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6,7-Citral-epoxy derivative (a mixture of E and Z isomers with respect to the C2 = C3 double bond) could
be react with DNA base producing a major adduct. The mixture of epoxides was condensed with 2 mol of
cytosine to give the adduct through condensation between aldehyde and amino groups. Antifungal and
antibacterial studies were carried out on citral and citral-epoxide. Studies on the antifungal especially
Penicillium italicum and Rhizopus stolonifer showed that citral and citral-epoxide have good antibacterial
action. Antimicrobial studies of P. italicum and R. stolonifer explained also that citral and citral-epoxide
have good antimicrobial activity. Citral epoxide shows high activity against the growth of bacteria meth-
icillin resistant Staphylococcus aureus (MRSA) and fungi comparing by citral. The epoxide shows antibac-
terial activity more than the antibiotics nalidixic acid (NA) and ampicillin (AP) and nitrofurantoin (NI).
The results revealed that these complexes are most effective against MRSA.

Crown Copyright � 2010 Published by Elsevier Inc. All rights reserved.
1. Introduction action of peracid [13]. Hydrogen peroxide consider as oxidative
Cymbopogon citratus (DC) (Gramineae) is an herb worldwide
known as lemongrass. The tea made from its leaves is popularly
used as antispasmodic, analgesic, anti-inflammatory, antipyretic,
diuretic and sedative [1]. The volatile oil obtained from fresh leaves
of this plant is widely used by the perfumes, cosmetics industries
and in traditional medicine for various purposes [2].

Citral is the major component of lemongrass oil which was ex-
tracted from its leaves, present at levels of, approximately, 65–85%.
Citral (3,7-dimethyl-2,6-octadienal) is the name given to a natural
mixture of two isomeric acyclic monoterpene aldehydes: geranial
(trans-citral, citral A) and neural (cis-citral, citral B) (Fig. 1). In addi-
tion to citral, the lemongrass oil consists of small quantities of ger-
anial, geranylacetate and monoterpene olefins, such as myrcene
[2].

As a natural acyclic monoterpenes, citral was found in a wide
variety of plants [3]. A number of dietary monoterpenes was shown
to act effectively in chemoprevention and chemotherapy of different
cancers in animal models, at cellular level, and in human clinical
trials [4–6]. On the other hand, plant monoterpene citral is subjected
to oxidation on exposure to air. Oxidation is enhanced by heat [7]
and irradiation [8]. Furthermore, unsaturated trepenes are capable
of trapping activated oxygen species in vivo to give intermediate
epoxides which can alkylate DNAs, proteins, and other bimolecular
[7–12]. In addition, some monoterpenes undergo oxidation by the
010 Published by Elsevier Inc. All r

iq).
reagent via thermal or photochemical oxidation reactions to give
the corresponding epoxy derivatives [14,15,13]. Due to the limita-
tion of currently antifungal drugs, their limited spectrum and the
expensive treatment, new drugs and alternative therapies are neces-
sary, including natural product compounds [16]. Taking into ac-
count therapeutic importance of monoterpene compounds, it is
relevant to examine the citral and oxidative product epoxide as a no-
vel treatment of fungal diseases.
2. Materials and methods

2.1. Lemongrass leaves

Scientific name: Cymbopogon citrates (C. citratus).
Citral (1) was isolated by extraction of C. citratus, which was

collected from Maddinah city (Saudi Arabia). Citral epoxide can be
prepared in last work [13]. The melting points (uncorrected) were
determined on a Fisher electric melting point apparatus. The IR spec-
tra were recorded on a Perkin–Elmer 16 FPC FT-IR spectrophotome-
ter from thin films (neat). The NMR spectra were measured from
solutions in CDCl3 on a Bruker Advance DPX 400 instrument
(400 MHz for 1H). Gas chromatography–mass spectrometry was
performed using a Joel JMS 600H mass spectrometer coupled with
a Hewlett–Packard HP 6890 Series gas chromatograph (HP-5 capil-
lary column, 30 m � 0.32 mm � 0.25 lm; cross linked 5% dim-
ethylpolysiloxane). A Philips G/5812 SON sodium lamp was used
as irradiation source in photoinitiated reactions. Thin-layer chroma-
tography (TLC) and preparative thin-layer chromatography were
performed using Polygram SIL G/W 254 silica gel (Mecherey-Nagel).
ights reserved.
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Fig. 1. Chemical structure of the citral.
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Solvents were removed from reaction mixtures and extracts using a
rotary evaporator (20 �C, 15 mm).

2.2. Test organisms

2.2.1. Fungi pathogenic
Penicillium italicum and Rhizopus stolonifer were obtained by the

compilation of the Center for microbes (Mircen), Faculty of Agricul-
ture, Ain Shams University – Arab Republic of Egypt. It was cul-
tured on sabaroud dextrous agar media (Oxioid CM 41) at 25 �C.

2.2.2. Bacterial pathogenic
Methicillin resistant Staphylococcus aureus (MRSA) from Labora-

tory of Jeddah king Fahad Hospital in Saudi Arabia. It was cultured
on Mueller Hinton media (Oxioid CM 41) at 37 �C.

2.3. Standard antibiotic disc

Nalidixic acid (NA) 30 lg, nitrofurantoin (NI) 300 lg, and ampi-
cillin (AP) 25 lg, Mast Diagnostic Amiens, France.

2.4. The methods

2.4.1. Alkylation of citral epoxide 2a with cytosine[12]
Mixture of citral epoxide 2a & a0 (0.001 gm, 0.37 mol) and

(0.22 gm, 0.002 mol) of cytosine was fused at 140 �C for half an
hour to give gummy material which was treated with ethyl alcohol
Table 1
Diameter of inhibition zone of the lemongrass oil againt Staphylococcus aureus,
Penicillium italicum and Rhizopus stolonifer.

Test strains Diameter of inhibition zone(mm) lemongrass oil(ll)

Staphylococcus aureus 3.5
Penicillium italicum 2.6
Rhizopus stolonifer 1.8

Table 2
Effect of various concentrations of citral and citral epoxide on the radial growth of Pe
replicates ± SE).

Treatment Concentration Fungi pathogenic

Control 0.00 P. italicum
R. stolonifer

Citral 0.5 P. italicum
R. stolonifer

1.0 P.italicum
R. stolonifer

Citral epoxide 0.5 P. italicum
R. stolonifer

1.0 P.italicum
R. stolonifer

(ns) Non significant at P 6 0.05.
* Significant at P 6 0.05.

** Significant at P 6 0.01.
(2 ml) to give brown solid material. The residue was subjected to
column chromatography on silica gel using petroleum ether (bp
60–80 �C)–diethyl ether (8:2) to isolate compounds 3. mp. 190 �C.

2.4.2. Citral-cytosine adduct [3]
Colorless semisolid, C18H24N6O3 (M. wt. 372.00). IR (thin film):

m–: 3413, 3175, 2954, 2857, 1634, 1462, 1149 cm�1. H,H NMR cosy
(CDCl3): d: 0.9 (d, 3H, C8H3), 1.3 (br.s, 6H, 2 C9,10H3), 1.70 (Comp.
pat., 2H, H-3), 2.3 (Comp. pat., 2H, H-4), 2.03 (Comp. pat., 1H,
H-5), 4.23 (Comp. pat., 1H, H-2), 5.36 (d, 1H, H-6), 4.20 (d, 1H,
H-7), 7.54 (d, 2H, 2H-50), 7.71 (d, 1H, H-6’), 7.72 (d, 1H, H-60),
9.71 (s, 1H, amide proton), 9.73 (s, 1H, amide proton) ppm. MS,
m/z, 370 (M+-2H) (5%), 356 (M+�CH4) (36%), 336 (M+�C2H12)
(50%), 278 (M+�C4H3N3O) (3%), 252 (M+�C5H2N3O) (7%), 168
(C10H18NO) (3%), 141 (C9H17O) (10%), 114 (C7H14O) (100%).

2.4.3. Biological activity of Lemongrass leaves oil (C. citratus)
Lemongrass oil was tested for in vitro antimicrobial activity by

using the agar-well diffusion method [24]. The antibacterial and
antifungal activities of lemongrass oil on bacterium (MRSA) and
fungi (P. italicum and R. stolonifer).

2.4.4. Biological activity of citral and citral epoxide
Citral and its epoxide were tested against the fungal species P.

italicum and R. stolonifer, and the bacterial species ‘‘S. aureus.”

2.4.5. Antifungal activities
Diffusion method was used to evaluate the antifungal activities

of the tested compounds as follows: 1.0 and 5 ml of the tested
compounds dissolved in chloroform (CHCl3) (100.0 lg ml�1) were
added to 50 ml of sabaroud dextrous agar media, then poured into
sterile Petri dishes (9 cm in diameter) and left to solidify. Mycelia
discs measuring 6 mm diameter were taken from the growing mar-
gins of cultures of P. italicum and R. stolonifer (on SDA) and trans-
ferred on the surface in the middle of Petri dishes then incubated
in 25 ± �C for 6 days in dark. The diameters of the fungal growth
were measured after 2, 4 and 6 days [25] (Table 2) .

2.4.6. Antibacterial activities of citral and citral epoxide
About 1.0 and 0.5 ml of the tested compounds dissolved in chlo-

roform (CHCl3) (100.0 lg ml�1) were added into nutrient broth
media (Oxioid): the nutrient broth contained then 1 ml from sus-
pension of S. aureus (106 CFU/ll) at 37 �C for 24 h was added to
it, the growth rate was measured monitoring change in optical
density at 650 nm using a spectrophotometer after 24 h Table 3.

The agar disc diffusion method was employed for the determina-
tion of antibacterial activities of the citral and its epoxide in ques-
ncillium italicum and Rhizopus stolonifer grown on solid media (mm/disc; mean of

D

2ays 4 6

7.07 ± 0.23 8.23 ± 0.15 9.00 ± 0.00
4.37 ± 0.19 5.27 ± 0.18 9.00 ± 0.00
6.70 ± 0.15(ns) 7.77 ± 0.15* 8.03 ± 0.09*

2.27 ± 0.15** 6.17 ± 0.09** 6.67 ± 0.28**

2.90 ± 0.21** 6.53 ± 0.03** 7.50 ± 0.29**

1.33 ± 0.03** 4.40 ± 0.12** 5.17 ± 0.09**

2.23 ± 0.15** 4.60 ± 0.21** 4.93 ± 0.35**

1.93 ± 0.23** 6.37 ± 0.27** 8.80 ± 0.12(ns)
1.00 ± 0.06** 1.30 ± 0.12** 1.80 ± 0.29**

1.50 ± 0.29** 2.83 ± 0.17** 3.30 ± 0.06**
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tions [26]. Suspension of the tested microorganisms (106 CFU/ll)
was spread on Mueller Hinton Agar (Oxioid) for bacteria .Each test
solutions was prepared in CHCl3. filter paper discs (6 mm in diame-
ter) were soaked with 20 ll of the stock solutions and placed on the
inoculated plates. After keeping at 2 �C for 2 h, they were incubated
at 37 �C for 24 h. The diameter of the inhibition zones were mea-
sured in millimeters. Some known antibiotics (nalidic acid (NA),
ampicillin (AP), nitrofurantoin (NI) and augmantin (Ag) were evalu-
ated for their antibacterial activities and their results compared with
citral and its epoxide [27]. The results are in Table 4.
Table 3
Effect of various Concentrations of citral and citral epoxide on the growth rates of
Staphylococcus aureus after 24 h.

Treatment Concentration Staphylococcus aureus
2.5. Data analysis

Analysis of data was carried out by student’s t-test for compar-
ing the means of experimental and control groups [28].
Control 0.0 185.00 ± 2.89
Citral 0.5 153.33 ± 3.33**

1.0 110.33 ± 0.88**

Citral epoxide 0.5 123.33 ± 0.88**

1.0 54.00 ± 3.06**

** Significant at P 6 0.01.

Table 4
Antibacterial activity data of citral, citral epoxide and some known antibiotics.

Antibiotic Staphylococcus aureus (MRSA)

Nalidic acid (NA) ++
Ampicillin (AP) R
Nitrofurantoin (NI) +++
Augmantin (Ag) ++
Citral +
Citral epoxide +++
3. Results

Citral, [2-(E), (Z)-3,7-dimethyl-octa-2,6-dienal] (1a,a), is a mono-
terpene aldehyde which is the major component of lemon grass oil
extracted from C. citratus belonging to Gramineae [14–16] as a mix-
ture of (2E)-and (2Z)-isomer at a ratio of 3:2, respectively.

Thermal oxidation of citral using m-choroperbenzoic acid
(mcpba) in chloroform at room temperature or photochemical oxi-
dation with hydrogen peroxide using a sodium lamp, we obtained
a mixture of (E & Z)-epoxides 2a & 2a0 in ca. 60% yield (in the ratio
of 60:40 of E:Z configuration). No other products were observed.
[13] (Scheme 1).

Epoxides could be reacted with DNA producing a major adduct
[12]. Therefore, the mixture of epoxides 2a & a0 was condensed with
2 mol of cytosine to give the adduct 3 through condensation
between aldehyde group and amino group in the first mole of
cytosine to give intermediate X1, while the other molecule of cyto-
sine was added to amino group on the epoxide ring and open it
producing intermediate X2 which cyclized to give adduct 3 (Scheme
2). The 1H-NMR spectrum of 3 contained a doublet at d 0.90 ppm due
to protons of CH3 group and a singlet at d 1.30 due to protons of other
two CH3 groups, and three doublets at d 7.54, 7.71 and 7.72 ppm due
to protons of two methylene groups in cytosine ring. Mass spectrum
showed the molecular ion peak (M+�2H) at m/z 370.

Fungal and bacterial diseases are among the most common
infections, and causative organisms include dermatophytic, yeasts



Fig. 2. Effect of citral epoxide on radial growth of fungi grown on the solid media (a) control (b) Penicillium italicum and (c) Rhizopus stolonifer.

Fig. 3. Effect of lemon grass leaves oil (a) citral (b) citral epoxide (c) on the radial
growth of P. italicum grown on the solid media and (d) control.
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and non-dermatophytic filamentous fungi. The treatment is lim-
ited, for many reasons, and new drugs are necessary. In this work,
the antimicrobial activity against other S. aureus (MRSA), P. italicum
and R. stolonifer was also studied, and the results obtained showed
the important antimicrobial activity of lemongrass oil (Table 1).
The antifungal result (Table 2) showed that the growth of P. itali-
cum and R. stolonifer on the solid media was reduced in the pres-
ence of citral and its epoxide on fungi. Studies on the antifungal
especially P. italicum and R. stolonifer activity of two essential oil
components (citral and menthol) were reported [17].

The data in (Table 3 and 4) revealed that there was a significant
decrease in the growth of (MRSA) on liquid media, when (MRSA)
were treated by citral epoxide than citral. The same result has been
explained in the diffusion method which showed inhibition zones
around the antibiotic disc (Fig. 2). If the inhibition zone measures 2
and 3 mm, then the epoxide has a good antibacterial action. If the
inhibition zone measures more than 3 mm across, then it are con-
sidered very effective, but if there is no inhibition zone then the
complex has no activity on the bacterial growth and will not be re-
tained for treatment [18].

Citral epoxide showed more activity than that of the citral
against bacteria. The activity of epoxide has been compared with
the activity of standard antibiotics nalidixic acid (NA) and ampicil-
lin (AP), but it showed same activity of nitrofurantoin (NI). The re-
sults revealed that these complexes are most effective against
MRSA.
4. Discussion

From the above result citral epoxide show high activity against
the growth of bacteria and fungi comparing by citral, but the
inhibition in the case of bacteria more thane that of fungi this
may be explained on the basis of bacteria is prokaryotic but fungi
are eukaryotic and the sensitivity of prokaryotic is different than
that of eukaryotic because the changes in the cell wall and plasma
membrane and also the nuclear substances moreover.

Citral and its epoxide can act as fungicidal and bactericidal
agents [19]. The comparison between citral and lemongrass oil
showed similar effect but citral epoxide showed more inhibitory
effect (Fig. 3), this can be explained on the basis that lemongrass
oil contains of citral as the major component, small quantities of
geranial, geranylacetate and monoterpene olefins, such as myrcene
[20] which indicated significant association between their effects
and the presence of citral in lemongrass oil [21–23]. The epoxide
shows antibacterial activity more than the antibiotics nalidixic acid
(NA) and ampicillin (AP) and nitrofurantoin (NI). It is concluded
that epoxide have a potent in vitro activity against P. italicum, R.
stolonifer and methicillin resistant S. aureus (MRSA).
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