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Three months feeding of butter fat (BUF) and beef (BF) separately as components of diet at a level of 21 % by weight
for albino rats, significantly raised their serum and ti ss ue lipids, lipid peroxidati on and activities of certain enzymes. BUF
was found to be more atherogenic than BF. On incorporatio n of 5% garlic, amla or onion separately in the above diets, each
of them ameliorated the deleterious effects of the animal fats. A hi gher hyperlipidemic effect of BUF as compa red to that of
SF may be due to the fact that the rati o of un sa turated to saturated fats is lower for the former (0.56) th an for the latter
(0.75) and a lso that the former is richer in cholesterol content than the latter. The order of the curative effec ts of the
vegetables are garii c>a mla>onion. The better hypolipidemic effects and correction of elevated levels of certain enzymes
show n by garlic and ami a may be due to the fac ts that they contain comparatively better active principles than that found in
onions.

The hypolipidemic effects of garlic (ALLiulIl sa/illulIl
Linn) and onion (Allium cepa Linn) were
demonstrated simultaneously by Mathew and
Augusti1in India and Itokawa e/ aP in Japan in the
year 1973. Later Augusti 3 demonstrated the
hypocholesterolemic effect of garlic in humans.
Several other effects of these spices are also reported
viz;
antioxidant,4.s
hypotensi ve,6.7
anti platelet
aggregation 8.9. fibrinolytic1o,11 and antibiotic l2 .13
effects. However prolonged and excessive use of
these vegetables may induce hymolysis, anaemia,
14
weight loss and failure to groW. Their mechanism of
action is attributed to the presence of disulphides and
sulphoxide substances in these vegetables and their
reaction with thiol group substances including
cysteine and related enzymes.
Amla or Indian gooseberry (Emblica Officillalis
Gaer/Il) is being used against a variety of conditions
like liver injury, atherosclerosis IS and diabetes. 16 It
possesses very good hypocholesterolemic effect
also. 17 Chavanaprasa and Brahma rasayana contain
amI a and they are being used for rejuvenating body 18
and also as immunomodulators l9 . Amla paste applied
on forehead helps to lower body temperature,
bleeding from nose, head aches and certain
psychiatric condition 20. Amla was also found to

enhance interferon production 21 . Maharishi Ayurveda
herbel mixtures M4 and Ms containing amla were
reported to have anticarcinogenic propert/2. A very
recent finding about amla is its antioxidant action. 23
We know that animal fats are atherogenic in nature.
However we wanted to learn which of the two fats
BUF with a comparatively low amounts of long chain
saturated and unsaturated fatty acids and also with a
fairly high amount of short chain fatty acids (i.e 46%,
36% and 18% respectively) or BF with high amounts
of long chain saturated and unsaturated fatty acid
content (i.e. 57 % and 43 % respecti vely)24(a) is more
harmful than the other. More over BUF contains more
cholesterol than BF i.e 727 and 455 mg/lOOg fat
respectivel/4 (b). The vegetariants mostly think that
only fats from meats are harmful and BUF is quite
harmless. With this idea they consume any
preparation in BUF with out any limit which in due
course may make them suffer from CHD. In order to
understand the reasons for this we designed the
following experiments in which we have used these
two fats at high level in the diets for two groups of
rats for a period of three months. Further we also
wanted to know which of the three vegetables, garlic,
onion and amI a could effectively ameliorate the
deleterious effects of the two animal fats on the serum
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and tissue parameters. Therefore we incoorperated
each of them along with the high fat diets and
conducted the experiments.

Materials and Methods
The various chemicals employed for different
procedures were of analytical grade supplied by BDH
(Glaxo Laboratories), E. Merck and Sigma Diagnostic
(India ) Pvt. Ltd. Beef fat was bought from a
butcher's a shop. It was heated on a pan and the
melted fat was filtered through a cloth and collected
for the use. Commercially available BUF was
purchased for the present work from a shop. Locally
bought garlic, onions and amla were used. The two
former were skinned, sliced and dried in an oven and
powdered. Aml a was also sliced, dried and powdered
as above.
Experilllental anilllals-Adult albino rats (Sprague
Dawley Strain) 9-12 months old and weighing around
250g were selected and divided into nine groups
containing 5 rats in each group, for different dietary
studies.

Diet preparation-Normal rat feed (GoldMohur)
supplied by Lipton India Ltd Calcutta was fed to
control of group I, in measured quantities and it was
found that a rat consumed an average weight of 14 g
feed daily. The normal rat feed was powdered and
mixed with each type of fat so as to get 21 % fat in the
diet for control rats of groups 2 and 6, and similar
high fat diets were mixed with 5% garlic/amla/onion
powder as the case may be for the test groups 3,4 and
5 in BUF series and for the test groups 7, 8 and 9 in
the BF series. The mixture of feeds were wetted with
a little water and made into balls and dried in an oven
Group I
Group 2
Group 3

Normal control
Butter fat control
Garlic test

Group 4.

Amla test

Group 5

Onion test

Group 6
Group 7

Beef fat control
Garlic test

Group 8

Amla test

Group 9

Onion test
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for feeding it daily. Water was supplied in bottles to
each group. Only 70g feed of any type was given to
each group so that the controls and tests were pair fed.
Details of the groups are given below:
After three months of feeding the rats were
sacrificed after over night fasting. Their blood was
collected in centrifuge tubes by cutting the jugular
vein and the serum was separated after an hour. It was
used for the estimation of lipid parameters and
enzyme activities. Their liver, heart and kidneys were
also collected and preserved in ice cooled beakers for
various estimations. Kits provided by Sigma
Diagnostics Pvt. Ltd were used for lipid and enzyme
estimations according to standard methods. Extraction
of tissues were carried out as mentioned below for
various estimations.

Extration for cholesterol and triacyl glycerol
(TAG)-Accurately weighed (0.5g) tissue was
ground with 4g of anhydrous sodium sulphate using
mortar and pestle. An extract using chloroform
methanol mixture (1: 1) was made by 1:5 volume and
diluted to 20ml and centrifuged. 2ml of thi s
supernatant was evaporated and redissoleved in I ml
acetic acid. 0.05 ml of this extract was used for the
estimation of total cholesterol. 0.01 ml of the extract
was used for the estimation of TAG . Serum VLDL
+LDL cholesterol was determined by subtracting
HDL cholesterol from total cholesterol.
Extraction for tlziobarbituric acid reacting system
(TBARS)-Accurately weighed 0.5g tissue was
grou nd in a mortar with a pestle. 4.5ml of 0.5 % cold
TCA was added and mixed well. 1.0ml of thi s
homogenate was used for TBARS which is that part

Only normal rat feed and water ad libituIII.
21 % BUF + 79% normal rat feed mixture and water ad libitum
21 % BUF + 74% normal rat feed + 5% garlic powder mixture and water ad
libitum.
21 % BUF + 74% normal rat feed + 5% Amla powder mixture and water ad
libitum
21 % BUF + 74% normal rat feed + 5% Onion powder mixture and water ad
libitum
21 % BF + 79% normal rat feed mixture and water ad libitum
21 % BF + 74% normal rat feed + 5% garlic powder mixture and water ad
libitum
21 % BF + 74% normal rat feed + 5% amI a powder mixture and water ad
libitum
21 % BF + 74% normal rat feed + 5% Onion powder mixture and water ad
libitum
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of the products of lipid perox idati on viz;
th at
reacts
with
(MDA)
malondi aldehyde
thi obarbituri c ac id.
Extraction fo r HMGCoA redu ctase en ZYIIl e
(EC1.1.1. 34) -Accurately weighed O.Sg ti ssue was
ground in a ' mortar with a pestle under cold
conditions. A 10% homogenate was prepared by
addin g 4. Sml of saline arsenate (I g of sodium
arsenate/L of normal saline). Thi s homogenate was
used for the assay of the eny zme.
Extraction fo r AST (EC 2.6.1.1) and ALP
(EC3. 1.3. 1) - Accurately weighed O.Sg ti ssue was
ground in a mortar with pestle under cold conditions.
2ml of phosphate buffer (pH 7.4) was added and
centrifuged in a referi gerated centri fuge at 2000g. The
supern atant was used fo r the assay of enzymes . Serum
lipid parameters such as tri acy lglycerol (T AG )25, total
cholesterol,26 HDL cholesterol and VLDL + LDL
cholesterol 27 and serum enzy mes such as as partate
transainase (AST)28 and alkaline phos phatase (ALP)29
were estimated by standard methods.

Tissue homogenates from li ver, heart and kidney
prepared as above were used for th e estimati ons of
lipid parameters,25.26 TBARS 30 and enzy mes such as
AST28 , ALp 29 and HMGCoA reductase 3 1. A
Table I -

modificati on for expressll1g the acti vity of the last
enzyme was used by which the rati o of
Mevalonate/HMGCoA is calcul ated which gives the
activity of the enzy me directly 32 .
Results and Discussions
The results on the lipid pro fil e and two enzy mes
AST and ALP in serum are given in Table 1. It is
observed that th e di ets containing BUF and BF
increased very significantly the li pid profil e i.e total
cholesterol , TAG and VLDL +LDL cholesterol and
also the two marker enzymes i.e. AST for CHD and
ALP for li ver diseases. The incorporati on of any of
garlic/amla/onion in the high fat diets significantly
ameliorated the deleteri ous effects of these animal fats
and in additi on the fo rmer two vegetables
significantl y increased HDL cholesterol which has a
protective acti on against CHD . The atherogenic index
i.e the rati o of total cholesterol/HD L cholesterol in
both the fat fed groups increased more than double i.e
from a normal value of 1.7 to 3.7. However as
anticipated the incorporati on of any of the above
vegetables in the diet decreased th is index towards
normal i.e 2-2. 6 range. We may note that the damage
is not completely prevented by any of the above
vegetables but their use may lessen the atherogeni c
effects of the animal fats in our di ets. It appears th at

Seru m TAG , cholesterol, VLDL +L DL. HDL choles terol (mg/dl ) and AST and
ALP ac ti vit ies (IU'/L, KAu/L)
[Values are mea n ± SD of 5 rats in each gro up)

TAG

Total
Cholesterol

Normal
cont ro l

7.02±0. 15 1

72.27±2.0 16

2

BUF

16.9 1±0.434*

3

BUF + garlic

4

Gro ups

HDL Chol.

VLDL+LDL
Chol.

AST (lUlL)

ALP (KAu/L)

26.59±0.773

9.79±0.430

42.47±0.540

29.80±0.89 I

166.0±3.673*

42.68± 1.279 (N.S)

123.27±2.973*

57 .1 3± 1.1 27'"

13.97±0.592*

12.34±0.234t

I 25.42±2.324*

48.153±0.633*

77 .27±2.298 *

32.2 1±0.697*

10.43 ±0.380*

BUF + aml a

12.08±0.264t

128 .98± 1.804*

43 .929±1.426t

84.85±2.243*

43.44± 1.044*

11 .50±0.30 I *

5

BU F + oni on

14.86±0.40 It

142 .96±3 .20t

42.508± 1.064 (N .S)

100.45±2.84t

46.34± 1.26*

12.29±0.275t

6

BF

14. 18±0.306*

160. 17±2.94*

42.325±0.5 15 (N.s)

11 7.85±3.009*

4 1.79±O. 156*

12.68±O.25 3*

7

BF + garl ic

7.58±0. 199 *

8 1.53±2. 127*

49 .098± 1.064*

32.43±0.5 12*

2 1.66±0.571 *

10.43±0.309*

8

BF+am la

8.88±0.2 l 7*

89 .06±0.848 *

45.479±0.326*

43 .58±0.476*

24. l9±0.64*

10.92±0.292t

9

BF + o ni on

12.88±0.270

109.70±2.240

4 I.362±0.963 (N.s)

65 .85± 1.707 *

34.27± 1.003t

11.24 1±0. 243t

(N.S)
Student's t-test
t P<O.05 . t P<O.OI. • P<O.OO I as compared to their co nt ro l i.e, norm al is control for BUF and BF gro ups and th ese are control s fo r
the correspo nding tes t gro ups 3.4.5. and 7.8.9 respecti ve ly. Values of atherogeni c index are given in the text. T he order of ac ti vity is
garlic >amla>onion.
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BUF is more harmful th an BF in their hyperlipidemic
and related effects i.e with respect to the two enzymes
studi ed. The order of the benefi cial effec ts of the
vegetables used is garli c>amla>o nion.
The results on lipid profile, lipid perox idation in
terms of TBARS and the enzy mes AST, ALP and
HMGCoA reductase of li ver are given in Table 2.
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Here also we get a some what similar effects of the
animal fats as observed above and also on additi on of
any of the three vegetables in the di et.
Most of the altered parameters are ameliorated
significantl y and the lipid profile was better controlled
than the enzy me levels on incorporati on of any of the
three vegetables in the hi gh fat di ets. In treated groups

Tab le2- Li pid parameters (mg/l OOg we t tissue), TB ARS (1-1 mo l MDA/g wet tissue). HMGCoA reduc tase. AST and ALP
enzy me nc ti vities {Mevalonnte I HMGCoA rnti o. IU nnd KAU/lOOg wet tissue respec ti ve ly) in Liver
IVnlues are mean ± SO of 5 rats in eac h group)
Gro ups

Total
cholesterol'

TAG'

TBARS'

HM GCoA
reductnse

ALP

AST

Norma l

345.6±9.702

38904 1± I 0.25

12.56±O.352

004 76±0.022

5.568±0. 154

40.32± 1. 18

2 I3UF

776.84±23.30

826.57±24.89

27 .62±0.740

1.06±0.033'

8.23 1±0.236-·

62.83± 1.84'

3 BUF +gn rl ic

594 .67± 15 .84

663 .02± 18.20

18.94±0.560

0.909±0.023t

5.899±0. 168'

50.33± 1048'

4 BUF+a mla

643.59± 19.36

699.80±20.90

19.59±0.540

0.9 I 3±0.024t

6A2±0. 182*

53.59± 1.58'

5 I3UF+ onio n

690.82±20.79

757AO±22.72

2 1.3±0.624

1.0 I ±0.032 t

7.37±0.208 t

57 .35± 1. 69t

6 BF

6 !3.~9± 17.39

702. 14± 18.62

23.75±0.685

1.06±0.042*

7.63±0.2 15*

59.27±1.74

7 BF+gnrli c

375.93± I 0.92

460. 13::' 12.24

16A3±OA7 1

0.95±0.03 1t

6.090±0.1 78*

49A7± 1042'

8 BF+am la

402.65± 11.75

475.21± 14. 18

17.8 1±OA87

O.93±0.025t

6.28±0. 175·

5 1.056± 10473'

9 BF+oni o n

472.22± 13.57

560.7 1± 14.87

19.37±O.557

0.96±0.0221

6.97±0. 182t

54.60± 1.59t

Students t-test:- *AIl th ese 3 pn ramete rs are very significa ntl y altered (P<O.OO I) by fnts nnd drugs. Othe r pnrame ters nre altered
at vari ous levels on ly.
tP<O.05. t P<O.O I. * P<O.OO I as co mpnred to their co ntro l i.e. No rm al is cont ro l fo r BUF nnd BF groups and th ese nre the
cont ro ls for th e co rres pond ing test gro ups 304,5 nnd 7,8,9 respec ti ve ly. In columns 2-4 nil th e vn lues nre signilicn ntl y di ffe re nt
fro m th eir cont ro l at n sig nifi ca nt level of P<O.OO I. For the oth er vn lues in columns 5-7 d ifferen t notnti ons are give n for
signi fica nt changes of eac h va lue. The order of ac ti vit y is gnrlic>n ml n>o nio n
Table 3 - Lipid pn ra meters (mg/l OOg wet ti ssue) T BARS (I-I mo leM OA/g wet ti ssue) and AST and ALP enzyme nc ti vities IU nnd
KAU/l OOg. wet ti ssue of hea rt respectively.

I Vn lues are mea n ±SO of 5 rats in eac h gro up l
Groups
Norm al
2 BUF

T BARS*

Tota l Choles tero l*

T AG*

AST*

ALP*

9.56±0. 146

150.35±2.5

44. 72±2.6

45.27± 1.7

3. 12±0.23

24.52±0.56

286.83±5.7

72. 79±2 .3

8 1.14±2.3

7.11 ±0.32

3 BUF+Garli c

15.5±0.30

196.83±8.5

55.50±3.7

54.72± 1.6

5.26±0. 50

4 I3UF +Aml a

16.86±O.32

197.74±5.8

57.04± 1.7

58.22± 1.68

5.39±0. 16

5 BUF+O ni o n

19.73±O.26

243A3±7.3

60.30± 1.7

65 .98± 1.8

6.03±0. 18

6 BF

20.35±O.24

250.32±7A

63 .23± 1.8

74A6±4A

6.07±0.23

7 BF+Ga rli c

14.5±O.20

168.91 ±5.05

4 1.8 1±2.6

60.9 1±2.1

4.56±0.35

8 BF+Aml a

15.68±O. 17

168.74±5.0 1

40.72± 1.22

65A6±1.3

5.23±0. 13

9 BF+Oni on

18.38±0.26

222.67±6. 6

48.83±4.2

71.22± 1. 6

5.59±0. 16

Stu den t's t-test: - *P<O .OO I as co mpared to their cont ro l i.e. G ro ups 2 nnd 6 vs I and gro ups 3.4.5. vs 2. nnd groups 7,8,9 vs. 6 T he
order of acti vity is the sa me as in other tables
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Table 4-Lipid parameters (mgIlOOg. wet ti ssue) , TBARS (Ilmol MDA/g wet ti ssue) and
HMGCoA redu ctas:: ( Mevalonatel HMGCoA rati o)/ IOOg wet ti ssue of kidney
[Values are mean ± SD of 5 rats in each gro up]
Groups

Total Cholesterol*

TAG *

TBARS *

HMGCoA
reductase*

358.42± I 0.75

373.62± 11 .2 1

17.01±0.51

0.60±0.02

2 BUF

575.47±17.26

11 24.65±33. 74

31.40±0.942

1.58±0.04

3 BUF+Garlic

440.05±13 .2

501.02±15.03

20.45±0.614

0.99±0.03

4 BUF+Amla

466.67±14.0

685 . 11±20.55

22.71 ±0.681

1.05±0.05

5 BUF+Onion

494. 1O±14.82

998.34±29.95

23.47±0.704

1.20±0.06

6 BF

434.0 1± 13.02

7 16.40±2 1.49

28.22±0.847

1.15±0.05

7 BF+Garli c

369.23±11.08

431.20± 12.94

18.95±0.569

0.826±0.03

8 BF+Amla

385.25± 11.5

500.12±15.0

19.90±0.597

0.980±0.04

9 BF+Onion

405 .32±12.16t

654.28±19.63t

22.42±0.673t

1.08±O.05t

Normal

Stud ent 's t-tes t:- tP<O.05 as co mpared to the ir co nt ro ls. In all the co lumns except th e BF+onion
v.a lues all other values are highly significantly different from the co rresponding control s as in
previo us tables. * P<O.OO I. The order of activity is as in other tal!:es.

a significantly red uced level of HMGCoA reductase,
the rate limiting enzyme in cholesterol sy nthesis may
account for the fall in serum and ti ss ue cholesterol.
Here also the order of the curative effects of these
vegetables is the sa me as stated above.
In Table 3 the effects of the two animal fats and the
ameliorating effects of the above vegetables on lipids,
lipid peroxidation and two enzymes of heart ti ssue
viz; AST and ALP are given . The effects of the two
fats on heart ti ss ue are similar to th at in li ver i.e the
lipid profile, TBARS and enzy me activities are
increased very significantly and on incorporation of
any of the above vegetables in the diets at 5% level
significantly counteracted the deleterious effects of
the fats and the order of th e curative actions of the
vegetables is in the same mann er as stated earlier. An
. addition of garlic at 5% level to a high sucrose diet of
rabbits was found to be beneficial in a previous work
33
to counteract the deleterious e ffects of sucrose , that
is why we also fixed the 5 % level of the vegetables in
the diets of the rats for getting a readable effect.
In Table 4 the lipid profile, TBARS and HMGCoA
reductase activity of the kidney ti ssues of the above
groups of rats are given . As is the case with other
tissues both the hi gh fat diets increased significantly
all the above parameters in the kidney also and all the
three vegetables when incorporated separately as

components of the hi gh fat di ets, each of them
counteracted the deleterio us effec ts of the fats
sig nificantly .
In all the combinations of the vegetabl es with BUF
and BF except that with onion and BF the curative
e ffects of them were hi ghly sign ificant (P<O.OO I).
However in the case of onion with BF the effects were
just significant (P<O.05). All these data clearly
demon strate that all the three vegetables are
anti atherogenic in action and the order of their action
is garlic>amla>onion.
The
hyperlipidemi c
and
particularly
the
hypercholesterolemic effects of the animal fats may
be due to the higher percentage of saturated fatty
ac ids. i.e. 57-64% in them. A richer content of
cholesterol in BUF as compared to BF may account
for a greater hypercholesterolemic effect of the
former. An enhancement in the activities of the three
enzymes we measured in fat fed rats may be due to
various reasons, viz; as a result of stimulation of
different metabolic pathways leadi g to the sy nthes is
of TAG and cholesterol from dietary fats and also
from the interconversion of aminoacids and
breadkdown of phospholipids and related compounds
under a stress of high fat diets . Under such conditions
lipid peroxidation may have also increased leading to
a rise in TBARS. Such a rise in TBARS is partly d ue
to the high percentages of unsaturated fatty acids, say
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36% in BUF and 43 % in BF. The vegetables used
here are rich sources of hypolipidemic and antioxidant
agents, viz, alkyl derivatives of cysteine sulphoxide,
disulphides, polysulphides and their sulphoxides, e.g.
allicins and ajoene type compounds in garlic and
34
onions .J5 and flavonoids, gallotannins, ellagic acids,
phyllemblic acids and related polyphenols in amla
(Emblica officinalis) are strong antioxidants. More
over amla contains ascorbic acid also which is also a
strong antioxidant. However more than a source of
vitamin C, amla is reputed for the other antioxidants
mentioned above which show many medicinal effects
as reported elsewhere?3 All these results emphasise
the need for incorporation of these vegetables in our
daily diet as a prophylactic measure to protect our
body from atherosclerosis and related di seases .
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