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Aim: This study was designed tggavalu he synergistic activities of hydroalcoholic extra dicinal

against Staphylococcus aureus. Méshods: Jhe synergistic effects of the plants, a carvacrol and
hypericin, were exa . ts: A fractional
inhibitory concentr . perforatum and 0.49

icum pelforatum and their active components, ca®ac hypericin
e%,

eckered method against S. aureus (ATCC 126
obtained for combination of O. vulgare a

for combinatio igledients carvacrol and hypericin, both of £V dicated a synergistic
effect. Conclusion: Q)i liminary evaluation demonstrated a synergisti rty of O. vulgare and H.
perforatum extgacts irfireating S. aureus infection. This study indigat atpombination of the plants, as

aureus.

Lay abstract: W died and evaluated the synergistic actiaiti hydroalcoholic extracts of oregano
and St John's wort and their active components, ca vac@ pericin, against Staphylococcus aureus.

rvacrol and hypericin, might be used as a‘ tibacterial strategy against S.

The results suggest that a combination of oregano{ind n’s wort extracts, as well as a combination
of hypericin and carvacrol, have potential for yse as {aturar and effective combinations against S. aureus
infections.
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Staphylococci are Gram-positive cocci that appear in clusters. Among the different species of Staphylococci, the
three species Staphylococcus aureus, S. saprophyticus and S. epidermidis are the most important [[ll. S. aureus is one
of the most important causes of nosocomial and community-acquired infections (). Due to high pathogenicity
and resistance to antimicrobial and antibacterial drugs, S. aureus has become of d ost important health
problems in the world. S. aureus is identified by production of coagulase enzym&Qand 4 highly pathogenic due
t1 c«‘ d food poisoning
in humans . It is one of the main causes of surgical wound infectf i italized patients and medical
; #e surface of the skin and

ealthy people can be healthy

elihood of being a carrier is high (.

mucosa, and can also survive in all tissues of the body [{. Approxima
carriers of S. aureus at any time. In some people such as hospita
Approximately 30% of the population is a nasal carrier of S. zfeug¥in postoperative patients with potential S.
aureus wound infection, microbial culture from the w site is @eemost important factor for identification ().
Both the increasing incidence of resistance to antibioti¢@gnd the side effects of these drugs have been among

the factors that have led to the expansion of resear dicinal plants in recent years [9-13]. The excessive

consumption of antibiotics has led to the emergence hicillin-resistant S. awureus strains, which are curre
one of the problems faced by hospitals [14-16]. S. 2
oxacillin antibiotics (oxacillin, methysilig and col
amoxicillin and cephalosporins [17]. D&O

the treatment of various diseases has |

esistant to certain types of common antibiotics, i

in), as well as all beta-lactam antibiotics such agpeni@illin,

atively fewer side effects of medicinal plants,se for
the last

nal sources as a subdiscipline of traditional med@ift has played

d attention and has grown steadily in recent fears
century, the use of plant-baged and nat{al me
a decisive role in the preven contro tment of diseases.

Considering these advantagesi@e tendency to use herbal drugs is increasing [18]. rzulgare has antibac-
terial and antifung ects |"as well as antioxidant properties [21-24]. The ma#f c
m perfosksum has antimicrobial effects [27] and hyp& in e of the most important
8-31]. [Bnt-based antibiotics and their synergistidipffect@gould be a useful and practical

&racts are therefore necessary to
s with highly desirable efficacy. Despite the ob@aiped valuable information about the

und of O. vulgare is

carvacrol [25,26].
compoundg of this pla
solution

idengify

such as carvacrol and hypericin, their
liminary evaluation of antibacterial and
ivities of the extracts of medicinal plants O. nd& H. perforatum and their active components,

hypericin, against S. aureus.

Methods

Preparation of hydroalcoholic extracf) & % gredients of medicinal plants

To prepare the hydroalcoholic extracts, the@lantS#ere first dried in laboratory conditions and then 200 g of the
powder of each plant was mixed witl{kthanol{80% (Nasr Alcohol, Iran). The mixture was shaken for approximately
[ h and then left in the laboratory for\ h. T mixture was then passed through a filter paper, and the solvent was
separated from the extract usingg distiler (IKA® RV10) in vacuum (rotary) conditions at 40°C and 150 r.p.m.
The concentrated extract of t *a‘ poured into the plate to dry.

Staphylococcus a itim
Staphylococcus aure ain (ATCC 12600) was purchased from Iranian Research Organization for Science and
Technology.

Synergism protocol

In order to investigate the combined effects of hydroalcoholic extracts of O. vulgare and H. perforatum and their
active ingredients hypericin and carvacrol, the following concentrates were prepared for each of the compounds
according to the amount of minimum inhibitory concentration (MIC), which was previously separately measured

(AMICy, 2MICy, MIC,, MICy, MICy /2Jand MICy /4.
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Table 1. Results of fractional inhibitory concentration and disk diffusion of the groups.

Groups Minimum inhibitory concentration Fractional inhibitory concentration  Disk diffusion Ref.
Origanum vulgare 625 15.66 [32]
Hypericum perforatum 625 12.66

Hypericin 78.12 36

Carvacrol 3128 233

0. vulgare x H. perforatum of

Hypericin x Carvacrol 0.49 / l‘

. aureus wWere

The combination effects of hydroalcoholic extracts of O. vulgare and H.
investigated using checkerboard test in a sterile 96-well plate. First, 50 pl of steri
medium was added to all wells, then the plant extract samples were treatg erent concentrations of
the extract (20 pl of each extract). Then, 10 ul of microbial suspension witharland standard turbidity
@B x 108 CFU/ml) was added to each wall. The plates were incu at 37°C"and 50% humidity for 24 h [291.

Bacterial growth inhibition was measured by f,J,B-triphenyltetrazoli hloride, in such a way that if the color

of the wells turned purplish, the bacteria in the wells were consider vand lack of the color was considered to
indicate bacterial growth inhibition. The results were analyzed usin ormula below and interpreted as follows:

O

y checkered method carried out ac ’n@atini
c

et al. was as follows: if the results are less ghan{f (FIC < EI), the effect is synergistic [29]. If the re qual to
(FIC =), then the effect is i ent. | results are greater than [[] (FIC > [I)), this ingjicats anpfitagonistic
effect, and if the results are greater t E (FI E), one of the combination drugs is abK 1ve dose [29].

—Hinton agar growth

ZFICZ‘C +

FIC A = Combination effect/MIC A: The effect of
FIC B = Combination effect/ MIC B: Ti@geffect of

Interpretation of the obtained results o osed

ion method
@iffusion method, the checkered method c: og¥according to Fratini ez

al. was used with a odification [29]. In brief, a sterile Mueller—Hinto wth medium was divided

into 10-cm plates, an ng a sterile swab, a grass culture was prepar cFarland standard turbidity
obtained from of . aureus. Then, the disks were impregnas@gl witpr40 pl of 10,000 pg/ml of stock
solution of the and H. perforatum extracts. They were als rgdhated with 40 pl of 5000 pg/ml of

cin and carvacrol and placed on each ot oWdle in the Mueller—Hinton agar growth
medium. Each of the above was used as a control in a separate S‘ES t, then the plates were incubated for 24 h,

and the diameter of the growth inhibition zone was mefure

Results
A fractional inhibitory concentration (FIC) of 0.5
vulgare and H. perforatum and 0.49 for combjnatio
synergistic effects for both of them (Tablle 1land Ei

as obtined for combination of hydroalcoholic extracts of O.
of the active ingredients carvacrol and hypericin, indicating
s | & 7). Additional information is shown in Table 1.

Discussion &

The results of the present study, & mipRd the inhibitory effects of the extracts and their active ingredients
on S. aureus, demonstrate isttffects of both combinations on the studied pathogen and strengthening of
the antibacterial effects on t gen.

Interestingly, the results on t¥ synergistic effects in the disk diffusion test also showed a direct correlation with
the inhibitory effect, so that the growth inhibition zones in the combination test for both the active ingredients
and the extracts were greater than those in the combination test for either alone. In these tests, the extracts and
active ingredients showed synergistic effects, probably due to the presence of common active ingredients in the
plants, namely carvacrol and hypericin. This was also confirmed in the test of active ingredients and their synergistic
effects.
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Figure[l. Synergistic eWsts ination of
hydroalcoholi 1 e&ypericum
perforatum ctive ingr nts carvacrol
and hyperici *ckerboard testina

¢

Figure l. Synergistic effect of combinatio
hydroalcoholic Origanum vulgare and H!
perforatum extracts, and active ingredig¢nts
and hypericin by means of Fratini doub

synergistic test. @‘

cts on Gram-positive and Gram-negative bacteria [3-57). S perforatum has a range

O. vulgare has anti‘crobi

of antimicrobial ad@¥idQ against Phcteria, viruses, fungi and yeasts (38-42]. Unli cs and chemotherapeutic

agents, fe essed the potential mechanisms for progytiof@pf plant-derived products [43].
compounds, as well as their active ingredients, through mediating metabolism

s‘hibiting the function of inhibitors that affect n&gignts in the environment, interfering

ocoises at the nucleus or ribosome level, inducing in the membrane or even interfering

metabolism [44]. The synergistic compounds i y are likely to exert their effects through

han one of these mechanisms.
confirmed the synergistic properties of hydr O. vulgare and H. perforatum extracts against S.
H. perforatum, as well as combination of carvacrol

and hypericin will allow us to use a lower concentr the extract or their active ingredients, hence reducing

the possible toxic effects.

Fratini er al. (2017) showed that essen{hl W. vulgare L. and Leptospermum scoparium have synergistic
effects against S. aureus 29]. In genggal, herll plants in the laminaceae family are known for their antimicrobial
effects, which is due to high levels of{8henol pounds such as carvacrol and thymol. It has been shown that the
cardinal action mechanism of carvacr@}on bacterial cells involves the decomposition of proton-motive force and
the drainage of the ATP pool wﬁgo cells (45]. The only antibacterial principle isolated to date is a hypericin,

hyperforin and tetraketone

% fect of carvacrol and hypericin was 0.49, and the synergistic effect of O. vulgare
and H. perforatum Jias aign0. YW ne of the reasons why the combination of carvacrol and hypericin has a better
effect than O, vulgare . perforatum is the purity of effective compounds. Overall, O. vulgare and H. perforatum
extracts and at\grol and hypericin may be an effective alternative to chemotherapeutic drugs in staphylococcal
infections.

Conclusion & future perspective

The presentstudy provided evidence of the antimicrobial and synergistic effects of the combination of hydroalcoholic
O. vulgare and H. perforatum extracts, as well as combination of carvacrol and hypericin, on S. aureus infection.
This suggests that, in the future, this combination could be used as a polyherbal antibiotic compound to control
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bacterial infections, especially of S. aureus. We did not examine the possible synergistic effects of the plant extract
or their active ingredients with commercial antibacterial agents. If they possess synergistic activity with commercial
antibiotics, this could have several beneficial effects for patients. This synergistic activity could enable the reduction
of doses of commercial antibiotics, which in turn would reduce their toxic effects. Furthermore, infection is always
associated with oxidative stress. Therefore, these plants with their antioxidant properties may reduce the injuries
associated with these infections.

Executive summary

e This experimental study was designed to evaluate the antibacterial and synergistic a
extracts of herbs of Origanum vulgare and Hypericum perforatum and their actiyg
hypericin, against Staphylococcus aureus.

e The synergistic effects of H. perforatum and O. vulgare, and carvacrol and hy
Checkerboard test and AZDAST test against S. aureus.

e A fractional inhibitory concentration of 0§ was obtained for combigation of
0.49 for combination of the active ingredients carvacrol and hyperi

are and H. perforatum and
oth of which indicate a synergistic effect.

foratum, as well as combination of

e The results of this study indicate that combination of O. vulgare and H.
ialsVagainst S. aureus strain.

carvacrol and hypericin, might be used as a new strategy for anti

\g
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