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Abstract

Since time immemorial plant extracts have been used for their antibacterial properties.
In recent time, the active compounds have been isolated and their activities are established.
However, considering the diversity of the plant kingdom and their secondary metabolites,
further research needs to be done to identify potential metabolites having direct antibacterial
and antibiotic potentiation ability. The identification of antibiotic potentiators is important
considering the rapid development of bacterial resistance against the antibiotics thereby
depleting the antibiotic pipeline. To address this issue of bacterial resistance and to find
antibiotic potentiating plant metabolites, the present study was carried out under four

objectives.

High throughput method was employed for screening of 180 extracts in different
solvents obtained from 30 plants. These extracts were screened for B-lactamase inhibition and
B-lactam potentiation ability against the MDR bacterial isolates (Escherichia coli,
Pseudomonas aeruginosa, Acinetobacter baumannii, and Bacillus cereus). Among the extracts,
acetone extract of Ficus religiosa and hexane extract of Acorus calamus was found to be the

most effective in terms of B-lactamase inhibition and ampicillin potentiation.

The metabolites present in F. religiosa were identified using HR-LCMS. Further, to
understand the binding of the metabolites with Class A B-lactamases (TEM 1, SHV1, KPC-2
and 6D17) molecular docking and MD simulation studies were performed. This revealed that
taxifolin and miquelianin showed the best binding affinity with all the four class A B-
lactamases. Hydrogen bond occupancy of >200 % was seen with Glu166, Glu240, Asn132, etc.
which are located in the enzyme active site. Additionally, the ADMET profile of the metabolites

showed their drug likeliness and non-toxic nature.



Fractionation of bioactive compounds from A4. calamus rhizome hexane (AC-R-H)
extract was performed and its MIC, FIC index and mode of action was determined. AC-R-H
bioactive fraction was found to reduce the MIC of ampicillin against E. coli (100 mg/mL to 25
mg/mL), P. aeruginosa (15 mg/mLto 3.25 mg/mL), 4. baumannii (12.5 mg/mL to 1.56 mg/ml),
and B. cereus (10 mg/mL to 1.25 mg/mL). Further it recorded synergistic activity with
ampicillin against B. cereus (FICI = 0.365), P. aeruginosa (FICI = 0.456), and A. baumannii
(FICI = 0.364). This activity can be attributed to its ability to alter the fatty acid composition
of the bacterial cell membranes, hinder the membrane integrity, permeability, and cause cell
membrane damage. It also showed good antibiofilm activity against B. cereus and a moderate
B-lactamase inhibition (ICso = 6.2 mg/mL). Characterization of AC-R-H bioactive fraction
through UV-Vis, FT-IR, and GC-MS revealed Asarone as the major compound present in the

bioactive fraction.

Finally, PLGA based formulation was prepared by encapsulating the clarified crude of
A. calamus. The encapsulated particles exhibited size (300-500 nm), PDI (0.3-0.4) and zeta
potential (-25 to -15 mV). The loading capacity and encapsulation efficiency of the particles
were (40 to 60 %) and in vitro release profile showed burst release with ~70 % of cumulative
release in 24 h. The encapsulated particles showed antibacterial efficacy and ampicillin
potentiation against A. baumannii. Further, the cell toxicity studies of clarified crude and
encapsulated particles (20 pg/ml) on Vero cells showed ~20 % inhibition. Overall, the study
identifies two plants F. religiosa and A. calamus and their metabolites as potential candidates
for countering multidrug resistance in bacteria. Also, the development of PLGA based
formulation encapsulating A. calamus clarified crude showcases the feasibility to develop

biocompatible formulation with multiple compounds.



LIRS

U el ¥ Feafadl & /AT T IUAET 3edeh TENFERT IO & o o
ST QT &1 8Tl & TAT #H, 3 gieafadl & 3h/ad & afhd et s 3reer T
3eTehT SHIRACIY &l HASE I HIRIA AT 75 g1 FTellieh, IS ST & Fereaiaal AR
3% gfddae AcEldeged $r fafaudr s I # t@d g@,mﬁﬁaﬁﬁﬁﬁﬁ
3R Themifes ey are Tafad AeEidsey S 98 ae & fav 3R 3ifts
MY fhT S Fr 3MTTRAT g1 9+ ATaRSFd, SFERAT & Iy &F7ar H doir &
AP & FROT IRCER TEERIITCH Gar3il il ITetar & doil & HAT HTel HI €Il
H @I gU Av WeTfed ALY dTel AT Aeiaged 6 Tisl Agea ol ¢l
sgfaT, SFEORAT & Jod IR &THaT @ 3o IRTEATY & FaATT e 3R AT
Taerfed ALY gt FeIfad AeEieised & Tele & foT, gddeT 37eqTT &
IR 3T & dgd fohar ara|

30 ottt & greT 180 /A @1 RAffiest ot 7 3=a yge AR & @Enr Jw
frar T THERIR SFARTS INSHRCE (CFIRFIAT Fief} FqEIHITT Tl
TfAsicldFey di3H 3R Fffera @R3mE) & afa p-odeds Faor 3R p-olgea
I & AT 37 3m/Tal i g & TS| 597 A, FrEHd RidfoIMar F e
3% 3N TFENT FelAT & gFeT 3 il p-olaerdol Iur 31N TN grazddr
& HFAS H Had ToTd 9T 94|

Prsehd RIGISINT # AlSle ACHISeH $ Ygalel TIR-UeIHIUATH &l 33T
Fh fRar T sHS IrATdr, Ao T p-olFeHT (SB5UA-1, THUTAN-1, FURT-2 3R
63117) & Y ATETABCH & EYF P FHASTA & folw 3orfas sifhar 3R wasT
RAeRE 3eage v a7v| g g1 gor & dFdwfae iR fAsRfoafaa & ar
Foft T p-olFedT & TIY e 3ToT ’EU gidT ¢ TAsH Afhd aise & 3afeud
T-166, 76[-240, TTHTA-132, 316 H 200% & 7 3170 &Il a5 AT 4@
IAT| 38 HTARET, ACTETATSCH o USITASE WHISel § Sefehl IN-FawTeFd Fepfal 3R
gars §ellat T FHTTAN FT o gar T

TFRET Fellad TSSH gaFiel (TH-3TR-UT) 37 & Sr0iged e &1 3iemiehed
H & TG T TANTSH, URSH gaaie 3R fhaeaas & alie &1 Fuiia
foRaT aram| TE-3R-tT Sefaea 3 tEEIRfAIT Feh (100 fAeamA/TATS & 25
fAelame/TaT), \7-?’2?77775’? vofalgiar (15 AA/TATS & 3.25 [AIm#/TaT),

Vi



UfAzcldFer §i3H=~1 (12.5 AEmaA/tATaT & 1.56 ANamv/vavd), 3R e
Rz (10 fAeamA/TaTe & 1.25 AEm#/TAT) & Ffeld & THNSET &l
A B & [T 3UGFA T T 38 IHTARFd, dFerd ARFF (THITSHINTS =
0.365), FgEIFIAw THAAGT (THIMSHIE = 0.456), 3R ofdAeldFey 5771
(THATSHAE = 0.364) & 9fd TH-3R-TT 31k T WAl & AT FgfhdicHs
afafafr & o uar =em s afaRfe & SFERTT FARFT Breer Hr By vfas
G 1 TGoled, TBreell Sl HYUTAT 3R IREEIdr & Tl SToel 3R HIfRIshr Breel
T AHET Tgal T &TATT § Ty AT ST Tohel & TH-3R-UT 3 A JfFerey
FR3 & gfa 3o teifthed aifafdf™r 3R Avgsd p-elererer IF0T (ICs =
6.2 TAeTEmaA/TATS) o fe@ma| TH-31R-UT Sraefded 3 & dl-fael, Thel-383IR
IR Se-tATE Feqor & AeIH § SRt 3R # Alge 0w s 3R
T 9T Tel|

HA:, THRH FHollHE & FANHSS FF T A H{h NTANT TR BlaeA
IR R AT TAdTEAes FON # MR (300-500 THAwH), NS (0.3-0.4),
SfieT &TAdT (-25 @ -15 TAdY), ofSer &Acr 3R TAhegelT S&Tdr (40 & 60%)
gTed g3 3a-fag) Reller Wiwhrger @ e =erm & s Refier 24 =t & d=hy Relrer
H ST 70% BT Bl UAFHolLs FON H UAAAcldFey aEHew & Hid
TESFERTS 0T R TFATECIT AHLIAT T Il TolT| SEh 3TeATaT, a7 BRI
W FATRDSS %35 HR TAGTHACS UM (20 ATSHIAH/THATS) & HITAHT fasrerear
AT A 9T 20% fATAITOT T IcAT TeT| Fol TR, 3reag=t A dFIRAT &
A YTANY T Hepeoll Al & v Fenfad ar died arssa Rfcfaarar 3R
THNT FerAT 3R 300 ACEIGSeH & Idl Jol| G eTdl, THRET HellHT
FAIRGSS 3 P AR Fe dTel DTSN TR Bl H1 fasra w8 Iifaent
& HIY SIT-HITd Bl AT e i cFagidr & gAfer gl
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and TEM1-ligand complex.

C. RMSD, RMSF, SASA, and Rg of CTX-M-27 (PDB ID:
6BU3) and CTX-M-27 and ligand complex.
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D. RMSD, RMSF, SASA, and Rg of KPC-2 (PDB ID:
6D17) and KPC-2 and ligand interactions.

Fig. 5.5

A. H-bond number formed during 50 ns MD simulation of
TEMI-ligand complexes.

B. H-bond number formed during 50 ns MD simulation of
SHV1-ligand complexes.

C. H-bond number formed during 50 ns MD simulation of
CTX-M-27-ligand complexes.

D. H-bond number formed during 50 ns MD simulation of
KPC-2-ligand complexes.
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Fig. 5.6

A. Hydrogen bond distance observed during the MD
simulation of TEM1-ligand complex.

B. Hydrogen bond distance observed during the MD
simulation of SHV1-ligand complex.

C. Hydrogen bond distance observed during the MD
simulation of CTX-M-27-ligand complex.

D. Hydrogen bond distance observed during the MD
simulation of KPC-2-ligand complex.
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Fig. 5.7

Molecular dynamics simulations data analysis. A: Heat
map with dendrogram representing H-bond occupancy
during the last 10 ns of simulation for all proteins. B:
Stacked bar graph representing H-bond number formed
during 50 ns of simulation for all proteins. C: Binding
energy (kJ/mol) of protein-ligand complex calculated using
MMPBSA method.
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Fig. 5.8

A. Protein-ligand interactions visualised using PyMol
software. a: SHV1-avibactam; b: TEM1-avibactam; c:
CTX-M-27-avibactam; d: KPC-2-avibactam; e: SHV1-
tazobactam; f: TEM1-tazobactam; g: CTX-M-27-
tazobactam; h: KPC-2-tazobactam.

B. Protein-ligand interactions visualised using PyMol
software. a: SHV1-quercetin; b: TEM1-quercetin; c¢: CTX-
M-27-quercetin; d: KPC-2-quercetin; e: SHV 1-ampicillin;
f: TEM1-ampicillin; g: CTX-M-27-ampicillin; h: KPC-2-
ampicillin.

C. Protein-ligand interactions visualised using PyMol
software. a: SHV1-luteolin; b: TEM1-luteolin; ¢: CTX-M-
27-luteolin; d: KPC-2-luteolin; e: SHV 1-taxifolin; f:
TEM1-taxifolin; g: CTX-M-27-taxifolin; h: KPC-2-
taxifolin.

D. Protein-ligand interactions visualised using PyMol
software. a: SHV1-myricetin; b: TEM1-myricetin; c: CTX-
M-27-myricetin; d: KPC-2-myricetin; e: SHV1-
miquelianin; f: TEM1-miquelianin; g: CTX-M-27-
miquelianin; h: KPC-2-miquelianin.
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Fig. 5.9

SwissADME analysis of the metabolites and standards
used for MD simulation study along with their
corresponding bioavailability score (BSA).
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Fig. 6.1

Steps of PLGA based formulation preparation. 1: PLGA is
dissolved in DCM; 2: PVA (1 %) in water is kept in beaker

197
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to which PLGA in DCM is added dropwise while continuous
stirring; 3: sonication is done by placing the beaker
containing emulsion in ice water; 4: the sonicated emulsion
is kept for stirring at 400 rpm for 3 h; 5: the particles are
purified by centrifugation in 3 washing steps using DI water;
6: the purified particles are lyophilized by adding 2.5% of
trehalose. A: PLGA based formulation prepared using this
process.

A: GC-MS spectra of clarified crude; B: m/z spectrum of

Fig. 6.2 Asarone (major peak) present in clarified crude. 202
Checkerboard assay using different concentrations of
clarified crude and ampicillin against Acinetobacter
Fig. 6.3 baumannii. A: 96 well plate after resazurin addition (real 203
experimental image); B: pictorial representation of the
experiment.
Fig. 6.4 Size and PDI of PLGA 75:25 at different time of sonication. 205
Fig. 6.5 Zeta potential of PLGA 75:25 at different time of sonication. 205
Fig. 6.6 Size and PDI of PLGA 50:50 at different time of sonication. 206
Fig. 6.7 Zeta potential of PLGA 50:50 at different time of sonication. 206
Size, PDI, and zeta potential of loaded and unloaded PLGA
Fig. 6.8 particles. A: Size and PDI of PLGA 75:25; B: Zeta potential 208
o of PLGA 75:25; C: Size and PDI of PLGA 50:50; D: Zeta
potential of PLGA 50:50
Fig. 6.9 Calibrgtion curve of different concentrations of clarified 209
crude in presence of PLGA 75:25 and trehalose.
Fig. 6.10 Calibrgtion curve of different concentrations of clarified 210
e crude in presence of PLGA 50:50 and trehalose.
Fig. 6.11 FTIR spectra of clarified crude. 212
Fig. 6.12 FTIR spectra of B-Asarone (standard). 212
Fig. 6.13 FTIR spectra of unloaded PLGA 75:25 particles. 213
Fig. 6.14 F T.IR spec.tra of clarified crude loaded and unloaded PLGA 13
75:25 particles.
Fig. 6.15 F T.IR spec.tra of clarified crude loaded and unloaded PLGA 14
50:50 particles.
TLC observed in visible and short UV (245 nm) light. A:
Fig. 6.16 clarified crude; B: PLGA 75:2.:5 unloaded; C: clarified crude 14
T loaded PLGA 75:25; D: clarified crude; E: PLGA 50:50
unloaded; F: clarified crude loaded PLGA 50:50.
FESEM images of PLGA particles loaded and unloaded. A:
Fig. 6.17 PLGA 75:25 unloaded; B: PLGA 75:25 loaded; C: PLGA 215
50:50 unloaded; D: PLGA 50:50 loaded.
. Calibration curve of PBS+10% DMSO and clarified crude
Fig. 6.18 o . 216
in different concentrations.
. In vitro drug release percentage of encapsulated PLGA
Fig:6.19 75:25 particles. 217
Fig. 6.20 In vz:tro cumulative release (%) of encapsulated PLGA 75:25 217
particles.
Fig. 6.21 In vitro drug release percentage of encapsulated PLGA 218

50:50 particles.
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Fig. 6.22

In vitro cumulative release (%) of encapsulated PLGA 50:50
particles.
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Fig. 6.23

Acinetobacteria baumannii cells viability measured using
MTT dye at different time interval of incubation after
treatment with different concentrations of encapsulated
PLGA 75:25 particles and ampicillin.

220

Fig. 6.24

Acinetobacter baumannii  cells viability percentage
measured at 18 h of incubation after treatment with
formulation alone and in combination with ampicillin.
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Fig. 6.25

Percentage inhibition of Vero cells when treated with
different concentrations of clarified crude and encapsulated
PLGA particles.
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