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Introduction                                                                    

Throughout the last decades, the utilization of 
traditional medicine (TM) has extended worldwide 
and is gaining popularity, TM supplies information 
and represents a reservoir of pharmacologically 
active substances of medicines (Louw et al., 2002) 
proved that TM in developing countries uses 
broad variety of natural products in the treatment 
of popular infections. Different bacterial strains 
gained multidrug resistance to most of the existing 
first-line treatment drugs in several parts of the 
world (Shanahan et al., 2000). Therefore, this 
resistance moved the view of medical science 
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to more efficient classes of antibiotics of natural 
origin. Plants have provided not only directly 
utilizable drugs, but also various compounds that 
can be used as starting steps for the synthesis of 
new drugs with better pharmacological properties 
(Mukherjee & Wahile, 2006). Therefore the 
necessity to develop new drugs requires varied 
strategies, among them, the bio prospection of 
secondary metabolites produced by medicinal 
plants (Dionisi et al., 2012 and Shanmugam 
& Bhavani, 2014). Bassam et al. (2004) tested 
the antimicrobial activity of 6 medicinal plant 
extracts in vitro, against four bacterial species 
Methicillin-resistant Staphylococcus aureus 
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and Bacillus subtilis were the most inhibited 
microorganisms. Syzygium aromaticum extract 
was the most active against multidrug resistant 
Pseudomonas aeruginosa and Escherichia coli. 
Ethanolic extract of four medicinal plants were 
subjected to in vitro antibacterial evaluation 
against few human pathogenic strains by Joshi et 
al. (2011) they found that Syzygium aromaticum 
was the most effective against Salmonella typhi. 
Khalid et al. (2016) showed that the Syzygium 
aromaticum (clove) flower bud extract has 
antibacterial activity against two bacterial isolates 
Bacillus and Serratia marcescens. In addition 
Oulkheir et al. (2017) found that clove essential 
oil produced an inhibition zone against E. coli of 
16mm and higher inhibitory zone (20mm) against 
Salmonella ssp, while no antibacterial effect on 
K. pneumoniae.  Meanwhile, there is a pressing 
need to create new antibacterial substances or new 
compounds that prevent resistance mechanisms 
and develop treatment to destroy multidrug-
resistant bacteria. In this respect, Torella et al. 
(2010) reported that remediation with antibacterial 
combinations, using different antibacterial agents 
is one of the most significant strategies to overcome 
multidrug-resistant organisms. Mohammad & Al-
Kayali (2016) demonstrated that the mixture of 
ampicillin, cefotaxime and amikacin in addition 
to plant extracts has synergistic effects on the 
studied S. aureus strains, and that the interaction 
between plant extracts was preferable for resistant 
strains than sensitive strains. Atteiaa & Husseinb 
(2014) noticed good synergism between ethanolic 
extract from Syzygium aromaticum with different 
antibiotics comparing with water extract against 
S. aureus isolate. It may be suggested from results 
by Ghaly et al. (2015) that both clove extract 
and ciprofloxacin have efficacy against bacteria 
isolated from Clarias gariepinus in both in vivo 
and in vitro laboratory experiment. Chaieb et al. 
(2007) analyzed the chemical structure of the 
essential oil of Syzygium aromaticum, it was found 
that the main components of clove oil were eugenol 
(88.6%), eugenol acetate (5.6%), b-caryophyllene 
(1.4%) and 2-heptanone (0.9%) and that eugenol 
and eugenol acetate known to possess antibacterial 
and antifungal properties. Kumar et al. (2010) and 
Eyambe et al. (2011) proved that the antimicrobial 
characteristics of the clove are due to the presence 
of eugenol, an aromatic phenolic compound. In 
accordance Ababutain (2011) proved that clove 
extract strongly inhibited growth of B. subtilis, P. 
aeruginosa and C. albican, this due to that clove 
extract have eugenol compound which cause 

membrane disruption of bacteria. Cancer is the 
second main cause of death and is becoming the 
major one in old age. It has been expected that by 
2030 the quantity of new cancer cases will increase 
by 70% worldwide due to demographic changes 
alone (Hoffman-Censits & Fu, 2013). Natural and 
some synthetic compounds can inhibit, suppress, or 
reverse the progression of cancer. Natural products 
have confirmed to be the most efficient in terms of 
their ability to change the function of proteins related 
to cancer (Muhtasib, 2006). Plants, herbs, and 
spices used in folk and traditional medication have 
been accepted at present as one of the main sources 
of cancer chemo preventive drug. Epidemiological 
investigations suggested that antioxidant 
supplements might decrease the danger of breast 
cancer or breast cancer-related death (Fleischauer 
et al., 2003). Han & Parker (2017) has been shown 
that clove essential oil (CEO) and its main active 
constituent eugenol, have antimicrobial, antifungal, 
antiviral, antioxidant, anti-inflammatory and 
anticancer properties and that CEO affected cell 
cycle control and cancer biology. This was largely 
consistent with previous findings of Kouidhi et al. 
(2010) and Kumar et al. (2014) who confirmed 
that CEO and eugenol appear to possess anticancer 
properties against breast, colorectal, lung and 
leukaemia cancer cells. Therefore the objective of 
this investigation was to study the antimicrobial 
performance of different clove extracts and the 
possibility to be used as successful antimicrobial 
agents against gram positive and negative bacteria 
as well as pathogenic fungi. Also separation and 
identification of the phytochemical composition 
of the extract to study the antimicrobial impacts 
of these separated compounds in their individual 
capacity compared to the entire extract against the 
sensitive strain S. aureus. The extract was further 
evaluated in combination with synthetic drug 
against MDR-bacteria. The effect against two types 
of cancer colon cell lines was also assessed.

Material And Methods                                         

Preparation of plant material and extracts 
The plant sample (clove buds) were air dried 

and subjected to dryness in oven at 45°C, kept 
away from moisture in well-closed glass containers 
until extraction, the buds were grounded just before 
examination. Extracts of the grounded buds were 
prepared according to Deshpande et al. (2004) in 
which ten grams of each crushed air dried plant 
materials were soaked in 100ml water or organic 
solvent, mixed well and left for 48h., filtered by 
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paper Watmann No. 1. Filtrate was concentrated 
using rotary vacuum evaporator apparatus at 90-
100°C (for water extraction) and 40-60°C (for 
solvents extraction) to constant volume (10ml). 
Extracts were stored in dark glass bottle at 4°C till 
using in the antimicrobial assays. In addition dried 
crude powder of Syzygium aromaticum buds were 
prepared according to Jonathan & Fasidi (2003). 
The filtrate was concentrated until a dried crude 
powder (semisolid product) was obtained and 
stored in dark glass bottle at 4°C till use.

Solvents
Seven organic solvents of different polarities 

(ethanol, methanol, acetone, chloroform, benzene, 
petroleum ether and diethyl ether) were used for 
the extraction of the active components from the 
investigated plant. Cold distilled water was also 
used for extraction. 

Pathogenic strains tested for antimicrobial activity 
Extracts were individually tested for 

their antimicrobial activity against a panel 
of sensitive pathogenic strains, including 
bacteria (Staphylococcus aureus, Micrococcus 
luteus, Bacillus cereus, Klebsiella pneumonia, 
Escherichia coli , Pseudomonas aeruginosa and 
Salmonella. All strains are American Type Culture 
Collection (ATCC) (Table 1). Furthermore, 
clove extract was also tested for its antimicrobial 
activity against four antibiotic resistant pathogenic 
strains (Staphylococcus aureus, Escherichia coli, 
Salmonella typhi and Klebsiella pneumonia) 
isolated from hospitalized patients. Antibiotic 
sensitivity test was confirmed by the standard 
disc diffusion method (CLSI, 2005) against 
10 antibiotics namely, Imipenem, Ampicillin, 
Gentamicin, Amikacin, Ciprofloxacin, Cefotaxime, 
Cefuroxime, Norfloxacin, Amoxiclav and Tazocin. 
Isolates were classified as sensitive, intermediate 
and resistant according to the National Committee 
for Clinical Laboratory Standards (NCCLS, 2002).

Media used
The different media were prepared according to 

Atlas (1993). Nutrient broth was used for preparing 
the starter inocula of the studied bacterial strains. 
Nutrient agar was used for the maintenance and 
antimicrobial activity assays of bacterial strains. 
Sabouraud dextrose broth medium was used 
for preparing yeast and fungi starter inocula 
and Sabouraud dextrose agar was used for the 
maintenance and antimicrobial assays of yeasts 
and fungi. 

TABLE 1. ATCC code of the tested organisms.

Strains ATCC

Staphylococcus aureus 25923

Micrococcus luteus 10240

Bacillus cereus 8236

Klebsiella  pneumoniae 10031

Escherichia coli 25922
Pseudomonas aeruginosa 27853
Salmonella typhi 6539
Candida albicans 10231

Saccharomyses cerevisiae 9763

Aspergillus niger 1015

Aspergillus flavus 9296

In vitro antimicrobial activity of clove extracts
The antimicrobial activity of all clove extracts 

was determined against all investigated strains 
(sensitive and resistant) by agar well-diffusion 
method according to the National Committee for 
Clinical Laboratory Standard (NCCLS, 1994). 
Control holes were filled with distilled water and/
or the tested solvents. 

Determination of minimum inhibition concentration 
(MIC)

The MIC was evaluated for crude diethyl ether 
clove extract (most efficient solvent) against the 
tested sensitive strains, using agar dilution method 
according to EUCAST (2000) concentrations 
ranging from 0.05μg/ml to 5000μg/ml were 
studied.  MIC was also evaluated for the crude 
clove extract as well as antibiotic (ciprofloxacin) 
against the multi-drug resistant Staphylococcus 
aureus. The extract and ciprofloxacin were serially 
diluted (4–2028μg/ml) and the MIC values were 
determined for both agents. The negative control 
performed with dimethyl sulfoxide (DMSO) in the 
preparation of solutions presented no effects on 
bacterial growth.

Antimicrobial efficiency of combined antibiotic 
and clove extract 

The interaction of compounds to create more 
profound microbial action, may be an important 
factor, the antimicrobial activity of antibiotic 
ciprofloxacin and plant extract combination 
was done by agar dilution checkerboard 
assay as described by Vidaillac et al. (2007). 
Concentrations ranging from 4 to 2048μg/ml were 
investigated; the combined effect is analyzed by 
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using measurements of the MIC of the individual 
components to calculate the FIC index (Mandal et 
al., 2004)

               
                                 

                        
 

            
                              

                      
 

                                        
 

The interaction was classified as synergistic if 
the FIC index was less than or equal to 0.5, partial 
synergy if the FIC index was greater than or equal 
to 0.5 and less than or equal 1.0 and antagonistic if 
the FIC index was greater than or equal to 1.0  (Gail 
et al., 1995).

Separation of antimicrobial compounds of clove 
extract

Diethyl ether clove extract was fractionated 
by using thin layer chromatography technique 
(TLC). 100ml of the solvent system (Toluene: 
ethyl acetate, 95:5v/v) was poured in jar for 2h to 
allow the saturation of the jar atmosphere with the 
solvent system (El-Deeb, 1985). The diluted clove 
diethyl ether extract (10mg/ml) was spotted at 2cm 
apart from the lower edge of the plates. Plates were 
inserted into the developing chamber and kept until 
solvent was ascended for about 15cm. The plate was 
removed and allowed to dry (Truiti & Sarragiotto, 
1998). TLC plates were run in duplicate for using 
in two purposes:

First: one set was visualized by spraying with 
vanillin- H3PO4 reagent for calculating the retention 
factor (Rf) values of the separated components.

Second: the other set was visualized under 
UV transilluminator (365nm) and the spots were 
marked to study the followings 

Antimicrobial activity of the separated 
phytochemicals

The main separated bands were scraped and 
extracted with 2ml diethyl ether, centrifuged, and 
then the liquid layer was evaporated to dryness. The 
residue was dissolved in DMSO and tested for its 
inhibitory activity against sensitive Staphylococcus 
aureus by well diffusion method.

Infrared spectra (IR) 
Infrared absorption spectrum of the main three 

separated compounds was estimated by Nicolet 
6700, Transform infrared spectroscopy (TIR)   
spectrometer using the liquid cell at the National 
Research Institute, Giza, Egypt.

Gas chromatography-mass spectroscopy 
analyses of the tested extract 

Gas chromatography/mass spectroscopy (GC/
MS) was utilized to detect the chemical profiling 
present in crude clove extract. The chemical 
structure of each constituent was identified by 
comparing the mass spectra for their peaks with 
those of mass spectra computer library.    

Cytotoxicity test
The sensitivity of two human cell line cancers 

(colon, HCT 116 tumor and breast MCF 7 tumor) 
to crude clove extract was tested by the SRB 
assay (Skehan et al., 1990) doxorubicin was used 
as positive control. The IC50 (Dose of the extracts 
which inhibits survival to 50%) for the extract and 
control were calculated by using Graph-Pad Prism 
program (Graph-Pad, UK) (Houghton et al., 2007). 
Growth inhibition % in presence of clove extract 
was calculated according to Sundaram et al. (2011).

Statistical analysis
All the experimental results were performed in 

triplicate and the data were statistically analyzed 
using Analysis of Variance (ANOVA) and Least 
Significant Difference (LSD) method to find out 
significant relationship at P<0.05 according to 
Snedecor & Cochran (1982).

Results                                                                             

All the examined solvents provided positive 
results with varied inhibitory activity against all 
strains of the tested organisms, except water which 
recorded negative result (Fig. 1). 

Comparatively, according to inhibition zone 
diameters, the diethyl ether demonstrated the 
maximum inhibitory effect compared to the other 
solvents, suggesting the presence of high level of 
active constituents in this extract. Antimicrobial 
drug-resistant strains are everywhere even in 
environment naive to human invasion, therefore 
antimicrobial potentiality of diethyl ether clove 
extract was studied against four clinical multidrug 
resistant isolates which were checked for their 
antibiotics sensitivity. Results indicated that clove 
extract have the potential to control the growth of 
all isolated resistant pathogens (Table 2). 
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Fig. 1. Effect of Syzygium aromaticum extracts on (A) Gram +ve bacteria, (B) Gram –ve bacteria, (C) Yeasts and 
(D) Fungi .
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Figure 1:  Effect of Syzygium aromaticum extracts on A- Gram +ve bacteria, B- Gram –ve bacteria, C- yeasts, D- fungi  192 
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TABLE 2.  Antimicrobial activity diethyl ether clove 
extract against MDR isolates.

Resistant isolates
Inhibition 

zones diameter 
(mm)

Staphylococcus aureus 27.60

Escherichia coli 21.60

Salmonella typhi 27.30

Klebsiella pneumoniae 25.60

TABLE 3. MICs and inhibition activity of clove 
diethyl ether extract of the tested strains.

Test organisms  
MIC
µg/ml

Inhibition 
zone diameter 

(mm)

Staphylococcus aureus
0.50 30.00

Bacillus cereus 50.00 21.00
Micrococcus luteus 0.05 36.00
Escherichia coli 500.00 16.00
Klebsiella pneumonia 5.00 25.00
Pseudomonas 
aeruginosa

0.50 31.00

Salmonella typhi 0.05 36.00
Candida albicans 0.50 30.00
Saccharomyces  
cerevisiae

5.00 26.00

Aspergillus niger 0.05 35.00
Aspergillus flavus 0.50 32.00

TABLE 4. MIC of clove extract and ciprofloxacin 
against resistant Staphylococcus aureus.

Concentrations  
µg/ml

Bacterial growth

Clove extract Ciprofloxacin

4 ve+ +ve

8 +ve +ve

16 +ve +ve

32 +ve +ve

64 +ve +ve

128 +ve +ve

256 +ve -ve

512 +ve -ve

1024 -ve -ve

2048 -ve -ve

Significant antimicrobial effects, expressed as 
MIC of crude extract, were observed against the 
studied sensitive strains, results recorded in Table 3 
show great variation in MIC values ranging from 
0.05 to 500µg/ml. Good correlation was found 
between the low inhibition zone recorded of the 
studied extract against E. coli (the most resistant) 
and the high MIC value (500μg/ml). A strong 
activity of clove diethyl ether extract was noticed 
against M. luteus and Salmonella typhi as well as 
A. niger.   

Since Staphylococcus aureus is an example of 
microorganisms that gained resistance to antibiotics 
mainly against ciprofloxacin (the recommended 
drug for S. aureus infection) so, it is of interest to 
evaluate the MIC values of each of clove extract 
and ciprofloxacin against the resistant S. aureus, 
Table 4 demonstrate the MICs values of each agent.

Herbal drugs alternatively can be used in 
combination with synthetic drugs with enhanced 
activity against bacterial infections. Accordingly, 
the clove extract was combined with antibiotic 
ciprofloxacin in order to assess their efficiency 
against the resistant S. aureus. Combinations can 
lead to additive, synergistic or antagonistic effects, 
results in Table 5 demonstrate a marked reduction 
in the MIC of clove extract (from 1024μg/ml to 
16μg/ml) and the antibiotic ciprofloxacin (from 
256μg/ml to 64μg/ml) when combined together. 
The interactions were classified as additive if 
the effect is equal to the individual effects and 
antagonistic if the effect is less potent than the 
individuals. Synergism results from components 
of one factor aiding to the other, improving the 
total efficiency. The checkerboard plate assay 
is used to test the activities of several drugs in 
combination against bacteria by determining 
the fractional inhibition concentration (FICs) 
of all combinations tested. FIC Index results 
are explained as synergistic if FIC index <0.5, 
accordingly; the obtained value of FIC index 
(0.265) illustrated a synergistic effect of the 
paired combination against the resistant S. aureus.

The Thin layer chromatogram of clove diethyl 
ether extract using thin layer chromatography 
and infrared spectra methodology indicated the 
presence of three active antimicrobial components 
(Photo 1) with three different color spots A, B and 
C and different Rf values (Table 6). 

The separated compounds as well as the entire 



55

         Egypt. J. Micro. 53 (2018)

POTENTIAL OF DIETHYL ETHER CLOVE (SYZYGIUM AROMATICUM) ...

TABLE 5. Antimicrobial activity of clove extract and ciprofloxacin combination on resistant strain Staphylococcus aureus.

Ciprofloxacin serial dilutions (µg/ml)

4 8 16 32 64 128 256 512 1024 2048

Sy
zy

gi
um

 a
ro

m
at

ic
um

 se
ri

al
  d

ilu
tio

ns
 (µ

g/
m

l)

4 +ve +ve +ve +ve +ve +ve -ve -ve -ve -ve

8 +ve +ve +ve +ve +ve +ve -ve -ve -ve -ve

16 +ve +ve +ve +ve - ve -ve -ve -ve -ve -ve

32 +ve +ve +ve +ve -ve -ve -ve -ve -ve -ve

64 +ve +ve +ve +ve -ve -ve -ve -ve -ve -ve

128 +ve +ve +ve +ve -ve -ve -ve -ve -ve -ve

256 +ve +ve +ve +ve -ve -ve -ve -ve -ve -ve

512 +ve +ve +ve +ve -ve -ve -ve -ve -ve -ve

1024 +ve +ve +ve +ve -ve -ve -ve -ve -ve -ve

2048 +ve +ve +ve +ve -ve -ve -ve -ve -ve -ve

Photo 1. Thin layer chromatogram of diethyl ether clove extract.

TABLE 6. The antimicrobial activity and Rf of diethyl ether extract of clove separated components.

Tested compounds Inhibition zone diameter (mm) Spots color Rf value

Crude extract 27 - -

A 11.6 Pale violet 0.160

B 19.0 Brown   0.546

C 12.6 Dark  violet 0.930

crude extract were examined for their antibacterial 
activity against the sensitive strain S. aureus. The 
inhibition zone diameters demonstrated that the 

entire clove crude extract gave better activity 
compared to the separated fractions (Photo 2). 
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Photo 2. Antimicrobial bioassay of crude clove extract and its separated components against Staphylococcus aureus.

TABLE 7. The characteristic bands of IR spectrum of compound A separated from clove diethyl ether extract.

Peak number Position Represented group

1 3428 O-H

2 2970 C-H

6 1637 C=O

7 1454 C=C

The IR spectrum of compounds A (Table 7 
and Fig. 2), B (Table 8 and Fig. 3) and C (Table 
9 and Fig. 4) illustrating the presence of main 
prominent peaks, which indicating the presence 
of different functional groups. 

The gas chromatography mass spectroscopy 
(GC/MS) of clove diethyl ether extract showed 
the presence of two major peaks (Fig. 5) such peak 
denotes specific bioactive compound. Comparing 
the peak appearance and retention time with 
the standard library data, the compounds were 
identified as eugenol (59.7%) with matching 
quality 96%, and eugenol acetate (34.5%) with 
matching quality 97% (Fig. 6 and 7). The GC/MS 
showed the presence of six minor peaks which 
represent less than 6% of total compounds in the 
clove diethyl ether extract.

In recent times, resistance to anticancer 
drug has been noticed therefore more study is 
required to discover the anticancer possibility of 
medicinal plant resulting substances. Natural and 
some synthetic compounds can avoid, or inhibit 

the progression of cancer. In the present study, 
the anticancer potentiality of crude clove extract 
was assessed against two types of cancer (colon, 
HCT 116 tumor and breast MCF 7 tumor). The 
SRB test is sensitive and more rapid method. It 
depends on the uptake of the pink aminoxanthine 
dye (negatively charged), sulphorhodamine B 
(SRB) by basic amino acids in the cells. The 
larger the number of cells, the greater amount of 
dye is taken up and, after fixation, when the cells 
are disintegrated; the librated dye will give a more 
intensive color and greater absorbance (Houghton 
et al., 2007). Color intensity was measured in an 
ELISA reader and the inhibitory concentration 
required for 50% cytotoxicity (IC50 ) for the extract 
against the two types of cancer, was calculated 
(Table 10). The results indicated that the extract is 
potentially cytotoxic to the breast and cancer cell 
line with a dose dependant response (Table 11). 
For colon cancer, growth inhibition percentage 
reached its maximum value (86.4%) at 125μg/
ml, while, for breast cancer, growth inhibition 
percentage was 84.2% at 50μg/ml, Doxorubicinb 
was used as a positive control.
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Fig. 2. IR spectrum of compound A separated from clove diethyl ether extract.

TABLE 8. The characteristic bands of IR spectrum of compound B separated from clove diethyl ether extract.

Peak number Position Represented group

2 3423 O-H

3 2920 C-H

6 1646 C=O

7 1455 C=C

13 884 C=C aromatic

Fig. 3. IR spectrum of compound B separated from clove diethyl ether extract.
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Fig. 5. GC/MS analysis of clove extract.

TABLE 9. The characteristic bands of IR spectrum of compound C separated from clove diethyl ether extract

Peak number Position Represented group

1 3423 O-H

2 2920 C-H

4 1692 C=O

6 1456 C=C

13   884   C=C aromatic

Fig. 4. IR spectrum of compound C separated from clove diethyl ether extract.
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Fig. 7. Mass fragmentation pattern of: (1) Compound C separated from clove diethyl ether extract and (2) Eugenol acetate from 
the GC/MS library.

Fig. 6. Mass fragmentation pattern of: (1) Compound B separated from clove diethyl ether extract and (2) Eugenol from the GC/
MS library.
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In recent times, resistance to anticancer drug has been noticed therefore more study is required to discover the anticancer 606 
possibility of medicinal plant resulting substances. Natural and some synthetic compounds can avoid, or inhibit the progression 607 
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intensive color and greater absorbance (Houghton et al., 2007). Color intensity was measured in an ELISA reader and the 612 
inhibitory concentration required for 50% cytotoxicity ( IC50 ) for the extract against the two types of cancer, was calculated 613 
(Tab.10).  The results indicated that the extract is potentially cytotoxic to the breast and cancer cell line with a  dose dependant 614 
response (Tab. 11). For colon cancer, growth inhibition percentage reached its maximum value (86.4%) at 125 μg/ml, while, for 615 
breast cancer, growth inhibition percentage was 84.2 % at 50 μg/ml, Doxorubicinb was used as a positive control. 616 
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TABLE 10. Potential cytotoxicity and IC50 of Syzygium aromaticum extract on breast cancer (MCF-7) cell line by SRB assay.

Tumor cell line Compound Conc μg/m
Surviving fraction

S. aromaticum extract Doxorubicinb

Breast cancer
(MCF-7)

 0 1 1

50 0.189779 0.194273

125 0.136507 0.171715

250 0.235292 0.185526

500 0.242118 0.201330

IC50 µglml 26.5 29.7

TABLE 11. Potential cytotoxicity and IC50 of Syzygium aromaticum extract on colon cancer (HCT-116) cell line by SRB assay.

Tumor cell line Compound Conc.
μg/m

Surviving fraction

Syzygium aromaticum extract Doxorubicinb

Colon cancer
(HCT-116)

  0 1 1

50 0.158940 0.353846

         125 0.163355 0.278060

         250 0.235430 0.244162

         500 0.249153 0.277778

IC50 µglml 27 37.3

Discussion                                                                                    

Many studies all over the world have been 
showed that medicinal plants and their extract 
have multi-antimicrobial properties (Bocanegra-
Garcia et al., 2009; Al-Juraifani, 2011 and Bakht, 
2011). Results of this study demonstrated clear 
differences in the antimicrobial effect by the 
different tested solvents for clove extract, which 
revealed that each extract showed a distinctive 
permutation of target organisms suggesting the 
presence of different bioactive phytochemicals 
(Ananil et al., 2000). This observation can be 
justified in terms of the polarity of the compounds 
being extracted by each solvent (Parekh et al., 
2005). In accordance, Kalyoncu et al. (2009) 
and Keskin et al. (2010) confirmed that plants 
differ significantly in their activity against tested 
microorganisms using different solvents.Sharma 
et al.(2011) demonstrated that ethanolic extracts 
were found to be more effective than aqueous 

extracts which support the current results. In 
most cases, the organic extracts showed the same 
or greater activity than the aqueous extracts this 
may be due to that the most of the bioactive 
compounds from plant origin are generally 
soluble in polar solvents (Houghton & Raman, 
1998). Parekh et al. (2005) and Majhenic et al. 
(2007) confirmed that water is not an appropriate 
solvent to be used for extraction the antibacterial 
compounds from medicinal plants compared 
to other solvents. Clove extracts are reported 
to demonstrate noticeably high free radical 
scavenging and peroxide inhibition activity 
indicating its reducing character, which may 
somewhat explain the inhibition of bacterial 
growth (Ramadan et al., 2013). Gibreil et al. 
(2017) studied the antibacterial activity of clove 
essential oil against five strains of pathogenic 
bacteria, they illustrated that it could be used 
as additive constituent in the food and/or 
pharmaceutical industries field. Tajkarimi et al. 
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(2010) explained that the plant substances can 
affect microbial cells by different antimicrobial 
mechanisms, including attacking the phospholipid 
bilayer of cell membrane, disturbing enzyme 
systems or compromising the genetic material 
of bacteria. Dua et al. (2014) confirmed that 
increased libration of intracellular nucleotides 
and proteinaceous materials from the bacterial 
cells in the presence of methanol clove extract 
containing polyphenols indicates that the most 
important mode of action is membrane damage, 
which leads to cell death. They illustrated that 
the destructive effect of clove extract on the cell 
membrane integrity was illustrated as increase in 
absorbance at 260 and 280nm after incubation of 
the cells with the extract.

The MIC values of the studied extract were 
promising against all tested stains, it was found 
to be efficient against Gram +ve, Gram –ve 
bacteria, fungi and yeast at lower concentrations. 
Karou et al. (2005) and Joseph & Sujatha (2011) 
illustrated that the great variation in MIC values, 
suggesting a selective activity of the extract 
which is in good accordance with the data 
obtained. 

Antibiotic resistant strains possess genes 
encoding for antibiotic resistance, since 
plants produce a diversity of compounds with 
antimicrobial properties, it is expected that 
plant compounds showing target sites other than 
those currently used by antibiotics and will be 
active against drug resistant microbial pathogens 
(Duarte et al., 2005). Adwan & Mhanna (2008) 
suggested that additional effect of phytochemical 
combined with antibiotic may occur due to a 
dual attack of both agents at various target sites 
of the cell. The studied interaction between the 
tested clove extract and ciprofloxacine showed 
synergistic effect in agreement with Elbashiti 
et al. (2011) which demonstrated that some of 
the tested plant extracts showed synergistic 
activity when combined with antibiotics against 
E. coli and Staphyloccocus aureus. Actually, the 
extracts enclose mixtures of different bioactive 
compounds; make microbial adaptability very 
complicated comparing to single-constituent 
antibiotics (Hemaiswarya et al., 2008). 
Furthermore, Xu et al. (2008) suggested that 
the synergistic effect of any extract may be 
attributed to the ability of its active component 
to disturb the cell wall of the cell and depolarize 
the cytoplasmic membrane and then facilitate 

the influx of antibiotics inside bacterial cell.  
Another suggested explanation given by Chanda 
& Rakholiya (2011) that the synergistic effect 
may be due to specific complex formation 
which becomes more efficient in the inhibition 
of a given species of microorganisms either by 
inhibiting the cell wall synthesis or by causing 
its lysis and death. Sometimes the use of 
single antibiotic does not produce the required 
effective inhibitory effects and to overcome this, 
a combination of drugs often exercises their 
synergistic effect which exceeds their individual 
performance Chanda & Rakholiya (2011).

The TLC analysis of the studied clove 
diethyl ether extract showed the presence 
of three distinct spots (compounds), which 
exhibited some degree of antimicrobial activity, 
but with lesser degree as compared to the total 
crude extract. Since it was predicted that the 
isolated compounds would demonstrate higher 
antibacterial activity than the crude extract, as it 
would present in greater concentration, however 
this is not the case for diethyl ether extract 
studied against S. aureus. It may be explained 
that the mechanism of many phyto-extract is 
still unknown and there are many cases where 
total herb extracts exhibited a better effect than 
an equivalent dose of an isolated compounds 
(Williamson, 2001). In good accordance with 
the study of Horiuchi et al. (2007) who found 
that the crude extract of Salvia officinalis lower 
the MICs of resistant Enterococcus while the 
effective compounds from extract demonstrated 
low antibacterial activity. Kamatou et al. (2007) 
suggested further explanation that, since the 
three compounds were isolated it is probable that 
they may act synergistically to give the overall 
antibacterial activities achieved with the crude 
extract. 

GC/MS analysis indicated that clove extract 
main compounds were eugenol (59.7%) and 
eugenol acetate (34.5%). This finding agreed 
with that reported by Basmacioglu-Malayoglu 
et al. (2011) who demonstrated nine constituents 
by GC/MS analysis of clove bud, eugenol 
(77.8 %) was the major compound followed by 
eugenol acetate (11.74 %). Jian-Guo Xu et al. 
(2016) also confirmed that eugenol was found to 
be the main component (76.23%) of the essential 
oil of clove buds followed by b-caryophyllene 
(11.54%), caryophyllene oxide (4.29%), and 
eugenyl acetate (1.76%). The mechanisms by 
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which microorganisms are inhibited by clove 
extract and their chemical compounds seem to 
comprise different mechanisms, Proestos et al. 
(2006) demonstrated that the phenolic portion of 
plant extracts has been related to their antioxidant 
ability and antimicrobial activity. Antioxidants 
containing a phenolic group play a vital role 
in avoiding many lifestyle related diseases and 
aging, being closely associated to the formation 
of reactive oxygen species (ROS) and to lipid 
peroxidation. Antioxidants are known for their 
potential in supporting health and lowering 
the possibility for cancer, hypertension and 
heart disease (Wolfe et al., 2003 and Valko et 
al., 2007). Sema et al. (2007) and Ayoola et al. 
(2008) illustrated that antibacterial effect of clove 
may be explained by the action of the phenolic 
compound eugenol, which was earlier explained 
by Mason & Wasserman (1987) that the site and 
the number of hydroxyl groups on the phenol 
are considered to be linked to their relative 
toxicity to microorganisms, with confirmation 
that increased hydroxylation results in increased 
toxicity. This phenolic compound can alter 
proteins and reacts with phospholipids bilayer of 
cell membrane and changing their permeability 
(Wenqiang et al., 2007). Phenolics, in the plant 
extracts with more than one hydroxyl group have 
metal ion chelating property which may also be 
effective causal to the antimicrobial properties 
by leading to the shortage of fundamental metal 
ions in the growth medium (Ramadan et al., 
2013) .

Data obtained from IR study of the 
investigated clove extract indicated the presence 
of –OH group, which might be the reason for 
its inhibitory action. This was supported by 
Aziz et al. (1998) who demonstrated that the 
mode of action of – OH group can easily form 
hydrogen bonds with active sites of enzymes 
preventing its action. Abdelfadel et al. (2016) are 
in agreement with those of Abo El-Maati et al. 
(2012) who found that, clove extracts exhibited 
strong antioxidant capacity. FT-IR analysis of 
clove alcoholic extract studied by Khalid et al. 
(2016) showed that there is a clear and high 
intensive band which represents OH groups as 
well as moderate band that represents frequency 
asymmetrical patterns of group CH2 and CH3 of 
alcoholic compound which are going on with 
results of this study. They demonstrated another 
band represented frequency patterns of ester 
group C-O or aromic ketone group C=O which 

combine with more than ring. They estimated 
that the extract showed highly effect on bacterial 
growth because the presence of active groups of 
quinone in the extract that play important role 
in the inhibition process, which is in consistent 
with the antimicrobial data obtained for the 
studied extract. 

currently it is well known that natural 
products and several micronutrients in fruits 
and vegetables not only show protection against 
oxidative reaction but also inhibit propagation 
of cancer cells in culture as well as in vivo 
(Siriwardhana et al., 2003; Kuete et al., 2009 
and Choi et al., 2012). The Active components 
of phytochemicals that most often seem to be 
protective against cancer are obtained from plants 
and assumed to inhibit the inflammatory process 
that lead to transformation, hyper increase 
and initiation of carcinogenesis (Aggarwal & 
Shishodia, 2006). In the tested two cancer cell 
lines, the extract showed different patterns 
of cell growth inhibition activity with dose 
dependant response. The extract has maximum 
up to 86.4% cell death at 125µg/ml dose with 
IC50 value of 27μg/ml for colon cancer while for 
breast cancer; the growth inhibition percentage 
was 84.2% at 50µg/ml dose with IC50 26.5μg/
ml. Curing cells with a cytotoxic compound can 
result in a variety of cell death. The cells may 
suffer necrosis (lose membrane integrity and die 
quickly as a result of cell lysis). The cells can 
prevent actively growing and dividing (a decrease 
in cell viability), or the cells can stimulate a 
genetic plan of controlled cell death (apoptosis). 
Apoptosis is a significant phenomenon in cancer 
chemotherapy, because anticancer drugs apply 
their antitumor effect against cancer cells by 
stimulating apoptosis (Salomons et al., 1999). 
Therefore, it is assumed that eugenol may exert 
its cytotoxic activity on various cancer cells 
encourage apoptosis. In consistent, Parashar et 
al. (2006) reported that clove oil and eugenol 
have considerable cytotoxic effect against human 
fibroblasts and endothelial cells. Similarly, it has 
been shown by Vinay et al (2011) that clove 
has several capacities to cause cell death in the 
different cancerous cell lines of human origin 
and that the eugenol present in clove oil extract 
is an efficient cytotoxic cause for different type 
of cancer cells and it is endowed with apoptotic 
inducing capability. It was reported by El-
Awady et al (2015) that medicinal plants may 
help host resistance against infection by re-
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stabilizing body equilibrium and conditioning 
the body tissues. Many studies report that  the 
process of cancer progress is due to genetic and 
epigenetic changes which lead to disturbance in 
basic biological functions, such as cell division, 
differentiation, angiogenesis (Sartor & Pal, 2013  
and Higano et al., 2014).

Conclusion                                                                           

The in vitro results of the present investigation 
give evidence that the compounds extracted from 
clove by diethyl ether have powerful activity 
of multi-antimicrobial properties especially 
to pathogenic strains. Since clove displayed a 
decisive antimicrobial activity, it can be considered 
viable alternative to conventional antifungal, 
antibacterial and anticarcinogenic agent with 
relatively minimal side effect, lesser toxicity and 
lower cost. Synergistic activity of the extract and 
ciprofloxacin could provides different manner 
to overcome a problem of bacterial infections 
caused by MDR S. aureus and can be translated 
into useful clinical applications in order to raise 
the pharmacological activity or decrease the 
resistance behavior of resistant S. aureus. There 
are many proofs indicating that medicinal plants 
will constitute a prevalent alternative for cancer 
protection and effective treatment of bacterial 
diseases as an alternative to the costly antibiotics. 
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فعالية مستخلص الأيثيل إيثر لنبات القرنفل علي نمو بعض الكائنات الممرضه و بمزجه 
Staphylococcus aureus بالمضادات الحيىويه ضد السلاله المقاومه

مني محمد أبو النور(1)، مهرشان طه المقدم(1)، زينات كامل محمد(2) وغاده سمير محمد عبد الوهاب(3) 
(1) قسم النبات – كلية البنات للعلوم والأداب والتربيه – جامعة عين شمس، (2) قسم النبات والميكروبيولوجى – 

كلية العلوم – جامعة القاهره و(3)الهيئه القوميه للرقابه والبحوث الدوائيه – القاهره – مصر.

بعض  نمو  على  القرنفل  نبات  مستخلصات  لبعض  المثبط  التأثير  تقييم  بغرض  المعمليه  الدراسه  هذه  أجريت 
السلالات الممرضه الحساسه للمضادات الحيويه. تم أختبار هذه المستخلصات أيضا على أربع عزلات بكتيريه 
مقارنة  تضادي  نشاط  أعلى  القرنفل  لنبات  إيثر  إثيل  مستخلص  أظهر  الحيويه.  للمضادات  ومقاومه  ممرضه 
بالمستخلصات الأخرى. تم تقدير التركيز الأدني للتثبط (MIC) لمستخلص إيثيل إيثر على السلالات الحساسه 
للمضادات الحيويه ووجد أنه يتراوح بين 0.05 إلى 500ميكروجرام/مللي. تم تقييم التركيز الأدني للتثبيط لكل 
 Staphylococcus aureus السلاله  على  سيبروفلوكساسين  الحيوي  والمضاد  القرنفل  نبات  مستخلص  من 
و المقاومه للمضادات الحيويه ووجد أن التركيز الأدنى لمستخلص نبات القرنفل هو 1024 وللمضاد الحيوي 
256ميكروجرام/مللي. تم دراسة إمكانية وجود تأزر بين كل من المستخلص النباتي والمضاد الحيوي وقد أعطت 
للمضاد  و  للمستخلص  بالنسبه  16ميكروجرام/مللي  إلى   1024 من  الأدنى  الحد  أنخفض  حيث  إيجابيه  نتيجه 
الكروماتوجرافي  التحليل  بإستخدام  المستخلص  مكونات  فصل  تم  64ميكروجرام/مللي.  إلى   256 من  الحيوي 
 Staphylococcus فعالييتها منفصله على سلالة  أختبار  تم  أثبت وجود ثلاث مركبات مختلفه  الذي   (TLC)
aureus مقارنة بالمستخلص الخام. أظهرت المركبات المنفصله قدره تثبيطيه ضعيفه مقارنة بالمستخلص الخام. 
كذلك تم التعرف على المكونات الأساسيه للمستخلص بواسطة جهاز ال GC/MS والذي أوضح وجود مركبين 
أساسيين الأيجنول (59.7%) وأسيتات إيجنول (34.5%) .أجريت محاوله للتعرف على مدي فعالية مستخلص 
قدره علاجيه على سرطان  قد أظهر  والقولون) و  الثدي  السرطانيه (سرطان  الخلايا  نوعين من  القرنفل على 
القولون بنسبة86.4%  عند تركيز 125ميكروجرام/مللي و 84.2% عند 50ميكرو جرام/مللي لسرطان الثدي.


