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Review

Garlic (Allium sativum L.): Adverse effects and drug
interactions in humans

Francesca Borrelli, Raffaele Capasso and Angelo A. Izzo

Department of Experimental Pharmacology, University of Naples Federico II, Naples, Italy

Garlic (Alllium sativum L., Fam Liliaceae) is used medicinally mainly for the treatment of hypercho-
lesterolemia and prevention of arteriosclerosis. Clinical trials have consistently shown that “garlic
breath” and body odor are the most common (and well-documented) complaints associated to garlic
intake. Case reports have highlighted the possibility that garlic use may cause allergic reactions (aller-
gic contact dermatitis, generalized urticaria, angiedema, pemphigus, anaphylaxis and photoallergy),
alteration of platelet function and coagulation (with a possible risk of bleeding), and burns (when
fresh garlic is applied on the skin, particularly under occlusive dressings). Consumption of garlic by
nursing mothers modifies their infant's behavior during breast-feeding. Finally, garlic may enhance
the pharmacological effect of anticoagulants (e.g. warfarin, fluindione) and reduce the efficacy of
anti-AIDS drugs (i. e. saquinavir).
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1 Introduction

Herbal medicinal products are highly popular. Surveys
show, for instance, that 9.3% of the adult population uses
natural health products and 57% of users also reported tak-
ing a conventional medicine in the same period [1]. Most
users perceive that herbs are efficacious, and in some
instances, more efficacious than conventional medicines.
This perception may be a major contributing factor influ-
encing the sustained and increasing popularity of herbs [2].
Although herbs are often promoted as natural and therefore
harmless, they are not free from adverse effects. An obser-
vational study indicated that herbal supplements are associ-
ated with adverse events that include all levels of severity,
organ systems, and age groups [3]. Moreover, another sur-
vey has recently shown that 21% of older adults are cur-
rently taking at least one herbal product or dietary supple-
ment, and potential for adverse drug reactions is apparent in
19% of respondents [4]. Therefore, the current popularity
of herbal products renders necessary the evaluation of their
safety.

Garlic (Allium sativum L. Fam Liliaceae) is one of the
best-researched/best-selling herbal remedies and is also
commonly used as a food and a spice [5–10].

Garlic is the top-selling herbal supplement in the USA,
where sales in the food, drug, and mass market channel
were estimated at $ 26,244,200. [11]. Pharmacological
actions of garlic include antibacterial, antiviral, antifungal,
antihypertensive, blood glucose lowering, antithrombotic,
antimutagenic and antiplatelet actions [5, 6]. These activ-
ities are related to the volatile sulfur compounds (alliin, alli-
cin, diallyl disulfide, ajoene and many others), which are
also responsible for the pungent of these vegetables [12].
Traditionally, garlic has been used both orally and topically
for many purposes, most consistently perhaps to prevent
and treat infections and as a way of maintaining general
health [6]. In modern phytotherapy, garlic is mainly used to
treat hypercholesterolemia and for the prevention of arterio-
sclerosis [5, 10].

Recent reviews on garlic have focused on the dermato-
logical adverse events [13], on the chemiopreventive and
anticancer effects [14–18], on the antidiabetic [19], antith-
rombotic, antiplatelet, antihypertensive [14, 20], neuropro-
tective [21], antioxidant [22] actions and on the protective
effects on dementia and heart-disease risk [23]. The aim of
the present review is to summarize the adverse events
(including herb-drug interactions) associated with garlic
use in humans. The description and the discussion of animal
studies as well as experimental studies aiming at under-
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standing the possible molecular mechanisms behind the
adverse effects were not the primary object of the present
review.

2 Garlic odor

Garlic can cause malodorous breath or body odor. The Ger-
man Commission E reports that “the odor of garlic may per-
vade the breath and skin” [24]. Usually developing after
several days of garlic powder ingestion, this odor is per-
ceived on the breath and skin [9]. Tamaki and Sonoki ana-
lyzed volatile sulfur compounds arising from grated raw or
heat-treated garlic; it was found that the higher the volatile
sulfur compound level, the stronger the garlic flavor or mal-
odor was. Raw garlic showed a strongest smell than heat-
treated garlic [25].

Controlled clinical trials as well as observational studies
have consistently shown that “garlic breath” and body odor
are the most common complaints associated to garlic
intake. A meta-analysis of 13 randomized, double-blind,
placebo-controlled trials of garlic monopreparations, ten of
which assessed the effects of a standardized garlic powder
preparation at doses of 600–900 mg daily for 8–12 weeks,
for the treatment of hypercholesterolemia, reported that the
most common adverse event was “garlic breath” and body
odor [26]. Furthermore, 1997 participants at an observatio-
nal study were interviewed at the start of the study and after
8 and 16 weeks of treatment with garlic powder
(36300 mg/day, coated tablets). Garlic odor was the most
frequent complaint (27%) [27]. Finally, a double-blind
study using a fivefold crossover design was conducted in
123 subjects to determine the incidence of garlic odor as
function of the ingested dose (garlic powder in tablet form,
LI 111). The incidence of slight and moderate garlic odor
was 10% in the placebo group, 24% at a dose of 300 mg/
day, 36% at 600 mg/day, 40% at 900 mg/day, and 45% at
1200 mg/day [28]. In conclusion, garlic odor is the most
common unpleasant effect associated with garlic intake.

3 Allergic reactions

The allergenic potential of garlic is well recognized, and
allergens have been identified as diallyl disulfide (which is
considered to be the primary allergen), allylpropyl sulfide
and allicin (the latter may be an irritant) [7, 29]. Garlic also
contains a not-yet identified high molecular-weight protein
that presumably leads to systemic allergic reactions [13].
German Commission E reports that garlic in rare instances
may cause allergic reactions [24] and this has been con-
firmed by an observational study, which showed that aller-
gic reactions occurred in 1.1% of users of garlic at thera-
peutic doses (36300 mg/day garlic powder, taken in the
form of coated tablets) [27]. Case reports of allergic reac-

tions associated to garlic use (as a food or as a medicine)
include allergic contact dermatitis, generalized urticaria,
angiedema pemphigus and anaphylaxis.

Allergic contact dermatitis is a delayed type IV allergic
reaction of the skin with varying degrees of erythema,
edema, and vesiculation resulting from cutaneous contact
with a specific allergen [30]. Cases of allergic contact der-
matitis due to topical or oral treatment medical treatment
with garlic have been reported. A 78 year old Major, with a
history of volar hand eczema, presented with a generalized
eczema. Four months earlier, the patient had started
scratching the itchy dry skin of his lower legs, causing
excoriations and small erosions especially on his left leg.
His wife treated his legs with hydrocortisone cream and
emollients, but from time to time she also crushed cloves of
garlic diluted in water as wet dressing. Gradually, the der-
matitis got worse and spread to his trunk and arms. Allergic
contact dermatitis was confirmed when testing with non-
irritating concentrations of garlic powder and diallyl disul-
fide [31]. Burden and colleagues reported the case of a
58 year old who presented vesicular hand dermatitis (chei-
ropompholix). Nine months previously, he started taking
garlic extract for treating hyperlipideamia. His hands flared
up severely and persisted for eight months until he ran out
of garlic tablets, when it resolved. Prior to this, he had pre-
pared food using garlic without any problems. Allergy to
garlic was confirmed at patch testing (positive reaction to
extracts of garlic) and with a double-blind oral provocation
test to the garlic tablets [32].

Urticaria is a relatively common form of allergic reaction
that causes raised red skin welt. Urticaria is generally
caused by direct contact with an allergenic substance, or an
immune response to food or some other allergen. Pires et
al., 2002 [33] reported a case of IgE-mediated urticaria
after contact and ingestion of raw garlic in a 16 month old
boy. Skin prick and prick-prick tests were positive with
commercial garlic extract. Contact challenge was positive
with raw garlic and negative with cooked garlic. Oral chal-
lenge with raw garlic was positive with generalized urtica-
ria, within 10 min after ingestion. Oral challenge with
cooked garlic was negative. No cross-reactivity between
onion and garlic was found [33].

Angiedema is related, but not similar, condition to urtica-
ria, where similar types of swelling occur in a lower layer of
the skin, mouth or throat. Angiedema and urticaria, may,
however, occur together [30]. A 35 year old woman was
admitted at an allergy centre because of many episodes of
systemic urticaria and angiedema during the last two years,
all of which were associated with the ingestion of foods
containing both raw or cooked garlic. Moreover, she had
noted that garlic manipulation caused contact urticaria. A
positive skin reaction to garlic extract was observed [34].
Garlic, onion and asparagus belong to the Liliaceae family.
Sanchez-Hernandez and colleagues evaluated the possible
allergic cross-reactivity in this botanical family. Two
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patients with an established diagnosis of IgE-mediated con-
tact urticaria caused by cooked white asparagus (as demon-
strated by rub test, prick test, and specific IgE test) showed
a positive result in the prick-prick test with native onion and
garlic [35].

Anaphylaxis is a sudden, severe, potentially fatal, sys-
temic allergic reaction that can involve various areas of the
body. Causes of anaphylaxis include foods, drugs and insect
stings. Anaphylaxis occurs when subjects are exposed to a
trigger substance, i. e. the allergen, to which they have
already become sensitized [30]. A 23 year old woman with
previous history of allergy to pollen and dried fruit, and
food-dependent, exercise-induced anaphylaxis for which
no specific food could be identified as responsible, experi-
enced an anaphylactic reaction after eating young garlic
(unripe garlic plant whose bulb is not completely devel-
oped). A few minutes after eating young garlic with eggs
and shrimp, without previous exercise, she presented gener-
alized urticaria and facial angiedema, followed by a feeling
of sickness, hypotension, and loss of consciousness. She
was taken to the emergency clinic and treated with intrave-
nous fluids, epinephrine, diphenhydramine, and hydrocorti-
sone, Her symptoms resolved over 24 h. Prick-prick tests
with young garlic and garlic were positive [36].

Pemphigus is a skin disease characterized by large thin-
walled blisters (bullae) arising from normal skin or mucous

membrane. Diet may play a role in the induction and/or
exacerbation of pemphigus [37, 38]. A 49 year old Italian
builder presented a few, sparse erosive lesions he had been
noticing for ten months on his scalp, nose, upper chest and
glans penis. Some erosion had shown a tendency to a slow
but complete re-epithelialization resulting in long-lasting
brown macular lesions; others had turned into chronic scal-
ing and crusting, while the ones located on the glans penis
remained persistent. Asked about any drug intake and his
food habits, the patient denied taking any medicine but
informed the medical staff he very much liked spicy dishes,
particularly garlic. On a onion- and garlic-free diet, the
patient did not show any new lesions for several months. A
check of the pemphigus antibodies in his serum revealed a
minimal decrease to a titer of 1:80 [38]. Consistently, an
experimental investigation has evidenced that three com-
pounds of garlic (i. e. allylmercaptan, allylmethylsulfide,
allyl sulfide) are able to provoke acantholysis (a breakdown
of a cell layer in the epidermis, as it happens in pemphigus)
of normal human skin cultured in vitro [39].

In summary, topical application or oral use (as a food or
as a medicine) of garlic may cause allergic reactions rang-
ing from contact dermatitis to anaphylaxis (Table 1). Non-
severe allergic reactions may occur in approximately 1% of
users of garlic at therapeutic doses.
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Table 1. Summary of garlic adverse effects

Adverse effect Type of exposure Source of evidence

Breath or body odour Oral medical use (standardized garlic
powder in coated tablet form)

Randomized controlled trials, observa-
tional studies

Allergic reactions (allergic contact dermatitis,
urticaria/angiedema, pemphigus anaphylaxis)

Topical application or oral use
(as a food or as a medicine)

Multiple case reports for allergic contact
dermatitis and urticaria. Single case re-
ports for anaphylaxis and pemphigus

Photoallergy Topical application of diallyl disulfide A case report and a case series

Cutaneous manifestations (garlic burns) Topical application (under occlusive
dressings) of fresh garlic for medical
purposes or for self-mutilation

Multiple case reports

Coagulation alterations (spinal epidural hematoma,
increased clotting time, post-operative bleeding,
retrobulbar hemorrhage)

Excessive dietary garlic intake
or garlic tablets

Single case reports

Gastrointestinal adverse effects (mild: nausea,
bloating, flatulence severe: small intestinal obstruc-
tion, epigastric and esophageal pain, hematemesis,
hematochezia)

Garlic coated tablets Mild adverse events: randomized clini-
cal trials, observational studies
Severe adverse events: single case re-
ports

Others (Hypotensive effects, myocardial infarction,
Meniere's disease)

Oral use as a food or medicine Observational study for hypotensive ef-
fects; single case reports for myocardial
infarction and Meniere's disease

Herb drug interactions (warfarin, fluindione,
saquinavir)

Oral use as a food or medicine Two cases for warfarin, one case for
fluindione, a clinical study for saquinavir
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4 Occupational allergy

Garlic has long been recognized as an occupational hazard
amongst chefs, housewives and those who practise herbal
remedies as highlighted by a number of observational stud-
ies in occupational allergic patients. For example, Hiorth
and Roed-Petersen found that garlic and onion were among
the major type IVallergens incriminated in 33 occupational
dermatoses in food handlers [40]. Sinha and colleagues
showed that 44 out of 53 subjects (mainly housewives) hav-
ing contact dermatitis on the fingerprints had positive patch
tests to garlic [41]; Cronin and colleagues demonstrated
that hand eczema in 47 out of 50 allergic caterers was due to
garlic contact [42]. Lembo and colleagues found that garlic
was causative of allergy in eight out of 155 patients affected
with various eczemas [43]. Kanerva and colleagues found
that garlic was causative of hand (or finger) dermatitis in
five out of 1000 patients with occupational skin disease
[44]. Anibarro and colleagues demonstrated allergic asthma
induced by garlic dust in seven out of 12 patients with
symptoms of bronchial asthma [45]. Fernandez-Vozme-
diano and colleagues found that 60% of patients (n=75,
mainly housewives) who were clinically suspected of hav-
ing a potential contact allergy were positive for diallyl
disulfide [46]. Finally, a small study showed that garlic is an
important sensitizer in curry chefs: positive patch test to
diallyl disulfide was seen in four out of 13 chefs with hand
dermatitis [47].

The potential allergenic properties of garlic in causing
occupational allergies has been also revealed by the publi-
cation of several case reports/case series. In such cases, gar-
lic allergy was confirmed using a wide variety of tests
including scratch testing, IgE to garlic using radioallego-
sorbent test, polystyrene tube solid phase radioimmunoas-
say technique, bronchial challenge test and skin prick test.
Occupational allergic manifestations associated to garlic
use include contact dermatitis and respiratory adverse
events.

Contact dermatitis, particularly affecting the fingertips,
is a recognized presentation of garlic allergy. Cases of occu-
pational allergic contact dermatitis include eczematous
eruption on the finger-tips of the left hand in a 24 year old
cook [48]; hand dermatitis in a 49 year old Italian fitter and
turner with a regular contact with garlic during food prepa-
ration [49]; sub-erythrodermic eczematous reaction in a
54 year old Asian man who had been in periodic contact
with pure garlic powder in the preceding seven months
[50]; eczematous rash over both forearms in a 51 year old
woman two months after coming into contact with garlic
[51]; eczema of the hands in three cooks [52]; eczema in
three cooks who showed positive reactions to piece of garlic
and onion [53]; burning sensation, rush and swelling of the
left hand in a 42 year old female cook [54]; itchy eruption
affecting the fingertips of a 48 year old right-hander main-
tenance carpenter, who did the household cooking approxi-

mately 4–5 nights per week [55]; itching, fissuring and red-
ness of the fingertips in a 41 year old Chinese janitor [56].

Many cases of respiratory adverse events (i. e. asthma,
dyspnoea, cough, rhinitis, rhinoconjunctivitis) associated
with occupational exposure to garlic (contact or inhalation)
have been also reported. The first report of garlic-induced
asthma dates back to 1940, when Henson described a fore-
man working in the sausage department of a wholesale
meat packing plant. The patient's asthmatic symptoms dis-
appeared after the garlic powder was substituted for “ker-
nels” [57]. It was not until 1981, however, that Falleroni et
al. [58] published the first case of garlic asthma with a dem-
onstrated positive bronchial challenge. Other cases of occu-
pational allergy with adverse respiratory symptoms associ-
ated to garlic occupational exposure include severe asthma
in an atopic patient who subsequently developed marked
adverse response after ingestion of garlic [59]; asthma, rhi-
nitis and conjunctivitis in two children helping their parents
with the harvesting of garlic in France [60]; bronchial
asthma and allergic rhinitis in two sausage makers and
allergic rhinitis in one teacher at the hotel and catering
school in Finland [61]; bronchial asthma in a 32 year old
butcher which was also allergic to other aromatic herbs
including thyme and rosemary [62]; rhinitis and asthma in a
16 year old boy, who helped his father load a van with
strings of garlic, a task which raised a large amount of dust
from the stored garlic [63]; cough, dyspnoea, and chest
tightness in a 30 year old electrician working in a spice
processing plant [64].

In summary, occupational allergic reactions are well-
documented adverse effects associated to garlic use. Con-
tact dermatitis is the most common occupational allergic
reaction. Other occupational allergic reactions include
asthma, dyspnoea, cough and rhinitis. These may occur fol-
lowing contact or inhalation of garlic.

5 Photoallergy

Photoallergy is a delayed immunologic type of photosensi-
tivity involving a chemical substance to which the individ-
ual has previously become sensitized, combined with radi-
ant energy. The reaction may occur 1–2 days after sun
exposure. Photoallergic reactions to plants occur very
rarely; documented examples include reaction to Parthe-
neum hysterophorus, psoralens and Frullania [65]. Diallyl
disulfide, a common ingredient in lip products, has been
shown to induce photoallergic reactions [65, 66]. A case of
contact dermatitis limited to the lips has been reported in a
56 year old woman. Her reaction typically occurred 24 h
after sunlight exposure [66]. Furthermore, Alvarez and col-
leagues reported three cases of photocontact allergy to dia-
llyl disulfide. Photoallergic contact dermatitis was mani-
fested as recurrent pruritic eruption that was most promi-
nent on the face, “V” area of the chest, back, and forearms
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in one case; eruption involving the face and the neck in
another case; and a pruritic eruption that involved the upper
chest, neck, arms, and cheeks. In all cases, dermatitis was
aggravated by exposure to sunlight. All three patients had
positive photo patch-test results to diallyl disulfide [65].

6 Cutaneous manifestations

There is evidence that the medical use of garlic may induce
allergic (described in Section 5, see paragraph 4, Allergic
reactions) and non-allergic (irritant) contact dermatitis
[67]. Garlic, in its fresh, crushed-clove form, is a potent irri-
tant and, under occlusive dressings, this potency is
enhanced [68–81]. Garlic irritants include sulfur com-
pounds such as isothiocyanates [13]. The possibility that
garlic may cause irritant contact dermatitis (known as “gar-
lic burns”) has been highlighted by a number of case
reports/case series, both in infants and in adults (Table 2).
Compared to infants, a longer exposure time seems to be
generally needed for causing burns in adults. The cases
involved the feet, wrists, hand, trunk, breast, and forehead.
The garlic was applied to treat asthma, skin lesions, pain,
and fever, and in some instances, for self-mutilation. Garlic
burns have been also induced for self-mutilation in order to
avoid military duty [69, 79, 81] or without a precise rational
motive [74]. In all cases, the burns were successfully man-
aged with conservative treatment alone [68–81].

7 Coagulation alterations

Garlic has complex cardiovascular effects including anti-
platelet, antithrombotic and fibrinolytic activity [5, 6].
Clinical studies have reported significant reductions in pla-
telet aggregation and mixed effects on fibrinolytic activity
[82]. There is also evidence that some of the antiplatelet
activity might be irreversible and thus it has been suggested
that patients cease ingestion at least seven days prior to sur-
gery [83]. Few case reports have highlighted the possibility
that garlic may increase the risk of bleeding, particularly in
patients undergoing surgery.

Rose and colleagues reported a case of spontaneous spi-
nal epidural hematoma causing paraplegia secondary to a
qualitative platelet disorder from excessive garlic ingestion
[84]. An increase of the clotting time was observed in a
healthy 32 year old woman six day before a cosmetic sur-
gery. The subject admitted to heavy garlic dietary intake
preoperatively and was taken completely off garlic. One
week later, during which she had a garlic-free diet, her clot-
ting time was normalized [85]. German and colleagues [86]
reported the case of a 72 year old man who was admitted in
acute urinary retention and was catheterized. He was not on
any medication apart from garlic tablets which he had taken
for many years for medical purposes. Four days later he

underwent transurethral resection for prostatic benign
hyperplasia. The resection was “bloody” and hemostasis
was only moderate. Because of continuing hemorrhage, he
underwent a repeat cystoscopy 4 h later. At operation, no
specific sites of bleeding were identified but there was a
general ooze from the whole of the prostatic cavity. He
required four units of blood and made a full recovery. Stud-
ies of platelet function were performed three months after
resuming his normal dose of garlic tablets. These tests
showed a failure of platelet aggregation in the presence of
collagen, confirming a platelet coagulation defect [86].
Finally, a case of bilateral retrobulbar hemorrhage with ele-
vated intraocular pressure during strabismus surgery has
been reported in a 54 year old woman. The patients stated
that he had been taking odorless garlic tablet ingestion (pre-
scribed by a naturopath) prior to surgery. On the day prior to
surgery, she had consumed five tablets (approximately 5 g
of an equivalent fresh bulb) [87].

In conclusion, excessive dietary garlic intake or garlic as
a medicine has been associated with coagulation altera-
tions, as revealed by few case reports. Causality, however,
has not been fully demonstrated.

8 Gastrointestinal adverse effects

The 1998 German Commission E monograph on garlic
reports that “in rare instances there may be gastrointestinal
symptoms, changes to the flora of intestine” [24]. Gastroin-
testinal irritation may occur particularly if the clove is eaten
raw by individuals not accustomed to ingesting garlic or
even after the intake of garlic tablets [7]. Intragastric infu-
sions of uncooked garlic, in quantities of 0.75 g or more
caused a significant increase in exfoliation of gastric sur-
face epithelial cells in human subjects [88]. Moreover,
Hoshino and colleagues [89] reported that oral administra-
tion of dehydrated raw garlic powder caused severe damage
to the gastric mucosa, dehydrated boiled garlic powder
caused reddening of the mucosa, whereas aged garlic
extract (AGE, which is considered to be virtually devoid of
the active sulfur-containing compounds) did not cause any
undesirable effects and also protects intestinal mucosa in
experimental studies [90]; on the other hand, oral adminis-
tration of enteric-coated tablets caused loss of epithelial
cells at the top of crypts in the ileum [89].

Clinical studies have shown that garlic may cause mild
gastrointestinal complaints following administration of
therapeutic doses of garlic [35, 27, 82]. During the course
of the observational study, the side effects occurring in a
total of 1997 patients on treatment with 900 mg daily garlic
powder per coated tablets (three tablets/day) included gas-
trointestinal complaints (incidence of adverse effects: 6%
nausea, less than 0.8% bloating) [27]. Furthermore, in
randomized, double-blind trials, mild gastrointestinal
symptoms were the most common problems reported
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Table 2. Case reports and case series of garlic “burns” caused by local application of garlic

Subject Reason for
using garlic

Details on
garlic application

Description
of garlic burn

Treatment/Healing First Author
Year
[Ref]

17 month
old child

Fever and
diarrhoea

The mother was instructed to make a
paste of 50% crushed garlic cloves
and 50% petroleum jelly

Partial thickness burns
to both feet

Burns healed in approximately
two weeks with topical silver,
sulfadiazine, and sterile dress-
ings applied twice daily

Parish 1987
[67]

Three men Self-inflicted in
order to avoid
military duty

The soldiers applied fresh ground garlic
to the lower legs and antecubital fossa

Erythematous, vesicular
rash where garlic was
applied

Patients were successfully
treated

Kaplan 1990
[68]

Eight patients Fungal and other
infections

Patients rubbed the cut end of a fresh
garlic bulb onto the skin at the groin,
neck, lower limb, hand or face

Contact dermatitis in
the region of the skin
where garlic was
applied

The patients were treated suc-
cessfully with topical fluori-
nated steroid

Lee 1991
[69]

6 month
old boy

NR The child’s father followed the grand-
mother’s instructions, which were to
fix crushed garlic cloves by adhesive
band onto both wrists of the baby, exactly
over the pulse area for 6 hours, and
then to remove them

Second-degree
chemical burns on
both wrists

The lesions healed within 3
weeks leaving cicatrices

Garty 1993
[70]

6 year
old girl

Minor erosion caused
by a shoe

The child’s grandmother applied crushed
garlic cloves under a bandage over the
affected area for 2 days prior to admis-
sion.

Necrotic ulcer on
the foot

The lesion healed within
32 days, without leaving
a scar

Canduela 1995
[71]

38 year old
woman

Self-diagnosed
Candida

On a suggestion of a friend, the patient
crushed fresh garlic and applied it to
the left breast in the form of a poultice,
sparing the areolar and nipple regions.
She noted an almost-immediate burning
sensation upon application but non-
etheless left the poultice in place for
2 full days

Burn of the left breast
with areas of skin loss
and ulcerations, crust-
ing, hyperpigmentation,
and granulation tissue
formation

The skin was cleansed and
the patient was discharged on
1% silver sulfadiazinine cream.

Roberge 1997
[72]

19 year old
female

Self-inflicted
without a rationale
motive

She self-induced the rash by local
application of garlic

Multiform eruption of
3 weeks duration

The patient was referred for
psychiatric evaluation and
treatment

Hallel-Halevy
1997
[73]

3 month old
girl

cold Following the advice of a relative, the
parents applied some crushed garlic
bulbs to the ankles and dorsa of the feet.
The feet were then wrapped with ban-
dages

Severe vesicobullous
eruptions on both ankles
and feet approximately
8 h after garlic applica-
tion

The blisters were punctured
and debridement of the wound
was carried out. Flamazine
was applied to the affected
areas. The patient had an
uneventful recovery with
complete wound healing in
3-weeks time

Rafaat 2000
[74]

42 year old
woman

Chronic intra-
articular pain

The patient applied 15 freshly sliced
cloves of garlic fixed to the left knee
with film for three hours

Erythematous rash to
the knee mimicking
second degree burns

Lesion did not healed in
14 days. Necroctomy and
split skin transplantion were
performed after 24 days

Hviid 2000
[75]

29 year old
woman

NR The patient applied a compress of
crushed garlic wrapped in cotton
wool for 18 h

Painful rash on the right
side of her chest and
upper abdomen

The lesions healed with
scarring

Farrell 2001
[76]
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besides garlic breath and body odor [26]. Unproven gastro-
intestinal tract adverse effects, which have been highlighted
by single case reports or case series include small intestinal
obstruction, epigastric and esophageal pain, hematemesis
and hematochezia [82].

There are no data on garlic hepatotoxicity in humans.
Animal studies suggest that garlic with high dose has the
potential ability to induce liver damage, but low doses (up
to 0.25 g/kg administered for four weeks) are safe [91].

9 Other adverse effects

During the course of an observational study (n=1997
patients) on commercial garlic powder (300 mg garlic pow-
der per coated tablets, 1 tablet taken three times daily), there
were relatively frequent reports of orthostatic circulatory
problems (1.3% incidence of hypertension) [27].

A case of acute myocardial infarction probably related to
excessive consumption of garlic has been reported in a
23 year old non smoker, non-alcoholic, vegetarian male.
There was no family history of coronary artery disease and
no history of acute physical or emotional stress. The patient
categorically attributed this incidence to increased con-
sumption of garlic on the previous night. He also referred
that he had similar pain twice in the past, when also he had
consumed an excess of garlic [92]. A case of food allergy
with symptoms of Meniere's disease have been described in
a Czech report [93]. Finally, Park and colleagues have
recently reported a case of a subject with hypersensitivity to

garlic extract, but totally insensitive to capsaicin (the active
ingredient of chilli) [94].

10 Pregnancy and lactation

The active ingredients of plant extracts are chemicals that
are similar to those in purified medications, and they have
the same potential to cause serious adverse effects during
pregnancy. There are no rigorous scientific studies of the
safety of dietary supplements (including garlic) during
pregnancy, and the Teratology Society has stated that it
should not be assumed that they are safe for the embryo or
fetus [95].

A recent systematic review [96] retrieved one random-
ized, single-blind trial [97] which compared garlic (n=50)
with placebo (n=50) for the prevention of preeclampsia and
its complication during the third trimester of pregnancy. No
significant differences in reported side effects were
observed, except for garlic odor, which was reported more
likely in the garlic group (34%) than in the placebo group
(4%). Eight subjects claimed a slight feeling of nausea in
the garlic group and two subjects in the placebo group. The
percentage of caesarean section was 62% in the garlic group
and 46% in the placebo group. No perinatal morbidity and
mortality in the two groups was observed [96, 97]. Garlic
ingestion by pregnant women significantly alters the odor
of their amniotic fluid. Mennella and colleagues [98] ana-
lyzed amniotic fluid samples from ten pregnant women
undergoing routine amniocentesis procedure. Approxi-
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Table 2. Continued

Subject Reason for
using garlic

Details on
garlic application

Description
of garlic burn

Treatment/Healing First Author
Year
[Ref]

50 year old men asthma The patient followed the healer’s
instruction which were to fix crushed
garlic cloves by adhesive bandages
onto the forehead for 8 h and then to
remove them

Second-degree burn
on his forehead

The patient was treated
conservatively, allowing the
burned area to close by s
econdary intention

Baruchin 2001
[77]

Two 18 year old
men

Self-inflicted with
the intent of exemp-
tion from work

Patients applied crushed garlic to the
dorsum of their knees, ankles, and feet

Second-degree burns
where garlic was
applied

Patients were successfully
treated

Lachter 2003
[78]

60 year old man Chronic diabetic
neuropathy

At the recommendation of a family
member, the patient applied crushed
raw garlic to his feet and covered them
with occlusive bandages for approxi-
mately 12 h

Burns to both feet fol-
lowed by low-grade
fever and increasing
wound erythema

The lesions resolved without
incident over the next 4 weeks

Dietz 2004
[79]

3 men Self-inflicted in order
to avoid military duty

The soldiers applied fresh garlic
to the legs and feet.

Second-degree burns Treatment included removal
on any residual garlic, and
soaks and cool compresses
with topical steroids

Friedman 2006
[80]

NR, not reported
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mately 45 min prior to the procedure, five of the women
ingested placebo capsules, whereas the remaining five
ingested capsules containing the essential oil of garlic. The
odor of the amniotic fluid obtained from four of the five
women who had ingested the garlic capsules was judged to
be stronger or more like garlic than the paired samples col-
lected from the women consuming placebo capsules.

There is also evidence that consumption of garlic by
nursing mothers modifies their infant's behavior during
breast-feeding [99–101]. By evaluating the milk samples
by a sensory panel, Mennella and Beauchamp [99] revealed
that garlic ingestion significantly and consistently
increased the perceived intensity of the milk odor; this
increase in odor intensity was not apparent 1 h after inges-
tion, peaked in strength 2 h after ingestion, and decreased
thereafter. Infants were attached to the breast for longer
periods of time and sucked more when the milk smelled
like garlic [99]. Further evidence comes from a blinded, pla-
cebo-controlled study involving 30 nursing women. The
results indicated that infants who had no prior exposure to
garlic odor in their mother's milk spent more time breast
feeding after their mothers ingested garlic capsules than did
infants whose mothers had repeatedly consumed garlic
[100].

In summary, in view of the paucity of clinical data, doses
of garlic greatly exceeding amounts used in foods should
not be taken during pregnancy and lactation.

11 Herb-drug interactions

One important safety concern with the widespread herbal
use is the potential interaction of herbal medicines with
conventional drugs. This issue is especially important with
respect to drugs with narrow therapeutic indexes such as the
anticoagulant drug warfarin [102, 103]. Herbal medicine
follow modern pharmacological principles. Hence, herb-
drug interactions are based on the same mechanisms as
drug-drug interactions. Herb-drug interactions can thus
have both a pharmacokinetic (changes to plasma drug con-
centration) and pharmacodynamic (drugs interact at recep-
tors on target organs) basis [104]. Pharmacokinetic interac-
tions have been more extensively studied and in vitro and in
vivo studies indicated that the altered drug concentrations
by co-administered herbs may be attributable to the induc-
tion (or inhibition) of hepatic and intestinal drug-metaboliz-
ing enzymes (particularly cytochrome P450 (CYP)), and/or
drug transporters such as P-glycoprotein [102].

CYP is the most important phase I drug-metabolizing
enzyme system, responsible for the metabolism of a variety
of drugs. The benzodiazepines alprazolam and midazolam,
as well as the anticancer drug docetaxel are extensively used
as probe for CYP 3A4 activity because they are entirely
metabolized by intestinal and hepatic CYP 3A4. One study
showed that a 28 day treatment with garlic oil did not have a

significant effect on the pharmacokinetics of midazolam in
the elderly (12 healthy volunteers between the ages of 60
and 76 years) [105]. Another study showed that treatment
with garlic extract for 14 days did not affect the pharmaco-
kinetics of alprazolam in 14 healthy volunteers [106].
Finally, a 12 day treatment with garlic did not alter the dis-
position of docetaxil in ten women with metastatic breast
cancer [107]. Collectively, these trials indicate that garlic
has no effect on CYP enzymes in humans in vivo. Consis-
tently, a number of water-soluble garlic components of AGE
have been shown to not affect human CYP in vitro [108].

P-glycoprotein is a ubiquitous efflux drug transporter
that affects a number of drugs. P-glycoprotein appears to
limit the cellular transport from intestinal lumen into epi-
thelial cells and also enhances the excretion of drugs out of
hepatocytes and renal tubules into the adjacent luminal
space [109]. Like CYP, P-glycoprotein is vulnerable to
inhibition, activation, or induction by herbs (e.g. St John's
wort) and plant constituents (e.g. curcumin, piperine, quer-
cetin) [110]. In an in vitro study using recombinant human
P-glycoprotein membranes, raw garlic and garlic products
were found to exert low-to-moderate inhibitory effects on
the activity of P-glycoprotein [111]. However, in vivo evi-
dence is lacking.

Clinical evidence suggests that taking garlic can result in
pharmacokinetic or pharmacodynamic interactions that
might represent a potential risk to patients taking conven-
tional medicines [102, 103], particularly in subjects under
anticoagulant [102, 112] or antiretroviral therapy [113].

Garlic has complex cardiovascular effects including anti-
platelet activity and hence could theoretically interact with
anticoagulant/antiplatelet drugs [102, 112, 114]. Two cases
of increased international normalized ratio in patients pre-
viously stabilized on warfarin have been reported. These
increases were attributed to the ingestion of garlic products,
since there had been no other changes to medication or hab-
its in either case. One patient had started taking garlic
pearls, the other garlic tablets but in both cases clotting
times were roughly doubled [115]. An increase of interna-
tional normalized ratio has also been described in a subject
taking the anticoagulant drug fluindione [116]. These
reports, however, contained inadequate information to
assess the likelihood of an interaction. Recently, Macan and
colleague [117] have suggested that AGE is relatively safe
and poses no serious hemorrhagic risk for closely moni-
tored patients on warfarin therapy.

Many people infected with HIV look to natural health
products to supplement their conventional medical care,
and clinicians, understandably, are concerned about drug
interactions [118]. Most anti-HIV drugs are mainly cleared
by the intestinal and hepatic CYP 3A4 and are also sub-
strates for P-glycoprotein [113]. A significant decline in the
plasma concentrations of the protease inhibitor saquinavir
was observed in healthy volunteers after administration of
garlic for three weeks [119]. Because there were similar
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reductions in the magnitude of all concentration parameters
(area under the curve and Cmax, 51–54% reduction), the
authors suggested that garlic affected the bioavailability of
saquinavir rather than its systemic clearance. These param-
eters remained below baseline after a 10 day washout
period, suggesting that there may be a long-lived systemic
metabolite of garlic or a production of saquinavir metabo-
lites that autoinduce metabolism [113]. Although it has
been hypothesized that changes in saquinavir bioavailabil-
ity could be secondary to induction of intestinal CYP and/
or P-glycoprotein (saquinavir is a known substrate of CYP
3A4 and P-glycoprotein) [112], experimental evidence on
humans raised against these mechanisms (see above).
While garlic administration reduces plasma concentration
of saquinavir, another trial showed that acute dosing of gar-
lic over four days, did not significantly alter the single-dose
pharmacokinetics of the protease inhibitor ritonavir [120].
The reason for the discrepancy in the interaction of garlic
and saquinavir or ritonavir is presently unclear. Ritonavir is
a substrate of CYP 3A4 and P-glycoprotein. The lack of
interaction could be explained by the short duration of gar-
lic administration, and a longer duration of garlic therapy
may be required to observe a significant decrease in ritona-
vir plasma concentrations [110].

A preliminary report described the case of two HIV-
infected patients who developed severe gastrointestinal tox-
icity from ritonavir after ingesting garlic supplements
[121]. Symptoms recurred after re-challenge with low-dose
ritonavir, suggesting that elevated ritonavir concentrations
were not the cause. It has been hypothesized that ritonavir
could inhibit the metabolism of garlic active ingredients
(pharmacokinetic interaction) or it could potentiate the
toxic effect of garlic on the intestinal tract (pharmacody-
namic interaction) [112].

Other conventional drugs which might interact with gar-
lic include the antidiabetic chlorpropamide and the analge-
sic drug paracetamol (acetaminophen). A fall in glucose
levels has been reported in a 40 year old diabetic woman
taking chlorpropamide and a carry containing garlic and
karela [122]. This event is likely due to an additive effect on
glucose levels, since both garlic and karela possess hypo-
glycemic effects. The report, however, contained inad-
equate information to assess the likelihood of an interac-
tion. A clinical trial suggested that garlic changes some
pharmacokinetic variables of paracetamol (acetaminophen)
after 1 to 3 months treatment [123]. Specifically, it was
found that commercial AGE (approximately equivalent to
six to seven cloves of garlic) had no effect on oxidative
metabolism, but caused a slight increase in sulfate conjuga-
tion of the drug. However, it is very unlikely that these phar-
macokinetic changes are of major clinical significance.

Finally, a clinical trial showed chewed raw garlic signifi-
cantly reduced cholesterol and triglyceride levels, but did
not decreased significantly cyclosporine serum level in
renal transplant recipients [124]

12 Conclusions

Garlic appears to be generally safe. However, clinical trials,
case reports and case series have highlighted the possibility
that this herb may cause adverse effects, including herb-
drug interactions (Table 1). Complaints that have been
documented in clinical trials include “smelly” breath/body
odor and mild gastrointestinal symptoms (nausea, flatu-
lence, bloating). Garlic odor is the most well-documented
adverse effect associated to garlic use. Multiple case reports
also suggest that oral intake of garlic (as a food or as a med-
icine) may cause allergic reactions, although the published
case reports do not allow us to definitely conclude that a
causal relationship exists. Application of garlic on the skin
may cause contact dermatitis through both primary irrita-
tion (garlic burns) and allergic mechanisms (allergic con-
tact dermatitis). Other reported, but not proven, adverse
effects include esophageal and abdominal pain, small intes-
tinal obstruction, Meniere's disease, bleeding, and myocar-
dial infarction (the last two mentioned represent potentially
the most serious adverse effects). The frequency of adverse
effects and whether they varied by different preparations
have been rarely studied. Few studies have been published
on the use of garlic during pregnancy or lactation. In view
of this, doses of garlic greatly exceeding amounts used in
foods should not be taken during pregnancy and lactation.
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