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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 tissue lipids, lipid peroxidation and activities of certain enzymes. BUF
was found to be more atherogenic than BE. On incorporation of 5% garlic, amla or onion separately in the above diets, each
of them ameliorated the deleterious effects of the animal fats. A higher hyperlipidemic effect of BUF as compared to that of
BF may be due to the fact that the ratio of unsaturated to saturated fats is lower for the former (0.56) than for the latter
(0.75) and also that the former is richer in cholesterol content than the latter. The order of the curative effects of the
vegetables are garlic>amla>onion. The better hypolipidemic effects and correction of elevated levels of certain enzymes
shown by garlic and amla may be due to the facts that they contain comparatively better active principles than that found in

onions.

The hypolipidemic effects of garlic (Allium sativum
Linn) and onion (Allium cepa Linn) were
demonstrated  simultaneously by Mathew and
Augusti'in India and Itokawa er al* in Japan in the
year 1973. Later Augusti’ demonstrated the
hypocholesterolemic effect of garlic in humans.
Several other effects of these spices are also reported
viz;  antioxidant,™  hypotensive,””  antiplatelet
aggregation *” fibrinolytic'™"" and antibiotic'*"
effects. However prolonged and excessive use of
these vegetables may induce hymolysis, anaemia,
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 Officinalis
Gaertn) is being used against a variety of conditions
like liver injury, atherosclerosis ' and diabetes. '® It
possesses very good hypocholesterolemic effect
also."” Chavanaprasa and Brahma rasayana contain
amla and they are being used for rejuvenating body '*
and also as immunomodulators'®. Amla paste applied
on forehead helps to lower body temperature,
bleeding from nose, head aches and certain
psychiatric condition *. Amla was also found to

enhance interferon production®'. Maharishi Ayurveda
herbel mixtures My and Ms containing amla were
reported to have anticarcinogenic propertyzz. A very
recent finding about amla is its antioxidant action.”

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% respectivcly):""“] iS more
harmful than the other. More over BUF contains more
cholesterol than BF i.e 727 and 455 mg/100g fat
respectively”®. 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 amla could effectively ameliorate the
deleterious effects of the two animal fats on the serum



AUGUSTI er al.: BENEFICIAL EFFECTS OF GARLIC, AMLA & ONION 761

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. Amla was also sliced, dried and powdered
as above.

Experimental animals — 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 groupl, in measured quantitics 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 1~ Normal control
Group 2 Butter fat control
Group 3 Garlic test

libitum.
Group 4.  Amla test

libitum
Group5  Onion test

libitum
Group 6  Beef fat control
Group 7 Garlic test

libitum
Group 8  Amla test

libitum
Group 9  Onion test

libitum

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 this
supernatant was evaporated and redissoleved in 1ml
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 thiobarbituric acid reacting system
(TBARS)—Accurately weighed 0.5g tissue was
ground in a mortar with a pestle. 4.5ml of 0.5% cold
TCA was added and mixed well. 1.0ml of this
homogenate was used for TBARS which is that part

Only normal rat feed and water ad libitum.

21% BUF + 79% normal rat feed mixture and water ad libitum

21% BUF + 74% normal rat feed + 5% garlic powder mixture and water ad
21% BUF + 74% normal rat feed + 5% Amla powder mixture and water ad

21% BUF + 74% normal rat feed + 5% Onion powder mixture and water ad

21% BF + 79% normal rat feed mixture and water ad libitum
21% BF + 74% normal rat feed + 5% garlic powder mixture and water ad

21% BF + 74% normal rat feed + 5% amla powder mixture and water ad

21% BF + 74% normal rat feed + 5% Onion powder mixture and water ad
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of the products of lipid peroxidation viz;
malondialdehyde  (MDA) that reacts with
thiobarbituric acid.

Extraction  for HMGCoA reductase enzyme

(ECI.1.1.34)—Accurately weighed 0.5g tissue was
ground in a mortar with a pestle under cold
conditions. A 10% homogenate was prepared by
adding 4.5ml of saline arsenate (lg of sodium
arsenate/L. of normal saline). This homogenate was
used for the assay of the enyzme.

Extraction for AST (EC 2.6.1.1) and ALP
(EC3.1.3.1)—Accurately weighed 0.5g tissue was
ground in a mortar with pestle under cold conditions.
2ml of phosphate buffer (pH 7.4) was added and
centrifuged in a referigerated centrifuge at 2000g. The
supernatant was used for the assay of enzymes. Serum
lipid parameters such as triacyiglycerol (TAG)™, total
cholesterol,”® HDL cholesterol and VLDL + LDL
cholesterol’” and serum enzymes such as aspartate
transainase (AST)ZR and alkaline phosphatase (ALP):"
were estimated by standard methods.

Tissue homogenates from liver, heart and kidney
prepared as above were used for the estimations of
lipid parameters,”** TBARS™ and enzymes such as

modification for expressing the activity of the last
enzyme was used by which the ratio of
Mevalonate/HMGCoA is calculated which gives the
activity of the enzyme directly **.
Results and Discussions

The results on the lipid profile and two enzymes
AST and ALP in serum are given in Table 1. It is
observed that the diets containing BUF and BF
increased very significantly the lipid profile i.e total
cholesterol, TAG and VLDL +LDL cholesterol and
also the two marker enzymes i.e. AST for CHD and
ALP for liver diseases. The incorporation of any of
garlic/amla/onion in the high fat diets significantly
ameliorated the deleterious effects of these animal fats
and in addition the former two vegetables
significantly increased HDL cholesterol which has a
protective action against CHD. The atherogenic index
i.e the ratio of total cholesterol/HDL 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 incorporation of any of the above
vegetables in the diet decreased this 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 atherogenic

effects of the animal fats in our diets. It appears that

AST (1U/L)

26.5940.773

57.13%1.127*
32.21+0.697=
43.441.044~
46.34+1.26%

41.7940.156*
21.66+0.571%*
24.1940.64*

AST®, ALP*” and HMGCoA reductase *'. A
Table 1 — Serum TAG, cholesterol, VLDL +LDL.,HDL cholesterol (mg/dl) and AST and
ALP activities (IU./L, KAU/L)
[Values are mean + SD of 5 rats in each group]
Groups TAG Total HDL Chol. VLDL+LDL
Cholesterol Chol.
I Normal 7.0220.151 72.2742.016 42.4710.540 29.80+0.891
control

2  BUF 16.91£0.434%  166.0+£3.673* 42.68+1.279 (N.S) 123.27+2.973*
3 BUF+garlic  12.3440.2341  125.4242.324* 48.153+0.633* 77.27+£2.298%*
4  BUF +amla 12.08+£0.2641  128.98+1.804* 43.929+1.426% 84.85+2.243*
5 BUF+onion 14.86:0.401F7  142.9643.20f 42.508£1.064 (N.S)  100.45£2.84%
6 BF 14.18+£0.306*%  160.1742.94* 42.325+0.515 (N.S)  117.85%£3.009*
7 BF+ garlic 7.58+0.199* 81.5342.127* 49.098+1.064* 32.4310.512%
8  BF+amla 8.88+0.217* 89.06+0.848* 45.479+0.326% 43.58+0.476*
9  BF + onion 12.8810.270  109.70+2.240 41.362+0.963 (N.S) 65.85%+]1.707*

Student's t-test
1 P<0.05. 1 P<0.01, " P<0.001 as compared to their control i.e, normal is control for BUF and BF groups and these are controls for
the corresponding test groups 3.4.5. and 7.8.9 respectively. Values of atherogenic index are given in the text. The order of activity is

garlic >amla>onion.

(N.S)

34.27+1.0031

ALP (KAU/L)

9.79+0.430

13.9740.592%
10.43+0.380*
11.50£0.301*
12.2940.275¢
12.68+0.253*
10.43+0.309*%
10.9240.292t
11.241£0.243¢1
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BUF is more harmful than BF in their hyperlipidemic
and related effects i.e with respect to the two enzymes
studied. The order of the beneficial effects of the
vegetables used is garlic>amla>onion.

The results on lipid profile, lipid peroxidation in
terms of TBARS and the enzymes AST, ALP and
HMGCoA reductase of liver are given in Table 2.

Here also we get a some what similar effects of the
animal fats as observed above and also on addition of
any of the three vegetables in the diet.

Most of the altered parameters are ameliorated
significantly and the lipid profile was better controlled
than the enzyme levels on incorporation of any of the
three vegetables in the high fat diets. In treated groups

Table2 —Lipid parameters (mg/100g wet tissue), TBARS (p mol MDA/g wet tissue), HMGCoA reductase, AST and ALP
enzyme activities (Mevalonate / HMGCoA ratio. 1U and KAU/100g wet tissue respectively) in Liver

Groups

I Normal

2 BUF

3 BUF 4garlic
4 BUF+amla
5 BUF+ onion
6 BF

7 BF+garlic

Total
cholesterol

345.619.702
776.84+23.30
594.67+£15.84
643.59+19.36
690.82+20.79
613.291+17.39

375.93+10.92

[Values are mean + SD of 5 rats in each group]

TAG

389.41£10.25
826.57+24.89
663.02+18.20
699.80+20.90
757.40£22.72
702.14£18.62
460.13212.24

TBARS'

12.5640.352

HMGCoA ALP AST
reductase
0,47620.022 5.568%0.154 40.32+1.18

27.6240.740 1.06+0.033 8.23140.236- 62.83+] .84
18.9440.560 0.909+0.0231  5.899+0.168 50.33+1.48
19.59+0.540  0.91310.024% 6.4240.182° 53.59+1.58

21.3+0.624
23.75+0.685

16.4310.471

8 BF+amla

402.65£11.75  475.21+14.18

9 BF+onion

472.22+13.57 560.71£14.87

17.81+0.487
19.3740.557

1.01£0.032¢  7.37+0.208t 5§7.35+1.69t
1.0640.042" 7.63+0.215° 59.27+1.74
0.95:0.031F  6.090£0.178" 49.47+1.42°
0.93+0.025% 6.28+0.175" 51.056+1.473
0.96+0.022f  6.9740.182t 54.60+1.59t

Students t-test:- *All these 3 parameters are very significantly altered (P<0.001) by fats and drugs. Other parameters are altered

at various levels only.

1P<0.05. 1 P<0.01. * P<0.001 as compared to their control i.e. Normal is control for BUF and BF groups and these are the
controls for the corresponding test groups 3.4,5 and 7,89 respectively. In columns 2-4 all the values are significantly different
from their control at a significant level of P<0.001. For the other values in columns 5-7 different notations are given for
significant changes of each value. The order of activity is garlic>amla>onion

Table 3—Lipid parameters (mg/100g wet tissue) TBARS (it moleMDA/g wet tissue) and AST and ALP enzyme activities IU and
KAU/100g. wet tissue of heart respectively.

[Values are mean £5D of 5 rats in each group]|

Groups TBARS* Total Cholesterol*

I Normal

9.5610.146 150.35£2.5
2 BUF 24.5240.56 286.83+5.7
3 BUF+Garlic 15.5+0.30 196.838.5
4 BUF +Amla 16.86+0.32 197.74+5.8

5 BUF+Onion

19.7310.26 243.43£7.3

6 BF 20.35+0.24 250.3247.4
7 BF+Garlic 14.540.20 168.9145.05
8 BF+Amla 15.6840.17 168.74£5.01
9 BF+Onion 18.38+0.26 222.67+6.6

Student’s t-test:-
order of activity is the same as in other tables

TAG* AST* ALP*
44.7242.6 45.27+1.7 3.1240.23
72.79£2.3 81.1442.3 7.11£0.32
55.50+3.7 54.7241.6 5.2640.50
57.04+1.7 58.22+1.68 5.3940.16
60.30+1.7 65.98+1.8 6.030.18
63.23+1.8 74.46+4.4 6.07+0.23
41.8142.6 60.9142.1 4.56%0.35

40.72+1.22 65.46%1.3 5.2340.13
48.83+4.2 71.2241.6 5.5940.16

#P<0.001 as compared to their control i.e. Groups 2 and 6 vs | and groups 3.4.5. vs 2. and groups 7.8.9 vs. 6 The
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Table 4—Lipid parameters (mg/100g. wet tissue) ., TBARS (umol MDA/g wet tissue) and

HMGCoA reductase ( Mevalonate/  HMGCoA ratio)/100g  wet tissue of kidney
[ Values are mears £ SD of 5 rats in each group]
Groups Total Cholesterol*  TAG* TBARS* HMGCoA
reductase*
I Normal 358.42+10.75 373.62%11.21 17.01£0.51 0.6010.02
2 BUF 575.47£17.26 1124.65+33.74 31.40£0.942 1.58+0.04
3 BUF+Garlic  440.05+13.2 501.02+15.03 20.4510.614 0.9910.03
4 BUF+Amla 466.67£14.0 685.11+20.55 22.7140.681 1.05+0.05
5 BUF+Onion 494.10£14.82 998.34+29.95 23.4740.704 1.20£0.06
6 BF 434.01+13.02 716.40+21.49 28.2240.847 1.15+0.05
7 BF+Garlic 369.231+11.08 431.20£12.94 18.95+0.569 0.82610.03
8 BF+Amla 385.25%11.5 500.12%15.0 19.90£0.597 0.980£0.04
9 BF+Onion 405.32+12.161 654.28+19.63t 22.4240.673% 1.08+0.05¢

Student’s t-test:- 1P<0.05 as compared to their controls. In all the columns except the BF+onion
values all other values are highly significantly different from the corresponding controls as in
previous tables. *P<0.001. The order of activity is as in other tabies. -+

a significantly reduced level of HMGCoA reductase,
the rate limiting enzyme in cholesterol synthesis may
account for the fall in serum and tissue cholesterol.
Here also the order of the curative effects of these
vegetables is the same 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 tissue
viz: AST and ALP are given. The effects of the two
fats on heart tissue are similar to that in liver i.e the
lipid profile, TBARS and enzyme 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 the curative actions of the
vegetables is in the same manner 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
to counteract the deleterious effects 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 tissues of the above
groups of rats are given. As is the case with other
tissues both the high fat diets increased significantly
all the above parameters in the kidney also and all the
three vegetables when incorporated separately as

components of the high fat diets. each of them
counteracted the deleterious effects of the fats
significantly.

In all the combinations of the vegetables with BUF
and BF except that with onion and BF the curative
effects of them were highly significant (P<0.001).
However in the case of onion with BF the effects were
just significant (P<0.05). All these data clearly
demonstrate that all the three vegetables are
antiatherogenic in action and the order of their action
is garlic>amla>onion.

The  hyperlipidemic  and  particularly  the
hypercholesterolemic effects of the animal fats may
be due to the higher percentage of saturated fatty
acids. 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 leading to the synthesis
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 due
to the high percentages of unsaturated fatty acids, say



AUGUSTI er al.: BENEFICIAL EFFECTS OF GARLIC, AMLA & ONION 765

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
onions**** 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.” 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 diseases.

Acknowledgement

The authors acknowledge with thanks for the
facilities offered by Dr. Thomas Varghese, Professor
and Head of the Department and also Dr. George Paul
the Director of this institution. This work is dedicated
to the memory of Dr S M Mitra, the former Principal
who selected KTA for research at Birla College,
Pilani in 1959.

References

I Auvgusti K T & Mathew P T, Effect of long term feeding of
the aqueous exract of onion (Allium cepa Linn) and garlic
(Alliim sativm Linn) on normal raws.Indian J Exp Biol |, 11
(1973) 239,

2 Trokawa Y, Inoue K, Sasagawa S & Fujiwara M, Effect of S-
methyl cysteine-sulfoxide, S-allyl cysteine sulfoxide and
related sulfur containing amino acids on lipid metabolism of
experimental hypercholesterolemic rats. J Nurr.,103 (1973)
88

3 Augusti K T. Hypocholesterolaemic effect of garlic Allium
sativien Linn.Indian J Exp Biol, 15 (1977) 489

4 Augusti K T &Sheela C G, Antiperoxide effect of S-allyl
cysteine sulfoxide, an insulin secretagogue, in diabetic rats.
Experientia, 52 (1996) 115.

5 Kourounakis P N & Rekha Eleni A, Effect on active oxygen
species of alliin and Allium sarivum (garlic) powder. Res
Commun Chem Pathol Pharmacol, 74 (1991) 249,

6 Damrau F, The use of garlic concentrate in vascular
hypertension. Med Rec, 153 (1941) 249.

7 Petkov V & Kushek V. Influence of garlic on the excretion
and accumulation of 198 Au in some organs. Retgenol
Radiol (Sofia). 5 (1966) 89.

8 Makheja A N. Bailey J M & Low CF. Inhibition of platelet
aggregation and thromboxane synthesis by onion and garlic.
Lancer, 1 (1979) 781

9

10

19

20

21

22

23

24

26

Makheja A N, Bailey ] M & Low C F, Biological nature of
platelet inhibitors of Allium cepa, Allium sativiem and
Auricularia polytrichia. Thromb Haemostasis, 46 (1981)

148.

Menon 1 S, Kendal R V, Dewar H.A & Newell D.J., Effect
of onions on blood fibrinolytic activity. Br Med J, 3 (1968)
351,

Bordia AK, Bansal HC, Arora SK and Singh SV, Effect of
the essential oils of garlic and onion on alimentary
hyperlipemia. Atherosclerosis , 21(1975)15.

Stoll A and Seebek E, Uber Alliin die genuine
Muttersubstanz des knoblauchos, Experientia , 3 (1947) 114,

Virtanen Al & Matuikkala EJ, The isolation of S-methyl
cysteine sulfoxide and S-n-propenyl cysteine sulfoxide from
onion (Allium cepa) and the antibiotic activity of crushed
onion. Acta Chem Scand , 13 (1959) 1898.

Brewster J L & Rabinowitch(eds). In Onions and allied
crops. Vol 3 (CRC Press, Inc Broca Florida) 1990 . I8 and
83
Thakur C P, Thakur B, Sinha P K &Sinha S K. The
Ayurvedic medicines, Haritaki, Amla and Bahira reduce
cholesterol induced atherosclerosis in  rabbits.Indian J
Cardiol , 21 (1988) 167
Tripathi § N, Tiwari C M, Upadyay B N & Singh RS,
Screening of hypoglycemic action in certain indigenous
drugs. J Res Indian Med Yoga Homoep, 14 (1979) 159.
Thakur CP, Emblica ojficinalis reduces serum, aortic and
hepatic cholesterol in rabbits. Experientia. 41(1985)423.
Praveenkumar V, Kuttan R & Kuttan G, Effect of Rasayanas
in normal and tumor bearing mice. J Exp Clin Cancer Res.
13 (1994 ) 67.

Ojha J K. in Chyvanaprash a Scientific Study. Ist edn
Indigenous drugs of India, (VN Dhar & Sons. Published by
Tara Books Agency Varanasi India), 1985..506.
Balakrishnan V V. Fruits and their medicinal properties.(DC
Books Kottayam, Kerala .India) 1993 56.

Rao T S. Kuppurajan K, Rajagopalan V and Janaki K,
Herbal preparations of Emblica officinalis. J.Res Ayur Sidha.

1(4) (1980) 507
Sharma H M, Hanna A N, Kauffman E N & Newman H A,
Inhibition of human lowdensity lipoprotein oxidation in vitre
by Maharashi Ayurveda herbal mixtures. Pharm Biochem
Behaviour 43 (1992) 1175.

Jeena K Jose & Kuttan R, Antioxidant activity of Emblica
officinalis,.J Clin Biochem Nutr, 19 (1995) 63

(a) Hilditch T P, The clinical constitution of natural fats.
John Wiley and Sons, Inc. NewYork (1940) and quoted by
White A, Handler P and Smith E L in their book Principles
of biochemistry. (The Blackiston Division, McGrow Hill
Book Company, New York) 1964.71.

(b) Oser BL, in Hawk's physiological chemistry, edited by
Bernard L Oser 14™ edn. (The Blackiston Division, McGrow
Hill Book Company, New York) 1965, 368.

Van Handel E & Zilversmit D B, Serum Triglycerides
micromethod in Gradwohls Clinical Laboratory Methods and
Diagnosis, edited by Frankel S; Reitman S and Sonnenwirth
A C. (The C.V Mosby Company, Saint Louis) 1963, .263.
Chiamori N & Henry R, Total cholesterol. Zlatkis (modified)
method in Gradwohls Clinical Laboratory Methods and
Diagnosis (eds) Frankel S; Reitman S and Sonnenwirth A.C.
(The C.V Mosby Company, Saint Louis). 1963,263.



T66

27

30

31

INDIAN LEXP BIOL, AUGUST 2001

Warnick RG & Albers JA, A comprehensive evaluation of
the  heparin-Manganese  precipitating  procedure  for
estimating high density lipoprotein cholesterol.J Lipid Res,
19 (1978) 65.

Reitman S & Frankel S. Colorimetric method for aspartate
transaminase Practical Clinical Enzymology, edited by J.
King (D Van Nostrand Company Lid. London ) 1965.. 130.
King E J & Armstrong A R. Method of King and Armstrong
in Practical clinical biochemistry 5" edition, edited by H
Varley. A H Govenlock and M Bell, (William Heinemann
Medical Books Lid. London) 1980, 897.

Nichaus(Jr) WG & Samuelson B, Formation of
malondialdehyde from phospholipid arachidonate during
microsomal lipid peroxidation, Eur J Biochem, 6 (1968) 126
Rao A V & Ramakrishnan S. Indirect assessment of
hydroxymethyl glutaryl CoA reductase (NADPH) activity in
liver tissue. Clin Chem, 21 (1975) 1523

32

33

34

35

Sheela C G & Augusti K T, Effects of S-allylcysteine
sulfoxide isolated from Allium sativiea Linn and gugulipid
on some enzymes and fecal excretions of bile acids and
sterols in cholesterol fed rats. Indian J Exp Biol. 33 (1995)
749

Chang MLW & Johnson M A, Effect of garlic on
carbohydrate metabolism and lipid synthesis in rats. J Nuer,
110(1980)931

Block E. The organosulfur chemistry of Genus Allium-
Implications for the organic chemistry of sulfur. Angew
Chem Int Ed Engl, 31 (1992) 1135.

Reuter, Koch H P & Lawson LD, in Therapeutic effects and
applications of garlic and preparations, edited by Koch HP
and Lawson LD. Garlic, The Scierce and Therapeutic
Applications of Allium sativum L and related species.
(Williams & Wilkins, A Waverly Comp. 351, West German
Street, Baltimor, Maryland USA) 1990..135



