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Serum tissue lipids were analysed to determine the suspected role of
dietary oils in combination with some chemicals on induced hyperlipi-
daemia in rats. Mustard and rapeseed oils were observed to increase

triglyceride levels of tissues

as well as blood. Trace elements like

Vanadium and pollutants like DDT were found to have an effect on these
alterations while cobalt was seen to decrease triglyceride level in the heart.
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Introduction

The effect of dietary oils on lipid meta-
bolism has been studied by a number of
workers (Gopalan et al. 1974, Beare-
Rogers 1976, Hulan et al. 1977, Bhatia
et al. 1979). Various edible oils like
mustard oil and rapeseed oil are
widely used in Bengal. The consump-
tion of these oils could be associat-
ed with hyperlipidaemias, especially
as the incidence of coronary and
cerebral atherosclerosis appears to be
significantly high in this region. Mustard
oil and rapeseed oil, due to the presence
of high contents of erucic acid, increases
different lipid fractions of heart
tissues of rats and monkeys (Beare-
Rogers et al. 1972, Gopalan et al. 1974,

Hulan, etal. 1977, Beare-Rogers 1976,
Roy etal. 1979). Feeding of large
amount of rapeseed oil to laboratory
animals has been reported to cause
growth retardation and some changes in
the testes, adrenals and liver and early
cardiac lipidosis and later myocardial
necrosis or fibrosis (Roine et al. 1960,
Abdellatif & Vies 1970a, 1970b, Beare-
Rogers et al. 1971, 1972, Roquelin
1972, Vogtmann et al. 1973, Bramer
et al. 1973, Borg 1975). Gopalan et al.
(1974) attributed the myocardial changes
in monkeys fed mustard oil to the harm-
ful effects of high amount of erucic acid
in the oil.

Hyperlipidaemias caused by diet are
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however influenced by the genotype and
ancillary factors like exercise, body
weight, trace elements and hormones.
This paper reports the effects of trace
elements and pollutants on hyperlipidae-
mias induced by dietary oils.

Materials and Methods

Male albino strain of rats (Rattus norve-
gicus) of 6 weeks age, laboratory-bred,
were used. Animals were kept in standard
aluminium cages with fresh water
supply and special diet prepared in the
laboratory. Altogether three sets of ex-
periments comprising of 90 rats were car-
ried out. In each set there were 10 rats
and bhalf the number (5) were kept only
on standard diet containing one of the
three oils and the remaining 45 rats were
subjected to treatment with either of
the three chemicals viz., DDT, CoCl,
10 mg/kg body weight, or Vanadium
pentoxide 3 mg/kg body weight for Ist
week. 4 mg/kg body weight during 2nd
and 3rd weeks, together with standard
diet. All animals received diet and che-
micals for 21 days. The standard diet
consisted of protein, fat and adequate
amount of vitamins and minerals. Drin-
king water was given ad /ib. The animals
were weighed immediately before they
were put on the diet. On completion of
21 days on diet and chemicals, the ani-
mals were sacrificed under general anaes-
thesia after recording final body weight.
The liver and heart were immediately
removed, weighed and preserved at
-20°C.

Electrophoresis of serum lipoprotein

Electrophoresis of heart blood serum was
carried out by polyacrylamide gel disc
electrophoresis technique following the
procedure standardized earlier by the
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authors (Bhattacharya & Talukder 1973)
and the lipoprotein bands were compared
and studied. A three gel method was
used.

Thin layer chromatography of tissue lipid
fractions

The extraction of lipids from heart and
liver tissues was done within 15 days of
collection, following the procedure of
Folch et al. (1957). The solvent contain-
ing tissue lipid extract was used separa-
tely for the determination of total lipids
by biochemical methods and the different
lipid fractions by thin layer chromato-
graphy.

Determination of total lipid of rat liver
and heart tissues

The total lipid content of the tissues was
estimated by the method of Frings
et al. (1972).

Results
Polvacrylamide disc gel electrophoresis

The serum electrophoretic lipoprotein
patterns of rats fed diff2rent oils showed
normal lipoprotein bands in all the cases.
The bands were som2what more enhanced
in B- and pre-B regions in mustard oil
and rapeseed oil fed rats as compared
to the rats kept on groundnut cil. With
the addition of chemicals, the bands
were found to be increased in case of
CoCly treatment. In some the pattern
resembled type Ila hyperlipidaemia
(Frederickson et al. 1967).

Total lipids and fractionation by thin
layer chromatography

Quantitative estimation of heart lipids
showed that there was increase in free
cholesterol, free fatty acid and triglyce-
ride content and total lipids in the rats
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fed mustard oil and rapeseed oil as
compared to rats fed groundnut oil with
no significant increase in phospholipid
values (Plates 1.1, 1.2, 1.3).

In heart tissue of rats fed with and
either of the three dietary oils, free
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Animals kept on CoCly and groundnut fed groundnut oil and three different
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lipid fractions except phospholipid when
compared to animals fed groundnut oil
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. . . Figure 2 Heart tissue lipid fractions of rats
Liver tissue of rats kept on mustard oil fed mustard oil and three different chemicals

and rapeseed oil showed small but for 21 days
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Figure 4 Liver tissue lipid fractions of rats
fed groundnut oil and three different
chemicals for 21 days
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insignificant increase in free cholesterol
and ester cholesterol as compared to those
fed groundnut oil. Triglyceride content
of liver of rats fed mustard oil and rape-
seed oil increased significantly as compa-
red to that of rats fed groundnut oil.
Increase of phospholipid and total lipid
content was found to be insignificant.

Liver tissues of rats fed groundnut oil
and DDT showed higher free cholesterol,
ester cholesterol, triglyceride and total
lipid values than that of rats fed corres-
ponding oil alone. Liver tissues of rats
fed mustard oil and DDT, rapeseed oil
and DDT showed slightly higher values
of free cholesterol, free fatty acid and
triglyceride and lower values of phospho-
lipids as compared to tissues of rats fed
corresponding oils (figures 4-6).

There was almost no change in lipid
fractions of liver tissues of rats fed
groundnut oil and CoCl; from that of
rats fed groundnut oil only. Free and
ester cholesterol and triglyceride values
in tissues of rats fed CoCly and mustard
oil were somewhat lower as compared to
the corresponding liver tissue of rats fed
oil alone. Free and ester cholesterol, free
fatty acid and triglyceride showed increa-
sed values in rats fed CoCly and rapeseed
oil in comparison to the liver tissues of
rats fed rapeseed oil only (figures 4-6).

In liver tissue of animals kept on
V205 and either of the three oils, all the
lipid fractions decreased considerably as
compared to the corresponding lipid
values of liver tissues of rats fed oil
alone (table 2).

Discussion

Heart tissue revealed significant increase
in free cholesterol, free fatty acid and
triglyceride contents in rats fed mustard
oil or rapeseed oil as compared to rats
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fed groundnut oil. In liver, triglyceride
values of rats fed mustard and rapeseed
oil increased significantly. High erucic
acid content of both mustard and rape-
seed oil has been said to be one of the
factors responsible for increase in these
lipid fractions (Beare-Rogers et al. 1972,
Borg 1975, Hulan etal. 1977). Hung
and Holub (1977) suggested that early eoo(
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2 Figure 6 Liver tissue lipid fractions of rats
The effects of hard water and trace ele- fed rapeseed oil and three different chemicals

ments on lipids have been found to show for 21 days
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Table 1 Effect of dietary oils and pollutants on heart tissue of rats
(Mean in 11g/100 mg wet tissue)
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Type of diet Free Free Trigly-  Ester Phospho- Total lipid
cholesterol fatty acids ceride cholesterol lipid (TL)
(FC) (FFA) (TG) (EC) (PL)
N + 10% GNO 78.06 483.69 556.74  466.80 1826.00 3406.94
+30.88
N + 10% GNO + DDT 89.90 482.97 480.66  471.86 1836.19 3361.59
+49.26
N + 10% GNO + CoCl, 77.00  448.61 481.46  454.89 1927.53 3404.70
+42.49
N + 10% GNO + V,0; 71.20 480.00 550.40  464.15 1729.18 3303.74*
+61.76
N + 10% MO 176.82 544.31 661.95 459.61 1861.20 3703.50
+34.35
N + 10% MO + DDT 187.55 598.23 628.35 433.93 1885.87 3733.95
+36.43
N + 10% MO + CoCl, 171.50 572.17 571.05 456.14 1939.30  3710.30
+54.16
N + 10% MO + V;0; 163.14 535.22  592.87 444 .24 1872.96 3608.44*
+27.18
N + 10% RSO 158.97 533.66 637.34 438.61 1855.60 3624.20
+69.36
N + 10% RSO + DDT 169.55 592.42 484.46  451.47 1894.85 3590.77
+31.44
N 4 10% RSO + CoCl, 160.96 519.18 614.21 467.11 1826.81 3588.28
+46.28
N + 10% RSO + V05 155.14 525.11 604.63 432,53 1838.92 3548.97
+57.81

N =Normal; Values represent mean + S.D.
*P<0.01 (Moderately significant)
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Table 2 Effect of dietary oils and pollutants on liver tissue of rats
(Mean in ¢g/100 mg wet tissue)

Type of diet Free Free Trigly- Ester Phospho- Total lipid

cholesterol! fatty acids ceride cholesterol  lipid (TL)
(FC) (FFA) (TG) (EC) (PL)

N + 10% GNO 105.03 358.91 445.19  539.96 2555.64 3984.72
' +73.95

N + 10% GNO + DDT 114.08 352.59  578.85 574.57  2552.04  4172.13%**
+47.84
N + 10% GNO + CoCl, 105.67 355.87  444.06 534.53  2539.21 3981.16
+57.02

N + 10% GNO + V,04 102.47 337.49 430.30 528.00  2462.71 3860.97**

+46.59
N + 10% MO 105.72 343,38  569.97 572.06  2610.86  4139.51
+94.33
N + 10% MO + DDT 111.37 353.74  572.43 566.10  2535.83 4139.51
+110.00
N + 10% MO + CoCl, 103.31 349.25 560.48 553.04 2634.55  4201.84
+37.69

N + 10% MO + V,0s 100.09 328.53 428.54  523.62  2535.88 3909.29****
+36.59
N + 10% RSO 107.39 338.66 571.30 554.23 2610.66 418225
+72.91
N + 10% RSO + DDT 110.03 356.35 58140  558.60  2525.58 4111.09
+55.86
N 4 10% RSO + CoCl, 115.48 368.61 579.15  566.01 2560.47  4189.73
+63.86

N + 10% RSO + V,0; 100.45 336.16  423.24  544.97  2507.19 3912.04% %+
' +51.83

N=Normal

Values represent mean + S.D., Degrees of freedom=8, **P<0.02 (Significant)
#+4p < (.01 (Moderately significant), ****P < 0.001 (Highly significant)
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1, heart lipid fractions of rats fed groundnut
oil subjected to densitometric measurement
after thin-layer chromatography
4 X 1/3 (approx.);
2, heart lipid fractions of rats fed mustard oil
subjected to densitometric measurement after
thin-layer chromatography
X 1/3 (approx.);
3, heart liptd fractions of rats fed rapeseed
otl subjxcted to densitometric measurement
after thin-layer chromatography
X 1/3 (approx.)
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a negative correlation in most cases
(Curran 1954, Schroeder 1960, Iacono
et al. 1960, Crawford et al. 1968, 1971,
Bhattacharya et al. 1969, Harman 1970,
Stitt et al. 1973, Nielsen & Ollerich 1973,
Seelig & Heggtveit 1974, Hopkins &
Mohr 1974). Our study using dietary oils
was further extended to work out effect
of some chemicals on lipid metabolism
by studying their effects on the hyper-
lipidaemiz properties of edible oils. The
biochemical mechanism of cobalt toxicity
is suggested to be on the TCA cycle
(Dingle et al. 1962, Webb 1964, Rona
1971).  while studies by Mitala and
Gouttert (1971) and Tephly and Hibbzln
(1971) suggest its effect on numerous
enzymatic systems. In our study CoCly, in
combination with either of the three
dietary oils, caused decrease in triglyce-
ride fraction of heart tissue as compared
to the animals kept on oils alone, In
liver tissue a negligible decreasing ten-
dency in lipid fractions except FFA and
phospholipid was evident in rats fed
groundnut and mustard oil in combina-
tion with CoCls. The liver of rats fed
rapeseed oil and CoCls, however, had
increased values of all lipid fractions
except phospholipid.

DDT produced enhancement of some
of the cardiac lipids like free cholesterol,
free fatty acid and phospholipid; triglyce-
ride was decreased in heart tissue of
rats of all the three sets treated with
DDT and dietary oils. In liver tissues
free cholesterol, free fatty acid and tri-
glyceride values were increased in rats fed
mustard and rapeseed oils with DDT as
compared to rats fed oil alone. Kelly-
Garvert and Legator (1975) observed
that DDT was deposited in storage fats
in large amounts. DDT also enhances
some of the fractions of both hepatic and
cardiac tissue lipids of rats when fed
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with mustard and rapeseed oil as compa-
red to rats fed groundnut oil alone. DDT
has been demonstrated to produce in-
crease in several enzyme activities includ-
ing microsomal NADPH.

References

Abdellatif AM M and Vies R O 1970a Patho-
logical effects of dietary rapeseed oil in rats;
Nutr. Met. 12 285

~—— and — 1970b Pathological effects of die-
tary rapeseed oil in ducklings; Nutr. Met. 12
296

Beare-Rogers J L 1976 Myocardial lipids and
nucleotides of rats fed olive oil and rapeseed
oil; Lipids 1 287

——, Nera E A and Heggtveit HA 19 1 Cardiac
lipid changes in rats fed oils containing long
chain fatty acids: Canad. Inst. Food Sci.
Tech. J. 4 120

——, — and Craig B M 1972 Accumulation of
cardiac fatty acids in rats fed synthesized oils
containing Cg, fatty acids; Lipids 7 46

Bhatia T S, Sharma A K, Gupta P P and Ahuja
S P 1979 Effects of feeding mustard oil to rats
in vivo lipid metabolism in hearts and lungs;
Indian J. Med. Res. 69 271

Bhattacharyya A K, Thera G, Anderson J T,
Grande F and Keys A 1969 Dietary calcium
and fat: Effect on seium lipids and fecal
excretion of cholesterol and its degradation
products in man; Amer, J. Clin. Nutrit. 22
1161

Bhattacharyya B and Talukder G 1978 Polyacry-
lamide gel disc electrophoresis in the study
of lipoprotein variants; Proc. 3rd All India
Congress of **Cytology and Genetics; in Pers-
pectives in Biclogy ed. G K Manna and UK
Sinha 1980, 196 pp

Bramer J K G, Mahadevan S, Hunt J R, Sauer
F D, Corner A H, and Charlton KM 1973
Growth rate, lipid composition, metabolism
and myocardial lesions of rats fed rapeseed
oils (Brassica compestris var. Arlo, Echo,
Japan and B. napas var. Oro), J. Nutr. 103
1696

Brownings E 1969 Toxicity of industrial metals
2nd ed. (London: Butterworths)

Borg K 1975 Physiopathological effects of rape-
seed oil — A review; in Morphological and
Biochemical Studies of Orally Administered

Bani Gajra-Bhattacharyya, Geeta Talukder and Archana Sharma

The effect of dietary oils could thus
be altered by the presence in diet of
certain pollutants and pesticides in
common use.

Rapeseed Oil on Rat Myocardium ed. B
Engfeldt

Crawford M D, Gardner JJ and Morris J N
1968 Mortality and hardness of local water
supplies; Lancet 1 827

——, —— and —— 1971 Changes in water hard-
ness and local death rates; Lancet 2 327

Curran G L 1954 Effect of certain transition
group elements on hepatic synthesis of
cholesterol in the rat; J. Biol. Chem. 210 265

Dingle J T, Heath J C, Webb M and Daniel M
1962 The biological action of cobalt and other
metals II. The mechanism of the respiratory
inhibition produced by cobalt in mammalian
tissues; Biochem. Biophys. Acta 65 34

Folch J, Lees M and Sloane-Stanley G H 1957
A simple method for the isolation and puri-
fication of total lipids from animal tissues:
J. Biol. Chem. 226 497

Fredrickson DS, Levy R 1and Lees R S 1967
Fat transport in lipoproteins — an integrated
approach to mechanisms and disorders; New
Eng. J. Med. 276 32, 94, 148, 215, 273

Frings C S, Fendley T W, Dunn R T and Queen
C A 1972 Improved determination of total
serum lipids by the sulfophosphovamllin
reaction; Clin. Chem. 17 111

Gopalan C, Krishnamurthi D, Shenolikar 1S
and Krishnamachari K A V R (1974) Myocar-
dial changes in monkeys fed mustard oil;
Nutr Metabol 16 352

Harman D 1970 Atherogenesis in minipigs:
Effect of dietary fat, unsaturation and of
copper in Atherosclerosis; Proceedings of the
2nd International Symposium ed R L Jones
(Berlin: Springer-Verlag)

Hopkins L L Jr and Mohr H E 1974 Vanadium
as an essential element; Fed. Proc. 33 1773

Hulan H W, Kranger J K G and Corner A H
1977 The effect of dietary fatty aids balance
on myocardial lesions in male rats; Lipids 122
951

Hung S and Holub B J 1977 Effect of high

erucate rapeseed oil on lipid synthesis in rat
heart; Nutr. Rep. Inst. 15 71



Serum Lipoprotein Pattern in Rats

Iacono J M, Muller J F and Ammerman CB
1960 The effect of calcium on serum lipids in
rabbits; Fed. Proc. 19 15

Kelly-Garvert F and Legator M S 1973 Cyto-
genetic and mutagenic effects of DDT and
DDE in a Chinese hamster cell line; Mutat.
Res. 17 223

Mitala J J and Gautieri RF 1971 Apparent
enzyme inhibition through enzyme induction
studies as a possible mode of action of certain
cobalt compounds; J. Pharma. Sci. 12 1878

Neilsen F H and Ollerich D A 1973 Studies on
Vanadium deficiency in chicks; Fed. Proc.
32 929

Phillips P H and Hurst E S 1935 The chronic
fluorine toxicosis in the rat; J. Biol. Chem.
109 657

Popjak G 1946 Cholesterol and plasma lipids;
Biochem. J. 40 608

Rocguelin G L 1972 Huile de Colza et Phuile
cardiaques et he’ patiques du rat sevre; C.R.
Acad. Sci, 274 592

Roine P E, Uksila E, Teir H and RapolaJ 1960
Histopathological changes in rats and pigs
fed rapeseed oil; Z. Ernahrungsw. 1 118

Rona G 1971 Experimental aspects of cobalt
cardiomyopathy; Brit. HeartJ. 33 171

Routs R 1970 Some effects of insecticides on
hepatic microsomal enzymes in various animal
species; Rev. Can. Biol. 29 377

379

Roy §, Sengupta K P and Chatterjee G C 1979
Effect of mustard rapeseed and groundnut oil
feedings in development of myocardial
lipidosis and fibrosis in rat; Indian J. Exper.
Biol. 17 918

Schroeder H A 1960 Relation between mortality
from cardiovascular disease and treated water
supplies; J. Amer. Med. Ass. 172 1902

Seelig M S and Heggtveit H A 1974 Magnesium
interrelationships in ischaemic heart disease;
A review: Amer. J. Clin. Nutrit. 27 59

Snyder F and Cornatzar W E 1958 Vanadium
inhibition of phospholipid synthesis and
sulphydryl activity in rat liver; Nature 182 462

Stitt E W, Clayton D D G, Crawford M D and
Morris J N 1973 Clinical and biochemical
indicators of cardiovascular disease among
men living in hard and soft water areas;
Lancet 1 122

Tephly TR and Hibbeln P 1971 The effect of
CoCl, administration on the synthesis of
hepatic microsomal cytochrome P 450; Bio-
chem. Biophys. Res. Commun. 42 489

Vogtmann H, Clandinin DR and Hardin R T
1973 Utilization of rapeseed oils of high and
low erucic acid contents. 1. Digestibility and
energy utilization; Nutr. Met. 15 252

Webb M 1964 The biological action of cobalt
and other metals 1V. Inhibition of -oxogluta-
rate dehydrogenase; Biochem. Biophys. Acta
89 431



