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Abstract Late complications in type 2 diabetic patients

are commonly associated with accelerated development of

atherosclerosis. In type 2 diabetes mellitus, non-enzymatic

glycosylation of apo-B that is a function of hyperglycaemia

is an efficient biochemical way of low-density lipoprotein

atherogenic modification. So, proper metabolic control is

needed to prevent late complications of diabetes. The study

was performed to estimate the effects of time-released garlic

powder tablet Allicor on the parameters of metabolic control

and plasma lipids in type 2 diabetes mellitus. The metabolic

action of Allicor was investigated in the 4-week double-

blinded placebo-controlled study in 60 type 2 diabetic

patients. Fasting blood glucose was measured daily, and

serum fructosamine as well as cholesterol and triglyceride

levels were determined at the baseline, after 1, 2, 3 and

4 weeks. It has been demonstrated that treatment with

Allicor resulted in better metabolic control due to the low-

ering of fasting blood glucose, serum fructosamine and

serum triglyceride levels. The results of this study may allow

recommending garlic powder tablets Allicor for the

treatment of type 2 diabetes mellitus along with dietary

treatment and/or sulfonylurea derivatives to achieve better

metabolic control. The benefits from garlic preparations

may lead to the reduction of cardiovascular risk in diabetic

patients.
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Introduction

Type 2 diabetes mellitus is characterized by premature

accelerated atherosclerosis development leading to early

invalidization and high mortality in this category of

patients [1, 2]. Atherosclerosis, by far the greatest killer in

modern society, is a complex disease that develops because

of many risk factors including alterations in plasma lipid

and lipoprotein levels, blood pressure regulation, platelet

function, clotting factors, arterial smooth muscle cell

metabolism, etc. [3]. Among all risk factors of athero-

sclerosis, diabetes mellitus is thought to be one the most

potent that greatly increases the risk of cardiovascular

diseases of atherosclerotic origin [4, 5]. Dietary therapy is

generally considered to be the first step in the treatment of

diabetic patients. Garlic (Allium sativum) is used in the

traditional medicine of many cultures for the treatment of

different diseases, including diabetes [6]. The medicinal

use of garlic dates back to thousands of years. Historically,

there has been great interest in the role of garlic in reducing

cardiovascular risk factors, but there was little scientific

support of its therapeutic and pharmacologic properties

until recently, when the effects of garlic have been exten-

sively evaluated. The modern interest in the use of garlic in

the treatment of diabetes mellitus increased due to the new
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data on its hypoglycaemic, hypolipidemic and antiathero-

sclerotic properties [7–9]. Since diabetes mellitus induces

complex alterations in metabolic state including not only

hyperglycaemia but also dyslipidaemia and increased

blood serum atherogenicity, the pluripotent effects of garlic

demand further profound investigations. This study was

performed to evaluate the glucose- and lipid-lowering

potency of new garlic-based formulation, namely, time-

released garlic powder tablets Allicor, in type 2 diabetic

patients. Evidence obtained from this randomized placebo-

controlled study supports the hypothesis that garlic has the

potential to prevent cardiovascular disorders in diabetic

patients due to the regulation of metabolic control.

Subjects, materials and methods

The primary goal of the study was the estimation of the

effects of garlic powder tablets Allicor (INAT-Farma,

Russia) on the parameters of metabolic control and plasma

lipids in type 2 diabetes mellitus. Allicor contains 150 mg

of dehydrated garlic powder and possesses a prolonged

action due to slow-release technology employed in manu-

facturing process.

This study was kept in accordance with the Helsinki

Declaration of 1975 as revised in 1983. It was approved by

the local ethical committee. All participants gave their

informed consent prior to their inclusion in the study.

This study was 4-weeks randomized double-blinded

placebo-controlled outpatient clinical trial of 60 type 2

diabetic patients (26 men, 34 women) of varying ages,

from 34 to 62 years (mean age, 48.2 ± 2.6 years), receiv-

ing oral hypoglycaemics–sulfonylurea derivatives. The

patients eligible for recruitment did not receive beta-

blockers, calcium antagonists, angiotensin-converting

enzyme inhibitors or diuretics. According to the state of

metabolic control at the time of inclusion in the study, the

patients were divided into two groups.

Those patients who had steady levels of fasting blood

glucose below or equal to 8.0 mmol/l (20 patients, 8 men

and 12 women) were randomized to receive monotherapy

either with Allicor (300 mg twice a day, 10 patients) or

placebo (10 patients). Placebo and Allicor tablets looked

identical. The treatment regimen included the withdrawal of

oral hypoglycaemics–sulfonylurea derivatives for the whole

period of the study. During the study, all participants were

maintained on the standard diet usually recommended for

diabetic patients. The daily measurements of fasting blood

glucose were used to monitor the early changes in metabolic

control, and the steady increase of fasting blood glucose

above 9.5 mmol/l served as the exclusion criterion, and such

patients were excluded from the study and turned to previ-

ously used regimen of treatment with oral hypoglycaemics.

Those patients who had steady levels of fasting blood

glucose above 8.0 mmol/l (40 patients, 18 men and 22

women) were included into the group of combined therapy,

i.e., were randomized either to receive Allicor (300 mg

twice a day, 20 patients) or placebo (20 patients) in addi-

tion to continuing treatment with oral hypoglycaemics–

sulfonylurea derivatives. During the study, all participants

were maintained on the standard diet recommended for

diabetic patients, as well.

The venous blood for lipid analysis and estimation of

metabolic control was taken after overnight fasting at the

baseline, after 1, 2, 3 and 4 weeks of placebo-controlled

treatment phase. To obtain serum, the blood was incubated

for 1 h at 37�C and centrifuged for 15 min at 1,500g.

Cholesterol and triglyceride levels were measured by

commercial enzymatic kits (Boehringer Mannheim GmbH,

Germany). Serum HDL cholesterol concentrations were

measured after precipitation with magnesium chloride

phosphotungstic acid reagent (Boehringer Mannheim

GmbH, Germany). Serum LDL cholesterol was calculated

by Friedewald formula as the difference between total

cholesterol and the sum of HDL cholesterol and 1/2.3 tri-

glycerides. Serum fructosamine was determined

colorimetrically by the kinetics of reaction with nitroblue

tetrazolium [10] using calibrated hyperglycaemic human

serum (Boehringer Mannheim GmbH, Germany) as a

standard.

Results are expressed in terms of means and SEM.

Significance of differences was evaluated using SPSS

10.1.7 statistical program package (SPSS Inc., USA) and

defined at the 0.05 level of confidence. The changes in lipid

levels, fasting blood glucose and serum fructosamine levels

from baseline to the mean of follow-up measurements were

analyzed by a two-way ANCOVA and paired two-tailed

t-test.

Results

The results of the study are shown in Tables 1 and 2.

In Type 2 diabetic patients who received monotherapy

with Allicor, a significant decrease in serum triglyceride

levels was observed after 3 weeks of treatment, and by the

end of the study the difference from baseline levels

accounted for 36% (p \ 0.05). At the same time, the levels

of total cholesterol, HDL cholesterol and LDL cholesterol

did not change significantly (Table 1). The improvement of

metabolic control was also observed in Allicor-treated

patients. Serum fructosamine levels were significantly

lower after 3 and 4 weeks of treatment as compared to

placebo group, and decreased significantly as compared to

baseline levels by the end of the study (p \ 0.05)

(Table 2). Additionally, fasting blood glucose levels
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decreased and were maintained at the mean levels below

than 7.0 mmol/l during the whole period of the study

(Table 2). The significant difference in mean fasting blood

glucose levels from placebo patients was observed after 2,

3 and 4 weeks of treatment. None of Allicor-treated

patients was excluded from the study due to the impair-

ments in fasting glucose levels.

In placebo group, no significant changes in lipid levels

were observed (Table 1). There were no significant

changes in serum fructosamine levels, as well (Table 2).

However, fasting blood glucose levels began increasing

after the withdrawal of oral hypoglycaemics, and this lead

to the discontinuation of the study in six patients out of ten

due to the steady increase of fasting blood glucose above

9.5 mmol/l. Two patients in placebo group were excluded

from the study during the second week, three patients—

during the third week, and one patient—during the fourth

week of the study.

Table 1 The dynamics of

blood lipid changes

* Significant difference from

baseline levels, p \ 0.05

Group 0 days 7 days 14 days 21 days 28 days

Monotherapy

Total cholesterol (mmol/l)

Allicor 6.42 ± 0.18 6.57 ± 0.47 6.29 ± 0.21 6.36 ± 0.31 6.23 ± 0.47

Placebo 6.52 ± 0.34 6.23 ± 0.34 6.36 ± 0.49 6.21 ± 0.39 6.36 ± 0.44

Triglycerides (mmol/l)

Allicor 2.96 ± 0.51 2.60 ± 0.47 2.16 ± 0.34 1.99 ± 0.47* 1.90 ± 0.25*

Placebo 2.66 ± 0.78 2.27 ± 0.84 2.76 ± 0.54 2.47 ± 0.23 2.45 ± 0.26

HDL cholesterol (mmol/l)

Allicor 1.27 ± 0.11 1.29 ± 0.21 1.26 ± 0.18 1.19 ± 0.17 1.28 ± 0.11

Placebo 1.38 ± 0.13 1.43 ± 0.14 1.25 ± 0.06 1.37 ± 0.07 1.42 ± 0.09

LDL cholesterol (mmol/l)

Allicor 3.86 ± 0.21 4.15 ± 0.29 4.09 ± 0.20 4.30 ± 0.35 4.12 ± 0.44

Placebo 3.98 ± 0.22 3.81 ± 0.27 3.91 ± 0.32 3.77 ± 0.36 3.87 ± 0.42

Combined therapy

Total cholesterol (mmol/l)

Allicor 6.81 ± 0.26 6.18 ± 0.31 6.05 ± 0.23 6.26 ± 0.44 6.52 ± 0.42

Placebo 6.29 ± 0.31 6.52 ± 0.42 6.05 ± 0.44 6.47 ± 0.44 6.31 ± 0.44

Triglycerides (mmol/l)

Allicor 3.03 ± 0.31 2.45 ± 0.32 2.57 ± 0.60 2.21 ± 0.42* 2.25 ± 0.33*

Placebo 2.88 ± 0.30 2.71 ± 0.42 2.30 ± 0.25 2.60 ± 0.32 2.64 ± 0.38

HDL cholesterol (mmol/l)

Allicor 1.30 ± 0.11 1.27 ± 0.14 1.22 ± 0.10 1.22 ± 0.10 1.28 ± 0.13

Placebo 1.38 ± 0.14 1.22 ± 0.08 1.28 ± 0.11 1.44 ± 0.11 1.40 ± 0.12

LDL cholesterol (mmol/l)

Allicor 4.19 ± 0.27 3.84 ± 0.32 3.71 ± 0.27 4.08 ± 0.45 4.26 ± 0.42

Placebo 3.66 ± 0.32 4.12 ± 0.41 3.77 ± 0.42 3.90 ± 0.42 3.76 ± 0.45

Table 2 The dynamics of

fasting blood glucose and serum

fructosamine

* Significant difference from

baseline levels, p \ 0.05

** Significant difference from

placebo group, p \ 0.05

Variables Group 0 days 7 days 14 days 21 days 28 days

Monotherapy

Fasting blood

glucose, mmol/l

Allicor 7.7 ± 0.6 6.5 ± 0.7 6.2 ± 0.5* 5.9 ± 0.5* 6.3 ± 0.4*

Placebo 7.6 ± 0.6 8.5 ± 0.9 8.6 ± 0.7 9.3 ± 0.2* 9.3 ± 0.4*

Serum fructosamine,

lmol/l

Allicor 276 ± 16 270 ± 15 261 ± 12 243 ± 13** 228 ± 14**, *

Placebo 284 ± 20 303 ± 18 285 ± 12 310 ± 22 300 ± 11

Combined therapy

Fasting blood

glucose, mmol/l

Allicor 9.7 ± 0.4 8.1 ± 0.3* 8.9 ± 0.5 9.0 ± 0.5 9.0 ± 0.5

Placebo 10.1 ± 0.8 9.9 ± 0.7 9.7 ± 0.6 9.7 ± 0.7 10.2 ± 0.7

Serum fructosamine,

lmol/l

Allicor 396 ± 16 359 ± 14** 355 ± 20 340 ± 17**, * 322 ± 16**, *

Placebo 388 ± 11 414 ± 16 382 ± 17 402 ± 11 404 ± 14
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In type 2 diabetic patients who received combined ther-

apy with Allicor and oral hypoglycaemics, serum

triglyceride levels decreased, and significant changes were

observed after 3 weeks of treatment, similar to the patients

who received monotherapy with Allicor. By the end of the

study the difference from baseline levels accounted for 26%

(p \ 0.05). The levels of total cholesterol, HDL cholesterol

and LDL cholesterol did not change significantly (Table 1).

Additionally, improvement of metabolic control was

observed, namely, serum fructosamine levels were signifi-

cantly lower after 1, 3 and 4 weeks of treatment as compared

to placebo group, and decreased significantly as compared to

baseline levels after 3 weeks of treatment and by the end of

the study (p \ 0.05) (Table 2). Fasting blood glucose was

maintained at the mean levels below or equal to 9.0 mmol/l

during the whole period of the study (Table 2). Moreover,

the significant difference in mean fasting blood glucose as

compared to baseline levels was observed after the first week

of treatment, and some patients experienced hypoglycaemic

episodes that demanded the correction of daily dosage of

oral hypoglycaemics. By the end of the study the daily

dosage of glucose-lowering drugs was decreased by 15% on

an average, as compared to baseline (p \ 0.05). Nobody of

Allicor-treated patients discontinued the study.

In placebo group, no significant changes in lipid levels

were observed (Table 1). There were no significant chan-

ges in fasting blood glucose and serum fructosamine levels,

as well (Table 2). None of patients in placebo group

discontinued the study.

Discussion

Garlic-based preparations are generally supposed to be

effective in atherosclerosis prevention [8]. Garlic-based

preparations are known to reduce serum cholesterol levels

in humans, inhibit cholesterol biosynthesis, suppress low

density lipoprotein (LDL) oxidation, lower plasma fibrin-

ogen and increase fibrinolytic activity, and thus to possess

antiatherosclerotic properties [7, 11–14]. Garlic contains a

variety of organosulfur compounds, amino acids, vitamins

and minerals [15]. Some of the sulfur-containing

compounds such as allicin, ajoene, S-allylcysteine,

S-methylcysteine, diallyl disulfide and sulfoxides may be

responsible for antiatherosclerotic activity of garlic [14, 16,

17]. However, little is known on the possible beneficial

effects of garlic-based preparations in type 2 diabetes

mellitus, one of the major risk factors of premature

atherosclerosis development.

Late complications of diabetes mellitus include various

syndromes associated with damage to large and small

arteries, i.e., micro- and macroangiophaties. It was sug-

gested that macroangiophaties result from atherosclerosis

[2], although some pathomorphological alterations typical

especially for diabetes mellitus have been described [18].

Premature development and accelerated progression of

atherosclerosis are the specific features of diabetes mell-

itus, as was confirmed by epidemiological studies [19–21].

Hyperglycemia occurring in diabetes mellitus leads to an

increase in the concentration of the non-enzymatic glyco-

sylation products in circulation [22]. Non-enzymatic

glycosylation of proteins is a cascade of chemical reactions

yielding stable covalent bonds between glucose molecule

and free amino groups of protein. Enhanced glycosylation

in diabetes mellitus can lead to the formation of modified

atherogenic LDL as well as advanced glycation end prod-

ucts, including glycated collagen in arterial wall, the

factors that could be attributed to accelerated atherogenesis

in diabetics. Particularly, it is known that non-enzymatic

glycosylation impairs LDL metabolism, which manifests as

a reduced affinity of LDL to the classical LDL-receptor

[23], lower rate of LDL clearance from blood plasma [24],

increased LDL uptake by macrophages [25], enhanced

covalent binding of LDL to the connective tissue matrix of

the vessel wall [26] and generation of free radicals par-

ticipating in oxidative damage to lipid and proteins

moieties of a lipoprotein particle [27]. It is quite obvious

that improved metabolic control in diabetic patients can

lead to the reduction in non-enzymatic glycosylation and

therefore decrease biochemical risk for atherosclerosis

development and progression [28].

The possibility of glucose-lowering effects of garlic was

supported experimentally in the number of studies. The first

report considering the beneficial effects of allicin, biologi-

cally active sulphoxide from garlic, in alloxan-induced

diabetic mice was published as far back as in 1973 [29].

Further studies have demonstrated that sulphur-containing

amino acids from garlic possess a direct hypoglycaemic

action, potentiate the effects of insulin in blood serum and

increase the hepatic glycogen synthesis in alloxan-induced

diabetes in mice and rabbits [30–34]. Additionally, garlic

constituents decreased significantly the concentration of

serum lipids, blood glucose and activities of serum enzymes

like alkaline phosphatase, acid phosphatase and lactate

dehydrogenase and liver glucose-6-phosphatase [35, 36].

Treatment of alloxan diabetic rats with the antioxidant S-

allyl cysteine sulfoxide isolated from garlic, ameliorated the

diabetic condition almost to the same extent, as did gliben-

clamide and insulin. In addition, S-allyl cysteine sulfoxide

controlled lipid peroxidation and significantly stimulated

in vitro insulin secretion from B cells isolated from normal

rats [37]. The effectiveness of garlic-based preparations was

also demonstrated in streptozotocin-induced diabetes in

mice and rats [38–41].

So, the anti-diabetic action of garlic established in ani-

mal studies provided a background for further
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investigations concerning possible clinical implications for

garlic-based preparations. However, the use of garlic

compounds as antidiabetic remedies in clinical practice is

not well recognized, although dried garlic is widely used in

traditional medicine of many cultures in the treatment of

diabetes mellitus. There are few clinical data on the effects

of garlic in the improvement of metabolic control in dia-

betic patients. The results of the clinical study performed in

South-East Asia more than 15 years ago were first to

demonstrate the effectiveness of garlic in diabetes mellitus

[42]. The beneficial effects of garlic-based dietary sup-

plement in diabetes were also supported in a recent study

by Melchinskaya et al. [43].

This study seems to be the first placebo-controlled trial

aimed to estimate the effects of garlic-based drug on the

parameters of metabolic control and plasma lipids in type 2

diabetes mellitus. In patients receiving monotherapy with

Allicor, time-released garlic powder tablets, fasting blood

glucose level tended to decrease. More remarkably, serum

fructosamine that is considered to be a reliable and stable

measure of long-term compensation of metabolic control,

decreased significantly. Similar results were obtained in

patients receiving Allicor along with continuing treatment

with oral hypoglycaemics. Additionally, Allicor treatment

resulted in substantial decrease in serum triglycerides in

both groups of patients. It is possible that the decrease in

serum triglycerides was due to better metabolic control that

is characterized by the inhibition of lipolysis and decrease

of hepatic production of very low-density lipoprotein. The

improvement of lipid profile is generally considered to

reduce cardiovascular risk, and serum triglyceride level is

used as significant variable Cox proportional hazards

model for 10-year prognostic risk of fatal or non-fatal

myocardial infarction and sudden death derived from

PROCAM study [44]. On the other hand, hypertriglyceri-

demia is the common pattern of dyslipidemia in type 2

diabetics. The observed reduction of serum triglycerides

may also be related to antioxidant action of biologically

active compounds from garlic that may inhibit generation

of free radicals and stimulate catalase, superoxide dismu-

tase and glutathione peroxidase activities [45], so that they

might increase insulin sensitivity in peripheral and hepatic

cells via the inhibition of lipid peroxidation in cell mem-

branes. Thus, glucose-lowering and triglyceride-lowering

effects of garlic may be possibly due to its peripheral action

through the lowering of insulin resistance in target tissues.

It is notable that in diabetic patients receiving the com-

bined therapy with Allicor and oral hypoglycaemics the

moderate but statistically significant reduction in the daily

dosage of glucose-lowering drugs occurred. This can be

regarded as an additional beneficial effect of Allicor, since

sulfonylurea derivatives may possess some unfavorable side

effects that can be regarded as proatherogenic. It has been

shown that oral hypoglycaemics produce a direct proather-

ogenic effect in cultured cells, inducing a substantial

intracellular cholesterol accumulation [46]. So, the use of

minimally possible dose of antidiabetic drugs to sustain

adequate metabolic control is theoretically and experimen-

tally justified and may be the rationale for Allicor

assignment for complex therapy of type 2 diabetes mellitus.

By far, a lot of garlic-based products are present in the

market now. They can be generally classified into four

groups, i.e., garlic essential oil, garlic oil macerate, garlic

powder and garlic extract. The manufacturing process can

markedly influence the composition of garlic product, thus

sulfur-containing compounds in garlic preparations may

vary greatly. As compared to other garlic preparations,

dehydrated garlic powder is thought to retain the same

ingredients as raw garlic, both water-soluble and organic-

soluble, although the proportion and amount of various

constituents may differ significantly [47, 48]. Allicor con-

tains just garlic powder; on the other hand, it possesses a

prolonged mode of action, as its biological effect lasts for

12–16 h after single-dose administration [49, 50]. So,

Allicor differs greatly from other garlic-based preparations

and may have considerable benefits in medicinal use.

The results of this study may allow recommending

garlic powder tablets for the treatment of type 2 diabetes

mellitus along with dietary treatment and/or sulfonylurea

derivatives to achieve better metabolic control. Additional

benefits from garlic-based dietary supplements may

include the substantial reduction of serum triglycerides

(major lipid characteristic of an atherogenic lipid profile in

diabetic patients), thus resulting in the decrease of car-

diovascular risk. The other known effects of garlic

preparations (e.g., inhibition of cholesterol biosynthesis,

suppression of low-density lipoprotein oxidation, lowering

plasma fibrinogen and increasing fibrinolytic activity) can

also play angioprotective role.
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