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ANNEXURE 

Proforma for Registration of topic for PhD Thesis 

(Preliminary Synopsis) 

 

 

Note: Candidate can only register through SDMU recognized PhD Department. 

 

1.  Name of the Candidate and Address (in block letters) 

 

DR. SUGHOSH KULKARNI 

423, MAHIKA BLOCK, SDM MEDICAL STAFF QUARTERS, RATNASHRIVIHAR, 

SATTUR, DHARWAD 

2.  a) Name of the Institution where the research is going to be carried 

SDM COLLEGE OF MEDICAL SCIENCES AND HOSPITAL, DHARWAD  

 

b) Is the department recognized as PhD centre:  YES  

3.  Name of the Faculty 

Medicine  

4.  Name of the Guide with Designation, Department.  

 

Dr. Raghavendra D. Kulkarni  

Professor and Head  

Department of Microbiology  

 

5.  Title of the Research topic 

 

Exploring novel antimicrobials for the treatment of multi drug and pan drug resistant 

bacterial infections   

6.  Brief resume of the intended Research work 

Multidrug resistance has been a serious problem in clinical practice. Clinical isolates 

belonging to ESKAPE pathogens will be isolated and investigated for multidrug (MDR) 

and/or pandrug (PDR) resistance and will be characterised by phenotypic culture and 

antibiotic susceptibility tests methods. Newer antimicrobials; such as analogues of 

Nigericin and Indolmycin identified by CSIR-National Chemical Laboratory 

(CSIR-NCL) will be used to study their activity against these isolates. After preliminary 
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screening study, a best potent molecule will be selected for advanced evaluation.   

 

Clinical isolates will be subjected to drug susceptibility assays such as disk diffusion test 

and broth dilution test for determining the minimum inhibitory concentration (MIC) of 

these novel antimicrobials.  The efficacy of the molecules will be studied in vitro. 

 

If the results of the in-vitro study are found promising, the molecule may be further 

evaluated for therapeutic efficacy using animal models by in vivo studies.  

    

7.  A. Need for the study  

Antimicrobial-resistant ESKAPE (Enterococcus faecium, Staphylococcus aureus, 

Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and 

Enterobacter spp.) pathogens represent a global threat to human health. In 2009, the 

Infectious Diseases Society of America found a paucity of new antibiotics in 

pharmaceutical pipelines to combat ESKAPE pathogens and made recommendations 

to incentivize innovation(1). Over the last decade, many novel therapies to treat 

ESKAPE infections are being developed, including new antibiotics, bacteriophages, 

antimicrobial peptides, and nanoparticles (2,3) . These therapeutic strategies are 

being tested in various in vitro and in vivo models (2,4).  

 

Infections caused by the ESKAPE pathogens results in high mortality and morbidity 

rates, high healthcare costs, diagnostic dilemma, and difficulty in the initiation of 

empirical treatment. It is estimated that antimicrobial resistance will be a leading 

cause of death surpassing all other disease related deaths by the year 2050(3). High 

prevalence of multidrug resistance is seen in ESKAPE pathogens. Hence, they have 

been included in global priority pathogen list (PPL) of antibiotic resistant bacteria to 

help prioritize research and development of new and effective antibiotic treatments 

(2,5).  

 

ESKAPE bacteria exhibits an extensive range of antimicrobial resistance 

mechanisms, including enzymatic inactivation, target modification, cell permeability 

alteration, efflux pumps expression and mechanical protection provided by biofilm 

formation(2) Widespread bacterial resistance to conventional antibiotics has revived 
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scientific interest in identifying novel anti-infective and pathogen clearance 

strategies in the form of new drugs in the existing classes of antibiotics; 

anti-resistance drugs, anti-virulence drugs. These efforts include alternative 

treatments and strategies such as antimicrobial peptides (AMPs), nano delivery 

strategies, bacteriophage therapy, photodynamic therapy and other novel 

antimicrobial (2-7) Hence there is a need to explore the effect of novel antimicrobials 

on the clinical isolates of multi drug and pan drug resistant ESKAPE pathogens and 

to further evaluate them in in-vivo disease models for safety and efficacy.    

 

B. Review of literature 

Antimicrobial resistance is a natural phenomenon. It is frequently observed on 

exposure of microbes to antimicrobial drugs. Not only the overuse of antibiotics in 

health care, agriculture and the environment, but also the inappropriate antibiotic 

usage, viz. inappropriate choices, inadequate dosing, poor adherence to treatment 

guidelines, contribute to the increasing antimicrobial resistance.  

 

The acronym ESKAPE includes six nosocomial pathogens that exhibit multidrug 

resistance and virulence: Enterococcus faecium, Staphylococcus aureus, Klebsiella 

pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter 

spp. The acronym ESKAPE reflects the ability of these organisms to “escape” killing 

by antibiotics and defy eradication by conventional therapies, which accounts for 

extensive morbidity and mortality(3). Injudicious use of antibiotics has provoked the 

emergence of multidrug resistant (MDR) and extensively drug resistant (XDR) 

bacteria, which render the most effective drugs ineffective. 

 

Multidrug- resistant (MDR), extensively drug-resistant (XDR), and pan drug-

resistant (PDR) bacteria have been well defined according to the standardized 

international terminology developed by European Centre for Disease Control 

(ECDC) and the CDC in USA. Multidrug resistance is defined as acquired non-

susceptibility to at least one agent in three or more antimicrobial categories. 

Extensive drug resistance is defined as non-susceptibility to at least one agent in all 

but two or fewer antimicrobial categories (i.e., bacterial isolates remain susceptible 

to only one or two antimicrobial categories). Pan drug resistance is defined as non-

susceptibility to all agents in all antimicrobial categories (4).  
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Extended spectrum β-lactamase (ESBL) and carbapenemase producing Gram 

negative bacteria have emerged as formidable therapeutic challenge. These MDR 

organisms (MDROs) are of a significant global concern. They pose an increased risk 

for low to middle income countries like India where health-care facilities have 

inadequate hospital environmental conditions and insufficient availability of standard 

infection prevention and control policies (5). Development of novel therapeutics to 

treat drug resistant infections, especially those caused by ESKAPE pathogens is the 

need of the hour.   

 

Although the need for new antimicrobials is increasing, development of such agents 

faces significant obstacles. A number of factors make antimicrobial agents less 

economically attractive targets for development than other drug classes. Over the 

years most of the large pharmaceutical companies have left the field of new 

antibiotic discovery, and this work is now chiefly undertaken by academic labs. 

However this provides opportunities for new drug development and its translation to 

clinical use. (6) (7)  

 

It was Selman Waksman who defined an antibiotic as „a compound made by a 

microbe to destroy other compounds.  He was instrumental in identifying soil-

dwelling filamentous Actinomycetales („actinomycetes‟) as prolific producers of 

antimicrobial compounds. His pioneering work led to discovery of Streptomyces as 

prolific producers of natural products (NPs), or secondary metabolites. NPs are 

special secretions of organisms, not required for their normal growth, development 

or reproduction in the laboratory. Many Streptomyces NPs are active against 

bacteria, fungi, viruses, nematodes and insects. NPs have also been identified as anti-

cancer and immunosuppressant drugs. Waksman‟s discovery ushered to the Golden 

Age of antibiotic discovery. Since then many NPs have been discovered and 

developed as antibiotics for clinical use. Many of currently used synthetic molecules 

are modified NPs or inspired from them.(6) Streptomyces and Actinomyces are the 

potent sources of NPs showing activity against various gram positive and gram 

negative bacteria and a few are modified chemically into antimicrobial ionophore 

compounds.(8)(9) 
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Meticulous microbiological evaluation in-vitro is a cornerstone of preclinical 

evaluation of antibacterials. Determination of MIC is one of the simplest and yet 

most informative method of assessing antimicrobial activity. Furthermore, 

determination of Minimum Bactericidal Concentrations (MBC) is essential in 

evaluating the antibacterial potency and activity.(10) 

 

The testing of potential antimicrobial agents in animal models for infectious disease 

is a long-established practice and is acknowledged as an essential prerequisite of 

anti-infective therapy. Animal models of infectious disease bridge the gap between 

the in-vitro characterization and the clinical evaluation of antimicrobial agents before 

they are subjected to clinical trials and put into clinical use. Animal experimental 

models can permit reasonably accurate predictions of clinical efficacy of the 

candidate molecule. Animal studies to determine the toxicity of agents must be 

performed to ensure that they are safe for therapeutic use. Such studies give 

indications of possible short-term and long-term toxic effects and the maximum 

tolerable doses, and is thus a essentiality to take up clinical trials.(11) In-vivo toxicity 

assays are regulated by the Organization for Economic Cooperation and 

Development (OECD). The guidelines describe various aspects of conducting 

toxicity studies with respective to study design, choice of animal models, dose of the 

drug under evaluation and routes of administration. In general, the initial strategy is 

to study acute toxicity of the new agent using a rodent and a non-rodent animal 

model. The advantages of using rodent model being easy availability, easy handling, 

short duration of evaluation because of their short life span and moreover, the 

immune system of rodents such as rats or mice is  similar to humans.(11)(12)(13) 

 

In addition to toxicity studies, demonstration of the efficacy of antimicrobial agents 

in vivo provides guidance to the therapeutic possibilities in human subjects. There 

are many infectious models that can be developed to evaluate the therapeutic efficacy 

viz. septicaemia model, organ specific infection models like lung infection, renal 

infection, meningitis, wound etc. For basic antimicrobial screening, the model most 

commonly used in evaluating antimicrobial agents is systemic infection model in 

mice. These models are used as they are simple one-step infection techniques with 

feasible treatment regimen. Moreover, they are of short duration and reproducible. 

The results of therapy are easy to interpret and evaluate.(11)(13)(14)(15) 
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C. Research question 

Whether these novel antimicrobials are effective against ESKAPE pathogens in in-

vitro assays and prove to be safe and efficacious in-vivo model.   

 

D. Objectives of the study 

 To isolate and identify ESKAPE pathogens from clinical specimens and evaluate 

their antibiotic susceptibility pattern.  

 To study the antimicrobial activity of the novel molecules against these ESKAPE 

isolates in in-vitro study.  

 To study the toxicity, safety and efficacy of these molecule/s in in-vivo model 

 

E. Material and methods 

 Source of data 

The study will be conducted in the Department of Microbiology, SDM College 

of Medical Sciences & Hospital, SDM University, Dharwad.   

 

 Method of collection of data (including sampling procedure, if any) 

Clinical isolates of ESKAPE group of pathogens recovered on routine culture 

and sensitivity test will be included in the study. The antibiotic susceptibility 

assay of each isolate will be performed by Vitek-2 system which provides MIC 

values. The MICs for each isolate will be recorded.  These clinical isolates will 

be classified as MDR / PDR organisms according to CDC, USA definition (4) 

(5). 

 

 These isolates will be exposed to the novel antimicrobial agents for susceptibility 

by both disk diffusion and MIC techniques and the results will be recorded. 

 

 Operational definitions/Techniques employed 

 In-vitro study:  

A minimum of 180 isolates of ESKAPE pathogens (30 isolates each of 

Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, 

Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobacter spp.) 
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shall be included in the study. Novel antimicrobial molecules will be received 

from CSIR-National Chemical Laboratory; Pune under collaborative research 

after the MOU between the institutes is in effect which will reveal the identity 

and other details about these molecules. These molecules will be used to 

perform antibiotic susceptibility testing against the ESKAPE isolates by the 

disk diffusion and broth dilution methods.   

 

All the isolates shall be subjected to Disk Diffusion Test and MIC assay by 

broth dilution method.   

 

The clinical bacterial isolates will be cultured in pure form using a suitable 

selective media. The isolates will be stored in glycerol broth at -20
O
C for 

further testing. The isolates will be revived using enriched media and then sub 

cultured on Brain Heart Infusion (BHI) agar to check for purity of growth 

before testing with the novel test molecule. Isolated colonies will be selected 

and suspended in normal saline at 0.5 McFarland units turbidity and used for 

performing the assays.  

 

Based on the molecular weight and solubility properties of the novel test 

molecules, a stock solution will be prepared and used for in-vitro tests. 

 

Disk Diffusion Test:  

All the isolates shall be subjected to disk diffusion test following standard 

methods as per CLSI guidelines. Disk diffusion method endorses the 

diffusibility of the molecule. Diffusible molecules are better therapeutic agents. 

Disk diffusion tests can be standardized and easier to use in the peripheral or 

resource poor laboratories. Hence, standardizing the test will be of help in 

translation of test in routine practise.  

The test molecule will be impregnated on 6 mm sterile disks made from 

Whatman filter paper Grade 3 in different concentrations. Standard strains of S. 

aureus (ATCC – 25923) and E. coli (ATCC – 25922) will be used as control 

organism.  
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The disk diffusion sensitivity, based on the guidelines established by CLSI will 

be performed on Muller Hinton Agar (MHA) plates. The plates will be 

incubated at 37°C for 24 hrs. The zone of inhibition will be recorded. Each 

isolate will be tested against the novel molecule/s in triplicate.  

 

Broth Dilution Test:  

All the isolates showing a inhibition zone of minimum 7 mm on MHA shall be 

subjected to broth dilution test to determine the MIC of the novel molecule/s 

against each of the pathogen. This test shall be performed following standard 

protocols suggested by CLSI. A stock solution of the molecule will be prepared 

in suitable solvent and doubling dilutions of the test molecule/s will be 

arranged in 1 ml quantity per tube. 10 μl microbial suspension adjusted to 0.5 

McFarland unit will be inoculated in each tube except the media sterility 

control tubes and the tubes will be incubated at 37°C for 24 hrs. The lowest 

concentration of the drug at which bacterial growth is inhibited will be recorded 

for each of the isolate. 10 μl of the sample from the respective dilutions will be 

sub-cultured on 90 mm MHA plates to determine the minimum bactericidal 

concentration of the novel molecule. Each isolate will be tested in triplicate to 

determine the mean MIC. (16) 

 

Based on the in-vitro study data after determining the MIC values of the novel 

molecule/s, there is a potential to evaluate the molecules for their toxicity, 

safety and efficacy in in-vivo animal models.  
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Study design 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

180 isolates (30 isolates of each group) of ESKAPE 

pathogens will evaluated for sensitivity to commonly 

recommended antibiotics by CLSI.  

In-vitro susceptibility testing using these novel molecule/s 

against the ESKAPE isolates will be performed   

Disk Diffusion Test  

To check inhibitory activity   

Isolation of ESKAPE pathogens from Clinical Samples 

received for diagnostic culture and sensitivity 

Broth Dilution Test  

To determine the MIC values  

Result analysis using descriptive 

statistical tools   

Determining whether the novel molecule/s show potent 

antibacterial effect 

Novel molecule/s having antimicrobial activity, characterised 

by CSIR-NCL will be received 

CSIR-NCL, Pune  

Determining whether the novel molecule/s show potent 

antibacterial effect 

If the in-vitro activity shows promising results, these 

molecules may be used for in-vivo studies for toxicity, safety 

& efficacy in animal models  
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 In-vivo study:  

The in vivo experiments will be designed and submitted to the Institutional 

Animal Ethics Committee for approval prior to beginning of the study.   

The most potent molecule based on the in-vitro study results will be tested for 

toxicity in in-vivo mice models. As preliminary toxicity evaluation, acute 

toxicity of the novel molecule will be assessed. Acute toxicity of the test 

molecule will be performed following OECD guidelines. Based on the MIC 

values obtained in the in-vitro evaluation, toxicity assay will be performed on 

animals. A dose of 4 times the MIC value will be given to the animal i/v and 

the animals will be sacrificed after a pre decided time.  

 

Toxicity study:  

The test molecule will be dissolved in a suitable solvent/vehicle to prepare for 

intravenous (i.v.) injection. Six animals of same sex and approximately 

similar body weight will be included in each group. A single dose of 

incremental concentrations of either test molecule or standard antibiotic will 

be injected intravenously. Animals will be observed for signs of toxicity viz. 

skin and fur changes, lachrymation, poor motility, altered respiration and 

death. All the animals will be monitored for up to four days. Blood will be 

collected for haematological and biochemical analysis at the end of 4 days 

following which the animals will be sacrificed humanely using standard 

methods. Necropsy will be performed to observe organ specific changes by 

gross and histopathological examination. The data will be expressed as the 

mean ± standard deviation (SD) and will be analysed using the GraphPad 

Prism software to account for the effects of the test molecule the 

haematological and biochemical findings. The LD50 value will be estimated 

based on the Globally Harmonized System of Classification and Labelling of 

Chemicals (GHS) which dictates the lethal dose of a chemical, given all at 

once, which causes the death of 50% of the test animal. (13)(15)(17) 

 

Efficacy testing using in-vivo infection model:   

This study will be performed on mice systemic infection models. There will 
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be a total of seven groups consisting of 10 mice per group. Among these, six 

groups shall be infected with the test bacterial isolate. A standardized culture 

of test bacterial isolate suspended in suitable vehicle will be injected via 

intraperitoneal (i.p.) route. The remaining one group will not be infected 

which will serve as the healthy control.  

 

The test molecule will be prepared in suitable solvent/vehicle in four serial 

concentrations for the four treatment groups. These groups shall subsequently 

be administered a single dose of the test molecule via intravenous route one 

hour after i.p. infection. A standard drug will be injected in one infected 

group which shall serve as reference arm and another infected group shall 

receive only the solvent/vehicle which shall serve as control arm. All the 

surviving animals will be observed for seven days. The total number of 

surviving mice at each dose in the treatment groups will be used to calculate 

the mean effective dose (ED50) value using GraphPad analysis software. 

(13)(15)(17)  

 

An attempt will be made to study the mode of action of the novel molecule as 

a part of any drug development strategy. There are several methods to study 

mode of action, however, application of genomics to antibacterial drug 

discovery and preclinical development is proving revolutionary. Gene 

expression studies may be performed to study the mode of action as well as 

drug resistance development to evaluate the candidate molecule. If required 

institutes have advanced laboratory facilities would be approached for such 

studies with prior permissions from the University.   
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8.  a) Does the study require any investigations or interventions to be conducted on 

patients or humans or animals? If so, please describe briefly 

 Yes, as described above under the section In-vivo study on page no. 11 and 12.  

  

b) Has ethical clearance been obtained from your institution 

The project is submitted to the Institutional Ethics Committee for approval and the 

approval is awaited.   

9.  Signature of the candidate: 

 

Place: Dharwad  

Date: 10.09.2020 

10.  Remarks by the guide:  

Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter 

baumannii, Pseudomonas aeruginosa, and Enterobacter spp. abbreviated as ESKAPE 

pathogens is an alarming group of pathogens that has disarmed the clinicians all over the 

world. Because of increasing prevalence of PAN drug resistant pathogens all over the 

globe there is a fear that we are probably entering the pre-antibiotic era. It is seen time 

and again that pathogens are close on heals of discovery of any new antibiotic. It is, 

therefore, essential to hunt for alternative therapies to treat or combat bacterial 
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pathogens. Apart from antibiotics bacteria produce some metabolites having antibacterial 

properties and a few of them are found to be active at very high dilutions. This work 

intends to evaluate a novel natural molecule and its modified molecules for their 

efficaciousness to counter MDR pathogens belonging to ESCAPE group. Apart from in 

vitro studies the project proposes to undertake in vivo experiments for toxigenicity and 

therapeutic efficacy of the most promising novel molecule. This study, therefore, is 

highly relevant in the current scenario of widespread drug resistance in commonly 

encountered pathogens.       
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