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Abstract: Most bacterial strains are becoming resistant to multiple antibiotics particularly, Methicillin Resistance
Staphylococcus aureus (MRSA) and Pseudomonas aeruginosa. This study exhibited the strong antimicrobial
activity of 7. vulgaris total aqueous extract against Multiple drug resistance pathogenic bacteria including both
Gram-positive (MRSA) and Gram-negative (Ps. aeruginosa) bacteria with low concentration of MIC and short time
kill assay. Scanning Electron Microscopy (SEM) was conducted to get the images of morphological damages in
selected tested bacteria. The SEM images showed that, most cells present damage and observed to get clustered and
stick to each other. Gram negative and the Gram positive cells appeared to be shrunk and even some were empty.
Furthermore, most of the Gram-negative and Gram positive cells appeared to be stuck together and melted. These
images confirm the loss of shape and integrity which was followed by the cell death.
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1. Introduction in the form of new classes of antibacterial agent
Resistance to antimicrobial agents has inhibition of multiple drug resistance bacteria.
become an increasingly important and pressing
global problem!". 2. Material and Methods
Bacteria that are resistant to current 2.1. Bacterial strains
antibiotics have wreaked havoc in the clinic and are a Methicillin resistant S. aureus (MRSA)
primary cause of death in the intensive-care units of bacterial strain was isolated from hospitalized
our hospitals worldwide™*. patients from Al-Azhar University EI-Hussein
The opportunistic pathogens Staphylococcus Hospital and approved by biochemical tests. A
aureus, as well as Pseudomonas aeruginosa, rank standard bacterial strain of Ps. aeruginosa ATCC
among the clinically most significant organisms that 9027 obtained from Botany and Microbiology
cause serious health problems, with antibiotic- Department, Faculty of Science, Al-Azhar
resistance’™. Now, a major cause for concern is University, Cairo, Egypt.
methicillin-resistant Staphylococcus aureus (MRSA), 2.2. Plant material and extract preparation
which was at low levels a decade ago but now The leaves and flowers parts of Thymus
accounts for ca.50% of all S. aureus isolates”.. vulgaris plant was brought to the laboratory and
In recent years, methicillin resistance in carefully washed separately under tap water to
Staph. aureus is approaching an epidemic level and remove debris and dust particles. The dried materials
up to 50% are resistant to stronger drugs, such as were ground to fine powders by electric grinder. One
methicillin causing deaths in a matter of weeks?>*"*], hundred grams of powdered plant material were
With antibiotic resistance, there is an urgent mixed with one liter of sterile distilled water for
need to replenish our arsenal of anti-infective agents. aqueous extraction and the mixture were kept at room
Ideally, this should be in the form of new classes of temperature for 24 hours with continuous mixing by
antibacterial ~agent Inhibition of resistance magnetic stirrer. This mixture was filtered through
mechanisms through the development of novel cloths and further extraction of the residue was
adjuncts also represents an important strategy. repeated 3-5 times until a clear colorless supernatant
Natural products are a major source of chemical extraction (aqueous extract). Aqueous extract were
diversity and have provided important therapeutic dried until a constant dry weight of each extract was
agents for many bacterial diseases"'*'". obtained. The extracts were sterilized by 0.22um
This study aimed to evaluate and confirm Millipore filter. The residues were stored at 4°C for
the antimicrobial activity of 7. vulgaris aqueous further use!'?,
extract which is a commercial herb and spice, to use 2.3. Antibacterial activity by Disc diffusion assay

&3



Nature and Science 2014;12(10)

http://www.sciencepub.net/nature

Impregnated paper discs with 7. vulgaris
aqueous extract in concentrations 6.25 mg/ml and
1.562 mg/ml for Ps. aeruginosa and Methicillin
Resistance Staph. aureus (MRSA) respectively were
placed on the surface of inoculated agar plates for
24hrs, (~4 mm thickness agar layer). The Petri dishes
were sealed using parafilm and left 1 hr in the
refrigerator, in order to allow for the diffusion of the
active compounds. Negative controls were done
using sterile distilled water instead of active
compounds. Then, plates were incubated at 37°C for
24hrs!"l.

2.4. Determination of Minimum Inhibitory
Concentration (MIC)

Determination of MIC was done using the
broth micro-dilution technique. A 100ul of Mueller
Hinton broth (MHB) was dispensed into the wells of
U-shaped of microtiter plate except the first well of
each row which contained 150 pl and the last row of
wells contained distilled water. A 100ul of 100mg/ml
of the tested plant extract was dispensed into the first
well; a two-fold serial dilution was carried out up to
well number 12 from which 100ul was discarded.
Twenty microliters (20pl) of bacterial suspension
(0.5 McFarland standards) was added to each of the
wells except the control wells (control wells
contained broth only and distilled water only). An
automatic ELISA microplate reader (Sun Rise-
TECAN, Inc. ®, USA) adjusted to 600 nm was used
to measure the absorbance of the plates before and
after incubation at 37°C after 24 hr. The absorbencies
were compared to detect an increase or decrease in
bacterial growth and the values plotted against
concentration. The lowest concentration of the tested
plant extract resulting in inhibition of tested was
recorded as the MIC!¥.

2.5. Time kill assays

Dialyzed tested extracts (6.25 and
1.562mg/ml of Thymus vulgaris aqueous extract)
against Ps. aeruginosa and S. aureus (MRSA) diluted
in sterile distilled water. Suspensions were mixed
with bacteria harvested at late logarithmic phase and
diluted to approximately 4.0-5.0 log CFU ml. A total
volume of 25ml was used consisting of 12.5ml of
trypticase soy broth (TSB), 10ml of filtered dialyzed
extract and 2.5ml of inoculum. And incubated at 35-
37°C and at regular intervals (0, 3, 6, 12 and 24 hrs)
A bacterial suspension (Iml) was collected and the
effect of the tested extract on the bacterial growth
was evaluated at each previous times using the
spectrophotometric assay at optical density of 620nm
(O.D. 620nm). also (Iml or 0.1ml) from bacterial
suspension was serially diluted in 0.1% peptone, and
plated in triplicate using tryptic soy agar (TSA; TSB,
Becton, Dickinson and Company, Sparks, MD and
Agar, Fisher Scientific, USA), incubated for 24 hrs,
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at 35-37°C, and then CFU enumerated. All
experiments were triplicated and average values were
reported!'*.
2.6. Preparation of samples for Scanning Electron
Microscope Examination

Treated and non-treated samples were
fixated by glutheraldhyde 2.5% and dehydrated by
serial dilution of ethanol using automatic tissue
processor (Leica EM TP).Then the samples drying
using CO, critical point drier (Tousimis Audosamdri-
815). The samples coated by gold sputter coater (SPI-
Module). Finally, the samples exanimated by
scanning electron microscopy (JEOL-JSM-5500LV)
by using high vaccum mode at the Regional Center of
Mycology and Biotechnology, Al-Azahr University,
Cairo, Egypt.

3. Results

The results of the clear zone diameter of
inhibition and MIC values were summarized in table
(1) these results clearly, showed the antimicrobial
activity of used aqueous plant extract against both
bacterial strain with average diameter and standard
error of clear zones of inhibition 18.83+0.66mm
against Ps. aeruginosa and 20.5+0.72 mm against
(MRSA).

Table 1. Antibacterial activity and MICs values of T.
vulgaris against Ps. aeruginosa and (MRSA)

Bacterial Clear zone MIC
strain diameter (mm) (mg/ml)

Ps. aeruginosa 18.83+0.66 6.25

MRSA 20.72+0.72 1.56

As well as, MIC values were 6.25 mg/ml
and 1.56mg/ml against Ps. aeruginosa and MRSA
respectively. On the other hands, time kill assay of
plant aqueous extract against both bacterial strain at
MICs displaying strong antimicrobial properties as
shown in table (2).

Extract appeared to be particularly,
effective, as bactericidal effects were observed
between 0-3 hrs of exposure for MRSA and 0- 6 hrs
of exposure for Ps. aeruginosa.

Cell densities were also confirmed by the
"pour plate" method on plate count agar and colonies
count expressed as (Logjo CFU /ml). The results
tabulated in table (3) exhibited that, the viable count
of (MRSA) and Ps. aeruginosa cultures after 3 and 6
hrs respectively not detected.

In respect to SEM results treated samples of
pathogenic bacteria using relevant MICs for each,
were incubated for 24 hrs, at appropriate incubation
temperature and conditions. They were then,
observed by SEM to investigate the morphological
changes in the appearance of the cells. From all the
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SEM observations, the images illustrated in (Fig. 1;
BI-B3 & Fig. 2; C1-C3) directly seemed that, the
total aqueous extract of 7. vulgaris caused severe
damage to the tested bacteria. Non-treated cells
(control) were intact and showed a smooth surface
(Fig. 1; Al & Fig. 2; A2). In treated bacteria most of
the Gram negative cells and the Gram positive cells
appeared to be shrunk and even some were empty,
and the remains were flaccid. Furthermore, most of

them appeared to be stuck together and melted.
Treated Ps. aeruginosa showed plasmolysis, giant
cells and showed appendages on cell surface.
Pseudomucellium like structures appeared in MRSA
SEM images. Generally, images SEM observations
confirmed the physical damage and considerable
morphological alteration to tested Gram-positive and
Gram-negative pathogenic bacteria treated with T.
vulgaris total crude extract.

Table 2. Optical densities of bactericidal effectiveness of 7. vulgaris aqueous extract against against Ps. aeruginosa

and (MRSA) held at 37 °C for (0, 3, 6, 12 and 24 hrs.)

Bacterial growth Time kill assay of T. vulgaris total extract
Time (hrs.) O.D. (620nm) 0.D. (620nm)
Ps. aeruginosa MRSA Ps. aeruginosa MRSA
0 0.012+0.55 0.041+0.63 0.013+0.36 0.011+0.43
3 0.341+0.62 0.140+0.62 0.455+0.22 0.281+0.66
6 0.637+0.41 0.522+0.71 0.030+0.72 0.000+0.00
12 0.911+0.55 0.784+0.85 0.000+0.00 0.000+0.00
24 2.181+0.47 1.479+0.67 0.000+0.00 0.000+0.00

Each reported value for optical density (O.D.) represents the mean (standard error) of three replications of the experiment.

Table 3. Viable count (Log;o CFU /ml) held at 37°C for (0, 3, 6, 12 and 24 hrs.) of Ps. aeruginosa and (MRSA)

treated with total extract and Basic alkaloid fraction

Bacterial growth Bacterial growth
Time (hrs.) Viable count without treatment (log Treated samples viable count with 7. vulgaris
’ CFU/ml) (log CFU/ml)

Ps. aeruginosa MRSA Ps. aeruginosa MRSA
0 0000 0000 0000 0000
3 2.15+0.88 2.14+0.62 1.39+ 0.94 0.33+0.24
6 3.12+0.62 2.95+0.71 00+ 00 00+ 00
12 4.07+ 0.57 4.78 £0.85 0000 0000
24 6.46+1.54 5.79+0.67 0000 0000

Each reported value for viable count represents the mean (standard error) of three replications of the experiment.

4. Discussion

The onset of drug resistance in the 21st
century has reached a critical stage. In an attempt to
combat several resistant strains, multi-drug target
therapy has gained popularity!'®. Plant extracts and
their constituents are known to exhibit antimicrobial
activity!'”),

The aqueous extract from Thymus vulgaris,
a common culinary aromatic herb, studied for its
antimicrobial properties against Ps. aeruginosa and
Methicillin Resistance Staph. aureus (MRSA). The
results Cleary, exhibited the strong antimicrobial
activity against to tested bacteria with inhibition
growth zones 18.83mm and 20.5mm against Ps.
aeruginosa and Methicillin Resistance Staph. aureus
(MRSA) with MIC values 6.25mg/ml and 1.56,
respectively. These results are in harmony with AL-
Saghir'® who found that, the antibacterial activity of
T. vulgaris and Cinnamomum cassia against Ps.
aeruginosa and S. aureus was strong among five

&5

tested pathogens those results showed that, the
extracts of both tested plants demonstrated
antimicrobial activity against the tested organism, but
the aqueous extract of 7. vulgaris was the most active
agents against the test organism. In addition this
supports and confirmed the findings of Nevas et
al."); Takahashi et al.*"; Fujita et al. 21

The antimicrobial activity of the crude
extract might be due to the presence of active
compounds including alkaloid, quinines, tannins,
flavonoides, saponins and iridoids'*.

Also, these results are in accordance with Fu
et a who found that, the pure clove aqueous
extract or mixes with rosemary (Rosmarinus
officinalis spp.) aqueous extract were tested against
Staphylococcus epidermidis, Staphylococcus aureus,
Bacillus  subtilis, E. coli, Proteus vulgaris,
Pseudomonas aeruginosa and results showed
minimum inhibitory concentrations between 0.062%
and 0.500% (v/v).
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Figure 1. Scanning electron microscope observations of selected Gram-negative pathogenic bacteria (Ps.
aeruginosa) treated with T.vulgaris aqueous extract (control; A1, Treated; B1-B3).
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Figure 2. Scanning electron microscope observations of selected Gram-positive pathogenic bacteria Methicillin
Resistance Staph. aureus (MRSA) treated with 7. vulgaris aqueous extract (control; A2, Treated; C1-C3).
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On the other hands, time kill assay results
showed that, bactericidal effect against (MRSA) and
the time kill assay were observed after 3hr and 6hr of
exposure for Ps. aeruginosa these results are in
agreement with Moreira et al.**.

SEM images directly illustrate the
destructive effects of the extract on the tested
bacteria. There are many possible explanations for
the observations. The literature suggests that the
active components of the plant extracts might bind to
the cell surface and then penetrate to the target sites,
possibly the phospholipid bilayer of the cytoplasmic
membrane and membrane-bound enzymes™. The
SEM images show that some cells present damage as
pores or deformity in the cell walls. Some authors
have suggested that the damage to the cell wall and
cytoplasmic membrane was the loss of structural
integrity and the ability of the membrane to act as a
permeability barrier®®*”**]. Most of the cells were
observed to get clustered and stick to each other. The
distortion of the cell physical structure would cause
the expansion and destabilization of the membrane
and would increase membrane fluidity, which in turn,
would increase passive permeability®”). Most of the
Gram negative cells and the Gram positive cells
appeared to be shrunk and even some were empty,
and the remains were flaccid. Furthermore, most of
the Gram-negative and Gram positive cells appeared
to be stuck together and melted .But the Gram
positive cells were more affected, this study and
many previous studies’®*”'**! indicated that the most
bioactive compounds of plant extracts were more
active against Gram-positive bacteria than Gram-
negative bacteria. This is likely due to the significant
differences in the outer layers of Gram-negative and
Gram-positive bacteria. Gram-negative bacteria
possess an outer membrane and a unique periplasmic
space which is not found in Gram positive
bacteria®’. The resistance of Gram-negative bacteria
toward antibacterial substances is related to the
hydrophilic surface of their outer membrane which is
rich in lipopolysaccharide molecules, presenting a
barrier to the penetration of numerous antibiotic
molecules, and is also associated with the enzymes in
the periplasmic space, which are capable of breaking
down the molecules introduced from outside!”.
Gram-positive bacteria do not have such an outer
membrane and cell wall structure. Consequently,
antibacterial substances can penetrate the bacterial
cells and easily destroy the bacterial cell wall and
cytoplasmic membrane and result in a leakage of the
cytoplasm and its coagulation”*!. Eventually, these
disruptions may cause the loss of cell integrity and
death. These images confirm the loss of shape and
integrity which was followed by the cell death. Cell
death may have been the result of the extensive loss
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of cell contents, the exit of critical molecules and
ions, or the initiation of autolytic processes.

4. Conclusion

Our work showed the antimicrobial
activities of 7. vulgaris aqueous extract against the
multiple drug resistance tested bacteria and the cidal
effect confirmed by the SEM. From all the SEM
observations, it seemed that, the total 7. vulgaris
aqueous extract caused severe damage to the bacteria.
In addition, the modes of action of bacterial agents
depend on the type of microorganisms and are mainly
related to their cell wall structure and to the outer
membrane arrangement.
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