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• CHAPTER-I 

REVIEW OF LITERATURE 

At the onset of the present study, it was considered worth while to review the work of the 

previous workers regarding triterpenoids in a selective mal'\ner. The observations of the 

previous workers have been presented briefly in the following paragraphs. For 

convenience, the observations have been divided into two subgroups which are as 

follows: 

1. Phytochemical investigations on medicinal plants containing triterpenoids as 

major constituents. 

2. Potential antimicrobial activities oftriterpenoids and their derivatives. 

1. Phytochemical investigation on medicinal plants containing 

Triterpenoids as major constituents 

Gunaskera et az.Ci1 isolated new lupane derivative 3(3-hydroxy-28-p-

coumaroyloxy-lup-20(29)-27-oic acid from ~a1yo...densifolia and whose structure was 

deduced by chemical correlation with betulin, Simiarenol, taraxerorie, friedelin, lupeol, · 

betulinic acid, betulin, and (3-sitosterol-g-D-glucoside. 

Taraxerone (I) Friedel in (2) 
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Lupeol (3) 

Betulinic acid ( 4) 

HO 

Betulin (5) 

Mutai et az.U:-? isolated three new pentacyclic triterpenoids: (20R)-3-oxolupan-

30-al, (20S)-3-oxolupan-30-al and (20R)-28-hydroxylupen-30-al-3-one, along with (20S)-

3~-hydroxylupan-30-al and the known metabolites 30-hydroxylup-20-(29)-en-3-one, 30- . 

hydroxylup-20-(29)-en-3~-ol, atranorin, methyl2,4-dihydroxy-3,6-dimethylbenzoate, 

sitosterol-3~-0-glucoside and linoleic acid from Acacia mellifera . The structures of the 

·new metabolites were elucidated by extensive spectroscopic analyses and their relative 

stereochemistry was determined by NOESY experiments. They observed that the new 

metabolite 3 exhibited significant cytotoxic activity against the NSCLC-N6 cell line, 

derived from a human non-small-cell bronchopulmonary carcinoma. 
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Methy-12,4-dihydroxy-3,6-dimethylbenzoate (7) Linoleicacid, (8) 

James and Dubery0
J accumulated large quantities of pentacyclic triterpenoid 

saponins collectively known as centelloids from Centella asiatica. These terpenoids 

include asiaticoside, centelloside, madecassoside, brahmoside, brahminoside, 

thankuniside, sceffoleoside, centellose, asiatic-, brahmic-, centellic- and madecassic 

acids. They studied biological activity of these compounds, the Centella triterpenoids can 

be regarded as phytoanticipins due to their antimicrobial activities and protective role 

against attempted pathogen infections. They reported that these plant-derived 

pharmacologically active compounds have complex structures; the production of 

secondary metabolites by cultured cell provided a particular important benefit of 

manipulation and improved the production of the desired compounds. 
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Asiatic acid( 1 0) 

A . l [~] d I . . 'd I I h . 'd ntoma et a . . extracte upane tnterpen01 upeo , t e ursane tnterpeno1 

u-amyrin and esters of these compounds from the bark of roots of Alstonia boonei and 

observed that those compounds had anti-inflammatory properties. ;r'hey found that 

u-amyrin was a competitive inhibitor of bovine trypsin and· chymotrypsin; lupeol 

linoleate, lupeol palmitate and u-amyrin linoleate were non-competitive inhibitor of 

chymotrypsin. They also found that lupeol, u-amyrin, palmitic and linoleic acid esters of 

these compounds were very weak inhibitors of porcine pancreatic elastase and of Lucilia 

cuprina and Helicoverpa punctigera leucine aminopeptidases. 

Li et aiP?l extracted a new lupane type triterpenoid, 3[3, llu-dihydroxy-30-

norlupan-20-one and six known lupane triterpenoids from the whole plant of Salvia . 

roborowskii maxim using petroleum ether as a solvent. They elucidated their structures 

by means of spectral methods including NMR and MS techniques. 
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Tostikoya et a{:J, studied the biological activity of natural ai;Jd semi synthetic · 

lupane triterpenoid and discussed in two-part review. The first part was devoted to the 

pharmacological properties of natural lupane triterpenoids. They reported that betulinic 

acid proved to be the most effective antitumor agent among more than fifty natural 

lupines. 

Kanokmedhakul et al.[1] 1 isolated a new 1,3-dihydroxy-2-methyl-5,6-

dimethoxyanthraquinone [a], six known anthraquinones [b], nordamnacanthal [c], 

damnacanthal ,rubiadin [d], rubiadin-1-methylether [e], lucidin-ro-methylether [f] and 1-

hydroxy-2-hydroxymethyl-3-methoxyanthraquinone [g], a P-sitosterol, together with two · 

known triterpenoids, P-acetylolean-12-en-28-olicacid [h] and 3P-0-acetyl-ll a, 12a­

epoxyolean-28, 13-olide [i] from the roots and stems of Prismatomeris fragrans. Their . 

structures were established on the basis of spectral data. They studied the anti plasmodial, 

antituberculosis, antifungal and anticancer cell lines tests of the isolated compounds and 

the bioactivity assays showed that only i exhibited moderate antimalarial activity, b and c 

exhibited antifungal activity while b, c, d, g and i showed antituberculosis activity. In 

addition, compounds b, c and g exhibited cytotoxicity to BC cell line while a, (the methyl 

ether derivative of 1), b, c, d, e, and i exhibited cytotoxicity to NCI-H187 cell line. 

Chaudhuri et al.['l.1 isolated pentacyclic triterpenoids based on the taraxer-14-ene 

skeleton with a C-28 attached carboxylic acid group from the roots of Maprounea. 

africana. They identified these compounds as 1 p, 2u-dihydroxyaleuritolic acid 2,3-bis­

hydroxybenzoate,2u-hydroxyaleuritolic acid 3-p-hydroxybenzoate, 2u-hydroxyaleuritolic 

acid 2,3-bis-p-hydroxybenzoate, aleuritolic acid 3-p-hydroxybenzoate, aleuritolic acid,· 

and aleuritolic acid 3-acetate. They reported that compounds 1 p, 2u-dihydroxyaleuritolic 

acid 2,3-bis-hydroxybenzoate, were new triterpene esters. 



113, 2a-dihydroxyaleuritolic acid 2,3-bis-hydroxybenzoate (II) 

HOitt,,, 

2a-hydroxyaleuritolic acid 3-p-hydroxybenzoate 

(12) 

Hu,,,,, 

2a-hydroxyaleuritolic acid 2,3-bis-p­

hydroxy benzoate( B) 

Aleuritolic acid-3-p-hydroxybenzoate (14) 

6 . 



,. 
~~' 

HO 

Aleuritolic acid (15) 

COOH 
H/w,,,, 

...... · 

"" A cO~ 

7 
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Aleuritolic acid 3-acetate (16) 

Begum et ai!9J isolated three new pentacyclic triterpenoids, camaryoloic acid, 

methylcamaralate and camangeloyl acid with six known compounds, [3-sitosterol 3-0-[3-

D-glucopyranoside, octadecanoic acid, docosanic acid, palmitic acid, camaric acid and 

lantanolic acid from the aerial parts of Lantana camara. They elucidated the structures of 

the new compounds by spectroscopic and chemical methods. 

0 

Camaric acid (!7) lantanolic acod ( 18) 



Rahaman et 
[10] 

al. ' reported that two new triterpenoids, 18u,19 

13-20(30)taraxasten-313,21u-diol (cichorido1) and 17-epi-methyl-6-hydroxyangolensate 

(intybuso1oid) obtained from the methanolic extract of seeds of Cichorium intybus 

(Asteracae) along with eleven known compounds, lupeo1, friedelin, betunaldehyde, 

syrginic acid, vanillic acid, 6,7-dihydroxycoumarin and methyl-alpha-D­

galactopyraiwside Compound. 

8 

Choudhury et al'·'J' · reported the biotransformation of a pentacyclic triterpene, 

oleanolic acid, with Fusarium lini afforded two oxidative metabolites, 2u,313-dihydroxy­

olean-12-en-28-oic acid, and 2u, 313, 1113-trihydroxyolean-12-en-28-oic acid. They also 

found that metabolite 3 was a new compound. The structures were characterized on the 

basis of spectroscopic studies. These metabolites exhibited a potent inhibition of 

a-glucosidase enzyme and thus were effective in diabetes by delaying the glucose 

absorption. 

Begum et al.[i~J 1 isolated two triterpenoids, 2013-acetoxy-2a,313-dihydroxyrus-12-

en-28-oic acid (guavanoic acid, 3) and 2u,313-dihydroxy-24-p-z-coumaroyloxyrus-12-en-

28-oic acid (guavacoumaric acid, along with six known compounds such as 

2u-hydroxyursolic acid, jacoumaric acid, isoneriucoumaric acid, asiatic acid, ilelatifol D 

and 13-sitosterol-3-0-13-D-glucopyranoside from the leaves of Psidium guajava. They 

determined the structures of the isolated compounds through spectroscopic methods. 

Shai et a/.[' 31 · isolated four compounds (lupeol, betulinic acid, ursolic acid and 2 

alpha-hydroxyursolic acid) from the leaves of Curtisia dentat8.... They studied the 

antibacterial and antifungal activity (using broth microdilution assay and bioautography 

method) and found that betulinic acid, ursolic acid and 2u-hydroxyursolic acid 

appreciably inhibited fungal growth with MIC values ranged between 8 to 63 f!g/mL. 
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HO 

Ursolic acid (19) 2-u-hydroxyursolic acid (20) 

Gu et al.[
1f3 

derived three pentacyclic triterpenoids from Valeriana laxif/ora DC 

,Lavandula dentate L.,Tanacetum parthenium (L.) Sch. Bip.as oleanolic acid, betulinic 

acid and ursolic acid and found that the isolated triterpenoids were moderate anti­

tubercular in a microplate alamar blue assay. 

Li et al. [!~] · isolated seven pentacyclic triterpenoids including 313-0-coumaryl-

13-amyrin [fig.21], 15u-hydroxy, 13-amyrin [fig.22], 313-taraxerol [fig.23], 313-taraxerol 

formate [fig.24], 313-taraxerolacetate [fig.25], 313-0-(E)-coumaryl-taraxerol [fig.26] 

and 3-13-o-(Z)-coumaroyl-taraxerol [fig.27] from the stems and twigs of the mangrove 

plant Rhizophora stylosa (Rhizophoraceae). The structures of the iso,lated compounds . 

were determined by extensive analysis of their spectroscopic data. Among the 

metabolites, compound 1 was a new olenane type terpenoid coumaroyl ester, while 

compound 4 was a new natural product. 
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21: R = 313-0-coumaryl 

22. R=H=l5a.-hydroxy, 13-amyrin 

23. R=H=313-taraxerol 

24. R=Formyl=313-taraxerol formate 

25. R=Acetyl=313-taraxerol acetate 

26. R=E-coumaryl=313-o-(E)-coumar)'l-taraxerol 

27. R=Z-coumaryl=3-13-o- (Z)-coumaroyl-taraxerol 

[lt1 
Pichai et al. extracted the powdered material of "Vidattali" equated to · 

Dichrostachys cinerea and separated n-octacosanol, 13-sitosterol, friedelin, epifridelinol, 

a.-amyrin and 13-sitosterol-3-13-D-glucopyranoside from the aerial part. They studied 

antibacterial and antifungal activities of n-hexane and chloroform extracts on three 

bacteria (Escherichia coli, Pseudomonas aeruginasa and Staphylococcus aureus) and two 

fungi (Aspergillusjlavus and Mucor sp.) at 1.25, 2.5, 5.0 and 10 mg/mL concentrations. 

Study was made in nutrient agar and SDA mediums by steak method. They observed that 

the chloroform extract showed moderate antibacterial efficacy towards E. coli and 

l 
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Staphylococcus at higher concentrations (5-10 mg/mL). Antifungal activities of the 

extracts against Aspergillus and Mucor were also observed at higher concentrations. 

HO 
' ' 

Oleanolic acid (28) 

S I [I
1J · 1 d · I . 'd . . 'd (3 4 un et a . ~ . 1so ate a nng-secocyc oartene tnterpenm , mgrano1c ac1 , -

secocycloarta-4(28),24-(Z)-diene-3,26-dioic acid from the stem of Schisandra 

sphaerandra, a Chinese traditional medicinal plant. The structure elucidation and · 

unambiguous NMR spectral assignment were achieved by the combination of I D and 

2D-NMR techniques with the aid of computer modeling. They found that nigranoic acid 

showed activity in several anti-HIV reverse transcriptase and polymerase assays. 

,,,,,,, ... 
COOH 

COOH 

H 

Nigranoic acid (3,4-secocycloarta-4(28),24-(Z)-diene-3,26-dioic' acid (29) 
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u-amyrin (30) 

Ch. l [lg:j t::ozem et a . isolated two new friedelane-type triterpenes named 

12-alpha-hydroxyfridelane-3,15-dione and 3-beta-hydroxyfriedelan-25-al, together with 

six known compounds from the stems of Drypetes paxii Hutch (Euphorbiaceae) and 

established their structures. They also tested the antimicrobial activity of the five 

friedelane-type triterpenes, one olean-12-ene triterpene saponin against some Gram­

positive and Gram-negative bacteria and they appeared to be modestly active. 

Angeh et az.II~) isolated four known triterpenoids, 11-alpha,3-beta-dihydroxy-

12-oleanen-29-oic acid, 1-hydroxy-12-olean-30-oic acid, 3,30-dihydroxyl-12-oleanen-22- · 

one and 1,3,24-trihydroxyl-12-olean-29-oic acid along with a new pentacyclic 

triterpenoid (1-alpha, 23-dihydroxy-12-oleanen-29-oicacid-3beta-0-2, 4-di-acetyl-L 

rha~nopyranoside) through a bioassay-guided procedure from the leaves of Combretum 

imberbe. The structures of the compounds were elucidated on the basis of I D and 2D 

NMR experiments, as well as mass spectrometric data. They observed that all the isolated 

compounds have moderate (62 j.l.g/mL) to strong (16 j.l.g/mL) antibacterial activity (MIC 

values) against Staphylococcus aureus and Escherichia coli, with 1 and 5 being most 

active. The results of the study gave credence to the ethnomedicinal use of Combretum 

imberbe. 

M h b · zc"l.OJ. • d fi k d · "d at a e et a . extracte our nown compoun s, two tnterpenm s, 

compound I [d-friedoolean-14-en-oic acid (3-acetyl aleuritolic acid)] and compound 2 

(lupeol), and two diterpenes, compound 3 [2,6alpha-dihydroxy-norbeyer-1,4,15-trien-3-
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one (diosphenol 2)] and compound 4 (3beta-hydroxy-beyer-15-ene-2-one) from the bark 

of Spirostachys africana using ethanol as a solvent . They tested the antibacterial activity 

of the isolated compounds using micro-dilution method Compound I, exhibited 

minimum inhibitory concentration (MIC) of SOJ.1g/mL against Staphylococcus aureus, 

Salmonella typhi, Vibrio cholera, Escherichia coli and Shigella dysentery. 

Wada et al.[2~ ; isolated lupane and oleanane type triterpenoids from the bark of 

Phyllanthus jlexusus and screened inhibitory activity on human Topos (topoisomerases) I 

and II. They found that olean-12-en-3~, 15a.-diol, olean-12-en-3~, !Sa., 24-triol, lupeol, 

and betulin were selective catalytic inhibitors of human Topo II activity with IC50 values 

in the range of I 0-39 J.1MimL. 

HO 

R2 

OH = olean-12-en-3,15-diol 

OH = olean-12-en-3, 15, 24-triol 

Siddiqui et a/. [Z'Ll investigated the constituents of the fresh, uncrushed leaves of 

Eucalyptus camaldulensis var. obtusa and isolated a triterpenoid (amirinic acid) with four 

known triterpenoids ursolic acid lactone, betulinic acid, oleanolic acid and ursolic acid. 

They transformed amirinic acid into amirolide in deuterated chloroform at room . 

temperature. The new products were characterized by exhaustive spectroscopic studies. 

Siddiqui et a/.r~~J · studied the fresh leav~s of Carissa carandas collected from 

the Karachi Region in Pakistan and isolated four pentacyclic triterpenoids including one 

new constituent carissin and two hither to unreported compounds. They elucidated the 

structure of the new compound as 3beta-hydroxy-27-E-feruloyloxyurs-12-en-28-oic acid. 
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Begum and Sicla.tvU-~¥-1~vestigated the constituents of fresh, uncrushed leaves of 

E. camaldulensis var. obtuse and isolated a known and 3 new triterpenoids. They 

characterized the new compounds by chemical and spectroscopic studies as camaldulic 

acid (20.beta-acetoxy-3 beta-hydroxyrus-12-en-28-oic acid), camaldulensic acid (3-beta, 

30-dihydroxy-11 alpha-methoxyrus-12 en-28-oic acid) and camaldulenic acid (2-alpha, 

3-beta-dihydroxyolean-11, 13(18)-dien-28-oic acid) 

HO 

Camaldulic acid (33) 

HO 

Camaldulensic acid (34) Camaldulenic acid (35) 

Setzer et al
25

] extracted the crude from the bark of Syncarpia glomulifera using 

chloroform as a solvent and reported antibacterial and cytotoxic activity. They isolated 
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oleanolic acid-3-acetate, ursolic. acid-3-acetate and betulinic acid from the bark. They 

observed that the relatively large abundance (I 0 % of the crude extract) and high degree 

of activity of betulinic acid were responsible for the bioactivity of the crude bark extract. 

Lutskii et a/
2
,), • · isolated triterpenoids from the plants of the Thalictrum sp a~d 

the structural, chemical and spectral properties were systematized for the first time. They 

discussed the features of the 13C NMR spectra of cycloartane triterpenoids. 

Li et az.CZ1-J isolated seven pentacyclic triterpenoids including 3~-0-(E)-

coumaroyl-15a.-hydroxy-~-amyrin [fig.36], 15a.-hydroxy-~-amyrin, 3~-taraxerol, 3~­

taraxerol formate [fig.37], 3~-taraxerol acetate [fig.38], 3~-0-(E)-coumaroyl-taraxerol 

[fig.39], and 3~-0-(Z)-coumaroyl-taraxerol from the stems and twigs of the mangrove 

plant Rhizophora stylosa. The structures of the isolated compounds were determined by 

extensive analysis of their spectroscopic data. They reported that among these 

metabolites, compound fig.36 was a new oleanane-type triterpenoid coumaroyl ester, 

while compound fig.37 was a new natural product obtained here as an isolated substance 

for the first time. 
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3jHaraxerol formate (37) 
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3-epifridelinol (40) 
12a-hydroxy-3, 15-friedelin diane 

(41) 

16 

Xu et al.rz~J. isolated Geumonoid, a new triterpene from Geum japonicum and its 

structure was elucidated on the basis of 10, 20 NMR and MS spectroscopic analysis. 

They observed that Geumonoid showed inhibitory activity against HIV -1 protease. 

He et al. [:l~J. isolated the chemical constituents of the roots of Aconitum 

taipeicum (Ranunculaceae) and purified using silica gel column chromatography. They 

found new norditerpenoid alkaloids, isodelelatine along with five known alkaloids. The · 

structure of the new compound was elucidated on the basis of spectral data. 

Srikrishna et al.(3~1 carried out antibacterial activity using cup plate method by 

petroleum ether, chloroform, methanol and water extract of the bark of Aporosa 

lindleyana (Euphorbiaceae). They observed that the compounds showed moderate to very 

good activity against Bacillus subtilis, Escherichia coli and the data were compared with 

the standard drug tetracycline. They studied the antifungal activity against Penicillium 

chrysogenous, Candida albicans, Aspergilus niger and Trichoderma viridi and compared 

with the standard drug fluconazole. The petroleum ether extract showed considerable 
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acti vi ty towards all the four fun gal organisms. Analgesic activ ity has been carried out on 

' ' iss alb ino male mice by abdomina l constriction method. All the extracts showed 

[ >I] 
ingh et a/. , ex tracted a mixture of steroids and triterpenoids: f3-sitosterol , 

stigmasterol, f3-amyrin , friedelan-3f3-ol (epifridelenol), cycloartenone, f3-amyrin acetate, 

Friedel in and epi-friedenyl acetate from Heliotropiwn marifolium using hexane as a 

solvent. They tested the iso lated triterpenoids against selected pathogenic bacteria and 

fungi, e.g. Escherichia coli, Staphylococcus aureus, Aspergillus niger and Penicillium 

chrysogenum. They also di scussed the quantification and assessment of their growth 

inhibitory potency and found that cycloartenone was the major triterpenoids in both in 

vivo and in vitro cell cul ture. 

tigmasterol ( 42) Betaamyrin (43) 

Friedelan-3f3-o l (44) 

3 1 JA N 2013 
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Sukul and Chaudhuri [3?], extracted the leaves of Lantana camara using different 

solvents. They observed that four fractions of petroleum ether extract showing significant 

antibacterial activity against some human pathogens under in vitro conditions. The MIC 

of the methanol fraction, containing triterpenoids, active against these pathogens was 

found to be comparable with those of some therapeutically used antibiotics. 

Panizzi et a!. ~3 :>} isolated some constituents from the flowering aerial parts of · 

Geum rivale and studied their antimicrobial activity on bacteria and fungi. The activity 

was more in the. triterpene fractions for Gram-positive and Gram-negative bacteria; 

activity was also toward flavonoid fractions. 

Takeoka et a!. ~ 3~} isolated three triterpenoids betulinic acid, oleanolic acid and 

ursolic acid as their methyl esters from diethyl ether extracts of almond hulls using flash 

chromatography and preparative high performance liquid chromatography. They were 

characterized triterpenoids using chromatographic and spectroscopic methods and these 

studies demonstrated that almonds hulls were a rich source of triterpenoids. They 

reported anti-inflammatory, anti-HIV and anti-cancer activities of these triterpenoids. 

Madureira et a!.[3 ?1 carried out phytochemical re-investigation of the whole . . . 
plant of Euphorbia segetalis and isolated five tetracyclic triterpenes: 3P-hydroxy­

cycloart-25-en-24-one, cycloart-25-ene-3P,24-diol, cycloart-23-ene-3p,25-diol, lanosta-

7,9(1 I ),24-trien-3P-ol and Ianosta-7,9(1 1),24(31 )-trien-3P-ol, 3P-acetoxy-cycloart-25-en-

24-one and glutinol, lupenone, friedelin dammaranodienol, cycloartenol acetate, 24-

methylenecycloartanol acetate and P-sitosterol. They were studied for their antiviral 

activities against Herpes simplex virus (HSV) and African swine fever virus (ASFV) and 

observed that Iupenone exhibited strong viral plaque inhibitory effect against HSV-I and 

HSV-2. The in vitro antifungal and antibacterial activities of cycloart-23-ene-3P,25-diol, . 

was also investigated. 
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46-51 

= 3 J3l-hydroxy-cycloart-25-en-24-one 

= 3f3-acetoxy-cycloart-25-en-24-one 

OH = cycloart-25-ene-3~,24-diol 

= cycloart-23-ene-3j3,25-diol 

= cycloartenol 

= 24-methylenecycloartanol 
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Glutinol (52) 

Laphookhieo et al.[~_'J ' isolated six new pentacyclic triterpenojds esters (fig. 53- · 

58) together with 3a.- and 313-tarexerol from the fruits of Bruguiera cylindrica. The 

structures of the new compounds were characterized as 3a.-E-feruloyltaraxerol (fig.53), 

3a.-Z-feruloyltaraxerol (fig.54), 3 13-E-feruloyltaraxerol (fig.55), 3 13-Z-feruloyltaraxerol 

(fig.56), 3a.-E-coumaroyltararaxerol (fig.57), and 3a.-Z-coumaroyltaraxerol (fig.58). 

They reported that compounds 2 and 6 exhibited weak cytotoxicity against the NCI-H\87 

cell line. 

53 
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57,58 
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Araujo and Chaves [;1-J isolated ele~en oleanane, ursane and lupane-type 

triterpenes daturadiol (3j3,6j3-dihydroxy-olean-12-ene ), 313-hydroxy-30-norlupan-20-one, 

lupenone, j3-amyrenone, a.-amyrenone, lupeol, j3-amyrin, a.-amyrin, betulin, erythrodiol 

and uvaol, in addition to squalene, sitosterol and a.-tocopherol from the leaves of . 

Terminalia brasiliensis Camb. They identified the structures of these compounds by 1H 

and 13C NMR spectral analysis. 

Ghosh et a/. f';, n extracted seeds of Swietenia mahogoni using methanol as a 

solvent and reported pharmacological activity including anti-inflammatory activity of the 

extract. They evaluated the anti-inflammatory activity using acute, sub-chronic, and 

chronic models of inflammation in rodents. The antipyretic and analgesic activities 

were evaluated in mice models. They studied the acute toxicity of the extract using 

different doses and the effect was compared with the standard ·drug, ibuprofen. The 

results revealed that the extract produces anti-inflammatory activity through dual 

inhibition. · Zhou et al.r't-~0· isolated three new triterpenoids: 11,21-dioxo-2beta,3beta, 

15alpha-trihydroxyurs-12-ene-2-0-beta-D-glucopyranoside, II ,21-dioxo-3-beta, 15-alpha, 

24-trihydroxyurs-12-ene-24-0-beta-D-glucopyranoside, and II ,21-dioxo 3-beta, 15-

alpha,24-trihydroxyolean-12-ene-24-0-beta-D-glucopyranoside, and two new· flavonoids . 
viz.apigen in-7 -0-[2 "-0-( 5'"-0-feruloy I)-beta-D-ap iofuranosyl]-beta-gl ucopyranoside and 

chrysoerio 1-7 -0-[2" -0-( 5 "' -0-feruloyl )-beta-D-apiofuranosy 1]-beta-d-gl ucopyranoside 

from the whole plant of fresh Apium graveolens together with I 0 known flavonoids. The 

structures of the new compounds were elucidated by analysis of spectroscopic data. They 

evaluated the inhibitory effects of the compounds isolated on nitric oxide production in 

lipopolysaccaride-activated macrophages. 
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OH 

R2H2C 

1 R,=OGlc, R2=H; ll,21-dioxo-2beta,3beta,l5alpha-trihydroxyurs-12-ene-2-0-be~-D-glucopyranoside 

2R,=H R2=0G1c ; 11,21-dioxo-3beta, 15alpha,24-trihydroxyurs-12-ene-24-0-beta-D-glucopyranoside 

59 

3 = 11 ,21-dioxo-3beta, 15alpha,24-trihydroxyolean-12-ene-24-0-beta-D-g1ucopyranoside 

(60) 

Siddiqui et a/.[:01
•_ isolated nine pentacyclic triterpenoids along with a coumarin 

from a fresh, undried and uncrushed spring leaves of Plumeria obtuse. They . 
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characterized the new triterpenes obtusin and obtusilic acid as the 24-E and 27-Z-p­

coumaric esters of the novel 313,24-dihydroxyrus-12-en-28-oic acid and 313,27-

dihydroxyrus-12-en-30-oic acid respectively through chemical and spectral studies while 

the other eight compounds identified were knowri kaneroside, oleandrin, u-amyrin, 

neriucoumaric acid, isoneriucoumaric acid, alphitolic acid, oleanonic acid, methyl p-E­

coumarate and scopoletin. 

. 141) 
Karalai and Laphookhieo · isolated three new pentacyclic triterpenoid 

esters together with six known lupane-type triterpenoids from Bruguiera cylindrica. 

They elucidated the structures of the new compounds by spectroscopic methods and 

were characterized as 3u-E-coumaroyllupeol, 3u-Z-coumaroyllupeol and 3u-E­

caffeoyltaraxerol. 

_J 
' 

. 0' 

f1 3n-~:oumayoyllupeol 
61 

"'-

l [
41.). . 1 d h 1" . "d . 1 d" d Begum et a . tso ate t ree pentacyc tc. tnterpenot s me u mg one new an 

two known obtusinin and goreishic acid from the leaves of Psidiu111 guajava. They · 

characterized the new constituent as 2u-hydroxy-3~-p-E-coumaroyloxyurs-12, 18-dien-

28-oic acid through I H-NMR and 13 C-NMR. They isolated compound guajavanoic 

acid first time from the genus Psidium. 
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2a,3P-dihydroxy-24-p-E-coumaroyloxyurs-12-en-2B-oic acid 
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Larshini et al.r
43

J. extracted 12 plants, selected on the basis of the folk-medicine 

reports and examined their anti bacterial effects against eight pathogenic bacteria. They 

found that the n-butanol extract of Calotropis procera flowers and the aqueous extract of · 

Eugenia caryophyllata were the most effective against the bacteria they tested. 

Laphookhieo et al.[44J isolated a new sesquiterpene and two new pentacyclic 

triterpenoid esters together with three known compounds from the fruits of Rhizophora 

mucronta. They elucidated the structures of the isolated compounds and characterized as 

3-hydroxy-3,7, 11-trimethyl-9-oxododeca-1,1 0-diene, 313-E-caffeoyltaraxerol and 313-Z­

caffeoyltaraxerol. 

3p-z-caffeoyltaraxerol 

63 
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3B-E-caffeoyltaraxerol 
64 
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I't!>J 
Ibrahim and Ali ~ ; : isolated a long chain ketone, a pentacyclic triterpenoid 

coupled with fatty acid moiety, and an acyclic diterpen<iid from the ethanol soluble part 

of Nepeta crassifolia collected from Kangavar, Iran. They elucidated the structures of all 

the metabolities with the aid of spectroscopic techniques, including 2D NMR 

experiments. 

Tabopda et al.[lt~J · isolated four new triterpene glucosides (a-d) using methanol . 

as a solvent from the stem bark of Terminalia superba. The structures of the new 

compounds were established by spectroscopic method and characteri~ed as 2-alpha,3- . 

beta-dihydroxyolean-12-en-28-oic acid 28-0-beta-D-glucopyranoside (a), 2-alpha,3-

beta,21 beta-trihydroxyolean-12-en-28-oic acid 28-0-beta-D-glucopyranoside (b), 2-

alpha,3-beta,29-trihydroxyolean-12-en-28-oic acid 28-0-beta-D-glucopyranoside (c) and 

2-alpha,3 -beta,23,27-tetrahydroxyolean-12-en-28-oic acid 28-0-beta-D-glucopyranoside 

(d) together with the known triterpene 2-alpha,3-beta,23-trihydroxyolean-12-en-28-oic 

acid (e). They investigated the antibacterial activity of a-e against two gram-positive 

bacteria (Bacillus subtilis, Staphylococcus aureus), and four Gram-negative (Escherichia 

coli, Shigella jlexenari, Pseudomonas aeruginosa, Salmonella typhi) bacterial strains. 
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2. Potential antimicrobial activities of triterpenoids and their derivatives 

The reports presented by the earlier workers regarding the antimicrobial activity 

of various plant extracts were tested against different organisms. The observation · 

(selective in manner) of the previous workers in concord with the present line of 

investigation have been presented in the following paragraphs. 

Kumar et al.[4'f~ carried out antimicrobial properties of~ serie~ of 61 medicinal 

plants belonging to 33 different families used in various infectious disorders at 1000 and 

500 microg/ml concentration by agar dilution method against Bacillus cereus, Bacillus 

pumilus, Bacillus subtilis, Bordetella bronchiseptica, Micrococcus luteus, 

Staphylococcus aureus, . Staphylococcus epidermidis, Escherichia coli, Klebsiella 

pneumoniae, Pseudomonas aeruginosa , Streptococcus faecali, Candida albicans, 

Aspergillus niger and Saccharomyces cerevisiae. They found that 28 plant extracts 

showed activity against at least one of the test organisms used. The crude extracts of 

Jatropha gossypifolia, Aristolochia indica, Lantana camara, Cassia fistula containing 

triterpenoid as chemical constituent exhibited significant antimicrobial activity and 
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property that support the folkloric use in the treatment of as broad-spectrum antimicrobial 

agents. 

Ad 1 ft<~] • d f d" . I I ' . amu et a , . carne out a survey o me tcma p ants used locally m the 

treatment of various diseases in Bauchi State-Nigeria and total 84 medicinal plants were 

listed chiefly containing triterpenoids. They investigated the antimicrobial activity of the 

aqueous extracts of the plants and found that out of 84 plants, 75 exhibited antimicrobial 

activity against one or more of the test organisms at a concentration of 200 mg/ml. They 

found that the extracts showed potentially interesting activity against Proteus mirabilis, 

Pseudomonas aeruginosa, Staphylococcus aureus and Escherichia coli. 

Angeh et al~4 "'1 ' isolated four known triterpenoids, 1alpha,3beta-dihydroxy-12-

oleanen-29-oic acid (a), 1-hydroxy-2-olean-30-oic acid (b), 3,30-dihydroxyl-12-oleanen-

22-one (c), and 1,3,24-trihydroxyl-12-olean-29-oic acid (d) along with a new pentacyclic 

triterpenoids (1alpha,23-dihydroxy-12-oleanen-29-oic acid-3beta-0-2 4-di-acetyl-L-, , 

rhamnopyranoside )(e) through a bioassay-guided procedure from the leaves 

of Combretum imberbe. They found that all the isolated compounds had moderate 

(62 flg/ml) to strong (16 f.Lg/ml) antimicrobial activity (MIC values) 

against Staphylococcus aureus, Escherichia coli, and compound a and e was most active. 

The results of their study gave credence to the ethnomedicinal use of Combretum 

imberbe and biological activity of the metabolites. 

Mothana et al.t.~oJ studied the antiproliferative activity against three human 

cancer cells, antimicrobial activity against antibiotic susceptible three Gram-positive, · 

three Gram-negative bacterial and one fungal stains and three multiresistant 

Staphylococcus strains by the agar diffusion method and the determination of MIC 

against three Gram-positive bacteria with the broth micro-dilution assay, as well as for 

their antioxidant activity using the DPPH radical scavenging· method of sixty four 

methanolic and aqueous extracts of thirty Yemeni plants used in traditional medicine. 

They found that 12 plants showed growth inhibitory" effect against all cancer cells with 

IC50 values< 50 f.Lglml, 9 plants showed pronounced antimicrobial activity against Gram­

positive bacteria among them multiresistant bacteria with inhibition zones> 15 mm and 

M1C values< 500 flg./ml. 
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Shai et a/~11 
' isolated four compounds lupeol, betulinic acid, ursolic acid and 2-

alpha-hydroxyursolic acid from the leaves of Curtisia dent at!{).. They studied the 

antibacterial and antifungal activity using broth microdilution assay and bioautography · 

method and found that betulinic acid and ursolic acid were antimicrobial. 

Mansourif~2;~ found new antibacterial agents from ethanolic extracts often plants . 

mainly containing triterpenoids as chemical constituent. The agents were effective 

against Staphyllococcus aureus. Several samples ( 489 samples) of S.aureus were isolated 

from healthy carriers (nose and throat) or clinical samples. Out of 489 isolates 98.6% 

were sensitive to trimethoprim-sulfamethoxazole. The extracted compounds from the 

plants were screened for antibacterial activity. Menta vividis L. was active against some 

isolates and inhibited the growth of 48.7% of the isolates. 

Samy and Ignacimuthu ~5-"1 ' reported the antifungal activity of crude drug from 

the tree bark of Tgrminalia arjuna containing triterpimoid which was tested against . 

bacteria using the hole-plate diffusion method with concentrations of 5-25 mg/mL. The 

effective results of bacteria were confirmed by the dilution method (1.25-2.0 mg/ml) in 

MIC. The results were supported by phytochemical analysis. The specific activity against 

pathogenic bacterium, Bacillus subtilis and Staphylococcus aureus showed the traditional 

usage ofb~rk ofT. arjuna. 

"1'11'H. . . l'§lfJ -' , ~ ussam1 et a . extracted 20 plant leaves and screened their inhibitory 

effect against the rice blast pathogen. They reported that triterpenoids containing plant 

Prosopis juliflora followed by Zizyphus jujube significantly inhibited the mycelial growth 

and biomass as well as toxin production and spore germination under laboratory 

conditions. 

l55] 
Mehmood et al. . . studied the antimicrobial potential of some Indian medicinal 

plants containing triterpenoids and their formulations. They tested twenty five different 

formulations based on five alcoholic extracts against several p~thogenic micro- . 

organisms. They observed that ten formulations showed higher potency compared to their 

constituents and good synergistic activity leading to significant reduction· in the MIC' 

values. 
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Ragasa et a/~b] , extracted the air dried leaves of Vitex negundo which afforded 

vitexilactone and casticin by silica gel chromatography. Their structures were elucidated 

by extensive ID and 2D NMR spectroscopy. They studied their activity and found to 

inhibit the growth of the fungi: Candida albicans and Aspergillus niger and the bacteria: 

Staphy.jpcoccus aureus and Pseudomonas aeruginasa. 

Ettebong and Nwafor[?1J ' studied the antimicrobial activities of n-hexane, 

chloroform, ethyl acetate and methanol extract of Carpolobia lutea root which were used 

as a folk medicine in southern Nigeria against four typed cultures of bacteria . 
' 

namely, Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Bacillus 

subtilis and two clinical strains of fungi, namely Candida albicans and Tinea 

capitis using agar well diffusion method. They reported that the ethyl acetate extract gave 

the widest zone of inhibition (21.0 mm) followed by chloroform when tested 

against E. coli. They also reported that none of the ex.tracts showed any inhibitory effect 

against Pseudomonas aeruginosa and the fungal strains of Candida albicans and Tinea 

capitis and the most potent of these extracts was chloroform extract with Minimum 

Inhibitory Concentration (MIC) of 25 mg/ml for bacteria. The Phytochemical screening . 

of the root of C. lutea revealed the presence of saponins, anthraquinones, flavonoids, 

cardiac glycosides, simple sugar and terpenes. 

Horiuchi et at?:SJ isolated the effective compound and identified it as oleanolic · 

acid, a triterpenoid from Salvia officinalis (Sage) leaves and tested antimicrobial activity 

against vancomycin-resistant enterococci (VRE). They also tested the antimicrobial 

activity of similar triterpenoids, ursolic acid, uvaol, betulinic acid and betulin and 

found that ursolic acid also showed antimicrobial activity against VRE. The 

minimum inhibitory conc·entrations (M!Cs) of oleanolic acid and ursolic acid were 

8 and 4 flg/ml, respectively and these two compounds also showed antimicrobial 

activity against Streptococcus pneumoniae and methicillin-resistant Staphylococcus 

aureus (MRSA). They found that these compounds also showed antibacterial activity · 

against VRE at least for 48 h when added at concentrations that were two-times higher 

than their M!Cs. 
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Khan et al.r5[?~ 1 isolated amblyone, a triterpenoid from' Amorphophallus 

campanulatus and studied in vitro antibacterial, antifungal and cytotoxic activities using 

disc diffusion technique and minimum inhibitory concentration was determined using 

serial dilution technique. They observed large zones of inhibition in disc diffusion 

antibacterial screening against four Gram-positive bacteria (Bacillus subti/is, Bacillus 

megaterium, Staphylococcus aureus and Streptococcus pyogenes) and six Gram-negative 

bacteria (Escherichia coli, Shigella dysenteriae, Shigella sonnei, Shigella jlexneri, 

Pseudomonas aeruginosa and Salmonella typhi) and. the MIC values against these 

bacteria ranged from 8 to 64 llg/ml. In antifungal screening, the compound showed smaii 

inhibition zones against Aspergillus flavus, Aspergillus niger, Rhizopus aryzae. Candida 

albicans was resistant against the compound. 

[&o] 
Khan et al. . -- · extracted crude from the leaves, stem bark, stem heart wood, root 

bark and root heart wood of Euroschinus papuanus and isolated fractions on partitioning 

with petrol, dichloromethane (D), ethyl acetate (E) and butanol (B) and studied 

antibacterial and antifungal activity. They observed that E fractions of the stem heart 

wood, D of root bark and E of root heart wood demonstrated exceiient antibacterial 

activity and B fractions of_leaves; stem heartwood and root bark demonstrated antifungal 

activity. 

[61') 
Ramesh et al. tested the antimicrobial efficiency of aqueous, methanol, · 

chloroform and hexane extracts of Swertia corymbosa containing triterpenoids and 

noticed maximum inhibitory activity against Staphylococcus aureus and Salmonella 

typhi. 

Ahmad and Belb P · extracted 4 5 Indian plants traditionaiiy used in medicine • 

using ethanol as a solvent and studied their antimicrobial activity against certain drug­

resistant bacteria and a yeast Candida albicans. They showed that out of the 45 plants 40 

plant extracts contained terpenoids and were effective antimicrobial activity against one 

[6~J 
Smith et al. performed a screening of eight plants from Belize for 

antibacterial activity. They reported that six plants showed activity against the four 

organisms tested. Both inoculum density and medium type played important roles in . 

assay sensitivity. 
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. £'"1 . 
Akmpelu observed that Anacardium occidentale bark containing . 

triterpenoids 60 percent methanolic extract exhibited antimicrobial activity against 13 out 

of 15 bacterial isolates at a concentration of 20 mg/ml. 

[65], 
Audu et a!. extracted components from Ziziphus abysslnica (root bark) 

containing triterpenoids using methanol, diethyl ether and cold water as solvent. They 

studied their activity on Candida albicans, Escherichia coli, Salmonella spp. and 

Staphylococcus aureus at different concentrations and found that all these components 

inhibited the growth of microbes. 

Ramesh et al. [b':l -- isolated Friedelin, epi-Friedelin, 

a.-Amyrin, Sitosterol, Sitosterol-3-D-glucopyranoside and luteoforol 

n-Octacosanol, 

from Bridelia 

crenulau Roxb. The aqueous and methanolic extracts and their fractions were tested 

against ten human pathogenic bacteria and four fungal strains. They observed that 

inhibitory activities were maximum in the chloroform-methanol (I: 1) fraction of the 

methanolic extract against E.coli, K.pneumoniae and P.aerugina;>a, which were · 

responsible for the pathogenesis of urinary tract infection. The above study provided 

scientific evidence for the efficacy of the use of Bridelia crenuldii extracts. 
[61] 

Murillo-Alvarez et a!. ' extracted compounds from plants used in the 

traditional medicine of Baja California sur (Mexico) using ethanol as a solvent. They 

tested antimicrobial activities of the isolated compounds. The antimicrobial activity 

against Bacillus subtilis, Staphylococcus aureus, Streptococcus faecalis, Candida 

albicans and Escherichia coli were determined. Aristolochia monticola, A.brevipes, 

Hymenoclea sp. were found to be the most active. 

Habtemariam and Macpherson['~;] investigated the cytotoxic and antibacterial 

activity of an ethanol extract of leaves of a herbal drug Eupatorium perjoliatum 

containing triterpeno.ids. They observed that the extract showed a potent cytotoxicity and 

weak antibacterial activity against gram positive test organisms Staphylococcus aureus 

and Bacillus megaterium. 

Lall et at.["~] observed that the water and acetone extracts of roots of Euclea 

natalensis containing triterpenoids inhibited the growth of Bacillus cerus, Bacillus 

I 
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pumilus, Bacillus subtilis, Micrococcus kristinae· and Staphylococcus aureus at 

concentration ranging between 0.1 and 6.0 mg/ml. They found that the water extract did 

not exert any inhibitory action on Gram-negative bacteria while the acetone extract 

showed inhibitory activity at a concentration of 5.0 mg/m1 against all the Gram-negative · 

bacteria investigated. The antibacterial activity of acetone extract was also investigated 

by a direct bioassay on TLC plates against S. aureus 

Alves et al. ["1-~J_ ' evaluated the antimicrobial, antifungal imd antiadherent 

activity of P :sidium guajava containing triterpenoids on oral biofilm microorganisms and· 

oral candidiasis in vitro. They found that the extracts were shown to be effective in 

inhibiting the growth of bacteria of the oral biofilm and fungi of oral candidiasis. 

Duraipandiyan et al.['1-r], studied the antimicr()bial activity of 18 ethnomedicinal 

plant mostly containing triterpenoids collected from Palni hills of southern western ghats 

against nine bacterial strains (Bacillus subtilis, Staphylococcus aureus, Staphylococcus 

epidermidis, Enterococcus faecalis, Escherichia coli, Klebsiella pneumonia, . 

Pseudomonas aeruginqsa, Ervinia sp, Proteus vulgaris) and one fungal strain( Candida 

albicans) using paper disc diffusion method. They reported that out of 18 plants, 10 

plants exhibited antimicrobial activity against one or more of the testeq microorganisms · 

at three different concentrations of 1.25, 2.5and 5 mg/disc. The study evaluated the 

antimicrobial activity of some ethnomedicinal plants used in folkloric medicine. 

Bonjar [12.] studied the antibacterial activities of the 45 species· of 29 plant 

families used in the traditional medicine by Iranian people against Bacillus cereus, 

Bacillus pumilus, Bordetella bronchiseptica, Escherichia coli, Klebsiella pneumoniae 

Micrococcus luteus, Pseudomonas aeruginosa, Pseudomonas fluorescens, Serratia 

marcescens, Staphylococcus aureus, Staphylococcus epidermidis. He found that no plant 

showed activity against Serratia marcescens but Bordetella bronchiseptica were the most · 

susceptible species. All extracts showed the same activity even after 18 months. 

Saleh et al.C'I:£1 isolated the known triterpenoids !antic acid, camarinic acid and 

lantanilic acid from Lantana camara (L) cultivated in Egypt and carried out the 

antibacteriaJ activity of !antic acid using bioautography assays for Gram-positive and 

Gram-negative bacteria. They found that !antic acid possess strong antibacterial activity 
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against Escherichia coli and Bacillus cereus in which 0.08 ana 0.1 J.ig were the minimum 

inhibition doses compared to 0.05 and 0.005 J.ig for chloramphenicol. Their results 

showed that !antic acid had broad spectrum antibacterial activity. 

['14] 
Mathabe et al. • - isolated four known compounds from the stem bark 

of Spirostachys africana using ethanol as a solvent which was used traditionally for the 

treatment of diarrhoea and dysentery in Limpopo province of South Africa. The isolated 

compounds were, two triterpenoids, compound 1 (d-Friedoolean-14-en-oic acid (3-acetyl 

aleuritolic acid)] and compound 2 (lupeol), and two diterpenes, compound 3[ent-2, 

6alpha-hydroxy-norbeyer-1,4, 15-trien-3-one (diosphenol2)] and compound 4 (ent-3beta- . 
' 

hydroxy-beyer-15-ene-2-one). They tested the antibacterial activity using micro dilution 

method and found that compound 1, exhibited MIC of 50 microg/ml against 

Staphylococcus aureus, Salmonella typhi, Vibrio cholera and Escherichia coli 

compound 2 was not active against all tested microorganisms at 200 microg/ml. 

Escalante et al.Ifz;] isolated three monodesmosidic triterpenoid saponins from the 

butanolic extract of Phytolacca tetramera and established their structures. They reported 

that the three saponins belong to the olean-type triterpenoid saponins, with 28,30 

dicarboxylic groups and an olefinic double bond on C-12. They observed that · 

phytolaccosides B and E showed antifungal activities against a panel of human 

pathogenic opportunistic fungi but phytolaccoside F did not show any activity. The most 

sensitive fungus was Trichophyton mentagrophytes. 

Yasunaka et al.['l-tJ. studied the antibacterial activity of the thirty two extracts 

from 22 Mexican medicinal plants of 15 different families mostly containing 

triterpenoids against Escherichia coli and Staphylococcus aureus. They reported that 

seventeen plants showed antibacterial activity.Ail the 17 e:x;tracts except one showed 

higher activity against Staphylococcus aureus than Escherichia coli. 

Khan 'et al.('f'1-J extracted the leaves, seeds, stem and root barks, stem, root and 

heart-woods of Michelia champaca containing terpenoids using methanol, petrol, . 

dichloromethane, ethyl acetate, butanol as a solvent. They observed that different 

fractions exhibited antibacterial activity. They also observed that fractionation drastically 

enhanced the level of activity particularly in the fractions of . the stem bark, 
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dichloromethane fraction of the root bark and some fractions of the leaves.Stem and root 

bark extracts showed activity against some of moulds. They found that liriodenine was . 

the active constituent of the root bark. 

Aqueveque et a/.9~1': isolated a new biologically active triterpenoid favolon B 

from fermentation broths of Mycena sp. Strain 96180. They found that favolon B showed 

antifungal activities against Botrytis cinerea, Mucor miehei, Paecilomyces variotii and 

Penicillium notatum. Flavon B did not have any activities against bacteria and yeast. 

Kirmizigul et a/.[1">) reported antimicrobial and antifungal activities of the 

MeOH extract from the flowers of Cephalaria transsylvanica and three triterpenic acid . 

glycosides, transsylvanoside A-C by MeOH using an agar-disc diffusion method. They 

observed that both the MeOH extract and the glycosides possess antimicrobial and 

antifungal activities against Staphy-lococcus aureus, Escherichia coli, proteus vulgaris, 

Pseudomonas aeruginosa, Corynebacterium xerosis, Klebsiella pneumonia, Candida 

uti/is, Kluyveromycesfragilis, Aspergillus oryzae and Aspergillus flavus respectively. 

Sudharmini and Ashalatha [~<>J isolated triterpenoids from Myxopyrum 

smilacifolium leaf and found the presence of ursolic acid (0.175mg/l). They reported that 

the triterpenoids showed antimicrobial activity against gram positive bacteria. Candida 

albicans was resistant against the compound. 

[ll•J 
Mbwambo eta/. ·: extracted compounds from stem bark, wood and whole roots 

of Ternimalia brownie containing triterpenoids using solvents of increasing polarity, 

namely, pet ether, dichloromethane, dichloromethane: methanol (l: 1), methanol and 

aqua, respectively and the extracts were tested for antifungal and antibacterial activity. 

They observed that the extracts of the stem bark, wood and whole roots of T. brownii 

exhibited antibacterial activity against several bacteria (Staphylococcus aureus, 

Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumonia, Salmonella typhi and 

Bacillus anthracis) and the fungi, (Candida albicans and Cryptococcus neoformans). 

They found that aqueous extracts exhibited the strongest activity against both bacteria 

and fungi. 

Jacinda et al:'D extracted large quantities of pentacyclic triterpenoids, saponin 

collectively known as Centelloids. These terpenoids include Asiaticoside, Centelloside, . 
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madecassoside, Brahmode etc. In Planta, the Centella triterpenoids can be regarded as 

phytoanticipins due to the antimicrobial activity and protective role against attempted . 

pathogen infection. 

Sharma et al.~~s)_ reported that ingestion of Lantana camara foliage by grazing 

animalscauses intrahepatic cholestatis and amociated liver damage. The hepatotoxins 

were pentacyclic triterpenoides called Lantadenes.A number of biological activities have 

been associated with various parts of Lantana in folk medicine.Roots of Lantana plants 

were rich in oleanolic acid, a heteroprotective triterpenoid.Pentacyclic triterpenoids were 

the focus of attention for drug research for anti-cancer, anti-AIDS, anti inflammatory and 

anti microbial activities. 
[114) 

Rajenderan et al, - ' isolated pentacyclic triterpenoids, namely Ursolic acid, 

2-hydroxy ursolic acid, (Asiatic acid, glycerol-! ,2-dilinolexyl-3-o-b-D-galactopyronose 
~--·----

from the methanolic extract ofleaves of M. malabathricum\his plant was selected as one 

of the most promising source of antimicrobial agents .It showed anti-viral,cytotoxic, anti­

oxidant, anti-cancer activity,anti-hypertensive activity,anti-inflammatory and anti-pyretic 
·. 

properties. 

Chaudhury et al_L<ZP showed that the phytochemicals betulinic acid (a), wogonin 

(b) and oroxindin (c) isolated from the aerial parts of Bacopa monnieri and Holmskioldia 

sanguinea showed significant antifungal activity against the two fungi Alternaria 

alternata and Fusarium fusiform is. Inhibition of root growth germination of wheat seeds 

was observed for all three compounds which showed I 00% inhibition at I 0 micro g/mL. 

Compounds (a) and (b) showed potent inhibition of Alternaria alternata compared with 

oroxindin at a concentration of 4 micro g/mL, whereas compound (b) was an effective · 

inhibitor of both fungi. 

[9b1, 
Ghosh et al~· · isolated of two triterpenoids betulinic acid and lupeol from the 

leaf extract of Psidium guajava and their potential antimicrobial and phYtotoxic activities. 

All the structures of the isolated compounds were confirmed by spectral (IR, NMR) 

analysis and by comparison with the literature reports available. 

Betulinic acid is a naturally occurring pentacyclic triterpenoid and has been 

shown to exhibit a variety of biological activities including inhibition of human 
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immunodeficiency virus (HIV), antibacterial, antimalarial, antiinflammatory, 

antithelmintic and antioxidant properties reported by Yogeeswari.et a/.~91]. 

Shafi et alii~? reported that the Leaves of two plants, a terpenoid fraction of both 

plants showed significant antifungal activity against F. equiseti, C. gloeosporioides and 

A. alternata when tested by spore germination method. MIC values ofterpenoid fraction · 

of D. stramonium extract·were 0.05mg/ml against F. equiseti, O.lmg/ml against C. 

gloeosporioides and 0.5mg/ml against A. alternata when tested by disc diffusion method. 

Similarly, the MIC of C. mucro nata leaf extract against F. equiseti was' found to be 0.0 I 

mg /mi. The MIC value of D. stramonium leaf extract (terpenoid fraction) was 0.5mg/ml 

against A. alternata. 

One plant extract (Datura) containing triterpenoids was subjected to column 

separation. The separated fractions were tested against F. equiseti and C. gloeosporioides 

following spore germination bioassay. Potential fractions (fraction 6-20 & fraction 26-35) 

were also tested by disc diffusion bioassay. Combined column fractions (6- 20) could 

inhibit the growth of C. gloeosporioides at a concentration of 0.2mg/ml. Another column 

fraction (26--35) could check the spore germination of the F. equiseti at a concentration 

of 0.08mg/ml reported by Barre et a/ F9
"
1 . 

Ahmed et a/, r~oJ screened antifungal compounds (terpenoids) from the roots of · 

the wild carrot, Daucus carota L. ssp. carota (Apiaceae) ·and it was found to contain a 

range of antifungal activity against Fusarium oxysporum and Aspergillus niger. 

Barrera eta/ ~">>1 reporte? that a wide spectrum of secondary metabolites such as 

phenols, flavonoids, quinones, tannins, essential oils, terpenoids, alkaloids, saponins and 

sterols which showed antimicrobial activity. The compounds were isolated from higher 

plants. They investigated antifungal efficacy of sesquiterpene lactones isolated from the 

six Centaurea species (C. bombycina Boiss ex D.C., C. granatensis Boiss, C. monticola 

Boiss, C. incana Desf., C. maroccana Ball. and C. sulphurea Will d.) against the fungus · 

Cunninghamella echinulata. They reported that the two compounds costunolide and 

dehydrocostunolide, were responsible for the antifungal activity. 

~~ . ' 
Scher et a/ . . c.· prepared a dtchloromethane and a methanol extract of the 

liverwort Bazzania trilobata (L.) S.F. Gray (Lepidoziaceae) and showed their antifungal 
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activity against some phytopathogenic fungi (Botrylis cinerea, Cladosporium 

cucumerinum, Phythophthora infestans, Pyricularia oryzae and Septaria trilici) due to 

the presence of terpenoids. From the extracts they isolated six antifungal sesquiterpenes: 

5-and 7-hydroxycalamenene, drimenol, drimenal, viridiflorol, gymnomitrol and 

chloroisopiagiochin. 

D. k /[9~1. 1gra et a •, showed that compound extracted from Terminalia arjuna 

containing triterpenoids was found to be effective against F.equiseti and other two 

pathogens. The leaf extract of Clerodendrum viscosum could completely check the radial · 

growth of the test fungi. 

A mixture of !olio! ide I (>85%) and paniculatadiol2 (<15%) was obtained from 

the ethyl acetate leaf extract of Pterocarpus indicus by silica gel chromatography, while 

the air-dried flowers afforded lupeol 3 and phytol esters 4. The structures of 1-4 were 

determined by NMR spectroscopy. Antimicrobial tests on a mixture of 1 and 2 indicated 

that it has moderate activity against Candida albicans and low activity against 

Pseudomonas aeruginosa, Escherichia coli, and Aspergillus niger. It was found inactive 

against Staphylococcus aureus, Bacillus subtilis, and Trichophyton mentagrophytes 

reported by Ragasa et a/.[~ 4] 

Parveen et a/, C<o>) · reported that the methanolic extract of the leaves · 

of Peltophorum vogelianum (Caesalpiniaceae) afforded a new phytoconstituent, 2-

methoxy-4,5-dihydroxy-1 (7 ,8-dihydroxyethylene )-8-P-D-glucuropyranoside named as 

peltophorumyl-P-D-glucuropyranoside (e), along with four known phytoconstituents, 1-

pentatriacontanol (a), friedelin (b), P-sitosterol (c) and P-sitosterol-P-D-glucopyranoside 

(d). The structures were established on the basis of chemical and physical evidence (IR, 
1H-NMR, 13C-NMR, DEPT, HSQC, HMBC and MS). Moreover, Compound 5 showed 

significant antimicrobial activity. 

Ramesh et az,t'WJ. made various extracts of the leaves of Begonia malabarica 

Lam. (Begoniaceae ). From the extracts of six known compounds, (viz. friedelin, 

epi-friedelinol, beta-sitosterol, luteolin, quercetin and beta-sitosterol-3-beta-D­

glucopyranoside) were isolated. The aqueous and organic solvent extracts were also 

tested against ten human pathogenic bacteria and four fungal strains by the agar-well 

I 

I 
i 
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diffusion method. All the extracts were devoid of antifungal activity against the tested 

fungi. 

Duraipandiyan et al9
JJ 1 designed an experiment to evaluate the antifungal 

activity of Azima tetracantha extracts and isolated compound (friedelin) against fungi. 

They fractionated the extract through silica gel column. The antifungal activity of Azima 

tetracantha crude extracts and isolated compound (friedelin) were evaluated using the 

micro dilution method. Hexane extract showed some antifungal activity. The lowest MIC 

against Trichophyton rubrum was 62.5 J.Lg/ml and the MIC against Curvularia lunata was 

62.5 J.Lglml. 

Shing et al ~o,·n reported that the hexane extract of Heliotropium marifolium 

yielded a mixture of triterpenoids: P-sitosterol, stigmasterol, P-amyrin, friedelan-3P-ol 

(epifriedelenol), cycloartenone, P-amyrin acetate, friedelin and epifriedenyl acetate. Their 

Isolated triterpenoid and reference antibiotics (gentamycinlmycostatin) were tested 

against selected pathogenic bacteria and fungi, e.g. Escherichia coli, Staphylococcus. 

aureus, Aspergillus niger and Penicillium chrysogenum. The inhibition zone (IZ) and the 

activity index (AI) of isolated compounds were recorded. They reported that epifriedenyl 

acetate (IZ = I 7; AI= 1.06) was most active. 

Joseph et al,rOJ~J reported that the 50% methylene chloride in hexane fraction 

(column fraction of the extract of leaves of Ficcus racemosa) showed antifungal activity .. 

The extract inhibited the growth of several plant pathogens ( Curvularia sp, 

Colletotrichum gloeosporioides, Alternaria sp and Fusarium sp). 

Siddiqui et al '?"':1 isolated a new pentacyclic triterpene, oleanderol and the 

known betulin, betulinic acid, ursolic acid and oleanolic acid from the leaves of Nerium 

oleander.The structure elucidation of oleanderol and identification of betulin,betulinic 

acid, ursolic acid and oleanolic acid had been carried out through chemical and spec tral 

studies. They had antimicrobial properties also. 

From the above literature, the present work were designed.Several compounds 

were isolated and derieved. All the compounds were tested for antimicrobial activities. In 

the following chapters the process of the isolation, preparation of derivatives and their 

bioassay have been discussed in details. 



40 

REFERENCES: 

I. Gunasekera S.P.; Cordell G.A. and Farnsworth N.R. (1983). 3p-hydroxy-28-p­
coumaroyloxy-lup 20(29)-27-oic acid from Caraipa densifolia. Journal of Natural 

Products. 46: 118-122. 

2. Mutai C.; Abatis D.; Vagias C.; Moreau D.; Roussakis C. and Rousis V. (2007). 
Lupan triterpenoids from Acacia mellifora with Cytotoxic activity. Molecules. 

12: I 035-1044. 

3. James J.T. and Dubery I.A. (2009). Pentacyclic triterpenoids from the medicinal 
herb, Centella asiatica(L). Molecules. 14: 3922-3941. 

4. Antonio R.; Kweijio-Okai G.; Macrides T.; Sandeman R.M. ; Chadler D.S. and 
Polya G.M.(2000). Inhibition of serine proteases by anti-inflammatory triterpenoids. 
Plant a Medica. 66: 206-210. 

5. Li Y.; Wu Y.Q. and Shi Y.P. (2003). Lupene triteroenoids from Salvia roborowskii 
Maxim. Pharmazie. 58: 937-942. 

6. Tolstikoya T.G.; Sorokina I.V.; Tostikoy G.A.; Tolstikoya A.G. and Flekhter O.B. 
(2006). Biological activity and pharmacological prospects of lupine terpenoids: I. 
Natural lupine derivatives. Bioorganisk Khimiya. 32: 42-55. 

7. Kanokmedhakul K.; Kanokmedhakul S. and Phatchana R. (2005). Biological 
activity of anthraquinones and triterpenoids from Prismatomeris .fragrans. Journal 
of Ethnopharmacology.100:284-288. 

8. Choudhuri S.K.; Fullas F.; Brown D.M.; Wani M.C.; Wall M.E.; Cai L.; Mar W.; 
Lee S.K.; Luo Y. and Zaw K.(l995). Isolation and structural elucidation of 
pentacyclic triterpenoids from the Maprounea africana. Journal of Natural 
Products. 58: 1-9. 

9. Begum S.; Wahab A. and Siddiqui B.S. (2003). Pentacyclic triterpenoids from the 
aerial parts of Lantana Camara. Chemical & Pharmaceutical Bulletin. 51: 134-137. 

10. Rahaman A.; Zareen S.; Choudhury M.l.; Akhtar M.N. and Khan S.N. (2008). Alfa 

glucosidase inhibitory activity of triterpentids from Cichorium intybus. Natural 

Products. 71: 910-913. 



41 

II. Choudhury M.l.; Batool 1.; Khan S.N.; Sultana N.; Saha S.A.A. and Rahaman A. 

(2008). Microbial transformation of oleanolic acid by Fusarium lini and alpha­

glucosidase inhibitory activity of its transformed products. Natural Product 

Research. 22: 489-494. 

12. BegumS.; Hassan S.l.; Siddiqui .B.S.; Shaheen F.; Ghayur M.N. and Gilani .A.H. 

(2002).Triterpenoids from the leaves of Pusidium guajava. Phytochemistry. 61: 399-

403. 

13. Shai L.J.; Me Gaw L.J.; Aderoqba M.A.; Mdee L.K. and Eloff J.N. (2008). Four 

pentacyclic triterpenoids with antifungal and antibacterial activity from Curtisia 

dentata (Burrn.f) C.A Sm. leaves. Journal of Ethnophermacology. 119: 238-244. 

14. Gu J.Q.; Wang Y.; Franzblau S.G.; Montenogro G. and Timmermann B. (2006). 

Dereplication of pentacyclic triterpenoids in plants by GC-Ell MS. Phytochemical. 

Analysis. 17: I 02-106. 

15. Li D.L.; Li X.M. and Wang B.G. (2009). Pentacyclic triterpenoids from the 

mangrove plant Rhizophora stylosa. Natural Product Research. 22:808-813. 

16. Pichai R.P. and Saraswathi A. (2001 ). Phytochemical characterization and 

antimicrobial activity of Dichrostachys cinerea Wight et Arn. Journal of Medical 

and Aromatic Plant Sciences. 22: 185-186. 

17. Sun H. D.; Qiu S.X.and Lin L.Z. ( 1996). Nigronoic acid, a triterpenoid from 

Schisandra sphaerandra that inhibits HIV -I reverse transcriptase. Journal of natural 

products. 59:525-527. 

18. Chiozem D.O.; Trinh-Van-Dufat H.; Wansi J.D.; Djama C.M.; Fannang V. S:o.oui­

Sequin E.; Tillequin F. and Wandji J.(2009). New friedelane triterpenoids with 

antimicrobial activity from the stems of Drypetes paxii. Chemical & Pharmaceutical 

Bulletin. 57: 1119-1 122. 

19. Angeh J.E.; Huang X.; Sattler 1.; Swan G.E.; Dahse H.; Hartl A. and Eloff J.N. 

(2007). Antimicrobial and anti-inflammatory activity of four known and one new 

triterprnoid from Combretum imberbe (Combretaceae). Journal of 

Ethnopharmacology. 110: 56-60. 



42 

20. Mathabe M.C.; Hussein A.A.; Nikooya R.V.; Basson A.E.; Meyer J.J. and Lall N. 

(2008). Antibacterial activities and cytotoxicity of the terpenoids isolated from 

Spirostachys africana. Journal.of Ethnopharmacology. 116: 194-197. 

21. Wada S.; Lida A. and Tanaka R. (2001). Screening of triterpenoids isolated from 

Phyllanthus jlexusus for DNA topoisomerase inhibitory activity. Natural Products. 

64: 1545-1547. 

22. Siddiqui B.S.; Sultana I. and Begum S. (2000). Triterpenoidal constituents from 

Eucalyptus camaldulensis var. obtuse leaves. Phytochemistry. 54: 861-865. 

23. Siddiqui B.S.; Ghani U.; Ali S.T.; Usmani S.B. and Begum S. (2003). Triterpenoidal 

constituents of the leaves of Carissa carandas. Natural Product Research. 17: 153-

158. 

24. Begum S. and Siddiqui B.S. (I 997). Triterpenoids from the leaves of Eucalyptus 

camaldulensis var. obtuse. Journal of Natural Products. 60: 20-23. 

25. Setzer W.N.; Setzer M.C.; Bates R.B. and Jackes B.R. (2000). Biologically Active 

triterpenoids of Syncarpia glomulifera berk extract from Paluma, North Queensland, 

Australia. Plant a Medica. 66: 176-177. 

26. Lutskii V.I.; Gromova A.S.; Khamidullina and Owen N.L. (2005). Structural studies 

and biological activity of plant triterpenoids from the Thalictrum sp. Chemistry of 

Natural Compounds. 41: 117-140. 

27. Dong-Li. Li.; Xiao-Ming Li. and Bing-Gui Wang (2008). Pentacyclic triterpenoids 

from the mangrove plant Rhizophora stylosa. Natural Product Research. 22: 808-

813. 

28. Xu H.X.; Ming D.S. and Dong H. (2001). A new Anti-HIV- triterpene from Geum 

japonicum. Chemical & Pharmaceutical Bulletin. 48: 1367-1369. 

29. He Y.; Yang Q._; Yao B. and Gao L. (2009). A new norditerpenoids alkaloid from 

Aconitum taipeicum. Acta Pharmacuitica Sinica. 43: 934-937. 

30. Srikrishna L.P.; Vagdevi H.M.; Basavaraja B.M. and Vaidya V.P. (2009). 

Evaluation of antimicrobial and analgesic activities of Aporosa lindleyana. 

International journal of Green Pharmacy. 2: 159-161. 



43 

31. Singh B. and Dubey M.M. (200 I). Estimation of triterpenoids from Heliotropium 

marifo/ium Koen.ex retz. in vivo and in vitro. I. Antimicrobial screening. 

Phytotheraphy Research. 15: 23 I -234. 

32. Sukul S. and Chaudhuri S. (200 I). Antibacterial natural products from leaves of 

Lantana Camara L. with activity comparable to some therapheutically used 

antibiotics. Indian Journal of Phermaceutical science. 56:20-23. 

33. Panizzi L.; Catalono S.; Miraelli C.; Cioni P.L. and Camp eo! E. (200 I). in vitro 

antimicrobial activity of extracts and isolated constituents of Geum rivale. 

Phytotheraphy Research. 14: 561-563. 

34. Takeoka G.; Dao L.; Taranishi R.; wong R.; Flessa S.; Harden L. and Edwards R. 

(2003). Identification of three triterpenoids in almond hulls. Journal of Agriculture 

and Food Chemistry. 51: 496-501. 

35. Madureira A.M.; Ascenso J.R.; Valdeira L.; Duarte A.; Frade J.P.; Freitas G. and 

Ferreira M.J.U. (2003). Evolution of the antiviral and antimicrobial activites of 

triterpenes isolated from Euphorbia segetalis. Natural Product Research. 17: 375-

380. 

36. Laphookhieo.S.; Karalai C.; Ponglimanont C. and Chantrapromma K. (2004). 

Pentacyclic triterpenoid ester from the fruits of Bruguiera cylindrical. Journal of 

natural Products. 67: 886-888. 

37. Araujo D.S. and Chaves M.H. (2005). Pentacyclic triterpenoids from the leaves of 

Termina/ia brasiliensis. Quimica Nova. 28: 996-999. 

38. Ghosh S.; Besra S.E.; Roy K.; Gupta J.K. and Vedasiromani J.R. (2009). 

Pharmacological effects of methanolic extract of Swietenia mahogoni (meliaceae) 

seeds. Green Pharmacy. 3: 206-210. 

39. Zhou K.; Zhao F.; Liu Z.; Zhuang Y.; Chen L. and Qiu F. (2009) .Triterpenoids and 

tlavonoids from celery (Apium graveo!ens). Journal of Natural Products. 72: 1563-

1567. 



44 

40. Siddiqui S.; Siddiqui B.S.; Naeed A. and Begum S. (I 992). Pentacyclic triterpenoids 

from P/umeria obtusa. Phytochemistry. 31: 4279-4283. 

4 I. Karalai C. and Surat Laphookhieo S. (2005). Triterpenoids ester from Bruguiera 

cy/indrica. Australian Journal of Chemistry. 58: 556-559. 

42. Begum S.; Siddiqui B. and Hassan S.l. (2003). Triterpenoids from Psidium guajava 

leaves. Natural Product Research. 16: 173- I 77. 

43. Larshini M.; Oumoulid L.; Lazrek H.B.; Wataleb S.; Bousaid M.; Bekkouche K. and 

Jan a M. (200 I). Antibacterial activity of some Moroccan medicinal plants. 

Phytotheraphy research. 15: 250-252. 

44. Laphookhieo S.; Karalai C.and Ponglimanont C. (2004). New sesquiterpenoids and 

triterpenoids from the fruits of Rhizophora mucronata. Chemical & Pharmaceutical 

Bulletin. 52: 883-885. 

45. Ibrahim S.A. and Ali M.S. (2007). Constituents of Nepeta crassifolia. Turkish 

Journal ofChemistry. 31: 463-470. 

46. Tobopda T.K.; Ngoupayo J.; Tanoli S.A.K.; Mitaine-Offer A.C.; Ngadgui B.T.; Ali 

M.S.; Luu B. and Lacille-Dubosi M.A. (2009). Antimicrobial pentacyclic 

triterpenoids from Terminalia superba. Planta Medica. 75: 522-527. 

47. Kumar V.P.; Chauhan N.S.; Padh H. and Rajani M. (2006). Search for antibacterial 

and antifungal agents from selected Indian medicinal plants. Journal of 

Ethnopharmaco/ogy. 107: 182-188. 

48. Adamu H.M.; Abayeh O.J.; Agho M.O.; Abdullahi A.L.; Uba A.; Dakku H.U. and 

Wufem B.M. (2005). An ethnobotanical survey of Bauchi State herbal plants and 

their antimicrobial activity. Journal of Ethnopharmacology. 99: 1-4. 

49. Angeh J.E.; Huang X.; Sattler 1.; Swan G.E.; Dahse H.; Hartl A. and Eloff J.N. 

(2007). Antimicrobial and anti-inflammatory activity of four known and one new 

triterpenoids from Combretum imberbe (Combretace\le). Journal of 

Ethnopharmacology. 110: 56-60. 



45 

50. Mothana R.A.A.; Gruener! R.; Bednarski P.J. and Lindequist U. (2009). Study of the 

anticancer potential of Yemeni plants used in folk medicine. Pharmazie. 64: 260-

268. 

51. Shai L.J.; McGaw L.J.; Aderoqba M.A.; Mdee L.K. and Eloff J.N. (2008). Four 

pentacyclic triterpenoids with antifungal and antibacterial activity from Curtisia 

dentata (Burm.t) C.A. Sm. leaves. Journal of Ethnopharmacology. 119: 238-244. 

52. Mansouri S. (1999). Inhibition of Staphy/loccous aureus mediated by extracts of 

Iranian plants. Pharmaceutical Biology. 37: 375-377. 

53. Samy R.P. and lgnacimuthu S. (2001). Antibacterial effect of the bark ofTerminalia 

arjuna: justification of folklore beliefs. Pharmaceutical Biology. 39: 417-420. 

54. AI-Hussaini R. and Mahasneh A.M. (2009). Microbial growth and quorum sensing· 

antagonist activities of herbal plants extracts. Molecules. 14: 3425-3435. 

55. Mehmood Z.; Mohammed F.; Ahmad I. and Ahmad S. (2001). Studied on herbal 

formulations based on Indian medicinal plants. Journal of Medicinal and Aromatic 

plant Sciences. 23: 167-168. 

56. Ragasa C.Y.; Morale E. and Rideout J.A. (2001). Antimicrobial compounds from 

Vitex negundo. Philippine Journal of Science. 28: 21-29. 

57. Ettebong E. and Nwafor P. (2009). In vitro antimicrobial activities of extracts of 

Carpolobia lutea root. Pakistan Journal of Pharmaceutical Sciences. 22: 335-338. 

58. Horiuchi K.; Shito S.; Hatano T.; Yoshida T.; Kurodo T. and Tsuchiya T. (2007). 

Antimicrobial activity of oleanolic acid from Salvia officina/is and related 

compounds on vancomycin-resistant enterococci (VRE). The Pharmaceutical 

Society of Japan. 30: 1147-1149. 

59. Khan A.; Rahman M. and Islam M.S. (2008). Antibacterial, antifungal and cytotoxic 

activities of amblyone isolated. from Amorphophallus campanulatus. Indian Journal 

of Pharmacology. 40:41-44. 

60. Khan M.R.; Omoloso A.D. and Kihara M. (2004). Antibacterial and antifungal 

activities of Euroschinus papuanus. Fitoterapia. 75: 412-416. 



46 

61. Ramesh N.; Viswanathan M.B.; Saraswathy A.; Balakrishna K.; Brindha P. and 

Lakshmanaperumalsamy P. (2008). Antimicrobial and phytochemical studies of 

Swertia c01ymbosa. Fitoterapia. 79:370-373. 

62. Ahmad I. and Beg A.Z. (200 I). Antimicrobial and phytochemical studies on 45 

Indian medicinal plants against multi-drug resistant human pathogens. Journal of 

Ethnopharmacology. 74: 113-123. 

63. Smith R.A.; Calviello C.M.; DerMarderosian A. and Palmer M.E. (2000). 

Evaluation of antibacterial activity of Belizean plants: An important method. 

Pharmaceutical Biology. 38: 25-29. 

64. Akipelu D.A. (200 I). Antimicrobial activity of Anacardium occidentale bark. 

Fitoterpia. 72: 286-287. 

65. Audu J.A.; Kela S.L. and Unom V.V. (2001). Antimicrobial activity of some 

medicinal plants. Journal of Economic and Taxonomic Botany. 24: 641-650. 

66. Ramesh N.; Viswanathan M.B.; Saraswathy A.; Balakrishna K.; Brindha P. and 

Lakshmanaperumalsamy P. (2001). Phytochemical and antimicrobial studies 

Bridelia crenulata. Pharmaceutical Biology. 39: 460-464. 

67. Murillo-Aivarez J.l.; Encarnacion D.R. and Franzblau S.G. (2001). Antimicrobial 

and cytotoxic activity of some medicinal plants from Baja California Sur (Mexico). 

Pharmaceutical Biology. 39 : 445-449. 

68. Habteinariam S. and Macpherson A.M. (200 I). Cytotoxicity and antibacterial 

activity of ethanol extract from leaves of a herbal drug boneset (Eupatorium 

perfoliatum). Phytotheraphy Research. 29:1115-1137. 

69. Lall N. and Meyer J.J.M. (2001). Antibacterial activity of water and acetone extracts 

of the roots of Euclea natalensis. Journal of Ethnopharmacology. 72: 313-316. 

70. Alves P.M.; Queiroz L.M.; Pereira J. V. and Pereira M. S. (2009). Antimicrobial, 

antifungal and antiadherent activity of Brazilian medicinal plants on oral biofilm 

microorganisms and strains of the genus Candida. Jour11al of the Brazilian Society 

ofTropical Medicine. 42: 222-224. 



47 

71. Duraipandiyan V.; Ayyanar M. and lgnacimuthu S. (2006). Antimicrobial activity of 

some ethnomedicinal plants used by Paliyar tribe from Tamil Nadu. Fitoterapia .74: 

597-599. 

72. Bonjar S. (2004). Evaluation of antibacterial properties of some medicinal plants 

used in Iran. Journal of Ethnopharmacology. 94: 301-305. 

73. Saleh M.; Kamel A.; Li X. and Swaray J. (!999). Antibacterial triterpenoids isolated 

from Lantana camara. Pharmaceutical Biology. 37:63-66. 

74. Mathabe M.C.; Hussein A.A.; Nikoloya R.V.; Basson A.E.; Meyer J.J.M. and Lall 

N. (2008). Antibacterial activities and cytotoxicity of terpenoids isolat~d from 

Spirostachys africanus. Journal of Ethnopharmacology. 116: 194-197. 

75. Escalante A.M.; Santecchia C. B.; Lopez S.N.; Gattuso M.A.; Ravelo A.G.; Monache 

F. D.; Sierra M.G. and Zacchino S. A. (2007). Isolation of antifungal saponins from 

Phytolacca tetramera, an Argentinean species in critic risk. Scientific Research and 

Essays. 2: 486-490. 

76. Yasunaka K.; Abe F.; Nagayama A.; Okabe H.; Lozada-Perez L.; Lopez-Villafranca 

E.; Muniz E.E.; Aquilar A. and Reyes-Chilpa R. (2005). Antibacterial activity of 

crude extracts from Mexican medicinal plants and purified coumarine and 

xanthones. Journal of Ethnopharmacology. 97: 293-299. 

77. Khan M.R.; Kihara M. and Omoloso A.D. (2002). Antimicrobial activity of 

Michelia champaca. Fitoterapia. 73: 744-748. 

78. Aqueveque P.; Anke T.; Anke H.; Sterner 0.; Becerra J. and Silva M. (2005). 

Favolon B, a new triterpenoid isolated from the Chilean Mycena sp. strain 96!80. 

The Journal of Antibiotics. 58: 61-64. 

79. Kirmizigul S.; Ani! H.; Ucar F. and Akdemir K. (!996). Antimicrobial and 

antifungal activities of three new triterpenoid glycosides. Phytotherapy Research. 

10: 274-276. 

80. Sudharmini D. and Nair. A.S. (2008). Antimicrobial studies oftriterpenoid fractions 

from Myxopyrum smilacifolium. Ethnobotanical Leajlets.l2: 912-915. 



48 

81. Mbwambo Z.H.; Moshi M.J.; Masimba P.J.; Kapingu M.C. and Nondo R.S. (2007). 

Antimicrobial activity and brine shrimp toxicity of extracts of Termina/ia brownii 

roots and stems. Oxford Journals. 3: 261-265. 

82. James.T.J. and Dubery I.A. (2009). Pentacyclic triterpenoids from the medicinal 

herb, Centella asiatica (L).Urban. Molecules.14; 3922-3941. 

83. Misra L.N.; Dixit A.K. and Sharma R.P. (1997). High concentration of 

hepatoprotective oleanolic acid and its derivatives in Lantana camara roots. Planta 

Medica. 63:582-583. 

84. Rajenderan M.T. (20 I 0). Ethnomedicinal uses and antimicrobial properties of 

Melastoma malabathricum. SEG Review. 3: 34-44. 

85. Chaudhury P.K.; Srivastava R.; Kumar S. and Kumar S. (2004). Phytotoxic and 

antimicrobial constituent of Bacapa monniera and Holmekioldia sanguinea. 

Phytotheraphy Research, 18: 114-117. 

86. Ghosh P.; Mandai A.; Chakraborty P.;.Rasul M.G.; Chakraborty M. and Saha A. 

(20 I 0). Triterpenoids from Pr,sidium guajava with biocidal activity .Indian Journal 

of science. 72:504-507. 

87. Yogeeswari P. and Sriram D. (2005). Betulinic acid and its derivatives-a review 

their biological properties. Current Medicinal Chemistry. 12: 657-666. 

88. Shaft P.M.; Nambiar M.K.G.; Clery R.A.; Sarna Y.R. and Veena S.S. (2004). 

Composition and antifungal activity of the oil of Artemisia nilagarica (Clarke) 

Pamp. Journal of Essential Oil Research 16: 377-379. 

89. Barre J.T.; Bowden B.F.; Coli J.C.; Jesus J.; Fuente V.E.; Janairo G.C. and Ragasa 

C.Y. (1997). A bioactive triterpene from Lantana camera. Phytochemistry. 45: 321-

324. 

90. Ahmed A.A.; Bishr M.M.o...Ross S.A. (2005). Rare trisubstituted sesquiterpens 

daucanes from the wild Daucus carat a. Phytochemistry. 66: 1680-1684. 

-· 



49 

91. Barrow G.H. and Feltham R.K.A. ( 1993). Cowan and Steel's Manual for 

Identification ·of Medical Bacteria. Third edition. Cambridge University Press, 

Cambridge. pp.331. 

92. Scher J.M.; Speakman J.B.; Zapp .J. and Becker H. (2004). Bioactivity guided isolation of 

antifungal compounds from the liverwort Bazzania trilobata (L.)S.F. Gray. Phytochemistry. 

65:2583-2588. 

93. Digrak M.; Hakki Alma. M. and Ilcim A. (2001). Antibacterial and antifungal 

activities of Turkish medicinal plants. Pharmaceutical Biology. 39:346-350. 

94. Ragasa C.Y.; De Luna R.D.and Hofilena J.G. (2005). Antimicrobial terpenoids from 

Pterocarpus indicus. Natural Product Research. 19: 305-309. 

95. Parveen M.; Ghalib R.Z. and Khan am Z. (20 I 0). A novel antimicrobial agent from 

the leaves of Peltophorum vogelianum. Natural Product research. 24: 1268-1273. 

96. Ramesh N.; Viswanathan M.B. and Saraswathy A. (2002). Phytochemical and 

Antimicrobial studies of Begonia malabarica. Journal of Ethnopharmacology. 79: 

129-132. 

97. Durapandiyan V.; Gnanasekar M!>.qgnacimuthu S. (20 I 0). Antifungal activity of 

triterpenoid isolated from Azima tetracantha leaves. Folia Histo Chemica et 

Cytobiologica. 48: 311-313. 

98. Singh B. and Dubey M.M. (200 I). Estimation of triterpenoids from Heliotropium 

marifolium in vivo and in vitro antimicrobial screening. Phytotheraphy Research. 

15: 231-234. 

99. Joseph B.and Raj S.J. (2010). Phytophermacological Properties of Ficus racemosa 

linn -An-Overview. International Journal of Pharmaceutical Sciences. 3: 134-138. 

I 00. Siddiqui S.; Hafeez F. and Begum S. (1998). Oleanderol, a new pentacyclic 

triterpene from the leaves of Nerium oleander. Journal of Natural products. 51:229-

233. 


