Research Paper

Phytochemical Biological and Cytotoxic Activities of
Calothamnus quadrifidus Leaves Cultivated in Egypt

M. A. ZARKA* AND AMAL AL GENDY"

Department of Pharmacognosy and Phytochemistry, College of Pharmacy, The Islamic University, Al Najaf 54001, Iraq,
Department of Pharmacognosy, Faculty of Pharmacy, Zagazig University, Zagazig 44519, Egypt

Zarka et al.: Phytochemical Biological and Cytotoxic Activities of Calothamnus quadrifidus

The hydro distilled essential oil obtained from Calothamnus quadrifidus leaves was analyzed by gas
liquid chromatography-mass spectroscopy. Quantification of the oil constituents was carried out using
the gas liquid chromatography-flame ionization detection device where 1,8-cineole was quantified as
525.62 pg/ml. The oil showed potential antioxidant activity when tested by 1,1-diphenyl-2-picrylhydrazine
radical scavenging assay where the concentration required to scavenge 1,1-diphenyl-2-picrylhydrazine
by 50 %=37.3 pg. The cytotoxic activity of the essential oil was evaluated using 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide assay compared with 1,8-cineole and doxorubicin. Calothamnus
quadrifidus leaves essential oil cytotoxic activity was significant against human lung cell line A-549 (2.37 pg),
human colon cell line HCT-116 (2.39 pg), human hepato-cellular cell line HepG-2 (2.55 pg) and intestinal
epithelium carcinoma Caco-2 (5.80 pg) cell lines, respectively. The oil cytotoxicity exceeded 1,8-cineole
except for intestinal epithelium carcinoma Caco-2. Additionally, the antimicrobial activity was evaluated
using agar disc diffusion and minimum inhibitory concentration where the oil exhibited the best activity
against Penicillium italicum and Geotrichum candidum with minimum inhibitory concentration=0.49 and
0.98 ng, respectively. Structure elucidation of the pure compounds isolated from Calothamnus quadrifidus
leaves was done according to their chromatographic behavior, chemical and spectroscopic data. These
compounds were isolated for the first time from Calothamnus quadrifidus leaves and identified as gallic
acid, gallic acid methyl ester, 7,4'-dimethoxy-apigenin, 6,7-dimethoxy-apigenin, (Bis[3(2-methyl propan-
1-one)-2, 6 dihydroxy-4-methoxy phenyl] methane, quercetin 3-O-beta-D-arbinopyranoside and quercetin
3-O-beta-D-*C -xylopyranoside. In addition to the molecular docking of novel compound 3 was done in
peroxiredoxins and the binding mode was found. Conformation 2 was found to be the most stable and
may be responsible for the antioxidant effect as it showed the best free binding energy and affinity when
compared to conformations.
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Calothamnus in Greek means beautiful brush!!.
Calothamnus genus is a large group of mostly red-
flowered shrubs indigenous to Western Australia. The
genus Calothamnus comprises 25 species in Australia
mainly and as an ornament in California®. Few reports
about the biological activity of Calothamnus quadrifidus
(C. quadrifidus) leaves are available. C. quadrifidus
leaves aqueous methanolic extract (AME) reduced blood
glucose levels when administered to streptozotocin-
induced diabetic rats®. C. quadrifidus leaves AME
also showed antioxidant potential when compared to
ascorbic acid®. Moreover, it was proved that essential
oil (EO) showed antifungal and antibacterial activities
against different microorganisms'*. The AME revealed
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significant inhibition of oedema formation as compared
to saline-treated groupst®l.

Few reports were conducted concerning the previously
isolated compounds from Calothamnus species.
Flavonoids and phenolic acids were isolated from
C. quadrifidus leaves*. Kaempferol, kaempferol
3-0-beta(p)-D-glucuronide, kaempferol 3-O-alpha(a)-
L-rhamnopyranoside, naringenin, quercetin,
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quercetin 3-0O-B-D-glucopyranoside, quercetin
3-O-B-D-galactopyranoside,  quercetin  3-O-a-L-
rhamnopyranoside, quercetin 3-O-B-D-glucuronide,
quercetin 3-O-f-D-glucuronide-3'-O-sulphate, luteolin
and luteolin 7-O-B-D-glucopyranoside were reported
from C. quadrifidus leaves!*.

Concerning phenolic acids which are identified in
C. quadrifidus leaves were protocatechuic acid,
ellagic acid, ellagic acid 3-O-methyl ether, ellagic
acid 4-O-methyl ether, rosmarinic acid, gallic acid and
ferulic acid were previously isolated”*). Moreover,
EO of C. quadrifidus leaves was reported to be rich in
1,8-cineole (79.95 %), terpinene-4-ol (1.13 %) with
other minor constituents'®. Antifungal and antibacterial
activities of the EO against different microorganisms
were previously estimated®.

MATERIALS AND METHODS

Instruments:

The nuclear magnetic resonance (NMR) spectral data
were measured using Bruker (400 and 100 MHz)
for '"H and "“C NMR, heteronuclear multiple bond
correlation and heteronuclear single quantum coherence
spectroscopy respectively. The results were reported as
Delta (8) ppm values relative to tetramethylsilane as an
internal reference.

Forcolumnchromatography, polyamide S (FlukaChemie
AG, Switzerland), Sephadex LH-20 (Sigma-Aldrich
Steinheim, Germany) and microcrystalline cellulose
(E. Merck-Darmstadt, Germany) were used. Whatman
No.l (Whatman Ltd., Maidstone, Kent, England) was
used for paper chromatography. Ferric chloride (FeCl,)
spray reagent was used for visualization of tannins
compounds, while Naturstoff reagent and aluminum
chloride were used for flavonoids under ultra-violet
(UV) light. N-Butanol/acetic acid/water (n-BuOH/
HOACc/H,0); 4:1:5 v/vlv, top layer (S,), 15 % aqueous
HOAC (S,) and methylene chloride/methanol (MeOH);
9:1 (S,) were used as solvent systems for determination
of R, values.

Shimadzu, UV visible 1800 was used for UV
spectroscopic analysis of the isolated compounds in
methanol and different diagnostic shift reagents (200-
450 nm). Compounds molecular weight was estimated
using high pressure liquid chromatography coupled with
photodiode array detector and electrospray ionization
mass spectroscopic analysis (HPLC-PDA-ESI-MS)
using a high-performance liquid chromatography
(HPLC) Waters Corporation, Milford MA01757 U.S.A
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connected to Xevo family of tandem quadrupole (Xevo
TQD) triple quadrupole mass spectrometry. Sample
(10 pl) was injected into ACQUITY UPLC BEH C18
Column (130 A, 1.7 pm and 2.1 mmx50 mm). A binary
gradient of 1 % formic acid in deionized water (solvent
A) and methanol containing 0.1 % formic acid (solvent
B) was as follows: 50 % solvent (A): 50 % solvent (B).
The flow rate was 1 ml/min. The mass spectrometer
was fitted to an atmospheric pressure electrospray
ionization (ESI) source, operated in negative ion mode.
The electrospray capillary voltage was set to 3250 V,
with a nebulizing gas flow rate of 9 I/h and a drying
gas temperature of 450°. Mass spectrometry data were
acquired in the scan mode (mass range m/z 100-1450).
The instrument was controlled by Xcalibur software
(Xcalibur™2.0.7, Thermo Scientific). Microplate reader
Sunrise™, TECAN, Inc, USA was used to determine
the number of viable cells in the cytotoxicity assay.

Materials:

C. quadrifidus R.Br. leaves were collected from a local
supplier at Saft El-Laban area during the flowering
stage in September 2016. A Voucher specimen has been
deposited at Orman botanical garden (No. 000105CC
@ 05-01-05-01). Identification of the plant material was
done by Trease Labib, former head specialist of plant
taxonomy at Orman botanical garden, Giza, Egypt. The
collected plant materials were air dried in the shade,
powdered and it was kept in well closed containers till
use.

Human cell lines of colon (HCT-116), hepato-cellular
(HepG-2), lung (A-549) and intestinal epithelium
carcinoma (Caco-2) were obtained from the American
type culture collection (ATCC, Rockville, MD).
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) was obtained from Sigma-Aldrich,
Germany. The cells were grown on Roswell park
memorial institute medium (RPMI-1640) supplemented
with 10 % inactivated fetal calf serum and 50 pg/ml
gentamycin.

Staphylococcus aureus (S. aureus) (RCMB 010028),
Bacillus  subtilis (B. subtilis) (RCMB 010067),
Escherichia coli (E. coli) (RCMB 010052),
Pseudomonas aeruginosa (P. aeruginosa) (RCMB
010043), Aspergillus fumigatus (A. fumigatus) (RCMB
02568), Penicillium italicum (P. italicum) (RCMB
03924) and Geotrichum candidum (G. candidum)
(RCMB 05097) strains were obtained from the
Regional Center for Mycology and Biotechnology,
Al-Azhar University, Cairo-Egypt. 1,1-diphenyl-2-
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picrylhydrazine (DPPH) were obtained from Sigma
Chemical Company, USA. Ascorbic acid was obtained
from El Nasr Pharmaceutical Co., Cairo, Egypt.

Extraction and isolation:

Essential oil: EO was obtained by hydrodistillation
of fresh C. quadrifidus leaves (500 g) for 6 h using a
Clevenger type apparatus. Both oils were dried over
anhydrous sodium sulfate and kept in sealed vials at 2°
for analyses!”.

Extraction, fractionation and chromatographic
investigation of C. quadrifidus R.Br. leaves: Air-dried
C. quadrifidus leaves powder (500 g) was subjected to
exhaustive extraction with hot 80 % aqueous methanol
under reflux (2 1x6, 70°, 4 h). Evaporation of the solvent
yielded a total dry extract of 93.5 g. It was defatted
with petroleum ether (60-80°) under reflux (1 1x3, 60°)
yielding 18 g of phenolic free residue based on 2D-PC
using S, and S, solvent systems followed by spraying
with different spray reagents (FeCl, and Naturstoff
reagent). Excess sugars and salts were desalted with
excess ethanol to yield 56 g dry extract. About 19 g of
the dry residue was suspended in water and fractionated
on a cellulose column (100x3 cm, 150 g) packed
with water, then gradient H O/MeOH mixtures with
decreasing polarity for elution. The bands on columns
were traced using UV light and eluted fractions were
examined by paper chromatography (PC) and thin layer

chromatography (TLC) silica plates using different
solvent systems and spray reagents. Similar fractions
were combined to afford eight main collective fractions
that were subjected separately to repeated column
chromatography on Sephadex LH-20, silica and/or
cellulose and eluted with the suitable solvent system in
each case for final purification.

Fraction I was eluted from the column by water, traces
of polyphenols were found in this fraction on the basis
of its 2D-PC and using different spray reagents.

Fraction II was eluted with 20 % MeOH in H,O. Its
2D-PC showed two shine violet spots under UV-light
(A, 254 nm) and faint blue colour with FeCl, spray
reagent. Separation of the two compounds was carried
out on cellulose column (3x110 ¢m, 100 g) using H,O/
MeOH mixtures to give two sub-fractions where each
one was further purified on Sephadex column 1.5x
130cm, 15g)using50%methanolwhichledtotheisolation
of chromatographically pure samples of compounds
1 and 2.

Fraction III was washed out from the column using
30 % MeOH in HO. TLC was carried out using S,
solvent system and showed one major shiny blue spot
along with other minor spots when visualized by UV
light at A 254. Separation of 3 was carried out on
silica column (3%x120 cm, 200 g) using chloroform
(CHCI,):hexane mixtures to give a pure sample of
compound 3 (fig. 1).

Dry powder of C. guadrifidus leaves (500 g)

Extraction (80 % MeOH'reflux)
Evaporation under reduced pressure and low temperature

Dry total extract (93.5 g)
iDefatted with pet ether(60 - 80 C%) under reflux

Pet. ether soluble portion (18

Residue (72 g)

g (Phenolic rich)

(Phenolic free)

Desalting (dissolved inleast amount of H-O
and precipitated with excess EtOH)

1
EtOH soluble portion (56 g)
Rich in phenolic compounds

EtOH insoluble portion (12 g)

Fractionar on on cellulose column using
H-0. then H.O' MeOH mixmres with
decreasing polatitv up to 100% MeOH

I
Fra:tiun I Fraction I Frﬂiﬁﬂﬂ I Fraction IV Frﬁﬁi*ﬂﬂ v
100%: H-O 20 % 30 %2 40-60 % 60-70 %%
Traces of MeOH' H:O MeOH ' Ha0 MeOH  H:0 MeOH ' H;0
phenalic Cellulose column Silica column Sephadex column Sephadex column
compounds (3x110cm 100g) |(3x120em 2008  |(15x130cm 15g) |(15x130em 15 g)

using H-O' Me0H

C]_ C _: C3

using CHCl;: Hexane

S sing 309
using 50% methanol |using 30% methanol

Cy Cs CG Cy

Fig. 1: Extraction, fractionation and isolation of C. quadrifidus leaves main compounds
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TLC of fraction IV (eluted with 40-60 % MeOH/H,0)
using CHCL,:MeOH (7:3 v/v) solvent system showed
mainly two faint orange-yellow spots under UV light
atA_ 254 which changed to yellow color on exposure
to Ammonia (NH,) vapour. Further purification of the
two compounds was carried out on a Sephadex column
(1.5%130 cm, 15 g) using 50 % methanol. The crude
of the two compounds mixture was concentrated and
named compounds 4 and 5.

TLC of fraction V (eluted with 70-80 % MeOH/H,O)
using S, solvent system showed mainly two faint
orange-yellow spots under UV light at A_ 254 which
changed to yellow colour on exposure to NH, vapour.

Further purification of the two compounds was carried
out on a sephadex column (1.5%x130 cm, 15 g) using
50 % methanol. The two compounds mixture was
concentrated and named 6 and 7.

Biological activities:

Antioxidant activity using DPPH radical scavenging
activity: Freshly prepared (0.004 % w/v) methanol
solution of DPPH radical was used to evaluate
antioxidant activity. 0.1 ml of EO in different
concentrations (8-100 mg/ml) was added to 3 ml of
0.004 % methanol solution of DPPH®!. The decrease
in absorbance was measured at 515 nm®. EO of
C. quadrifidus leaves (2-320 ng/ml) was treated
similarly. The absorbance of the DPPH radical without
antioxidant (control) and the reference compound
ascorbic acid (5-80 pg/ml) were also measured. All the
determinations were performed in three replicates and
averaged. The percentage inhibition (PI) of the DPPH
radical was calculated according to the formula:

PI=(AC-AT)/ACx100

Where AC=Absorbance of the control at t=0 min and
AT=Absorbance of the sample+DPPH at t=16 min.

The percentage of DPPH radical-scavenging was
plotted against each applied concentration of the three-
tested sample and ascorbic acid to determine SC, | (the
concentration required to scavenge DPPH by 50 %).

Cytotoxic activity: EO of C. quadrifidus leaves, an
authentic sample of 1,8-cineole and doxorubicin as a
positive control (0-50 pg/ml) were evaluated for their
cytotoxic activity against different human carcinoma
cell lines including HCT-116, HepG-2, A-549 and
Caco-2 using MTT assay!!®!l. The optical density
was measured at 590 nm with the microplate reader
(Sunsise™, TECAN, Inc, USA) to determine the
number of viable cells.
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Percentage of viability=[1-(ODt/ODc)]x100 %

ODt is the mean optical density of wells treated with the
tested oil; ODc is the mean optical density of untreated
cells. The relation between cell viability percentage and
concentration was plotted to get the survival curve for
each tumor cell line. The 50 % inhibitory concentration
(IC,,) was estimated from graphic plots of the dose-
response curve for each concentration.

Antimicrobial activity of C. quadrifidus R.Br. leaf oil:
The antimicrobial activity was evaluated using the agar
disc diffusion technique®®. The used microorganism
strains were Staphylococcus aureus (RCMB 010028)
and B. subtilis (RCMB 010067) as Gram-positive
bacteria while Escherichia coli (RCMB 010052) and
P aeruginosa (RCMB 010043) represented Gram-
negative bacteria. The tested fungi were A. fumigatus
(RCMB 02568), P. italicum (RCMB 03924) and
G. candidum (RCMB 05097). All organisms were
obtained from the Regional Center for Mycology and
Biotechnology, Al-Azhar University, Cairo, Egypt.
C. quadrifidus leaves oil was dissolved in methanol at
a concentration of 0.2 mg/ml where 100 pl was spotted
on filter paper disc, air-dried and deposited on the
surface of inoculated agar plates. The plates were kept
at low temperature before incubation which favors the
swelling and diffusion over microbial growth.

Experiments were performed in triplicate and
diameters of inhibition zones were measured after
24 h for bacteria and 48 h for fungi. The antimicrobial
activity was expressed as the inhibition zone diameter
(mm). Amphotericin B was used as antifungal, while
ampicillin and gentamycin were used as antibacterial
controls (10 pg/ml). The percentage inhibition of
diameter growth was calculated as following!'?.

Percentage of inhibition=Inhibition zone diameter of
sample/Inhibition zone diameter of standardx100

Molecular docking: Molecular docking studies were
carried out using molecular operating environment
((MOE), 10.2008) software. All structure minimizations
were performed with MOE until an root mean square
deviation (RMSD) gradient of 0.1 kcal/molA-" with
Merck molecular force field (MMFF94x) force field
and the partial charges were automatically calculated!!.

RESULTS AND DISCUSSION

Both compound 1 (45 mg) and compound 2 (27 mg) are
obtained as an off-white amorphous powder. They gave
shine violet fluorescent spots under short UV light and
blue colour with FeCl, spray reagent. R, values are 0.74
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(S,) and 0.50 (S,) for compound 1 and 0.68 (S,) and
0.59 (S,) for compound 2. The identification was based
upon cobalt-polycarbonate (Co-PC) with available
authentic and comparison of spectroscopic data with
the matched literature!'¥, The two compounds named
compound 1 and 2 were identified as gallic acid and its
methyl ester, respectively.

Compound 3, isolated as a creamy white amorphous
powder (15 mg). TLC properties: R-value is 0.84
(S,). It gave a shiny blue fluorescent spot under UV
light (A 360 nm). The Electron ionization-mass
spectrometry (EI-MS) spectrum of compound 3
showed the following fragments at m/z 432.08 (M"),
223.04 (M"-C, H,0)), 179 (M"-C ,H .O,), 167.01 (M"-
C.H,0,),8 M-CHO,)and43 (CH,). UVA_nm
(MeOH): 286 and 350. The Proton nuclear magnetic
resonance ('"H-NMR), carbon-13 NMR attached proton
test (*C-NMR-APT) and two-dimensional NMR (2-D
NMR) data are listed in Table 1.

"H-NMR of compound 3 exhibited singlet at & 13.273
for OH-6/6' and another signal at 9.099 for OH-2/2'.
H-3 and 3' were established from the presence of
singlet signal integrated for 2 protons at 6 6.030 as well
as the CH, at position 1_appeared as singlet signal at
3.644. CH group at C-8 and C-8’ were indicative of the
presence of a multiplate signal at 3.852 (2H, m, H-8/8'").
The four CH, groups were indicated from the presence
of doublet signal at 1.07, besides the two methoxy
group was established from the presence of the singlet
signal at & 3.904 ppm!!516],

In the '3C-NMR-APT spectra; the upfield value at
92.53 ppm assigned for unsubstituted C-3. The carbon
at 15.75 ppm was assigned to CH, at position 1. The

presence of two CH and CH, group in the side chain
group was indicative of the presence of carbon signal
at 39.54 and 19.22 respectively as well as the two
methoxy appeared at 56.29. Moreover, the carbon
signal at 92.53 gave evidence for the carbon at C-3' and
the carbonyl carbon was established from the carbon
signal at 211.47.

Heteronuclear single quantum coherence (HSQC)
spectrum showed that each proton of H-3, H-8, H of
OCH,,HofCH,andHof1 -CH, at$6.030,3.852,3.904,
1.095 and 3.644 respectively is in correlation with the
directly attached carbons. Heteronuclear multiple bond
correlation (HMBC) spectrum confirmed the hypothesis
of the structure where the methylene bridge protons
at 0 3.644 (1)) was correlated with carbons at 161.21
(C-2), carbon at 158.49 (C-6) and C-1 at (104.94). CH,
group at & 1.07 was correlated with the signal of CH-8
at 8 39.54 and C=0 (C-7) at 211.74. The C-8 at 6 3.85
was correlated with CH, (19.22). H-3 at & 6.030 was
correlated with C-4 (165.13) and C-5 at (105.52).

From the above spectral data, the structure of compound
3 was established as (bis[3(2-methyl propan-1-one)-2,6
dihydroxy-4-methoxy phenyl] methane!'>'%. This is
the first report for compound 3 in nature (fig. 2) and in
C. quadrifidus leaves.

A mixture of compounds 4 and 5 was obtained
as white amorphous powder (12 mg). TLC
chromatographic properties: R-value is 0.54 (S,). It
gave a dark purple fluorescent spot under UV light
(A, 360 nm) which turned to orange colour with
Naturstoff spray reagent and bluish-green color
with FeCl,. The liquid chromatography electrospray
ionisation mass spectrometry (LC-ESI-MS) positive

TABLE 1: 'H-NMR AND "C-NMR-APT (400 MHz, DEUTERATED CHLOROFORM CDCL, d,) OF

COMPOUND 3
Carbon No. "H-NMR 13C-NMR HSQC HMBC
1/1 - 105.52
2/2 161.25
3/3 6.030 (2H, s, H-3/3") 92.53 H-3/3'— C-3/3' C-2/C-4/C-5
4/4 165.13
5/5 104.95
6/6' 158.49
717 211.47
8/8 3.852 (2H, m, H-8/8") 39.54 H-8/8 — C-8/8 CH,
2 OCH, 3.904 (6H, s, OCH,) 56.29 H-OCH,— C-OCH,
4 CH, 1.095 (12H, d, CH,) 19.22 H-CH,— C-CH, C-8/C-7/CH,
1, CH, 3.644 (2H, s, H-1a) 15.75 H-1a — C-1a C-1/C-2
July-August 2021 Indian Journal of Pharmaceutical Sciences 652
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Fig. 2: Compound isolated and identified from the aqueous methanolic extract of C. quadrifidus leaves. (1) Gallic acid; (2) Gallic acid
methyl ester; (3) (bis[3(2-methyl propan-1-one)-2,6 dihydroxy-4-methoxy phenyl] methane; (4) Mixture of 7,4*-dimethoxy-apigenin;
(5) 6,7-dimethoxy-apigenin; (6) A mixture of quercetin 3-O-p-D-arbinopyranoside; (7) Quercetin 3-O-p-D-4C1-xylopyranoside

mode spectrum of compound 4 showed the pseudo-
molecular ion peak at (M+H)" at m/z 299 while
compound 5 ESI-MS spectrum showed (M+H)™ at m/z
315. The LC-ESI-MS spectrum revealed the presence
of two compounds one of which is a compound 4 while
the other is a compound 5 with a pseudo-molecular ion
peak (M+H)"at m/z 299 and 315 respectively!'”'8. The
difference between the m/z of these compounds can be
attributed to the hydroxyl group.

The '"H-NMR spectrum revealed the presence of two
compounds through the presence of two protons at &
12.803 and 12.789 which are identical for the hydroxyl
at C-5 of compound 4 and 5 respectively. Four methoxy
groups appeared as four singlets at & 3.849, 3.723,
3.821 and 3.816. There are four protons grouped and
appeared as two multiplets due to superimposed signals
with the A2B2 spin system at & 6.924 (H-3' and H-5")
and 7.773 (H-2' and H-6') which are identical for B
ring protons of both compounds. Two protons singlet
at 0 6.407 revealed the presence of two superimposed
H-3 protons, one proton for each compound. Two
protons singlet at  6.500 indicated the presence of two
superimposed H-8 protons. H-6 proton of compound 4
was assigned to 6 6.532.

653
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The “C-NMR-APT spectrum showed the signals of
two compounds. Compound 4 showed 15 carbon
resonances characteristic for apigenin among which
the key signals at 6 ppm 183.26 (C-4), 127.99
(C-2'/6"), 114.46 (C-3'/5"), 91.80 (C-8) and 104.49
(C-3/6)[1"181 While compound 5 showed 15 carbon
resonances characteristic for apigenin among which the
key signals atd ppm 182.41 (C-4),127.95(C-2'/6"),89.34
(C-8)and 104.03 (C-3), 102.79 (C-6)1""18), Two methoxy
were assigned for compound 4 at 55.90 (7-OCH,) and
55. 53 (4'-OCH,) while compound 5 methoxy signals
were assigned at 60.50 (6-OCH,) and 55.90 (7-OCH,)
(17181 TH-.NMR and *C-NMR data for compound 4 and
5 along with the reported literature!''®! are listed in
Table 2. These data suggested the tentative structure of
the compounds; compound 4 and 5 to be 7,4'-dimethoxy-
apigenin and 7,6-dimethoxy-apigenin, respectively.
Both of these compounds are identified for the first
time from C. quadrifidus leaves. Characterization
and identification of compounds 6 and 7 is a yellow
amorphous powder (25 mg) with R, values 0.45 (S,)
and 0.42 (S,) showing dark purple spot under UV(A__
360 nm) which changed to orange fluorescence and
pale green colour upon spraying with Naturstoff and
FeCl, reagents respectively. Acid hydrolysis afforded
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TABLE 2: 'H-NMR (400 MHz, CDCL,-d,) AND "“*C-NMR-APT (100 MHz, CDCL,-d,) SPECTRAL DATA FOR
COMPOUNDS 4 AND 5 MIXTURE

Carbon Compound 4 Compound 5
No. 6H GH[HB] dc 5C[13B] 6H 6H[13A] Gc 6C[13A]
2 - 163.61 163.9 - 163.38 163.6
3 6.407 (1H, s) 6.54 (s) 104.49 104.3  6.407 (1H,s) 6.65 (1H, s, H-3)  104.03 103.3
4 183.26 182.4 182.41 182.3
5 12.65 (1H, s) 155.93 157.6 155.93 152.6
6 6.532 (1H, brs)  6.49 (d, J=2.5) 104.49 98 102.79 104.49
7 167.48 165.3 157.28 158.6
8 6.500 (1H, brs)  6.37 (d, J=2.5) 91.8 92.5  6.500 (1H, s) 6.66 (1H, s) 89.34 91.6
9 158.47 162.5 162.47 153.6
10 105.31 105 105.31 106.6
1 123.74 123.5 - 123.86 122.7
7.38 (d, J=2Hz,
2 7.773 (1H, m) 7.85 (d, J=9) 127.99 128  7.773 (2H, m) (H 2) z 127.95 128.4
3 6.924 (1H, m) 7.02 (d, J=9) 114.46 114.4  6.924 (2H, m) 7.02 (d, J=9) 114.46 114.6
4 164.4 164 - 162.6 162.4
7.02 (brd, J=8.5
5 6.924 (1H, m) 7.02 (d, J=9) 114.46  114.4  6.924 (2H, m) (I: : 114.46 114.5
z
7.57 (dd, J=8.5,
6 7.773 (1H, m) 7.85 (d, J=9) 127.99 128  7.773 (2H, m) (2 Ha) 127.95 128.4
5-OH 12.803 (1H) 12.8 12.789 (1H, s)
7-OCH, 3.849 (3H,s) 3.89 (s) 55.9 55.7  3.816 (3H, s) 3.82 (s) 55.9 56.5
4'-
3.723 (3H, 3.88 55.53 55.5
OCH, (3H,s) (s)
6-OCH, 3.821 (3H, s) 3.84 (s) 60.5 60.1

quercetin aglycone (Co-TLC with authentic samples)
in the organic phase and xylose and arabinose in the
aqueous phase (Co-PC with authentic samples) which
suggested the presence of a mixture of two compounds
named compounds 6 and 7.

UV nm (MeOH): 254, 290 (sh), 354; (+NaOMe):
261, 300 (sh), 405; (+NaOAc): 265, 323(sh), 372;
(*NaOAc/H,BO,): 265, 310, 406 (+AICL): 275, 300
(sh), 337, 431; (+AICL/HCI): 270, 290 (sh), 397.

The compound 7 gives the same NMR data of 6 except
o ppm 12.65 (1H, s, H-bonded OH-5), 5.37 (1H, d, J=7.2
Hz, H-1") as well as in case of *C-NMR-APT data,
compound 5 showing the same carbons of aglycone and
differ only in these carbon resonances of sugar moiety
being 76.17 (C-3"), 73.90 (C-2"), 69.61 (C-4"), 65.82
(C-5"),

The presence of two signals at 12.62 and 12.65 ppm
in '"H-NMR spectrum characteristic for the proton of
OH at C5 indicated the presence of quercetin aglycone
for both compounds through a comparison with the
previous quercetin compounds isolated?’. Moreover,
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compound 6 is finally identified as quercetin 3-O--D-
arbinopyranoside (Gvaijaverin) based on comparison
of its 'H-NMR and *C-NMR-APTR%. 'H-NMR and
BC-NMR-APT of compound 7 showed that the sugar
moiety is xylose due to the presence of doublet signal
at 6 5.37 (J=7.2 Hz) and it is confirmed from *C-NMR-
APT (Table 3) which showed the five-carbon signal
characteristic for xylose especially C-3"(76.17) and
C-5"(65.62)"*2%, The final identification of compound
7 is quercetin 3-O-B-D-xylopyranoside. From the above
data, the mixture is composed of two compounds, one
major as quercetin 3-O-f-D-arbinopyranoside! and the
minor one as quercetin 3-O-B-D-*C,-xylopyranoside!”
in ratio 2.5:1. Both compounds 6 and 7 were identified
in C. quadrifidus leaves for the first time.

C. quadrifidus leaves EO yield was 0.5 % v/w and was
injected in GLC-MS device for identification of the EO
constituents. The identification of the oil components
was based upon the comparison of mass spectral
data and KI with Wiley registry of mass spectral data
8" Edition, NIST Mass Spectral Library (December
2005) and the available literature®?!l. A total of
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TABLE 3: 'H-NMR (400 MHz, CD,OD-d,) AND *C-NMR-APT (100 MHz, CD,0OD-d,) SPECTRAL DATA FOR

COMPOUNDS 6 AND 7 MIXTURE

Compound 6 Compound 7
Carbon No.
0, o, 0, 0,
2 157.26 - 157.26
3 13426 - 134.26
4 e 178.03 e 178.03
5 e 161.57 - 161.57
6 6.26 (1H, brs) 98.48 6.26 (1H, brs) 98.48
7 e 1646 - 164.6
8 6.482 (1H, d, J=1.2 Hz) 93.33 6.482 (1H, d, J=1.2 Hz) 93.33
s e 15697 - 156.97
o e 104.27 - 104.21
1 12164 - 121.64
2 7.599 (1H, d, J=1.96 Hz) 114.76 7.599 (1H, d, J=1.96 Hz) 114.76
K 14453 - 144.53
4 e 148.54 - 148.54
5 6.933 (1H, m) 116.09 6.933 (1H, m) 116.09
6 7.68 (1H, dd, J=1.96, 8.8 Hz) 121.47 7.68 (1H, dd, J=1.96, 8.8 Hz) 121.47
5-OH 12.622 (1H, s) 12.65 (1H, s)
1" 5.3 (1H, d, J=5.6 Hz) 103.32 5.37 (1H, d, J=7.2 Hz) 103.32
3.80-3.23 (m, remaining sugar o
2" 72.77 3.80-3.23 (m, remaining sugar protons). 73.9
protons).
3" 71.52 76.17
4" 67.78 69.61
5" 65.62 65.82

32 compounds composing 94.26 % of the oil
composition were identified. Merely, oxygenated
monoterpenes represented by 1,8-cineole (53.98 %)
comprises 68.96 % of the EO. Monoterpenes re-
presented 0.55 % while non-identified components
were found to be less than 6 %. C. quadrifidus EO
leaves chemical composition is presented in Table 4.

Upon comparison between EO composition, it
was found that our results were in accordance with
literature where 1,8 cineole was identified as the major
component. However, the EO was reported to include
30 components including 1,8-cineole (80 %), a-pinene
(2.34 %), B-pinene (3.37 %), myrcene (3.37 %) and
the rest of the components were stated to be less that
1 %%, The concentration of major EO component of
C. quadrifidus leaves was calculated via gas liquid
chromatography-flame ionization detection (GLC-
FID) analysis using 1,8-cineole as an external standard
since it represented the major identified component
in the tested oil and oxygenated monoterpenes. The
calibration curve of cineole exhibited high linearity
with the coefficient of determination (R,) of 0.9999 at
the used concentrations.

655 Indian Journal of Pharmaceutical Sciences

1,8-cineole represented the major component of
C. quadrifidus leaves oil (525.62 pg/ml) followed by
a-terpineol (12 pg/ml), terpinen-4-ol (4.21 pg/ml),
B-pinene (5.36 pg/ml), myrcene (3.13 pg/ml), a-pinene
(2.68 pg/ml). Quantitative determination via GLC-FID
analysis using the calibration curve of 1,8-cineole of
C. quadrifidus leaves EO was estimated for the first
time in this study

The anti-oxidant activity of C. quadrifidus leaves EO
and ascorbic acid against DPPH radicals were expressed
in fig. 3. The tested oil showed antioxidant capacity in a
dose-dependent manner. The best scavenging capacity
for C. quadrifidus EO (74.49 %) were observed at
160 pg. C. quadrifidus leaves oil showed an antioxidant
capacity with SC, =37.3 ug that may be attributed to its
oxygenated hydrocarbons content.

In previous reports, 1,8-cineole, linalool, a-pinene and
p-cymene showed weak DPPH scavenging activity
percentage!??. According to the available literature
C. quadrifidus AME revealed a marked significant
scavenging activity at different concentrations
(2-100 mg/ml) showed. The scavenging capacity of the
AME of C. quadrifidus leaves was found to be SC,
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TABLE 4: CHEMICAL CONSTITUENTS OF HYDRODISTILLED EO OF C. quadrifidus LEAVES

No. Compound name Kl index Area % M+ B.P. Mass fragments
Monoterpene hydrocarbons
1 a-Pinene 939 0.06 136 93 121, 105, 77, 67, 53, 41
2 B-Pinene 979 0.1 136 93 121, 107, 79, 69, 53, 41
3 Myrcene 991 0.05 136 93 121, 79, 69, 53, 41
4 Para-cymene 1025 0.17 134 119 103, 91,77,65, 51
5 y- Terpinene 1060 0.17 136 93 121, 105, 77, 65, 41
Oxygenated monoterpenes
6 1,8-Cineole 1031 53.98 154 43 139, 108, 93, 84, 81, 69, 56, 41
7 cis-B-Terpineol 1144 5.39 136 71 55, 69, 80, 93, 107, 121
8 Terpinene-4-ol 1177 1.25 154 71 136, 121, 111, 93, 71, 69
9 a-terpineol 1189 2.41 154 59 136, 121, 93, 81, 41, 41
10 Neral 1238 0.66 152 41 137, 119, 94, 81, 69, 53
11 Geraniol 1253 0.24 150 69 139, 123, 111, 93, 53, #1
12 Geranial 1267 1.02 152 69 137, 123, 109, 84, 53, 41
13 Gernyl acetate 1381 4.1 196 69 136, 121, 93, 43, 41
Others
14 n-Octane * 0.33 114 70 99, 85, 71, 57
15 1,4- dimethyl cyclohexane * 0.05 112 97 70, 56, 55, 41
16 Ethyl-cyclohexane * 0.06 112 83 41, 55, 67, 82
17 Ethyl-benzene * 0.1 106 91 40, 51, 65, 77
18 Heptane 700 4.81 100 43 41, 57, 70, 71
19 Capylene 792 0.31 98 69 41, 55, 70,97
20 I-octene 792 1.85 98 70 41, 55, 56, 84, 98
21 Octene 802 5.26 112 70 43, 55, 85
22 (2Z)-octene 812 0.11 112 70 41, 55, 84, 98
23 Methyl-valerate 828 0.06 114 43 57, 70, 71
24 Isopropyl butrate 845 0.33 114 57 43,70, 99
25 Ethyl isovalerate 858 0.21 111 43 41, 57, 70, 84, 85
26 n-Nonone 900 0.05 128 43 57, 71, 85, 99
27 Decane 1000 4.24 100 43 41, 57,71, 85
28 n-Decane 1000 0.1 142 57 41, 43, 71, 85, 99
29 n-Undecane 1100 0.08 156 57 43,71, 84, 98, 113
30 Eugenol 1359 3.1 164 164 149, 131, 121, 103, 91, 77
31 Caryophyllene acetate 1701 2.4 264 43 69, 81, 93, 109, 121
32 Hexadecanoic acid 2861 1.2 256 73 43, 60, 115, 129, 213
Monoterpene hydrocarbons 0.55
Oxygenated monoterpenes 68.96
Others 24.75
Total identified % 94.26
Total unidentified % 5.74

Note: *Identified by mass fragment from NIST database

=8 mg/ml®. Comparing the scavenging activity of both
the EO and the AME of C. quadrifidus it is obvious
that the antioxidant potential of the EO is much greater
than that of AME. This free radical potential may be
attributed to the oxygenated contents of the EO.

The cytotoxic activity of tested oils, 1,8-cineole and
standard doxorubicin against HCT-116, HepG-2, A-549
and Caco-2 cell lines are represented in fig. 4 and
fig. 5. IC, values were used to assess the activity of the
EO and 1,8-cineole against cell lines under investigation
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Fig. 3: DPPH scavenging percentage of C. quadrifidus leaves EO using ascorbic acid as a standard
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Fig. 4: Effect of C. quadrifidus leaves EO, 1,8-cineole and doxorubicin on cell viability of HCT-116, Caco-2, A-549 and HepG-2 cell

lines

based on the protocol of the National Cancer Institute
(NCI) which recommended that crude extracts of plant
origin should be considered significant for IC,, values
<30 pg/ml as well as IC, values <4 pg/ml for pure
substances*”). Moreover, IC,, values were classified
as follows: 1C, <20 ug/ml are highly active, IC, 21
-200 pg/ml are moderately active, IC,; 201-500 pg/ml
are weakly active and IC,>501 pg/ml are inactive*l.

The role of the major component in the EO was assessed
using 1,8-cineolel® where it showed comparable
potencies against all tumour cell lines. IC,, ranged
from 3.02 to 5.92 pg/ml. 1,8-Cineole cytotoxicity was

657

Indian Journal of Pharmaceutical Sciences

significant against HepG-2 (3.02 pg/ml) followed by
A-549 (3.89 ug/ml), HCT-116 (3.97 ug/ml) and Caco-
2 (5.92 pg/ml) cell lines. In this study, the synergistic
cytotoxic effect of the various oil components is clear as
the cytotoxic effect of the major constituent 1,8-cineole
is less than that of the EO except against HepG-2124l.
EO of C. quadrifidus leaves showed variable potencies
against all tumour cell lines used with IC,  ranged
from 2.37-5.8 ug/ml (fig. 5). The cytotoxicity of EO of
C. quadrifidus leaves was significant against A-549
(2.37 pg), HCT-116 (2.39 ng), HepG-2 (2.55 pg) and
Caco-2 (5.80 pg) cell lines. The role of the major
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component in the EO was assessed using 1,8-cineole.
This is the first report for cytotoxic activity of
C. quadrifidus leaves EQ.

In vitro cytotoxic activities against liver and colon
carcinoma were reported for EO of different Myrtaceae
plants containing 1,8-cineole, linalool and a-terpineol
withIC, values 0.36-0.69 ug*”, whichare in accordance
with our results. Terpinen-4-ol induced a significant
in vitro inhibition of colorectal cells growth in a dose-
dependent manner?, Additionally, myrcene exhibited
strong cytotoxic activities against HCT-116 and HepG-
2 (IC,=1.27 and 0.93 ng respectively) in a dose-
dependent manner when evaluated by MTT assay™.
Geraniol (a minor component of the two EO tested) was
reported to inhibit 70 % of cell growth of Caco-2 cell
line with cells accumulating in the S transition phase of
the cell cycle and inhibition of DNA synthesis”.. It also
inhibited colon cancer cell proliferation by inducing
membrane depolarisation and interfering with ionic

The results indicated that the two oils showed selective
activities against different microorganisms as indicated
by inhibition zone diameters, percentage of standard
activity and minimum inhibitory concentration (MIC)
values. P. aeruginosa was resistant to the oils (Table 5
and Table 6).

MIC is generally considered more accurate than disc
diffusion assay for EO. The limitation of the oils activity
can be attributed to the low water solubility of the oil
and its components, which limits their diffusion into the
agar medium. Only the more water-soluble components
can diffuse into the medium. The hydrocarbon
components may remain on the surface of the medium or
evaporate!?!, MIC of the C. quadrifidus leaves oil against
the tested organisms ranged from 0.98 to 15.63 pg/ml.
The least MIC values were detected against B. subtilis
(0.98 ug) and E. coli (1.25 ng). Concerning S. aureus and
P, italicum there are significant antimicrobial activities
observed as indicated by their MIC values compared

canals and signalling pathways?*]. with the corresponding standards. Additionally,
8_
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Fig. 5: IC,, values of C. quadrifidus leaves EO, 1,8-cineole and doxorubicin against HCT-116, HepG-2, A-549 and Caco-2 cell lines

TABLE 5: ANTIMICROBIAL ACTIVITY EVALUATION OF C. quadrifidus EO

Inhibition zone diameter in mm (% of standard activity)

Microorganism —

C. quadrifidus Ampicillin Gentamycin Amphotericin B
G +ve bacteria
S. aureus 21.3x0.44 (77.7) 27.4+0.18 (100) N/A N/A
B. subtilis 21.9+0.37 (67.6) 32.4+0.10 (100) N/A N/A
G -ve bacteria
P. aeruginosa N/A 17.3+0.15 (100) N/A
E. coli 9.2+0.25 (41.3) N/A 22.3+0.18 (100) N/A
Fungi
A. fumigatus 17.2+0.58 (72.5) N/A N/A 23.7+0.10 (100)
P. italicum 20.9+0.44 (95.4) N/A N/A 21.9+0.12 (100)
G. candidum 20.4+0.58 (70.7) N/A N/A 28.7+0.22 (100)
(-): No activity and N/A is non-applicable
July-August 2021 Indian Journal of Pharmaceutical Sciences 658



www.ijpsonline.com

C. quadrifidus leaves EO showed significant antifungal
activity against P. italicum and to less extent against
G. candidum which is in accordance with the literature!®..

Peroxiredoxins are a family of antioxidant enzymes
which also control cytokine-induced peroxide levels
which control signal transduction in mammalian cells.
The active site structure contains cysteine 47 (Cys47)
that is known as peroxidase Cys which is involved in the
reduction of peroxide and also, Arginine 127 (Argl27)

TABLE 6: MIC OF TESTED C. quadrifidus EO
MIC (pg/ml)

Organism —

C. quadrifidus Standard drug
G +ve bacteria Ampicillin
S. aureus 1.95 0.49
B. subtilis 0.98 0.49
G -ve bacteria Gentamycin
P. aeruginosa 15.56
E. coli 1.25 0.98
Fungi Amphotericin B
A. fumigatus 15.63 0.98
P. italicum 1.95 0.98
G. candidum 3.9 0.98

(--): No activity

Fig. 6: Hydrogen bond formation with Cys47 and Arg127

is an important residue in the interactions and fixation
of the substrate®”. Molecular docking of compound 3
was done in this peroxiredoxins and the binding mode
was found to be in two poses (fig. 6 and fig. 7)

The possible conformations of this compound were
found to be five (fig. 8). The energy profile for all of them
was computed (Table 7). It was found that confirmation
2 showed the least total energy (43.85) and electrostatic
energy as well (-16.80). The energy profile for all
conformations was also computed when they are in the
bound form (in complex with the enzyme) (Table 8).

In the bound form, almost all the conformations showed
the same values of both stretching and angle energies.
Confirmation 2 was the best in the electrostatic energy
and the total energy as it demonstrated the least values.
We could not find any correlation with Van der Waals
energy. The free binding energy of the binding of each
conformation to the protein was calculated in kcal/mol
together with the in silico affinity (pki) (Table 9).

Another proof that conformation 2 is the most stable and
may be responsible for the antioxidant effect it showed
the best free binding energy and affinity when compared

Fig. 7: Hydrogen bond formation with Argl127, Thr147 and
Thr44

e

First Conformation Second Conformation

Fig 8: Possible conformations of compound 3
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TABLE 7: ENERGY PROFILE FOR ALL POSSIBLE CONFORMATIONS

Conformation Total energy St;ﬁgﬁ,g;ng Angle energy Tg;ﬂ?;;' Vdw energy Ele;::rs‘gt;tic Szlr:'::;;n
1 51.74 2.88 11.81 29.11 15.17 -7.23 0

2 43.85 2.19 12.25 33.89 12.32 -16.8 0

3 51.65 2.28 13.23 36.54 13.5 -13.9 0

4 49.14 2.93 13.06 27.5 16.16 -10.51 0

5 47.17 1.99 12.88 33.84 10.41 -11.95 0
TABLE 8: ENERGY PROFILE FOR ALL POSSIBLE CONFORMATIONS IN THE BOUND FORM
Conformation Total energy St;ﬁl;crgi;\g :n':egrlg Tg::?g;l Ele;;?rsgt;tic Sglr:/:rt;;n
1 24047.77 103.23 339.01 1129.13 -7.23 0

2 19685.58 102.6 340.4 1136.6 -12.44 0

3 63733.51 103.28 340.26 1127.52 -10.51 0

4 20437.88 102.35 340.08 1133.86 -14.29 0

5 32000.92 102.5 339.45 1132.91 -10.8 0

TABLE 9: FREE BINDING ENERGY OF THE BINDING
OF EACH CONFORMATION TO THE PROTEIN

Conformation Free binding energy AG  Affinity pki
1 -23.08 7.25
2 -33.58 10.92
3 -30.71 8.59
4 -30.17 8.39
5 -30.98 9.27

to others. Structure elucidation of the pure compounds
isolated from C. quadrifidus leaves was done according
to their chromatographic behaviour, chemical and
spectroscopic data. These compounds were isolated for
the first time from C. quadrifidus leaves and identified as
gallic acidV, gallic acid methyl ester!, (bis[3(2-methyl
propan-1-one)-2,6  dihydroxy-4-methoxy  phenyl]
methanel!, a mixture of 7,4'-dimethoxy-apigenin and
6,7-dimethoxy-apigenin®! and a mixture of quercetin
3-O-B-D-arbinopyranoside!® with quercetin 3-O-B-D-
*C,-xylopyranoside!”l. High phenolic content indicate
the presence of high antioxidant potential that requires
further investigation.

The EO obtained from C. quadrifidus fresh leaves
revealed the presence of 32 compounds composing
94.26 % of the whole oil were identified. 1,8-Cineole
was estimated to be the major component of the oil
(525.62 png/ml) followed by a-terpineol (12 pg/ml) and
terpinen-4-ol (4.21 pg/ml) using GLC-FID analysis.
The oil best free radical scavenging capacity (86.86 %)
was observed at 640 pg.

The EO exhibited potential antioxidant activity in a
dose-dependent manner when tested by DPPH radical
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scavenging assay compared with ascorbic acid. The
oil also showed significant activity against human
carcinoma cell lines including colon, hepatic, lung and
intestinal. Additionally, the antimicrobial activity was
evaluated using agar disc diffusion and determination of
MIC against ampicillin, gentamycin and amphotericin
B as positive controls. According to MIC values, the
most sensitive strain to C. quadrifidus leaves EO was
B. subtilis. Generally, the antimicrobial activity of EO
is mostly due to the presence of phenols, aldehydes
and alcoholsP®!. Moreover, as typical lipophiles,
the EO can penetrate the cell wall and cytoplasmic
disrupting the structure of polysaccharides, fatty acids
and phospholipids and permeabilize them, causing loss
of ions and reduction of membrane potential leading
to depletion of the Adenosine triphosphate (ATP)
pool®?! in addition to cytoplasm coagulation™ leading
to cell death by apoptosis and necrosis**. Most of the
EO components reported in this study were reported
to have antimicrobial action. 1,8-Cineole, terpinen-
4-ol, linalool and o-terpineol exhibited significant
inhibition of S. aureus and E. coli®®. Also, 1,8-cineole
showed fungicidal activity against A. flavus and
A. parasiticus®®. The different antibacterial activity of
the EO, compared with those of their major components,
can be attributed to the synergistic effect of the different
components in the oil and/or by the presence of other
active constituents in small concentrations?”.

EO of other Myrtaceae plants containing o-and
B-pinene, 1,8-cineole, linalool and a-terpineol (which
were reported in the EO of our study) showed variable
antimicrobial activities against S. aureus, B. subtilis,
E. coliand P. aeruginosa®!. Tosumup, the C. quadrifidus
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leaves EO biological properties that can attributed to the
complex mixtures of numerous molecules, compared
to 1,8-cineole alone. This emphasizes the theory that
natural products action is potentiated by synergism; in
other words, the EO variation of concentrations and
compositions is necessary for both synergistic and
antagonistic activities on the major constituents.

Peroxiredoxins are a family of dominant antioxidant
enzymes in mammalian cells. Molecular docking
of compound 3 was done in peroxiredoxins and the
binding mode was found. Five binding conformations
were found to compound 3. The energy profile for all
compound 3 confirmation was computed. It was found
that confirmation 2 showed the least total energy and
electrostatic energy as well. In the bound form almost
all the conformations showed the same values of both
stretching and angle energies still conformation 2 was
the best in the electrostatic energy and the total energy
as it demonstrated the least values. Conformation 2 of
compound 3 was found to be the most stable and may
be responsible for the antioxidant effect as it showed the
best free binding energy and affinity when compared to
conformations.
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