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Abstract 

 Methicillin-resistant Staphylococcus aureus (MRSA) is a priority pathogen due to its multidrug-resistant 

characteristics. This study compared the antibacterial, antibiofilm, bacteriolytic, and efflux pump inhibitory effects of 

Curcuma domestica and Curcuma xanthorrhiza rhizome extracts, both individually and in combination with tetracycline, 

against MRSA. Antibacterial activity and the combinatory effect with tetracycline were assessed using the microdilution 

method. Additionally, antibiofilm, bacteriolytic, and efflux pump inhibitory were investigated. Extracts from C. 

domestica and C. xanthorrhiza exhibited antibacterial effects against MRSA, with Minimum Inhibitory Concentration 

(MIC) values of 125 and 250 µg/mL, respectively. The combination of C. domestica and tetracycline demonstrated a 

synergistic interaction, with a Fractional Inhibitory Concentration Index (FICI) of 0.5. In contrast, the combination C. 

xanthorrhiza and tetracycline showed only an additive effect, with an FICI of 0.6. Computer simulations indicated that 

bisdemethoxycurcumin exhibited the strongest binding affinity to the protein inhibiting topoisomerase ATPase. 

Furthermore, when combined with tetracycline, each extract was effective in inhibiting biofilm formation and efflux pump  

activity in MRSA. This combination also induced cell death by altering membrane permeability. The combination of 

Curcuma extracts with tetracycline demonstrated enhanced antibacterial activity against MRSA compared to the extracts 

used alone. 
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Introduction 

The spread of bacteria that are resistant to 

conventional antibiotics has become an issue of great 

concern and a global threat to health. Multidrug-

resistant bacteria was correlated with the excessive or 

inefficiency use of antibiotics, causing infectious 

diseases to be untreatable, with higher mortality rates 

and increased healthcare costs [1]. Multidrug resistance 

is an acquired resistance in bacteria that can be brought 

on by a number of processes, including membrane 

change (whether by increasing the efflux or decreasing 

the drug uptake), drug inactivation, and drug 

modification. The spread of multidrug-resistant bacteria 

becomes a major problem when it comes to treatment 

[2]. Methicillin-resistant Staphylococcus aureus 

(MRSA) is one of the most cause nosocomial infection 

that has acquired resistance to various antibiotics, 

including tetracycline, fluorquinolones, β-lactams, and 

aminoglycosides [3]. MRSA has several virulence 

factors, one of which is the ability to form biofilms that 

prevent the antibiotic from penetrating through the 

bacterial membrane [4]. 

 Natural compounds with antibacterial properties 

as potential alternatives for the classical antibiotic 

therapy are being discussed. Combining the 
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conventional antibiotics with natural compounds that 

enhance antibacterial activity have been studied and 

offer a good solution to this problem [5]. It may be 

difficult and time-consuming to discover new 

antibacterial agents, and possibility of new resistance 

mechanisms will develop.  

 Numerous phytochemicals are potential novel 

antibacterial agents, such as polyphenols, essential oils, 

alkaloids, lectins, terpenoids, and polypeptides. The 

main mechanism of antibacterial agent of natural 

compounds includes inhibition of bacterial protein 

biosynthesis, inhibition of DNA synthesis and function, 

and disruption of cell wall function and structure [6]. 

 Curcuma domestica Val. and Curcuma 

xanthorrhiza Roxb. are member of the Zingiberaceae 

family, more popular and widely used as condiments 

than for their medicinal purposes. The bioactive 

compounds of Curcuma species (spelling) are 

curcuminoids that includes curcumin, 

demethoxycurcumin, and bisdemethoxycurcumin [7]. 

Curcuminoid has been known to have a potent 

anticancer, antioxidant, also antibacterial activity. 

Curcuminoid content in C. longa and C. xanthorrhiza 

rhizome that were extracted using 96 % ethanol showed 

no significant difference in both samples [8]. The report 

of study by Teow et al. [9] also showed the curcumin 

compound has antibacterial activity against S. aureus. 

Furthermore, species of Curcuma exhibit 

immunomodulatory effects, primarily attributed to 

curcumin, their key bioactive compound [10]. However, 

this plant extract’s effect when combined with 

tetracycline to treat multidrug-resistant bacteria such as 

MRSA is unknown. Thus, the present study aimed to 

determine the synergistic effect of the ethanolic extract 

of C. domestica and C. xanthorrhiza with tetracycline 

on MRSA. The combination effect of extract and 

tetracycline as antibiofilm, bacteriolytic activity, and 

efflux pump inhibitor was also investigated. Computer 

simulations or docking study were performed to support 

the in vitro antibacterial activity of these extracts. 

 

Materials and methods 

 Chemicals and media 

 Tetracycline (Lot number 94F-0497) from Sigma 

Chemical Company, Sodium chloride (NaCl), ethanol 

96 % (pro analysis grade), and dimethyl sulfoxide were 

obtained from Merck, Germany. Crystal violet, 

Phosphate Buffer Saline (PBS) tablets were obtained 

from Oxoid, UK. Brain Heart Infusion (BHI) Broth and 

agar base were purchased from Himedia, India. 

Plant collection and identification 

 Curcuma domestica Val. and Curcuma 

xanthorrhiza Roxb. rhizomes were collected from 

Binjai, Sumatera Utara. Plants were determined by 

Medanense (MEDA) Herbarium, Faculty of 

Mathematics and Natural Science (FMIPA) USU 

(Voucher No. 192/MEDA/2022 and 193/MEDA/2022). 

The fresh rhizomes were sorted, thoroughly cleaned, cut 

into smaller pieces, and dried in an oven maintained at 

40 - 45 °C for several days. The dried rhizomes were 

then ground to produce a fine powder.  

 

 Bacterial strains 

 The testing bacteria used in this study were 

obtained from clinical isolates which are regularly 

collected by Marine Education and Research 

Oranisation (MERO) Foundation in Bali (Indonesia). 

 

 Preparation on ethanolic extract of Curcuma 

domestica Val. rhizome and Curcuma xanthorrhiza 

Roxb. rhizome 

 The fine powder of crude plant of C. domestica 

and C. xanthorrhiza were extracted by maceration using 

ethanol 96 % (pro analysis grade). Extracts were 

concentrated by Rotary evaporator (Buchi R-125) and 

the viscous extracts were stored in a closed container at 

room temperature and protected from light.  

 

 Protein and ligand preparation 

 The investigation began with the design of 

curcuminoid compounds. In this study, curcumin, 

demethoxycurcumin, and bisdemethoxycurcumin were 

used as ligands to interact with protein molecules, 

targeting the crystal structure of a topoisomerase 

ATPase inhibitor to optimize antibacterial activity and 

efficacy. The data of tetracycline and 2-[(3S,4R)-4-

{[(3,4-dichloro-5-methyl-1H-pyrrol-2-

yl)carbonyl]amino}-3fluoropiperidin-1-yl]-1,3-

thiazole-5-carboxylic acid), which represent the native 

ligand for the protein crystal structure 3TTZ was also 

included. The chemical structures of the ligands were 

generated in both 2D and 3D configurations using Chem 

Draw 16.0. The structure of the targeted protein, a 

topoisomerase ATPase inhibitor, was obtained from the 

Protein Data Bank with the PDB ID 3TTZ 

(https://www.rcsb.org/structure/3TTZ).  

 

 Assessment of antibacterial activity 

 In vitro antibacterial activity test was determined 

in 96-well microplate to obtained Minimum Inhibitory 

https://www.rcsb.org/structure/3TTZ


Trends Sci. 2025; 22(5): 9458   3 of 15 

 

Concentration (MIC). The bacterium suspensions were 

prepared in sterile normal saline solution, adjusted to 0.5 

McFarland (equivalent to 1×108 CFU/mL) and then 

diluted to obtained 1×106 CFU/mL [11]. A stock 

solution was prepared by dissolving 4 mg of each extract 

and 4 mg of tetracycline in 1 mL of DMSO. A 2-fold 

serial dilution was performed by transferring 100 µL of 

the stock solution into a sterile microplate containing 

100 µL of BHI broth. Subsequently, 100 µL of the 

MRSA suspension (1×106 CFU/mL) was added to each 

well, and the microplate was incubated at 37 °C for 24 

h. The Minimum Bactericidal Concentrations (MBC) 

were determined for each test sample. Briefly, aliquots 

from wells showing clear, non-turbid solutions were 

reinoculated onto BHI agar plates and incubated at 37 

°C for 24 h [12]. 

 

 Checkerboard assay 

 A synergistic interaction between extracts and 

tetracycline was analyzed using a modest modification 

of checkerboard broth microdilution method [13]. Two-

fold serial dilutions of the plant extracts were carried out 

along the x-axis, while the y-axis of the microplate 

allowed for serial dilution of antibiotic. Bacterial 

suspension was prepared according to the above-

described MIC determination method.  

 The Fractional Inhibitory Concentration Index 

(FICI) for all the combinations were determined using 

this following equation: 

 

FICI =
MIC of tetracycline in combination

MIC of tetracycline alone
+

MIC of extract in combination

MIC of extract alone
 

 

 Interpretation of FICI values as follow: Less than 

0.5, as synergy; ranging from 0.5 to 1, as additive; 

ranging from 1 to 4, as indifferent; and more than 4, as 

antagonistic [14]. 

 

 Molecular docking studies 

 The molecular docking procedure was conducted 

using AutoDock [15-18]. The target protein’s PDB file 

format was imported and transformed into a 

macromolecule in PDBQT file format. The ligand 

structures underwent energy minimization (EM) and 

were then converted to the PDBQT format using 

Chem3D 16.0. In AutoDock, the ligand structures and 

the target protein were chosen. A grid box was defined 

to encompass the binding site residues, with dimensions 

of X: 15 Å, Y: 15 Å, and Z: 15 Å. The center of this grid 

box was positioned at x = −0.450, y = −0.835, z = 1.078. 

The exhaustiveness parameter was set to the default 

value of 8. Subsequently, the most favorable pose with 

the lowest binding affinity and zero RMSD was selected 

for each ligand. A cubic box measuring 40×40×40 Å3 

was generated, with a grid spacing of 0.375 Å. 

Additionally, the interaction between the docked protein 

and ligand was visualized, and saved conformations 

were analyzed using BIOVIA Discovery Studio 2021. 

 

 Inhibition of biofilm-formation assay 

 The anti-biofilm formation activity was evaluated 

by quantitative crystal violet staining assay with slight 

modification [19]. Briefly, 100 μL of fresh inoculated 

MRSA in BHI broth (final concentration 1×106 

CFU/mL) was aliquoted into each well in presence of 

MIC concentration of extract and tetracycline, also in 

concentration on synergistic combination. DMSO 0.5 % 

(v/v) was using as control. The microplate was 

incubated for a full day at 37 °C to initiate the process of 

biofilm formation. After incubation, the supernatant was 

removed, and the microplate was rinsed thoroughly with 

PBS (pH 7.3) and air-dried. To stain the formed biofilm, 

a 0.3 % aqueous solution of crystal violet was added, 

followed by incubation at 37 °C for 30 min. Thereafter, 

mix solution in microplate were removed and washed 3 

times using PBS pH 7.3. Finally, as much as 200 μL of 

ethanol 96 % were added to solubilize the dye bound in 

every cell in microplate and incubated for 15 min in 

room temperature. The optical density at wavelength of 

560 nm (OD560) was measured using Microplate reader 

(Thermo Scientific/Multiskan GO). This following 

formula conducted was used to calculate the percentage 

of biofilm formation in samples.  

 

Percentage of biofilm formation =
OD560 (sample)

OD560 (control)
× 100 

 

 Bacteriolytic assay 

 This study was performed with a modest 

modification as reported by Septama et al. [20].  

Bacteriolysis activity was analyzed which determined 

the degradation of cell membrane integrity allowed by 

measuring the loss of 260-nm absorbing materials and 

absorbance of crystal violet that was not bound on 

MRSA membrane. The bacterial suspensions were 

prepared in sodium chloride 0.9 % aqueous solution and 

adjusted to 04 of OD600. As much as 500 μL of bacterial 

suspensions were mixed with sample solution (extract 

alone (125 µg/mL for C. domestica and 250 µg/mL for 

C. xanthorrhiza) and combination of each extract with 

tetracycline (62.5 µg/mL C. domestica + 0.975 µg/mL 

tetracycline and 125 µg/mL C. xanthorrhiza + 1.95 
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µg/mL tetracycline) in Eppendorf Tube. Mixture 

solution centrifuged at 13,000 rpm for 1 h. As a negative 

control, the untreated cell suspension was employed. 

Supernatant was transferred into microplate to 

determine the Optical Density 260 nm using Microplate 

reader (Thermo Scientific/Multiskan GO). The 

precipitate was treated with crystal violet 0.001 % to 

stain the membrane cell of bacteria and the Optical 

Density 590 nm (OD590) was determined to find out how 

much crystal violet did not bind to the bacterial cell 

membrane. Thus, the percentage of crystal violet uptake 

in supernatant was counted using below equation: 

 

Optical Density 590 nm (treated sampel)

Optical Density 590 nm (crystal violet 0.001 %)
×  100 

 

 Efflux pump inhibitor assay 

 This assay was performed to analyze the effect of 

efflux pump inhibitor from plant extracts on MRSA. 

Briefly, overnight bacterial cultures were inoculated 

into BHI broth and incubated with shaking at 120 rpm 

at 37 °C for 12 h. The bacterial cells were harvested by 

centrifugation at 3,000 rpm for 15 min, washed 3 times 

with PBS (pH 7.3), and resuspended in 0.9 % NaCl. The 

suspension was then adjusted to an OD600 of 0.4. Briefly, 

100 µL bacterial suspension was added into a 96-well 

black microplate containing each of 50 µL testing 

solution [21]. 

 The plates were incubated at 37 °C for 15 min, 

after which and 50 µL EtBr (0.5 mg/L) was added to 

each assay well. Fluorescence was measured as Relative 

Fluorescence Unit (RFU) at an excitation wavelength of 

530 nm and an emission wavelength of 600 nm. 

Measurements were recorded at 0, 5, 15 and 45 min to 

monitor accumulation. 

 

 Data analysis 

 The results of this study was presented as mean 

followed by standard deviation (SD). Statistical analysis 

was performed using ANOVA method followed by 

Tukey’s HSD post hoc test that performed by software 

IBM SPSS v.26. The different value of treated sample 

and control was considered by p value < 0.05.  

 

Results and discussion 

 Antibacterial activity 

 Ethanolic extract of C. domestica possessed the 

potency against MRSA with MIC value of 125 µg/mL, 

while C. xanthorrhiza has MIC value 250 µg/mL. 

Tetracycline inhibited MRSA with MIC value 31.25 

µg/mL (Table 1). This data indicated that both extracts 

had a moderate activity in suppressed the growth of 

selected bacterial resistance.

 

Table 1 MIC and MBC value of extracts and tetracycline against MRSA. 

Samples MIC (µg/mL) MBC (µg/mL) 

Ethanolic extract of C. domestica 125  > 250 

Ethanolic extract of C. xanthorrhiza 250 500 

Tetracycline 31.25 > 62.5 

 

Synergistic effects of extracts and tetracycline 

against MRSA 

 As shown in Table 2, the combination of C. 

domestica extract and tetracycline produced a 

synergistic effect with FICI of ≤ 0.5. In this mixture the 

extract enabled to reduce MIC value of tetracycline 

against MRSA up to 1/32 MIC. On the other hand, 

interaction C. xanthorrhiza with tetracycline against 

MRSA showed additive effect (FICI 0.6). According to 

FICI value, combination of C. domestica with 

tetracycline against MRSA had a very potent activity to 

reduce the concentration of tetracycline by 32 times, so 

the dose of this antibiotic could be suppressed
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Table 2 Fractional inhibitory concentration of C. domestica and C. xanthorrhiza extract in combination with tetracycline 

against MRSA. 

Samples MIC a (µg/mL) MIC c (µg/mL) FICI Interaction 

Ethanolic extract of  

C. domestica/ Tetracycline 
125/31.25  62.5/0.98 0.5 Synergy 

Ethanolic extract of  

C. xanthorrhiza/ Tetracycline 
250/31.25 125/1.95 0.6 Additive 

Note: a = alone; c = combination 

 

Molecular docking 

 Figure 1 indicates that curcuminoid compounds 

display notable affinity values within the protein 

responsible for inhibiting topoisomerase ATPase. 

According to molecular docking data, there are 

predictions about the biological effectiveness of 

curcuminoid compounds, the tetracycline compound, 

and natural ligands serving as positive benchmarks. 

These predictions pertain to their positions within the 

active site of the 3TTZ protein. The evaluation function 

employed to calculate binding affinities between ligands 

and receptors proves to be an effective gauge of binding 

robustness and durability. Elevated negative figures 

signify robust binding energy connections between the 

investigated compounds and the receptor. Among the 

curcuminoid compounds, computer simulations reveal 

that the bisdemethoxycurcumin compound possesses 

the highest binding affinity when compared to 

demethoxycurcumin and curcumin (Table 3)

 

Table 3 Docking score of curcuminoid inside toposimerase ATPase inhibitor active site and its surrounding amino acids 

and binding interactions. 

No Compound ΔG (kcal/mol) Ki (µM) 

1 Curcumin −5.89 48.41 

2 Demethoxycurcumin −6.21 27.94 

3 Bisdemethoxycurcumin −6.79 10.61 

4 

2-[(3S,4R)-4-{[(3,4-dichloro-5-methyl-1H-pyrrol-2-

yl)carbonyl]amino}-3-fluoropiperidin-1-yl]-1,3-thiazole-5-

carboxylic acid (native ligand) 

−4.64 397.45 

5 Tetracycline (positive control) −6.41 20.04 
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Figure 1 2D and 3D interaction of binding mode with 3TTZ enzyme; (a,b) represent the interaction of Curcumin with 

3TTZ enzyme; (c,d) represent the interaction of Demetoxycurcumin with 3TTZ enzyme; (e,f) represent the interaction of 

Bisdemetoxycurcumin with 3TTZ enzyme; (g,h) represent the interaction of 2-[(3S,4R)-4-{[(3,4-dichloro-5-methyl-1H-

pyrrol-2-yl)carbonyl]amino}-3-fluoropiperidin-1-yl]-1,3-thiazole-5-carboxylic acid (native ligand) with 3TTZ enzyme; 

(i,j) represent the interaction of Tetracycline with 3TTZ enzyme. 

 
 

 

(f) 

(b) 

(c) 
(d) 

(e) 

(g) (h) 

(i) (j) 

(a) 
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Anti-biofilm formation activity of the extracts 

 The result of antibiofilm activity in this study 

revealed a concentration-dependent reduction in biofilm 

formation. The combination of extract with tetracycline 

had the better activity compared with single dose of 

them. Percentage of biofilm formation in combination 

C. domestica (62.5 µg/mL) and tetracycline (0.975 

µg/mL) was only 1.3 and 1.7 % when treated with 

combination C. xanthorrhiza (125 µg/mL) and 

tetracycline (1.95 µg/mL) (Figure 2).

 

 

 

Figure 2 Effect of combined C. domestica and C. xanthorrhiza extract with tetracycline on biofilm formation of 

Methicillin-resistant Staphylococcus aureus. The sign (*) indicated that the sample was significantly different from the 

untreated sample (p < 0.05). 

  

Bacteriolytic assay 

 The activity of both extracts on the selected 

antibiotic-resistant bacteria was assessed by measuring 

cell membrane disruption, as indicated by the optical 

density (OD) at 260 nm, which reflects nucleic acid 

leakage from the cells. Additionally, the OD at 590 nm 

was measured to evaluate the amount of free crystal 

violet in the solution, indicating the extent of biofilm 

disruption. As the result, treatment with combination of 

each extract and tetracycline had a higher OD260 value 

and percentage uptake of crystal violet. OD260 value of 

single treated with C. domestica and C. xanthorrhiza 

ethanolic extracts was 0.245 and 0.408, respectively 

against MRSA (Figures 3 and 4). Treatment with 
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tetracycline only gave a OD260 value of 0.039. 

Meanwhile, the OD260 results after administering a 

combination of each extract with tetracycline increased 

the absorbance to 0.986 for C. domestica and 1.037 for 

the combined effect with C. xanthorrhiza. Data analysis 

using ANOVA showed the results of test samples 

treated were significantly different compared to the 

control (p < 0.05).

 

 

 

Figure 3 Effect of combined C. domestica and C. xanthorrhiza extract with tetracycline on bacteriolysis activity on 

Methicillin-resistant Staphylococcus aureus (optical density 260 nm). The sign (*) indicated that the sample was 

significantly different from the untreated sample (p < 0.05). 
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Figure 4 Effect of combined C. domestica and C. xanthorrhiza extract with tetracycline on bacteriolysis activity on 

Methicillin-resistant Staphylococcus aureus (optical density 590 nm). The sign (*) indicated that the sample was 

significantly different from the untreated sample (p < 0.05). 
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Figure 5 Effect of combined C. domestica extract with tetracycline in accumulation EtBr Methicillin-resistant 

Staphylococcus aureus. 

 

 

 

Figure 6 Effect of combined C. xanthorrhiza extract with tetracycline in accumulation EtBr Methicillin-resistant 

Staphylococcus aureus. 
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Discussion 

 This current study showed the different MIC value 

of C. domestica and C. xanthorrhiza ethanolic extract. 

C. domestica has MIC value of 125 µg/mL and 

combination of C. domestica (62.5 µg/mL) and 

tetracycline (0.975 µg/mL) has a synergy interaction 

with FICI value 0.5. When used in conjunction with C. 

domestica ethanolic extract, the MIC value of 

tetracycline was decreased until 1/32 MIC. The data 

demonstrate that C. domestica exhibits potent activity 

against MRSA. On the other hand, ethanolic extract of 

C. xanthorrhiza has a moderate activity in treating 

MRSA with MIC value 250 µg/mL and additive 

interaction among C. xanthorrhiza (125 µg/mL) and 

tetracycline (1.95 µg/mL) with FICI value 0.6. The 

result of study that has been known, curcuma species 

contain any sesquiterpenes group compounds. 

Sesquiterpenes impact 2 critical bacterial mechanisms 

essential for survival: Oxygen absorption, which affects 

cellular respiration, and oxidative phosphorylation [22].  

 Negi et al. [23] studied the antibacterial activity of 

secondary metabolite in C. domestica. They reported 

that curlone and turmerone, compounds present in C. 

domestica, exhibited strong antibacterial activity against 

a wide range of microbes, including Bacillus subtilis, 

Bacilus cereus, Staphylococcus aureus, Pseudomonas 

aeruginosa, and Escherichia coli. The antibacterial 

activity of C. domestica is reported to be due to the 

presence of curcuminoids, tumerol, curcumins, veleric 

acid, essential oil and turmeric oil [24]. Whereas in C. 

xanthorrhiza ethanolic extract, numerous active 

compounds has been isolated and identified, including 

curcuminoids, terpenoids, and other phenolic 

compounds. The antibacterial capability of this extract 

is possibly due to its phenolic compounds content 

particularly curcuminoid and xanthorrhizol as the main 

ingredient. By changing the permeability of the cell, the 

phenolic compounds have been shown to have an 

inhibitory effect on the cell walls or membrane of 

bacteria [25]. As the study by Górniak et al. [26], phenol 

and polyphenol compounds has the complex on 

antibacterial action, such as instability of the plasma 

membrane and block the channel of extracellular 

enzymes. Due to their different mechanism from 

conventional antibiotics, plants that are rich in these 

compounds would be taken into consideration as a 

possible treatment for antibiotic resistance.  

 Additive or synergistic effects of 2 compounds 

together can increase their pharmacological activity. 

This might be because several compounds occupied the 

same target site or controlled different sites of action to 

provide the same effect, which would elevate biological 

activity [27]. It has been known the different 

components may influence the various targets in diverse 

pathways inside the cells in the case of each combination 

of C. domestica and C. xanthorrhiza with tetracycline 

against MRSA. Mechanism of tetracycline is known by 

attaching bacterial ribosome and engaged with 30S 

subunit ribosome binding site [22]. The presence of 

secondary metabolites in plants with several effects on 

bacteria, provides access for tetracyclines to enter and 

occupy their sites of action. The combination of natural 

compound with antibacterial activity that contained in 

C. domestica and C. xanthorrhiza with tetracycline, 

could offer the ability of extract to boost tetracycline’s 

antibacterial efficacy against MRSA. 

 The addition in inhibiting MRSA growth also can 

be done by targeting topoisomerase, which relaxes 

supercoiled DNA. In order to analyzed this mechanism, 

the molecular docking study, using DFT method was 

performed to ascertain the binding mode of 

curcuminoids compounds for the target enzymes, 

accomplished using X-ray crystal structure of DNA 

gyrase (PDB: 3TTZ).  

 The binding affinity of bisdemethoxycurcumin 

within its active site reaches a peak at −6.79 kcal/mol, 

surpassing the tetracycline, which stands at −6.41 

kcal/mol. This particular bisdemethoxycurcumin 

compound achieves a favorable docking score at the 

active site of the 3TTZ protein by creating hydrogen 

bonds with Glu100, Gln151, and Asp161 residues. Each 

compound showcases distinct non-binding interactions 

that contribute to the stability of the coordination bond. 

The molecule with the strongest affinity predominantly 

engages in hydrogen bonding at the active site of the 

3TTZ receptor within the topoisomerase ATPase 

enzyme. This hydrogen bond interacts with specific 

residues featuring hydroxyl chemical groups at the 

active site. Additionally, this interaction is surrounded 

by unbound amino acids, effectively depicting the mode 

through which curcuminoid binds with the 3TTZ 

enzyme. 

 Previous research by Jantan et al. [28] has 

succeeded in isolating curcuminoid compounds from C. 

domestica and C. xanthorrhiza rhizome. The results 

from fractionation using vacuum liquid chromatography 

showed that 14 g of C. domestica methanolic extract 

obtained 500 mg curcumin (3.6 %), 200 mg 

demethoxycurcumin (1.4 %), and 300 mg 

bisdemethoxycurcumin (2.1 %). Meanwhile, from 14 g 
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of C. xanthorrhiza methanolic extract obtained 300 mg 

curcumin (2.3 %), 250 mg demethoxycurcumin (1.9 %), 

and 100 mg bisdemethoxycurcumin (0.8 %). C. 

domestica extract had a higher bisemethoxycurcumin 

content compared to C. xanthorrhiza, this may 

contribute to their differential activity in inhibiting 

MRSA growth. 

 MRSA has a virulence factor which is, it can 

produce biofilm to prevent foreign compounds in 

penetrating the bacterial cell wall. Biofilm are highly 

resistant to the human immune system and medications, 

so the presence of biofilms can cause chronic, persistent, 

even recurrent infections [29]. Exopolysaccharide-

protected bacteria in biofilms are up to 1,000 times are 

more resistant to antibiotics than planktonic cells [30]. 

Resistance of biofilm is due to several reasons, like 

restricted diffusion of antibiotics into biofilm matrix, 

overexpression of efflux pumps, and decreased 

permeability of membrane bacteria [31].  

 This present study showed a very potential activity 

from combination of each both extracts with 

tetracycline. The biofilm that formed in the treatment 

with the combination of each extract with tetracycline 

only ranged from 1.3 - 1.7 %. Inhibition of biofilm 

formation was dose-dependent. As studied by Vikram et 

al. [32], who reported that flavonoid compounds such as 

quercetin, kaempferol, naringenin, and apigenin can 

inhibit the activity of the autoinducer-2 responsible for 

cell-to-cell communications thus capable of reducing 

biofilm synthesis. So, the presence of flavonoid can be 

used to explain the inhibition of biofilm formation. 

Other secondary metabolites, such as the polyphenolic 

extract from Rosa rugose tea, the methanolic fraction of 

Zingiber officinale, or other leaf extracts, were also 

shown to have an inhibitory effect on the formation of 

QS and biofilms [33].  

 In order to determine the activity of combined 

effect with tetracycline, also observed the bacteriolytic 

activity on selected bacteria, namely MRSA. The 

bacterial membrane function as a structural component 

that can be influenced by the presence of several 

antibacterial compounds. Leakage of cytoplasmic 

components is an indication of damage to the bacterial 

cytoplasmic membrane. Therefore, the release of 

intracellular components is a good indicator for 

measuring the integrity of bacterial membrane. Small 

ions, such as potassium and phosphate, tend to break 

down first, followed by the release of large molecules, 

such as DNA, RNA and other materials. This nucleotide 

has strong UV absorption at 260 nm and is thus 

described as a compound that can absorb energy at a 

wavelength of 260 nm [34]. 

 The other bacteriolysis assay present in this study 

was to calculate the percentage uptake of crystal violet. 

The percentage uptake of crystal violet from treated 

sample with a combination of extract and tetracycline 

also gave higher results than single treated with extract 

against MRSA. Crystal violet can attach to the bacterial 

cell membrane. When the bacterial cell membrane was 

damaged, crystal violet will be concentrated in the 

supernatant and indicated the high percentage uptake of 

crystal violet. It’s probable there are any different target 

site of action from C. domestica and C. xanthorrhiza 

compared with tetracycline. Secondary metabolite that 

are contained in these extracts, such as flavonoids, have 

a mechanism on increasing the permeability of cell 

membranes. Indirectly, tetracycline can penetrate into 

cells and eventually become established inside the cell 

and also occupy the target of action whenever the 

permeability of the cell membrane is disrupted [35]. 

 Ethidium bromide was used as an indicator to 

analyze efflux pump inhibitor activity. The resistance 

mechanism of EtBr has been known due to the presence 

of efflux pumps. EtBr will be fluorescent when 

intercalates with DNA in cells. The low fluorescence 

value indicates that only a few compounds in extract had 

an effect on inhibiting the efflux pump, thus only a few 

of EtBr can enter into cells and produce fluorescence 

and vice versa [36]. In this study, efflux pump inhibition 

was assessed indirectly by evaluating the overall activity 

of efflux pump systems in the MRSA strains, rather than 

targeting a specific efflux pump protein. The focus was 

to measure the inhibition of efflux activity using 

fluorescence accumulation assays. The MRSA strains 

used in this study naturally harbor efflux pumps, 

including, but not limited to, members of the major 

facilitator superfamily (MFS) [37]. 

 Other essential oils, as volatile compounds, have 

been analyzed for their antibacterial activity, which 

includes disruption of cellular architecture, impairment 

of plasma membrane integrity leading to increased 

permeability, and disturbance of the proton pump [38]. 

The monoterpenes including menthol, geraniol and 

thymol had effect on Gram positive also on Gram 

negative bacteria [39]. The action on this strain was 

based on their ability to inhibit the efflux pump [40]. 

Based on the mechanism of action of the terpene group 

compounds, C. domestica and C. xanthorrhiza ethanolic 

extract probably have the same antibacterial mechanism 

considering that these plant extracts are rich in essential 



Trends Sci. 2025; 22(5): 9458   13 of 15 

 

oils, and most of which are terpene derivative 

compounds also. The results of this study are also 

supported by previous research which states that natural 

compounds such as coumarin and curcumin also can 

inhibit the NorA and Tetk efflux pumps found in S. 

aureus [41]. 

 The ability of these natural compounds to inhibit 

the efflux pumps in bacteria can help antibiotics 

constantly in sufficient concentration until they reach 

their site of action to eradicate pathogenic bacteria. 

Thus, the synergistic combination of plant extracts with 

antibiotics has proven to be useful in the treatment of 

bacterial infections and also to overcome the problem of 

drug resistance, although in vivo testing is still needed 

to confirm the efficacy and toxicity of these extracts. 

Therefore, the combination of natural antibacterial 

compounds with antibiotics is one approach that can be 

taken to reduce the dose of antibiotics consumed and is 

expected to solve the problem of resistance globally. 

 

Conclusions 

 In conclusion, these findings indicate that extracts 

from Curcuma species can inhibit bacterial resistance 

mechanisms and also inhibit the topoisomerase ATPase 

enzyme which is essential in bacterial growth. 

Additionally, the use of plant extracts in combination 

with antibiotics may be effective in treating infectious 

bacterial diseases and reducing drug resistance 

problems, although clinically controlled studies are 

needed to confirm efficacy and potential side effects. 

Combining antimicrobial compounds with antibiotics is 

an alternative strategy to reduce the dose of antibiotic 

consumption and ultimately is expected to overcome the 

problem of resistance globally. 
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