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ABSTRACT: New antibacterial strategies are needed in response to increasing antibiotic resistance. Methicillin-resistant
Staphylococcus aureus infections are serious problem in many countries. Morbidity and mortality due to MRSA have
increased over time worldwide. Natural products continue to be a notable source for development of new antibacterial
agents. Curcuma longa L. products and active constituents have been shown to exhibit remarkable bioactivity. While most
studies have focused on curcumin alone, a comparative study on Curcuma longa extracts with solvents of differing
polarity is needed to determine its potential against MRSA isolates and strains. In this study, antibacterial, antifungal
and antibiofilm activity of hexane, dichloromethane, ethanol and water extracts of turmeric rhizomes were assessed
against clinical isolates and standard strains. The hexane (MIC: 32 pg/ml, inhibition zone: 10 mm) and dichloromethane
extracts (MIC: 32 ug/ml, inhibition zone: 10 mm) exhibited highest activity against clinical isolates. For standard strains
of S. aureus, MIC values were determined to be 64 pg/ml and 128 pg/ml with an inhibition zone of 11 mm for hexane
and dichloromethane extracts, respectively. Both extracts reduced total protein levels in clinical isolates. At MIC values,
hexane extract was able to inhibit biofilm formation, whereas dichloromethane extract was not. Against standard strains
of E. coli and C. albicans, highest activity was also determined with hexane and dichloromethane extracts with a MIC
value of 64 ng/ml. Although dichloromethane or ethanol extracts have been the main interest to date, hexane extract
from turmeric rhizomes may also be evaluated for further research against MRSA.
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1. INTRODUCTION

Methicillin-resistant Staphylococcus aureus (MRSA) became critical epidemiological issue of hospitals
across the world since 1980s. Hospitals of all sizes have been dealing with deadly MRSA infections. Aside
from nosocomial infections, MRSA is a deadly agent that has begun to infect healthy children and adults in
the community. The risk of infection is increased by S. aureus and MRSA’s spread and existence in the nose.
[1]. S. aureus strains are microorganisms that cause serious illnesses as life-threatening infections
(bacteraemia, pneumonia, endocarditis) [2]. The infection site and host immunity differences lead to various
outcomes ranging from localized infections to serious and invasive infections [3].

High rates of resistance to several antimicrobial drugs are observed in S. aureus strains. Distinct
virulence factors were determined. These virulence factors have key role in bacterial pathogenesis and
enable them to evade host's defense mechanisms [3]. While virulence factors are assumed to be the only
cause in certain situations where S. aureus is the causal agent, in many cases several virulence factors are
thought to impact the course of infection in combination [4]. Biofilms are communities of microorganisms in
the “slime” layer formed by bacteria and other microorganisms on foreign surfaces and include
monosaccharides, proteins and small peptides. It is also seen in infections caused by catheters, grafts, shunts,
prosthetic valves and joints [1]. S. aureus increases drug resistance and complicates treatment by forming
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matrix-coated biofilm in tissues and medical devices [5]. Another S. aureus virulence factor is staphylococcal
protein A. Protein A is bound to the peptidoglycan or cytoplasmic membrane and has specific affinity for the
Fc portions of different immunoglobulins (IgGl, IgG2 and IgG4). The binding of protein A to
immunoglobulins protects S. aureus against antibody-dependent immune clearance [1]. Regulatory genes
such as agr (accessory gene regulator), and sar (staphylococcal accessory regulator) control virulence factors.
Global regulatory genes coordinate expression of various staphylococcal genes. Expression ratios of different
genes can be clinically important, where varying virulence determinants are determined at different stages
of Staphylococci infections [6].

Novel antibiotics are increasingly needed to treat infections caused by multidrug-resistant bacteria,
such as vancomycin-resistant Staphylococcus aureus (VRSA), MRSA, and Enterobacteriaceae members, that
shows resistance to practically all antibacterial medications currently on the market. The COVID-19
pandemic has resulted in a greater clinical usage of antibiotics overall, which has accelerated the evolution of
bacterial resistance. This underscores the unfulfilled medical need for novel medicines. Natural products
have been a key component in the creation of most antibiotic medications now in clinical use since the mid-
1900s, which was described as the golden era of antibiotic discovery. Antibiotics of natural origin work by
directly preventing the development of bacteria or eliminating them; they can also function as
immunomodulators to protect host cells from pathogenicity, or as potentiators that enhance or change other
agents [7].

Curcuma longa L. (turmeric) belongs to the Zingiberaceae family. Turmeric has been grown in tropical
and subtropical climates. Turmeric is a native of India and Southeast Asia, which is commonly benefited for
cuisine, flavoring, and medicine. Numerous activity investigations addressing antioxidant, anti-
inflammatory, antiproliferative, anticancer, and antiaging properties have examined the medicinal potential
of turmeric. It has traditionally been employed to treat skin conditions, colds, ulcers, and parasite infections
[7, 8]. Turmeric poultices are used in traditional Indian medicine against skin conditions, bites, burns, acne,
and common eye infections. Additionally, the poultice is used to help healing of birth canal lacerations.
Turmeric powder is eaten with boiled milk to treat respiratory conditions including coughs, while roasted
turmeric is used as against dysentery in children. In addition, it is used to treat ulcers, indigestion, gas,
dyspepsia, and acidity in the stomach [9]. Besides India, turmeric has been used with various purposes in
many other countries. It has been used in drinks in Japan and Korea; utilized for the manufacturing of
cosmetics in Thailand and dyes in China; benefited as an antiseptic in Malaysia and as an antiinflammatory
agent in Pakistan[10]. Turmeric rhizomes are composed of carbohydrates (69%), proteins (6%), fats (5%),
minerals (4%), and moisture (13%). The main constituents are curcuminoids as curcumin,
demethoxycurcumin, and bisdemethoxycurcumin. Although the studies have focused mainly on curcumin,
other curcuminoids have also been shown to possess biological activities. Curcumin is soluble in acetone,
methanol, ethanol, but is not soluble in water [11].

The need for novel antibacterial approaches has arisen from the fast development of antibiotic
resistance and a lack of medications in treating drug-resistant bacterial illnesses. Natural products continue
to be one of the major fields for developing new antibacterials and have proven to be effective treatments
against bacterial infections [12].

A comparative investigation for antimicrobial and antibiofilm activity of turmeric extracts against
standard bacterial and fungal strains, and clinical isolates of MRSA were aimed in this study.

2. RESULT
2.1. Resistance profiles of the isolates

The resistance profiles of 81 out of 100 isolates were determined using the BD Phoenix device. The
resistance profiles were shown with Table 1 and 2.

81 isolates were found resistant to penicillin and studies were continued with these MRSA isolates. A
total of 12 antibiotic drugs were used in antibiotic susceptibility tests. In addition to penicillin resistance, 81
isolates (100%) were found resistant to cefoxitin, 48 (59%) to erythromycin, 40 (49%) to tetracycline, 37 (46%)
to levofloxacin, 33 (41%) to rifampicin, 32 (39%) to clindamycin, 30 (37%) to gentamicin and 24 (30%) to
trimethoprim/sulfamethoxazole. No resistance to linezolid, vancomycin and teicoplanin was observed. The
antibiotic susceptibility test results were presented with Table 2, where among 81 MRSA isolates, 45 were
determined with resistance against 5 or more antibiotics. As a representative of the each antibiotic resistant
group presented with Table 2, 8 isolates were selected for antimicrobial and antibiofilm activity studies. All
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strains were categorised into 8 subgroups based on their antibiotic resistance/sensitivity profiles, as
determined by the results of the antibiotic susceptibility testing.

Table 1. Resistance profile of 81 bacterial isolates

. . . . Not Resistance
Antibiotics Susceptible Intermediate Resistant Determined Ratio
Penicillin - - 81 - 100%
Cefoxitin - - 81 - 100%
Clindamycin 49 - 32 - 39.5%
Erythromycin 32 1 48 - 59.3%
Tetracycline 41 - 40 - 49.4%
Trimethoprim/ o
Sulfamethoxazole 51 ) 2 6 29.6%
Levofloxacin 42 1 37 1 45.7%
Rifampicin 40 1 33 7 40.7%
Gentamicin 49 2 30 - 37.0%
Linezolid 81 - - - 0.0%
Vancomycin 81 - - - 0.0%
Teicoplanin 81 - - - 0.0%
Table 2. Number of isolates determined with antibiotic resistance
Resistance Profile Number of isolates

9 antibiotics 5 isolates

8 antibiotics 5 isolates

7 antibiotics 13 isolates

6 antibiotics 8 isolates

5 antibiotics 14 isolates

4 antibiotics 10 isolates

3 antibiotics 8 isolates

2 antibiotics 18 isolates

1 antibiotic -
* Isolates with intermediate susceptibility were considered resistant.
* The resistance profiles of 81 isolates were presented with Supplementary.

2.2. Antimicrobial activity studies
2.2.1. Disk diffusion test

The mean inhibition zone diameters provided by Curcuma longa extracts against MRSA isolates and
standard strains were determined with disc diffusion test (Table 3 and 4). The inhibition zone diameters
were found as ranging 9.00mm to 10.00mm for hexane extract, 9.00mm to 11.00mm for dichloromethane
extract, 10.00mm to 11.00mm for ethanol extract and 7.67mm to 8.00mm for water extract. While hexane,
dichloromethane and ethanol extracts were determined with inhibition zones against all 8 MRSA isolates,
water extract was not observed to produce inhibition zone against 3 isolates.

In disc diffusion tests, different levels of antimicrobial effect against standard strains of bacteria and
fungi were also determined with Curcuma longa extracts. Inhibition zone diameters were determined as
11.00mm, 12.00mm and 13.00mm with hexane extract, 11.00mm, 11.00mm and 12.00mm with
dichloromethane extract, 10.00mm, 11.00mm and 10.00mm with ethanol extract, and 8.00mm, 8.00mm and
8.00mm with water extract against standard strains of S. aureus, E. coli and C. albicans, respectively (Table 4).

2.2.2. Microdilution method

The minimum inhibitory concentration (MIC) values exhibited by Curcuma longa extracts against
MRSA isolates and standard strains were determined with microdilution method (Table 3 and 4). MIC
values were found as ranging between 32 to 1024 pg/ml for hexane extract, 32 to 128 pg/ml for
dichloromethane and ethanol extracts, and 512 to >1024 ng/ml for water extract.

Regarding the standard strains, MIC values were determined as 64-64-64 pg/ml for hexane extract,
128-64-64 pg/ml for dichloromethane extract, 128-64-128 pg/ml for ethanol extract, >1024->1024->1024
ng/ml for water extract for S. aureus, E. coli, C. albicans, respectively. To determine if the antimicrobial
activity was specific to Gram-positive bacteria, E. coli and C. albicans were included as a representative of
Gram-negative bacteria and yeast.
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Table 3. Inhibition zone diameter (mm) and minimum inhibitory concentrations (ug/ml) obtained with Curcuma
longa extracts against clinical MRSA isolates

Extracts MRSA-Nol = MRSA-No2 MRSA-No3  MRSA-No4 MRSA-No5 MRSA-No6  MRSA-No7  MRSA-No8

9.00+0.00 10.00+0.00 10.00+0.00 9.00+0.00 9.00+0.00 9.00+0.00 10.00+0.00 10.00+0.00
1024 ng/ml 1024 pg/ml 1024 pg/ml 512 pg/ml 512 ug/ml 1024 pg/ml 32 pg/ml 1024 pg/ml

10.00+0.00 11.00+0.00 11.00+0.00 11.00+0.00 10.00+0.00 10.00+0.00 10.00+0.00 9.00+0.00
128 pg/ml 64 pg/ml 32 pg/ml 32 pg/ml 32 pg/ml 64 ng/ml 32 pg/ml 64 ng/ml

Ethanol 10.00+0.00 11.00+0.00 11.00+0.00 10.00+0.00 11.00+0.00 11.00+0.00 11.00+0.00 11.00+0.00
128 pg/ml 64 pg/ml 64 pg/ml 64 ng/ml 32 pg/ml 128 ug/ml 32 pg/ml 128 ug/ml

Hexane

Dichloromethane

8.00+0.00 7.67+0.58 8.00£0.00 ND 8.00£0.00 ND ND 8.00+0.00

Water >1024 pg/ml 512 pg/ml 512 pg/ml 1024 pg/ml 1024 pg/ml 512 pg/ml 1024 pg/ml 1024 pg/ml

ND: Inhibition zone diameter not determined

Table 4. Inhibition zone diameter (mm) and minimum inhibitory concentrations (ug/ml) obtained with Curcuma
longa extracts against standard strains

Extracts Staphylococcus aureus ESChem.Chm Cm‘zdzdu
coli albicans
Hexane 11.004£0.00 mm 12.00+0.00 mm 13.000.00 mm
64 pg/ml 64 pg/ml 64 pg/ml
Dichloromethane 11.00£0.00 mm 11.00£0.00 mm 12.00+0.00 mm
128 pg/ml 64 pg/ml 64 pg/ml
Ethanol 10.00£0.00 mm 11.00£0.00 mm 10.00+0.00 mm
128 pg/ml 64 pg/ml 128 pg/ml
Water 8.00+0.00 mm 8.00+0.00 mm 8.00+0.00 mm
>1024 pg/ml >1024 pg/ml >1024 pg/ml

2.3. Antibiofilm activity studies
2.3.1. Biofilm production capacity of the microorganisms

The biofilm production capacities of MRSA isolates were investigated, where 5 MRSA isolates
(MRSA-1, 2, 3, 4, 5) were found to produce strong biofilm and 3 MRSA isolates produced moderate biofilm
(MRSA-6, 7, 8). Among the standard strains, Gram-positive bacteria S. aureus produced moderate biofilm,
while E. coli and C. albicans produced low biofilm.

2.3.2. Antibiofilm activity tests

In experiments with Curcuma longa extracts, biofilm formation by S. aureus, E. coli and C. albicans were
inhibited as 30.6%, 22.5% and 30.8%, respectively, in the presence of hexane extract. The water extract also
inhibited biofilm formation by standard strains (Figure 1 and 2).

Similarly, hexane extract inhibited the biofilm production capacity of all 8 MRSA isolates, whereas
water extract suppressed biofilm production levels of 5 isolates. In addition to inhibiting biofilm production
levels in MRSA isolates, some extracts were shown to induce biofilm production at MIC levels;
dichloromethane and ethanol extracts induced biofilm production in 7 isolates. Dichloromethane and
ethanol extracts had no effect on biofilm production in one of the isolates, while water extracts exhibited no
effect on 3 isolates.

Extracts MRSA-Nol MRSA-No2 MRSA-No3 MRSA-No4 MRSA-No5 MRSA-No6 MRSA-No7 MRSA-No8
Hexane l l l l l l l l
Dichloromethane T T - T T T T T
Ethanol T T - T T T T T
Water l, - l l l l _ _

({): Biofilm inhibition
(1): Biofilm induction
(-): No effect
Figure 1. Activity of Curcuma longa extracts on biofilm formation in MRSA isolates
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Extracts Staphylococcus aureus ESC}ZZZ.C]W ;‘;?g;::
Hexane l l l
Dichloromethane - - -
Ethanol - - -

Water l l l
(1): Biofilm inhibition
(1): Biofilm induction
(-): No effect

Figure 2. Activity of Curcuma longa extracts on biofilm formation in standard strains
2.4. Polymerase chain reaction studies

As aresult of PCR findings, the isolates carrying the investigated gene regions belonging to different
virulence factors were shown in Figure 3. Six gene regions (emp-clf A-clfB-fnbp A-fnbpB-cna) investigated in
MRSA isolates were found positive in all 8 isolates. Three gene regions (eap, icaD and fib) of different
virulence factors were not detected in MRSA isolates.

Gene region MRSA-Nol MRSA-No2 MRSA-No3 MRSA-No4 MRSA-No5 MRSA-No6 MRSA-No7 MRSA-No8

eap - - - - - - - -
emp + + + + + + + +
icaD - - - - - - - -
clfA + + + + + + + +
clfB + + + + + + + +
fnbpA + + + + + + + +
fnbpB + + + + + + + +
cna + + + + + + + +
fib - - - - - - - -

eap/ map: extracellular bindingprotein gene, emp: extracellular matrix bindingprotein, icaD/ pia: polysaccharide intercellular adhesin, clfA:
clamp factors A, clfB: clamp factors B, fnbpA: fibronectin bindingproteinsA, fnbpB: fibronectin bindingproteinsB, cna: collagen bindingprotein,
fib: fibrinogen bindingprotein

(+): Gene region determined, (-): Gene region not determined

Figure 3. Polymerase chain reaction results
2.5. Protein content analysis of MRSA isolates

The findings presenting the changes in protein amounts in MRSA isolates after exposure to Curcuma
longa extracts were shown with Figure 4. As a result of the comparison of the groups exposed (experimental
group) and not exposed (untreated group) to extracts, it was determined that dichloromethane extract
decreased the total protein amount in all MRSA isolates studied. Hexane extract suppressed the total protein
amount in 7 isolates.

Extracts MRSA-Nol MRSA-No2 MRSA-No3 MRSA-No4 MRSA-No5 MRSA-No6 MRSA-No7 MRSA-No8
Hexane - ! ! ! l l l 1
Dichloromethane l l l l l l l l

(1): Total protein inhibition
(-): No effect

Figure 4. Effect of Curcuma longa extracts on total protein content

3. DISCUSSION

As a result of this study, the antimicrobial potential of turmeric extracts on MRSA isolates and some
bacterial and fungal standard strains were compared. The activity of extracts against biofilm formation in
MRSA isolates and standard strains were also investigated. In addition to phenotypic studies, genotypic
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methods as PCR and protein assays were applied to examine gene regions of different virulence factors in
MRGSA isolates, where the effects of extracts on the total protein amount in isolates were investigated.

With studies on crude extracts, aqueous Curcuma longa rhizome extract was shown to provide no
inhibition zone and 14.3 mm zone at 250 mg/ml, while MIC values were found as 6 and 4 mg/ml against
S.aureus and E.coli [13]. Ethanol extract (23.42 %w/w curcumin content) was determined with a MIC of 128
and 256pg/ml for S. aureus and C. albicans [14]. When hexane, ethanol extracts were compared with
curcuminoid-rich ethyl acetate fraction (86.5% curcumin content) obtained from Curcuma longa rhizomes, the
ethanol extract was reported with stronger activity compared to hexane extract and curcuminoid-rich
fraction. Inhibition zone diameters were determined as 16.55 mm, 9.87 mm and 11.12 mm against S. aureus
with ethanol, hexane extracts and curcuminoid fraction, respectively, while inhibition zone was not
determined against E. coli [15].

Previously, chloroform, methanol, water extracts from turmeric rhizomes were found to possess
inhibition zone diameters of 7, 9, 0 mm against C. albicans; 8, 10, 7 mm against E. coli; 9, 13.5, 0 mm against S.
aureus. at 12 pg dose, respectively [16]. Benzene, chloroform, methanol and water fractions of turmeric
rhizomes were found to provide inhibition zone of 17, 13, 20, 12 mm against standard strains and of 11, 14,
19, 11 mm against clinical isolates of S. aureus at 100 mg/ml dose, respectively. Inhibition zones of 20, 13, 23,
18 mm were determined with benzene, chloroform, methanol and water fractions against standard strains of
S. aureus at 250 pg/disc dose [17]. Similar to our findings, water extracts had been determined with lower
activity against S. aureus compared to moderate/low polarity extracts of ethanol and hexane. The cause of
differences for MIC values was credited to solubility of the samples tested and the sample solvent used, the
methods used for MIC evaluation, and the purity of the test samples in reviews covering various studies [7,
12].

The antibiofilm activity of the extracts was investigated in MRSA isolates and standard strains. At
the MIC values, hexane and water extracts inhibited biofilm formation in MRSA isolates, whereas
dichloromethane and ethanol extracts had inductive and no effect on 7 and 1 MRSA isolates, respectively.
Similarly, on the standard strains, hexane and water extracts both inhibited biofilm formation, whereas
dichloromethane and ethanol extracts had no effect. The use of higher doses than MIC values for
dichloromethane and ethanol extracts can be considered for the inhibition of biofilm formation in MRSA
isolates, while no effect was also observed in standard strains. One of the primary virulence characteristics of
bacteria is their ability to form biofilms, making them extremely difficult to treat. The eps matrix that the
biofilm cells embed in themselves reduces their sensitivity to antimicrobial compounds and immune system
cells [18]. Therefore, there can often be a discrepancy between the doses that show antibacterial activity and
those that are reported to inhibit biofilm [19]. Environmental stress can activate systems associated with
biofilm formation, which in turn can cause bacteria to respond and initiate the process of biofilm formation,
especially if therapeutic agent’s dose is insufficient [20]. As we also noted, although antibacterial activity was
obtained, the cause of biofilm induction by dichloromethane and ethanol extracts might be related to this.
Membrane permeability might have effect on the efficacy of the extracts. However, it was likely that in the
biofilm environment, where MRSA isolates were embedded in the eps matrix, the interaction of the active
content with the membrane is reduced, resulting in lower efficacy. There are many variables that can affect
the activity of plant extracts with apolar solvents (i.e. hexane) on biofilm. Hexane is generally good at
dissolving the fat soluble (lipophilic) components of plant extracts. These components typically consist of
lipophilic phytochemicals and sterols [21]. It can be concluded that the hexane extract, which is rich in fat-
soluble compounds, may diffuse more efficiently into the lipid-rich biofilm structure and therefore produces
stronger antibiofilm activity.

Regarding the content of Curcuma longa extracts investigated with our previous study [22] the
dichloromethane extract which was determined to have the highest antimicrobial activity against MRSA
isolates, had also been quantified as having highest total phenol (204mg GAE/g) and flavonoid (484mg
QE/g) contents . Considering the literature data, where curcumin was pointed out with the antimicrobial
potency [7, 12], consistent results were observed as the highest curcumin (101mg/g) and total curcuminoid
(178mg/g) content had been quantified with LC-MS/MS analysis in dichloromethane extract among
Curcuma longa extracts [22]. Following the dichloromethane extract, the ethanol extract was secondarily
quantified for highest total phenol (188mg GAE/g) and flavonoid (398mg QE/g) contents by
spectrophotometry, and curcumin (55mg/g) and total curcuminoid (102mg/g) contents by LC-MS/MS. The
highest levels of demethoxycurcumin and bisdemethoxycurcumin were found in the dichloromethane
extract with 39mg CE/g and 38mg CE/g. Previous studies had demonstrated the antimicrobial activity of
curcumin derivatives as demethoxycurcumin and bisdemethoxycurcumin against MRSA in addition to

https://doi.org/10.12991/jrespharm.1694295
J Res Pharm 2025; 29(3): 1122-1133

1127



Koyu et al. Journal of Research in Pharmacy
Antimicrobial activity of Curcuma longa L. extracts against MRSA Research Article

curcumin. The MIC of demethoxycurcumin against MRSA was found as 62.5ug/ml [23], while
bisdemethoxycurcumin’s was found as 7.8pg/ml [24]. Against 10 strains of MRSA (including clinical
isolates and standard strains), curcumin was shown to have MIC values of 125-250 pg/ml [25]. In accordance
with the results of bioactive content analysis and consistent with the literature data [7, 12], strongest
antimicrobial activity was determined with phenolic and curcumin rich extracts. Although the hexane
extract was quantified as yielding remarkably lower total phenol (147mg GAE/g) and flavonoid (32mg
QE/g) contents, yielding equivalent amounts of curcumin (56mg/g) with the ethanol extract could be
interpreted as the reason for its antimicrobial potential against standard strains (Table 4). Both the literature
studies and the data obtained from this research indicate that Curcuma longa extracts have varying degrees of
antibacterial activity, depending on the extraction solvent and the type of bacteria [17]. In this study,
dichloromethane and ethanol extracts were found as most effective ones in antibacterial activity experiments
against MRSA isolates. As the primary antibacterial effect is thought to be associated with curcumin, it is an
expected result that extracts with the highest curcumin content exhibit higher activity [12]. Interestingly, in
the antimicrobial tests performed on standard strains, hexane extracts were found to have higher activity.
The difference in effect between standard strains and clinical isolates could be related to lower sensitivity of
clinical isolates to the antibacterial effects of different groups of compounds. In addition, the possible capsule
structure of clinical isolates may allow less penetration of the hexane extract into the cells compared to
standard strains. In extracts with higher levels of curcumin, it is likely that the curcumin damages the cell
membrane, allowing a higher amount of extract content to penetrate the bacteria [26]. Synergistic
antibacterial activity of curcumin with traditional antibacterials was shown [7]. Due to the synergistic effect,
MIC of 25 pg/ml was obtained when curcumin's antibacterial activity was assessed against both standard
and clinical strains of S. aureus using eight different antibiotics. [27]. Curcumin-rich dichloromethane extract
could also be benefited with an important potential for combination therapies against MRSA.

The effect on Curcuma longa extracts on total protein content of MRSA cells were investigated. The
dichloromethane extract was found to decrease total protein amounts in all MRSA isolates, while hexane
extract reduced total protein amounts in 7 isolates. S. aureus has about 20 proteins covalently linked to
peptidoglycan on its surface. These proteins adhere to host cells and produce biofilms, among other
functions [28]. As peptidoglycan makes up a large portion of the structure of the Gram-positive cell wall, the
presence of molecules such as curcumin, which act by interacting with the cell membrane, results in a
remarkable reduction in total protein amounts [29]. Likewise, the results of the BCA assay showed the
decrease in total protein levels in the presence of the hexane and dichloromethane extracts.Numerous
distinct virulence factors and various combinations of these virulence factors are present in S. aureus [30). In
terms of the course and severity of the infection, it has been recognised that they are responsible for the
virulence factors either individually or in combination. For instance, the fibronectin binding proteins (FnBPs)
and collagen binding protein (Cna), which are members of microbial surface components recognising
adhesive matrix molecules (MSCRAMMs), are crucial structures that facilitate the adhesion and invasion of
microorganisms [31]. As a result, the presence of pertinent genes in all of the isolates included in the study
indicates that the strains have the potential to cause systemic complications in addition to superficial
infections. Furthermore, it is well-established that fibronectin binding proteins are essential, particularly
during the initial phases of biofilm formation, and they are responsible for the production of biofilm [32].
The 100% occurrence of this gene can be attributed to the participation of 8 biofilm producing strains in the
study.

The clumping factors, clfA and clfB, share a high degree of sequence similarity and a comparable
molecular architecture. However, the fibrinogen binding domains (A domain) exhibit less similarity, and
there are also significant variations in their expression. clfA is expressed continuously during bacterial
growth, whereas clfB is only expressed during the initial logarithmic phase [33, 34]. This is believed to occur
because the presence of clfA and clfb enables them to work jointly in a way that enhances the ability of cells
to adhere more strongly to surfaces coated with fibrinogen during the bacterial growth cycle [35]. The
identification of all 8 representative strains in the study with 6 different virulence factors is remarkable for
assessing the pathogenicity of the strains and determining the potential effects of the extract on highly
virulent strains that may be more resistant to treatment.

The antimicrobial and antibiofilm effects of turmeric extracts were investigated in this study. The
extracts were found to have antimicrobial and anti-biofilm activity in bacteria, thus suppressing production
of virulence factors and reducing infection potential by Staphylococci. Resistance rates to antimicrobials in
MRSA isolates among staphylococci are increasing day by day and antimicrobial options in the treatment of
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infection are becoming limited. Therefore, research on treatment options against staphylococcal infections is
still required.

4. CONCLUSION

According to the results, 81 MRSA isolates were found resistant to penicillin. 5 isolates were resistant
to 9 antibiotics and 5 isolates were resistant to 8 antibiotics. Among 81 MRSA isolates, 45 isolates were
resistant to 5 or more antibiotics. Curcuma longa extracts were found to have different levels of antimicrobial
activity against MRSA isolates and standard strains, where highest activity was determined with curcumin-
rich dichloromethane extract with a MIC of 32ug/ml against MRSA isolates. Six gene regions (emp-clfA-
clfB-fnbpA-fnbpB-cna) investigated in MRSA isolates were found positive in 8 isolates. It was found that
dichloromethane extract decreased the total protein amount in all isolates. New antimicrobials and
alternative treatment strategies like combination of natural products with existing antibiotics are required to
control infections caused by drug-resistant pathogenic microorganisms. Further studies involving different
virulence factors and mechanism of action, including biofilm structures, are required. The hexane and
dichloromethane extracts of Curcuma longa rhizomes can be potential sources with remarkable antimicrobial
activity for research against MRSA.

5. MATERIALS AND METHODS
5.1. Plant material and extractions

Turmeric (Curcuma longa L.) dried rhizomes were obtained from Bagdat Baharat Ltd. A voucher
specimen (IZEF-6713) containing the studied plant material was also stored in the IZEF Herbarium of Ege
University, Izmir. Plant material was kept in a dark, cold area during the study, and powdered before the
extractions.

Prior to extraction, dried rhizomes were powdered using a blender (Isolab). Powdered material (10g)
was combined with extraction solvents (200ml) in glass flasks. The extraction solvents (hexane,
dichloromethane, ethanol, and water) were selected to cover a wide range of polarity. The extractions were
performed in the dark at 30°C for 1 h with ultrasonic bath (Isolab 13lt). After three cycles, collected filtrates
were combined and evaporated at 40°C (Buchi R100). The extracts were completely dried via vacuum
concentrator (Thermo Scientific-Speedvac) and lyophiliser (Labconco-Freezone). Extracts were stored at -
24°C throughout the study [22].

5.2. Chemicals

Hexane, dichloromethane, ethanol, Mueller-Hinton agar, Mueller-Hinton broth, tryptic soy broth,
Luria-Bertani broth were obtained from Merck (Darmstadt, Germany); Sabouraud dextrose agar, Sabouraud
dextrose broth, phosphate buffered saline, from Oxoid (Wesel, Germany); Taq DNA polimerase, ANTP from
Fermentas (Waltham, USA); DNA Ladder from Thermo Scientific (Waltham, USA). All chemicals were of
analytical grade. Water was obtained using Stakpure Omnia Type-I UltrapureWater (Niederahr, Germany).

5.3. Microbial strains and isolates

Studies were conducted on standard strains (Staphylococcus aureus ATCC29213, Escherichia coli
ATCC25922 and Candida albicans ATCC90028) and 100 of S. aureus isolates obtained for a previous study by
Department of Medical Microbiology, Izmir Katip Celebi University, Ataturk Education and Research
Hospital [36]. To determine if the antimicrobial activity was specific to Gram-positive bacteria, E. coli and C.
albicans were included as a representative of Gram-negative bacteria and yeast.

5.4. Antibiotic susceptibility test

Antibiotic susceptibility tests on 100 isolates were conducted with BD Phoenix system. All strains
were categorised into eight subgroups based on their antibiotic resistance/sensitivity profiles, as determined
by the results of the antibiotic susceptibility testing. The selection of bacterial representatives was carried out
phenotypically, utilising antibiotic susceptibilities (Antibiogram typing or Resistotyping). This method has
been employed in studies to facilitate typing S. aureus isolates [37, 38]. Representatives of each cluster were
randomly selected from the isolates comprising the group.

5.5. Antimicrobial activity
5.5.1. Disc diffusion test
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Bacterial strains were incubated with Mueller-Hinton agar (MHA), and fungal strain was incubated
with Sabouraud dextrose agar (SDA) (24 h, 37°C). Suspensions were prepared with saline and adjusted to 0.5
McFarland (Biosan, Den-1). Bacterial suspensions were spread on MHA and fungal suspension was spread
on SDA, and samples were added to 6 mm sterile blank discs. Solvents without samples were studied
separately as negative control. Inhibition zone diameters around the discs were determined after 16 h
incubation (37°C). Ciprofloxacin antibiotic disc and S. aureus ATCC29213 standard strains were used as
positive control. Limit values for quality control were considered in accordance with EUCAST and CLSI
recommendations. Three replicates were performed and mean zone diameter + standard deviation values
were calculated [39].

5.5.2. Microdilution method

Bacterial strains were incubated with MHA and fungal strain was incubated with SDA (24 h, 37°C).
Fresh colonies of bacteria and fungi were suspended with saline and were adjusted to 0.5 McFarland.
Bacterial suspensions were diluted 1/100. Cation adjusted Mueller-Hinton broth (MHB) for bacteria and
Sabouraud dextrose broth (SDB) for fungi was taken 50 puL each and distributed into 96 microplate wells. In
the first wells, the samples (50ul) were placed and diluted with MHB/SDB in 96 microplate wells and finally
bacterial and fungal suspensions (50ul) were added to wells. Ciprofloxacin and S. aureus ATCC 29213
standard strain were used as positive control. Quality control limit values were considered in accordance
with EUCAST and CLSI recommendations. Minimum inhibitory concentration (MIC) was determined as the
lowest concentration at which no visible growth was observed after 16 hours of incubation at 37°C [39].

5.6. Biofilm studies
5.6.1. Biofilm production levels of the strains and MRSA isolates

Biofilm studies on bacteria were performed with a modified method [40]. Firstly, biofilm production
capacity of bacteria was investigated. In the following stages, the effects of samples on biofilm formation
were investigated. All experiments were performed in three replicates. Bacterial strains were incubated
overnight in MHA (37°C). Bacterial suspensions were prepared with saline and adjusted to 0.5 McFarland
turbidity. Tryptic soy broth (180 pl) containing 2.5% glucose was added to 96 microplate wells. 20 ul each of
bacterial suspensions was transferred to wells. The wells were incubated for 24 h (37°C). After the removal
of the medium, the wells were washed with PBS (3 times with 200 ul) and the microplates were inverted and
dried. Methanol (200 pl) was added and kept in wells for 15 min. After removing the methanol, the wells
were dried by inverting the microplates. 0.1% crystal violet solution (200 pl) was transferred to wells and
kept for 5 min. Then, tap water (200 pl) was used for washing the wells (3 times). After drying the
microplates, absolute ethanol (200 pl) was kept in wells for 15 min. Then, the solutions in the wells were
transferred to clean microplates and spectrophotometric measurements (Clariostar, BMG Labtech) were
performed at 570 nm.

Results of triplicate experiments were presented as optical density (OD) t standard deviation.
Statistical analyses (t-test) were performed using Graphpad Prism 5. p<0.05 were considered as significant.

Biofilm production capacities were determined as;

negative; OD < negative control
weak biofilm formation; negative control < OD < negative controlx2
intermediate biofilm formation; negative controlx2 < OD < negative controlx4
strong biofilm formation; negative controlx4 < OD

Tryptic soy broth (2.5% glucose) was used as negative control.

5.6.2. Effect of Curcuma longa extracts on biofilm production

Bacterial and fungal suspensions were prepared with physiological saline and adjusted to 0.5
McFarland turbidity. Tryptic soy broth (160 ul, containing 2.5% glucose) was added to 96 well microplates.
To the wells, 20 ul each of the samples (at MIC levels) and bacterial suspensions were added. The wells were
incubated (37°C) for 24 h. After the removal of the medium, the wells were washed with PBS (200 pl, 3
times). The microplates were inverted for drying. Methanol (200 pul) was kept in wells for 15 min, and then
removed. 0.1% crystal violet solution (200 pl) was transferred to wells and kept for 5 min. Then, tap water
(200 pl) was used for washing the wells (3 times). After drying the microplates, absolute ethanol (200 pl) was
kept in wells for 15 min. Then, the solutions in the wells were transferred to clean microplates and
spectrophotometric measurements were performed at 570 nm [41].
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Results of triplicate experiments were presented as optical density (OD) + standard deviation.
Statistical analyses (t-test) were performed using Graphpad Prism 5. p<0.05 were considered as significant.

5.7. Polymerase chain reaction (PCR) studies

For genomic DNA isolation, the method using lysostaphin and proteinase-K was applied with minor
modifications [42]. Bacterial strains were incubated overnight on MHA. Fresh colonies were suspended with
50pl1 of lysostaphin (100 mg/1 distilled water) and incubated at 37°C for 10 minutes. 50 pl proteinase-K (100
mg/L distilled water) and 150 pl TE buffer (1 mM EDTA/10 mM Tris, pH 7.5) were added and incubated
(37°C) for 20 min. Samples were kept at 95°C for 5 min for deactivation of proteinase-K. DNA-containing
suspensions were stored at -20°C and used for PCR studies. PCR experiments were performed according to
company recommendations and the specific properties of the primers.

Within the scope of PCR, eap/map (extracellular bindingprotein gene), emp (extracellular matrix
bindingprotein), icaD/pia (polysaccharide intercellular adhesin), cIfA (clamp factors A) were detected in
MRSA isolates, The presence of clfB (clamp factors B), fubpA (fibronectin bindingproteinsA), fnbpB
(fibronectin bindingproteinsB), cna (collagen bindingprotein) and fib (fibrinogen bindingprotein) genes were
investigated. PCR reaction mixture (50 pl) was prepared for each sample as containing sterile water (33.6 ul),
Taq buffer (5 pl), 25 mM MgCl> (3 pl), 5 mM dNTP (2 pl), 50 pmol/ul primer forward (1 pl), 50 pmol/pl
primer revers (1 pl), 5 U/pl Taq polymerase (0.2 pl), and 50 ng/ pl of extraction product.

Samples were placed in the thermal cycling device and amplification was performed at the following
times and temperatures; 30 cycles including denaturation (94°C, 1 min), primer annealing (43°C, 1 min),
primer extension (72°C, 1 min).

Agarose (1.5%) was dissolved in 1x TBE. Before solidification, 10 pL/100 ml safeview solution (ABM)
was added to gel. Mixture was homogenized and transferred to the mould. After solidification of gel, comb
was removed and placed in an electrophoresis tank (Thermo Scientific). PCR products were mixed 1/6 with
6X DNA dye (2 pL dye / 10 pL product) and transferred into wells in the gel and electrophoresis was
performed at 100 V for 45 min with a power supply (Bio-Rad). The bands formed were visualised with UV
imaging device (Gen-Box).

5.8. Protein content studies

For the preparation of bacterial suspensions for total protein isolation, bacteria taken from colonies
in fresh bacterial culture were suspended in LB broth (0.5 McFarland adjusted). Bacterial suspensions were
transferred to falcon tubes and kept in a shaking incubator at 200 rpm at 37°C and incubated until 4
McFarland turbidity (~ 4 hours). Bacterial suspensions were aliquoted into 15 ml falcon tubes. Plant extracts
were prepared considering the concentrations. 10 ml of bacterial suspension was added and incubated
(37°C) in a shaking incubator (200 rpm). At 16 h, bacterial suspensions (1 ml) were taken into sterile tubes
and used in total protein isolation experiments [43].

Bacterial suspensions (1 ml, with and without exposure to tested samples) were centrifuged at
5000xg for 3 min at 10°C. Pellets were resuspended with buffer A (100 pl, 20 mM Tris-HCI, pH 7.5, 150 mM
NaCl, 5% glycerol, and 1 mg/ml lysozyme and 100 pg/ml lysostaphin). Bacterial suspensions were
incubated (42°C) for 5 min. Centrifuged (10.000xg, 4°C) for 45 min and supernatants were taken into clean
tubes. Lysates were sonicated with an ultrasonicator (Bandelin, Sonoplus) (10 s, 30%). Lysate protein
concentrations were calculated with BCA Protein Assay Kit (Pierce). Bovine serum albumin was used as
standard. The protocols described by the kit manufacturer were applied. Absorbance values of standard
albumin solutions prepared at different concentrations were obtained with microplate reader and standard
curves were drawn. The absorbance values of the samples for protein determination were calculated by
considering the absorbance values of the BSA standard solutions with known concentrations and the
equation of the line prepared and the changes in the total protein amount were calculated by comparing
with the control (untreated) groups.

All experiments were performed with 3 repetitions. Mean protein change rates and standard
deviation values were calculated. Using GraphPad Prism 5 program (t-test), p<0.05 were considered as
statistically significant.
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