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Abstract

Objective : The authors assessed the effects of an enteric-coated Thai garlic extract tablet
standardized for allicin-releasing potential on serum lipid levels in hypercholesterolemic subjects.

Subjects and Method : The authors performed a randomized, double-blind, placebo-con-
trolled trial in 136 hypercholesterolemic subjects (cholesterol concentrations = 5.2 mmol/L; mean age +
SD: 47.0 + 6.6 yr). All subjects were given dietary advice to lower fat intake within 4 weeks and were
advised to eat normally during the study period. The subjects were randomly assigned to receive an
enteric-coated Thai garlic extract tablet once daily (standardized to 1.12% allicin or 5.6 mg/tablet), or
placebo after the evening meal for 12 weeks. Seventy subjects (32.9% male; mean age + SD and BMI
of 47.0 £ 6.6 yr and 24.6 + 3.3 kg/m?) received the garlic extract treatment while 66 subjects (37.9%
male, mean age + SD and BMI of 47.0 + 6.0 yr and 24.3 + 3.4 kg/m?) received placebo .

Results : There were no statistically significant changes in serum total cholesterol, trigly-
cerides, low-density lipoprotein (LDL) cholesterol and high-density lipoprotein (HDL) cholesterol after
the 12-week treatment as analyzed on repeated measures by analysis of variance. In addition, nc changes
in plasma glucose, liver and renal functions were found.

Conclusions : Treatment with an enteric garlic-coated Thai garlic extract and dietary advice
did not produce any significant changes in lipid levels in subjects with hypercholesterolemia.
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Cardiovascular diseases, especially coronary
artery disease, remain the leading cause of premature
death and disability among men and women in both
industrialized and developing countries(1). There is
much evidence showing that the risks of coronary
artery disease increase as blood cholesterol levels
rise(2). The relationship between death from heart
disease and serum cholesterol levels is continuous,
graded, and strong(3). Numerous studies have shown
that the clinical manifestations of heart disease,
including myocardial infarction can be reduced by
lowering cholesterol levels with a variety of lipid-
lowering agents. The most effective class of these
agents, the HMG-CoA reductase inhibitors, is very
potent but produces side effects in a small proportion
of patients and the cost of these drugs may also be of
significant concern, especially in view of long-term
therapy(4).

Garlic (Allium sativum), a readily available
therapeutic agent devoid of adverse effects, has long
been used because of its potential cardio-protective
effect(5,6). Several clinical trials have shown the hypo-
cholesterolemic effects of standardized garlic powder
or other forms to significantly lower serum choles-
terol, triglycerides, and LDL-cholesterol levels while
increase HDL-cholesterol levels(7.8). However, garlic
has also been reported in several other studies to be
ineffective in lowering serum lipid levels(9:10). Most
clinical studies have focused mainly on measuring
serum lipid changes induced by garlic, but little infor-
mation is available using it as a single high dosage
enteric-coated garlic supplement. The present study
was thus conducted to evaluate an enteric-coated
garlic extract tablet standardized for allicin releasing
potential on lipid lowering effect in hypercholes-
terolemic subjects.

SUBJECTS AND METHOD
Subjects

Hypercholesterolemic subjects were recruited
by means of poster advertisements and word of mouth.
Subjects who were willing to participate in the study
underwent a medical screening including physical
examination and laboratory testing. The screening
visit was performed 4 weeks before the baseline. To
be eligible for inclusion, subjects had to have total
cholesterol = 5.2 mmol/L (= 200 mg/dl); be 35-60
years old; have body mass index (BMI; in kg/m2)
< 35; be healthy on the basis of physical examination,
vital signs, medical history, clinical laboratory assess-
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ments; and be willing to give informed consent and
comply with the study procedures. The exclusion
criteria were those with a known secondary cause of
hypercholesterolemia, unstable angina or myocardial
infarction occurring within 2 months of entry into the
study, diabetes mellitus, liver disease, renal disease,
severe metabolic or endocrine disorders, pregnancy,
taking any lipid-lowering and anti-hypertensive drugs
within 4 weeks before the beginning of the study.
The study protocol was approved by the institutional
Ethics Committee Board at each of the participating
study centers. All subjects received written and oral
information regarding the trial and gave written con-
sent. The demographic characteristics of these sub-
jects are summarized in Table 1.

Study design

This was arandomized, double blind, placebo-
controlled, 12-week parallel trial. At the point of
recruitment, the subjects were advised to take food
according to the dietary instructions specified by the
National Cholesterol Education Program Step I diet
and maintain their lifestyle throughout the study(11),
After 4 weeks of diet control (week O or baseline),
subjects were randomly assigned in permuted blocks
of four to receive either garlic extract tablets or iden-
tically prepared placebo tablets by members of the
study team uninvolved in the recruitment (Fig. 1).
Blinding of the garlic and placebo tablets were per-
formed. A sealed box of garlic or placebo tablets that
contained a 4-week supply (36 tablets/box) was given
every four weeks. The garlic and placebo tablets were
prepared by a private pharmacy in Thailand. Each
garlic tablet contained 333 mg of garlic extract (equi-
valent to approximately 7 g fresh garlic) standardized
to yield 5.6 mg allicin.

Physical examinations including body weight,
height, pulse, blood pressure, and fasting blood col-
lection were performed and the subjects were then
instructed to return to the clinics in a fasting state at
weeks 4, 8, and 12. At each clinic visit, the measure-
ments of blood pressure (5 min seated at rest, mean of
two readings), pulse and body weight were recorded,
and a 12-14 h fasting blood sample was collected.
Adverse events orintercurrentillnesses were recorded.
After the subjects had taken the tablets for each 4-
week period, the drug box was turned in, the remain-
ing tablets were counted and recorded in order to
assess the compliance with the treatment and a new
box with a 4-week supply was dispensed.
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Fig. 1.

Laboratory analyses

After venous blood sample collection, plasma
and serum were separated by centrifugation and lipid
concentrations were determined immediately using
an automated analyzer of Merck (Mega), Germany.
The calibrator, control materials, and reagents were
purchased from Merck, Germany, except for HDL-C
the calibrator and of which reagents were purchased
from Wako, Japan. Total serum cholesterol and trigly-
cerides were measured by enzymatic methods(12,13),
HDL-cholesterol was measured enzymatically after
binding of LDL, VLDL, and chylomicron with anti-
human B-lipoprotein antibody(14). The LDL-choles-
terol was calculated from the Friedewald equation(15),
The internal quality control samples were included in
every run. The intra- and inter-assay coefficients of
variations of all lipid testing were less than 3 per cent.
An external quality control was performed by parti-
cipating in the External Quality Assessment Services
(EQAS) program of Biorad Laboratories, USA. The
per cent coefficient of variation values of total choles-
terol, triglycerides, and HDL.-cholesterol were 2.4,

Trial profile.

3.9, and 3.3, respectively. Routine blood chemistry
(glucose, renal/liver function test) and haematological
(complete blood count) testing were also determined.

Statistical analyses

Statistical analyses were carried out by
using the MINITAB statistical program for Windows
(release 13; Minitab Inc, Philadelphia). All data were
expressed as means + SDs. Except for the levels of
triglycerides, data were expressed as geometric means
and its SDs because of its skewed distribution and
transformed to logarithm for analysis. Differences
between the two study groups were analyzed by the
Pearson’s chi-squared test and the Student’s t-test,
where appropriate. The main outcomes were the
changes of serum lipid levels. Changes from baseline
at 12 weeks were compared between the garlic and
placebo groups with repeated measures by analysis of
variance (ANOVA) with group and time interaction,
group effect, time effect, and the baseline value as a
covariate. All testing methods were two-sided, and p-
value less than 0.05 was considered significant.
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RESULTS

One hundred and forty-seven subjects were
screened and included in the final study. A total of 136
subjects completed the 12-week study period. Eleven
subjects withdrew after randomization. Of these, 4
were in the garlic group, and 7 were in the placebo
group. Reasons reported for discontinuation included
lack of interest (n = 5), time conflict (n = 5), and
withdrawal by the investigator because of noncom-
pliance (n = 1). Reports of side effects including
belching, intestinal gas, constipation, and nausea were
not different between the groups and did not cause
withdrawal of subjects from the study. Baseline charac-
teristics of the two groups were similar in terms of
gender, age, weight, body mass index, lipid para-
meters, blood pressure, and plasma glucose (Table 1).

Compliance of subjects to the intervention
assessed by tablet counting showed that mean com-
pliance in the garlic and placebo groups was 82.6 per
cent and 81.6 per cent, respectively. There were no
significant differences in compliance between the two
groups. The outcome results are shown in Table 2.
There were no significant changes in serum total
cholesterol, triglycerides, LDL-cholesterol, and HDL-
cholesterol between the garlic group and placebo
group. In addition, there were no changes in pulse rate,
body weight, blood pressure, biochemical (glucose,
renal, and liver function tests) and haematological
testing that could be attributed to garlic and placebo
treatment (data not shown).
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DISCUSSION

Garlic’s principal active ingredient appears
to be allicin (dially] thiosulphate) formed by catalytic
reaction of enzyme alliinase (EC 4.4.1.4) on alliin (L-
(+)-S-allylcysteine sulfoxide) when garlic cloves are
crushed(16), The alliin content of natural garlic may
vary 10-fold and the quantity of released allicin can
be influenced by specific extraction methods(17,18),
Garlic extract has been reported to reduce levels of
serum lipids, diminish blood pressure, decrease plasma
viscosity, inhibit platelet aggregation, increase fibri-
nolytic activity, and produce vasodilation. Therefore,
garlic is claimed to have an antiatherosclerotic pro-
perty(16,19), Standardization of garlic product by
using its potential for releasing allicin had been sug-
gested to ensure the accuracy of dosage and effec-
tiveness in long-term therapy(20).

The present study used a standardized garlic
extract tablet at a high dosage of 5.6 mg allicin/once
daily in assessing its effects on serum lipid levels.
There were no significant differences in all lipid levels
between the treatment groups after 12 weeks. The
results were consistent with other studies that used
similar study designs and reported no significant dif-
ferences in lipid levels between groups receiving
garlic and placebo. Four of five studies had diet con-
trol and used the same German garlic powder tablets
(Kwai) at the same dosage of 1.8 mg allicin/three times
daily(9,10,21,22) byt one study used the American
garlic powder tablet with lower dosage (1.5 mg allicin/

Table 1. Baseline characteristics of 136 subjects randomly allocated to garlic or placebo.
The data were expressed as mean + standard deviation.
Characteristics Treatment groups P-value
Garlic (n = 70) Placebo (n = 66)
Gender (male/female)d 23/47 25/41 0.54
Age (years)b 47 £ 6.6 47+ 6.0 0.78
Weight (kg)b 61 +9.9 61 +10.4 0.20
BMI (kg/m2)b 24.6+33 243434 0.63
Outcome measures (mmol/L)b
Total cholesterol 6.65 + 0.89 6.85+0.83 0.17
Triglyceride + 1.19 +0.02 1.27+£0.02 0.49
LDL-Cholesterol 4.52 +0.86 4.63 +0.90 0.39
HDL-Cholesterol 1.5+0.37 1.55 +0.26 0.49
Blood pressure (mm Hg)b
Systolic 118+ 13.0 118+ 11.2 0.89
Diastolic 75493 76 + 6.9 0.55
Plasma Glucose (mmol/L)b 5.33£0.61 5.50 +0.64 0.17

+ geometric mean (standard deviation)
a %2, b r-test for two independent samples
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Table 2. Serum lipid levels at baseline and after 12 weeks’ treatment with placebo and standardized
garlic.1
Outcome measures Garlic group (n = 70) Placebo group (n = 66) P-value
(mmol/1) Baseline After treatment Baseline after treatment Group x time Group effect3
interaction3

Total cholesterotl 6.65 +0.89 6.59 +0.93 6.85+0.83 6.80 +0.90 0.583 0.981
Triglycerides2 1.19 £ 0.02 1.17 + 0.02 1.27 + 0.02 1.26 £ 0.02 0.469 0.217
LDL-Cholesterol | 4.52 +0.86 4.52 +0.77 4.63 +0.90 4.65+0.83 0.328 0.768
HDL-Cholesterol 1 1.50 +0.37 1.45+0.28 1.55+0.26 1.47 +0.26 0.396 0.463

I mean + standard deviation
2 geometric mean (standard deviation)
3 repeated-measures ANOVA

three times daily)(23). However, considerable vari-
ability in outcomes existed between those studies.
Jain et al reported a significant decrease of 6 per cent
in total cholesterol and 11 per cent in LDL-choles-
terol levels in moderately hypercholesterolemic adults
after treatment with standardized garlic powder tablets
(Kwai) for 12 weeks(7). Adler et al, using the same
product and a similar design, also reported a signifi-
cant decrease of 13 per cent in LDL-cholesterol levels
relative to the placebo group(8). Moreover, Kannar
et al used the Australian garlic powder tablets stan-
dardized to yield allicin potential at a dosage of 3.2
myg allicin/three times daily for 12 weeks and reported
a significant 4.2 per cent reduction in total cholesterol
and 6.6 per cent in LDL-cholesterol but significant
differences in triglycerides and LDL/HDL ratio were
not observed between the study groups(24). Most of
those clinical trials used non-enteric coated garlic
powder tablets. Only the study by Karnar et al who
used enteric-coated tablets with high allicin produc-
ing garlic powder reported some positive findings.
Hence, the subjects involved in the present negative
clinical trials probably received considerably less
allicin than those of Karnar’s subjects. Other forms
of garlic preparations used in other lipid-lowering
trials included steam-distilled oil and aged garlic
extract. Berthold et al used steam distilled oil garlic at
a dosage of 10 mg/day for 12 weeks and reported no
influence on serum lipid levels, cholesterol absorption
or cholesterol synthesis(25). In addition, Steiner et al
used a large dose of 7.2 g of aged garlic extract per
day over a period of 4-6 months but reported a statis-
tically significant 6.1 per cent and 4 per cent lower-
ing of serum total and LDL-cholesterol, respectively
(26). The mechanisms by which garlic may protect
against cardiovascular disease are that the active

ingredients of garlic, allicin and other sulfur com-
pounds may act as HMG-CoA reductase inhibitors,
reducing the production of cholesterol in the liver and
may protect LDL against oxidations diminishing the
plaque accumulations on the walls of arteries(27,28).

Some of the discrepancies reported in those
studies can be explained by the heterogeneity that
existed in terms of study design, subject characteristics,
duration of treatment, forms of garlic preparation,
dosage forms, study adherence, and others such as
dietary control and physical activity. The present study
has some strength over other studies. There was a
system of random assignment during both selecting of
the study population and giving drug treatment and
there was a low dropout rate (11%). The garlic extract
and placebo tablets were prepared according to the
Good Manufacturing Practices (GMP). They were
compliant with the United State Pharmacopeia guide-
lines in terms of dissolution and disintegration(29),
With non-enteric coated products, stomach acids
quickly destroy the allicin yielding potential of garlic
by quickly destroying the enzyme alliinase. The tablets
used in the present study were enteric-coated that can
protect an active ingredient from inhibition in acidic
condition and can dissolve in the intestinal tract.
Moreover, they were also standardized. Therefore, the
effectiveness of the allicin releasing potential could
be ensured.

The clinic visit every 4 weeks promoted
study adherence and allowed for multiple blood sam-
pling and body weight documentation and the high
study adherence suggested that garlic extract tablets
were taken consistently.

The analysis of the outcome measures was
performed with an optimal statistics and each study
group had an adequate sample size. There was enough
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statistical power to detect the difference in the order
of the magnitude to test for different effects in a set
of the study population. The inclusion of a placebo
group in the study also supported the adequacy of the
study for testing the hypothesis that garlic treatment
lowers serum lipid levels. In addition, all lipid para-
meters were analyzed by a laboratory that followed
the quality assurance system. Internal and external
quality control was included in order to monitor the
accuracy of the laboratory performance. The External
Quality Assessment Program used by the laboratory
was accredited by the Clinical Pathology Accredita-
tion (CPA), UK.

However, the present study was also subject
to some limitations. Garlic intake from food sources
was not controlled during the study. Subjects were
asked only to take a lower fat diet and did not have
to abstain completely from fresh garlic in their food.
This approach made the results more generalizable
although differences in daily outside-study garlic
intake between the study groups could have con-
founded the results. Dietary stabilization also became
a crucial factor in assessing the lipid lowering effect
of the garlic treatment under investigation. In the pre-
sent study, the authors only gave dietary advice and
documented body weight but diet compliance and
stability were not assessed. However, Isaacsohn et al
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included dietary stability in their studies by measuring
the Food Record Rating (FRR) scores and also re-
ported no effects of garlic in hypercholesterolemic
patients(9). Finally, the present study focused on a
garlic extract tablet at a definite dose in a specified
population over a time period of 12 weeks and its
effect on serum lipids. Additional controlled, higher
dosage, bioavailability and longer-time period studies
are necessary to clarify the exact roles of garlic on
serum lipids and other risk factors, such as blood
pressure or blood coagulation in preventing coronary
heart disease.
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