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Pharmacological and Toxicological Properties of
Eugenol

Ojenoluin Farmakolojik ve Toksikolojik Ozellikleri
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ABSTRACT |

Eugenol is a volatile phenolic constituent of clove essential oil obtained from Eugenia caryophyllata buds and leaves. It is a functional ingredient of
numerous products which have been used in the pharmaceutical, food and cosmetic industry in restricted concentrations. Its derivatives have been
used in medicine as a local antiseptic and anesthetic. The wide range of eugenol activities includes antimicrobial, anti-inflammatory, analgesic and
antioxidant. Although eugenol is considered safe as a product, due to the vast range of different applications and extensive use, there has been a
great concern about its toxicity in recent years. However, studies about cytotoxicity and genotoxicity of eugenol are very limited and controversial.
The pharmacological and toxicological properties of eugenol will be discussed in this review.
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OZ I —
Ojenol, Eugenia caryophyllata'nin yaprak ve tomurcuklarindan elde edilen, karanfil yaginin fenolik yapidaki ucucu bir bilesigidir. ilac, gida ve kozmetik
endustrisinde sinirli miktarlarda kullanilan, ok sayida trdnun islevsel bir bilesenidir. Turevlerinin lokal antiseptik ve anestezik olarak tipta kullanimi
bulunmaktadir. Genis araliktaki farmakolojik etkileri arasinda antimikrobiyal, antiinflamatuvar, analjezik, antioksidan ve antikanser etkiler yer
almaktadir. Ojenol genel olarak giivenli bir bilesik olarak degerlendirilir ancak ¢ok farkli uygulamalari ve yaygin kullanim alanlari nedeniyle, toksisitesi
son yillarda ilgi odagi olmustur. Ojenoliin sitotoksisitesi ve genotoksisitesi konusundaki galismalar da yetersiz ve geliskilidir. Bu derlemede Gjenoliin

farmakolojik ve toksikolojik 6zellikleri tartisilacaktir.

Anahtar kelimeler: Ojenol, karanfil yag, farmakolojik aktivite, toksisite, sitotoksisite, genotoksisite

INTRODUCTION

Eugenol (C,H,,0, or CH,C,H.) is a volatile phenolic constituent
of clove essential oil obtained from Eugenia caryophyllata buds
and leaves, mainly harvested in Indonesia, India and Madagascar.
The name supposedly is derived from the scientific name for
clove E. caryophyllata tree which has large leaves and flower
buds which turn to red color when they are ready for collection.'?
Eugenol is the main extracted constituent (70-90%) of cloves

and is responsible for clove aroma!

Eugenol, a phenylpropanoid, is pale yellow oil with a spicy aroma
with the molecular weight of 164.2 g/mol. This molecule is a
weak acid which is soluble in organic solvents and specially
extracted from clove oil, nutmeg, cinnamon, basil and bay leaf.

There are different types of essential oil extracted from parts
of clove. The oil derived from the flower buds of clove mainly
consists of eugenol (60-90%), eugenyl acetate, caryophyllene
and other substances, whereas oil derived from the leaves of the

clove tree consists of eugenol (82-88%) and very little eugenyl
acetate, and other minor constituents. The oil derived from the
twigs of cloves consists of 90-95% of eugenol. Eugenol also
can be produced synthetically by the allylation of guaiacol with
allylchlorid.®*

Since ancient times, clove oil has been used as an antimicrobial,
antiseptic and antispasmodic in Chinese traditional medicine.
Nowadays, there is also a wide range of use of eugenol for
several purposes such as household products, fragrance in
soaps and cosmetics, skin care products, flavoring substance
for food, dental and pharmaceutical products!

Eugenol causes an enhancement in skin penetration of diverse
drugs. It is also used in agricultural applications to protect
foods from microorganisms such as Listeria monocytogenes
and Lactobacillus during storage, as a pesticide and fumigant.®
Eugenol is useful for treatment of skin infections, skin lesions
and inflammatory disorders. However, some reports show
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Figure 1. Chemical structure of eugenol (C H ,0,)

that higher concentrations of undiluted clove oil may result in
some symptoms. Indeed, an excessive dose of eugenol was
considered as toxic.>®

The US Food and Drug Administration approved the use of clove
oil as a flavoring substance in the food industry, as a fragrance
in cosmetics industry and in dentistry as a natural analgesic
and antiseptic.®

There are relatively few human studies about the
pharmacokinetic and effects of eugenol. Animal studies have
suggested that after inhalation of the smoke of clove cigarettes,
minor amounts of eugenol may be absorbed from the lung.
Also some in vitro studies indicated that eugenol undergoes
biotransformation in hepatocytes.” An investigation of male
and female healthy volunteers demonstrated that eugenol was
absorbed and metabolized after oral administration rapidly.
It was almost completely excreted in the urine within 24
hours and the urine contained conjugates of eugenol. Results
revealed that only less than 1% of administrated dose was
excreted as non-metabolized in urine. Analysis of urine also
demonstrated that more than 90% of metabolic products are
phenolic conjugates and 50% of the conjugated metabolites
were eugenol-glucuronide and eugenol-sulfate. Other observed
metabolic routes were the epoxide-diol pathway, synthesis of a
thiophenol and of a substituted propionic acid, allylic oxidation,
and migration of the double bond.®

In an in vitro study, all assessed metabolites have been found to
have an aromatic hydroxyl group. The reaction of the hydroxy!
group with glucoronate or sulfate causes the formation of
conjugates which are finally excreted in the urine. Similarities
have been observed between the metabolism of eugenol in
human and rodents.’

Guenette et al® suggested that in rats, the half-life (t ) of
eugenol in plasma is about 14 hours and in blood is 18 hours.

Pharmacological activities of eugenol

Based on available experimental data, many phenolic
compounds such as eugenol show antioxidant capacity and free
radical scavenging activity.’ The antioxidant activity of eugenol
and one of its isomers isoeugenol has been studied by using

iron-mediated lipid peroxidation and auto-oxidation of Fe®.
Eugenol had the inhibitory effect on lipid peroxidation, with an
IC,, value of about 80 uM, which was eightfold the value of
isoeugenol however; this effect was less potent than the effect
of isoeugenol. The functional mechanism of both compounds
was evaluated and the obtained results indicated that the
antioxidant activity of eugenol is potent to form complexes with
reduced metals. Isoeugenol causes a decrease in the formation
of iron-oxygen chelate complex, which is the initiating factor
of lipid peroxidation." In an experiment by using the hydroxy!
radical scavenging tests, eugenol exhibited antioxidant capacity
in a dose dependent manner.? Ogata et al.”® suggested that the
inhibitory mechanism of eugenol in lipid peroxidation has two
steps. In fact, eugenol interferes with the chain reactions by
trapping the active oxygen. Also eugenol is metabolized to
dimer which inhibits lipid peroxidation.

In male rats, eugenol showed anesthetic effects and reports
demonstrated a dose dependent anesthesia after administration
of about 50-60 mg/kg i.v.*

Antibacterial activities of eugenol

The effects of eugenol on the growth of some species of
Gram-positive (Bacillus cereus; Bacillus subtilis; Staphylococcus
aureus) and Gram-negative (Escherichia coli; Salmonella typhi;
Pseudomonas aeruginosa) bacteria were assessed by using the
agar well diffusion method. Eugenol has shown an inhibitory
effect on the growth of the P. aeruginosa at the concentration
of 1000 pg/mL. The complete inhibitory effect against such
bacteria is shown at 2000 pg/mL. In this study, ampicillin (1 mg/
mL) is used as positive control and similar effects of eugenol
also have confirmed against various pathogens such as E. coli, B.
cereus, Helicobacter pylori, S. aureus, Staphylococcus epidermidis,
Streptococcus pneumoniae and Streptococcus pyogenes.'®®

The combination of eugenol with a conventional antibiotic has
been evaluated to detect the synergistic effect against Gram-
negative bacteria. In the eugenol treated cells, 50% loss of
membrane integrity was demonstrated which enhanced the
activity of studied antibiotics. The combination of eugenol
with two antibiotics, vancomycin and a p-lactam, showed
an increased membrane damage in bacteria which means a
synergistic effect. It has been also demonstrated that penetration
of vancomycin and $-lactam, in combination with eugenol, has
increased and resulted in more antimicrobial effect.”

In another experimental study, the antibacterial effect of several
natural products; eugenol, cinnamaldehyde, thymol, carvacrol
and a combination of all mentioned agents have been studied
against the E. coli. The broth micro-dilution assay has been used
for the evaluation. Results demonstrated that among mentioned
substance, eugenol has the lowest antibacterial effect however,
the combination of eugenol and cinnamaldehyde, thymol and
carvacrol, showed a synergistic antibacterial activity.”®

The mechanism action of eugenol on the bacterial membrane
of L. monocytogenes, S. pyogenes, Proteus vulgaris and E. coli
has been examined. Results displayed that eugenol induces
cell lysis through the leakage of protein and lipid in the cell
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membrane. Furthermore, it seems that the time of exposure of
cells to eugenol is important. Because both the cell wall and
membrane of the treated Gram-negative and Gram-positive
bacteria were considerably damaged after about 120 min of
exposure.”

Eugenol at the concentrations of 16 to 128 ug/mL, decreased
the hemolytic activity and the release of tumor necrosis factor
alfa (TNF-0) in a dose dependent manner. It is also found that
depending on the concentration of eugenol, production of
staphylococcal enterotoxin has been reduced significantly. As
a result, it is suggested that eugenol could be used as a food
additive because of the inhibitory effect on growth of bacteria
and suppressive effect on the production of exotoxins of S.
aureus.?°

Anti-inflammatory effects of eugenol

Investigations of anti-inflammatory effects of eugenol,
have suggested that this compound is able to suppress the
expressions of cyclooxygenase Il enzyme. Eugenol dimers can
inhibit the expression of cytokines in macrophages, which are
stimulated by polysaccharides. Eugenol also has an inhibitory
effect on cell proliferation via suppression of NF-Kappa B
(NF-xB). Eugenol suppresses the activation of NF-kB which
induces reduction in the incidence of gastric tumors. Eugenol
can also modulate the expression of NF-kB target genes which
are responsible for the regulation of cell proliferation and cell
survival. Because of these suggested activities, eugenol has
been indicated to have chemo preventive effect.?’

Macroscopic studies, clinical evidences of collagen-induced
arthritis and treatment with eugenol in a murine model, showed
that eugenol may have inhibitory effects on mononuclear cell
infiltration into the knee joints of arthritic mice. Eugenol lowered
the levels of cytokines such as TNF-a, interferon gamma and
TNF-B in the ankle joints. The in vitro cell viability was assessed
by MTT method and achieved results exhibited that cells were
not affected by eugenol treatment. It is suggested that eugenol
may have recovery effects on arthritis and can be useful as a
beneficial supplement in the treatment of arthritis.??

Eugenol has been found to exert antipyretic activity in rabbits
when given intravenously and intragastrically and may reduce
fever through a similar central action to allopathic antipyretic
drugs such as acetaminophen.?

Eugenol at the concentrations of 0.2-20 um, is suggested to be
able to produce a dose dependent and reversible vasodilator
response that are partially dependent on the endothelium.? It
has also been found to have a preventive effect on dopamine
depression and lipid peroxidation, which can protect depression
induced by 6-hydroxyl dopamine. Eugenol has prevented
depression by decreasing the lipid peroxidation and stimulating
reduced glutathione (GSH).?

Toxicity of eugenol

Eugenol is considered safe as a food additive, but due to the
wide range of different applications and also the extensive use
and availability of clove oil; there is a great concern about its
toxicity in recent years.

Results of a case study indicated that ingestion of 5-10 mL of
clove oil by a two-year boy resulted in distressing and crying and
3 h after ingestion, conditions were deteriorated. The acidosis
marked and the patient was in deep coma. During 8 h, he
suffered from a generalized seizure, and within 24 h, failure in
liver function and also disseminated intravascular coagulopathy
was noted. Within one week after ingestion and after severe
symptomatic treatment, the patient gained consciousness and
recovered. Interms of hepatotoxic effects, results showed some
similarities between eugenol and paracetamol poisoning.?

Intravenous infusion of eugenol at 4 pL and 8 pL caused acute
respiratory distress with hemorrhagic pulmonary edema in rats
and it is suggested that at least a part of damage is related
to oxidative stress.?” In an in vitro experiment on isolated rat
hepatocytes, after 5 h exposure to eugenol, hepatotoxicity and
cell damage in more than 85% of cells were demonstrated.
Administration of acetyl cysteine had preventive effects on cell
death in the same cell line.?®

Since cinnamon and clove have lipophilic properties, they are
able to penetrate the cell membrane and then become accessible
to intracellular organelles such as mitochondria. Recent studies
indicated some inhibitory effects of such spices on the activity
of Na*/K* ATPase in kidney and intestine. It is also possible that
spices have toxic effects on mitochondrial function which leads
to decrease in ATP level. Reductions of ATP level can influence
the mechanism of cell growth, viability and aging.?’

Studies on the toxic effects of anesthetic doses of eugenol on
African clawed frogs demonstrated damage in kidney and some
morphological alteration and cell apoptosis in renal cells.*

The oral intake of eugenol in different doses during a 15 day
period may cause some changes in blood chemistry. Moreover
it causes an increase in aspartate aminotransferase, alanine
aminotransferase, and total bilirubin levels, but it seems that
such effects are not dose dependent.”

Cytotoxicity of eugenol

The cytotoxic effects of eugenol, induction of reactive oxygen
species (ROS) production and reduced levels of GSH have been
studied in human submandibular cell line. It is suggested that
formation of benzyl radicals is the main cause of low GSH of
eugenol is found to be related to ROS-independent mechanisms.
Eugenol has been found to exert less cytotoxic effects compared
to isoeugenol and such effects are dose dependent.®

Eugenol is also found potential to decrease the activity of
dehydrogenase enzymes in human osteoblastic cells in a dose
dependent manner.®

The cytotoxic effects of some of root canal sealer agents
based on zinc-oxide eugenol (endofil) and sealer 26 were
also studied. Results showed that both agents have cytotoxic
effects, but the toxicity of “sealer 26" on macrophages is more
than endofill3* Anpo et al*® evaluated the cytotoxic effects
of eugenol on human pulp cells and also the expression of
molecular markers in osteogenic differentiation. Observations
suggested that eugenol used for endodontic treatment, may
have cytotoxic effects on the normal function of stem cells.
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Another study evaluated the apoptosis induced by eugenol
in human breast cancer cells. Release of the lactate
dehydrogenase enzyme, percentage of cell viability and
cytotoxicity, morphological changes and quantitation of DNA
fragments have been studied. The findings demonstrated that
the increase of cell apoptosis and DNA fragmentation are dose
dependent.®®

The cytotoxicity of eugenol was studied in three different
malignant and nonmalignant human derived cells. The
malignant Hep G2 hepatoma cells, malignant Caco-2 colon
cells and nonmalignant human VH10 fibroblasts were chosen to
determine the cytotoxicity of eugenol. Eugenol was found to be
toxic in human VH10 fibroblasts and Caco-2 colon cells but not
in Hep G2 hepatoma cells. Eugenol at concentrations under 600
pM significantly caused an increase in DNA breaks in human
VH10 fibroblast cells. But the degree of such damage in Caco-2
colon cells was found to be lower. The DNA damaging effect
was not observed in Hep G2 cells.¥

The effects of eugenol and a chemotherapeutic drug
gemcitabine were investigated in colon cancer cells. The
combination of eugenol and gemcitabine resulted in a decrease
in cell viability of 84% (eugenol alone) to 47% (combination
of eugenol-gemcitabine). Results showed that eugenol alone
causes 84% decrease and gemcitabine causes 51% decrease
in cell viability. The colon cancer cells were treated with
eugenol resulted in increased lipid layer breaking. Furthermore,
eugenol has been found to induce apoptosis by destruction the
mitochondrial membrane potential and production of reactive
oxygen species.®

Eugenol showed different degrees of cytotoxicity in HL-
60 cancer cells and inhibited the cell growth by 50% at a
concentration of 23.7 uM. Results demonstrated a significant
increase of fragmented DNA caused by eugenol. Also eugenol
has the potential to induce the induce ROS-dependent apoptosis
in HL-60 cell line.*

It was found that eugenol is able to inhibit the proliferation of
melanoma cells. Such effect resulted in a considerable delay
in tumor growth and about 40% decrease in the size of tumor.
Moreover, approximately 50% of the animals in the control
group died because of metastatic growth, while no sign of
metastasis was observed in the treatment group. Results of the
experiments on the anti-proliferative mechanism of eugenol
in the malignant melanoma cell line (WM1205L) in humans
detected that eugenol arrests cells in the S phase of the cell
cycle and induces apoptosis by this function.®

Genotoxicity of eugenol

Authors have suggested that a moderate to severe toxic effects
of zinc oxide eugenol in V79 cell line and also demonstrated
that these effects are dose dependent, suggesting that
eugenol has genotoxic effects” On the other hand, the
chemopreventive effect of eugenol on DNA damage induced
by 7,12 dimethylbenzanthracene (DMBA) has been evaluated
in MCF-7 cells. The observations suggested that eugenol was
potent to protect DNA against genotoxic damage induced by

DMBA. Eugenol is able to suppress the DMBA activation and
acts as a potential chemopreventive compound.*

After oral administration of eugenol (0.4% in the diet) for two
weeks in rodents, the frequency of micronucleated erythrocytes
was decreased significantly. The results provided that eugenol
has the capacity of mutagenicity in male mouse and causes
mutation, particularly in the anaphase of polychromatic
erythrocytes of male mouse.*®

The genotoxic capacity of various phenolic compounds such as
eugenol, isoeugenol and safrole has been evaluated by using
the wing spot test of Drosophila melanogaster (common fruit-
fly). The results of this experiment demonstrated that at the
same concentrations, isoeugenol clearly was not genotoxic.
Observations also showed that eugenol and safrole are able to
produce a positive recombinogenic response which is related
to a high CYP P450 activation capacity. The genotoxicity of
eugenol is related to reactive metabolites and recombinogenic
compounds of it.#

The evaluation of antigenotoxicity effects of eugenol in mice
with micronucleus test, suggests that the antigenotoxic effects
of eugenol may be dose related.”® In another experimental
study, the effect of eugenol on tobacco-induced genotoxicity
was evaluated by the Ames Salmonella/microsome test. The
obtained data displayed that eugenol at concentrations of
0.5-1 mg/plate, has an inhibitory effect on tobacco-induced
mutagenicity. But 150 mg/day of eugenol was ingested by ten
non-smoking healthy male adults and findings suggested that
eugenol has no antigenotoxic activity on human.*

Immunotoxicity of eugenol

Findings about the potency of eugenol and clove oil in inducing
allergy and hypersensitivity are controversial. Several adverse
effects have been observed after use of dental products which
contain eugenol. Localized irritation of the skin; ulcers, allergic
dermatitis, tissue necrosis and rarely even anaphylactic-like
shock have been reported in different studies.

The allergic capacity of eugenol containing fragrance was
evaluated in approximately 24.000 individuals. Findings
reported that 25.5% of health care workers, 16.5% of non-health
care workers, 39.39% of metal workers and 16.3% of people in
other occupations showed allergic reactions to eugenol.“®

An 8 year old boy reported a type 1 immediate hypersensitive
reaction to the eugenol after root canal was medicated with
sodium hypochlorite and sealed with zinc oxide eugenol. About
1 min after the zinc oxide eugenol placement, the patient was
anxious and excited, with evident erythema on the parts of
the face, neck, torso, upper and lower limbs, itchiness and
redness extending behind the ear. Cutaneous examination
revealed extensive weal of various sizes and shapes with no
angioedema or mucosal involvement. Owing to the fact that
the erythema was noticed after the placement of zinc oxide
eugenol, skin prick test for zinc oxide eugenol was performed
and showed positive response for eugenol (10%) and negative
responses for zinc oxide (10%), formaldehyde (1% aq) and
sodium hypochlorite. Intravenous injection of 100 mg of
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hydrocortisone hemi succinate was administrated immediately
and zinc oxide eugenol temporary dressing was replaced with
non-eugenol containing material. Forty-five minutes later, the
patient presented reduced erythema on the face, neck and
hands however; some studies also showed that eugenol alone
or clove oil has a very low activity to induce these allergic
effects.®*

CONCLUSION

Eugenol has been recognized as a safe food additive in the
generally recognized as safe substance classification under the
sections of Federal Food, Drug and Cosmetics Administration.
However, extensive toxicity studies should be performed to
confirm that eugenol is safe for general public health. Research
on the characteristics of clove oil and eugenol is still ongoing.
Structurally eugenol is a simple molecule, but it is used
extensively for varied purposes in various industries such as
pharmaceutical, food and cosmetics, dentistry, agriculture and
others.

Furthermore, some small changes in the molecular structure
of eugenol, may lead in different molecular properties which
can have different biological activities. Observations from
several studies show synergistic effects of eugenol and other
antimicrobial compounds which allow use of eugenol as a
proper food additive. According to antimicrobial experiments,
eugenol also is potent to damage the membranes of bacteria
which may results in the increase of the penetration of some
antibiotics.

Although there are extensive researches on plant toxicity,
studies related to the toxic effects of eugenol and clove oil, are
still very limited. Especially chronic toxicity, cytotoxicity and
genotoxicity studies are lacking.

In conclusion, different properties and activities of eugenol are

still undiscovered very well and should be further explored by
more in vitro and in vivo long-term human research.

Conflict of Interest: No conflict of interest was declared by the
authors.
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