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A bacterial infection is well recognized as one of the leading causes of fatal 

morbidity and death in patients infected with diseases, hence are immune 

compromised. Although some molecules including vancomycin and linezolid, the 

standard drugs used for the treatment of methicillin-resistant Staphylococcus aureus 

(MRSA), have been successfully developed over the years, the ability of 

microorganisms to develop resistance to these drugs during treatments has evoked 

the need for a continuous search for new drugs with better efficacies. Chalcone has 

been one of the most studied class of molecules possessing variety of remarkable 

bioactivities, including anti-bacterial, anti-parasitic and anti-inflammatory. Due to 

the ease of preparation and numerous pharmacological activities involving the 

chalcone motifs, therefore, it is worth to further study the anti-bacteria activity, 

specifically related to the multidrug-resistant methicillin-resistant Staphylococcus 

aureus (MDR-MRSA) on the new analogs of the pyrrolylated-chalcones. 

 

 

In this study, a series of pyrrolylated-chalcone analogs (compounds 1-15) were 

synthesized by treating 2-acetylpyrrole with respectively substituted benzaldehydes 

via a base-catalyzed Claisen-Schmidt condensation reaction. The purified final 

compounds were subjected for confirmatory structural elucidation by established 

spectroscopic techniques comprising of 1H, 19F- and 13C- high field nuclear magnetic 

resonance (NMR), direct injection-mass spectroscopy (DI-MS), and Fourier 

transform infrared (FTIR) spectroscopy. The purified pyrrolylated-chalcones were 

then assayed for anti-MRSA activity through the disk diffusion (DDA, for a 

preliminary screening), in vitro minimal inhibitory concentration (MIC), minimum 

bactericidal concentration (MBC), and killing time curve assays. Based on the 

results, the hydroxyl-containing compounds (8, 9, and 10) showed the most 

significant anti-MRSA property, with range of inhibition zone diameters between 
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7.5 to 10 mm and the MIC and MBC values ranged of 0.08 to 0.70 mg/ml and 0.16 

to 1.88 mg/ml, respectively. In comparison, the inhibition zone for the standard drug, 

chlorhexidine (CHX) was 14 to 15 mm in diameter with a respective MIC and MBC 

values of 0.03 to 0.12 mg/ml and 0.07 to 0.23 mg/ml. The time-kill curve plots 

showed that MRSA strains to a concentration of 4× MIC for four hours resulted in 

the death of all cells. Furthermore, ligand 9 was chosen for docking analyses with 

penicillin-binding protein 2a (PBP2a, PDB ID: 6Q9N) and the results showed a 

similar bonding interaction to the specific docking of the CHX with the respective 

binding affinity scores of -7.0 kcal/ mol and -8.2 kcal/mol. Following that, the 

morphology of compound 9 was further confirmed by the scanning electron microscopy 

(SEM) technique. Overall results suggested that the pyrrolylated-chalcones, 

particularly compound 9 may be considered as potential inhibitor in the design of new 

anti-MRSA agents. 
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Jangkitan bakteria dikenali sebagai salah satu faktor penyebab penyakit berjangkit 

yang berbahaya serta membawa maut kepada pesakit yang dijangkiti. Walaupun 

ubat- ubatan yang digunakan dalam rawatan Staphylococcus aureus tahan metisilin 

(MRSA) seperti vancomycin dan linezolid telah dihasilkan, namun keupayaan 

mikroorganisma untuk mengadaptasi pertahanan terhadap ubat tersebut 

menyebabkan keperluan untuk pengajian berterusan bagi menghasilkan ubat yang 

lebih efektif. Kalkon merupakan salah satu kelas molekul yang mempunyai 

bioaktiviti yang luar biasa termasuk sifat anti-bakteria, antiparasit dan anti-radang. 

Oleh kerana kemudahan penyediaan dan banyak aktiviti farmakologi yang 

melibatkan kalkon, adalah wajar untuk kajian lebih lanjut mengenai aktiviti anti-

bakteria dijalankan, khususnya yang berkaitan dengan Staphylococcus aureus tahan 

methicillin tahan pelbagai ubat (MDR-MRSA) ke atas analog baru pirol-kalkon. 

 

 

Dalam kajian ini, satu siri analog pirol-kalkon (sebatian 1-15) disintesis melalui 

pengolahan 2-asetilpirol dengan pelbagai benzaldehid melalui tindak balas 

pemeluwapan Claisen-Schmidt yang bermangkinkan bes. Sebatian tulen akhir 

disubjek bagi pengesahan strukturnya melalui teknik-teknik spektroskopi yang 

merangkumi 1H-, 19F- and 13C- resonans nuklear magnetik (NMR) bermedan tinggi, 

spektroskopi jisim-suntikan terus (DI-MS), dan spektroskopi inframerah-

penjelmaan Fourier (FTIR). Analog pirol-kalkon yang tulen kemudian disaring bagi 

menyiasat ciri-ciri potensi anti-MRSA melalui ujian penyebaran cakera, nilai 

kepekatan perencatan minimum (MIC) dan kepekatan bakterisidal minimum (MBC) 

dan ujian perencatan masa. Berdasarkan keputusan, sebatian yang mengandungi 

hidroksi (8, 9, and 10) menunjukkan aktiviti anti-MRSA paling tinggi dengan 

pembentukan zon perencatan sebanyak 7.5 hingga 10 mm, nilai MIC dan MBC ialah 

0.08 hingga 0.70 mg/ml dan 0.16 hingga 1.88 mg/ml. Berbanding dengan standard, 

kloroheksidina (CHX) zon perencatan sebanyak 14 hingga 15 mm, nilai MIC dan 
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MBC adalah 0.03 hingga 0.12 mg/ml and 0.07 hingga 0.23 mg/ml. Ujian perenjatan 

masa menunjukkan bakteria MRSA boleh dibunuh pada kepekatan 4× MIC, iaitu 

pada jam ke-4. Sebatian 9 dipilih untuk analisis dok dengan penisilin-mengikat 

protein 2A (PBP2a, PDB ID: 6Q9N). Keputusan menunjukkan interaksi yang serupa 

dengan dok standard CHX dengan skor mengikat -7.0 kcal/mol dan -8.2 kcal/mol 

untuk ligan 9 dan CHX. Sehubungan dengan itu, sebatian 9 telah disahkan dengan 

mengunakan teknik pengimbasan mikroscopi (SEM). Secara keseluruhannya 

keputusan mencadangkan bahawa pirol-kalkon terutamanya sebatian 9 boleh 

dianggap calon yang berpotensi sebagai ejen anti-MRSA yang baru. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 General 

Bacterial infections are one of the threats to the global health problem, mainly owing 

to the resistance of microorganisms towards antibiotics (Zaki et al., 2019). Bacterial 

infections may lead to the occurrence of diseases including diarrhea, meningitis, 

respiratory tract infections, and hospital-acquired infections (nosocomial infections). 

If not treated properly, it may be causing mortality and hence, are immune 

compromised (Sivakumar et al., 2010). According to the Centre for Disease Control 

and Prevention (CDC) in year 2017, more than 2 million diseases and 23,000 deaths 

occur annually due to antibiotic resistance in the United States. Moreover, patients 

will be facing a financial burden owing to continuous hospitalization with regards to 

the failure treatment caused by the antibiotic resistance. The inadequacy of treatment 

for antibiotic resistance worldwide has led to the growing needs for the development 

of new drug with less resistance. 

For the past 15 to 20 years, the development of new antimicrobials for the treatment 

of gram-positive bacterial infections has become significant (Macvane, 2017). 

Staphylococcus aureus (S. aureus) is a gram-positive bacterium that seizes in human 

skin, bone joints through the bloodstream, respiratory system, and endovascular 

tissues (Prabhoo et al., 2019; Zaki et al., 2019). Patients with chronic disease i.e. 

adolescents, elder people, and patients on treatment have a higher tendency to be 

infected by methicillin-resistant Staphylococcus aureus (MRSA). Insufficient 

diagnosis of MRSA has led to patients having to stay in the hospital longer which 

increases the hospital cost and mortality rate. S. aureus is also categorized as a death-

dealing pathogen. In the year 1950, methicillin was found to be the treatment agent 

for S. aureus-caused infections (Shamsuddin & Basri, 2018). Unfortunately, S. 

aureus was found to be resistant to methicillin in the year 1961 in England. Hospital-

acquired (HA) and community-acquired (CA) methicillin-resistant S. aureus 

(MRSA) have infected and increased the number of deaths almost similar to the 

number of deaths of AIDS and tuberculosis at that time (Negi et al., 2016).  

Although many antibacterial drugs are available, the resistance of bacteria to these 

drugs is also gradually increasing becoming a worldwide concern (Okwu et al., 

2019). To circumvent this, it is important to develop a new prototype of drugs to 

treat infections apart from the currently available drugs which are limited in 

treatment efficiency to a certain pathogen, particularly MRSA. 

Chalcone (1, 3-diaryl-2-propenone) (Figure 1.1) is an acyclic compound containing 

α, β-unsaturated carbonyl group appended by the two aromatic rings (A and B), 

which is commonly synthesized via acid- or base-catalyzed aldol or Claisen-Schmidt 

condensation reaction in the laboratory (Makarand et al., 2010). Naturally, chalcone 
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could also be an initial intermediate structure used in the biosynthesis of all 

flavonoids. 

 

Figure 1.1 : Molecular structure of chalcone (1, 3-di-aryl-2-propenone) 

 

 

Some studies have reported on chalcones with possible antimicrobial prospects 

against fungi, bacteria, and even resistant to bacteria (Özdemir et al., 2017). 

Chalcones and its derivatives have displayed a wide range of biological activities 

including antibacterial, antifungal, antioxidant (Sivakumar et al., 2010), anti-

inflammatory, antimalarial, anticancer, antiviral, anti-tubercular, and anti-

hyperglycemic (Makarand et al., 2010). These activities render chalcone as targeting 

compounds for pioneering and developing new anti-MRSA agents. 

In this study, a series of pyrrolylated-chalcones (Figure 1.2) were designed and 

synthesized as potential anti-MRSA agents. These analogues (1-15) were prepared 

by reacting 2-acetylpyrrole with respective hydroxyl-, nitro-, and fluoro-containing 

benzaldehydes via base-catalyzed Claisen-Schmidt condensation reaction as shown 

in Scheme 1.1, while the structures of all fifteen compounds are depicted in Table 

1.1.  

Pyrrole is a N-containing heterocyclic ring with multiple pharmacophores, serve as 

intermediate towards the generation of enormous lead molecules with numbers of 

reported pharmacological activities such as anti-fungal, antibacterial, anti-

inflammatory and anti-cancer. These pyrrole-based compounds are being 

consolidated either as a substituent or with different replacements on the ring itself. 

Several medications containing pyrrole moiety are now accessible in market while 

rest are under clinical preliminaries (Kaur et al., 2017). In this study, the electron-

donating (OH), electron-withdrawing (F and NO2) groups were selectively chosen 

as substituents in optimizing the interaction of the respective chalcones with its target 

to produce the desired anti-MRSA property. Fluorine has recently become a 

significant in medication disclosure, as it allows simultaneous modulations of 

electronic, lipophilic, and steric parameters, all of which can critically influence both 

the pharmacokinetics and pharmacodynamics properties of drugs (Xu et al., 2019). © C
OPYRIG
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PM



 

3 

 

Figure 1.2 : General conversion of chalcone to pyrrolylated-chalcone 

 

 

 

Scheme 1.1 : General structure and reaction scheme 
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Table 1.1 : List of synthesized pyrrolylated-chalcones (new compounds are 

coloured in red) 

 

 
 

1.2 Problem statement 

A bacterial infection caused by microorganisms includes S. aureus, Enterococcus 

faecalis, Escherichia coli, and Klebsiella penumoniae, and their increasing 

resistance towards antibiotics is one of the major problems to the present and future 

populations as these resistant bacteria are the culprits for respiratory tract infections 

and meningitis (Sivakumar et al., 2010). Although there are commercially designed 

antibiotics to treat bacterial infection-related diseases such as methicillin and 

vancomycin, these antibiotics are gradually losing their efficiency as these organisms 

constantly evolve in resistance development against antibiotics. Thus, the need for 

developing new useful drugs have drastically increased worldwide. With the recent 

discovery of chalcones possessing high anti-infective potentials and the therapeutic 

importance of nitrogen-containing marketed antibiotics, it has led to the synthesis of 

a new series of pyrrolylated-chalcone as potential antibacterial agents. The series are 
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hypothesized to possess anti-MRSA potential, which is comparable to the standard 

Chlorhexidine (CHX). 

1.3 Objectives 

The objectives of this research are as follows: 

1) To synthesize and structurally characterize a series of pyrrolylated-

chalcones. 

2) To evaluate the in vitro antibacterial properties and mechanism of action of 

the newly synthesized compounds against methicillin-resistant 

Staphylococcus aureus (MRSA).  

3) To predict the binding mode and binding affinity of the most active 

compound on the specific binding sites of the molecular targets using 

docking tools. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



 

86 

6 REFERENCES 

Adnan, S. N. A., Ibrahim, N., & Yaacob, W. A. (2017). Disruption of methicillin- 

resistant Staphylococcus aureus protein synthesis by tannins. Germs, 7(4), 

186–192. 

Akbar, A., Sadiq, M. B., Ali, I., Muhammad, N., Rehman, Z., Khan, M. N., Anal, A. 

K. (2019). Synthesis and antimicrobial activity of zinc oxide nanoparticles 

against foodborne pathogens Salmonella typhimurium and Staphylococcus 

aureus. Biocatalysis and Agricultural Biotechnology, 17, 36–42.  

Aksöz, B. E., & Ertan, R. (2012). Spectral properties of chalcones II. Fabad Journal 

of Pharmaceutical Sciences, 37(4), 205–216. 

Alam, M. S., Rahman, S. M. M., & Lee, D. U. (2015). Synthesis, biological 

evaluation, quantitative-SAR and docking studies of novel chalcone 

derivatives as antibacterial and antioxidant agents. Chemical Papers, 69(8), 

1118–1129.  

Alhadrami, H. A., Hamed, A. A., Hassan, H. M., Belbahri, L., Rateb, M. E., & Sayed, 

A. M. (2020). Flavonoids as potential anti-MRSA agents through modulation 

of PBP2A: A computational and experimental study. Antibiotics, 9(9), 1–16.  

Am, L., Ambassa, P., Kamga, J., Bt, N., & Ngameni, B. (2019). Synthesis and 

evaluation of antimicrobial properties of some novel indole pyridine based 

chalcones. Austin Journal of Analytical and Pharmaceutical Chemistry, 6(2), 

1116.  

Amole, K. L., Bello, I. A., & Oyewale, A. O. (2019). Synthesis, characterization and 

antibacterial activities of new fluorinated chalcones. Chemistry Africa, 2(1), 

47–55.  

Andrews, J. M. (2001). Determination of minimum inhibitory 

concentrations. Journal of Antimicrobial Chemotherapy, 48(suppl), 5-16. 

Ansari, M. A., Khan, H. M., Khan, A. A., Cameotra, S. S., & Alzohairy, M. A. 

(2015). Anti-biofilm efficacy of silver nanoparticles against MRSA and 

MRSE isolated from wounds in a tertiary care hospital. Indian Journal of 

Medical Microbiology, 33(1) 

Appelbaum, P. C. (2006). The emergence of vancomycin-intermediate and 

vancomycin-resistant Staphylococcus aureus. Clinical Microbiology and 

Infection, 12(SUPPL.1), 16–23.  

Ardiansah, B. (2019). Chalcones bearing N, O, and S-heterocycles: Recent notes on 

their biological significances. Journal of Applied Pharmaceutical Science, 

9(8), 117–129. 

Awasthi, S. K., Mishra, N., Kumar, B., Sharma, M., Bhattacharya, A., Mishra, L. C., 

& Bhasin, V. K. (2009). Potent antimalarial activity of newly synthesized 

© C
OPYRIG

HT U
PM



 

87 

substituted chalcone analogs in vitro. Medicinal Chemistry Research, 18, 

407–420.  

Balouiri, M., Sadiki, M., & Ibnsouda, S. K. (2016). Methods for in vitro evaluating 

antimicrobial activity : A review. Journal of Pharmaceutical Analysis, 6(2), 

71–79.  

Basaif, S. A., Sobahi, T. R., Khalil, A. K., & Hassan, M. A. (2005). Stereoselective 

crossed-aldol condensation of hetarylmethyl ketones with aromatic 

aldehydes in water: Synthesis of (2E)-3-aryl-1-hetarylprop-2-en-1-ones. 

Bulletin of the Korean Chemical Society, 26(11), 1677–1681.  

Bhardwaj, H. C., & Jain, K. K. (1982). Indian dyes and dyeing industry during 18-

19th century. Indian Journal of History of Science, 17(1), 70-81. 

Bessa, L. J., Palmeira, A., Gomes, A. S., Vasconcelos, V., Sousa, E., Pinto, M., & 

Da Costa, P. M. (2015). Synergistic effects between thioxanthones and 

oxacillin against methicillin-resistant Staphylococcus aureus. Microbial 

Drug Resistance, 21(4), 404–415.  

Bodnar, G. C., Martins, H. M., de Oliveira, C. F., Morey, A. T., Tavares, E. R., 

Cardoso, J. D., Nakazato, G. (2016). Comparison of HRM analysis and three 

REP-PCR genomic fingerprint methods for rapid typing of MRSA at a 

Brazilian hospital. Journal of Infection in Developing Countries, 10(12), 

1306–1317.  

Bortolami, A., Verin, R., Chantrey, J., Corrò, M., Ashpole, I., Lopez, J., & Timofte, 

D. (2017). Characterization of livestock-associated methicillin-resistant 

Staphylococcus aureus CC398 and mecC-positive CC130 from zoo animals 

in the United Kingdom. Microbial Drug Resistance, 23(7), 908–914.  

Caamal-Fuentes, E. E., Peraza-Sánchez, S. R., Torres-Tapia, L. W., & Moo-Puc, R. 

E. (2015). Isolation and identification of cytotoxic compounds from 

Aeschynomene fascicularis, a mayan medicinal plant. Molecules, 20(8), 

13563–13574.  

Cheung, H., Wong, M. M., Cheung, S., Liang, L. Y., Lam, Y., & Chiu, S. (2012). 

Differential actions of chlorhexidine on the cell wall of Bacillus subtilis and 

Escherichia coli. PLoS One, 7(5), e36659.  

Chew, Y. L., Mahadi, A. M., Wong, K. M., & Goh, J. K. (2018). Anti-methicillin-

resistance Staphylococcus aureus (MRSA) compounds from Bauhinia 

kockiana Korth. And their mechanism of antibacterial activity. BMC 

Complementary and Alternative Medicine, 18(1), 1–9.  

Dong, L., Shen, S., Chen, W., Xu, D., Yang, Q., Lu, H., & Zhang, J. (2019). 

Discovery of novel inhibitors targeting human O-GlcNAcase: Docking-

based virtual screening, biological evaluation, structural modification, and 

molecular dynamics simulation. Journal of Chemical Information and 

Modeling, 59(10), 4374-4382.  

© C
OPYRIG

HT U
PM



 

88 

Eliopoulos, G. M. (2003). Quinupristin-dalfopristin and linezolid: Evidence and 

opinion. Clinical Infectious Diseases, 36(4), 473–481.  

Enoch, D. A., Bygott, J. M., Daly, M. L., & Karas, J. A. (2007). Daptomycin. Journal 

of Infection, 55(3), 205–213. 

Fergestad, M. E., Stamsås, G. A., Morales Angeles, D., Salehian, Z., Wasteson, Y., 

& Kjos, M. (2020). Penicillin-binding protein PBP2a provides variable levels 

of protection toward different β-lactams in Staphylococcus aureus RN4220. 

MicrobiologyOpen, 9(8), 1–11.  

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.  

Gaonkar, S. L., & Vignesh, U. N. (2017). Synthesis and pharmacological properties 

of chalcones: a review. Research on Chemical Intermediates, 43(11), 6043–

6077.  

Garoy, E. Y., Gebreab, Y. B., Achila, O. O., Tekeste, D. G., Kesete, R., Ghirmay, 

R., Tesfu, T. (2019). Methicillin-resistant Staphylococcus aureus (MRSA): 

Prevalence and antimicrobial sensitivity pattern among patients - a 

multicenter study in Asmara, Eritrea. The Canadian Journal of Infectious 

Diseases and Medical Microbiology, 41, 1-9.  

Genuit, T., Bochicchio, G., Napolitano, L. M., McCarter, R. J., & Roghman, M. C. 

(2001). Prophylactic chlorhexidine oral rinse decreases ventilator-associated 

pneumonia in surgical icu patients. Surgical Infections, 2(1), 5–18.  

Ghersi, D., & Sanchez, R. (2009). Improving accuracy and efficiency of blind 

proteinligand docking by focusing on predicted binding sites. Proteins, 74(2), 

417-424.  

Green, B. N., Johnson, C. D., Egan, J. T., Rosenthal, M., Griffith, E. A., & Evans, 

M. W. (2012). Methicillin-resistant Staphylococcus aureus: An overview for 

manual therapists. Journal of Chiropractic Medicine, 11(1), 64–76.  

Gurnani, K., Khouri, H., Couture, M., Bergeron, M. G., Beauchamp, D., & Carrier, 

D. (1995). Molecular basis of the inhibition of gentamicin nephrotoxicity by 

daptomycin; an infrared spectroscopic investigation. Biochimica et 

Biophysica Acta, 1237(1), 86–94. 

Hammoudi, D., Ayoub Moubareck, C., & Karam Sarkis, D. (2014). How to detect 

carbapenemase producers? A literature review of phenotypic and molecular 

methods. Journal of Microbiological Methods, 107, 106–118.  

Hardy, K., Sunnucks, K., Gil, H., Shabir, S., Trampari, E., Hawkey, P., & Webber, 

M. (2018). Increased usage of antiseptics is associated with reduced 

susceptibility in clinical isolates of Staphylococcus aureus. American Society 

for Microbiology, 9(3), 1–10. 

© C
OPYRIG

HT U
PM



 

89 

Hassan, N. M., Alhossary, A. A., Mu, Y., & Kwoh, C. K. (2017). Protein-ligand 

blind docking using quickvina-w with inter-process spatio-temporal 

integration. Scientific Reports, 7(1), 1–13.  

Hernández-Santoyo, A., Tenorio-Barajas, A. Y., Altuzar, V., Vivanco-Cid, H., & 

Mendoza-Barrera, C. (2013). Protein-protein and protein-ligand docking. In 

Ogawa, T. (Ed.), Protein Engineering - Technology and Application (pp. 

187). United Kingdom: InTech. 

Hevener, K. E., Zhao, W., Ball, D. M., Babaoglu, K., Qi, J., White, S. W., & Lee, R. 

E. (2009). Validation of molecular docking programs for virtual screening 

against dihydropteroate synthase. Journal of Chemical Information and 

Modeling, 49(2), 444-460. 

Hua, X., Yang, Q., Zhang, W., Dong, Z., Yu, S., Schwarz, S., & Liu, S. (2018). 

Antibacterial activity and mechanism of action of aspidinol against multi-

drug-resistant methicillin-resistant Staphylococcus aureus. Frontiers in 

Pharmacology, 9, 1–12. 

Hublikar, M., Dixit, P., Kadu, V., Shirame, S., Raut, D., Bhosale, R., & `Jadhav, S. 

(2019). Synthesis of some novel (E)-methyl 2,4-dimethyl-5-(3-oxo-3-

phenylprop-1-en-1- yl)-1h-pyrrole-3-carboxylate derivatives as 

antimicrobial agent. Asian Journal of Pharmaceutical and Clinical Research, 

12(2), 464–469.  

Jaiswal, P., Pathak, D. P., Bansal, H., & Agarwal, U. (2018). Chalcone and their 

heterocyclic analogue: A review article. Journal of Chemical and 

Pharmaceutical Research, 10(4), 160–173.  

Janardhanan, J., Bouley, R., Martínez-Caballero, S., Peng, Z., Batuecas-Mordillo, 

M., Meisel, J. E., Chang, M. (2019). The quinazolinone allosteric inhibitor 

of PBP 2a synergizes with piperacillin and tazobactam against methicillin-

resistant Staphylococcus aureus. Antimicrobial Agents and Chemotherapy, 

63(5), 1–26.  

Jevitt, L. A., Smith, A. J., Williams, P. P., Raney, P. M., McGowan, J. E., & Tenover, 

F. C. (2003). In vitro activities of daptomycin, linezolid, and quinupristin-

dalfopristin against a challenge panel of staphylococci and enterococci, 

including vancomycin-intermediate Staphylococcus aureus and 

vancomycin-resistant Enterococcus faecium. Microbial Drug Resistance, 

9(4), 389–393.  

Johari, S. A., Mohtar, M., Syed Mohamad, S. A., Mohammat, M. F., Sahdan, R., 

Mohamed, A., & Mohamad Ridhwan, M. J. (2017). In vitro evaluations and 

in vivo toxicity and efficacy studies of MFM501 against MRSA. BioMed 

Research International, 2017(11), 1-10. 

Kaennakam, S., Sukandar, E. R., Rassamee, K., Siripong, P., & Tip-pyang, S. (2019). 

Cytotoxic chalcones and isoflavones from the stems of Dalbergia velutina. 

Phytochemistry Letters, 31, 187–191.  

© C
OPYRIG

HT U
PM



 

90 

Karthikeyan, C., Narayana Moorthy, N. S. H., Ramasamy, S., Vanam, U., 

Manivannan, E., Karunagaran, D., & Trivedi, P. (2014). Advances in 

chalcones with anticancer activities. Recent Patents on Anti-Cancer Drug 

Discovery, 10(1), 97–115.  

Kaur, R., Manjal, S. K., Rawal, R. K., & Kumar, K. (2017). Recent synthetic and 

medicinal perspectives of tryptanthrin. Bioorganic and Medicinal Chemistry, 

25(17), 4533–4552. 

Kil, Y. S., Choi, S. K., Lee, Y. S., Jafari, M., & Seo, E. K. (2015). Chalcones from 

Angelica keiskei: Evaluation of their heat shock protein inducing activities. 

Journal of Natural Products, 78(10), 2481–2487.  

Kim, Y. J., Kim, H. C., Ko, H., Amor, E. C., Lee, J. W., & Yang, H. O. (2012). 

Inhibitory effects of aurentiacin from Syzygium samarangense on 

lipopolysaccharide-induced inflammatory response in mouse macrophages. 

Food and Chemical Toxicology, 50(3–4), 1027–1035. 

Kłósek, M., Kuropatnicki, A. K., Szliszka, E., Korzonek-Szlacheta, I., & Król, W. 

(2017). Chapter 20 - Chalcones target the tumor necrosis factor-related 

apoptosis-inducing ligand (TRAIL) signaling pathway for cancer 

chemoprevention. In Watson, R. R., (Ed.), Nutrition and functional foods for 

healthy aging (pp. 233-244). Academic Press. 

Koudokpon, H., Armstrong, N., Dougnon, T. V., Fah, L., Hounsa, E., Bankolé, H. 

S., Rolain, J. M. (2018). Antibacterial activity of chalcone and 

dihydrochalcone compounds from Uvaria chamae roots against multidrug-

resistant bacteria. BioMed Research International, 2018, 10.  

Kulkarni, A. P., Nagvekar, V. C., Veeraraghavan, B., Warrier, A. R., Deepak, T. S., 

Ahdal, J., & Jain, R. (2019). Current perspectives on treatment of gram-

positive infections in India: What is the way forward? Interdisciplinary 

Perspectives on Infectious Diseases, 2019, 8. 

Laws, M., Shaaban, A., & Rahman, K. M. (2019). Antibiotic resistance breakers: 

Current approaches and future directions. FEMS Microbiology Reviews, 

43(5), 490–516.  

Lee, I. S. H., Jeoung, E. J., & Lee, C. K. (2013). Synthesis and NMR studies of (E)-

1-Aryl-3-(2-pyrrolyl)-2-propenones and (E)-3-Aryl-1-(2-pyrrolyl)-2-

propenones. Bulletin of the Korean Chemical Society, 34(3), 936–942.  

Liu, M., Yin, H., Liu, G., Dong, J., Qian, Z., & Miao, J. (2014). Xanthohumol, a 

prenylated chalcone from beer hops, acts as an α-glucosidase inhibitor in 

vitro. Journal of Agricultural and Food Chemistry, 62(24), 5548-5554. 

Liu, X. L., Xu, Y. J., & Go, M. L. (2008). Functionalized chalcones with basic 

functionalities have antibacterial activity against drug sensitive 

Staphylococcus aureus. European Journal of Medicinal Chemistry, 43(8), 

1681–1687.  

© C
OPYRIG

HT U
PM



 

91 

Liu, Y., Xu, Z., Yang, Z., Sun, J., & Ma, L. (2016). Characterization of community-

associated Staphylococcus aureus from skin and soft-tissue infections: A 

multicenter study in China. Emerging Microbes and Infections, 5(12), e127.  

Ma, L., Yang, Z., Li, C., Zhu, Z., Shen, X., & Hu, L. (2011). Design, synthesis and 

SAR study of hydroxychalcone inhibitors of human β-secretase (BACE1). 

Journal of Enzyme Inhibition and Medicinal Chemistry, 26(5), 643–648.  

Makarand Attarde, Amisha Vora, Alice Varghese, Y. K. (2010). Organic Chemistry. 

Organic Chemistry, 10(5). 

Mallikarjunarao, R., Sreeramulu, J., Ravindranath, L. K., Nagarajareddy, G., 

Hanumanthurayudu, K., Reddy, G. N. … Madhusudhan, P. (2012). Synthesis 

and biological screening of some pyridine and pyrrole derivatives of pyrazolo 

[3, 4-c] pyrazoles. Journal of Chemical and Pharmaceutical Research, 4(1), 

272-278.  

McDanel, J. S., Murphy, C. R., Diekema, D. J., Quan, V., Kim, D. S., Peterson, E. 

M., Huang, S. S. (2013). Chlorhexidine and mupirocin susceptibilities of 

methicillin-resistant Staphylococcus aureus from colonized nursing home 

residents. Antimicrobial Agents and Chemotherapy, 57(1), 552–558.  

Meng, X. Y., Zhang, H. X., Mezei, M., & Cui, M. (2011). Molecular docking: A 

powerful approach for structure-based drug discovery. Current Computer-

aided Drug Design, 7(2), 146-157. 

Miura, Y., Yamaguchi, T., Nakamura, I., Koyama, S., Tamai, K., Okanda, T., & 

Matsumoto, T. (2018). Epidemiological trends observed from molecular 

characterization of methicillin-resistant Staphylococcus aureus isolates from 

blood cultures at a Japanese University Hospital, 2012-2015. Microbial Drug 

Resistance, 24(1), 70–75.  

Mohd Faudzi, S. M., Leong, S. W., Abas, F., Mohd Aluwi, M. F. F., Rullah, K., Lam, 

K. W.,Lajis, N. H. (2015). Synthesis, biological evaluation and QSAR 

studies of diarylpentanoid analogues as potential nitric oxide inhibitors. 

MedChemComm, 6(6), 1069–1080.  

Mohd Faudzi, Siti Munirah, Abdullah, M. A., Abdull Manap, M. R., Ismail, A. Z., 

Rullah, K., Mohd Aluwi, M. F. F., Lajis, N. H. (2020). Inhibition of nitric 

oxide and prostaglandin E2 production by pyrrolylated-chalcones: Synthesis, 

biological activity, crystal structure analysis, and molecular docking studies. 

Bioorganic Chemistry, 94, 103376.  

Negi, B., Kumar, D., Kumbukgolla, W., Jayaweera, S., Ponnan, P., Singh, R., Rawat, 

D. S. (2016). Anti-methicillin resistant Staphylococcus aureus activity, 

synergism with oxacillin and molecular docking studies of metronidazole-

triazole hybrids. European Journal of Medicinal Chemistry, 115, 426e – 437.  

Nguyen, H. M., & Graber, C. J. (2009). Limitations of antibiotic options for invasive 

infections caused by methicillin-resistant Staphylococcus aureus: Is 

© C
OPYRIG

HT U
PM

https://www.jocpr.com/articles/synthesis-and-biological-screening-of-some-pyridine-and-pyrrole-derivatives-ofpyrazolo-3-4c-pyrazoles.pdf
https://www.jocpr.com/articles/synthesis-and-biological-screening-of-some-pyridine-and-pyrrole-derivatives-ofpyrazolo-3-4c-pyrazoles.pdf
https://www.jocpr.com/articles/synthesis-and-biological-screening-of-some-pyridine-and-pyrrole-derivatives-ofpyrazolo-3-4c-pyrazoles.pdf


 

92 

combination therapy the answer? Journal of Antimicrobial Chemotherapy, 

65(1), 24–36.  

Oh, K. Y., Lee, J. H., Curtis-Long, M. J., Cho, J. K., Kim, J. Y., Lee, W. S., & Park, 

K. H. (2010). Glycosidase inhibitory phenolic compounds from the seed of 

Psoralea corylifolia. Food Chemistry, 121(4), 940–945.  

Okwu, M. U., Olley, M., Akpoka, A. O., & Izevbuwa, O. E. (2019). Methicillin-

resistant Staphylococcus aureus (MRSA) and anti-MRSA activities of 

extracts of some medicinal plants: A brief review. AIMS Microbiology, 5(2), 

117–137.  

Özdemir, A., Altıntop, M. D., Sever, B., Gençer, H. K., Kapkaç, H. A., Atlı, Ö., & 

Baysal, M. (2017). A new series of pyrrole-based chalcones: Synthesis and 

evaluation of antimicrobial activity, cytotoxicity, and 

genotoxicity. Molecules, 22(12), 2112. 

Palenzuela, L., Hahn, N. M., Nelson, R. P., Arno, J. N., Schobert, C., Bethel, R., … 

Hirano, M. (2005). Does linezolid cause lactic acidosis by inhibiting 

mitochondrial protein synthesis? Clinical Infectious Diseases : An Official 

Publication of the Infectious Diseases Society of America, 40(12), 113–116.  

Pankey, G. A., & Ashcraft, D. S. (2009). In vitro antibacterial activity of tigecycline 

against resistant Gram-negative bacilli and enterococci by time–kill 

assay. Diagnostic microbiology and infectious disease, 64(3), 300-304. 

Peters, C., Dulon, M., Nienhaus, A., & Schablon, A. (2019). Occupational infection 

risk with multidrug-resistant organisms in health personnel - a systematic 

review. International Journal of Environmental Research and Public Health, 

16(11), 1–14.  

Prabhoo, R., Chaddha, R., Iyer, R., Mehra, A., Ahdal, J., & Jain, R. (2019). Overview 

of methicillin resistant Staphylococcus aureus mediated bone and joint 

infections in India. Orthopedic Reviews, 11(2), 8070.  

Prezant, D. J., Weiden, M., Banauch, G. I., McGuinness, G., Rom, W. N., Aldrich, 

T. K., & Kelly, K. J. (2002). Cough and bronchial responsiveness in 

firefighters at the World Trade Center site. New England Journal of 

Medicine, 347(11), 806–815.  

Proctor, R. A. (2008). Role of folate antagonists in the treatment of methicillin-

resistant Staphylococcus aureus infection. Clinical Infectious Diseases, 

46(4), 584–593.  

Ramli, S., Radu, S., Shaari, K., & Rukayadi, Y. (2017). Antibacterial activity of 

ethanolic extract of Syzygium polyanthum L. (Salam) leaves against 

foodborne pathogens and application as food sanitizer.  BioMed Research 

International, 2017(2), 1-13.  

© C
OPYRIG

HT U
PM



 

93 

Rawat, P., Singh, R. N., Ranjan, A., Gautam, A., Trivedi, S., & Kumar, M. (2020). 

Study of antimicrobial and antioxidant activities of pyrrole-chalcones. 

Journal of Molecular Structure, 1228, 129483.  

Rennie, R. P. (2012). Current and future challenges in the development of 

antimicrobial agents. In Barrett, J. E. (Ed.), Handbook of Experimental 

Pharmacology ((pp. 45-65). India: Studium Press Pvt. Ltd. 

Rose, W. E., & Rybak, M. J. (2006). Tigecycline: First of a new class of 

antimicrobial agents. Pharmacotherapy, 26(8), 1099–1110.  

Rozmer, Z., & Perjési, P. (2016). Naturally occurring chalcones and their biological 

activities. Phytochemistry Reviews, 15(1), 87–120.  

Rybak, M., Lomaestro, B., Rotschafer, J. C., Moellering, R., Craig, W., Billeter, M., 

Reilly, C. (2009). Therapeutic monitoring of vancomycin in adult patients: A 

consensus review of the American Society of Health-System Pharmacists, 

the Infectious Diseases Society of America, and the Society of Infectious 

Diseases Pharmacists. American Journal of Health-System Pharmacy, 66(1), 

82–98.  

Sakoulas, G., Alder, J., Thauvin-Eliopoulos, C., Moellering, R. C., & Eliopoulos, G. 

M. (2006). Induction of daptomycin heterogeneous susceptibility in 

Staphylococcus aureus by exposure to vancomycin. Antimicrobial Agents 

and Chemotherapy, 50(4), 1581–1585.  

Shakhatreh, M. A. K., Al-Smadi, M. L., Khabour, O. F., Shuaibu, F. A., Hussein, E. 

I., & Alzoubi, K. H. (2016). Study of the antibacterial and antifungal 

activities of synthetic benzyl bromides, ketones, and corresponding chalcone 

derivatives. Drug Design, Development and Therapy, 10, 3653–3660.  

Sharma, P., Kumar, S., Ali, F., Anthal, S., Gupta, V. K., Khan, I. A., Satti, N. K. 

(2013). Synthesis and biologic activities of some novel heterocyclic chalcone 

derivatives. Medicinal Chemistry Research, 22(8), 3969–3983.  

Simirgiotis, M. J., Adachi, S., To, S., Yang, H., Reynertson, K. A., Basile, M. J., 

Kennelly, E. J. (2008). Cytotoxic chalcones and antioxidants from the fruits 

of Syzygium samarangense (Wax Jambu). Food Chemistry, 107(2), 813–

819.  

Sivakumar, P. M., Ganesan, S., Veluchamy, P., & Doble, M. (2010). Novel 

chalcones and 1, 3, 5-triphenyl-2-pyrazoline derivatives as antibacterial 

agents. Chemical Biology and Drug Design, 76(5), 407–411. 

Stompor, M., & Zarowska, B. (2016). Antimicrobial activity of xanthohumol and its 

selected structural analogues. Molecules, 21(5), 608.  

Tang, K. W., Yang, S. C., & Tseng, C. H. (2019). Design, synthesis, and anti-

bacterial evaluation of triazolyl-pterostilbene derivatives. International 

Journal of Molecular Sciences, 20(18), 4564. 

© C
OPYRIG

HT U
PM



 

94 

Tang, Y., Li, X., Liu, Z., Simoneau, A. R., Xie, J., & Zi, X. (2010). Flavokawain B, 

a kava chalcone, induces apoptosis via up-regulation of death-receptor 5 and 

Bim expression in androgen receptor negative, hormonal refractory prostate 

cancer cell lines and reduces tumor growth. International Journal of Cancer, 

127(8), 1758–1768.  

Thirunarayanan, G., Gopalakrishnan, M., & Vanangamudi, G. (2007). IR and NMR 

spectral studies of 4-bromo-1-naphthyl chalcones-assessment of substituent 

effects. Spectrochimica Acta - Part A: Molecular and Biomolecular 

Spectroscopy, 67(3–4), 1106–1112.  

Tripathi, A., & Bankaitis, V. A. (2017). Molecular docking: From lock and key to 

combination lock. Journal of Molecular Medicine and Clinical 

Applications, 2(1), 10. 

Varma, A. K., Patil, R., Das, S., Stanley, A., Yadav, L., & Sudhakar, A. (2010). 

Optimized hydrophobic interactions and hydrogen bonding at the target-

ligand interface leads the pathways of drug-designing. PLoS ONE, 5(8), 

e12029.  

Vivas, R., Barbosa, A. A. T., Dolabela, S. S., & Jain, S. (2019). Multidrug-resistant 

bacteria and alternative methods to control them: An overview. Microbial 

Drug Resistance, 25(6), 890–908.  

Wang, Q., Ding, Z. H., Liu, J. K., & Zheng, Y. T. (2004). Xanthohumol, a novel 

anti-HIV-1 agent purified from Hops Humulus lupulus. Antiviral Research, 

64(3), 189–194. 

Wang, Y., Curtis-Long, M. J., Lee, B. W., Yuk, H. J., Kim, D. W., Tan, X. F., & 

Park, K. H. (2014). Inhibition of tyrosinase activity by polyphenol 

compounds from Flemingia philippinensis roots. Bioorganic and Medicinal 

Chemistry, 22(3), 1115–1120. 

Washiyama, M., Sasaki, Y., Hosokawa, T., & Nagumo, S. (2009). Anti-

inflammatory constituents of Sappan Lignum. Biological and 

Pharmaceutical Bulletin, 32(5), 941–944.  

Williams, I. S., Joshi, P., Gatchie, L., Sharma, M., Satti, N. K., Vishwakarma, R. A., 

Bharate, S. B. (2017). Synthesis and biological evaluation of pyrrole-based 

chalcones as CYP1 enzyme inhibitors, for possible prevention of cancer and 

overcoming cisplatin resistance. Bioorganic and Medicinal Chemistry 

Letters, 27(16), 3683–3687.  

Wu, Y. P., Meng, X. S., Bao, Y. R., & Wang, S. (2013). Pharmacokinetic study of 

four flavones of Glycyrrhiza in rat plasma using HPLC-MS. Journal of 

Ethnopharmacology, 148(1), 266–270.  

Xu, M., Wu, P., Shen, F., Ji, J., & Rakesh, K. P. (2019). Chalcone derivatives and 

their antibacterial activities: Current development. Bioorganic Chemistry, 

91, 103133.  

© C
OPYRIG

HT U
PM



 

95 

Yan, C., Wu, Y., Weng, Z., Gao, Q., Yang, G., Chen, Z., Li, W. (2015). Development 

of an HPLC method for absolute quantification and QAMS of flavonoids 

components in Psoralea corylifolia L. Journal of Analytical Methods in 

Chemistry, 2015, 792637.  

Yang, E. Bin, Guo, Y. J., Zhang, K., Chen, Y. Z., & Mack, P. (2001). Inhibition of 

epidermal growth factor receptor tyrosine kinase by chalcone derivatives. 

Biochimica et Biophysica Acta - Protein Structure and Molecular 

Enzymology, 1550(2), 144–152.  

Yang, S., Kim, Y., Jeong, D., Kim, J. H., Kim, S., Son, Y. J., Cho, J. Y. (2016). 

Pyrrole-derivative of chalcone, (E)-3-phenyl-1-(2-pyrrolyl)-2- propenone, 

inhibits inflammatory responses via inhibition of src, syk, and TAK1 kinase 

activities. Biomolecules and Therapeutics, 24(6), 595–603.  

Yerragunta, V., Kumaraswamy, T., Suman, D., Anusha, V., Patil, P., & Samhitha, 

T. (2013). A review on chalcones and its importance. PharmaTutor, 1(2), 

54–59. 

Yuan, Z., Ouyang, P., Gu, K., Rehman, T., Zhang, T., Yin, Z., Yin, L. (2019). The 

antibacterial mechanism of oridonin against methicillin-resistant 

Staphylococcus aureus (MRSA). Pharmaceutical Biology, 57(1), 710–716.  

Zaki, H., Belhassan, A., Aouidate, A., Lakhlifi, T., Benlyas, M., & Bouachrine, M. 

(2019). Antibacterial study of 3-(2-amino-6-phenylpyrimidin-4-yl)-N-

cyclopropyl-1-methyl-1H-indole-2-carboxamide derivatives: CoMFA, 

CoMSIA analyses, molecular docking and ADMET properties prediction. 

Journal of Molecular Structure, 1177, 275–285.  

Zhang, M., & Wilkinson, B. (2007). Drug discovery beyond the ‘rule-of-five'. 

Current Opinion in Biotechnology, 18(6), 478-488.  

Zhuang, C., Zhang, W., Sheng, C., Zhang, W., Xing, C., & Miao, Z. (2017). 

Chalcone: A privileged structure in medicinal chemistry. Chemical Reviews, 

117(12), 7762–7810.  

© C
OPYRIG

HT U
PM



 

135 

8 BIODATA OF STUDENT 

 

The student, Mohanapriya Gunasekharan was born in Sungai Petani, Kedah on 10th 

May 1995. She received her primary education in Sekolah Jenis Kebangsaan (Tamil) 

Kulim, Kedah and secondary school education at Sekolah Menengah Kebangsaan 

St.Anne’s Convent Kulim, Kedah. After completing Sijil Pelajaran Malaysia (SPM) 

in 2012, she continued her studies in Kolej Matrikulasi Pahang (KMPh). She pursued 

her bachelor’s degree for three years in Universiti Malaysia Terengganu (UMT) in 

Chemistry. Her final year project was entitled “Synthesis, characterization and anti-

atherosclerotic activity of coumaric acid derivatives”. After completing her bachelor 

degree of Bsc.Chemical Sciences in 2017, she was offered to work as Research 

Assistant in Institute of Marine Biotechnology (IMB) at UMT for three months. She 

continues her study for Master of Science in Universiti Putra Malaysia (UPM) in 

2018 under supervision of the esteemed Dr. Siti Munirah Mohd. Faudzi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



 

136 

PUBLICATION  

 

 

Publication 

 

Gunasekharan, M., Choi, T. I., Rukayadi, Y., Mohammad Latif, M. A., 

Karunakaran, T., Mohd Faudzi, S. M., & Kim, C. H. (2021). Preliminary 

Insight of Pyrrolylated-Chalcones as New Anti-Methicillin-Resistant 

Staphylococcus aureus (Anti-MRSA) Agents. Molecules, 26(17), 5314.- 

Published 

 

 

Conference 

 

Mohanapriya Gunasekharan, Siti Munirah binti Mohd. Faudzi, Yaya Rukayadi, 

Muhammad Alif Mohammad Latif, Thiruventhan Karunakaran. Synthesis 

and characterization of pyrrolylated-chalcones as anti methicillin-resistant  

staphylococcus aureus agents. Oral presentation at Asian Symposium on 

Medicinal Plants and Spices XVII (2021) (ASOMPS 2021), 17 - 19 August 

2021, virtual conference. 

 

 

© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM




