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1 Methicillin-resistant Staphylococcus aureus (MRSA)
2- Vancomycin-resistant Staphylococcus aureus (VRSA)
3- Penicillin-binding proteins (PBPs)
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2- Absorption
3- Distribution
4- Metabolism
5- Excretion
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1- Quorum sensing (QS)
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3- Vancomycin-intermediate Staphylococcus aureus (VISA)
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1- Tryptic soy broth or Trypticase soy broth (TSB)
2 -Mueller Hinton Broth (MHB)
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1- Clevenger
2- Tween80
3- Emulsifier
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1- Minimal inhibitory concentration (MIC)
2- Minimal bactericidal concentration (MBC)
3- Minimum biofilm inhibitory concentration (MBIC)
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2- Gas chromatography—mass spectrometry (GC—-MS)
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1- Minimum Biofilm Eradication Concentration (MBEC)
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Table 1 Characteristics of plant-derived natural ligands used in the molecular docking
No. Ligand Name PubChem Molecular Molecular  Percent Group
Compound Formula Weight in
identifier (g/mol) essential
(CID) oil

1 Citronellal 7794 C1oH150 154.25 37 Aldehyde/Monoterpene
2 Thymol 6989 C1oH12.0 150.22 12 Phenol/Monoterpene
3 Citral 638011 C1oH160 152.23 10 Aldehyde/Monoterpene
4 B-Caryophyllene 5281515 CisHoy 204.35 7 Sesquiterpene
5 1,3,8-P-Menthatriene 176983 CioHis 134.22 7 Monoterpene
6 Linalool 6549 CioH150 154.25 3 Alcohol/Monoterpene
7 Carvacrol 10364 C1oH12.0 150.22 1 Phenol/Monoterpene
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Table 2 Structural characteristics of PBP2a protein effective in MRSA antibiotic resistance

Protein PDB Method Structure Catalytic  UniProtKB Sequence Ligand(s)
name code residue(s) Length
PBP2a 5ml8 X-RAY 2 chains: A, B Q7DHHA4 beta-muramic
diffraction acid
1.98 A 26-140: MecA-N D-Alanyl-D-
Alanine
PBP2a  3zfz X-RAY 140-309: PBP- $403 AOAQH3JPAS 668aa
diffraction dimer (PDB:642aa) Ceftaroline
225A
PBP2a 1vqq  X-RAY  346-657: Q93IC2
diffraction  Transpeptidase None
1.8A
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Fig 5 Analysis of molecular docking results using Kruskal-Wallis test
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Table 3 Pharmacokinetic characteristics of the effective compounds of the studied essential oils by SwissADME
server
Pharmacokinetics Citronellal Thymol Citral B- 1,3,8-P- Linalool Carvacrol
Caryophyllene | Menthatriene
Gl absorption High High High Low Low High High
BBB permeant Yes Yes Yes No Yes Yes Yes
P-gp substrate No No No No No No No
CYP1A2 inhibitor No Yes No No No No Yes
CYP2C19 inhibitor No No No Yes No No No
CYP2C9 inhibitor No No No Yes No No No
CYP2D6 inhibitor No No No No No No No
CYP3A4 inhibitor No No No No No No No
Log Kp -452cm/s  -4.87cm/s | -5.08cm/s | -4.44 cm/s -4.97 cm/s -5.13cm/s  -4.74 cmls
(skin permeation)
Lipinski Yes Yes Yes Yes Yes Yes Yes
Table 4 Medicinal toxicity characteristics of the effective compounds of the studied essential oils by the
admetSAR server
Admet predicted profile Citronellal Thymol Citral B- 1,3,8-P- Linalool @ Carvacrol
Caryophyllene = Menthatriene
Carcinogenicity (binary) - - - - - - -
Carcinogenicity (trinary) Non- Non- Non- Warning Warning Non- Non-
required required required required  required
Eye corrosion + + + - - +
Eye irritation + + + + + +
Ames mutagenesis - - - - - - -
hERG (the human Ether-a- = - - - + - - -
go-go-Related Gene)
inhibition
Micronuclear - - - - - - -
Hepatotoxicity - - -
skin sensitization + + +
Respiratory toxicity - - - - - - -
Reproductive toxicity - - - - + - -
Mitochondrial toxicity - + - - - - +
Nephrotoxicity + - + + + + -
Acute Oral Toxicity (c) i 1l 1l 1 i i i
Estrogen receptor binding - - - - - - -
Androgen receptor binding = - - - - - - -
Thyroid receptor binding - - - - - - -
Glucocorticoid  receptor = - - - - - - -
binding
Aromatase binding - - - - - - -
PPAR gamma - - - - - - -
Biodegradation + - + - + + -

v



VEY 3T oy FY osled

Al ol gy a3 Ly ede dlls sl 4 e il
Sl il Sk s S35 p O3t S S
Oer 5 kol addllas 5o s ol ojlas bwss o s/
03 il Glaull g e YL Al (VY90)
adlan 53 5 e s V0 L ol (AYAE) O, 5an 5 03l e olalllan
ol cs 4 e L NONY Ll (VFAF) O 5 K53
S sdalomsy s b sl aadles b anlie [15, 16, 17]
sl s S shdle] il Slags o 555 5 68 S Sl
Lo lee 5 WS apmepl S dase LS il 5,6
et 5SS 5 ke 0w (S ST Caslie Gls slag g
BB amlis Gimen US oo G850 50 sl eSSl
Gy S5 S G Oldlas b ol aadlee 05y S
(Y20 8) OLs 5 Clid— gl andllas ASle (s g 03 5,8 MRSA
L ol Grodes 10) Jbl 5 oo \Y) (o 65l oS
(YY) 0L an 5 alow aslllas 5 L35 e3ls I MRSA & 50
MRSA 45w 5 gl Gl YO Guilil )y & &S
a5 5> Sl e [18, 19] cl 03y a5l kasls
D3g psbsl 4 aSepl 2 esdle ciline Sladlls 3 sdelse
OSphs Sas Sod 3 wgeminl ill boojlas a2
(Dslize o Lyl s s a4 Wlg e o8 e A8 Ollas
MRSA (slaw s 5 AS LS5 65 5 chle 55 ol
Wl gt 450l eilel o S o 26 sl Wl (il sl
S Sl Caslie bl glaase S STl
ol MBC 5 MIC Olpe A3l 4zl _pwsfyf oo o555 sl
bl o ol anlllas 53 MRSA w50 (555 2 a5l
Olje oS Jlps el s s 2d ool S Joo #/NY 5 0/00
5 4 VRSA &y S35 » sl bl MBC 5 MIC
s MIC lacas 55 oy 2 de/o S Joe YO 5 VAL Ly
Goler Sl mlil 0 85 8 4 4 Sonp glaclale s 55 MBC
e gl b Gl 53 8 A edaliie s g Slaigm
S MIC (\¥4¥) O, Kea 5 K51 andllae 5 ol 05 50> Ko

S sSslilen] il Slag g 5 &gl ol MBC

aA

Cou —f
S s il
il 132 e I MRSA Lo sasn 5 i) o o5 o5 5Ll

Clacisie gad pomen 5 ol Gl glei S dessl

Caglie s Glaasn sl

5 = Sh Gy dexll Ol sy Sl
Gl sl K5 e SL ol 5 U o o el is
A Iy Cose 53 oedul gbadle 5 Wlg e S
wils o a1y Gledes b oS (S5 ST glacg 5SSl
Jsl Lo aplsVly (Sosm 5T 03208 Caslie s 4 3L
MRSA  law s = laciwe
o ke (SIS S D el
S Saleiss (emlesSSs aa s eSSl A
Lgde 6L 4 e 5 e ) 8L S o)l
b Olims «CprmslasS05 4 Conslin Lol slaiolS J ol

[33] il o535 oy gowle Soyls sbauls sl s

S g 5 Oleys

2L Sbil s edle (ot Glagly wxns 53 s sepll
g3 S5 53 OLEBA & Oy 51 Lagls ULy L dal
5> b slaglesl Jals das s cpl 338 s 58 Jlib
S sher s apen LSl SLAL 5 Sl (Db e
Glolpl 5l el diely ol > ke el ol s
SaS wuza 5 Oley 53 Samad o b Ll e S Sl sl
sl 5 [34] 35 dal ot LiSal, il axdls g 5 OLLE
S ) el o3l gl sla bl 51 Sy S e
Sl pslie Glawse o (asenb 5 M L
s Gl Ol Sl als sl e sSsSalile
Sl 4 Cod 1 e @B apmnl bl e
s et sl gl gl ol DL il s 5 S o
S p S8 A Chle 3w b ulul 4 sl 0L O] g
v chls s .l ool I VRSA & 5 MRSA « o 55, 5
V0 5V ) MRSA &5 555 2 01 i S5 S0 v 5085 S

el o3 ity Grads V)5 4) VRSA & oo (o e



vl F SES Sl 5 akd gy AS (o9 Sl Do sat

L 5 0L

SASL ods aiS 5 (MBC) eSO (oL ol axiS (gl
5> bl el 5issse MRSA 4 5 (MBEC) (L5 53 55 50
Sl Sl aseminol Gulad Sl s 2l hle VRSA o s ) 50
4 Cws (MBIC = Y/Y mg/mL) i 03 sy 6L AL,
ngS opl g 3ssse (MBC =Y/0 mg/mb) 3 sSSo (s S
ol Censlie 53 VRSA wse 53 sy LS55 &5 das e 0L
Gl odaline s ol wils 50 Luilal 4 o 4 e
aSeds Slae e Sl S s ol el ey SU
e sl andls Il S Ol WS e S SLS S
0 IS SaSIs 55 opl by [36] el Lo SU Sk o)l g
3 s n 2 asssl ol o sipe DS 5 SOl e
wistls y PBP2A iy pslie st/ oo oSS shlonl o5l 25 5o 3
Sl a3 Shee 3l Yozl G s
L Sl 5 oSen (K s oDl 355 et
oKl b a0l [iiSen 1 oo PBP22 Jlab oSl b 4y i 5l
5 Obalale 13 23S 13 asllassyse 5 PBP2a SO iyl
PBP2a S i J1 ol 45 s g 038 5,158 (YY) o, Kes
b sz 68 Gly ol 5555 w3l opl Jlb oKl 1 S
(loos OIS sty andy A0Le) i s b plisVly S35 00
548 o 5k I ol 53 1 Ol slsss slaedile Bl 55 Sl
U Ol B S e ket Todome 1) (SIS (glaodile Bl S 5
Sler PVl GlacS o BT Lo 33 PBP28 i 5 cnlay 2553 ol 3
S sl 4ol sdaline L oans 3 opl izeen LS dal
o Vs osea (MRSA Uo i ) swsllin 53 5l
Jate Sl e 4 VS e Ssba 5 e WSl
o opslie 2L baase 5o wdlea sl DU G sl
ol s sl la igr Lleddciis [l a5 s ki
el e B4 el eddedalis

L 3l g 5 B LSS Casl PBP28 s S T

PBP2a.S 2 )1

S o 51 88 (0 JS2) sl 03ls OLES 55 andllas o =t 2]

1- Mahasenan
2- Gatekeeper residues

1q

33 o g ele S dee Y L e S5 S Yoo (WLt
A MIC Ol (ITAF) OLKen 5 osljle anllae s 5 oo
Akl S e YO Ly 1 MBC Ol 5 2 ool S s /Y0
ol G Ol ol 16, 17] el eds S
Gidm SIS L olee bl ol addllas 55 4 il
Sldlas 53 a8 pls s sl ccand andls ot I3 Sladlae 4 Cond
3 eddeslizal sl e SSshdlin] ol glag g 503 el
sl 0350 LOT b alice ol andllas 0 ey SKews oo =W
Ot S D el 8 53 oS e Ol nlale
s 055083 s Cond bl sl g il Oolallas
5 pasie glachle of j5 &8 ol i S cs Sl 3,
lie gl 2,8 0 DI F s 3o 5e 3 SeedS esle 5l sline
S il 31 e VRSA 5 MRSA 53 o 53 il 5|
4 Cod MBC) 550 5800 6 SL 08 als el
Y (MIC) 338 o 53S0 (8L A les sl SOOI 51 ke
S o3 3 Serdd DS 5 S il 5l 03 Sl p
sl andlls sl Ll ¥ 5l i Lol MBC 5 MIC Ol
oeilel S Ol e nlpl Npd e 4SSk s e S
Sl Caslie bl laase sy asessl
o> QL s Sl e ;S St b s 55 ol
B a g ol bl (o SL Al Sl oesdle [35]
Ly Lle s peames 5 (MBIC) s IS5 5 e
@l ol Sl s 1 (MBEC) ol sn 53 35 pe o SL
L 4y oo « MRSA 4 ;5 MBEC 5 MBIC slacos
b e S MY ) e S e 0/
4 VRSA &5 ;3 MBEC 5 MBIC (ol mli simas
Ao S YV 5 A Jle S AL S S5
bl MBC 5 MIC 5 b s ool aglie s il e
bl o p2osn s A 53 S S OIS e sl
5 (MBIC) Ld s LSS5 Slee a0 oo S Clale 55 4y gl
»S e MIC) 5L ad; lee & e YL Clle s

Sl el lackle o ol Ll (7 5 Y sla 1K)



VEY 3T oy VY osled

S S oS sls 0L addles al ST ml o scnll
Sy Ml fen c gy 3550 d i p3l il 0 S5 DS
5 W ol s ) 3050 SV S s ST 4
2B L Ll ml ol sl Sl oKl s s
Slase Sy 2 assl ol 8 ARl glaces
b s b bl s 4 a5l s e e VRSA 5 MRSA
ooz @Bl o s OLS 5l slas game (il 534S A
ST e st oS 5 SESls a3 53 Ll 8 o 15
P2l DS S S e Jlal SR lea 2k
N S S S T B ISR T SO R
Aisbea 5 olms e g S A bl e S DS S
PR 4 O (o oskwear (plnly L PBP2a (55
2 ol ol i Slides o S LS 5l s Shes
St n p apeenl Gll OLS 5 3 ) 5w canlllas
5 Bap) Wld g b bL3S1 5o 55 5 ales 3l (b s LSS 3 g
SSS agrA S, s a0 agrA S s omen
5SS e 33 Gy S SIS e gl
e DS b e 55 5 (Gl S (55 ) Sl S
@G 0521 P3 5 P2 (sl S 5a5 5 51 o555 b5 Sl SRl &
Sl s clle S Sl a iy e 100 56 210 s
A LAY 0o 51 [41] 355 0 ol W ams 3 S
ol Jlal e o 5V s SIS 5 Bl (s ) 50
&l Lol JUasl s d o sls OLzs agrA 5 Bap sla s

A3l e PBP2a 1055 5l 5 sl S5 gla s
polie Slaassw o oawsmipl Ol e DI 4 4 s L
o saz Ll Ghlal gl OUS 5 sl s S slsle]
T gl e by sy leas,ls Jlasl 5 il
Ol oo S sba (FF Jslis) <3 5 413 ) 5, 50 ADMET
Rl 2 e 5 BB Slopat s 2350 DLS 5 eled S
5 S a ConS (Saeed 0 056 51 disls 0L s 1 T
Shsm Cosea s Olssa ol oo 5 nlpl

L;qu.: odly OLiS Py Q{.l @b’ e Al ;.;.la-t};.@

ol L3 4 ke e 4 Cond VL Il (6550 s i
Blg e amd opl el il Sl ol s a5 Jle
e ) S 1l 4 MRSA glag s cnile e
S5 sl pelel LS S Oke 1l )
ol 5 b oSl L 1 Jlasl 6550 VL b s, 8 1
Slasl il ol ol PBP2a 5, el
Jud ol s ea 5 SCpa T ol s ol Sl
LS5 wk S op amlell b o b
2031 S il (G551 peminaly bl ) 35 50
L ok Sl sls Ol 555 5 PBP2a (55 5 ol 53
0248 Sl gl 53 5 g S S A5 LS
ol g3 il s oledy (oerls akexl olS s
S OLLS D3 DUl e Jsb s JSdse (nl s
o Dl g e W5 TS Jeed Sl iy IS0
o2 5 Sl Jgama b Sk 5 450 e e il s
Ollime axgs;ge ohusthe it aby e Js o
S ocwl 53w p‘? [37, 38, 39] <l 48,03
S bl sl e ST S bl
4 bl pas s Lol (CB2-R) Y 5 slaes S
OB Sols, bS5 s (CBL) Y g5 diyollS ki S
353 b @S AS DI S 5l st e e
S5 s Sl Ole 3 )by (S lls 5 sl
(ol @l ladkanls Slee G b 5l G5 B il
bV oSl (NOS) LW sl ast s il
(TNF) 505 55,55 5556 5 (IL-6) P .Szl (IL-1B)
3 s opl poosdle [38] el asls 0L olgdlas i
L S slalisie 53 Gl s Sl s Bl Sladlas

[40] Llesls oLis

1- Cannabinoid receptor type 2 (CB2-R)



)‘ijﬁb)b)ﬂﬁM«d)&Mij&

oL 5 0Ly

S Ol o andllas ) o skelowsey b a a5 Log gemas
wlo ole oldsnds 5 s Seeds D asipal el
O oosts] oo sSSalilind (5 7S VRSA 5 MRSA (slas, yo
S, ade bl ol LS 5 IN-SIlCo gla vy 5 proman 1
5 @grA) Swaw 05555 (PBP22) e o 4 Zuslin 5 S
oot SUS 5l Yaxml S sls 0L (Bap) s A5

PBP28 slo s wle e S Ui S 5 bbbl
ST S0 sdelosey mls o Byb 51 asls ol Bap 5 agrA
(nlpbe o Js3 BB o elal e Sse LS 5 ADMET
b b s St oo SO Olgsn Ll o 450l il
Glacisie Slys Hsbopes 5 580 Glp oS Sl 2l
e slge 51 SU glacisie dem 3l wsls) a5 aS plslen)
.:J.SJIJB oslaials 40

J',SJA E) w”ls.x.;g ol.<.:..'vl> )\ Jlie dlf-xmv-.’_f ZJS.:JJJg_JES
ol Lz RISY)! el M a8l g5oslas clides
Ll K5 LS wallas pl AT glacs

e =7

[1] Mohamadi, S., Rezaee, R., Hashemi, M., Kiani, B., Ghasemi, S., Alizadeh
Sani, M., & Afshari, A. (2023). Methicillin-Resistant Staphylococcus aureus
(MRSA), Vancomycin-Resistant Staphylococcus aureus (VRSA), and
Vancomycin-Resistant Enterococci (VRE) contamination of food samples in
Iran: A systematic review and meta-analysis. Iranian Journal of Medical
Microbiology, 17(2), 2-2.

[2] Mahasenan, K. V., Molina, R., Bouley, R., Batuecas, M. T., Fisher, J. F.,
Hermoso, J. A., ... & Mobashery, S. (2017). Conformational dynamics in
penicillin-binding protein 2a of methicillin-resistant Staphylococcus aureus,
allosteric communication network and enablement of catalysis. Journal of the
American Chemical Society, 139(5), 2102-2110.

[3] Fishovitz, J., Hermoso, J. A., Chang, M., & Mobashery, S. (2014).
Penicillin-binding protein 2a of methicillin-resistant  Staphylococcus
aureus. IUBMB life, 66(8), 572-577.

[4] Périchon, B., & Courvalin, P. (2009). VanA-type vancomycin-resistant
Staphylococcus aureus. Antimicrobial agents and chemotherapy, 53(11), 4580-
4587,

[5] Schilcher, K., & Horswill, A. R. (2020). Staphylococcal biofilm
development: structure, regulation, and treatment strategies. Microbiology and
Molecular Biology Reviews, 84(3), €00026-19.

[6] David Mz, Daum RS. Treatment of Staphylococcus aureus infections.
Staphylococcus aureus: microbiology, pathology, immunology, therapy and
prophylaxis. 2017:325-83.

35 s Al gl kSl (Bl ra) OLS S
5 S bt slge alsiem 3 M) pl by (s g5 4SO
Sl bl bl O 5s DS 5l by bl e sl
(CYP3A4 won 5l gi) PABO oS i wiliius (slagisy
[38] ool sdi 3,158 55 A3 Oladlas Lo s L g S Lo s
Ol e Jeily Slacd 53 ey 250 LSS raen
20k e ool (Ames s trinary Jue dinary Jus)
N Sladllas 51 (ol 8 ol S5 4 o3 Ll OLES 52 5
Cools o lis Sl was o OLES dn vivo 5 vitro
Sobedde Gl eslinals)po DUl 88 5 303 Gy sAS
5 (LS Ol w5 e st (WSSL e O S) Lap g8
Solor O3Sl o) e R Sl (pamen
S (Sl il S5 ASl 5s IS Je s aal T
S Soger S Sl 5l umen [38] Ao s s ) (S50
53 g Pt n SIS L Pogp (6l e Olgens LS S
ool A cuslis (lensls Olgea WLOT 51 eslizal &) 50

A el g edalise
S5 w0

[7] Davies, D. (2003). Understanding biofilm resistance to antibacterial
agents. Nature reviews Drug discovery, 2(2), 114-122.

[8] Idrees, M., Sawant, S., Karodia, N., & Rahman, A. (2021). Staphylococcus
aureus  biofilm:  Morphology, genetics, pathogenesis and treatment
strategies. International Journal of Environmental Research and Public
Health, 18(14), 7602.

[9] Saipriya, K., Swathi, C. H., Ratnakar, K. S., & Sritharan, V. (2020).
Quorum-sensing system in Acinetobacter baumannii: a potential target for new
drug development. Journal of applied microbiology, 128(1), 15-27.

[10] Ta, C. A. K., & Arnason, J. T. (2015). Mini review of phytochemicals and
plant taxa with activity as microbial biofilm and quorum sensing
inhibitors. Molecules, 21(1), 29.

[11] Moradi, F., & Hadi, N. (2021). Quorum-quenching activity of some Iranian
medicinal plants. New Microbes and New Infections, 42, 100882.

[12] Bouyahya, A., Chamkhi, 1., Balahbib, A., Rebezov, M., Shariati, M. A.,
Wilairatana, P., ... & EI Omari, N. (2022). Mechanisms, anti-quorum-sensing
actions, and clinical trials of medicinal plant bioactive compounds against
bacteria: a comprehensive review. Molecules, 27(5), 1484.

[13] Ehsani, A., Alizadeh. O., Hashemi, M., Afshari, A., Aminzare, M. (2017).
Phytochemical, antioxidant and antibacterial properties of Melissa officinalis
and Dracocephalum moldavica essential oils. Veterinary Research Forum, 8
(3), 223-229.



VEY 3T oy VY osled

[14] Guan, L., Yang, H., Cai, Y., Sun, L., Di, P, Li, W,, ... & Tang, Y. (2019).
ADMET-score-a comprehensive scoring function for evaluation of chemical
drug-likeness. Medchemcomm, 10(1), 148-157.

[15] Ahmadi, E., Abdollahi, A., Najafipour, S., Meshkibaf, M. H., Fasihi
Ramandi, M., Namdar, N., ... & Allahverdi, G. (2016). Surveying the effect of
the phenol compounds on antibacterial activity of herbal extracts: in vitro
assessment of herbal extracts in Fasa-Fars province. Journal of Fasa University
of Medical Sciences, 6(2), 210-220.

[16] Arzhang, M., Dakhili, M., & Farahani, F. (2015). Investigation of
Chemical Compounds and Anti-microbial Activity of Essential Oil of Melissa
officinalis L. Qom University of Medical Sciences Journal, 9(1), 7-13.

[17] Alizade, O., Ehsani, A., Hashemi, M., Mohamadi, S., & Khalili, S. (2015).
Comparative antibacterial effects of essential oils of Melissa officinalis and
Deracocephalum moldavica L. against some pathogenic bacteria in food in
vitro. Journal of Shahrekord University of Medical Sciences, 17(4), 80-87.

[18] Abu-Shanab, B., ADWAN, G. M., Jarrar, N., Abu-Hijleh, A., & Adwan,
K. (2006). Antibacterial activity of four plant extracts used in Palestine in
folkloric medicine against methicillin-resistant Staphylococcus aureus. Turkish
Journal of Biology, 30(4), 195-198.

[19] Sipahi, N., Kekeg, A. I., & Halag, B. (2022). In Vitro Effect of Some
Essential Oils against Multiple Antibiotic-Resistant Bacteria from Cats and
Dogs. Pakistan Veterinary Journal, 42(4), 561-565.

[20] Shariati, A., Dadashi, M., Moghadam, M. T., van Belkum, A,
Yaslianifard, S., & Darban-Sarokhalil, D. (2020). Global prevalence and
distribution of vancomycin resistant, vancomycin intermediate and
heterogeneously vancomycin intermediate Staphylococcus aureus clinical
isolates: a systematic review and meta-analysis. Scientific reports, 10(1), 1-16.

[21] Handa, S. S. (2008). An overview of extraction techniques for medicinal
and aromatic plants. Extraction technologies for medicinal and aromatic
plants, 1(1), 21-40.

[22] Phuyal, N., Jha, P. K., Raturi, P. P., Gurung, S., & Rajbhandary, S. (2019).
Essential oil composition of Zanthoxylum armatum leaves as a function of
growing conditions. International Journal of Food Properties, 22(1), 1873-
1885.

[23] Dadgar,. T., Ghaemi, E, Bazueri, M., Asmar, M., Mazandarani, M., Saifi,
A., Bayat, H. (2008). The antibacterial effects of 20 herbal plants on methicillin
resistant and sensitives S.aureus in Golestan provience. Journal of Gorgan
University of Medical Sciences, 9(1), 55-62.

[24] Qureshi, K. A., Imtiaz, M., Parvez, A, Rai, P. K., Jaremko, M., Emwas, A.
H., .. & Fatmi, M. Q. (2022). In vitro and in silico approaches for the
evaluation of antimicrobial activity, time-kill Kinetics, and anti-biofilm
potential of thymoquinone (2-Methyl-5-propan-2-ylcyclohexa-2, 5-diene-1, 4-
dione) against selected human pathogens. Antibiotics, 11(1), 79.

[25] Hassanshahiyan, M., Saadatfar, A., & Masoumi, F. (2018). Antimicrobial
properties of Hyssopus officinalis extract against antibiotic-resistant bacteria in
planktonic and biofilm form. Biological Journal of Microorganism, 7(28), 91-
101.

[26] Yaghoobi, M. M., Khaleghi, M., Rezanejad, H., & Parsia, P. (2018).
Antibiofilm activity of Dracocephalum polychaetum extract on methicillin-
resistant Staphylococcus aureus. Avicenna Journal of Clinical Microbiology
and Infection, 5(1), 61772-61772.

[27] Trott, O., & Olson, A. J. (2010). AutoDock Vina: improving the speed and
accuracy of docking with a new scoring function, efficient optimization, and
multithreading. Journal of computational chemistry, 31(2), 455-461.

[28] Ndombera. F., Maiyoh. G., Tuei. V. (. 2019). Pharmacokinetic,
physicochemical and medicinal properties of n-glycoside anti-cancer agent
more potent than 2-deoxy-d-glucose in lung cancer cells. Journal of Pharmacy
and Pharmacology, 7,165-176.

[29] Lipinski, C. A., Lombardo, F., Dominy, B. W., & Feeney, P. J. (1997).
Experimental and computational approaches to estimate solubility and
permeability in drug discovery and development settings. Advanced drug
delivery reviews, 23(1-3), 3-25.

[30] Li, X., Du, Z., Wang, J., Wu, Z., Li, W, Liu, G, ... & Tang, Y. (2015). In
silico estimation of chemical carcinogenicity with binary and ternary
classification methods. Molecular informatics, 34(4), 228-235.

[31] Simpson, E. R, Clyne, C., Rubin, G., Boon, W. C., Robertson, K., Britt,
K., ... & Jones, M. (2002). Aromatase—a brief overview. Annual review of
physiology, 64(1), 93-127.

[32] Tyagi, S., Gupta, P., Saini, A. S., Kaushal, C., & Sharma, S. (2011). The
peroxisome proliferator-activated receptor: A family of nuclear receptors role
in various diseases. Journal of advanced pharmaceutical technology &
research, 2(4), 236.

[33] Hiramatsu, K., Katayama, Y., Matsuo, M., Sasaki, T., Morimoto, Y.,
Sekiguchi, A., & Baba, T. (2014). Multi-drug-resistant Staphylococcus aureus
and future chemotherapy. Journal of Infection and Chemotherapy, 20(10), 593-
601.

[34] Rao, V. S., & Srinivas, K. (2011). Modern drug discovery process: An in
silico approach. Journal of bioinformatics and sequence analysis, 2(5), 89-94.

[35] French, G. L. (2006). Bactericidal agents in the treatment of MRSA
infections—the potential role of daptomycin. Journal of Antimicrobial
Chemotherapy, 58(6), 1107-1117.

[36] Salamaga, B., Kong, L., Pasquina-Lemonche, L., Lafage, L., von und zur
Muhlen, M., Gibson, J. F., ... & Foster, S. J. (2021). Demonstration of the role
of cell wall homeostasis in Staphylococcus aureus growth and the action of
bactericidal antibiotics. Proceedings of the National Academy of Sciences,
118(44), €2106022118.

[37] Ahmed, E. A., Abu Zahra, H.,, Ammar, R. B., Mohamed, M. E., &
Ibrahim, H. I. M. (2022). Beta-Caryophyllene Enhances the Anti-Tumor
Activity of Cisplatin in Lung Cancer Cell Lines through Regulating Cell Cycle
and Apoptosis Signaling Molecules. Molecules, 27(23), 8354.

[38] Francomano, F., Caruso, A., Barbarossa, A., Fazio, A., La Torre, C.,
Ceramella, J., ... & Sinicropi, M. S. (2019). B-Caryophyllene: a sesquiterpene
with countless biological properties. Applied Sciences, 9(24), 5420.

[39] Stevens, N., & Allred, K. (2022). Antidiabetic potential of volatile
cinnamon oil: A review and exploration of mechanisms using in silico
molecular docking simulations. Molecules, 27(3), 853.

[40] Yoo, H. J., & Jwa, S. K. (2018). Inhibitory effects of B-caryophyllene on
Streptococcus mutans biofilm. Archives of oral biology, 88, 42-46.

[41] Dufour, P., Jarraud, S., Vandenesch, F., Greenland, T., Novick, R. P., Bes,
M., .. & Lina, G. (2002). High genetic variability of the agr locus in
Staphylococcus species. Journal of Bacteriology. 2002 Feb; 184(4): 1180—
1186.



JFST No. 142, Vol. 20, December 2023 ABSTRACT

Journal of Food Science and Technology (Iran)

Homepage:www.fsct.modares.ir

Scientific Research

Antibacterial, antibiofilm, and pharmacokinetic properties of some Lamiaceae essential
oils against methicillin- and vancomycin-resistant staphylococcus aureus

Mohammad Valian®, Matia Sadat Borhani®”, Esmail Babakhanzadeh Sajirani®, Eisa Jorjani®,

Sohrab Boozarpour”

1- MSc student of Genetics, Biology Department, Faculty of Sciences, Gonbad Kavous University, Golestan,

Iran.

2- Assistant professor of Microbiology, Biology Department, Faculty of Sciences, Gonbad Kavous University,

Golestan, Iran.

3-  Assistant Professor of Medicinal Plants, Agricultural and Natural Resources Research and Education
Center of Semnan Province (Shahrood), AREEO, Shahrood, Iran
4- Assistant professor of Genetics, Biology Department, Faculty of Sciences, Gonbad Kavous University,

Golestan, Iran.

ABSTRACT

ARTICLE INFO

The presence of methicillin-resistant (MRSA) and vancomycin-resistant (VRSA)
Staphylococcus aureus in food raises a public health concern. This study aimed to
investigate the antibacterial and anti-biofilm activity of some Lamiaceae essential
oils including Melissa Officinalis, Salvia officinalis, and Mentha piperita against
MRSA and for the first time on VRSA strains. For this purpose, the disk diffusion
test, minimum inhibitory concentration (MIC), minimum bactericidal
concentration (MBC), minimum biofilm inhibitory concentration (MBIC), and
minimum biofilm eradication concentration (MBEC) were determined. Then, M.
Officinalis essential oil compounds were investigated against PBP2a, agrA, and
Bap proteins using AutoDocK Vina. Finally, pharmacokinetic properties were
investigated using ADMETsar and SwissADME servers. Based on the obtained
results, the MIC and MBC values of M. Officinalis essential oil against MRSA
strain were equal to 0.05 and 0.112 mg/ml, and against VRSA strain were equal to
1.8 and 2.5 mg/ml, respectively. The MBIC and MBEC of M. Officinalis essential
oil against MRSA strain were equal to 0.03 mg/ml and 0.112 mg/ml, and against
VRSA strain were equal to 0.9 mg/ml and 3.2 mg/ml, respectively. The results of
molecular docking showed that B-Caryophyllene had a greater binding affinity to
PBP2a protein either in the active site or in the allosteric site (-6.6kcal/mol). On
the other hand, the effective compounds of this essential oil, especially citronellol,
thymol, and citral, were acceptable in terms of pharmacokinetic properties. Since
natural antibiotics can be an alternative to conventional antibiotics in the treatment
of Staphylococcus aureus food-borne diseases, the results of this study showed
that Melissa Officinalis essential oil is effective on the growth and biofilm of
MRSA and VRSA strains, and it can be used as a drug candidate in the prevention
and treatment of infections caused by antibiotic-resistant strains of this bacterium.

Avrticle History:

Received: 2023/6/26
Accepted: 2023/8/7

Keywords:
Staphylococcus aureus,
Melissa Officinalis,
Biofilm,

Molecular docking,

Antibiotic resistance

10.22034/FSCT.20.142.82
DOR:20.1001.1.20088787.1402.20.142.6.6

*Corresponding Author E-Mail:
Msadat.borhani7@gmail.com;

Borhani@gonbad.ac.ir

VoY


mailto:Msadat.borhani7@gmail.com
mailto:Borhani@gonbad.ac.ir

