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Summary
Diabetes mellitus is a group of metabolic disorders that results in hyperglycemia
due to insufficient insulin utilization or decreased insulin production. Allium sativum,
commonly known as “Garlic”, belongs to the family Lilliaceae, an indigenous antidiabetic
plant popularly used in South India for diabetes mellitus. They possess antimicrobial,
hypolipidemic, antihyperglycemic, antioxidant, antineoplastic and antithrombotic effects.
Garlic has been claimed to be an excellent remedy for cancer and heart disease. This clinical
trial was conducted on newly diagnosed type 2 diabetic patients (n=20). Diabetic patients
were selected from Ehrlich laboratory, Chennai and were divided in to two groups each
comprising of 10 patients. An equal number of healthy groups were also investigated. The
subjects were male ranging in age from 40-60 years. Diabetic patients were received raw
garlic 3 small sized raw garlic cloves (1 clove = 1.2g) once orally daily in the morning in
fasting condition (12-14 hrs) for 30 days. After 30 days of treatment, the blood samples
were obtained from all groups of subjects by venous arm puncture into heparinised tubes
from all groups of subjects. The serum was separated and the biochemical factors were
measured. The results showed a significant reduction in blood glucose level, lipid
metabolism and significant improvement in Superoxide dismutase (SOD), Catalase (CAT)
and Glutathione peroxidase (GPx) in erythrocytes of diabetic patients when compared with
normal. Garlic decreases the serum cholesterol, triglyceride (TG) and low-density
lipoprotein (LDL) while increasing the high-density lipoprotein (HDL) fraction. The results
of the present study suggest that raw garlic exerts its antidiabetic effect through its potent
antioxidant agents (gallo-ellagi) tannoids. Based on these results it is concluded that garlic
is a more potent antidiabetic effect.
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Introduction
Diabetes mellitus is a metabolic disorder characterized by hyperglycemia and
associated with increased free-radical activity. The mechanisms of free-radical production
include glucose autoxidation, protein glycation, advanced glycated end products
formation, and activation of polyol pathway, ultimately resulting in oxidative stress in a
variety of tissues1. Reactive oxygen species (ROS) are produced continuously in living
cells as byproducts of normal cellular metabolism of xenobiotics as well as during
exposure to high temperature or radiation. Over production of ROS are implicated in the
pathophysiology of various diseases including cancer2. The presence of oxygen free
radicals and the simultaneous decline of antioxidant defence mechanisms observed in
diabetic patients could promote the development of late diabetic complication. Elevated
lipid peroxidation byproducts and declined antioxidants were reported in both human and
experimental diabetes3. Certain natural substances have the potential to reduce the
detrimental effect of a number of cardiovascular risk factors.
Garlic (Allium sativum) has been found to have a wide range of medicinal
properties ranging from antibacterial to anticancer effects4,5. Garlic was known to be
effective in decreasing cholesterol6,7 and can inhibit LDL oxidation8. Garlic has also
shown to have antioxidant properties, which could have a protective nature against
gastrointestinal neoplasias, against blood clots (antiplatelet action) due in part to the
compounds alliin and ajoene, which have fibrinolytic activity9. S-allyl cysteine Sulphoxide
(SACs), a sulphur containing amino acid of garlic which is the precursor of allicin and
garlic oil has antidiabetic effects in alloxan diabetic rats. It decreased concentration of
serum lipids, blood glucose and activities of serum enzymes, like alkaline phosphatase
(ALP), acid phosphatase and lactate dehydrogenase and liver glucose-6-phosphatase10. It
protects DNA against free radical-mediated damage and mutations. Lipid peroxides, uric
acid, blood glucose, total lipid, triglycerides and cholesterol were decreased significantly
after treatment with garlic oil, also on liver and kidney lipid peroxides decreased
significantly after garlic oil treatment11. Hence, in this study, we have evaluated the
hypoglycemic effects of garlic in patients with type 2 diabetes mellitus.
Material and Methods
Twenty newly diagnosed diabetic patients, ranging in age from 40-60 years from
Ehrlich laboratory Chennai, were chosen for this study. An equal number of healthy
subjects (volunteers) were also investigated. Diabetic patients were received 3 small sized
raw garlic cloves (1 clove = 1.2g) once orally daily in the morning in fasting condition
(12-14 hrs) for 30 days. After 30 days of treatment, the blood samples were obtained from
healthy individuals and diabetic patients before and after the treatment with raw garlic by
venous arm puncture into heparinised tubes. Heparinised blood samples containing serum
and plasma were separated by centrifugation at 3000 rpm for 5min and buffy coat was
removed and packed cell washed three times with physiological saline. Serum was
separated and analysed for the biochemical parameters: Triglyceride, HDL, cholesterol
and LDL. Enzymatic antioxidants and TBARS were estimated in plasma and erythrocytes
in all groups.
Biochemical analysis
Blood glucose, Triglyceride, cholesterol, HDL and LDL were estimated by the
method of Autoanalyser. Lipid peroxides in plasma were assayed by the method of Yagi12.
TBARS in plasma and erythrocytes membrane was estimated by the method of Donnan13.
Superoxide dismutase activities were estimated by the method of Kakkar14. Catalase and
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Glutathione activities in erythrocyte hemolysate were estimated by the method of Sinha
and Rotruck 15,16.
Statistical analysis
All quantitative measurements were expressed as means ± SD for healthy and normal
subjects. The data were analyzed using one way analysis of variance (ANOVA) followed
by students ‘t’ test by using statistical package of social sciences (SPSS) version 10.00 for
windows.
Results
Effect of garlic on TBARS, blood glucose levels
The clinical parameters of the controls and the type 2 diabetics were shown in table 1.
There was a significant increase in blood glucose and TBARS levels in diabetic patients.
Administration of raw garlic significantly decreased blood glucose and TBARS levels in
diabetic treated patients.
Table 1: Effect of garlic on TBARS, Blood glucose levels in Diabetic patients and
Diabetic patients treated with raw Garlic.
Parameter

Healthy
subjects

Diabetic
patients

Diabetic patients treated
with raw garlic

99.8 ± 8.3a

243.3 ± 23.9b

107.3 ± 9.7ac

Plasma TBARS
(nmol/ml)

2.19 ± 0.16 a

4.30 ± 0.34 b

2.34 ± 0.20 ac

Erythrocyte
TBARS (nmol/ml)

0.30 ± 0.02 a

1.53 ± 0.11 b

0.31 ± 0.03 ac

Blood glucose
(mg/dL)

TBARS - Thiobarbituric acid reactive substances.
Values are expressed as mean ± SD; n=20.
a, c – significantly different from normal subjects is ap <0.001, cp< 0.005
b – significantly different from diabetic patients

Action of garlic on lipid profiles
Table 2 shows the effect of raw garlic on lipid profile in diabetic patients. There was
a significant elevation of cholesterol, LDL, triglyceride and reduction of HDL were
observed in diabetic patients. Supplementation of raw garlic significantly decreased
cholesterol, triglyceride, LDL and increased HDL levels.
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Table 2: Effect of raw Garlic on lipid profile Diabetic patients and Diabetic patients
treated with raw Garlic
Parameter

Healthy
subjects

Diabetic
patients

Diabetic patients
treated with raw garlic

Serum
cholesterol
(mg/dL)

149.5 ± 11.8 a

208.3 ± 28.00 b

173.4 ± 8.9 ac

Triglycerides
(mg/dL)

140.6 ± 11.5 a

167.5 ± 27.80 b

153.6 ± 15.00 ac

HDL (mg/dL)

64.00 ± 9.30 a

53.00 ± 8.00 b

60.00 ± 9.00 ac

LDL (mg/dL)

81.00 ± 24.40

118.00 ± 23.30

93.40 ± 18.3 ac

a

b

HDL – High density lipoprotein; LDL – Low density lipoprotein.
Values are expressed as mean ± SD; n=20.
a, c – significantly different from normal subjects is ap <0.001, cp< 0.005
b – significantly different from diabetic patients
Influence of garlic on antioxidants status
The activities of SOD, CAT, and GPx in erythrocytes of diabetic patients have been
summarized in Table 3. There was a significant reduction in the activity of SOD, CAT and
GPx in erythrocytes during diabetes when compared with normal group. By administration
of raw garlic increased the activity of SOD, CAT and GPx in erythrocytes to near normal.
Table 3: Effect of raw Garlic on Enzymatic Antioxidants in erythrocytes of Diabetic patients.
Parameter

Healthy
subjects

Diabetic
patients

Diabetic patients treated with raw garlic

CAT (U A /mg
Hb)

2.01 ± 0.11 a

1.24 ± 0.11 b

1.91 ± 0.14 ac

SOD (U B/mg
Hb)
GPx (U C/mg
Hb)

1.54 ± 0.16 a

1.01 ± 0.16 b

1.42 ± 0.15 ac

17.2 ± 1.1 a

10.3 ± 0.8 b

16.07 ± 1.40 ac

Plasma GPx
101.8 ± 12.9 b
130.9 ± 10.90 ac
140.6 ± 10.7 a
(UA/L)
SOD – Superoxide dismutase; CAT – Catalase; GPx – Glutathione peroxidase.
Values are expressed as mean ± SD; n=20.
a, c – significantly different from normal subjects is ap <0.001, cp< 0.005
b – Significantly different from diabetic patients
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Discussion
Diabetes mellitus has been known to be a state of excess generation of free
radicals contributed by several mechanisms, including hyperglycemia and antioxidant
status, causing oxidative stress. This oxidative stress exacerbates the development and
progression of diabetes and its complications. Excessive production of free radicals
observed both in type 1 (insulin-dependent) and types 2 (non insulin dependent) diabetes
and its insufficient removal results in damage to cellular proteins, membrane lipids, and
nucleic acids17. In the present study, we have evaluated the efficacy of garlic on
hyperglycemia in patients with type 2 diabetes in comparison to normal. According to our
study, treatment with raw garlic significantly reduced the levels of blood glucose,
triglyceride, LDL and increases HDL level. Increased blood glucose level suggests that
pancreatic β-cells were severely damaged in type 2 diabetic patients. Reversal of blood
glucose after treatment with raw garlic in type 2 diabetic patients indicates that the garlic
induced insulin secretion from undamaged pancreatic β-cells and stimulated glucose
utilization by hepatic and extra hepatic tissues.
The hypoglycemic action of garlic could possibly due to an increase in pancreatic
secretion of insulin from β-cells, release of bound insulin or enhancement of insulin
sensitivity. It has been previously suggested that garlic (allicin) can enhance serum insulin
by effectively combining with compounds like cysteine, which would spare insulin from
SH group which are common cause to insulin inactivation18. Glucose concentration in
blood reduced significantly in garlic treated patients compared to diabetic patients. This
condition was attributed to improving of the antioxidant system in cells of the pancreas to
produce insulin. Kumar and Thomson19,20 found that feeding mice with garlic induced
significant, decrease of serum glucose levels. The lower levels of plasma glucose in
human have also been reported in the biochemical effect of Allium sativum.
One of the end products of lipid peroxidation is malondialehyde (MDA). It showed a
significant decrease in garlic treated diabetic patients compared to diabetic patients. In the
study performed 60 patients with type 2 diabetes mellitus received garlic daily, and their
total serum cholesterol and LDL decreased after 5 weeks and HDL cholesterol increased
after 7 weeks. Mechanism of action in lowering serum lipids includes the garlic delayed
lipid absorption from the gastrointestinal (GI) tracts and diminished LDL cholesterol
synthesis by liver21. There is no change in serum cholesterol levels in patients with
hypercholesterolemia after 12 weeks of treatment with garlic powder 900mg per day,
while significant reduction in total cholesterol and LDL cholesterol as well as moderate
increase in HDL cholesterol but no change in triglyceride levels was observed in our
study22.
SOD scavenges the superoxide ions produced as cellular byproducts. SOD is a
major defence for aerobic cells in combating the toxic effects of superoxide radicals23. In
erythrocytes, SOD activity was increased in garlic treated group compared to normal.
Garlic extract exerts antioxidant action by scavenging ROS, enhancing the cellular
antioxidant enzymes SOD in the cells24. Catalase is rich in eukaryotes and peroxisomes
and serves to degrade H2O2 produced by peroxisomal oxidases to water and oxygen. CAT
activity in erythrocytes showed significant increase in garlic treated group compared to
normal. Its oil enhanced CAT activity in the cells. Garlic powder increases the antioxidant
capacity in hamsters 25. Glutathione peroxidase (GPx) is selenium dependent enzyme
found primarily in the cytoplasm but found also in the mitochondria. GPx activity
showed significant increase in garlic treated group compared to normal. Garlic extract
increases antioxidant action by scavenging ROS, enhancing the cellular antioxidant
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enzymes, GPx and increasing glutathione in the cells. Garlic oil and diallyldisulfide
increased glutathione levels in red blood cells 26.
Conclusion
In conclusion, it can be suggested that, administration of garlic to diabetic
patients can decrease the blood glucose level and increase the antioxidant activity in
humans. Garlic has been used as food additive and can be recommended as a dietary
supplement for long term use without toxic effects. We certainly believe that garlic overall
is a magical medicinal herb and if consume as much as possible has got the prophylactic
effect in all people.

References
1.

Atalay M and Laaksonen DE. Diabetess, Oxidative stress and physical exercise. J.
Sp. Sci. Med 2002; 1:1-14.
2.
Ruiz C, Algeria A, Barbera R, Farre R and Lagarda MJ. Lipid peroxidation and
antioxidant enzyme activities in patients with type 1 diabetes mellitus. Scand. J. Clin.
Lab. Invest 1999; 59: 99-105.
3. Aruoma OI, Kaur M and Halliwell B. Oxygen free radicals and human diseases. J. Royal.
Society. Health 1991; 111: 172-177.
4. Ali M and Thomson M. Consumption of a garlic clove a day could be beneficial in
preventing thrombosis. Prostaglandins. Leukot Essent Fatty Acids 1995; 53:211–212.
5. Bordia A and Verma SK. Effect of garlic feeding on regression of experimental
atherosclerosis in rabbits. Artery 1980; 7: 428–437.
6. Stevinson C, Pittler MH and Ernst E. Garlic for treating Hypocholesterolemia. Ann.
Intern. Med 2000; 133: 420-9.
7. Steiner M, Khan AH, Hollbert D and Lin RI. A double-blind crossover study in
moderately hypercholesterlomic men that compared the effect of aged garlic extract and
placebo administration on blood lipids. Am. J. Clin. "utr 1996; 64: 866-70.
8. Heiner K and Thomas S. Effect of Gralic oil preparation on serum lipoproteins and
cholesterol metabolism. Jama 1998; 279:1900-4.
9. Schulz VR, Hansel, Tyler V and Blumenthal M. Rational Phytotherapy: A Physician’s
Guide 5th Edn Berlin: Springer-Verlag, 2004.
10. Sheela CG and Augusti KT. Antidiabetic effects of S-allyl cysteine sulphoxide isolated
from garlic, Allium sativum Linn. Ind. J. Exp. Biol 1992; 30: 523.
11. Mamdouh MA and Abdel-Raheim MA. Oxidative stress in streptozotocin-induced
diabetic rats: Effects of garlic oil and melatonin. Comp. Biochem. and Physiol. Part A
2003; 135: 539-547.
12. Yagi K. Lipidperoxides and human disease. Chem. Physiol. Lip 1978; 45: 337-351.
13. Donnan SK. The thiobarbuturic acid test applied to tissues from rats treated
in
various ways. J. Biol. Chem 1950; 182: 415-419.
14. Kakkar P, Das B, Vishwanathan P. A modified spectrophotometric assay
of
superoxide dismutase. Ind. J. Biochem. Biophys 1984; 21:130-132.
15. Sinha KA. Colorimetric assay of Catalase. Anal. Biochem 1972; 47: 389-394.
16. Rotruck JT, Pope AL, Ganther HE and Swanson AB. Selenium biochemical roles as
a component of glutathione peroxidase. Science 1984; 179: 588-590.

973

Pharmacologyonline 2: 968-974 (2011)

Mirunalini et al.

17. Bonnefont-Rousselot D, Bastard JP, Jaudon MC and Delattre J. Consequences of the
diabetic status on the oxidant / antioxidant balance. Diab. Metabol (Paris) 2000; 26:16376.
18. Abdullah P and Amir P. Treatment of diseases of garlic and onion, 1st edition, pp 3334.
19. Kumar GR and Reddy KP. Reduced nociceptive responses in mice with alloxan
induced hyperglycemia after garlic (Allium sativum Linn.) treatment. Ind. J. Exp. Biol
1999; 37: 662-666.
20. Thomson M and Ali M. Garlic (Allium sativum): A review of its potential use as an
anti- cancer agent. Current. Cancer. Drug. Targets 2003; 3: 67-81.
21. Mansell P, Salisbury UK and Reckless JP. The effect of dried garlic powder tablets on
serum lipids in non insulin dependent diabetic patients. Am. J. Clin. "utr 2002; 66: 26166.
22. Isaacsohn JL, Moser M, Stein EA, et al. Garlic powder and plasma lipids and
lipoproteins. Arch. Intern. Med 1998; 158:1189-94.
23. McCrod JM, Keele BB, Fridovich I. Jr. An enzyme based theory of obligate
anaerobiosis; the physiological functions of superoxide dismutase. Proc. "atl. Acad. Sci.
1976; 68:1024-1027.
24. Carmia, B. Antioxidant Health Effects of Aged garlic Extract. J. "utr 2001; 131: 1010S1015S.
25. Yaoling LC, Jiunrong S, Men Gsyh S, et al. The effects of garlic powder on the
hypolipidemic function and antioxidative status in hamsters. J. "utr. Sci 1998; 23: 171-87.
26. Lee YS, Chen HW, Kung YL, et al. Effects of Garlic Oil and Its Organosulfur
Compounds on the Activities of Hepatic Drug this Metabolizing and Antioxidant Enzymes
in Rats Fed High and Low-Fat Diets. "utrition. and Cancer 1999; 35: 160-166.

Abbreviations

ALP
ANOVA
CAT
GI
GPx
HDL
LDL
MDA
ROS
SOD
TBARS

-

Alkaline phosphatase
Analysis of variance
Catalase
Gastrointestinal
Glutathione peroxidase
High density lipoprotein
Low density lipoprotein
Malondialdehyde
Reactive oxygen species
Superoxide dismutase
Thiobarbituric acid reactive substances
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