino, 2-naphthol, 4-sulphonic acid; 0.8% sodium sulfite and
sodium bisulfite) in 6.3 ml deionized water. The amount of inorganic phos-
phorus was determined from the calibration curve and then converted into
activity.

ICDH activity : Serum (0.2ml) was mixed with 0.4 ml of 10 mM
DL-isocitrate trisodium, in 20 mM phosphate buffer, pH 7.8 followed by
0.2ml of 10 mM manganese chloride in 0.15 M NaCl. Then 0.2 ml of
NADP (3 mg/ml) was added in the test only and incubated at 37°C exac ly
for 30 minutes. To stop the reaction 1 ml of 1.5 mM 2,4-dinitrophenyl
hydrazine and then 0.5ml of 5% EDTA was added, which was allowed
to incubate for 30 minutes more. This was followed by addition of 4 ml
of 0.5 N NaOH. After 5 minutes the absorbance was measured at 390 nm.
The values were converted to activity from the calibration curve.

LDH activity : 0.1 ml of 6 fold diluted serum was incubated
with 1 ml of 0.75 mM pyruvate in 150 mM phosphate buffer, pH 7.5 and
NADH (1 mg/ml) for 30 minutes at 37°C followed by 1 ml of 1.5 mM 2,4-
dinitrophenyl hydrazine. Mixture was allowed to stand at room temperature
for 20 minutes before dilution with alkali (10ml of 0.4N NaOH), The absor-

bance of the test was measured at 525 nm against water and activity was
derived from the standard curve.

SGOT activity : In 0.5 ml of 100 mM phosphate buffer, pH 7.5, 100 mM
L-asparate and 2 mM 2-oxoglutarate, 0.2 ml of serum was incubated for
30 min. The reaction was stopped by 0.5ml of 1.5 mM 2,4-dinitrophenyl
hydrazine. The mixture was diluted with 0.4 N NaOH and after at least
5 minutes, the absorbance was read at 550 nm. The GOT activity was then
derived from the calibration curve prepared for this purpose.

SGPT actlyity : In 0.5 ml of 100 mM phosphate buffer, pH 7.5, 100
mM DL-alanine, 2 mM 2-oxoglutarate was incubated with 0.1 ml serum for
30 minutes. The reaction was stopped by 0.5 ml of 1.5 mM 2,4-dinitro-
phenyl hydrazine and 0.4 N NaOH was used as a diluent. The absorbance
was read after 5 minutes as mentioned in SGOT. The activity was then
derived from standard curve.
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In addition some other biochemical contents i.e. bilirubin according to
Jendrassik and Grof (1938), cholesterol according to Liebermann and
Burchard reaction as described in Henry and Henry (1974), free amino acids
(FAA) according to Moore and Stein (1954), glucose according to Hartel
et al. (1969), protein according to Lowry ef. al. (1951) and urea according
to DAM (diacetylmonoxime) method of Netelson et al. (1951) were also
estimated. The absorbance of protein and FAA was converted from the
standard curves prepared for this purpose.

Biochemical studies of liver

Aqueous liver extract (inice cold saline) was used for the estimations
of AP, GOT, GPT, ICDH, LDH activities and FAA, glucose and protein
(soluble) contents. Cholesterol was estimated fro: ethanol-prepared extract.
Total protein content was estimated from the tissue processed for nucleic
acid estimation. For this purpose the pellet obtained after extraction of
DNA and RNA was crushed with 2.5 ml of 0.5 N NaOH to solublize the
protein fraction for estimation with Lowry’s method (Lowry et al., 1951).

Nucleic acid contents of liver were extracted by the method described in
Shakoori and Ahmed (1973). Weighed amount of liver was crushed in boiling
ethanol for 3 minutes. Three washings in ethanol were followed by 2-3
washings in methanol : ether (3 :1) mixture. The curshed liver was then
desiccated over dry NaOH under vacuum. RNA was eXtracted in 107 PCA
at 4°C for 18 hours, while DNA was extracted in 109, PCA at 65°C for 30
minutes. DNA estimation was based on diphenylamine method and RNA
estimation on orcinol method. Both these methods follow Schmidt and
Thannhauser procedure described by Schneider (1957).

Histological studies

Histological sections of liver, after fixation in Bouin’s fixative, were
prepared according to the routine histological technique. The sections (8 pm
thick) were cut after paraffin embedding and stained with hematoxylin and
eosin. These sections were then studied to note various histopathological
alterations. Morphometric studies on liver were also conducted and observa-
tions for the number of cells/microscopic field, number ofnuclei/cell, number
of nucleoli/nucleus, size of hepatic cells, size of nuclei and size of nucleoli,
were also taken,
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The measurements were made with the help of an ocular micrometer which
was calibrated with stage micrometer. The first three parameters were deter-
mined at magnification of 500X, while the rest of the studies were performed
at a magnification of 1250X. The number of observations recorded for the
first parameter were 9 that is 3 slides, one from each rat, were studied, by
taking 3 fields from each slide. The number of observations for second to
fourth parameter were 90 (i.e. from 3 slides, each from different animal, 3 fields
of 10 cells/field were studied.

Statistical analysis

All the data were analysed statistically using one tailed student’s t-test.
Probability values (P) less than 0.05 were considered significant.

RESULTS

Effect of aldrin mixed dict (20 mg/kg body weight/day) administered for 48
hours

Body weight and liver weight

Aldrin feeding at above mentioned dose did not result in any adverse
change in t.e body weight of rats. The reducing trend (21 and 229,
respectively, at 24 and 48 hours) shown in Table I, was statistically non-
significant. The RLW also showed non-significant increase (3.3%) in liver
weight (Table I).

TABLE I : EFEECT OF ORAL FEEDING OF ALDRIN MIiXED DIET (20 mg/kg
BODY WEIGHT/DAY) FOR 48 HOURS ON THE BODY WEIGHT AND
LIVER WEIGHT CF ALBINO RATS

Control Aldrin feeding
Parameters - -
(0=38) 24 hours 48 hours
(n=4) (n=4)
Percent body weight gain/day 0.476+0.018% 0.376+0.048 0.37210.045
Relative liver weight 2.750%=0.090 2.7321+0.054 2.8454+0.016

Mean+SEM.
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Huaematological studies

Aldrin administered at 20 mg/kg body weight/day for 48 hours produced
typical reaction in the Hb content, RBC count and WBC count (Table II).
The Hb content decreased 11 and 12%, respectively, after24 and 48 hours of
insecticide feeding. The RBC count was likewise decreased by 14%. The
WBC count conversely increased 27 and 25%, respectively, after 24 and
48 hours. The PCV in control rats was 42.0910.34 7, which remained
unaffected after aldrin treatment. The MCV and MCH was significantly
increased, while the MCHC decreased 8-97; after insecticide treatment for

48 hours (Table II).
TABLE Il : EFFECT OF FEEDING ALDRIN MIXED DIET (20mg/kg body weight/day)

FOR A PERIOD OF 48 HOURS ON THE HAEMATOLOGICAL PARAMETERS
OF ALBINO RATS.

Aldrin feeding

b Cotnrol —_ — —
Parameters 24 hours 48 hours
(n=7) (n=4) (n=4)

Hb (g/d]) (3.2740.14% 11.7740.,19%%* 11.7440.23%**
RBC (X 106 cells/il) 6.8440.25 5.8440.06%* 5.89-40.12%*
WBC (X 103 cells/pl) 6.364-0.26 8.1140.13%%* 7.98-40.09%**
PCV (%) 42.0940.34 40.7740.63 41.004-0.57
MCV () 61.564-0.17 69.514-0.39%** 69.7040.46%**
MCH (pg) 19.384-0.08 20.0740.13%* 19.954-0.15**
MCHC (g/d]) 31.5240.09 28.88-L0.24%%* 28.6140.23%%*

aMean - SEM, Student’s ‘t’ test 3 *P < 0.05; **P < 0.01; ***p < 0.001.

babbreviations used : dl, decilitre=100 ml; fl, femtolitre =10-15 litre; Hb, haemoglobin;
MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin con-
centration ; MCV, mean corpuscular volume; PCV, packed cell volume; pg, picogram=
10-12g; TEC, total erythrocytic count ; TLC, total leukocytic count.

Biochemical analysis of blood
Table III shows the effect of aldrin feeding for 48 hours on the various
enzymatic activities of rat blood serum. Almost all the enzyme activities

except for GPT, were significantly raised. The effect on AP activity was more
severe as compared with AcP. After 24 and 48 hours of aldrin administration,
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the increase in AP activity was 51 and 141 %, while the increase in AcP activity
was 26 and 15 %, respectively. The GOT activity wasthe most drastically
aTected. The activity increased 100% and 369 9 after 24 and 48 hours of
insecticide feeding. The LDH and ICDH activities also showed increase after
insecticide treatment. The LDH activity showed 46 and 78% and ICDH
activity showed 61 and 135 %, increase after 24 and 48 hours respectively. The
CPK activity was affected only after 48 hours of insecticide exposure, when it
inreased 31% and was not significantly "affected after 24 hours of aldrin
administration. Amylase, just like CPK, showed an increase of 607, over the
control activity at 48 hour treatment. The ChE activity increased 58 and 88 %,
during the same periods, respectively (Table III).

TABLE Il : EFFECT OF FEEDING ALDRIN MIXED DIET (20 mg/kg body
weight/day) FOR 48 HOURS ON SOME BIOCHEMICAL COMPONENTS OF
ALBINO RAT BLOOD SERUM

Aldrin feeding
Parametersb Control 24 hours 48 hours
(n=38) (n=4) (n=4)
Ap (KAU/dl) 11.674 0.162 17.624 0.72%** 28.114 1.12%%*
AcP (KAU/dl) 4.23+4 0.20 5.314+ 0.34% 4.854 0.16%
Amylase (SoU/dl) 216.77+ 8.02 238.82-4-10.76 327.27-416.82%**
ChE (RU/mI) 24.374 1.42 38.40+ 4.34% 45.754 471"
CPK (SiU/ml) 9.014 0.63 10.70+ 0.64 11.824 0.32%*

ICDH (SiU/ml)

243.18+4-14 .80

392.48423.05%**

570.26--44 .04%%*

LDH (IU/l) 465.66-4-26.29 678.12421.10%**  827.64425.55%**
SGOT (IU/l) 21.734 1.65 43,494 2.40*%*  101.994 5.31%**
SGPT (Ul 23.05+ 2.40  23.16% 1.81 23.67+ 2.21

Bilirubin (mg/dl) 0.724+ 0.07 0.474 0.03** 0.514 0.07

Cholesterol (mg/dl) 195.64+ 6-94 135.344+ 6.78*** 139.064 5.33%**
Free amino acids (mg/dl) 7.264+ 0.19 6.214£ 0.05%%¥ 5.934 0.28**
Glucose (mg/dl) 107.374 3.36 119.994 5.94 137,744+ 4.76%**
Protein (g/dl) 7.30+ 0:13 8.28+4 0.23%* 9.18+ 0.40%*
Urea (mg/dl) 35.494 0.96 33.634 1.03 24.464 1,54%**

Mean + SEM, Student’s ‘t’ test; *P<0.05: **P<0.01; ***P<0.001.

bAbbreviations used : AP, alkaiine phosphatase ; AcP, acid phosphatase; ChE. cholines-
terase ; CPK, creatinephospho kinase ; ICDH, isocitrate dehydrogenase; LDH, lactate
dehydrogenase ; SGOT, serum glutamate oxaloacetate transaminase ; SGPT, serum
glutamate pyruvate transaminase.

Definition of enzyme units : KA (King Armstrong) U (AP), liberation of 1 mg of phenol
in 15 minutes under the conditions of the test ; U (AcP), liberation of 1 mg of phenol
in 60 minutes under fest conditions ; SoU (Somogyi units), amount of enzyme digested Smg
of starch in 15 minutes under test conditions ; RU (Rappaport units), amount of enzyme
that will liberate one micromle of acetic acid from acetylcholine in 30 minutes under the test
conditions; SiU (Sigma units, for CPK), amount of enzyme that will phosphorylate one
nanomole of creatine per minute at 25 °C under the conditions of the test; SiU (for ICDH),
quantity of enzyme that will produce one nanomole of NADPH in one hour under
conditions of the test; IU (international unit), transformation of one micromole
substrate in one minute under the conditions of the test.
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The serum proteins increased after aldrin treatment, while the FAA
decreased during the same period (Table III). The serum proteins
increased 13 and 269, while the FAA content decreased 14 and 18Y%; after
24 and 48 hours of aldrin treatment. The Ltilirubin, cholesterol and urea
contents decreased during the same period after insecticide treatment. The
bilirubin decreased 35 and 299, from control level of 0.72+0.07 mg/100 ml,
while the cholesterol content decreased 31 and 299, after 24 and 48 hours
of aldrin treatment, respectivelv. The urea content, initially remained un-
affected and showed 31 % decrease after 48 hours of aldrin treatment. The
glucose content likewise decreased 12 and 289, after 24 and 48 hours of
aldrin administration (Table III).

Biochemical analysis of liver

The hepatic enzymes were not affected to that extent, as they were in the
blood serum after aldrin treatment. In fact GPT and ICDH activities were
not affected at all, while the LDH and GOT activities were significantly
altered only after 48 hours of aldrin feeding (Table 1V). The control liver
showed 711+0.38 IU/g GOT activity, which increased 18 and 289, 24 and
48 hours after aldrin administration. The LDH activity, on the other hand,
decreased 26 %, after 48 hours of aldrin treatment. The hepatic AP activity
was, however, drastically affected, which increased 69%, and 1719, after 24
and 48 hours of aldrin feeding.

Table IV shows the effect of aldrin feeding on the various biochemical
components of liver other than enzymes. The nucleic acids (both DNA and
RNA) did not show any significant change after aldrin treatment, while the
total proteins showed 19 and 13 % increase during the same period i.e. 24 and
48 hours after aldrin treatment. The soluble proteins likewise, showed
increase of 13 and 189, but conversely, FAA content decreased 32 and 377
after 24 and 48 hours, respectively. The cholesterol content in control rat
liver was 7.62+0.22 mg/g while the glucose content was 20.14+0.53
mg/g. The cholesterol contents decreased 29 % (24 hours treatment) while the

glucose contents decreased 43 %, (48 hours treatment) after aldrin treatment
(Table IV).
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TABLE IV : EFFECT OF FEEDING ALDRIN MIXED DIET (20 mg/kg body
weight’/ day) FOR A PERIOD OF 48 HOURS ON HEPATIC BIOCHEMICAL
COMPONENTS OF ALBINO RATS.

Control Aldrin feeding

Parameters 5 B S R e e s

24 hours 48 hours
(n=>5) (n=4) (n=4)

AP

(KAU/g) 0.80+0.16" 1.3610.17* 2.18£0.09%**

GOT

(TIU/g) 7.114+0.38 8.40+0.51 9.11£0.56*

GPT .

(IU/g) 7.32+0.68 7.88+0.55 10.2121.22

ICDH

(X103 SiU/g) 31.39+0.78 27.71%3.16 31.20+2.46

LDH

(XT0* 1U/g) 56.57+4.43 66.241+3.32 41.83+2.76

Cholesterol

(mg/g) 7.6210.22 5.35£0.50% 5.42+1.06

Free amino

acid (Mg/B) 399.21+18.13 273.24+10.51%*%* 250.23 420,27 *%*

Glucose

(mg/g) 20.14+0.53 20.44%0.76 11.5740.29%**

Soluble protein

(mg/g) 111.1845.08 125.41+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) 3.8410.44 2.99%0.33 2.5440.45

RNA

(mg/g) 9.53+0.55 10.44£1.72 9.04+0.75

8Mean + SEM, Student’s ‘¢’ test ; *P<0.05; **P <0.01; ***p <0.001

For other details, see Table III.

Histological structure of liver

Table V shows the effect of aldrin feeding on various histological
parameters of male albino rat livers. The size of hepatic cell, its nucleus and
nucleolus increased tremendously after insecticide treatment for a total
period of 48 hours. The hepatic cell size increased 33 and 419, respectively
after aldrin treatment for 24 and 48 hours. The nuclear size increased 44
and 319, while the nucleolus showed 88 and 799%, increase during the same
period. The number of nuclei/cell an< number of nucleoli/nucleus remained
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unaltered, while the number of cells/field exhibit significant decrease which is
indicative of cellular hypertrophy (Table V).

TABLE V : EFFECT OF FEEDING ALDRIN MIXED DIET (20 mg/kg body
weight/day) POR 48 HOURS ON THE VARIOUS HISTOLOGICAL
PARAMETERS OF RAT LIVER

Aldrin feeding

Cor trol s
Parameters 24 hours 48 hours
No. of cells/
field (n=9) 252.91+8.54a 230.41+6.24 212.68+11.64*
No. of nuclei/
cell (n=90) 1.1340.19 1.16+0.04 1.13+0.04
No. of nucleoli/
nucleus (n=90) 1.47+0.11 1.5240.08 1.531+0.09
Size of cell
(2 ; n=90) 279.79+14.24 373.26+12.68%* 391.92:k1, 84 %%**
Size of nucleus
(v? ; n=90) 47.29+£2.01 68.01£1,93%** 62.05+1.83***
Size of nucleolus :
(2 ; n=90) 2.94%0.26 5.52:£0,35%%% . 5.261£0.32%%*

2Mean+SEM, Student’s ‘t' test; *P> 0.05; **P <0.01; ***P < 0.001.

Figs.1-2
Histological structure of normal rat liver, Note the portion of a hepatic lobule, linear cords (1) and arrangement
of cells and nuclei (2). Magnifications: 1, 100X; 2, 250X. Stain: Hematoxylin and Eosin (H & E).
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Figs.3-4
A Histological structure of rat liver fed on aldrin-mixed diet for 24 hours. Note the dls}yrbgd iobular structure,
necrotic area (3) vacuolation, fatty degeneration and hypertrophied cells (4). Magpnifications: 3, 50X; 4, 250X.
Stain- H& E

s Figs.5-6.
Histological structure of rat liver fed on aldrin-mixed diet for 48 hours. Note the alterations in general lobular
structure (5) hypertrophied cells and nuclei; Vacuolation and fatty degeneration (6). Magnifications: 5, 50X; 6.
250X. Stain: H & E.
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The hepatic cells, their nuclear and nucleolar hypertrophy after insec-
ticide treatment was obvious from Figs.3-6. The insecticide exposure for
48 hours had much more prominent and drastic effectas compared to 24
hours treatment. Comparison of Fig.2 (control) with Fig. 4 (24 hours)
and Fig. 6 (48 hours) highlights the effect of insecticide. Nuclei were pro-
minently vesicular with well defined nucleoli. The entire hepatic lobule was
marked by extensive vacuolation, which was a typical sign of toxicity. In
certain cases a part of the liver tissue was seen to develop fatty degeneration
and signs of necrosis (Figs. 4-6).

Effect of aldrin mixed diet (8 mg/kg body weight/day) administered for 15 days

Body weight and liver weight

The body weight gain in rats decreased after administration of aldrin
at this dose. After a slight non-significant change at 3 and 6 days, this
gain was reduced significantly by 40, 44 and 437; at 9, 12 and 15 days of in-
secticide feeding, respectively (Table VI). The RLW, which showed sharp rise
till day 6 of insecticide feeding, indicated signs of recovery (38 % increase on
day 6 as compared with 14 and 199, on day 12 and 15, respectively) after that
peried (Table VI).

TABLE VI : EFFECT OF FEEDING ALDRIN MIXED DIET (8 mg/kg body
weight/day) FOR A PERIOD OF 15 DAYS ON THE BODY WEIGHT AND
LIVER WEIGHT OF ALBINO RATS.

Aldrin feeding Percent body weight Relative liver
gain/day weight
Control (n=7) 0.520+0.,039% 2.7610.05
3 Day (n=4) 0.556+0.047 3.76£0.18***
6 Day (n=4) 0.509£0.041 3.824+0.14**
9 Day (n=4) 0.300£0.025%* 3.4940.11%%#
12 Day (n=4) 0.292+0.023*** 3.15+0.12%
15 Day (n=4) 0.2900.012%** 3.29+0.02%*+

aMean ® SEM, Student’s ‘t’ test; *P<0.05; **P <0.01; ***P < 0.001.

Haematological studies

Aldrin administered for 15 days caused significant decrease in the
Hb content, RBC count and PCV (Table VII). The Hb content decreased
significantly from 6 days of aldrin treatment till day 135, continuously
when it showed 129 decrease. The RBC count was affected within
3 days of aldrin feeding, when 109, decrease was noticed. This count gradually
decreased (22 %) till day 15. The PCV was affected only after 9 days of aldrin
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feeding and continued to decrease till day 15 (Table VII). The WBC on the
other hand, was conversely affected which increased 209, within three days of
aldrin treatment. This increase was regular till day 15, and reached upto 459.
The various othcr haematological parameters such as MCV and MCH were
also significantly increased after aldrin treatment for 15 days. The MCHC,
on the other hand, decreased during this treatment. The decrease was generally
6-7% (Table VII), which was quite significant. .

‘TABLE VIl : ERFECT OF FEEDING ALDRIN MIXED DIET (8 mg/kg body
weight/day) FOR 15 DAYS ON THE VARIOUS HAEMATOLOGICAL
PARAMETERS OF ALBINO RATS.

S SN

Parameters  Control Aldrin feeding ‘
n=6 3 days 6 days 9 days 12 days 15 days
(n=4) (n=4) (n=4) (n=4) (n=4)
Hb (g/dl) 13.042 12.71 12.,08%** L1 78 11..63** 11.48%**
' +0.16 +0.19 +0.19 +0.18 +0.33 +0.19
RBC (X106 6.91 6.24** 6.02** S BZLEAE, 5.54%*%* 5.37%x*
cells/l) +0.12  £0.09 +0.16 +0.14 +041 .- +1.90
WBC 6.55 7.80 8.85%* $.T2F* 0 9 BO%Y 9.49%*-
()1(103 cells/ £0:52 +0.23 0,32 +0.38 +0.49 +0.44
D) & ]
PCV (%) 43.28 42.84 42.97 4].93% 40.97*** 40.61%*
+0.40 +0.35 +0.25 +0.33 = £0.43 +0.44
MCV (1) 62.64 68.70%** 7] .49%** T2.07rex- 90 Sqsss 75.70%%*
+0.46 +0.47 +1.47 +1.15 +0.83 2.94
MCH (pg) 18.88 20.29%* 20.06* 20.23%* 20.97** 21.39%*»
_ +0.28  +0.04 +0.22 +0.18 +0.31 +0.34
MCHC 30.15 29.54 28.06* 28.09%*-  28.94 28.27**
(g/d1) +0.36 +£0.23 £0.29 +0.22 +0.58 *0.23_ .

AMean=SEM, Student’s ‘t’ test; *P<0.05; **P<0.01; ***P<00.0l.
For other details, see Table LI,

Biochemical analysis of blood 7 AP
Table VIII showed the effect of aldrin administered for 15 days on thé_
various enzymatic activities of rat blood serum. ;

Activities of most of the enzymes such as AcP, AP , amylase,
SGOT, SGPT, LDH and CPK increased after aldrin feeding. Usually the
increase in activity was accelerated with increasing duration of insecticide
administration. Most of these enzymes were drastically affected within three”
days of aldrin feeding, The AP activity increased94, 129, 240,278 and 368 %






