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Abstract: Mixtures of thyme and rifampicin were tested for inhibitory activity agairs8éphylococcus aureus isolates alone and in
combination. The results indicate that MICs of thyme extract mixed with pfaim for all tested strains db. aureus ranged between
0.2g/ml of rifampicin plus 5 mg/ml of Thyme ethyl-acetate extract or Teynethanol extract, and 16 g/ml of rifampicin plus 6 mg/ml
of Thyme ethyl-acetate extract or Thyme methanol extract. Time-Kkillimgecaf rifampicin in combination with Thyme ethyl-acetate
extract and with thyme methanol extract exhibit zero CFU after 8hitg;sli@spectively incubation period at°&7that was compared
with time-Kkilling curve of rifampicin, time-killing curve of Thyme ethyl-acetatdract and Thyme Methanol extract
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1 Introduction In anin vitro antibacterial study, thyme showed greatest
inhibition against A. hydrophila compare to other
psycrotrophic food-borne bacteria such Asromonas

The genusThymus comprises 215 species witfhymus hydrophila, Listeria monocytogenes and  Yersinia

wulgaris being one of the most important and thoroughly terocolitica. Inhibition of growth was tested by using

investigated aromatic plant. Chemistry, processing an ; e ;

o : . he paper disc agar diffusion method, while the MIC was
application - of Thymus species were previously deteF;mF;ned by thge broth microdilution methd].[
g‘r\éﬁg%?tedlémgmgisoss priﬂ:;zzs rgvn?grlfasbléna;% OgmeroiRifampicin is a semi synthetic derivative of rifamycin

b y antibiotics which are produced by the fermentation of a

volatile compounds referred as the essential oil; theeefor train of Sretomvees terranei a species which was
chemical classification of such plants is based on the mair)._ " Eptomyces P
irst isolated in Italy in 1957 from a soil sample collected

essential oil components. Chemical polymorphism isin France. The fermentation produces Rifamvcin B
characteristic to the species oymus. Essential oils of Rifam icin' is a semisvnthetic dgrivative of rifamycin B '
thyme containing high amount of thymol and carvacrol ne gf five rifam c?/ns solated fromSirento yces ’

were reported to possess the highest antioxidant activit iterranei [17] y eptomy

[1]. The leaf of thyme Thymus wulgaris) is a popular '

culinary herb that has a history of use in traditional herbal

medicine, particularly in the treatment of cough and .

branchial catarrh. Both Germany’'s Commission E and a2 Material and Methods

wide assortment of herbal texts support thyme’s

traditional use as an expectorart].[ Thyme showed 2.1 Bacterial strains

broad antibacterial activity by inhibiting the growth of

both gram-positive and gram-negative bacteria. HoweverForty five strains of MRSA (Coagulas positive) isolated
gram positive bacteriaClostridium botulinum and  from clinical specimen, sputum, septic wound, urine and
Clostridium perfringens appeared to be more sensitive blood samples, were obtained from faculty of medicine,
than the gram-negative organisnisj Assiut University, Egypt. The bacterial strains were
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maintained on agar slants. Each culture was activated b.6 Antibacterial assay

transferring a loopful from brain heart infusion BHI slants
into nutrient broth (10 ml) followed by incubation at37

for 24 and subcultures were freshly prepared before usedntibacterial

Bacterial inocula were made in 5 ml of BHI media and
grown for 24 hrs at 37C.

2.2 Rifampicin

Rifampicin (3-4-methylpiperazinyliminomethyl rifamyrci
sv), Approx 95% (HPC) (13292-46-1) Ec no 236-312-0,
Sigma-Aldrich Co. p.o Box.

2.3 Determination of minimal inhibitory
concentration (MIC)

The MICs of rifampicins on MRSA were determined
using an agar dilution method §]. Petri plates of Brain
Heart Infusion (BHI) agar containing various
concentrations of rifampicin were inoculated with 24 hrs
culture of bacterial strain in triplicates1?], was

individually spread on the surface of the solid wed agar
2.7 Synergism assays

plates. Test and control plates were then incubated
35°C. Plates were evaluated for the presence or absen

An agar dilution method 16], used to determine the
activity and  minimal inhibitory
concentration (MIC) for all different extracts of all test
medicinal plants.

Serial concentrations of all test plants extracts were
achieved (% v/v) in plates containing BHI agar medium,
as follows: 0.02, 0.04, 0.08,0.2,2.5,0.4,0.8,1, 1.5, 2, 3,
4,5,6,7,8,9, 10, 11,12 and13 mg/ml.

Petri plates of BHI agar containing various concentrations
of extracts were inoculated with 24 h culture of bacterial
strain in triplicates were individually spread on the
surface of the solid wed agar plates.

Each antibacterial test also included plates containieg th
culture medium plus solvent (DMF) in order to obtain a
control of the solvent antimicrobial effect. After
inoculation procedures, using triplicates, test and @bntr
plates were then incubated at°85 Plates were evaluated
for the presence or absence of visible growth of each
strain on the agar plate after 24 hrs of incubation. The
absence of colonies on all plates tested was considered as
an inhibitory effect. The lowest concentration of extracts
required to completely inhibit the growth of the tested
microorganism was designated as the MIC.

of colonies after 24 hrs of incubation period. For each|, \itro synergism assays of rifampicin in combination
treatment, the absence of colonies on all tested plates Wagi gifferent extracts of all tested medicinal plants were

considered as an inhibitory effect. The lowest
concentration of rifampicin required to completely inhibi

carried out after evaluating the MIC of all test different
extracts on BHI agar medium, by agar dilution method.

the growth of the tested microorganism was designated as

the MIC.

2.4 Plant samples

2.8 Killing curve
2.8.1 Assessment of killing curva()

Selected strains of MRSA isolates were grown overnight

The plant samples were collected from local markets atn BHI broth medium. 0.2 ml of inoculums was added to

Assiut governorate, Egypt. The Thyme cultivated in Egypt.

2.5 Preparation of extracts

The air-dried plant materials were ground into fine
powder in grinder and extracted with hexane,

ethyl-acetate, methyl alcohol 80% and distilled water
respectively by maceration. A 100g sample of each

ground plant was soaked in 500 ml solvent@sh) [5].
The extract was filtered through a Buchner funnel with
Whatman filter paper numberl, after filtration of total

20 ml Nutrient Broth test tubes containing antibacterial
agent MIC for rifampicin, for natural extracts, and
(1/2MIC of natural extract plus 1/2MIC of rifampicin) for
combination. Test tubes were then incubated &tC35
without shaking. After 2 hrs the flasks were strongly
agitated and a 0.1ml sample was diluted and immediately
plated; the test tubes were immediately returned to
incubation.

3 Results

3.1 Determination of antibacterial activities of

extracts; the extracts were evaporated under reducinRifampicin pg/ml against 45 isolates of MRSA

pressure to dryness at 45 on a rota-evaporator (Bchi
R114), all extracts were soluble in dimethylformaamid

isolates.

(DMF) with exception of the aqueous extracts dissolvedAccording to the present results MIC for two strains of

in distilled water.

MRSA exhibit 0.4ug/ml, whereas MIGs was 0.8ug/ml,
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MIC4s was 2 ug/ml, MIC3s was 4 ug/ml, MICgs was 8
ug/ml, MICz2 was 16pg/ml and MIGs was 32pg/ml of
rifampicin. Mean of time-growth rate of MRSA exhibit
4.9 logy CFU/ 0.1 ml of nutrient broth medium after 24
hrs of incubation period at 3T, time-killing curve of
selected strains studied with rifampicin exhibit 2.8 lpg 1
CFU/0.1ml at 24 hrs of incubation period while
Time-growth curve of MRSA exhibit 4.8 lqg at 24 hrs
of incubation period.

selected strains of MRSA affected by combination or
TEAE or TME alone.

—e— il
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M3

3.2 Determination of antibacterial activities of
Thymus vulgaris (thyme) extracts on
methicillin-resistant Staphylococcus aureus
(MRSA).
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The minimal inhibitory concentrations (MIC) of thyme

ethyl-acetate extract (TEAE) mg/ml on MRSA ranged

between 10 mg/ml and 12 mg/ml and MIC of thyme

methanol extract (TME) mg/ml on MRSA ranged Fig. 1: Time-killing curve (log, CFU/0.1ml) of MRSA affected

between 10 mg/ml and 12 mg/rry]l. Aq_ueous_and he_x_anquth different ethyl-acetate and methanol extract Tofymus
extract of leaves of thyme hasn’t antibacterial act|V|t|esvulgaris (thyme) mg/ml.

against all tested MRSA strains. Aqueous and hexane
extract of leaves of thyme hasn’'t antibacterial activities M1=mean polpulation (log CFU/0.1ml) of MRSA without any antibacterial
against all tested MRSA strains. agent (contral.

M2= mean population (log CFU/0.1ml) of MRSA inhibited with rifampicin.
Time-killing curve of selected strains of MRSA affected
with TEAE exhibit zero CFU after 8 hrs of incubation
period at 37C and for TME exhibit zero CFU after 12 hrs
of incubation periods at 3T.

3.3 Determination of antibacterial activities of
Rifampicin plus Thyme extracts on
methicillin-resistant Staphylococcus aureus
(MRSA).

According to these results minimal inhibitory
concentration (MIC) of rifampicinug/ml plus thyme

M3= mean population (log CFU/0.1ml) of MRSA inhibited with thyme
ethyl-acetate extract (TEAE).

M4= mean population (log CFU/0.1ml) of MRSA inhibited with thyme
methanol extraction (TME).

** = Highly significant at 0.1 level of probability.

L.S.D. = Least significant difference.

4 Discussion

Methicillin-ResistantStaphylococcus aureus (MRSA) it's
initial isolation in the UK in 1961 and has continued to be
a major pathogen causing infections in hospitals and in

ethyl-acetate extract (TEAE) mg/ml on MRSA ranged the community and are increasingly isolate in hospitals
between 0.2.g/ml of rifampicin plus 5 mg/ml of TEAE  worldwide [19].

and 16ug/ml of rifampicin plus 6 mg/ml of TEAE and Studies the Clinical uses and control of Rifampicin and
MIC of rifampicin ng/ml plus thyme methanol extract Clindamycin in they examined 243 selected strains, 34
(TME) mg/ml on MRSA ranged between 0.2 g/ml of sensitive to Rifampicin, Clindamycin, lincomycin, and

rifampicin plus 5 mg/ml of TME and 16ug/ml of
rifampicin plus 6 mg/ml of TME.

Ethyl-acetate extract and methanol extract of thymeresistant
produce synergetic effect with rifampicin on all tested erythromycin-resistant staphylococci

MRSA strains. Moreover,
decreased for half.

The time-killing curve of selected strains of MRSA
affected with combination of TEAE plus rifampicin
exhibit zero CFU after 8 hrs of incubation period atG7
and for combination of TME plus rifampicin on MRSA

MIC of rifampicin was

Erythromycin, 43 resistant to penicillin only, 29 residtan
to penicillin, streptomycin, and tetracycline, and 137
to erythromycin (that is all the
isolated in this
laboratory in the past five years). Among the more
resistant strains, 25 were also resistant to Methicillin.
Rifampicin is the most active drug: all strains are
inhibited by 0.03wg/ml or less, except two resistant
strains with MICs of 8.g/ml and 32ug/ml [15].

Frequencies at which mutants resistant to rifampicin arose

exhibit zero CFU after 12 hrs of incubation period at in vitro were determined itaphylococcus aureus strains

37°C.

including methicillin-susceptibleS. aureus (MSSA),

There is no synergy observed in time-killing curve of methicillin-resistantS. aureus (MRSA), rifampicin (16
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Table 1: minimal inhibitory concentration (MIC) of rifampicin on MRSA.

Concentration
0.4ug/ml | 0.8ug/ml | 2 pg/m 4ug/ml 8 ng/mi 16 ug/m | 32ug/ml
No. of susceptible strain| 2 MICys | 4 MICys | 8 MICys | 11 MIC3s | 20 MICgg | 42 MICyys | 45 MIC3q
% No. Of susceptible strain  4.4% 8.8% 17.7% 24.4% 44.4% 93.4% 100%

Rifampicin

Table 2: Determination of minimal inhibitory concentration (MIC) of Thyme extragtsMRSA.

Thyme methanol extract (TME) 0 m(;(/)r?fl:entg'z; T
No. of susceptible strain 10 MICqqs | 35 MIC3sgg

(% ) susceptible strain 22.2% 100%
Thyme ethyl-acetate extract (TEAE) 10 mg/ml | 12 mg/ml
No. of susceptible strain 9 MICgs | 45 MIC3es

(% ) susceptible strain 20% 100%

MIC = Minimal inhibitory concentration.
MICps = Number of strains inhibited with minimal inhibitory concentration.

Table 3: Determination of minimal inhibitory concentration of rifampicirg/ml in combination with thyme ethyl-acetate extract
(TEAE) mg/ml and/or thyme methanol extract (TME) mg/ml on MRSA.

Minimal inhibitory concentration (MI1C)

rifampicin Plus (TEAE) 0.2 ug/ml'5 mg/ml | 0.4ug/mi'5 mg/ml | 1 ug/mi5mg/ml| 2 ug/mi'5 mg/ml| 4 ug/mi5 mg/ml [ 8 ug/mi'5 mg/ml| 16 pg/ml6 mg/ml
3

No. of susceptible strainsinhibited with MIC 2 2 4 3 9 22

rifampicin Plus(TME) 0.2 ug/ml5 mg/ml | 0.4 pg/ml5 mg/ml | 1 pg/ml5 mg/ml| 2 ug/ml5 mg/ml| 4 pug/mi5 mg/ml | 8 pg/ml5 mg/ml | 16 pg/ml 6 mg/mi
No. of susceptible strainsinhibited with MIC 2 2 4 3 9 22 3
(%) of susceptible strainsinhibited with MIC 4.4% 4.4% 8.8% 6.6% 20% 48.8 % 6.6%

Table 4: Time-killing rate (logo,CFU/0.1ml) of MRSA affected  Table 5. Time-killing rate (Logl0 CFU/0.1ml) of MRSA

with different extracts ofThymus vulgaris (thyme) mg/ml. affected with rifampicinpg/ml in combination with different
Hour M1 M2 M3 M4 | F-test | L.SD. extracts ofThymus vulgaris (thyme) mg/ml.

2 6.22 | 6.22 | 4.26 | 4.34 o 0.027 Hour | M1 | M2 | M5 | M6 | F-test | L.S.D.
4 6.27 | 6.27 | 3.08 | 4.15 o 0.022 2 6.22 | 6.22 | 6.22 | 6.22 o 0.046
6 7.06| 7.06 | 2.73 | 3.01 o 0.040 4 6.27 | 6.27 | 3.02 | 4.15 o 0.051
8 7.22| 7.16 | 0.00 | 2.74 o 0.89 6 7.06| 7.06 | 2.52 | 2.99 o 0.075
10 7.22| 7.21| 0.00 | 1.46 o 0.157 8 7.22| 7.16 | 0.00 | 2.75 o 0.074
12 7.33| 6.10 | 0.00 | 0.00 o 0.049 10 7.22 | 7.21| 0.00 | 2.40 o 0.194
14 8.44 | 5.84 | 0.00 | 0.00 o 0.051 12 7.33| 6.10 | 0.00 | 0.00 o 0.049
16 7.32| 458 | 0.00 | 0.00 o 0.116 14 8.44 | 5.84 | 0.00 | 0.00 o 0.051
18 6.20 | 4.55| 0.00 | 0.00 o 0.54 16 7.32 | 4.58 | 0.00 | 0.00 o 0.116
20 5.19 | 3.67 | 0.00 | 0.00 o 0. 153 18 6.20 | 4.55| 0.00 | 0.00 o 0.54
24 4.88 | 2.81| 0.00| 0.00 o 0.063 20 5.19 | 3.67 | 0.00 | 0.00 o 0.153

24 488 | 2.81| 0.00| 0.00 o 0.063

M1= mean population (log CFU/0.1ml) of MRSA without any antibacterial agent

(control). M1= mean population (log CFU/0.1ml) of MRSA without any antibacterial agent
M2= mean population (log CFU/0.1ml) of MRSA inhibited with rifampicin. leanony " poputation (tog ) Y 9
M3= mean population (log CFU/0.1ml) of MRSA inhibited with thyme ethyl-  p>= mean population (log CFU/0.1ml) of MRSA inhibited with rifampicin.
acetate extract (TEAE). o ) M5= mean population (log CFU/0.1ml) of MRSA inhibited with combination of
M4= mean population (log CFU/0.1ml) of MRSA inhibited with thyme methanol rifampicin plus TEAE.

extraction (TME). o M6= mean population (log CFU/0.1ml) of MRSA inhibited with combination of
** = Highly significant at 0.1 level of probability. rifampicin plus TME.

L.S.D. = Least significant difference.

** = Highly significant at 0.1 level of probability.
L.S.D. = Least significant difference.
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Enterobacter cloacae, Acinetobacter haemolyticus and

0
E? ——Hl Saphylococcus aureus, but no effect on Candida
£ _,/’Yi\\_ﬂ -2 albicans, Proteus mirabilis and Salmonella typhi [7].
=k 1 Essential oils of Thymus wulgaris ; thymol 39.7%,
g R\ L p-cymene 30.0%, limonene 1.7%; 31.5% thymol
g : exhibited the highest and broadest antibacterial activity
" T against 14 strains of staphylococcus aureus

B2 3 B0 Bl TS s i (mithicillin-resistant) and 28staphylococcus coagulase

negative (S.C.N.) [L3].

The studies the antibacterial activity of an essential oll

Trans-thujanol of thyme which obtained from france

againstSaphylococcus aureus showed that, the MIC of

Trans-thujanol were 0.4% (V /V)H].

Aqueous and hexane extract of leaves of thyme hasn't

antibacterial activities against all tested MRSA strains.

Ethyl-acetate extract and methanol extract of thyme
Fig. 2: Time-killing curve (logo CFU/0.1ml) of MRSA affected  produce synergetic effect with rifampicin on all tested
with with rifampicin in combination with ethyl-acetate and MRSA strains. Moreover, MIC of rifampicin was

methanol extract oThymus vulgaris (thyme) mg/ml. decreased for half. No synergetic effect was observed
M1= mean population (log CFU/0.1ml) of MRSA without any antibacterial when different concentrations of ethanol eXtraCtS fro_m
agent(control)-I ( 0.1 of b ed it i lemon balm, clove and eugenol were combined with
M2= mean population (log CFU/0.1ml) of MRSA inhibited with rifampicin. [RTH il ;

M5= mean population (log CFU/0.1ml) of MRSA inhibited with combination of ampicillin to inhibit the grov_vth oK. pneumoniae andE.
rifampicin plus TEAE. aerogenes. Only the association of thyme (2Qg/mL)

M6= mean population (log CFU/0.1ml) of MRSA inhibited with combination of with ampiciIIin was able to cause such an effétﬁ][
rifampicin plus TME.

** = Highly significant at 0.1 level of probability.

L.S.D. = Least significant difference.
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