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Abstract

Ethnopharmacological importance: Capsicum and ginger are used widely in human diets
and in folklore medicines. Chemically, gingerol is arelative of capsaicin and both classes of
compounds are notable for their spiciness and characteristic pungent aroma. Previous studies
have demonstrated that these compounds contain antimicrobial compounds with robust

pharmacological importance.

Aim: The present study evaluated the in vitro antibacterial activities of capsaicinoids and
gingerols against a panel of clinical MRSA strains and their inhibitory effect on the conjugal

transfer of R-plasmids harboured in E. coli.

Materials and methods: Crude methanol extract of C. annum was fractionated using solid
phase extraction (SPE) and screened for R-plasmid transfer inhibition: TP114, PUB 307,
PKM 101, R6K and R7K. The bio-guided assay led to the isolation of bioactive compounds
with strong R-plasmid transfer inhibition. The compounds were identified using Nuclear
Magnetic resonance (NMR) and Mass spectroscopy (MS). Capsaicin analogues nonivamide,
6-gingerol, 6-shogaol, capsaicin and dihydrocapsaicin were screened for antimicrobial
activity against a panel of methicillin-resistant Staphylococcus aureus (MRSA) and Gram-
negative bacteria strains using microdilution method while the plasmid transfer inhibition

assay of the compounds was determined by broth mating method.

Results: The bioactive fraction Ca-11 showed good inhibition rates (8.57-25.52%) against
three R-plasmids PUB307, PKM 101, TP114 followed by the crude extract of C. annum
(8.59%) respectively leading to the bioassay-guided isolation of capsaicin and
dihydrocapsaicin as the bioactive principles. The antiplasmid effect of pure capsaicin and
dihydrocapsaicin were broad and within active ranges (5.03 -31.76%) against the various

antibiotic resistance-conferring plasmids including R6K, R7K. Capsaicin, 6-gingerol and 6-



shogaol had good broad antibacterial activity with MIC values ranging from 8 t0256 mg/L
against effluxing MRSA strains SA1199B (NorA), XU212 (TetK) and RN4220 (MsrA).
While they exhibited moderate antibacterial activity (128-512 mg/L) against the Gram-
negative bacteria. The effect of 6-gingerol, 6-shogaol and nonivamide on the plasmids were
very active on PKM 101 (6.24 -22.16%), PUB 307 (1.22-45.63%) and TP114 (0.1-7.19%)

comparative to the positive control plumbagin (5.70 -31.76%).

Conclusion: These results are suggestive that the R-plasmids could possess substrate for
capsaicinoids-like compounds and for their ability to inhibit the plasmid conjugation
processes. Plant natural products possess the potential value of antibacterial and mechanistic
antiplasmid activity as demonstrated by the compounds and should be evaluated in

developing antimicrobial leads to novel mechanism against multidrug resistant bacteria.

Keywords. Capsaicinoids, Gingerols, antimicrobial, multidrug resistance, Bacterial plasmids,

MRSA

Compounds studied in this article: Capsaicin (PubChem CID: 2548), Dihydrocapsaicin
(PubChem CID 71316141), Nonivamide (PubChem CID: 2998), 6-gingerol (PubChem CID:

442793), 6-shogaol (PubChem CID: 5281794)
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Methicillin-resistant Staphylococcus aureus (MRSA),prominent ‘ESKAPE’ pathogen
continues to serve as reservoirs of multiple vimaée determinants and pose difficulties to
available antibiotic treatment. The global healthplications of MRSA infections are
daunting as 64% of infected patients are moreikeldie compared patients infected with
the non-resistant form of the pathogen (WHO 20The wrong use of several antibiotics
among other factors over time has continued toedtine persistence of multidrug-resistant
MRSA. Along with intrinsic mutations of target pems and the presence of efflux genes,
multidrug-resistant MRSA strains often acquire arahsfer resistant plasmid (R-plasmid)
facilitating antibiotic resistance transfer amongga— and inter-bacterial communities (Walsh
2016). Plasmid employs highly stable backbone whitlises type IV secretion systems
(T4SSs) during horizontal transfer (Christie et28l14) and this target has gained a renewed
interest recently as researchers seek to find navgéts and drugs to combat the supposedly

resistant ‘superbugs’.

Previous studies have identified antimicrobial agdhat act on curing or inhibition of R-
plasmid such as anionic and cationic surface-actteepounds, ethidium bromide,
novobiocin, (Spengler et al. 2006) but their usamsntimicrobial agent and therefore use as
anti-plasmid agents were severely hampered byitgxgsues. Not to say the least, naturally
derived compounds remain a potential source of aetbacterial agents such as plumbagin
(Ding et al. 2005), rottlerin (Oyedemi et al. 201@holeic and dehydrocrepynic acids
(Ferdanez-Lopez et al. 2005), previously reportediesirable antibacterial and anti-plasmid

potentials.



Capsaicin constitutes the 90% abundance than ttlheabundance capsaicinoids such as
dihydrocapsaicin, norcapsaicin, nordihydraeagin, nornordihydrocapsaicin,
homocapsaicin, homodihydrocapsaicin (Garces-Clavel. 2007). Nonivamide is another
naturally occurring analogue of capsaicin althodgbkt appeared in capsaicin— labelled
products as an adulterant and thus regarded abetiyntapsaicin (Reily et al. 2001). The
ethnopharmacological importance of Gerfbapsicum and its main bioactive compound
capsaicin date thousands of years to the tropicdl lumid zones of Central and South
America (Zimmer et al. 2012). Peppers fr@apsicum annum and other over 200 varieties
are commonly used as a spice or food and for adbraage of therapeutic applications in
Indian, Native American and Chinese medicinal trads for the treatment of arthritis,
rheumatism, stomach ache, skin rashes, dog/snékar wounds (Meghvansi et al. 2010).
In West Africa, particularly among the Igbo cultuh®t pepper soups is a local relish rich in
high doses of chilli pepper and combination of easi spices is highly recommended for
morning sickness and vomiting, restores gastrie tand promotes wholesome digestion of
food. Several studies continue to show the incngaase of capsaicin in pain management
and many pharmaceutical applications (Derry et28ll7, Evangelista 2015). Capsaicin
serves as antioxidants, antidiabetic, anti-inflatana and contained in commercial drugs,
agricultural and food products (Jolayemi and OyewaD13, Srinivasan 2016). Studies
demonstrated the antimicrobial effect of capsaagainst pathogeni€. coli , Pseudomonas
solanacearum, and Bacillus subtilis (Noumedem et al. 2013), metronidazole-resistant
Helicobacter pylori (Zeyrek Yildiz and Oguz, 2005) and the inhibitiefflux pump NorA

(Kalia et al. 2012).

Gingerol commonly known as 6-gingerol is the actmengent agent in plardingiber
officinale Roscoe belonging to the family Zingiberaceae, pahucalled ginger based on

(http://www.plantlist.org). Other constituents ahger, include gingerol include [4]-, [8]-,



[10]-, [12]-gingerol collectively known as ginger6]-, [8]-, [10]-shogaol, and essential oils
(Schweiggert et al. 2008, Hu et al. 2011). As a imedl plant, ginger is widely used in
traditional Chinese, Africa, Ayurvedic, and Tibb-rd&hi herbal medicines globally (Ali et al.
2008; Malekizadeh et al. 2012) in its various foraml during occasions to treat coughs,
colds, flu, stomach upset, fatigue, combat nausesvent rheumatism. In the United States.
Ginger serves as a remedy for motion and morniegnsess, and reduce heat cramps
(Semwal et al. 2015). Several studies suggest theaey of ginger and ginger-based
products such as anti-inflammatory, antidiabetigtjoxidant (Oboh et al. 2012), anticancer
(Cheng et al. 2011), including robust antimicrobpattentials against both Gram-positive
(Bacillus cereus, Saphylococcus aureus) and Gram-negativeEtcherichia coli, Salmonella
typhi, Pseudomonas aeruginosa, Klebsiella pneumonia) bacteria (Mahady et al. 2003, Park et

al. 2008).

As seen, there is vast information available oditi@nal uses ofCapsicum and ginger as
well as a myriad of pharmacological activities; sbecharacteristics increase the interest in
this group of compounds. However, there is insidfit acclaimed antimicrobial activities
and an identifiable mechanism to validate theireptal therapeutic benefits especially
against multidrug-resistang&aphylococcus strains and plasmid-mediated resistance in
bacteria. Thus, this study is aimed at evaluatigeffect of major pungent compounds from
chilli pepper, and ginger for in-vitro antibactériactivities against a panel of clinically
relevant MRSA stains and some Gram-negative bactand their inhibitory activity against

R-plasmids harboured . coli .

Material and Methods

Plant material, extraction and compounds



Dried powderedCapsicum annum L. fruit was purchased from Herbs in the Bottlen@pany,

UK. The authentication of the dried powdered sampdes done using TLC and compared
against capsaicin standard. The voucher specilNen Cap-001) was deposited at the
herbarium in the UCL School of Pharmacy. The pow@&0 g) exhaustively extracted by
cold agitation with 1.5 L methanol in an ultrasobath for 24 h. The reddish extract (3.5 Q)

was dried under vacuum on a rotary evaporator.

Reagents 6-gingerol (Batch number 52667, PubChebBr @#2793), 6-shogaol (Batch
number 01524, PubChem CID: 5281794), nonivamidéc{Baumber 15970, PubChem CID:
2998), capsaicin>95% (HPLC) (Batch number M2028, PubChem CID: 2548jher
reagents from Sigma were 888% (HPLC) purity and TLC testing done to confirhret
presence of the compound. All reagents and sadweete purchased from Sigma-Aldrich
Chemicals Company UK and water purified in a Molip Milli-Q system (Merck, Bedford

MA).

Chromatographic and NMR structure elucidation

1H and 13C nuclear magnetic resonance (NMR) spetti@ned from a Bruker AVANCE
CP QNP 500 MHz instrument (Bruker UK Ltd., UK) felucidating the structures of the pure
compounds. Chromatographic separations and isolatfocapsaicin and dihydrocapsaicin
included thin layer chromatography (TLC), solid gphaxtraction (SPE) on silica gel GF254
(0.25 mm; Merck, UK) and high-performance liquidamatography (HPLC) coupled with
the diode-array detector (DAD) (Agilent, UK). Theagss spectrum was recorded with a
matrix-assisted laser desorption/ionisation timdtight (MALDI-TOF) mass spectrometer

(Voyager-DE Pro; Applied Biosystems, UK) at the USthool of Pharmacy (London, UK).

Bioassay-guided fractionation and isolation of active compounds



At a first step in the isolation of antimicrobiahdh antiplasmid compounds, 700mg of the
crude methanol extract &. annuum was fractionated using solid phase extraction |SRE
step gradient from 100% distilled water to 100%maabl was applied as the eluent system,
followed by a step gradient up to 100% ethyl aeetatwash off residual material from the
column. Small portions of all fractions (CA 1- 1@)tained were subjected to TLC analysis
and spots on TLC were visualised by long (365 nna) short (254 nm) wavelengths as well
as being sprayed with 1% (w/v) vanillin-sulphuricicaand heated until a colouration was
observed. Using TLC profiling, similar fractions mge monitored and combined
appropriately. Using a reverse phase TLC solvemtures of methanol-water (8:2) yielded
Ca-A from fractions (Fr) 1 &2 and Ca-B from Frs 3wvhile Fr 8 & 9 combined to give Ca-C
shown similar spots using a solvent mixture of raati-water (9:1) with drops of acetic
acid. Frs 10 & 11 showed spots on the TLC and demed as independent samples. The
combined fractions Ca-A, B and C and respectivetifsas 10, 11, 12 were all evaluated for
anti-conjugal transfer of model plasmids TP114, PKPL and PUB 307 using the broth
mating assay. Capsaicin, obtained from Sigma-AhdtitK was used as positive control.
Bioactive Frs 10 and 11 showed an overlapped sisygbé on TLC plate and submitted for
further NMR analysis that revealed the signals of 0 as a pure compound, 1. The 1H
NMR spectrum of Fr. 11 showed the major signalscapsaicin in a mixture of other

compounds leading to further HPLC analysis.

High-Performance Liquid Chromatography analysis of sub-fraction 11

Sub fraction 11 was characterised using HPLC-DAEo&ding to the method described by
Ng and Reuter 2005, PerkinElmer, USA with modifimat The chromatographic separation
was done using Agilent 1100 pump series coupled svdiode array detector (Agilent, Palo
Alto, CA, USA), including an RP Nova-Pack C18 colur800 x 3.9 mm) (Phenomenex,

UK) packed with 4um particles and a pre-column containing the sanc&ipg material, all



instrument was available in Simon Gibbons lab. dlllents and solvents used were HPLC
grade and filtered using 0.22um filters, and Frdldsolved with 500uL methanol. The
mobile phase solvent system comprised methanolrraie A-B 30% - 70% to A-B 70% -

30% for 20 minutes, and 1@- aliquots injection volume at a flow rate of 1 miih at

wavelength 254 nm and 300C. With gradient elutithre standard solution contained a
mixture of capsaicin and dihydrocapsaicin while test sample Fr. 11 and Fr-10 were
included for further validation. These compoundsewnilentified by comparison of their

retention times and spectra of each peak comparierature.
Microbial strainsand plasmids

Prof Simon Gibbons provided the bacteria strairedua the study, and Dr Paul Stapleton
contributed the plasmid strainsStaphylococcus aureus strains include: SA1199B
(norfloxacin-resistant, mediated by drug efflux}. aureus SA13373 (methicillin-resistant),
MRSA 12981 (methicillin-resistant), MRSA 274829 (imeillin-resistant), MRSA 774812
(methicillin-resistant), MRSA 346724 (methicillnesistant), ATCC 25923 (standard
susceptibleS. aureus strain), EMRSA-15 and EMRSA-16 (UK epidemic MRS#ains),
XU212 (MRSA and TetK-producerg aureus RN4220 (macrolide-resistantfnterococcus
faecalis 13379 (vancomycin-resistantl,. faecalis 12697 (vancomycin-resistantl,. coli
NCTC 10418 P. aeruginosa 10662,K. pneumoniae 342, Bacillus subtilis BSO1 and Roteus

sp P10830. The Plasmids used with their characterlsbist and resistance markers were
represented in Table 1. The bacterial strains gamhpds cultured on nutrient agar slopes and
incubated for 24 h at 37C before MIC and broth mating assay. An inoculumbitlity
equivalent to a 0.5 McFarland standard (1 x 108 G#Y was prepared in normal saline for
each test organism and was then diluted 1:100 irellgluHinton broth just before

inoculation of the plates.



The minimum inhibitory concentration determination

A volume of 100uL of sterile Mueller-Hinton brotdxoid, Basingstoke, UK) containing 20
mg/L of Ca2+ and 10 mg/L of Mg2+ was dispensed tht wells of a 96-well microtitre

plate (Nunc; 0.3 mL total volume per well). All #@wdcterial agents were dissolved in
dimethyl sulphoxide (DMSO) and were diluted in MaelHinton broth to give a stock

solution. Then, 100uL of the antibacterial agentiktsolution (2 mg/L) was serially diluted
into each well and 100L of the bacterial inoculuraswadded to each well to give a final
concentration range of 1-512 mg/L. All proceduresrevperformed in duplicate, and the
plates were incubated for 18 h at 370C0 C. ThermR®f a 5 mg/L methanolic solution of
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazotiu bromide (MTT) (Sigma-Aldrich Ltd,

Gillingham, UK) was added to each well and was lpatad for 30 min. Blue colouration
indicated bacterial growth. The MIC was recordedhsslowest concentration at which no

colour change observed.
Plasmid inhibition by crude fractions and compounds

The sub-inhibitory concentration (SIC) of 100 mgited throughout the assay was 0.25 x
MIC of the test samples against coli NCTC 10481 (data not shown). Plumbagin at a
concentration of 8 mg/L was used as a positiverobnthe test samples Ca-A, Ca-B, Ca-C
and Frs 10-12, capsaicin, dihydrocapsaicin, nonigant-gingerols and 6-shogaol were all
evaluated for their ability to inhibit the conjugednsfer of model plasmids TP114, PKM 101
and PUB 307 using broth mating method describediocg and Bonomo 2005 with some
modifications. Mating between the plasmid-contagndonor strairk. coli K12 J53 and the
recipient E. coli ER1793 was performed in Luria-Bertani broth. Tcmmgugants were

identified by plating bacterial mixtures onto séidee media containing the appropriate



antibiotics: streptomycin (to select for the reemt) plus either ampicillin (to detect the
transfer of pKM101 and pUB307) or kanamycin (TP1®picillin and nalidixic acid were
used to identify the transmission of R7K or R6K ttee recipientE. coli JM109. The

concentration of the various antibiotics used wasng/L.

The plasmid transfer inhibition frequency was egpesl as the number of transconjugant
colonies (CFU/mL) per recipient (CFU/mL) and wapresented as a percentage of transfer
exhibited by a plasmid in the absence of the teshpound (normalised to 100%): %

Inhibition Transfer frequency CFU/mL =

Number of transconjugants x 100

Total number of donor carrying cells

The rate of inhibition means that the transfer gty of the plasmid is inversely
proportional to inhibition of the drug such thatthower the transfer frequency of the
plasmid, the higher the inhibition by the drug, ande versa. It is categorised into three
levels of inhibition relative to the positive couoitr active if transfer frequency value falls
between the range 0-10 %, moderate, when the vahgewithin 15 - 50%; and poor or no
activity when the values are 50% and above. In scases, no inhibition may be observed,
and the transfer frequency value may become highan the control, suggesting
enhancement of the plasmid transfer by antagoresthamism. The results based on at least
three independent experiments. Data were express@deantSD. Differences between the
two mean values were calculated by Student’'s t-testalues of <0.05 were considered

statistically significant and P < 0.01 as very #igant.

Results



Chromatographic isolation and elucidation of capsaicinoids

Capsaicin (1) and dihydrocapsaicin (DHC) (2) (Hx) Wvere responsible for the inhibition of
bacterial growth or the transfer of plasmids; pKNI1®PUB 307, TP114 irk. coli. The
elucidation of the structures was done using detaiine-dimensional and two-dimensional
NMR experiments, mass spectrometry and concerniigdiilg NMR data in the literature.
The NMR assignments of the compounds are shownainieT2. The chemical structure
resemblances of 6-gingerol (3), 6-shogaol (4) ammivamide (5) are also shown in Fig 1c.
The chromatographic fingerprint (Fig 2) showed safpyan of capsaicin and dihydrocapsaicin

at 6.26 min and 12.60 min intervals at 280 nm weavgih.

The in vitro antibacterial activity of the compounds against multidrug-resistant S.

aureus and Gram-negative bacteria

The antibacterial activities of capsaicin, dihydrpsaicin (DHC), nonivamide, 6-gingerol,
and 6-shogaol were assessed against a panel ofdrugtresistant Gram-positive and Gram-
negative bacteria shown in Table 3. Capsaicin hpdoa MIC value of 256 mg/L on the test
bacteria except foB. subtilis (MIC =128 mg/L). DHC moderately inhibited the gritwmof B.
subtilis and E. faecalis only with MIC value of 128 mg/L. Nonivamide wasti@e against
XU 212 at a recommendable MIC of 64 mg/L, followbg RN4220, MRSA 12981,
EMRSA-15 andE. faecalis 13327 at MIC of 128 mg/L over poor activity againsher test
organisms (MIC=256-512 mg/L). The most potent aigtiwas by 6-gingerol and 6-shogaol
(MIC=8 mg/L) against pathogeniE. faecalis and RN4220 that is four-fold lower than
erythromycin at MIC value of 32 mg/L. Generallygitgerol and 6-shogaol were moderately
active against these problematic multidrug-restssénains within a remarkable MIC range of
8-12 mg/L, Noteworthy, is the susceptibility of Meexpressing SA1199B and XU212 strain

expressing TetK efflux mechanism at MIC of 16 mgdlLgingerol. All the compounds had



weak activity against the Gram-negative bacterisli&@ of 512 mg/L except 6-shogaol with
an active MIC value of 128 mg/L agairistoli NCTC 10418p. aeruginosa 10662, andK.

pneumoniae 342.

The antiplasmid activity of fractionated extracts, isolated capsaicinoids and capsaicin

analogues on the inhibition of R-plasmid conjugal transfer

The crude methanol extract and sub-fraction€afsicum annum were evaluated for their
effects on plasmid inhibition assay. The samplenatestrated various rates of inhibition of
the three plasmids tested compared to the corftiglfe 3). Interestingly, sub-fraction Ca-
SPE 11 stood out as the most active, among altidres; against the transfer of plasmids
PKM 101, PUB 307, TP114, followed by the crude astrof C. annum and capsaicin
independently. These results are indicative thatctinde extract and semi-fractionated drugs
contained active compounds leading to their pratfiharmacological effect more than the
single compounds typified in capsaicin. Usuallyds extracts act in synergism with other
components of the extract that may or have no phewiogical activity. Many of such cases
are known, and such crude drugs provide a goods Hasichemical quality control and
guality assurance of the synergistic and pharmaemabroles that give credence to their use
in traditional herbal medicines. In Figure 4, capisashowed reproducible rates of selective
but active inhibition of resistant plasmids R7K,B307 and PKM 101 at transfer frequencies
of 5.03%, 9.78% and 13.05% respectively. Howeuss, ttansfer of TP114 and R6K were
enhanced, hence the antagonism of plasmid inhibiibie rates of transfer of PUB307 were
affected mostly by the presence of dihydrocapsa(8iB4%), 6-gingerol (1.22%), and 6-
shogaol (2.90%). The rates of transfer inhibitidnT®114 were equally active within the
range of 0.14 %-7.2 0% (Figure 5). In the case KMPLO1, the effect of 6-gingerol and 6-
shogaol reduced the rate of transfer of the plasitinhibition was moderate by DHC and

nonivamide. Nonivamide recorded its highest inlityitactivity against TP114 at 7.19% and



PUB 307 at 22.16%. DHC had a promising significaffect against PUB 307 at 3.33%.
There was no inhibition effect of DHC against TPlimktead, an antagonist effect was

observed.

Discussion

Plants and herbs contain different classes of stralty similar phytochemicals, and their
antimicrobial abilities can be promising. Growingtarest in capsaicinoids, particularly
capsaicin and dihydrocapsaicin has led to its dtargation widely with high-performance
liquid chromatography method (Peng et al. 2009)sedechers have recommended this
method for rapid isolation and easy detection gfse&inoids due to the similarity in their
structures as was the case with the separatiornihgfidbcapsaicin from capsaicin in this
study. To the best of our knowledge, there are nevipus studies on the activiGapsicum
extracts or any of the capsaicinoids and gingerali$ing on harnessing their antiplasmid and

antibacterial effect on a wide range of MRSA.

Following the results, the antimicrobial activitf @apsaicin and dihydrocapsaicin for almost
all Gram-positive MRSA and Gram-negative organisested revealed low MIC values from
512-256 mg/L since natural products are considasageak or potent inhibitors of microbial
activity when MIC values are higher than 100 mgfllaer than 25 mg/L respectively (Cos
et al. 2006). Santos et al. 2015 earlier repottadl capsaicin and DHC strongly inhibited
Streptococcus mutans at remarkable MIC of 1.25 mg/L, including studfesm Koffi-Nevry,
2011, Careaga et al. 2003 and Mahady et al. 200&hwshowed that capsicum extract or
capsaicin is responsible for microbial activity exga wide range of organisms. These reports
are in contrast to poor MIC values of 256-512 Mgécorded in our study indicative of no
inhibition of growth againsEnterrococcus, Klebsiella, E. coli, Pseudomonas, Proteus and

MRSAs. A similar level of microbial inactivity wasbserved in DHC, except moderate



activity againstE. feacalis and ATCC 29523 at MIC 128mg/L, and capsaicin agjaih
subtilis BsSOPOL1 respectively. On the surface, it is nprseg that the MRSAs and Gram-
negative organisms are resistant. MRSAs are knawmadssess efflux pumps such as
SA1199B (NorA), RN4220 (MsrA), and XU212 overexmiag TetK (tetracycline) efflux
pump that reduces the transport and recognitiotetvhcycline (Gibbons, 2008), thereby
rendering the drugs clinically inactive while thrapermeability of Gram-negative bacterial
membrane is also considered as resistance mechar®rhaps, the increased inhibitory
activity of capsaicin and DHC can be achieved andbmbination of an antibiotic, as was the
example of ciprofloxacin and capsaicin to suppréss presence of efflux pump NorA

responsible for resistance &faureusto Norfloxacin (Kalia et al. 2012).

Nonivamide displayed a moderate activity agabBestillus subtilis BsSOP01 ancE. feacalis,
including EMRSA-15 and MRSA 12981 strains at MIAweaof 128 mg/L. Interestingly
nonivamide, the synthetic analogue of capsaicirs &tmilarly as an agonist of VR1
vanilloid/TRPV1 receptor produced similar antibaiete activity overall but selectively
increased activity against MRSA arffl faecalis. Reports of antimicrobial activities of
nonivamide are still scanty, but the compound issatered more heat stable than capsaicin
(https://pubchem.ncbi.nim.nih.gov/compound/N-Vamibnanamide), which could be
responsible for the enhanced antimicrobial activatyserved. 6-shogaol and 6-gingerol
showed a spectrum of antibacterial activities rmgdgrom weak MIC of 512 mg/L against
EMRSA16, MRSA 12981, and most of the Gram-negatnganisms, to robust inhibition of
E. feacalis and RN 4220 at 8mg/L. The presence of MrsA pumRN4220 could cause the
weak effect of 6-gingerol by expelling them froneithdrug-binding sites (Mishra et al. 2012,
Ross et al. 1995). All compounds except 6-shogasiewpoorly active against the Gram-
negative bacteria. Perhaps, the Gram-negative orgamisms are not susceptible to the

compounds due to lack of permeability barrier t@ ttompounds, or apparently, the



compounds become modified resulting in loss ofvégti The strong MIC values of 6-
shogaol and 6-gingerol are in line with publishiggrature that they effectively inhibited the
growth of oral pathogens at a minimum inhibitoryncentration (MIC) range of 6—3®@/mL

(Park et al. 2008).

The structurally similar vanillyl amide moieties thiese compounds in Gingerol (GN) ((5S)-
5-hydroxy-1-(4-hydroxy-3-methoxyphenyl) decan-3-prstogaol (SG) ((E)-1-(4-hydroxy-3-
methoxyphenyl) dec-4-en-3-one) and capsaicinoidsillyl (4-hydroxy-3-methoxyphenyl)
ketone) is notable. Dihydrocapsaicin (8-methylillynonenamide/-N-(4-hydroxy—3-
methoxybenzyl)-8- methylnonanamide), is a reduced dihydro-derivative of capsaicin as
a result of the degree of unsaturation of the ®aarfatty acid side (Garces-Claver et al.
2007). Although the chemical structures of thesmmmunds are similar, it follows that
chemically identical compounds may have signifibandifferent biological activities
depending on the binding sites properties of thesates. In the case of capsaicin and DHC,
the amount and the composition of the bioactivestartes may differ according to the
extraction methods, the geographic and the grovdogditions, or time of the harvest
(Gonzéalez-Zamora et al. 2013). Importantly, themoltal structure of these compounds
could be modified through structure-activity studfer derivatives that may have a broader
spectrum of inhibitory activity whether as a statore drug or in combinatory action with

other antibiotics.

The effect of capsaicin on these plasmids remaimarkable such that it exhibited a broad
range of activity over unrelated plasmid incompétibgroups; Inc N, W and P, while DHC
seems plasmid specific. The antiplasmid activity difiydrocapsaicin was only notable
against the conjugal transfer of amoxicillin—resmte-conferring plasmid PUB307. These
results suggest the ability of the test compoundsldck the plasmid conjugation processes.

Not only are these broad host plasmid conduitsamious antibiotic resistance determinants



in E. coli, they code similar pattern of conjugal replicat@amd type IV secretion transfer
system (Schroder and Lanka 2005). Plasmid TP1l4eikanamycin- (aminoglycoside)
resistance (Kmr) while PKM 101, R6K and R7K confessistance genes to many
antimicrobial classes especially genes encodingxantim (f-lactam) resistance (Amr),
which illustrates the very diverse nature of plagn{Oyedemi et al. 2016). The common
inhibitory activity of capsaicin over DHC might Ipresumably related to the difference in
saturation of the alkyl side chain. The strong lition effect of nonivamide on TP114 was
somewhat surprising being that capsaicin and DHQ@Qy athowed a minimal effect.
Nonivamide is a less pungent capsaicin analogueeber, research has shown its significant
results similar to capsaicin in regulating cellulasponses (Rohm et al. 2013). The effect of
capsaicin and dihydrocapsaicin on PKM 101 was stesi, which shows that PKM 101 was
particularly sensitive to the capsaicinoids. Theaat of 6-gingerol and 6-shogaol were very
profound and steady against the transfer of thenpids PKM101, TP114 and PUB307
suggesting their interference with the plasmid Dtd#nsfer and replication (Dtr) process or
the secretion proteins substrates actively invoivethe bacterial conjugation (Schroder and

Lanka 2005)

Both capsaicin and gingerol are agonists of tramsieceptor potential vallinoid 1 (TRPV 1),
a CaZ permeable ion receptor in human (Geng et al. 2@h6)have been shown to possess
some ability to alter expression of several gef@#ark and Lee, 2016). However, it is unclear
whether this molecular signalling pathway is respole for its acclaimed antimicrobial
effect. The ability of triple bond group betweenl€-and C-13 of unsaturated fatty acids to
inhibit conjugal plasmid transfer by targeting Ptasmid systems has been studied in Inc W
plasmid group (Fernandez-Lopez et al. 2005). Hetheelength of the aliphatic side chain in
capsaicin and 6-gingerol is optimum to exert bialagactivity while the decrease in the side

chain alters or even lead to loss of such activitye presence of the carboxylic group, chain



length and presence of the double bond were camesideesponsible for their potent
inhibitory activity, and such are the characteci$tiatures of capsaicin, DHC, 6-gingerol and
6-shogaol accountable for the observed antiplaswiidity. The marked effect of 6-gingerol
and 6-shogaol on the plasmid coded type IV secresigstems (T4SS) could further be
supported by earlier reported mechanistic result gofgerols, on the inhibition of
Helicobacter pylori CagA+ and associated secrepasteins which show homologies to

genes encoding T4SS components Mahady et al. 2(08adka et al. 2013)

Conclusion

These findings validate the biological effects antensive use of capsicum and ginger-based
preparations used in herbal medicines making thead gandidates for antimicrobial drug
development. Both capsaicinoids and gingerols sbdaavpharmacologically active effect on
the plasmid conjugal transfer property; more imgaaity, their ability to reverse horizontal
antibiotic resistance spread in bacteria althougty tare greatly considered as nutritional
factors. These compounds are promising with a lgghbn their chemical nature that can be
modified to enhance their pharmacological and theutic benefits into deriving a new class
of antimicrobial drug leads with a novel mechanidinese findings also lay the foundation
for further research of these compounds and théacts on efflux pumps and plasmid

resistance mechanism in bacteria.
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Table 1: Plasmid strains used, host and resistaackers

Plasmid Molecular Incompatibilit Host Resistance mark8r(
weight y group
PKM 101 35.4kb IncN E. coli WP2 Ap'
UVrA
PUB 56.4Kb IncP E.coli K12J53  Ap Km', Tef
307:RP1
R6K 39.4Kb IncX E.coli K12J53  Ap Sni
R7K 30.3Kb IncW E. coli K12 J53- Ap', Sni, Sp
2
R1-drd-19 93.9 Kb IncF11 E.coli K12 J53  Ap, Cni, Km', Sni, Sg,
Su
E. coli Recipient St
ER1793
JM 109 Recipient Nal
TP114 62.1Kb Incl2 E. coliK12J53 Kmr

Km" = kanamycin, Ap =ampicillin, Tet = tetracycline, Si= streptomycin, Sp=
spectinomycin, Ch¥ chloramphenicol, S sulphonamide, N& nalidixic acid



Table 2: NMR of capsaicin BM-8 and dihydrocapsaBM-9 in CD;OD (*H 500MHz,**C 125MHz)

Capsaicin Dihydrocapsaicin
e H °C (100MH,) *H (400MH,) H 'H (100MH,) ™°C (400MH,)
in CDCk Kobataet al., 1998 in CDCl; Kobataet al., 2009
1 173.1 172.9 173.1
2 37.0 2.14,1)=7.5, 2H 36.7 2.19 2.33 2.19 36.9
3 27.1 1.69, s, 1H 25.3 1.65 1.54 1.64 25.9
4 28.4 1.31)=8, 2H 29.3 1.38 1.29 1.31 29.6
5 33.3 1.94, 2H, 32.5 1.98 1.29 1.29 27.2
6 1279  5.26-5.28, m, 2H 126.5 5.30 1.29 38.9 126.0
7 139.1  5.26-5.28, m 138.1 5.37 1.25
8 30.1 2.15, 1)=7.5 2H 31.0 2.20 1.62 1.50 28.0
9,10 23.1 0.70-0.88,dd,J=7.5 22.7 0.95 0.91 0.86 22.7
6H
1 131.6 130.3 130.3
2 1125  6.78, s, 1H 110.7 6.79 6.85 6.84 114.5
3 149.0 146.8 145.2
4 146.8 145.2 146.8
5 116.1  6.65, dJ=8.5, 2H 114.4 6.74 6.71 6.79 110.8
6 121.4  6.65, dJ=8.5, 2H 120.7 6.80 120.8
7 43.9 4.20 43.5 4.33 4.14 4.33 43.6
OCH, 56.4 3.76, s, 3H 55.9 3.85 3.84 55.9 3.85
OH 5.16 5.87 5.35 5.89
NH 5.20 5.84 4,59




Table 3: Minimum inhibitory concentrations (MICH)the agents against various Gram-positive and Gragative bacteria.

Strains Minimum inhibitory concentration (mg/L)
Cap DHC Noni 6-gin 6-sho  Nor Tet Ery Oxa Cip
SA1199B 256 512 256 16 16 32
ATCC 29523 256 128 256 128 128 32
Bacillus 128 256 128 64 NT 0.25
subtilisBsSOPO1
XU212 256 256 64 16 16 0.25
EMRSA 15 256 512 128 64 32 16
EMRSA 16 256 512 512 512 512 0.25
RN 4220 256 512 128 128 8 0.25
MRSA 346724 256 512 256 128 16 32
MRSA 774812 256 512 512 512 512 <0.25
MRSA 274829 256 256 512 64 64 <0.25
MRSA 12981 256 512 128 512 128 128
Enterococcus 256 128 128 8 NT 8
faecalis 13379
E. coli 512 512 512 512 128 <0.06
NCTC 10418
Pseudomonas 512 512 512 512 128 _ <0.06
aeruginosa 10662
Klebsiella 512 512 512 512 128 _ <0.03
pneumoniae 342
Proteus sp P10830 512 512 512 512 512 _<0.03

Cap= capsaicin, DHC= dihydrocapsaicin, Noni= nomide, 6-gin= gingerol, 6- sho= shogaol, NT= Not{€ds
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(a) Capsicum annum (b) Zingiber officinale
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Figure 1. (a) Diagram o€apsicum annum L. (b) Zingiber officinale Roscoe, (c1-5)

chemical structures showing structural resemblamgés capsaicin, dihydrocapsaicin,
nonivamide, 6-gingerol and 6-shogaol.
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Figure 2: HPLC-DAD chromatograms of capsaicin (A=6t17 min) and
dihydrocapsaicin (Bpt12.61 min) according to their corresponding pestka54nm.
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