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Phytochemical Analysis and Biological Activities of Essential Oils of the
Leaves and Flowers of Ageratum houstonianum Mill. Cultivated in Egypt

Doaa El Hadidy 1, Abeer M. El Sayed 2*, Mona El Tantawy 1, Taha El Alfy 2

1 Department of Medicinal Plants and Natural Products, National Organization for
Drug Control and Research (NODCAR), 51-Wezaret El-ZeraaSt, 12611, Giza, Egypt

2 Department of Pharmacognosy, Faculty of Pharmacy, Cairo University, Kasr El Aini 11562, Egypt

Abstract: The essential oils of Ageratum houstonianum Mill grown in Egypt were obtained and studied
for the first time. The essential oils of leaves (0.1 % v/w) and flowers (0.06 % v/w) of A. houstonianum Mill.
(Asteraceae) were comparatively analyzed by GC/MS using non polar column Rtx-5MS. A total of 11-32
components were identified, 7 being common in both samples. The main constituents of both leaves-and
flowers-derived oil samples were precocene I (22.4-34.6 %), β-caryophyllene (63.9-13.7 %), and precocene II
(10.8-29.6 %) respectively. The principle difference was a considerably more pronounced sesquiterpenes presence
in the leaves-oil, amounting to 65.8 %, than in the flowers counterpart (32.4 %). Caryophyllene (63.9 %) was the
major sesquiterpenes detected in leaves-oil, while flowers-oil showed less amounts of sesquiterpenoid
hydrocarbons (32.4 %) and represented by caryophyllene (13.5 %). Chromenes was prevailed major constituents
of flowers derived oil (64.8 %) nearly double its percent in the leaves derived oil (33.3 %). In vitro screen of
antimicrobial and cytotoxic activities was determined against positive control. No antifungal activity was
experiential on the tested fungi for all tested samples in the used concentration. Flowers-oil sample is being
mostly efficient as antibacterial against Bacillus subtilis and Staphylococcus aureus with potency 50 % compared
to gentamicin. The essential oil samples revealed marked in vitro cytotoxicity against colon (HCT-116) carcinoma
cell line with IC50 (11.1 %, 14.2 %) μg/ml for the leaves-, flowers- derived oil sample, respectively. The antibacterial
effect of the essential oil of the flowers of A.houstonianum Mill can be credited to chromenes. As well as the
leaves derived oil prevailed caryophyllene as a major constituents which may justify its observed cytotoxic
activity.

Key words: Antimicrobial, cytotoxicity, Ageratum houstonianum Mill, Asteraceae, chromenes.

Introduction
Ageratum houstonianum Mill (Asteraceae) is

an herbaceous plant known as blue mink and blue
weed. The plant grows to 0.3-1 m high, with ovate
to triangular leaves 2-7 cm long, and blue
flowerheads. The flower heads are borne in
dense corymbs. It grows along roadsides, in dis-
turbed areas and along river banks in Mexico,
Central America, the Caribbean, South and East
Africa 1. It is used in traditional medicine to treat

skin infections and sore throats 2. Plants of dif-
ferent species of Ageratum are used in indigenous
systems of medicine 3. Decoction or infusion of
plant is given in various stomach diseases such as
diarrhea, dysentery, and intestinal colic in addition
to rheumatism and fever 3. Leaves are applied to
wounds to stop bleeding 4. Moreover, antioxidant
activity with potential cosmetic and medicinal uses
beforehand reported for the leaves 5. Diverse fla-
vonoids, triterpenoids, steroids, pyrrolizidine alka-
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loids and benzofuran derivatives (chromones)
have been isolated and identified in the plant 6-8.
Essential oils are known to exhibit antimicrobial,
anticancer, antioxidant and sedative effects 9-12.

There are some previous reports on the antimi-
crobial and fungicidal activities of the oils of some
species of Ageratum 3, 13, 14. Chemical profile of
the essential oil of A. houstonianum has been
studied previously 5, 13. It is reported that essential
oil and extracts derived from the aerial parts
(leaves) of A. houstonianum exhibit antifungal,
antimicrobial and mosquitocidal activities as well
as repellency against mosquitoes 13, 15. However,
a literature survey has shown that there is no re-
port on the cytotoxic and antimicrobial activity of
the essential oil of leaves and flowers of the Egyp-
tian Ageratum houstonianum Mill. The natural
products profile and therefore the bioactivity is
recognized to vary with the climate and geographic
location of the plants 16. Sequel to the ongoing
efforts we report here a comparative study of the
chemical composition, antimicrobial and cytotoxic
activities of the flower and leaves derived essen-
tial oils from A. houstonianum Mill growing in
Egypt.

Materials and methods
Plant material

One kilogram of the flower and leaves of A.
houstonianum Mill., collected individually in April
2016 from herbs growing in El Orman botanical
garden, Giza square(https://maps.app.goo.gl/
Bnx5NNu1saAdhuxK8) (harvested in May and
June 2016) and identified by Dr. Reem Samir

Hamdy, Professor of Plant Taxonomy, Botany
Department, Faculty of Science, Cairo Univer-
sity. A specimen of the plant was deposited at the
Faculty of Pharmacy, Cairo University as a ref-
erence material (2632018).

Preparation, characterization and analysis of
the essential oil

The flower and leaves of A. houstonianum Mill.
(500 g) of each were subjected to hydro-distilla-
tion. The percentage yield was calculated on fresh
weight basis according to The Egyptian
Pharmacopœia 17. The essential oil were collected,
dried over anhydrous sodium sulfate and kept re-
frigerated until analysis (Table 1).

Sample preparation
Aliquots (10 μl, each) of the dehydrated essen-

tial oils were, separately, mixed with approximately
1 ml of CH2Cl2 in auto sampler vials.

GC/MS analysis
GC/MS analysis of the essential oil was per-

formed using a Shimadzu GCMS-QP2010 (To-
kyo, Japan). The instrument was equipped with a
Rtx-5MS fused bonded column (30 m x 0.25 mm
i.d. x 0.25 μm film thickness) (Restek, USA)
equipped with a split-splitless injector. Diluted
samples (1 % v/v) were injected with split mode
(split ratio 1: 15). The capillary column was di-
rectly coupled to a quadrupole mass spectrom-
eter (SSQ 7000; Thermo-Finnigan, Bremen, Ger-
many). Injection volume, 1μl of CH2Cl2 solution
of tested samples; oven temperature programming:

Table 1. Yield and physical characters of the essential oil
samples of the leaves and flowers of A. houstonianum Mill

Characteristics  Oil samples
samples L F

%Yield v/ fresh wt 0.10±0.020 0. 06±0.008
Color Greenish yellow
Odor Aromatic
Optical rotation + 4.7 +4.5
Specific gravity 0.914 0.911

L=Leaves derived oil;
F=Flowers derived oil
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initial temperature 45°C (isothermal for 2 min),
injection temperature: 250°C, then programmed
to 300°C at a rate of (5°C/min), and kept con-
stant at 300°C for 5 min; carrier gas: helium at a
flow rate of 1.41 ml/min; mass spectrometer, mass
range:40- 500 amu, electronic ionization (EI) mode;
ion source, 70 eV.

Identification of the essential oil constituents
This was achieved by library search on a Wiley

275 L GC/MS data base, observed kovats index
and by comparing the retention indices and mass
fragmentation patterns to those of the available
references as well as of published data 18. The
quantitative estimation was carried out by peak
area measurement. Relative percent of each com-
ponent was calculated from relative area percent
to total. It was not possible to perform external
standard method because of unavailability of au-
thentic reference material for the major com-
pounds. A series of authentic n-alkanes was sub-
jected to GC under the same experimental condi-
tions, and the retention indices of the oil constitu-
ents were calculated. The individual components
were determined by computerized peak area
measurement. Compounds of the essential oil,
their retention indices and relative percentage
composition are compiled (Tables 1-4).

Chemicals and reagents
Solvents used in the study were of analytical

grade. All microorganisms and culture media for
the antibacterial and antifungal screening assays
were supplied by the Regional Center for Mycol-
ogy and Biotechnology (RCMB), Al-Azhar Uni-
versity, Nasr City, Cairo Egypt. The tested or-
ganisms were sub-cultured on nutrient agar me-
dium (Oxoid laboratories, UK) slopes for bacte-
ria. Sabouraud’s dextrose agar (Oxoid laborato-
ries, UK) was used as culture medium for fungi.
Gentamicin (Memphis Co. for pharmaceutical and
chemical industries, Cairo, Egypt) was used as
standard antibacterial agents, meanwhile
Ketoconazol (Bayer health care Pharmaceuticals,
Germany) used as standard antifungal. For the
assessment of cytotoxic activity, cell culture re-
agents were obtained from Sigma (St. Louis, Mo.,
USA). Cancer cell lines including hormone re-

sponsive breast (MCF7), cervical (HELA) and
liver carcinoma (HEPG2) were obtained from
VACSERA Tissue Culture Unit. Dulbecco’s modi-
fied Eagle’s medium (DMEM) powder and 3-(4,
5-dimethyl-thiazol-2-yl) 2, 5-diphenyltetrazolium
bromide (MTT) were obtained from Sigma-
Aldrich (St. Louis, MO, USA)

Evaluation of antimicrobial activity
The agar well diffusion method was adopted 19,

and zone of inhibitions measured in mm. Results
are recorded in Table 5. Potencies relative to the
appropriate antibiotic Gentamycin and Ketocona-
zole are represented in Table 5.

Microorganisms, culture media and standard
antimicrobial agents

A set of 9 representative fungal and Gram-posi-
tive and -negative bacterial strains were used. The
tested microorganisms were: Aspergillus fumi-
gatus (RCMB 002008), Aspergillus flavus
RCMB 002002), Candida albicans (RCMB
05003(1) ATCC10231), Staphylococcus aureus
(RCMB 010010), Bacillus subtilis RCMB 015(1)
NRRL B-543 and Methicillin-Resistant Staphy-
lococcus aureus clinical isolate. Klebsiella pneu-
monia (RCMB 003)(1)ATCC13883, Salmonella
typhimurium 006(1)ATCC 14028 and Escheri-
chia coli (RCMB 010052)ATCC2595 were main-
tained in the Regional Center for Mycology and
Biotechnology (RCMB), Cairo, Egypt.

Antibacterial activity
In vitro evaluation of the antibacterial activity

of the essential oils was screened using the agar
well-diffusion method 19. Bacteria from a 24h old
culture as centrifuged pellets containing approxi-
mately 104-106 CFU (colony forming unit) per ml
were blowout on the surface of the nutrient agar
(1 % tryptone and agarin addition to 0.5 % NaCl
and yeast extract, 1000 ml of distilled water, pH
7.0) autoclaved at 121°C for at minimum 20 min
then cooled to 45°C, dispensed into Petri dishes
and allowable to settle. Subsequently, wells of 6
mm diameter were censored in the medium with
the aid of a sterile metallic borer. Essential oils
were ready at a concentration of 5 mg/ml in dim-
ethyl sulfoxide (DMSO). The samples (100 μl)
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were overloaded into wells. DMSO was loaded
as the negative control. Entirely plated were de-
tected for a zone of inhibition at 37°C for 24h.
The activity was determined by measuring the
diameter of the inhibition zone (in mm). Each in-
hibition zone was measured three times by cali-
per to get an average value. The test was con-
ceded out three times for each bacterium culture
20,21. Gentamicin was used as the positive control
at a concentration of 30 μg/ml. Results are re-
corded (Table 5) as mean zone of inhibition in mm
± Standard deviation beyond well diameter (6 mm)
produced on a range of environmental and clini-
cally pathogenic microorganisms using (5 μg/ml)
concentration of tested samples. Potencies rela-
tive to the appropriate antibiotic are represented
table 5.

Antifungal activity
The verified samples were distinctly selected

for their antifungal activity in vitro against As-
pergillus fumigatus (RCMB 002008), Aspergil-
lus flavus RCMB 002002) and Candida albicans
(RCMB 05003(1) ATCC10231) using agar well
diffusion method on Sabouraud dextrose agar
plates 19, 22. Fungi culture was purified by single
spore isolation technique 23. A homogenous mix-
ture of glucose-peptone-agar (40:10:15) sterilized
by autoclaving at 121°C for 20 min were used for
preparation of Sabouraud dextrose agar plates.
To form the solidified Sabouraud dextrose agar
plate the sterilized solution (25 ml) was poured in
each sterilized Petri dish in the laminar flow and
left for 20 min. To remove moisture and to check
for any contamination these plates were inverted
and kept at 30°C in the incubator.

Antifungal assay
In 5 ml Sabouraud dextrose broth (glucose: pep-

tone; 40:10) fungal strain was grown for 3 to 4
days to achieve 105CFU/ml cells. Plates were left
for 5-10 min so that the culture was properly
adsorbed on the surface of Sabouraud dextrose
agar plates. Fungal culture (0.1 ml) was spread
out consistently on the Sabouraud dextrose agar
plates by a sterilized triangular folded glass rod.
Wells (4 mm x 2 mm) were cut into the plates
with the help of a well cutter and the bottom of

the wells was sealed with 0.8 % of soft agar to
prevent the flow of the tested sample at the bot-
tom of the well. The testes samples were pre-
pared in DMSO at a concentration of 10 mg/ml.
DMSO was loaded as the negative control.
Tested sample (100 μl) were overloaded into the
wells. The plates were incubated at 30°C for 3
to 4 days and then scrutinized for the formation
of the inhibition zone. The test was achieved
three times for each fungus. Ketoconazole (30
μg/ml) was used as the positive control.22. The
inhibition zone was measured three times by a
caliper to get an average value. Results are pre-
sented in table 5.

Cytotoxicity studies
Cell culture

The cytotoxicity of the essential oils of A.
houstonianum was examined on three cancer cell
lines including HepG-2, HCT-116 and MCF-7.
Cells were cultured in cellstar (10 cm cell culture
dishes) in a humified chamber with 5 % (v/v) CO2
in air 37°C. Cells were preserved in DMEM
supplemented with 10 % heat-inactivated fetal
bovine serum (FBS), 1 mM sodium pyruvate, 2
mM L-glutamine, 100U/mL pencillin, and 100 μg/
mL streptomycin. The cells were sustained as
monolayer culture by serial subculturing. All ex-
periments were carried out using cells in the
logarhithmic growth phase.

In vitro cytotoxicity assay
The sensitivity of human cancer cells to the

tested samples of leaves- and flower-derived oil
were determined using the MTT assay 19, 24, 25.
The principle of the assay depends on the fact
that MTT, a yellow colored compound, is con-
verted by viable cells into formazan, a purple de-
rivative. At densities of 7000 cells per well for
freshly trypsinized cell suspensions (HEPG2,
HCT-116 and MCF7) 2x104 cells per well in a
96-well culture plate and incubated overnight were
seeded. The tested oils were dissolved in DMSO
1mg/ml to form stock solutions. Cells were treated
with (1, 10 and 100 μg/ml) of the tested samples.
The suitable dilutions of each sample was pre-
pared in the culture medium and added to the cells
(final concentration of DMSO was less than 0.2
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% in the culture well) and was incubated at 37°C
for 72 h under 5 % CO2(v/v). A typical MTT so-
lution (5 mg/ml) was diluted 1:10 in culture me-
dium and was added to the wells (100 μl per well).
Cells were then incubated for 4 h. The formed
formazn crystals were dissolved in DMSO and
the absorbance was recorded at 550 nm and the
medium was detached. For each sample concen-
tration the assay in triplicate was performed. The
% cell viability of three independent experiments
was calculated by the following formula:

Where O.D=optical density
Cytotoxicity was stated as IC50 which is the

concentration that decrease the absorbance value
of the treated cells by 50 % compared to the con-
trol (untreated cell). Results are presented in
tables 6 and 7.

Data analysis
The 50 % inhibitory concentration (IC50) was

calculated by calcuSyn software (Biosoft,
Ferguson, MO, USA). Statistics were calculated

in triplicates (n=3) and stated as mean ±S.D.

Results and discussion
GC/MS of the essential oils

The essential oils of Ageratum houstonianum
Mill grown in Egypt were obtained and studied
for the first time. The average yield of three
hydrodistillation of essential oil of the  flowers
(0.07 %v/w) and leaves (0.125 % v/w) of A.
houstonianum Mill.(Asteraceae) was compara-
tively analyzed by GC/MS using non polar col-
umn Rtx-5MS. A total of 11-32 components were
identified, 6 being common in both samples. The
main constituents of both flowers-and leaves-de-
rived oil samples were 6-demethoxyagerato-
chromene (precocene I) (34.6-22.4 %), β-caryo-
phyllene (13.7-63.9 %), and ageratochromene
(precocene II) (29.6-10.8 %) respectively (Table
2). The principle difference was a considerably
more pronounced sesquiterpenes presence in the
leaves-oil, amounting to (65.8 %), than in the
flower counterpart (32.4 %). Caryophyllene (63.9
%) was the major sesquiterpenes detected in
leaves-oil, while flower-oil showed less amounts
of sesquiterpenoid hydrocarbons (32.7 %) and rep-
resented by caryophyllene (13.5 %). Chromenes

% cell viability =    x 100
O.D of treated cells - O.D of culture medium

Table 2. GC/MS analysis of the essential oil derived
of the leaves and flowers of A. houstonianum Mill

No. Rt. min Compound Kovats Kovats %* %
 indexR index in L in F

1 9.33 β-Pinene 974 939 - 0.02
2 12.49 Linalool oxide 1086 1090 0.35 -
3 14.85 Isoborneol 1155 1160 - 0.04
4 15.6 β-Terpineol 1159 1163 - 0.02
5 16.71 cis-Geraniol 1229 1228 - 0.23
6 17.12 Carvone 1239 1239 - 0.26
7 17.54 p-Anisaldehyde 1247 1242 - 0.43
8 18.44 Bornyl acetate 1284 1285 - 1.20
9 20.28 Isopulegyl acetate 1312 1313 - 0.02

10 20.47 α-Cubebene 1345 1344 - 1.16
11 20.58 α-Terpinyl acetate 1346 1349 - 0.06
12 20.81 Isoledene 1374 1374 - 0.06
13 20.98 α-Copaene 1374 1376 - 0.36
14 22.27 β-Caryophyllene 1417 1419 63.9 13.57
15 22.76 β-Copaene 1430 1432 0.18 -
16 23.15 β-Farnesene 1440 1442 0.36 10.17

O.D of untreated cells - O.D of culture medium
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table 2. (continued).

No. Rt. min Compound Kovats Kovats %* %
 indexR index in L in F

17 23.51 Precocene I 1461 1463 22.44 34.63
18 23.74 γ-Muurolene 1478 1473 - 0.78
19 23.81 α-Curcumene 1479 1479 - 0.05
20 23.88 Germacrene D 1484 1481 0.10 1.68
21 24.01 4-epi-Cubebol 1493 1494 - 0.11
22 24.17 α-Muurolene 1500 1500 - 0.11
23 24.47 β-Bisabolene 1505 1505 0.86 1.66
24 24.86 β-Sesquiphellandrene 1521 1522 0.15 -
25 24.57 δ-Cadinene 1522 1523 - 0.72
26 26.09 7-epi-cis-Sesquisabinene hydrate 1542 1544 - 0.08
27 26.48 Caryophyllene oxide 1582 1583 - 1.21
28 27.94 α-Muurolol 1644 1646 0.02
29 28.07 Desmethoxy encecalin 1646 1657 - 0.26
30 28.41 Precocene II 1658 1660 10.89 29.65
31 28.70 Androencecalinol 1675 1679 - 0.33
32 28.86 α-Bisabolol 1685 1685 0.34 0.70
33 33.90 Hexadecanoic acid methyl ester 1916 1921 - 0.09
34 37.27 Phytol 2059 2045 0.32 -
35 37.62 Linoleic acid methyl ester 2092 2095 - 0.13
36 40.90 Heneicosane 2100 2100 - 0.09

Total identified 99.89 99.81
Major classes identified
Monoterpene hydrocarbons 0.0 0.57
Diterpene hydrocarbons 0.32 0.0
Sesquiterpene hydrocarbons 65.89 32.44
Chromenes 33.33 64.87
Other oxygenated compounds 0.35 1.93

L = leaves derived oil
F= flower derived oil;
Kovats indexR  = Reported kovats index 18

are prevailed as major constituents of flower de-
rived oil (64.8 %) nearly double its percent in the
leaves derived oil (33.3 %). Alike to the previous
reports 15 leaves derived oil is devoid of monoter-
penes hydrocarbons (Tables 2-4). Wherever, oil
derived of flower is prevailed minor portion (0.5
%).The chemical composition of volatiles of A.
houstonianum from different locations has been
investigated by earlier workers as well 3. Herein,
results obtained are similar to the previous reports
13, 15, 26. Although there are some variations in

chemical composition of the essential oil of leaves
of A. houstonianum harvested from India in that
precocene II is the major chromene identified.
While, essential oil of leaves of A. houstonianum
harvested in Camerron precocene I was the ma-
jor identified chromene. In Egypt, oil derived of
leaves of the A.houstonianum prevailed
precocene I as nearly double the percentage of
the precocene II as reported in oil distilled from
A. houstonianum harvested in Camerron. While,
the flower derived oil exhibits analogous percent-
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age of precocene I, II. Caryophellene (63.9 %) is
detected in higher percentage than in all previous
reports 15. Difference in essential oil constituents
may be due to environmental conditions, climate
and irrigation methods (Tables 3, 4).

In vitro antimicrobial test
In vitro screen of antimicrobial activity of es-

sential oils of A.houstonianum against nine of
tested microorganisms is shown in Table 5.
Flower-oil sample is being mostly efficient as an-
tibacterial against both Bacillus subtilis and Sta-
phylococcus aureus with potency 50 % com-
pared to Gentamicin. No antifungal effect ob-
served from both flower and leaves derived oil.
The A. flavus growth inhibition by essential oil
could be due to precocene II, confirming the hy-
pothesis of Nogueira et al.27, who attributed the
antifungal activity of A. conyzoides to the pres-

Table 3. The major active compounds in essential
oils of leaves and flowers of A. houstonianum Mill.

Major compounds Kovats index Leaves (%)  Flowers (%)

β-caryophyllene 1417 63.90 13.57
β-farnesene 1442 0.36 10.17
precocene I 1463 22.44 34.63
germacrene D 1481 0.10 1.68
β-bisabolene 1505 0.86 1.66
precocene II 1660 10.89 29.65
α-bisabolol 1685 0.34 0.70
Total % 98.86 92.06

Table 4. Comparative percentage composition of leaves
and flowers oils of A. houstonianum in different localities

Main components Egypt Cameroon (5) Jammu  Palampur China 15

region (India) 13

India 26

Part of the plant
Leaves Flowers Leaves  Aerial Aerial Aerial

parts parts parts

β-caryophyllene 63.90 13.57 27.5 9.18 9.66 7.92
6-Demethoxyageratochromene 22.44 34.63 32.0 23.43 22.45 13.21
(precocene I)
Ageratochromene 10.89 29.65 24.0 43.99 52.64 62.68
(precocene II)

ence of this compound. In contradictory to the
previously reports, leaves derived oil exhibits po-
tential antibacterial effect against Gram negative
bacteria E.colli and K. pneumonia (33, 57 %)
potency, respectively compared to Gentamicin 13.
Antibacterial effect of essential oils is generally,
less against Gram-negative bacteria than against
Gram-positive bacteria 16. The level of observed
activity validates the use of the essential oils of
this plant in traditional medicine for the treatment
of infectious diseases.

In vitro cytotoxicity
Incidence of phytoconstituents in plants specifi-

cally, essential oil produced exciting opportunities
for the expansion of modern natural products
against wide range of cell line 28. Results pre-
sented in Table 6 and 7 prevailed that the essen-
tial oil samples revealed marked in vitro cytotox-
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Table 5. Antimicrobial activity of the essential oils derived of the leaves and flowers of
A. houstonianum Mill expressed as diameter of zone of inhibition in mm/% potency

Tested microorganisms Sources              Tested samples  Standard
L F

 Fungi Ketoconazole
Aspergillus fumigatus RCMB 002008) NA NA 17/100
Aspergillus flavus (RCMB 002002) NA NA 16/100
Candida albicans (RCMB 005003)(1) ATCC 10231 NA NA 20/100
Gram-positive bacteria Gentamycin
Staphylococcus aureus (RCMB 010010) 10(42 %) 12(50 %) 24/100
Bacillus subtillis (RCMB 015) (1) NRRLB-543 16(62 %) 13(50 %) 26/100
Methicillin-Resistant NA  NA 30/100
Staphylococcus aureus
clinical isolate
Gram-negative bacteria Gentamycin
Escherichia coli (RCMB 010052) ATCC 2595 10(33 %) 11(37 %) 30/100
Salmonella typhimurium (RCMB 006)(1) ATCC 14028 NA NA 17/100
Klebsiella pneumonia (RCMB 003) (1) ATCC 13883 12(57 %) NA 21/100

L: Leaves derived essential oil,
F: Flowers derived essential oil
NA: no action, The test was done using the diffusion agar technique, well diameter: 6.0 mm (100 ml was
tested)
RCMB: Regional Center for Mycology and Biotechnology
ATCC:The American Type Culture Collection
The samples were tested at 5 mg/ml concentration

Table 6. Cytotoxic activity of leaves and flowers essential oils of A. houstonianum
Mill. against HCT-116, MCF-7 and HepG-2cell line cell line

Carcinoma cell line
Conc. HCT-116 MCF-7 HepG-2
μg/ml L F L F L F

0 0 0 0 0 0 0
3.9 35.98±1.26 18.54±0.62 13.69±0.63 10.17±0.25 20.54±0.28 12.38±0.36
7.8 40.64±3.18 27.25±3.41 25.51±1.25 17.21±0.93 31.07±0.81 19.59±0.95

15.6 62.52±2.64 55.09±1.37 41.08±3.46 25.92±2.54 45.61±1.65 30.44±3.42
31.25 74.11±0.53 67.22±0.94 56.33±2.51 36.86±3.42 58.47±2.45 52.32±1.26
62.5 81.60±0.26 74.99±0.73 66.11±1.43 51.35±2.81 73.05±1.31 69.76±0.38
125 87.26±0.68 82.08±0.46 74.54±0.39 68.21±1.25 80.58±0.64 75.13±0.51
250 91.81±0.35 88.63±0.29 82.96±0.16 76.54±0.38 88.64±0.58 83.06±0.32
500 96.28±0.16 93.71±0.35 91.82±0.24 87.22±0.46 93.16±0.22 89.75±0.41

icity against colon (HCT-116) carcinoma cell line
with IC50 (11.1 %, 14.2 %) μg/ml for the leaves-
and flowers- derived oil sample, respectively.

Leaves derived oil exerted significant cytotoxic-
ity which could be attributed to its major constitu-
ent β-caryophyllene. β-caryophyllene is a sesquit-
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Table 7. IC50 of the essential oil of leaves and flowers  of A. houstonianum Mill.

IC50 μμμμμg/ml
Tested human cell line  L F

Colon carcinoma HCT-116 11.1±0.6 14.2±0.8
Breast carcinoma MCF-7 24.7±1.5 59.6±1.9
Liver carcinoma HEPG2 20.9±0.8 29.5±1.3

L= leaves-derived oil
F= Flowers-derived oil

erpene widely distributed in essential oils of vari-
ous plants. Several biological activities are cred-
ited to β-caryophyllene, such as antibiotic,
anticarcinogenic and local anaesthetic activities.
Potentiating effect of β-caryophyllene on the an-
ticancer activity of α-humulene, isocaryophyllene
and paclitaxel against MCF-7, DLD-1 and L-929
human tumour cell lines was evaluated 29. The
sesquiterpenes β-caryophyllene and β-caryo-
phyllene oxide were evaluated for their potential
chemosensitizing properties 30, 31. The ability of
the sesquiterpenes to increase doxorubicin cyto-
toxicity was study. The possible interference of
β-caryophyllene and β-caryophyllene oxide with
functionality of ATP-binding cassette (ABC)-
transporters was also investigated by Rhodamine
123 efflux assay 30.

Conclusions
The essential oils of the flowers and leaves of

A. houstonianum collected in Egypt both show a
chemotype dominated by precocene I and β-
caryophellene. The antibacterial effect of the
essential oil of the flowers of A. houstonianum
Mill can be credited to chromenes. As well as the
leaves derived oil prevailed β-caryophellene as a
major constituents which may justify its observed
cytotoxic activity.
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