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Abstract: 

In the green synthesis, salicylaldehyde and N-(substituted)phenyl malonic acid are condensed in the presence of 

piperidine, a base catalyst. The antibacterial properties of some described substances were evaluated, and this 

clearly indicated the therapeutic relevance of addressing antimicrobial etiology. The produced coumarin compounds 

were tested at concentrations ranging from 25 to 100 μg/ml for their antibacterial activity against two different 

bacterial strains. Compound 4 demonstrated the strongest antibacterial efficacy against S. aureus.  For every 

bacterial strain that was examined, the negative control failed to establish a zone of inhibition. 
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INTRODUCTION: 
Coumarin chemicals are an important class in the 

field of organic synthesis and natural goods. 

Biologically active natural products with Coumarin 

skeletons are used as a bridge in the production of bio 

activehetero cyclic compounds, which have been 

shown to have antimicrobial, anti-fungal, anti-

inflammatory, anti-cancer, anti-tubercular, anti-

oxidant, and anticoagulant qualities. Combining 

hetero-cyclic compounds offers new opportunities for 

the production of creative multi cyclic molecules 

with improved biological activity. Coumarin is an 

intermediate in the synthesis of several biologically 

active compounds, such as fluoro coumarin and 

coumarone. 

 

Plants from the Rutaceae, Rubiaceae, Asteraceae, 

Apiaceae, Oleaceae, Fabaceae, Solanaceae, and 

Hippocastanaceae families as well as microorganisms 

from the Aspergillus and Streptomyces strains are the 

most inventive and plentiful sources of leading 

structures that comprise the Coumarin system. The 

pharmaceutical industry makes extensive use of 

Coumarin derivatives. They work just as well as 

chelating agents with many metal ions, especially 

transition metals. 

 

Outstanding optical properties like large quantum 

yields, excellent photo stability, and extended 

spectrum sensitivity are also offered by Coumarin. 

Many optical applications of these compounds have 

been studied in detail, including polymer science, 

solar energy collectors, laser dyes, nonlinear optical 

chromophores, fluorescent whiteners, fluorescent 

probes, and optical recording. The condensation 

processes used in Pechmann, Knoevenagel, Perkin, 

Reformatsky, and Wittig are examples of classical 

coumarin synthesis methods. 

 

A broad class of compounds present in all members 

of the plant kingdom are called coumarins. Numerous 

essential oils contain high concentrations of them, 

such as lavender oil (up to 87,300 ppm), cassia leaf 

oil (up to 7,000 ppm), and cinnamon bark oil (7,000 

ppm). Additionally, coumarin is present in green tea, 

chicory, and other foods like bilberries and cloud-

berries (Lake, 1999). Higher plants contain most 

coumarins; the Rutaceae and Umbelliferon families 

are the main sources. Coumarins are present 

throughout the plant, but they are concentrated in the 

fruits, with the roots, stems, and leaves having the 

highest concentration. The incidence of specific plant 

components can be influenced by seasonal variations 

and environmental factors. Numerous studies on 

coumarins have demonstrated that they function as 

enzymatic inhibitory agents in neurodegenerative 

diseases; consequently, they are used as 

antidepressants and anti-Alzheimer’s drugs. Anti-

HIV, anti-influenza, antiviral, and anti-AST 

properties have been demonstrated for coumarin and 

its derivatives. 

 

Structure: 

 

The main oral anticoagulants are coumarin and its 

derivatives. Coumarin is insoluble in water; however, 

under slightly alkaline conditions, 4-hydroxy 

substitution gives the molecule weakly acidic 

properties, making it soluble in water. 

 

The following illustrates the structures of coumarin 

and its derivatives. The sodium salt of warfarin is the 

one that is sold. One chiral center is present. 

Compared to the R (+) isomer, the S (-) isomer is 

roughly 5–8 times more potent; however, commercial 

warfarin is a racemic mixture. 
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Knoevenagel condensation reaction: 

This is the condensation of an aldehyde or ketone 

with substances that have an active methylene group 

when NH3 or its derivatives, such as primary, 

secondary, or tertiary amines, are present.  For 

instance, the formation of unsaturated compounds is 

facilitated by aniline, dimethylamine, piperidine, 

pyridine, triethylamine, etc. 

 

Methylene groups that are active can make a 

compound acidic. Malonic acid, ester (acetoacetic  

ester, malonic ester, nitrile), cyanoacetic, or 

nitroparaffin are a few examples. 

Experiment: 

 

METHODS AND MATERIALS: 

The chemicals used for synthesis were diethyl 

malonate (1),4-bromo aniline (2a),2-fluoro 

aniline(2b),2,4-difluoro aniline(2c), salicylaldehyde 

(3),piperidine, nitric acid, sulfuric acid ,hydrochloric 

acid, sodiumcarbonate. All chemicals were purchased 

from SRL laboratory without any purificationprior to 

use. 

 

 

Chemistry 

General procedure for n-(substituted phenyl)2-

oxo-2h-chromene-3-carboxamide : 

The herald of N-(substituted phenyl)2-oxo-2H-

chromene-3-carboxamide was synthesized in the 

laboratory, A mixture of substituted phenyl and 

freshly distilled diethylmalonate was refluxed for 90 
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minutes in the round bottom flask using an upright air 

condenser. Permitting the ester to return and the 

formed alcohol to escape, following cooling, 20ml of 

ethanol was added and the mixture was stored 

overnight.  A crystalline mixture was extracted and 

filtered after adding 5 grams of sodium carbonate 

dissolved in 20ml of water to the filtrate steam was 

forced through it for 60 minutes. The product 

dianilide separated after cooling following the 

removal of this, HCl was added to the filtrate, white 

precipitate was formed . It identified the product of 

N-substituted phenyl)2-oxo-2H-chromene 3-

carboxamide. A Mixture of 12 ml of salicylaldehyde 

and 15 ml of sample was placed into a round bottam 

flask . The mixtrure was heated in a heating mantle at 

110 to 120°c for 4 hrs , while piperdine (2 to 3drops) 

was added as a catalyst . The reaction mixture was let 

it cool  at room temperature .  After boiling 20 ml of 

pure ethanol  was added and Separting funnel is used 

to seprate the hot solution . 

 

General procedure for nitro substituted coumarin 

derivatives: 

Take a 1gm of sample and then add 20 ml of sulfuric 

acid,15 ml of nitric acid taken in a conical flask. Then 

the mixture was shaken frequently and heated on 

boiling water for 15 minutes. Then the cool mixture 

was poured into the water and the product was 

separated and filtered. 

 

Scheme 

Compound 1 : 
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Compound 2 : 

 

 

Compound 3 : 
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Compound 4 : 

 

 

Compound 5 : 

 

 

Compound 6 : 
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RESULTS AND DISCUSSION: 

Here, the target compounds were synthesized by 

condensation of  salicylaldehyde with N-(substituted) 

phenyl malonic acid via Knoevenagel condensation 

reaction (KCR), with a catalytic amount of 

piperidine. KCR method explained the condensation 

between aldehyde and malonic compound containing 

an active methylene group.  

 

FT-IR analysis was used to assess produced 

compounds along with additional physical and 

spectral data. The antibacterial characteristics of 

recently developed compounds were reviewed. 

 

Spectral analysis: 

IR spectroscopy techniques were used to characterize 

the synthesized compounds. 

Infrared spectral analysis: 

The JASCO FT-IR spectrophotometer was used to 

record the infrared spectrum. The table displays the 

results and the significant IR values expressed in cm-

1. 

 

 

 

                                                     IR SPECTRUM OF COMPOUND 1 

 

 

 

IR SPECTRUM OF COMPOUND 2 
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IR SPECTRUM OF COMPOUND 3 

 

 

 

                                                                       IR SPECTRUM OF COMPOUND 4 
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IR SPECTRUM OF COMPOUND 5 

 

 

 

IR SPECTRUM OF COMPOUND 6 

 

ANTI-BACTERIAL ACTIVITY: 

MATERIAL AND METHODS: 

Media Composition & its Preservation The 

antibacterial and antifungal activities was tested on 

solid (agar-agar) media in petriplates for bacterial 

assay nutrient agar (NA) (40gm/l) and fungus PDA 

(39gm/l) was used for developing surface colony 

growth. The suspension culture, for bacterial cell 

growth was performed by 2% (w/v) Lauria Broth and 

for fungus cell growth, 2.4% (w/v) PDB (Potato 

dextrose broth) was used. All media compositions 

were decontaminated by autoclaving at 125oCfor 15-

25 min. (Chopra, et al., 1980). 

 

  Agar Well Diffusion method  This method is widely 

used to examine the antimicrobial activity. The 8-10 

hold cultured broth plates were smeared for bacteria 

and fungi respectively with Nutrient agar (NA) and 

potato Dextrose Agar (PDA) media. (Mann, et al., 

1998) The Wells was digged in all the (10mm 

diameter and about 2 cm a part) plates with the help 

of sterile corn borer. Stock solution of various 

samples taken out was made by taking concentration 

of 1mg/ml in various dilutions from various 

compounds was poured with decontaminated syringe 

into the well and maintained at 37.c for 2-3hrs. 

Further all the plates were incubated at 37oC for 18-

24hr for bacterial pathogen and 28oC for 46- 48 hr 

for fungal pathogen. The result was recorded nearby 

all the wells as measured of diameter of the zone of 

inhibition (mm). All the experimental process was 

performed in triplicate. 

 

    MIC Values Analysis The analysis of MIC values 

was carried out with help of the broth serial dilution 

method. (Carson et al., 1999) After incubation of 
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plates the reading was noted for calculation. All the 

different extracts are taken in serial dilution with 

Luria broth for bacterium strains and PDB medium 

for the fungus strains. After the formation of media 

the test organism was poured in the serial dilution of 

the various extracts, further they all were incubated. 

After incubation the growth was measured. The 

extract no visible growth having minimum 

concentration is observed as the MIC Values. 

 

Determination of MFC considered as least 

concentration of an antifungal drug which is needed 

to finish any fungal pathogen. To calculate the MFC 

value serial sub-cultivation of 2µLmicrotiter plates 

having 100µl of broth per well was used. After the 

formation of plates they were incubated for 72 hours 

at 280c. (Ratnasooriya, et al., 2005). The plate which 

shows the no visible growth and has the least 

concentration towards the growth was considered as 

MFC value. To compare the results Greisofluvin (1-

3000ug/ml) which is the standard drug used as 

positive controls. Entire experiments procedure was 

carried out in duplicate stage and was repeated thrice. 

 

COMP-1.                                             COMP-2.                                                    COMPT-3 

              COMP-4.                                            COMPT-5.                                              COMPT-6 

 

 

ANTI BACTERIAL ACTIVITY OF STAPHYLOCOCCUS AUREUS  
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COMPT-1.                                                        COMPT-2.                                           COMPT-3 

COMPT-4                                                            COMPT-5                                                            COMPT-6 

 

ANTIBACTERIAL ACTIVITY OF ESCHERICHIA COLI 

 

In the present study, Six synthetic compounds to possessed antibacterial activity against all the bacterial strains 

tested. Among the microbes tested, the compound 4 exhibited the highest antibacterial activity against S. aureus.  

The negative control (10% DMSO) did not produce any zone of inhibition for all the bacterial strains tested. 
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 Table 1  Antibacterial activity of Staphylococcus aureus and Escherichia coli 

Sl. No Mean zone of inhibition
a
   (mm)

b
 MIC 

(µg/ml) 

MBC 

(µg/ml) 

Concentration of the disc 

100(µg/disc) 50(µg/disc) 25(µg/disc) Ampicillin 

(10µg/disc) 

Comp 1 

Staphylococcus aureus 

22.8  0.76 20.5  0.5 18.5  0.5 15.6  0.76 6.25 12.5 

Escherichia coli 

18.5  0.50 15.5  0.50 12.5  0.5 9.5  0.50 25 50 

Comp 2 

Staphylococcus aureus 

20.8  0.76 18.5  0.5 15.5  0.5 17.5  0.50 12.5 25 

Escherichia coli 

17.7  0.68 14.5  0.5 11.4  0.50 17.8  0.76 25 50 

Comp 3 

Staphylococcus aureus 

20.3 ± 0.57 17.5 ± 0.50 15.5 ± 0.50 7.5 ± 0.50 12.5 25 

Escherichia coli 

16.1 ± 0.28 14.0 ± 0.50 11.8 ± 0.28 7.3 ± 0.28 25 50 

Comp 4 

Staphylococcus aureus 

26.3 ± 0.57 20.6 ± 0.57 17.5 ± 0.5 7.5 ± 0.50 3.125 12.5 

Escherichia coli 

15.5 ± 0.50 14.0 ± 0.50 12.1 ± 0.28 8.5 ± 0.50 25 50 

Comp 5 

Staphylococcus aureus 

18.8 ± 0.76 16.0 ± 0.50 12.1 ± 0.28 8.5 ± 0.50 25 50 

Escherichia coli 

12.1 ± 0.76 9.3 ± 0.28 7.5 ± 0.50 7.3 ± 0.28 50 100 

Comp 6 

Staphylococcus aureus 

21.3 ± 0.57 18.5 ± 0.50 16.5 ± 0.50 7.5 ± 0.50 6.25 12.5 

Escherichia coli 

18.1 ± 0.28 14.0 ± 0.50 11.8 ± 0.28 7.3 ± 0.28 25 50 

a- diameter of zone of inhibition (mm) including the disc diameter of 6 mm 

b-mean of three assays;  ± - standard deviation 

 

SUMMARY: 

The derivatives of coumarin are synthesized by 

Knoevenagel condensation reaction Using a reflux 

condenser. 

 These compounds are synthesized by deriving an 

electron withdrawing group and Electron releasing 

group by electrophilic substitution reaction. 

 6 coumarin derivatives are synthesized such as 

COM-1, COM-2, COM-3, COM-4,COM-5,COM-

6.These compounds showed 75-85% yield. 

 IR-spectral analysis is performed to confirm the 

structure of the title compounds. IRspectral analysis 

data of the synthesized compounds in accordance 

with the assigned Structures. 

 All the title compounds were evaluated for their in-

vitro anti-bacterial activity against gram-positive 

bacteria (s.aureus) by agar diffusion method at three 

different concentration levels (25,50, 100μg/ml). 

 The zone of inhibition of Ampicillin (50 μg/ml) 

were determined in parallel Experiments in order to 

control the sensitivity of the test organisms. All 

compounds Were found to display significant activity 

against entire tested bacteria. 

 Compound COM-4 showed good anti-bacterial 

activity against s.aurues .In this compound are 

coumarin derivative of Nitro product and COM-1 

showed moderate activity against s.aureus .The 

negative control did not produce any zone of 

inhibition for all the bacterial strains tested. 

 The compound COM-5 show minimum yield in 

both gram positive and gram-negative 

 

CONCLUSION: 

The six coumarin derivatives using a productive 

process with an adequate yield. The compounds' 

hybrid framework has a coumarin ring that is 

substituted at position C6 and has an amide moiety at 

position C3. Compounds 1 and 4 exhibit strong 

antibacterial action. The results of the entire study 

show that the compounds will undergo structural 

modifications dependent on substitution, and that the 

variation in activity may also be explained by adding 
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numerous more rings to the coumarin nucleus, which 

could result in a compound that is more potent and 

highly active. 

 

REFERENCE: 

1. Mohd. Shahnawaz khan, ranu Agrawal, mohd 

ubaidullah, md. Imtaiyaz hassan, nazia tarannum, 

design synthesis and validation of anti-microbial 

coumarin derivates: an efficient green approach 

heliyon 5 (2019) e02615. 

2. Sohair L. El-Ansary, Doaa E. Abdel Rahman and 

Nehad M. A. Eldydamony coumarins: biological 

activity and SAR studies, der pharma chemical, 

2016, 8(15):61-74. 

3. Melita Lonˇcari´c, Dajana Gašo-Sokaˇc, Stela 

Joki´c and Maja Molnar, Recent Advances in 

the Synthesis of CoumarinDerivatives from 

Di_erent Starting Materials, Biomolecules 2020, 

10, 151. 

4. Chirag G. Nail, Gulam M. malik and Hitesh 

M.parekh, S. afr. J. chem., novel coumarin 

derivaties: synthesis, characterization and 

antimicrobial activity, 2019, 72, 248-252. 

5. Niranjan kolichala, T. bhupalreddy and vasantha 

kumar pai, synthesis and antibacterial activity 

studies of 8,9-Di hydro-7H-benzo-N-(benzloxy)-

2-(4-methyl-coumarin-4/6-yloxy)-acetamines 

and its derivatives volume 9, issue 3, (2020) 664-

673. 

6. M. Curini, G. Cravotto, F. Epifano, G. Giannone, 

Chemistry and biological activity of natural and 

synthetic phenyl oxy coumarins, Curr. Med. 

Chem. 13 (2) (2006) 199 –222.  

7. .A. Musa, J.S. Cooper wood, M. Omar, F. Khan, 

A review of coumarin derivatives in 

pharmacotherapy of breast cancer, Curr. Med. 

Chem. 15 (26) (2008) 2664–2679. 

8.  F. Bigi, L. Chesini, R. Maggi, G. Sartori, 

Montmorillonite KSF as an inorganic, 

waterstable, and reusable catalyst for 

Knoevenagel synthesis of coumarin-3-carboxylic 

acids, J. Org. Chem. 64 (3) (1999) 1033–1035. 

9.  R. Nagamallu, A.K. Kariyappa, Synthesis and 

biological evaluation of novel formyl pyrazoles 

bearing coumarin moiety as potent antimicrobial 

and antioxidant agents, Bio org. Med. Chem. 

Lett. 23 (23) (2013) 6406–6409. 

10.  A.A. Al Amiery, A.A. Hassan Kadhum, A.B. 

Mohamad, Antifungal activities of new 

coumarins, Molecules 17 (5) (2012) 5713–5723. 

11. R.K. Arora, N. Kaur, Y. Bansal, G. Bansal, Novel 

coumarin benzimidazole derivatives as 

antioxidants and safer anti-inflammatory agents, 

Acta Pharm. Sin. B. 4 (5) (2014) 368–375. 

12. Y. Bansal, P. Sethi, G. Bansal, Coumarin: a 

potential nucleus for anti-inflammatory 

molecules, Med. Chem. Res. 22 (7) (2013) 

3049–3060. 

13.  T. Kawate, N. Iwase, M. Shimizu, S.A. Stanley, 

S. Wellington, E. Kazyanskaya, D.T. Hung, 

Synthesis and structure-activity relationships of 

phenyl-substituted coumarins with an anti-

tubercular activity that target FadD32, Bio org. 

Med. Chem. Lett. 23 (22) (2013) 6052–6059. 

14.  R.N. Gacche, S.G. Jadhav, Antioxidant activities 

and cytotoxicity of selected coumarin 

derivatives: preliminary results of a structure-

activity relationship study using computational 

tools, J. Exp. Clin. Med. 4 (3) (2012) 165–169. 

15. S. Weigt, N. Huebler, R. Strecker, T. Braunbeck, 

T.H. Broschard, Developmental effects of 

coumarin and the anticoagulant coumarin 

derivative warfarin on zebrafish (Danio rerio) 

embryos, Reprod. Toxicol. 33 (2) (2012) 133–

141. 

16. M.S. Gilmore, D.B. Clewell, Y. Ike, N. Shankar, 

Enterococci: from Commensals to Leading 

Causes of Drug-Resistant Infection, Eye and Ear 

Infirmary, Boston, Massachusetts, USA, 2014, 

pp. 45–70. 

17.  T. Smyth, V.N. Ramachandran, W.F. Smyth, A 

study of the antimicrobial activity of selected 

naturally occurring and synthetic coumarins, Int. 

J. Antimicrob. Agents 33 (5) (2009) 421–426. 

18. S. Robert, C. Bertolla, B. Masereel, J.M. Dogne, 

L. Pochet, Novel 3-Carboxamidecoumarins as 

potent and selective FXIIa inhibitors, J. Med. 

Chem. 51 (2008) 3077–3080. 

19.  A. Shaabani, R. Ghadari, A. Rahmati, A.H. 

Rezayan, Coumarin synthesis via Knoevenagel 

condensation reaction in 1,1,3,3-N, N, N', N'-

tetra methyl guanidinium trifluoroacetate ionic 

liquid, J. Iran. Chem. Soc. 6 (4) (2009) 710–714. 

20. M. Gandhi, E. Babazadeh, Expedient synthesis 

of novel coumarin-based sulfonamides, J. Iran. 

Chem. Soc. 12 (3) (2015) 379–387. 

21. S.A. Khan, S.B. Khan, A.M. Asiri, I. Ahmad, 

Zirconia-based catalyst for the one-po synthesis 

of coumarin through Pechmann reaction, 

Nanoscale. Res. Lett. 11 (1) (2016) 345. 

22. K.S. Lee, J.H. Kim, G.H. Kim, I. Shin, J.I. Hong, 

Fluorescent chemodosimeter for selective 

detection of cyanide in water, Org. Lett. 10 (1) 

(2008) 49–51. 

23. S.H. Zhou, J.H. Jia, J.R. Gao, L. Han, Y.J. Li, W. 

Sheng, The one-pot synthesis and fluorimetric 

study of 3-(2-benzothiazolyl)coumarins, Dyes 

Pigments 86 (2) (2010) 123–128. 

24. P. Moeckli, Preparation of some new red 

fluorescent 4-cyanocoumarin dyes, Dyes 

Pigments 1 (1) (1980) 3–15. 



IAJPS 2023, 10 (12), 501-514                   N.Ramanathan et al                        ISSN 2349-7750 

 

 w w w . i a j p s . c o m  
 
 

Page 514 
 

25.  M. Chemchem, I. Yahaya, B. Aydıner, N. 

Seferoglu, O. Doluca, N. Merabet, Z. Seferoglu, 

A novel and synthetically facile coumarin-

thiophene-derived Schiffbase for selective 

fluorescent detection of cyanide anions in 

aqueoussolution: synthesis, anion interactions, 

theoretical study andDNA-binding properties, 

Tetrahedron 74 (2018) 6897–6906. 

26. S.K. Padhan, M.B. Podh, P.K. Sahu, S.N. Sahu, 

Optical discrimination of fluoride and cyanide 

ions by coumarin-salicylidene based chrome 

fluorescent probes inorganic and aqueous 

medium, Sens. Actuators, B 255 (2018) 1376–

1390. 

27. M. Shahnawaaz, A. Naqvi, A.V. Rao, D.S. Seth, 

Synthesis of reactive methylene compounds of 

malonamic acid series: precursors of bioactive 

molecules, Orient. J. Chem. 24 (2) (2008) 701–

704. 

28.  M. Sikkander, N.S. Nasiri, Organic Reaction, 

and Their Mechanism, Viva Books Private 

Limited, New Delhi, 2016. 

29. H. Takechi, Y. Oda, N. Nishizono, K. Oda, M. 

Machida, Screening search for organic 

fluorophores: syntheses and fluorescence 

properties of 3-Azolyl-7-diethylaminocoumarin 

derivatives, Chem. Pharm. Bull. 48 (11) (2000) 

1702–1710. 

30.  H. Chmara, R. Andruszkiewicz, E. Borowski, 

Inactivation of glucosamine-6- phosphate 

synthetase from Salmonella typhimurium LT 2 

SL 1027 by N betafumarylcarboxyamido- L-2,3-

diamino-propionic acid, Biochem. Biophys. Res. 

Commun. 120 (3) (1984) 865–872. 

31.  V.S. Palekar, A.J. Damle, S.R. Shukla, Synthesis 

and antibacterial activity of some novel bis-

1,2,4-trizoleo[3,4-b]-1,3,4-thiadiazoles and bis-

4-thiazolidinone derivatives from 

terephthalicdihydrazide, Eur. J. Med. Chem. 44 

(12) (2009) 5112–5116. 

32. Y. Rajeshwar, M. Gupta, U.K. Mazumder, In 

vitro lipid peroxidation and antimicrobial 

activity of Mucunapruriens seeds. Iran, 

J.Pharmacol.Ther. 4 (1) (2005) 32–35. 

33.  Z. Abou, A. Abou-Zeid, S. Youssef, 13-anti 

diabetic effect and flavonoids of Grewiaasiatica 

L. leaves, Ind. J. Pharmacol. 31 (1969) 72–78. 

34. S. Milewski, H. Chmara, R. Andruszkiewicz, E. 

Borowski, M. Zaremba, J. Borowski, Antifungal 

peptides with novel specific inhibitors of 

glucosamine 6-phosphate synthase, Drugs Exp. 

Clin. Res. 14 (7) (1988) 461–465. PMID: 

3149235. 

35.  H. VandenBossche, L. Koymans, Cytochrome 

P450 in fungi, Mycoses 41 (s1) (1998) 32–38. 

36. D.J. Sheehan, C.A. Hitchcock, C.M. Sibley, 

Current and emerging azole antifungal agents, 

Clin. Microbiol. Rev. 12 (1) (1999) 40–79. 

37. Y. Yoshida, Y. Aoyama, M. Noshiro, O. Gotoh, 

Sterol 14-demethylase P450 (CYP51) provides a 

breakthrough for the discussion on the evolution 

of the cytochrome P450 gene family, Biochem. 

Biophys. Res. Commun. 273 (3) (2000) 799–

804. 

38. 38.Mann, C.M. & Markham, J.L., (1998). A new 

method for determining the minimum inhibitory 

concentration of essential oils. Journal of 

Applied Microbiology, 84, 538 -544. 

39. Chopra & Nayer, R.N., (1980). Glossary of 

Indian Medicinal Plants:C (pp 248—249). SIR 

Publication NEW DELHI . 

40. Carson C.F., Hammer, K.A., & Riley, T.V. 

(1999). Antimicrobial activity of essential oils 

and other plant extracts. Journal of Applied 

Microbiology , 86, 985-990. 

41. Ratnasooriya, W.D., Deraniyagala, S.A., 

Bathige, S.D., Goonasekara, C.L., & Jayakody, 

J.R., (2005). Antinociceptive Action of aqueous 

extract of the leaves of Ixoracoccinea, Acta 

Biological Hungarica. Journal of Pharmaceutical 

Biology, 56 (1-2), 21-34 

 

 


	INTRODUCTION:

