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ABSTRACT 

The chemical composition of the essential oils extracted from immature flowers, leaves and seeds of 
Eucalyptus chapmaniana grown in Iraq were analyzed for the first time by gas chromatography/mass 
spectrometry. Twenty-four different compounds were identified and the predominant compound is 
eucalyptol, which accounted for 59.9, 55.6 and 8.6% of total compounds, respectively. To asses the 
possible therapeutic uses of the extracts, their antioxidant properties were assessed via DPPH free radical 
scavenging. The extracts showed significant antioxidant and antimicrobial activities against Escherichia 
coli, Pseudomonas aeruginosa, Klebsiella pneumonia, Proteus volgaris, Staphylococcus aureus and 
Candida albicans. The cytoxicity of flower extract against the Human Leukemia (HL-60) cells was 
evaluated and the extracts significantly reduced the viability of HL-60 cells in a dose- and time-
dependent response relationship. The results indicated that essential oils from immature flowers are 
highly cytotoxic to HL-60 cells and that their antitumor potential was confirmed. 
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1. INTRODUCTION 

The Myrtaceae family contains 133 genera and 3,800 
species of trees and shrubs. This family can be found in 
temperate, subtropical and tropical regions and it is 
endemic in Australia, tropical America, Africa and Asia 
(Wilson et al., 2001). One important genera of 
Myrtaceae is Eucalyptus, which is a large genus of 
evergreen trees and shrubs containing approximately 700 
species (Batish et al., 2008). Although most plants are 
native to Australia and Tasmania (Oyedeji et al., 1999), 
they have been successfully introduced worldwide and 
are cultivated in many other countries, including Iraq. 

The leaves of the Eucalyptus species accumulate a 
very large number of secondary metabolites and yield 
hydro distilled essential oils that possess many biological 

properties, including antibacterial and antifungal 
activities (Cimanga et al., 2002; Ramezani et al., 2002; 
Sartorelli et al., 2007). In addition, the leaf and plant 
extracts of the Eucalyptus species themselves possess 
antibacterial and antifungal activities (Takahashi et al., 
2004; Salari et al., 2006). Extracts and components 
isolated from several Eucalyptus species have been 
shown to possess cytotoxic and antitumor activities 
(Benyahia et al., 2005; Ashour, 2008). 

Antioxidant agents are compounds that function as 
scavengers of reactive oxygen species or free radicals, 
which have important functions in energy production, 
synthesis of several biomolecules, phagocytosis and cell 
growth in living systems (Packer et al., 2008). An 
imbalance in the rate of production of free radicals or 
their removal via antioxidant defense mechanisms leads 
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to a phenomenon referred to as oxidative stress. In 
diseases such as diabetes, cardiovascular diseases and 
cancer, an aggravated imbalance may occur during 
deleterious oxidation of biomolecules, which results in cell 
or tissue damage (Arts and Hollman, 2005; Jung et al., 
2009; Wells et al., 2009). 

Numerous investigations were performed on volatile 
components of essential oils from different species of 
Eucalyptus. Previous studies on the compositions of 
several Eucalyptus spp. leaves, flowers (Giamakis et al., 
2001; Tsiri et al., 2003) and recently, stem and fruit 
essential oils have been reported (Marzoug et al., 2011). 
However, no previous studies on the chemistry and the 
antioxidant, antimicrobial and cytotoxic activities of 
essential oils from leaves, flowers and seeds of E. 
chapmaniana have been presented. In the current study 
the composition of essential oils obtained from adult 
leaves, immature flowers and seeds of E. chapmaniana 
collected in Iraq has been studied. The antioxidant, 
antimicrobial and cytotoxic activities of E. Chapmaniana 
were also investigated. 

2. MATERIALS AND METHODS 

2.1. Chemicals 

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

2.2. Plant Materials and Extraction of Oils 

Plant materials, such as the leaves, flowers and seeds 
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 collected leaf, 
seed and flower materials were kept at room temperature 
and left to dry. After air-drying, the plant materials were 
hydrodistilled for 3 h by using a Clevenger type 
apparatus. The resulting oil was collected, preserved in a 
sealed sample tube and stored until analysis. 

2.3. Gas Chromatography 

The essential oils were analyzed using a Varian Star 
3400 (Les Ulis, France) Cx gas chromatograph equipped 
with a Flame Ionization Detector (FID) and DB-5MS 
capillary column (30m×0.25 mm, film thickness 0.25 

µm). The injector and detector temperatures were set at 
200 and 270°C, respectively. The oven temperature was 
gradually raised from 60 to 260°C at a rate of 5°C/min. 
The temperature was held for 15 min and finally raised 
to 340°C at a rate of 40°C/min. Helium (purity 
99.99999%) was used as the carrier gas at a flow rate of 
1 mL min−1. The total analysis time was 57 min. About 
1.0 µL of the diluted sample (1/100 in petroleum ether, 
v/v) was injected in the split mode (ratio 1:10). 
Quantitative data were obtained electronically from the 
FID area percent data without the correction factors. 
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-MS) 

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 Varian Star 
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 were set at 
200 and 300°C, respectively. MS was adjusted with an 
emission current of 10 µA and an electron multiplier 
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 (KI), by co-injection 
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 KI calculation. The GC and GC-MS analysis 
results are given in Table 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 (Milliauskas et al., 2004). 
About 0.5 mL of 1 mM DPPH solution was added to 3 
mL of various concentrations of sample extracts of E. 
chapmaniana. After 30 min of incubation at room 
temperature, the absorbance was obtained against a blank 
sample at 517 nm. The decrease in the actual absorption 
was measured against that of the control sample. All 
experiments were carried out in triplicates and percentage 
inhibition values were calculated based on the equation: 
 

( )% Inhibition  A0 AT / A0 100= − ×  
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Table 1. Chemical composition of E. 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 C5H4O3 112.083 0.26 - 1.320 
Propanal, 2-methyl-  11.698 C4H8O 72.105 0.70 0.33 - 
5,9-dodecadien-2-one, 6,10 11.811 C14H24O 208.339 - - 1.870 
-dimethyl-dodecadien-2-one 
Nonanal dimethyl acetal 17.508 C11H24O2 188.307 - 0.51 - 
α-Pinene 20.206 C10H16 136.230 - 0.34 - 
α- phellandrene 21.920 C10H16 136.240 - 4.16 - 
β-Cymene 22.508 C10H14 134.218 2.14 3.57 - 
Eucalyptol 22.817 C10H18O 154.136 55.62 59.97 8.610 
γ-Terpinen 23.042 C10H16 136.125 - 2.88 - 
α- Terpinolen 23.752 C10H16 136.234 - 0.17 - 
Undecane 23.273 C11H24 156.188 0.79 0.47 2.770 
trans-Pinocarveol 26.215 C10H16O 152.230 1.30 - - 
Terpinen-4-ol 26.627 C10H18O 154.249 1.91 1.97 - 
α-Terpinol 27.225 C10H18O 154. 249 1.98 - - 
Cryptone 28.148 C9H14O 138.206 2.23 - - 
Spathulenol 28.858 C15H24O 220.350 - 6.84 - 
β-Caryophyllene oxide 29.517 C15H24O 220.350 - 2.23 - 
p-Cymen-7-ol 30.916 C10H14O 150.217 1 - - 
3-[p-Methoxyphenyl]-5-methylrhodanine 31.019 C11H11NO2S2 253.340 - - 15.950 
γ-Muurolene 32.350 C15H24 204.351 - 0.16 - 
exo-2-Hydroxycineole acetate 32.813 C12H20O3 212.285 - 0.37 - 
α-Gurjunene 34.228 C15H24 204.351 - 1.61 - 
10s,11s-Himachala-3(12),4-diene 36.067 C15H24 204.351 - 6.59 - 
Alloaromadendrene 37.360 C15H24O 220.350 - 2.73 - 
 
where, A0 is the absorbance of the control sample 
(containing all reagents except the test compound) and 
AT is the absorbance of the test samples. 

2.6. Evaluation of Antibacterial Activity 

E. chapmaniana extracts were tested for 
antimicrobial activity via the agar well diffusion method 
against different pathogenic microorganisms, namely, 
Escherichia coli, Pseudomonas aeruginosa, Klebsiella 
pneumonia, Proteus volgaris (Gram-negative), 
Staphylococcus aureus (Gram-positive) and Candida 
albicans (yeast). Pure bacterial cultures were subcultured 
on MHA and SDA by using yeast. Each strain was 
uniformly swabbed onto the individual plates by using 
sterile cotton swabs. Wells with a diameter of 8 mm 
were made on nutrient agar plates by using the gel 
puncture method. A micropipette was used to pour 50 µL 
of each extract solution onto each well on all plates. 
After incubation at 37°C for 24 h, the zone inhibition 
diameter was measured in millimeters and was then 
recorded as mean±SD of the triplicate experiment. 

2.7. Cytotoxicity of HL-60 Cell Line  

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

cultured in RPMI-1640 medium supplemented with 
10% heat-inactivated FBS, 2 mM L-glutamine and 100 
U/mL of penicillin-streptomycinin in 96-well flat-
bottom culture plates in a humidified atmosphere of 5% 
CO2 at 37°C. After 48 h in the exponentially growing 
phase, the cells were treated for another 24 h. After 
incubation, the cell viability was evaluated via the MTT 
colorimetric technique. About 20 µL of the labeling 
mixture, which consists of 5 mg mL−1 MTT in 
Phosphate-Buffered Saline solution (PBS), was added 
to each well. Incubation was continued for 4 h at 37°C. 
The culture medium was then removed and 200 µL 
aliquots of Dimethyl Sulfoxide (DMSO) were added to 
each well to dissolve the formazan crystals, followed 
by 10 min of incubation to dissolve the air bubbles. The 
culture plate was placed on a Biotex Model micro-plate 
reader and the absorbance was measured at 550 nm. 
The amount of color produced is directly proportional 
to the number of viable cells. Each experiment was 
done in triplicate. The relative cell viability (%) related 
to the control wells containing the cell culture medium 
as a vehicle was calculated as follows: 
 

Sample  Absorbance
 % Viability  100

Control  Absorbance

 
 = ×
  
 
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2.8. Statistical Analysis 

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

3. RESULTS  

The total ion chromatograms of leaf, flower and 
seed extracts from E. chapmaniana were analyzed 
using a GC-MS instrument and the constituents were 
quantified via the peak area normalization method. 

Table 1 shows the retention indices, molecular 
weight, total ion current and constituent identity. A 
total of 22 compounds were identified and the 
essential oils were the main constituents. Comparing 
the three extracts, the highest constituent amounts 
were found in flowers (17 compounds), followed by 
leaves (10 compounds) and seeds (5 compounds). The 
essential oils from flowers were constituted by only 
15 compounds, followed by leaves with 8 compounds 
and then by seeds with 2 compounds. The most 
abundant essential oils of E. chapmaniana are 
presented in Fig. 1. 

 

 
 

Fig. 1. Structures of the most abundant essential oils identified in E. chapmaniana extracts 
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The data presented in Table 1 were based on the 
information obtained from the GC/MS analyses results in 
Fig. 2-4, respectively. The E. chapmaniana extracts showed 
approximately the same TIC profiles, which is caused by 
the presence of the same substances. Eucalyptol was the 
predominant compound in flowers (59.9), followed by 
leaves (55.6) and seeds (8.6%). 

The free radical scavenging effect of E. chapmaniana 
extracts in DPPH was determined and the result is given 
as a percentage of free radical scavenging activity for 
four concentrations of 5.0, 50.0, 100.0 and 500.0 µg mL-1 
of each extract, respectively Table 2. In general, a 
concentration-dependent trend was observed and 500 µg 
mL-1 was the best concentration among the tested 

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

The agar-disc diffusion method was used to determine 
the inhibition zones of the leaf, seed and flower extracts 
from E. chapmaniana against bacterial strains and yeast. 
Based on the results in Table 3, the extracts showed a 
potent growth inhibition for all microbes used in this 
study. In general, all tested extracts showed moderate to 
high activity against Gram-positive bacteria and yeast 
compared with Gram-negative bacteria. 

 

 
 

Fig. 2. Total ion chromatogram of leaf extract of E. chapmaniana grown in Iraq 
 
Table 2. DPPH free radical scavenging activity of leaves, flowers and seeds extracts of E. chapmaniana grown in Iraq 
 % Scavenging activity of E. chapmaniana extracts* 
 ------------------------------------------------------------------------------------------------------------------------------- 
Samples 5 µg mL−1 50 µg mL−1 100 µg mL−1 500 µg mL−1 
Leaves 50.3±0.6 82.3±0.8 86.2±0.7 89.2±0.8 
Flowers 50.4±0.8 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 78.3±0.6 
*; Scavenging activity are mean values of three determinants 
 
Table 3. Size of the inhibition zone for E. 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 20.6±1.9 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 three determinants 
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Fig. 3. Total ion chromatogram of flower extract of E. chapmaniana grown in Iraq 

 

 
 

Fig. 4. Total ion chromatogram of seed extract of E. chapmaniana grown in Iraq 
 

The cytotoxic activity of flower extracts on the 
HL-60 cell line was further studied to evaluate the 
dose-related cytotoxic activities. The inhibitory 
effects  were  determined 24 h later and the results are  
presented  in  Fig. 5.  The  flower  extracts  (5, 10, 20,  

40,  60,  and  80  µg  mL-1)  showed significant 
cytotoxicity on the HL-60 cell line. In addition, the 
80 µg mL-1 concentration was more potent, which 
showed 90% potency compared with the control 
sample Fig. 5. 
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Fig. 5. Antiproliferative activity of flowers extract at different concentrations on HL-60 cells. Data is expressed as the mean±S.D. of 

data obtained from triplicate experiment 
 

4. DISCUSSION  

The extracts obtained from leaves, seeds and flowers 
of E. chapmaniana exhibited cytotoxic activities and 
inhibited the growth of yeast and bacteria. Likewise, the 
antioxidant activity was evaluated by the ability of the 
essential oils to scavenge DPPH radical in methanol. The 
results showed that the essential oils exhibited a strong 
free radical scavenging activity. This study is the first to 
report on the antioxidant, antimicrobial and cytotoxic 
activities of extracts from leaves, seeds and flowers of E. 
chapmaniana grown in Iraq. 

Chemical composition analysis of the essential oils 
of leaves and flowers of E. chapmaniana showed that 
this species is rich in essential oils, which are 
responsible for the antioxidant activity and other 
beneficial properties of Eucalyptus. Based on previous 
studies, the essential oils were identified from various 
Eucalyptus extracts. However, these studies did not 
include E. chapmaniana. The chemical composition of 
the essential oils of different parts of other species of 
Eucalyptus can vary widely (Giamakis et al., 2001; 
Tsiri et al., 2003; Marzoug et al., 2011). 

The E. chapmaniana extracts showed approximately 
the same TIC profiles, which is caused by the presence 
of the same substances. However, the full scan spectra 
and the corresponding MS/MS spectra (not shown) 
indicate a high value of Eucalyptol in both flower and 
leaf extracts. By contrast, the seed extracts showed fewer 
value. Eucalyptol was also found in majority of other 
species of Eucalyptus, such as E. staigeriana (Gilles et al., 
2010), E. globules (Maciel et al., 2010; Tyagi and Malik, 
2011) and E. urophylla (Cheng et al., 2009). Nevertheless, 
the main component in other species of Eucalyptus can be 

a different compound, such as piperitone (E. dives), (E)-
methyl cinnamate (E. olida) (Gilles et al., 2010),  α-
pinene  (E. camaldulensis) (Cheng et al., 2009), 
limonene (E. staigeriana), β-citronellal (E. citriodora) 
(Maciel et al., 2010), or p-cymene (E. tereticorni) 
(Toloza et al., 2006). The chemical composition of 
essential oil is affected by several factors, such as species, 
geographical location, harvest time, plant part and 
isolation method (Cimanga et al., 2002; Penalver et al., 
2005; Marzoug et al., 2011). 

The E. chapmaniana variety used in this study is 
different from other Eucalyptus species, in terms of the 
chemical composition of essential oils, which makes 
the results obtained interesting. In addition, the 
essential oils of the Eucalyptus species possess 
important biological characteristics, including 
diaphoretic, disinfectant, anti-malarial, antiseptic, 
analgesic, anti-inflammatory, antimicrobial, anticancer 
and antioxidant properties (Lee and Shibamoto, 2001; 
Cimanga et al., 2002; Ashour, 2008). 

The results of the current study showed that 
different extracts of E. chapmaniana exhibited different 
antioxidant activities. In the presence of antioxidants, 
the DPPH radical is converted to DPPH-H and the 
characteristic purple color lightens. This result was 
caused by the different amounts of the constituents 
(Sulaiman et al., 2013). Essential oils are complex 
mixtures that are composed of numerous compounds 
and each of the constituent contributes to the biological 
effects of these oils (Buchbauer, 2000). Moderate in-
vitro antioxidant activities of terpinene and its 
derivatives, such as terpinen-4-ol, have been 
documented (Kim et al., 2004). However, pinene and 
cymene possess no significant or appreciable 
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antioxidant activities (Lee and Shibamoto, 2001). The 
strong antioxidant properties of essential oils are due to 
their phenolic constituents, such as thymol, cavacrol 
and probably 1, 8-cineole, which has moderate DPPH 
radical scavenging activity as reported by (Edris, 2007). 

The present study reports the broad spectrum of 
antimicrobial activity of E. chapmaniana flower, seed 
and leaf extracts. The ability of Eucalyptus oils to 
inhibit the growth of both Gram-positive and Gram-
negative bacteria, as well as of fungus, is in agreement 
with previous reports on the antibacterial activity of 
other Eucalyptus species (Tuberoso et al., 2006; 
Gaudreau et al., 2007; Sartorelli et al., 2007). The 
present study also reported the susceptibility of both 
Gram-positive and Gram-negative bacteria towards E. 
chapmaniana extracts. The susceptibility of Gram-
positive bacteria is in agreement to previously 
reported results on a wide variety of South American 
(Paz et al., 1995), African (Vlietinck et al., 1995), 
Australian (Palombo and Semple, 2001) and Asian 
(Jeyakumar et al., 2011) plant oils. 

The present study differed from previous studies 
because the latter only focused on essential oils prepared 
from leaves, which may not represent the full 
antimicrobial pattern of essential oils obtained from 
other parts of the plant (flowers, seeds). The essential oil 
content of different plants varies (together with the 
biologically active compounds contained) depending on 
the plant’s part (flower, seeds, leaves, whole plant) and 
variety, as well as on the harvest season and cultivation 
method (Cimanga et al., 2002; Ramezani et al., 2002; 
Sartorelli et al., 2007). 

Flower extracts of E. chapmaniana, which had the 
highest levels of Eucalyptol, were more active against 
the tested microorganisms than other extracts. The 
results are in agreement with those of previous studies, 
where Eucalyptol had strong antimicrobial properties 
against numerous important pathogens (Bakkali et al., 
2008; Rosato et al., 2007). The activity of this chemical 
compound may be increased by other minor components. 
However, based on the chemical composition of essential 
oils in the samples, the antimicrobial activity was not 
related to a high content of a single chemical compound, 
but rather to synergic effects of major and minor 
components (Elaissi et al., 2012). 

The MTT results of the essential oils from flowers 
on the HL-60 cell line showed a concentration-
dependent toxicity, which suggested that the product 
is more toxic to cancer cells. MTT reduction is usually 
conducted to study the mitochondrial/non-
mitochondrial dehydrogenase activity as a cytotoxic 

test for a variety of chemical compounds. Therefore, 
volatile oils from flowers of E. chapmaniana can 
potentially change the mitochondrial enzymatic activity 
and initiate a preliminary injury, which leads to cell death. 
Furthermore, essential oils were reported to cause damage 
in the mitochondrial membrane because they provoke 
mitochondrial membrane depolarization by decreasing the 
membrane potential (Vercesi et al., 1997). 

Likewise, the membrane fluidity is altered, which 
becomes abnormally permeable. Additional mechanisms 
were previously reported on the cytotoxic effect of volatile 
oils from young and adult leaves of E. benthamii (Doll-
Boscardin et al., 2012). Studies on essential oils and their 
individual volatile components have caused researchers to 
shift their attention to cancer treatment. A number of 
articles have investigated the effect of essential oil against 
a variety of human cancer cell lines. De Sousa et al. 
(2004) verified that the essential oils of lemon balm 
(Melissa officinalis L.) showed a cytotoxic activity against 
specific human cancer cell lines (A549, MCF-7, Caco-2, 
HL-60 and K562) and a mouse cell line (B16F10). Other 
studies of plant extracts revieled a potential toxicity 
against different cell lines (Naphong et al., 2013; 
Mahiwan et al., 2013). Regarding the cytotoxic effect of 
essential Eucalyptus oils, information is remarkably 
restricted. Ashour (2008) showed the cytotoxic activities 
of volatile oils and extracts from stems, leaves and flowers 
of E. sideroxylon and E. torquata against the human breast 
adenocarcinoma cell line (MCF7). The essential oil 
extracted from stems of E. torquata exhibited the best 
cytotoxicity against MCF7 cells, followed by volatile oils 
from E. torquata and E. sideroxylon leaves. 

5. CONCLUSION 

In conclusion, this study demonstrates, for the first 
time, the antioxidant, antimicrobial and cytotoxic effects 
of the essential oils of E. chapmaniana grown in Iraq. E. 
chapmaniana is a species that could be employed a rich 
source of Eucalptol especialy in flowers and leaves. 
Moreover, the obtained cytotoxic results support an 
experimental basis that the essential oils of E. 
chapmaniana lead to cell death. The antimicrobial and 
cytotoxic activities of E. chapmaniana extracts are 
positively correlated with oil composition and 
antioxidant activity. These data can also pave the way for 
the development of future therapeutic strategies to 
protect humans from deleterious oxidative processes and 
cancer. Although the essential oils obtained from the 
Eucalyptus species have been used in folk medicine, 
their use must be cautioned because systemic toxicity 
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may occur from ingestion or topical application at higher 
doses. The probable lethal dose of pure essential oils of 
Eucalyptus spp. for an adult is in the range of 0.05 mL to 
0.5 mL kg−1 and severe poisoning has occurred in 
children after ingestion of 4 to 5 mL (Foggie, 2011; 
Doll-Boscardin et al., 2012). This limitation in the 
dosage of essential oils of Eucalyptus spp needs further 
investigation, to assess the real advantages of their use. 
Future developments of this work include the 
purification and study of active oil compounds, as a 
mean to better understand the relationship between 
traditional therapy and current medicinal practice. 
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