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ABSTRACT

The present world of medicinal chemistry is in a swift boom for the immediate development. Every medicinal
chemist is trying to synthesize a new antibiotic and which is not easy as we all know. The most fearful treat facing
by the drug discovery and developing team is the increased antibiotic resistance shown by the pathogens of
microbial world even to the new generation antibiotics. The immediate remedy is the herbal supplements as the
starting materials as per the experts. The present research is again looking to the world of natural products to make
a new antibiotic. In this present paper the smple application of computer assisted drug designing (CADD) and
insilico pharmacological and toxicological studies followed by actual synthesis and characterization using
spectroscopic methods of a novel antibiotic which is named as Garcicillin belong to the class of semisynthetic -
lactam penicillin type. The proposed antibiotic Garcicillin finds its starting materials from the natural products of
medicinal importance.

Key words: Garcicillin, Garcinia acid anhydride, amino penicillanic a@ddAPA), Docking, ArgusLab, Insilico
Toxicity estimation, antibacterial activitg;lactam antibiotics, Computer Assisted Drug DesigniCADD)

INTRODUCTION

The field of medicinal chemistry and drug designiagn a state of swift development and is at predecoming
more and more interdisciplinary in nature with thoduction of well developed softwares and supemputers.
The art of drug discovery and development needskmiosviedge and skill of both the scientist and dista The
scientific knowledge of a scientist and imaginatand creativity of an artist are the most importgmlities for a
scientist working in the field of drug discoveryhd& use of computers and apt softwares reducedirtiee for
designing and developing the drugs when used byegipert scientists with good imagination and créigti
Drugs are normally low molecular weight chemicaiattinteract with macromolecular targets in the yooal
produce a beneficial or harmful pharmacologicaleetffand well controlled by certain limiting latvslt is
worthwhile to think on the idea that “All moleculese not drugs but all drugs are molecules” becadisthis
scientists are behind the problem to correlate ipal/properties to the medicinal activity. Thus teatral objective

of chemistry became how to explain the relationdiépveen chemical structure and molecular propettiat will
directly give the idea of the usefulness of theenale to humankind. Hence especially in the fidlchedicinal and
pharmaceutical chemistry research we have to giwvehnimportance for the same so that the molecuielezd to
drug likenes$ Antibacterial herbs and formulations were knowrhtimans from ancient times to treat wounds,
carbuncles, boils and other infections. Drugs comeéer the category antibiotics can be subdividet firlactams,
Tetracyclines, Aminoglycosides, Macrolides, Polymgs, Polyenes, Phenylpropane diol derivatives,
Sulfonamides, Quinalone carboxylic acids etc. Timergence of pathogens with more antibiotic reststas one of
the majour challenges in front of the medicinaéatists all over the world and we know it is nasyeto come with
every time a new and specific drug for each diséagehis present study is focusing on a newly syrideesdrug
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termedGarcicillin which is a broad spectrum antibiotic comes unbergroup of3-lactams. The designing of the
drug and insilico pharmacological and toxicologictlidies were performed before the actual synthasis
characterization followed by the antibacterial saiag.

MATERIALSAND METHODS

The starting materials selected for the proposed) dre 6-aminopenicillanic acid (6-APA) tifjelactam part of
penicillin and Garcinia acid (GA) the active ingierat of the fruits ofGarcinia cambogia traditionally in Sanskrit
known asVrukshamla is one of the important and necessary part of n@anyvedic drugs used by traditional
practitioners in India for many centuries. Befdne synthesis the designing of the proposed drugashieved by
applying the basics of CADD. The stereochemical docking studies were performed to undeerstanghdtency
and drug likeness of the proposed drug candidang UggusLab. The insilico toxicological studiesnegerformed
to understand the druggability of the proposed deagdidate with well accepted technologies intredudy
American Environment Protection Agency. After theélse actual wet lab (laboratory) synthesis andbawterial
screening against a set of pathogens were perfoumgd) many methods. The main raw materials use@ we
commercially available 6-amino penicillanic acidABA), Garcinia acid (GA) isolated from@arcinia cambogia
fruits and common organic solvents and reagents.

Experimental

This portion can be divided into five portions vid) Computer Assisted Drug Designing (CADD), (Byilico
Pharmacological Studies and Docking, (3) Insilice@xitological Studies, (4) Laboratory Synthesis and
Characterization and (5) Systematic Antibacter@kegning.

1.Computer Assisted Drug Designing (CADD): The proposed drug was designed by consideringdheepts of
CADD which are well known to the scientists of theig discovery and development team. The main aas o
utilize the method with minimum time with targetesific drug designing. Usually the time required @esigning
the drug is much long and this has to be reducedddyg the traditionally proven drug ingredientsstarting
material. The class of antibacterials was seleftiedasiness to achieve in the wet lab studies hvitited facilities.
The starting materials selected were of both pheotogical important and are natural products witacsmedicinal
values either in traditional or in modern systerhmedicine. The studies on APA already proved ihas the main
portion of the structure of the drugs like peninillsemisynthetic penicillins like ampicillin andmaxicillin,
cephalosorins etc. which are proven antibateridis. GA is the active principle of the Garcinia aach be extracted
easily from the dried fruits of the tree that finidgportance in many traditional Ayurvedic drugs etialso have
antibacterial in addition to antiobesity activiti@hie GA can be extracted from the fruits in margthnds. The aim
was set to coin these two natural products to aehiee penicillin like novel antibacterial. The drig designed well
using both the principles of Drug Discovery & Deyginent based on both the modern and traditionallatdge.
The proposed drug is termed artistically@arcicillin by joining the names of the starting material G#d ahe
belonging class penicillin for easy recalling anentioning.
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Figure 1: The structure of proposed drug Garcicillin.

The structure proposed for the drug candidzaecicillin is as shown in Figure 1.
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2.Insilico Pharmacological Studies and Docking: The insilico pharmacological studies and dockingrev
performed by using ArgusLab. The docking is thet Imesthod to predict the activity of the drug cammdédand are
many approaches and methods avaifafleThe drug which being the penicillin type the diagkwas performed
over the bacterial protein which is betalactamaseaturé™® The betalactamase structure file was downloaded
from protein data bank and the docking of the dyuer it after achieving the minimum energy struetaf the drug
believing the stablest one.

3.Insilico Toxicological Studies: The insilico toxicological studies were performegter the docking studies gave
hope in the proposed dr@grcicillin. The studies were performed using many methodspaed and developed by
the American Environment Protection Agency’s guitks.

4.Laboratory Synthesis and Characterization: After completing the Docking and Toxicological siesl the
laboratory synthesis was started. The differenthods for preparing the proposed drug were planneldeaecuted

in the laboratory. The main chemicals selected weremercially available 6-APA and Garcinia acid (Ggolated
from Garcinia cambogia fruits***> The Garcinia acid derivative was prepared witmemn methods of isolation
and derivatization. The suitable derivative of 6AARvas prepared and coupled with GA-anhydride. Bibt&
required derivative of 6-APA and the prepared GAnatiide when coupled in equimolar portions produced
Garcicillin (Route-l). When both the required derivative of @Ad 6-APA coupled in equimolar proportions the
proposed-lactam antibiotic dru@sarcicillin was obtained (Route-Il). The scheme of synthes#sheth the routes
(Route-I and Route-Il) is as shown below.

SCHEME: The two synthetic routes through which the Garcicillin is _synthesized.
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The synthesized drug is chemically 6-({[&&aS-3a-hydroxy-2,4,6-trioxohexahydrdsfuro[2,3-C]pyrrol-5-
yllacetyl}amino)-3,3-dimethyl-7-oxo-4-thia-1-azalpo[3.2.0]heptane-2-carboxylic acid and nan@scicillin for
easy usage. The drug is separated and purifiedasitimon methods of separation and purificationcaanaonly
used for penicillin type antibiotics. The charaiztation was carried out by using both laboratorthuds as well as
spectroscopic (UV, FT-IR and NMR) methods.
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5.Systematic Antibacterial Screening: The drugGarcicillin was screened to many pathogens to understand the
actual antibacterial activities of the proposedgdfarcicillin using semisynthetic penicillin drug amoxicillin
physician’s sample as the contfol

RESULTSAND DISCUSSION
The results of this present study are presentemibial respective heads.

CADD and Docking Studies

The drug was designed as explained by considehiagkhowledge of both modern and traditional origiine
Garcicillin showed a calculated Log P value (-1.11+/- 0.62ckwisomes between common antibacterial oral drugs.
The formula weight of the anhydrous dr@grcicillin is 427.38 units. The hydrophobic and hydrophikidues are
also of acceptance range.

Figure 2: The 3D structure of the Garcicillin.

It was interesting to calculate the number of hgero bond acceptors (HBA) and the number of hydrdgmd
donors (HBD). The values computed were found $griicllowing the governing rules like Lipinski rude Weber
rules etc. This gave hope to do with the rest efdiscovery related works on this proposed drug. mbst probable
three dimensional structure designed using CADDhoe that further used for docking and insilicodgta is
shown in Figure 2. The Highest Occupied Moleculabi@al (HOMO) and the Lowest Unoccupied Molecular
Orbital (LUMO) were found away from the betalactansiarbonyl group and N-atom. This gave hope tohéurt
studies as these being the most reactive parteeahblecule. The HOMO was found mainly over the®@reof the
betalactam portion and the LUMO was found mainlgrathe N-atom and its immediate environment thastitute
the GA-part. The docking studies of the proposedgdsarcicillin were performed using the software called
ArgusLab over the active site of bacterial protimicture available from protein data bank. Thedyél protein of
the type betalactamase was selected for dockingvireg the most active part would be the beta-lacpart of the
proposed drug. The docking with the betalactamdass dacterial protein gave hopeful results witlst jmose
energy value of -5.55 kcal/mol and is comparabkh wiat of amoxicillin a widely prescribirfiflactam antibiotic.
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Figure 3: The Garcicillin docked on the binding site of betalactamase (1L L 9.pdb)

The proposed drug candid@@arcicillin docked on 1LL9.pdb with its binding site is showrFigure 3.

Toxicological Studies

The toxicology studies of every drug are much intgnatrand performed for the proposed d@&agcicillin also. The
insilico toxicological studies were performed ftetproposed drug and are presented for better stadeling. As
expected the designed dr@arcicillin was found to be developmental non-toxicant witgatiz’e mutangenicity.
The bioaccumulation factor log value (1.46) wasnfibicomparable with presently prescribing penicildiiass
antibiotics. The LG, value forDaphnia magna was found to be 3.50mg per litre and was compartabtalculated
value for amoxicillin and ampicillin. The insilicestimated value of L§g values for mice is found to be 767.28mg
per Kg and is most comparable with penicillins. Matue calculated fol.pyriformis is 145.95mg per litre. All
these estimated values are par with penicillin tgoegs and supported the druggability of the desigdrug
Garcicillin. On comparison with the original laboratory togicestimation values reported for the penicillipey
antibiotics these predicted values could be acbéptnd animal studies can be avoided to a cestdant.

Characterization

The productGarcicillin obtained was found to be shining yellow free flogviamorphous compound with
characteristic type of odour like amoxicillin anchgicillin. The solubilities were checked for botihganic and
inorganic solvents. Found easily soluble in polawents than in non-polar solvents supported tHarpaature of
the drugGarcicillin. The melting point was recorded using traditiomadthod and was found to be charring one
between 200-20& ranges (uncorrected) with the evolution of vagooir characteristic odour. The CHN studies
showed the hygroscopic nature of the drug. Thehggired drug candidate was characterized with, IBBVand
NMR studies. The UV spectrum was found to be aadtaristic of3-lactam antibiotic. The IR spectrum showed the
prominent peaks and those were assigned to alimégeur plausible groups ddarcicillin. The IR showed the
characteristics gi-lactam antibiotic and derivative of the GA withcessary changes in peak positions and found in
support to the formation of the drug. The broadkpemtered at 3266chis attributed to the carboxyl group. The
sharp peaks observed at 17765m686cm?* can be assigned to the CO group. The H-NMR speetra recorded

in three different solvents starting with DMSQ;ZDCk and in O to understand the progress of the reaction and
for comparing with that of the starting materialfie two prominent singlet peaks of 3H each at@.gH%m and
1.673 ppm are of the two GHyroups of theB-lactam part which were initially at 1.408ppm and3B ppm
respectively in the 6-APA. The characteristic peak4.201ppm, 4.878ppm and at 5.474 ppm observédARA
were found shifted to 3.831ppm,5.221ppm and 5.2&1wpthe producGarcicillin. The characteristic peak of the
GA portion GH was observed as a doublet 2.896ppm and 2.942pppeatvely. The C-NMR also showed the
characteristic peaks that can be attributed toptteposed structure. TheO groups of theGarcicillin showed
characteristic peaks at 175.95, 173.43, 172.62,7078nd 169.97 respectively. The peaks at 173.43a81169.97
could be assigned to ti@0 groups of 6-APA when compared. The peaks at 261@8325.48 were found that of two
CHs; carbons. This supported the presenc@-tefctam ring the main active part of any penicdlim the product
Garcicillin. The NMR studies showed the characteristic peakg$-factam and the portion of derivative of GA
supported the characteristic nature of the syrthdsdrug. The complex nature of NMR to be solvedgiapt
relaxation agents and is the subject matter ohéurtesearch.
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Antibacterial Screening

The antibacterial screenings were performed foerées of pathogenic bacteria for the drug candicecicillin
with amoxicillin as control. The pathogens incluéi¢éebsiella sp, Pseudomonas sp, Staphylococcus aureus,
Salmonella sp etc. In many cases tl@garcicillin showed comparable results with amoxicillin. In socases like in
Salmonella paratyphi this showed more potency over the control.

CONCLUSION

The studies based on CADD for the proposed dpagcicillin were found supportive to the limiting laws and
further supported the druglikeness of the propdSacticillin. The insilico pharmacological and Docking studies
were found similar to that of many semisynthetiaipidlins. The insilico Toxicological studies showvé¢he results
that were found supportive to the druggability loé fproposed dru@arcicillin. These gave hope to synthesise the
drug in the laboratory and achieved the same. Téelab studies for the antibacterial screening cseres of
microbes supported the CADD and Docking resulte @lugGarcicillin showed more potency in some cases and
atleast the same activity to many when comparddgaontrol. Further studies on the derivatives medal salts of
the Garcicillin are in progress and found positive in preliminstydies. The stability studies of tarcicillin are

to be carried out along with animal and clinicaldsés which are beyond the scope of this paper.
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