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Abstract
In traditional medicine Thymus serpyllum L. (wild thyme) herb represents a part of a
large number of herbal medicinal formulations such as syrups, tinctures, infusions,
teas, and decoctions. In recent years, there has been a growing interest in testing
the biological properties of wild thyme, because the plant is a high-quality raw ma-
terial, rich in essential oil and pharmacologically active polyphenolic compounds,
which can be included in various formulations in the pharmaceutical, cosmetic,
food, and chemical industries. Wild thyme extracts and essential oil have shown
significant nitric oxide, ABTS and DPPH radicals scavenging potential, ferrous ion
chelating property, reducing activity and ability to inhibit peroxidation of deoxyri-
bonucleic acid (DNA), proteins and lipids. Wild thyme extracts exerted antibac-
terial activity against Bacillus cereus, Enterococcus faecalis, Listeria monocytogenes,
Staphylococcus aureus, Escherichia coli, Salmonella enterica, Yersinia enterocolitica,
as well as Lactic acid bacteria. Wild thyme essential oil has shown antibacterial
potential against E. coli, L. monocytogenes, P. aeruginosa, S. enteritidis, S. aureus,
Streptococcus salivariu, S. mutans, S. sanguinis, S. pyogenes, E. feacalis, B. cereus, B.
subtilis, B. pumilis, Lactobacillus acidophilus, Proteus mirabilis, Klebsiella pneumo-
niae, Salmonella choleraesuis, and Salmonella poona. T. serpyllum extract possesses
antifungal activity against Fusarium solani, F. moniliforme, Aspergillus flavus, Mi-
crosporum canis, Alternaria species, Candida albicans, and C. glabarata. The essential
oil efficiently inhibited the growth of C. albicans, C. glabrata and Aspergillus fungi.
Depending on the concentration, wild thyme extract significantly relaxed sponta-
neous contractions, as well as acetylcholine-, potassium chloride-, barium chloride-
and calcium chloride-induced contractions of the isolated rat ileum. The extract
significantly reduced the expression of the inducible enzyme cyclooxygenase-2 and
inhibited acetylcholinesterase, myeloperoxidase and α-glucosidase activity. T. ser-
pyllum extract has shown cytotoxic activity on human breast cancer cell lines, while
essential oil has shown the antitumor potential in human cell lung cancer, colon,
cervical, hepatocellular, prostate, and breast adeno-carcinoma.

Keywords: pharmacological activity, essential oil, extract, polyphenols, Thymus
serpyllum

1. INTRODUCTION

The use of aromatic plants and spices was known by an-
cient Egyptians, Greeks and Romans, due to their flavor,
preservative, and medicinal properties (Roby, Sarhan, Se-
lim, & Khalel 2013). Several aromatic plants, includ-
ing Thymus serpyllum L. (wild thyme), generally recog-
nized as safe for their intended use by Food and Drug
Administration (FDA), belong to the Lamiaceae family.

These plants synthesize and store a large number of vari-
ous biochemical products which are commercially impor-
tant and find wide use in food and pharmaceutical indus-
tries (Hosseinzadeh, Jafarikukhdan, Hosseini, & Armand
2015). Nowadays, they seem to be ”fashionable”, because
of the health benefits related to their antioxidant, an-
timicrobial, cytotoxic, antispasmodic, anti-inflammatory,
expectorants, and stimulants effects (Boros et al. 2010;
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Čančarević, Bugarski, Šavikin, & Zdunić 2013; Nikolić
et al. 2014; Rasooli & Mirmostafa 2002; Trifković et al.
2014). These characteristic properties are due to a vari-
ety of complex chemical compounds, and hence aromatic
plants are generally referred to as ”natural bio-chemical
factories” or ”chemical goldmines”. They provide protein,
fibre, essential oils, vitamins, minerals, and polyphenolic
compounds as one of the major groups which contribute
to aromatic plants activities (Costa et al. 2015; A. Jo-
vanović et al. 2019).

In traditional medicine wild thyme herb is a part of
a large number of herbal medicinal formulations such as
syrups, tinctures, infusions, teas, and decoctions Aziz et
al. (2008); Heber (2004); Miron, Plaza, Bahrim, Ibáñez,
and Herrero (2011); Nikolić et al. (2014); Stojanovic et
al. (2011). Pharmacological documents dating from the
15th century testify to the use of wild thyme in the treat-
ment of headaches caused by colds and laryngitis, as well
as in the treatment of diseases of the respiratory, gas-
trointestinal, and urogenital tract. During the 16th and
17th centuries, T. serpyllum was used orally in the treat-
ment of malaria and epilepsy (Adams, Schneider, Kluge,
Kessler, & Hamburger 2012). The aerial part of the plant
has a long tradition of use as an anthelmintic, antiseptic,
diaphoretic, diuretic, analgesic, and expectorant (Aziz et
al. 2008). In the Balkan Peninsula, wild thyme is used
as a sedative, as an agent for lowering blood cholesterol
levels and improving peripheral circulation, and as an im-
munostimulant (Mustafa et al. 2015). Due to its antispas-
modic properties, T. serpyllum is used in India for men-
strual disorders and pain (Gairola, Sharma, & Bedi 2014).
In Chinese medicine, it is used for nausea, diarrhea, flatu-
lence, cough, toothache, itching, and pain (Čančarević et
al. 2013). Due to its antimicrobial and antitussive proper-
ties, its herb is traditionally used for colds, pharyngitis and
coughs (Hussain et al. 2013). T. serpyllum herb can be
used fresh to make juice, or dry, as part of tea mixture for
respiratory diseases (Kovačević 2004). A strong decoction
of wild thyme relieves the symptoms of whooping cough
and allows the dilution of secretions in bronchitis and
asthma, which gives this plant a special place in the treat-
ment of respiratory system diseases (Kayani et al. 2014;
Stojanovic et al. 2011). Furthermore, it is used as a stom-
achic and carminative, because it has the ability to prevent
fermentation and gas release, aid digestion and increase
the absorption of nutrients (Heber 2004). The use of wild
thyme, which has not been proven, but relies on its long-
term tradition, is in the treatment of kidney and bladder
diseases, dysmenorrhea, and colic (Heber 2004). Exter-
nal application in eczema, wounds and excessive sweating
has also been reported, while baths, essential oil and al-
coholic extracts have been used in rheumatism, sciatica
and sprains (Aziz et al. 2008; Heber 2004; Kozuharova

2013; Mati & de Boer 2011). Due to its pleasant and aro-
matic taste, as well as antiseptic activity, T. serpyllum is
used in the manufacture of toothpastes and mouthwashes
(Nikolić et al. 2014). Also, a decoction of herb can help
prevent hair loss (Aziz et al. 2008). In recent years, there
has been a growing interest in testing the medicinal prop-
erties of wild thyme, because the plant is a high quality
raw material, rich in essential oil and biologically active
polyphenolic compounds, which can be included in var-
ious formulations in the pharmaceutical, cosmetic, food,
and chemical industries. Chemical composition and con-
centration of pharmacologically active compounds of T.
serpyllum vary depending on the geographical location,
habitat, climatic conditions, stage of plant development,
and collection period. The content of wild thyme essen-
tial oil varies from 0.1 to 1% (Petrovic et al. 2014). The
main component of essential oil is carvacrol, followed by
borneol, isobutyl acetate, caryophyllene, 1,8-cineole, cit-
ral, citronellal, citronellol, p-cymene, geraniol, geranyl
acetate, linalool, linalyl acetate, -pinene, γ-terpinene, α-
terpineol, terpinyl acetate, and thymol (Heber 2004).
Teissedre and Waterhouse (2000) reported that essential
oil contains thymol, carvacrol, p-cymen, linalol, geraniol,
borneol, pinen, and terpinen. According to Hussain et
al. (2013), carvacrol, thymol, o-cymene, α-terpineol, α-
pinene, and β-caryophyllene were the main compounds
of wild thyme essential oil (Pakistan). On the other hand,
according to Raal, Paaver, Arak, and Orav (2004), ger-
anyl acetate, linalyl acetate, geraniol, and myrcene were
the major constituents of T. serpyllum essential oil (Es-
tonia). Carvacrol and thymol, isomers present in wild
thyme essential oil, belong to the group of monoter-
pene polyphenols with strong antioxidant and antimicro-
bial activity (Amorati, Foti, & Valgimigli 2013). In addi-
tion to essential oil, wild thyme contains phenolic acids,
flavonoids, triterpenes, tannins, and amino acid (Heber
2004; Monographs 2003). According to A. A. Jovanović
et al. (2017), ethanol extracts of wild thyme contain 6,8-
di-C-glucosylapigenin, 6-hydroxyluteolin 7-O-glucoside,
luteolin 7-O-glucuronide, apigenin glucuronide, chloro-
genic, caffeic, and rosmarinic acid, as well as salvianolic
acid K isomer and salvianolic acid I. In water and ethanol
extracts obtained in pressurized liquid extraction, the
following compounds were identified: luteolin, luteolin-
7-O-glucoside, luteolin-7-O-glucuronide, eriodictyol-7-O-
glucuronide, apigenin, apigenin-7-O-glucuronide, eriod-
ictyol, caffeic acid ethyl ester, cirsimaritin, prenylnarin-
genin, syringic, vanillic, chlorogenic, hydroxybenzoic,
4-caffeoylquinic, caffeic, caftaric, and rosmarinic acid
(Miron et al. 2011). In methanol extract, some additional
compounds were identified: catechin, epicatechin, di-
hydroquercetin, rutin, quercetin, naringenin, hesperetin,
ferulic, and p-coumaric acid (Boros et al. 2010; Oszagyán,
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Simándi, Sawinsky, & Kéry 1996). Oszagyán et al. (1996)
reported that chemical composition of wild thyme essen-
tial oil and extract obtained by supercritical conditions
was approximately the same in qualitative terms, except
the amounts of carvacrol, nerol, p-cymene, and borneol
that were higher in the oil.

This review focuses on the pharmacological poten-
tial of T. serpyllum extracts and essential oil, discussing
their antioxidant, antimicrobial, spasmolytic, enzyme in-
hibitory, antitumor, and cytotoxic properties.

2. ANTIOXIDANT POTENTIAL OFWILD THYME
Free radicals cause irreversible cellular changes, mainly
through the oxidation of lipids, proteins, and nucleic
acids, which accelerate the aging process and provoke
many diseases, such as cancer, Alzheimer’s disease and
Parkinson’s disease, arthritis, diabetes, and cardiovascu-
lar diseases (Mata et al. 2007; Ningappa, Dinesha, & Srini-
vas 2008; Parejo et al. 2002; Sen & Chakraborty 2011).
Kindl, Blažeković, Bucar, and Vladimir-Knežević (2015)
reported that ethanol wild thyme extract possessed nitric
oxide and DPPH scavenging activity, ferrous ion chelating
property, potential reducing activities, ability to inhibit
peroxidation of lipids, and high total antioxidant capaci-
ties. According to Kulišić, Kriško, Dragović-Uzelac, Miloš,
and Pifat (2007), wild thyme infusion reached 91.55%
inhibition of DPPH radicals. Mata et al. (2007) reported
that both ethanol and water extracts exhibit strong DPPH
radical scavenging activity. Oalđe et al. (2020) showed
that methanol and ethanol extracts were more active in
DPPH radical scavenging assay than butylated hydrox-
yanisole (BHA) and butylated hydroxytoluene (BHT). In
the same study, the extracts showed genoprotective activ-
ity against hydroxyl radicals, with aqueous extracts pro-
viding the best DNA protection from free radicals. Ros-
marinic acid, as the most abundant compound in wild
thyme extract, and luteolin-7-O-glucoside (flavone gluco-
side) are excellent antioxidant and genoprotective agents.
Namely, high radical scavenging ability of rosmarinic
acid, the major constituent of wild thyme infusion as well,
and its relatively rapid kinetic behavior with DPPH radi-
cal are responsible for the high level of radical neutral-
ization. Furthermore, other phenolic acids (caffeic acid,
p-hydroxybenzoic acid) and flavonoids (apigenin, lute-
olin, quercetin), presented in various T. serpyllum ex-
tracts (A. A. Jovanović et al. 2017; Komes et al. 2010;
Monographs 2003), possess high scavenging ability as
well (Kulišić et al. 2007). Hydrolyzed wild thyme ex-
tract has shown higher antioxidant capacity in ABTS and
FRAP assays compared to non-hydrolyzed sample Komes
et al. (2010). Water and ethanol extracts obtained in pres-
surized liquid extraction have shown antioxidant activity

in DPPH and ABTS assays (Miron et al. 2011). How-
ever, ethanol extracts obtained using ultrasound probe
possessed higher DPPH and ABTS radical scavenging ca-
pacity, whereas water extracts represented a weak source
of antioxidant agents (Jovanovic et al. 2016). Further-
more, water extracts of wild thyme obtained at high tem-
perature possess better free radical scavenging capac-
ity compared to lavender, mint and sage (Tušek et al.
2018). Moreover, ethanol extracts obtained from wild
thyme herbal dust possessed high antioxidant activity de-
termined in ABTS, DPPH and FRAP assays (Mrkonjić et al.
2021). According to Mihailovic-Stanojevic et al. (2013),
the ferric reducing/antioxidant power and antioxidant ca-
pacity analysis revealed strong antioxidant properties of
aqueous extract, as well as in vitro nitric oxide-scavenging
activity. Wild thyme by-products extract from supercriti-
cal fluid extraction significantly reduced lipid and protein
oxidation in the ground pork patties (Šojić et al. 2020).
Furthermore, in β-Carotene/linoleic acid emulsion the
antioxidant activity of water extract was moderate com-
pared to ethanol extract Mata et al. (2007). Lyophilized
wild thyme extracts inhibited of β-Carotene oxidation ap-
proximately 70-90% depending on the applied extraction
procedure (A. Jovanović et al. 2021). Mixture of T. ser-
pyllum, Origanum vulgare, Tussilago farfara, Valeriana of-
ficinalis, and Tilia cordata ethanol extracts inhibited mi-
crosomal lipid peroxidation, as well as exhibiting in vitro
antihemolytic effects (Aralbaeva et al. 2017). Essential
oil of T. serpyllum showed the highest DPPH radical scav-
enging activity, reducing power, β-Carotene bleaching in-
hibition, and TBARS inhibition compared to T. algerien-
sis and T. vulgaris essential oils (Nikolić et al. 2014). T.
serpyllum essential oil possesses strong free radical scav-
enging activity, due to presence of thymol and carvacrol
(Kačániová et al. 2017). Essential oil of wild thyme has
shown strong antioxidant capacity in β-Carotene/linoleic
acid emulsion due to terpenes Mata et al. (2007). The
oxygen-containing fraction of wild thyme essential oil
possessed DPPH radical scavenging activity, whereas non-
polar hydrocarbons fraction did not show any radical scav-
enging effect; thus DPPH radical scavenging effect is de-
termined by the number and substitution pattern of OH
groups (Kulisic, Radonic, & Milos 2005). The essen-
tial oil showed significantly better ability to neutralize
DPPH free radicals compared to synthetic antioxidants
BHA and BHT (Petrovic et al. 2014). Essential oil inhib-
ited the copper-catalyzed oxidation of human-low-density
lipoproteins (LDL) by 45% depending on total polyphenol
content (Kulišić et al. 2007). Furthermore, Teissedre and
Waterhouse (2000) reported that the inhibition of oxida-
tion of human low-density lipoproteins (LDL) by polyphe-
nols in wild thyme essential oil was 78-95% depending on
the applied concentration.
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3. ANTIMICROBIAL POTENTIAL OFWILD THYME
Before modern antibiotics, herbal extracts and essential
oils incorporated into pharmaceutical formulations, such
as syrups, ointments, and inhalation preparations, were
used in the treatment of infective diseases, particularly
cough and bronchitis (Fayad, AL-Obaidi, Al-Noor, & Ez-
zat 2013). The development of synthetic drugs that were
both effective against bacterial infections and safe for
use, has brought about revolutionary changes in ther-
apy, drastically reducing morbidity and mortality caused
by infectious diseases. However, the emergence of the
phenomenon of resistance was expected due to the prin-
ciples of evolution, which determine that all organisms
genetically adapt to changes in the environment. This
has severely limited the options available for the treat-
ment of many infectious diseases. When phytoprepara-
tions are used in the treatment of complex infections,
due to the adjuvant and synergistic effect of several dif-
ferent active compounds, the possibility of resistance of
microorganisms to antimicrobial agents is reduced (Jo-
vanka et al. 2011; Rang, Dale, Ritter, & Moore 2005).
In addition, previous studies have shown that polyphe-
nols can be used in combination with antibiotics to en-
hance their efficacy and reduce the dose of antibiotics
(Singh et al. 2016). In addition to pharmacological ap-
plications, antimicrobial agents (mostly synthetic) are
widely used in the food industry, in order to prevent
the growth of pathogens and microorganisms that cause
food spoilage Viuda-Martos et al. (2010). Nowadays,
there is a growing interest in the use of natural extracts
and essential oils as antimicrobial agents in foods (Al-
Fatimi, Wurster, Schröder, & Lindequist 2010; Nikolić
et al. 2014; Tepe, Daferera, Sökmen, Polissiou, & Sök-
men 2004). Lyophilized T. serpyllum extract has shown
antibacterial activity against Bacillus cereus, Enterococ-
cus faecalis, Listeria monocytogenes, Staphylococcus aureus,
Escherichia coli, Salmonella enterica, and Yersinia ente-
rocolitica (A. Jovanović et al. 2021b). Wild thyme by-
product extracts obtained in supercritical fluid extraction
have shown strong antibacterial potential inmeat process-
ing, due to the high content of monoterpene polyphenols
which had particularly high antimicrobial properties. Ef-
fects of the mentioned extracts on the decrease in the ini-
tial total Enterobacteriaceae count could be attributed to
major antimicrobial agents, such are carvacrol and thy-
mol. Moreover, compounds present at minor levels, such
is phytol, could improve antimicrobial potential of the
extracts by synergistic effects. The obtained extracts re-
duced the growth of Lactic acid bacteria in ground pork
patties as well (Šojić et al. 2020). According to Aziz et
al. (2008), in methanol wild thyme extract the hexane
fraction exhibited significant antifungal activity against
Fusarium solani, whereas the ethyl acetate fraction has

shown strong activity against Aspergillus flavus. The chlo-
roform and methanolic fractions showed only moderate
antifungal activity against F. solani and Microsporum ca-
nis. Moderate activity of methanol extract was seen
against F. solani, F. moniliforme, Alternaria species, Can-
dida albicans, and C. glabarata (Mannan, Inayatullah,
Akhtar, Qayyum, & Mirza 2009). Moreover, lyophilized
wild thyme extract has shown growth inhibition of C. albi-
cans strains, only in a concentration of 20 mg/mL (A. Jo-
vanović et al. 2021b). T. serpyllum essential oil has exhib-
ited significant antibacterial activity against Streptococ-
cus salivariu, S. sanguinis, S. pyogenes, E. feacalis, Bacillus
subtilis, Lactobacillus acidophilus, and particularly against
Streptococcus mutans (Nikolić et al. 2014; Ouedrhiri et al.
2016). Wild thyme essential oil inhibited the growth of
Gram-negative bacteria S. enterica and Proteus mirabilis
(Jovanka et al. 2011; Nikolić et al. 2014). However,
Gram-negative bacteria are more resistant to the antimi-
crobial activity of essential oils and extracts, compared to
Gram-positive bacteria (Jovanka et al. 2011). Addition-
ally, significant bactericidal activity of essential oil was
observed against Klebsiella pneumoniae as well (Rasooli &
Mirmostafa 2002). Wild thyme essential oils have exhib-
ited antibacterial activity against Salmonella choleraesuis
and P. mirabilis (Jovanka et al. 2011). The essential oil
has shown strong antimicrobial activity against B. cereus,
B. pumilis, and Salmonella poona, whereas it was active at
relatively high concentrations against Pseudomonas aerug-
inosa, E. coli and ampicillin-resistant E. coli (Hussain et
al. 2013). Kačániová et al. (2017) showed significant an-
timicrobial potential of wild thyme essential oil against
Pseudomonas spp. Nedorostova, Kloucek, Kokoska, Stol-
cova, and Pulkrabek (2009) reported the antibacterial ac-
tivity of T. serpyllum essential oil against foodborne bac-
teria (L. monocytogenes, S. enteritidis, and S. aureus) and
showed that essential oil was highly efficient in the vapor
phase. Thus, it could be applied against foodborne bac-
teria in food packaging. (Ouedrhiri et al. 2016) showed
synergistic antibacterial effects of essential oil mixtures
using T. serpyllum, Origanum compactum and O. majo-
rana. Namely, aromatic compounds, including carvacrol,
thymol, p-cymene, and γ-terpinene make up most of the
chemical composition of wild thyme oil and possess strong
antibacterial properties (Amorati et al. 2013; Rasooli &
Mirmostafa 2002; ?). T. serpyllum essential oil showed
the strongest activity against both fungi and bacteria in
comparison to T. algeriensis and T. vulgaris. Although
thymol has been already presented as a good antimicro-
bial agent, lower thymol and higher terpenes contents
were determined in T. serpyllum oil then in other Thymus
species (Nikolić et al. 2014; Pioro-Jabrucka, Suchorska-
Tropilo, & Rzewuska 2007). Thus, thymol is not the only
one responsible for the achieved antimicrobial activity.
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The oil efficiently inhibited the growth of Candida spp.;
C. tropicalis, C. krusei, and C. glabrata proved to be in-
volved in the disease course, and together with C. albi-
cans represent more than 80% of human cavity clinical
isolates (Nikolić et al. 2014). Pavel and Alecu (2008)
reported that essential oil possessed antifungal activity
against C. albicans isolates recovered from a patient with
clinical signs of oral candidosis and from healthy carri-
ers, as well as against C. glabrata recovered from a pa-
tient with oral candidosis associated to denture and di-
abetes. Essential oil inhibited fungal growth and ochra-
toxin A biosynthesis in Aspergillus fungi growing on stored
food as well (Sokolić-Mihalak et al. 2012).

4. SPASMOLYTIC POTENTIAL OFWILD THYME

Spasmolytics are natural or synthetic components that
cause relaxation of the smooth muscles of the respiratory,
gastrointestinal, biliary, and urogenital tract, either di-
rectly or by inhibiting the parasympathetic nervous sys-
tem (Rang et al. 2005). Flavonoids affect cholinergic M3
and histamine H1 receptors, which leads to a reduction
in histamine-induced contractions in bronchial asthma
(Melzig, Pertz, & Krenn 2001). Similar to flavonoids,
coumarins relax the smooth muscles of the cardiovascu-
lar system by inhibiting the mobilization of intracellu-
lar Ca2+ ions, located in noradrenaline-sensitive struc-
tures (Dussossoy et al. 2016). Compounds present in
plant species of the Lamiaceae family (flavones and gly-
coside flavones) exhibit a spasmolytic effect by activat-
ing nicotinic receptors, prostaglandins and Ca2+ chan-
nels, and inhibit contractions caused by acetylcholine, his-
tamine and barium ions (Brankovic et al. 2011). Thy-
mol and carvacrol also have the ability to relax smooth
muscles (Engelbertz, Lechtenberg, Studt, Hensel, & Ver-
spohl 2012). Quercetin, quercetin glycosides and tannins
show spasmolytic activity by the mechanism of inhibition
of acetylcholine- and potassium ions-induced contractions
(Tona et al. 2000). Depending on the concentration, wild
thyme extract significantly relaxed spontaneous contrac-
tions, as well as acetylcholine-, potassium chloride-, bar-
ium chloride- and calcium chloride-induced contractions
of the isolated rat ileum. The extract obtained in macer-
ation has also shown a dose-dependent spasmolytic effect
in the model of barium chloride- and calcium chloride-
induced contractions (A. Jovanović et al. 2021). Consid-
ering the fact that wild thyme extracts have shown a sig-
nificant influence on relaxation of smooth muscles in the
presence of acetylcholine, high concentrations of potas-
sium or calcium ions, it can be concluded that the anti-
spasmodic activity is achieved by Ca2+ channel blockade
and by prevention of the Ca2+ ions influx from extracel-
lular medium. Furthermore, wild thyme extract reduced

barium ions-induced contraction by inhibiting K+ chan-
nels. Namely, polyphenols, including apigenin, luteolin,
thymol, and carvacrol (present in T. serpyllum) exhibited
spasmolytic activity on smooth muscle via Ca2+ channel
blockade and anticholinergic effect (A. Jovanović et al.
2021).

5. ENZYME INHIBITION POTENTIAL OF WILD
THYME

Polyphenols can inhibit various enzymes, such as acetyl-
cholinesterase, which causes hydrolysis of neurotransmit-
ters and thus inhibits signal transfer at synapses; butyryl-
cholinesterase, a hydrolyzing enzyme of blood plasma;
xanthine oxidases involved in the metabolism of purines
and uric acid; monoamine oxidase, which participates in
the inactivation of neurotransmitters, etc. (Ertas et al.
2015; Lee et al. 2011; Mata et al. 2007). These phy-
tochemicals can inhibit angiotensin-converting enzyme
(ACE) activity as well, and thus affect hypertension and
diseases of the cardiovascular system caused by exces-
sive production of angiotensin II (Juturu 2014). Wild
thyme extract significantly reduced the expression of the
inducible enzyme cyclooxygenase-2 (COX-2) that had a
key role in the inflammatory response in colitic rats.
Moreover, the extract has caused a significant reduction
in colonic myeloperoxidase activity, thus preventing the
massive neutrophil infiltration into the inflamed tissue,
i.e. colonic damage in colitis (Algieri et al. 2014). The
extract has shown acetylcholinesterase (AChE) inhibitory
activity in a dose-dependent manner (Kindl et al. 2015).
According to Mata et al. (2007), inhibition capacity of T.
serpyllum against AChE showed the following order: es-
sential oil>ethanol extract>water extract; carvacrol was
recognized as the major compound of essential oil, pos-
sessing strong inhibitory activity. The mentioned results
highlighted T. serpyllum extract as a rich source of natural
antioxidants and AChE inhibitors that could be useful in
preventing and treating of neurodegenerative disorders,
such as Alzheimer’s disease. Methanolic and aqueous ex-
tracts showed more than 50% inhibitory effect on the α-
glucosidase. Namely, glucosidase inhibitors from plants
might be the new, reliable, cheap, and safe drug in the
control of diabetes, lysosomal storage diseases, human
immunodeficiency virus infection, and metastatic can-
cer (Gholamhoseinian, Fallah, Sharifi-far, & Mirtajaddini
2008). According to Alamgeer (2012), the aqueous ex-
tract of T. serpyllum significantly increased the blood glu-
cose level in diabetic rabbits, thus it can be concluded that
the hypoglycemic effect might be due to the α-glucosidase
inhibition.
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6. ANTITUMOR AND CYTOTOXIC POTENTIAL OF
WILD THYME

Several studies have reported antitumor potential of
polyphenols and proposed multiple mechanisms leading
to inhibition of tumor growth (Berdowska et al. 2013;
Fresco, Borges, Marques, & Diniz 2010; Galati & O’Brien
2004; Neergheen, Bahorun, Taylor, Jen, & Aruoma 2010).
Polyphenols can reduce tumor growth via the induction
of apoptosis, arrest of tumor cells in specific phases, in-
duction of detoxifying and antioxidant enzyme systems,
inhibition of signaling pathways inducing cellular pro-
liferation or increasing the protection against carcino-
genic factors (Berdowska et al. 2013; Fresco et al. 2010;
Neergheen et al. 2010). Moreover, some polyphenol com-
pounds can downregulate the enzymes involved in the
prostaglandins synthesis (such is COX-2) that can pro-
mote carcinogenesis, and exhibit antiangiogenic proper-
ties resulting in the restriction of the growth and devel-
opment of solid tumors (Algieri et al. 2014; Berdowska
et al. 2013). In two studies, aqueous and methanol wild
thyme extracts have achieved cytotoxic activity on human
breast cancer cell lines, with induction of apoptosis and
inhibition of DNA methyltransferase and histone deacety-
lase, enzymes that caused changes in the DNA molecule
and chromosomes (Berdowska et al. 2013; Bozkurt et al.
2012). Namely, according to Berdowska et al. (2013),
dried T. serpyllum aqueous extract exhibited the increase
of the viability of the wild-type MCF-7 human breast
cancer cells, and decrease in the viability of adriamycin-
resistant MCF-7/Adr cancer cells, at relatively high doses.
The extract induced significant cytotoxicity in breast can-
cer cells in a time- and dose-dependent manner, with-
out the influence on normal cells, even at the highest
concentrations. It induced apoptosis and inhibited the
DNA methyltransferase and histone deacetylase activities
in cancer cells, which was associated with a decrease in
messenger ribonucleic acid (mRNA) expression Bozkurt et
al. (2012). Mixture of T. serpyllum, O. vulgare, T. farfara,
V.officinalis, and T. cordata ethanol extracts effectively ac-
tivated the nuclear factor erythroid 2-related factor 2/an-
tioxidant response element (Nrf2/ARE), i.e. the cytopro-
tective transcriptional system, in HepG2 hepatocarcinoma
human cells (Aralbaeva et al. 2017). T. serpyllum essen-
tial oil was the most potent in human tumor cell lines,
including non-small cell lung cancer, colon, cervical, hep-
atocellular, and breast adeno-carcinoma compared to T.
algeriensis and T. vulgaris Nikolić et al. (2014). Carvacrol
and thymol (as major constituents of essential oil) possess
in vitro cytotoxic activity against tumor cells and may be
involved in the stimulation of active proliferation of pulp
fibroblasts (M’Barek et al. 2007; Nikolić et al. 2014). Es-
sential oil has the ability to inhibit the proliferation of fi-

broblast cells and hormone-dependent prostate cancer as
well (Hussain et al. 2013).

7. CONCLUSION
Use of wild thyme based on the human experience and
long-standing tradition includes the treatment of respi-
ratory, gastrointestinal, and urogenital tract diseases, as
well as in eczema, wounds, excessive sweating, rheuma-
tism, sciatica, and sprains. This review paper provides in-
formation about antioxidant, antimicrobial, spasmolytic,
enzyme inhibitory, antitumor, and cytotoxic potential of
T. serpyllum extracts and essential oil. Due to the phar-
macological properties presented in this review article,
T. serpyllumextracts and essential oil represent an im-
portant natural resource for the pharmaceutical industry.
Namely, due to antioxidant, antimicrobial and antispas-
modic activities, wild thyme extract may be used as ad-
juvant in therapy of gastrointestinal disorders and infec-
tions.
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