Garlic

STRICTLY PRACTITIONER ONLY

Constituents, clinical applications and current research

Garlic (Aflium sativum) is renowned as being one of the earliest
documented herbs; referenced throughout various ancient texts
from around the world, for its use in the prevention and treatment of
disease."? The antimicrobial properties of garlic were first confirmed
by French chemist Louis Pastuer in 1858, however it wasn't

until 1944 that allicin, the compound considered as one of the
primary constituents responsible for garlic’s antimicrobial activity,
was isolated by American organic chemist Chester John Cavallito
and colleagues.?

Garlic contains a variety of compounds, including; organosulfur
compounds (such as alliin), protein (mainly allinase), amino acids,
fibre, lipids, phytic acid, saponins, beta-sitosterol and a variety

of vitamins and minerals." It is thought that some or all of the
organosulfur compounds are responsible for garlic’s pharmacological
effect, however to date much of the research has focused on the
compound allicin also known as diallyl thiosulphinate.*

Figure 2. The antimicrobial actions and properties of garlic.
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Figure 1. The volatile nature of allicin, establishing the need for a high-quality, stabilised supplemental form.

Within the bulb, allin and allinase are stored in separate sub cellular compartments.>® When the cell wall is ruptured or damaged,

the enzyme allinase acts upon alliin to form allicin.®® Allicin is an extremely unstable compound.” Once produced, pure allicin may be
subject to rapid decomposition, breaking down to form other sulphur derivatives within sixteen hours at 23°C.” The challenges of allicin
production has led to new advancements in processing, and has led to the development of a resultant stabilised allicin garlic extract.
The composition of garlic extracts is also dependent on a number of other factors, including; the strain of garlic, the source, age, and
storage conditions.® It is therefore essential to source high-quality, consistent and efficacious garlic extracts with enhanced stability of
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Building on the traditional evidence: human trials

Whilst empirical use is strong and /n vifro trials are promising,

large scale, high-quality human clinical trials investigating garlic’s
antimicrobial potential, are currently lacking. This is in part due to the
challenges relating to the potential danger of the infectious agents
being studied.

In a 2014 single-blind, randomised controlled clinical trial, garlic
supplementation demonstrated promising results in the clinical
treatment of bacterial vaginosis.® In the study, women aged
between 18-44 years who had been diagnosed with bacterial
vaginosis, were randomly assigned to treatment with either
500mg of garlic powder standardised to 8.96mg of allein (alliin),
or 250mg of metronidazole twice daily.® Following seven days of
treatment, the Amsel’s criteria (a diagnostic measure specific for
bacterial vaginosis), had decreased significantly in both garlic and
metronidazole groups in comparison to baseline measurements;
however improvement was greater in the group treated with garlic.®
The group supplemented with garlic also experienced significantly
fewer side effects than the metronidazole group.® In terms of
laboratory improvement there was no significant difference
between the two groups, with both treatments showing similar
effects on improving Nugent's criteria (a specific scoring system
used to diagnose bacterial vaginosis).® Garlic may therefore be a
suitable alternative to metronidazole in bacterial vaginosis, with
fewer side effects.®

Allicin: pathogen specific in vitro trials

Allicin has been shown to have antibacterial, antifungal and
antiprotazoal properties.®"'2 /n vitro studies show allicin to
have potent wide spectrum antimicrobial activity against both
gram positive and gram negative bacteria, including species of

Escherichia, Salmonella, Staphylococcus, Sireptococeus, Klebsiella,
Proteus, Bacillus, and Clostridium."

Perhaps the most discussed antimicrobial mechanism of allicin is its
ability to inhibit thiol-containing enzymes within a microorganism.®'2
Thiol-containing enzymes are responsible for maintaining cellular
redox state, and disruption can lead to reduced virulence or cell
death.t"? Allicin has been shown to inhibit other microbial enzymes
necessary for the survival of microbes, such as the CoA-forming
system.®2 Inhibition of RNA synthesis is considered part of the
antimicrobial effect of allicin.8

The antibacterial role of allicin

Garlic’s antibacterial potential was shown in an #n vifro study using
the Allisure material.” A purified aqueous extract of stable allicin
was utilised against thirty clinical isolates of mupirocin resistant
Staphylococcus aureus (MRSA).” Results of this trial demonstrate
that liquid and cream formulations containing allicin (Allisure
material), are active against S. aureus, including strains showing
varying degrees of resistance to mupirocin.”

With the rise in antimicrobial resistance, there is a growing need
for the prudent and calculated use of medical interventions, and
the expansion of the use of alternative antimicrobial agents.” As
demonstrated in the above study, allicin shows great potential as
an effective, alternative antimicrobial agent against MRSA, however
further clinical trials are required.®

Biofilms and allicin

Allicin may reduce bacteria’s tolerance to antimicrobial agents through

its actions on biofilm. Allicin’s effect on biofilm has been demonsirated

in an /n vifro study using Pseudomonas aeruginosa, a gram negative
opportunistic pathogen. Results of this study reveal that allicin may
decrease the surface adhesion of P. aeruginosa, as well as the production
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THE TOPICAL APPLICATION OF GARLIC
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satisfaction and fewer side effects.’

demonstrating positive clinical outcomes.'®

Garlic’s widespread antimicrobial properties also show promise with topical application.” An agueous solution of garlic was compared
with the antifungal medication nystatin in the treatment of denture stomatitis.” This randomised clinical trial demonstrated that both
garlic and nystatin resulted in significant recovery, as measurement by the mean length and width of erythema following four weeks
of treatment.'® Although the group treated with nystatin had a slightly faster recovery, those treated with garlic experienced greater

A similar result was seen in an open randomised clinical study comparing the topical application of a garlic paste and clotrimazole
solution 1% in the treatment of oral candidiasis in patients with HIV, diabetes, or who were taking corticosteroid medication.” Following
14 days of treatment, garlic was shown to he as effective as clotrimazole in suppressing the clinical signs of oral candidiasis and in

The topical use of garlic shows great potential especially in the treatment of oral candidiasis, however further clinical trials are required
to fully establish its therapeutic and prophylactic use, especially in immunocompromised patients.'




of exopolysaccharides; the metabolic products that accumulate on the
microbial cell surface and protect it from the external environment. Further
to this, allicin was also shown to reduce quorum sensing-controlled virulence
factors. Together these actions indicate a potential mechanism by which
allicin may disturb the formation and maturation of P. aeruginosa biofilm.'*

Allicin’s antiparasitic properties

Allicin's antiparasitic properties have also been demonstrated in
vitro. Allicin's interaction with intracellular thiol groups and various
enzymes, has been shown to affect the essential metabolism of
cysteine proteinase activity, involved in the virulence of the parasite.”
This was demonstrated in a trial investigating the efficacy of garlic
powder in comparison to metronidazole on Trichomonas vaginalis.®
Results of this trial demonstrated that garlic powder acts in a similar
way to metronidazole.” The decrease and inhibition of growth, was
statistically significant with both allicin and metronidazole treatments
when compared to the control, and was achieved with comparable
concentrations and incubation times.'

Antifungal action of allicin

Allicin’s toxic effects towards fungal cells has been demonstrated

via its ability to disrupt the electrochemical potential of yeast cells
causing apoptosis.’® In a time-kill study using concentrations as

per minimum inhibitory concentration data, allicin was shown to
significantly inhibit the growth of Candida albicans compared to
untreated controls.” At increasing concentrations allicin was shown to
act in a similar way to fluconazole, causing changes and destruction
of the C. albicans cell surface morphology. This demonstrates that
the cell membrane may be another potential target for allicin.!”

GARLIC SAFETY IN
PREGNANCY & LACTATION

Garlic supplementation is not recommended during pregnancy
due to insufficient data supporting is safe use, and the
theoretical risk of increased bleeding."?®

According to some herbal texts, garlic is considered safe

and compatible with breastfeeding, although the safety of
supplemental doses of garlic has not been well established.*?
It has been shown that garlic at a dose of 1.5 grams daily,

can significantly affect the odour of breast milk, and is the
most strongly perceived two hours after maternal ingestion.?’
Maternal garlic supplementation has been thought to cause
colic, however evidence is conflicting.?” Two studies have
investigated the effect of maternal garlic supplementation
(1.5g daily) on suckling behaviour.?*?* A placebo controlled
crossover study, demonstrated that garlic-naive infants whose
mothers consumed garlic, spent longer nursing during the
time when garlic odour was maximal, than those whose
mothers didn’t consume garlic.?? No significant change was
found in the total number of feeds, or in the total amount of
milk ingested between the two groups throughout the study
duration.?? Adding to this, a randomised, placebo controlled
study conducted by the same investigators, demonstrated that
infants experiencing garlic in the breast miilk for the first time,
spent 30% more time feeding than those previously exposed to
garlic in the milk or those in the placebo group.®

CLINICAL CONSIDERATIONS: SUPPLEMENTATION, SURGERY AND DRUGS

elective surgery.®

potentially beneficial herb-drug combinations.

Garlic supplementation safety around surgery: To ensure safety and prevent excessive biood loss during surgery,
patients should be encouraged to disclose all the nutrient and herbal supplements they are taking to the relevant healthcare
professionals. Due to the potential anti-platelet activity of garlic, as shown in in vifro studies, it is advised to temporarily cease

garlic supplementation 10-14 days prior to surgery.?®#* Although there have been a small number of case reports of unexpected or
postoperative bleeding associated with garlic consumption, at moderate doses garlic is generally considered safe for those undergoing

Garlic’s drug interactions and considerations: Herb-drug interactions are a common concern for practitioners,
especially when combining herbs with drugs that have a narrow therapeutic window, such as warfarin.?® Pharmacokinetic studies

have shown that garlic has the potential to interact with drugs metabolised by various CYP enzymes in healthy individuals, particularly
CYP1A2, CYP2D6, and CYP3A4, and may inhibit or increase the expression of intestinal P-glycoprotein.?® Care, consideration and close
observation is advised when prescribing garlic alongside any pharmaceutical medication, as co-administration may lead to reduced
clearance, increased efficacy, reduced exposure, or increased adverse effects.?® As a general rule, it is often advised to prescribe
supplements at least two hours away from medications. Table 1 outlines currently known or suspected herb-drug interactions and
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Table 1. Garlic drug interactions: potential benefits and cautions.*

DRUG CLASS INTERACTION

Statins Evidence suggests that co-administration of garlic
with hypolipidaemic drugs such as statins, may

be beneficial in the reduction of caronary artery
atherosclerosis plaque development. These results
are supported by in vivo and in vitro pharmacelogical

studies.

Anti-‘an‘xitéty_ agenté ~ Alprazolam Evidence suggests a lack of effect of garlic on the

o bioavailahility of alprazolam in healthy individuals.

_E}:p.e_ctﬂir'a_n’:ts,_- . Dextromethorphan Evidence suggests a lack of effect of garlic on

antitussives, the bioavailability of dextromethorphan in healthy

‘mucolytics& individuals.

decongestants

Sedatives & o Midazolam Evidence suggests a lack of effect of garlic on the
‘ 'h&r;’moti:s's’ o bioavailability of midazolam in healthy individuals.

" Simple :aﬂalggsit:s& . Paracetamol Evidence suggests a lack of effect of garlic on the

blood concentrations of paracetamol in healthy

 antipyretics

individuals, although inhibition of CYP2E1 has been
noted.

CAUTION -

Antiviral agents Ritonavir Evidence suggests a lack of effect of garlic on the
P e bioavailability of ritonavir in healthy individuals.
Anticoagulants, Warfarin Clinical trials suggest that garlic supplamentation
antithrombotics . may increase the risk of additive effects in patients
Ea g receiving anticoagulant medication.
.Ske!etal-.m'lis_ele; ' Chlorzoxazane Evidence suggests that garlic may increase the

refaxant bioavallability of chlorzoxazone in healthy individuals.

Saquinavir Pharmacokinetic studies in healthy individuals have
demonstrated that garlic significantly reduces the
blood concentration of saquinavir, and thereby the
drug’s efficacy. The proposed mechanism of action
behind this interaction is through the induction of

intestinal P-glycoprotein and CYP enzymes.

Antiviral agents

CLINICAL IMPLICATION &
PRESCRIBING RECOMMENDATION

Combined treatment of statins and garlic is
potentially beneficial. When used concomitantly it is
advised to monitar the patient closely.

Although an interaction is unlikely, patients receiving
alprazolam alongside garlic need to be monitored
closely for adverse effects.

Although an interaction is unlikely, patients receiving
dextromethorphan alongside garlic need to be '
monitored closely for adverse effects.

Although an interaction is unlikely, patients receiving
midazolam alongside garlic need to be monitored
closely for adverse effects.

Although an interaction is unlikely, patients receiving
paracetamol alongside garlic need to be monitored
closely for adverse effects.

Caution is advised due fo the high importance of
maintaining therapeutic concentrations with HIV
medicines such as ritonavir.

Caution is advised when prescribing garlic alongside
warfarin and other anticoagulant and antithrombatic
medication. It is important to carefully monitor the
patient assessing INR and watching for signs of
bleeding.

Caution is advised when prescribing garlic alongside
medications metabolised by CYP enzymes such
as chlorzoxazone. Patients need to be monitored
closely for signs of drug toxicity and adverse effects.

It is advised that patients taking saquinavir avoid
garlic supplements.






