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1. Introduction

Bacteria are non-chlorophyllated unicellular organisms that reproduce by fission and do not
present nuclear envelope. Gram’s stain is a staining technique used to classify bacteria based
on the different characteristic of their cell walls. Gram-positive or Gram-negative bacteria
are determined by the amount and location of peptidoglycan in the cell wall, exhibiting
different chemical compositions and structures, cell-wall permeabilities, physiologies,
metabolisms, and pathogenicities.

Microbial diseases present a significant clinical interest because some species of bacteria are
more virulent than other ones and show alteration in sensibility to the conventional
antimicrobial drugs, mainly species of the genera Staphylococcus, Pseudomonas, Enterococcus,
and Pneumococcus. The extensive use of the penicillin since the Second World War promoted
the appearance of the first strains of penicillin-resistant Gram-positive bacteria (Silveira et
al., 2006). Vancomicin and methicillin showed a large spectrum of bactericidal actions
against many Gram-positive bacteria. However, some strains also presented resistance to
these compounds, as observed to the drugs vancomycin-resistant Enterococcus (VRE) and
methicillin-resistant Staphylococcus aureus (MRSA), respectively. As a consequence, the
resistance that pathogenic microorganisms build against antibiotics has stimulated the
search of new antimicrobial drugs (Al-Fatimi et al., 2007; Rahman et al., 2002).

In the last few decades, the ethnobotanical search has been the subject of very intense
pharmacological studies about drug discovery as potential sources of new compounds of
therapeutic value in the treatment of bacterial diseases (Matu & Staden, 2003). The importance
of secondary metabolites for the antimicrobial activity has been observed to triterpenoid
compounds (Geyid et al., 2005). The triterpenes are widely distributed in the plant and animal
kingdoms and occur in either a free state or in a combined form, mainly in the form of esters
and glycosides (Ikan, 1991). Triterpenes present a carbon skeleton based on six isoprene units,
being biosynthetically derived from the squalene, which may usually yield the pentacyclic
triterpenes with six-membered rings. These pentacyclic triterpenes (PCITs) present a basic
skeleton which provides a large amount of derivative structures because different positions on
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2 A Search for Antibacterial Agents

their skeleton may be substituted. As result, there are at least 4000 known PCTTs (Dzubak et
al., 2006), exhibiting a large spectrum of biological activities (James & Dubery, 2009). Some
classes of triterpenes present other skeleton, such as fernane- and lupane-type triterpenes.

Basic skeleton of
fernane-type triterpenes

Basic skeleton of

Basic skeleton of PCTT lupane-type triterpenes

The literature describes the isolation of triterpenes from the vegetal species which exhibit
bactericidal activity (Katerere et al., 2003; Sunitha et al., 2001; Ryu et al., 2000; Yun et al.,
1999). Table 1 shows the most recent studies relating plant that exhibit bactericidal activity
and contain triterpenes. The activity against Gram-negative bacteria has been few studied in
relation to Gram-positive ones. The Gram-positive bacteria more studied are S. aureus, B.
subtilis, B. cereus, and S. faecalis (24, 11, 7, and 6 occurrences, respectively). On the other
hand, the Gram-negative bacteria more studied are P. aeroginosa, E. coli, K. pneumoniae, and

S. typhi (15,13, 9, and 6 occurrences, respectively).

Species Isolated compound Activity _against G.r am- Activity 2 gainst G.ram- Ref.
positive bacteria negative bacteria
Abies Triterpenes Bacillus subtilis and - Gaoetal,,
sachalinensis Staphylococcus aureus 2008
Acacia mellifera Triterpenes S. aureus - Mutai et al.,
2009
Alstonia Triterpenes and S. aureus, Staphylococcus Escherichia coli and Chattopadh
macrophylla steroids saprophyticus, and Proteus mirabilis yay et al.,
Streptococcus faecalis 2001
Austroplenckia Triterpenes S. aureus - Miranda et
populnea al., 2009
Aquilaria Triterpenes, alkaloids, Bacillus brevis and B. Pseudomonas aeruginosa Dash et al.,
agallocha anthraquinones, and subtilis and Shigella flexneri 2008
tannins
Azadirachta Triterpenes, glycosides, Micrococcus luteus and S. P. aeruginosa and Proteus Khan et al.,
indica and fatty acids aureus vulgaris 2010
Azima Triterpenes, steroids, S. aureus and B. subtilis E. coli, Klebsiella Ekbote et
tetracantha and tannins pneumoniae, and P. al., 2010
aeruginosa
Calophyllum Triterpenes S. aureus - Yimdjo et
inophyllum al., 2004
Cardiospermum Triterpenes, steroids, B. subtilis P. aeruginosa and Vijietal,
helicacabum sugars, alkaloids, Salmonella typhi 2010
phenols, saponins,
aminoacids, and
tannins
Cedrus deodara Triterpenes, alkaloids, Bacillus cereus, E. faecalis, E. coli, K. pneumoniae, Devmurari,
steroids, flavonoids, and S. aureus and P. aeruginosa 2010
tannins, phenolic
compounds, and

Table 1. Vegetal species that exhibit bactericidal activity and contain triterpenes
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Activity against Gram-

Activity against Gram-

Species Isolated compound positive bacteria negative bacteria Ref.
Commiphora Triterpenes B. subtilis, Clostridium - Motlhanka
glandulosa perfringens, and S. aureus etal., 2010
Dendrophthoe Triterpenes, steroids, B. cereus, B. subtilis, M. Enterobacter aerogenes, E. Pattanayak
falcata tannins, and glycosides luteus, S. aureus, coli, K. pneumoniae, P. et al., 2008
Staphylococcus aeruginosa, Serratia
epidermidis, and marcescens, and S. typhi
Streptococcus pneumoniae,
Dichrostachys Triterpenes and B. subtilis and S. aureus E. coli and P. aeruginosa Eisa et al.,
cinerea steroids 2000
Drynaria Triterpenes, coumarins, B. subtilis and S. aureus E. coli, K. pneumoniae, P. Ramesh et
quercifolia flavones, lignans, aeruginosa, and S. typhi al., 2001
saponins, and steroids
Elaeodendron Triterpenes B. cereus, B. subtilis, and - Maregesi et
schlechteranum S. aureus al., 2010
Ficus ovata Triterpenes B. cereus, S. aureus, and Citrobacter freundii, E. Kuete et al.,
S. faecalis coli, K. pneumoniae, P. 2009
aeruginosa, and S. typhi
Finlaysonia Triterpenes S. aureus E. coli and P. aeruginosa Mishra &
obovata Sree, 2007
Galium Triterpenes, saponins, S. aureus methicillin- - Bolivar et
mexicanum flavonoids, resistant (MRSA) al.,, 2011
sesquiterpene lactones,
and glucosides
Garcinia Triterpenes, alkaloids, B. subtilis and S. aureus Aeromonas hydrophila, K. Maridass et
gummicutta steroids, oils, catechins, pneumoniae, P. al., 2010
and phenolics aeruginosa, and S. typhi
Leucas aspera Triterpenes S. pneumoniae E. coli Mangathay
aru etal.,
2005
Miconia Triterpenes B. cereus - Cunha et
ligustroides al., 2010
Mirabilis jalapa Terpenes and B. cereus, E. faecalis, and E. coli, K. pneumoniae, Hajji et al.,
flavonoids M. luteus and P. aeruginosa 2010
Moringa oleifera Triterpenes, alkaloids, E. faecalis and S. aureus Aeromonas cavige and Peixoto et
flavonoids, Vibrio arahaemolyticus al., 2011
sesquiterpenes,
lactones, diterpenes,
and naphtoquinones
Mussaenda Triterpenes - Porphyromonas gengivalis Kim et al.,
macrophylla 1999
Phyllanthus Triterpenes, steroids, S. aureus E. coli, P. aeruginosa, and Chouhan &
simplex lignans, flavonoids, S. flexneri Singh, 2010
glycosides, and
phenolic compounds
Psidium Triterpenes, tannins, B. subtilis and S. aureus E. coli and P. aeruginosa Sanches et
guajava and flavonoids al., 2005
Pulicaria Triterpenes and B. cereus and S. aureus Vibrio cholera Nickavar &
dysenterica steroids Mojab, 2003
Tridesmostemon Triterpenes S. aureus and S. faecalis E. coli, K. pneumoniae, P. Kuete et al.,
omphalocarpoides vulgaris, Shigella 2006
dysenteriae, and S. typhi
Triumfetta Triterpenes, Steroids, B. cereus, E. faecalis, and E. coli, K. pneumoniae, Devmurari
rhomboidea flavonoids, tannin, and S. aureus and P. aeruginosa etal., 2010
phenolic compounds
Vochysia Triterpenes S. aureus - Hess et al.,,
divergens 1995

Table 1. Vegetal species that exhibit bactericidal activity and contain triterpenes (contd.)
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Some plants exhibit a broad spectrum of activity against both Gram-positive and Gram-
negative bacteria and contain other chemical classes, such as coumarins, flavonoids, phenolic
compounds, and alkaloids. However, there is an expressive quantity of vegetal species that
only triterpenes were isolated, suggesting an intrinsic relationship between this chemical class
and the bactericidal activity of these plants. Thus, the present work provides an extensive
search in original and review articles addressing the bactericidal activity of triterpenes, which
may inspire new biomedical applications, considering atom economy, the synthesis of
environmentally benign products without producing toxic by-products, the use of renewable
sources of raw materials, and the search for processes with maximal efficiency of energy. To
systematization of the results, it was considered that the biological activities are related to the
presence of functionalized sites on the chemical structure of each triterpene. Obviously the
obtained data do not make them possible the comparison of the intensity of bactericidal
activities among the active triterpenes. Moreover, many triterpenes were tested against few
species of bacteria, and as a consequence this work only records biological positive test.

Table 2 shows the bactericidal activity of oleanane-type triterpenes isolated from vegetal
species and fungi (Compounds 1 to 43 shown in Figure 1). In the case of Gram-positive
bacteria, oleananes with different functionalizations exhibit activity against S. aureus and a
relationship between chemical structure and bactericidal activity could not established. The
oleananes 6, 20, 21, 35, and 36 exhibit activity against E. faecalis. All these compounds
present functional groups on the alpha side of the triterpene skeleton (hydroxyl group at C-
1 and oxygenated group at C-20 or C-16). Compounds 1 to 5, and 42 exhibit activity against
M. luteus and present carboxyl group at C-17 or C-20 and oxygenated group at C-3. The
presence of a functional group at C-17 is an important criterion to the activity against B.
subtilis, except compounds 29 and 43, which are carboxyl group funcionalized at other
positions (i.e. C-3 and C-20, respectively). The activity against S. mutans is exhibited by the
compounds 14, 15, 17, 18, and 24, which present oxygenated group at C-3 and carboxyl
group at C-17. Few oleanane-type triterpenes were tested against S. pneumoniae and B.
pumilus, and as a consequence, relationships between chemical structure and activity against
these Gram-positive bacteria were not possible.

Considering the Gram-negative bacteria, Table 2 shows many oleananes active against E.
coli. These compounds present different functional groups at the oleanane skeleton, but all
them present oxygenated group at C-3. Compounds 13-16, 19, 26, 28-38, and 43 exhibit
activities against S. typhi and only present oxygenated group at C-3 in common. The activity
against S. sonnei is registered for the compounds 7, 8, 10, and 13, which present carboxyl
group at C-17 and oxygenated group at C-3. Similarly, the activity against P. gingivalis is
registered for the compounds 14, 15, 18, 24, and 25, which present carboxyl group at C-17
and oxygenated group at C-3. Only two compounds exhibited activity against P. fluorencens
(11 and 12) and both the oleananes present hydroxyl group at C-19 on the alpha-side of the
skeleton. Few oleananes were tested against V. cholera, S. dysenteriae, S. flexneri, S. boydii, P.
aeruginosa, and C. pneumoniae and relationships between chemical structure and activity
against these Gram-negative bacteria were not possible.

Figure 2 shows the ursane-type triterpenes with bactericidal activity isolated from vegetal
species. For the Gram-positive bacteria, the ursanes active against S. aureus and B. subtilis
present oxygenated group at C-3 in common. Few compounds exhibited positive tests
against S. epidermidis, A. viscosus, M. luteus, S. mutans, C. perfrigens, S. faecalis, and B. cereus.
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In the case of Gram-negative bacteria, the ursanes active against E. coli present an
oxygenated group at C-3 in common. The ursanes active against S. sonnei, S. flexneri, B. typhi,
K. pneumonae, and P. aeroginosa concomitantly present oxygenated groups at C-3 and C-17.

Figure 3 shows the lupane-, friedelane-, and fernane-type triterpenes with bactericidal
activity isolated from vegetal species. Friedelin (compound 68) exhibits the largest spectrum
of activities against Gram-positive bacteria (Bacillus megaterium, Bacillus stearothermophilus, S
aureus, and S. faecalis) and Gram-negative bacteria (C. freundi, E. aerogenes, Enterococcus
cloacae, K. pneumoniae, Morganella morganii, P. aeruginosa, P. mirabilis, P. vulgaris, S. dysenterie,
S. flexneri, and S. typhi, Salmonella typhimurium). This compound only presents
functionalization at C-3 (carbonyl group at position C-3 on the triterpene skeleton). As a
consequence, the position C-3 could be considered as a strategic position to bactericidal
activity of all triterpenes above-mentioned. However, the fernanes 82-84 do not present
functional groups at C-3, but exhibit activity against M. tuberculosis.

The compounds shown in the Figures 4 and 5 are miscellaneous-types of triterpenes isolated
from vegetal species or obtained from hemi-synthesis which exhibit bactericidal activity.
The variety of their chemical structures does not permit to establish relationships with the
bactericidal activities showed in the Tables 2 and 3. However, among the triterpenes shown
in the Figures 1 to 5 and Tables 2 and 3, 90% of them exhibit activity against Gram-positive
bacteria and 60% of them exhibit activity against Gram-negative bacteria. These results
indicate higher resistance of Gram-negative Bacteria to the triterpenes.

Activity
Activity against against
Compound Vege.tal Gramt-};)ofitive Ggram- Ref.
species bacteria negative
8
bacteria
2a-Hydroxy-3-oxoolean-12-en-30-oic acid Dillenia B. subtilis and M. E. coli Nick et al.,
1) papuana luteus 1994
Olean-1,12-dien-29-oic acid, 3-oxo (2) Dillenia B. subtilis and M. E. coli Nick et al.,
papuana luteus 1994
la-Hydroxy-3-oxoolean-12-en-30-oic acid Dillenia B. subtilis and M. E. coli Nick et al.,
3) papuana luteus 1994
2-Ox0-3p-hydroxyolean-12-en-30-oic acid Dillenia B. subtilis and M. E. coli Nick et al.,
4) papuana luteus 1994
Olean-12-en-1,3-dihydroxy (5) Dillenia B. subtilis and M. E. coli Nick et al.,
papuana luteus 1994
3,30-Dihydroxyl-12-oleanen-22-one (6) Cambretum E. faecalis and S. E. coli Angeh et
imberbe aureus al., 2007;
Katerere et
al., 2003
Arjulonic acid (7) Syzygium B. subtilis E. coli and Djoukeng et
Quineense Shigella sonnei al., 2005
Terminolic acid (8) Syzygium B. subtilis E.coliand S. | Djoukeng et
guineense sonnei al., 2005
2a,3,24-Trihydroxyolean-12-en-28-oic Planchonia MRSA Enterococcus McRae et
acid (9) careya vancomicin- al., 2008
resistant
(VRE)
2,3,23-Trihydroxy-(2a,3p,4a) olean-11-en- Syzygium B. subtilis E. coli and S. Djoukeng et
28 oic acid (10) guineense sonnei al., 2005

Table 2. Bactericidal activity of triterpenes isolated from vegetal species and fungi
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Activity
Activity against against
Compound Vege'tal Gramt-}},)o;gitive C%ram— Ref.
species bacteria negative
8
bacteria
Arjungenin (11) Planchonia Pseudomonas McRae et
careya fluorencens al., 2008
Arjunic acid (12) Terminalia P. fluorencens Sunetal.,,
arjuna 2008
3-Acetyl aleuritolic acid (13) Spirostacheps S. aureus E. coli, Shigella Mathabe et
africana boydii, S. al., 2008
dysenteriae, S.
flexneri, S.
sonnei, S. typhi,
and V. cholera
Oleanolic acid (14) Periplaca Spretococcus E. coli, P. Hichri et al.,
laevigata mutans and S. gingivalis, and 2003
aureus S. typhi
Oleanolic acid acetate (15) Periplaca S. mutans and S. E. coli, P. Hichri et al.,
laevigata aureus aeruginosa, P. 2003
gingivalis, and
S .typhi
Maslinic acid acetate (16) Periplaca S. aureus E. coli, P. Hichri et al.,
laevigata aeruginosa, and 2003
S. typhi
Methyl 3-acetyloleanolic acid (17) Vitis vinifera S. mutans Rivero-
Cruzetal.,,
2008
Methy]l oleanolic acid (18) Vitis vinifera S. mutans P.gingivalis Rivero-
Cruzetal,,
2008
Oleanolic acid 28-O-[p-D- Drypetes paxii S. aureus E. coliand S. Chiozem et
glucopyranosyl] Ester (19) typhi al., 2009
1a,3p-Dihydroxyolean-12-en-29-oic acid Cambretum E. faecalis and S. E. coli Angeh et
(20 imberbe aureus al., 2007;
Katerere et
al., 2003
1a,3p-Hydroxyimberbic-acid-23-O-f-L-4- Cambretum E. faecalis and S. - Angeh et
acetylrhamnopyranoside (21) imberbe aureus al., 2007;
Katerere et
al., 2003
1,3,24-Trihydroxyl-12-olean-29-oic acid Cambretum S. aureus E. coli Angeh et
(22) imberbe al., 2007;
Katerere et
al., 2003
1a,23-Dihydroxy-12-oleanen-29-oic acid- Cambretum S. aureus E. coli Angeh et
3p-0-2,4-diacetyl-L-thamnopyranoside imberbe al., 2007;
(23) Katerere et
al., 2003
3-0-(30,30-dimethylsuccinyl)-oleanolic Vitis vinifera S. mutans P. gingivalis Rivero-
acid (24) Cruz etal.,
2008
3-0-(20,20-dimethylsuccinyl)oleanolic Vitis vinifera - P. gingivalis Rivero-
acids (25) Cruz etal.,
2008
3p,6R,13p-Trihydroxyolean-7-one (26) Camellia S. aureus E. coli, S. Ling et al.,
sinensis dysenteriae, 2010
and S. typhi

Table 2. Bactericidal activity of triterpenes isolated from vegetal species and fungi (contd.)
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Activity
Activity against against
Compound Vege'tal Gramt-}},)o;gitive C%ram— Ref.
spectes bacteria negative
8
bacteria
18a-Oleanane-3f-0l,19f,28-epoxy (27) - Chlamydia Dehaen et
pneumoniae al., 2011
9B,25-cyclo-3p-O-(p-D-glucopyranosyl)- Syniplocos B. subtilis and S. E. coli and P. Semwal et
echynocystic acid (28) panicrelata aureus aeruginosa al.,, 2011
3-Oxoolean-1,12-dien-30-oic acid (29) Dellenia B. subtilis E. coli Nick et al.,
papuana 1994
3R-Hydroxyolean-12-en-27-oic acid (30) Aceriphyllum MRSA, - Zheng et
10ssii quinolone al., 2008
resistance S.
aureus (QRSA),
and S. aureus
3p-Hydroxyolean-12-en-27-oic acid (31) Aceriphyllum MRSA, QRSA, - Zheng et
105511 and S. aureus al., 2008
Aceriphyllic acid A (32) Aceriphyllum MRSA, QRSA, - Zheng et
rossii and S. aureus al., 2008
Methyl ester of aceriphyllic acid A (33) Aceriphyllum MRSA, QRSA, - Zheng et
105sii and S. aureus al., 2008
22a-Acetyl-16a,21p-dihydroxyoleanane- Maesa S. aureus - Manguro et
13p:28-olide-3-O-[f-glucopyranosyl- lanceolata al., 2011
(1m_>61)][6n_o_
coumaroylglucopyranosyl-(1"—2")]-g-
glucopyranoside (34)
16a,22a-Diacetyl-21p-angeloyloleanane- Maesa B. subtilis, E. E. coli, P. Manguro et
13p:28-olide-3p-O-[f-glucopyranosyl- lanceolata faecalis, S. aureus, aeruginosa, al., 2011
(1"—>2"][p-glucopyranosyl-(1"—4")]-p- and S. pneumoniae | and V. cholera
glucopyranoside (35)
16a,22a,28-Trihydroxy-214- Maesa E. faecalis and S. S. typhi and Manguro et
angeloylolean-12-ene-3f-O-[a- lanceolata pneumoniae V. cholera al., 2011
rhamnopyranosyl-(1""—6")][p-
glucopyranosyl-(1"—2")]-g-
xylopyranoside(36)
160,28-dihydroxy-22a-acetyl-21p- Maesa B. subtilis S. typhi and Manguro et
angeloylolean-12-ene-3-O-[ - lanceolata V. cholera al., 2011
galactopyranosyl-(1"—2")][a-
rhamnopyranosyl-(1"'—4')]-a-
arabinopyranoside (37)
Chikusetsusaponin IVa methyl Ester (38) Drypetes - E. coliand S. Fannang et
laciniata typhi al., 2011
3p-[(a-L-Arabinopyranosyl)-oxy]olean- Clematis B. subtilis - Ding et al.,
12-en-28-oic acid (39) ganpiniana 2009
Hederagenin-3p-O-a-L- Clematis Bacillus pumilus x Ding et al.,
arabinopyranoside (40) ganpiniana and B. subtilis 2009
3p-0-a-L-Rhamnopyranosyl-(1—2)-a-L- Clematis B. pumilus and B. E. coli Dingetal.,
arabinopyranosyl oleanolic acid (41) ganpiniana subtilis 2009
a-Hederin (42) Clematis B. pumilus, B. E.coliand S. Ding et al.,
ganpiniana subtilis, M. luteus, dysenteriae 2009
and S. aureus
5,6(11)-Oleanadien-3p-ethan-3-oate (43) Rhododendron B. subtilis and S. E. coli, K. Tantry et
campanulatum aureus preumoniae, al., 2011
and S. typhi
Asiatic acid (44) Syzygium B. subtillis E.coliand S. Djoukeng et
guineense sonnei al., 2005
Hydroxyasiatic acid (45) Syzygium B. subtilis E. coliand S. Djoukeng et
guineense sonnei al., 2005

Table 2. Bactericidal activity of triterpenes isolated from vegetal species and fungi (contd.)
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Activity
Activity against against
Compound Vege‘tal Gramt-}},)o;gitive C%ram— Ref.
species bacteria negative
8
bacteria
Eleganene-A (46) Myricana B. subtilis and S. S. flexneri and Ahmad et
elegans aureus S. typhi al., 2008
Eleganene-B (47) Myricana B. subtilis and S. E. coli, P. Ahmad et
elegans aureus aeruginosa, S. al., 2008
flexneri, and S.
typhi
(20,3p)-2,3,23-Trihydroxy-13,28- Eucalyptus S. aureus and S. E. coli, K. Tsiri et al.,
epoxyurs-11-en-28-one (48) camaldulensis epidermidis pneumonde, 2008
and P.
aeruginosa
Ilexgenin A (49) Ilex hainanensis Actinomyces - Chenetal.,,
viscosus and S. 2011
mutans
Rotundic acid (50) Ilex integra B. subtilis, M. P. aeruginosa Haraguchi
luteus, and S. et al., 1999
aureus
Ursolic acid (51) Geum rivale S. aureus E. coliand P. Panizzi et
aeruginosa al., 2000
15,2p,3p-Trihydroxy-urs-12-ene-23-oic- Commiphora B. subtilis, C. - Montlhanka
rhamnoside (52) glandulosa perfringens, and S. etal., 2010
aureus
Erythrodiol (53) Myricana B. subtilis P. aeruginosa Ahmad et
elegans and S. flexneri al., 2008
Corosolic acid (54) Myricana B. subtilis P. aeruginosa Ahmad et
elegans and S. flexneri al., 2008
1p,3p-Dihydroxyurs-12-en-27-oic acid Carophora B. subtilis and - Khera et al.,
(55) coronata MRSA 2003
22f-Acetyl lantoic acid (56) Lantana camara S. aureus E. coli, P. Barre et al.,
aeruginosa, 1997
and S. typhi
Lantic acid (57) Lantana camara B. cereus, B. E. coli Saleh et al.,
subtilis, M. luteus, 1999
S. aureus, and S.
faecalis
22f-Acetoxylantic acid (58) Lantana S. aureus E. coli, P. Barre et al.,
Camara aeruginosa, 1997
and S. typhi
Taraxast-20-ene-3$-ol (59) Saussurea B. subtilis and S. E. coli Dai et al,,
petrovii aureus 2001
Taraxast-20(30)ene-3,21a-diol (60) Saussurea B. subtilis and S. E. coli Dai et al,,
petrovii aureus 2001
20a,21a-Epoxy-taraxastane-3,22a-diol Saussurea B. subtilis and S. E. coli Dai et al.,
(61) petrovii aureus 2001
Taraxast-20-ene-3-ol (62) Saussurea B. subtilis and S. E. coli Dai et al,,
petrovii aureus 2001
Taraxast-20-ene-3 ,30-diol (63) Saussurea B. subtilis and S. E. coli Dai et al,,
petrovii aureus 2001
20(29)-Lupene-3p-isoferulate (64) Euclea B. pumilus - Weigenand
natalensis et al., 2004
Lupeol (65) Curtisia dentata B. subtilis and S. E.coliand P. Shai et al.,
aureus aeruginosa 2008
Betulinic acid (66) Curtisia dentata B. subtilis and S. E.coliand P. Shai et al.,
aureus aeruginosa 2008

Table 2. Bactericidal activity of triterpenes isolated from vegetal species and fungi (contd.)
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Activity
Activity against against
Compound Vege‘tal Gram-positive Gram- Ref.
species bacteria negative
bacteria
Betulin (67) Myricana - C. pneumoniae Dehaen et
elegans al., 2011;
Ahmad et
al., 2008
Friedelin (68) Visnia Bacillus C. freundi, E. Tamokou et
rubescens megaterium, aerogenes, al., 2009;
Bacillus Enterococcus Kuete et al.,
stearothermophilus, cloacae, K. 2009, 2007,
S aureus, and S. pneumoniae, 2006
faecalis Morganella
morganii, P.
aeruginosa, P.
mirabilis, P.
vulgaris, S.
dysenterie, S.
flexneri, and S.
typhi,
Salmonella
typhimurium
3-Oxo-friedelan-20a-oic acid (69) Maytenus B. subtilis and S. E. coli, K. Lindsey et
sinegalensis aureus pneumoniae, al., 2003;
and S. flexneri Lindsey et
al., 2006
3p-Hydroxyfriedelane-7,12,22-trione (70) Drypetes - E. coli, P. Fannang et
laciniata aeruginosa, al., 2011
and S. typhi
12a-Hydroxyfriedelane-3,15-dione (71) Drypetes paxii S. aureus Chiozem et
al., 2009
Friedelanol (72) Visnia S. aureus P. aeruginosa Angeh et
rubescens and S. typhi al., 2007;
Katerere et
al., 2003
3p-Hydroxyfriedelan-25-al (73) Drypetes paxii S. aureus - Chiozem et
al., 2009
3-Hydroxy-2,24-dioxo-3-friedelen-29-oic Elaeodendron B. cereus and S. - Maregesi et
acid (74) schlechteranum aureus al., 2010
22p-Hydroxytingenone (75) Elaeodendron B. cereus and S. - Maregesi et
schlechteranum aureus al., 2010
2,3,7-Trihydroxy-6-oxo0-1,3,5(10),7- Crossopetalum B. cereus, M. - Ankli et al.,
tetraene-24-nor-friedelane-29-oic acid gaumeri luteus, and S. 2000
methyl ester (76) epidermidis
Zeylasterone (77) Maytenus S. aureus X Léon et al.,
blepharodes 2010
Dimethylzeylasterone (78) Maytenus S. aureus - Léonetal.,
blepharodes 2010
Zeylasteral (79) Maytenus S. aureus - Léonetal.,
blepharodes 2010
Dimethylzeylasteral (80) Maytenus S. aureus - Léon et al.,
blepharodes 2010
30-Ethyl-2a,16a-dihydroxy-3p-O-(-D- Syniplocos B. subtilis and S. E. coli and P. Semwal et
glucopyranosyl)-hopan-24-oic acid (81) panicrelata aureus aeruginosa al., 2011
Hopan-27-al-6f,11R,22-triol (82) Conoideocrella - Mycobacterium Isaka et al.,
tenuis (fungus) tuberculosis 2011
A'-Neogammacerane-6,11,22,27-tetrol Conoideocrella - M. tuberculosis Isaka et al.,
(83) tenuis (fungus) 2011

Table 2. Bactericidal activity of triterpenes isolated from vegetal species and fungi (contd.)
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Activity
Activity against against
Compound Vege'tal Gramt-}},)o;gitive C%ram— Ref.
species bacteria negative
8
bacteria
Hopane-6f,7,22-triol (84) Conoideocrella - M. tuberculosis Isaka et al.,
tenuis (fungus) 2011
Dysoxyhainic acid G (85) Dysoxylum B. subtilis, M. - Heetal,
hainanense luteus, and S. 2011
epidermidis
20-Epikoetjapic acid (86) Osyris B. subtilis and S. E. coli and P. Yeboah et
lanceolata aureus aeruginosa al., 2010
Dysoxyhainic acid ] (87) Dysoxylum B. subtilis and S. - Heetal,,
hainanense epidermidis 2011
(9,11),(18,19)-Disecoolean-12-en-28-oic Ficus B. subtilis and S. E. coli and Parveen et
acid (88) benjamina aureus S.typhimurium al., 2009
2-Chrysene acetic acid, 9-carboxy- Dillenia B. subtilis and M. E. coli Nick et al.,
1,2,3,4,4a,4b,5,6,6a,7,8,9,10,10a,12,12a- papuana luteus 1994
hexadecahydro-o,a,1,4a,4b,6a,9-
heptamethyl-1-(2-oxoethyl),2-methyl
ester (89)
Polyporenic acid C (90) Fomitopsis S. aureus - Popova et
rosea (fungus) al., 2009
Dysoxyhainic acid I (91) Dysoxylum B. subtilis and S. - Heetal,
hainanense epidermidis 2011
3a-Hydroxy-24-methylene-23-oxolanost- Fomitopsis S. aureus - Popova et
8-en-26-carboxylic acid (92) rosea (fungus) al., 2009
3a-Carboxyacetoxyquercinic acid (93) Fomitopsis S. aureus - Popova et
rosea (fungus) al., 2009
3a-Oxepanoquercinic acid C (94) Fomitopsis S. aureus - Popova et
rosea (fungus) al., 2009
Lamesticumin F (95) Lansium B. cereus and B. - Dong et al,,
domesticum subtilis 2011
3a- Fomitopsis S. aureus - Popova et
(3'Butylcarboxyacetoxy)oxepanoquercinic | rosea (fungus) al., 2009
acid C (96)
Helvolic acid (97) Pichia B. subtilis, S. Agrobacterium Zhao et al,,
quilliermondii aureus, and tumifaciens, E. 2010
(fungus) Staphylococcus coli,
haemolyticus Pseudomonas
lachrymans,
Ralstonia
solanacearum,
and
Xanthomonas
vesicatoria
5a,8a-Epidioxi-24(S)-methylcholesta-6,22- Fomitopsis S. aureus Popova et
diene-3-ol (98) rosea (fungus) al., 2009
1,3,16p-yl-Phenypropylacetate-lanostan- Stachyterphita S. aureus and S. E. coli and P. Maregesi et
5,11,14,16,23,25-hexen-22-one (99) jamaicensis faecalis aeruginosa al., 2010
Dysoxyhainic acid H (100) Dysoxylum B. subtilis and M. - Heetal,,
hainanense luteus 2011
3p-O-cis-p-Coumaroyltormentic acid (101) Planchonia S. aureus VRE McRae et
careya al., 2008
3p-O-trans-p-Coumaroyltormentic acid Planchonia S. aureus VRE McRae et
(102) careya al., 2008

Table 2. Bactericidal activity of triterpenes isolated from vegetal species and fungi (contd.)
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Activity
Activity against against
Compound Vege‘tal Gram-positive Gram- Ref.
species bacteria negative
&
bacteria
Lamesticumin C (103) Lansium B. cereus, B. - Dong et al,,
domesticum subtilis, M. luteus, 2011
S. epidermidis, S.
aureus, and
Streptococcus
pyogenes
Lamesticumin D (104) Lansium B. cereus and B. - Dong et al.,
domesticum subtilis 2011
Lamesticumin B (105) Lansium B. cereus, B. - Dong et al.,
domesticum subtilis, M. luteus, 2011
S. aureus, S.
epidermidis, and S.
pyogenes
Lamesticumin E (106) Lansium B. cereus and B. - Dong et al.,
domesticum subtilis 2011
Lansic acid 3-ethyl Ester (107) Lansium B. cereus, B. - Dongetal.,,
domesticum subtilis, M. luteus, 2011
S. aureus, S.
epidermidis, and S.
pyogenes
Ethyl lansiolate (108) Lansium B. cereus, B. - Dongetal.,,
domesticum subtilis, M. luteus, 2011
S. aureus, S.
epidermidis, and S.
pyogenes
Lamesticumin A (109) Lansium B. cereus, B. - Dong et al,,
domesticum subtilis, M. luteus, 2011
S. aureus, S.
epidermidis, and S.
pyogenes
3-Cyclohexene-1-propanoic acid,2-[2- Lansium B. cereus, B. - Dongetal.,,
[(15,2R,3R)-2-(3-ethoxy-3-oxopropyl)-3- domesticum subtilis, M. luteus, 2011
(1-hydroxy-1-methylethyl)-2-methyl-6- S. aureus, S.
methylenecyclohexyl]ethyl]-1,3-dimethyl- epidermidis, and S.
6-(1-methylethenyl) (110) pyogenes

Table 2. Bactericidal activity of triterpenes isolated from vegetal species and fungi (contd.)

Activity against Gram-

Activity against Gram-

Compaund positive bacteria negative bacteria Ref.
p-D-Galactosideo methyl S. aureus - Takechi &
oleanolate (111) Tanaka, 1992
p-D-Xilosideo methyl oleanolate S. aureus - Takechi &
(112) Tanaka, 1992
p-D-Fucosideo methyl oleanolate S. aureus - Takechi &
(113) Tanaka, 1992
p-L-Fucosideo methyl oleanolate S. aureus - Takechi &
(114) Tanaka, 1992
p-Maltosideo methyl oleanolate S. aureus - Takechi &
(115) Tanaka, 1992
p-Maltotriosideo methyl oleanolate S. aureus - Takechi &
(116) Tanaka, 1992
Oleanolic acid acetate (117) S. aureus E. coli and P. aeruginosa Hichri et al.,
2003

Table 3. Bactericidal activity of triterpene derivatives
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Compound Activit'y'against G'ram- Activity flgainst G}‘am— Ref.
positive bacteria negative bacteria
3p-O-Acetate f-amyrin (118) S. aureus E. coli and P. aeruginosa Hichri et al.,
2003
2f,3p-Dihydroxy-ll-oxooleana- B. subtilis Erwinia sp. Pitzele, 1974
12,18-dien-30-oic acid (119)
2f,3a-Dihydroxy- 11 -oxooleana- - Erwinia sp. Pitzele, 1974
12,18-dien-30-oic acid (120)
2f,3a-Dihydroxy- 11 -oxo-18f-olean- B. subtilis - Pitzele, 1974
12-en-30-oic acid (121)
2f,3p-Dihydroxy-ll-oxo-18f-olean- - Erwinia sp. Pitzele, 1974
12-en-30-oic acid (122)
2f,3p-Diacetoxy-11-oxo-18f-olean- - Erwinia sp. Pitzele, 1974
12-en-30-oic acid (123)
3p-Acetyl-11-oxooleanolic acid S. aureus E. coli, P. aeruginosa, and S. Hichri et al.,
(124) typhimurium 2003
Methyl 2f,3a-dihydroxy-18p-olean- - Erwinia sp. Pitzele, 1974
12-en-30-oate (125)
la-Bromo-2,3-dioxo-18p-olean-12- - Erwinia sp. Pitzele, 1974
en-30-oic acid (126)
3p-O-Nicotinoyl-20-(4- S. aureus - Kazakovaa et
methylpiperazin-1-yl)carbonyl-11- al.,, 2010
oxoolean-12(13)-ene (127)
N-3-pyridinacetyloleanolic amide S. aureus E. coli, P. aeruginosa, and S. Hichri et al.,
(128) typhimurium 2003
3p-Hydroxyolean-12-en-28- S. aureus E. coli, P. aeruginosa, and S. Hichri et al.,
carboxydiethylphosphonate (129) typhimurium 2003
3p-Acetoxy-12a-hydroxyoleanan- - S. typhimurium Hichri et al.,
13p,28-olide (130) 2003
Oleanan-28-oic acid, 3,13- S. aureus E. coli, P. aeruginosa, and S. Hichri et al.,
dihydroxy-12-oxo-, y-lactone, typhimurium 2003
acetate (131)
p-Gentiobiosideo methyl ursolate S. aureus - Takechi &
(132) Tanaka, 1993
p-Maltotriosideo methyl ursolate S. aureus - Takechi &
(133) Tanaka, 1993
Urs-12-ene-28-carboxy-3p- Bacillus sphaericus, B. Pseudomonas syringae Mallavadhani
dodecanoate (134) subtilis, and S. aureus etal., 2004
Urs-12-ene-28-carboxy-3f- Bacillus sphaericus, B. P. syringae Mallavadhani
tetradecanoate (135) subtilis, and S. aureus et al., 2004
Urs-12-ene-28-carboxy-3f- Bacillus sphaericus, B. E. coli and P. syringae Mallavadhani
hexadecanoate (136) subtilis, and S. aureus et al., 2004
Urs-12-ene-28-carboxy-3p- Bacillus sphaericus, B. E. coli and P. syringae Mallavadhani
octadecanoate (137) subtilis, and S. aureus etal., 2004
3-Ox0-17-(4-methylpiperazin-1- S. aureus - Kazakovaa et
yl)carbonyloursan-12(13)-ene (138) al., 2010
2-Furfurylidenebetulonic acid (139) S. aureus - Kazakovaa et
al., 2010
(4-Methylpiperazin-1-yl)amide S. aureus - Kloos & Zein,
betulonic (140) 1993
Betulin dioxime (141) - C. pneumoniae Kloos & Zein,
1993
Umbellatin « (142) B. cereus and B. subtilis - Gonzalez et
al., 1992

Table 3. Bactericidal activity of triterpene derivatives (contd.)
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HO,

Glc-coumaroyl-Gle-Of

36: R= Xyl-Glc-Rha; R'= OH
37: R= Ara-Rha-Gal; R'=0Ac

R Rz R
4:RandR'=0; R>=H
5:R=R'=H; R>= OH 7: R=H; R'= Me; R>= CH,0H; R*=H
8: R= OH; R'= Me; R2= CH,OH; R*= H
9: R= H; R'= CH,0H; R%= Me; R3= H
10: R= H; R'= Me; R>= CH,0H; R3=H
11: R=H; R'= Me; R>= CH,OH; R3= OH
12: R=H; R'= Me; R>= Me; R3= OH

20: R= OH; R'=H; R?>=Me

21: R=H; R'= H; R>= Me

22: 1; R'= OH; R?= Me

23: R= 2,4-diacethy-Rha; R'=H; R2= CH,0H

H; R'=0Ac;
16: R= OAc; R'=0Ac;R>=H

3 R2
17: R= H; R'= AcO; R>= Me R e

H; R'= OH; R2= GlcO HO

24: R=R'=Me; R>=R*=H
R!= H; R=R*=Me

30: R= H; R'= OH; R>= Me; R3*=H

31: R=0 H; R>=Me; R3=H

32: R= H; R'= OH; R>= CH,OH; R3*=H
33: R=H; R'= OH; R>= CH,0H; R3= Me

Gle-Gle-Gle-

.Rl

38: R= Glc; R'= Me; R2= Glc

39: R= Ara; R'=Me; R>=H

40: R= Ara; R'= CH,0H; R>=H

41: R= Ara-Rha; R!= Me; R2=H

42: R= Ara-Rha; R'= CH,0H; R?=H

Fig. 1. Oleanane-type triterpenes with bactericidal activity isolated from vegetal species.
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HO,,

HO!

Ho™"

53: R=H; R'= H; R>= CH,0H 56: R= CO,Me
54: R=OH; R'= H; R?>= CO,H 57:R=H
58: R=AcO

55: R=H; R'= OH; R>=Me
49: R= CO,H; R'= OH R
50: R= CH,0H; R!= OH
51: R=Me; R'=H

" OH

62: R=Me

HO 63: R= CH,0H

Fig. 2. Ursane-type triterpenes with bactericidal activity isolated from vegetal species.

R
0
\ —
65: R=Me 68: R= Me
66: R=COH €0 R COM
MeO 67: R= CH,OH : 2

COMe

72: R=Me
73: R= COH

76: R= OH; R'= Me; R>= Me
77: R=H; R'= Me; R>= CO,H
78: R= H; R'= H; R?= CO,H
79: R= H; R'= Me; R?= CHO
80: R=H; R'= H; R>= CHO

82: R= OH; R'= H; R*= CHO
83: R=OH; R'=H; R>= CH,0H
84: R=H; R'= OH; R>= Me

Fig. 3. Lupane-, friedelane-, and fernane-type triterpenes with bactericidal activity isolated
from vegetal species.
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85: R= CO,Me; R'= Me; R*= CO,H
86: R= CO,H; R'= CO,H; R>= Me
87: R= CO,H; R'= Me; R*= CO,H

HO,

92: R= OH; R'= H; R? and R*= CH,
93: R= HO,CCH,CO,; R'= OH; R*= H; R*= Me

101: R=H; R'= p-phenol
102: R= p-phenol; R'=H

HO,

RO,

il
H
109: R=Me
110: R=Et

103: R=OH; R'=H; R?and R*= O
104: R and R'= O; R? = OH; R*= H

Fig. 4. Miscellaneous types of triterpenes with bactericidal activity isolated from vegetal
species.
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117: R= CO,H
118:R=Me 119: R= OH; R'=H

120: R= H: R'= OH 121: R= H; R'= OH; R*= OH
. 122: R=OH; R'=H; R>=OH
123: R=AcO; R'= H; R>= AcO

CON N—

CO— POsEL,

130: R, = OH; R, = H
131: Ry and R, =0

CO,Me

I ‘ e
Me—((‘l—l{)ko
n H

132: R= OGlc-Gle 134:n=10
133: R= OGlc-Gle-Gle 135:n=12
136:n= 14

137:n=16

Fig. 5. Various types of triterpene derivatives obtained from synthesis with bactericidal
activity.
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In conclusion, the general analysis of the relationships between chemical structure and
activity of triterpenes against Gram-positive and Gram-negative bacteria indicates that the
antibacterial activity of the triterpene may be related to the presence of an oxygenated group
at C-3, since 95% of the bactericidal triterpenes present this functionality. This site is
represented by hydroxyl, carbonyl, glycosideo, esther (mainly acethyl), or hydroxylimine
(compound 141). The bactericidal activity is also influenced by the chemical structure of the
substituent group. Glycoside derivatives usually exhibit higher activity, mainly for 1—6
type bonding in relation to 14 type one (Takechi & Tanaka, 1993). The activity is increased
for the triterpenes containing free hydroxyl group at C-3, mainly on the beta-side. In fact,
the activity usually decreased when the position C-3 is an ester derivative (Abreu et al.,
2011). The conversion of the carboxyl group at C-17 on the beta-side to a lactone at C-13 and
C-17 increases the bactericidal activity (Hichri et al., 2003).

Moreover, the bactericidal activity attributed to the C-3 site is not influenced by the steric
effects, because very active compounds contain groups that present large volumes at C-3,
such as compounds 23-25, 28, 36-42, 64, 81, 99, 101, 102, 111-116, 127, and 134-137. A
carboxyl group at C-17 on the beta side is also important — 78% and 81% of the triterpenes
active against Gram-positive and Gram-negative bacteria, respectively, present this
functional group. The same analysis can be made for the compounds containing
functionality at C-20 on the alpha- or beta-side.

The majority of the active triterpenes presents z~bonding at positions C-5, C-6, C-9, C-11, C-
12, and C-13 (i.e., A>6 A%11, and A1213, respectively), few of them present A2030 and A2021, and
m-bondings are absent in few active triterpenes. The bactericidal activities are mainly related
to functional groups at the rings A and E of the triterpene skeleton. Considering a great
quantity of active triterpenes containing m-bonding at the ring C, it may be proposed that
this functionalization is also important to the bactericidal activity.

2. References

Abreu, V.G.C.; Takahashi, ]J.A.; Duarte, L.P.; Pil6-Veloso, D.; Junior, P.A.S., Alves, R.O.;
Romanha, A.J; Alcantara, A.F. C. (2011). Evaluation of the bactericidal and
trypanocidal activities of triterpenes isolated from the leaves, stems, and flowers of
Lychnophora pinaster. Brazilion Journal of Pharmacognosy, Vol. 21, No. 4, pp. 615-621.

Ahmad, W.; Ahkhan, S.; Muhammadzeeshan; Obaidullah; Nisar, M.; Shaheen, F. &
Ahamad, M. (2008). New antibacterial pentacyclic triterpenes from Myricaria
elegans Royle. (tamariscineae). Journal of Enzyme Inhibition and Medicinal Chemistry,
Vol. 2, pp. 1023-1027.

Al-Fatimi, M.; Wurster, M.; Schroder, G.; Lindequist, U. (2007). Antioxidant, antimicrobial
and cytotoxic activities of selected medicinal plants from Yemen. Journal of
Ethnopharmacology, Vol. 111, No. 3, pp. 657-666.

Angeh, ].E; Huang, X.; Sattler, I.; Swan, G.E.; Dahse, H.; H-artl, A.; Eloff, J.N. (2007).
Antimicrobial and anti-inflammatory activity of four known and one new

triterpenoid from Combretum imberbe (Combretaceae). Journal of Ethnopharmacology,
Vol. 110, pp. 56-60.



18 A Search for Antibacterial Agents

Ankli, A.; Heilmanna, J.; Heinrich, M.; Sticher, O. (2000). Cytotoxic cardenolides and
antibacterial terpenoids from Crossopetalum goumeri. Phytochemistry, Vol. 54, pp.
531-537.

Barre, J.T.; Bowden, B.F.; Coll, J.; Jesus, J.; La Fuente, V.E.; Janairo, G.; Ragasa, C.Y. (1997).
Bioactive Triterpene from Lantono camara. Phytochemistry, Vol. 45, No. 2, pp. 321-
324.

Bolivar, P.; Cruz-Paredesa, C.; Herndndez, L.R.; Judrez, Z.N.; Sdnchez-Arreola, E.; Av-Gay,
Y.; Bach, H. (2011). Antimicrobial, anti-inflammatory, antiparasitic, and cytotoxic
activities of Galium mexicanum. Journal of Ethnopharmacology, Vol. 137, No. 1, pp.
141-147.

Chattopadhyay, D.; Maiti, K.; Kundu, A.P.; Chakraborty, M.S.; Bhadra, R.; Mandal, C,;
Mandal, A.B. (2001). Antimicrobial activity of Alstonia macrophylla: a folklore of bay
islands. Journal of Ethnopharmacology, Vol. 77, No. 1, pp. 49-55.

Chen, X.Q.; Zan, K,; Yang, J.; Liu, X.X;; Mao, Q.; Zhang, L.; Lai, M.X,; Wang, Q. (2011).
Quantitative analysis of triterpenoids in different parts of Ilex hainanensis, Ilex
stewardii and Ilex pubescens using HPLC-ELSD and HPLC-MSn and antibacterial
activity. Food Chemistry, Vol. 126, pp. 1454-1459.

Chiozem, D.D.; Trinh-Van-Dufat, H.; Wansi, ].D.; Mbazoa Djama, C.; Fannang, V.S.; Seguin,
E.; Tillequin, F.; Wandji, J. (2009). New Friedelane Triterpenoids with Antimicrobial
Activity from the Stems of Drypetes paxii. Chemical & Phoarmaceutical Bulletin, Vol.
57, No. 10, pp. 1119-1122.

Chouhan, H.; Singh, S.K. (2010). Antibacterial activity of phyllantus simplex linn.
Pharmacologyonline, Vol. 3, pp. 169-172.

Cunha, W.R.; Matos, G.X.; Souza, M.G.M.; Tozatti, M.G.; Silva, M.L.A.; Martins, CH.G.;
Silva, R.; Filho A.AS. (2010). Evaluation of the antibacterial activity of the
methylene chloride extract of Miconia ligustroides, isolated triterpene acids, and
ursolic acid derivatives. Pharmaceutical Biology, Vol. 48 No. 2, pp. 166-169.

Dai, J.; Zhao, C; Zhang, Q. Liu, Z; Zheng, R, Yang, L. (2001). Taraxastane-type
triterpenoids from Saussurea petrovii. Phytochemistry, Vol. 58, No. 7, pp. 1107-1111.

Dash, M.; Patra, ].K,; Panda, P.P. (2008). Phytochemical and antimicrobial screening of
extracts of Aquilaria agallocha Roxb. African Journal of Biotechnology, Vol. 7, No. 20,
pp- 3531-3534.

Dehaen, W.; Mashentseva, A.A.; Seitembetov, T.S. (2011). Allobetulin and Its Derivatives:
Synthesis and Biological Activity. Molecules, Vol. 16, pp. 2443-2466.

Devmurari, V.P. (2010). Antibacterial evaluation of ethanolic extract of Cedrus deodara
Wood. Archives of Applied Science Research, Vol. 2, No. 2, pp. 179-183.

Devmurari, V.P.; Ghodasara, T.J.; Jivani, N.P. (2010). Antibacterial Activity and
Phytochemical Study of Ethanolic Extract of Triumfetta rhomboidea Jacq.
International Journal of PharmTech Research. Vol. 2 No. 1, pp. 1182-186.

Djoukeng, J.D.; Abou-Mansour, E.; Tabacchi, R.; Tapondjou, A.L.; Boudab, H.; Lontsi, D.
(2005). Antibacterial triterpenes from Syzygium guineense (Myrtaceae). Journal of
Ethnopharmacology, Vol. 101, pp. 283-286.



Relationships Between Chemical Structure and
Activity of Triterpenes Against Gram-Positive and Gram-Negative Bacteria 19

Ding, Q.; Yang, L.X,; Yang, HW.; Jianga, C.; Wang, Y.F.; Wanga, S. (2009). Cytotoxic and
antibacterial triterpenoids derivatives from Clematis ganpiniona. Journal of
Ethnopharmacology, Vol. 126, pp. 382-385

Dong, SH.; Zhang, CR. Dong, L; Wu, Y, Yue, J.M. (2011). Onoceranoid-Type
Triterpenoids from Lansium domesticum. Journal Natural Products, Vol. 74, pp. 1042-
1048.

Dzubak, P.; Hajduch, M.; Vydra, D.; Hustova, A.; Kvasnica, M.; Biedermann, D.; Markova,
L.; Urban, M.; Sarek, J. (2006). Pharmacological activities of natural triterpenoids
and their therapeutic implications. Natural Products Reports, Vol. 23, pp. 394-411.

Eisa, M.M.; Almagboul, A.Z.; Omer, M.E.A.; Elegami, A.A. (2000). Antibacterial activity of
DichrostachysCinérea Fitoterapia Vol. 71, No. 3, pp. 324-327.

Ekbote, M.T.; Ramesh, CK. Mahmood, R. (2010). Evaluation of Anthelmintic and
Antimicrobial activities of Azima tetracantha Lam. International Journal of
Pharmaceutical Sciences, Vol. 2, No. 1 pp. 375-381.

Fannang, S.V.; Kuete, V.; Djama, C.M.; Dongfack, M.D.].; Wansi, ].D.; Tillequin, F.; Seguin,
E.; Chosson, E.; Wandji, J. (2011). A new friedelane triterpenoid and saponin with
moderate antimicrobial activity from the stems of Drypetes laciniata. Chinese
Chemical Letters, Vol. 22, pp. 171-174.

Gao, H.Y.; Wu, L.J.; Nakane, T.; Shirota, O.; Kuroyanagi, M. (2008). Novel Lanostane and
Rearranged Lanostane-Type Triterpenoids from Abies sachalinensis —II— Chemical
& Pharmaceutical Bulletin,Vol. 56, No. 4, pp. 554 —558.

Geyid, A.; Abebe, D.; Debella, A.; Makonnen, Z.; Aberra, F.; Teka, F.; Kebede, T.; Urga, K.;
Yersaw, K.; Biza, T.; Mariam, B.H.; Guta, M. (2005). Screening of some medicinal
plants of Ethiopia for their anti-microbial properties and chemical profiles. Journal
of Ethnopharmacology, Vol. 97, No. 3, pp. 421-427.

Gonzalez, A.G.; Jimenez, ].S.; Moujir, L.; Ravelo, A.G.; Luis, ].G.; Bazzochi, I.L.; Gutierrez, A.
M. (1992) Two new triterpene dimers from Celastraceae, their partial synthesis and
antimicrobial activity. Tetrahedron, Vol. 48, No. 4, pp. 769-774.

Hajji, M.; Jarraya, R.; Lassoued, I.; Masmoudi, O.; Damak, M.; Nasri, M. (2010). GC/MS and
LC/MS analysis, and antioxidant and antimicrobial activities of various solvent
extracts from Mirabilis jalapo tubers. Process Biochemistry, Vol. 45, No. 9, pp. 1486-
1493.

Haraguchi, H.; Kataoka, S.; Okamoto, S.; Hanafi, M.; Shibata, K. (1999). Antimicrobial
Triterpenes from Ilex integra and the Mechanism of Antifungal Action. Phytotheropy
research, Vol. 13, pp. 151-156.

He, X.F.; Wang, X.N.; Yin, S; Dong, L.; Yue, ].M. (2011). Ring A-seco triterpenoids with
antibacterial activity from Dysoxylum hainonense. Bioorganic & Medicinal Chemistry
Letters, Vol. 21, pp. 125-129.

Hess, S.C.; Brum, R.L.; Honda, N.K.; Cruz, A.B.; Moretto, E.; Cruz, R.B.; Messana, 1.; Ferrari,
F.; Filho, V.C.; Yunes, R.A. (1995). Antibacterial activity and phytochemical analysis
of Vochysia divergens (Vochysiaceae) Journal of Ethnopharmacology, Vol. 47, No. 2,
pp- 97-100.



20 A Search for Antibacterial Agents

Hichri, F.; Ben Jannet, H.; Cheriaa, J.; Jegham, S.; Mighri, Z. (2003). Antibacterial activities of
a few prepared derivatives of oleanolic acid and of other natural triterpenic
compounds. Comptes Rendus Chimie, Vol. 6, pp. 473-483.

Ikan, R. 1991. Natural Products. A Laboratory Guide. Academic Press, New York.

Isaka, M.; Palasarn, S.; Supothina, S.; Komwijit, S.; Luangsa-ard, ].J. (2011). Bioactive
Compounds from the Scale Insect Pathogenic Fungus Conoideocrella tenuis BCC
18627. Journal Natural Products, Vol. 74, pp. 782-789

James, U.J.T.; Dubery, L.A.(2009). Pentacyclic Triterpenoids from the Medicinal Herb,
Centella asiatica (L.) Urban Molecules,Vol. 14, pp. 3922-3941.

Katerere, D.R; Grev, A.I; Nash, RJ; Waigh, R.D. (2003). Antimicrobial activity of
pentacyclic triterpenes isolated from African Combretaceae. Phytochemistry, Vol. 63,
No. 1, pp. 81- 88.

Kazakovaa, O.B.; Giniyatullinaa, G.V.; Tolstikova, G.A.; Medvedevaa, N.I.; Utkinab, T.M.;
Kartashovab, O.L. (2010). Synthesis, Modification, and Antimicrobial Activity of
the N_Methylpiperazinyl Amides of Triterpenic Acids. Russian Journal of Bioorganic
Chemistry, Vol. 36, No. 3, pp. 383-38915. Khan, I.; Srikakolupu, S.R.; Darsipudi, S.;
Gotteti S.D.; Amaranadh, H. (2010). Phytochemical studies and screening of leaf
extracts of Azadirachto indica for its anti-microbial activity against dental
pathogens. Archives of Applied Science Research, Vol. 2 No. 2, PP. 246-250.

Khan, L; Srikakolupu, S.R.; Darsipudi, S.; Gotteti S.D.; Amaranadh, H. (2010). Phytochemical
studies and screening of leaf extracts of Azadirachta indica for its anti-microbial
activity against dental pathogens. Archives of Applied Science Research, Vol. 2 No. 2,
PP. 246-250.

Khera, S.; Woldemichael, G.M.; Singh, M.P.; Suarez, E.; Timmermann, B. N. (2003). A Novel
Antibacterial Iridoid and Triterpene from Caiophora coronata. Journal Natural
Products, Vol. 66, pp. 1628-1631.

Kim, N.C, Desjardins, A.E, Wu, C.D, Kinghorn, A.D. (1999). Activity of Triterpenoid
Glycosides from the Root Bark of Mussaenda macrophyllo. against Two Oral
Pathogens. Journal of Natural Products, Vol. 62, No. 10, pp. 1379-1384.

Kloos, H.; Zein, A.H. 1993. The Ecology of Health and Diseases in Ethiopia. West View Press
Inc., Washington DC.

Kuete, V,; Nana, F.; Ngameni, B.; Mbaveng, A.T.; Keumedjio, F.; Ngadjui, B.T. (2009).
Antimicrobial activity of the crude extract, fractions and compounds from stem
bark of Ficus ovata (Moraceae). Journal of Ethnopharmacology, Vol. 124, No. 3, pp.
556-561.

Kuete, V.; Nguemeving, J. R.; Beng, V. P.; Azebaze, A. G. B.; Etoa, F. X.; Meyer, M.; Bodo, B.;
Nkengfack, A. E. (2007). Antimicrobial activity of the methanolic extracts and
compounds from Vismia lourentii De Wild (Guttiferae). Journal of
Ethnopharmacology, Vol. 109, pp. 372-379.

Kuete, V.; Tangmouo, J.G.; Beng, V.P.; Ngounou, F.N.; Lontsi, D. (2006). Antimicrobial
activity of the methanolic extract from the stem bark of tridesmostemon
omphalocarpoides (Sapotaceae). Journal of Ethnopharmacology, Vol. 104, No. 1, pp.
5-11.



Relationships Between Chemical Structure and
Activity of Triterpenes Against Gram-Positive and Gram-Negative Bacteria 21

Léon, L; Loépez, M.R.; Moujir, L. (2010). Antibacterial properties of zeylasterone, a
triterpenoid isolated from Maytenus blepharodes, against Staphylococcus aureus.
Microbiological Research, Vol. 165, pp. 617 —626.

Lindsey, K.L.; Budesinsky, M.; Kohout, L. & Staden, J.V. (2003). Antibacterial activity of
maytenonic acid isolated from the root-bark of Maytenus senegalensis. South
African Journal of Botany, Vol. 72, pp. 473-477.

Ling, T.J; Wan, X.C,; Ling, WW.; Zhang, Z.Z.; Xia, T.; Li, D.X.; Hou, R.Y. (2010). New
Triterpenoids and Other Constituents from a Special Microbial-Fermented Tea;
Fuzhuan Brick Tea. Journal of Agricultural and Food Chemistry, Vol. 58, pp. 4945~
4950.

Mallavadhani, U.V.; Mahapatra, A.; Jamil, K.; Srinivasa, P. (2004) Antimicrobial Activity of
Some Pentacyclic Triterpenes and Their Synthesized 3-O-Lipophilic Chains.
Biological Pharmaceutical Bulletin, Vol. 27, No. 10, pp. 1576-1579.

Mangathayaru, K.; Lakshmikant, ]J.; Sundar, N.S; Swapna, R.; Grace, X.F.; Vasantha, J.
(2005). Antimicrobial activity of Leucas aspera flowers. Fitoterapia, Vol. 76, No. 7,
pp. 752-754.

Manguro, L.O.A.; Midiwo, J.O.; Tietze, L.F.; Haod, P. (2011). Triterpene saponins of Maesa
lanceolata leaves. Arkivoc, Vol. i, pp. 172-198.

McRae, ].M.; Yang, Q.; Crawford, R.J.; Palombo, E.A. (2008). Antibacterial compounds from
Planchonio careya leaf extracts. Journal of Ethnopharmacology, Vol. 116, pp. 554-560.

Maregesi, S.M.; Hermans, N.; Dhooghe, L.; Cimanga, K.; Ferreira, D.; Pannecouque, C.;
Berghe, D.A.V,; Cos, P.; Maes, L.; Vlietinck, A]J.; Apers, S.; Pieters, L. (2010).
Phytochemical and biological investigations of Elaeodendron schlechteranum. Journal
of Ethnopharmacology, Vol.129, pp. 319-326.

Maridass, M.; Ramesh, U.; Raju, G. (2010). Evaluation of Phytochemical, Pharmacognostical
and Antibacterial Activity of Garcinia Gummicutta Leaves. Pharmacologyonline,
Vol. 1, pp. 832-837.

Mathabe, M.C.; Hussein, A.A.; Nikolova, R.V.; Basson, A.E.; Meyer, J.J.M.; Lall, N. (2008).
Antibacterial activities and cytotoxicity of terpenoids isolated from Spirostachys
Africana. Journal of Ethnopharmacology, Vol. 116, pp. 194-197.

Matu, E.N.; Staden, J.V. (2003). Antibacterial and anti-inflammatory activities of some plants
used for medicinal purposes in Kenya. Vol. 87, pp. 35-41.

Miranda, R.R.S.; Duarte, L.P.; Silva, G.D.F.; Vieira Filho, A.S.; Carvalho, P.B.; Messas, A.C.
(2009). Evaluation of antibacterial activity of “Mangabarana” Austroplenckia
populnea Reissek (Celastraceae). Brozilian Journal of Pharmacognosy, Vol. 19, No. 2a,
pp- 370-375.

Mishra, P.M.; Sree, A. (2007). Antibacterial activity and GCMs analysis of the extract of the
leaves of Finlaysonia obovata ( A Mangrove Plant). Asian journal of Plant Sciences,
Vol. 6, pp. 168-172.

Motlhanka, D.; Houghton, P.; Miljkovic-Brake, A.; Habtemariam, S. (2010). A novel
pentacyclic triterpene glycoside from a resin of Commiphoro glonduloso. from
Botswana. African Journal of Pharmacy ond Pharmacology, Vol. 4, No. 8, pp. 549-554.



22 A Search for Antibacterial Agents

Mutai, C,; Bii, C.; Vagias, C.; Abatis, D.; Roussis, V. (2009). Antimicrobial activity of Acacia
mellifera extracts and lupane triterpenes. Journal of Ethnopharmacology, Vol. 123, No.
1, pp. 143-148.

Nick, A.; Wright, O.; Sticher, O. (1994). Antibacterial Triterpenoid Acids from Dillenia
popuona. Journal of Natural Products, Vol. 57, pp. 1245-1250.

Nickavar, B.; Mojab, F. (2003). Antibacterial activity of Pulicaria dysenterica Extracts.
Fitoterapia, Vol. 74, No. 4, pp. 390-393.

Panizzi, L.; Catalano, S.; Miarelli, C.; Cioni, P.L.; Campeol, E. (2000). In vitro antimicrobial
activity of extracts and isolated constituents of Geum rivale. Phytotherapy Research,
Vol. 14, No. 7, pp. 561-563.

Parveen, M.; Ghalib, R.M.; Mehdi, S.H.; Rehman, S.Z.; Ali, M. (2009). A new triterpenoid
from the leaves of Ficus benjamina (var. comosa). Natural Products Research, Vol.
23, No. 8, pp. 729-736.

Pattanayak, S.P.; Sunita, P. (2008). Wound healing, anti-microbial and antioxidant potential
of Dendrophthoe folcata (L.f) Ettingsh. Journal of Ethnopharmacology, Vol. 120, No. 2,
pp. 241-247.

Peixoto, J.R.O,; Silva, G.C.; Costa, R.A.; Fontenelle, ].L..S.; Vieira, G.H.F.; Filho, A.A.F.; Vieira,
R.H.S.F. (2011). In vitro antibacterial effect of aqueous and ethanolic Moringa leaf
extracts. Asian Pacific Journal of Tropical Medicine, Vol. 4, No. 3, pp. 201-204.

Pitzele, B.S. (1974) Synthesis of 2-Oxygenated Glycyrrhetic Acid Derivatives. Journal of
Medicinal Chemistry, Vol. 17, No. 2, pp. 191-194.

Popova, M.; Trusheva, B.; Gyosheva, M.; Tsvetkova, I.; Bankova, V. (2009). Antibacterial
triterpenes from the threatened wood-decay fungus Fomitopsis rosea. Fitoteropia,
Vol. 80, pp. 263-266.

Ramesh, N.; Viswanathan, M.B.; Saraswathy, A. Balakrishna, K., Brindha, P.;
Lakshmanaperumalsamy P. (2001). Phytochemical and antimicrobial studies on
Drynaria quercifolia. Fitoterapio Vol. 72, No. 8, pp. 934-936.

Rahman, A.U.; Zareen, S.; Choudhary, M.I;; Ngounou, F.N.; Yasin, A.; Parvez, M. (2002).
Terminalin A, a novel triterpenoid from Terminalia glaucescens. Tetrahedron Letters,
Vol. 43, No. 35, pp. 6233-6236.

Rivero-Cruz, J.F.; Zhu, M.; Kinghorn, A.D.; Wua, C.D. (2008). Antimicrobial constituents of
Thompson seedless raisins (Vitis wvinifera) against selected oral pathogens.
Phytochemistry Letters, Vol. 1, pp.151-154.

Ryu, S.Y.; Oak, M.H.; Yoon, S.K.; Cho, D.I; Yoo, G.S.; Kim, T.S. (2000). Antiallergic and anti-
inflammatory triterpenes from the herb of Prunella vulgaris. Planta Medica, Vol. 66,
No. 4, pp. 358- 360.

Saleh, M.; Kamel, A.; Li, X,; Swaray, J. (1999). Antibacterial Triterpenoids isolated from
Loantana camara. Pharmaceutical Biology, Vol. 37, pp. 63-66.

Sanches, N.R.; Cortez, D.A.G.; Schiavini, M.S.; Nakamura, C.V.; Dias-Filho, B.P. (2005). An
Evaluation of Antibacterial Activities of Psidium guajova (L.) Brazilian Archives of
Biology and Technology, Vol. 48, No. 3, pp. 429-436.

Semwal, R.B,; Semwal, D.K.,; Semwal, R.; Singh, R.; Rawat, M.SM. (2011). Chemical
constituents from the stem bark of Symplocos paniculata Thunb. with antimicrobial,



Relationships Between Chemical Structure and
Activity of Triterpenes Against Gram-Positive and Gram-Negative Bacteria 23

analgesic and anti-inflammatory activities. Journal of Ethnopharmacology, Vol. 135,
pp- 78-87.

Shai, L.J.; McGaw, L.J.; Aderogba, M.A.; Mdee, L.K.; Eloff, ].N. (2008). Four pentacyclic
triterpenoids with antifungal and antibacterial activity from Curtisia dentata
(Burm.). Journal of Ethnopharmacology, Vol. 119, pp. 238-244.

Silveira, G.P.; Nome, F.; Gesser, ]J.C.; S4, M.M.; Terenzi, H. (2006). Recent achievements to
combat bacterial resistence. Quimica Nova, Vol. 29, No. 4, pp. 844-855.

Sun, E.Y.; Chen, X.P; Wang, ].H. L.Q.; Yang, S.R.;; Du, G.H. (2008). Arjunic Acid, a Strong
Free Radical Scavenger from Terminalio arjuna. American Journal of Chinese Medicine,
Vol. 36, No. 1, pp. 197-207.

Sunitha, S.; Nagaraj, M.; Varalakshmi, P. (2001). Hepatoprotective effect of lupeol and lupeol
linoleate on tissue antioxidant defence system in cadmium induced hepatotoxicity
in rats. Fitoterapia, Vol. 72, No. 5, pp. 516~ 523.

Takechi, M., Tanaka, Y. (1992). Structure-activity relationships of synthetic methyl
oleanolate glycosides. Phytochemistry, Vol.31, No.11, pp. 3789-3791.

Takechi, M.; Tanaka, Y. (1993) Structure-activity relationships of synthetic methyl ursolate
glycosides. Phytochemistry, Vol. 34, No.3, pp. 675-677.

Tamokou, J.D.D.; Tala, M.F.; Wabo, H.K.; Kuiate, J.R.; Tane, P. (2009). Antimicrobial
activities of methanol extract and compounds from stem bark of Vismia rubescens.
Journal of Ethnopharmacology, Vol. 124, pp. 571-575.

Tantry, M.A.; Khan, R.; Akbar, S.; Dar, A.R;; Shawl, A.S.; Alam, M.S. (2011). An unusual
bioactive oleanane triterpenoid from Rhododendron camponulatum D. Don. Chinese
Chemical Letters, Vol. 22, No. 5, pp. 575-579.

Tsiri, D.; Aligiannis, N.; Graikoub, K.; Spyropoulosa, C.; Chinou, 1. (2008). Triterpenoids
from Eucalyptus camaldulensis Dehnh. Tissue Cultures. Helvetica Chimica Acta, Vol.
91, pp. 2110-2114.

Viji, M.; Sathiya, M.; Murugesan, S. (2010). Phytochemical analysis and antibacterial activity
of medicinal plant cardiospermum helicacabum linn. Pharmacologyonline, Vol. 2,
pp. 445-456.

Yeboah, EM.O.; Majinda, R.R.T.; Kadziola, A.; Muller, A. (2010). Dihydro-a-agarofuran
Sesquiterpenes and Pentacyclic Triterpenoids from the Root Bark of Osyris
lanceolata. Journal Natural Products, Vol.73, pp. 1151-1155.

Yimdjo, M.C.; Azebaze, A.G.; Nkengfack, A.E.; Meyer A.M, Bodo, B.; Fomum Z.T. (2004).
Antimicrobial and cytotoxic agents from Calophyllum inophyllum. Phytochemistry,
Vol. 65, No. 20, pp. 2789-2795.

Yun, B.S,; Ryoo, 1].; Lee, LK,; Park, K.H.; Choung, D.H, Han, K.H. (1999). Two bioactive
pentacyclic triterpene esters from the root bark of Hibiscus syriacus. Journoal of
Natural Products, Vol. 62, No. 5, pp. 764- 766.

Weigenand, O.; Hussein, A.A.; Lall, N.; Meyer, J.J.M. (2004). Antibacterial Activity of
Naphthoquinones and Triterpenoids from Euclea natolensis Root Bark. Journal
Natural Products, Vol. 67, pp. 1936-1938.

Zhao, ].; Mou, Y.,; Shan, T, Li, S; Zhou, L. Wang, M.; Wang, ]J. (2010). Antimicrobial
Metabolites from the Endophytic Fungus Pichia guilliermondii Isolated from Paris
polyphylla var. yunnanensis. Molecules, Vol. 15, pp. 7961-7970.



24 A Search for Antibacterial Agents

Zheng, C.J.; Sohn, M.J.; Kim, D.Y.; Yu, H.EE,; Kim, W.G. (2008). Olean-27-carboxylic Acid-
Type Triterpenes with Potent Antibacterial Activity from Aceriphyllum rossii. Journal
of Agricultural and Food Chemistry, Vol. 56, pp. 11752-11756.



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




