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Abstract
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Species of the genus Garcinia (Clusiaceae) have been used for centuries in different
folk medicine for the treatment of several ailments, as well as food supplements.
Evidence from previous studies has demonstrated a rich depository of structurally
diverse secondary metabolites with a wide array of biological activities. The present
chapter summarizes the information on the ethnobotany, phytochemistry, and anti-
bacterial potential of the Garcinia genus against drug-sensitive and multi-drug
resistant (MDR) phenotypes. A literature survey of the published information was
collected from databases such as Google Scholar, PubMed, SciFinder, Scopus, Web of
Science, conference proceedings, books, M.Sc., and Ph.D. dissertations. Phytochemical
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studies showed that xanthones, benzophenones, and flavonoids as the main sec-
ondary metabolites. Pharmacological investigations with crude extracts and isolated
compounds from G. kola, G. lucida, G. nobilis as well as other Garcinia species revealed
a broad range of antibacterial activity against several drug-sensitive and MDR phe-
notypes. Among the isolated compounds, a-mangostin, a prenylated xanthone from
G. mangostana was found to display the most potent antibacterial effects against
both Gram-positive and Gram-negative bacteria while (—)-hydroxycitric acid from
some Garcinia fruits is utilized in the pharmaceutical industry as an anti-obesity agent.
Thus, this review demonstrated that there are convincing in vitro studies confirming
the traditional use of Garcinia species to treat bacterial infections. Furthermore, the
reviewed data herein would be a valuable reference tool for future researchers
seeking to explore the application potentials of Garcinia species for the development
of antibacterial agents.

Nomenclature

MIC Minimum Inhibitory Concentration
MBC Minimum Bactericidal Concentration
G Garcinia

S. aureus Staphylococcus aureus

S. pyogenes Streptococcus pyogenes

S. pneumonia
H. influenzae
S. typhimurium
enteritidis
typhi

coli
pneumonia
mutans
viridans
gingivalis
sobrinus

. aerogenes

. aeruginosa
. stuartii

SRYmeNLaRma®

. cholerae
S. flexneri

S. epidermidis
MRSA
MSSA

B. subtilis

B. cereus

M. smegmatis
M. cheleneoi
M. xenopi
M. intracellulare
VRE

Streptococcus pneumoniae
Haemophilus influenzae

Salmonella typhimurivm

Salmonella enteritidis

Salmonella typhi

Escherichia coli

Klebsiella pneumonia

Streptococcus mutans

Streptococcus viridans
Porphyromonas gingivalis
Streptococcus sobrinus

Enterobacter aerogenes

Pseudomonas aeruginosa

Providencia stuartii

Vibrio cholerae

Shigella flexneri

Staphylococcus epidermidis
Methicillin-resistant Staphylococcus aureus
Methicillin-susceptible Staphylococcus aureus
Bacillus subtilis

Bacillus cereus

Mycobacterium smegmatis
Mycobacterium cheleneoi
Mycobacterium xenopi
Mycobacterium intracellulare
Vancomycin-resistant Enterococcus
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VSE

M. luteus

L. fermentum

E. faecium

E. faecalis

S. lugdunensis

H. pylori

V. vulnificus

V. fluvialis

V. parahaemolyticus

Vancomycin-sensitive Enterococcus
Micrococcus luteus

Limosilactobacillus fermentum
Enterococcus faecium

Enterococcus faecalis

Staphylococcus lugdunensis
Helicobacter pylori

Vibrio vulnificus

Vibrio fluvialis

Vibrio parahaemolyticus

V. metschnikovii Vibrio metschnikovii

campbellii Vibrio campbellii
Vibrio rotiferianus

Listeria ivanovii

V.

V. rotiferianus
L. ivanovii

L.

monocytogenes Listeria monocytogenes

L. grayi Listeria grayi.

1. Introduction

The genus Garcinia is the largest genus of the family Clusiaceae
(Guttiferae) consisting of 404 accepted species (Plants of the World Online,
2021), distributed in the tropics and subtropics of Africa, Asia, Australia,
tropical America, and Polynesia (Patil & Appaiah, 2015). Numerous
species of Garcinia have been utilized in various folklore medicines for the
treatment of several ailments including dysentery, HIV/AIDS, eczema,
gonorrhoea, hyperkeratosis, urinary tract infections, psoriasis, typhoid, leu-
corrhoea, sprains, menstrual disorders, chronic ulcers, lymphatitis, wounds,
parotitis, suppurations, struma, cough, sore throat and scurvy, oedema,
constipation, piles, and rheumatism (Chinsembu, 2016; Dharmaratne,
Sakagami, Piyasena, & Thevanesam, 2013; Lim, 2012; Tharachand &
Avadhani, 2013; Upaganlawar & Badole, 2013). Earlier phytochemical
studies have found species of this genus to be rich sources of secondary
metabolites, such as xanthones, flavonoids, bioflavonoids, benzophenones,
lactones, triterpenes as well as phenolic and organic acids. Several of these
chemical constituents have been shown to possess a plethora of interesting
biological properties including antioxidant (Deachathai, Mahabusarakam,
Phongpaichit, & Taylor, 2005), antifungal and anthelmintic (Hemshekhar
et al., 2011), antiplasmodial (Ritthiwigrom, Laphookhieo, & Pyne, 2013),
anti-obesity, anti-diabetic (Ovalle-Magallanes, Eugenio-Pérez, & Pedraza-
Chaverri, 2017), anti-HIV, anticancer (Gutierrez-Orozco & Failla,
2013; Ibrahim, Abdallah, El-Halawany, Nafady, & Mohamed, 2019a;
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[brahim et al., 2019b), anti-cholinesterase, analgesic (Ovalle-Magallanes
et al, 2017), antipyretic, antiproliferative, anti-inflammatory (Gutierrez-
Orozco & Failla, 2013) and a-glucosidase inhibitory activities (Antia et al.,
2010). The present chapter aims to review the antibacterial potential of Gar-
cinia species against drug-sensitive and multi-drug resistant (MDR) phenotypes
based on the existing literature to provide a platform for prospective
researchers to explore the application potentials of these plants for various drug
and bioceutical development. Additionally, ethnobotany and the various
phytochemicals isolated from this genus will also be summarized.

2. Distribution and botanical description of the genus
Garcinia

The genus Garcinia (Clusiaceae) is part of the sub-family Clusioideae
Engl. and comprises 404 accepted species of dioecious and in several cir-
cumstances’ apomictic evergreen trees and shrubs (Plants of the World
Online, 2021). They are naturally confined to lowland tropical forests across
Africa, Asia, Australia, tropical America, and Polynesia (Patil & Appaiah,
2015). In Africa, including Madagascar, and the forested areas in Cameroon,
Equatorial Guinea, Gabon, Angola, and the Democratic Republic of the
Congo, the genus Garcinia forms a significant constituent of the lower strata
of dense lowland to submontane rain forests (Achoundong, 1995; Gonmadje
et al,, 2011). The existence of high levels of sympatric Garcinia species in
virtually all tropical regions may partly be the reason the genus received little
attention from taxonomists owing to its supposed complexity (Sweeney,
2008). This has led to an indecisive scenario where taxonomic studies have
mostly focussed on a particular region and as a result contain various
inconsistencies and errors (Sosef & Dauby, 2012). This clearly further sup-
ports the idea that Garcinia is rather a complex and ‘difficult’ genus. Thus,
plant ecologists and foresters are usually content when they have established
that their specimen belongs to the genus Garcinia (Sosef & Dauby, 2012;
Sweeney, 2008). However, identification of the specimen down to an
individual species, is characterized by many errors owing to the unresolved
taxonomic backbone (Sosef & Dauby, 2012).

From an ethnobotanical viewpoint, the genus Garcinia is perhaps widely
cultivated commonly for the highly valued tropical fruits of mangosteen
(G. mangostana L.) (Sweeney, 2008), a tree native to Peninsula Malaysia
(Plants of the World Online, 2021). Consequently, mangosteen, as well as



p0255

p0260

Phytochemistry and antibacterial potential of the genus Garcinia 5

other sympatric species, have become the central focus of pharmacological
studies (Heymsfield et al., 1998; Ho, Huang, & Chen, 2002; Mackeen
etal., 2000), and a wide array of natural supplements are derived from these
species (Balunas, Su, Brueggemeier, & Kinghorn, 2008; Obolskiy, Pischel,
Sirtwatanametanon, & Heinrich, 2009).

3. Diversity of the genus Garcinia

The genus Garcnia displays various features that are of general
interest to taxonomists and ecologists. In many regions, the genus is dis-
tinguished for its occurrence of high numbers of sympatric species (Ng &
Whitmore, 1972; Thomas et al., 2003), and this diversity is primarily
notable since species that are both dioecious and agamospermous may be
common in the genus (Allem, 2003; Thomas, 1997). Moreover, Garcinia
species exhibit the highest diversity of floral form, mostly in the androe-
cium, as is found anywhere in angiosperms and as such, there exist many
unresolved taxonomic problems around it (Sweeney, 2008). Amidst the
African species, the genus is characterized by the dioecism of its species and
thus its unisexual flowers, the existence of a foveola at the base of the
petiole, the peltate stigma, the ovary with a sole apical ovule per locule, and
the berry-like fruit (Sosef & Dauby, 2012).

4. Ethnopharmacological use of plants of the genus
Garcinia

The genus Garcinia comprises a huge collection of medicinal plants
with therapeutic potential. The different plant parts including leaves, bark,
stem, fruits, fruits rinds, and flowers have been used worldwide to treat
several disorders (Angami et al., 2021; Liu et al., 2016). For instance, the
pericarps of mangosteen (also referred to as “monkey fruit”’) have been
used for centuries in the Asian region as traditional medicine in treating
skin infections, trauma, dysentery, abdominal pain, and wounds (Peres,
Nagem, & de Oliveira, 2000). In addition, the rind of this fruit has been
used in Thailand for treating skin conditions, wounds, and diarrhoea; while
the pulp has been used to treat fever (Kondo, Zhang, Ji, Kou, & Ou, 2009;
Mahabusarakam, Wiriyachitra, & Taylor, 1987). On the West Coast of
South India, the dried rind of the fruit of G. cambogia Desr., is widely used
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for culinary purposes, and commercially for “Colombo curing” of fish
(Lewis & Neelakantan, 1965). In Indonesian folkloric medicine, G. atro-
viridis leaves’ infusion is used to treat stomach pains associated with preg-
nancy (Grosvenor, Gothard, McWilliam, Supriono, & Gray, 1995). The
alcoholic extracts of G. kola nuts have widely been used in Ghana and
Nigeria by the local population against a wide array of illnesses, for
instance, to improve the voice of singers (Irvine, Woody, & Barsett, 1961),
treat diarrhoea, dysentery, and headache (Ainslie, 1937). The sap from the
stem 1s used to treat epidermal parasitic skin infections and topical sores
(Ayensu, 1978). Likewise, both the seeds and the chew-sticks are believed
to exert antibacterial action in the mouth thereby abetting oral hygiene
(Madubunyi, 1995). The leaves and seeds of G. dulcis, a species mainly
confined to southeast Asia, have locally been used in folklore medicine
against parotitis, struma, lymphatitis, and other ailments (linuma, Tosa, Ito,
Tanaka, & Riswan, 1996a).

5. Phytochemistry of Garcinia species

For the past several decades, various Garcinia species have been
extensively investigated from a phytochemical viewpoint owing to the
great role in folklore medicine and remarkable biological potencies of many
of its species (Kumar, Sharma, & Chattopadhyay, 2013). The major classes
of secondary metabolites reported from the genus Garcinia include xan-
thones, flavonoids, benzophenones, and phenolic acids. To have a detailed
picture, phytochemicals that have been isolated from various species of
Garcinia are summarized in Table 1.

5.1 Phenolic compounds

Xanthones, which are a class of naturally occurring polyphenolic organic
compounds in a few higher plants, fungi, and lichens, have been found to
be the major phenolic compounds in this genus (Mazimba, Nana, Kuete,
& Singh, 2013; Obolskiy et al., 2009). They are characterized by a unique
chemical scaffold represented by an oxygenated tricyclic aromatic system
(Cg—C53—Cg) of the basic parent molecule 9H-xanthen-9-one (Mazimba
et al., 2013; Vieira & Kijjoa, 2005). The majority of xanthones found in
the genus Garcinia are normally substituted with a variety of isoprene,
methoxyl, hydroxyl, prenyl, geranyl, and phenolic groups at various
positions on the A and B rings to give a large diversity of plausible
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derivatives (Pinto, Sousa, & Nascimento, 2005; Vieira & Kijjoa, 2005).
Based on the nature of the substitution pattern on the parent skeleton, this
class of compounds can be subdivided, into simple oxygenated xanthones,
glycosylated xanthones, prenylated xanthones, and their derivatives,
xanthone dimers, xanthonolignoids and miscellaneous (Pinto et al.,
2005). Another special class of xanthones, polyprenylated caged xan-
thones, has been found to naturally occur in the genus Garcinia (Han &
Xu, 2009). Caged xanthones are characterized by a unique 4-oxa-tricyclo
[4.3.1.0%>"]dec-8-en-2-one framework, wherein a highly substituted
tetrahydrofuran ring with three quaternary carbon centers is contained
(Anantachoke, Tuchinda, Kuhakarn, Pohmakotr, & Reutrakul, 2012).
The best representative of this class of compounds is gambogic acid, first
isolated from the resin of G. hanburyi (Guo et al., 2000).

The second class of phenolic compounds reported from Garcinia species
is benzophenone derivatives, particularly oxidized and polyisoprenylated
benzophenones (PIBs) (Kumar et al., 2013). These derivatives contain
2,4,6,3',4'-pentahydroxy benzophenone (maclurin) as the basic scaffold
(Cuesta-Rubio, Padron, Castro, Pizza, & Rastrelli, 2001; Cuesta-Rubio,
Piccinelli, & Rastrelli, 2005; Eyong, Kuete, & Efferth, 2013). The struc-
tural modification involves the substitution of the A ring by prenyl moieties
while the B ring can be unsubstituted or undergo prenylation, geranyla-
tion, and cyclization to yield a wide diversity of structurally unique deri-
vatives with bi-, tri-, and/or tetracyclic ring systems (Cuesta-Rubio et al.,
2005; Wu, Long, & Kennelly, 2014). Bronianone, first reported from the
stem wood of G. hombroniana was the first PIB derivative isolated from the
family Clusiaceae (Rao, Venkataraman, & Yemul, 1973). Other benzo-
phenones with unique structural frameworks include rearranged benzo-
phenones (Tantapakul et al., 2012) and caged polyisoprenylated benzo-
phenones (Hamed et al., 2006) have also been reported from this genus.

Flavonoids, which comprise a diverse class of polyphenolic compounds
occurring naturally in all terrestrial plants have also been reported from the
genus Garcinia (Deachathai et al., 2005; Han et al., 2007). They comprise a
basic scaffold with fifteen (15) carbon atoms organized in a Cyg-Cj3-Cg
framework (Feng, Hao, & Li, 2017; Ngameni et al., 2013). Flavones (Han
et al, 2007), flavanones (Klaiklay, Sukpondma, Rukachaisirikul,
Hutadilok-Towatana, & Chareonrat, 2011), isoflavones (Deachathai et al.,
2005), flavonols (Murthy, Dalawai, Dewir, & Ibrahim, 2020), flavanols
(Chinsembu, 2016), and anthocyanins (Murthy, Dandin, Dalawai, Park, &
Pack, 2019) are the major subclasses of flavonoids that have been isolated
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from the species of Garcinia. Biflavonoids which are essentially dimers of
flavanone—flavone, flavone—flavone, and flavone—flavonol amalgamations
linked by a C-C or C-O-C bond is another subclass of flavonoids reported
to occur in various species of this genus (Murthy et al., 2020). Additional
miscellaneous phenolic compounds isolated from Garcinia include phenolic
acids. They are largely classified into benzoic acid derivatives containing a
C¢-C; skeleton and cinnamic acid derivatives containing a C4-Cj frame-
work.

5.2 Terpenoids

Terpenoids, also termed isoprenoids are secondary metabolites derived from
five-carbon isoprene units organized and modified in diverse ways (Bruneton,
1999). Based on the number of isoprene units “building block”, terpenoids are
classified as hemiterpenoids (C-5), monoterpenoids (C10), sesquiterpenoids
(C-15), diterpenoids (C-20), sesterterpenoids (C-25), triterpenoids (C-30),
tetraterpenoids (carotenoids) (C-40) and polyterpenoids (C- > 40) (Awouafack,
Tane, Kuete, & Eloff, 2013; Murthy et al., 2020; Sandjo & Kuete, 2013a;
2013b; Tchimene, Okunji, Iwu, & Kuete, 2013). Garcinia species are known to
contain triterpenoids (Murthy et al., 2020) and sesquiterpene derivatives
(Sukpondma, Rukachaisirikul, & Phongpaichit, 2005) as minor constituents.
Additionally, monoterpenoids (volatiles) (Murthy et al., 2020) as well as rare
terpenoids, garcinielliptones (Weng, Lin, Tsao, & Wang, 2003), with a new
skeleton have also been reported.

5.3 Alkaloids

Generally, alkaloids are naturally occurring, organic, nitrogen-containing
compounds, which are typically alkaline due to the presence of a hetero-
cyclic ring containing a nitrogen atom (Wansi, Devkota, Tshikalange, &
Kuete, 2013). Previous phytochemical studies have only reported two
classes of alkaloids from the genus Garcinia namely; benzophenanthridines
(Fotie, Bohle, Olivier, Gomez, & Nzimiro, 2007) and aporphine deriva-
tives (Lathifah, Rahim, Sudrajat, & Khairi, 2010).

5.4 Organic acids

Organic acids are biosynthesized in plants by means of the incomplete
oxidation of photosynthetic products and characterize the stored pools of
carbon accrued because of different transient times of conversion of
compounds in metabolic pathways (Igamberdiev & Eprintsev, 2016). The
genus Garcinia is a rich source of organic acids, and this is attributable to the
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sour taste and high acidity of Garcinia fruits (Anju & Rameshkumar, 2016).
Among the different acids isolated from Garcinia fruit rinds, hydroxycitric
acid (HCA) (1, 2-dihydroxypropane-1,2,3-tricarboxylic acid) is the major
and most significant one, being an anti-obesity agent and a chiral molecule
of extensive utility in chiral synthesis (Jena, Jayaprakasha, Singh, &
Sakariah, 2002). Other acids such as garcinia acid, malic acid, ascorbic acid,
tartaric acid, oxalic acid, and citric acid have also been reported in Garcinia
fruits (Murthy et al., 2020).

E 6. Antibacterial activity of Garcinia species against
drug-sensitive and multidrug-resistant phenotypes

Antibacterial activity of Garcinia kola. The antibacterial effects against
clinical pathogens of different parts of G. kola (Heckel) have intensively
been investigated (Gangoué-Piéboji et al., 2009). For instance, the etha-
nolic extract of this species displayed antibacterial potency against four
respiratory tract bacteria including Gram-positive (Staphylococcus aureus,
Streptococcus  pyogenes, and  Streptococcus pneumoniae) and Gram-negative
(Haemophilus influenzae) pathogens. The results reported as minimum
inhibitory concentrations (MIC) and minimum bactericidal concentrations
(MBC) disclose that the MIC of this extract ranged from 8 X 107> pg/mL
to 1.8 ug/mL, while MBC ranged from 1.35 X 10™" pg/mL to 4.2 pg/mL
against the tested pathogenic microbes (Akoachere et al., 2002). Duro and
colleagues also reported the MIC of the ethanolic extract against S. aureus
(MIC, 0.5 mg/mL) and Klebsiella pneumonia (MIC, 0.25 mg/mL) with
MBC values of 1.0 and 0.5 mg/mL, respectively (Duro, Hafsat, Odeh,
Yahaya, & Salawu, 2015). In another study, Djague and co-workers
reported the anti-salmonella potencies of the leaves, roots, and stems of G.
kola against Gram-negative (Salmonella typhimurium, Salmonella enteritidis,
and Salmonella typhi) bacteria with MIC ranging from 125 to 1000 pg/mL
(Djague, Lungai, Toghueo, Melogmo, & Fekam, 2020). More recently,
Ewelike et al. showed that the methanolic leaf extract of G. kola inhibited
the growth of some bacteria including Escherichia coli, S. aureus, and K.
pneumoniae with MIC of 25 mg/mL (against E. coli and S. aureus) and
50 mg/mL (towards K. pneumoniae) while its aqueous extract had a MIC
value of 25 mg/mL (each) against S. awureus and E. coli (Ewelike,
Okammadu, Ogwudire, & Nnadozie, 2021). The antibacterial activity of
botanicals from the genus Garcinia is summarized in Table 2.
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Phytochemical investigation of G. kola (seeds) for antibacterial appli-
cation led to the isolation of three heterocyclic secondary metabolites
termed cycloartenol (1), 24-methylenecycloartanol (2), and garcinianin (3)
(Ajayi, Moody, Fukushi, Adeyemi, & Fakeye, 2014). Equimolar mixture
(1+2) displayed antibacterial effect against Streptococcus mutans and Strepto-
coccus viridans with MIC values of 170 and 380 pg/mlL, respectively. A
biflavonoid (garcinianin (3) had activity (MIC, 100 pg/mL) towards S.
mutans, but displayed statistically no significant effect against S. viridans, and
S. aureus. Further, (8E)— 4-geranyl-3,5-dihydroxybenzophenone (4) and
d-garcinoic acid (5) isolated from the commercial seeds of G. kola displayed
antibacterial potency against Porphyromonas gingivalis (MIC, 31.3—62.5 pM)
and Streptococcus sobrinus (MIC, 15.6-31.3 uM) (Hioki et al., 2020). The
antibacterial activity of phytochemicals from the genus Garcinia is sum-
marized in Table 3, meanwhile, their corresponding chemical structures are
shown in Fig. 1.

Antibacterial activity Garcinia lucida. A Cameroonian edible plant G. lucida
(bark) was screened for its antibacterial potency against MDR Gram-
negative bacteria phenotypes expressing efflux pumps (Escherichia coli, E.
aerogenes, K. pneumoniae, P. aeruginosa, and P. stuartii strains). The MIC
values of this extract against tested microorganisms ranged from 64 to
2048 pg/mL. Strong activity (MIC < 100 pg/mL) was observed against E.
coli ATCC8739, moderate activity (100 < MIC < 512 pg/mlL) against 80%
of pathogenic microbes, and low activity (MIC = 512 pg/mL) towards 15%
of bacteria. In addition, ~60% of tested bacteria had an MBC/MIC <4
(Table 2) indicating their bactericidal eftects (Ngaffo et al., 2021).

Antibacterial activity of Garcinia nobilis. Crude extract from Penicillium sp.
endophyte purified from the leaves of G. nobilis displayed anti-myco-
bacterial effect (MIC, 62.5 pg/mL). Penialidins A-C (6-8), citromycetin
(9), para-hydroxyphenylglyoxalaldxime (10), and brefeldin A (11) were
reported as the main active ingredients with MICs values of 62.5, 62.5,
15.6, 31.2, 62.5 and 250 pg/mL, respectively compared to the standard
drug rifampicin (MIC, 0.62 pg/mL) against M. smegmatis (Jouda et al.,
2016a). In parallel to this, these compounds were found to be equal to or
more potent than ampicillin and chloramphenicol against five bacteria
strains (Vibrio cholerae SG24, CO6, NB2, PC2, and Shigella flexneri SDINT)
with MICs of 0.5-128 pg/mL (Jouda et al., 2016b). Moreover, penialidins
B (7) and C (8) showed a broad spectrum of activity against clinically
important Gram-positive and Gram-negative risk group 2 bacterium with
MIC values of 5-10 pg/mL. It is noteworthy that penialidin C showed
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equipotent activity (MIC, 5 pg/mL) against clinically relevant S. aureus and B.
Subtilis compared to streptomycin (Jouda et al., 2014). The antibacterial activity
of isolates is reported in Table 3 and their corresponding structures in Fig. 1.
The crude extract and four polyketides bearing a xanthone scaffold (3-dime-
thyl-2-geranyl-4-prenylbellidifolin  (12), smeathxanthone A (13), 8-hydro-
xycudraxanthone G (14), and morusignin I (15)) isolated from the stem bark of
G. nobilis exhibited antibacterial (E. coli, E. aerogenes, K. pneumoniae, P. stuartii
and P. aeruginosa) and anti-mycobacterial (M. tuberculosis H37Rv, MTCS1
and 2) activities (Fouotsa et al., 2013). The extract acted upon 13/15 (86.6%)
tested bacteria with MIC, 64-512 pg/mL. The best activity was recorded
against E. coli ATCC10536 (MIC, 64pg/mlL). Among the isolates
(12> 15 > 13=14) and in order of decreasing activities, 3-dimethyl-2-geranyl-
4-prenylbellidifolin (12) performed the best against all pathogenic micro-
organisms. Interestingly, this compound was more potent than chloramphenicol
(MIC = 512 pg/ml) against E. coli AG102 (MIC, 64 pg/mL).

Antibacterial activity of other Garcinia species. The isolation of a-mangostin
(16), a biprenylated xanthone from the hexane fraction obtained from the
peels of G. mangostana showed antibiofilm properties against S. aureus strains
(reference strain NCTC 6571 and two hospital isolates MRSA 252 and MSSA
15981) with MIC in the range of 4.6-9.2 umol/L. The MBC value of a-
mangostin was 2-fold higher than MIC indicating its lethal effect (Phuong
et al., 2017). G. mangostana was also found to be active against S. aureus (MIC,
39ug/ml), S. epidermidis (MIC, 39 pg/mL), and myriads MRSA strains
(MICs, 39-1.250 pg/mL). The activity of this extract was attributed to the
presence of o-mangostin (MIC, 1.95pug/mL) (Chomnawang, Surassmo,
Wongsariya, & Bunyapraphatsara, 2009). Moreover, o-mangostin (16)
exhibited antibacterial effect against B. subtilis (MIC, 3.9 uM), S. aureus (MIC,
7.8 uM), and several Mycobacterium species (MIC, 3.7 uM, each) including M.
smegmatis, M. cheleneoi M. xenopi and M. intracellulare (Al-Massarani et al., 2013).
Furthermore, a-mangostin (16) and its f-analogue (17) inhibited the growth
of MRSA-SK1 with a MIC value of 16pug/mL (each) (Siridechakorn,
Phakhodee, Ritthiwigrom, & Promgool, 2012), S. aureus (MIC, 4 and
64 pg/mL, respectively) and MRSA (MIC, 2 and 8pug/mL, respectively)
(Trisuwan & Ritthiwigrom, 2012). y-Mangostin (18) also showed antibacterial
activity against methicillin-resistant Staphylococcus  aureus (MRSA), vanco-
mycin-resistant Enterococcus (VRE), and vancomycin-sensitive Enterococcus
(VSE) strains as well as E. cli NCTC 10418 with MICs wvalues of
3.13-12.5 pg/mL (Dharmaratne et al., 2013). Other tricyclic xanthones with
antibacterial activity include doitunggarcinone D (19), macluraxanthone (20),
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Fig. 1 Chemical structures of antibacterial compounds from Garcinia species:
cycloartenol (1), 24-methylenecycloartanol (2), garcinianin (3), (8E)—4-geranyl-3,5-
dihydroxybenzophenone (4), §-garcinoic acid (5), penialidins A-C (6-8), citromycetin
(9), para-hydroxyphenylglyoxalaldxime (10), brefeldin A (11), 3-dimethyl-2-geranyl-4-
prenylbellidifolin (12), smeathxanthone A (13), 8-hydroxycudraxanthone G (14),
morusignin | (15), a-mangostin (16), B-mangostin (17), y-mangostin (18), doi-
tunggarcinone D (19), macluraxanthone (20), trapezifolixanthone (21), cudraxanthone
L (22), 1,5-dihydroxy xanthone (23), caloxanthone L (24), bractatin (25), neobractatin
(26), xerophenone A (27), garcicowanones A (28) and B (29), 9-hydro-
xycalabaxanthone (30), fuscaxanthone A (31), cowaxanthone D (32), cowanin (33),
xanthochymone E (34), rubraxanthone (35), nigrolineaxanthones Q (36) and Y (37),
ananixanthone (38), 3’-deoxyquercetin (39), quercetin (40), (+) garciesculenxanthone
C (41), garciesculenbipheny! A (42) doitungbiphenyl B (43), morusignin D (44), gar-
cinol (45), isogarcinol (46), xanthochymol (47), isoxanthochymol (48), cyclox-
anthochymol (49), [1,1-biphenyl]-2-(3-methyl-2-butenyl)-3-methoxy-4,4,5,6-tetraol
(50), 5-hydroxyflavone (51), 1,5-dihydroxyxanthone (52), 1,4,8-trihydroxy-2-iso-
prenylxanthone (53), 1,3,5- trihydroxyxanthone (54), 1,3,6,7-tretrahydroxyxanthone
(55), rhamnazin (56), 2,4-dihydroxy-6-propylbenzoate benzyl (57), norathyriol (58),
allanxanthone C (59), garcinone E (60), bannanxanthone E (61), amentoflavone (62),
4’-methoxyamentoflavone (63), cheffouxanthone (64), bangangxanthone A (65),
smeathxanthone B (66), friedelin (67), triacontanyl caffeate (68), guttiferone | (69), 7-
epiclusianone (70), guttiferone-A (71), goudotianones 1 (72) and 2 (73), 1,3,7-trihy-
droxy-2-isoprenylxanthone (74), 1,5,6-trihydroxyxanthone (75), 1,6,7-trihydroxyx-
anthone (76), cowaxanthone (77), isojacareubin (78), fukugiside (79), nigrolineax-
anthone F (80), latisxanthone D (81), brasilixanthone (82), nigrolineaxanthone N (83),
8-desoxygartanin (84), doitunggarcinone B (85), dulxanthone B (86), 10-O-methyl-
macluraxanthone (87), scortechinones B (88) and | (89) and W (90), garciniacowones
A-D (91-94)), garcinianones A (95) and B (96), mangostanin (97), 7-O-methylgarci-
none E (98), chamuangone (99), scortechinones C (100) and H (101) and J (102) and
M (103) and N (104) and P (105), and F (106), garciniacowone (107), norcowanin
(108)), cowanol (109), dulcisxanthone J (110), garciniaxanthone C (111), 12b-hydroxy-
des-p-garcigerrin A (112), subelliptenone B (113), globuxanthone (114), symphox-
anthone (115), griffipavixanthone (116), xanthochymone C (117), cowanone (118),
fuscaxanthone C (119), 6-O-methylmangostanin (120), scortechinone A (121), parvi-
foliol B (122), nigrolineaisoflavone A (123), garmoxanthone (124), mangostanol (125),
3-isomangostin hydrate (126), br-xanthone A (127), gartanin (128), dulxanthone A
(129), nigrolineaxanthone T (130).
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trapezifolixanthone (21), cudraxanthone L (22), 1,5-dihydroxy xanthone (23),
caloxanthone L (24), bractatin (25), neobractatin (26) and xerophenone A (27)
isolated from the roots extract of G. propinqua. These compounds displayed
antibacterial eftects vis-d-vis B. cereus TISTR 688 and B. subtilis TISTR 088
with MIC, 1-64 pg/mL. Excellent activity (MIC <10 pg/mlL) against B.
cereus TISTR 688 and B. subtilis was recorded for compounds 20, 22, and 25.
In addition, all compounds displayed weak activity (MIC, 128 pg/mL) against
E. coli TISTR 780 and S. fyphimurium TISTR 292 (Meesakul et al., 2016).
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Prenylated xanthones (¢-mangostin (16), B-mangostin (17), garcico-
wanones A/B (28 and 29), 9-hydroxycalabaxanthone (30), fuscaxanthone
A (31), cowaxanthone D (32), cowanin (33), cowagarcinone E (34) and
rubraxanthone (35)) isolated from the immature fruits of G. cowa showed a
broad spectrum of antibacterial activities (MIC, 0.25-128 pg/mL) against
B. cereus TISTR 688, B. subtilis TISTR 008, M. luteus TISTR 884, S.
aureus TISTR 1466 (Gram-positive bacteria), and E. coli TISTR 780, P.
aeruginosa TISTR 781, S. typhimurium TISTR 292, S. epidermidis ATCC
12228 (Gram-negative bacteria) (Auranwiwat, Trisuwan, Saiai, Pyne, &
Ritthiwigrom, 2014). In general, excellent activity for xanthones 16, 17,
28, and 34-35 was noted against B. cereus TISTR 688 and B. subtilis
TISTR 008 (MIC, 0.25—4 pg/mL) and M. luteus TISTR 884 (MIC,
1-16 pg/mL). The observed MIC values against these bacteria were similar
in some cases to vancomycin (MICs, 0.25 pg/mL). Moreover, S. epidermidis
ATCC 12228 was sensitive to all xanthones with MIC values of
0.5—4 pg/mL compared to gentamicin (standard drug) (MIC, 0.25 pg/mlL)
on S. epidermidis. Nigrolineaxanthones Q (36) and Y (37), ananixanthone
(38), 3'-deoxyquercetin (39), and quercetin (40) purified from the leaves
extract of G. nigrolineata showed different levels of antibacterial activity.
Gram-positive (B. cereus, M. luteus, S. aureus, Staph. epidermidis and S.
mutans) were more sensitive to all isolates than Gram-negative (E. coli, P.
aeruginosa, S. typhimurium and S. flexneri) bacteria with MIC, 8-128 pg/mL.
Nigrolineaxanthone Q (36) had the best activity against M. [lufeus
with a MIC value of 8pug/mL (Raksat, Maneerat, Andersen, Pyne, &
Laphookhieo, 2019). () Garciesculenxanthone C (41), garciesculenbi-
phenyl A (42) doitungbiphenyl B (43), and morusignin D (44) were
reported as main active secondary metabolites (MIC, values ranging from
6.25 to 50 pg/mL) from G. esculenta against S. aureus Newman, USA300 LAC,
USA400 MW2, and Mu50 strains. Of these metabolites, () garciescu-
lenxanthone C (41, MIC, 12.5 ng/mL) showed the best antistaphylococcal
potency against tested strains (Zheng et al., 2021).

Chromatographic separation of two Garcinia species afforded five
benzophenone derivatives termed garcinol (45), isogarcinol (46), xantho-
chymol (47), and a mixture of isoxanthochymol (48) and cyclox-
anthochymol (49) (linuma et al., 1996). The MIC values of all isolates
ranged from 3.13 to 25 pg/mL (against MRSA and methicillin-sensitive S.
aureus (MSSA)). Xanthochymol (47, MIC, 3.13-6.25 pg/mlL) was the most
active against MR SA strains, exhibiting activity comparable to vancomycin
(MIC, 6.25 pg/mL). Furthermore, all compounds showed inhibitory effect
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against E. coli NIHJK12 (MIC, 25pg/ml) superimposable to those of
vancomycin (MIC, > 25 pg/mL) and gentamycin (MIC, 25 pg/mL). This
finding was further supported by Rukachaisirikul and co-workers who
reported the anti-MRSA of garcinol (45), isogarcinol (46), and biphenyl
derivative (50) purified from G. bancana with MIC values of 16, 32, and
64 pg/mL, respectively (Rukachaisirikul, Saelim, Karnsomchoke, &
Phongpaichit, 2005a). The ethyl acetate (G. fusca and G. gaudichaudii), and
methanol (G. hopii and G. planchonii) extracts of several Garcinia species
showed inhibitory eftects against four microorganisms. In terms of anti-
bacterial activity, extract of G. planchonii displayed excellent (the classifi-
cation bases are available in chapters 69 of Volume 106) MIC value of
75 ng/mL (against E. coli and P. aeruginosa), while G. gaudichaudii hampered
the proliferation of S. aureus (MIC, 15.6 pg/mL) and B. subtilis (MIC,
25 pg/mL) (Nguyen et al., 2021).

The CH,Cl,/MeOH (1:1) extract from the stem bark of G. polyantha
showed antimycobacterial activity against Mycobacterium — smegmatis
(MCC155) and a drug-susceptible strain of M. tuberculosis H37Rv (ATCC
27264) with MIC value of 78.12 pg/mL (each). Further screening of this
extract for antibacterial application against 13 bacteria (both Gram-negative
and positive) showed strong activity, MIC <78.12 pg/mL (Kuete et al.,
2007b). 5-Hydroxyflavone (51), 1,5-dihydroxyxanthone (52), 1,4,8-tri-
hydroxy-2-isoprenylxanthone (53), 1,3,5-trihydroxyxanthone (54), and
1,3,6,7-tretrahydroxyxanthone (55) isolated from this extract, were tested
for their antimicrobial activity. Compound 55 showed the best activity on
the two tested mycobacterial species with a recorded MIC of 4.88 pg/mL.
The antibacterial efficacity of the tested compounds (51 and 55) ranged
from 9.76 to 39.06 pg/mL. Equal MIC, 9.76 ug/mL was observed for
compound 55 and gentamicin (reference antibiotic) against P. aeruginosa.
The flowers of G. dulcis afforded rhamnazin (56) and xanthochymol (47).
Rhamnazin displayed selective antibacterial activity on penicillin-sensitive
strain, ATCC 25923 (MIC, 8 pg/mL), MRSA SK1 (MIC, 8 ug/mL), and
S. aureus (MIC, 8 pg/mL), while xanthochymol (47) had weak (MIC >
128 pg/mL) antibacterial activities against the same bacteria (IDeachathai
et al., 2006). Moreover, these bacteria were less resistant to 2,4-dihydroxy-
6-propylbenzoate benzyl (57) with a MIC value for each of 64 pg/mL
(Deachathai, Phongpaichit, & Mahabusarakam, 2008).

Norathyriol (58), allanxanthone C (59), garcinone E (60) and ban-
nanxanthone E (61) reported from the EtOAc extract of G. mackeaniana
leaves showed potent antibacterial activities. The extract was active towards
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B. subtilis ICsg, 51.52 pg/mL), L. fermentum (ICso> 256 pg/mL) and S.
aureus (ICso, 36.26 ng/mL). Selectivity was observed for norathyriol (58,
ICs, 88.0 pg/mL) against S. aureus. Allanxanthone C (59) and garcinone E
(60) exhibited very good ICs( values of 5.41, and 4.29 pg/mL, respectively
against S. awureus, combined with a good ICs, ranging from 10.80 to
11.50 pg/mL against B. subtilis and L. fermentum (Ha et al., 2020).

The antibacterial guided fractionation of the leaves extract of G.
livingstonei afforded amentoflavone (62) and 4'-methoxyamentoflavone
(63), with exceptional antibacterial activity against E. coli, P. aeruginosa S.
aureus, E. faecalis 62 (MIC, 40, > 100, 40, and 60 ng/mL, respectively) and
63 (MIC, 8, 60, 40, and 8 pg/mL, respectively), with the extract exhibiting
substantially low activity (MIC > 500 pg/mL) against the various nosoco-
mial pathogens tested (Kaikabo, Samuel, & Eloft, 2009). In addition to
their antibacterial capacity, these compounds (62 and 63) had anti-
mycobacterial properties against M. smegmatis ATCC 1441 with MIC
values of 0.6 and 1.4 mg/mL, respectively in comparison to isoniazid
(MIC, 1.3 mg/mL) (Kaikabo & Eloff, 2011). Likewise, amentoflavone (62)
had a different level of activity against Gram-positive (E. faecium ATCC
19434 (MIC, 8ug/mL), S. aureus ATCC 25923 (MIC, 4pug/mL), S.
mutans ATCC 3065 (MIC, 32 ng/mL)) and Gram-negative (E. coli O-157
ATCC 25922 (MIC, 8 pg/mL), E. coli ATCC 43895 (MIC, 16 pg/mL), P.
aeruginosa ATCC 27853 (MIC, 8 pg/mlL)) bacteria (Hwang, Choi, Woo, &
Lee, 2013). Average activity against MRSA was also reported for C-4
geranylated xanthones, cheffouxanthone (64, MIC, 64 ng/mlL), and ban-
gangxanthone A (65, MIC, 32 pg/ml). In addition to this, S. aureus was
sensitive to bangangxanthone A (65, MIC, 16 png/mlL) and the methanolic
extract (G. hombroniana) was less active against MRSA (MIC, 200 pg/mL),
and S. aureus (MIC, 128 png/mlL) (Klaiklay, Sukpondma, Rukachaisirikul,
& Phongpaichit, 2013).

Extract and ten pure isolates (smeathxanthone A (13), isoxanthochymol
(48), 1,5-dihydroxyxanthone (52), 1,3,5-trihydroxyxanthone (54), chef-
fouxanthone (64), bangangxathone A (65) smeathxanthone B (66), frie-
delin (67), triacontanyl cafteate (68), guttiferone I (69)) from the stem bark
of G. smeathmannii were active against 19 pathogenic bacteria (both Gram-
negative and -positive). The methanolic extract inhibited the growth of
bacteria with MIC, values in the interval of 78.12-156.25 pg/mL. Purified
metabolites showed a broad spectrum of activities with MIC values ranging
from 0.61 to 19.53 pg/mL. Cheffouxanthone (64) and fridelin (67) per-
formed the best against 10/19 and 9/19 bacteria tested, respectively. Their
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MIC values were recorded from 9.76 pg/mL (24.65 uM) to 19.53 pg/mL
(49.3 uM) for cheffouxanthone (64) and from 1.22 pg/mL (2.03 uM) to
4.88 pg/mL (8.12 uM) for fridelin (67) (Kuete et al., 2007a). Other ben-
zophenones like 7-epiclusianone (70, MIC, 1.2 and 0.6 pg/mL) and gut-
tiferone-A (71, MIC, 2.4 and 2.4 pg/mL) exhibited outstanding to
excellent antibacterial activities against S. aureus and B. cereus, respectively
(Naldoni et al., 2009).

Apart from this, Mahamodo et al. reported the antimicrobial activity of
three polyketides, goudotianones 1 (72) and 2 (73) and 1,3,7-trihydroxy-2-
isoprenylxanthone (74) isolated from G. goudotiana leaves (Mahamodo
et al., 2014). Phloroglucinols derivatives (72 and 73) had MIC values of
39 ng/mL (each) against E. faecalis C159—6 and S. lugdunensis T26A3,
respectively. The acetonic extract and xanthone (74) arrested the growth of
two strains in addition to M. smegmatis 5003 with MIC< 78 pg/mL.

Simple xanthone: 1,5,6-trihydroxyxanthone (75) reported from G. succi-
folia showed a MIC value of 64 pg/mL against S. aureus ATCC25923 and B.
subtilis ATCC 6633, while 1,6,7-trihydroxyxanthone (76) presented MIC
values of 64 and 128 pg/mL, respectively. Interestingly, both compounds were
equipotent against S. aureus MRSA (MIC, 64 pg/mL). However, none of the
xanthones tested was active against vancomycin-resistant E. faecalis (1Duangsrisai
et al., 2014). Two xanthones (cowaxanthone (77) and isojacareubin (78)) and
biflavonoid (fukugiside (79)) isolated from Thailand medicinal plant, G. fusca
displayed inhibitory effects against H. pyloi ATCC 43504, H. pylori
DMST20165 and H. pyloi HP40 (Nontakham, Charoenram, Upamai,
Taweechotipatr, & Suksamrarn, 2014). H. pylori DMST20165 reference strain
was more sensitive to compounds 77 (MIC, 4.6 uM) and 79 (MIC, 10.8 uM)
than the positive control, metronidazole (MIC, 11.1 uM). Isojacareubin (78:
MIC, 23.9 uM) displayed the most potent activity against H. pylori strains.

Nigrolineaxanthone F (80), latisxanthone D (81), and brasilixanthone
(82), isolated from G. nigrolineata showed anti-MRSA activity, with an equal
MIC value of 2ug/mL (Rukachaisirikul, Tadpetch, Watthanaphanit,
Saengsanae, & Phongpaichit, 2005b). Rukachaisirikul and co-authors further
reported the anti-MRSA activity of nigrolineaxanthone N (83), 8-deso-
xygartanin (84), and ananixanthone (38) with minimum inhibitory con-
centration (MIC) values of 4, 16, and 32 pg/mlL, respectively in comparison
to the standard drug, vancomycin (MIC, 2 pg/ml) (Rukachaisirikul et al.,
2003).

Doitunggarcinone B (85), dulxanthone B (86), 10-O-methylmaclurax-
anthone (87), and macluraxanthone (20) from the twigs of G. propinqua
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displayed antibacterial potencies on a panel of sensitive and MDR strains: E.
coli TISTR 780, S. typhimurium TISTR 292, S. aureus TISTR 1466 and
methicillin-resistant S. aureus (MRSA) SK1 with MIC value as low as 2 pg/mL
(against S. aureus TISTR 1466). Outstanding activities (MIC < 4 pg/mL) were
observed for macluraxanthone (20) and 10-O-methylmacluraxanthone (87)
against Gram-positive bacteria (MRSA-SK1 and S. aureus TISTR 1466)
(Tantapakul et al., 2012). Caged-tetraprenylated xanthones, scortechinones B
(88) and I (89), and W (90) purified from G. Scortechinii were active against
MRSA with MICs of 3.38, 12.8, and 52.8 uM, respectively. These activities
were at least 2-fold less potent than vancomycin (MIC, 1.38 uM) (Sukpondma
et al., 2005). The antibacterial activity of secondary metabolites is summarized
in Table 3 and their chemical structures in Fig. 1.

E 7. Antibacterial modes of action of Garcinia species

Mangosteen (G. mangostana) produced high amounts of bioactive
biprenylated xanthones, such as o, P, and y-mangostins. Due to their
potent antibacterial effects against both Gram-positive and Gram-negative
bacteria, several authors have underlined their synergism and potentiation
effects in presence of some antibiotics (Phitaktim et al., 2016; Sakagami,
linuma, Piyasena, & Dharmaratne, 2005; Seesom et al., 2013; Sivaranjani
et al., 2019). In parallel to this, a-mangostin is a multitarget inhibitor of a
facultatively anaerobic bacteria, mutans streptococci. ®-Mangostin acts as
an inhibitor of acid production by S. mutans UA159. Other targets for
inhibition by a-mangostin include malolactic fermentation and NADH
oxidase, the major respiratory enzyme for S. mutans (Nguyen & Marquis,
2011).

E 8. Patents with the genus Garcinia

(—)-Hydroxycitric acid, a derivative of citric acid found in fruit rinds
of some Garcinia species, especially G. indica, G. atroviridis and G. cambogia is
widely used in pharmaceutical to improve exercise performance and
weight loss (Braswell, Ahmed, & Ray, 1999; Hastings & Barnes, 1997;
Murthy et al., 2020). Hasegawa et al., have also patented some tricyclic
xanthones from G. mangostana as a potential inhibitor of Helicobacter pylori
(Hasegawa, Sasaki, Almi, Takayama, & Koyano, 1996). In the same line,
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extract from G. mangostana combined with Panax quinquefolius reduce
neuronal cell death, therefore increasing neurite length (Hsieh, Huang, &
Chen, 2018).

9. Conclusion

This review presents a comprehensive summary of ethnobotanical,
phytochemical constituents, and antibacterial activities of the genus Garcinia.
Several species of this genus are used in folkloric medicines to treat various
disorders the world over. A literature survey revealed that xanthones, ben-
zophenones, and flavonoids are the major secondary metabolites reported
from Garcinia species. Other miscellaneous phytochemicals such as terpe-
noids, biphenyls, phenolic acids, organic acids, and alkaloids have also been
reported. Solvent extracts from G. kola, G. lucida, G. nobilis, and other
Garcinia species have been shown to possess remarkable antibacterial activities
against several bacterial strains including MDR phenotypes. Among the
isolated compounds, a-mangostin, a prenylated xanthone from G. mangos-
tana was found to display the most significant antibacterial effects against a
panel of both Gram-positive and Gram-negative bacteria and thus a potential
antibacterial agent. Moreover, (-)-hydroxycitric acid from some Garcinia
fruits is an important anti-obesity agent in the pharmaceutical industry.
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