
OVERVIEW
Garlic consists of various dosage forms of the fresh or carefully
dried bulbs of Allium sativum. In the U.S. and Western Europe,
most of garlic’s popularity is based on the extensive traditional use
of this herb, and on scientific research suggesting that cardiovas-
cular benefits are associated with ingesting garlic as a conven-
tional food and a dietary supplement. More than 3,000 scientif-
ic articles have been published on the chemistry, pharmacology,
toxicology, and clinical uses of garlic.

PRIMARY USES
• Hyperlipidemia
• Atherosclerosis

OTHER POTENTIAL USES
• Hypertension, mild
• Peripheral arterial occlusive disease (PAOD)
• Decreased platelet function
• Colon cancer prevention
• Stomach cancer prevention
• Coughs, colds, catarrh, and rhinitis (These traditional uses

are not supported by clinical trials.)

PHARMACOLOGICAL ACTIONS
Garlic reduces total cholesterol and serum triglycerides; elevates
high density lipoproteins (HDL); prevents platelet aggregation
and thrombus formation; stimulates fibrinolysis; prolongs clot-
ting time; reduces low-density lipoprotein oxidation; reduces 
systolic and diastolic blood pressure; attenuates age- and blood
pressure-related increases in aortic stiffness; has immunomodu-
lating activity; reduces blood glucose levels; is antifungal and
fungistatic against Cryptococcus neoformans; antioxidant; anti-
cancer; antimicrobial; inhibits anion transport and sickle cell
dehydration and restricts dense cell formation in sickle cell
patients.

DOSAGE AND ADMINISTRATION
For the prevention of atherosclerosis and prophylaxis and treat-
ment of peripheral arterial vascular diseases, long-term treatment
is generally advised. Epidemiological findings support long-term,
consistent use to aid in preventing stomach and intestinal 
cancers.
FRESH HERB: 4 g (1 clove) minced bulb daily.
INFUSION: 4 g in 150 ml of hot water.
FLUID EXTRACT: 4 ml [1:1 (g/ml)].

TINCTURE: 20 ml [1:5 (g/ml)].
GARLIC POWDER (standardized): 200–300 mg, 3 times daily.
AGETM AGED GARLIC EXTRACT (standardized): 300–800 mg,
3 times daily, or 1–5 ml daily.

CONTRAINDICATIONS
None known according to the German Commission E and other
European scientific bodies. According to the World Health
Organization, patients with a known allergy to garlic and those
taking warfarin (and presumably other anticoagulants) should use
caution in ingesting garlic. However, a clinical trial on a propri-
etary aged garlic extract (AGE) showed no prolonged bleeding in
patients taking warfarin. Reports of increased clotting time sug-
gest that patients avoid garlic at least one week prior to surgery.
PREGNANCY AND LACTATION: There are no restrictions on using
garlic during pregnancy and lactation. A controlled trial showed
that garlic’s major sulfur-containing volatile compounds are
transmitted to human milk, leading to infants’ improved drink-
ing habits.

ADVERSE EFFECTS
Garlic odor may permeate the breath and skin. Gastrointestinal
symptoms and intestinal flora changes or allergic reactions are
rare. In separate single case reports, excessive ingestion of garlic
was associated with postoperative bleeding, spontaneous spinal
epidural hematoma, and platelet dysfunction. Occupational
exposure to crushed garlic products and the topical application
of garlic to treat wounds or infections may cause allergic contact
dermatitis. For garlic and various generic garlic preparations,
reported allergic reactions included burns, zosteriform dermati-
tis, induction of pemiphigus (blisters), allergic asthma and
rhinitis, contact urticaria, and protein contact dermatitis; but no
adverse effects were reported for AGE according to toxicological
and clinical studies. Garlic preparations can increase clotting
time, which is sometimes beneficial, but in some cases can con-
tribute to an adverse event. Cross-sensitivity may occur with
onions and tulips.

DRUG INTERACTIONS
Concurrent use of garlic and antiplatelet agents (e.g., aspirin)
and anticoagulants (e.g., warfarin) might increase the potential
for prolonged bleeding. One report showed that clotting time
doubled for 2 patients taking warfarin and garlic simultaneous-
ly, although there was insufficient information to properly assess
these cases. A controlled trial on AGE resulted in no interaction
with warfarin. A small trial suggests possible serum reduction of
saquinavir, an anti-HIV drug.

Garlic
Allium sativum L. 

[Fam. Liliaceae]
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CLINICAL REVIEW
Of 32 studies (45,694 total participants) on garlic’s impact on
cardiovascular and arterial health, cancer, immunity, and circula-
tion, all but four demonstrated positive effects.
Two reviews concluded that garlic preparations might have small,
positive, short-term effects (< 3 months) on lipids and promising
antithrombic effects. Insignificant effects on blood pressure and
no effect on glucose levels were observed. However, data was
insufficient to draw conclusions about certain clinical cardiovas-
cular outcomes (e.g. myocardial infarction), antithrombic activi-
ty, or cancer prevention. Due to the marginal quality and short
duration of many trials and the unpredictable release and inade-
quate definition of active constituents of many garlic preparations
used in the studies, conclusions regarding clinical significance are
limited. 

Lipid-lowering effect
Thirteen trials (795 participants) demonstrated a positive corre-
lation between lipid-lowering effects and garlic oil, powder, or
capsules. Six randomized, double-blind, placebo-controlled (R,
DB, PC) studies and four DB studies supported garlic use in
treating elevated lipid conditions including hyperlipidemia and
hypercholesterolemia. One R, open, parallel group, comparison
(O, PG, Cm) study (70 participants) found garlic powder to have
a significant impact over garlic oil in lowering blood-lipid counts
and blood pressure and in increasing a sense of overall well-being.
An R, PC study involving 35 renal transplant patients found a
garlic product to have positive effects on hyperlipidemia. One O
study (82 participants) found a positive impact of garlic on coro-
nary heart disease, in addition to its lipid-lowering effects.
A meta-analysis on garlic’s effect on total serum cholesterol levels
found a statistically significant reduction in total cholesterol lev-
els. Another study assessed and subsequently reassessed clinical
data from 952 patients and 16 trials and found that all data
demonstrated a significant reduction of total cholesterol when
comparing garlic to placebo. Three studies on the allicin-stan-
dardized garlic powder tablets failed to show a significant reduc-
tion in elevated serum cholesterol. It was later determined that
allicin released from the tablets varied significantly, and that the
lack of expected allicin release possibly led to negative results. A
study of 24 brands of enteric-coated tablets found that 83% of
the brands released less than 15% of their allicin potential.
Subsequently, the researchers recommended that manufacturers
standardize supplements to dissolution of allicin release, not to
allicin potential. (For non-allicin products, e.g., AGE, the stan-
dardization is to bioavailable compounds, e.g., S-allycysteine
[SAC].) In the most recent and comprehensive meta-analysis (13
R, DB, PC trials), researchers showed a significant difference
(p<0.01; 5.8%) in the reduction of total cholesterol levels
between baseline and placebo. The authors concluded that cur-
rent evidence indicates that any specific lipid-lowering effect is
small, and the clinical outcome may not be meaningful; howev-
er, there were several problems identified with the meta-analysis,
indicating that conclusions can only be applied to the specific
brands tested and not to the general effectiveness of garlic.

Antihypertensive effect
Two R, DB, PC studies and one R, O, PG, Cm study (159 total
participants) showed garlic’s antihypertensive effects. A systemat-
ic review and meta-analysis of 8 R, C trials (415 participants) was
conducted to determine garlic’s effect on blood pressure. Of the
7 trials that compared garlic with placebo, 3 demonstrated a sig-
nificant reduction in systolic blood pressure (SBP), and 4 in dias-
tolic blood pressure (DBP). The authors concluded that more
rigorously designed trials might provide evidence to recommend
hypertension treatment with garlic. 

Antiplatelet effects
One R, DB, PC, crossover (CO) study and 2 DB, PC studies
(214 total participants) indicate the potential use of garlic as a
coronary disease preventative due to its positive impact on
platelet functions.

Anti-atheroscelerotic effect
Garlic’s positive influence on arterial and fibrinolytic activities
was shown in two studies (354 participants). The longest clinical
trial on garlic to date, a R, DB, PC, 4-year study (152 partici-
pants), showed that garlic had an anti-atherosclerotic impact,
decreasing age-related arterial plaque. In one epidemiological,
cross-sectional, observational (E, CS, OB) study (202 partici-
pants), standardized garlic powder was found to have positive
effects on arterial activities, including elastic vascular resistance,
pulse wave velocity, and systolic blood pressure.

Anticancer/Chemoprevention
Anti-cancer and chemopreventative qualities of garlic were shown
in 5 studies (44,044 subjects). One E study of 15 years demon-
strated that stomach cancer incidents were reduced with use of
raw and cooked garlic. Two E studies (42,325 subjects) found
that garlic intake significantly decreased colon cancer risks. Two
OB studies demonstrated garlic’s chemopreventative potential
through the improvement of arachidonic acid and acetamino-
phen metabolism. A meta-analysis of E studies on the association
between garlic consumption and risk of stomach, colon, head and
neck, lung, breast, and prostate cancers concluded that raw and
cooked garlic use might have a protective effect against stomach
and colorectal cancers. 

Other
One pilot study involving 7 HIV+ patients demonstrated a posi-
tive impact on natural killer cell activity and improvement in
conditions such as diarrhea, genital herpes, and candidiasis. One
R, DB, PC study showed that garlic did not negatively impact
bleeding potential in warfarin therapy patients. Garlic’s impact
on peripheral circulation was observed in two studies: one R,
CO, Cm study showed immediate improvement in hand and
foot circulation; and one DB, PC study showed a significant
increase in walking distance in persons with peripheral arterial
occlusive disease (PAOD). The latter was the only study to meet
the Cochrane Library’s inclusion criteria for its review on garlic
use for PAOD. Because the one study reviewed was small, of
short duration (12 weeks), and found no significant overall
improvement in patients with PAOD, the Cochrane Review 
disagreed with the author’s findings and concluded that further
trials on garlic’s effects on PAOD are warranted.
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Garlic
Allium sativum L.

[Fam. Liliaceae]

OVERVIEW
In the U.S. and Western Europe, garlic is one of the most
popular substances used to reduce various risks associated
with heart disease. Most of garlic’s popularity is based on
the herb’s well-known folk uses and scientific research on
the benefits of garlic for heart
health. These health-promoting
benefits may be experienced by
using garlic as both a food ingre-
dient and a dietary supplement.

USES
For slightly reducing elevated
levels of cholesterol in the blood;
prevention of hardening of the
arteries; improvement of blood
flow; mild hypertension (high
blood pressure); possible 
prevention of stomach and colon
cancer; supportive therapy for
peripheral arterial occlusive dis-
ease (PAOD, poor circulation to
the legs causing tightness and
pain in the calves when walking).

DOSAGE
Long-term treatment is generally
advised in the prevention of ath-
erosclerosis and in the prevention
and treatment of peripheral 
arterial vascular diseases.
Epidemiological findings 
(population studies) support
long-term, consistent use for the possible prevention of
stomach and intestinal cancers.
FRESH, MINCED GARLIC: 1 clove daily.
INFUSION: 1 clove in 150 ml of hot water.
GARLIC POWDER (standardized): 200–300 mg, 3 times
daily (in pill or tablet form).
AGE™ AGED GARLIC EXTRACT (standardized): 
300–800 mg, 3 times daily or 1–5 ml daily (in capsules).

CONTRAINDICATIONS
None known according to the German Commission E
and other leading scientific bodies. According to the
World Health Organization, patients with a known 
allergy to garlic and those taking anticoagulant drugs like

warfarin (Coumadin®) should
be cautious about ingesting gar-
lic. Garlic should not be taken
prior to surgery (at least one
week) as it may interfere with
blood clotting.
PREGNANCY AND LACTATION:
There are no known restrictions
during pregnancy or lactation.
However, some of garlic’s prop-
erties are transmitted to human
milk, leading to improved
drinking habits in infants.

ADVERSE EFFECTS
Being a commonly used food,
garlic is relatively safe. Adverse
effects are rare, but there may be
gastrointestinal symptoms and
changes to the intestinal flora
(beneficial bacteria that aid in
digestion). Allergic reactions
have been reported for garlic
and various generic prepara-
tions, but no adverse effects
were reported for AGE accord-
ing to toxicological and clinical
studies. According to one

report, garlic was associated with unusual bleeding after
an operation. Garlic preparations can increase clotting
time, which is sometimes beneficial, but in some cases can
contribute to an adverse event. Also, garlic may produce a
characteristic odor on the breath or skin. 

DRUG INTERACTIONS
Taking garlic with antiplatelet agents, like aspirin, and
anticoagulants, like warfarin, may increase the potential
for prolonged bleeding.

Comments

When using a dietary supplement, purchase it from a reliable source.
For best results, use the same brand of product throughout the period
of use. As with all medications and dietary supplements, please inform
your healthcare provider of all herbs and medications you are taking.
Interactions may occur between medications and herbs or even among
different herbs when taken at the same time. Treat your herbal supple-
ment with care by taking it as directed, storing it as advised on the
label, and keeping it out of the reach of children and pets. Consult your
healthcare provider with any questions.

The information contained on this sheet has been
excerpted from The ABC Clinical Guide to Herbs
© 2003 by the American Botanical Council (ABC).
ABC is an independent member-based educational
organization focusing on the medicinal use of herbs.
For more detailed information about this herb please 
consult the healthcare provider who gave you this sheet.
To order The ABC Clinical Guide to Herbs or become a
member of ABC, visit their website at
www.herbalgram.org.



Garlic
Allium sativum L.

[Fam. Lilaceae]

OVERVIEW

In the United States and Western Europe, garlic is one of the
most popular substances used to reduce various risks associ-
ated with cardiovascular disease. Most of garlic’s popularity is

based on the extensive traditional use of this herb and on scien-
tific research suggesting that cardiovascular benefits are associat-
ed with ingesting garlic as both a conventional food and dietary
supplement (Blumenthal et al., 2000). Garlic preparations have
been one of the top-selling herbal supplements on the U.S. mar-
ket for many years (Brevoort, 1998), ranking third in retail sales
in the mainstream market in 2000, and generating revenues over
$61 million (Blumenthal, 2001). To date more than 3,000 sci-
entific papers have been published investigating the activities of
garlic and garlic compounds, including chemical, toxicological,
pharmacological, clinical, and epidemiological studies (Amagase
et al., 2001). Garlic preparations with uniquely different chemi-
cal compositions, including powdered dried garlic products stan-
dardized to allicin yield and aged garlic extract (AGE™) prod-
ucts that are standardized to S-allylcysteine (SAC), have been the
subject of numerous clinical studies. Determining which forms
are the most effective remains controversial and is an ongoing
subject of study and debate. Medical literature includes positive
outcomes in clinical studies involving several types of garlic
preparations.

DESCRIPTION
Garlic preparations consist of the fresh or dried bulbs (main bulb
and secondary bulbs or cloves) of Allium sativum L. [Fam.
Lilaceae], and various dosage forms (Blumenthal et al., 1998).
Garlic oil is not present in fresh or dried garlic bulbs; instead, the
oil is produced by converting water-soluble thiosulfinates to 
oil-soluble sulfides via steam distillation. Aged garlic involves
long-term extraction in dilute ethanol for up to 20 months, then
drying; pickling garlic involves immersion in vinegar (5% acetic
acid) (Amagase et al., 2001; Lawson, 1998a). 

PRIMARY USES
Cardiovascular

• Hyperlipidemia (Isaacsohn et al., 1998; Lash et al., 1998;
McCrindle et al., 1998; Steiner et al.,1996a, 1996b; Yeh et
al., 1995; De A Santos and Johns, 1995; Steiner and Lin,
1994; Jain et al., 1993; Grünwald et al., 1992; Holzgartner
et al., 1992; Mader, 1990; Vorberg et al., 1990; Lau et al.,
1987; Bordia, 1981)

• Atherosclerosis (Koscielny et al., 1999)

OTHER POTENTIAL USES
Cardiovascular

• Hypertension, mild (Steiner et al., 1996; Auer et al., 1990)
• Peripheral arterial occlusive disease (PAOD) (Koscielny et

al., 1999; ESCOP, 1997; Kiesewetter et al., 1993b)

Hematology
• Decreased platelet function (Rahman and Billington,

2000; Steiner et al., 2001; Steiner et al., 1996; Kiesewetter
et al., 1991; Kiesewetter et al., 1993a)

Chemopreventative
• Colon cancer preventative (Steinmetz et al, 1994; Witte et

al., 1996)
• Stomach cancer preventative (You et al., 1989)

Miscellaneous 
• Garlic has traditionally been used to relieve cough, colds,

catarrh, and rhinitis, although clinical trials do not support
such uses (ESCOP, 1997)

DOSAGE
Internal 
Crude Preparations
FRESH HERB: 4 g daily (1 clove) minced bulb or equivalent 
preparations (Blumenthal et al., 1998). [NOTE: Some authors
have suggested that this dosage level should be revised downward
to approximately 2,700 mg of fresh garlic, equivalent to the 
900 mg of garlic powder used in some clinical trials that studied
the ability of garlic to prevent and/or reverse atherosclerotic
plaque build-up (Schulz et al., 2001).]
INFUSION: 4 g in 150 ml of hot water (Blumenthal et al., 2000).
FLUID EXTRACT: 1:1 (g/ml), 4 ml (Blumenthal et al., 2000).
TINCTURE: 1:5 (g/ml), 20 ml (Blumenthal et al., 2000). 
Standardized Preparations
GARLIC POWDER (Kwai®): 200–300 mg, 3 times daily
(Warshafsky et al., 1993).
AGE ™ (Kyolic®) aged garlic extract: 300–800 mg, 3 times daily
or 1–5 ml daily (Steiner 2001; Steiner et al., 1996; Rahman and
Billington, 2000; USP, 2002; Lau et al., 1987).

Photo © 2003 stevenfoster.com
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DURATION OF ADMINISTRATION
Long-term treatment is generally advised in the prevention of
atherosclerosis (Koscielny et al., 1999), and the prophylaxis and
treatment of peripheral arterial vascular diseases (ESCOP, 1997).
Epidemiological observations support the long-term consistent
use for prevention of cancer in the stomach and intestines (You et
al., 1989).

CHEMISTRY
Crude Preparations 
Fresh garlic bulbs contain about 65% water, 28% carbohydrates
(fructans), 2.3% organosulfur compounds (OSC), 2% protein,
and 1.2% free amino acids. The main OSC in whole garlic are
the cysteine sulfoxides (1% alliin and 0.1% cycloalliin) and the 
γ-glutamylcysteines (0.6% γ-glutamyl-S-trans-1-propenylcys-
teine and 0.4% γ-glutamyl-S-allylcysteine). When the bulb is
bruised, crushed, chewed, or minced, the alliin, in the presence of
the enzyme alliinase, is converted to allicin (ESCOP, 1997). One
mg of alliin produces 0.458 mg of allicin, which is considered to
be responsible for some of garlic’s biological activity and is a pre-
cursor to some thiosulfinates, which also have been shown to be
active (Lawson 1998a; Block, 1985; Bradley, 1992; Budavari,
1996; ESCOP, 1997). However, allicin is unstable and decom-
poses to other volatile sulfur compounds (the half-life of allicin is
not more than 24 hours), so the extent of allicin’s activity has
been questioned. Intact garlic cloves (the sections that comprise
the garlic bulb) also contain S-allylcysteine (SAC), but no allicin.
SAC is formed from gamma-glutamyl cysteine catabolism and
has been reported to contribute to the health benefits of some
garlic preparations (Amagase et al., 2001). Fresh and aged garlic
extract (AGE, see below) also contain steroidal saponins
(Matsuura, 2001). 

Standardized Preparations
Processed garlic preparations contain a variety of sulfur-
containing compounds other than those found naturally in intact
garlic cloves, depending on the conditions applied (Lawson,
1998a; Fenwick and Henley, 1985). Sulfur-containing com-
pounds in commercial garlic preparations vary, depending on
their manufacturing process. Powdered preparations of dried gar-
lic contain alliin and compounds derived from its subsequent
transformation, but no allicin. Enteric coatings protect these
powdered preparations from conversion while in the stomach.
Garlic oil yields neither alliin, nor allicin as the converting
enzyme is destroyed by heat. It does contain diallyl disulfide, dial-
lyl trisulfide, and allyl methyl trisulfide. Macerated garlic-derived
oil contains vinyldithiins, ajoene, and diallyl trisulfides (Lawson,
1998a). Garlic extract and odorless AGE are listed in the United
States Pharmacopeia/National Formulary (USP, 2002). The most
abundant sulfur compound in AGE is SAC; it is standardized to
not less than 0.05% SAC (USP, 2002).

PHARMACOLOGICAL ACTIONS
Human
Garlic reduces total cholesterol (TC) and serum triglycerides
(TG) and elevates high density lipoproteins (HDL) (Auer et al.,
1990; Barrie et al., 1987; Lau et al., 1987; Bordia, 1981; De A
Santos and Johns, 1995; Silagy and Neil, 1994a); prevents
platelet aggregation and thrombus formation (Rahman and
Billington, 2000; Barrie et al., 1987; Kiesewetter et al., 1993a;
Kiesewetter et al., 1993b; Legnani et al., 1993); stimulates fibri-
nolysis, prolongs clotting time (Chutani and Bordia, 1981;

Gadkari and Joshi, 1991; Harenberg et al., 1988; Legnani et al.,
1993); reduces low-density lipoprotein (LDL) oxidation (Ide and
Lau, 2001; Lau, 2001; Munday, 1999; Steiner and Lin, 1994;
Harris et al., 1995; Phelps and Harris, 1993); reduces systolic
blood pressure, diastolic blood pressure, and mean blood pressure
from baseline (Steiner et al., 1996a, 1996b; De A Santos and
Johns, 1995; Silagy and Neil, 1994b; Grünwald et al., 1992; Auer
et al., 1990;); attenuates age- and blood pressure-related increas-
es in aortic stiffness (Breithaupt-Grögler et al.,1997); stimulates
peripheral microcirculation (Okuhara, 1994); is antifungal and
fungistatic against Cryptococcus neoformans, the organism that
causes cryptococcal meningitis (Anon., 1980; Davis et al., 1990);
may decrease the risk of gastrointestinal cancers (Gail et al., 1998;
You et al., 1991, 1989, 1988; Reuter et al., 1996; Buiatti et al.,
1989; Lau, 1989); modulates immune system activity (Brosche
and Platt, 1993; Kandil et al., 1988; Lawson, 1998a; Reuter et al.,
1996); reduces blood glucose levels (Kiesewetter et al., 1991).
Garlic does not inhibit H. pylori bacteria in the stomach (Graham
et al., 1999). Although one study concluded that garlic extracts
had no statistically significant impact on how far patients with
peripheral vascular disease (PVD) can walk (Kiesewetter et al.,
1993b), AGE has been reported to exhibit stimulation of periph-
eral circulation in human subjects (Okuhara, 1994; Kikuchi et
al., 1994). One pilot clinical trial (Ohnishi et al., 2000) 
indicated an effect of AGE and other antioxidants in the 
potential treatment of sickle cell anemia patients.

Animal
Garlic lowers elevated levels of serum homocysteine (Yeh, 1999);
lowers serum cholesterol and lipids (Bordia et al., 1975;
Kamanna and Chandrasekhara, 1982; Chi et al., 1982); is
antithrombotic (Bordia et al., 1975); increases fibrinolysis and
clotting time (Bordia et al., 1975; Reuter et al., 1996); reduces
blood pressure (Sial and Ahmad, 1982; Ruffin and Hunter,
1983); is antioxidant (Han et al., 1992; Lawson, 1998a); modu-
lates immune system (Kyo et al., 1999, 1998; Lawson, 1998a;
Reuter et al., 1996); reduces blood glucose levels and increases
insulin levels (Augusti, 1975; Chang and Johnson, 1980); is anti-
allergenic (Kyo et al., 1997); exhibits antitumor activity against
transitional cell carcinoma of the bladder with AGE (Lau et al.,
1986; Riggs et al., 1997); reduces breast cancer incidence
(Amagase and Milner, 1993; Liu et al., 1992; Kröning, 1964);
decreases incidence of hepatic tumors in the Bufo regularis toad
(El-Mofty et al., 1994).

In vitro
Antithrombotic
The rational clinical application of garlic necessitates 
demonstrating the association between garlic consumption and
important clinical outcomes such as atherosclerosis. In vivo and in
vitro studies suggest garlic extracts and several garlic constituents
have a significant antithrombotic effect (Ariga et al., 1981;
Boullin, 1981; Srivastava, 1986; Mohammed and Woodward,
1986). Garlic has been shown to increase fibrinolysis and prolong
clotting time (Reuter et al., 1996). Adenosine in AGE and its con-
stituents are the most potent antiplatelet constituents of garlic.
Allicin was thought an active compound in garlic due to its high-
ly reactive and oxidative characteristics, but it is rapidly metabo-
lized in human blood (in in vitro culture) and therefore might not
contribute to the in vivo antithrombotic effect of garlic (Freeman
and Kodera, 1995; Koch and Lawson, 1996). 
Ajoene is found in small amounts in garlic oil-macerates, but not
in commercial garlic preparations and garlic powders.
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Bioavailability of ajoene has not yet been established.
Antithrombotic and vasodilatory actions of garlic might be due to
adenosine deaminase and cyclic AMP phosphodiesterase, which
can be found in garlic extracts. The decrease of thromboxane B2
(TXB2) levels is another possible explanation for garlic’s
antithrombotic effects. Most of the above explanations are based
on in vitro and in vivo experiments (Berthold and Sudhop, 1998;
Rahman and Billington, 2000; Bordia et al., 1996; Agarwal
1996).
Koscielny et al. (1999) reported a slowing and reversal of athero-
sclerotic plaque formation. AGE has been shown to protect vas-
cular endothelial cells against hydrogen peroxide-induced lipid
peroxidation and biomembrane damage (Yamasaki et al., 1994);
prevent oxidized LDL-induced membrane damage, loss of cell
viability, and lipid peroxidation (Ide and Lau, 1997b); and
demonstrate antihypertensive activity (Lawson, 1998a; Steiner et
al., 1996; Koch et al., 1992a; Sendl et al., 1992). 
Anticancer
Garlic inhibits the induction and growth of cancer (Milner, 1996;
Lea, 1996). The effect on tumor initiation and promotion has
been documented, and both the oil-soluble and water-soluble
OSCs such as methyl propyl disulfide and propylene sulfide,
SAC, S-allylmercaptocysteine (SAMC), and allicin reduce the
proliferation of neoplasms and inhibit the development of liver
glutathione S-transferase placental (GST-P) positive tumor foci
and other indications of cancer in different organs. In contrast,
OSCs such as diallyl sulfide, diallyl trisulfide, and allyl methyl
trisulfide enhance the formation of liver tumor foci. 
However, in rats, diallyl disulfide shows the following activities:
inhibits the potential for colon and renal tumor development
(Fukushima et al., 1997); inhibits the growth of human prostate
cancer cells (Pinto et al., 1997a); demonstrates cytotoxic activity
against MBT2 bladder tumor cells (Riggs et al., 1997); is antial-
lergenic (Kyo et al., 1997); stimulates macrophage activity, natu-
ral killer cells, and LAK cells. It may also increase production of
interleukin (IL-2), tumor necrosis factor (TNF) and interferon
gamma, which are cytokines associated with beneficial antitumor
responses. AGE protects against the immunosuppression induced
by chemo- and radiation therapy (Lamm and Riggs, 2000; Lau,
1989) and UV light (Reeve et al., 1993a, 1993b).
Antimicrobial effects
Antibacterial activity against Escherichia, Salmonella,
Staphylococcus, Streptococcus, Klebsiella, Proteus, Bacillus,
Mycobacterium, Clostridium, and resistant strains (Adetumbi and
Lau, 1983; Farbman et al., 1993; Hughes and Lawson, 1991;
Lawson 1998a; Reuter et al., 1996); antifungal activity against
Candida and Cryptococcus (Anon., 1980; Caporaso et al., 1983;
Hughes and Lawson, 1991; Lawson, 1998a); antiulcer/antibac-
terial against Helicobacter pylori (Sivam, 2001; Sivam et al.,
1997); antifungal, antiparasitic (Ankri and Mirelman, 1999).
The main antimicrobial effect of allicin is limited when in direct
exposure to the microorganisms due to its chemical reaction with
enzymes (e.g., alcohol dehydrogenase, thioredoxin reductase) and
RNA polymerase. This reaction can affect the essential metabo-
lism of cysteine proteinase activity involved in the virulence of
Entamoeba histolytica. An aqueous extract of garlic cloves, stan-
dardized for its thiosulfinate concentration tested positively for its
antimicrobial activity against H. pylori (Sivam et al., 1997).
Minimum inhibitory concentration was 40 mcg thiosulfinate per
ml. It is possible that the sensitivity of H. pylori to garlic extract
at such low concentrations may be related to the reported low risk

of stomach cancer in those populations with high allium 
vegetable intake. However, an uncontrolled trial involving 20
patients with positive urea breath tests, taking 
300 mg tablets of dried garlic powder, three times daily for eight
weeks, did not eradicate H. pylori (Fennerty et al., 1999). 
Hematology effects
In vitro studies (and a pilot clinical trial) have indicated an effect
of AGE and other antioxidants in the potential treatment of 
sickle cell anemia patients (Ohnishi et al., 2000, 2001; Ohnishi
and Ohnishi, 2001). 

MECHANISM OF ACTION
Lipid-lowering

• One possible mechanism is thought to be attributed to
allicin/thiosulfinates (Lawson, 1998a; Reuter et al., 1996)
but a recent study revealed water-soluble OSC, e.g., SAC
and SPC, may be the active compounds inhibiting 
cholesterol synthesis (Liu and Yeh, 2001). However, 
oil-soluble OSC, e.g., diallyl disulfide (DADS) and others,
decomposed from thiosulfinates including allicin, actually
killed the cells, thus indirectly inhibiting cholesterol 
synthesis (Liu and Yeh, 2001). 

• Increases catabolism of fatty acid-containing lipids, 
especially triglycerides (Yeh et al., 1995; Yeh and Yeh, 1994;
Lawson, 1998a).

• Inhibits cholesterol biosynthesis at the level of 
β-hydroxy-β-methylglutaryl-CoA (HMG-CoA) reductase
(Yeh et al., 1995; Yeh and Yeh, 1994; Gebhardt et al., 1994;
Gebhardt, 1993).

• Inhibits cholesterol biosynthesis at later steps, as evidenced
by accumulation of the cholesterol precursors, lanosterol
and 7-dehydrocholesterol, although this latter effect may be
of minor therapeutic significance (Gebhardt et al., 1994;
Gebhardt, 1993).

• Enhances palmitate-induced inhibition of cholesterol
biosynthesis (Gebhardt, 1995).

• Inhibits cholesterol biosynthesis by targeting squalene
monooxygenase, an enzyme that catalyzes the downstream
pathway in cholesterol synthesis (in vitro study on fresh 
garlic extract) (Gupta and Porter, 2001).

• Lipid-lowering activity may be due to the presence of
steroid saponins in fresh garlic and AGE, which may 
interfere with the absorption of total and LDL cholesterol
from the intestine lumen, thereby reducing plasma levels
(40–57% in test animals), without adversely affecting HDL
levels. Saponins are known to inhibit intestinal absorption
of cholesterol, suggesting possible hypocholesterolemic
effect (Matsuura, 2001).

Antithrombotic
• Garlic inhibits platelet aggregation and stimulates 

fibrinolysis; this may be attributed to allicin/thiosulfinates
at lower garlic doses and cycloalliin at higher garlic doses
(in vitro) (Lawson, 1998a; Reuter et al., 1996). However,
since it is argued that allicin/thiosulfinates may not be
bioavailable, other compounds may be responsible
(Amagase et al., 2001).

• Inhibits normal arachidonate metabolism (Ariga et al.,
1981; Makheja et al., 1980; Makheja et al., 1981; Reuter et
al., 1996).
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• Inhibits the lipoxygenase and cyclo-oxygenase pathways of
the arachidonic acid cascade, thereby inhibiting the synthe-
sis of prostaglandins and thromboxanes (PGE2, PGD2,
PGI2, TXB2) (Rahman and Billington, 2000; Reuter et al.,
1996; Ariga et al., 1981; Makheja et al., 1981, 1980).

• Inhibits fatty acid lipoxygenase (Liu and Yeh, 2001; Reuter
et al., 1996; Ariga et al., 1981; Makheja et al., 1981, 1980).

• Ajoene affects fibrinogen-induced human platelet aggrega-
tion and inhibits binding of fibrinogen to adenosine
diphosphate (ADP) stimulated platelets in vitro (Reuter et
al., 1996). 

Antihypertensive
• Action is thought to be attributed to γ-glutamylcysteines

and fructans; allicin is not involved (Lawson, 1998a; Reuter
et al., 1996).

• γ-glutamylcysteines can inhibit angiotensin-converting
enzyme (ACE), thus inhibiting angiotensin II (a hormone
that increases vasoconstriction) (Lawson, 1998a; Sendl et
al., 1992).

• Fructans can inhibit adenosine deaminase in isolated cells,
thus increasing adenosine and its associated blood vessel
dilatory activity (Lawson 1998a; Koch et al., 1992).

• Increases nitric oxide through activation of nitric oxide 
synthase activity (Das et al., 1995).

Antimicrobial
• Action is in vitro or externally thought to be attributed to

allicin/thiosulfinates (Lawson, 1998a; Reuter et al., 1996).
• Allicin disrupts cellular metabolic processes in vitro through

inactivation of proteins by oxidation of essential thiols to
disulfide, competitive inhibition of enzymes containing 
cysteine in their active sites by reacting with the sulfhydryl
(-SH) group, and noncompetitive inhibition of enzymes by
reacting with -SH groups at allosteric sites (Adetumbi and
Lau, 1983; Cavallito et al., 1944; Lawson, 1998a).

• Garlic extract inhibits H. pylori bacterial in vitro at moder-
ate concentrations, thereby suggesting mechanism for 
antigastric ulcer effect (Sivam, 2001; Sivam et al., 1997).

Anticancer
• Action is thought to be attributed to any number of garlic

compounds: SAC, SAMC, thiosulfinates, 
γ-glutamylcysteines, and other unknown compounds
(Lawson, 1998a; Pinto et al., 1997b; Reuter et al., 1996,
Amagase and Milner, 1993; Liu et al., 1992) although the
thiosulfinates (e.g., allicin) are questioned due to their
instability.

• Decreases the amount of nitrate-reducing bacteria in the
stomach, thus reducing the formation of carcinogenic
nitrosamines (Dion and Milner, 1996; Mei et al., 1985,
1982). 

• Inhibits the induction and growth of cancer, which may be
mediated by modulation of carcinogen metabolism (Lea,
1996).

• Stimulates macrophage activity, natural killer cells, and
LAK cells, and might increase the production of IL-2, TNF,
and interferon gamma, which are cytokines associated with
beneficial antitumor response (Lamm and Riggs, 2000; Lau
et al., 1991; Lau, 1989; Abdullah et al., 1989).

Antiallergenic
• Inhibits antigen-specific histamine release from mast cells

in vitro (Kyo et al., 1997); decreases antigen-specific IgE
mediated skin reactions in vivo (Kyo et al., 1997); and
reduces antigen-specific, late-phase reaction by modulating
the production and release of cytokines from activated 
T-lymphocytes in vivo (Kyo et al., 1997).

Antioxidant
• Action is thought to be attributed to primarily water-

soluble OSC (e.g., SAC and SAMC) in addition to fructo-
syl-arginine, other Maillard reaction compounds in AGE,
and other compounds (Ryu, 2001; Imai, 1994); some
authors suggest action may be due to the allicin/thiosulfi-
nates (Lawson, 1998a; Reuter et al., 1996).

• Decreases oxidation of LDL cholesterol in humans (Ide and
Lau, 2001; Lau, 2001; Munday, 1999; Steiner and Lin,
1994; Harris et al., 1995; Phelps and Harris, 1993).

• Increases the activity of several enzymes (including glu-
tathione peroxidase and catalase) involved in antioxidative
processes and decreases the concentration of lipid peroxides
in the blood (Ide and Lau, 1999; Steiner and Lin, 1994;
Geng and Lau, 1997; Han et al., 1992). 

• Increases intracellular glutathione (GSH) (a potent intracel-
lular antioxidant and detoxifier), modulates the activity of
the GSH redox cycle, and increases activity of superoxide
dismutase (SOD, a potent intracellular antioxidant) activity
(Ide and Lau, 2001; Wang et al., 1999; Hatono et al.,
1996; Geng and Lau, 1997).

Immunomodulatory
• Action thought to be attributed to protein fraction of garlic

(Moraika et al., 1993; Lau et al., 1991; Hirao et al., 1987).
• Inhibits activation of nuclear factor kappa B (NF-κB) in

human T-cells that are involved in immune and inflamma-
tory reactions (Geng et al., 1997).

• Increases phagocytosis, natural killer cell activity, antibody
titer, and lymphocyte counts (Brosche and Platt, 1993;
Kandil et al., 1988; Lawson, 1998a; Reuter et al., 1996).

Hematological (AGE)
• Inhibits anion transport and sickle cell dehydration

(Ohnishi et al., 2001), restricts dense cell formation
(Ohnishi and Ohnishi, 2001) and 4.0 mg/mL was shown
to inhibit dense cell formation by 50% (Ohnishi et al.,
2000). A U.S. patent has been granted to Wakunaga of
America, Mission Viejo, CA for the “Therapeutic Uses of
Specially Processed Garlic for Sickle Cell Disease” (Ohnishi
and Tsuyoshi, 2001).

• Increased natural killer cell activity and improved helper
suppressor T-cell ratios in AIDS patients (Abdullah et al.,
1989). 

CONTRAINDICATIONS
None known according to the German Commission E and other
leading European scientific bodies (Blumenthal et al., 1998;
ESCOP, 1997). The World Health Organization (WHO) 
cautions against the use of garlic by patients with a known aller-
gy to garlic, and those taking warfarin (and presumably other
anticoagulants) (WHO, 1999). However, AGE has been tested in
a placebo-controlled, double-blind clinical trial in patients taking
Coumadin® (warfarin); there was no demonstrated interaction
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with Coumadin® and no prolonged bleeding (Rozenfeld et al.,
2000). Several case reports of increased clotting time suggest that
patients should discontinue use prior to surgery (Brinker, 2001),
usually by at least one week.
PREGNANCY AND LACTATION: None known (Blumenthal et al.,
1998; ESCOP, 1997). A controlled trial showed that major sul-
fur-containing volatiles from garlic are transmitted to breast milk,
leading to improved drinking habits of infants (ESCOP, 1997;
Mennella and Beauchamp, 1991). In Japan, AGE is an ingredi-
ent in pharmaceutical products that are used in nutritional 
nourishment for pregnant and lactating women.

ADVERSE EFFECTS
The most commonly reported adverse effect of garlic is that its
odor may pervade the breath and skin (Blumenthal et al., 1998).
Raw garlic has a stronger odor and higher levels of high molecu-
lar weight sulfur compounds than cooked garlic, but malodorous
breath tested in humans who ingested raw garlic showed higher
levels of low molecular weight sulfur compounds and different
constituents than those associated with common halitosis
(Tamaki and Sonoki, 1999). Differences in the frequency of other
adverse effects caused by various garlic preparations have not been
completely determined (Mulrow et al., 2000), such adverse
effects being dependent upon the method of preparation.
Gastrointestinal symptoms and changes to the intestinal flora or
allergic reactions are rare but are occasionally reported (Lembo et
al., 1991). In separate, single-case reports, garlic was associated
with postoperative bleeding (Burnham, 1995), spontaneous
spinal epidural hematoma, and platelet dysfunction from exces-
sive ingestion (Rose et al., 1990). Occupational exposure to
crushed garlic products and the topical application of garlic to
treat wounds or skin infections may cause allergic contact der-
matitis (Lee and Lam, 1991; Bojs and Svensson, 1998). Allergic
reactions including burns (Roberge et al., 1997), zosteriform der-
matitis (Farrell and Staughton, 1996), induction of pemphigus
(blisters) (Brenner and Wolf, 1994), allergic asthma and rhinitis,
contact urticaria, and protein contact dermatitis have been
reported for garlic and various generic garlic preparations
(WHO, 1999; DeSmet, 1992), but no adverse effects were
reported for AGE according to toxicological and clinical studies
(Miyoshi et al., 1984; Nakagawa et al., 1984, 1980; Sumiyoshi et
al., 1984). Cross-sensitivity may occur with onions and tulips
(Siegers, 1992; WHO, 1999). Garlic preparations can increase
clotting time (Chutani and Bordia, 1981; Gadkari and Joshi,
1991; Harenberg et al., 1988; Legnani et al., 1993), which is
sometimes beneficial, but in some cases, can contribute to an
adverse event.

DRUG INTERACTIONS
Concurrent use of garlic and antiplatelet agents (e.g., aspirin) and
anticoagulants (e.g., warfarin) might increase the potential for
prolonged bleeding. One report showed that clotting time
(International Normalization Ratio) doubled for two patients
taking warfarin and garlic simultaneously (Sunter, 1991); how-
ever, this report lacks adequate data to assess causality (Rotblatt
and Ziment, 2001). Further, a controlled clinical trial on AGE
showed no interactions with warfarin (Rozenfeld, 2000). Another
trial on nine HIV-negative individuals produced significant
decreases in serum levels of the anti-HIV drug saquinavir
(Piscitelli et al., 2002); however, this study has design problems
rendering the results uninterpretable.

AMERICAN HERBAL PRODUCTS ASSOCIATION

(AHPA) SAFETY RATING
CLASS 2C: Not to be used while nursing (McGuffin et al., 1997).
However, a controlled trial indicated a positive therapeutic use
during lactation (ESCOP, 1997; Mennella and Beauchamp,
1991).

REGULATORY STATUS
CANADA: Drug or possibly “New Drug” if claims made. Food in
absence of claims (HPB, 1993). Schedule OTC “Herbal and
Natural Products” and “Homoeopathic Products” have market-
ing authorization with Drug Identification Numbers (DIN)
assigned (Health Canada, 2001).
EUROPEAN UNION: Powder, freeze-dried, or low temperature
dried (<65°C), containing not less than 0.45% allicin, official in
European Pharmacopoeia 3rd ed. Suppl. 2001 (Ph.Eur., 2001).
FRANCE: Traditional Herbal Medicine (THM) permitted for
treatment of minor circulatory disorders (Bradley, 1992).
Essential oil is dispensed as an aromatherapy drug (Goetz, 1999).
GERMANY: Fresh or carefully dried bulb is approved by
Commission E as non-prescription drug (Blumenthal et al.,
1998). Fresh bulb for preparation of mother tincture official in
the German Homoeopathic Pharmacopoeia (GHP, 1993).
GHANA: Monograph for fresh whole bulb occurs in Ghana
Herbal Pharmacopoeia (GHP, 1992).
INDIA: Bulb and oil are approved single drugs dispensed in Unani
system of medicine (CCRUM, 1997).
JAPAN: OTC drug for fatigue (Okada and Miyagaki, 1983). AGE
approved for nourishment of pregnant and lactating women.
SWEDEN: Classified as ‘Natural Remedy’ for self-medication
requiring pre-marketing authorization from Medical Products
Agency (MPA). One product (e.g. Bio-Garlic Pharma Nord) is
listed in the “Authorised Natural Remedies” with the approved
indication “Traditionally used for the relief of cold symptoms”
(MPA, 2001a; Tunón, 1999). Homoeopathic dilutions (e.g.,
Radiotron AB) are also registered drugs (MPA, 2001b).
SWITZERLAND: Powdered garlic in tablets, standardized powdered
extract in tablets, oily macerate in capsules, and multiple-herb
preparations containing standardized garlic extract have positive
classification (List D) by the Interkantonale Konstrollstelle für
Heilmittel (IKS) and corresponding sales category D, with sales
limited to pharmacies and drugstores, without prescription
(Morant and Ruppanner, 2001). Twenty-eight garlic phytomedi-
cines and two homoeopathic medicines are listed in the Swiss
Codex 2000/01 (Ruppanner and Schaefer, 2000).
U.K: Herbal medicine on the General Sale List (GSL), Table A
(internal or external use), Schedule 1 (requires full product
license) (GSL, 1989).
U.S.: Dietary Supplement (USC, 1994). Fresh or dried com-
pound bulbs, powdered garlic, fluidextract and extract are official
in the U.S. National Formulary 19th edition (USP, 2002).
Tincture of mature bulb, 1:10 (w/v) in 55% alcohol (v/v), is a
Class C OTC drug of the Homoeopathic Pharmacopoeia of the
United States (HPUS, 1989).
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CLINICAL REVIEW
Thirty-two studies, including 45,694 participants, are outlined in
the following table, “Clinical Studies on Garlic.” All but four of
the studies (Berthold et al., 1998; Isaacsohn et al., 1998;
McCrindle et al., 1998; Simons et al., 1995) demonstrated posi-
tive effects on conditions including cardiovascular and arterial
health, cancer, immunity, and circulation. Studies from the table
are categorized and discussed in the following six sections. In
addition to the studies in the table, this Clinical Review discuss-
es numerous reviews and meta-analyses that are not listed in the
table. 
Based on the Agency for Healthcare Research and Quality’s
(AHRQ) review and summary of clinical studies on garlic
(Mulrow et al., 2000), researchers concluded that garlic prepara-
tions may have small, positive, short-term effects (less than three
months) on lipids, and promising antithrombic effects. However,
the data was insufficient to draw conclusions about certain clini-
cal cardiovascular outcomes (e.g., myocardial infarction),
antithrombic activity, or cancer prevention. No effects on glucose
or insulin sensitivity, or consistent decreases in blood pressure
were found. Case-control studies suggest that consuming large
amounts of garlic in the diet may reduce the risks of laryngeal,
gastric, colorectal, and endometrial cancers, and adenomatous
colorectal polyps (Mulrow, et al., 2000). A subsequent review of
45 randomized trials by some of the same researchers concluded
that the trials suggest possible small short-term benefits of garlic
preparations on some lipid and antiplatelet factors, insignificant
effects on blood pressure, and no effect on glucose levels
(Ackermann et al., 2001). Conclusions regarding clinical signifi-
cance are limited due to the marginal quality and short duration
of many trials, as well as the unpredictable release and inadequate
definition of active constituents in many of the garlic prepara-
tions used in the studies.

Lipid-lowering effect
Thirteen trials involving a total of 795 participants demonstrated
a positive correlation between garlic oil, powder, or capsule intake
and lipid-lowering effects. Six randomized, double-blind, place-
bo-controlled (R, DB, PC) studies (Yeh et al., 1995; Jain et al.,
1993; Rotzsch et al., 1992; Auer et al., 1990; Mader et al., 1990;
Vorberg et al., 1990), as well as two DB, multi-center studies
(Grünwald et al., 1992; Holzgartner et al., 1992) supported the
use of garlic in treating elevated lipid conditions including hyper-
lipidemia and hypercholesterolemia. Three studies showed the
positive impact of taking Kyolic® capsules specifically for improv-
ing hypercholesterolemia conditions (Steiner et al., 1996; Steiner
and Lin, 1994; Lau et al., 1987). One R, open, parallel group,
comparison (O, PG, Cm) found garlic powder to have a signifi-
cant impact over garlic oil on lowering blood lipid counts and
blood pressure, as well as increasing the overall sense of well-being
in 70 subjects (De A Santos and Johns, 1995). An R, PC study
involving 35 renal transplant patients found the garlic product,
Pure-Gar®, to have positive effects on hyperlipidemia (Lash et al.,
1998). One O study involving 82 subjects (Bordia, 1981) found
garlic to have, in conjunction with the lipid-lowering effects, a
positive impact on patients with coronary heart disease. 
A meta-analysis on the effect of garlic on total serum cholesterol
levels found a statistically significant reduction in total cholesterol
levels (Warshafsky et al., 1993). Another analysis assessed clinical
data from 952 patients and 16 trials, indicating a decrease in total
cholesterol levels (Silagy and Neil, 1994b). A subsequent reanaly-
sis of all data still demonstrated a significant reduction of total

cholesterol compared to placebo (Warshafsky et al., 1993). Three
studies on the allicin-standardized garlic powder tablets (Kwai®)
failed to show a significant reduction in elevated serum choles-
terol (Isaacsohn et al., 1998; McCrindle et al., 1998; Simons et
al., 1995). It was later determined that the allicin release from the
tablets varied significantly, and that negative studies were possibly
due to the lack of expected allicin release (Lawson et al., 2001). A
study of 24 brands of enteric-coated tablets found that 83% of
the brands released less than 15% of their allicin potential
(Lawson and Wang, 2001). Therefore, the researchers recom-
mend that manufacturers standardize supplements to dissolution
of allicin release, not to allicin potential. (For non-allicin releas-
ing products, e.g., AGE, the standardization is to other com-
pounds, e.g., SAC.) In a recent, comprehensive meta-analysis of
13 R, DB, PC trials researchers demonstrated a significant differ-
ence (p<0.01) in the reduction of total cholesterol levels between
baseline and placebo, equivalent to a 5.8% reduction in total 
cholesterol levels. The authors concluded that current evidence
indicates that any specific lipid-lowering effect is small, and the
clinical outcome may not be meaningful (Stevinson et al., 2000).
However, there were several problems identified with the meta-
analysis, indicating that the conclusions can only be attributed to
the specific brands tested and not the effectiveness of garlic in
general. In particular, the brand used in 10 of the trials did not
protect allinase from exposure to gastric acid. Another tested sup-
plement was spray-dried, resulting in the loss of alliin. The study
on the garlic oil that showed no effect utilized a form that has
demonstrated low bioavailability; therefore the conclusions of the
meta-analysis need to be considered within this context (Lawson,
2001). Several of these products are not standardized to a
bioavailable marker compound. Clinical studies with positive
outcomes using AGE standardized with bioavailable SAC have
shown significant levels of SAC in human blood during the study
period (Steiner and Li, 2001). 

Antihypertensive effect
Two R, DB, PC studies and one R, O, PG, Cm study (159 total
participants) demonstrated the antihypertensive effects of garlic
(De A Santos and Johns, 1995; Jain et al., 1993; Auer et al.,
1990). A systematic review and meta-analysis of randomized con-
trolled trials was conducted to determine the effect of garlic on
blood pressure. Eight trials, including 415 participants, were
identified. Of the seven trials that compared the effect of garlic
with a placebo, three demonstrated a significant reduction in sys-
tolic blood pressure (SBP), and 4 in diastolic blood pressure
(DBP). The authors concluded that more rigorously designed 
trials can provide evidence to recommend the clinical application
of garlic in the treatment of hypertension (Silagy and Neil,
1994b).

Antiplatelet effects
One R, DB, PC, crossover (CO) study and 2 DB, PC studies
involving a total of 214 subjects indicate the potential use of 
garlic as a coronary disease preventative due to its positive impact
on platelet functions (Steiner and Li, 2001; Kiesewetter et al.,
1991; 1993a).

Anti-atherosclerotic effect
In the longest clinical trial on garlic to date, garlic’s ability to pre-
vent and possibly reverse atherosclerosis was tested in a R, DB,
PC, four-year study in which 152 men and women were given
900 mg garlic powder as tablets (Kwai®) per day (Koscielny et al.,
1999). The subjects possessed significant plaque buildup and at
least one additional cardiovascular risk factor (e.g., high LDL 
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levels, hypertension, diabetes, and/or history of smoking). After
the four years, garlic subjects had an average 2.6% reduction in
plaque volume while the placebo group’s plaque increased 15.6%.
Researchers concluded that garlic has a preventive and possibly
curative role in arteriosclerosis therapy. In one epidemiological,
cross-sectional, observational (E, CS, OB) study with 202 partic-
ipants, standardized garlic powered was found to have positive
effects on arterial activities including elastic vascular resistance,
pulse wave velocity, and systolic blood pressure (Breithaupt-
Grogler, 1997). 

Anticancer/Chemoprevention
Anti-cancer and chemopreventative qualities of garlic were
demonstrated in five studies involving a total of 44,044 subjects.
One E study spanning over a period of 15 years, demonstrated
that raw and cooked garlic use had a significant impact on
decreasing stomach cancer incidents (You et al., 1989). Two other
E studies found that garlic intake significantly decreased the risk
of colon cancer in 42,325 participants (Witte et al., 1996;
Steinmetz et al., 1994). Garlic’s chemopreventative potential was
demonstrated in two OB studies through the improvement of
arachidonic acid and acetaminophen metabolism (Dimitrov and
Bennink, 1997; Gwilt et al., 1994). Case-control studies suggest
that consuming large amounts of garlic in the diet may reduce the
risks of laryngeal, gastric, colorectal, and endometrial cancers and
adenomatous colorectal polyps (Mulrow, et al., 2000).
Several reviews of E studies have examined the cancer-preventive
effect of garlic, including garlic ingested as a food (Dorant et al.,
1993; Fleischauer et al., 2000). A meta-analysis of the epidemio-
logical evidence on the association between garlic consumption
and risk of stomach, colon, head and neck, lung, breast, and
prostate cancers concluded that raw and cooked garlic consump-
tion might have a protective effect against stomach and colorec-
tal cancers (Fleischauer et al., 2000). An earlier review of in vitro,
in vivo, epidemiologic, and case-control studies suggested that the
evidence is not conclusive to support chemoprevention in
humans, but further research is warranted (Dorant et al., 1993);
however, this review preceded much of the salient research in this
area.

Other
One pilot study involving 7 HIV+ patients demonstrated a posi-
tive impact on natural killer cell activity as well as improvement
in conditions such as diarrhea, genital herpes, and candidiasis
(Abdullah et al., 1989). One R, DB, PC study showed that garlic
did not negatively impact bleeding potential in patients undergo-
ing warfarin therapy (Rozenfeld, et al., 2000). Two studies involv-
ing 92 subjects demonstrated garlic’s positive impact on periph-
eral circulation: one R, CO, Cm study showed an immediate
improvement in hand and foot circulation (Okuhara, 1994); and
one DB, PC study involving 80 subjects with peripheral arterial
occlusive disease (PAOD) showed a significant increase in walk-
ing distance (Kiesewetter et al., 1993b). This last study was the
only study to meet the inclusion criteria established by the
Cochrane Library for its review on the use of garlic for PAOD.
The Cochrane Review concluded that further trials on garlic’s
effectiveness on PAOD are warranted because the one study
reviewed was small, of short duration (12 weeks), and found no
significant overall improvement in patients with PAOD. The dis-
crepancy between the conclusions of the study and those of the
review is a result of the study’s analysis of the mean difference
between the garlic and placebo groups instead of analyzing the
mean change within the groups’ pre- and post-treatment.

BRANDED PRODUCTS* 
AGE™ (Aged Garlic Extract): Wakunaga of America Co., Ltd. /
23501 Madero / Mission Viego, CA 92691 / U.S.A. / Tel: (800)
421-2998 / www.kyolic.com.  This refers to a proprietary garlic
extract with stable sulfure compounds standardized to bioavail-
able components (e.g., SAC) in various types of formulations. See
Kyolic® below.
Höfel’s® Garlic Pearles One-A-Day: Seven Seas Ltd., a division of
the Merck Group / Hedon Road / Marfleet / Hull / England /
HU9 5NJ / U.K. / Tel.: +44-1482-37-5234 / Fax: +44-1482-37-
4345 / Email: info@hofels.com or Info@Seven-Seas.ltd.uk /
www.hofels.com. A gelatin or glycerin capsule containing 2 mg
garlic oil, and soybean oil.
Kwai® forte 300 mg LI 111: 1. Lichtwer Pharma AG /
Wallenroder Strasse 8-14 / 13435 Berlin / Germany / Tel: +49-
30-40-3700 / Fax: +49-30-40-3704-49 / www.lichtwer.de. One
sugar-coated tablet (dragée) contains: garlic bulb powder 300 mg.
Other components: lactose monohydrate, cellulose, highly dis-
persive silicon dioxide, magnesium stearate, castor oil, Macrogol
6000, Hypromellose, saccharose, talcum, gelatin, Povidon K25,
carnauba wax, bleached wax, yellow quinoline E104, indigo
carmine E132.
KwaiN LI 111: Lichtwer Pharma AG. One tablet contains 100
mg dried powder from Allium sativum (garlic bulb) standardized
to contain 1.3% allicin (yielding 0.6% allicin). Inactive ingredi-
ents: lactose, magnesium stearate, powdered cellulose, colloidal
anhydrous silica, methylhydroxypropylcellulose, polyethylene
glycol 6000, castor oil, talc, polyvinylpyrrolidone 25, sucrose,
gelatin, quinoline yellow E 104, indigotine E 132, carnauba wax,
cera alba.
Kyolic® Liquid: Wakunaga of America Co., Ltd. Aged Garlic
Extract™ in water and residual alcohol from extraction.
Kyolic® Reserve: Wakunaga of America Co., Ltd. 600 mg Aged
Garlic Extract™ per capsule.
Kyolic® Super Formula 100: Wakunaga of America Co., Ltd. 
300 mg Aged Garlic Extract™ per capsule plus whey.
Kyolic® Super Formula 101: Wakunaga of America Co., Ltd. 
270 mg Aged Garlic Extract™ per capsule, plus brewer’s yeast,
kelp, and whey.
Kyolic® Super Formula 102: Wakunaga of America Co., Ltd. 
350 mg Aged Garlic Extract™ per capsule, plus food enzymes:
amylase, protease, lipase, and cellulase (30 mg).
Kyolic® Super Formula 103: Wakunaga of America Co., Ltd. 
220 mg Aged Garlic Extract™ per capsule, plus Ester C®

(105 mg), Astragalus membranaceous (100 mg), and calcium 
(23 mg).
Kyolic® Super Formula 104: Wakunaga of America Co., Ltd. 
300 mg Aged Garlic Extract™ per capsule, plus 190 mg lecithin.
Kyolic® Super Formula 105: Wakunaga of America Co., Ltd. 
200 mg Aged Garlic Extract™ per capsule, plus beta-carotene 
(6 mg), vitamin C (120 mg), vitamin E (60 IU), selenium 
(25 mg), and green tea (45 mg).
Kyolic® Super Formula 106: Wakunaga of America Co., Ltd. 
300 mg Aged Garlic Extract™ per capsule, plus hawthorn berry
(50 mg), cayenne pepper (10 mg), and vitamin E (100 IU).
Pure-Gar® Garlic Powder A-2000: Essentially Pure
Ingredients™, c/o Pure Gar L.P. / 21411 Prairie Street /
Chatsworth, CA 91311 / U.S.A. / Tel: (800) 537-7695 /
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www.essentiallypure.com. Dried powder from Allium sativum
(garlic bulb): allicin yield 2,000 ppm min.; total thiosulfinates
yield 2,100 ppm minimum; allian 7,500 ppm minimum;
gamma-glutamylcysteines 10,000 ppm minimum.
Pure-Gar® Garlic Powder A-5000: Essentially Pure Ingredients™
/ 21411 Prairie Street / Chatsworth,  CA 91311 / U.S.A. / Tel:
818-739-6046 / www.essentiallypure.com. Dried powder from
Allium sativum (garlic bulb): allicin yield 5,000 ppm minimum;
total thiosulfinates yield 5,000 ppm minimum; allian 11,000
ppm minimum; gamma-glutamylcysteines 10,000 ppm mini-
mum; total sulfur 6,500 ppm minimum.
Pure-Gar® Garlic Powder A-8000: Essentially Pure
Ingredients™. Dried powder from Allium sativum (garlic bulb):
allicin yield 8,000 ppm minimum; total thiosulfinates yield
8,000 ppm minimum; allian 18,000 ppm minimum; gamma-
glutamylcysteines 8,000 ppm minimum.
Pure-Gar® Garlic Powder A-10000: Essentially Pure
Ingredients™. Dried powder from Allium sativum (garlic bulb):
allicin yield 10,000 ppm minimum; total thiosulfinates yield
10,000 ppm minimum; allian 23,000 ppm minimum; gamma-
glutamylcysteines 8,000 ppm minimum.
Sapec®: Lichtwer Pharma AG. 300 mg tablet of dried garlic pow-
der standardized to contain 1.3% allicin (yielding 0.6% allicin).
Tegra®: Hermes Fabrick Pharma / Georg-Kalb-Str. 5-8 / 82049
Grosshesselohe / Germany. Steam-distilled garlic oil (does not
contain allicin, fructans, agrinine, or gamma-glutamylcysteines).

*American equivalents, if any, are found in the Product Table
beginning on page 398.

REFERENCES
Abdullah TH, Kirkpatrick DV, Carter J. Enhancement of natural killer cell activity in

AIDS with garlic. Deutsche Z Onkol 1989;21:52–3. 
Ackermann RT, Mulrow CD, Ramirez G, Gardner CD, Morbidoni L, Lawrence VA.

Garlic shows promise for improving some cardiovascular risk factors. Arch Int Med
2001;161(6):813–24.

Adetumbi MA, Lau BHS. Allium sativum (garlic)—a natural antibiotic. Med Hypoth
1983;12(3):227–37.

Agarwal K. Therapeutic actions of garlic constituents. Med Res Rev
1996;16(1):111–24.

Amagase H, Milner JA. Impact of various sources of garlic and their constituents on
7,12-dimethylbenz[a]anthracene binding to mammary cell DNA. Carcinogenesis
1993;14(8):1627–31.

Amagase H, Petesch BL, Matsuura H, Kasuga S, Itakura Y. Intake of garlic and its
bioactive components. J Nutr 2001;131 Suppl 3:955S–62S.

Ankri S, Mirelman D. Antimicrobial properties of allicin from garlic. Microbes Infect
1999;1(2):125–9.

Anonymous. Garlic in cryptococcal meningitis: a preliminary report of 21 cases. Chin
Med J 1980;93(2):123–6.

Ariga T, Oshiba S, Tamada T. Platelet aggregation inhibitor in garlic [letter]. Lancet
1981 Jan 17;1(8212):150–1.

Auer W, Eiber A, Hertkorn E, Hoehfeld E, Koehrle U, Lorenz A, et al. Hypertension
and hyperlipidemia: garlic helps in mild cases. Br J Clin Pract 1990; 69 Suppl:3–6.

Augusti K. Studies on the effect of allicin (diallyl disulfide-oxide) on alloxan diabetes.
Experientia 1975;31(11):1263–5.

Barrie SA, Wright JV, Pizzorno JE. Effects of garlic oil on platelet aggregation, serum
lipids, and blood pressure in humans. J Orthomolec Med 1987;2(1):15–21.

Belman S. Onion and garlic oils inhibit tumor promotion. Carcinogenesis.
1983;4(8):1063–5. 

Berthold HK, Sudhop T. Garlic preparations for prevention of atherosclerosis. Curr
Opin Lipidol 1998;9(6):565–9.

Berthold HK, Sudhop T, von Bergmann K. Effect of a garlic oil preparation on serum
lipoproteins and cholesterol metabolism: a randomized controlled trial. JAMA
1998;279(23):1900–2. 

BHP. See: British Herbal Pharmacopoeia. 

Block E. The chemistry of garlic and onions. Sci Am 1985;252(3):114–9. 
Blumenthal M. Herb sales down 15% in mainstream market. HerbalGram

2001;51:69.
Blumenthal M, Goldberg A, Brinckmann J, editors. Herbal Medicine – Expanded

Commission E Monographs. Austin (TX); American Botanical Council: Newton
(MA): Integrative Medicine Communications; 2000. p. 139–48.

Blumenthal M, Busse WR, Goldberg A, Gruenwald J, Hall T, Riggins CW, Rister R,
editors. Klein S, Rister R (trans.). The Complete German Commission E
Monographs: Therapeutic Guide to Herbal Medicines. Austin (TX): American
Botanical Council; Boston (MA): Integrative Medicine Communication: 1998. p.
134.

Bojs G, Svensson A. Contact allergy to garlic used for wound healing. Contact
Dermatitis 1998;18(3):179–81.

Bordia A, Arora SK, Kathari LK, Jain KC, Rathore BS, Rathore AS, et al. The pro-
tective action of essential oils of onion and garlic in cholesterol-fed rabbits.
Atherosclerosis 1975;22(1):103–9.

Bordia A. Effect of garlic on blood lipids in patients with coronary heart disease. Am
J Clin Nutr 1981; 34:2100–3.

Bordia T, Mohammed N, Thomson M, Ali M. An evaluation of garlic and onion as
antithrombotic agents. Prostaglandins Leukot Essent Fatty Acids 1996;54(3):183–6. 

Boullin DJ. Garlic as a platelet inhibitor [letter]. Lancet 1981 Apr 4;1(8223):776–7.
Bradley PR, editor. British Herbal Compendium Volume I — A Handbook of Scientific

Information on Widely Used Plant Drugs. Exeter, U.K.: British Herbal Medicine
Association (BHMA); 1992. p. 105–8.

Breithaupt-Grögler K, Ling M, Boudoulas H, Belz GG. Protective effect of chronic
garlic intake on elastic properties of aorta in the elderly. Circulation
1997;96(8):2649–55.

Brenner S, Wolf R. Possible nutritional factors in induced pemphigus [review].
Dermatology 1994;189(4):337–9.

Brevoort P. The booming US botanical market. HerbalGram 1998;44:33–40.
Brinker R. Herb Contraindications and Drug Interactions 3d ed. Sandy (OR): Eclectic

Medical Publications; 2001. p. 99–101.
British Herbal Pharmacopoeia (BHP). Exeter, U.K.: British Herbal Medicine

Association; 1996. p. 85–6.
Brosche T, Platt D. About the immunomodulatory effect of garlic (Allium sativum)

[in German]. Med Welt 1993;44:309–13.
Brown D. Herbal Prescriptions for Better Health. Rocklin (CA): Prima Publishing;

1996. p. 97–109. 
Budavari S, editor. The Merck Index: An Encyclopedia of Chemicals, Drugs, and

Biologicals, 12th ed. Whitehouse Station (N.J.): Merck & Co, Inc; 1996. p. 741. 
Buiatti E, Palli D, Decarli A, Amadori D, Avellini C, Bianchi S, et al. A case-control

study of gastric cancer and diet in Italy. Int J Cancer 1989;44(4):611–6.
Burnham BE. Garlic as a possible risk for postoperative bleeding [letter]. Plast Recontr

Surgery 1995;95(1):213. 
Caporaso N, Smith S, Eng R. Antifungal activity in human urine and serum after

ingestion of garlic (Allium sativum). Antimicrob Agents Chemother
1983;23(5):700–2.

Cavallito C, Buck J, Suter C. Allicin, the antibacterial principle of Allium sativum. II.
Determination of the chemical structure. J Am Chem Soc 1944;66:1952–4.

CCRUM. See: Central Council for Research in Unani Medicine.
Central Council for Research in Unani Medicine (CCRUM). Allium sativum. In:

Standardisation of Single Drugs of Unani Medicine, 1st edition, Part III. New Delhi,
India: Central Council for Research in Unani Medicine, Ministry of Health &
Family Welfare, Government of India; 1997 August. p. 199–204.

Chadha Y et al., editors. The Wealth of India—A Dictionary of Indian Raw Materials
& Industrial Products—Volume-I:A. New Delhi, India: Publications & Information
Directorate, Council of Scientific and Industrial Research (CSIR); 1952–88. p.
181–7.

Chang M, Johnson M. Effect of garlic on carbohydrate metabolism and lipid synthe-
sis in rats. J Nutr 1980;110(5):931–6.

Chi MS, Koh ET, Stewart TJ. Effects of garlic on lipid metabolism in rats fed choles-
terol or lard. J Nutr 1982;112(2):241–8.

Chutani SK, Bordia A. The effect of fried versus raw garlic on fibrinolytic activity in
man. Atherosclerosis 1981;38:417–21. 

Das I, Khan NS, Sooranna SR. Potent activation of nitric oxide synthetase by garlic:
a basis for its therapeutic applications. Curr Med Res Opinion 1995;13(5):257–63.

Davis LE, Shen J-K, Cai Y. Antifungal activity in human cerebrospinal fluid and plas-
ma after intravenous administration of Allium sativum. Antimicrob Agents
Chemother 1990;34(4):651–3.

De A Santos OS, Johns RA. Effects of garlic powder and garlic oil preparations on
blood lipids, blood pressure and well-being. Br J Clin Res 1995;6:91–100.

Dimitrov NV, Bennink MR. Modulation of arachidonic acid metabolism by garlic
extracts. In: Lanchance PP, editor. Nutraceuticals: Designer Foods III Garlic, Soy and
Licorice. Trubell (CT): Food & Nutrition Press; 1997. p. 199–202.

Dion ME, Milner JA. Formation and bioactivation of nitrosomorpholine is inhibited

163The ABC Clinical Guide to Herbs



164 The ABC Clinical Guide to Herbs

by S-allylcysteine. FASEB J 1996;10(3):A498.
Dorant E, van de Brandt PA, Goldbohm RA, Hermus RJJ, Sturmans F. Garlic and its

significance for the prevention of cancers in humans: a critical view. Br J Cancer
1993;67(3):424–9.

Elbl G. Biochemical investigations of plant-derived inhibitors of the Angiotensin I-
converting enzymes (ACE), especially the phytomedicinals Lespedeza capitata
(Michx.) und Allium ursinum [dissertation] [in German]. University of Munich;
1991.

El-Mofty MM, Sakr SA, Essawy A, Gawad HSA. Preventative action of garlic. Nutr
Cancer 1994;21(1):95–100.

ESCOP. See: European Scientific Cooperative on Phytotherapy.
European Scientific Cooperative on Phytotherapy. “Allii sativi bulbus.” Monographs on

the Medicinal Uses of Plant Drugs. Exeter, U.K.: European Scientific Cooperative on
Phytotherapy; 1997 Jul. 

Europäisches Arzneibuch (Ph.Eur.). Stuttgart: Deutscher Apotheker Verlag;
1999;754–5. 

European Pharmacopoeia (Ph.Eur. 3rd ed. 1997 - Supplement 2001). Strasbourg,
France: Council of Europe. 2001. p. 883–4.

Farbman KS, Barnett ED, Bolduc GR, Klein JO. Antibacterial activity of garlic and
onions: a historical perspective. Pediatric Infect Disease J 1993;12(7):613–4.

Farrell AM, Staughton RCD. Garlic burns mimicking Herpes zoster. Lancet 1996 April
27;347:1195.

Fennerty MB, Lieberman DA, Vaikil N, Margaret N, Faigel DO, Helfand M.
Effectiveness of Helicobacter pylori therapy in a clinical practice setting. Arch Intern
Med 1999;159(14):1562–6.

Fenwick GR, Hanley AB. The genus Allium—Part 2. CRC Crit Rev Food Sci Nutr
1985;22(4):273–377.

Fleischauer AT, Poole C, Arab L. Garlic consumption and cancer prevention: meta-
analysis of colorectal and stomach cancers. Am J Clin Nutr 2000;72(4):1047–52.

Freeman F, Kodera Y. Garlic Chemistry: Stability of S-(2-Propenyl) 2-Propene-1-
sulfinothioate (Allicin) in blood, solvents, and simulated physiological fluids. J
Agric Food Chem 1995;43:2332–8. 

Fukushima S, Takada N, Hori T, Wanibuchi H. Cancer prevention by organosulfur
compounds from garlic and onion. J Cell Biochem Suppl 1997;27:100–5.

Gadkari JD, Joshi VD. Effect of ingestion of raw garlic on serum cholesterol level,
clotting time, and fibrinolytic activity in normal subjects. J Postgrad Med
1991;37(3):128–31.

Gail MH, You WC, Chang YS, Zhang L, Blot WJ, Brown LM, et al. Factorial trial of
three interventions to reduce the progression of precancerous gastric lesions in
Shandong, China: design issues and initial data. Control Clin Trials
1998;19(4):352–69.

Gebhardt R. Multiple inhibitory effects of garlic extracts on cholesterol biosynthesis
in hepatocytes. Lipids 1993;28(7):613–9.

Gebhardt R, Beck H, Wagner K. Inhibition of cholesterol biosynthesis by allicin and
ajoene in rat hepatocytes and HepG2 cells. Biochim Biophys Acta
1994;1213(1):57–62.

Gebhardt R. Amplification of palmitate-induced inhibition of cholesterol biosynthe-
sis in cultured rat hepatocytes by garlic-derived organosulfur compounds.
Phytomedicine 1995;2(1):29–34.

General Sale List (GSL). Statutory Instrument 1989 No. 969 — The Medicines
(Products Other Than Veterinary Drugs) Amendment Order 1989. London, U.K.:
Her Majesty’s Stationery Office (HMSO). 1989.

Geng Z, Lau BHS. Aged garlic extract modulates glutathione redox cycle and super-
oxide dismutase activity in vascular endothelial cells. Phytother Res 1997;2:54–6.

Geng Z, Rong Y, Lau BHS. S-allyl cysteine inhibits activation of nuclear factor kappa
B in human T cells. Free Radical Biol Med 1997;23(2):345–50.

German Homoeopathic Pharmacopoeia (GHP), 1st ed. 1978 with supplements through
1991. Translation of the German “Homöopathisches Arzneibuch (HAB 1), Amtliche
Ausgabe.” Stuttgart, Germany: Deutscher Apotheker Verlag; 1993. p. 39–40.

Ghana Herbal Pharmacopoeia (GHP). Accra, Ghana: Policy Research and Strategic
Planning Institute (PORSPI); 1992. p. 59–61. 

GHP. See: German Homoeopathic Pharmacopoeia or Ghana Herbal Pharmacopoeia.
Goetz P. Phytotherapie in Frankreich. Zeitschrift für Phytotherapie 1999;20:320–8.
Graham DY, Anderson S-Y, Lang T. Garlic or jalapeño peppers for treatment of

Helicobacter pylori infection. Am J Gastroent 1999;94(5):1200–2.
Grünwald J, Heede J, Koch H, Albrecht R, Knudsen O, Ramussen N, et al. Effects

of garlic powder tablets on blood lipids and blood pressure—the Danish
Multicenter Kwai® Study. Eur J Clin Res 1992;3:179–86.

GSL. See: General Sale List.
Gupta N, Porter TD. Garlic and garlic-derived compounds inhibit human squalene

monooxygenase. J Nutr 2001.131(6):1662–7.
Gwilt PR, Lear CL, Tempero MA, Birt DD, Grandjean AC, Ruddon RW, et al. The

effect of garlic extract on human metabolism of acetaminophen. Cancer Epidemiol
Biomarkers Prev 1994;3(2):155–60.

Han N, Liu B, Wang M. Effect of allicin on antioxidases in mice. Acta Nutr Sinica

1992;14:107–8.
Harenberg J, Giese C, Zimmermann R. Effect of dried garlic on blood coagualtion,

fibrinolysis, platelet aggregation, and serum cholesterol levels in patients with
hyperlipoproteinemia. Atherosclerosis 1988;74(3):247–9.

Harris WS, Windsor SL, Lickteig J. Garlic and lipoprotein resistance to oxidation. Z
Phytother Abstr 1995;16:15.

Hatono S, Jimenez A, Wargovich, MJ. Chemopreventative effect of S-allylcysteine
and its relationship to the detoxification enzyme glutathione S-transferase.
Carcinogenesis 1996;17(5)1041–4.

Health Canada. Garlic. In: Drug Product Database (DPD). Ottawa, Ontario: Health
Canada Therapeutic Products Programme; 2001.

Health Protection Branch. HPB Status Manual. Ottawa, Ontario: Health Protection
Branch; 1993 February 19. p. 82.

Hirao Y, Sumioka I, Nakagami S, Yamamoto M, Hatono S, Yoshida S, et al.
Activation of immunoresponder cells by the protein fraction from aged garlic
extract. Phytother Res 1987;1(4):161–4.

Holzgartner H, Schmidt U, Kuhn U. Comparison of the efficacy and tolerance of a
garlic preparation vs. bezafibrate. Arzneimittelforschung 1992;42(12):1473–7. 

Homoeopathic Pharmacopoeia of the United States (HPUS) — Revision Service Official
Compendium from July 1, 1992. Falls Church (VA): American Institute of
Homeopathy; 1989. p. 0081:ALLS.

HPB. See: Health Protection Branch.
HPUS. See: Homoeopathic Pharmacopoeia of the United States.
Hughes BG, Lawson LD. Antimicrobial effects of Allium sativum L. (garlic), Allium

ampeloprasum (elephant garlic), and Allium cepa L. (onion), garlic compounds and
commercial garlic supplement products. Phytother Res 1991;5:154–8.

Ide N, Lau BHS. Garlic compounds inhibit low density lipoprotein (LDL) oxidation
and protect endothelial cells from oxidized LDL-induced injury. FASEB J
1997a;11(3):A122.

Ide N, Lau BH. Garlic compounds minimize intracellular oxidative stress and inhib-
it nuclear factor-kappa b activation. J Nutr 2001;131 Suppl 3:1020S–6S.

Ide N, Lau BH. Garlic compounds protect vascular endothelial cells from oxidized
low density lipoprotein-induced injury. J Pharm Pharmacol 1997b;49:908–11.

Ide N, Lau, BH. S-allylcysteine attenuates oxidative stress in endothelial cells. Drug
Dev Industr Pharm 1999;25(5):619–24.

Imai J, Ide N, Nagae S, Moriguchi T, Matsuura H, Itakura Y. Antioxidant and radi-
cal scavenging effects of aged garlic extract and its constituents. Planta Medica
1994;60(5):417–20.

Isaacsohn JL, Moser M, Stein EA, Dudley K, Davey JA, Liskov E, et al. Garlic pow-
der and plasma lipids and lipoproteins: a multicenter, randomized, placebo-con-
trolled trial. Arch Intern Med 1998;158(11):1189–94. 

Jain AK, Vargas R, Gotzkowsky S, McMahon FG. Can garlic reduce levels of serum
lipids? A controlled clinical study. Am J Med 1993;94(6):632–5. 

Jepson RG, Kleijnen J, Leng GC. Garlic for peripheral arterial occlusive disease
[review]. Cochrane Database Syst Rev 2000;2:CD000095.

Kamanna VS, Chandrasekhara N. Effect of garlic (Allium sativum linn) on serum
lipoproteins and lipoprotein cholesterol levels in albino rats rendered hypercholes-
terolemic by feeding cholesterol. Lipids 1982;17(7):483–8.

Kandil O, Abdullah T, Tabuni AM, Elkadi A. Potential role of Allium sativum in nat-
ural cytotoxicity. Arch AIDS Res 1988;1:230–1.

Kiesewetter H, Jung F, Mrowietz C, Pindur G, Heiden M, Wenzel E, et al. Effects of
garlic on blood fluidity and fibrinolytic activity: a randomised, placebo-controlled,
double-blind study. Br J Clin Pract Suppl 1990;69 Suppl:24–9.

Kiesewetter H, Jung F, Pindur G, Jung EM, Mrowietz C, Wenzel E. Effect of garlic
on thrombocyte aggregation, microcirculation, and other risk factors. Int. J Clin
Pharmacol Ther Toxicol 1991;29(4):151–5.

Kiesewetter H, Jung F, Jung EM, Mrowietz C, Koscielny J, Wenzel E. Effect of garlic
on platelet aggregation in patients with increased risk of juvenile ischaemic attack.
Eur J Clin Pharmacol 1993a;45(4):333–6.

Kiesewetter H, Jung F, Jung EM, Blume J, Mrowietz C, Birk A, et al. Effects of gar-
lic coated tablets in peripheral arterial occlusive disease. Clin Investig
1993b;71(5):383–6.

Kikuchi N, Nishimura Y, Tsukamoto C, Kawashima Y, Ochiai H, Hayashi Y, et al.
Clinical effects of Leopin-5 (LE-5) and Garlic Extract (GE) on peripheral micro-
circulation. Jpn J New Remedies Clin 1994;43(1):146–58.

Koch H. “Hormonwirkungen” bei Allium-arten: historische berichte und moderne
wissenschaftliche erkenntnisse. Z Phytother 1992a;13:177–188. 

Koch HP, Jäger W, Hysek J, Körpert B. Garlic and onion extracts: in vitro inhibition
of adenosine deaminase. Phytother Res 1992b;6:50–2.

Koch HP, Lawson LD, editors. Garlic: The Science and Therapeutic Application of
Allium sativum L. and Related Species, 2nd ed. Baltimore (MD): Williams &
Wilkins Publishing Co; 1996. p. 135-212.

Koscielny J, Klüssendorf D, Latza R, Schmitt R, Radtke H, Siegel G, Kiesewetter H.
The antiatherosclerotic effect of Allium sativum. Atherosclerosis
1999;144(1):237–49.



G
arlic

M
onograph

Kröning F. Garlic as an inhibitor for spontaneous tumors in mice. Acta Unio Int
Cancrum 1964;20:855–6.

Kyo E, Uda N, Kasuga S, Itakura Y, Sumiyoshi H. Garlic as an immunostimulant. In:
Wagner H, editor. Immunomodulatory Agents from Plants. Basel, Switzerland:
Birkhäuser Verlag; 1999. p. 273–88.

Kyo E, Uda N, Suzuki A, Kakimoto M, Ushijima M, Kasuga S, et al.
Immunomodulation and antitumor activities of aged garlic extract. Phytomed
1998;5(4):259–67.

Kyo E, Uda N, Kakimato M, Yokoyama K, Ushijima M, Sumioka I, et al. Anti-aller-
gic effects of aged garlic extract. Phytomedicine 1997;4(4):335–40. 

Lamm DL, Riggs DR. The potential applications of Allium sativum (garlic) for the
treatment of bladder cancer. Urol Clin North Am 2000;27(1):157–62.

Lash JP, Cardoso LR, Mesler PM, Walczak DA, Pollak R. The effect of garlic on
hypercholesterolemia in renal transplant patients. Transplant Proc
1998;30(1):189–91.

Lau BHS. Suppression of LDL oxidation by garlic. J Nutr 2001;131 Suppl
3:985S–8S.

Lau BHS. Detoxifying, radioprotective and phagocyte-enhancing effects of garlic.
Internat Clin Nutr Rev 1989;9(1):27–31.

Lau BHS, Lam F, Wang-Cheng R. Effect of an odor-modified garlic preparation on
blood lipids. Nutr Res 1987;7:139–49.

Lau BHS, Woolley JL, Marsh CL, Barker GR, Koobs DH, Torrey RR. Superiority of
intralesional immunotherapy with Corynebacterium parvum and Allium sativum in
the control of murine transitional cell carcinoma. J Uro 1986;136(3):701–5.

Lau BHS, Yamasaki T, Grindley DS. Garlic compounds modulate macrophage and T-
lymphocyte functions. Mol Biother 1991;3(2):103–7.

Lawson LD. Effect of garlic on serum lipids [letter]. JAMA 1998b;280(18):1568.
Lawson LD. Garlic: A Review of its Medicinal Effects and Indicated Active

Compounds. In: Lawson L, Bauer R, editors. Phytomedicines of Europe: Chemistry
and Biological Activity. Washington, DC: American Chemical Society; 1998a. p.
176–209.

Lawson LD. Garlic for total cholesterol reduction [letter]. Ann Intern Med
2001;135(1):65–6.

Lawson L. Garlic powder for hyperlipidemia—analysis of recent negative results.
Quart Rev Nat Med 1998c;187–9.

Lawson LD, Ransom DK, Hughes BG. Inhibition of whole blood platelet-aggrega-
tion by compounds in garlic clove extracts and commercial garlic products.
Thromb Res 1992;65(2):141–56.

Lawson LD, Wang ZJ. Low allicin release from garlic supplements: a major problem
due to the sensitivities of alliinase activity. J Agric Food Chem 2001;49(5):2592–9.

Lawson LD, Wang ZJ, Papadimitriou D. Allicin release under simulated gastroin-
testinal conditions from garlic powder tablets employed in clinical trials on serum
cholesterol. Planta Med 2001;67(1):13–8.

Lea MA. Organosulfur compounds and cancer [review]. Adv Exp Med Biol
1996;401:147–54.

Lee TY, Lam TH. Contact dermatitis due to topical treatment with garlic in Hong
Kong. Contact Dermatitis 1991;24(3):193–6.

Legnani C, Frascaro M, Guazzaloca G, Ludovici S, Cesarano G, Coccheri S. Effects
of a dried garlic preparation on fibrinolysis and platelet aggregation in healthy sub-
jects. Arzneimittelforschung 1993;43(2):119–22.

Lembo G, Balato N, Patruno C, Auriccho L, Ayala F. Allergic contact dermatitis due
to garlic (Allium sativum). Contact Dermatitis 1991;25(5):330–1.

Liu J, Lin RI, Milner JA. Inhibition of 7,12-dimethylbenz[a]anthracene-induced
mammary tumors and DNA adducts by garlic powder. Carcinogenesis
1992;13(10):1847–51.

Liu L, Yeh YY. Water-soluble organosulfur compounds of garlic inhibit fatty acid and
triglyceride synthesis in cultured rat hepatocytes. Lipids 2001;36(4):395–400.

Mader FH. Treatment of hyperlipidemia with garlic-powder tablets. Evidence from
the German Association of General Practitioners’ multicenter placebo-controlled
double-blind study. Arzneimittelforschung 1990;40(10):1111–6. 

Makheja AN, Vanderhoek JY, Bryant RW, Bailey JM. Altered arichidonic acid metab-
olism in platelets inhibited by onion or garlic extracts. Adv Prostaglandin
Thromboxane Res 1980;6:309–12.

Makheja AN, Low CE, Bailey JM. Biological nature of platelet inhibitors from Allium
cepa, Allium sativum, and Auricularia polytricha. Thromb Haemostasis 1981;46:148.

Matsuura H. Saponins in garlic as modifiers of the risk of cardiovascular disease. J
Nutr 2001;131 Suppl:1000S–5S.

McCrindle BW, Helden E, Conner WT. Garlic extract therapy in children with
hypercholesterolemia. Arch Pediatr Adolesc Med 1998;152(11):1089–94. 

McGuffin M, Hobbs C, Upton R, Goldberg A, editors. American Herbal Product
Association’s Botanical Safety Handbook. Boca Raton (FL): CRC Press; 1997. p. 6.

Medical Products Agency (MPA). Naturläkemedel: Authorised Natural Remedies (as of
January 24, 2001). Uppsala, Sweden: Medical Products Agency; 2001a.

Medical Products Agency (MPA). Läkemedelsnära Produkter; Homeopatika: Företag
med registrerade homeopatika. Uppsala, Sweden: Medical Products Agency;

2001b.
Mei X, Wang M, Xu H, Pan X, Gao C, et al. Garlic and gastric cancer: the influence

of garlic on the level of nitrate and nitrite in gastric juice. Acta Nutri Sin
1982;4:53–6.

Mei X, Wang M, Li T, Gao C, Han N, et al. Garlic and gastric cancer. II. The
inhibitory effect of garlic on nitrate-reducing bacteria and their production of
nitrite in gastric juice. Acta Nutr Sin 1985;7:173–7. 

Mennella JA, Beauchamp GK. Maternal diet alters the sensory qualities of human
milk and the nursling’s behavior. Pediatrics 1991;88(4):737–44.

Milner JA. Garlic: its anticarcinogenic and antitumorigenic properties. Nutr Rev 1996
Nov;54(11 Pt 2):S82–6.

Miyoshi A, Hasegawa Y, Yamamoto T, Omata S, Harada H, Nakazawa S, et al. Effect
of KYOLEPIN on various unexplained complaints which often accompany inter-
nal disease. Treatment and New Medicine 1984;21:1806–20.

Mohammed SF, Woodward SC. Characterization of a potent inhibitor of platelet
aggregation and release reaction isolated from Allium sativum (garlic). Thromb Res
1986;44(6):793–806.

Morant J, Ruppanner H, editors. Arzneimittel-Kompendium der Schweiz® 2001.
Basel, Switzerland: Documed AG; 2001. pp. 89, 169, 217, 1341, 1348.

Morioka N, Sze LL, Morton DL, Irie RF. A protein fraction from aged garlic extract
enhances cytotoxicity and proliferation of human lymphocytes mediated by inter-
leukin-2 and concanavalin A. Cancer Immunol Immunother 1993;37(5):316–22.

MPA. See: Medical Products Agency.
Mulrow C, Lawrence V, Ackermann R, Ramirez G, Morbidoni L, Aguilar C, et al.

Evidence Report/Technology Assessment Number 20—Garlic: Effects on
Cardiovascular Risks and Disease, Protective Effects Against Cancer, and Clinical
Adverse Effects. Rockville (MD): Agency for Healthcare Research and Quality
(AHQR); 2000 Oct; Pub No. 01-E023.

Munday JS, James KA, Fray LM, Kirkwood SW, Thompson KG. Daily supplemen-
tation with aged garlic extract, but not raw garlic, protects low density lipoprotein
against in vitro oxidation. Atherosclerosis 1999;143:399–404.

Nakagawa S, Masamoto K, Sumiyoshi H, Harada H. Acute toxicity test of garlic
extract [in Japanese]. J Toxicol Sci 1984;9(1):57–60.

Nakagawa S, Masamoto K, Sumiyoshi H, Kunihoro K, Fuwa T. Effect of raw and
extracted-aged garlic juice on growth of young rats and their organs after peroral
administration (author’s translation) [in Japanese]. J Toxicol Sci 1980;5(1):91–112.

Neil HAW, Silagy CA, Lancaster T, Hodgeman J, Vos K, Moore JW, et al. Garlic pow-
der in the treatment of moderate hyperlipidaemia: a controlled trial and meta-
analysis. J R Coll Physicians Lond 1996;30(4):329–34.

Ohnishi ST, Ohnishi T. In vitro effects of aged garlic extract and other nutritional
supplements on sickle erythrocytes. J Nutr 2001;131 Suppl 3:10855–925.

Ohnishi ST, Ohnishi T, Ogunmola GB. Green tea extract and aged garlic extract
inhibit anion transport and sickle cell dehydration in vitro. Blood Cells, Molecules,
and Diseases 2001;27(1):148–57.

Ohnishi ST, Ohnishi T, Ogunmola GB. Sickle cell anemia: a potential nutritional
approach for a molecular disease. Nutrition 2000;16:330–8.

Ohnishi T, Tsuyoshi N, inventors. Wakunaga of America Co., Ltd., assignee.
Therapeutic uses of specially processed garlic for sickle cell disease. U.S. Patent
6,254,871. 2001 Jul 3. Available at: http://patft.uspto.gov/netahtml/search-
bool.html.

Okada K, Miyagaki H. Effect of Kyoleopin (KLE) on fatigue and non-specific com-
plaints: clinical study. The Clinical Report 1983;17:2173–83.

Okuhara T. A clinical study of garlic extract on peripheral circulation [in Japanese].
Jap Pharmacol Therapeu 1994;22(8):3695–701.

Phelps S, Harris WS. Garlic supplementation and lipoprotein oxidation susceptibili-
ty. Lipids 1993;28(5):475–7. 

Ph.Eur. See: Europäisches Arzneibuch or European Pharmacopoeia.
Pinto J, Qiao C, Xing J, Suffaletto B, Rivlin RS, Heston W. Garlic constituents mod-

ify expression of biomarkers for human prostatic carcinoma cells. FASEB Journal
1997a;11(3): A439.

Pinto JT, Qiao C, Xing J, Rivlin RS, Protomastro ML, Weissler ML, et al. Effects of
garlic thioallyl derivatives on growth, glutathione concentration, and polyamine
formation of human prostate carcinoma cells in culture. Am J Clin Nutr
1997b;66(2):398–405.

Piscitelli SC, Burstein AH, Welden N et al. The effect of garlic supplements on the
pharmacokinetics of saquinavir. Clin Infect Dis 2002;34(2):234–8.

Rahman K, Billington D. Dietary supplementation with aged garlic extract inhibits
ADP-induced platelet aggregation in humans. J Nutr 2000;130(11):2662–5.

Reeve VE, Bosnic M, Rozinova E, Boehm-Wilcox C. A garlic extract protects from
ultraviolet B (280–320 nm) radiation-induced suppression of contact hypersensi-
tivity. Photochem Photobiol 1993a;58(6):813–7.

Reeve VE, Bosnic M, Rozinova E, Boehm-Wilcox C. Protection from UVB
(280–320NM) radiation induced suppresion of contact hypersensitivity by a gar-
lic extract. Photochem Photobiol 1993b;57 Suppl:29–30.

Reuter H, Koch H, Lawson L. In: Garlic: The Science and Therapeutic Application of

165The ABC Clinical Guide to Herbs



166 The ABC Clinical Guide to Herbs

Allium sativum L. and Related Species. Baltimore (MD): Williams and Wilkins:
1996. p. 135–212.

Riggs DR, DeHaven JI, Lamm DL. Allium sativum (garlic) treatment for murine
transitional cell carcinoma. Cancer 1997;79(10):1987–94.

Roberge RJ, Leckey R, Spence R, Krenzelok EJ. Garlic burns of the breast. Am J
Emerg Med 1997;15(5):548.

Rose KD, Croissant PD, Parliament CF, Levin MB. Spontaneous spinal epidural
hematoma with associated platelet dysfunction from excessive garlic ingestion: a
case report. Neurosurgery 1990;26(5):880–2. 

Rotblatt M, Ziment I. Evidence-Based Herbal Medicine. Philadelphia (PA): Hanley &
Belfus; 2001. p. 193–200.

Rotzsch W, Richter V, Rassoul F. Walper A. Postprandial lipemia under treatment
with Allium sativum. Controlled double-blind study of subjects with reduced
HDL2-cholesterol [in German]. Arzneimittelforschung 1992;42(10):1223–7. 

Rozenfeld V, Sisca TS, Callahan AK, Crain JL. Double-blind, randomized, placebo-
controlled trial of aged garlic extract in patients stabilized on warfarin therapy
[poster]. Las Vegas, NV: American Society of Health-System Pharmacists Midyear
Clinical Meeting; 2000 December 3–7.

Ruffin J, Hunter SA. An evaluation of the side effects of garlic as an antihypertensive
agent. Cytobios 1983;37:85–9.

Ruppanner H, Schaefer U, editors. Codex 2000/01 — Die Schweizer Arzneimittel in
einem Griff. Basel, Switzerland: Documed AG; 2000.

Ryu K, Ide N, Matsuura H, Itakura Y. N alpha-(1-Deoxy-D-fructos-1-yl)-L-Arginine,
and antioxidant compound indentified in aged-garlic extract. J Nutr 2001;131
Suppl 3:972S–6S. 

Sendl A, Elbl G, Steinke B, Redl K, Breu W, Wagner H. Comparative pharmacolog-
ical investigations of Allium ursinum and Allium sativum. Planta Med 1992;58:1–7.

Schulz V, Hänsel R, Tyler V. Rational Phytotherapy. 4th ed. Berlin: Springer-Verlag;
2001. p. 147.

Sial AY, Ahmad SI. Study of the hypotensive action of garlic extract in experimental
animals. J Pak Med Assoc 1982;32(10):237–9.

Siegers CA. Allium sativum. In: De Smet PA et al., editors. Adverse Effects of Herbal
Drugs, Vol. 1. Berlin, Germany: Springer-Verlag; 1992. p. 73–6.

Silagy C, Neil A. Garlic as a lipid lowering agent—a meta-analysis. J R Coll Physicians
Lond 1994a;28(1):39–45.

Silagy CA, Neil HA. A meta-analysis of the effect of garlic on blood pressure. J
Hypertens 1994b;12(4):463–8

Simons LA, Balasubramaniam S, von Konigsmark M, Parfitt A, Simons J, Peters W.
On the effect of garlic on plasma lipids and lipoprotein in mild hypercholestero-
laemia. Atherosclerosis 1995;113(2):219–25.

Sivam GP. Protection against Helicobacter pylori and other bacterial infections by gar-
lic. J Nutr 2001;131 Suppl 3:1106S–8S.

Sivam GP, Lampe JW, Ulness B, Swanzy SR, Potter JD. Helicobacter pylori in vitro
susceptibility to garlic (Allium sativum) extract. Nutr Cancer 1997;27(2):118–21.

Srivastava KC. Evidence for the mechanism by which garlic inhibits platelet aggrega-
tion. Prostaglandins Leukotrienes Med 1986;22(3):313–21.

Steiner M, Khan AH, Holbert D, Lin RI-S. A double-blind crossover study in mod-
erately hypercholesterolemic men that compared the effect of aged garlic extract
and placebo administration on blood lipids. Am J Clin Nutr 1996;64(6):866–70. 

Steiner M, Li W. Aged garlic extract, a modulator of cardiovascular risk factors: a dose-
finding study on the effects of AGE on platelet functions. J Nutr 2001;131 Suppl
3:980S–4S.

Steiner M, Lin RI. Cardiovascular and lipid changes in response to aged garlic extract
ingestion [abstract]. J Am Col Nutr 1994;13(5):524.

Steiner M, Lin RS. Changes in platelet function and susceptibility of lipoproteins to
oxidation associated with administration of aged garlic extract. J Cardiovascular
Pharmacol 1998;31(6):904–8.

Steinmetz KA, Kushi LH, Bostick RM, Folsom AR, Potter JD. Vegetables, fruit, and
colon cancer in the Iowa Women’s Health Study. Am J Epidemiol
1994;139(1):1–15.

Stevinson C, Pittler MH, Ernst E. Garlic for treating hypercholesterolemia. Ann
Intern Med 2000;133:420–9.

Sumiyoshi H, Kanezawa A, Masamoto K, Haroda H, Nakagami S, Yokota A, et al.
Chronic toxicity test of garlic extract in rats [in Japanese]. J Toxicol Sci
1984;9(1):61–75.

Sunter WH. Warfarin and garlic [letter]. Pharm J 1991;246:722. 
Tamaki T, Sonoki S. Volatile sulfur compounds in human expiration after eating raw

or heat-treated garlic. J Nutr Sci Vitaminol 1999;45:213–22.
Tunón H. Phtyotherapie in Schweden. Zeitschrift für Phytotherapie 1999;20:268–77.
United States Congress (USC). Public Law 103–417: Dietary Supplement Health and

Education Act of 1994. Washington, DC: 103rd Congress of the United States;
1994.

United States Pharmacopeia (USP 25th Revision) — The National Formulary (NF
20th Edition). Rockville, MD: United States Pharmacopeial Convention, Inc.
2002.

USC. See: United States Congress.
USP. See: United States Pharmacopeia.
Vorberg G, Schneider B. Therapy with garlic: results of a placebo-controlled, double-

blind study. Br J Clin Pract Supp 1990;44(69):7–11.
Wang BH, Zuzel KA, Rahman K, Billington D. Treatment with aged garlic extract

protects against bromobenzene toxicity to precision cut rat liver slices. Toxicology
1999;132(2–3):215–25.

Warshafsky S, Kamer RS, Sivak SL. Effect of garlic on total serum cholesterol—a
meta-analysis. Ann Intern Med 1993;119 (7 Pt 1):599–605. 

Weisberger A, Pensky J. Tumor inhibition by a sulfhydryl-blocking agent related to an
active principle of garlic (Allium satiuum). Cancer Res 1958;18:1301–8. 

WHO. See: World Health Organization.
Witte JS, Longnecker MP, Bird CL, Lee ER, Frankl HD, Haile RW. Relation of veg-

etable, fruit, and grain consumption to colorectal adenomatous polyps. Am J
Epidemiol 1996;144(11):1015–25. 

World Health Organization (WHO). “Bulbus Allii Sativi.” WHO Monographs on
Selected Medicinal Plants, Vol. 1. Geneva: World Health Organization; 1999. p.
16–27.

Yamasaki T, Li L, Lau BHS. Garlic compounds protect vascular endothelial cells from
hydrogen peroxide-induced oxidant injury. Phytother Res 1994;8:408–12.

Yeh, YY, Lin RIS, Yeh SM, Evans S. Cholesterol lowering effects of aged garlic extract
supplementation on free-living hypercholesterolemic men consuming habitual
diets. J Am Col Nutr 1995;13:545.

Yeh YY, Liu L. Cholesterol-lowering effect of garlic extracts and organosulfur com-
pounds: human and animal studies [review]. J Nutr 2001;131 Suppl 3:989S–93S.

Yeh YY, Yeh SM. Garlic reduces plasma lipids by inhibiting hepatic cholesterol and
triacylglycerol synthesis. Lipids 1994;29(3):189–93.

Yeh YY, Yeh SM, Lim HS, Picciano MF. Garlic extract reduces plasma concentration
of homocsysteine in rats rendered folic acid deficiency. FASEB J
1999;13(4):A232;209.12.

You WC, Chang YS, Yang ZT, Zhang L, Xu GW, Blot WJ, et al. Etiological research
on gastric cancer and its precursor lesions in Shandong, China. IARC Sci Publ
1991;105:33–8.

You WC, Blot WJ, Chang YS, Ershow A, Yang ZT, An Q, et al. Allium vegetables and
reduced risk of stomach cancer. J Natl Cancer Inst 1989;81(2):162–4.

You WC, Blot WJ, Chang YS, Ershow AG, Yang ZT, An Q, et al. Diet and high risk
of stomach cancer in Shandong, China. Cancer Res 1988;48(12):3518–23.



G
arlic

M
onograph

167The ABC Clinical Guide to Herbs

Cardiovascular 
Hyperlipidemia/Hypercholesterolemia/Hypertension/Related Risk Factors
Author/Year Subject Design Duration Dosage Preparation Results/Conclusion 

Clinical Studies on Garlic (Allium sativum L.) 

KEY: C – controlled, CC – case-control, CH – cohort, CI – confidence interval, Cm – comparison, CO – crossover, CS – cross-sectional, DB – double-blind, E – epidemiological, LC – longitudinal
cohort, MA – meta-analysis, MC – multi-center, n – number of patients, O – open, OB – observational, OL – open label, OR – odds ratio, P – prospective, PB – patient-blind, PC – placebo-controlled,
PG – parallel group, PS – pilot study, R – randomized, RC – reference-controlled, RCS – retrospective cross-sectional, RS - retrospective, S – surveillance, SB – single-blind, SC – single-center,
U – uncontrolled, UP – unpublished, VC – vehicle-controlled.

Berthold et
al., 1998

Hypercholes-
terolemia
(mean TC 
291 mg/dl and
mean LDL
207 mg/dl)

R, DB, PG
n=25
(diet not con-
trolled)

12 weeks
following a 
4-week
washout 
period 

5 mg, 2x/day
or placebo
(with meals)

Tegra®
garlic oil
(oil bound to
b-cyclodextrin
for slow
release)

The garlic preparation did not influence serum lipopro-
teins, cholesterol, absorption, or cholesterol synthesis.
Garlic oil could not be recommended for hypercholes-
terolemia.The study was criticized for slow-release
aspect that has been found to greatly reduce total
absorption and because the oil preparation contained a
different chemical profile than preparations used in
other studies.

Isaacsohn,
1998

Hyperlipi-
demia
(LDL<160
mg/dL;
TG <350
mg/dL)

R, PC, PG, MC
n=50 (n=28
taking garlic;
n=22 taking
placebo) sub-
jects on the
NCEP Step 1
diet 8 weeks
before and
during 
treatment

12 weeks 300 mg,
3x/day 

Sapec®,
Kwai®
garlic powder

No significant lipid or lipoprotein changes between the
two groups. Compliance to diet was same for both
groups; however, effect of diet on lipid/lipoprotein levels
prior to treatment may have influenced treatment.
Another factor possibly influencing the results is the
alleged change made to the tablets’ enteric coating in
1992–1993 (Lawson, 1998).

Lash et al.,
1998

Hyperlipi-
demia in renal
transplant
patients
(TC>185
mg/dl; LDL>
160 mg/dl)

R, PC
n=35
(garlic n=19;
placebo n=16)
(NCEP Step 1
diet during
treatment)

12 weeks 680 mg,
2x/day 

Pure-Gar® At 6 weeks, there was a significant decrease from base-
line of 14 mg/dL in TC (p<0.05) and 12 mg/dL in LDL
(p<0.05).Authors noted that although garlic showed
benefit, patients still required drug therapy to treat
hyperlipidemia.They suggested that garlic may be used
to decrease the required dosage of HMG-CoA 
reductase inhibitors.

McCrindle et
al., 1998

Hypercholes-
terolemia in
children (TC
>185 mg/dL)

R, DB, PC
n=30
(garlic n=15;
placebo n=15)
NCEP Step 2
diet for 6
months prior
to treatment

8 weeks 300 mg,
3x/day 

Kwai®
garlic powder

There was no significant reduction attributed to garlic
for cardiovascular risk factors, with the exception of a
small increase in apolipoprotein A-I levels.Authors note
that adult studies have yielded positive results.

Steiner et al.,
1996

Hypercholes-
terolemia
(men)
(TC=220–280
mg/dL)

DB, PC, C
n=41

6 months,
crossed over
for 4 months
(placed on
NCEP Step 1
diet 4 weeks
prior to start/
throughout)

3 capsules
(800 mg each)
3x/day 

Kyolic® AGE
capsules vs.
placebo 
capsules

Total cholesterol (TC) levels were reduced 6.1–7%
compared to placebo period or baseline (p=0.0001),
respectively. No difference noted for total glycerides
(TG) or HDL (p=0.004). LDL decreased 4% and sys-
tolic blood pressure (SBP) decreased 5.5% (p=0.0001)
with the garlic and modes decreased in diastolic blood
pressure (DBP).Authors concluded AGE garlic supple-
mentation has beneficial effects on lipid profile and BP
in moderately hypercholesterolemic patients.

Yeh et al.,
1995

Hypercholes-
terolemia 
(TC=220–285
mg/dL)

DB, PC, R
n=34 
(garlic n=17;
placebo n=17)
men 
(35–55 years
old)

5 months 3 capsules,
(800 mg each)
3x/day

Kyolic® AGE
capsules vs.
placebo 
capsules 
containing
common food
ingredient

At 4th and 5th month,TC levels in AGE group 6% and
7% lower, respectively, than baseline value and no
change in placebo group. Plasma HDL-cholesterol and
triglyceride levels not altered by AGE or placebo.
Compared with placebo, LDL-cholesterol level 
significantly lower in AGE group (145 ± 25 vs. 165 ± 24
mg/dl).AGE supplementation has significant mild choles-
terol lowering effect in hypercholesterolemic men.

De A Santos
and Johns,
1995

Garlic powder
vs. garlic oil
on blood
lipids, blood
pressure, and
well-being

R, O, PG, Cm,
n=70
(garlic powder
n=36; or
garlic oil
n=34)

16 weeks 200 mg,
3x/day

Garlic 
powder:
Kwai®
(tablet),
Garlic oil:
Höfel's®
Original
Garlic Oil
Capsules

Lipid-lowering effect for garlic powder=11% vs. 3% for
oil. LDL lowered by 16% vs. 1% respectively. HDL did
not change significantly and TG did not change. Also
noted was a decrease in blood pressure with garlic
powder but not for oil. Well-being assessment
improved for powder but not for oil. Garlic powder
appears to be superior to oil in reducing cholesterol, BP,
and improved well-being.
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KEY: C – controlled, CC – case-control, CH – cohort, CI – confidence interval, Cm – comparison, CO – crossover, CS – cross-sectional, DB – double-blind, E – epidemiological, LC – longitudinal
cohort, MA – meta-analysis, MC – multi-center, n – number of patients, O – open, OB – observational, OL – open label, OR – odds ratio, P – prospective, PB – patient-blind, PC – placebo-controlled,
PG – parallel group, PS – pilot study, R – randomized, RC – reference-controlled, RCS – retrospective cross-sectional, RS - retrospective, S – surveillance, SB – single-blind, SC – single-center,
U – uncontrolled, UP – unpublished, VC – vehicle-controlled.

Steiner and
Lin, 1994

Hypercholes-
terolemia
(TC=230–290
mg/dL)

DB, CO, R
n=45 
men
(30–70 years
old)

10 months 700 mg,
3 capsules,
3x/day

Kyolic® AGE
capsules vs.
placebo 
capsules

66% of subjects in garlic group showed modest reduc-
tion (about 8%) of total and LDL cholesterol but no
change in HDL. Significant reductions in measured
platelet adhesion (34–58%) and aggregation (10–25%).
Study suggests that AGE supplementation has beneficial
effects on lipids, especially platelets, that may lead to 
cardiovascular risk reduction.

Cardiovascular (cont.)

Hyperlipidemia/Hypercholesterolemia/Hypertension/Related Risk Factors (cont.)

Author/Year Subject Design Duration Dosage Preparation Results/Conclusion 

Clinical Studies on Garlic (Allium sativum L.) (cont.)

Jain et al.,
1993

Serum lipids,
lipoproteins,
glucose, and
blood 
pressure

R, DB, PC
n=42

12 weeks 300 mg, 3xday,
or placebo

Garlic powder
in tablet form

Experimental group experienced a 6% reduction in TC
(p<0.01) vs. placebo group (1%) reduction. LDL
decreased 11% and 3% respectively (p<0.05). No
changes in HDL,TG, serum glucose, or blood pressure
noted (subjects were normotensive).

Grünwald et
al., 1992

Hypercholes-
terolemia
(TC>6.5
mmol/L)

DB, MC
n=48

18 weeks 200 mg,
3x/day
Subjects main-
tained a 
normal diet
and medica-
tions

Kwai®
garlic powder

After garlic treatment and compared to baseline, mean
serum TC decreased by 8% (p<0.001); LDL decreased
by a non-significant 5%; HDL increased by 5%; LDL:
HDL improved by 12% (p<0.05);TG levels decreased by
a non-significant 11%. 23 patients with mild hyper-
tension experienced a significant decrease of 7% in SBP
(p<0.05) and a non-significant 4% in DBP.

Holzgartner et
al., 1992

Hyperlipo-
proteinemia
(TC or TG
>250 mg/ml)
garlic vs.
Bezafibrate

R, DB, MC,
Cm
n=98
(6-week pre-
phase treat-
ment w/place-
bo and NCEP
Step 1 diet)

12 weeks
(NCEP Step 1
diet main-
tained
throughout
study)

900 mg/day or
600 mg
Bezalfibrate/
day 

Garlic powder
preparations
equivalent to
Sapec®,
Kwai® garlic
powder

Compared to baseline, both medications caused a 
significant decrease in TC (26%) (p<0.001), LDL (32%)
(p<0.001), and TG (30%) (p<0.01), as well as a significant
increase in HDL (51%) (p<0.001) with no difference
between their efficacies. No differences were observed
between the two regimens.

Rotzsch et al.,
1992

Alimentary
hypertriglyc-
eridemia
(after intake
of fatty meals)

R, DB, PC
n=24

6 weeks 300 mg/day 
or placebo
and fatty meal 

Sapec®,
Kwai®
garlic powder;
fatty meal
contained
100g butter

The postprandial increase of TG was reduced signifi-
cantly in garlic group, and was up to 35% less compared
to placebo. HDL-2 cholesterol tended to increase with
garlic more than placebo.

Auer et al.,
1990

Mild hyper-
tension
(DBP 95–104
mmHg;TC
>250;
TG>200) 

R, DB, PC, C
n=47
(garlic n=24;
placebo n=23)
(n=21 taking
blood pres-
sure medica-
tion)

12 weeks
(after 7 week
acclimation
period)

200 mg/day
or placebo

Kwai®
garlic powder

Results indicated 13% decrease in DBP in garlic group
vs. 4% for placebo (p<0.01). SBP decreased by 11% in
garlic compared with 5% in the placebo group (p<0.05).
Serum cholesterol and TG were significantly decreased
after 8 and 12 weeks in garlic group vs. placebo
(p<0.05).

Mader et al.,
1990

Hyperlip-
idemia (TC
>200mg/dL)

R, DB, PC, PG,
MC
n=221
(garlic n=111;
placebo
n=110)

16 weeks 200 mg/day 
or placebo 

Kwai®
garlic powder

Experimental group experienced a 12% reduction in TC
vs. a 3% reduction in placebo group (p<0.001).TG
decreased by 17% vs. 2% respectively (p<0.0001). The
best effect was noted in patients with TC levels
251–300 mg/dL.

Simons et al.,
1995

Hypercholes-
terolemia
(mild to 
moderate)
(5.5–8.05
mmol/L)

R, DB, PC,
CO 
n=28

12 weeks
after 28 day
baseline
dietary peri-
od; 28 day
washout at
end

300 mg,
3x/day

Kwai®
garlic powder

No demonstrable effect of garlic on oxidizabilty of LDL,
on ratio of plasma lathosterol/cholesterol (a measure of
cholesterol synthesis), nor on LDL receptor expression
in lymphocytes. No effect on ingestion of lipids and
lipoproteins.

Vorberg et al.,
1990

Hypercholes-
teriolemia

R, DB, PC, PG
n=40
(garlic n=20;
placebo n=20)

16 weeks 300 mg,
3x/day 

Sapec®,
Kwai®
garlic powder

Garlic group resulted in a significantly lower TC
(p<0.001),TG (p<0.05), BP (p<0.001), than placebo.A
self-evaluation revealed a greater feeling of "well being"
(p<0.05).
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Clinical Studies on Garlic (Allium sativum L.) (cont.)

KEY: C – controlled, CC – case-control, CH – cohort, CI – confidence interval, Cm – comparison, CO – crossover, CS – cross-sectional, DB – double-blind, E – epidemiological, LC – longitudinal
cohort, MA – meta-analysis, MC – multi-center, n – number of patients, O – open, OB – observational, OL – open label, OR – odds ratio, P – prospective, PB – patient-blind, PC – placebo-controlled,
PG – parallel group, PS – pilot study, R – randomized, RC – reference-controlled, RCS – retrospective cross-sectional, RS - retrospective, S – surveillance, SB – single-blind, SC – single-center,
U – uncontrolled, UP – unpublished, VC – vehicle-controlled.

Koscielny et
al., 1999

Arterial
plaque (in
patients with
advanced 
athero-
sclerotic
plaque)

R, DB, PC 
n=152

4 years 300 mg,
3x/day

Kwai®
garlic powder

In placebo the atherosclerotic plaque (in carotid and
femoral artery) increased by 15.6% over 4 years while
decreasing 2.6% in experimental group (p<0.0001).
Garlic diminished the age-related decrease in plaque
volume by 6–13% over 4 years (p<0.001). Assessed by
high-resolution ultrasound. Results substantiate a pre-
ventive and curative role for garlic powder for athero-
sclerosis.

Cardiovascular (cont.)

Hyperlipidemia/Hypercholesterolemia/Hypertension/Related Risk Factors (cont.)

Author/Year Subject Design Duration Dosage Preparation Results/Conclusion 

Breithaupt-
Grogler, 1997

Age-related
stiffening of
the aorta 
(healthy
adults)

E, CS, OB
n=202
(matching
pairs 
technique)

≥2 years ≥300 mg/day Standardized
garlic powder

Pressure-standardized elastic vascular resistance was
lower in garlic groups than age-matched controls
(p<0.0001). Pulse wave velocity (PWV) correlated with
age (r=0.44 garlic, r=0.52 control) and systolic blood
pressure (SBP) (r=0.48 garlic group, r=0.54 control
group) for both groups, but in garlic group an increase
in age or SBP was associated with a smaller rise in
PWV vs. controls. No difference noted in blood pres-
sure, heart rate, and plasma lipid levels in both groups.
Chronic garlic powder consumption attenuated age-
related increase in aortic stiffness.

Kiesewetter et
al., 1993a

Platelet 
aggregation
(juvenile
ischemic 
attack)

DB, PC, PG
n=60 

4 weeks
(following a 
4-week
washout 
period)

200 mg,
4x/day or
placebo

Kwai®
garlic powder

A significant decrease (p<0.01) in circulatory platelet
aggregates (down 10.3%) and spontaneous platelet
aggregates (down 56.3%) was observed in garlic group.
Garlic group also decreased in DBP, plasma viscosity,
and serum cholesterol.

Lau, et al.,
1987

Hypercholes-
terolemia and
hypertriglyc-
erides

DB, C, CC
n=15

6 months 1 g/day Kyolic® AGE
capsules

Serum cholesterol level (220–440 mg/dl) significantly
dropped (12–31%) with AGE compared to baseline.
Serum LDL and triglycerides were also significantly
reduced (p<0.05) with AGE.

Bordia, 1981 Blood lipids in
subjects with
coronary
heart disease

O
(n=20) healthy
volunteers or
(n=62)
patients with
coronary
heart disease

10 months 0.25 mg/kg 
of body
weight/day or
placebo

Garlic 
essential oil 
in gelatin 
capsules

Patients taking garlic experienced a decrease in serum
cholesterol (p<0.05) and LDL (p<0.05), while an
increase was observed in the HDL fraction (p<0.05).

Arterial and Fibrinolytic Activity
Author/Year Subject Design Duration Dosage Preparation Results/Conclusion 

Steiner and Li,
2001

Effects on
platelet 
function

DB, CO, PC, R
n=34 
normal
healthy men
and women

44 weeks 
(6-week base-
line period;
18-week sup-
plementation,
18-week
crossover;
2-week
washout)

3 capsules
(800 mg each)
3x/day 
1st 6 weeks;
800 mg,
6x/day 
2nd 6 weeks;
800 mg,
9x/day 
3rd 6 weeks

Kyolic® AGE
capsules vs.
placebo 
capsules

Compared with baseline and placebo, threshold level of
platelet aggregation was significantly increased, i.e.,AGE
significantly (p<0.05) inhibited platelet aggregation, espe-
cially induced by collagen and epinephrine.Adherence of
platelets inhibited by AGE in dose-dependent manner.
AGE exerted selective inhibition on platelet aggregation
and adhesion, suggesting potential use as cardiovascular
disease prevention.

Kiesewetter et
al., 1991

Platelet 
aggregation

DB, PC
n=120

4 weeks 400 mg,
2x/day or
placebo

Garlic powder Observations in garlic group include spontaneous
platelet aggregation disappearance, increase of 47.6%
microcirculation of the skin, 3.2% decrease in plasma
viscosity, mean DBP decrease from 74 to 67 (p<0.05),
and a drop in the mean fasting blood glucose concen-
tration from 89.4 to 79.
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Anticancer/Chemoprevention
Author/Year Subject Design Duration Dosage Preparation Results/Conclusion 

KEY: C – controlled, CC – case-control, CH – cohort, CI – confidence interval, Cm – comparison, CO – crossover, CS – cross-sectional, DB – double-blind, E – epidemiological, LC – longitudinal
cohort, MA – meta-analysis, MC – multi-center, n – number of patients, O – open, OB – observational, OL – open label, OR – odds ratio, P – prospective, PB – patient-blind, PC – placebo-controlled,
PG – parallel group, PS – pilot study, R – randomized, RC – reference-controlled, RCS – retrospective cross-sectional, RS - retrospective, S – surveillance, SB – single-blind, SC – single-center,
U – uncontrolled, UP – unpublished, VC – vehicle-controlled.

Clinical Studies on Garlic (Allium sativum L.) (cont.)

Rozenfeld et
al., 2000

Bleeding
potential of
combined 
garlic and
warfarin 
therapy

DB, PC, R
n=8
patients (INR
therapeutic
for at least 2
months)

4 weeks 1,200 mg/day 
or placebo

Kyolic® AGE
capsules

All patients took Coumadin®. No INR differences
between groups noted (p>0.05). Compared to baseline,
no significant changes in INR values within each group
(p>0.05). No patients developed urine or stool bleeding.
Kyolic® did not worsen side effects of Coumadin®.

Dimitrov and
Bennink, 1997

Effect on
arachidonic
acid 
metabolism

PS, O 
n=8 
healthy female
volunteers

3 months 10 mL 
extract/day
mixed with
orange or V8
juice in 
morning

Kyolic® 
aged garlic
hydroalcoholic
liquid extract

Compared to baseline, after 3 months of taking Kyolic®
substantial decrease in serum PGE2 levels in majority of
subjects. Results indicate that ethanol-water soluble
extract is capable of modulating PGE2 and PGF2a.

Gwilt et al.,
1994

Effect on
metabolism of
acetamino-
phen

O 
n=16 males
(healthy,
non-smoking)

3 months 10 ml
extract/day
mixed with
120 ml orange
juice

Kyolic® 
aged garlic
hydroalcoholic
liquid extract
plus acetamin-
ophen 
(500 mg
Tylenol®)

Garlic treatment had no discernible effect on oxidative
metabolism, but was associated with slight increase in
sulfate conjugation of acetaminophen. Study suggests
that AGE has limited potential as a chemopreventive
agent.

Witte et al.,
1996

Colon cancer E, CC
n=488

4 years ≥3
servings/week

Serving size
unspecified

A reduction of 37% occurrence in pre-cancerous cells
and colorectal polyps was observed.
(Odds ratio = 0.63.)

Steinmetz et
al., 1994

Colon cancer E, CH
n=41,837

5 years ≥ 1
servings/week

Unspecified as
to the 
quantity of a
serving size

The study showed that risk of colon cancer in women
ages 55–69 decreased with garlic consumption
(rr=0.68).

You et al.,
1989

Stomach 
cancer

E
n=564
patients with
stomach 
cancer,
n=1,131
controls

15 years 0 kg/year;
0.1–1.5 kg/y;
>1.5 kg/y 

Raw and
cooked garlic

Significant trends were shown for the decrease of stom-
ach cancer with garlic use. Odds ratio (95% CI) for
highest compared with lowest garlic consumption was
0.7 (0.4–1.0, p=0.03).

Okuhara,
1994

Peripheral 
circulation

Cm, CO, R 
n=12 
healthy male 
volunteers 

5 months
(Jan~May
1994)

Single-admin-
istration test:
1.6 ml GE or
GEC/day or
continuous
administration
test: 0.8 ml
GE or GEC
2 x/day 

Kyolic® aged
garlic hydroal-
coholic liquid
extract (GE)
vs.
heat-treated
liquid prepara-
tion of garlic
(GEC)

After single administration, skin temperatures in GE
(garlic) group peaked at 60 minutes on backs of hands
(p<0.01) and 90 minutes on backs of feet (p<0.01). In
GEC (control) group, peaked at 30 minutes on backs of
hands and feet.After 14 days continuous use, higher skin
temperatures in GE group on backs of hands and feet
and on only backs of feet in GEC group. Study suggests
improved blood flow with GE.

Abdullah et
al., 1989

Effects on 
natural killer
(NK) cell
activity in
HIV+ patients

PS 
n=7 

12 weeks 5 g/day 
1st 6 weeks;
10 g/day 
2nd 6 weeks

Aged
processed
garlic prepara-
tion: Special
Garlic
Preparation
(SGP)

After 6 weeks, 6 of 7 qualified patients had normal NK
activity, and all had normal NK activity at 12 weeks.
Helper/suppressor ratio improved in 4 of 7 patients.
Conditions of diarrhea, genital herpes, candidiasis and
pansinusitis with recurrent fever also improved during
the study.

Other
Author/Year Subject Design Duration Dosage Preparation Results/Conclusion 

Kiesewetter et
al., 1993b

Intermittent
claudication
(Peripheral
Arterial
Occlusive
Disease 
Stage II)

DB, PC
n=80 

12 weeks 200 mg,
4x/day or
placebo

Kwai®
garlic powder

A significant increase (p<0.05) was observed in walking
distance by the 5th week and correlated to a simultane-
ous decrease in spontaneous platelet aggregation in gar-
lic group vs. placebo. Garlic group also had decrease in
diastolic blood pressure (DBP), plasma viscosity, and
serum cholesterol.


