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ABSTRACT

The aim of this study was to characterize the chemical composition of some volatile
components, in vitro antimicrobial and anticancer activity of essential oil and n-hexane extract
from Trachyspermum ammi L. (Family Apiaceae). The chemical composition of samples was
obtained by GC-MS analysis, the antimicrobial activity was evaluated by disc diffusion method
whereas the in vitro anticancer activity was evaluated by sulphorhodamine method. Twenty-three
monoterpenoide compounds were identified in the essential oil in which four compounds; y-terpinene,
thymol, P-cymene and B-pinene were the major components of the oil with quantity 266.28,
201.97, 194.91 and 38.49 mg/g oil respectively whereas the other nineteen compounds had
quantity < 10 mg/g oil. Twelve monoterpene compounds were identified in the n-hexane extract in
which three compounds. Thymol, y-terpinene and P-cymene were the major components of
volatile components of the n-hexane extract with quantity 138.85, 56.41 and 32.69 mg/g extract
respectively whereas the other nine compounds had quantity < 10 mg/g extract. The essential oil
and n-hexane extract exhibited an antimicrobial activity against five microorganisms and an
anticancer activity against HepG2. The essential oil showed higher activity than the n-hexane.
Thymol, terpinene and P-cymene of the two samples play an important role in antimicrobial and
anticancer activity. In conclusion, this considered the first report that gave the real quantity of each
volatile compound in the essential oil and n-hexane extract of T. ammi. Also, this the first work
dealing with the anticancer activity of the two samples in addition to the agreement of antimicrobial
activity with previous studies. More safety and toxicological studies will need to be addressed if the
essential oil and n-hexane extract of T. ammi are to be used for food preservation or medicinal
purposes.
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INTRODUCTION

The use of natural resources, especially
medicinal plants was continued to be excellent
sources of phytochemicals for traditional medicines,
modern medicines, nutraceuticals, pharmaceutical
intermediates, folk medicines, food supplements,
and chemical entities for synthetic drugs due to their
versatile applications. Natural products from plants
continue to be used in pharmaceutical preparations
as crude extracts, fractions, or pure compounds. The
quest for plants with medicinal properties continues
to receive attention as scientists survey plants for a
complete range of biological activities, which range
from antibiotics to antitumour?2.

Essential oils and extracts of aromatic
plants have been recognized for many years as a
great source of pharmaceutical agents and food
additives. They have been employed for a long time
in different industries, mainly in perfumes
(fragrances and aftershaves), food (as flavourings
and preservatives), pharmaceuticals (therapeutic
action) and for centuries in traditional medicine.
Essential oils are obtained from different plant parts
such as flower, buds, seed, leaves and fruits. They
are mainly composed of a mixture of volatile low-
molecular weight mono- and sesquiterpenes and
other isoprenes?®®.

Trachyspermum ammi L. (Syn.
Trachyspermum copticum L.; Family Apiaceae) is
an important commercial product for the food and
flavouring industry. It is known as a popular aromatic
herb and spice that grows in India, Egypt, Persia,
Bangladesh, Afghanistan, and Ethiopia. A number
of biological actions have been claimed for T. ammi
fruits as antispasmodic, stimulant, tonic, digestive,
anthelmintic, anticipative, antimicrobial, antiviral,
antifilarial, anti-inflammatory, antipyretic,
antinociceptive, antifungal, analgesic diuretic and
carminative effects, as indicated the various authors
and traditional medicine uses. The seeds of this plant
contain about 2-4% essential oil that have a
biological activity? °4.

The T. ammi seeds known as Nakhwa or
Nankha in Arabic countries and used mainly as a
spice and in many folk medicine uses. In Saudi
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Arabia its traditional name is Nankha that is widely
used as a spice component in preparation of Arabic
coffee, bread and pastries. Also, mothers used to
using its infusion as antispasmodic for either
children or adults. Many reports on chemical
composition of T. ammi essential oil from different
origins revealed that thymol, y-terpinene p-cymene
and carvacrol are the main components®".

To the best of our knowledge, there are no
reports on the characterization of volatile
components of n-hexane extract of T. ammi seeds.
In this study, the authors study the chemical
composition of the essential oil and the volatile
components of n-hexane extract of T. ammi seeds.
Also, the samples were investigated in vitro as
anticancer and antimicrobial agents.

MATERIALS AND METHODS

Chemicals

All solvents, standards and reagents were
analytical and HPLC grade from Sigma-Aldrich
Chemicals, USA.

Plant material and preparation of essential oil and
n-hexane extract

The seeds of plant under investigation;
Trachyspermum ammi (Traditionally known as
Nankhah) were purchased from the herbal market
in Taif governorate, KSA. Voucher specimen (given
number TA1) was deposited at the natural products
analysis laboratory, faculty of science, Taif University,
Taif, KSA.The seeds were ground by electric grinder
before the extraction process by n-hexane and
hydrodistillation extraction for essential oil.

The essential oil was prepared by
hydrodistillation method using Clevenger apparatus.
150 grams of ground seeds were mixed with 1.5 L
distilled water in a round flask and connected with
the Clevenger apparatus. Using heating mantle at
temperature 90 °C, the system was operated until
observing the disappearance of oil collected in the
vertical receiver-separator column. 2.8 ml (density
0.873 g/mL) clear colorless oil was obtained, dried
over sodium sulphate and filtered. The oil was stored
at -20 °C in a brown glass vial until investigation.
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For the preparation of n-hexane extract,
300 grams of ground seeds were soaked in 1500
ml n-hexane for one week at room temperature with
shaking from time to time followed by filtration. The
n-hexane was removed under vacuum yielding
yellowish green oil. This extraction process was
repeated three times. The collected oil (34.5 mL,
density 0.919 g/mL) was liquid at room temperature
but it was solidified by cooling. The two oils were
stored at -20 °C in glass brown vials.

Preparation of standard and sample solutions
Forty nine standard compounds; a-
pinene, camphene, benzaldhyde, B-pinene,
myrcene, 3-carene, a-terpinene, p-cymene, D-
limonene, eucalyptol, y-terpinene, Sabinene-
hydrate, terpineoline, B-Linalool, nonanal, cis-rose
oxide, phenyl ethyl alcohol, tras-rose oxide,
camphor, menthone, menthol, a-terpineol,
verbenone, B-citronellol, cis-citral, carvone,
geraniol, trans-citral, citronellyl formate, anethol,
thymol, azulene, citronellyl acetate, eugenol, neryl
acetate, geranyl acetate, methyl eugenol, B-
caryophellene, pentadecane, phenylethyl tigillate,
hexadecane, 1-tetradecanol, heptadecane,
farnesol, benzyl benzoate, octadecane,
nonadecane, 1-eiocosene and heneiocosane were
prepared separately by dissolving known weight
of each in n-hexane (1 mg/ml) and filtered using
membrane disc filter (0.45 pm). For samples,
solution (20 mg/ml) of oil was prepared in n-hexane
and filtered using membrane disc filter (0.45 pm).

Capillary gas chromatography-mass
spectrometry conditions

The GC-MS analysis of the sample and
standards were performed using gas
chromatograph (GC, Model CP 3800, Varian,
California, USA) coupled with a mass spectrometer
(MS, Model Saturn 2200, Varian) and auto sampler
(Model Combi Pal, Varian) system. The column used
for separation was a VF-5 fused silica capillary
column (30 m E 0.25 i.d. mm, film thicknesses 0.25
pum, Varian). For MS detector, electron impact (EI)
ionization system with ionization energy of 70 eV
was used. Trap temperature was set at 170 °C and
axial modulation voltage at 4.0 volts. The ions were
recorded with mass range 30-450 m/z, solvent delay
time 3 min. Helium gas was used as a carrier gas at
a constant flow rate of 1 ml/min. Injector and mass
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transfer line temperature were set at 140 and 280
°C respectively. The optimum conditions for oven
temperature were obtained after several trials to
get good separated peaks for standards. The
program was as follow: 1 min at 50 °C, raised
gradually to 120 at 2 °C/min, 120-260 °C at 6 °C/
min and held for 1 min, the total run time 60 min.
The injection volume of standards and samples was
1 pl with a split ratio 1:20.

Calibration curve and samples analysis

The standards mixture containing 49
compounds was chromatographed using previous
analytical conditions. All samples also were
analyzed at the same conditions. According to the
chromatograms obtaining for samples and review
of literatures, another standards mixture containing
15 compounds; a-pinene, camphene, -pinene, a-
phellandrene, o-terpinene, p-cymene, D-limonene,
cineol, y-terpinene, sabinene-hydrate, terpineoline,
linalool, a-terpineol, thymol and eugenol was
chosen, prepared, and diluted to six different
concentrations for establishing calibration curves.
A calibration curve of each standard was obtained
by plotting the area under peak versus the different
concentrations. Chromatograms of the standards
and samples were analyzed and processed using
Varian MS Workstation software (Service Pack 1,
Version 6.5). For samples, known peaks were
identified by comparing its retention time (t.) and
mass spectrum with standards. Unknown peaks
were identified or tentatively identified by matching
their mass patterns with Wiley & NIST electronic
library and review of literatures.

In vitro microbial sensitivity tests

Essential oil and n-hexane extract were
dissolved in a few drops of dimethylsulphoxide
(DMSO) and topped up with distilled water to give
a stock solution of 100 mg/ml). The stock solution
was kept at 4° C. The tested samples were evaluated
for their antimicrobial activity against Escherichia
coli (ATCC 25922), Pseudomonas aeruginosa
ATCC 27853, Enterococcus spp. (ATCC6589),
Salmonella enterica, Staphylococcus aureus and
Candida albicans. All tested microorganisms were
cultured onto a Muller Hinton agar medium which
were prepared by adding 38 g of agar powder to
one liter of distilled water and the mixture was
boiled. The solution was autoclaved at 121°C for
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20 min and cooled to 50 °C in a water bath. It was
then transferred into sterile Petri dishes.

Disc diffusion method

Bacterial and spore suspension of the
tested microorganisms were prepared to a density
of 108 cells/ml. The aliquot was spread onto Muller
Hinton agar by sterilized cotton swab. Then the
plated solid medium was allowed to dry at room
temperature'. Sterile paper discs of 6 mm in
diameter were impregnated with 5 pL samples,
leaved one hour for dryness and deposited on the
agar surface of inoculated plates. Each disc must
be pressed down to ensure complete contact with
the agar surface. The discs must be distributed no
closer than 25 mm from center to center of 150 mm
plate. The plates are inverted and placed in an
incubator set to 30 °C within 15 minutes after the
discs are applied'®. After 48 h the diameters of the
zones of complete inhibition are measured,
including the diameter of the disc. Discs witted with
DMSO was used as negative control.

Anticancer activity

The essential oil and n-hexane extract
under study was investigated in vitro towards the
liver carcinoma cell line (HepG2) at the National
Cancer Institute, Cairo, Egypt, using the method of
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Skehan et al. (1990)'"". This is a colorimetric assay
estimates cell number indirectly by staining total
cellular protein with the dye Sulphorhodamine-B
(SRB). Different concentrations (0, 12.5, 25, 50 and
100 mg/ml) of oil were added to culture wells. By
the end of the experiment, the optical density (O.D.)
of each well was measured spectrophotometrically
at 564 nm with an ELIZA microplate reader.

The experiment was repeated three times
for each cell line. The percentage of cell survival
was calculated according to the following equation:

Survival fraction (%) = [O.D. of treated cells/O.D. of
control cells] x 100

The IC,, value was calculated from the
survival curve of the tumor cell lines by plotting the
percent of survival fraction versus different
concentrations of oil.

RESULTS AND DISCUSSION

Chemical composition of essential oil and n-
hexane extract

The GC-MS analysis of the essential oil
and n-hexane extract of T. ammi seeds showed the
presence only of monoterpenes group and
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Fig. 1: Total ion chromatograms of a) 15 standard compounds,
b) essential oil ¢c) n-hexane extract of T. ammi seeds
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Table 1: Qualitative and quantitative chemical composition of essential oil
and n-hexane extract of Trachyspermum ammi L. seeds essential oil

No. Name t, MWI[MF] mg/g oil Class

Essential oil

1. o -thujene’ 8.73 136[C, H,,] 7.32+0.40 Bicyclic monoterpene

2. a-pinene? 9.07 136[C, H,,] 4.61£0.22 Bicyclic monoterpene

3.  Sabinene’ 11.00  136[C, H,/] 0.98+0.07 Bicyclic monoterpene

4. pB-pinene? 11.25  136[C, H,] 38.49+0.80  Bicyclic monoterpene

5. Myrcene! 11.89 136[C, H,,] 8.67+0.64 Acyclic monoterpene

6.  a-phellandrene? 12.80  136[C, H,] 0.65+0.02 Monocyclic monoterpene

7. 3-Carene’ 12.92  136[C, H,] 1.05+0.06 Bicyclic monoterpene

8.  o-terpinene? 13.40  136[C,H,] 7.03+0.28 Monocyclic monoterpene

9.  p-cymene? 13.93  134[C,H,,] 194.91+£7.74 Alkylbenzene monoterpene
10. D-limonene? 1413  136[C, H,/] 2.65+0.13 Monocyclic monoterpene

11.  pB-phellandrene’ 14.21 136[C, H,,] 5.22+0.37 Monocyclic monoterpene

12.  Cineol? 14.33  154[C, H,,0]  0.39+0.07 Bicyclic monoterpene alcohol
13.  y-terpinene? 15.96  136[C, H,] 266.28+6.27 Monocyclic monoterpene

14. Sabinene hydrate®* 16.69  154[C, H O]  0.38+0.03 Bicyclic monoterpene

15.  Terpineoline? 17.55  136[C, H,/] 0.58+0.04 Monocyclic monoterpene

16. Terpenyl acetate' 18.62 196 [C H,O,] 1.65+0.22 Monocyclic monoterpene acetate
17. Trans-2-carene-4-ol' 22.68 152[C, H, O] 0.53+0.01 Bicyclic monoterpene alcohol
18.  Thujol 22.89  152[C, H, O]  0.59+0.09 Bicyclic monoterpene alcohol
19.  Terpinen4ol’ 23.77  154[C, H,, O]  2.16+0.07 Monocyclic monoterpene alcohol
20. o-Terpineol? 2479  154[C,H, O]  1.30%0.10 Monocyclic monoterpene alcohol
21.  P-thymol' 30.71 150[C, H,,0O] 0.43+0.04 Monoterpene phenol

22.  ThymoP 31.34  150[C, H,, O] 201.97+5.55 Monoterpene phenol

23. Carvacrol' 31.74  150[C, H, O]  1.34+0.16 Monoterpene phenol

n-hexane extract

1. o -thujene’ 8.74 136[C, H,,] 0.75+0.06 Bicyclic monoterpene

2. a-pinene? 9.08 136[C, H,] 0.43+0.05 Bicyclic monoterpene

3.  B-pinene? 11.26  136[C, H,] 5.65+0.65 Bicyclic monoterpene

4. oa-phellandrene? 11.89  136[C, H,] 1.02+0.11 Monocyclic monoterpene

5. p-cymene? 13.88  134[C,H,,] 32.69+0.60  Alkylbenzene monoterpene

6.  D-limonene? 1412 136[C, H,/] 0.27+0.04 Monocyclic monoterpene

7. B -phellandrene’ 14.22  136[C, H,] 0.68+0.03 Monocyclic monoterpene

8.  y-terpinene? 15.89  136[C, H,] 56.41+2.25  Monocyclic monoterpene

9. Terpenyl acetate’ 18.66 196 [C,,H,O,] 0.62+0.02 Monocyclic monoterpene acetate
10.  P-thymol 30.71 150[C,H,,0]  0.18+0.02 Monoterpene phenol

11. Thymol® 31.31 150[C, H,,0]  138.85+2.68 Monoterpene phenol

12, Carvacrol’ 31.76  150[C,H,,O]  0.72+0.13 Monoterpene phenol

: Compounds identified by comparison its mass spectrum with NIST library and review of literatures and quantified

from the calibration curve of similar or related standard compound (including molecular weight correction factor).

2. Compounds identified by comparison with standards and quantified from the calibration curve of each standard

compound.
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disappearance of sesquiterpenes and aliphatic
hydrocarbons (Fig. 1,2 Table 1). Twenty-three
monoterpene compounds were identified and
quantified in the essential oil. These compounds
could be represented by eight subgroups in which
the monocyclic monoterpenes, monoterpene
phenol, alkylbenzene monoterpene and bicyclic
monoterpene subgroups had high quantity; 282.41,
203.74, 194.91 and 52.45 mg/g oil respectively. The
other four subgroups; acyclic monoterpene,
monocyclic monoterpene alcohol, bicyclic
monoterpene alcohol and monocyclic
monoterpene acetate showed lower quantity < 10
mg/g oil. Four compounds; y-terpinene, thymol, P-
cymene and B-pinene were the major components
of the oil with quantity 266.28, 201.97, 194.91 and
38.49 mg/g oil respectively whereas the other
nineteen compounds had quantity < 10 mg/g oil.
The presence of the three compounds; y-terpinene,
thymol and P-cymene with high quantity are in good
agreement with previous reports on phytochemical
investigation of essential oil of this plant'®'418.1, |n
this study, B-pinene had relatively high amount and
this was not reported before. In spite of there are
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P-Cymene B-phellandrene
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some reports concerning the qualitative and
quantitative analysis (quantitative analysis based
on measuring the area under curve of each
compound relative to all compounds areas in the
chromatogram) of different compounds of essential
oil of this plant, this is the first study which gave the
real quantity of each compound based on the
calibration curve of the standards.

The GC-MS analysis of the volatile
components of n-hexane extract showed the
presence of twelve monoterpene compounds
represented by five subgroups; monoterpene
phenols, monocyclic monoterpenes, alkylbenzene
monoterpene, bicyclic monoterpene and
monocyclic monoterpene acetate. Three
compounds; thymol, y-terpinene and P-cymene
were the major components of volatile components
of the n-hexane extract with quantity 138.85, 56.41
and 32.69 mg/g oil respectively whereas the other
nine compounds had quantity < 10 mg/g oil. To the
best of our knowledge this study considered the
first study concerning the identification of the volatile
components of n-hexane extract from T. ammi. The

S

Myrcene a-terpinene
: OH
y-terpinene Thymol

Fig. 2: Some major principals identified in the essential oil and n-hexane extract of T. ammi
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non-volatile components of the n-hexane will be
continued to exhaustive investigation by the authors.

Antimicrobial activity

During the past decades and until now
there is great interest to use natural anti-microbial
essential oils and extracts of various species of
medicinal, edible and spice plants as natural agents
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that considered as non-phytotoxic compounds and
potentially effective against microorganisms.
Furthermore, with increasing of bacterial resistance
to antibiotics, there is a need to investigate more
and more essential oils or extracts from plants
against a wide range of bacteria, to develop other
many natural antimicrobials?°-22,
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Fig. 3: Half-maximal inhibitory concentration (IC, ug/ml) of essential oil and n-hexane
extract from T. ammi seeds against the liver carcinoma cell line (HepG2).
Different letters on the column are differ significantly at p <0.05
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Fig. 4: Antimicrobial activity of essential oil and n-hexane extract from T. ammi seeds
against Escherichia coli, Pseudomonas aeruginosa, Enterococcus spp, Salmonella enterica,
Staphylococcus aureus and Candida albicans using the disc diffusion method in vitro.
Different letters on the column for each parameter are differ significantly at p < 0.05.
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Antimicrobial activity of the essential oil
and n-hexane extract of T. Ammi seeds were varied
significantly according to the tested microbes (Fig.
3). The two samples showed antimicrobial activity
toward five microbes whereas no activity appeared
toward Enterococcus spp. In all responded
microbes, the essential oil showed higher activity
than the n-hexane extract. The highest action was
recorded by essential oil against Salmonella
enterica (23 mm) followed by Escherichia coli (22
mm), Candida albicans (21 mm), Staphylococcus
aureus (16 mm) and Pseudomonas aeruginosa (7
mm). The n-hexane extract showed activity against
the previous five microbes in order; Staphylococcus
aureus (10 mm), Escherichia coli (8.7 mm),
Salmonella enterica (8 mm) Candida albicans (8.3
mm) and Pseudomonas aeruginosa (6.3 mm). The
lethal effect of n-hexane extract on E. coli, S. enterica
Candida albicans, P. aeruginosa and C. albicans
was varied insignificantly.

The difference in the antimicrobial
activities of the two samples is apparently
attributable to the differences in its contents of
volatile compounds, especially the three major
compounds thymol, p-cymene and y-terpinene. The
essential oil had higher quantity of these
compounds than the n-hexane extracts. Previous
studies have been shown that thymol and its
precursors, cymene and terpinene have strong
antimicrobial activities?*?4. Some studies have
shown that the whole essential oil has a stronger
antiseptic activity than the individual major
components demonstrating that the minor
constituents are also important to the anti-microbial

activity and may have a synergistic influence * 22
23, 25, 26

Anticancer activity

Many reports attributed the anticancer
activity of aromatic plants to its content of essential
oils as a major phytochemical class (3, 5, 6). The
essential oil and n-hexane extract of T. Ammi seeds
showed highest anticancer activity toward
hepatocellular carcinoma cell line (HepG2) with
half-maximal inhibitory concentration (IC,)) =
9.57+0.98 and 17.42+1.44 pg/ml respectively (Fig.
4). These values fall within the range of the American
National Cancer Institute of (ANCI) criteria which
considered the agent is promising when its IC, <
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20 pg/ml. The higher activity of essential oil over the
n-hexane extract revealed that the anticancer activity
is correlated to its high contents of volatile
compounds in essential oil. This considered the first
report on the anticancer activity of essential oil and
n-hexane extract of T. ammi seeds toward HepG2.
The anticancer activities of some essential oils were
attributed mainly to its main contents of thymol,
carvacrol, p-cymene and y-terpinene as essential
oils of Origanum, Thymus and Lippia species®2,

CONCLUSION

Essential oils and extracts of aromatic
plants have been recognized for many years as a
great source of pharmaceutical agents and food
additives. The GC-MS analysis of the volatile
compounds of essential oil and n-hexane extract of
T. ammi seeds showed the presence only of
monoterpenes group. Twenty-three
monoterpenoide compounds were identified in the
essential oil in which four compounds; y-terpinene,
thymol, P-cymene and B-pinene were the major
components of the oil with quantity 266.28, 201.97,
194.91 and 38.49 mg/g oil respectively whereas
the other nineteen compounds had quantity < 10
mg/g oil. Twelve monoterpene compounds were
identified in the n-hexane extract in which three
compounds; thymol, y-terpinene and P-cymene
were the major components of volatile components
of the n-hexane extract with quantity 138.85, 56.41
and 32.69 mg/g extract respectively whereas the
other nine compounds had quantity < 10 mg/g
extract. This is the first study which gave the real
quantity of each compounds based on the
calibration curve of the standards. Antimicrobial
activity of the essential oil and n-hexane extract of
T. ammi seeds were varied significantly according
to the tested microbes. The two samples showed
antimicrobial activity against five microbes;
Salmonella enterica, Staphylococcus aureus,
Pseudomonas aeruginosa, Staphylococcus aureus
and Escherichia coli, while no activity observed
against Enterococcus spp. The essential oil and n-
hexane extract of T. ammi seeds showed high
anticancer activity against HepG2 with IC =
9.57+0.98 and 17.42+1.44 pg/ml respectively. To
the best of our knowledge, this study considered
the first report on the anticancer activity of the T.
ammi. The higher antimicrobial and anticancer
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activity of essential oil than the n-hexane extract
could be correlated with the high content of thymol,
p-cymene and y-terpinene in the essential oil. The
results of this study suggest that the essential oil
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