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Staphylococcal and streptococcal species trigger a wide variety of infections involving epithelial tissues.
Virginian witch hazel (WH; Hamamelis virginiana L.; family: Hamamelidaceae) is a plant that has been
used traditionally by Native Americans to treat a variety of skin conditions. Extracts from the leaves were
examined for their inhibitory effects on these bacterial species. Solvents of different polarity (water,
methanol, ethyl acetate, hexane and chloroform) were used to prepare extracts from WH leaves, and the
aqueous resuspensions were screened for antibacterial activities using disc diffusion and liquid dilution
assays. Extract phytochemical profiles and toxicities were also examined, and combinations of extracts
with conventional antibiotics were tested against each bacterial strain. The methanolic and aqueous
extracts inhibited the growth of S. oralis, S. pyogenes, S. epidermidis and S. aureus, but not S. mutans. The
extracts were especially active against staphylococcal species, with MIC values between 200 and 500 mg/
ml. Combinations of active extracts with conventional antibiotics failed to yield beneficial interactions,
except for two cases where additive interactions were observed (aqueous WH extract combined with
chloramphenicol against S. oralis, and methanolic WH extract combined with ciprofloxacin against
S. aureus). Phytochemical assays indicated an abundance of tannins, triterpenoids and phenolics in the
water and methanol extracts, with trace amounts of these components in the ethyl acetate extract.
Phytochemicals were not detected in hexane and chloroform extracts. Thus, phytochemical abundance in
extracts was concordant with antibacterial activities. All extracts were found to be non-toxic in Artemia
nauplii assays. These findings indicate the potential for WH leaf extracts for clinical use in treating
staphylococcal and streptococcal infections, while substantiating their traditional Native American uses.
© 2021 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY license (http://creativecommons.org/licenses/

by/4.0/).
1. Introduction

Hamamelis virginiana L., commonly known as Virginian witch
hazel (WH), is native to North America and has been utilised
traditionally as a medicinal agent by indigenous Native American
populations. Its primary applications are for the treatment of
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haemorrhoids, superficial skin wounds and skin inflammation.
Decoctions of WH were prepared by boiling the shrub (leaves and/
or bark) and applying it to the skin to reduce inflammation,1

although preparations were also ingested for colds and fevers.2

A number of studies have reported anti-inflammatory, antioxi-
dant and anti-proliferative properties of WH extracts.3e8 Its uses as
an astringent and for the treatment of acne and irritable scalp
conditions have also been documented.9e12 Antiviral activities have
also been reported.13,14 However, there is scant scientific evidence
on the antibacterial effects of WH extracts. A 2002 study15 revealed
weak activity of a WH distillate against the Staphylococcus species
S. aureus and S. epidermidis, although the product contained 5%
urea, which may have contributed to this activity.16 More recently,
strong activities towards these two strains were demonstrated
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Abbreviations

ALA brine-shrimp lethality assay
DMSO dimethyl sulfoxide
SFIC the sum of the fractional inhibitory concentration
HAMA hamamelitannin
INT r-iodonitrotetrazolium chloride
LD50 dose of sample necessary which causes death of

50% of test organisms or cells
MH Mueller Hinton
MIC minimum inhibitory concentration
WH witch hazel
ZOI zone of inhibition
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using a commercial WH product available from StaphOff Biotech
Inc. (Hopkinton, USA) named whISOBAX.17 However, activities
were measured based on phenolic content of the product rather
than using crude extracts and therefore may not necessarily vali-
date the traditional usage of this species. It should also be noted
that this WH product is supplied as a tincture, and thus high con-
centrations of ethanol are present which would contribute sub-
stantially to the observed antibacterial activity. Polyphenolic
compounds are well-known as bacterial growth inhibitors,18

although the predominant phenolic compound in WH, hamame-
litannin (HAMA), does not appear to contribute to the antibacterial
activity in vitro17,19 despite being capable of inhibiting staphylo-
coccal infections in vivo.20 Since staphylococcal species are found
predominantly on epithelial surfaces, any antibacterial properties
of WH may account for some of the soothing, anti-inflammatory
effects of the topical WH applications via beneficial anti-infective
measures that reduce skin inflammation.

WH herbal tea is also taken orally to treat inflammation of the
gums and mouth and as a mouthwash/gargle to treat inflammation
of the oropharynx.21,22 Numerous streptococcal species are known
to cause dental decay, including S. mutans and S. oralis, while
S. pyogenes is a major cause of bacterial throat infections commonly
known as “strep throat”. A commercial preparation of WH has been
shown to decrease tooth biofilm formation,23 whilst a report from
Korean researchers indicated that S. mutans growth was inhibited
by Dickinson’s® Witch Hazel (T.N. Dickinson Co. USA), a commer-
cial WH product.24 However, this product contains 14% ethanol,
which may have compromised the assessment of bacterial growth
inhibition by any available WH phytochemicals and yielded false
positive outcomes.

Together, these data demonstrate that limited scientific evi-
dence to support the use of WH as anti-infective agents exists in
dental care or as a gargle for sore throat, or for the treatment of skin
infections. Thus, due to the lack of meaningful studies on the
antibacterial effects of WH extracts, the present study investigated
the ability of WH extracts (prepared using solvents of varying po-
larity) to inhibit the growth of three streptococcal and two staph-
ylococcal species on agar, and then to determine minimum
inhibitory concentration (MIC) values using broth dilution experi-
ments. Given the potential confounding factors present in previous
studies this study intends to clarify the direct activity of extracts
that are devoid of organic solvents present in many commercial
preparations which complicates the quantification of antibacterial
activities. To achieve this, dried crude extracts resuspended in
aqueous solution are utilised in this study. Extracts showing
appreciable activity were then combinedwith various conventional
antibiotics to determine whether there are any interactions be-
tween the extracts and antibiotics. The toxicities and
458
phytochemical profiles of the WH extracts were also assessed.
Additionally, the phytochemical profiles of the WH extracts were
assessed, since numerous other studies have found that medicinal
plant extracts rich in tannins, flavonoids, polyphenols, triterpe-
noids and cardiac glycosides have been found to be effective at
inhibiting the growth of staphylococcal and streptococcal spe-
cies.25e29 Finally, the WH extracts were then used in brine shrimp
lethality bioassays to ascertain their cytotoxicity.
2. Materials and methods

2.1. Plant source and extraction

WH leaf material was originally sourced from the US and ob-
tained from Noodles Emporium (Australia) and supplied as small
(approx. 5 mm) leaf fragments. Voucher specimens (GU2018WHa)
are stored at the School of Environment and Science, Griffith Uni-
versity, Australia. Individual 1 g masses of the leaf material were
weighed into separate tubes and 50 ml of either sterile deionised
water, methanol, ethyl acetate, hexane or chloroform were added.
All organic solvents were obtained from Ajax Fine Chemicals
(Wollongong, Australia) and were AR grade. The leaves were
extracted in each solvent for 24 h at room temperature with con-
stant agitation and subsequently filtered through Whatman No. 54
filter paper to remove particulate matter. Organic solvents were
evaporated by air drying at 45 �C for 36e48 h in a chemical flow-
hood, whereas aqueous extracts were freeze-dried by lyophiliza-
tion at �80 �C in a VirTis sentry 2.0 Bench Top Lyophilizer (SP
Scientific, USA) for up to 48 h. The extracts were dried to comple-
tion, as determined by no further decreases in mass with subse-
quent weighing. All dried extracts were weighed to determine
extraction yield, resuspended in 10 ml of sterile deionised water
(containing 1% DMSO) and subjected tomild sonication (20 s pulses
at 1 kHz, with 30 s rest between pulses). Extracts were then steri-
lised by passing through 0.22 mm Millex-GS mixed cellulose ester
membrane syringe filter units (Merck Pty. Ltd., Baywater, Australia)
and stored at 4 �C in tightly capped polypropylene tubes until
required.
2.2. Qualitative phytochemical studies

Plant extract alkaloids, cardiac glycosides, flavonoids, phenolic
compounds, phytosterols, saponins, tannins and triterpenoids were
assessed using standard phytochemical assays.30
2.3. Bacterial cultures

Streptococcus mutans and Streptococcus oralis (wild-type, clinical
isolates), Streptococcus pyogenes (ATCC 12384), Staphylococcus epi-
dermidis (ATCC 122292) and Staphylococcus aureus (ATCC 25923)
strains were used in this study. All dehydrated culture media were
purchased from Oxoid Ltd. (Scoresby, Australia). S. mutans, S. oralis
and S. pyogenes were grown at 37 �C in microaerophilic (5% CO2)
conditions on Mueller-Hinton (MH) agar supplemented with 5%
defibrinated horse blood for disc diffusion assays, and in brain heart
infusion broth for liquid dilution assays. S. epidermidis and S. aureus
were cultured aerobically at 37 �C on MH agar or MH broth con-
taining 2% NaCl for the relevant assays. Streaked agar plates were
cultured in parallel on general purpose, selective, and differential
agar to ensure purity and for the phenotypic verification of the
bacterial species used in all assays. The antibacterial test conditions
conformed to CLSI standardised methods.31
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2.4. Bacterial susceptibility to growth inhibition on agar

An assessment of bacterial susceptibility to inhibition by plant
extracts or antibiotics on agar was conducted using a modified disc
diffusion assay to confirm susceptibility and resistance.32,33 Anti-
biotics (Sigma-Aldrich Ltd., Australia) were included as controls
against each bacterium: 10 mL of penicillin, erythromycin, tetracy-
cline, chloramphenicol and ciprofloxacin solutions (containing 1 mg
of each antibiotic) assayed, alongside control disks infused with
10 mL of deionised water. All extracts and antibiotics were tested in
triplicate for each bacterial strain. One-way analysis of variance
(ANOVA analysis was used to calculate statistical significance be-
tween control and treatment groups, or between treatment groups.

2.5. Liquid dilution MIC assay

A standard liquid dilution MIC assay33,34 was used to quantify
bacterial growth inhibitory activity of the extracts and conventional
antibiotics. Following an overnight incubation, 40 mL of 0.4 mg/ml
r-iodonitrotetrazolium violet (Sigma-Aldrich Ltd., Australia) was
added to eachwell and incubated for a further 4e6 h period at 37 �C
to allow for colour development, where a pink-red colour indicated
bacterial growth. The MIC was visually determined as the lowest
dose at which colour development was inhibited. The reliability of
MIC values was ensured by repeating the 96-well microtitre plate
liquid dilution assays twice on separate days, with two replicates
per assay, to confirm that the results were reproducible for all ex-
tracts and antibiotics tested.

2.6. Fractional inhibitory concentration (FIC) assessment

Interactions between the conventional antibiotics and WH ex-
tracts were examined by determination of the sum of fractional
inhibitory concentrations (

P
FIC) for each combination.35 In order

to conduct these experiments, only WH extracts that possessed
appreciable activities (<2000 mg/ml) were tested with antibiotics
whose MIC values could be determined for each of the bacterial
strains. AlthoughMIC values < 1000 mg/ml are generally considered
to be noteworthy,36 we decided to include extracts showing MIC
values that were two-fold higher in order to provide a more
expansive investigation of extract-antibiotic combinations. The FIC
values for each component (a and b) were calculated using the
following equations where a represents the plant extract sample
and b represents the conventional antibiotic:

FIC (a) ¼ MIC (a in combination with b) / MIC (a independently)

FIC (b) ¼ MIC (b in combination with a) / MIC (b independently)

The SFIC was then calculated using the formula
SFIC ¼ FIC(a) þ FIC(b). The interactions were classified as syner-
gistic (SFIC �0.5), additive (SFIC >0.5e1.0), indifferent (SFIC
>1.0e4.0) or antagonistic (SFIC >4.0).37

2.7. Artemia franciscana Kellogg nauplii toxicity screening

A modified Artemia franciscana nauplii lethality assay38 was
used to assess the toxicity of the WH extracts. Dried A. franciscana
eggs (Ocean Nutrition, CA, USA) were grown in Tropic Marine Salt
artificial seawater for use in the assay. Potassium dichromate (AR
grade, ChemSupply Pty. Ltd., Gillman, Australia) was used as a
reference toxin and artificial seawater (Sigma-Aldrich Ltd.,
Australia) as a negative control. Extracts were tested at concen-
trations up to 1000 mg/ml. The LC50 values for each treatment was
calculated using Probit analysis.
459
3. Results

3.1. Extraction yields and phytochemical screening

Yields produced from the extraction of 1 g of plant material
were highest in the methanolic extracts (26.8 mg). Aqueous and
chloroform extracts produced lower yields (19.7 and 16.4 mg,
respectively), whilst the yields were relatively poor when hexane
(8.2 mg) and ethyl acetate (5.1 mg) were used as the extracting
solvents. The dried extractants were resuspended in deionised
water (containing 1% DMSO) to produce the extract concentrations
shown in Table 1. A series of qualitative phytochemicals tests were
conducted on each extract. Phytochemicals were absent or below
the level of detection in the hexane and chloroform extracts. The
aqueous and methanolic extracts were rich in phenolics, flavonoids
and tannins, whilst the ethyl acetate extract contained minor
quantities of these phytochemicals. Cardiac glycosides and sapo-
nins were present in moderate abundances in the methanolic
extract, and cardiac glycosides were also detected (in minor
amounts) in the aqueous extract. The methanolic extract, but not
the aqueous extract, contained triterpenoids. Phytosterols, alka-
loids and anthraquinones were not detected in either of these
extract preparations.

3.2. Antibacterial activity on agar

A series of disc diffusion assays were used to obtain a semi-
quantitative assessment of the inhibition of bacterial growth on
agar plates using 10 mL of the crude extracts that were resuspended
in 1% DMSO, and compared to 1 mg of each of five conventional
antibiotics (penicillin, erythromycin, tetracycline, chloramphenicol
and ciprofloxacin). S. mutans was not susceptible to any of the ex-
tracts tested, whilst large ZOIs were observed for three of the
reference antibiotics (Fig. 1A). In contrast, S. oralis and S. pyogenes
were inhibited by both the aqueous and methanolic WH extracts
(Fig. 1B and C), with ZOIs ranging from 8 to 11 mm. There were no
significant differences in the magnitudes of inhibition between
these two extracts against these two strains.

The two staphylococcal strains were also inhibited by the
aqueous and methanolic WH extracts, although in these cases the
methanolic extract produced a significantly greater inhibition of
S. epidermidis (Fig.1D; p < 0.01) and S. aureus (Fig. 1E; p < 0.05) than
the aqueous extract. ZOIs of up to 13 mm for S. epidermidis were
observed for the methanolic extract. Contrastingly, ZOIs were not
observed for the ethyl acetate, hexane and chloroform extracts
against any of the bacterial species.

3.3. MIC quantification

Further analysis of plant extract activity was determined using
both undiluted crude extracts as well as extracts diluted with broth,
in order to more precisely determine MIC values of each extract
against the five bacterial strains used in this study. The MIC values
of the extracts are shown in Table 2, alongside the MIC values of the
reference antibiotic controls. Initially, two general trends were
deduced from these results. The ethyl acetate, hexane and chloro-
form WH extracts did not inhibit the growth of any of the bacterial
strains at the highest concentrations of extracts tested and were
thus deemed inactive against the streptococcal and staphylococcal
species used in this study. Furthermore, the activities of the control
antibiotics in the liquid dilution assays (Table 2) were generally
concordant with the disc diffusion inhibitory activities on agar
(Fig. 1). All bacterial strains demonstrated some form of resistance
to antibacterial controls with MICs >1 mg/ml shown for at least one
agent (Table 2).
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The methanolic extract was inactive against S. mutanswhile the
aqueous extract possessed a very low activity (MIC ¼ 4925 mg/ml)
against this strain, suggesting that S. mutans is almost completely
resistant to theWH extracts. Contrastingly, the other 4 strains were
susceptible to the aqueous and methanolic WH extracts, with the
methanolic extract being generally more potent than the aqueous
counterpart (Table 2). Moderate activity was observed against
S. oralis for the aqueous extracts (MIC ¼ 1478 mg/ml) and note-
worthy activity for the methanolic extract (MIC ¼ 838 mg/ml).
Similar findings for these extracts were observed for S. pyogenes.
However, these extracts were much more powerful inhibitors of
staphylococcal growth, particularly the methanolic extract, which
produced low MIC values for S. epidermidis (308 mg/ml) and
S. aureus (251 mg/ml) with a low MIC value also calculated for the
aqueous extract against S. epidermidis (308 mg/ml). It should also be
noted that these extracts produced similar growth inhibition pro-
files on agar (Fig. 1D and E), with the methanol extract being more
potent than the water extract in each case. This suggests that WH
preparations extracted with methanol or water are effective in-
hibitors of the growth of these two staphylococcal strains in both
semi-solid and liquid culture environments (approximating
epidermal and soft tissue infections, as well as gastric and blood
infections).
3.4. FIC determinations

FIC values were acquired using 1:1 ratios of the aqueous or
methanolic WH extracts to conventional antibiotics. S. mutans was
not included in these assays as this strain was not inhibited by any
of the extracts. The sum of FIC (

P
FIC) could be calculated for the

other four strains using these extracts but only in cases where they
were combined with antibiotics that produced an MIC (see Table 2)
for the strains. Antibiotics that were unable to inhibit the growth of
the bacterial strain, or inhibited the strain at the lowest concen-
tration tested, did not allow for the calculation of

P
FIC in such

cases.
Table 3 shows the FIC values for the extracts and the antibiotic

which contribute to the
P

FIC value in each case. There were only
two instances where additive interactions were found between
extract and an antibiotic. Specifically, these were aqueous WH
extract combined with chloramphenicol against S. oralis, and
methanolic WH extract combined with ciprofloxacin against
S. aureus (

P
FIC ¼ 0.75 in both cases). This indicates that the use of

both components to treat infections caused by these pathogens
may hasten clearance of the infection. Although the remaining
combinations that were tested were non-interactive, it is note-
worthy that antagonistic interactions were not observed, suggest-
ing that combinations of the extracts and antibiotics do not reduce
the antimicrobial effects of each component in these cases and thus
would not hamper the therapeutic outcomes should both agents be
used concomitantly at the site of infection.
3.5. Toxicity quantification

Each of the WH extracts were diluted in artificial seawater
across a range of concentrations for testing in the Artemia nauplii
bioassay. The % mortality for all extracts was not significantly
different to that of the negative control (0%). LC50 values could not
be determined for any of the extracts, as less than 50% mortality
was observed for all concentrations examined following 24 h
exposure, including at 1000 mg/mL. As such, all extracts were
deemed non-toxic.39



Fig. 1. Antibacterial activity of WH extracts and reference antibiotics on agar against S. mutans (A), S. oralis (B), S. pyogenes (C), S. epidermidis (D) and S. aureus (E), measured as ZOI
(mm). For the extract samples (10 mL per disc), Aq ¼ aqueous; MeOH ¼ methanolic; EtAc ¼ ethyl acetate; Hex ¼ hexane; CL ¼ chloroform. Antibiotics (1 mg per disc) are
PEN ¼ penicillin; ERY ¼ erythromycin; TET ¼ tetracycline; CHL ¼ chloramphenicol and CIP ¼ ciprofloxacin. Results are expressed as mean zones of inhibition of triplicate
assays ± SEM. Asterisk indicates results that are significantly different to the relevant negative control (p < 0.01); ns ¼ not significant.

Table 2
MIC values (mg/mL) for WH extracted with water (Aq), methanol (MeOH), ethyl acetate (EtAc), hexane (Hex) and chloroform (CL) and for the conventional antibiotics PEN
(penicillin), ERY (erythromycin), TET (tetracycline), CHL (chloramphenicol) and CIP (ciprofloxacin) against the five bacterial strains tested in this study.

Extract or antibiotic MIC (mg/mL)

S. mutans S. oralis S. pyogenes S. epidermidis S. aureus

WH-Aq 4925 1478 1724 308 493
WH-MeOH >10000 838 503 210 251
WH-EtAc >10000 >10000 >10000 >10000 >10000
WH-Hex >10000 >10000 >10000 >10000 >10000
WH-CL >10000 >10000 >10000 >10000 >10000
PEN <0.02 0.078 <0.02 >2.5 >2.5
ERY 0.039 0.039 0.039 0.156 0.313
TET 0.625 >2.5 0.078 >2.5 0.156
CHL 2.5 2.5 2.5 2.5 >2.5
CIP 2.5 2.5 0.625 0.156 0.625

WH ¼ witch hazel. Values > 2.5 indicate lack of growth inhibition at the highest concentration of antibiotic examined. The range of concentrations used in the assays was
0.01e10 mg/ml for the plant extracts and 0.01e2.5 mg/ml for the reference antibiotics.

M.J. Cheesman, S. Alcorn, V. Verma et al. Journal of Traditional and Complementary Medicine 11 (2021) 457e465
4. Discussion

Interest in the usage of traditional medicines as anti-infective
therapies has increased in recent years, particularly against resis-
tant bacterial strains (as reviewed by40). It is commonly believed
(often erroneously) that plant derived antibacterial therapies are
safer and have lower toxicity than conventional antibiotics, yet may
possess similar efficacy. Indeed, numerous studies published in
recent years have reported potent antibacterial activity for plant
extracts34,41,42 and essential oils,43,44 even when tested against
multiple antibiotic-resistant bacterial strains.45 In this study, we
sought to test H. virginiana extracts for growth inhibitory activity
against a panel of Staphylococcus and Streptococcus species. These
bacteria were selected for study as these genera consist of some of
the most important bacterial pathogens for humans. Staphylococcus
and Streptococcus spp. bacteria are extremely versatile and can
infect a wide variety of tissues, causing multiple diseases,
461
dependent on the tissue infected. For example, S. aureus is a com-
mon cause of boils, folliculitis, impetigo and cellulitis when it in-
fects skin and soft tissue.46 The same bacterium can also cause
gastrointestinal distress and is a common cause of food poisoning.
In bone and joints (mainly following surgery), S. aureus infections
may manifest as osteomyelitis or septic arthritis. Furthermore,
when blood infections or infections of cardiac tissue occur, S. aureus
infections may also cause bacteraemia and infective endocarditis
respectively. Streptococcus spp. are similarly versatile. For example,
S. pyogenes is a common cause of bacterial pharyngitis when it
infects the throat, impetigo and cellulitis when it infects the skin
and food poisoning in the gastrointestinal system.47 It may also
cause a suite of autoimmune conditions including rheumatic fever,
rheumatic heart disease and scarlet fever in genetically susceptible
individuals.48 Of further concern, many Staphylococcus and Strep-
tococcus strains have developed extensive antibiotic resistance to
all major classes of antibiotics40 and the development of effective



Table 3
FIC and

P
FIC values, where relevant, for the combinations of the aqueous (left) and methanolic (right) WH extracts with antibiotics against the bacterial species used in this

study.
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new therapies against these pathogens is urgently required.
H. virginiana is best known as a treatment for epidermal con-

ditions, including superficial skin wounds, skin inflammation and
haemorrhoids. Surprisingly, there is a lack of studies examining the
antibacterial properties of this plant, despite studies reporting high
levels of tannins in H. virginiana extracts.7 Our study screened
H. virginiana extracts of varying polarity and found appreciable
inhibitory activities for the higher polarity methanolic and aqueous
extracts against most Staphylococcus and Streptococcus spp. Only
S. mutans remained relatively unaffected by these extracts. The
methanolic extract was a particularly good inhibitor of the other
tested bacteria, with MIC values between 210 and 840 mg/ml. The
potency of these extracts is particularly promising as all of the
tested bacteria displayed resistance (MICs >1 mg/ml) towards con-
ventional antibiotics. Resistance patterns were also similar to those
found in isolates from clinical practice reflecting potential for study
results to be applicable to clinical infectious disease.49 Chloram-
phenicol resistance was particularly widespread, with all bacterial
species tested displaying resistance to that antibiotic. Penicillinwas
similarly ineffective, with only S. oralis being sensitive to its actions.
The most effective of the antibiotics was erythromycin, with all
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Staphylococcus and Streptococcus spp. being susceptible (MIC values
generally 0.04e0.3 mg/ml). The considerable activity of the meth-
anolic and aqueous H. virginiana extracts against these multi-
antibiotic resistant species indicates their potential in the devel-
opment of novel antibiotic therapies. Growth inhibitory activity
against these bacteria also indicates that the extracts may function
via mechanisms which differ from those of the conventional anti-
biotics tested in this study. Although this study did not report
synergistic relationships between WH and the conventional anti-
biotics tested, exploration of an extended range of antibiotic com-
binations is warranted to determine if the extracts may contain
resistance-modifying agents that inhibit bacterial resistance
mechanisms, allowing other compounds to function with greater
potency. Further studies targeting known resistance mechanisms
may also be useful in determining if WH possesses a novel mech-
anism of antibacterial action or if it is capable of targeting resis-
tance mechanisms. This may have far greater implications than
developing a new pharmacophore for potential drug development.
Indeed, if the extracts do inhibit bacterial resistance mechanisms,
theymay allow clinical antibiotics to function again against bacteria
that are otherwise resistant to their actions.



M.J. Cheesman, S. Alcorn, V. Verma et al. Journal of Traditional and Complementary Medicine 11 (2021) 457e465
Surprisingly few plant-derived antibiotic therapies are currently
used clinically, possibly due to the pharmaceutical industry’s
preference for monotherapies over multiple component formula-
tions.50 However, the therapeutic potency of crude plant prepara-
tions is often lost or significantly decreased when individual
fractionated components are used in isolation. Single molecular
components often require ancillary constituents to potentiate their
activity or to block resistance mechanisms that render bacteria
refractory to their actions. Thus, multi-component combinational
systems have attracted recent attention and an increasing number
of recent studies have focussed on combinations of plant prepara-
tions (or isolated components),43,44 as well as combinations con-
taining plant components and conventional antibiotics.35,51e55

Interestingly, many plant preparations are synergistic potentiators
of conventional antibiotics, even when the plant preparations do
not themselves have antibacterial activity.56 For this reason, a major
focus of our study was to determine the interactive effects of the
H. virginiana extracts when tested in combination with selected
conventional antibiotics.

Wewere unable to obtain SFIC values and determine the class of
interaction for many of the combinations tested in this study as one
or both components were completely ineffective in the growth
inhibitory assays. This was particularly evident for penicillin. Since
only S. oralis was susceptible to this antibiotic when tested alone,
we could not determine SFIC values for any penicillin containing
combination against any of the other bacteria. Of the combinations
for which we were able to calculate SFIC values, none displayed
either synergistic or antagonistic combinational effects. The ma-
jority demonstrated non-interactive combinational profiles. Whilst
these combinations would have no added benefit over the indi-
vidual monotherapies, the use of the plant preparation concur-
rently with the conventional antibiotics would not further decrease
the efficacy of the antibiotic component. Notably, two additive in-
teractions were also observed (aqueous extract in combination
with chloramphenicol against S. oralis; and methanolic extract in
combination with ciprofloxacin against S. aureus). Whilst these
effects are less pronounced than synergistic interactions, additive
interactions also result in enhanced efficacy, thereby allowing
lower doses to be administered, thus reducing any side effects of
the chemotherapy.40 The exposure of bacteria to lower levels of
antibiotics may also decrease the induction of further antibiotic
resistance in those bacteria. Further studies are required to
examine these resistance mechanisms to better understand the
mechanisms and thereby tailor combinations to different diseases.
Future studies expanding the range of antibacterial drugs tested
and the combinations of these agents will further increase
knowledge in this area.

Studies such as this are not only important to identify potenti-
ating combinations which overcome bacterial antibiotic resistance.
They may also provide valuable information to inform on combi-
national drug usage in a clinical setting where interactions between
herbal/traditional medicines and conventional therapies are
commonplace. Patients may use both traditional and conventional
therapeutics concurrently without understanding the potential for
drug interactions, and often without informing their medical
practitioner. Mixing therapy modalities may impact on the efficacy
of both therapies and may pose serious risks to patient safety.57,58

Of concern, the practice of combining herbal and conventional
medicines is prevalent, even in Western countries where allopathic
medicine dominates. Indeed, a survey conducted in the United
States of America reported that up to 84% of patients regularly use
allopathic medicines concurrently with natural therapies, often
believing that combining the two treatment methods would result
in enhanced effects.58 However, combinations of plant products
and conventional medicines often have decreased efficacy or can
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result in severe reactions. Some of these cross-reactive and
counter-indicative combinations have been documented,59 yet the
interactive effects of most combinations are yet to be investigated.
Using a brine shrimp toxicity model, the WH extracts prepared in
our study were non-toxic. Studies in mice have indicated that
ethanolic WH extracts do not possess toxicity in vivo at systemic
concentrations up to 300 mg/kg.60,61 Furthermore, studies on hu-
man dermal fibroblast cells have demonstrated a protective role of
WH extracts against H2O2-induced damage, possibly due to their
free radical scavenging capabilities.7 Together, this highlights the
potential for the safe use of WH extracts as a therapeutic option for
the treatment of both systemic and superficial staphylococcal and
streptococcal infections.

The active extracts in this study were found to possess consid-
erable levels of tannins and flavonoids with moderate levels of
cardiac glycosides, saponins and triterpenoids present in the
methanolic extract. Plant-derived tannins are known to possess
antibacterial activity, including against S. aureus41,62,63 and
S. pyogenes.64 WH has been reported to contain 3e10% tannin
content, however the HAMA tannin found in this plant does not
possess activity in isolation,17,19 suggesting that other tannins may
either be responsible or are required in combinationwith HAMA for
antibacterial effects. WH is known to also contain a variety of
different tannin compounds14 which may have roles in bacterial
growth inhibition. Flavonoids are also strong antibacterial com-
pounds,65 and it is noteworthy that the active extracts in the pre-
sent study contained high levels of flavonoids. However, the
identity of any individual flavonoid molecules that may be active
against streptococcal and staphylococcal species in the present
study remains unknown. Further investigations into the molecular
compounds, or combination of compounds, present in the active
WH extracts will be carried out in order to identify potential drug
targets that may treat infections triggered by streptococcal and
staphylococcal bacteria.

In contrast with the active extracts, only minor quantities of
tannins and flavonoids were present in the ethyl acetate extract,
while these phytochemicals could not be detected in the hexane
and chloroform extracts. Since the ethyl acetate, hexane and chlo-
roform extracts also lacked antibacterial activity, it is apparent that
the lowabundance (or absence) of phytochemicals in these extracts
are responsible for their observed lack of activity. However, the
identity of the specific class or classes of phytochemicals respon-
sible for the observed activity cannot be conclusively determined
here. Evidence from numerous studies have revealed potential
mechanisms of action for the types of compounds from phyto-
chemical classes detected in active extracts in our study. For
example, tannins extracted from other medicinal plants appears to
elicit multiple effects on staphylococcus by affecting osmotic and
pH regulation, metabolic pathways, and via inhibition of the cata-
lase enzyme as antimicrobial mechanisms.65,66 Flavonoids are
postulated to attenuate bacterial growth and pathogenicity by
altering cytoplasmic membrane function and permeability, and
inhibiting DNA gyrase.67e69 The bacterial cell surface may also be
the target of plant-derived polyphenols70 by inducing per-
meabilization,71 while the triterpenoids (saponins) appear to act as
anti-staphylococcal agents in similar fashion, in addition to being
capable of halting protein synthesis and reducing biofilm
formation.72,73

5. Conclusions

WH has been used for thousands of years to treat numerous
ailments associated with epithelial surfaces. Our study appears to
be the first report of the antibacterial properties of WH plant leaves
extracted with polar solvents (water and methanol) with the
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extracted phytochemicals being resuspended in an aqueous solu-
tion devoid of urea, ethanol or other contaminating organic sol-
vents that are often found in commercial WH products. Significant
activities were observed against streptococcal and staphylococcal
species of major medical importance. These strains are versatile in
the types of infections they trigger and are also renowned for their
propensity for resistance. Although a case could be made for the
phenolic, triterpenoid and tannin compounds in the active WH
extracts being responsible for activity, further study is necessary in
order to determine the molecular constituent(s) that contribute to
the observed antibacterial effects, and/or whether defined combi-
nations of these phytochemicals are necessary for activity. Combi-
nations with the antibiotics tested in this study does not enhance
activities in most cases, suggesting that the focus of future studies
should be directed at isolating the WH phytochemicals that inhibit
bacterial growth. Such compounds may prove to be effective novel
antibiotics with clinical applications in the treatment of strepto-
coccal and staphylococcal infections, including the highly resistant
strains which have emerged in recent decades.
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