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Abstract:

This prospective and uncontrolled clinical study attempted to evaluate the effects of short-term supplementation with oily garlic for-

mulation on lipid metabolism, glucose level and antioxidant status in patients suffering from primary arterial hypertension. Seventy

subjects aged 30 to 60 years with primary arterial hypertension, including 38 females (mean age: 52.0 ± 8.3 years) and 32 males

(mean age: 48.6 ± 8.2 years), took part in the study. In addition to receiving a standard antihypertensive pharmacotherapy they took 6

capsules of garlic preparation daily for 30 days. Before and after phytotherapy blood samples were collected to assay total choles-

terol, HDL, LDL, triglycerides, lipid peroxidation products (TBARS) and vitamin A, C and E, �-carotene, glutathione and glu-

tathione peroxidase activity, and arterial blood pressure was measured.

The analyzed garlic preparation was found to significantly lower lipid level and the level of lipid peroxidation products in the blood.

It markedly increased vitamin E concentration in the serum, whereas the increases in the levels of other antioxidant vitamins and glu-

tathione peroxidase activity proved insignificant. The product did not affect arterial blood pressure in the study subjects.

The results of this study suggest that the investigated garlic preparation may be tentatively used as an adjunct agent in treatment of ar-

terial hypertension because of its hypolipemic and antioxidant properties.
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Abbreviations: ACE-I – angiotensin converting enzyme in-

hibitors, BP – blood pressure, CHOL – total cholesterol, DSB –

diastolic blood pressure, GPx – gluthatione peroxidase, GSH –

glutathione, HDL – high density lipoproteins, LDL – low den-

sity lipoproteins, SBP – systolic blood pressure, TBARS –

lipid peroxidation products reacting with thiobarbituric acid,

TG – triglycerides

Introduction

Garlic (Alium sativum) contains biologically active

compounds which exert multiple beneficial effects on

human organism [16, 29]. Some reports indicate that
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garlic or garlic preparations can correct lipid abnor-

malities and lower blood pressure in patients with

hyperlipidemia and arterial hypertension [12, 24] and

these data have been confirmed by recent experimen-

tal studies of Thomson et al. [26] and Haraum et al.

[14]. Studies by Rahman and Billington [24] revealed,

however, that plasma lipid levels can be lowered only

after 2–3 months of garlic supplementation at the dose

of about 7 cloves daily. The compounds found in gar-

lic may also exert antioxidant action [3], inhibit plate-

let aggregation [24] and delay development of athero-

sclerosis [6]. All those properties of garlic have not

yet been definitely validated and explained and some

reports do not confirm hypotensive and hypolipemic

effects of garlic, as shown by the metaanalysis of

clinical and experimental research data on the effects

of garlic or garlic preparations on cardiovascular risk

published by Brace [5]. Beneficial effects of garlic

preparations in subjects with hypercholesterolemia re-

ceiving aged garlic extract or powdered garlic for

6 months were not confirmed by Gardner et al. [13].

Similarly, Van Doorn et al. [27] did not reveal any sig-

nificant effects of garlic powder taken for 3 months

on inflammatory markers, endothelium function or

lipid profile in overweight smokers.

Most of pharmaceutically active preparations ob-

tained from garlic contain active ingredients and are

devoid of the specific smell. Their efficacy is, how-

ever, an arguable issue and depends on the presence

of specific active ingredients and the manufacturing

method. This prospective, longitudinal, uncontrolled

intervention study has attempted to assess the effects

of short-term supplementation with oily garlic prepa-

ration on plasma lipid metabolism and antioxidant

status in subjects with primary arterial hypertension.

Materials and Methods

The study protocol was approved by Bioethics Com-

mission at Poznañ University of Medical Sciences –

Bioethics Commission Approval No. 346/02.

Study group

The study group of 70 patients aged 30 to 60 years

with primary hypertension – 1st or 2nd stage as de-

fined based on the criteria of Joint National Commit-

tee VII [8] – included 38 females (mean age: 52.0 ±

8.3 years) and 32 males (mean age: 48.6 ± 8.2 years).

The subjects were receiving pharmacological treat-

ment in the Clinic of Internal Diseases, Metabolic

Disorders and Arterial Hypertension at Poznañ Uni-

versity of Medical Sciences, Poland. All subjects

were informed about the study aim, procedures and

measurement methods and all signed written in-

formed consent to take part in the study. Patients with

comorbid disorders, such as ischemic cardiac disease,

history of myocardial infarction, renal insufficiency,

diabetes mellitus, gout or hyperlipidemia were ex-

cluded from the study.

The participants received 2 capsules of garlic pre-

paration after meals, three times daily, for the period

of 30 days, at the same time continuing their hypoten-

sive pharmacotherapy as recommended by the physi-

cian. Over 80% of subjects received combined antihy-

pertensive treatment of two or three drugs, i.e. angio-

tensin converting enzyme inhibitors (ACE-I) + diu-

retic (24% of patients), ACE-I + diuretic + �-blocker

(23% of patients), ACE-I + diuretic + calcium chan-

nel antagonist (22% of patients) and diuretic +

�-blocker (17%). Only 7% of subjects received mono-

therapy or the combination of all four drugs (7%).

Characteristics of the garlic preparation

The investigated garlic preparation was an oily mac-

erate of garlic (Allii sativi bulbus maceratio oleosa)

produced in Poland (AGROPHARM, Poland). Each

capsule contained 270 mg of garlic macerate sus-

pended in rape seed oil (1:1). According to the manu-

facturer, each capsule of the oily macerate contained

0.27 mg of allicin derivatives standardized for allicin.

Among other sulfur compounds, the capsules con-

tained mainly 2-vinyl-4H-1,3-dithiin and 3-vinyl-

4H-1,2-dithiin (both of cyclic structure) and the ex-

cipients – glycerin, gelatin, mannitol and sorbitol.

Blood pressure measurements

Blood pressure (BP) was measured twice, before and

after the treatment, using OMRON type 711 Auto-

matic IS sphygmomanometer whose accuracy was pe-

riodically checked against a standard mercury sphyg-

momanometer. BP was measured always after a 5-min

rest, in a sitting position and with the left arm sup-

ported at about the heart level. Two BP measurements
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were performed per each visit at a 10-min interval and

the mean value was recorded.

Biological material

The blood samples collected from study participants

before and after garlic phytotherapy were sent for bio-

chemical assay. About 20 ml of blood was collected

in the morning (around 12 h after the last meal) from

a forearm vein. Thus collected blood was placed in

two tubes – one containing granulate to accelerate

clotting and separate the serum (15 ml of blood) and

the other with heparin sodium to obtain plasma and

the hemolysate (5 ml). Total cholesterol (CHOL-C),

high density lipoproteins (HDL) and low density lipo-

proteins (LDL), triglycerides (TG), vitamin A, C, E,

�-carotene and lipid peroxidation products reacting

with thiobarbituric acid (TBARS) were assayed in each

blood sample. Plasma glutathione peroxidase activity

(GPx) and hemolysate total glutathione (GSH) level

were also assayed. Serum was stored at a temperature

of –20°C and plasma and hemolysates at –70°C for

no longer than 2–3 days following sampling.

Biochemical assays

CHOL-C, HDL, LDL and TG levels were assayed by

enzymatic techniques based on colorimetric measure-

ment with ANALCO reagent kits. LDL level was cal-

culated using Friedewald’s formula, i.e.:

LDL (mg/dl) = (CHOL-C) – (HDL) – TG/5.

Serum levels of vitamins in the samples were as-

sayed by colorimetry. For vitamin C level measure-

ment, serum had to be deproteinized with trichlora-

cetic acid and purified with activated charcoal [21].

Vitamin E (total tocopherols) level was assayed with

Emmerie-Engel’s technique in ethanol-deproteinized

serum following its extraction to heptane solution

[15]. Vitamin A (retinol) was assayed following its re-

action with antimony chloride (Carr-Price reaction)

[17]. For �-carotene serum level assay, the samples

were prepared in the same way as for tocopherol as-

say [15]. The level of lipid peroxidation products was

checked with colorimetric technique developed by

Ohkawa et al. [20] and modified by adding 0.1 ml of

0.1% BHT (Merck) as lipid peroxidation inhibitor

[22]. GPx activity was measured using indirect tech-

nique developed by Rice-Evans et al. [25]. Total GSH

was assayed based on catalytic activity of GSH in

a system where it undergoes cyclic oxidation by 5,5’-

dithiobis-2-nitrobenzoic acid (DTNB) and reduction

by NADPH [1]. Vitamin levels were assayed with

Spekol 11, GPx activity was measured with Helios

Beta Unican 2000 apparatus and GSH level was as-

sayed with ELX808 reader (BIOTEK Instrument

INC., Biokom).

Accuracy and precision of the techniques used to

assay biochemical parameters were validated. Accu-

racy was assessed by analyzing the reference material

supplied by Lyotrol N and bioMerieux (CHOL-C, TG)

and by calculating the recovery with an inner standard

(vitamins and TBARS). Precision was tested based on

repeatability and reproducibility of measurement re-

sults (CHOL-C, TG). Reproducibility was checked

with NORTROL 4205 C control serum. Accuracy was

assessed through the recovery value and it ranged be-

tween 95% and 109% and the variability coefficient,

the indicator of method precision, did not exceed

10%.

Statistical analysis

Statistica 6.0 (StatSoft) was used for statistical analy-

sis of the results. The key descriptive parameters,

i.e. arithmetic mean, standard deviation and percent-

age distribution, were calculated. Wilcoxon’s test was

used to establish significance of inter-group differ-

ences for dependent variables at the significance level

of � = 0.05.

Results

The results presented in Tables 1 and 2 show only

a slight decrease in arterial BP after garlic phytother-

apy. A nonsignificant decrease in systolic and dia-

stolic BP of 3 mmHg could be observed in women,

whereas in men there was a nonsignificant increase in

both values of 2 mmHg each (Tab. 1). Garlic supple-

mentation was found to slightly promote normaliza-

tion of BP in women as revealed by an increased ratio

of subjects with normal systolic and/or diastolic BP

by 14% and 9%, respectively. This was paralleled by

a 5% decrease in the percentage of male subjects with

normal BP. The reported changes, however, did not

reach statistical significance (Tab. 2).
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Tab. 1. 4		��� �	 �5���5���� �� -���� �����$�� ��� �������� -���5������ ����������

Parameter

Total
n = 70

Women
n = 38

Men
n = 32

I II I II I II

SBP (mmHg) 141 ± 26 140 ± 25.7 142 ± 23.3 139 ± 22.6 146 ± 28.7 148 ± 28.2

DBP (mmHg) 89 ± 12.3 88 ± 12.4 87 ± 10.8 84 ± 10.2 93 ± 14.4 92 ± 14.1

CHOL-C (mmol/l) 5.64 ± 1.3� 5.13 ± 1.3� 5.19 ± 1.09 4.87 ± 1.04 6.14 ± 1.58� 5.69 ± 1.57�

HDL (mmol/l) 1.10 ± 0.42 1.23 ± 0.42 1.09 ± 0.35 1.26 ± 0.34 1.1 ± 0.45 1.29 ± 0.46

LDL (mmol/l) 3.55 ± 1.13� 3.05 ± 1.12� 3.54 ± 0.91� 2.89 ± 0.9� 4.16 ± 1.3 3.62 ± 1.31

TG (mmol/l) 1.57 ± 0.81 1.40 ± 0.82 1.74 ± 0.69 1.45 ± 0.68 1.43 ± 0.9 1.38 ± 0.91

TBARS (µmol/l) 4.9 ± 0.9� 2.8 ± 0.9� 3.4 ± 0.7� 2.4 ± 0.8� 4.9 ± 0.9� 3.1 ± 0.9�

Vitamin E (µmol/l) 12.8 ± 6.03� 15.8 ± 6.5� 11.8 ± 6.03� 14.6 ± 5.8� 13.2 ± 6.5	 16.5 ± 6.73	

Vitamin C (µmol/l) 38.6 ± 20.4 42 ± 21 39.2 ± 23.3 40.9 ± 26.1 37.5 ± 17.6 41.5 ± 19.9

Vitamin A (µmol/l) 1.21 ± 0.53 1.24 ± 0.55 1.19 ± 0.41 1.23 ± 0.4 1.25 ± 0.6 1.25 ± 0.61

�-caroten (µmol/l) 0.59 ± 0.38 0.68 ± 0.39 0.62 ± 0.32 0.7 ± 0.32 0.5 ± 0.43 0.68 ± 0.43

GSH (µmol/l) 60 ± 27.5 53.7 ± 27.1 58.5 ± 26.3 69 ± 25.9 59.5 ± 27.2 50.4 ± 26.6

GPx (U/l) 4.8 ± 2.5 5.8 ± 2.4 4.0 ± 1.9 4.2 ± 2.1 5.6 ± 2.7 6.4 ± 2.5

, 6 -�	��� �5���5����7 ,, 6 �	��� �5���5����7 8 )����9�� ����7 �� �� �� �� �� 	� 
� �� ��  6 �����	����� ��		������� � : +3+"

Tab. 2. ���������� ����� �	 �$-*���� (��5�� �5� ������ ����� 	�� �5� ������� ����������

Parameter
Norm� Range

Total
n = 70

Women
n =3 8

Men
n = 32

I II I II I II

% subjects

SBP (mmHg) 140 > normal 58 51 61 47 51 56

DBP (mmHg) 90 > normal 51 46 46 37 56 56

CHOL-C (mmol/l) 5.2 > normal 60 51 52 42 69 62

HDL (mmol/l) 0.9 < normal 24 24 26 13 28 27

LDL (mmol/l) 4.0 > normal 35 33 33 32 53 53

TG (mmol/l) 2.3 > normal 15 12 11 8 22 19

TBARS (µmol/l) 3.0 > normal 52 41 50 32 53 53

Vitamin E (µmol/l) 11.6–16.2 < normal 38 24 48 32 29 16

Vitamin C (µmol/l) 11.4–25.6 < normal 3 1 4 3 2 0

Vitamin A (µmol/l) 0.35–1.05 < normal 0 1 0 3 0 0

�-carotene (µmol/l) 0.56–0.93 < normal 37 26 37 24 38 28

GSH (µmol/l) 60.5* < normal 50 53 50 21 50 81

GPx (U/l) 6.43* < normal 68 53 83 57 54 34

� ;/<3 8 '���$����� -���� �� �5� ���� ���$�� �� 5����5 �������$���



The data from Table 1 demonstrate that garlic sup-

plementation decreased serum levels of CHOL-C, TG

and LDL and elevated serum levels of HDL in hyper-

tensive subjects, though the changes proved signifi-

cant only for CHOL-C and LDL. It is noteworthy that

garlic supplementation produced a slight increase of

7% to 10% in the ratio of male and female patients

with normal total serum cholesterol level (Tab. 2).

Study treatment failed to radically change the ratio of

patients with normal serum LDL and TG levels, yet it

favorably affected serum HDL levels among female

subjects as the ratio of women with normal HDL level

rose by 13% with the corresponding ratio among male

patients remaining virtually unchanged.

TBARS data (Tab.1) confirm significantly lower

serum levels of lipid peroxidation products in all fe-

male and male subjects as reflected by a smaller per-

centage of women with elevated TBARS serum levels

(Tab. 2). The decrease in serum TBARS levels in hy-

pertensive subjects was accompanied by the increase

in serum levels of vitamins E, C, A and of �-carotene,

yet the rise was significant only for vitamin E (Tab. 1).

Study treatment was found to result in increased per-

centage of patients with normal plasma concentra-

tions of vitamins E, C and �-carotene and the changes

were most pronounced for vitamin E (Tab. 2).

Evaluation of antioxidant potential involved total

GSH concentration and glutathione peroxidase activ-

ity assays. A distinct, gender-dependent effect of gar-

lic phytotherapy was demonstrated with regard to se-

rum GSH concentration which increased slightly

among females and decreased in males (Tab. 1) and

was reflected by evident increase in females and de-

crease in males of the percentage of subjects with nor-

mal serum concentration of GSH. Study treatment

also insignificantly increased glutathione peroxidase

activity in the blood (Tab. 1) and the percentage of pa-

tients with normal enzyme activity (Tab. 2).

Discussion

The first indications of hypotensive potential of garlic

date back to the 1920s, yet various studies carried out

thereafter have provided contradictory data. Our study

has attempted to evaluate the effect of garlic supple-

mentation on BP in patients with primary arterial

hypertension and without any comorbid disorders.

Similarly to our results, the results of some studies on

garlic preparations have failed to document any sig-

nificant effects of garlic on BP in hypertensive sub-

jects [5], though there have been some reports indicat-

ing hypotensive potential of garlic or its preparations.

Decrease in systolic and diastolic BP observed in hu-

mans and animals has been relatively small and aver-

aged 2 to 9% [2, 5]. Durak at al. [12] and Dhawan and

Jain [10] detected significant decrease in both systolic

and diastolic BP in patients with arteriosclerosis or ar-

terial hypertension following administration of garlic

preparations for at least 2–4 months. Banerjee and

Maulik [2] reported results of studies where oily gar-

lic preparations produced hypotensive effect in hyper-

tensive individuals.

As concluded by some authors, hypotensive prop-

erties of garlic may stem from the action of �-glut-

amyl cysteine and fructans which inhibit the activity

of angiotensin-converting enzyme, activate nitrogen

oxide synthetase and control the production and action

of vasoconstricting and vasodilatory substances found

in vascular endothelium [3]. Banerjee and Maulik [2]

believe that allicin may exhibit hypotensive properties

and refer to the results of studies where oral admini-

stration of allicin to rats with arterial hypertension re-

sulted in a marked hypotensive effect.

Our results fail to confirm a clear-cut hypotensive

properties of allicin derivatives (vinyl-dithiins) which

can be considered to be the key active substances in

the investigated garlic preparation, though they are

not so abundantly present in other commonly used

garlic products, such as garlic powder, steam distilled

garlic oil or fresh garlic. Cyclic structure of these sub-

stances may have a unique role in their metabolism,

as other allicin dithio-allyl derivatives are linear

molecules. Our results may also reflect an insufficient

daily dose of the preparation or insufficient treatment

duration, as the study subjects received only a minimal

dose recommended by the manufacturer as a supple-

ment to standard antihypertensive pharmacotherapy.

This study also investigated the effects of garlic

preparation on lipid metabolism. Based on the changes

in the levels of the analyzed parameters, the investi-

gated garlic preparation has been shown to exert a be-

neficial effect on lipid metabolism. Most publications

show that the effects of garlic phytotherapy are the

most pronounced during the period of up to 3 months

[2]. The effects of garlic and garlic preparations on

lipid metabolism have already been discussed in sev-

eral papers [6, 24] and the beneficial action seems to
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be linked mainly to hypolipemic effects of allicin-

containing products [2, 28, 31]. Reduced levels of

CHOL-C, by 10–13% on average, LDL and TG, by

about 13%, have been noted both in healthy individu-

als and in patients with hyperlipidemia and only few

authors reported a significant increase in HDL.

Warshafsky et al. have found out that consumption

of 1–1.5 cloves of garlic daily, which is equivalent to

about 1.5 mg of allicin, can lower total serum choles-

terol in patients with hypercholesterolemia by about

9% [28]. This has been confirmed by our study where

garlic preparation lowered blood cholesterol level by

9.2% on average. Four months of supplementation

with garlic extract in patients with elevated choles-

terol level (> 200 mg/dl) and with arterial hyperten-

sion produced a significant decrease in CHOL-C,

LDL and TG levels, as well as elevation of HDL as re-

ported by Durak et al. [12]. Our study treatment re-

sulted in slight decrease in blood TG levels in most

subjects, though a highly significant decrease could

be observed in patients with pre-treatment TG level

three to four times higher than normal – the highly

elevated levels of 400–600 mg/dl decreased to 200–

–250 mg/dl following garlic phytotherapy.

It seems interesting to compare the results of our

study to those of Zhang et al. [31], where the authors

detected a variable and gender dependent effect of

oily garlic preparations on lipid parameters in healthy

individuals. The authors have found out that 11 weeks

of garlic phytotherapy induced a nonsignificant de-

crease in CHOL-C and LDL with concurrent HDL

rise in women, whereas in men the effects were oppo-

site – an increase in CHOL-C and LDL and a decrease

in HDL. Our study has failed to document any such

gender effect on the analyzed lipid metabolism pa-

rameters. Nevertheless, regarding HDL we have docu-

mented a more pronounced beneficial effect of garlic in

females as compared to males – our garlic phytother-

apy increased the percentage of subjects with normal

HDL by 13% among females, though the percentage

among males remained unchanged (Tab. 2).

Though the referenced studies investigated various

types of garlic preparations, only some of them ana-

lyzed oily garlic preparations, despite their wide

availability and easy absorption from gastrointestinal

tract [31]. It is for this reason that we focused on an

oily garlic preparation to confirm its hypolipemic ac-

tivity. Hypolipemic properties of allicin and its de-

rivatives are thought to be mainly linked to their in-

hibitory effect on cholesterol synthesis and to de-

creased intestinal absorption of cholesterol [2, 3] as

other hypolipemic drugs [23].

In a study similar to ours, healthy individuals re-

ceived oily garlic preparations and had their lipid pa-

rameters and BP analyzed. Four months of such treat-

ment did not confirm hypolipemic, hypotensive or

antioxidant action of garlic [28] based on BP values,

cholesterol level or serum vitamin E concentration.

It must be stressed, however, that the authors investi-

gated young and healthy subjects aged 17 to 45 years

who received a total daily dose of garlic preparation

that differed from the one given in our study.

Several reports focused on antioxidant properties

of some active compounds found in garlic, e.g. allicin.

Our study analyzed and confirmed antioxidant poten-

tial of garlic supplementation in hypertensive patients

and the results confirm the opinions of several authors

[3, 9] that allicin and its metabolites are scavengers of

free radicals as shown through significantly decreased

levels of lipid peroxidation products, expressed as

TBARS levels, in the study subjects.

Earlier clinical and experimental studies have sug-

gested that garlic and its allicin containing prepara-

tions can lower the levels of oxidative stress biomark-

ers, such as TBARS and malonyldialdehyde (MDA)

[10–12] and increase the activity of superoxide dis-

mutase, catalase and glutathione peroxidase [3]. This

has been documented by Dhawan and Jain [10] study

who administered powdered garlic to hypertensive

patients for two months with resulting significant de-

crease in lipid peroxidation products and augmenta-

tion of total antioxidant plasma potential. Huang et al.

[18] have demonstrated in vitro that dithioallyl com-

pounds of garlic, including allicin metabolites, i.e. di-

allyl sulfides and diallyl disulfide, reduce oxidation of

LDL and inhibit decrease in catalase and glutathione

peroxidase activity, as well as plasma vitamin E level

in diabetic patients. Durak et al. [11] have shown that

garlic extract taken by patients with arteriosclerosis

for six months can decrease serum MDA levels, but

does not change the activity of superoxide dismutase

or glutathione peroxidase. In numerous reports garlic

and its preparations have been found to elevate tissue

glutathione (GSH) levels [3, 4, 19]. Our study has

confirmed these observations to a certain extent, par-

ticularly in female subjects, as the effect of garlic phy-

totherapy on total GSH level in blood differed be-

tween male and female subjects. The inter-gender

difference is most probably linked to metabolic differ-

ences. Nevertheless, it must be stressed that our re-
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sults may have been affected by numerous endo- and

exogenous factors beyond the focus of this study.

There are few published data on the effects of gar-

lic preparations on the levels of antioxidant vitamins.

Slight increase in vitamin C and E concentrations ob-

served in our hypertensive subjects following supple-

mentation with garlic preparation (Tab. 1) might have

reflected protective effects of garlic based antioxi-

dants on serum levels of these vitamins, especially vi-

tamin E, which has been projected to be the most ef-

fective antioxidant for reducing lipid peroxidation [7].

It should also be stressed that the investigated

preparation contained oil – itself a rich natural source

of vitamin E – so its significant serum level increase

might have reflected this extra intake of the vitamin

delivered with the oil fraction of the capsules. It must

be also taken into account that rape seed oil in the

capsules might have augmented bioavailability of

other lipid-soluble dietary vitamins, such as vitamin A

and �-carotene.

In conclusion, the garlic phytotherapy used in our

study appears to lower oxidative stress related to hy-

pertension and to decrease lipid oxidation, thus, it can

be assumed that it decreases the risk of atherosclerosis

in these patients. Minor degree of BP normalization

observed among subjects receiving oily garlic supple-

mentation for one month suggests the need for further,

long-term studies and confirms that comparative ana-

lysis should involve the same type of garlic formula-

tions, as garlic preparations can significantly differ

with regard to the contents of biologically active sub-

stances. Our results seem to confirm hypolipemic po-

tential of the analyzed garlic preparation which ap-

peared particularly pronounced among subjects with

hypertriglyceridemia. Therefore, it may be hypothe-

sized that it is not only alliin and allicin, but also some

of their sulfide derivatives, e.g. vinyl dithiins, that can

exhibit such properties.

Based on the positive effects of the investigated

oily garlic preparation, even though these could not

be observed for all the analyzed parameters, it seems

justified to attempt to recommend its use as an adjunct

agent in the treatment of hypertension.

References:

1. Akerboom TP, Sies H: Assay of glutathione, glutathione

disulfide, and glutathione mixed disulfides in biological

samples. Methods Enzymol, 1981, 77, 373–382.

2. Banerjee SK, Maulik SK: Effect of garlic on cardiovas-

cular disorders: a review. J Nutr, 2002, 1, 1–14.

3. Blumenthal M, Hall T, Goldberg A, Kunz T, Dinda K,

Ed: The ABC clinical guide to herbs. American

Botanical Council, Austin (TX), 2003.

4. Borek C: Antioxidant health effects of aged garlic ex-

tract. J Nutr, 2001, 131, 1010S–1015S.

5. Brace LD: Cardiovascular benefits of garlic (Allium

sativum L). J Cardiovasc Nurs, 2002, 16, 33–49.

6. Breithaupt-Grogler K, Ling M, Boudoulas H, Belz GG:

Protective effect of chronic garlic intake on elastic

properties of aorta in the elderly. Circulation, 1997, 96,

2649–2655.

7. Chattopadhyay A, Bandyopadhyay D: Vitamin E in

the prevention of ischemic heart disease. Pharmacol Rep,

2006, 58, 179–187.

8. Chobanian AV, Bakris GL, Black HR, Cushman WC,

Green LA, Izzo JL, Jones DW et al.: Seventh Report of

the Joint National Committee on Prevention, Detection,

Evaluation, and Treatment of High Blood Pressure.

Hypertension, 2003, 42, 1206–1252.

9. Dembiñska-Kieæ A, Naskalski JW: Laboratory diag-

nostics with basics of clinical biochemistry. Urban

& Partner, Wroc³aw, 2002.

10. Dhawan V, Jain S: Effect of garlic supplementation on

oxidized low density lipoproteins and lipid peroxidation

in patients of essential hypertension. Mol Cell Biochem,

2004, 266, 109–115.

11. Durak I, Aytac B, Atmaca Y, Devrim E, Avci A, Erol C,

Oral D: Effects of garlic extract consumption on plasma

and erythrocyte antioxidant parameters in atherosclerotic

patients. Life Sci, 2004, 75, 1959–1966.

12. Durak I, Kavutcu M, Aytac B, Avci A, Devrim E,

Ozbek H, Ozturk HS: Effects of garlic extract consump-

tion on blood lipid and oxidant/antioxidant parameters

in humans with high blood cholesterol. J Nutr Biochem,

2004, 15, 373–377.

13. Gardner ChD, Lawson LD, Block E, Chatterjee LM,

Kiazand A, Balise RR, Kraemer HC: Effect of raw garlic

vs. commercial garlic supplements on plasma lipid con-

centrations in adults with moderate hypercholestero-

lemia. Arch Intern Med, 2007, 167, 346–353.

14. Harauma A, Moriguchi T: Aged garlic extract improves

blood pressure in spontaneously hypertensive rats more

safely than raw garlic. J Nutr, 2006, 136, 769S–773S.

15. Hashim SA, Schuttringer GR: Rapid determination of

tocopherol in macro and microquantities of plasma.

Am J Clin Nutr, 1966, 19, 137.

16. Heinrich M, Barnes J, Gibbons S, Williamson EM:

Fundamentals of Pharmacognosy and Phytotherapy.

Churchill Livingstone, Toronto, 2004.

17. Hoch H: Micro-method for estimating vitamin A by

the Carr-Price reaction. Biochem J, 1943, 37, 425–429.

18. Huang CN, Horng JS, Yin MC: Antioxidative and anti-

glycative effects of six organosulfur compounds in low-

density lipoprotein in plasma. J Agric Food Chem, 2004,

52, 3674–3678.

19. Lau BHS: Suppression of LDL oxidation by garlic.

J Nutr, 2001, 131, 985S–988S.

�����������	��� 
������ ����� ��� ������� 169

Effects of garlic on lipid metabolism and antioxidant status
������� ��	� 
� ��



20. Ohkawa H, Ohishi N, Yagi K: Assay for lipid peroxides

in animal tissues by thiobarbituric acid reaction. Anal

Biochem, 1979, 95, 351–358.

21. Omaye ST, Turnbull JD, Sauberlich HE: Selected meth-

ods for the determination of ascorbic acid in animal cell,

tissues, and fluids. Methods Enzymol, 1979, 62, 7–8.

22. Pikul J, Leszczyñski D: Butylated hydroxytoluene addi-

tion improves the thiobarbituric acid assay for malonal-

dehyde from chicken plasma fat. Nahrung, 1986, 30,

673–678.

23. Pikto-Pietkiewicz W, Wo³kowska K, Pasierski T: Treat-

ment of dyslipidemia in patients with diabetes mellitus.

Pharmacol Rep, 2005, 57, Suppl, 10–19.

24. Rahman K, Billington D: Dietary supplementation with

aged garlic extract inhibits ADP-induced platelet aggre-

gation in humans. J Nutr, 2000, 130, 2662–2665.

25. Rice-Evans CA, Diplock AT, Symons MCR: Techniques

in free radical research. Ed. Burdon RH, Knippenberg

PH, Elsevier, Amsterdam, London, New York, Tokyo,

1991.

26. Thomson M, Al-Qattan KK, Bordia T, Ali M: Including

garlic in the diet may help lower blood glucose, choles-

terol, and triglycerides. J Nutr, 2006, 136, 800S–802S.

27. Van Doorn MBA, Espirito Santo SM, Meijer P, Kamer-

ling IM, Schoemaker RC, Dirsch V, Vollmar A et al.:

Effect of garlic powder on C-reactive protein and plasma

lipids in overweight and smoking subjects. Am J Clin

Nutr, 2006, 84, 1324–1329.

28. Warshafsky S, Kamer RS, Sivak SL: Effect of garlic

on total serum cholesterol. Ann Intern Med, 1993, 119,

599–605.

29. Wichtl M: Herbal drugs and phytopharmaceuticals.

Ed. Wichtl M, CRC Press, Washington D.C., 2004.

30. Zhang X, Lowe D, Giles P, Fell S, Board AR, Baughan

JA, Connock MJ, Maslin DJ: A randomized trial of

the effects of garlic oil upon coronary heart disease risk

factors in trained male runners. Blood Coagul Fibrinoly-

sis, 2001, 12, 67–74.

31. Zhang X, Lowe D, Giles P, Fell S, Connock MJ, Maslin

DJ: Gender may affect the action of garlic oil on plasma

cholesterol and glucose levels of normal subjects. J Nutr,

2001, 131, 1471–1478.

Received:

&���� �+� �++=7 �� ������� 	���1 %����-�� �/� �++=3

170 �����������	��� 
������ ����� ��� �������


	149	Interaction of memantine and ketamine in morphine- and pentazocine-induced antinociception in mice.
	Danuta Malec, Marcin Mandryk, Sylwia Fidecka
	156	NSAID loxoprofen inhibits high threshold or wide dynamic range neuronal responses in the rat at different time-courses.
	Masayoshi Tsuruoka, Masako Maeda, Bunsho Hayashi, Limin Liu, Tomio Inoue

	163	Effects of short-term garlic supplementation on lipid metabolism and antioxidant status in hypertensive adults.
	Gra¿yna Duda, Joanna Suliburska, Danuta Pupek-Musialik

	171	Proline-linked nitrosoureas as prolidase-convertible prodrugs in human breast cancer cells.
	Krzysztof Bielawski, Anna Bielawska, Tomasz S³odownik, Urszula Bo³kun-Skórnicka, Anna Muszyñska

	183	RM-11, an isoxazole derivative, accelerates restoration of the immune function in mice treated with cyclophosphamide.
	Micha³ Zimecki, Jolanta Artym, Stanis³aw Ryng, Bo¿ena Obmiñska-Mrukowicz

	190	Molecular assessment of the potential combination therapy of cytokines with biphalin and AZT for Friend leukemia virus infection in vitro.
	Jie-Liu Tang, Andrzej W. Lipkowski, Steven Specter

	199	Comparative evaluation of the protective effect of selenium and garlic against liver and kidney damage induced by mercury chloride in the rats.
	Siham M.A. El-Shenawy, Nabila S. Hassan

	SHORT COMMUNICATIONS
	209	Effects of midazolam and buspirone on in vivo concentration of amino acids and monoamine metabolites in the rat hippocampus.
	Aleksandra Wis³owska-Stanek, Adam Hamed, Ma³gorzata Lehner, Andrzej Bidziñski, Danuta Turzyñska, Alicja Sobolewska, Jerzy Walkowiak, Adam P³a�nik


	219	Central effect of histamine in a rat model of acute trigeminal pain.
	Esmaeal Tamaddonfard, Emad Khalilzadeh, Nasrin Hamzeh-Gooshchi, Sona Seiednejhad-Yamchi

	225	Biological actions of lipoic acid associated with sulfane sulfur metabolism.
	Anna Bilska, Magdalena Dudek, Ma³gorzata Iciek, Inga Kwiecieñ, Maria Soko³owska-Je¿ewicz, Barbara Filipek, Lidia W³odek

	233	Effects of etoricoxib on the pharmacokinetics of phenytoin.
	Bikash Medhi, M Sukhija, A Prakash, S Gaikwad, V Bansal, P Pandhi

	238	5-Fluorouracil toxicity-attributable IVS14 + 1G > A mutation of the dihydropyrimidine dehydrogenase gene in Polish colorectal cancer patients.
	Violetta Sul¿yc-Bielicka, Agnieszka Biñczak-Kuleta, Wies³awa Pioch, Józef K³adny, Katarzyna Gziut, Dariusz Bielicki, Andrzej Ciechanowicz



