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Abstract

Background: Identifying specific biological activities of natural products are of the main concerns worldwide for the
use in safe functional food manufacture; essential oils and their components are good candidates in this respect. The
present work aims to evaluate the biological activities of basil and thyme oils as well as their phenolic constituents.
Using computational methods to predict biological activities are currently effective tools in minimizing and explain-
ing experimental works.

Results: Chemical composition of thyme and basil oils were determined using GC-MS. The identified phenolic com-
ponents were thymol (28.21%) and carvacrol (0.47%) in thyme oil and eugenol (11.37%) in basil oil. The antioxidant
activity of both oils and their phenolic constituents as expressed by EC50 value were 535.01, 134.37,176.57, 407.89
and 2.29 pug/ml against DPPH and 131.95, 56.65, 57.15, 82.71and 32.80 pg/mL against hydrogen peroxide, respec-
tively. The order of activity is basil oil > thyme oil while phenolic compound order is eugenol >thymol > carvacrol;
reducing power showed the same order. Basil oil showed also higher and good antitumor activity where it reduces
the surviving fraction to 38.4% of brain tumor cells (U251) and 61.3% of liver tumor cells (HEPG2) at concentration

10 pg/mL. The antioxidant activity were evaluated theoretically according to the main three mechanisms, Hydro-
gen-Atom-Transfer (HAT), Single Electron Transfer—Proton Transfer (SET-PT) and the Sequential Proton Loss Electron-
Transfer (SPLET); the results proved the experimental order of antioxidant and biological activities, and explained the
remarkably higher activities of basil oil and its main phenolic component, eugenol.

Conclusion: Theoretical calculation can be used successfully to explain and predict the experimental biological
activity results. Basil oil and its main phenolic component, eugenol, were found effective as antioxidants. Basil oil was
also efficient in reducing the surviving fraction of liver and brain cancer cells where it reduces brain cells even lower
than cells treated by doxorubicin, a known anti-cancer agent; thus, basil oil and its main phenolic components, euge-
nol, can be used safely in food preservation and functional food production.
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Experimental & Theoretical Antioxidant Activity:

Introduction

Oxidative stress has gained global interest in the past
decades because of its diverse implications on health
concern [1]; it was considered responsible for aging [2]
and various chronic diseases including cancer [3], ath-
erosclerosis [4], liver fibrosis [5], kidney dysfunction [6],
DNA damage [7] and neurodegenerative disorders such
as Alzheimer, Huntington and Parkinson diseases [8].
Reactive-oxygen species (ROS), e.g. superoxide radical,
hydrogen peroxide and hydroxyl radical are the main
harmful products of oxidative stress. Superoxide radi-
cal is formed in mitochondria during the electron trans-
port chain whereas hydrogen peroxide is produced from
superoxide radical by the action of superoxide dismutase
or from some biological processes, e.g. xanthine oxidase
reactions [9]. The harmful effect of hydrogen peroxide is
not only because of its oxidative effect but also through
Fenton reaction where the resulted hydroxyl radical is
considered the most reactive and harmful radical in cells
[10].

Accordingly, searching for natural and safe antioxi-
dants is in the focus of world interest. Essential oils
are good candidates and found many pharmaceutical
and food additive applications [11, 12]. Thyme oil was
found to express antioxidant, antibacterial, antifungal,
antilipidemic and antitumoral activities [13, 14]. Basil

oil showed also various pharmaceutical and food appli-
cations as previously reviewed [15, 16].

Antioxidant activity of phenolic compounds is usu-
ally elucidated by three different mechanisms [17-19].
The Hydrogen-Atom Transfer (HAT) mechanism which
takes place in only one step in which the hydroxyl
hydrogen is transferred to the target radical. The other
mechanisms come about in two consecutive steps; in
the Single Electron Transfer-Proton Transfer (SET-PT)
mechanism, the phenolic oxygen donates an electron to
form radical cation in the first step then proton in the
second step. Oppositely, in the Sequential Proton Loss
Electron-Transfer (SPLET) mechanism, the phenolic
proton is lost first to form phenolic anion then an elec-
tron is lost in the second step as depicted by the follow-
ing equations.

HAT Mechanism
ArO-H—ArO + H (1)
SET-PT Mechanism
ArO-H—ArO"H+e™ (2)
ArOTH—ArO + H* (3)

SPLET Mechanism
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ArO-H—>ArO~ + H* (4)

ArO”—ArO + e~ (5)

The present study identifies the thyme and basil oil
compositions and their antioxidant activities. Antioxi-
dant activity of the main phenolic components found in
both oils, thymol, carvacrol and eugenol, were also deter-
mined against DPPH radical and hydrogen peroxide.
Cytotoxicity against brain and liver tumor cells of thyme
and basil oils were examined. In addition, to explain the
biological activities of both oils, computational analy-
sis of their phenolic components, according to the three
postulated mechanisms, were performed to evaluate the
theoretical indexes of their antioxidant activity.

Materials and methods

Chemicals and essential oils

The essential oil (EO) of basil was purchased from KATO
Aromatic Co., Giza, Egypt. Thyme EO was purchased
from Canada Essential Oils Co. LTD, Canada. Both oils
were prepared by hydro-distillation. The major com-
ponents, thymol, euganol, linalool and carvacrol, were
delivered from Sigma—Aldrich Chemicals. a-Tocopherol
(vit E) and ascorbic acid (vit C) were obtained from
Fluka Chemical company. 1,1-Diphenyl-2-picrylhydrazyl
(DPPH) was purchased from Aldrich chemical company.
Other chemicals were pure reagent grade.

GC-MS identification and quantification

Separation of essential oil components has been car-
ried out in 1 pL of sample solution (10 pg/mL) in
hexane:diethyl ether (ratio 1:1) by GC-MS (Shi-
madzu-QP-2010S plus) instrument equipped with
[AOC—20i+s] autosampler autoinjector and a capil-
lary column (Rtx-1 30 m x 0.25 mm L.D., 0.25 um). The
oven temperature program was adjusted for an initial
temperature of 60 °C for 1 min followed by a 4 °C/min
temperature ramp to 260 °C. The final temperature was
maintained for 1 min. Injector and mass interface tem-
peratures were adjusted at 260 °C. The initial head pres-
sure of the helium carrier gas (He) was 51.4 kPa and
injection mode was split (ratio 1:10); the column flow
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by scan mode ACQ start m/z 75 and end m/z 600. Auto
injector was set to be pre-rinsed with washing solvent for
3 times and post rinsed 3 times then rinsed with sam-
ples two times with rinse volume 6 pL in high plunger
washing speed. Injector port Dwell time was 0.3 s. The
integration was performed by Lab Solution software 4.1.
Samples were injected in triplets to test the stability and
reproducibility of the column. Identification was based
on both comparing spectra against NIST 11 s library and
interpreting spectra.

Determination of DPPH Scavenging activity

DPPH radical scavenging activity was determined
according to the method of Brand-Williams et al. [20]
with some modifications. The reaction mixture contained
0.1 mL of DPPH solution (5 mM) and different concen-
trations of tested samples ranged from 1 to 200 ppm.
The total volume of the reaction mixture was 3 mL (final
DPPH concentration 65.85 pg/mL). Absorption of DPPH
radical at 517 nm was measured at different intervals
up to reaching a plateau/steady state for each reaction
against a blank solution (contains no DPPH). Methanol
was used instead of sample in control. The results were
calculated as follows:

% DPPH radical scavenging activity = ((Ac — As)/Ac) x 100.

where As and Ac are absorbance of sample and control,
respectively. Time required to reach the steady-state
(Tgesp) is determined for each compound by plotting
time vs. % scavenged DPPH.

The efficient concentration of antioxidant necessary to
decrease the initial DPPH radical concentration by 50%
(ECy) was calculated from means of three determina-
tions of each concentrations using nonlinear- sigmoidal
regression for dose/response four-parameter correlation
implemented in OriginPro 2019b. Finally, the EC,, and
Tpeso values were used to calculate the Antiradical Effi-
ciency (ARE), expressed as mg antioxidant/g DPPH at the
steady-state, as follows [21]:

ARE=1/(ECs0 x Tgcs50)

To standardize DPPH results, the antioxidant activity
index (AAI), proposed by Scherer and Godoy [22] was
calculated as follows:

AAI = [DPPH concentration in reaction mixture (ug/mL) /EC50 (,ug/mL)].

was 2.62 mL/min with linear velocity 58.7 cm/sec and
purge flow 4.1 mL/min. The mass parameters were set
as following: ion source temp. 210 °C, solvent cut time
5.00 min, MS detector (EI mode) with start time 5.0 min
and end time 51.3 min; the compounds were acquired

Antioxidant potency is classified according to AAI
as poor (AAI<0.5), moderate (0.5<AAI<1.0), strong
(1.0<AAI<2.0) and very strong (AAI>2.0) antioxidant
activity.
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Determination of hydrogen peroxide scavenging activity
Hydrogen peroxide scavenging activity was determined
according to the reported method [23] with some mod-
ification. The reaction mixture is composed of 1 mL
hydrogen peroxide solution (35.4 mM) and different con-
centrations of samples ranged from 12.5 to 62.5 ppm with
total volume of the reaction mixture 3 mL. Absorption
of hydrogen peroxide at 230 nm was determined after
3 min against a blank solution without hydrogen perox-
ide while methanol substituted the sample in the control
experiment.

The percentage of scavenging activity was calculated as
follows:

% of scavenging of HyOy = (1 — (As/Ac) x 100

As and AC are absorbance of sample and control,
respectively.

Reducing power method (RP)

The reducing power was determined according to the
method of [24]. A volume of 0.4 mL of ethanolic solu-
tion of each sample with different concentrations, 12.5,
25, 37.5, 50 and 62.5 ppm was added to 1 mL potassium
ferricyanide (1%) and 1 mL phosphate buffer (0.2 M, pH
6.6). The reaction mixture was incubated at 50 °C for
20 min then 1 mL trichloroacetic acid (10%) was added
to the mixture and centrifuged at 650 xg for 10 min. Two
mL of the supernatant was mixed with 2 mL distilled
water and 0.4 mL ferric chloride (0.1%) then absorbance
was read at 700 nm. All experiments were performed in
triplicates. Absorbance is used as reducing power indi-
cator where higher absorbance of the reaction mixture
indicates greater reducing power.

Evaluation of anticancer activity in tissue cells

Cytotoxicity of the thyme and basil oils was tested by
sulforhodamine B (SRB) assay using the method of Ske-
han [25]. Tumor cell lines were U251 (Brain tumor cell
line) and HEPG2 (liver carcinoma cell line) in addition
to THLE2 normal liver cell line which is used as nega-
tive control. Doxorubicin (DOX) was used as positive
control. Cells were plated in 96-multiwell plate (104 cell/
well) for 24 h before treatment with the essential oils to
allow attachment of cell to the plate wall. Different con-
centrations of the essential oils or DOX (0, 1, 2, 5, and
10 pg/mL) were added to the cell monolayer. Triplicate
wells were prepared for each individual dose. Mon-
olayer cells were incubated with the essential oils for 48 h
at 37 °C under atmosphere of 5% CO,. After 48 h cells
were fixed with 50% trichloroacetic acid (TCA) for one
hour then washed five times with tap water; plates were
air dried and then stored until use then stained with 20%
SRB stain. Excess stain was washed with 1% acetic acid
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and attached stain was recovered with Tris—EDTA buffer.
Color intensity was measured in an ELISA reader. The
relationship between surviving fraction and drug concen-
tration is plotted to get the surviving curve of each tumor
cell line with essential oil.

Computational methods

All calculations were performed at the level of DFT/
B3LYP with a basis dataset 6-311-G (d,p) using the
Gaussian 09 package. HOMO energy was generated by
Huckel calculations. Calculations of parent compounds
were executed at restricted closed shell level while cal-
culations of radicals were accomplished at unrestricted
open shell level. Harmonic vibrational frequencies were
computed for thermochemical correction of electronic
thermal enthalpies of all species. Bond dissociation
energy (BDE), ionization potential (IP), proton dissocia-
tion energy (PDE), proton affinity (PA), electron transfer
energy (ETE) were calculated by subtracting the elec-
tronic thermal enthalpy of the products from those of
reactants according to Egs. 1, 2, 3, 4, 5, respectively. Elec-
tron enthalpy was used as calculated by Fermi—Dirac sta-
tistics [26]. Correction factor is considered as suggested
by the program manual to eliminate systematic error in
thermal energies of frequency calculations. Spin density
and charges were calculated by NBO calculations.

Statistical analysis

Analysis of variance one-way ANOVA using Duncan’s
multiple range test at significant level p <0.05 was com-
puted by SPSS statistics package version 22.0.

Results and discussion

Chemical composition of thyme and basil oils

GC-MS analysis showed that both thyme and basil oils
are rich in phenolic compounds as presented in Table 1
and the chromatograms in Fig. 1. Thyme oil contains
thymol (28.21%) and carvacrol (0.47%); this result is
in agreement with that reported by Masada [27] who
reported that both phenolic compounds constitute
20-55% of thyme oil. Chemical composition of basil oil
was reported to vary considerably depending on the plant
species and method of distillation; the major components
can be two or more of linalool, eugenol, methyl eugenol,
estragole, chavicol and methyl cinnamate [28]. The basil
oil used in this study showed that the main components
are f3-linalool (43.54%), eugenol (11.37%), 2-piperitone
(7.46%) and eugenyl acetate (4.24%). Accordingly, the
phenolic contents of thyme and basil oils were attributed
to the presence of thymol, carvacrol and eugenol.
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Table 1 Chemical composition of thyme and basil oils
Compound Rt Area (%) m/z
Thyme oil
a-Pinene 4596 15.12 136 (M1), 93 (Base, M-C3H,)
Camphene 4.854 272 136 (M), 93 (Base, M-C3H,)
B-Myrcene 5838 0.84 136 (M™), 41 (Base, C5Hs)
3-Cymene 6.552 35.02 134 (M™), 119 (Base, M-15)
o-Limonene 6.782 433 136 (M%), 68 (Base, CsHg)
y-Terpinene 7573 0.74 136 (M1), 93 (Base, M-C3H,), 43 (C3H-)
4-Carene 8421 0.7 136 (M), 93 (Base, M-C5H,), 41 (G5Ho)
Lavandulol, acetate 8.689 1.27 196 (M), 69 (Base, C,Hs0)
o-Terpineol 11.32 9.73 154 (M), 59 (Base, CMe,OH)
y-Terpineol 11.545 1.32 154 (M1), 121 (Base, M-Me-H,0)
Thymol 14.743 28.21 150 (M), 135 (Base, M-15), 39 (C5Hy)
Carvacrol 14.97 047 150 (M%), 135 (Base, M-15)
Basil oil
3-Pinene 5.442 0.06 136 (M), 93 (Base, M- -G3H)
o-Limonene 6.778 158 136 (M1), 68 (Base, CsHg)
y-Terpinene 7.556 0.06 136 (M), 93 (Base, M- C3H,), 43 (GH,)
trans-Pinane 7917 0.76 138 (M%), 55 (Base, C,H,)
Lavandulol, acetate 8.776 3.95 196 (M*, absent), 69 (Base, CsHy)
cis-Geraniol 12.647 0.64 154 (M), 69 (Base, CsHo)
3-Citronellol 12.73 0.88 156 (M), 69 (Base, CsHo)
Isopulegol 13.539 1.24 154 (M), 41 (Base, GHs)
Linaloal, formate 13.621 0.81 182 (M™), 69 (Base, CsHo)
Isoborneol 14.354 0.12 154 (M1), 95 (Base, C;H;)
Myrcene 15.329 3.89 136 (M%), 41 (Base, C3Hs)
a-Terpineol, acetate 16418 213 196 (M1), 43 (Base, CH,CO)
a-Cyclogeraniol, acetate 16.504 0.69 196 (M, absent), 43 (Base, CH 3COor G3H,)
2-Piperitone 18.392 746 152 (M1), 82 (Base, M-Me,CHCHCH,), 110 (M-C5Hy)
a-lonone 18.666 1.57 192 (M™), 121 (Base, M- (Me,CH,CH,, H)
Eugenol 20452 11.37 164 (M*, base), 149 (M-15)
Eugenol, acetate 21274 424 206 (M™), 164 (Base, eugenol)
Camphor 22.819 1.34 152 (M), 95 (Base, C sHi; or GH,0)
R-linalool 23454 4354 154 (MF), 71 (Base, C;H,0)
Isocitronellol 24944 1.58 156 (M), 83 (Base, CeHip)
Cubenol 28.171 285 222 (MF), 119 (Base, M-[Me,CHCHCH,CH,, H,0,
H)1, 110 (GH,0)

Antioxidant activities

Antioxidant activities of both thyme and basil oils in
addition to their main active phenolic constituents (thy-
mol, carvacrol and eugenol) were examined against scav-
enging DPPH and hydrogen peroxide. It should be noted
that other factors can also contribute to the antioxidant
activity of oils e.g. benzylic C-H dissociation [29] and
synergistic effect but these factors were not examined
in the present work. DPPH is a free radical and hydro-
gen acceptor frequently used to measure the antioxi-
dant activity of phenols due to its stable color [30] while

hydrogen peroxide is a natural reactive oxygen species
that is produced mainly from superoxide radical in the
mitochondria during the electron transport chain [31,
32]. Linalool was also examined but found has no activ-
ity towards both species (DPPH and H,0,). Scavenging
activities of the studied oils and their components against
DPPH and hydrogen peroxide in comparison with vita-
mins C and E are presented in Table 2. The results
showed that basil oil is much more reactive than thyme
oil against both DPPH (EC50 134.37 and 535.01 pg/mL,
respectively) and H,O, (EC50 56.65 and 131.95 pg/mL,
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Fig. 1 GC-MS chromatograms of thyme and basil oils, and structures of major phenolic components
Table 2 Scavenging activity of examined oils and compounds against DPPH and H,0O,
Sample DPPH H,0,
EC20 EC50 EC80 ARE AAI EC20 EC50 EC80
Thyme oil 134.61 535.01 212632 0.00019 0.123 4531 131.95 384.30
Basil oil 38.20 134.37 47267 0.00074 0.490 20.39 56.65 15742
Thymol 2.13 176.57 14658.18 0.00057 0.373 16.27 57.15 200.67
Carvacrol 18.90 407.89 407.89 0.00025 0.161 37.87 82.71 180.61
Eugenol 1.66 2.29 3.17 0.04367 28.755 21.28 32.80 50.56
VitE 761 12.06 19.13 0.00829 5460 ND ND ND
Vit C 2.80 4.84 837 0.02066 13.605 12.79 19.36 29.29
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respectively). According to the EC50, the components
carvacrol, thymol and eugenol showed increasing order
of activity against DPPH radical (EC50 407.89, 176.57
and 2.29 ug/mL, respectively) and towards H,0O, (EC50
82.71, 57.15 and 32.80 pg/mL, respectively); similar
order against DPPH was previously observed [33]. Anti-
radical Efficiency (ARE) and antioxidant activity index
(AAI) showed the same order of activity with eugenol has
remarkably higher activity while according to AAI scale
eugenol is considered very strong antioxidant. The much
higher antioxidant activity of eugenol compared to that
of thymol and carvacrol can account for the higher anti-
oxidant activity of basil oil compared to that of thyme oil
where the major phenolic component of basil oil is euge-
nol (11.37%) while thyme oil contains the less active phe-
nols (28.21% thymol and 0.47% carvacrol).

Reducing power

Reducing power was also determined and results are
presented in Table 3; all examined samples showed con-
centration dependent as illustrated in Fig. 2. Again, basil
oil showed higher reducing power than that of thyme
oil while linalool showed very weak activity. Eugenol
expressed remarkable reducing power compared to other
phenolic components, thymol and carvacrol. Its activity
was even higher than that of vitamins C at all concentra-
tions and higher than that of vitamin E at concentrations
<35 pg/mL as presented in Fig. 2.

Cytotoxicity against brain and liver tumor cells

Cytotoxicity of thyme and basil oils against brain (U251)
and liver (HEPG2) tumor cells were examined. Cytotox-
icity of both oils was tested against all cell line concen-
trations (0-10 pg/mL). Normal liver cells (THLE2) and
a standard synthetic anthracycline anti-cancer agent,
doxorubicin (DOX), were used as negative and posi-
tive controls, respectively at (10 pg/ml). There is only
few reports on the anticancer activity of basil oil [15]
while no reports about brain antitumor activity of both
oils. The results indicated that both thyme and basil oils
have no cytotoxic effect on normal liver cells (THLE2)
where cell viability was 99.4% and 99.1%, respectively
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at concentration 10 pg/mL. The effect of DOX drug on
liver cancer cells (HEPG2), human brain glioblastoma
multiforme (U251) and normal liver cells (THLE2) at
10 pg/mL was 48.2%, 61.0% and 99.81%, respectively. The
results presented in Fig. 3 indicated that thyme oil had
low activity towards brain tumor cells at all concentra-
tions. On the other hand, basil oil showed much higher
effectiveness where their activity at concentration 10 pg/
mL were 78.2 and 38.4%, respectively suggesting that
eugenol might be even more effective in brain cancer
treatment. Though thyme oil showed little higher activ-
ity towards liver than brain tumor cells but still surviv-
ing fraction (67.4%) higher than that of basil oil (61.3%) at
10 pg/mL. These results differ from those reported previ-
ously, that basil oil has no effect on HEPG2 cells at low
concentrations (1-10 pg/mL) but effective at higher con-
centrations (10-100 pg/mL) with IC50 40 pg/mL [34].
The difference in the results is attributed to the differ-
ence in basil oil composition where the previous report
found the major components were methyl chavicol (44%),
geranial (19%) and neral (15%) while contains no linalool
and only 0.5% methyl eugenol. In contrary, our basil oil

—=— Thyme oil
25 —o— Basil oil
—a— Thymol
» —w— Carvacrol
20 e —ao— Eugenol
'// 7777,0 4 .
S |+ Linalool
Eg A —»— VitE
Lo 3
5 1.5+ —e— Vit C
[ s /.
g ¢ / e
5 ¥ -
3 1.0 Vi
(5] /
~
0.5+
0.0 J

Conc (ppm)

Fig. 2 Reducing power of thyme and basil oils, their components
and vitamins Eand C

Table 3 Reducing power of thyme oil, basil oil, thymol, Carvacrol, linalool, Eugenol, vit E and vit C

Conc (ug/mL) Thyme oil Basil oil Thymol Carvacrol Linalool Eugenol Vit E Vit C

125 0.13°4+0005 0.176°+0.003 0.044°+0003 0.025°£0009 00° 123°40287 059°40028 071840017
255 022940002 03369+£0005 0102940005 007940014 0.0049+0.001 14940262 1131940024 091940056
375 031°4£0002 0476°+0.005 0.144°£0009 0.118°£0079 0.009°£00009 15740243 167°£0007  1.103°+0.001
50.0 04°40002  063°£0011 0.188°+£0011 0.164°+£0015 0.014°40.005 174540207 2.2°40.005 1.295°+0.06
62.5 04940002 077240002 023°+0068 0210°4+0.026 0.02*=0.009 1911740200 - 149740065

Data are means =+ SD of three Absorbance (A) determinations. Values with different letter in each column are significantly different (p <0.05)
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contains linalool (42%) and eugenol (11%); Shiwakoti
et al. [28] found also high content of linalool, methyl
eugenol and eugenol which their percentage varies sig-
nificantly depending on the basil species and method of
distillation. It should be noted that linalool showed also
anticancer activity against HEPG2 cells [35].

Doxorubicin is an anthracycline based glycoside with
potent antitumor activity against a variety of cancer
cells e.g. leukemia, soft tissue, neuroblastoma, bone
sarcoma, breast carcinoma and ovarian carcinoma [36,
37]. DOX mode of action is retarding DNA replica-
tion through inhibiting topoisomerase II involved in
DNA strand segregation; in addition, it induces oxida-
tive stress resulting in DNA degradation [38]. The effect
of DOX on liver cancer cells (HEPG2), human brain
glioblastoma multiforme (U251) and normal liver cells
(THLE2) at 10 pg/mL was 48.2%, 61.0% and 99.81%,
respectively. Despite the activity of DOX against many
types of cancer cells, DOX inadequate penetration of
blood-brain barrier constrains its activity against brain
cancer [37] which explains its less effectiveness against
brain cancer cells (61.0%) than that of basil oil (38.7%)
at 10 pg/mL.

The action of the tested essential oils on the in vitro
cancer cells could be explained by the pro-oxidant
effect of their phenolic constituents that affects mito-
chondrial and cell membranes in eukaryotic cells [39].
Phenolic components of essential oils, in contact with
reactive oxygen species (ROS), produce phenoxyl
radicals which are activated in the presence of transi-
tion metal ions in cells e.g. Fe?™ and Cu®" causing cell
destruction [40]. In addition, the lipophilic nature of
phenolic compounds permeabilizes the mitochondrial

membranes where transition metal ions (Fe** and
Cu*") are sequestered in the inter membrane space and
provokes a leakage of these ions and ROS from mito-
chondria [41]. Accordingly, more research studies are
required to explain, on the molecular basis, the effec-
tiveness of basil and thyme oils and their constituents
as anticancer agents especially against brain tumor
cells.

Theoretical investigation

Many natural phenolic compounds are well known
potent antioxidants. Diverse biological properties of
phenolic-rich plant extracts including antitumor, antiin-
flammatory and antiaging activities are mainly attributed
to their phenolic contents [42]. Therefore, to understand
better the antioxidant activity of the phenolic constitu-
ents of the essential oils, theoretical investigation of
their phenolic constituents, thymol, carvacrol and euge-
nol, were carried out. The bond dissociation energy of
the phenolic O—H group (BDE ) is frequently used as
indicator for the antioxidant activity according to HAT
mechanism [43, 44]. In SET-PT mechanism, IP and PDE
were used to model first and second steps, respectively
whereas PA and ETE can index the two steps of SPLET
mechanism, respectively [17, 18, 43]. HOMO energy also
indicates the compound ability to donate electron to form
radical cation in SET-PT mechanism [45]. Distribution of
the radical electron and charge rather than localization
on one atom is a good indicator of radical stability and
antioxidant activity [43, 46]; it was found that decreas-
ing spin density and charge on the electron donating
atom are inversely correlated with the antioxidant activ-
ity and indicate better spin and charge distribution [46].
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Table 4 Theoretical thermodynamic and electronic antioxidant indexes of major phenolic components

Phenol BDEy , Kcal/mol  IPKcal/mol  PDEKcal/mol  PAKcal/mol  ETEKcal/mol HOMOeV ORSD ORCSD ORCC
Thymol 78.64 175.03 214.00 343.75 44.56 —11.542 0402 0.145 —0.567
Carvacrol 78.35 175.97 212.77 344.28 43.74 — 11.566 0400 0.160 — 0547
Eugenol 7591 171.32 214.97 339.84 4573 —10.043 0.382 0.140 —0.593

The latter three parameters are unitless

IP lonization potential, BDEO-H Bond dissociation Energy of phenolic O-H bond, PDA Proton Dissociation Energy, PA Proton Affinity, ETE Electron Transfer Energy,
HOMO Highest Occupied Molecular Orbital, ORSD Oxygen Radical Spin Density, ORCSD Oxygen Radical Cation Spin Density, ORCC Oxygen Radical Cation Charge

Therefore, spin density on oxygen radicals or radical cati-
ons (ORSD and ORCSD, respectively) and charge on oxy-
gen radical cations (ORCC) were also computed.

The calculated thermodynamic and electronic anti-
oxidant activity parameters are presented in Table 4.
Results of calculations support and explain the experi-
mental antioxidant activities where the order of reactivity
is eugenol >thymol >carvacrol as observed experimen-
tally. The BDE in HAT mechanism as well as the first
step models in SET-PT and SPLET mechanisms (IP
and PA, respectively) of eugenol are lower by 4-5 kcal/
mol than those of thymol and carvacrol. While the sec-
ond step indexes of the latter two mechanisms (PDA and
ETE, respectively) are higher for eugenol than those of
other phenols by only 1-2 kcal/mol. In addition, HOMO
energy of the three compounds showed the same order
for electron donating ability. The higher HOMO energy
and lower IP of eugenol explains its observed higher
reducing power compared to other examined phe-
nols while its low BDE ;; accounts for its much higher
DPPH scavenging activity. Unpaired electron delocaliza-
tion as expressed by ORSD (HAT mechanism) showed
better delocatization of eugenol radical (0.382) than the
thymol (0.402) and carvacrol (0.400) which were almost
similar. The unpaired electron and charge delocaliza-
tion (ORCSD and ORCC, respectively) of radical cations
(SET-PT mechanism) showed better stability of the same
order (eugenol > thymol > carvacrol).

Conclusion

Basil oil and its main phenolic compound, eugenol,
were found more potent antioxidant than thyme oil and
its phenolic constituents, thymol and carvacrol. Basil
oil exhibited also efficient antitumor activity especially
against brain cancer cells where it reduced the surviv-
ing cell fraction to 38.4% compared to doxorubicin, a
known anti-cancer agent (61.0%) at 10 ug/mL. Accord-
ingly, it can be used safely in food preservation and
functional food production. Theoretical calculation are
used successfully to explain and predict the experimen-
tal biological activity results according to the antioxidant
mechanisms, HAT, SET-PT and SPLET. Computational

parameters were found to match experimental results
where basil oil showed higher activity while eugenol
was more active than thymol and carvacrol according to
all the three examined mechanisms which matches the
experimental results.
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