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ABSTRACT

Dissemination of S. aureus within the host is facilitated by its ability to survive
neutrophils (PMNs) clearance mechanisms. | dentifying agentsfrom natural sources
that can boost neutrophil killing ability is therefore beneficial. We investigated
effects of P. betle ethanolic extract on Myeloperoxidase (MPO) and killing
potential of PMNs. Saphylococcus aureus suppresses MPO expression in PMNs
with corresponding loss of M PO activity and 19.23% protein reduction. Piper betle
extract alleviated thisrepressor effect with threefold (3.106 mU mL " pug~* protein)
increase in specific MPO activity in 30 min and 13.44% increase in protein
concentration PMNstreated with S. aureustogether with extract increased activity
even higher (3.629 mU mL~* pug ™ protein) with a corresponding 19.23% increase
in protein concentration. The RT-gPCR analyses confirmed that S aureus
down-regulates MPO causing reduced expression (0.053 fold), whereas, treating
PMNs with S aureus with extract increased MPO expression by 2.29 fold.
Saphylococcus aureus showed 79.24% survival in PMNs, whereas, addition of
extract enhanced neutrophil killing ability asreflected by amarked reductionin cell
survival to 7.14%. Piper betle ethanolic extract overcomestheinhibitory effects of
Staphylococcus aureus on myeloperoxidase, resulting in increased clearance of
intracellular cells.

Key words: Staphylococcus aureus, myeloperoxidase, neutrophils, P. betle,
RT-gPCR

INTRODUCTION

The search for novel therapeutic agents with better
efficaciesto combat infectionsand tumorshasled to numerous
investigationsinvolving plant products as alternative sources.
Weinvestigated the effect of ethanolic extract of P. betleonan
important component in neutrophils (PMNs), namely
Myeloperoxidase (MPO) which contributes to its killing
ability. Staphylococcus aureus is a tenacious pathogen that
causes various types of infections and is problematic due
to its multidrug-resistance trait. It produces an armament of
proteins including catalase and alkylhydroxyperoxidase, that
protect it from oxidative damage (Kobayashi et al., 2010).
When confronted with the hostile environment within
phagosomes, genes encoding these proteins; amongst others,
are upregulated to counteract the del eterious effects presented
by the human host. In addition, S. aureus circumvents host

Www.ansinet.com

innate immune system and studies show that some pathogenic
strains not only overcome neutrophil (PMNSs) elimination but
alsoinduce neutrophil destruction (Gresham et al., 2000).
Further, S. aureusis capable of surviving within PMNswhich
facilitates its dissemination within the host, thus contributing
to infection (Nauseef, 2007).

Polymorphonuclear neutrophils (PMNSs) are essential
white blood cells of the innate immune system which
characterizes the initial protection of the human host against
invading microorganisms(Segal, 2005). Following phagocytic
events, neutrophils degranulate releasing microbicidal
enzymes and undergo oxidative burst resulting in production
of potent oxidizing Reactive Oxygen Species (ROS) that
kill invading microorganisms (Dahlgren et al., 2007).
Myel operoxidase is aheterodimeric heme-containing enzyme
that is found in abundance in azurophilic granules in PMNs
and consists of 2 alphachains (each 60 kDa) and 2 beta chains
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(each 15 kDa). It generates hypochlorous acid (HOCI) from
H,0, and chloride ion which is a strong antioxidant that plays
an essential role in killing of phagocytosed bacteria
(Klebanoff, 2005). Individuas with myeloperoxidase
deficiency show increased susceptibility to infections
(Kutter et al., 2000) and increased susceptibility to candidal
infections in patients with diabetes (Aratani et al., 1999).

Piper betle leaves are consumed in many traditions for
treatment of a wide range of ailments and diseases. Extracts
fromPiper betleLinn possessesvarioushioactivitiesincluding
immunomodulatory, anti-inflammatory, antimicrobial and
antioxidant properties (Kanjwani et al., 2008; Tan and Chan,
2014). Piper betleleavesare chewed in combination withlime
and areca nut for the prevention of oral malodour and heated
leaves are used to reduce cough and asthma (Ramji et al.,
2002). Further, P. betle contains considerable amounts of
polyphenols and terpenoids such as hydroxychavicol,
allylpyrocatechol and eugenol (Rathee et al., 2006) which
contribute towards its free radical scavenging capability and
inhibition of lipid peroxidation (Bhattacharya et al., 2007).
Crude ethanolic extract of P. betle shows strong antimicrobial
activity against numerous tested pathogenic bacterial strains
including Staphylococcus aureus and Escherichia coli
(Chahal et al., 2011).

Myeloperoxidase deficient in neutrophils have retarded
killing ability of S. aureus (Peterson, 2011) although the exact
mechanism has not been elucidated. We investigated the
effects of ethanolic P. betle leaf extract on MPO expression
and myeloperoxidase activity and its consequence on the
killing ability of neutrophils that were challenged with
S aureus. We show that P. betle ethanolic extract alleviates
the suppressor effects of S aureus on MPO in human
neutrophils, resulting in increased myeloperoxidase activity
and killing ability of PMNSs, suggesting its ability to enhance
clearance of phagocytosed bacteria.

MATERIALSAND METHODS

Preparation of ethanolic extract: Piper betle leaves were
collected from University Agriculture Park, University Putra
Malaysia and authenticated at the Forest Research Ingtitute
Malaysia(PID 521113-29). L eaveswerewashed with distilled
water and oven dried overnight at 60°C and ground (100 g) in
ablender and then soaked in ethanol (95% w/v) for seven days
at room temperature. The mixture was filtered and thefiltrate
was completely dried using a rotary evaporator at reduced
pressure (60°C). The residue was dissolved in 10% dimethyl
sulfoxide (Merck, Germany) and stored (Pin et al., 2009). The
MIC (5 mg mL™") of ethanolic P. betle extract against
S aureus was previously determined (Hussain et al., 2013).

Characterization of major phytoconstituent by HPLC
NMR: Allylpyrocatechol was previously identified as the
major constituent in Piper betle ethanolic extract using
analytical HPLC UV (Abdullah and Hussain, 2015) which has
been recently confirmed using optimized HPLC NMR
(in review).
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Staphylococcus  aureus inoculum preparation:
Saphylococcus aureus (ATCC25923) was maintained in
frozen culture and propagated on sheep blood agar for
experimental use. Species confirmation was performed by
gram stain and conventional catalase and coagulase tests.
Inoculum standardization was performed in reference to a
standard growth curve performed in BHI broth and cells
harvested for each assay were standardized (1x10° cellsmL ™)
at exponential phase. No ethics approval was obtained for use
of this control strain (ATCC collection) and this study did not
involve any genetic manipulations. Staphylococcus aureus
ATCC 25923 strain used in this study was a non-clinical
isolate and non-virulent control strain but capable of evading
PMN killing (Gresham et al., 2000).

Neutrophil isolation and cell viability: Ethics approval for
collection and handling of human blood was obtained fromthe
Main Ethics Committee, Universiti Teknologi MARA
(Ref: 600-RMI (5/1/6) and the study was conducted in
accordancewith approved ethical standards. Neutrophilswere
pooled from blood freshly collected from ten healthy donors.
Six milliliter of blood was added to equal volume of PBS and
neutrophils were harvested by dual density Ficoll gradient
centrifugation as described by Venaille et al. (1994).
Histopagque 1077 (3 mL) was overlayed with equal volume of
Histopaque 1119 and topped with 6 mL of diluted blood and
centrifuged (700xg, 30 min) at room temperature. Cells from
the interphase layer, containing enriched neutrophils, were
harvested, washed and resuspended in cold PBS and counted.
Neutrophil viability counts were performed as described by
Strober (2001) using 0.4% trypan blue. Cells were counted
after 3-5 min of mixing and percentage of viable cells was
calculated. Cell morphology was confirmed using the Wright
stain.

Treatment of neutrophils with S. aureus and P. betle
ethanolic extract: For the assays, 1 mL of neutrophils
(4.36x10% and 100 pL of the serum were added to each
milliliter of unopsonized bacteria. Four sample tubes were
prepared consisting of, neutrophils only (negative control),
neutrophilswith S aureus (positive control), neutrophils
with  MIC (5 mg mL™") P. betle ethanolic extract and
neutrophils with S. aureus and 5 mg mL~" P. betle ethanolic
extract. Tubeswereincubated for 1, 2and 3h (37°C) followed
by centrifugation (4000 rpm, 5 min). One milliliter ice cold
PBS was added to each tube, centrifuged at 100xg (5 min),
supernatant discarded and pellets were washed twice with ice
cold PBS. Thepellet wasresuspended in 1 mL PBS containing
Triton X-100 and incubated at room temperature (5 min) to
lyse neutrophils.

RT-gPCR analysis. Tota RNA from each sample was
isolated using RNeasy mini kit (Qiagen, USA) according to
manufacturer’s instructions. The cDNA synthesis was
performed using Quanti Tect Reverse Transcription Kit
(Qiagen, USA) according to manufacturer’'s instructions.
The RNA purity and concentration were confirmed using
biophotometer (Eppendorf, USA). Complete MPO sequence
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Table 1: Primers and probe designated targeting the MPO and housekeeping gene (HPRT1) of neutrophils

Primers and probe Sequences Length (bp) m GC (%)
MPO

Forward (5'-3') CCTTTGACAACCTGCACGAT 20 63 50.0
Probe (5'-3") CTGTCTCCTCACCAACCGCTCA 22 68 59.0
Reverse (5'-3') GGCATCTCACTGGAACGG 18 62 61.1
Housekeeping gene (HPRT1)

Forward (5'-3') TTGTTGTAGGATATGCCCTTGA 21 40.9
Probe (5'-3') AGCCTAAGATGAGAGTTCAAGTTGAGTTTGG 31 41.9
Reverse (5'-3') GCGATGTCAATAGGACTCCAG 20 52.4

(human neutrophils) was accessed from NCBI Gen Bank
database. For probe and primers, sequenceswere each aligned
using Sci Tools Real Time PCR software (Integrated DNA
Technologies, USA) to identify unique regions that are
suitable for amplification of the MPO (Table 1). Specificity of
primers and probes were confirmed using primer blast and
Nucleotide blast tool (NCBI). The probe was labeled with
6-carboxy-fluorescein (FAM) at the5’ end (reporter) and with
the 6-carboxy-tetramethylrhodamine (TARMA) at the 3' end
(quencher). All the steps were repeated for the designated
reference housekeeping gene (HPRT 1) for selection of forward
and reverse primers and probe (Table 1).

Reactionswere performedin 20 pL final reaction volume
containing 2X Quanti Nova Probe PCR Mastermix, respective
cDNA, primers and probes in RNase-free water. Real-time
PCR was performed (Biorad, USA) according to
manufacturer’s recommendations (2 min at 95°C, 5 sec at
95°C and 5 sec at 60°C for 40 cycles). The PCR reaction for
each gene was performed in triplicate and gene expressions
were analyzed using the Livak method. Data generated in the
bar graph were derived using the Livak or Ct method (2-24)
(Livak and Schmittgen, 2001) also known AACt as defined by
the following equation:

Z—AACt - 2—[(Ct target (Treated sample)-Ct HK G)—(Ct target (Untreated sample)-Ct HKG)]

Bradford protein assay: Protein concentrations in lysates
were determined using the Bradford assay by
spectrophotometric analysis (595 nm) according to
manufacturer’s instruction and referenced against a standard
plotted curve (BSA) for total protein content.

TNB consumption and myeloperoxidase activity assay:
Myeloperoxidase (MPO) activity assay was performed using
the colorimetric NWLSS™ assay kit (Sigma Aldrich,
Malaysia) according to manufacturer’ sinstructions (Northwest
Life Science Specidties, 2014). The 5-thio-2-nitrobenzoic acid
(TNB) wasfirst used to devel op astandard curveand AA ,, of
each lysate was compared to the standard curve to determine
TNB consumption (nM) which was then used to calculate
MPO activity in samples as follows:

Bxsample dilution factor

MPO activity =
y Reaction timexV

where, B is amount (nNM) of TNB consumed, V is Sample
volume (mL) added to each well.
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One unit MPO activity is defined as the amount of
enzymethat catalyzessufficient HOCL productionresultingin
formation of 1 nM TauNHCI (pH 6.5, 25°C) over 30 minin
the presence of 100 mM chloride and 100 pM H,0.,.

Specific TNB consumption and myel operoxidase activity
were calculated using the following equation (Philip, 2007):

TNB consumption ("M mL™) OR Myeloperoxidase activity (mU mL™™)
Protein concentration (ug " protein)

Neutrophil killing assay: For the neutrophil killing assay,
bacterial cells were first opsonized using Phosphate Buffered
Saline (PBS) containing 10% serum (1:10) and incubated at
37°C (20 min). The assay was performed using two tubes;
consisting of optimized S. aureus with PMN and S. aureus
with P. betle ethanalic extract and PM NS, respectively. Tubes
were incubated for 1 h (37°C) and samples were washed and
centrifuged (100xg) twicein cold PBSto removeextracellular
cells. The pellets were resuspended in lysing buffer
(Triton-X100, SDS and NaCl), vortexed for 1 min and
incubated for 15 min (37°C) to lyse neutrophils and release
intracellular cells. Lysates were inoculated on BHI agar and
incubated overnight (37°C). Thenumber of viableintracel lular
bacteria in each lysate was determined by colony counts, in
triplicate, after overnight (37°C) incubation.

RESULTS

It is uncertain how P. betle ethanolic extract affects
interactions between organism and phagocytic cells.
Therefore, we investigated its effects on human
Myeloperoxidase (MPO), an important component in
neutrophilsthat isinvolvedinkilling of phagocytosed bacteria.
Neutrophils used in this study were freshly harvested for each
test procedure and.

M PO expression: The effect of P. betle ethanolic extract on
M PO expressionin neutrophil wasinvestigated using real -time
PCR to determine changesin thetargeted gene. The RT-gPCR
analyses were performed in triplicate together with the
housekeeping gene, HPRT1. Amplification efficiencies for
both genes (MPO and HPRT1) were approximately 100%.
The effect of P. betle ethanolic extract on expression of
MPO in neutrophil was investigated using real-time PCR to
determine changes in the targeting gene. Expression of MPO
was determined after treatment (in triplicate) with 5 mg mL~*
P. betle ethanolic extract for 1 h. The relative expression
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Fig. 3: Myeloperoxidase activity assay (mU mL~?)

of MPO gene in treated and untreated samples with
HPRT1 reference gene was determined using the 244¢
(Livak method). RT-PCR analyses were performed in
triplicate and the amplification efficiencies for both genes
(MPO and HPRT1) were near 100%. According to the
amplification graphs (Fig. 1-3), MPO in treated PMNs
with P. betle extract amplified higher than untreated
PMNs and treated PMNs with S. aureus with indicating a
higher expression of the gene in treated PMNs with P. betle
extract to untreated PMNs and treated PMNs with S aureus.

First RT-PCR run: Analysis of obtained datafrom first
RT-PCR run showed that S aureus suppresses MPO
expression in PMNs causing approximately nil (0.06 fold)
expression compared to untreated PMNs (baseline). Increased
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Table 2: Quantification data of target gene (MPO) and reference gene
(HPRT1) intreated and untreated samplesof neutrophilsfor thefirst,
second and third RT-PCR run

Sample MPO gene (target) HPRT1 (reference)
First

PMNSs (P) 30.46 (Ct) 29.50 (Ct)
PMN-+P. betle (PP) 29.20 (Ct) 28.50 (Ct)
PMNs+S. aureus (SP) 39.36 (Ct) 34.40 (Ct)
PMNSs+P. betle+S. aureus (SPP) 27.30 (Ct) 27.20 (Ct)
Second

PMNs (P) 29.80 (Ct) 28.30 (Ct)
PMN+P. betle (PP) 27.30 (Ct) 26.30 (Ct)
PMNSs+S. aureus (SP) 38.80 (Ct) 33.20 (Ct)
PMNs+P. betle+S. aureus (SPP) 24.80 (Ct) 24.70 (Ct)
Third

PMNs (P) 29.10 (Ct) 27.80 (Ct)
PMN-+P. betle (PP) 27.45 (Ct) 27.10 (Ct)
PMNs+S. aureus (SP) 38.50 (Ct) 32.90 (Ct)
PMNs+P. betle+S. aureus (SPP) 25.3 (Ct) 25.30 (Ct)

*Ct or threshold cycle is the number of cycles required for the fluorescent
signal to cross the threshold

M PO expression was observed in PMNs treated with P. betle
ethanolic extract (1.20 fold) and interestingly, PMNs exposed
to S. aureus showed higher MPO expression in presence of
P. betle extract (1.82 fold) compared to baseline (untreated
PMNSs). Evaluated datashowed that P. betle extract overcomes
the inhibitory effect of S aureus on MPO expression which
elevated from 0.06 fold in PMNs treated with S aureus to
1.82 fold in PMNs treated with both S aureus and P. betle
extract (Fig. 4a, Table 2).

Relative quantification of MPO expression using Livak
method or AACt:

PMNs+P. betle
e AC; (P) = Ct (target, P)-Ct (reference, P) = 30.46-
29.50 = 0.96
e AC; (PP) = Ct (target, PP)-Ct (reference, PP) =
29.20+28.50 = 0.7
* AACt=ACt (PP)-ACt (P) =0.7-0.96 = -0.26
o Normalized expressionratio=2724T=2-(026 =1 20
e PMNs treated with P. betle ethanolic extract
expressed MPO at 1.20 fold higher than untreated
PMNs
e PMNst+S aureus
e AC; (P) = Ct (target, P)-Ct (reference, P) = 30.46-
29.50 = 0.96
e AC;(SP)=Ct (target, SP)-Ct (reference, SP) = 39.36
-34.40 = 4.96
* AACt=ACt (PP)-ACt (P) =4.96-0.96 =4
+  Normalized expression ratio = 2724°T = 2= = 0.06
* PMNstreated with S. aureus expressed MPO at 0.06
fold lower than untreated PMNs
e PMNSs+P. betletS. aureus
* AC; (P) = Ct (target, P)-Ct (reference, P) = 30.46-
29.50=0.96
*  AC; (SPP) = Ct (target, SPP)-Ct (reference, SPP) =
27.30-27.20=0.1
* AACt=ACt (SPP)-ACt (P) =0.1-0.96 = -0.86
«  Normalized expressionratio=2"4T =298 =1 82
* PMNs treated with P. betle ethanolic extract and
S aureus expressed MPO at 1.82-fold higher than
untreated PMNs
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Fig. 4(a-c): Gene fold expression of MPO in PMNs (P),

PMNs+P. betle (PP), PMNs+S aureus (SP) and

PMNSs+P. betle+S aureus (SPP) for the, (a) First RT-PCR run, (b) Second RT-PCR run and (c) Third RT-PCR run

Second RT-PCR run: Analysis of obtained data from first
RT-PCR run showed that S aureus suppresses MPO
expression in PMNs causing approximately nil (0.05 fold)
expression compared to untreated PMNs (baseline). Increased
M PO expression was observed in PMNs treated with P. betle
ethanolic extract (1.41 fold) and interestingly, PMNs exposed
to S aureus showed higher MPO expression in presence
of P. betle extract (2.60 fold) compared to baseline
(untreated PMNs). Evaluated data showed that P. betle extract
overcomes the inhibitory effect of S aureus on MPO
expression which elevated from 0.05 fold in PMNSs treated
with S aureusto 2.6 fold in PMNstreated with both S aureus
and P. betle extract (Fig. 4b, Table 2).

Relative quantification by using Livak method or AACt:

PMNs+P. betle

* AC; (P) = Ct (target, P)-Ct (reference, P) = 29.80-
28.30=15

*  AC;(PP) = Ct (target, PP)-Ct (reference, PP) = 27.30
+26.30=1

+ AACt=ACt(PP)-ACt (P)=1-15=-0.05

«  Normalized expression ratio = 2722°T = 2-(99 = 1 41

+ PMNs treated with P. betle ethanolic extract
expressed MPO at 1.41 fold higher than untreated
PMNs
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878

e PMNSst+S aureus
e AC; (P) = Ct (target, P)-Ct (reference, P) = 29.80-
28.30=15
e AC;(SP) =Ct (target, SP)-Ct (reference, SP) = 38.80
-33.20=5.6
e AACt=ACt(SP)-ACt(P)=5.6-15=4.1
»  Normalized expression ratio = 274" = 2=%1 = 0,05
*  PMNstreated with S. aureus expressed MPO at 0.05
fold lower than untreated PMNs
¢ PMNs+P. betletS. aureus
e AC; (P) = Ct (target, P)-Ct (reference, P) = 29.80-
28.30=15
e AC;(SPP) = Ct (target, SPP)-Ct (reference, SPP) =
24.80-24.70=0.1
e AACt=ACt(SPP)-ACt(P)=0.1-15=-14
o Normalized expression ratio = 22T =229 =2 6
 PMNs treated with P. betle ethanolic extract and
S. aureus expressed MPO at 2.6 fold higher than
untreated PMNs

Third RT-PCR run: Analysis of obtained data from first
RT-PCR run showed that S aureus suppresses MPO
expression in PMNs causing approximately nil (0.05 fold)
expression compared to untreated PMNs (baseline).
Increased M PO expressionwasobservedin PMNstreated with
P. betle ethanolic extract (1.93 fold) and interestingly,
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Table 3: Mean normalized expression ratio data for the overall three RT-PCR runs of target gene MPO for untreated and treated PMNs with (5 mg mL™?)
P. betle ethanolic extract and (1x10° cell mL~?) S. aureus. Ct or threshold cycleisthe number of cyclesrequired for the fluorescent signal to crossthe

threshold
RT-PCRrun PMNs(Ctvalues) PMNs+P. betle (Ct values) PMNs+S. aureus (Ct values) PMNs+P. betle+ S. aureus (Ct values)
First 1.00 1.20 0.060 1.82
Second 1.00 1.40 0.000 2.60
Third 1.00 1.90 0.050 244
Mean Ct values from three runs 1.00 151 0.053 2.29
e PMNSs+P. betle+S. aureus
307 e AC; (P) = Ct (target, P)-Ct (reference, P) = 29.10-
c 25- 229 27.80=1.30
7 — «  AC;(SPP) = Ct (target, SPP)-Ct (reference, SPP) =
% 2.0+ 151 25.31-25.30 = 0.01
= ' e AACt=ACt (SPP)-ACt (P) =0.01-1.30=-1.29
3 1 »  Normalized expressionratio=2"2T=2"1# =2 44
‘TE 10+ e PMNs treated with P. betle ethanolic extract and
5 05 ﬂ S. aureus expressed MPO at 2.44 fold higher than
’ 0,053 untreated PMNs
0.0 T T S T 1
P PP SP SPP

MPO expression

Fig.5: Averaged (threetrials) MPO expressionoin PMNs (P),
PMNs+P. betle (PP), PMNs+S. aureus (SP) and
PMNSs+P. betle+S. aureus (SPP)

PMNs exposed to S aureus showed higher MPO
expression in presence of P. betle extract (2.44 fold)
compared to baseline (untreated PMNS). Evaluated data
showed that P. betle extract overcomestheinhibitory effect of
S. aureus on MPO expression which elevated from 0.05 fold
in PMNs treated with S aureus to 2.44 fold in PMNs
treated with both S aureus and P. betle extract (Fig. 4c,
Table 2).

Relative quantification by using Livak method or AACt:

*  PMNSs+P. betle
e AC; (P) = Ct (target, P)-Ct (reference, P) = 29.10-
27.80=1.30
e AC;(PP) =Ct (target, PP)-Ct (reference, PP) = 27.45
-27.10=0.35
e AACt=ACt(PP)—ACt (P) =0.35-1.30 =-0.95
o Normalized expressionratio=2"24°T = 2-(0% =1 93
* PMNs treated with P. betle ethanolic extract
expressed MPO at 1.93 fold higher than untreated
PMNs
e PMNSs+S aureus
e AC; (P) = Ct (target, P)-Ct (reference, P) = 29.10-
27.80=1.30
e AC;(SP) =Ct (target, SP)-Ct (reference, SP) = 38.50
-32.90=5.6
e AACt=ACt (SP)-ACt (P) =5.6-1.30=4.3
o Normalized expression ratio = 2744 = 2743 = 0,05
*  PMNstreated with S aureus expressed MPO at 0.05
fold lower than untreated PMNs
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Averaged result of all three RT-PCR runs. Based on the
dataquantification for thethreetrials (Table 3, Fig. 5), treated
PMNs with P. betle and PMNs+P. betle+S. aureus showed
increased MPO expression at 1.51 and 2.29 fold higher than
untreated PMNs and treated PMNs with S aureus
(1x10° cell mL~%) showed decreased MPO expression at
0.053 fold lower than untreated PMNs (Fig. 5). It is
confirmed that P. betle ethanolic extract relieves the
suppressive effect of S. aureus on MPO expression in human
neutrophils.

According totheamplification datafor al threetria runs,
PMNSs treated with S aureus (1x10® cellmL) showed
decreased MPO expression at 0.053 fold lower than untreated
PMNs. However, MPO expression in PMNs treated with
P. betle extract was higher than in untreated PMNs and PMNs
treated with S. aureusindicating higher expression of thegene
in the presence of the extract. Based on the quantification data
for the three trials (Table 3), PMNSs treated with P. betle and
with both P. betle and S aureus showed increased MPO
expressions at 1.51 and 2.29 folds higher respectively than
untreated PMNs (Fig. 5). This verifies that P. betle ethanolic
extract relieves the suppressive effect of S. aureus on MPO
expression in human neutrophils.

Total protein content: Total proteinsin the lysates prepared
from neutrophils were increased after exposure to MIC
(5mg mL™) of P. betle ethanolic extract (6.2 ug mL ") which
represents a 19.2% increase compared to untreated PMNs
(5.2 pg mL™) (Fig. 1). In contrast, lysate obtained from
neutrophils exposed to S aureus alone showed decreased
protein concentration (4.2 pg mL~Y) corresponding to
approximately 19.2% reduction compared to untreated cells.
Further, the presence of P. betle extract caused an
approximately 13.5% increase over untreated cells in total
protein concentration in the neutrophils inspite of presence of
S aureus (5.9 ug mL ™).
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Table 4: Specific TNB consumption (hM mL~* ug~" protein) by lysates against baseline protein concentrations

Incubation time (min)

Parameters 30 60 120
PMNs 1/5.2=0.192 1.5/5.2=0.288 0/5.2=0
PMNs+P. betle 5.5/5.9 = 0.932 6/5.9 = 1.016 0/59=0
PMNs+S. aureus 0/4.2=0 0/42=0 0/42=0
PMNs+P. betle+S aureus 6.75/6.2 = 1.088 7.5/6.2=1.209 0/6.2=0
Table 5: Specific myeloperoxidase activity (mU mL~* pg~" protein) against baseline protein concentrations
Incubation time (min)

MPO activity 30 60 120
PMNs 3.33/5.2=0.64 2.5/5.2=0.48 0/5.2=0
PMNs+P. betle 18.33/5.9 = 3.106 10/5.9 = 1.69%4 0/59=0
PMNs+S. aureus 0/4.2=0 0/42=0 0/42=0

PMNSs+P. betle+S. aureus 22.5/6.2 = 3.629

12.5/6.2 = 2.016 0/6.2=0

2.0 1
1.8
1.6 1
144
124
1.0
0.8
0.6 1
0.4
0.2 1

O T 1
S aureust+P. betlet PMNs

—_

S aureustPMNs

Fig. 6: Neutrophil killing assay of S. aureus (1x10%cell mL™)
Graph  showing colony counts (CFU) of
S aureustPMNs and S. aureus+P. betle+tPMNs

TNB consumption: To determine MPO activity assay, the
amount of 5-thio-2-nitrobenzoic acid (TNB) consumed by
each lysate preparation was first measured. The TNB
consumptionisproportional to myel operoxidaseactivity intest
samples (Fig. 2). Neutrophils (PMNSs) that were challenged
with S. aureus (1x10® CFU mL~?) had no consumption of
TNB whereas the presence of MIC (5 mg mL™) of P. betle
ethanolic extract significantly increased TNB consumption
indicating elevated myeloperoxidase activity in PMNs above
baseline (control) levels.

Specific TNB consumption (nM mL~* pg™ protein):
Specific TNB consumption (nM mL~* pg™ protein)
calculationswere performed to standardize TNB consumption
by myeloperoxidase to baseline protein concentration in the
different test samples which revealed that TNB consumption
by PMNs treated with P. betle was 0.932 and 1.016 at 30 and
60 min, respectively (Table 4). No TNB consumption was
observed in PMNstreated with S. aureus. Anincreasein TNB
consumption by MPO was observed in PMNs treated with
P. betleand S. aureus(1.088 and 1.209) compared to untreated
PMNSs (0.192 and 0.288) at 30 and 60 min, respectively.

Myeloperoxidase (MPO) activity: Correspondingly,
neutrophils that were challenged with S. aureus completely
lost MPO activity compared to unchallenged neutrophils
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(Fig. 3). A marked increase in MPO activities was evident
when the crude extract was added to PMNSs in the presence
and absence of S. aureus although amore significant increase
was observed without presence of the organism. The decline
in MPO activities beyond 30 min in all samples are as
expected presumably due to deterioration of MPO protein
subunits that occurs consistently in all samples.

Specific myeloper oxidase (MPO) activity
(mU mL~* ug protein): Specific MPO activity calculation
wasperformedto standardizeto baseline protein concentration
which revealed that MPO activity in PMNs treated with
P. betle were 3.106 and 1.694 at 30 and 60 min incubation,
respectively (Table 5). No MPO activity was observed in
PMNs treated with S aureus and similarly, significant
increases in MPO activities were observed in PMNs treated
with P. betlealoneor P. betlewith S. aureus (3.629 and 2.016)
compared to untreated PMNSs.

Neutrophil killing assay: The PMNs that were challenged
with opsonized S. aureus (2.12x10°%) were competent to
perform killing of the pathogen whereupon after 60 min
incubation, which allowed for phagocytotic events, the
number of S. aureus cells recovered from PMN lysate was
1.68x10% CFU mL~* which represents 20.75% reduction
(Fig. 6). However, PMNs that were challenged with the same
number of S aureus in the presence of P. betle ethanolic
extract showed reduced recovery of viable organisms
(0.12x10° cell mL %) corresponding to 94.33% decreasein cell
number.

DISCUSSION

Efficient killing of S. aureusby human neutrophilsviathe
H,O,-dependent pathway is enhanced by the presence of
myeloperoxidase (Humphreys et al., 1989). The NADH
oxidase catalyses formation of cell damaging O,~ which is
subsequently converted to the highly toxic H,O, that induces
cell death. Myel operoxidase catal yzes oxidation of chlorideby
H,0, to form hypochlorous acid (HOCI) which contributes
to microbicidal properties of PMNs (Lau and Baldus, 2006).
The HOCI formed within the phagosomes react with ingested
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bacteria to generate tyrosyl radicas which catalyses
cross-linking of proteins (Heinecke et al., 1993) and oxidises
bacterial methionine residues in proteins that contribute to
microbicidal effect (Rosen et al., 2009).

Reactive radicals such as O*~, H,0, and OH" are capable
of killing organisms in the absence of myeloperoxidase
(Roos et al., 2003; Urban et al., 2006). However, recent
studies suggest a more prominent role of MPO in microbial
killing within phagosomes that appears to be especialy
significant in overwhelming infections (Klebanoff et al.,
2013). Myeloperoxidase-deficient mice for instance, are
shown to be particularly more susceptible to candidiasis
(Aratani et al., 1999). It has also been observed that
neutrophils deficient in MPO kill many species of
pathogenic microbes more slowly than do normal neutrophils
and mice deficient in MPO succumb more readily to certain
pathogens than do norma animals (Gresham et al., 2000;
Palazzolo-Balance et al., 2008).

In overcoming and to survive the damaging effects
presented by PMNs during phagocytosis (Rigby and
Del eo, 2013), S. aureus is known to regulate expression of
genes encoding proteins that are involved in stress-response,
metabolism and virulence, amongst others. Specificaly, genes
encoding y-hemolysins (hlgA, higB and higC) and exotoxins
that destroy leukocytes are upregulated during phagocytosis
by neutrophils. In addition, S. aureus also expresses two
pore-forming toxins, namely the a-hemolysin and
bicomponent leukotoxins (Luk) that aids in destruction of
neutrophils (Voyich et al., 2005). In this study, we show that
S aureus down-regulates MPO expression, probably
contributing to the observed reduction in myeloperoxidase
activity and its increased survival in human neutrophils. As
these observations have not been previously documented in
literature, therefore, an additional mechanism by which this
pathogen overcomes killing by neutrophils is suggested.
Majumdar et al. (2003) reported that P. betle ethanolic extract
increased both superoxide dismutase and catalase activities
NSAID induced ulcersin abino rats but effects of S. aureus
on MPO expression has not been documented. P. betle
ethanolic increased MPO expression, thereby aleviating the
repressor effect of S aureus to increase myeloperoxidase
activity. The RT-gPCR analyses verified upregulation of
MPO by P. betle ethanolic |eaf extract above baseline, despite
presence of the organism. Increasing MPO expression and
myeloperoxidase activity, most likely contributes to ability
of neutrophils to resist and combat against damages
caused by S aureus (Hampton et al., 1996). It is not
clear why P. betle extract expressed MPO much higher in
presence of S. aureus and this requires elucidation on the
mechanisms involved during transcription of the gene in
presence and absence of the organism.

Presence of S aureus also showed corresponding
decreasein myel operoxidase activity, possibly contributing to
the observed debilitating effect on neutrophil killing
potentia, thusresulting inincreasein survival of the organism
in PMNs. In absence of extract, the organism suppressed
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myeloperoxidase activity with concomitant increase in
survival of the organism up to 80%. Presence of P. betle
ethanolic leaf extract increased myeloperoxidase activity
which corresponded with decreased S. aureus survival as
reflected by reduced number of colonies as determined by the
neutrophil Kkilling assay. Although correlation between
myeloperoxidase activity and cell survival within neutrophils
was not directly established in this study, the observations are
highly suggestive. Results of neutrophil killing assay are
acceptablebecause S. aureus cell swere opsoni zed with bovine
serum abumin to enhance phagocytosis by PMNs and
sufficient incubation time (1 h) was allowed for phagocytic
activity to occur effectively (Deby-Dupont et al., 1999). In
addition, after treatment of PMNs with S aureus, the cell
suspension was pelletted and washed twice with ice cold PBS
to remove extracellular S. aureus cells. Therefore, the growth
of cells observed after lysing treated PMNs were assuredly
sourced from within (intracellular) the PMNs where
extracellular unphagocytosed bacteria were removed
(Haqg et al., 1995).

Taken together, our observations confirm that P. betle
ethanolic extract increases MPO activity by upregulating
expression of the MPO in human neutrophils. Possible
interference by ethanol on the observed effects is discounted
due to the use of the rotary evaporator during extract
preparation. Rotary evaporation vaporises residual ethanol at
60°C and condenses it under reduced pressure, where it is
convertedinto liquid ethanol which was collected in aseparate
collection plateand discarded (V oravuthikunchai and Mitchell,
2008). Therefore, the extract is devoid of ethanol. The 10%
DMSO is often used as a cyroprotectant to optimize cell
surviva in vitro and in vivo (Randhawa, 2006). Dimethyl
sulfoxide was used in this study at 10% concentration which
had no cytotoxic and inhibitory effect on S aureus and
neutrophils. In addition, relevant PMN and S. aureus controls
that were included this study provided appropriate baseline
data that reduced possible errors. Furthermore, our results
showed enhanced enzyme activity and increased protein
concentrationsin the presence of the extract which negatesthe
possible cytotoxic and inhibitory effects normally imposed by
DM SO and ethanal.

Piper betel ethanolic extract has been previously
characterized and its phytoconstituents and their related
pharmacological propertiesidentified (Bhalerao et al., 2013).
We recently verified Allylpyrocatechol (APC) as the major
constituent in P. betle ethanolic extract using HPLC UV and
NMR, abeit at reduced purity (Abdullah and Hussain, 2015).
APC was previously shown to exhibit anti-inflammatory
activitiesby inhibition of the NF-KB pathway in LPS-induced
macrophages (Sarkar et al., 2008). Its chemical structure
which reveal stwo hydroxyl groups each attached to abenzene
ring, facilitates its extraction as the major constituent in the
more polar solvent, ethanol by given its immunomodul atory
potential, further investigations using standard APC are
warranted for confirmation of its direct contribution towards
the observed effects.
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CONCLUSION

In conclusion, this study showed that S. aureus inhibits
MPO expression possibly contributing to the corresponding
decrease in myeloperoxidase activity leading to high survival
of the organism in PMNSs. This observation suggests another
mechanism by which S aureus overwhelms and survives
neutrophil killing. Piper betle ethanolic leaf extract aleviates
the suppressive effect induced by S. aureus causing a high
increase in MPO expression resulting in increased MPO
activity and correspondingly, decreased survival of
phagocytosed S aureus. As we have previously established
allylpyrocatechol as the major constituent in the extract,
therefore, pending investigations using standard
allylpyrocatechol of known purity, we expect to verify it
as the major component in P. betle ethanolic extract that is
responsible for the observed effects on neutrophils.
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