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Abstract

Mulberry (Morus alba L., Moraceae) is one of the most valuable and rich in phytochemicals plant.
Morusin is a prenylated flavonoid present in mulberry roots and leaves. The in vitro antibacterial activity of
morusin and its interactions with conventional antibiotics (oxacillin, amoxicillin and gentamicin) were
evaluated against four methicillin resistant Staphylococcus aureus clinical isolates (MRSA T1 — T4) with
resistance to oxacillin and cefoxitin which had been isolated from dogs with various pathologies. Minimum
inhibitory concentrations (MICs) were determined by the microdilution method. The interactions were
assessed by the chequerboard method - with interpretation through fractional inhibitory concentration index
(FICI) and isobologram analysis. The interactions were confirmed by the time-kill assay. MICs varied
between 3.125 and 6.25ug/mL for morusin alone against all four MRSA clinical isolates. Chequerboard
method showed synergies for the combinations: morusin — oxacillin (FICI=0.024 - 0.27), morusin —
amoxicillin (FICI=0.024 - 0.27) and morusin - gentamicin (FICI=0.05 - 0.12) against all four tested isolates.
Time-kill assay determined synergies for the following combinations: morusin — oxacillin against MRSA T1,
morusin — amoxicillin against MRSA T2 and morusin - gentamicin against all four isolates. Our preliminary
study evaluated the antibacterial activity of morusin and its ability to act synergistically with antibiotics,
these results suggest that morusin might be a promising strategy to overcome antibiotic resistence.
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Introduction

Mulberry (Morus alba L., Moraceae) is one of the most valuable and rich in
phytochemicals plant. Mulberry leaves are used for feeding silkworms due to the high content of
proteins (1). Numerous reviews have been published on both in vitro and in vivo studies that
assessed antidiabetic, antioxidant, anticancer, hypolipidemic, antiatherogenic and anti-
inflammatory activities of mulberry (2 - 4). Mulberry extracts and their isolated compounds
showed antimicrobial potential against harmful pathogens: Bacilllus subtilis, Staphylococcus
aureus, Streptococcus faecalis and Mycobacterium smegmatis (5 - 8). Morusin (fig. 1) is a
prenylated flavonoid isolated from the root and leaves of mulberry with antibacterial activity
against Gram-positive bacteria (9).

The post-antibiotic apocalypse due to the frequent and improper use of antibiotics involves
new strategy in overcoming antibiotic resistance (10). Methicillin resistant S. aureus (MRSA) is
one great concern with challenges because most of the strains are resistant to beta-lactams,
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cephalosporins, aminoglycosides, macrolides, fluoroquinolones, but also to other important
antibiotics such as glycopeptides (vancomycin and teicoplanin) (11).

A promising strategy in overcoming antibiotic resistance is the synergy between vegetal
products and conventional antibiotics (12).

The present preliminary study aimed to assess the antibacterial activity and the interactions
between morusin and commonly used antibiotics against MRSA clinical isolates.

OH

Figure 1. Chemical structure of morusin.

Material and methods

Minimum inhibitory concentrations (MICs) of oxacillin (0X), amoxicillin (Amx),
gentamicin (Gn) and morusin (MO) were determined by the microdilution method against four
MRSA clinical isolates according to the Clinical & Laboratory Standards Institute (CLSI) (13) and
European Committee on Antimicrobial Susceptibility Testing (EUCAST) guidelines (14). The
sources of all clinical isolates resistant to cefoxitin and oxacillin were infections (recurrent otitis,
pyoderma and laryngopharyngitis) in dogs.

The interactions between MO and antibiotics were determined using the chequerboard
method (15) with interpretation through fractional inhibitory concentration index (FICI) and
isobolograms (12).

FICI = FICAntibiotic + FICMorusin where:

FIC — M ICantibiotic in combination with morusin
Antibiotic ?
MICantibiotic alone

— M ICMorusin in combination with antibiotic

FIC in =
Morusin MICMorusin alone

A combination is synergistic if FICI value < 0.5, additive when it is > 0.5 and <1,
indifferent when it is 1 — 4, and antagonistic when it is > 4 (16).

Graphical representation of experimental dose-response surface and theoretical dose-
response surface of interaction were performed according to Bliss independence—based model.
Experimental dose-response surface (Emeasured) represents the experimental percentage of growth in
the presence of different concentrations of MO and/or antibiotics. Epredicted 1S the calculated
percentage of growth based on the experimental percentage of growth according to Bliss
independence—based model, taking into account the non-interactive process between two
components. The difference between predicted (Epredicted) and measured (Emeasured) dose-response
surface is the theoretical dose-response surface of interaction (AE). A AE value above zero
(positive) indicates synergy and below zero (negative) indicates antagonism (15).
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Time-kill assay was performed in order to confirm the results obtained in the chequerboard
method. According to the time-kill assay, synergy is considered if the decrease in the viable colony
count > 2logio CFU/mL; the combination is evaluated in comparison to the count obtained with the
most active single component, after 24 or 48 hours. The antagonism is defined as an increase in the
colony count of > 2logio CFU/mL, the combination being compared to the count obtained with the
most active single component of combination after 24 or 48 hours (16).

Results and discussion

MIC values of MO alone against four MRSA clinical isolates varied between 3.125 and
6.25 ug/mL. The obtained results were in agreement with the already published results. Sohn HY
et al. have reported MIC values of 5-30 ug/mL for MO against Streptococcus faecalis, S. aureus,
Mycobacterium smegmatis and Bacillus subtilis (9). Our results confirmed the antibacterial activity
of MO against Gram-positive bacteria including MRSA strains.

Table 1. /n vitro interactions between MO and antibiotics determined by the chequerboard
method and time-kill assay

MRSA T1 MRSA T2 MRSA T3 MRSA T4

MIC (ng/mL) 6.25 6.25 3.13 6.25

» OX combinations
MIC (ng/mL) 16 128 256 256
(susceptibility to OX)¥ (Resistant) (Resistant) (Resistant) (Resistant)
MIC  SMIC (ng/mL) 0.50;0.10 |  0.50;0.10 2;0.78 4;1.56
FICI'/ TKA™ 0.05(S)/S | 0.024(S)/Nc | 0.26(S)/Nc | 0.27 (S)/ Nc

» Amx combinations
MIC _(ng/mL) 16 128 256 256
(susceptibility to Amx)* (Resistant) (Resistant) (Resistant) (Resistant)
MIC  sMIC ~  (ug/mL) 0.50;0.10 |  0.50;0.10 2;0.78 4;1.56
FICI'/ TKA™ 0O BV 004 (sys | 026(8)Ne | 027 (S)/Ne

» Gn combinations
MIC (ng/mL) 0.25 0.25 0.50 1
(susceptibility to Gn)* (Sensible) (Sensible) (Sensible) (Sensible)
MIC_ 5MIC ~  (ug/mL) 0.02;0.10 |  0.02;0.39 0.02;0.10 | 0.03;0.10
FICI"/ TKA* 0.08(S)/S | 0.12(S)/S 0.06 (S)/S | 0.05(S)/S

Abbreviation: MO — morusin, OX — oxacillin, Amx — amoxicillin, Gn — gentamicin, MIC, mo— MIC of antibiotic in presence of MO,
MICwmo-as— MIC of MO in presence of antibiotic; FICI — fractional inhibitory concentration index, S —synergy, Nc— synergy has not
been confirmed

“effect of the combination determined through checkerboard method, “effect of the combination determined through time-kill assay,
¥susceptibility to antibiotic according to European Committee on Antimicrobial Susceptibility - Testing Breakpoint tables for
interpretation of MICs and zone diameter Version 7.0. Valid from 2017-01-01.

According to the FICI interpretation and isobologram representation (checkerboard
method), synergy was observed for combinations MO — OX (FICI = 0.024-0.27; fig. 2a), MO —
Amx (FICI = 0.024-0.27; fig. 2b) and MO — Gn (FICI = 0.05-0.12; fig. 2¢) against all four MRSA
clinical isolates. Fig. 3 describes the experimental design of the checkerboard method and the
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synergy obtained for the combinations MO - Gn against MRSA T4. Table 2 summarizes the results
of both the checkerboard method and time-kill assay against all MRSA clinical strains.

25+ a. MO/OX combination 2,57 b. MO/Amx combination

2:5 2,5
FICox
2,5 - ¢. MO/Gn combination
mEMRSA TI1
o
=
< #MRSA T2
=
AMRSA T3
® MRSA T4
1 2;5

FIC,

Figure 2. Interactions between MO — OX (a), MO — Amx (b) and MO — Gn (¢)
against MRSA clinical isolates T1 — T4;
purple colored dotted circles highlight synergies.
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Figure 3. Experimental design of the chequerboard method with the exemplification of the
results obtained for the combination MO - Gn against MRSA T4.

The experimental percentage of growth (fig. 4a) in the presence of different
concentrations of MO and/or antibiotics and theoretical dose-response surface of
interaction (fig. 4b) are represented and synergies have been confirmed through Bliss
independence—based model interpretation.
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Figure 4a. Three-dimensional plot of the experimental percentage of growth (Emeasured) between
MO and Gn against MRSA T4.
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Figure 4b. Theoretical dose-response surface of interaction (AE) between MO and Gn against
MRSA T4 (AE above zero (positive) indicates synergy).

Time-kill assay confirmed the synergy for the combinations MO — OX against MRSA T1
(fig. 5a) and MO — Amx against MRSA T2 (fig. 5b). The results obtained in the time-kill assay
method for combinations MO — OX against MRSA T2-T4 and MO — Amx against MRSA T1,
MRSA T3 and MRSA T4 were not fully in agreement with those observed when using the
checkerboard method because the logarithmic reductions of the colony-forming units obtained for
the combinations between MO and antibiotics were not 2logio lower than the logarithmic
reductions obtained for the most potent/active component (MO) of the combinations. No increase
in the viable colony count of more than 2logio CFU/mL compared to the viable count obtained with
the most active single agent of combination (MO) was recorded and the antagonism was excluded
for the combinations MO — OX and MO — Amx against MRSA strains.

Differences between the results obtained in the checkerboard method and time-kill assay
have been also reported by other authors (12). These differences can be explained by the difference
between the measured phenomena - checkerboard method assesses the inhibitory effect while time
kill assay measures the bactericidal effect. The concordance between the results given by the two
methods has been estimated as being 44-88% (17).

In our study, time-kill assay confirmed the synergy for the combination MO — Gn against
all four clinical isolates: MRSA T1 (fig. 6a and fig. 7a), MRSA T2 (fig. 6b and fig. 7b), MRSA T3
(fig. 6¢ and fig. 7c) and MRSA T4 (fig. 6d and fig. 7d), because the logarithmic reductions of the
colony-forming units obtained for the combination MO - Gn were 21ogo lower than the logarithmic
reductions obtained for the most potent/active component (Gn) of the combination.
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Figure 5. Time-Kkill curves for the combinations MO — OX against MRSA T1 (a) and MO — Amx
against MRSA T2 (b).
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Figure 6. Time—kill curves for the combination MO — Gn against MRSA T1 (a), MRSA T2 (b),
MRSA T1 (c) and MRSA T1 (d).
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Figure 7. Differences between MO — Gn (1), Gn (2) and MO (3) against MRSA T1 (a),
MRSA T2 (b), MRSA T3 (¢), MRSA T4 (d) in time kill-assay determinations.
|

C. o | | d

Figure 7. Differences between MO — Gn (1), Gn (2) and MO (3) against MRSA T1 (a), MRSA

T2 (b), MRSA T3 (c), MRSA T4 (d) in time kill-assay determinations (cont.).

Conclusion

Our study reports on the antibacterial activity of morusin alone against four MRSA clinical

isolates and its ability to act synergistically with antibiotics. As MRSA has become an increasingly
global concern, synergy between phytochemicals and conventional antibiotics is a promising
option to overcome antibiotic resistence. This preliminary study showed that morusin has the
potential to reverse the bacterial resistence to oxacillin and amoxicillin of MRSA and increase the
susceptibility of MRSA strains to gentamicin.

References

1.

2

Zafar MS, Muhammad F, Javed | et al. White mulberry (Morus alba): A brief phytochemical and
pharmacological evaluations account. Int. J. Agric. Biol 2013; 15: 612—620.

Sohn HY, Son KH, Kwon CS et al. Antimicrobial and cytotoxic activity of 18 prenylated flavonoids
isolated from medicinal plants: Morus alba L., Morus mongolica Schneider, Broussnetia papyrifera
(L.) Vent., Sophora flavescens Ait and Echinosophora koreensis Nakai. Phytomedicine. 2004; 11(7—
8):666—672.

Gryn-Rynko A, Bazylak G, Olszewska-Slonina D. New potential phytotherapeutics obtained from
white mulberry (Morus alba L.) leaves. Biomed Pharmacother 2016; 84: 628-636.

Chan EW Lye PY, Wong SK. Phytochemistry, pharmacology, and clinical trials of Morus alba. Chin
J Nat Med 2016; 14(1): 17-30.

Hussain F, Rana Z, Shafique H et al. Phytopharmacological potential of different species of Morus
alba and their bioactive phytochemicals: A review. Asian Pac J Trop Biomed 2017; 7(10):950-956.

de Oliveira AM, Mesquita Mda S, da Silva GC et al. Evaluation of Toxicity and Antimicrobial Activity
of an Ethanolic Extract from Leaves of Morus alba L. (Moraceae). Evid Based Complement Alternat
Med 2015; 2015: 513978.

Omidiran MO, Baiyewu RA, Ademol IT. Phytochemical Analysis, Nutritional Composition and
Antimicrobial Activities of White Mulberry (Morus alba). Pakistan Journal of Nutrition 2012; 11 (5):
456-460.

48



10.

1.

12

13.

14.

15.

16.

17.

Nomura T, Fukai TG. Kuwanon. A new flavone derivative from the root barks of the cultivated
mulberry tree (Morus alba L.). Chem. Pharm. Bull 1980; 28: 2548—2552.

Ayoola OA, Baiyewu RA, Ekunola JN et al. Phytoconstituent screening and antimicrobial principles
of leaf extracts of two variants of Morus alba (S30 and S54). Afr. J. Pharm. Pharmacol 2011; 5:
2161-2165.

Nerlich B. "The post-antibiotic apocalypse" and the "war on superbugs": catastrophe discourse in
microbiology, its rhetorical form and political function. Public Underst Sci 2009; 18(5): 574-88.

Gaur R, Gupta VK, Singh P et al. Drug Resistance Reversal Potential of Isoliquiritigenin and
Liquiritigenin Isolated from Glycyrrhiza glabra Against Methicillin-Resistant Staphylococcus aureus
(MRSA). Phytother Res 2016; 30(10): 1708-1715.

van Vuuren S, Viljoen A. Plant-based antimicrobial studies--methods and approaches to study the
interaction between natural products. Planta Med 2011; 77(11): 1168-8.

CLSI. Performance Standards for Antimicrobial Susceptibility Testing 27th Edition, CLSI supplement
M100. Wayne, PA: Clinical and Laboratory Standards Institutes; 2017.

The European Committee on Antimicrobial Susceptibility Testing. Breakpoint tables for interpretation
of MICs and zone diameters. Version 7.0, 2017.

Segatore B, Bellio P, Setacci D et al. In vitro interaction of usnic acid in combination with antimicrobial
agents against methicillin-resistant Staphylococcus aureus clinical isolates determined by FICI and
AE model methods. Phytomedicine 2012; 19(3-4): 341-7.

Mulyaningsih S, Sporer F, Zimmermann S et al. Synergistic properties of the terpenoids
aromadendrene and 1,8-cineole from the essential oil of Eucalyptus globulus against antibiotic-
susceptible and antibiotic-resistant pathogens. Phytomedicine 2010; 17:1061-6.

White RL, Burgess DS, Manduru M, Bosso JA. Comparison of three different in vitro methods of
detecting synergy: time-kill, checkerboard, and E test. Antimicrob Agents Chemother 1996;
40(8):1914.

49



