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Dietary supplementation of garlic (Allium sativum) extract alters the glycogen
deposition in liver and protein metabolism in gonads of male albino rats
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ABSTRACT

The prophylactic efficacy of garlic (Allium sativum Linn.) extract was studied on glycogen deposition and protein
metabolism in male albino rats. The garlic extract was tested in three different doses 1ml, 2ml and 4ml/ kg body
weight daily for a period of 7, 14, 21 and 28 days. The significant (P<0.01 & P<0.05) increase in Glycogen and Pro-
tein level was observed when rats were fed with low and medium dose but when rats were fed with 4ml/kg body
weight of garlic extract there was significant (P<0.01) decrease in Glycogen level and a not significant increase in

Protein level was observed.
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INTRODUCTION

Epidemiological studies, during the last decade, have
revealed an inverse relationship between garlic, (Al-
lium sativum Linn.) (Alliaceae), consumption and the
incidence of certain forms of diseases, including sto-
mach, colon and laryngeal cancers (Yeh and Lijuan,
2001). The importance of garlic has already been rec-
ognized in early Egyptian, Chinese and Indian civiliza-
tions, centuries ago as a herbal or traditional medicine.
Today, in many parts of the world garlic is being used
both as prophylaxis and for the cure of variety of dis-
eases including acute and chronic infections like gastri-
tis, dysentery, typhoid fever, cholera, tuberculosis,
pneumonia, diabetes mellitus, heart disease and
hypertension (Khataibeh et al., 2006). Previously it was
reported that allyl-containing sulfides in garlic increase
the uncoupling protein (UCP) content in brown adipose
tissue, and noradrenaline and adrenaline secretion in
rats (Oi et al., 1999). It also reported that administra-
tion of diallyldisulfide, a major volatile sulfur-
containing compound in garlic, enhanced triglyceride
catabolism and growth of interscapular brown adipose
tissue (IBAT)2 by increasing noradrenaline secretion in
rats (Oi et al., 1995; 1998). We speculated that garlic
may affect whole-body protein metabolism by the sti-
mulation of hormone secretion and that dietary sup-
plementation of garlic may enhance hormone-
regulated protein anabolism.

Biochemical investigations of the effect of garlic in rats
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are limited to lipid metabolic studies only. The purpose
of this study was to investigate the effect of dietary
supplementation of garlic extract on the level of Glyco-
gen in liver and Protein in gonads of male albino rats.

MATERIALS AND METHODS
The Extract

Six months old (after harvest) garlic bulbs were col-
lected from the local market. Garlic bulbs were sepa-
rated, peeled and washed with distilled water. After
drying in shed, about 500 gm of clean garlic bulbs were
crushed with the help of electronic grinder. The extract
was strained through muslin cloth after squeezing the
crushed materials (Sonepati et al., 2001).

Experimental Animal

Healthy adult male albino rats weighing approximately
150 — 200 gm were selected for the experiment. All
animals were acclimatized for a week in the laboratory
before use (Parthasarathy and Prasanth, 2009). The
animals were housed five per cage under controlled
conditions of a 12 h light/dark cycle, 50% of humidity
and 26°C £ 2°C, with minimum noise levels (Nagaraja et
al., 2006). Animals had free access to tap water ad libi-
tum and normal diet.

Experimental Design

The animals were divided into four groups. Group A
animals, which served as healthy control, were given
normal feed and tap water ad libitum throughout the
experimental tannure. Rats of group B, C and D were
fed with 1ml, 2ml and 4ml/ kg body weight garlic ex-
tract daily for 7, 14, 21 and 28 days daily. In all the
groups, the extract was forced fed by using ball —
tipped needle every day between 11.00 a.m. to 12.00
pm (Thomson et al., 2006; Cikler et al., 2005).
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Glycogen Estimation

Glycogen was measured by the Anthrone method of
Van der Vies (1954). Glycogen, present in submicros-
copic from in tissue, yield an amorphous product on
reacting with KOH. This produces a green — brown co-
lour with anthrone reagent. 50 mg tissue of liver was
homogenized with 5 ml of 5% TCA and filtered. To one
ml of filtrate, one ml of 10N KOH was added and the
mixture was boiled for exactly 60 minutes. Excess alkali
was neutralized with 0.5 ml glacial acetic acid and dis-
tilled water is added to make a final volume of 10 ml.
One ml of the above mixture was added to two ml of
freshly prepared anthron reagent (2 mg anthrone/ml
of 36N sulphuric acid), shaken laterally and heated in a
boiling water bath for 10 minutes. The green-brown
colour develops which was measured calorimetrically
at 650nm against blank, prepared simultaneously by
using one ml of 5% TCA instead of one ml of tissue fil-
trate. The optical density was compared with a set of
glucose standard of varying concentration (0.01 mg/ml
to 0.04 mg/ml). Results have been expressed as pg/mg
tissue.

Protein Estimation

Quantitative assessment of protein was made accord-
ing to the procedure of Lowry et al., (1951). Animal
were dissected, their gonads was removed, weighed
and homogenized (1mg/ml, w/v) in 10% TCA using an
electrical homogenizer for 5min. The homogenate thus
obtained was centrifuged (6000g x 20min) and the
precipitate was collected. The precipitate was washed
twice with 5.0ml of 5% TCA and centrifuged again at
the same speed for another 20 minutes. The precipi-
tate was dissolved in 4.0ml of 1IN NaOH. In 1.0 ml of
diluted supernatant 5 ml of freshly prepared reagent C
was added. The reagent C was prepared by addition of
50 ml of reagent A (2% sodium carbonate in 0.1N
NaOH) and 1.0 ml of reagent B (2% sodium potassium
tartarate, 1% copper sulphate, mixed in 1:1 ratio at the
time of experiment). The reaction mixture was left
standing for 10 minutes at room temperature following
which 0.5 ml of Folic — ciocatu’s reagent diluted 1:2
ratio with distilled water at the time of experiment was
added and mixed thoroughly. After 10 minutes, the
blue colour develops that was measured at 600 nm.
Standard curves were prepared with different concen-
tration of bovine serum albumin. Values have been
expressed as pug protein/mg tissue.

Statistical Analysis

All the experiments were replicated five times and sub-
jected to statistical analysis by two way analysis of va-
riance (ANOVA), followed by student’s t-test, wherever
required (Paterson, 1939).

RESULTS

Effect of extract on Glycogen deposition
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There was a significant increase/decrease in the mean
values of Glycogen level in male albino rats. In group B
and C, the level increased significantly (P<0.01) to the
extent of 5.09% and 7.88% respectively whereas in
group D there was a significant decrease (P<0.01) of
3.46% in glycogen level was observed (Table 1, Figure
1).

Effect of extract on Protein metabolism

There was a significant increase in the mean values of
Protein level in male albino rats. In group B and C, the
level increased significantly (P<0.01) to the extent of
10.53% and 12.61% respectively, whereas a not signifi-
cant increase of 3.41% in protein level was observed in
group D (Table 1, Figure 1).

DISCUSSION

Carbohydrates fulfill both structural and metabolic
roles. Carbohydrates are major constituents of animal
food and tissues. The glucose is the most important
Carbohydrate in the animal biochemistry because
nearly all carbohydrates in food are converted to glu-
cose for further metabolism. Glucose is a major fuel of
the tissues of animals. It is converted into other carbo-
hydrates having highly specific function, viz., glycogen
for storage, in certain complex lipids and in combina-
tions with proteins in glycoproteins. Glycogen is a sto-
rage polymer of glucose in animals. The level of glyco-
gen was significantly higher in the B, C and D groups of
rats than in the A group at low and medium dose, but
at higher dose its level decreases. It is reported that
garlic acts as a hypoglycemic agent (Ahmed and Shar-
ma, 1997; Khataibeh et al., 2006). Therefore, it is as-
sumed that administration of garlic increases response
of insulin and also promotes the conversion of the in-
active form of glycogen synthetase to the active form
and enhances conversion of blood glucose into glyco-
gen. These findings get support from Villar-Palasi and
Lamer (1961), Jain et al., (1973), Jain and Vyas (1974;
1975) and seemed to support the theory that garlic
acted as a hypoglycemic agent. The hypoglycemic ef-
fect might be due to an increase in the insulin response
during feeding, probably due to enhanced transport of
blood glucose to the peripheral tissues. The abolition
of this effect due to ingestion of garlic may inhibit
some steps in the formation of glucose or in the depo-
sition of this glucose as liver glycogen (Todd et al.,
1964).

On this basis, it is possible that the low levels of liver
glycogen initially may also be related to inhibition of a
part of the process of deposition. Reduction of hepatic
glycogen may be explained as due to pathophysiologi-
cal changes in liver (increased relative liver weight).
The present study is in accordance to Nigam (1987),
Igbedioh and Akinyele (1992), who reported reduced
hepatic glycogen with pathological changes in the liver
of common house sparrow due to furadon SPs, expo-
sure.
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Table 1: Percent change in Glycogen and Protein level after following the programmed feeding of Allium sativum

(garlic) extract daily for 7, 14, 21 and 28 days respectively in male albino rats

DAYS
REGIMENS | TREATMENTS 7 m o1 28
568.950 +1.152 | 569.678 +1.479 | 567.676+1.062 | 568.404 +1.208
CONTROL (0
©) (100%) (100%) (100%) (100%)
1ml/kg 575.140 + 1.062"° | 584.972 + 1.268** | 593.165 + 1.362** | 588.249 + 1.451**
Glycogen Level (bd.wt) (1.09%) 1 (2.68%) 1 (4.49%) N (5.09%) 1
(ng/mg) 2ml/kg 581.249 + 1.100** | 591.862 + 1.208** | 605.454 + 1.332** | 616.765 + 1.718**
(bd.wt) (2.16%) M (3.89%) 1 (6.67%) I (7.88%) M
4ml/kg 566.765 + 1.187"° | 561.458 + 1.130* | 555.268 + 1.221** | 528.714 + 1.268**
(bd.wt) (0.38%) \, (1.44%) 1 (2.19%) L (3.46%) L
101.894 + 1.226 105.614 + 1.242 107.554 + 1.144 109.010 + 1.564
CONTROL
(] (] 0 (]
ONTROL (0) (100%) (100%) (100%) (100%)
1ml/kg 105.775 +1.314"™ | 110.789+1.696"™ | 115.641 + 1.329* | 120.493 + 1.279**
Protein level (bd.wt) (3.81%) P (4.91%) P (7.52%) M (10.53%) M
(ng/mg) 2ml/kg 107.878 £ 1.216* | 112.568 + 1.237* | 116.935 + 1.103** | 122.758 + 1.605**
(bd.wt) (5.87%) M (6.58%) M (8.72%) 1 (12.61%) M
4ml/kg 102.702 +1.279" | 106.907 + 1.433" | 109.172 +1.226" | 112.730 + 1.368"
(bd.wt) (0.79%) M (1.22%) P (1.50%) 1 (3.41%) 1

Values are expressed as Mean + SE of five replicates, Values in parentheses are percent change with control taken

as 100 percent.

Data were analyzed through Two Way Analysis of Variance (ANOVA) followed by Student’s t-test.

‘NS’ not significant, ‘*’ significant (P<0.05) and “**’ significant (P<0.01), when treated groups were compared with

controls.
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Figure 1: Change in percent level of Glycogen and Protein in male albino rats after fed with different volumes of

raw garlic extract for 7, 14, 21 and 28 days daily

The effects of garlic supplementation on protein me-
tabolism have not been fully clarified. It is believed that
garlic involved in hormonal secretion, may affect
whole-body protein metabolism due to hormonal regu-
lation by stimulating hormone secretion (noradrenaline
and adrenaline), or it may affect protein metabolism by
enhancing protein anabolism. These results get sup-
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port from Ol, et al., (1995; 1998) who reported that
supplementation of garlic powder at 0.8 g/100 g with a
high fat diet and the administration of diallyldisulfide, a
major volatile sulfur-containing compound in garlic,
enhanced triglyceride catabolism and growth of inter-
scapular brown adipose tissue (IBAT) by increasing
noradrenaline secretion in rats. Further in (1999), they
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reported that allyl-containing sulfides in garlic increase
the uncoupling protein (UCP) content in brown adipose
tissue, and noradrenaline and adrenaline secretion in
rats. They further reported that the allyl-containing
polysulfides in garlic are responsible for the enhance-
ment of noradrenaline and adrenaline secretion and
increased in thermogenesis, indicated by the increased
UCP content in IBAT. Thus, garlic administration may
affect whole-body protein metabolism due to hormo-
nal regulation by stimulating hormone secretion. On
the other hand decrease in protein level, observed in
present investigation may be due to their degradation
and possible utilization for metabolic purposes. De-
creased protein content might also be attributed to the
destruction or necrosis of cells and their consequent
impairment in protein synthesis machinery. The quan-
tity of protein depends on the rate of protein synthesis
or on the rate of its degradation.

REFERENCES

Ahmed, R.S. and Sharma, S.B., ‘Biochemical studies on
combined effects of garlic (Allium sativum Linn) and
ginger (Zigiber officinale Rosc) in albino rats.” Indian
J. Exp. Biol. Vol. 35 (8): 1997, pp 841-843.

Cikler, E., Saglam, B., Zeybek, A., Ercan, F., Cetinel, S.,
and Sener, G., ‘The protective effects of aqueous
garlic extract against water avoidance stress-induced
mast cell degranulation in dermis.” Marmara Medical
Journal, Vol. 18(3): 2005, 103-108.

Igbedioh, S.0. and Akinyele, 1.0., ‘Effect of benomyl
toxicity on some liver constituents of albino rats.’
Arch. Environ. Health, Vol. 47 (4): 1992, pp 314-317.

Jain, R.C. and Vyas, C.R., ‘Garlic in alloxan-induced di-
abetic rabbits.” Am. J. Clin. Nutr. Vol. 28: 1975, pp
684-685.

Jain, R.C. and Vyas, C.R., ‘Hypoglycemia action of onion
on rabbits.” Br. Med. J., Vol. 2: 1974, pp 730.

Jain, R.C., Vyas, C.R. and Mahatma, O.P., ‘Hypoglycemic
action of onion and garlic.” Lancet, Vol. 2: 1973, pp
1491.

Khataibeh, M., Abu-Samak, M. and Banu, N., ‘Biochem-
ical investigation of the effect of Garlic (Allium sati-
vum) on 7, 12-dimethylbenz[a]anthracene (DMBA)
induced mammary cancer in female albino rats.’
Asian J. Biochemistry, Vol. 1(3): 2006, pp 251-256.

Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Radall,
R.)., ‘Protein measurement with folin phenol rea-
gent.” ). Biol. Chem. Vol. 193: 1951, pp 265 — 275.

Nagaraja, H.S., Anupama, B.K. and Jeganathan, P.S.,
‘Stress response in albino rats.” Thai Journal of Phy-
siological Sciences, Vol. 19: 2006, pp 8-15.

Nigam, K., ‘Studies on the effects of certain toxicants
on common house sparrow Passer domesticus.’
Ph.D. Thesis, University of Rajasthan, Jaipur, 1987.

Srivastava S and Pathak PH, (2012) Int. J. Res. Pharm. Sci., 3(1), 163-166

0i, Y., Kawada, Kitamura, K., Oyama, F., Nitta, M., Ko-
minato, Y., Nishimura, S. and Iwai, K., ‘Garlic sup-
plementation enhances norepinephrine secretion,
growth of brown adipose tissue, and triglyceride ca-
tabolism in rats.” J. Nutr. Biochem. Vol. 6: 1995, pp
250-255.

0i, Y., Kawada, T., Shishido, C., Wada, K., Kominato, Y.,
Nishimura, S., Ariga, T. and Iwai, K., ‘Allyl-containing
sulfides in garlic increase uncoupling protein content
in brown adipose tissue, and noradrenaline and
adrenaline secretion in rats.” J. Nutr. Vol. 129: 1999,
pp 336—-342.

0i, Y., Okamoto, M., Nitta, M., Kominato, Y., Nishimura,
S., Ariga, T. and lwai, K., ‘Alliin and volatile sulfur-
containing compounds in garlic enhance the ther-
mogenesis by increasing norepinephrine secretion in
rats.” J. Nutr. Biochem. Vol. 9: 1998, pp 60—66.

Parthasarthy, G. and Prasanth, V.V., ‘Hepatoprotective
Activity of Cassia fistula Linn. Bark extract against
Carbon Tetra Chloride Induced Liver Toxicity in Rats.’
The Internet Journal of Pharmacology, Vol 6: 2009,
No. 2.

Paterson, D.D., ‘Statistical Technique in Agricultural
Research.” M.C. Graw- Hill New York, 1939.

Sonepati, S.K., Dey, S., Dwivedi, S.K. and Swarup, D.,
‘Effect of garlic (Allium sativum L.) extract on tissue
lead level in rats.” Journal of Ethnopharmacology.
Vol. 76: 2001, pp 229 - 232.

Thomson, M., Khaled K Al — Qattam, Tanuja Bordia and
Muslim Ali, ‘Including Garlic in the Diet May Help
Lower Glucose, Cholesterol and Tryglycerides.” The
Journal of Nutrition, Vol. 136: 2006, pp 800S-802S.

Todd, W.R., Marilouise, H. and Lester, L., ‘Effects of
Dietary Creatine and Related Compounds on Tissue
Glycogen Deposition in Rats.” J. Nutrition. Vol. 82:
1964, pp 64.

Van der Vies, J., ‘Two methods for the determination of
glycogen in liver.” Biochem. J. Vol. 57: 1954, pp 410-
416.

Villar-Palasi, C. and Lamer, J., ‘Insulin treatment and
increased UDPG-glycogen transglucosylase activity in
muscle.” Arch. Biochem. Biophys. Vol. 94: 1961, pp
436-442.

Yeh, Y. Y. and Lijuan, L., ‘Cholesterol-Lowering Effect of
Garlic Extract and Organosulfur Compounds: Human
and Animal Studies.” The Journal of Nutrition, Vol.
131: 2001 pp 989S-993S.

166 ©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences



