American Journal of Agricultural and Biological Sciences9 (1): 78-88, 2014

ISSN: 1557-4989

©2014 Science Publication

doi:10.3844/ajabssp.2014.78.88 Published Online 2@14 (http://www.thescipub.com/ajabs.toc)

CHEMICAL COMPOSITION, ANTIMICROBIAL,
ANTIOXIDANT AND CYTOTOXIC ACTIVITIESOF
EUCALYPTUS CHAPMANIANA GROWNIN IRAQ

'Ghassan M ohammad Sulaiman,
Thorria Radam Mar zoog, *Wasnaa Hatif Mohammed and ?Renzo Bagnati

! Division of Biotechnology, Department of Applied 8ate,
University of Technology, Baghdad, Iraq
2Department of Environmental Health Sciences,
IRCCS-Istituto di Ricerche Farmacologiche Mario Nedia La Masa 19, 20156 Milano, Italy

Received 2013-10-31; Revised 2013-11-13; Accepte8-2Q127
ABSTRACT

The chemical composition of the essential oils aoted from immature flowers, leaves and seeds of
Eucalyptus chapmaniana grown in Iraq were analyzed for the first time ggs chromatography/mass
spectrometry. Twenty-four different compounds waédentified and the predominant compound is
eucalyptol, which accounted for 59.9, 55.6 and 8@Pdotal compounds, respectively. To asses the
possible therapeutic uses of the extracts, thdioxdidant properties were assessed via DPPH frdieah
scavenging. The extracts showed significant andiaxi and antimicrobial activities agairischerichia
coli, Pseudomonas aeruginosa, Klebsiella pneumonia, Proteus volgaris, Staphylococcus aureus and
Candida albicans. The cytoxicity of flower extract against the Humaeukemia (HL-60) cells was
evaluated and the extracts significantly reduceel ¥fability of HL-60 cells in a dose- and time-
dependent response relationship. The results iteticthat essential oils from immature flowers are
highly cytotoxic to HL-60 cells and that their aothor potential was confirmed.
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1. INTRODUCTION properties, including antibacterial and antifungal
activities (Cimangeet al., 2002; Ramezarét al., 2002;
The Myrtaceae family contains 133 genera and 3,800Sartorelli et al., 2007). In addition, the leaf and plant
species of trees and shrubs. This family can baddn extracts of theEucalyptus species themselves possess
temperate, subtropical and tropical regions andsit antibacterial and antifungal activities (Takahashial.,
endemic in Australia, tropical America, Africa aAdia 2004; Salariet al., 2006). Extracts and components
(Wilson et al.,, 2001). One important genera of isolated from severaEucalyptus species have been
Myrtaceae isEucalyptus, which is a large genus of shown to possess cytotoxic and antitumor activities
evergreen trees and shrubs containing approxim@@ly  (Benyahiaet al., 2005; Ashour, 2008).
species (Batisfet al., 2008). Although most plants are  Antioxidant agents are compounds that function as
native to Australia and Tasmania (Oyedajal., 1999),  scavengers of reactive oxygen species or free akxic
they have been successfully introduced worldwide an which have important functions in energy production
are cultivated in many other countries, includireg! synthesis of several biomolecules, phagocytosiscatid
The leaves of thétucalyptus species accumulate a growth in living systems (Packegt al., 2008). An
very large number of secondary metabolites anddyiel imbalance in the rate of production of free radicat
hydro distilled essential oils that possess manjobical their removal via antioxidant defense mechanisradde
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to a phenomenon referred to as oxidative stress. Imum). The injector and detector temperatures wetratse

diseases such as diabetes, cardiovascular disaases

200 and 270°C, respectively. The oven temperatae w

cancer, an aggravated imbalance may occur duringgradually raised from 60 to 260°C at a rate of i@/

deleterious oxidation of biomolecules, which resiit cell
or tissue damage (Arts and Hollman, 2005; Jangl.,
2009; Wellst al., 2009).

Numerous investigations were performed on volatile
components of essential oils from different speaés
Eucalyptus. Previous studies on the compositions of
severalEucalyptus spp. leaves, flowers (Giamalgsal.,
2001; Tsiriet al., 2003) and recently, stem and fruit
essential oils have been reported (Marzeug., 2011).
However, no previous studies on the chemistry dred t
antioxidant, antimicrobial and cytotoxic activitiesf
essential oils from leaves, flowers and seedsEof
chapmaniana have been presented. In the current study
the composition of essential oils obtained from ladu
leaves, immature flowers and seedsEofthapmaniana
collected in Iraq has been studied. The antioxidant
antimicrobial and cytotoxic activities & Chapmaniana
were also investigated.

2. MATERIALSAND METHODS
2.1. Chemicals

All chemicals used were of analytical reagent grade
Penicillin and streptomycin were purchased from Bio
Source International (Belgium). RPMI 1640, FetaliBe
Serum (FBS), 3-(4,5-dimethyl-thiazol-2-yl)-2 (MT8&nhd
S-diphenyl tetrazolium bromide were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). 2, 2-
Diphenyl-1- Picrylhydrazyl (DPPH) (Sigma-Aldrich)as
used for the spectrophotometrical determinatiohefree
radical scavenging activities of the extracts.

2.2. Plant Materials and Extraction of Oils

Plant materials, such as the leaves, flowers aadsse
from the E. chapmaniana, were collected from several
specimens located in the At-Tarmyia (a region 60 km
north-east of Baghdad, Iraq) in 2012. The colledted,
seed and flower materials were kept at room tentpera
and left to dry. After air-drying, the plant matds were
hydrodistilled for 3 h by using a Clevenger type
apparatus. The resulting oil was collected, presbiu a
sealed sample tube and stored until analysis.

2.3. Gas Chromatogr aphy

The essential oils were analyzed using a Varian Sta
3400 (Les Ulis, France) Cx gas chromatograph eauipp
with a Flame lonization Detector (FID) and DB-5MS
capillary column (30mx0.25 mm, film thickness 0.25
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The temperature was held for 15 min and finall\edi

to 340°C at a rate of 40°C/min. Helium (purity
99.99999%) was used as the carrier gas at a flemofa

1 mL min. The total analysis time was 57 min. About
1.0 pL of the diluted sample (1/100 in petroleuineet
v/v) was injected in the split mode (ratio 1:10).
Quantitative data were obtained electronically frtira
FID area percent data without the correction factor
Peak integration and quantification were performed
automatically by using Saturn 2100 Workstation
software. The integration of each peak was manually
checked and corrected when needed.

2.4. Gas Chromatography/Mass Spectrometry
(GC-MY9)

The essential oils were analyzed in the same
conditions as those of GC (column, oven temperature
flow rate of the carrier gas) by using a VarianrSta
3400 (Les Ulis, France) gas chromatograph equipped
with a Varian Saturn GC/MS/MS 4D mass selective
detector in the electron impact mode (70 eV). The
injector and MS transfer line temperatures wereaset
200 and 300°C, respectively. MS was adjusted with a
emission current of 10 gA and an electron multiplie
voltage of 1,500 V. The trap temperature was set at
250°C and mass scanning was performed from 40 amu
to 650 amu. The components were identified by
comparing their Kovats Indices (Kl), by co-injeatio
of standards and by MS experimental data of
commercial or literature libraries (NIST 02 version
2.62). Alkanes (C5-C24) were used as reference
points in Kl calculation. The GC and GC-MS analysis
results are given ifable 1. All determinations were
performed in duplicate and the average was obtained

2.5. Antioxidant Assay

The DPPH assay was measured by bleaching a purple
methanol solution of DPPH (Milliauskaat al., 2004).
About 0.5 mL of 1 mM DPPH solution was added to 3
mL of various concentrations of sample extractsEof
chapmaniana. After 30 min of incubation at room
temperature, the absorbance was obtained agabiahla
sample at 517 nm. The decrease in the actual alwsorp
was measured against that of the control sample. Al
experiments were carried out in triplicates and:@etage

inhibition values were calculated based on the timua

% Inhibition = ( AO- AT /AQ)x 10C
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Table 1. Chemical composition d. chapmaniana extracts identified by GC-MS

Total ion current (%)

Molecular Molecular
Compound RT min formula weight Leaves Flowers Seeds
2,5-Furandione, dihydro-3-methylene- 3.781 sHED; 112.083 0.26 - 1.320
Propanal, 2-methyl- 11.698 4850 72.105 0.70 0.33 -
5,9-dodecadien-2-one, 6,10 11.811 CieH 208.339 - - 1.870
-dimethyl-dodecadien-2-one
Nonanal dimethyl acetal 17.508 11840, 188.307 - 0.51 -
a-Pinene 20.206 feH1e 136.230 - 0.34 -
a- phellandrene 21.920 1816 136.240 - 4.16 -
B-Cymene 22.508 feH14 134.218 2.14 3.57 -
Eucalyptol 22.817 GH1s0 154.136 55.62 59.97 8.610
y-Terpinen 23.042 GHie 136.125 - 2.88 -
a- Terpinolen 23.752 feH16 136.234 - 0.17 -
Undecane 23.273 1&Hoa 156.188 0.79 0.47 2.770
trans-Pinocarveol 26.215 181160 152.230 1.30 - -
Terpinen-4-ol 26.627 feH10 154.249 1.91 1.97 -
a-Terpinol 27.225 GH10 154, 249 1.98 - -
Cryptone 28.148 1,0 138.206 2.23 - -
Spathulenol 28.858 &H,.0 220.350 - 6.84 -
B-Caryophyllene oxide 29.517 168H,,0 220.350 - 2.23 -
p-Cymen-7-ol 30.916 feH10 150.217 1 - -
3-[p-Methoxyphenyl]-5-methylrhodanine 31.019 116811NO,S, 253.340 - - 15.950
y-Muurolene 32.350 GHy, 204.351 - 0.16 -
exo-2-Hydroxycineole acetate 32.813 1218003 212.285 - 0.37 -
a-Gurjunene 34.228 fHoy 204.351 - 1.61 -
10s,11s-Himachala-3(12),4-diene 36.067 15HG, 204.351 - 6.59 -
Alloaromadendrene 37.360 14§81,,0 220.350 - 2.73 -

where, A0 is the absorbance of the control samplecultured in RPMI-1640 medium supplemented with
(containing all reagents except the test compoamt) 10% heat-inactivated FBS, 2 mM L-glutamine and 100

AT is the absorbance of the test samples. U/mL of penicillin-streptomycinin in 96-well flat-
. . . . bottom culture plates in a humidified atmospher&%uf
2.6. Evaluation of Antibacterial Activity CO2 at 37°C. After 48 h in the exponentially grogin

E. chapmaniana extracts were tested for Phase, the cells were treated for another 24 herAft

antimicrobial activity via the agar well diffusianethod ~ incubation, the cell viability was evaluated via tiiTT
against different pathogenic microorganisms, namely colorimetric technique. About 2QL of the labeling
Escherichia coli, Pseudomonas aeruginosa, Klebsiella ~ Mixture, which consists of 5 mg miL MTT in
pneumonia,  Proteus  volgaris  (Gram-negative), Phosphate-Buffered Saline solution (PBS), was added
Saphylococcus aureus (Gram-positive) andCandida to each well. Incubation was continued for 4 h ZQ@
albicans (yeast). Pure bacterial cultures were subculturedThe culture medium was then removed and 200

on MHA and SDA by using yeast. Each strain was aliquots of Dimethyl Sulfoxide (DMSO) were added to
uniformly swabbed onto the individual plates byngsi €ach well to dissolve the formazan crystals, fodw
sterile cotton swabs. Wells with a diameter of 8 mm by 10 min of incubation to dissolve the air bubblese
were made on nutrient agar plates by using the gefulture plate was placed on a Biotex Model micratg|
puncture method. A micropipette was used to pourl50  feader and the absorbance was measured at 550 nm.
of each extract solution onto each well on all ggat The amount of color produced is directly proporébn
After incubation at 37°C for 24 h, the zone intidnit ~ t0 the number of viable cells. Each experiment was
diameter was measured in millimeters and was therdone in triplicate. The relative cell viability (%glated
recorded as mean+SD of the triplicate experiment. to the control wells containing the cell culturedhem

as a vehicle was calculated as follows:
2.7. Cytotoxicity of HL-60 Cell Line

The study was performed on human promyeloid % Viability = [
leukemia (HL-60) cells. The HL-60 cell line was

Sample Absorbanc
— %100
Control Absorbanc
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2.8. Statistical Analysis Table 1 shows the retention indices, molecular
weight, total ion current and constituent identigy.
total of 22 compounds were identified and the
essential oils were the main constituents. Comgarin
the three extracts, the highest constituent amounts
were found in flowers (17 compounds), followed by
3. RESULTS Ieaves_(lO pompounds) and seeds (5 cpmpounds). The
essential oils from flowers were constituted byyonl

The total ion chromatograms of leaf, flower and 15 compounds, followed_by leaves with 8 compounds
seed extracts fronE. chapmaniana were analyzed @nd then Dby seeds with 2 compounds. The most
using a GC-MS instrument and the constituents were@Pundant essential oils of. chapmaniana are
quantified via the peak area normalization method.Presented irrig. 1.

PO ST

The grouped data were statistically evaluated using
ANOVA with the SPSS/14 software. The values are
presented as the meantS.D. of the three repliaates
each experiment.

Eucalyptol tt-Phellandrene  3-Cymene  Y-terpinen
A
OH OH
CH,
Trans-pinocarveol Terpinen-4-01 o Terpinol

O
Cryptone Spathlenol (-Caryophyl lene oxide
S
(8] N )‘-:a 5

OH O

p-cvmen-7-01 3-[p-Methoxyphenvl] g-Gurjunene
-5-methylthodanine
— _." -é-

10s, 11s-Himachala-3(12). 4-diene Alloaromadendrene

Fig. 1. Structures of the most abundant essential oilstifiled in E. chapmaniana extracts
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The data presented ifable 1 were based on the
information obtained from the GC/MS analyses resinit
Fig. 2-4, respectively. Th&. chapmaniana extracts showed
approximately the same TIC profiles, which is cdubg
the presence of the same substances. Eucalyptotheas
predominant compound in flowers (59.9), followed by
leaves (55.6) and seeds (8.6%).

The free radical scavenging effectifchapmaniana
extracts in DPPH was determined and the resulivisng
as a percentage of free radical scavenging actfeity
four concentrations of 5.0, 50.0, 100.0 and 5(@,6nL™*
of each extract, respectivelyable 2. In general, a
concentration-dependent trend was observed angugp00

extracts. Thus, the flower extracts had a stroreg fr
radical scavenging activity of about 95.5%. As shaw
Table 2, the leaf and seed extracts also showed
antioxidant activities, although the free radical
scavenging activities were less than those of ftowe
extracts (89.2% and 78.3%, respectively).

The agar-disc diffusion method was used to detemin
the inhibition zones of the leaf, seed and floweraets
from E. chapmaniana against bacterial strains and yeast.
Based on the results ihable 3, the extracts showed a
potent growth inhibition for all microbes used ihist
study. In general, all tested extracts showed nadelen
high activity against Gram-positive bacteria andasge

mL? was the best concentration among the testedcompared with Gram-negative bacteria.
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Fig. 2. Total ion chromatogram of leaf extractEfchapmaniana grown in Iraq

Table 2. DPPH free radical scavenging activity of leavemsyérs and seeds extractsebfchapmaniana grown in Iraq

% Scavenging activity dE. chapmaniana extracts*

Samples 5 pg mtt 50 pg mi? 100 pg mc* 500 pg mC?
Leaves 50.310.6 82.3+0.8 86.2+0.7 89.2+0.8
Flowers 50.410.8 81.5+0.7 90.2+0.5 95.5+0.9
Seeds 40.3+0.3 60.1+0.8 75.1+0.2 78.310.6
*. Scavenging activity are mean values of threeigheinants
Table 3. Size of the inhibition zone fdE. chapmaniana extracts against the tested microorganisms

Zone of inhibition (mm)*
Samples E. coli P. aeruginosa K. pneumonia P. volgaris S aureus C. albicans
Leaves 17.9+1.5 18.6+1.6 17.5+1.0 17.4+1.7 20.2+1.5 19.3+1.2
Flowers 18.8+1.2 19.8+1.6 17.3+1.6 18.4+1.3 20.8+1. 21.8+1.5
Seeds 15.2+1.3 16.3+1.2 17.7£1.9 17.2+1.5 19.0+1.4 16.8+1.6
*, Zone of inhibitions are mean values of threeedminants
///// Science Publications 82 AJABS
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Fig. 3. Total ion chromatogram of flower extractE®fchapmaniana grown in Iraq
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Fig. 4. Total ion chromatogram of seed extracEothapmaniana grown in Iraq

The cytotoxic activity of flower extracts on the 40, 60, and 80pg mL%Y) showed significant
HL-60 cell line was further studied to evaluate the cytotoxicity on the HL-60 cell line. In additionhe
dose-related cytotoxic activities. The inhibitory 80pg mL* concentration was more potent, which
effects were determined 24 h later and the resrk showed 90% potency compared with the control
presented inFig.5. The flower extracts (5, 10, 20, sampleFig. 5.
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Fig. 5. Antiproliferative activity of flowers extract atffierent concentrations on HL-60 cells. Data is esged as the mean+S.D. of

data obtained from triplicate experiment

4. DISCUSSION

The extracts obtained from leaves, seeds and flower pinene

of E. chapmaniana exhibited cytotoxic activities and
inhibited the growth of yeast and bacteria. Likeayithe
antioxidant activity was evaluated by the abilitlytbe
essential oils to scavenge DPPH radical in methara
results showed that the essential oils exhibitesirang
free radical scavenging activity. This study is finst to
report on the antioxidant, antimicrobial and cykito
activities of extracts from leaves, seeds and flsvedE.
chapmaniana grown in Iraqg.

a different compound, such as piperitoie dives), (E)-
methyl cinnamateH. olida) (Gilles et al., 2010), o-
E. camaldulensis) (Cheng et al., 2009),
limonene E. staigeriana), B-citronellal E. citriodora)
(Maciel et al., 2010), or p-cymeneE( tereticorni)
(Toloza et al., 2006). The chemical composition of
essential oil is affected by several factors, saglpecies,
geographical location, harvest time, plant part and
isolation method (Cimanget al., 2002; Penalveet al.,
2005; Marzouget al., 2011).

The E. chapmaniana variety used in this study is
different from othelEucalyptus species, in terms of the

Chemical composition analysis of the essential oils chemical composition of essential oils, which makes

of leaves and flowers df. chapmaniana showed that
this species is rich in essential

beneficial properties oEucalyptus. Based on previous
studies, the essential oils were identified fromioas

oils, which are essential
responsible for the antioxidant activity and other important

the results obtained interesting. In addition, the
oils of theEucalyptus species possess
biological  characteristics, including
diaphoretic, disinfectant, anti-malarial, antisepti

analgesic, anti-inflammatory, antimicrobial, anticar

Eucalyptus extracts. However, these studies did not and antioxidant properties (Lee and Shibamoto, 2001

include E. chapmaniana. The chemical composition of
the essential oils of different parts of other spsmf
Eucalyptus can vary widely (Giamakist al., 2001;
Tsiri et al., 2003; Marzougt al., 2011).

The E. chapmaniana extracts showed approximately
the same TIC profiles, which is caused by the prese
of the same substances. However, the full scantrspec

Cimangaet al., 2002; Ashour, 2008).

The results of the current study showed that
different extracts oE. chapmaniana exhibited different
antioxidant activities. In the presence of anti@xits,
the DPPH radical is converted to DPPH-H and the
characteristic purple color lightens. This resulasw
caused by the different amounts of the constituents

and the corresponding MS/MS spectra (not shown)(Sulaimanet al., 2013). Essential oils are complex

indicate a high value of Eucalyptol in both flonend

mixtures that are composed of numerous compounds

leaf extractsBy contrast, the seed extracts showed fewerand each of the constituent contributes to theogichl

value. Eucalyptol was also found in majority of eath
species oEucalyptus, such a&. aigeriana (Gilleset al.,
2010),E. globules (Maciel et al., 2010; Tyagi and Malik,
2011) anck. urophylla (Chenget al., 2009). Nevertheless,
the main component in other specieg€o€alyptus can be
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effects of these oils (Buchbauer, 2000). Moderate i
vitro antioxidant activities of terpinene and its
derivatives, such as terpinen-4-ol, have been
documented (Kimet al., 2004). However, pinene and
cymene possess no significant or appreciable
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antioxidant activities (Lee and Shibamoto, 2001heT
strong antioxidant properties of essential oilsdue to
their phenolic constituents, such as thymol, casacr

test for a variety of chemical compounds. Theregfore
volatile oils from flowers of E. chapmaniana can
potentially change the mitochondrial enzymatic \atgti

and probably 1, 8-cineole, which has moderate DPPHand initiate a preliminary injury, which leads ®lldeath.

radical scavenging activity as reported by (EQ2E)7).

Furthermore, essential oils were reported to cdaseage

The present study reports the broad spectrum ofin the mitochondrial membrane because they provoke

antimicrobial activity ofE. chapmaniana flower, seed
and leaf extractsThe ability of Eucalyptus oils to
inhibit the growth of both Gram-positive and Gram-
negative bacteria, as well as of fungus, is in agrent
with previous reports on the antibacterial activif
other Eucalyptus species (Tuberoscet al., 2006;
Gaudreauet al., 2007; Sartorelliet al., 2007). The
present study also reported the susceptibility athb
Gram-positive and Gram-negative bacteria towdds
chapmaniana extracts. The susceptibility of Gram-

mitochondrial membrane depolarization by decreasing
membrane potential (Vercegial., 1997).

Likewise, the membrane fluidity is altered, which
becomes abnormally permeable. Additional mechanisms
were previously reported on the cytotoxic effectalftile
oils from young and adult leaves Bf benthamii (Doll-
Boscardinet al., 2012). Studies on essential oils and their
individual volatile components have caused reseascto
shift their attention to cancer treatment. A numioér
articles have investigated the effect of essentiagainst

positive bacteria is in agreement to previously a variety of human cancer cell lines. De Soesal.

reported results on a wide variety of South Amarica
(Paz et al., 1995), African (Vlietincket al., 1995),

(2004) verified that the essential oils of lemonnba
(Melissa officinalis L.) showed a cytotoxic activity against

Australian (Palombo and Semple, 2001) and Asianspecific human cancer cell lines (A549, MCF-7, Gago

(Jeyakumaget al., 2011) plant oils.

HL-60 and K562) and a mouse cell line (B16F10).6Dth

The present study differed from previous studies studies of plant extracts revieled a potential dibyi

because the latter only focused on essential o#sgred
from leaves, which may not represent the full
antimicrobial pattern of essential oils obtainednir
other parts of the plant (flowers, seeds). Therdg&sdeoil
content of different plants varies (together withe t
biologically active compounds contained) depending
the plant’s part (flower, seeds, leaves, whole fpland
variety, as well as on the harvest season andvatitin
method (Cimangat al., 2002; Ramezanét al., 2002;
Sartorelliet al., 2007).

Flower extracts of. chapmaniana, which had the
highest levels of Eucalyptol, were more active agai

against different cell lines (Naphongt al., 2013;
Mahiwanet al., 2013). Regarding the cytotoxic effect of
essential Eucalyptus oils, information is remarkably
restricted. Ashour (2008) showed the cytotoxicvétis

of volatile oils and extracts from stems, leaved fowers

of E. sideroxylon andE. torquata against the human breast
adenocarcinoma cell line (MCF7). The essential olil
extracted from stems df. torquata exhibited the best
cytotoxicity against MCF7 cells, followed by volatioils
from E. torquata andE. sideroxylon leaves.

5. CONCLUSION

the tested microorganisms than other extracts. The

results are in agreement with those of previoudisg,
where Eucalyptol had strong antimicrobial propertie
against numerous important pathogens (Baké&alal.,
2008; Rosatet al., 2007). The activity of this chemical

In conclusion, this study demonstrates, for thet fir
time, the antioxidant, antimicrobial and cytotoiffects
of the essential oils d&. chapmaniana grown in Iraq.E.
chapmaniana is a species that could be employedch

compound may be increased by other minor componentssource of Eucalptol especialy in flowers and leaves

However, based on the chemical composition of efsden
oils in the samples, the antimicrobial activity wast
related to a high content of a single chemical coumgl,

Moreover, the obtained cytotoxic results support an
experimental basis that the essential oils Bf
chapmaniana lead to cell death. The antimicrobial and

but rather to synergic effects of major and minor cytotoxic activities of E. chapmaniana extracts are

components (Elaisst al., 2012).
The MTT results of the essential oils from flowers
on the HL-60 cell line showed a concentration-

positively correlated with oil composition and
antioxidant activity. These data can also paventhg for
the development of future therapeutic strategies to

dependent toxicity, which suggested that the préduc protect humans from deleterious oxidative processes

is more toxic to cancer cells. MTT reduction is ailéy
conducted to study the mitochondrial/non-

cancer. Although the essential oils obtained frdma t
Eucalyptus species have been used in folk medicine,

mitochondrial dehydrogenase activity as a cytotoxic their use must be cautioned because systemic tyxici
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