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Abstract— Emodin (3-methyl-1,6,8-trihydroxyanthraquinone), a natural anthraquinone compound, is an active
compound derivative isolated from the rhizome of Rheum undulatum L, an herb widely used as a laxative in
traditional Korean medicine. Emodin has been reported to have a variety of biological activities, such as anti-
cancer, vasorelaxation, immunosuppressive, anti-inflammatory and wound healing properties. In this study,
emodin was evaluated against 20 clinical isolates of MRSA, either alone or in combination with antibiotics. The
emodin exhibited strong antibacterial activity against isolates MRSA with MICs/MBCs ranged between 64-
256/64-512 ug/mL, for ampicillin 64-512/128-1024 ug/mL, and for oxacillin 8-64/16-64 ug/mL. The combination
of emodin plus oxacillin or ampicillin was reduced by >4-fold against isolates MRSA tested, evidencing a
synergistic effect as defined by a FICI of < 0.5. Furthermore, a time-Kill study evaluating the growth of the tested
bacteria was completely attenuated after 2-6 h of treatment with the 1/2 MIC of emodin, regardless of whether it
was administered alone or with oxacillin (1/2 MIC) or ampicillin (1/2 MIC). In conclusion, emodin exerted
synergistic effects when administered with oxacillin or ampicillin and the antibacterial activity and resistant
regulation of emodin against clinical isolates of MRSA might be useful in controlling MRSA infections.

Keywords— emodin, methicillin-resistant Staphylococcus aureus, minimum inhibitory concentrations, minimum
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l. INTRODUCTION

Staphylococcus aureus is both a commensal bacterium and a human pathogen. Approximately 50% to 60% of individuals are
intermittently or permanently colonized with S. aureus and, thus, there is relatively high potential for infections [1, 2].
Indeed, S. aureus is among the most prominent causes of bacterial infections in the United States and other industrialized
countries. Simultaneously, it is a leading cause of bacteremia and infective endocarditis (IE) as well as osteoarticular, skin
and soft tissue, pleuropulmonary, and devicerelated infections [3, 4]. Methicillin-sensitive S. aureus (MSSA) and methicillin-
resistant S. aureus (MRSA) are major causes of life-threatening infections including surgical site infections, bacteraemia,
pneumonia and catheter-associated infections, leading to significant morbidity and mortality [5-7]. There is a very limited
antimicrobial armamentarium to treat MRSA infections, of which vancomycin (a glycopeptide) and linezolid (an
oxazolidinone antibiotic) are the major antibiotics [8, 9]. Antimicrobial drugs effective for treatment of patients infected with
MRSA are limited. Thus, it is important and valuable to find compounds that potentiate antimicrobial activity of antibiotics.
Plant medicines are used on a worldwide scale to prevent and treat infectious diseases [10, 11]. They are of great demand
both in the developed as well as developing countries for the primary health care needs due to their wide biological and
medicinal activities, higher safety margin and lesser costs [12, 13]. At the same time, because of the difficulty in developing
chemical synthetic drugs and because of their side-effects, scientists are making more efforts to search for new drugs from
plant resources to combat clinical multidrug-resistant microbial infections [13-15].

Emodin (3-methyl-1,6,8-trihydroxyanthraquinone), a natural anthraquinone compound, is an active compound derivative
isolated from the rhizome of Rheum undulatum L, an herb widely used as a laxative in traditional Korean medicine [16, 17].
Emodin has been reported to have a variety of biological activities, such as anti-cancer, vasorelaxation, immunosuppressive,
anti-inflammatory, antibacterial activity, and wound healing properties [18-22]. Emodin is shown to significantly inhibit
biofilm formation in P. aeruginosa, induces proteolysis of a known AHL-binding protein, and can be used as a potential QS
inhibitor for the control of biofilm formation and growth [23]. Emodin from Polygonum cuspidatum exhibits strong
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antibacterial activity against Haemophilus parasuis in vitro. The antibacterial mechanism of emodin to H. parasuis attributed
to producing alterations on the physical structure and increasing cell membrane permeability [24].

In this study, the antimicrobial activities of emodin against methicillin-resistant Staphylococcus aureus isolated in a clinic
were assessed using broth microdilution method and the checkerboard and time-kill methods for synergistic effect of the
combination with antibiotics.

1. MATERIALS AND METHODS
2.1 Preparation of bacterial strains

20 isolates of methicillin-resistant Staphylococcus aureus isolated from the Wonkwang University Hospital, as well as
standard strains of methicillin-sensitive S. aureus (MSSA) ATCC 25923 and methicillin-resistant S. aureus (MRSA) ATCC
33591 were used. Antibiotic susceptibility was determined in testing the inhibition zones (inoculums 0.5 McFarland
suspension, 1.5x108 CFU/ml) and MIC/MBC (inoculums 5x10° CFU/ml) for strains, measured as described in the National
Committee for Clinical Laboratory Standards (NCCLS, 1999). Briefly, the growth of bacteria was examined at 37°C in
0.95 mL of BHI broth containing various concentrations of emodin. These tubes were inoculated with 5 x 10° colony-
forming units (CFU)/mL of an overnight culture grown in BHI broth, and incubated at 37°C. After 24 h of incubation, the
optical density (OD) was measured spectrophotometrically at 550 nm. Three replicates were measured for each concentration
of tested drugs. To rapidly identifying the methicillin-resistance, presence of mecA gene in MRSA isolates was detected
using PCR method as the following [25].

2.2 Minimum inhibitory concentrations/minimum bactericidal concentrations assay

The antimicrobial activities of emodin against clinical isolates MRSA 20 and reference strains were determined via the broth
dilution method [26, 27]. The minimum inhibitory concentrations (MICs) were recorded as the lowest concentration of test
samples resulting in the complete inhibition of visible growth. For clinical strains, MICs,s and MICgs, defined as MICs at
which, 50 and 90%, respectively of the isolates were inhibited, were determined. The minimum bactericidal concentrations
(MBCs) were determined based on the lowest concentration of the extracts required to kill 99.9% of bacteria from the initial
inoculum as determined by plating on agar.

2.3 Checkerboard dilution test

The synergistic combinations were investigated in the preliminary checkerboard method performed using the MRSA, MSSA,
and one clinical isolate strains via MIC determination [26, 27]. The fractional inhibitory concentration index (FICI) and
fractional bactericidal concentration index (FBCI) are the sum of the FICs and FBCs of each of the drugs, which were
defined as the MIC and MBC of each drug when used in combination divided by the MIC and MBC of each drug when used
alone. The FIC and FBC index was calculated as follows: FIC = (MIC of drug A in combination/MIC of drug A alone) +
(MIC of drug B in combination/MIC of drug B alone) and FBC = (MBC of drug A in combination/MBC of drug A alone) +
(MBC of drug B in combination/MBC of drug B alone). FIC indices (FICI) and FBCI were interpreted as follows: < 0.5,
synergy; >0.5-<1.0, additive; >1.0-<2.0, indifference; and >2.0, antagonism.

2.4 Time-kill curves

The bactericidal activities of the drugs evaluated in this study were also evaluated using time-Kkill curves constructed using
the isolated and reference strains. Cultures with an initial cell density of 5-8x10° CFU/mI were exposed to the MIC of
emodin alone, or emodin (1/2 MIC) plus oxacillin (1/2 MIC) or emodin (1/2 MIC) plus ampicillin (1/2 MIC). Viable counts
were conducted at 0, 0.5, 1, 2, 3, 4, 5, 6, 12, and 24 h by plating aliquots of the samples on agar and subsequent incubation
for 24 hours at 37°C. All experiments were repeated several times and colony counts were conducted in duplicate, after
which the means were determined.

1. RESULTS AND DISCUSSION

The results of the antibacterial activity showed that the emodin exhibited inhibitory activities against isolates MRSA and
reference stains, MRSA ATCC33591 and MSSA ATCC25923. In Table 1, the emodin displayed varying degrees of activity
against clinical isolated MRSA 1-20 with MIC in the range of 64-256 pg/mL and MBC in the range of 64-256 pg/mL. The
MICs/MBCs for ampicillin were determined to be either 64/128 or 1024/2048 pg/mL; for oxacillin, either 8/16 or 64/64
pg/mL against MRSA 1-20 isolates. The range of MICsy and MICgo Were 16-64 pg/mL and 64-256 pg/mL against MRSA 1-
20 isolates, respectively. Various anthraquinones constitute an important class of phytochemicals which possess diverse
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biological activities against MRSA [21, 28, 29]. A chemical structure-activity relationship study revealed that two hydroxyl
units at the C-1 and C-2 positions of anthraquinone play important roles in antibiofilm and anti-hemolytic activities [28].
Emodin exhibits strong antibacterial activity against H. parasuis in vitro [24]. Emodin exhibits antimicrobial activity against
a broad range of gram-positive, including S. aureus, and Mycobacterium tuberculosis as well as other microorganisms [21,
24, 30].

ANTIBACTERIAL ACTIVITY OF EMODIN AND ANT-II-I;;?)I‘_I'?(?S IN ISOLATED MRSA AND SOME OF REFERENCE
BACTERIA

MSSA ATCC 25923* 64 256 256/512 8/16 0.25/1

MRSA ATCC 335912 32 128 128/256 1024/2048 8/16
MRSA 1° 8 64 64/128 512/1024 16/32
MRSA 2 16 64 64/128 128/256 16/32
MRSA 3 32 64 128/256 512/2048 8/16
MRSA 4 64 128 256/256 256/512 16/64
MRSA 5 32 128 128/256 128/256 16/32
MRSA 6 16 64 64/128 256/512 8/32
MRSA 7 16 64 64/256 128/512 16/32
MRSA 8 32 128 128/256 256/512 8/32
MRSA 9 32 256 256/512 256/512 32/64
MRSA 10 64 128 256/256 64/128 8/16
MRSA 11 32 128 128/256 128/256 16/64
MRSA 12 16 64 64/64 256/512 32/64
MRSA 13 16 64 64/128 64/128 64/64
MRSA 14 16 64 64/128 128/512 16/32
MRSA 15 32 128 128/256 64/128 16/32
MRSA 16 32 128 128/256 128/256 16/32
MRSA 17 64 256 256/256 128/256 8/16
MRSA 18 64 256 256/512 64/128 16/32
MRSA 19 16 64 64/128 128/256 16/64
MRSA 20 32 128 128/256 128/512 16/32

'MSSA (ATCC 25923): reference strain Methicillin-sensitive Staphylococcus aureus.
’MRSA (ATCC 33591): reference strain Methicillin-resistant Staphylococcus aureus.
*MRSA (1-20): Methicillin-resistant Staphylococcus aureus isolated a clinic.

Combination antibiotic therapy has been studied to promote the effective use of antibiotics in increasing in vivo activity of
antibiotics, in preventing the spread of drug-resistant strains, and in minimizing toxicity [26, 31, 32]. The combination of
oxacillin and emodin showed in a reduction in the MICs/MBCs for all bacteria, with the MICs/MBCs of 8/16 or 64/128
pg/mL for oxacillin becoming 2-8/4-16 ng/mL and reduced by >4-fold in most of S. aureus tested, evidencing a synergistic
effect as defined by a FICI of < 0.5 except clinic MRSA 8, 11, and 15 at MIC and clinic MRSA 1, 4, 10, 15, and 17 at MBC
(Table 2). In combination with emodin, the MICs/MBCs for ampicillin were reduced by >4-fold in most of S. aureus tested,
evidencing a synergistic effect as defined by a FICI of < 0.5 except clinic MRSA 7, 9, and 19 at MIC and clinic MRSA 4, 7,
10, 12, and 19 at MBC by FICI of > 0.625 (Table 3). The some plant derived compounds can improve the in vitro activity of
some cell-wall inhibiting antibiotics by directly attacking the same target site, that is, peptidoglycan [21, 33].

Page | 10



International Journal of Engineering Research & Science ([JOER) ISSN: [2395-6992] [Vol-3, Issue-3, March- 2017]

TABLE 2
SYNERGISTIC EFFECTS OF EMODIN WITH OXACILLIN IN ISOLATED MRSA AND SOME OF REFERENCE
BACTERIA

MSSA ATCC 25923 | Emodin | 256/512 128/256 05005 Additive/
2 Oxacillin_ | 0.25/1 0.0625/0.25 025025 | 075075 Additive
MRSA ATCC 33591 | Emodin | 128/256 32/64 0.25/0.25 Synergistic/
4 Oxacil!in 8/16 2/4 0.25/0.25 0.505 Synerg_ist_ic
s e | s | oo oy | S
MRSAZ o | 1of Wb ogmoas ] 0505 | e
MRSA3 ol | e | 2ie | ozmozs | %05 | Synergitc
MRSA4 ol | o | ane | ozsiozs | 007 | haaive.
MRSAS ol | 1o |4 | 0zsozs | 005 | Synergitc
MRSAS il | bia2 i ogmnas | 0505 | e
MRSAT il | 1632 Wb Gotas | 050 | e
MRSAS ol | a2 |2 | 0225 | %5 | nergitic
MRSAS il | aaies | ame | ozsozs | %05 | Synergitc
MRSAL ot e T o ozszs | %907 | datve
MRSALL o oo |4 | 0250155 | °790% | nergiic
MRSALZ i s G186 [ Gas0as | 0I5 | e
MRSALS o bifos 16 [ 0iios | 0I5 | e
e A R
snis |l I |00 |y | Ak
sais | I | omers | oy, | g
TYElE e aE s R
snrs S | et | e |y | s
MRSA 20 5 il 152%26 3324 8'35/0'25 0505 Synergistic/
xacillin .25/0.25 9/0. Synergistic

The MIC and MBC of emodin with oxacillin
?the FIC/FBC index
¥MSSA (ATCC 25923): reference strain Methicillin-sensitive Staphylococcus aureus.
*MRSA (ATCC 33591): reference strain Methicillin-resistant Staphylococcus aureus.
*MRSA (1-20): Methicillin-resistant Staphylococcus aureus isolated a clinic.
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TABLE 3
SYNERGISTIC EFFECTS OF EMODIN WITH AMPICILLIN IN ISOLATED MRSA AND SOME OF REFERENCE
BACTERIA

MSSA ATCC Emodin 256/512 64/128 0.25/0.25 Additive/
25923° Ampicillin 8/16 418 0505 0.750.75 | A ddiitive
MRSA ATCC Emodin 128/256 32/64 0.25/0.25 Synergistic/
33591 * Ampicillin 1024/2048 256/512 0.25/0.25 0.5/0.5 Synergistic
MRSAL Ao | Sra02 sanzs [ 0ass0.125 | O30S | Snerdiatio
MRSAZ | Aciin | o056 sioi om0z | °905 | Snergitic
MRSA 3 AIrEnr;?:l:rm 511228/{2205468 63z12//16;8 0.2.2255/{)%26525 0.375/0.3125 ?;r;eerr%ftlnil
MRSA4 | Aciin | a6/ T e Y
MRSAS | Arvciin | 12812% L e
MRSAS | Aiciin | 256512 saios | 0rsioazs | 09O | Snergite
MRSAT | Aovsciin | 12851 T T I Y
I sz ozsozs | 005 | Snediis
MRSAS | Aciin | 26581 sseinss | osiozs | 790 | Sergisic
MRSA 10 AIrEnn;) ?(?I : :]I n 26546//122586 6146;/1 3228 09 .2255/{)?.255 0.50.75 5)":53 g igtiif/t(ieC/
MRSALL i o0 T
MRSALZ || 2681 oo oassioazs | 0379062 | S
MRSALS | i aas o502z | 90 | Snergitie
MRSALE | i 1o sios 025015 | 9% | Synergite
MRSALS | i oan2s o5 ozs0zs | °905 | Snergitie
MRSALS | i | 1o0i2% sios | 0zs0zs | 905 | Sneraite
e " s 0zs0zs | 905 | Sneraitie
MRSALS | i a2 Tom | ozgoss | %05 | Yneraiaie
MRSALS | i 185t - B YT
MRSAZ0 | i 1812 oo T odzsioazs | 0579037 | St

The MIC and MBC of emodin with ampicillin
?the FIC/FBC index
¥MSSA (ATCC 25923): reference strain Methicillin-sensitive Staphylococcus aureus
*MRSA (ATCC 33591): reference strain Methicillin-resistant Staphylococcus aureus
*MRSA (1-20): Methicillin-resistant Staphylococcus aureus isolated a clinic
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The efficacy of emodin administered with oxacillin or ampicillin on standard (MSSA and MRSA) and clinical isolates of
MRSA (MRSA 1-20) was confirmed by time-kill curve experiment (Fig. 1-4). Cultures of each strain of bacteria with a cell
density of 5-8x10° CFU/mL were exposed to the MIC of emodin alone or/and emodin (1/2 MIC) with oxacillin (1/2 MIC)
or/and ampicillin (1/2 MIC). Interestingly, the combination of the emodin plus oxacillin or/and ampicillin exhibited a steady
reduction of 5-8 x 10° CFU/mL to 10° CFU/mL within 6 h and did not recover within 24 h, as compared to that observed
with emodin (MIC) alone. A powerful bactericidal effect was exerted when a combination of drugs was utilized. Although
emodin has no influence on genes related to cell wall synthesis and lysis as well as B-lactamase activity and drug
accumulation, emodin reduces membrane fluidity and disrupted membrane integrity [21]. This perturbation of the cell
membrane coupled with the action of B-lactams on the transpeptidation of the cell membrane could lead to the enhanced
antimicrobial effect [32, 33].
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FIG. 1. TIME-KILL CURVES OF MIC OF EMODIN ALONE AND 1/2 MIC OF EMODIN WITH 1/2 MIC OF
OXACILLIN OR AMPICILLIN AGAINST ISOLATES MRSA (1-4) AND METHICILLIN-SENSITIVE S. AUREUS
(MSSA) ATCC 25923 AND METHICILLIN-RESISTANT S. AUREUS (MRSA) ATCC 33591 STRAINS. BACTERIA
WERE INCUBATED WITH EMODIN ALONE (®) AND WITH AMPICILLIN (0) OR OXACILLIN (V) OVER TIME. CFU,
COLONY-FORMING UNITS.
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Fi1G. 3. TIME-KILL CURVES OF MIC OF EMODIN ALONE AND 1/2 MIC OF EMODIN WITH 1/2 MIC OF
OXACILLIN OR AMPICILLIN AGAINST ISOLATES MRSA (11-16). BACTERIA WERE INCUBATED WITH EMODIN
ALONE (@) AND WITH AMPICILLIN (©) OR WITH OXACILLIN (V) OVER TIME. CFU, COLONY-FORMING UNITS.
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FIG. 4. TIME-KILL CURVES OF MIC OF EMODIN ALONE AND 1/2 MIC OF EMODIN WITH 1/2 MIC OF
OXACILLIN OR AMPICILLIN AGAINST ISOLATES MRSA (17-20). BACTERIA WERE INCUBATED WITH EMODIN
ALONE (®) AND WITH AMPICILLIN (©) OR WITH OXACILLIN (V) OVER TIME. CFU, COLONY-FORMING UNITS.

In conclusion, our results of the antibacterial activity showed that emodin exhibited strong inhibitory activities against
isolates MRSA. The combination effects of emodin with antibiotics were synergistic effect by FIC/FBC index <0.5 against
most of tested clinic isolated MRSA. Emodin is expected to be recognized as natural sources for the development of new
functional drugs against multi-resistant S. aureus, MRSA.
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