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ABSTRACT: Plant polyphenols have drawn increasing attention due to their potent antioxidant
properties and their marked effects in the prevention of various oxidative stress associated diseases. In
this work, thyme (Thymus vulgaris L.) leave water extract (TLE) was investigated for total phenolic
compound total flavonoid, and the cytotoxic effect of studied extracts against human cell lines HCT
116 and PC3 occurred. The results showed that the extract had high content of these parameters.
Scavenging activity of thyme (Thymus vulgaris L.) leaves water extract against DPPH and B-Carotene
free radicals were determined and the results showed that TLE were characterized by a high content of
antioxidants compound. Data showed that water extract of thyme (TLE) possessed good potent
inhibitory activities against HCT 116, and PC3 cell lines. The anticancer effect of water extract of

thyme (TLE) encourages the use of it as protective agents for normal cell line.
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INTRODUCTION

The human body constantly creates free
radicals culminating in an “oxidative stress”
when their elimination by antioxidant defense
mechanisms is not sufficient (Badarinath et al.,
2010). Oxidative stress contributes to the
pathogenesis of many human diseases;
therefore, the intake of antioxidative agents is
important for the prevention of chronic diseases
(Armstrong, 2010). Antioxidants play an
important role in preserving food too. In food
industry widely used synthetic antioxidants as
butylated hydroxytoluene (BHT) and butylated
hydroxyanisole (BHA) are very effective
because of their low cost, high thermal stability
and efficiency but they are instable and they can
play role as promoters of carcinogenesis (Al-
Menhali et al., 2015; Brewer and Safety, 2011;
Miladi et al., 2013; Yasin and Abou-Taleb,
2007).

Due to these reasons, there is a growing
interest in the study of natural additives as
potential antioxidants (Jorge et al., 2015). The
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presence of antioxidants in many spices gives
them food-preserving properties too, especially
in preventing oxidation of lipids (Yasin and
Abou-Taleb, 2007). Nevertheless, the use of
synthetic antioxidants in the food industry has
been questioned regarding its innocuousness.
Studies about spices and aromatic herbs have
been widely emphasized, can act as an
alternative to prevent the oxidative deterioration
of food and reduce the use of synthetic
antioxidants (Gallego et al., 2013).

The use of natural antioxidants from food
plants has the following advantages: They are
accepted by the consumers; they are considered
safe; they do not need safety tests; they have
functional and acceptable sensory properties
(Vabkova and Neugebauerova, 2012). Studies
found in literature have demonstrated that the
spices belonging to the Lamiaceae family, as
well as their extracts and essential oils, are
efficient antioxidants (Gallego et al., 2013;
Grigore et al., 2010; El-Guiche et al., 2015;
Pecarski et al., 2014; Sofiane et al., 2015;
Villanueva Bermejo et al., 2015; Ghandchi
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and Jamzad, 2015). Herbs are usually
considered as plants with aromatic properties
and are mainly used in spicy foods and for
preparation of herbal teas in folk medicine
(Sofiane et al., 2015). Medicinal plants have
always been considered as a source of health
(Pogacnik and Ulrih, 2011).

Thymus vulgaris L. (thyme), locally known
“zaatar” or “zaitra’, a member of the Lamiaceae
family, is widely used in medicine for its
expectorant,  antitussive,  antibroncholitic,
antispasmodic, anthelmintic, carminative and
diuretic properties. The aromatic and medicinal
properties of the genus Thymus have made it
one of the most popular plants worldwide.
Thymus species are commonly used as herbal
tea, flavoring agents (condiment and spice) and
medicinal plantsé and have high levels of
antioxidant activity and phenolic substance
contents (Yen et al., 1997; Zheng et al., 2001).
Thyme contains phenolic and flavonoids
(Haraguchi et al., 1996; Miura et al., 2002).
The flavonoids have anti-inflammatory effects,
they reduce the peroxidation of lipids
(Gonzéalez-Segovia et al., 2008) and they have
anticarcinogenic effects.

The aim of this study was to determine the
antioxidant, total flavonoid, total phenolic, total
alkaloid and antitumor activity of thyme leaves
extract.

MATERIALS AND METHODS

Plant Materials

Thyme leaves (Thymus vulgaris) have been
gained from a local market (Zagazig, Egypt).

Chemicals

B-carotene, 1, 1-Diphenyl-2, picrylhydrazyl
(DPPH), tert-butyl hydroguinone (TBHQ), gallic
acid and quercetin, all phenolic compounds were
purchased from Sigma (St. Louis, MO, USA).
Other chemicals such as solvents were analytical
grade. HCT 116 cell (human colon cancer cell
line), and PC3 cells (prostate carcinoma cell)
were obtained from VACSERA Tissue Culture
Unit (Giza, Egypt).

Preparation of Thyme leave water extract
(TLE)

Thyme was dried in a vacuum oven (Thermo
Fisher Scientific Inc., Japan) at 45°C for 3 days
and grounded to a fine powder in a miller at
4000 rpm (IKA Werke, Germany). Thereafter,
sequential extraction of plants was performed.
Milled plants (100 g) were extracted using
extraction ratio (1:10) (plant: solvent) by
distilled water, Water extract was freeze-dried
by using Heto PowerDry LL3000 Freeze Dryer
(Thermofisher Scientific, Waltham, Massachusetts,
USA). The dried extract after freeze-driedof
solvent were weighed to determine the extraction
yield and stored at -20-C until further use.

Phytochemical analysis of Thyme leave
water extract (TLE)

Determination of total phenolic compounds

Total phenolic compounds of TLE were
determined according to the method described
by Skerget et al. (2005).

Determination of total flavonoids

Total flavonoid contents of (TLE) were
determined according to the method described
by Ordonez et al. (2006).

Antioxidant activity eetermination of
Thyme leave water extract

DPPH radical-scavenging activity

The DPPH radical-scavenging activity of the
extracts (TLE) was assessed following the
method described in reference (Gulcin, 2012)
The percentage of antioxidant activity against
the DPPH free radical was calculated as follows:

Antioxidant activity (Inhibition) % = [(A control
-A TLE)/A control] x 100

Where A oo 1S the absorbance of the
control reaction, and A 1 ¢ is the absorbance in
the presence of TLE. TBHQ and gallic acid
were used as a positive control. TLE were
analyzed in triplicate.

p-Carotene/linoleic acid bleaching

The ability of extracts and synthetic antioxidants
to prevent the bleaching of B-carotene was
assessed (Dastmalchi et al., 2007).
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Acontror With no extract was also analyzed.
Antioxidant activity was calculated as follows:

Antioxidant activity (%) = [1-(Abs’ 1 ¢ —
Abslzo TLE)/ (Abso control _Abslzocontrol)] x 100

Where Abs’; ¢ is the absorbance of (TLE) at
0-time, Abs'®r.¢ is the absorbance of (TLE)
after 120 min, Abs’.o is the absorbance of
control at O-time and Abs® .o is the
absorbance of control after 120 min.

Antitumor Activity Determination of
Thyme Leave Water Extract

Determination of sample cytotoxicity on
cells (MTT protocol)

The impact of TLE from different, at a
31.25-1000 pg/mL concentration range, on
human cell line viability was assessed in vitro
using MTT-assay. Normal cells (Vero cells) and
cancer cells (HCT 116, and PC3) were obtained
from VACSERA Tissue Culture Unit (Giza,
Egypt). A 96-well tissue culture plate was
inoculated with 1 X 10° cells/ml (100 pl/well)
and incubated at 37°C for 24 hours to form a
complete monolayer. The growth medium was
then removed from the microtiter plates. The
confluent cell monolayer was washed twice with
washing media. Two-fold dilutions of the test
sample were prepared in RPMI medium
containing 2% serum (maintenance medium).
0.1 ml of each dilution was added to different
wells, with three wells serving as controls
containing only maintenance medium. The plate
was incubated at 37°C for examination. Cells
were inspected for signs of toxicity, such as
partial or complete monolayer loss, rounding,
shrinkage, or granulation. An MTT solution (5
mg/ml in PBS) provided by BIO BASIC
CANADA INC was prepared. 20 pl of this
solution was added to each well. The plate was
placed on a shaker at 150 rpm for 5 minutes to
mix the MTT with the media thoroughly. It was
then incubated (37°C, 5% CO,) for 1-5 h to
metabolize the MTT. The media was discarded,
and the plate was dried on paper towels if
needed. Formazan (the metabolic product of
MTT) was resuspended in 200 ul DMSO. The
plate was again placed on a shaker at 150 rpm
for 5 minutes to mix the formazan with the
solvent thoroughly. The optical density was read
at 560nm, subtracting the background at 620

nm, which should correlate directly with cell
quantity (Van de Loosdrecht, Beelen et al.,
1994). The percentage of cell viability and
cytotoxicity was calculated using the following
formulas:

Cell viability (%) = (AbS e /ADS control) X 100

Cytotoxic activity (%) of the tested substance
was calculated following the formula:

Cytotoxic activity (%) =100 %- cell viability
(%)

The TLE concentration producing 50% growth
inhibition is termed ICsy.

Statistical Analysis

Experiments were tested in triplicate and the
results were expressed as mean + standard error
and statistically analyzed with ANOVA variance
analysis through general linear models (GLM)
method of statistical analysis system software
(SAS version 9.1, SAS Institute, 2003). Significant
differences were used to set at p value < 0.05.

RESULTS AND DISCUSSION

Yield, TPCs and TF for Thyme Leave
Water Extract

Phenolic compounds, extensively researched
and reported by (Rice-Evans et al., 1996;
Mattei et al.,, 1998) possess at least one
aromatic ring with hydroxyl groups known as
reducing agents. These natural antioxidants,
including phenolics and flavonoids, exhibit a
broad range of pharmacological effects such as
anti-allergic, antibacterial, anti-inflammatory,
neuroprotective, and anticancer properties, and
also shield plants from pathogenic microbial
attacks. The medicinal properties of Plants exist
because of phytochemicals. These phytochemicals
are secondary metabolites that are produced in
sufficient amount under stressed conditions,
allowing the plant to protect itself from
detrimental environmental effects. Consuming
phytochemicals through diet may offer health
advantages, such as protection against chronic
degenerative conditions including cardiovascular,
neurodegenerative diseases, and cancer.

The study indicated that the phenolic content
was 55.08 mg GAE/g and the flavonoid content
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was 20.61 mg QE/g. Phenolic compounds have
been demonstrated to inhibit the cyclooxygenase
and lipoxygenase pathways (Ferrandiz et al.,
1991; Ferrandiz et al., 1990). Flavonoids have
been shown to block the Ornithine decarboxylase
enzyme, a rate-limiting enzyme in polyamine
biosynthesis that is related with DNA synthesis
and cell proliferation in numerous tissues,
thereby impeding cell proliferation (Tanaka et
al., 1997; Makita et al., 1996). Additionally,
flavonoids can inhibit the growth of microorgan-
isms Dby depolarizing their membranes and
inhibiting DNA, RNA, and protein synthesis
(Dzoyem et al., 2013). Investigating the
flavonoids and phenols in this plant could
further reveal the medicinal properties of thyme.

Antioxidant Activity of TLE

Plant materials include many phenolic
compounds that contain hydroxyl groups (-OH)
conjugated to aromatic rings (Gulgin et al.,
2006a). These phenolic compounds block chain
oxidation reactions by chelating metals or
donating hydrogen atoms. Therefore, these plant
metabolites act as reducing agents, metal
chelators, singlet oxygen quenchers, and
antioxidants. Many studies have shown that the
phenolic contents of plants display some
antioxidant properties (GULCIN et al., 2010;
Gulgin et al., 2005) Free radicals or ionic
radicals are highly reactive species that are
responsible for many cell disorders due to their
effects on proteins, lipids, and DNA, (Koksal et
al., 2016) The radical scavenging activity of a
compound indicates its antioxidant activity and
ability to inhibit the initiation of an oxidation
chain. DPPH and the P-carotene/linoleic acid
bleaching test have been widely used to
determine the radical scavenging activity of a
compound. (Bursal and Giilgin, 2011; Gulgin,
et al., 2006b).

Fig. 1 displays the results of TLE DPPHe
antiradical actions. The results showed that all
TLE have antiradical action. When compared to
TBHQ and gallic acid, extracts with a high
concentration of TPCs demonstrated strong
antiradical activity (Fig. 1). It has been observed
that the antioxidant potential of plant extracts is
attributable to the concentration of phenols in
the extract (Heim et al., 2002).

Also as shown in Fig. 2, TLE prevented
bleaching of B-carotene by scavenging linoleate-
derived radicals. Scavenging linoleate-derived
radicals resulted in a higher concentration of -
carotene (85.13a) than TBHQ (31.3) or gallic
acid (18.1). Phenolic chemicals and flavonoids
have been linked to antioxidative activity in
biological systems, serving as scavengers of
singlet oxygen and free radicals (Sharma et al.,
2015).

The presence of phenolic compounds is
greatly linked to antioxidant activities (Shahwar
et al., 2010) In biological systems, free radicals
are often referred to as reactive oxygen species
(ROS), which are the most biologically
significant free radicals. ROS produced in cells
include the hydroxyl radical, hydrogen peroxide,
and superoxide anion (Pryor et al., 2006).

Cytotoxicity Effect of Thyme Leaves
Extract (TLE) on (HCT 116) Human
Colon and Human Prostate (PC3) Cancer

The MTT assay was used to assess the
cytotoxic effect of thyme extracts against (HCT
116) Human colon and human Prostate (PC3)
cancer cell lines with different concentrations
(31.25-1000 pg/mL) as reported in Tables 1 and
2 and Figs. 3, 4, 5 and 6. The antiproliferative
activity of the plant extract on cancer cell lines
were expressed in ICsy value. ICsy is the
inhibitory concentration that causes 50%
inhibition of the cancer cell population.

Thyme has been suggested as an anti-cancer
agent. Thymol can inhibit CRC cell proliferation
and induce apoptosis (Zeng et al., 2020). Thyme
extracts exhibited significant cytotoxicity and
cytogenic effect, as well as inducing cell cycle
arrest on a number of cancers (Adham et al.,
2020; Fathima et al., 2017). Furthermore,
thyme methanol extract has been able to prevent
DNA damage due to chemotherapy agents
(Salmani et al., 2015)

Thymus vulgaris L. is a herb rich in essential
oil and contains oxygenated monoterpenes and
monoterpene  hydrocarbons as its major
chemical components. Specifically, thymol,
carvacrol, p-cymene, borneol, trans-caryophyllene,
and cis-sabinene hydrate are present at the
highest concentrations (Noroozisharaf et al.,
2018; Pérez Lopez et al., 2015). Furthermore,
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Table 1. Percent cell viability of TLE extract of HCT 116 cell line

ID Conc. Viability % Toxicity % ICs
mg/mL mg/Ml
HCT16 W - 100 0
1000 7.678410117 92.32158988
500 21.58988257 78.41011743
TLE 250 79.76513098 20.23486902 363.29
125 92.95392954 7.046070461
62.5 98.2836495 1.716350497
31.25 99.90966576 0.090334237

1000ug/ml : 500ug/ml

125ug/ml 62.5 ug/ml

TLE effect on HCT 116

120

100

80

60

40 TLE IC5p 0n Hct 116
20 = 363.29

toxicity %

0 200 400 600 800 1000 1200

mg/mL
—0— Viability % —e—Toxicity% —o—I1C50

Fig. 4. Percent cell viability and toxicity of TLE extract of HCT 116 cell line
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Table 2. Percent cell viability of TLE extract of PC 3 cell line

ID Conc. Viability % Toxicity % 1Cso mg/MI
mg/mL
PC3 e 100 0
1000 4.761904762 95.23809524
500 4.848484848 95.15151515
TLE 250 26.23376623 73.76623377 166.39
125 52.81385281 47.18614719
62.5 87.61904762 12.38095238
31.25 99.56709957 0.432900433

1000ug/ml 500ug/ml i U 250ug/ml

62.5 ug/mil 31.25 ug/ml

Fig. 5. Effect of TLE extract on human prostate cancer cell line ( PC 3)
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X 50 TLE IC, 0n PC3
= =166.39

0 = J

0 200 400 600 800 1000 1200
mg/mL

—e—Viability % —e—Toxicity % —e—IC50

Fig. 6. Percent cell viability and toxicity of TLE extract of PC3 cell line



1064 Hussein, et al.

Thymus spp. contain phenolics represented
by rosmarinic acid and flavonoid derivatives
(Vila, 2002). These phytochemicals categorize T.
vulgaris amongst plant foods with the highest
antioxidant activity (Bentayeb et al., 2014). There
are several preclinical studies pointing to the
anticancer potential of T. vulgaris. For example,
the aforementioned herb has demonstrated
significant free radical scavenging activity and
proapototic effects (Heidari et al., 2018) in the
human BC T47D cell line. In a colorectal
HCT116 cancer cell model, T. vulgaris extract
was shown to inhibit proliferation in a
concentration- and time-dependent manner
(Al-Menhali et al., 2015). A decrease in
proliferation rate has been associated with
elevated apoptosis as evidenced by increased
caspase-3/7 activity. In addition, T. vulgaris
decreases the migratory and invasive capacities
of HCT116 cells. Tumor inhibitory effects of T.
vulgaris extract have also been observed against
human leukemia THP-1 cells (Ayesh et al.,
2014). Finally, T. vulgaris essential oil has been
observed to significantly inhibit growth of
human oral cavity squamous cell carcinoma.
This effect is accompanied by the regulation of
N-glycan biosynthesis and extracellular signal-
regulated kinase 5 (ERK5) and interferon
signaling (Sertel et al., 2011).

Conclusion

Chemical composition constituents  of
THYME (TLE) indicated the presence of
phenolic components. (TLE) has antioxidants,
and anticancer activity.

Developing phytomedicine with anticancer
properties, TLE-derived drug may have
potential for an alternative medicinal source due
to its anticancer activity. This study also
indicated that TLE water extract has potential
anticancer activity against (HCT 116) human
colon and human prostate (PC3) cancer cell
lines.

REFERENCES

Adham, N.A.F., M.E. Hegazy, A.M. Nagishbandi
and T. Efferth (2020). Induction of apoptosis,
autophagy and ferroptosis by Thymus
vulgaris and Arctium lappa extract in leukemia

and multiple myeloma cell lines. Molec., 25
(21): 5016.

Al-Menhali, A., A. Al-Rumaihi, H. Al-Mohammed,
H. Al-Mazrooey, M. Al-Shamlan, M. AlJassim
and AH. Eid (2015). Thymus vulgaris
(thyme) inhibits proliferation, adhesion,
migration, and invasion of human colorectal
cancer cells. J. Med. Food, 18 (1): 54-59.

Armstrong, D. (2010). Advanced protocols in
oxidative stress Il. Totowa, NJ, USA:
Humana Press, 28.

Ayesh, B.M., A.A. Abdalla and D.A.M. Faris
(2014). In vitro inhibition of human leukemia
THP-1 cells by Origanum syriacum L. and
Thymus vulgaris L. extracts. BMC Res.
Notes, 7 (2014): 1-6

Badarinath, A.V., K.M. Rao, C.M.S. Chetty, S.
T.V.S.R. Ramkanth, T.V.S. Rajan and K.
Gnanaprakash (2010). A review on in-vitro
antioxidant methods: comparisions,
correlations and considerations. Int. J.
Pharm. Tech. Res., 2 (2): 1276-1285.

Bentayeb, K., P. Vera, C. Rubio and C. Nerin
(2014). The additive properties of Oxygen
Radical Absorbance Capacity (ORAC) assay:
The case of essential oils. Food Chem., 148:
204-208

Brewer, M.S. (2011). Natural antioxidants:
sources, compounds, mechanisms of action,
and potential applications. Comprehensive
Reviews In Food Sci. And Food Safety, 10
(4): 221-247.

Bursal, E. and 1. Gilgin (2011). Polyphenol
contents and in vitro antioxidant activities of
Iyophilised aqueous extract of kiwifruit
(Actinidia deliciosa). Food Res. Int., 44.5:
1482-14809.

Dastmalchi, K., H.D. Dorman, |. Laakso and Rf
Hiltunen (2007). Chemical composition and
antioxidative activity of Moldavian balm
(Dracocephalum moldavica L.) extracts.
LWT-Food Sci. and Technol., 40 (9): 1655-
1663.

Dzoyem, J.P., H. Hamamoto, B. Ngameni, B.T.
Ngadjui and K. Sekimizu (2013). Antimicrobial
action mechanism of flavonoids from Dorstenia



Zagazig J. Agric. Res., Vol. 51 No. (5) 2024 1065

species. Drug Discoveries and Therapeutics,
7 (2): 66-72

El Guiche, R., S. Tahrouch, O. Amri, K. El
Mehrach and A. Hatimie (2015). Antioxidant
activity and total phenolic and flavonoid
contents of 30 medicinal and aromatic plants
located in the South of Morocco. Int. J. New
Technol. and Res., 1 (3): 263695.

Fathima, H.M., R. Gayathri and V. Vishnupriya
(2017). Genotoxicity Potential of Thymus
vulgaris (Thyme) on Oral Cancer Cell Line.
Int. J. Pharm. Sci. Rev. and Res., 43 (2): 80-
82.

Ferrandiz, M.L. and M.J Alcaraz (1991). Anti-
inflammatory activity and inhibition of
arachidonic acid metabolism by flavonoids.
Agents and Actions 32: 283-288.

Ferrandiz, M.L., A.G. Nair and M.J. Alcaraz
(1990). Inhibition of sheep platelet
arachidonate metabolism by flavonoids from
Spanish and Indian medicinal herbs. Die
Pharmazie, 45 (3): 206-208.

Gallego, M.G., M.H. Gordon, FJ. Segovia, M.
Skowyra and M.P. Almajano (2013).
Antioxidant properties of three aromatic
herbs (rosemary, thyme and lavender) in oil-
in-water emulsions. J. Ame. Qil Chem. Soc.,
90: 1559-1568.

Ghandchi, S. and M. Jamzad (2015). Total
flavonoids contents and anti-bacterial activity
of the extracts of two Labiateae species:
Nepeta menthoides and Thymus trautvetteri,
7-82.

Gonzélez-Segovia, R., J.L. Quintanar, E. Salinas,
R. Ceballos-Salazar, F. Aviles-Jiménez and J.
Torres-Lopez (2008). Effect of the flavonoid
quercetin  on inflammation and lipid
peroxidation induced by Helicobacter pylori
in gastric mucosa of guinea pig.J.
Gastroenterol., 43: 441-447.

Grigore, A., I.N.A. Paraschiv, S. Colceru-Mihul,
C. Bubueanu, E. Draghici and M. Ichim
(2010).  Chemical  composition  and
antioxidant activity of Thymus vulgaris L.
volatile oil obtained by two different
methods. Romanian Biotechnol. Letters, 15
(4): 5436-5443.

Gulcin, 1. (2012). Antioxidant activity of food
constituents: an overview. Archives of
Toxicol., 86 : 345-39.

Giilgin, 1., D. Berashvili and A. Gepdiremen
(2005). Antiradical and antioxidant activity
of total anthocyanins from  Perilla
pankinensis decne. J. Ethnopharmacol., 101
(1-3): 287-293.

Giilgin, 1., D. Berashvili and A. Gepdiremen
(2005). Antiradical and antioxidant activity
of total anthocyanins from Perilla pankinensis
decne. J. Ethnopharmacol., 101 (1-3): 287-
293.

Giilgin, 1., E. Kireccel, E. Akkemik, F. Topal and
O. Hisar (2010). Antioxidant and
antimicrobial activities of an aquatic plant:
Duckweed (Lemna minor L.). Turk. J. Biol.,
34 (2): 175-188.

Gulgin, 1., V. Mshvildadze, A. Gepdiremen and
R. Elias (2006). Screening of antiradical and
antioxidant activity of monodesmosides and
crude extract from Leontice smirnowii tuber.
Phytomedicine, 13 (5): 343-351.

Giilgin, 1., V. Mshvildadze, A. Gepdiremen and
R. Elias (2006). The antioxidant activity of a
triterpenoid glycoside isolated from the
berries of Hedera colchica: 3-O-(B-d-
glucopyranosyl)-hederagenin. Phytotherapy
Research: An Int. J. Devoted to Pharm. and
Toxicol. Evaluation of Natural Prod. Derivatives,
20 (2): 130-134.

Haraguchi, H., T. Saito, H. Ishikawa, H. Date, S.
Kataoka, Y. Tamura and K. Mizutani (1996).
Antiperoxidative components in Thymus
vulgaris. Planta Medica., 62 (03): 217-221.

Heidari, Z., A. Salehzadeh, S.A. Sadat Shandiz
and S. Tajdoost (2018). Anti-cancer and anti-
oxidant properties of ethanolic leaf extract of
Thymus wvulgaris and its bio-functionalized
silver nanoparticles. 3 Biotech., 8: 1-14.

Heim, K.E., A.R. Tagliaferro and D.J. Bobilya (
). Flavonoid antioxidants:  chemistry,
metabolism and structure-activity relationships.
J. Nutr. Biochem.

Jorge, N., C.M. Veronezi and P.V. Del Ré
(2015). Antioxidant Effect of Thyme
(Thymus vulgaris L.) and Oregano



1066 Hussein, et al.

(Origanum vulgare L.) Extracts in Soybean
Oil under Thermoxidation. J. Food Proc. and
Preserv., 39.6: 1399-1406.

Koksal, Z., R. Kaln, 1. Giilgin, H. Ozdemir and
A. Atasever (2016). Impact of some
avermectins on lactoperoxidase in bovine
milk. Int. J. Food Properties, 19 (6): 207-1216.

Makita, H., T. Tanaka, H. Fujitsuka, N. Tatematsu,
K. Satoh, A. Hara and H. Mori (1996).
Chemoprevention of 4-nitroquinoline 1-
oxide-induced rat oral carcinogenesis by the
dietary flavonoids chalcone, 2-hydroxychalcone,
and quercetin. Cancer Res., 56 (21): 4904-4909.

Mattei, R., R.F. Dias, E.B. Espinola, E.A.
Carlini and S.B.D.M. Barros (1998). Guarana
(Paullinia cupana): toxic behavioral effects in
laboratory animals and antioxidant activity in
vitro. J. Ethnopharmacol., 60 (2): 111-116.

Miladi, H., R.B. Slama, D. Mili, S. Zouari, A.
Bakhrouf and E. Ammar (2013). Essential oil
of Thymus vulgaris L. and Rosmarinus

officinalis L.: Gas chromatography-mass
spectrometry analysis, cytotoxicity and
antioxidant properties and antibacterial

activities against foodborne pathogens.

Miura, K., H. Kikuzaki and N. Nakatani (2002).
Antioxidant activity of chemical components
from sage (Salvia officinalis L.) and thyme
(Thymus vulgaris L.) measured by the oil
stability index method. J. Agric. and Food
Chem., 50.7: 1845-1851.

Noroozisharaf, A. and M. Kaviani (2018).
"Effect of soil application of humic acid on
nutrients uptake, essential oil and chemical
compositions of garden thyme (Thymus
vulgaris L.) under greenhouse conditions.
Physiol. and Molec. Biol. Plants, 24.3: 423-
431.

Ordonez, A.AL., JD. Gomez and M.A.
Vattuone (2006). Antioxidant activities of
Sechium edule (Jacg.) Swartz extracts. Food
Chem., 97.3 (2006): 452-458.

Pecarski, D., Z. Knezevi¢-Jugovi¢, S. Dimitrijevic-
Brankovi¢, K. Mihajilovski and S. Jankovi¢
(2014). Preparation, characterization and
antimicrobial activity of chitosan
microparticles with thyme essential oil.
Hemijska industrija, 68 (6): 721-729.

Pérez Lopez, L.A., Y.C. De La Torre, A.T. Cirio,
N.W. de Torres, A.E. Flores Suarez and R.S.
Aranda (2015). Essential oils  from
Zanthoxylumfagar a Wild Lime, Ruta
chalepensis L. and Thymus wvulgaris L.:
Composition and activity against Aedes
aegypti larvae. Pak. J. Pharm. Sci., 28.

Pogacnik, L. and N. Poklar Ulrih (2011).
Determination of antioxidants in medicinal
herbs. Bulletin of the Transilvania Univ.
Brasov. Series VI: Med. Sci., 95-102.

Pryor, W.A., K.N. Houk, C.S. Foote, J.M.
Fukuto, L.J. Ignarro, G.L. Squadrito and K.J.
Davies (2006). Free radical biology and
medicine: it's a gas, man!. Ame. J. Physiol.-
Regulatory, Integrative and Comp. Physiol.,
291 (3): R491-R511.

Rice-Evans, C.A., N.J. Miller and G. Paganga
(1996). Structure-antioxidant activity
relationships of flavonoids and phenolic
acids. Free Radical Biol. and Med., 20.7: 933
- 956.

Salmani, A., A.A. Kosari, A. Pirouzi, M. Omidi
and M. Mohsenzadeh (2015). Protective
effect of methanolic extracts of thymus
vulgaris against cyclophosphamide-induced
DNA damage in mouse bone marrow cells
using the micronucleus test. Trends in Pharm.
Sci., 1 (4): 243-250.

Sertel, S., T. Eichhorn, P.K. Plinkert and T.
Efferth (2011). Cytotoxicity of Thymus
vulgaris essential oil towards human oral
cavity squamous cell carcinoma. Anticancer
Res., 31 (1): 81-87.

Shahwar, D., N. Ahmad, S. Ullah and M.A.
Raza (2010). Antioxidant activities of the
selected plants from the family Euphorbiaceae,
Lauraceae, Malvaceae and Balsaminaceae. Afr.
J. Biotechnol., 9 (7): 1086 - 1096.

Sharma, K.R., S.K. Kalauni and S. Awale
(2015).  Antioxidant,  phytotoxic  and
antimicrobial activities of methanolic extract
of Bauhinia variegata barks. J. Inst. Sci. and
Technol., 20.2: 37-41.

Skerget, M., P. Kotnik, M. Hadolin, A.R. Hras,
M. Simoni¢ and Z. Knez (2005). Phenols,
proanthocyanidins, flavones and flavonols in



Zagazig J. Agric. Res., Vol. 51 No. (5) 2024 1067

some plant materials and their antioxidant
activities. Food Chem., 89 (2): 191-198.

Sofiane, G., W., Nouioua, A. Khaled and O.
Amar (2015). Antioxidant and antimicrobial
activities of flavonoids extracted from Thymus
ciliatus (Desf.) Benth. Der Pharmacia Lettre,
7 (7): 358-363.

Tanaka, T., H. Makita, M. Ohnishi, H. Mori, K.
Satoh, A. Hara and H. Ogawa (1997).
Chemoprevention of 4-nitroquinoline 1-
oxide-induced oral carcinogenesis in rats by
flavonoids diosmin and hesperidin, each
alone and in combination. Cancer Res., 57
(2): 246-252.

Tsuji, P.A., R.N. Winn and T. Walle (2006).
"Accumulation and metabolism of the
anticancer flavonoid 5, 7-dimethoxyflavone
compared to its unmethylated analog chrysin
in the Atlantic killifish. Chemico-biological
Interactions, 164 (1-2): 85-92.

Van de Loosdrecht, A.A. (1994). A tetrazolium-
based colorimetric MTT assay to quantitate
human monocyte mediated cytotoxicity
against leukemic cells from cell lines and
patients with acute myeloid leukemia. J.
Immunol. Methods, 174 (1-2): 311-320.

Vila, R. (2002). Flavonoids and further polyphenols
in the genus Thymus. Thyme. CRC Press,
158-190.

Villanueva, B.D., I. Angelov, G. Vicente, R.P.
Stateva, G.M. Rodriguez, G. Reglero and T.
Fornari (2015). Extraction of thymol from
different varieties of thyme plants using
green solvents. J. Sci. Food and Agric., 95
(14): 2901-2907.

Yasin, N.M.N. and M. Abou-Taleb (2007).
Antioxidant and antimicrobial effects of
marjoram and thyme in coated refrigerated
semi fried mullet fish fillets: 1-9.

Yen, G.C., H.Y. Chen and H.H. Peng (1997).
Antioxidant and pro-oxidant effects of
various tea extracts.J. Agric. and Food
Chem., 45.1: 30-34.

Zeng, Q., Y. Che, Y. Zhang, M. Chen, Q. Guo
and W. Zhang (2020). Thymol Isolated from
Thymus vulgaris L. inhibits colorectal cancer
cell growth and metastasis by suppressing the
Whnt/B-catenin pathway. Drug Design, Dev.
and Therapy, 2535-2547.

Zheng, W. and S.Y. Wang (2001). Antioxidant
activity and phenolic compounds in selected
herbs. J. Agric. and Food Chem., 49.11:
5165-5170.

dilal e 3 3l gl padiiawa (8 al 5 B A iaal) g 5D Slaal) il

Al g 548 daaa— (age bl deal — qund daaa Cpall FOia - dea) Bl 5 g e
e G083 Aol — Al RSl elaa)

b 3 bl Ll 5l 5 A 68l 5 Baliadll Lailadd 174 das 12 e Ualaial Alall Y sl gl cuda o8]

S e e 3 el Galiiedl Al 3 a8 eJandl 138 5 sauSll Mga Yl ddasi jall (al 5e¥) Calida (ya 403 )
LAY Lo glad aem A g ol clbaliiindl _ond) il i€ g cclay @bl dlaa) g ad sl LSl Jlaal
s g A Ui aad a3 g yulaall oda (e alle 4rad e (5 sing G Galiial o gl o jelal 4 i
LS e e Jle (s sinan e e 3 3 5Y Plall paldiwall o bl <y elil 55 pall Hsdall aa e )

L3083 Aaala - Aaiill g La o gAY A A gaal) o el A
3o Aadla - Aol A A pa) o LS A

By Glalias

1 () g——aSaall
psk) y) daa) cady -1
JJ@&@JU&A,A,i -2



