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Abstract @ Aldrin-mixed diet, fed 1o Sprague Dawley mats at ¢ doe of 20mg 8 mg amd
2.5mg/kg body wt./day for 48 howrs, 15 duys, and 18 month, respectively produced significant
changes in the blood and liver.  The hacrnglobin contert, red bload eell oount and paclked
cell volime decreasad, while th2 white blood call count incrsased under all freyments,  The
serum glotamite oxulozetite trasamianse (GOT), wkaline phosphatase (AP and focitate
dehydrogensse  fncroised 370, 141 and 13592, respictively in 48 howr et The
creatin  phosphokinuse notivity inereased (83’/.)% 15 day trextment,  The aeid phosphatase
activity Increased 979 after 6 months treatmont.  Bilirubin content increased in 15 day,
urea in 15 day and 18 month and protein content under all experimental conditions.
Cholesteral and free amino acids (FAA) conteats desesnsed  aflet aldrin fecding. In
48 hour experiment Hyperglyoemia was induced, :while hypoglycemia was found in 135 day
trealmant.

InJiver, AP und GOT activities Increased 171 % and 28Y respectively in 48 hour feeding,
while lactic dehydrogenase (LDH) decreased (26%). In 135 day focding experimont the
glotamate pyruvate tramaminase (GPT) and LDH, activities increassd 186% and % alter 9
and 15 days, respectively.  This increase was mozs pronounced in 18 montha treitment, The
hepatic cholesterol gencrally decressed in 43 hour and 15 day troatments. The FAA and
plucose contents decreased in 48 hour and 6 manth trenmments, whilein 15 duy feeding
reverse patlern wits obltingd.  Hepatic soluble proteios increased in 48 hour and 18 month
feeding groups, DNA cantent remained wnaltersd, while RNA showed nlmest constant
increase In 1S day treatment. Aldrin treatment peoduced hypertrophy of hepatic cells,
nuclei and nucleoli, Fatty degeseration and extonsive vacuolation wis évident in 48 hour
feeding. The vacunlation, granolation of bepatic tiswse ood prominent clear uress
around nuclei were found in 15 day feeding. These changes, with diwtorted nuclel and
enlarged kupffer cells, were also observed in 18 munthbs feeding group,
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INTRODIUCTION

Aldrin is a chlorinated comipound of cyclodiene 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 (itassall, 1969; Korschgen,
1970, 1971 ; Lichtenstein et al., 1970, Trivedi and Srivastavs, 1986 ; Ahi,
1988; Yao er al,, 1988). Like other compounds of the group, aldrin is
highly lipophilic (Siddigui and Saxena, 1985) and isa central nerveus system
stimulant (Agarwal et al, 1988; Chandre and Podder, 198%).  Aldrin is readily
converted into its epoxide, dicldrin, in the soil and biolegical system such os
fat, muscle, liver and blood (Bunn erel, 1956 : Ruck and Van, 1968 :
Lichtenstein er o/, 1970 ; Korschigen, 1971 ; Corbett, 1974 . Ghiasuddin and
Menzer, 1976 ; Kurihara e/ al., 1984 ; Lang er al., 1986; Dhanaraj er al., 1989)
where iLis stored almost unchanged. However, Akkermans e al. (1973) has
stated that dieldrin may be metaholized first to aldrinstransdiol 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) hag also published a review regarding the accumulation
of these pesticides in poultry. Remarkable amount of residues are reported
from the plants and food stuffy (Corseia, 1972 ; IARC, 1973 ; Balayannis,
1974; Celeste ¢r al., 1988 ; Kahunyo et 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 Langaroadi, 1976 ; Cathey, 1982 ; Juneju and Makajan, 1984 ;
Hamilton, 1985; Al-Omar, 1986 ; Kumar er al,, 1988; Dhanaraj ef al, 1989)
Its residues were also reported from the air (Wallace and Sherren, 1986),
Deichmann et o/, (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 sfter 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 snd urine or stored in different duiry
products (Buck and Van, 1968 ; Downey et al., 1975 i Vreman ezal., 1976
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Kodric-Smit er al., 1980 ; Siddiqui and Saxena, 1985). As far as vertebrates
aro concarned, aldrin is a highly toxic compound (Truhant ez of, 1974 ; Verma
et al., 1978 ; Singh and Singh, 1982 ; Srivastuva er al, 1989). The toxicily
may be due to direct ingestion through fond, inhalation and industrial
and occupational exposure, for example, during agriculture and public hesith
programmes. Hayes (1963) has reported that the effects of aldrin and dieldrin
are nlmost similar, both qualitatively and gquantitatively 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 ut 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 e al., 1971 ; Mick efal, 1971 ; Mahajan and Jungja, 1979 ;
Srivastava and singh, 1981 ; Verma ef @/l, 1987 ; Srivastava apd Srivastuva,
1988) uy 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 veriebrates, incloding enzymes
(Rodrigues and Puga, 1979; Verma ef al., 1980 ; Enan ¢ al., 1982; Mahajan and
Sharma, 1984 ; Denison and Yarbrough, 1985 ; Chatterjee er af., 1988 a, b,c).
However, several reports are available from this luboratory in connection with
the biochemical pathology induced by different pesticides on the blood and liver
of various mammals (Ali und Shakoori, 1981, 1988 a,b; Shakceri and Alj,
1985 ; Shakoori eral., 1982, 1984 ; Shakeori and Hagq, 1987 a,b). Gertig
etal, (1971 g,b) have reported the effect of aldein on transaminase (aspartate
aminotransferase and alanine aminotransferase) and phosphatase (alkaline and
acid) activities. Aldrin, like other xenobiotics, also induce microsomal cnzymes
(Bellwued et ., 1975 ; Burns, 1976 ; Vainio and Parkki, 1976 ; Stevens eral,
1977 ; Singh et al., 1985) the extent of which, according to Krample and Hladka
(1975), is dose-dependent,

Aldrin also sffects the carbohydrate metabolism in different animals
(Srivastava nnd Singh, 1981 ; Gupta and Dhillon, 1983 ; Omkar eral, 1984 ;
Gluth and Hanke, 1985). Presence of aidrin in human placenta, fetus and its
accompanying fluids was reported by Saxena er ¢f. (1980, 1981) and Siddiqui
and Saxens (1985), Transplacental movement of aldrin in Egyptian buffaloes



"4 §. 8. ALl AND A. R, SHAKOORI

was studied by Aly and Fassbender (1984) and wasalso found in fetal tissues.
Reproductive function and development in animals is also altered by aldrin
(Kitselman, 1953 ; Dejchmann ez al., 1971 b ; Ottolenghi e af ., 1973 ; Singh
and Singh, 1982 ; Crawford and Guarino, 1985 ; Chatterjee et al., 1988 abe;
Gonzaler and Hiraldo, 1988), besides known neurotoxic effects (Gupta, 1975 ;
Srivastava ef 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 ¢/ al., 1986), Aldrin has also been shown to affect
the course of cardiac processes in rats and rabbits (Kagan e al., 1974).

Exposure of animals to aldrin resulted in histopathological changes in
liver, kidngy and other tissues, which include parenchymatous cell degeneration,
hypertrophy and necrosis (Kitseiman, 1953 ; Cleveland, 1966 ; Reuber, 1976,
1980 : Mathur et al, 1981 ; Bernardi eral, 1988), Correlctions between
accumulation of arganochlorine 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 hepatoms were observed in mice.
This report is based on the previous work of Davis and Fitzhugh (1962),
Fitzugh et ol (1964), Song and Harville (1964), Cleveland (1968), Walker
et al. (1968), Thorpe and Walker (1973), Stevenson e/ al, (1976) and Deichmann
and MacDonald, (1977). Gillespie efal. (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 181.51+8.98g
and 6-8 months of age were used. One grovp was used for feeding
insceticide for 48 hours, while the second was used for feeding insecticide for
15 days. For long term experiments, male rats (135.35% 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 pyed and its administration

Aldrin [(IR, 4S, 58, 8R)—I1, 2, 3. 4,10, 10— hexachloro—I, 4, 41, 5, 8,
Sa—hexabydro— 1, 4, 5, 8—dimethanonaphthalene], a chlorinated insecticide
of cyclodiene group (20 EC) was obtained from Entomology Pepartment.
University of Agriculture, Faisalabad, and administered to the animals orally
alongwith feed as strong and weak doses.

For shott term experiments, 1wo Jevels of strong doses were ad nnnistered.
In one group of rats a strong dose of 20 mg (0.4 LDy;) aldrin/kg body weight/
day was administered for o totsl pesiod of 48 hours. Tn the second group,
8 mg (0.16 LDg,) aldrin/ke 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 10.05 LDy
was administered to another group of rats for 18 months.

The insécticide-mixed diet for 48 hour experiment was propared by mixing
0.8 ml of 20% EC aldrin in | kg of rat feed. Since each experimentsl ral, on
the average, consumed 30 g of feed daily, it will get 20 mg (a.i.) sldrin/kg body
weightyday. For 15 day experiment, 0.32 ml of 207, EC aldrin was mixed in
1 kg of ratfoed. The ratsin this way got 8 mg(ai.) 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 thoronghly mixed with | 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 oXporiments were set up. For the first, 8 animals were
fed on aldrin mixed diet, prepared for this purpase 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 sunte manner, except for the aldrin treatment. For the second short
term experiment a  group of 20 ras  were  initially fed on aldrin
mixed diet regulacly for a total period of 15 days. A group of four
rats were weighed, anuesthetized and slaughtered regularly every third
day. The bloyd samples were collzcied and livers taken out, weighed and
processed for various analysss. A group of control animals was proceeded
exactly in the same manner excepl for the aldrin treatment. For long term
study, & group of 12 animals was fed regularly on aldrin mjxed diet, prepared
for this purpose, for a tolal patiod of 18 moaths, Evary six months 3-4 rais
wete weighed, anassihetized und slaughtered. Their blood samples and livers
were collected and processed us 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 us control of the long term experiment.

Collection of hlood

Blood specimens were collected from the inferior venn cava with the help
of 10 ml sterilized syringe und transierred geotly 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 s 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



TOXICOLOGY QF ALDRIN 7

centrifuged at 8500 g to obtain clear supernatnnt, which was then used for
different biochemical studies. A portion of liver was weighed and processed
for the estimation of nucleic ac:ds (DNA and RNAJ and tolul protein content.
For cholesterol estimation, ethanol extract wag prepared. A small picce of
liver was also fixed in Bouin's fixative for histological studics.

Hamatological studies.

Anticoagulant (EDTA) containing blood was vsed for studies which invol-
ved the estimation of haemoglobin (TTh) content aceording to Van-Kampan
and Zilstra (1961), packed coll volume (PCV) necording 10 micro-
hrematocrit method of Strumia ot of. (1959) end total erythrocytio count
(TEC) and total leukoeytic count (TL.C) aecording to rontive clinical methods.
The data obtained was then utilized for calculating different heematological
indices 1.2, mean cropusenlar hasmoglobin (MCH), mean corpuscular volume
(MCYV) and mean corpuscular hacmoglobin concenteation (MCHC) secording
to Dacie and Lewis (1977).

Biochemical analysis of blood

The analysis of blood serum was carried out for evaluating liver
dysfunctioning and other metaholic 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 3 EC. 3.1.3,1.) activities
according to Kind and King (1954), amylase (1 4-plucan, 4-glucano-
hydrolase; EC. 3.2,1.1) activity according to Wootton znd Freeman
(1982), cholinesterase (ChE; amcylcholine acyl-hydrolase; EC. 3.1.1.8)
activity according to Rappaport ef al.  (1953), creatine phosphokinase
(CPK; ATP: creatine N-phosphotransferase; FC. 3.7.3.2)  activity
according to Okinaka eral. (1961), isocirate dehydrogenase (ICDH;
threo-Dg-isocitrate : NADP*  oxidoreductase; BC, 1.1.142) sctivity
according to Bell and Baron (1960), loctute dehydrogenase 'LDH ; Llactate:
NAD* oxidoreductese ; EC, 1.1,1.27) activity éccording to Cabaud  and
Wroblewski (1958), serum glutamate oxaloacetate transaminsse (SGOT;
L-aspartate 2-oxoglutarate aminotransferase; EC, 2.6.1.1.) und serum glutamate
pyruvate transaminnse (SGPT ; L-alunine 2-oxoplutarale aminotransferase ;
BC. 2/6.1.2) activities according to Reitman and Frankel (1957). A brief
aegount of the reaction mixtures with respect (o each enzyme is given
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Amylase activity ¢ One milliliter of 0.4 g/l buffered starch, pH 7.0 was
mixed with 0.1 ml af 10 fold diluted serum in 0,15 M saline. The mixture was
incubated at 379C for 15 minutes. The reacticn wasstopped and colour wiis
developed hy the addition of (.4 ml of 0.0 N jcdine solution. The zhsorbance
of blue colour selution of fest and cantrol ¥as messured at 660 nm wavelength
after dilution with water.

AP uetlyity + One millititer of earbenate boffer, pH 100, 1 ml ol 0.01
M disodium phenyiphosphate and 0.1 ml of serum were incubated for
15 minutes. The reaction was stopped with 0.8 ml of 0.5 M MNaOH followed
by the addition of 1.2ml of 0.5 M NaHCO,, | ml of 4-aminoantipyrine
(0:6%)and 1 ml of potassium ferricyanide (24%) Reddish brown colour
was read at 510 nm wevelength.  Crystulline phenol (1 mg/100ml) was used as
n standard.

AcP activity ¢ One milliiter of citrute buffer, pH 4.9, 1 mlof 0.0I M
disodinm phenylphosphate snd 0.2 ml of serum were incubgated for one hour,
(e reaction was stopped with 1 ml of 0.5 M NaOH followed by 1 ml of
0.5 M NaHCO;, 1 ml of 4-aminoantipyrine (0.67) and 1 ml of potassivm
ferricyanide (2.4% ). Reddish brown colour was read at 510 nm wavelength.
Phenol solution (as above) was used as standard.

CHE wctivity : A blank und test wero prepared by placing 0.2ml of
sorum with an equal volome of 015 M 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 0.2 ml 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 acrivity : Serum (0.3 ml) was incubated with 1 ml of Trs-HCI
buffer containing magnesium sulfate, pH 9.0, 1 ml of 60 mM creatine in the
above buffer, and 0.1 m1 of 0.5 mM ATP-glutathione at 37°C for 30 minutes.
A blank was prepared by substituting buffor for the creatine solution.
Following addition of 1.6 ml of 20% cold TCA, 1 ml of supetnalant was
mixed with 4 ml of water and treated with | mlof 1.25% molybdate solution
and 0.25ml of Fiske and SubbaRow reducer #nd. 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 s reference. The Fiske and Subba-
Row solution was prepated by dissolving 1g of Fiske and SubbaRow
reducer (l-amino, 2-naphthol, 4-sulphonic ncid; 0.8% sodium sulfite and
sodiom bisulfite) in 6.3 ml deionized water. The amount of inorganic phos-
phorus was determined from the calibration curve and then converted into
activily.

ICDH dedvity @ Serum (0.2 ml) wes mixed with 0.4 ml of 10 mM
DL-isocitrate trisodium, in 20 mM phosphate bufler, pH 7.8 followed by
0.2ml of 10 mM manganese chloride in 0,15 M NaCl, Then 0.2 m! of
NADP (3 mg/ml) was added in the test only and incubated af 37°C exac ly
for 30 minutes. To stop the reaciion | ml of LS mM  2.4-dinitropheny)
hydrazive and then 0.5 ml of 57, EDTA was added, which wos allowed
fo incubgle for 30 minutes more. This was followed by addition of 4 m]
of 0.5 N NaOH, Afler 5 minutes the absorbance wias measured at 390 nm.
The valuas were converted to activity from the calibration curve.

LDH activity : 0.1 m]l of 6 fold diluted serum was incubated
with | ml of 0.75 mM pyrovale in 150 mM phosphate bufter, pH 7.5 and
NADH (1 mg/ml) for 30 minutes at 37°C followed by | ml of 1.5 mM 2,4-
dinitrophenyl hydrazine. Mixture was allowed (o stand at room temperature
for 20 minutes before dilution with alkali (10m! 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 activigy : Tn 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 resction was stopped by 0.5m! of 1.5 mM 2.4-dinitrophenyl
hydrazine, The mixture was diluted with 0.4 N NaOIl and after at least
5 minutes, the absorbance was read at 530 nmm. The GOT activity was then
derived from the calibration curve prepared for this purpose.

SGPT actlyiry : In 0.5 ml of 100 mM phosphate buffer, pH 7.5, 100
mM DL-alanine, 2 mM 2-oxoglutiarate was incubated with 0.1 mil serum for
30 minutes. The reaction was stopped by 0.5ml of 1.5 mM 24-dinitro-
phenyl hydrazine and 0.4 N NaOH was used as a diluent. The absorbance
wus read after 5 minutes a5 mentioned in SGOT. The uctivity was then
derived from standard curve. ‘
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In addition tomé other biochemical contents f.. bilirubin according to
Jendrassik and Grof (1938), cholesterol uccording to Licharmann and
Burchard reaction as described in Henry und Henry (1974), free aminp acids
(FAA) according to Moare and Stein (1954), glucose according to Hartel
el ai. (1969), protein accordivg to Lowry el al. (1951) and urea wccording
to DAM (dizestyimonoxime) method of Netelson ¢f al. (1951) were also
cstimated, The absorbance of protein amad FAA was converted from the
standard curves prepared for This purpose.

Biocheniteal studies of liver

Aqueous liver extract (inice cold saling) was: used for the estimations
of AP, GOT, GPT, ICDH, LDH activitiss and FAA, glucose and protein
(soluble) contents. Cholesterol was estimated from ethanol-preparced extriet.
Total pProtein confeat was estimated from the tissue processed for nucleic
acid estimstion. For this purpose the pellel obtained after extraction of
DNA snd RNA was crushed with 2,5 mlof 0.5 N NaOH to solublize the
protein fraction for estimation with Lowry's method (Lowry etal., 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. Tlhree washings in ethanol were followed by 2-3
washings in methanol : ether (3 :1) mixture. The curched liver was then
desiceated over dry NaOH under vacoum. RNA was extracted in 107, PCA
at 4°C for 18 hours, while DNA wasextracted in 109 PCA at 65°C for 30
minntes. 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 fixetiye, were
prepared according to the routing histologicd) technique. The sections (8 gm
thick) were cut after paraffin embedding and stained with hemutoxylin 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 calls/microscapic field, number ofnucle ‘eell, number
of nucleoli/mucleus, size of hepatic ¢ells, size of nuclei and sige 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 al magnification of 500X, while the rest of the studies were performed
at a magaification of 1250X. The numberof observations racorded 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 cbservations for second to
fourth parameter were 90 tie. from 3 slides, cach from ditferent animal, 3 ficlds
of 10 cells/fickd were studied.

Statistical analysis

All the data were analysed statistically using one tailed student’s t-test.
Probability values (T} lesg than 0,05 were considered significant.

RESULTS

Effect of aldrin mixed dict (20 mglicg body weight)day) administered for 48
hours

Body weight and liver weight

Aldrin feeding at above mentionod dose did not result in any adverse
change in t ¢ body weight of rats. The reducing trend (21 and 2277,
respectively, 2t 24 and 48 hoors) shown in Table I, was statistically noa-
significant. Tho RLW also showed non-sigaificant increase (3.3%) in liver

weight (Tabie I).
TABLE i . EFEECT OF ORAL FEEDING OF ALDRIN MIXED DIET (20 mg/kg

BODY WEIGHT/DAY) FOR 48 HOURS ON THE HODY WEICEHT AND
LIVER WEIGHT OF ALBING RATS

C——

Control Aldrin feeding
Parameters —_ -_
(n==8) 24 hours &4 hours
(nd) (ne=d)
Peresol body weight gain/day 0.476 £ 0.015" 0.3760.045 0.372+0.045
Rolative liver weight 2. 75020 090 2.79240.054 2 84540.016

"Mean+SEM.
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Haematological studies

Aldrin administered at 20 mg/kg body weight/day for 4¢ hours produced
typicel reaction in the Hb content, RRBC count und WBC couat (Tahle II).
The Hb content decraased 11 and 12%, Tespectively, after 24 and 43 hours of
insecticide feeding. The RBC count was likewise decreased by 14%. The
WBC count conversely increased 27 and 289, respectively, after 24 and

48 hours. The PCV in control ruts was 42.0940.34% which remsined

unaffected after aldrin treatment. The MCV and MCH was significantly
increased, while the MCHC decreased 8-97; after insecticide treatment for

48 hours (Table I1).

TABLE Il : EFFECT OF FEEDING ALDRIN MIXED DIET (20msk body weight/day)
FOR A PERIOD OF 48 HOURS ON THE HAEMATOLOGICAL PARAMETERS

OF ALBINO RATS.
Aldtin fecding
b Cotnrol ——
Parameters 24 howrs 48 hours
(n="7) (n=4) (n=4)

Hb (a/dh) 13,2740, 14% 11,7740, 194 11,74::0.25%**
RBC (X 100 celin/it) 6.24-0.25 5,8440.06%* 5,694.0.12%*
WBC (X 107 colis/itl) 6.26.:0.26 8.11.40,13%4* T.98-40.00% ¢4
POV () 42.09-20.34 40,7740, 63 41.0040.57
MCV (i) 61.5640,17 69.514.0,39%%*  69.7010.46°**
MCH (pg) 19,33.4:-0.08 20,0740, 15%* 19,9540, 15%
MCHC (g/dl) 31.5240.09 26.88-0.24%%¢  28.6120.23%%*

BMean + SEM, Student’s ‘' test 3 °P < 0.05; **P < 0.01; ***P < 0.001.

bAbbrevigtions used ¢ dl, decliire=100 mi; fl, femtolitre =16-13 litre; Hb, huemoglobin,

MCH, meain corpusculat haemoglobing MCHC, mean corpuscular huemoglubin con-
centration ; MCYV, mean corpuscalar yolume; PCV, packed coll volume; pg, picogram=
15108 TREC, torz) erytirocytic count ; TLC, total leukocytic connt.

Biochemical analysis of bleod
Table 11l shows the effect of aldrin feeding for 48 hours on the various
enzymatic activities of rat blood serum. Almost all the enzyme activities

excepl for GPT, were significantly raised. The effect on AP activity was more
cavere as compared with AcP. Afier 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 und 15 %, respectively, The GOT activity wasthe most drastically
afected. The activity increased 100% 4nd 3699 after 24 and 48 hours of
insacticide feeding. The LDH and 1CDH sctivities also showed increase after
insecticide treatment. The LDH acfivity showed 46 and 78%; and ICDH
uotivity showed 6] and |35 %, increase after 24 and 48 hours respectively. The
CPK actlivity was affected only after 48 hours of insecticide exposure, when it
inreased 319 and was not significantly affected after 24 hours of aldrin
sdministration, Amylase, just like CPK, showed an increasc of 607 over the
control activity at 48 hour treatment. The ChE activity increased S8 and 889,
during the same periods, respectively (Table 11T).

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

Aldrin feeding
— Contsol 24 hours 48 hours
(o=8) (n=4) (n=4)
Ap (KAU/ 11674 0,162 17624 0.72%%% 28,11 1,12%%*
AcP (1(.&6131] 4.23% 0.20 5,30 0,384 4.85:1 0.16*
laso U(Sondl) 216.77-k 8,02 238 .824-10.75 327.2716.82%*
ChE (R Iml{i 24.371 1.42 38.404. 4.34% 45.75+ 4.7
K (SiU/ml} 9.0i £ 0.63 10,70+ 0.64 11,824 0.32¢*
ICDH  (SiU/m)) 243,181 14 sg 392, 4823, 05" ST0.26:144 . 0474
IDH (iU)) 465 .66.426.2 678.12:521, 10%%*  B27.63:425.55° 1"
5GOT U/ 2735 1.65 43,497 2, 40%%% 101,591 5.31%*~
SGPT (w{u 23,05+ 2.40 23.16== 1.81 23,6741 2.21
Bilirubin  (mgfdl 0,725 0.07 0.47% 0.03** 0.51 07
Cholasterol  (mg/d) 145.64+ 6.94 13534 6.75"** 119.064 5.33%+
Free amino acids (mg'dl) 7.264 0.19 6214 0.05%** 5,934 0.28**
Giucose  (mo/dl) 107.37x 3.36 119.99% 5.94 137,744 4.76%%*
Protein (g/dl) 7.30z 0.13 §-28-1 0.23%* 9. 18-+ 0.40%*
Urea  (mg/dl) 35,49+ 0,96 33.630 1,03 24.46= 1.54%*

TMean + SEM, Student’s ' test; *I'<0.05: **P<0.01; ***P<0.001.

'-sAhbreviqt!ons used : AP, Wkulin: phosphatase ; AuP, ucid phosphatase; ChE, cholings:
tecage : CPK, crestinephospho  kinase ; ICDH. lgocitrate debydrogennse; LDH, Tactate
deliydropenase ; SGOT, serum glutamate  oxaloncetate trenksminase 3 SGPT, serum
glutamite pyruvale rransamingse.

Definition of enzyme units : KA (King Armstrong) U (AP), liberation of 1 mg of phenul
in 15 minotes wnder the conditions of the fesl :)KAU (A<P), liberation of 1 mg of phenol
in 60 minutes under fest conditions ;  Sol (S wnlls), araoun: of enzyre digested Smg
of stareh in 15 minutes under test conditions ; RU (Rappaport units), amount of enzyme
that will liberate one micrumle of acotic &sid from scetylcholine in 30 minules under (be test
conditions; SiU (Sigma unils, for CPK), umouit UF o (nat will phosphorylate one
panomole B craating per minkie at 25 ¢ under the conditions of 1he test; $IU (for ICDH),
quantity of enzyme that will produce one. nanomole of NADPFH in ooe hoor under
vonditions of the fest; IU (international unit), tramsformation of one micromole
substrate In oné minute under the coenditions of the test,
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The serum proteins increased after aldrin treatment, while the FAA
decreased during the same period (Table T1I). The serum proteins
increased 13 and 269, while the FAA content decreased 14 and 18Y after
24 and 48 hours of aldrin treatment. The tilirubin, cholesterol and ured
contents decrensed during the same period afler insecticide treatment. The
bilirubin decreased 35 and 29% from control level of 0.72 40.07 mg/100 ml,
while the cholesterol content decreased 31 and 299 after 24 and 48 bours
of aldrin treatment, respectivelv. The urea content. initially remained un-
affected and showed 219 decrease after 48 hours of aldrin treatment. The
glucose content likewise decreased 12 and 289, after 24 and 48 hours of
uldrin administration (Table I11).

Biochemical analysis of liver

The hepatic enzymes were nol affected 1o that extent, =8 thoy 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 siguificantly
alteredd only after 48 hours of aldrin feeding (Table 1V). The control liver
showed 711 +0.28 IU/g GOT activity, which increased 18 and 257, 24 and
48 hours after aldrin administration. The LDI zefiviry, on the other hand,
decreasod 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 |V shows the effect of aldrin feeding on the various biochemical
components of liver other than enzymes. The nugleic acids (both DNA and
RNA) did not show any significant chunge after aldrin treatment, while the
total profeins showed 19 and 13 % increase during the same period ¢.e. 24 and
48 hours after aldrin ftreatment. The soluble proteins likewise, showed
increasa of 13 and 189, but conyersely, FAA content decreased 32 and 377
after 24 and 48 hours, respectively. The cholesterol content in control rat
liver was 7.6240,22 mg/g while the glucose conteat was 20.1440.53
mg/g- The cholesterol contents decreased 29% (24 hours treatment) while the
glucose coatents docreased 437 (48 hours treatment) after aldrin treatment
(Table IV).
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TABLE 1V ; EFFECT OF FUEDING ALDRIN MINED DIET (20 wgke bedy
welght'/ day) FOR A PERIOD OF 48 HOURS ON HEPATIC BIOCHEMICAL
COMFONENTS OF ALGINO RATS,

Coulrol Aldrin feeding
Parumelirs e et et -
24 hours 44 bours
(ne5) (n=4 (n=4)

?{wm 0:4060.18" 1.36:£0.17% 2.1820.05%*

T
38,,-,, 710,24 #.40.00,51 9. 110,56
arr 4
(TU/g) 7324068 /.88 0.55 10.21%1.22
ICDH
(X10° SiU/g) 11,3940,7% T30 31,2042 46
LDH
{(XTO" 1U/g) 56.5724-43 6h.2443.12 41.83+2.76
Cholesteral
(meg/g) 7.624:0.22 F.35L0. 80" 5.42+1.06
Fres amipo . _
acid (g2} 309,21 £18.13 273, 24410.51%%* 250.23220.274=>
Glucose
(me/g) 201.14£0,53 20.44£0.76 11.5740.20%+
Sol rotai
mu!l':;e i 111.18+5.08 125.41:410.25 142.17:£12,01*
Total protein
(mg/p) 199,23 46.11 237.3§%8.21** i74.02%10.58
DNA
(mg/g) 38410.44 2.9940.33 2.5410,45
RNA
(mg/g) 9.5340.55 10,44 %1.72 9.04 £0.75

Rpfean + SEM, Student’s ‘¢’ test ; "P<0.05: **P <0.01; ***P <0.001
For other details, seo Table IT1.

Histological structure of liver

Table V shows the effcet of aldrin feeding on various histological
parameters of male albino rat livers. The size of hepatic cell, its nucleus and
nucleolus increased tremendously afler insecticide treatment for a total
period of 48 hours.  The heparic cell size increased 33 and 41 %, respectively
after aldrin troatment 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/ntcleus 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) FOR 48 HQURS ON THE VARIOUS HISTOLOGICAL
PARAMETERS OF RAT LIVER

Aldrip fecding

Col trol
Pirametars 24 hours 48 hours
No. of cells!
field (n=9) 252-91’-“8.54“ 230,41 £6.24 21M2.65:L11.64*
No. of nuclolf
cell (n=90) 1.13:10.49 1.1620. 04 1.13£0.04
No. of nucleoll/
ninleus {(n=20) 1.4710.14 1,5240.08 1.53:+0.09
Size of cell : -
(% ; n=90) 279.7%:+14.24 375.26+12.68** 391 92:k1.84%%*
Size of nucleus
(V‘: ; n="90) 47,29 k2.0 68,0151 930" 62.05::1 834 %
Size of nucleolus .
(1 ni=Y0) 2.94:£0.26 S.520.35%*" 5.264£0.32%%*

BMiean 3 SEM, Student’s ' fest; *P> 0,05; **P < 0.00; *™P <000l

) Fa2
Histodagioa strueiute of narmal ral e, Nols (e portion of & hepazk: Iobuls, inear oore: (1] S wIGee Nt
of velly wnd e lw 7). Magniticarao; 1, 100, 2, FH00L Stain: Fematosyln anvd Eowe (M A B
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DaCIGHG otes (D) waatinialan, fulty ma@'lnmlio-”l.-ux hyn:?oph‘m cally |47 MagndTatiane X 5N & 257
i 14
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The hepatic cells, their nuclear and nuckolar hypertrophy after insec-
ticide treatment was obvious from Figs 3.6, The insecticide exposure for
48 hours had much more prominent ind drastic effectas compared to 24
hours treatment. Comparison of 1z 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 vacuclation, which was = typicnl sign of toxicity. In
certain cases u part of the liver iissve wis seen to develop fatly degeneration
and signs of necrosis (Figs. 4-6).

Effect of aldrin miixed diet (8 mg/kg body weightlday) administered for 15 days

Body welght and liver weight

The body weight gain in ratr decreased after administration of zldrin
at this dose. After a slight nensignificant 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, rospectively (Teble V). The RLW, which showed sharp rise
till day 6 of insecticide fooding, indicated signs of recovery (38 % increase on
day 6as compared with 14 and 199 on day 12 and 15, respectively) after that
period (Teble VI).

TABLE VI ; EFFECT OF FEEDING ALDRIN MIXED DIET (8 mu/kg body
weight/dsy) FOR A PERIOD OF 15 DAYS ON THE HODY WEIGHT AND
LIVER WEIGHT OF ALBINO RATS,

Aldrin feeding Percent body weight Relative Jiver
galnfday weight
Control (a=7) 0.520.4:0.039 2.7619.05
3 Day (n=4) 0.556+0.047 3.76:£0.18%%*
6 Day (n=4) 0,509:£0,041 3.82:40.14%*
9 Day (o=4) 0.3000.025% 3.49£0.11%
12 Day (n=4) 0.292£0.023%%* 3.18:40.12¢
15 Day (o=4) 0,2902:0.012%%* 3.2940.02% %

SMenn & SEM, Student's 'f* test; *P<0.05; YP <0.01, ***P < 0.001

Haematological studics

Aldrin administered for 15 days caused significant decrease in the
Hb contenr, RBC count and PCV (Table VII). The Hb content decreased
significantly from 6 days of aldrin treatment till day I5, continuously
when it showed 12% decrease. The RBC count was affected within
3 days of aldrin feeding, when 107, decrease was noticed, This count gradually
decreaved (22%) till day 15, The PCV was affected only after 9 days of aldrin
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feeding and continued to dacrease till day 15 (Table VII). The WBC on the
other hand, was conversely uffiected which increased 20% within three days of
aldrin treatment, This increase was regular till day 15, and reached upto 452,
The various other haemalological parameters such as MCV and MCH were
aléo siguificantly increased after aldrin treatment for 1§ days. The MCHC,
on the other hand, decreased during this treatment. The decrense Was gencrally
67% (Table V1I), which was quite significinl.

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

——

——

Parameters  Control Aldrin feeding
n—h 3 dnys 6 days 9 duys 12 days 15 duys
(n=1) (n=4) (n=3) (n=4 (=4
Hb (g/dl) 3.4 121 I2008% 1178 LLLE3* [1.48eee
+0.16  +0.19 1019 £0.18 +0.33 +0.19
RBC (X100 6,91 b5.24%" 6,02t LR P LLL 3,547 S a7
cells/{t) 012 20,09 +0.16 +0.14 0.1 +1.90
WBC .33 7.80 8.85¢° B.72%" 9, 60%" g.4n%"
olc)los collsl x0.52 £0.23 +0.32 1038 k0,49 0,44
® .
PCV (%) 43.23 42.84 42,97 41.93* 40,87%%% 40,614
040 0,35 #0258 +#0.33 +0.43 40,34
MCV (@) 62 64 GB.TOPMe  TL.4nse* 72.07%%= 72, 5]4%= 75, 70%%¢
046  £0,47 $1.47 =1,15 +0,83 2.94
MCH (pa} 18,48 20,294 20.06* 20,23 20,970 21.39%w=
+0.28  =0.04 0,22 +0.18 +0.31 +0.34
MCHC 30,15 29,5 24,06 28.09%%- 28,94 28,274
(g/dl) +0.36 0,23 +0.35 0,22 10.59 +0.23

IMean=SEM, Student's 't tast; *P=<0,05; “*P<0.0}; ***F<03.01
For other details, see Tabie |1

Biockemival analysis of blood =4
Table VII showed the effect of aldrin administered for 15 days on the.
various enzymatic activilies of rat blood serum.
Activitios of most of the enzymes such us AcP, AP ,amylase,
SGOT, SGPT, LDH end CPK increased after aldrin feeding., Usually the
increase in activity was accelernted with incremsing duration of insecticide

administration. Most of these enzymes were drasticully afiected within three
days of aldrin feeding. The AP nctivity inceeased94, 129, 240,278 and 368 %
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after 3, 6, 9, 12 and 15 days of insecticide feeding. The AcP activity likewise,
increased 115, 194,256, 142 and 105%, respoctively, during tho same period.
The SGOT aativity showed an increase of 136, 143 and 195 7; after 9, 12 and
15 days of feeding, The increase in SGPT activity was 88, 117, 73, 75 and
23% onday3, 6,9, 12 and 15 (Table VII). From amongst dehydrogenases,
LDH activity Was increasod by 39, 49, 96, 103 and 115%, while ICDH activity
decrcased by 41, 40, 11,23 and 227 during the sume observation periods.
The CPX activity also increased significantly (83%) after 9 days of aldrin

TABLE VIII : EFFECT OF FEEDING ALDRIN MIXED DIET (B mg/kg body
weight/day) FOR 15 DAYS ON VARIOUS BIOCHEMICAL COMPONENTS
OF RAT BLOOD SERUM.

Paamsters  Control ’ Aldrin feeding

(=T) 3 deys  Gdays 9days  [2days  15days

(ne=4) (n=4) (n=4) (n=4) (n=4)

MP 3.63' 7_82.00 |°_68... 11-92‘“ 8_77.00 7_45.0.
(KAU/dD +0.26 +0.38 +0.71 41 08 +0.49  +0.28
AP 8.57 16,649 19,58 20.15%%%  32.36%%% 40.09%%*
(KAU/d) 40,39 =2.14 41,60 +1.32 +2.59 +2.78
Améun 226.76 309,22%¢ 384.61%es 354,28  A29.62%*% 473,914
(SoU/dl) +14.45 +18.86 +18.11 £39.03 %2180  *41.47
ChE 34,77 24.00* 28.72 29.62 29.2% 32,21
(RU/ml) +2.34 +3.06 $2.56 +3.74 +4.17 +4,59
CPK 9.66 9.12 13,81 17.67%%%  14.76%*  18.870%
(SiU/ml) £0.60  =0.55 £2.37 .10 =115 +1.11
ICOH 428.76 254.36%%%  256.18%** 3R0.18%  328.66%** 335 u6*
{SiU/ml) +12.9 +9.25 +18.18 +15.48 415, +34.69
m}s 506.56  T02.48%=* 754.32%%*%  990.96%** 1029.24%** 1090.20%**
(/1 221,61 417,83 +25.35 +50.55 13851 +56.24
SGOT 27.80 25.74 34.12 65.74%%% 67.49°*% §1.99%**
(1) 148 +1.65 +3.83 +2.87 £2.63 +2.87
SGeT 22.39 41.99% 0 48.59%** 30.66%%  39.11%*  27.47
(o1 +1.60 23,16 *1.87 +4.06 +£2.91  £3.89
Bilirubin 0.76 1.87%% 1.67°* 1.34%%¢  1.20°% | .24
(mg/dl) £0.04 +0.11 4+0.24 10.11 +0.12  £0.07
Cholestero)  180.73 172,38 170.48 161.32 158.07  159.44
(mg/dl) +7.16 +7.37 19.17 £7.31 Ti5.84 £15.30
Free #mino 9.81 7.68%* 6.31%** 6.44%%%  6.35%%" 4.36%*
acids (mg/d) k0,14 £0.53 +0.39 £0.51 +0.42  #0.17
Glucose 129.60 94.61% 8.37** 68.87""* 9g.1s 96.08%
(mg/dl) +7.08 48.85 +5.43 +5.61 +5.07  +8.79
Protein 8.04 7.64 8.56 9.78% g,71%%  10.54"*
(g/d1) 40.21 £0,1€ #0.28 10.52  40.36 +0.44
Urea 33,56 42.9040% 42.50%* S1.44%  G7.76"°% S7.00%**
{mg/dl) £1.19 +2.36 £1.16 +3.31 +2.13  +2.95

WageanSEM, Stuleat's ¢* test; "P=<0.08; **P<0.01; S0P -~ 0.001,
For other detalls, see Table - 111,
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feeding, The maximum rise (957%) was after 15 days of intoxication. The
amylase activity likewise, increased within three days of insecticide
feeding. Theincreass was 36, 70, 56, 90 and 1097 after 3, 6. 9, 12
and 15 days of insecticide feeding, respectively. Cholinesterase Was the
only enzyme activity, which was least affocted by aldrin fesding. Except for
first 3 day observation, when its activity was decreased by 31%, all other
deviations were non-sigaificant (Table VIII).

Table VIIL also shows the effect of aldrin feeding on the various
biochemical components of blood serum other than enzymes. The bilirubin,
which is a breakdown product of hasmoglobin, increased 147, 121,77, 7!
and 642, after 3, 6,9, 12 and 15 days of insecticide treatment which also
indicated gradual recovery as the feeding was prolonged. The urea content
likewise increased 28,27, 53,102 and 70% during the same observation
period. The total serum protein content also increased, but thisrise was
significant after 9 days of aldrin feeding, when it was 22% more than the
control and showed maximum rise of 319 at 15day treatment. The FAA
content was highly sensitive and decreased 22,36, 34,35 and 567 after
3,6,9, 12 and 15 days of aldrin treatment (P<<0.001 : n=4). The glucose
content alko decreased prominently during the initial period but showed
slight recovery after 12 days (Table VIIL). The cholesterol content, however,
remained unaltered.

Biochemical analysis of liver

Most of the hepatic enzymatic activities and other biochemical com-
ponents were significantly affected alter oral administration of aldrin ata
dose of 8 ma/kg body weight/day for 15 days (Table 1X).

From amongst hepatic enzymes, the AP and ICDH activities increased
within three days of insecticide feeding. The hepatic AP activity showed an
increase of 80, 73, 133, 144 and 172°%, while the ICDH activity showed an
inerease of 121, 56, 132, 142, and 1009 after 3. 6, 9, 12 and 15 days of
aldrin feeding in both cases. The LDH activity was affected only at 9 and 12
days of aldrin feeding, when the activity was 23% and 189% more than the
control, respectively, The GOT activity was likewise affected afier 9 daysof
feeding (P'<0.01) and showed 186, 158 and 171% ingrease after 9, 12 and 15
days of in-ecticide fesding. The GPT aetivity, however, generally remained

umaffectod except for 3days feading observation, when this activity showed
about 37% increase over the control value (Table IX).
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Table IX also shows the effect of aldrin feeding on vaiious biochemical
components of liver other than enzymes.  The hepatic cholesterc! content decre-
ased significantly. This decrease 3,6, 12 and 15 days after insecticide feeding
was 66, 49, 65, 64 and 729, respectively (P<0.001). The glucose content, on
the other hand, increased alter aldrin feeding. The increase was 52, 78, 80, 98
and 1437 afor same durations of insecticide feeding, which ndicates gradual
induction of hyperglycemic c¢onditions in liver of rats. The sofuble proteins
did not show any significant change afler inseciicide treatment, The tota)
proteins, on the other hand, after initial decrease (19Y) during the first three
days gradually increase to 9, 19,28 =nd 339, on day 6,9, 12 apd 15 of
insecricide feeding, These changes were statistically sipnificant except 6 day
feeding observaticn. The hepatic FAA did not show any change unti| day 9,
when value increased by 539, and rise was maximum (57%) at 15 day treat-
ment. Amongst the nucleic acids the DNA contenl remained unaltered,
while the RNA content increased 50, 67, 92, 158 und 114 % after 3, 6, 9, 12 and
15 days of aldrin feeding ( Table IX ).

Histological structure of liver

Table X shows the effect of aldrin on the various histological
parameters of albino rat liver. The hepatic cells, their ruclei and nucleoli
were significantly hyperirophied. The degree of hypertrophy increased with
the duration of insecticidal treatment, The number of hepatic calls/microscopic
firld decreased accordingly. The number of nuclei/cell and number of nucleoli/
nucleus remained unchanged under aldrin intoxication except for the number
of nucleoli/nuclens which increased 25 % after 15 days of aldrin feeding.

That the hepatic cells hypertrophy, and that the hepatic nuclei and
nucleoli were also enlarged is abundantly clear from Figs. 7-15. The nuclei
were vesicular during the first three days of feeding (Fig. 8), but were
converted into irregular shaped condensed bodies during prolonged feeding
(Figs. 12, 13 and 17). The hepatic structure after 9 days aldrin feeding was mark-
ed by extensive vacuolation (Figs. 11-13). Most of the hepatic cells at
higher doses have extensive granulation in cytoplasm (Figs. 15, 17). Prominent
cyfoplasmolysis: appeared in the cells around nuclei which is evident from
large and clear areas arround the nuclei in the case of 6, 9 and 15 days of
aldrin treatment (Figs. 10, 12, 16 and 17).



24 §. 8. ALl AND A. R. SHAKOOR!

Fige7-"C

Husbohogrms wHaictiite of ool s e oo 2l ol tined Sl 100 3 Ways (7400 arcd B dayn M 100 Hole U chiknges
I necrnal lotuaar pattec 1,9) mommase = naatfer cells ard eragulnr chesr areas (A, remtio 20nes, slisotty o
gl is Lxim arid cland miwas iraume Fusiel (B30 Magrifeatines 7.9, 2590 8,10, 00K, Sfae H R




TOXICOLOGY OF ALDRIN

s -3
Vesiiegiea pireciure ol 1ol fver Jed 00 £3nn mised © ol fo= 9 duys. Norw I0e COARRe In-gamt lobu e 1o
ONGEY| NUMETHLE VNN CIASE e an (am STl WO 2 I 1imune 111 100 smegmalinn wid Bingda
shopesl o el (120 Magitcatine 11, 265 12, 100K St & K



26 S. 5. ALl AND A, R SHAKOORI

T
yiusalogreal v Jutise S 1At St W00 dionn.needt diet Tor T2 dals {1815 End 15 oy {16 17), NOlY Ihw
£honge (0 IGDs mophesogy, |14, Humber of angalec (o8 swpe) tlenl a'mus 1 1Me lizsien, hypotophtien
Collk 111) wedace cpocimamIz mesg b, ks dlnons ard staautar sleat ruic ol (1847). Mugallication
T BOR 15 17 P00 1E 28X Stin HAE



22

TOXICOLOGY OF ALDRIN

0070 > dese 100> das (6070 = dy 383 0, SA0APNIS TWHS T UBSN,

e IE0FG9§ = 1E0F80 ¥ PTOFLO Y BT OZECTP wPEOFOL Y TTO0F60°E
saaf0'TFRF 89 +4al0'TFOE 0L waalB 1FT9 60 wuufS IFTE 10 waell 1] EI'6E ELIFIS'TF

13998 OFEE'ETH  waaTP SEF00 TCHaeST LI TRY L0F wwnbi 6FTH 68F easI¥ LFEL6HE T 6-€0718T

(D6t 29))

snjospRnl Jo F48

©6=u 7))
RN J0 SIS

W06=1 )
1183 J005

(s =uj spapnu

€1 0F50°T MOFIL T B0 OFER ] SNTOTELT FIOTTET  OI'OFES] [eapng. o oN
= (g6=u) 11
POOFLET ECOFIT F0491°1 §00F0L 1 WOOFRITL £0°0T60° I [RPNE O ON
- (6=u) piu
ASEFRMELT  WbDIFIEFIR PCNITILRT  LSTIEST  60'8F05 gpg wALETHSULSE ¥ 3O “ON
$41p §1 skep ) ske0 6 sAEP 9 shep ¢
Fuipoay uupy [onues LI )ARIng
_ YHATL LYY ONTHTY 40 SHALTWVEVA AVOIOHOTIOLISIH SNOTEVA
HHL NO SAVA $1 303 (fepigdps Lpoq y/Sw §) 191G GEX{IN NIHOTV ONIGEEd 40 103448 - X 371Vl



28 §, 5. ALI AND A, R. SHAKOORI

Effect of aldrin mixed diet (2.5 mg/kg body weight/day) administered for a
period of 6-18 months

Body weight and liver weight

The total body weight gain of rats was significantly reduced after
feeding insecticide mixed diet at above mentioned dose for 18 month
period. Table X1 revealed 22.5, 34 and 33.6%, reduction in body weight gain
after continuous administration of aldrin for 6, 12 and I8 months, The
rat liver also showed signs of enlargement which was evident from the increase
in RLW of the animals. Initially at 6 month feeding period the liver :
body weight ratio remained unaffected, but after that 7.5 and 11.47, rise in
RLW was observed at 12 and 18 months of aldrin treatment, respectively

(Table X1).

TABLE XI : EFFECT OF FEEDING ALDRIN MIXED DIET (2.5 mg/kg body
welght/day) FOR A PERIOD OF 6-18 MONTHS ON THE BODY AND LIVER
WEIGHT OF ALBINO RAT.

Jm— - on

Parametery & months aldrin 12 months sldrin 18 mouths akirin
feeding experiment  feeding experiment feeding experiment

— e — — — e ———

Gootrol Alrinfed  Control Aldrinfed  Costrol Aldrin fed

(0=6) (n=3) (n=4) (n=3) (0=6) (n=3)
Ferceat body weight  0.675°  0.523 0.593 0.390 0.512 0:340
gain/day +0.053 40220 40050  £0.017 +0,021 40,026
Relative liver 2,58 2.59 2.64 2,64 237 2.64%
waight +0.05 +0.01 +0.07 0,03 +0.08 40,07

)\ toan+SEM, Stadent's 4 test; *P20.05,

Haematological studies

Table XI1 shows the effect of long term feeding of aldrin on the various
haematological parameters of male albino rats, The Hb content, RBC
count and PCV decreased afior long term feeding. The Hb content
decreased by 29-30%, the RBC count by 15-18%, while PCV by 59%. The
WBC count, as in other typical insecticide exposure cases., increased by
5.11%. Table XII shows a distinct increase in MCV and MCH in all
treatments, while decrease in MCHC was non-significant after aldrin treatment.
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Biochemical analysis of blood

Table XIII depicts the effect of aldrin mixed diet administered for a period
of 618 months on the various enzyme activitiesin blood. From amangst two
phosphatases, AP was found to be the most sensitive one. This enzyme
showed 2.3, 4.0 and 2.9 fold increase after 6, 12 and 18 months of aldrin
feeding, respectively. The AcP, on the other hand, showed 977% increase ut
6 month, but did not cause any significant deviation after prolonged aldrin
feeding for 12 and |18 months. The SGPT activity was increascd significantly
by 1977 after 18 months of aldrin feeding. The SGOT aclivity, on the
other hand, showed significant increase of 102 and 47% afer 6 and
12 months of aldrin administration, but showed 32% decresse during 18
menths of aldrin feeding. The dctivities of LDH, ICDH, CPK and amylase
were also drastically increased afier aldrin feeding. As ir obvious from
Table XIIi the LDH activity showed 129, 59 and 46.5% increase,
ICDH acuvity 15, 57 and 33.5Y% increase and amylase activity S2,
B.5 and 407 incredase over the respective controls after 6, 12 and 18
months of uldrin feeding. The ChE activity wits raised 27 % after 18 months of
insecticide intoxication.

From amongst the several other biochemical components tested, the
glucose, uren and protein contents increased, while FAA contents showed
significant dzcrease when compared with the control serum. The bilirubin
content decreased by 37% in the first 6 months of feeding but were remained
unchanged during subsequent prolonged feeding. The choleseral content,
on the other hand, were significantly lowered after aldrin feeding. The de-
cline was maximum at 12 month toxicant feeding (Table XIII),

Biochemitcal analysis of liver

Table XIV shows the effect of long term feeding of aldrin on the hepatic
enzyme activities. The various hepatic enzymes viz. AP, GOT, GPT, LDH
and JCDH were raised after long term acministration of insecticide, The
increase in AP activity was 68, 71 and 76% afler 6, 12 and 18 months of jn-
secticide administration. The GOT aclivity was increased 44, 38 and 92°%,
while the GPT activity was increased 72, 62 and 169, when compared with
the respective control activities. The LDH and ICDH activities behaved
in the same manncr. The LDH activity showed 31, 27 and 45% increase,
while ICDH activity increased 68, 23 and 71% after 6, 12 and 18 months
of aldrin feeding (Table XIV).
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The changes induced by long term feeding of eldrin on the various
biochemical components of rat liver, other then enzymes, are shown
in Table XIV. The soluble protein contents increased ofter inseciicide
feeling, This increase was 36, 33 and 17% after 6, 12 and 18 months. The
total hepatic protens decreased 27% during the first 6 months, but shewed
41 and 6% increase on further extending the insecticide sdministration for
12 and 18 months. The FAA contents comversely, showed a constant de-
crease of 21,14 and 109/ during this period. The glucose content likewise
showed consistent lower values in insecticide treated liver. This decrease
was 38, 20 and 3527, The cholesterol content remained statistically und
affected through out the 1§ months experimental period.

Both the nucleic acids contents were affected after aldrin feeding. The
DNA. although showed lower values in insecticide treated groups, but these
were statistically non-significant. The RNA content also decreased
after insecticide feeding. This decrease was 53,45 and 519 after 6, 12 and
18 months of aldrin feeding (Table XI1V).

Histological structure of liver

Table XV shows the effoct of long term feeding of aldrin on the
various histological parameters of ratliver. The insecticide treatment was
mirked by hypertrophy of hepatic cells, their nuclei and nucleoli. An
increase in hepatic cell was 48,29 and 104Y% after 6, 12 and 18 months of
aldrin feeding (n=90). The hepatic nuclei likewise showed 39, 40 and 70%
increase and nucleolar size increased 11, 16 and 34 % during the same period.
Concomitant with change in the size of cells, the number of cells/micro-
scopic field decreased in different insecticide treatment groups (Table XV).

Figures 20 and 21 showed hepa ic structure affer six months of aldrin
feeding, while Fig. 22, showed histological structure of liver of 12 month and
Figs. 23-24 that of 18 month feeding experiment. Figures 18 and 19 showed
histological struciure of liver of untreated rats. Although the general
hepatolobular architecture is maintained throughout the cxperimental period,
the hepatic cells were distinctly enlarged (Figs. 21, 22 and 24), Majority of
the nuclei were converted into condensed bodies, and several darkly stained
granules appesred in the cytoplasm, most of which were now marginaied
leaving clear spaces ( =vacuoles ) hetween the nuclei and marginal cytoplssm,
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In several cases the nuclear shape was distorted which is a sign of
nuclear degeneration (Figs. 20-24), Kupffer czlls became extensively enlarged
in almost ull treatments (Figs. 22, 24, 25).

DISCUSSION

Body welght and liver weight

The body weight gain, in general, was reduced after aldrin feeding.
In ope short term experiment the rats wore exposed to aldrin for 48 hours
only, therefore no significant change in the body weight gain and RLW
could be recorded. When aldrin was administered for 15 days and 18 months
the body weight guin showed reduction, while RLW increased significantly.
Several workers have concluded that action of aldrin and dicldrin is almost
similar in apimal systems, due to the fact that aldrin in living systems in con-
verted into its epoxide, dieldrin (Ghigsuddin and Menzer, 1976 ; Wolff' et al.,
1980; Kurihara ez al, 1984; Long ¢ral., 1986). The decrease in body weight
gain after administration of insecticides was frequently reported (Argyle
etal., 1975; DBlus, 1978 ; Shakoori eral, 1988), Howcever, Fitzhugh ef al.
(1984) did not observe any change iv growth of ratsfed 0.5-150 ppm aldrin
for 2 years. The reduction in weight gain is an important indicator of
metabolic abnormalities inside the body due to effect of certain toxicant. In

this case the energy reguirement of the body may be increased for the induc-
tion of body’s defence meschanism to detoxify (he toxgicamt compound.
Under these circumstances first fat and then protein may be mobilized to
fulfil the body needs which may result in reduced weight gain. Ipncrease in
RLW showed liver enlurgement (fypertrophy) which is a typical resporse of
liver to fareign toxic compounds (Fitzhugh era/, 1964, Virgo and Bellward,
1975; Wright o al., 1978; Singh er al., 1985).

Haematological studies

All the haematological parameters tested behaved exactly i the same
way, irrespective of the dose and duration of aldrin administration,
The Hb content and RBC count decreased in all experiments. The Hb
content decreased 11-12% in short term exporiment I, 8-12% in short
term eoxperiment 11 and 9-14% in long term experiment. The RBC
count decreased 149 in short term  experiment 1, 10-22% in short term
experiment II over a period of 3-15 days and 15.J8% in long lerm
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expérimen! over a poriod of 6-18 months, The insceticide freatment fias
repeutedly been found o caure W decrease In HE content and RBC count
(Ali and Shakoori, 1981 ; Shukoorl and AV, 1982 ; Shakoori eral,
1988), The decremsed synthesis ¢f Hb and slower activity of hremuto-
poictic tissye under the influence of aldrin may cxplin e low
values of Hb and treakdewn of RBC. Bhatenpar of of. (1980) has shown
that more than 75% workers in a pesticide {actory wereanaemic,  Quyyum
and Shami (1983) has resorted 1hat 5, 50 und [00 ppm  aldrin trectment
to fish produced a decline in ervthroeyle eount, HL  concontradon  and
haematogrit (PCV) values. Decreased Hb, FCV and RBC count cevurred
after 1.0ppm dicldrin feeding for 2 years (Waltker eral., 1968). The PCV, on
the other hand, remained unaffecied in short term experiment [, and until day
9 in short term experiment 11, when it was decreased 3 % and further falls down
to 6% after 15 days of aldrin feeding. In lomg term cxperiment (he PCV (ecreas-
ed 5-9% over aperiod of 6-18 mouths. This decrease in PCV may be attribuled
¢ither to decreased cellular content and or increased liguid (plasma) content,
mainly the water, Leukooytic (WBC) count shows typical response to insecticide
treatment. This: count was raised in all experiments but increase was prominent
in both short term experiments which was 2528% in 48 hours experiment,
and 19457 in 3-15 day feeding exyeriment. In long ferm experiment the WRC
count showed 119 significant increase, afrer 12 monils of aldrin feeding which
is comparatively a little change. The MCV and MCH values increased under all
experimental conditions. The increase in MCV was 13 5 after feading 20
mg aldrin/kg body weight for 48 hours, while it was 10-21%, in the second short
term expetiment. In long term experiment the inerease in MCV  ranged
between 9-12%: The MCH showed muximum increase (6-13%)in 15 day
feeding experiment, while this increase in 48 hours feeding oxperimenl was
349 and in long term feeding experiment it was 5-8%. The MCHC was
nonsignificantly decreated in Jung term experiment. bui was decreased signi-
ficantly (8-9 %) in the first short term experiment snd 67 in ke second short
ferm experiment. The patterns of changes in MCH, MCV snd MCHC
suggest that anemis produced by aldrin infexication was macrocylic and
hyperchromatic type.
Blood serum chemistey

Unider hepatotoxic conditions, which normally onsue after aldrin
(peitment, thie onzymes of hepafic cell apparcntly tend fo leach out and

’
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sccumulate in the blood for some time, until they were cleared from the blood
hy further melabolic process or degradation (Krample and Hladka, 1975),
Almost all the enzymes tested inthe present studies were elevated except for
ChE and ICDH, which behuved diffecently under differen! experimental con-
ditiens, Tn short term experiment, whenaldrin was administered @20 mg/kg
body weight for 48 hours, all enzymes showed elevated activities excopt for
SOPT, which remained unaltered. The amylase and CPK aclivities wore not
significantly deviated after 24 hours of feeding, but showed 609, and 319,
Increase respectively, after 48 hours of aldrin feeding,  From amongst other
enzymes, SGOT showed maximum increaso 4., 100 and 37% ofter 24 and
48 hours of insecticide feeding. This increate in AP activity was 51 % and
141%,in AcP it was 26% and 159, in LDH it was46% and 78°%, in ICDH
it was 61% and 1359 und ChE activity was increased 587% and 887,
respectively in 24 and 48 hours feeing experiments,

7

In the second shortferm experiment, in which a dose of 8 mg/kg body
weight/day was administered for 15 days, il the cnzymes generally demons-
trated the same trend, as in the first experiment, excopt for ChE which did not
indicato any change at this dose. Of all the enzymes tested AP, AcP, SGOT,
LDH and smylase activities increased tremendously, The amylasc activity
was increased 36 % after 3 days and 109 % afrer 15 days of continuous feeding.
The AP activity increased 94%, after 3 days of feeding and increased 368 %
after 15 days of feeding. The AcP activity increased 115, 194, 256, 142 and
1059 afrer3, 6, 9, 12 and 15 days of aldrin feeding. The SGOT activity was
not affected until day 9, when it showed 137 increase, and which shot upto
195 % after 15 days of continuous feeding. The SGPT activity, which was not
altered in the 48 hour feeding sxperiment, increased 88% 117%, 73% and
75%; after 3, 6, 9 and 12 days of feeding. The LDH activity imcreased 397
after 3 days and 115% after 15 days of feeding. The ICDH activity, on the
other hand, was decreased, respectively, 41,40, 11,23 and 229, after 3, 6,9, 12
and 15 days of insecticide feeding. The CPK activity increased 83 and 53%
after 9 and 12 days of aldrin feeding.

In the long term experiment the extent of elevation of enzvme activities
was not of (hat level as in short term experiments except for CPK activity,
which increased 3.1 fold, 3.4 fold and 3.5 fold after aldrin feeding. Like short
term experiments, the aciivities of all the estimated enzymes elevated after
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aldrin feeding. Tho amylase activity increased 40-52% afier 6-18 monthsof
feeding, The increase in AP agtivity was 2.3 fold, 4 fold snd 2.9 fgld, whilein
AcP this increase was 97 %, 11 % and 159, after 6, 12 and 18 months of feeding,
respectively. Both transaminuse activities likewise raited. This increase was
102, 47 and 329, for SGOT and 50, 12 and 197 %, for SGPT after 6, 12 and
18 months of aldrin feeding: The LDH activity also increased significantly,
while the increase in ICDIT aclivity was §7% and 33"/ after 12 and 18 moths of
insecticide feeding. The ChE activity was raised (279%) only after 18 months
of continuous feeding.

The raised enzymatic activity, especinlly of liver function was therefcre,
direct indicator of disturted liver functien (Fitzhugh er al, 1964 ; Gertig eral,,
1971 a; Shakoori ef al. 1984, 1988). Tke response of ull these dases of aldrin
on the activity of blood serum eazymes has keen fairly uniferm.  Although
aldrin was metabolized in the iver into dieldrin (Ghiasuddin and Menzer,
1976 ; Wolff et al., 1980), the sensitivity of different enzymes to aldrin treat-
ment has been clearly manifested in these oxperiments. In dieldrin freated
groups, the CPK activity was not seriously aliered in both short term experi-
ments and remained unaltered inlong term experiment, while a distinet increese
has been reported in the cace of aldrin-treated blood serum which was an
indicative of some kind of muscular doamnege or degeneration. The CPK activity,
therefore, was inhibited or has a tendency to be inhibited by dieldrin (Williams
and Casterline, 1970; Hendrickson and Bowden, 1976 ; Mouany and Pocker, 1979).
The SGPT activity likewise was not drastically sffected in short term experi-
ment I, and hus no effect in the case of long torm experiment with  dieldrin,
However, increase was significant until duy 12 in second shott term experiment.
So in aldrin feeding the SGPT activity was comparatively loss affected,

Gertig ¢z al. (1971b) reported incresse in both transaminases (SGOT and
SGPT) in human serum afier aldrin  feeding, while in porcine serum
only SGPT was ¢levaled and SGOT was inhibited. Gradual increase in SGOT
and SGPT activities after aldrin intoxication in goats at different dose levels
was also observed by Singh ef al. (1984, 1985). Both phosphatases (AP and AcP)
prominently increased in both short term and long term experiments, except
that AcP at 12 and [8 months of aldrin feeding which remained unaltered.
Alkaline phosphatase is an important enzyme in the body and it takes part in
the number of physiological activities like splitting of various phosphato esters at
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alkaline pH, {ransphosphorylation and protein synthesis. So alterstions in
ils netivity indicale wide range of metabolic abnormalities in the  body.
Elevated AP, AcP and gluchse 6-phosphitase activities in fish with peak values at
20 days exposure were reported (Gupta wnd Dhillon, 1983), Acid phasphntase is
a lysosomal enzyme and increased in response to cell damage or cell death. In
injured tissues its increase indicates o prenecrotic change, Cholinesterase activity
incregsed in short term experiment ! and at 18 month feeding period in long
term experimont, while decreased in chort torm exporiment I1at 3 day leeding
levol,  Significant inhibitien in ChE sefivity was also reperted with akdrin
and other pesticides by Bhatnsesr er ol (1930) and Basol eral. (1984) in
pesticide factory workess and other animals. Irrespective of the change,
the alteration in ChE activity produce & lack of co-ordination in the metaboliv
pathways and variety of other symptoms in animal systems (Stivastava and
Singh, 1981), The sctivity of other enzymes have the same pattern as
ebserved with dieldrin, (Shakoori and Afi, 1989), The only exception was ICDH
activity which was significantly lowered in the short term cxperiment 1T and
glevated in other oxperiments, while in dicldrin trestrert the ICDH activity
showed a regular increase in all expetiments, This indicated that zldrin in
this experiment affects the mitochondrial oxidation in different waoys than
dieldrin, However, further experimentation i3 required to confirm s
statoment. Increase of hepatic enzyme activities under the influsnce of aldrin hes
also been reported with reference o several other enzymes, othor than being
reported here for LET, Anastasi and Bennister (1980) have reported that aldrin
stimulated mitochondrial enzymes like muscle pyruvate kinase, LDH and
malate dehydrogenase, but inhibited mitochondrial enzymes like cytochrome
oxidase in fish.

Besides various enzymatic activitics, other biochemical components
of blood serum have also heen varicusly affecled by aldrin treatment. The
bilirubin content decreased in short lerm experiment | and in long term
experiment at 6 months trestment, while showed significant increase in 15 day
treatment. However, the pattern Showed the signs of recovery in this 15 days
aldvin feeding experiment, Increase in bilitubin was also reported by Enan e al.
{1982). The glucose also behaved differently in different treatments. Itshowed
incresse m 48 hours treatment and at 6 and 12 moath treatment after strong
and weak dose administration, while decreased in the |5 days experiment.
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The peak value wrs observed at 9 days of continuous aldrin lzeding after which
the content decréased graduuliy until day 15. S¢ the aldrin treatment at
diffsrent dose levels and durations produced hyperglycemia as well as bypogly-
cemia. Liverand muscle glycogen and Blood glucose was reduced at 0.01 %
aldvin concentration within st 30 doys of administration (Mahajen and
Sharma  1984). Bilirubin demonstrated similar type of behaviour. The
significance of this irregular hebaviour of glucose znd bilirubin after aldrin
intoxication was not clearly understood. Srivastava and Singh (1981) reporfed
the hypo - aud hyperglycemian in the same group of experimental animals at
different treatment durations at une dose level. It wus not confirmed that if the
aldrin has different mechanism of action under different conditions of dote and
duration, The FAA and cholesterol contents decreased in almost all aldrin
feeding exporiments.  Similar findings were obtained in dleldrin feeding
experiments (All end Shekoor!, 1988). The choleslescl content, although showed
& decrose in 15 day aldrin feeding experiment but il was non-significant, The
decrease in FAA content revealed either their incerporation in the protein or their
utilization #s enerpy source through glouconeogenesis and other processes. Con-
sideruble variation was found in serum cholesterol and protein contents after in-
secticide feeding @ (.1-1.0 ppm (Banp, 1982). Decrease in serum cholesterol lovel
in the proseat study may be due to decreased synthesis which in turn may be due
to the defficiency of precursor compound (acetyl co-enzyme - A) partly in the
glucose doficient eavironment and partly due 10 exira needs of energy for the
body to detoxily the wxic compound. The increass in vrea content in our results
was possibly reslut of ephunced amino scid catabolism for enstgy needs
of the body, Enan et al. (1982) have also found similar results in rats treated
with different chlorinuted compounds, Profein conlent of the serum also
remained clevated in ol experiments] conditiun.  This condition indicated liver
cell damage (Enan es of, 1982) in which excess of globulin was released by
the liver cells (Vadey ¢rh, 1980). Gluth and Hanke (1985), however, did
not show any increase in serum protein contenis of fish alter aldrin intoxication
but on the other haad they showed signincant decrease in protein and
cholesterol  contents which was muost promingat in the later part of the experi-
ment rather then theinjtial. Skalsky and Guthrie (1977) have also shown
binding of dieldrin with profeins of rat blood. According to Iatropoulos
et al. (1975) the dieldrin is quickly absorbed and transported (o the liver of

Sprague Dawley rats. Only & portion is metabolized and excréted.  The major
portion is redistributed and stored in adipose lissue.
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Liver biochemistty

The changes in the parameters of liver function tests are actually
reflaction of changes in the liver structareand chemistry (Al and Shakoori,
1981 ; Shakoorieral, 1982, 1988 ; Shakooriand Haq, 1957 a,b). All the
hepatic enzymes tested showed raised aclivities afier sldrin treatment. In
short term experiment I, in which aldrin & 20 mgfkg body wicght was
administered for 48 hours, the GOT, GPT and LDIT activities were not
afTected until 48 hours, when all their activitics increas 289, 407 and 26 %
after aldrin treatment, The AP aclivity appeared to bz more sensitive and
was incrented 699 and 17% after 24.and 48 hours of aldrin feeding. The
ICDH activity was not affected at all

Ia the second short lerm experiment the ICDH activity was conside-
rably increased by 121 %, 567, 1329, 142% and 100% after 3,6,9,12 and
15 days of feeding @& 8 mp/kp body weight/day for 15 days. AP activity
was drastically incressed, which was 80, 73, 133, (44 and 1627, respec-
tively. after the same durations of aldrin feeding: The GPT activity was
not significantly allered. while hepatic GOT activiy showed 14, 97, 186,
76 and 1717% increase after 3, 6, 9, 12 and 15 days of aldrin feeding.
The LDH activity was also sigaificaotly increased after @ and 12 days of
insecticide 4dministration.

Tn long term experiment the activities of all hepatic enzymes were
significantly increased. The raised enzymatic levels in blood are attributable
to liver damage under pathologion] conditions, while their low levelsin blood
cauld either be because of great regenerative power of liver as a result of
which lsaching out of the enzymesin blood serum becomes minimal, or due
to the biosynthetic activity which implies routing of all the biochemical com-
ponants towa~d: this activity (Rosen and Nichol, 1963 ; Knox and Greengard,
1965 ; Bhetia ef af., 1972b, 1973) in liver. The raised enzymatic activities in
the liver, on the other hund, may be due to induction of enzyme synthesis
(Street, 1969 ; Kimbrough eral., 1971; Krample and Hladka, 1973), while
their low levels could either be becavse of enzymatic inhibition (Hendrickson
and Bowden, 1976 ; Meany and Pocker, 1979) or due to liver damage without
any regencration.

Besides varicus enzymatic activities several other biochemical components
of the liver were consideied to gseertuin hepatotoxicity, The cholesterol
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content decreased under all circumstunces. [In short lerm oxperiment I, the
cholestero]l content decreased 297, whilein 15 day feeding experiment the
decrease was 66-72% after 3-15 days of feeding. When feading of aldrin
was extended for 6-18 months, the cholesterol content remained unchange.
The decrease in cholesterol in both short term experiments was also reflected
in the blood, Decressed cholesterol in both blood and liver gave the idea that
aldrin foeding genorally lowered its synthesis atleast in existing conditions
of dose and duration. At the same time, the increased rate of excretion can
not be ruled out. The glucoss content behaved dilferently under different
experimental conditions. In short term experiment the glucoss content decreased
43%, while in long term cxpetiment u decremse of 3E-527 was recorded.
Tn 15day feeding experiment the glucose content showed a gradual increase
after aldrin feeding. The FAA content, likewise behaved almost in the same
way when compared with glucose. The increase in glucose and FAA in
15 day aldrin feeding experiment indicated either decreascd utilization or
increased rate of their synthesis. The soluble prolein contents were not
altered in 15 day feeding experiment, while about 29% increase was found in
short term experiment I gnd in long term feeding experiment. A distinct
inerease in the total hepatic protein content was observed under all experimental
conditions. The decreased cholesterol level, increased glucose and wltered
FAA contents were indicative of hepatotoxicity and corroctive measures Lo
agquire more epergy by raising level of glucose and increased protein synthesis,
The increased hepatic soluble proteins alongwith serum protein in short term
experiment T and in long term experiment confirmed that protein synthetic
activity of liver alsa increased perhaps for regeneration purposes afier insecti-
cidsl damage. The nopsignificant incresse in hepatic protans in 15 day
experiment may be due to hepauc injury with out regeneration. The incroase
in total liver proteins was responsible for increased liver weight afier aldrin
intoxivution, Increase in liver total protein afier dicidrin feeding was
reported by Wright ef al, (1978) which according to him was due (0 increase
in mictosomal and soluble fractions.

Nucleic geids content

The DNA content remained unaficoted after aldrin treatment, while the
RNA content increased following 15 days of feeding nidrin mised diet @8
mg/kg body weight/day. This increase was S0, 67, 92, 158 and 1137, at
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3,6, 9,12 and |5 duys of ferding. In the long term experiment, however, the
RNA content decreased 51-33% after 6-18 months of aldrin feeding. The
increased RNA conteal should eveniunlly Jead to incressed profein content,
while its decrease indicuted disfurbed (ranseription  process or rapid
breakdown of RNA. This probably originates from hepatic necrosis, which
i+ also indicated by raited enzymatic jevels in blood serum due tocell damage,
ln diekirin freated rats siso, the DNA content resists the effects of the
jnsecticides, while the RNA content increased at the same time (Shakoori er al,,
1982), Hall (1980) hus etudied biological interuction of aldrin with the nuclear
DNA of human fibroblasts, Roechi ¢r al. (1980) studied action of aldrin on
DNA synthesis with a short term iz vitro system using rat thymocyles and
found that it does not induce damage to human lymphocyle DNA. In swine
kidney cells (IBRS 2 cells) the cellular protein, RNA snd DNA content
decreased, when exposed to 0.1-100 pg/ml of aldrin (Rudiriguss and
Puga, 1979).

Liver histalogy

All the sbove biochomical fiadings are reflected in the liver histological
structare due to chemicsl toxicity, The appearance of vacuojes and hypert-
rophy of cell and its inclusions are the typical signs of hepatotoxicity, Inspite
of the fact that bicchemical state predicts mild necrotic region, this 15 #pparent-
ly not substantiated by the hisiological studies. Singh er al. (1985) did not
find any severe pathology in the liver of goats fed aldrin for 21 days except
some disorganisaticn of cells around the central vein. Histopathological
changes induced by aldrin (10-25 ppm) were chacacterized by damaged cells,
vacuolar degeneration of their cytophesn, localized necrosis, parenchymasl
degeneration and nuclear displacement (Mathur e al., 1981). These results are
also inagreement with the results reperied in this study.

Although the number of nucleijeell und number of pucleolifnucleus were:
not drastically altered, but the size of Lepatic cell, its pucleus and nucleolus
increased considerably. The hypertrophicd cell, its nucleolus and nucleusisa
typical response of hepatic cells to xenobiotics exposure. Moderazely increased
vacuolation, enlarged centrolobular hepatic cells were alzo shown by 50-100
ppm sldrin feeding (Fitzhugh e? al., 1964).

The carcinogenic potential of aldrin in mice, which has so frequently been
reported in the previous literature (Davis and Fitzhugh, 1962; Fitzhugh e al,
1964 ; Rouber, 1975, 1976, 1977; David, 1979) was not seen in the present
studies.
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