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Abstract Garcinia kola Heckel (Clusiaceae) is a

tree indigenous to West and Central Africa. All plant

parts, but especially the seeds, are of value in local

folklore medicine. Garcinia kola is used in treatment

of numerous diseases, including gastric disorders,

bronchial diseases, fever, malaria and is used to induce

a stimulating and aphrodisiac effect. The plant is now

attracting considerable interest as a possible source of

pharmaceutically important drugs. Several different

classes of compounds such as biflavonoids, benzophe-

nones, benzofurans, benzopyran, vitamin E deriva-

tives, xanthones, and phytosterols, have been isolated

from G. kola, of which many appears to be found only

in this species, such as garcinianin (found in seeds and

roots), kolanone (fruit pulp, seeds, roots), gakolanone

(stem bark), garcinoic acid, garcinal (both in seeds),

garcifuran A and B, and garcipyran (all in roots). They

showed a wide range of pharmacological activities

(e.g. analgesic, anticancer, antidiabetic, anti-inflam-

matory, antimalarial, antimicrobial, hepatoprotective

and neuroprotective effects), though this has only been

confirmed in animal models. Kolaviron is the most

studied compound and is perceived by many studies as

the active principle ofG. kola. However, its research is

associated with significant flaws (e.g. too high doses

tested, inappropriate positive control). Garcinol has

been tested under better conditions and is perhaps

showing more promising results and should attract

deeper research interest (especially in the area of

anticancer, antimicrobial, and neuroprotective activ-

ity). Human clinical trials and mechanism-of-action

studies must be carried out to verify whether any of the

compounds present inG. kolamay be used as a lead in

the drug development.
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EGEE Ethylene glycol monoethyl ether

ERK Extracellular signal regulated kinase

FASN Fatty acid synthase

GA Garcinoic acid

GABA c-Aminobutyric acid

HAT Histone acetyltransferase

HIF Hypoxia-inducible factor 1-a
HIV Human immunodeficiency virus

HSD Hydroxysteroid dehydrogenase

HUASMCs Human umbilical artery smooth muscle

cells

IC50 Half maximal inhibitory concentration

IL Interleukin

iNOS Inducible nitric oxide synthase

IUCN International Union for Conservation of

Nature

KV Kolaviron

LDL Low density lipoprotein

MAPK P38 mitogen-activated protein kinases

MAO-B Monoamine oxidase B

MCP-1 Monocyte chemotactic protein-1

MIC Minimal inhibitory concentration

MPTP 1-Methyl-4-phenyl-1,2,3,6-

tetrahydropyridine

NFE Nitrogen-free extracts

NF-jB Nuclear factor kappa B

PAINs Pan-assay interfering compounds

PD Parkinson’s disease

PDE-5 Phosphodiesterase-5

PKB Protein kinase B

PLA2 Phospholipase A2

PPARc Proliferator-activated receptor gamma

PTP1B Protein tyrosine phosphatase 1

RISK Reperfusion injury signaling kinase

STAT-3 Signal transducer and activator of

transcription 3

TNF-a Tumour necrosis factor a
VEGF Vascular endothelial growth factor

WHO World Health Organization

Introduction

Garcinia kola Heckel (Clusiaceae), a multipurpose

tree commonly found in subtropical and tropical moist

lowland forests of Nigeria, Cameroon and other

countries in sub-Saharan Africa. It is colloquially

called bitter kola, false kola or sometimes ‘‘wonder

plant’’ because almost every part of this tree has been

used in traditional medicine for broad portfolio of

ailments since ancient times (Ijomone and Obi 2013;

Maňourová et al. 2019; Erukainure et al. 2021). The

seeds are highly valued as oral masticatory agent with

bitter astringent taste and stimulant effect. They (as

well as other plant parts) are used to treat wide range of

diseases, including as gastric and liver disorders,

diarrhoea, bronchial diseases, throat infections, colds,

fever, malaria, and as an aphrodisiac (see Table 1)

(Erukainure et al. 2021). Especially the use in the area

of liver protection and disease, throat infection, colds,

and the aphrodisiac action is often repeated in the

literature. The seeds are habitually chewed as a part of

traditional, cultural and social ceremonies and for their

aphrodisiacal effect (Maňourová et al. 2019). It is

often given to guests and unfamiliar persons as sign of

friendship and respect. Currently, G. kola is recorded

as ‘‘vulnerable’’ in IUCN’s Red List of Threatened

Species, possibly due to deforestation practices and

relatively intensive collection from the wild (Cheek

2004).

Over the last few years, G. kola has received quite

large research attention, mainly due to content of a

very specific biflavonoid complex collectively

referred to as kolaviron, whose distribution seems to

be limited to G. kola. More recently, this research

attention has resulted in emergence of a few review

articles (Maňourová et al. 2019; Erukainure et al.

2021; Dogara et al. 2022; Emmanuel et al. 2022) that

introduce G. kola, and kolaviron, as a promising

material for drug discovery. However, kolaviron is not

the only constituent found in G. kola and it contains

other compounds (e.g. garcinianin, kolanone, gakola-

none, garcinoic acid, garcinal, garcifuran A and B, and

garcipyran) (Hussain et al. 1982; Niwa et al.

1993, 1994a, b; Terashima et al. 1995, 1997; Akoro

et al. 2020) that also appears to be very specific for G.

kola and their presence have thus fur not been

confirmed in any other botanical source. These

compounds are to a very large extent neglected in

these review articles and kolaviron is perceived as the

active principle, though these lesser-known com-

pounds may provide interesting pharmacological

activities as well. On top of that, kolaviron is in

majority of available studies (animal models) tested in

very large doses, which appears rather unrealistically

high and untransferable to clinical practice. Clinical
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data on humans on any of the constituent found in G.

kola are entirely missing. Despite of this fact, these

reviews draw conclusions on therapeutic efficacy ofG.

kola and kolaviron. In view of what is written above,

this review offers a critical update on available

information of the most studied and discussed com-

pound of G. kola, kolaviron, and provides analysis of

existing knowledge on other present constituents.

Methodology and search strategy

The information summarized in this review was

obtained through extensive literature review and

search of relevant books and articles with the use of

Web of Knowledge, SciVerse Scopus and PubMed

databases. The search was conducted during the period

of 2020–2022 (search period: 1967–2022), using

specific keywords, including: ‘‘garcinia kola’’ (no. of

hits & 500), ‘‘kolaviron’’ (188), ‘‘kolaflavanone’’

(20), ‘‘garcinianin’’ (5), ‘‘amentoflavone’’ (1021),

‘‘volkensiflavone’’ (51), ‘‘morelloflavone’’ (114),

‘‘fukugetin’’ (36), ‘‘kolanone’’ (6), ‘‘gakolanone’’

(1), ‘‘garcinol’’ (399), ‘‘garcionic acid’’ (29), ‘‘garci-

nal’’ (6), ‘‘garcifuran’’ (3), and ‘‘garcipyran’’ (1). Due

to the absence of human clinical trials, studies based

on both in vitro and in vivo conditions were included

in the review, however, only those studies that used

isolated substances (studies using extracts were

excluded from the selection). The objective of this

review is to present a comprehensive summary of all

scientifically accessible information on the chemical

Table 1 Ethnomedicinal information of different plant parts of G. kola

Plant part Ethnomedicinal use Route of application References

Root For oral hygiene Chew sticks Uko et al. (2001), Okoye et al. (2014), Tcheghebe et al.

(2016)Stem bark Purgative N/A

Latex from

the bark

Treatment of inflammation and

for healing of wounds

External application

Mixture of

leaves and

bark

Hypertension, malaria, liver

diseases, asthma and

gastroenteritis

Infusion Tcheghebe et al. (2016), Dogara et al. (2022)

Seeds Bronchitis, laryngitis and throat

infections

Raw seed chewed or

processed into

infusion

Kabangu et al. (1987), Iwu et al. (1999), Okoye et al.

(2014), Tcheghebe et al. (2016), Teodoro et al. (2021)

Treatment of head or chest colds

and relieve of cough

Colic

Rheumatism Tcheghebe et al. (2016)

Menstrual cramps (analgesic

activity)

As a stimulant to induce

alertness and insomnia

Uko et al. (2001), Okoye et al. (2014)

Aphrodisiac

Food and alcohol poisoning, and

as a poison antidote

Kabangu et al. (1987), Braide (1991), Ikpesu et al.

(2014), Tcheghebe et al. (2016)

Liver disorders (liver protection) Iwu et al. (1990b), Iwu et al. (2002), Tcheghebe et al.

(2016), Teodoro et al. (2021)

Diabetes Teodoro et al. (2021), Dogara et al. (2022)

Dysentery and diarrhoea Ainslie (1937), Tcheghebe et al. (2016)

As an antimicrobial, antiviral,

and antiparasitic agent

Iwu et al. (2002), Okoye et al. (2014), Kluge et al.

(2016)

Induction of wound healing Oil pressed form the

seeds used externally

Tcheghebe et al. (2016)

N/A information not available
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composition and reported biological activities of

isolated compounds present in G. kola and critically

assess if they may indeed be of value in clinical

practice.

Results

Chemical composition

Primary metabolites

Although G. kola seeds are more valued for their

medicinal properties rather than as foodstuff, the

kernels are still commonly consumed, which justifies

concerns about their nutritional value (Okoye et al.

2014). There are wide discrepancies among the

published results on the species primary metabolites

content. Generally, the studies agree on relatively high

amounts of moisture in the seeds (about 70%),

suggesting their vulnerability to mould infestation

and possible storage/post-harvest processing difficul-

ties. Present saccharides, also described as nitrogen-

free extracts (NFE), form the largest part of the seed

proximate composition (around 65%), while the

content of minerals is very low (1.5% on average).

The mean value for crude protein was found to be

3.5%, with lysine (2.4 g/kg), leucine (1.9 g/kg) and

valine (1.7 g/kg) being the predominant essential

amino acids (AA) and glutamic acid (6.8 g/kg) with

arginine (5.5 g/kg) as the highest abundant nonessen-

tial AA in both kernels and seeds’ hulls (Eleyinmi

et al. 2006). The crude fat generally varies about 6.2%

with oleic acid (C 18:1; 38 mg/kg), linoleic acid (C

18:2; 36 mg/kg) and palmitic acid (C 16:0; 32 mg/kg)

being the dominant fatty acids in both seeds and hulls

(Eleyinmi et al. 2006). The crude fibre content was

determined at 9.4% on average. Before consumption,

people generally prefer to peel the seeds, discarding

the hulls as worthless waste. However, due to their

high protein content (9.92 g/100 g), these husks may

represent a valuable fodder source for domestic

animals, whose diet is usually based only on natural

pastures of poor quality and thus quite low in protein

content (Eleyinmi et al. 2006). If grinded into a

powder, the hulls can be incorporated into enriched

feeding mixtures.

Quite limited information is available on the

micronutrient content of G. kola seeds. They were

reported to contain relatively high amounts of vitamin

C (23.1–69 mg/100 g), potassium (25–722 mg/kg)

and phosphorus (3.3–720 mg/kg) (Okwu 2005;

Onyekwelu et al. 2015). They are also low in anti-

nutrients such as phytate and oxalate, and are thus

considered safe for consumption without any reports

on harmful overdosing (Onyekwelu et al. 2015;

Konziase 2015).

Secondary metabolites

Various classes of secondary metabolites have been

isolated from different plant parts ofG. kola. Of these,

perhaps the most studied are flavonoids and their

related structures. Benzophenone, benzofurans and

benzopyran analogues, vitamin E derivatives, xan-

thones and phytosterols have also been isolated from

G. kola in the past. Many of the present constituents,

namely, kolaviron, garcinianin, kolanone, gakola-

none, garcionic acid, garcinal, garcifuran A and B,

and garcipyran A, appear to be exclusive for G. kola

and have not been thus found in any other plant species

yet. A list of known compounds isolated from G. kola,

including plant parts where these constituents have

been found, are given in Table 2. Their corresponding

structures are illustrated in Fig. 1.

At least seven biflavonoid structures have been

characterized in G. kola, the most known and studied

being kolaviron. Kolaviron is the principal biflavonoid

mixture in the seeds and constitutes of biflavonoids

GB1 (1), GB2 (2), and kolaflavone (3) (Ijomone and

Obi 2013). Some authors confirmed the presence of

kolavirone in the roots as well (Iwu et al. 1990c).

Seeds and roots were also found to contain garcinianin

(4) (Terashima et al. 1995; Ajayi et al. 2014). It

appears that both kolaviron and garcinianin are

exclusively produced by G. kola and are not found

in other Garcinia species. Garcinia kola seed also

contains amentoflavone (5) (Iwu and Igboko 1982);

which is quite abundantly distributed across plant

species (e.g. Gingko biloba and Hypericum perfora-

tum) (Lobstein-Guth et al. 1988; Baureithel et al.

1997). Other biflavonoids occurring inG. kola include

volkensiflavone (6) and morelloflavone (fukugetin; 7);

so far they were only identified in the wood (Acuña

et al. 2012). On the other hand, both compounds were

also discovered in fruits of otherGarcinia species (e.g.

G. spicata, G. xanthochymus, G. intermedia, G.

livingstonei, G. hombroniana), suggesting that they
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also occur in the fruits and seeds of G. kola. The

benzophenones inG. kola are represented by kolanone

(8), gakolanone (9), and garcinol (10). Kolanone was

the first discovered benzophenone derivative in G.

kola. It was found in various plant parts, including the

fruit (Hussain et al. 1982), seeds (Madubunyi 1995;

Uwagie-Ero et al. 2020), and roots (Iwu et al. 1990c).

As with biflavonoid kolavirone, the distribution of

kolanone appears to be limited to G. kola and its

presence has not yet been demonstrated in any other

species. One recent study also confirms occurrence of

structurally related gakolanone in G. kola stem bark

(Akoro et al. 2020). It as well seems to be restricted

only to G. kola. It was also discovered that the roots

Table 2 Secondary metabolites found in bitter kola (Garcinia kola)

Compound Plant part(s) References

Flavonoid structures

1 GB1* Seeds, roots Iwu et al. (1990c), Terashima et al. (1997), Erukainure et al.

(2021)2 GB2* Seeds, roots

3 Kolaflavanone* Seeds, roots

4 Garcinianin* Seeds, roots Terashima et al. (1995, 1997), Ajayi et al. (2014)

5 Amentoflavone Seeds, wood Iwu and Igboko (1982)

6 Volkensiflavone Wood Acuña et al. (2012)

7 Morelloflavone (fukugetin) Wood

Benzophenones

8 Kolanone* Fruit pulp, seeds,

roots

Hussain et al. (1982), Iwu et al. (1990c), Madubunyi (1995)

9 Gakolanone* Stem bark Akoro et al. (2020)

10 Garcinol Roots Niwa et al. (1993)

Vitamin E derivatives

11 Garcinoic acid* Seeds Terashima et al. (1997)

12 Garcinal* Seeds

13 d-tocotrienol Seeds

Benzo-furan and -pyran analogues

14 Garcifuran A* Roots Niwa et al. (1994b)

15 Garcifuran B* Roots

16 Garcipyran* Roots Niwa et al. (1994a)

Phytosterols

17 Cycloartenol Roots Iwu et al. (1990c)

18 24-methylenecycloartenol Roots

Xanthones

19 2-hydroxyxanthone Stem Terashima et al. (1999)

20 4-hydroxyxanthone Stem

21 1,5-dihydroxyxanthone Stem

22 2-hydroxy-1-methoxyxanthone Stem

23 3-hydroxy-4-methoxyxanthone Stem

24 1,2-dimethoxyxanthone Stem

25 2,5-dihydroxy-1-methoxyxanthone Stem

27 2-hyrdoxy-1,8-dimethoxyxanthone Stem

28 1,3,5-trihydroxy-2-

methoxyxanthone

Stem

*Compounds thus far only found in G. kola
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Benzophenones

Vitamin E derivatives

Benzo-furan and pyran derivatives

Fig. 1 Chemical structures

of secondary metabolites

found in bitter kola

(Garcinia kola)
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contain garcinol (Niwa et al. 1993). In comparison to

kolanone and gakolanone, garcinol is widely dis-

tributed throughout theGarcinia species (includingG.

indica, G. huillensis, and G. pedunculata) (Kopytko

et al. 2021). Additionally, it was discovered, that the

seeds contain very specific derivatives of vitamin E,

garcinoic acid (11) and garcinal (12) that appears to be

also limited for G. kola. Along with these specific

vitamin E analogues, d-tocotrienol (13) has also been

found in seeds (Terashima et al. 1997). Niwa et al.

(1994a, b) have isolated two related benzofuran and

one benzopyran derivatives, garcifuran A (14) and B

(15), and garcipyran (16), from the roots. Again, all

three compounds have so far only been found in G.

kola, suggesting that this is their only-producing

species. The roots were also found to contain

cycloartenol (17) and 24-methylenecycloartenol

(18). Several related xanthone analogues, namely

2-hydroxy-, 4-hydroxy-, 1,5-dihydoxy-, 1,2,8-trihy-

droxy-, 2-hydroxy-1-methoxy-, 3-hydroxy-4-meth-

oxy-, 1,2-dimethoxy-, 2,5-dihydroxy-1-methoxy-,

2-hydroxy-1,8-dimethoxy-, and 1,3,5-trihydroxy-2-

methoxy-xanthone (19–28) have been detected in the

stems (Terashima et al. 1999). Both the cycloartenol

and xanthone derivatives are quite abundant in the

plant kingdom (El-Seedi et al. 2009; Gwatidzo et al.

2014). Some studies have indicated presence of a

number of other compounds, including saponins,

cardiac glycosides, alkaloids, and tannins (Adesuyi

et al. 2012; Winner et al. 2016; Eleazu et al. 2012;

Monago and Akhidue 2002). However, these studies

only provide the total content of the given group of

substances. It is worthy of note that there seems to be

data on the total content only for seeds and leaves (for

more details see Table 3). As far as we know, there is

unfortunately a lack of studies providing concentra-

tions of individual compounds. In addition to the

substances discussed so far, G. kola seeds were also

found to contain various cytochalasins (e.g. 8-me-

toxycytochalasin J, cytochalasin H and J, and alternar-

iol) that appears not to be synthesized by the plant

itself, but are the product of a plant-associated fungus

of the genus Phomopsis sp. (Jouda et al. 2016).

Biological activities of kolaviron (KV)

A brief description of the biological activities of KV is

given below; detail description (disease, dose, mode of

administration, etc.) is given in Table 4.

Hepato-, nephro-, and gastrointestinal-protective

activity

Hepatoprotective effect is one of the major area where

KV was tested. The biflavonoid was investigated in

animal models to protect the liver from a broad

spectrum of hepatotoxic agents. Despite the intensive

research, the exact mode of hepatoprotective action of

Phytosterols

Xanthones

R1 R2 R3 R4 R5 R6

19 (2-hydroxyxanthone) H OH H H H H
20 (4-hydroxyxanthone) H H H OH H H
21 (1,5-dihydroxyxanthone) OH H H H OH H
22 (1,2,8-trihydroxyxanthone) OH OH H H H OH
23 (2-hydroxy-1-methoxyxanthone) MeO OH H H H H
24 (3-hydroxy-4-methoxyxanthone) H H OH MeO H H
25 (1,2-dimethoxyxanthone) MeO MeO H H H H
26 (2,5-dihydroxy-1-methoxyxanthone) MeO OH H H OH H
27 (2-hyrdoxy-1,8-dimethoxyxanthone) MeO OH H H H MeO
28 (1,3,5-trihydroxy-2-methoxyxanthone) OH MeO OH H OH H

Fig. 1 continued
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KV is still not fully understood. Some authors

proposed direct antioxidant mechanism (e.g. via

KV’s ability to scavenge free radicals) (Alabi and

Akomolafe 2020), while others pointed out that KV

enhances activity of drug-detoxifying enzymes (KV

increases the activity of UDP-glucuronosyl transferase

and glutathione S-transferase) (Olatunde Farombi

2000). Farombi et al. (2009) also suggested that its

effect may be achieved through inhibition of

cyclooxygenase (COX) and inducible nitric oxide

synthase (iNOS) expression. Similarly, KV was also

tested in the scenario of renal (Adaramoye 2009;

Adedara et al. 2015; Offor et al. 2017; Alabi et al.

2018) and gastro-intestinal (Olaleye and Farombi

2006; Onasanwo et al. 2011; Akinrinde et al. 2015)

protection in animal models against similar toxic

agents as in the case of liver toxicity tests. Both

nephroprotective and gastro-protective effect is pre-

sumably exerted via similar mode of action. Apart

from mechanisms discussed above, it was also

suggested that KV interferes with regulation of such

structures as C-reactive proteins (CRP) and extracel-

lular signal regulated kinase (ERK) (Ayepola et al.

2014b; Akinrinde et al. 2016; Oyagbemi et al. 2018b).

In the case of gastrointestinal protective activity, KV

was suggested to inhibit proton pump, thus providing

anti-ulcerogenic effect.

Effect on heart and cardiovascular disorders

In early studies, KV was shown to produce hypolip-

idaemic effect and to reduce the relative heart weight

of cholesterol-fed rats. Its activity was comparable to

that of cholestyramine (questran), a commonly used

hypocholesterolemic drug (Adaramoye et al. 2005).

Additionally, KVwas found to lower blood pressure in

hypertensive rats (Uche and Osakpolo 2018; Olatoye

et al. 2021). In other studies dealing with animal

ischemic/reperfusion model, KV demonstrated to

attenuate the heart injury through interference with

apoptotic pathway (e.g. caspase reduction/cleavage),

and reperfusion injury signaling kinase (RISK)

(Oyagbemi et al. 2017, 2018a). In a more recent

study, KV also reduced cardiovascular injury in

fructose-streptozotocin induced diabetic rats (Adoga

et al. 2021). Furthermore, KV showed cardioprotec-

tive effect in animal models against various car-

diotoxic agents, including antitumour drugs, and

antimalarial agents (e.g. amodiaquine and artesunate)

(Ajani et al. 2008).

Effects on central nervous system (CNS)

The early studies of KV were focused on in vitro

determination of its protective activity against atrazine

in certain neurological cell cultures (e.g. human

dopaminergic SH-SY5Y and PC12 cells) (Abarikwu

et al. 2011a, b). The CNS experiments were afterwards

transferred to animal models, where KV showed

neuroprotective effect against several neurotoxins. It

was suggested that antioxidant effect (i.e. enhance-

ment of antioxidant defences) might be the major

mechanism of its beneficial action, though other

modes were proposed as well (such as inhibition of

stressor molecules and toxic proteins production). KV

also demonstrated positive results in the animal

models of cuprizone-induced multiple sclerosis.

Again, its beneficial effect was explained by

Table 3 Amounts of given classes of compounds in G. kola

Plant part Seed Leaf

Unit g/100 (dw) g/100 (dw)* mg/100 g (ww) g/100 g (dw)

Saponins 2.47 ± 0.0 2.35 ± 0.16 15.79 ± 0.28 1.92 ± 0.82

(Cardiac) glycosides 3.42 ± 0.0 3.11 ± 0.20 67.10 ± 0.03 –

Alkaloids 0.65 ± 0.20 – – 4.00 ± 0.21

Phenols 0.15 ± 0.00 – –

Flavonoids 2.04 ± 0.30 2.67 ± 0.54 – 1.10 ± 0.85

Tannins 0.34 ± 0.00 1.08 ± 0.10 0.69 ± 0.01 traces

References Adesuyi et al. (2012) Winner et al. (2016) Monago and Akhidue (2002) Eleazu et al. (2012)

– Not detected, * peeled seed, dw dry weight, ww wet weight
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antioxidant-related action (Omotoso et al.

2018a, b, 2019). A neuroprotective effect was also

observed in various rat models of CNS disorders. It

was suggested, that KVmight exert its neuroprotective

effect through anti-inflammatory and antiapoptotic

mechanisms. Additionally, KV was also suggested to

be a potential inhibitor of acetylcholinesterase (AChE)

(Ijomone and Obi 2013; Akinmoladun et al. 2018),

though this was deduced only on the basis of reduced

staining activity of AChE and not by enzyme-binding

study. Moreover, very recently KV indicated an anti-

amyloid activity via destabilization of the assembled

Ab particles in a molecular docking study (Adewole

et al. 2021a).

Effect on reproduction and infertility

Garcinia kola is relatively widely used in traditional

medicine as an aphrodisiac. Corresponding with this

fact, studies have been focused on examining the

effect of present substances on reproductive proper-

ties. KV was found to prevent testicular damage and

decline of sex hormones upon administration of

various toxic agents. Administration of these agents

resulted in increased levels of antioxidant/detoxifying

enzymes (catalase, superoxide dismutase, glutathione

S-transferase) and markers of oxidation (e.g. elevated

hydrogen peroxide and malondialdehyde). Addition-

ally, the rats that had been treated with KV also

showed improved semen characteristics (e.g. sperm

count). It was also found out, that KV has lowered the

negative effect of EGEE on activities of 3b-hydrox-
ysteroid dehydrogenase (3b-HSD) and 17b-hydrox-
ysteroid dehydrogenase (17b-HSD), enzymes that are

associated with production of steroidal hormones (e.g.

testosterone) (Adedara and Farombi 2013).

Diabetes

Investigations were made to figure out if KV can act as

a potential source of diabetes treatment. The com-

pound showed a hypoglycaemic effect in alloxan-

induced diabetic rabbits and streptozotocin-induced

diabetic rats (Iwu et al. 1990b; Adaramoye and

Adeyemi 2006; Adaramoye 2012). Though there is

no generally accepted mechanism of action yet, KV

was suggested to produce its antidiabetic effect via

inhibition of a-glucosidase and a-amylase activities

(Iwu et al. 1990b; Salau et al. 2020). Recent study has

also suggested that KVmay play a regenerative role in

pancreatic islets in streptozotocin-induced diabetic

rats (Oyenihi et al. 2021). Other studies focused on the

KV ability to reduce secondary pathology complica-

tions associated with diabetes, including hepatoxicity,

nephrotoxicity, and cardiotoxicity. These activities

have been discussed in previous sections.

Pain and inflammation

Anti-inflammatory activity of KV was firstly studied

in an carrageenan-induced paw oedema mice model

(Olaleye et al. 2010; Tchimene et al. 2015a). Accord-

ing to the subsequent tests on cell lines, it was

suggested that KV might be the most active anti-

inflammatory principle of G. kola, interfering with the

normal production of pro-inflammatory mediators

such as prostaglandins (via COX enzymes inhibition),

nitric oxide, interleukins, tumour necrosis factor a
(TNF-a), monocyte chemotactic protein-1 (MCP-1),

and vascular endothelial growth factor (VEGF)

(Olaleye et al. 2010; Abarikwu 2014; Ayepola et al.

2014b, a; Awogbindin et al. 2017; Okoko 2018).

Recent animal study revealed that KV have decreased

inflammation in pneumonia-like Klebsiella infection

induced in wistar rats (Dozie-Nwakile et al. 2021).

Additionally, KV was found to reduce neuroinflam-

mation in BV2 microglia/HT22 hippocampal neuron

co-culture, exerting its activity via the same mecha-

nisms mentioned above. Also, KV showed to possess a

certain analgesic effect (Tchimene et al. 2015b). It was

later discovered that its pain-relieving activity may not

probably be associated with COX-2 inhibition, but

rather involves nitrergic and ATP-K? sensitive path-

ways (Ibironke and Fasanmade 2015).

Immunomodulatory activity

There are a few studies addressing the immunomod-

ulatory activity of KV. In the first report, research on

immunocompetent and immunocompromised models

in rats was carried out, where KV showed inhibition of

delayed-type hypersensitivity and increase in the

primary and secondary sheep erythrocytes-specific

antibody titers. The results showed that administration

of KV ameliorated the cyclophosphamide-induced

leukopenia and increased the number of white blood

cells (Nworu et al. 2008). In other studies, KV delayed

the development of the clinical symptoms of influenza
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in the infected mice (Awogbindin et al. 2015). Apart

from other mechanisms discussed above (e.g. inhibi-

tion of COX-2, interleukins, and cytokines produc-

tion), it was suggested that KV is capable of fostering

the CD4? response (Awogbindin et al. 2017).

Cancer

Only a few studies regarding KV anticancer activity

exist, though vast majority of them aim specifically at

determining effect on biochemical parameters of

benign prostatic hyperplasia in rats. KV showed a

similar effect on serum levels of prostate specific

antigen, total prostatic proteins, prolactin, oestradiol,

testosterone, testosterone/oestradiol ratio, urea, and

creatinine as the control finasteride (Kalu et al. 2016;

Winner et al. 2016). Since antiandrogen finasteride is

an 5a-reductase inhibitor, it was suggested that KV

has the samemechanism of action. Yet, the therapeutic

efficacy of KV in benign prostate hyperplasia (BPH)

are far from conclusive. On top of that, it is worth to

note that if indeed KV was an 5a-reductase inhibitor it
would contradict the traditional aphrodisiac eth-

nomedicinal indication of G. kola. Recently, KV was

also found to protect U937 cell and macrophages from

bromate-induced cytotoxicity in an in vitro study

(Okoko and Ndoni 2021). Moreover, histone deacety-

lase inhibitory activity was shown in an in silico model

(Adewole et al. 2021b).

Antiparasitic activity

Although G. kola is commonly used in folk medicine

to treat malaria, there are relatively few studies on its

antimalarial effect. KV showed anti-malarial activities

by suppressing Plasmodium bergheii in infected

laboratory mice (Oluwatosin et al. 2014; Tshibangu

et al. 2016). Of all KV components, GB1 exhibited the

almost the same in vitro antimalarial effectivity on P.

falciparum as quinine. In the in vivo test, it was

observed that GB1 significantly increased the average

life span of Plasmodium-infected mice (Konziase

2015). Recently, KV was also showed to be effective

against Trypanosoma infections (e.g. T. congolense)

both in vitro and in vivo. It has been suggested that KV

may exert its antitrypanosomal activity by interfering

with trypanothione reductase, an enzyme responsible

for homeostasis maintenance (Timothy et al. 2021).

Anti-snake venom activity

Anti-snake venom activity forms a relatively narrow

area of KV research. As far as we know, only one

study addressed this issue. Quite recently Okafor and

Onyike (2020) suggested that the KV may produce

inhibitory effect against hydrolytic enzymes of Naja

nigricollis venom, namely phospholipase A2 (PLA2),

protease, hyaluronidase and l-amino acid oxidase, and

thus also neutralize their myotoxic, oedemic, haemo-

lytic and procoagulant effects. However, KV was

assayed at quite high doses (venom:KV 1:5 w/w) and

reasonable inhibition was only observed in the case of

PLA2. It is questionable whether these high doses of

KV are clinically relevant.

Biological activities of amentoflavone

Amentoflavone is a widely studied biflavonoid. It is

quite abundant in nature across various plant families,

including—Ginkgoaceae, Selaginellaceae, Cupres-

saceae, Euphorbiaceae, Podocarpaceae, and Calophyl-

laceae (Yu et al. 2017). The main area where

amentoflavone has been studied is anti-inflammatory,

antitumour, antidiabetic, antifungal, antiviral, and

neuro- and cardio-protective activities. Amentofla-

vone was found to interfere with levels of inflamma-

tory mediators (e.g. nitric oxide, malondialdehyde,

reduced glutathione, tumour necrosis factor alpha

(TNF-a), and prostaglandin E-2) in various

lipopolysaccharide-stimulated cell lines (Ishola et al.

2013). Additionally, amentoflavone was also reported

to inhibit the production of proinflammatory inter-

leukins, including IL-1b and IL-6 (Abdallah et al.

2015). As of yet, precise mode of its anti-inflammatory

action has not been established. Amentoflavone have

been tested for cytotoxic effect against various cancer

cell lines. Several mechanisms of its anticancer action

have been proposed, including induction of cell cycle

arrest, apoptosis (e.g. interference with caspase-3),

inhibition of fatty acid synthase (FASN) and phos-

phorylation of protein kinase B (PKB), and downreg-

ulation of HER2 protein (Lee et al. 2013).

Amentoflavone was also suggested to regulate glucose

level, production of insulin and to possess pancreas-

regenerating properties in diabetic mice (Su et al.

2019). It was indicated that it may exert its antidiabetic

effect by inhibiting protein tyrosine phosphatase 1

(PTP1B) (Na et al. 2007). Amentoflavone

123

Phytochem Rev (2023) 22:1305–1351 1323



demonstrated neuroprotective effect in various exper-

iments. This activity may be related to interference

with the receptors for serotonin, adrenaline, and

GABA. Amentoflavone also showed protective activ-

ity against cardiovascular dysfunction in high fructose

and fat diet induced metabolic syndrome rats. Admin-

istration decreased systolic blood pressure, left ven-

tricular internal diameter and posterior wall thickness

in diastole, increased fractional shortening and

decreased ejection fraction, relative wall thickness,

estimated left ventricular mass, cardiac stiffness and

wet weight (Qin et al. 2018). Amentoflavone was also

shown to reduce lipid accumulation and oxidized low

density lipoprotein (ox-LDL) uptake in HUASMCs

and THP-1 cells. It was suggested that amentoflavone

acts as an inhibitor of proliferator-activated receptor

gamma (PPARc) protein/cluster of differentiation 36

(CD36) signaling pathway (Zhuang et al. 2021).

Additionally, amentoflavone was found out to inhibit

phosphodiesterase in rat adipose tissue (Saponara and

Bosisio 1998). Amentoflavone also showed antimi-

crobial activity against various fungal pathogens,

including Candida albicans, Saccharomyces cere-

visiae, and Trichosporon beigelii (Hyun et al. 2006).

Furthermore, it demonstrated antiviral effect, e.g.

against, coxsackievirus B3 (Wilsky et al. 2012),

dengue virus (Coulerie et al. 2013), HIV (Lin et al.

1997), and SARS-CoV 3CLpro (Ryu et al. 2010). As

with the other biflavonoids mentioned in this review,

amentoflavone, although possibly showing promising

results in many of the in vitro and in vivo tests, has not

yet been subjected to clinical trials and therefore its

therapeutic efficacy is far from conclusive.

Biological activities

of volkensiflavone/morelloflavone

It seems the biflavonoids volkensiflavone and mor-

elloflavone display similar pharmacological properties

as their related structure KV. However, the extent of

research on them is far more limited. Their biological

activities are summarized in Table 5. Perhaps the most

widely studied area of these biflavonoids is antibac-

terial activity, though in the available in vitro studies,

they are showing rather low efficiency. Both showed

an ability to lower the minimal inhibitory concentra-

tion of norfloxacin against Staphylococcus aureus (E

Silva et al. 2021). Anti-bacterial activity (e.g. against

S. aureus, but also Bacillus subtilis, Pseudomonas

aeruginosa and Escherichia coli) of volkensiflavone

and morelloflavone and their glycosylated versions

was also reported elsewhere (Trisuwan et al. 2013;

Jamila et al. 2014). Interestingly, some of the glyco-

sylated analogues of volkensiflavone and morello-

flavone (e.g. (2R,3S)-volkensiflavone-7-O-b-
acetylglucopyranoside and (2S,3S)-morelloflavone-7-

O-b-acetylglucopyranoside) did not demonstrate any

notable antibacterial activity (Mountessou et al. 2018).

Volkensiflavone demonstrated antiplasmodial activity

in comparison to cholorquine. Morelloflavone showed

approx. three- to ten-fold weaker activity than volken-

siflavone (Azebaze et al. 2015). Contrastingly, Bez-

erra et al. (2021) reported morelloflavone to have

activity against Leishmania amazonensis. Contrasting

results were also found in another study, where

volkensiflavone showed superior activity over mor-

elloflavone against Leishmania infantum, but also

other parasites (i.e. Trypanosoma brucei brucei and T.

cruzi), while morelloflavone was not active at all

(Mbwambo et al. 2006). Volkensiflavone and mor-

elloflavone were also found to produce a vasodilata-

tion via relaxation on aorta rings in a rat model. Both

compounds were also suggested to be of interest as

potential treatment for increased blood pressure and

erectile disfunction (Brusotti et al. 2016). Moreover,

their in vitro and in vivo atheroprotective effect caused

by regulated interaction between oxidized low density

lipoprotein (LDL) molecule and macrophages has

been described as well (Tabares-Guevara et al. 2017).

Volkensiflavone and morelloflavone were also tested

in few in vitro and in vivo antitumour assays.

Morelloflavone inhibited microvessel sprouting of

endothelial cells in the mouse aortic ring assay and

formation of new blood microvessels induced by

VEGF in the mouse Matrigel plug assay. It also

inhibited tumour growth and tumour angiogenesis of

prostate cancer cells (PC-3) in xenograft mouse

tumour model (Pang et al. 2009). Additionally,

morelloflavone and its glycosylated variants demon-

strated moderate antitumour effect in C6 cells (Li et al.

2016). Both volkensiflavone and morelloflavone dis-

played cytotoxicity in the SW-480 colon cancer cell

line (Baggett et al. 2005). More recently, a biflavonoid

fraction from Garcinia madruno, that was composed

of morelloflavone (65%), volkensiflavone (12%), GB

2a (11%), fukugiside (6%) and amentoflavone (0.4%)

demonstrated neuroprotective activity in a transgenic

mouse model of Alzheimer’s disease (e.g. reduced
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deposition of Ab particles, b-secretase-mediated

cleavage of amyloid precursor protein, tau pathology,

astrogliosis and microgliosis). Additionally, the mice

administered with the biflavonoid mixture showed

better behavioural patterns in comparison to the

control group (Sabogal-Guáqueta et al. 2018).

Biological activities of garcinol

Cancer

Garcinol is attracting a scientific interest mainly due to

its ability to inhibit histone acetyltransferase (HAT), a

novel drug target in cancer research. As a HAT

inhibitor, garcinol was found effective at hindering the

process of non-homologous end joining in the DNA

repair mechanism, ultimately causing apoptosis of the

cancer cells (Oike et al. 2012; Schobert and Biersack

2019). Other suggested mechanisms of garcinol’s

anticancer effect is interference with NF-jB, iNOS,
COX-2 (especially in the inflammatory-induced

cancers, such as colorectal cancer), VEGF, and signal

transducer and activator of transcription 3 (STAT-3)

pathway (Liu et al. 2015; Schobert and Biersack

2019). In vivo and in vitro anti-cancer properties of

garcinol have been quite recently and exhaustively

reviewed by Aggarwal et al. (2020) and Schobert and

Biersack (2019). Therefore, only the most important

studies and those published after 2019 are summarized

in Table 6.

Anti-inflammatory activity

Garcinol disposed an anti-inflammatory activity in

various animal models of induced inflammation.

Majority of studies agree on a mechanism that appears

to be related to the interference with NF-jB, iNOS,
ERK, COX-2, p38 mitogen-activated protein kinases

(MAPK), lipoxygenase (5-LOX), TNF-a, interleukin
(e.g. IL-2, IL-6, IL-23), nuclear factor of activated

T-cells (NF-AT) (Liu et al. 2015; Schobert and

Biersack 2019). Some authors also suggested that

anti-inflammatory effect of garcinol is associated with

HAT suppression (Ferriero et al. 2018).

Neurodegenerative disorders and drug withdrawal

Garcinol was found to be an inhibitor of monoamine

oxidase B (MAO-B), and as such, it might be helpful

in Parkinson’s disease treatment by retarding dopa-

mine depletion (Mazumder et al. 2018). Additionally,

it was discovered that garcinol attenuated the side-

effects and increased bioavailability of L-DOPA, a

dopamine precursor commonly used in the treatment

of Parkinson’s disease symptoms (Mazumder et al.

2016; Ryu et al. 2018). Garcinol also decreased

mortality and seizure scores in mice, presumably by

suppressing brain-derived neurotrophic factor

(BDNF) and by having effect on neurotransmitter

systems, including those involving glutamate and

GABAA (Hao et al. 2016). Garcinol was also observed

to decrease inflammation of microglia in rats via down

regulation of NF-jB pathway and inhibiting COX-2,

iNOS, and IL expression (Wang et al. 2017). A

relatively unusual effect of garcinol has been discov-

ered—in rats exposed to cocaine, garcinol inhibited

restoration via reconsolidation-based modes following

cocaine reactivation. The effect of garcinol on reac-

tivated memories were long-lasting, suggesting a

potential in control of drug abstinence and addiction

(Fuchs and McLaughlin 2017).

Antiviral and antimicrobial activity

One of the early studies involved investigation on

antiviral activity of garcinol against HIV, where again

it was found to be potentially exerting its effect via

inhibition of histone acetyltransferase (HAT) of the

HIV infected cells (Mantelingu et al. 2007). Similarly

as in the case of kolaviron, garcinol showed some

degree of activity also against influenza virus

(Hatakeyama et al. 2014). It appears that garcinol

exerts its antiviral activity against influenza through

regulation of the viral polymerase function (Schobert

and Biersack 2019). Garcinol has demonstrated

antibacterial, anti-yeast and antiprotozoal activity

which was in some cases equal or better than

conventional treatment. Again, mechanism of its

antimicrobial effect might be related to the HAT

inhibitory activity (noted above).

Biological activities of garcinoic acid (GA)

Compared to KV and garcinol, there is only a limited

number of studies on GA. Its biological activities are

summarized in Table 7. In the early reports, GA

showed in vitro antioxidant (Terashima et al. 2002;

Okoko 2009) and anticancer effect (Mazzini et al.

123

Phytochem Rev (2023) 22:1305–1351 1327



T
a

b
le

6
B
io
lo
g
ic
al

ac
ti
v
it
ie
s
o
f
g
ar
ci
n
o
l

D
is
ea
se
/m

o
d
el

A
n
im

al
/o
rg
an

E
ffi
ca
ci
o
u
s

d
o
se
/m

o
d
e
o
f

ad
m
in
is
tr
at
io
n

P
o
si
ti
v
e
co
n
tr
o
l

M
aj
o
r
fi
n
d
in
g
s

R
ef
er
en
ce
s

C
a
n
ce
r

L
u
n
g

H
4
4
1
an
d
A
5
4
9
;

n
o
n
-s
m
al
l
ce
ll

lu
n
g
ce
ll
ca
n
ce
r

(N
S
C
L
C
)
li
n
es

3
.0
1
;
6
.0
3
;
1
2
.0
6
lg

/

m
L

N
/A

G
ar
ci
n
o
l
d
im

in
is
h
ed

th
e
ab
il
it
y
o
f
th
e
N
S
C
L
C
ce
ll

li
n
es

to
fo
rm

sp
h
er
es

an
d
co
lo
n
ie
s,
an
d
re
d
u
ce
d

th
ei
r
v
ia
b
il
it
y

H
u
an
g
et

al
.

(2
0
1
8
)

X
en
o
g
ra
ft
m
o
u
se

m
o
d
el

(N
O
D
/

S
C
ID

m
ic
e
?

H
4
4
1

tu
m
o
u
r
sp
h
er
es

5
m
g
/k
g
i.
p

N
/A

G
ar
ci
n
o
l
in
h
ib
it
ed

tu
m
o
u
r
g
ro
w
th

in
th
e
x
en
o
g
ra
ft

m
o
d
el

L
eu
k
ae
m
ia

H
L
-6
0
ce
ll
s

IC
5
0
=
5
.7

lg
/m

L
C
u
rc
u
m
in

IC
5
0
=
7
.2

lg
/m

L

G
ar
ci
n
o
l
d
is
p
la
y
ed

in
v
it
ro

g
ro
w
th

in
h
ib
it
o
ry

ef
fe
ct
s
ag
ai
n
st

h
u
m
an

le
u
k
ae
m
ia

H
L
-6
0
ce
ll
s

P
an

et
al
.

(2
0
0
1
)

P
an
cr
ea
s

T
ra
n
sg
en
ic

p
an
cr
ea
ti
c
ca
n
ce
r

(P
C
)
m
o
u
se

0
.0
5
%

in
d
ie
t

G
em

ci
ta
b
in
e
1
0
0
m
g
/

k
g
,
i.
p

G
ar
ci
n
o
l
0
.0
5
%

in

d
ie
t
?

g
em

ci
ta
b
in
e

1
0
0
m
g
/k
g
i.
p

M
ic
e
ad
m
in
is
te
re
d
w
it
h
g
ar
ci
n
o
l
sh
o
w
ed

re
d
u
ct
io
n

in
tu
m
o
u
r
v
o
lu
m
es

an
d
re
d
u
ce
d
n
u
m
b
er

o
f

ad
v
an
ce
d
p
an
cr
ea
ti
c
n
eo
p
la
si
a.

It
al
so

re
ta
rd
ed

th
e
p
ro
g
re
ss
io
n
o
f
P
C
,
ar
re
st
in
g
th
e
ca
n
ce
r
in

th
e

ea
rl
ie
r
st
ag
es
,
im

p
ro
v
in
g
p
ro
g
n
o
si
s
an
d
su
rv
iv
al

S
aa
d
at

et
al
.

(2
0
1
8
)

C
o
lo
n

H
T
-2
9
ce
ll
s—

v
ia
b
il
it
y

S
cr
at
ch

te
st

IC
5
0
(2
4
h
)
=
2
4
.7

l
g
/

m
L

IC
5
0
(4
8
h
)
=
1
6
.3

l
g
/

m
L

(1
2
.0
6
;
2
4
.1
1
;

3
6
.2

lg
/m

L
)

N
/A

G
ar
ci
n
o
l
el
ev
at
ed

ap
o
p
to
si
s
an
d
in
h
ib
it
ed

H
T
-2
9

ce
ll
s
p
ro
li
fe
ra
ti
o
n
,
an
g
io
g
en
es
is
,
an
d
in
v
as
io
n
b
y

su
p
p
re
ss
in
g
th
e
m
P
G
E
S
-1
/P
G
E
2
/H
IF
-1
a

si
g
n
al
li
n
g
p
at
h
w
ay
s

R
an
jb
ar
n
ej
ad

et
al
.
(2
0
1
7
)

A
zo
x
y
m
et
h
an
e
d
ex
tr
an

so
d
iu
m

su
lp
h
at
e
in
d
u
ce
d
co
lo
n
ca
n
ce
r

C
5
7
B
L
/6

J
m
ic
e

H
ig
h
fa
t
d
ie
t

(H
F
D
)
?

g
ar
ci
n
o
l

0
.0
5
%

in
d
ie
t

n
o
rm

al
d
ie
t

(N
D
)
?

g
ar
ci
n
o
l

0
.0
5
%

N
o
rm

al
d
ie
t
h
ig
h
-f
at
-

d
ie
t

G
ar
ci
n
o
l
am

el
io
ra
te
d
o
b
es
it
y
-p
ro
m
o
te
d
co
lo
n

ca
rc
in
o
g
en
es
is

L
ee

et
al
.

(2
0
2
1
)

P
ro
st
at
e

D
U
-1
4
5
,
P
C
-3
,

L
N
C
aP

1
.5
;
3
.0
4
;
6
.0
3
;

1
2
.0
6
lg

/m
L

N
/A

G
ar
ci
n
o
l
in
d
u
ce
d
ap
o
p
to
si
s
an
d
in
h
ib
it
ed

au
to
p
h
ag
y
in

h
u
m
an

p
ro
st
at
e
ca
n
ce
r
ce
ll
s

W
an
g
et

al
.

(2
0
1
5
)

X
en
o
g
ra
ft
m
o
u
se

m
o
d
el

(n
u
d
e

m
ic
e
?

P
C
-3

ce
ll
s)

5
0
m
g
/k
g
/d

o
.g
.
o
r

i.
p

N
/A

G
ar
ci
n
o
l
re
d
u
ce
d
th
e
tu
m
o
u
r
si
ze

v
ia

in
h
ib
it
in
g

au
to
p
h
ag
y
an
d
in
d
u
ci
n
g
ap
o
p
to
si
s

123

1328 Phytochem Rev (2023) 22:1305–1351



T
a

b
le

6
co
n
ti
n
u
ed

D
is
ea
se
/m

o
d
el

A
n
im

al
/o
rg
an

E
ffi
ca
ci
o
u
s

d
o
se
/m

o
d
e
o
f

ad
m
in
is
tr
at
io
n

P
o
si
ti
v
e
co
n
tr
o
l

M
aj
o
r
fi
n
d
in
g
s

R
ef
er
en
ce
s

B
re
as
t

X
en
o
g
ra
ft
m
o
u
se

m
o
d
el

B
al
b
/c

m
ic
e
?

4
T
1

ce
ll
s

S
y
n
er
g
y
:
T
ax
o
l�

5
m
g
/k
g

i.
p
.
?

g
ar
ci
n
o
l

1
m
g
/k
g
i.
g

T
ax
o
l�

5
m
g
/k
g
i.
p
.)

G
ar
ci
n
o
l
en
h
an
ce
d
T
ax
o
l�

-s
ti
m
u
la
te
d
G
2
/M

p
h
as
e

ar
re
st

an
d
th
e
in
h
ib
it
io
n
o
f
ca
sp
as
e-
3
/c
y
to
so
li
c

C
a2

?
-i
n
d
ep
en
d
en
t
p
h
o
sp
h
o
li
p
as
e
A
2
an
d
N
F
-j
B
/

T
w
is
t-
1
d
ri
v
e
d
o
w
n
st
re
am

ev
en
ts

in
cl
u
d
in
g

tu
m
o
u
r
ce
ll
re
p
o
p
u
la
ti
o
n
,
su
rv
iv
al
,
in
fl
am

m
at
io
n
,

an
g
io
g
en
es
is
,
in
v
as
io
n
,
an
d
ep
it
h
el
ia
l–

m
es
en
ch
y
m
al

tr
an
si
ti
o
n

T
u
et

al
.
(2
0
1
7
)

C
er
v
ix

H
el
a;
S
iH
a
ce
ll
s

IC
5
0
=
3
2
.5
;
3
1
.2

l
g
/

m
L

N
/A

G
ar
ci
n
o
l
su
p
p
re
ss
ed

ce
ll
v
ia
b
il
it
y
,
co
lo
n
y

fo
rm

at
io
n
,
in
v
as
io
n
,
m
ig
ra
ti
o
n
,
ce
ll
cy
cl
e

p
ro
g
re
ss
io
n
,
an
d
p
ro
m
o
te
d
ce
ll
ap
o
p
to
si
s
in

v
it
ro

Z
h
ao

et
al
.

(2
0
1
8
)

X
en
o
g
ra
ft
m
o
u
se

m
o
d
el

B
A
L
B
/c

n
u
/n
u

m
ic
e
?

H
el
a
ce
ll
s

1
;
2
m
g
/k
g
i.
p

N
/A

G
ar
ci
n
o
l
in
h
ib
it
ed

tu
m
o
u
r
g
ro
w
th

in
x
en
o
g
ra
ft

m
o
d
el

H
ea
d
an
d
n
ec
k
ca
rc
in
o
m
a

(H
N
S
C
C
)

C
A
L
2
7
ce
ll
s

6
.0
3
;
1
5
.0
7
;

3
0
.1
4
lg

/m
L

N
/A

G
ar
ci
n
o
l
in
h
ib
it
ed

v
ar
io
u
s
in
fl
am

m
at
o
ry

m
ed
ia
to
rs

in
v
o
lv
ed

in
H
N
S
C
C

p
ro
g
re
ss
io
n
(e
.g
.
in
h
ib
it
io
n

o
f
S
T
A
T
3
an
d
N
F
-j
B
ac
ti
v
at
io
n
)
an
d
re
d
u
ce
d

ce
ll
v
ia
b
il
it
y
an
d
in
d
u
ce
d
ap
o
p
to
si
s
in

H
N
S
C
C

ce
ll
s

L
i
et

al
.
(2
0
1
3
)

X
en
o
g
ra
ft
m
o
u
se

m
o
d
el

(a
th
y
m
ic

n
u
/n
u
m
al
e

m
ic
e
?

C
A
L
2
7

ce
ll
s)

1
;2

m
g
/k
g
i.
p

N
/A

G
ar
ci
n
o
l
in
h
ib
it
ed

th
e
g
ro
w
th

o
f
h
u
m
an

H
N
S
C
C

x
en
o
g
ra
ft
tu
m
o
u
rs

S
k
in

7
,

1
2
-d
im

et
h
y
lb
en
z[
a]
an
th
ra
ce
n
e

(D
M
B
A
)/
T
P
A

in
d
u
ce
d

M
ic
e

1
.2
,
3
m
g
to
p
ic
al
ly

N
/A

G
ar
ci
n
o
l
re
d
u
ce
d
T
P
A
-i
n
d
u
ce
d
ex
p
re
ss
io
n
o
f
iN
O
S

an
d
C
O
X
-2
,
an
d
n
u
cl
ea
r
tr
an
sl
o
ca
ti
o
n
o
f
N
F
-j
B

an
d
it
s
su
b
se
q
u
en
t
D
N
A

b
in
d
in
g
.
It
al
so

at
te
n
u
at
ed

D
M
B
A
/T
P
A
-i
n
d
u
ce
d
m
o
u
se

sk
in

tu
m
o
u
r
p
ro
m
o
ti
o
n

H
u
n
g
et

al
.

(2
0
1
5
)

A
n
ti
-i
n
fl
a
m
m
a
to
ry

a
ct
iv
it
y

S
k
in

in
fl
am

m
at
io
n

1
2
-O

te
tr
ad
ec
an
o
y
lp
h
o
rb
o
l-
1
3
-

ac
et
at
e
(T
P
A
)
in
d
u
ce
d
ea
r

o
ed
em

a

M
o
u
se

1
.2
,
3
m
g
to
p
ic
al
ly

N
/A

G
ar
ci
n
o
l
re
d
u
ce
d
T
P
A
-i
n
d
u
ce
d
ex
p
re
ss
io
n
o
f
iN
O
S

an
d
C
O
X
-2
,
an
d
n
u
cl
ea
r
tr
an
sl
o
ca
ti
o
n
o
f
N
F
-j
B

an
d
it
s
su
b
se
q
u
en
t
D
N
A

b
in
d
in
g
.
It
al
so

at
te
n
u
at
ed

D
M
B
A
/T
P
A
-i
n
d
u
ce
d
m
o
u
se

sk
in

tu
m
o
u
r
p
ro
m
o
ti
o
n

H
u
n
g
et

al
.

(2
0
1
5
)

123

Phytochem Rev (2023) 22:1305–1351 1329



T
a

b
le

6
co
n
ti
n
u
ed

D
is
ea
se
/m

o
d
el

A
n
im

al
/o
rg
an

E
ffi
ca
ci
o
u
s

d
o
se
/m

o
d
e
o
f

ad
m
in
is
tr
at
io
n

P
o
si
ti
v
e
co
n
tr
o
l

M
aj
o
r
fi
n
d
in
g
s

R
ef
er
en
ce
s

L
ip
o
p
o
ly
sa
cc
h
ar
id
e
(L
P
S
)

in
d
u
ce
d
in
fl
am

m
at
io
n

B
A
L
B
/c

m
ic
e

1
0
m
g
/k
g
i.
p

N
/A

G
ar
ci
n
o
l
en
h
an
ce
d
L
P
S
-i
n
d
u
ce
d
ex
p
re
ss
io
n
o
f

T
N
F
-a

an
d
IL
-6
,
ex
ac
er
b
at
ed

L
P
S
-i
n
d
u
ce
d
lu
n
g

in
ju
ry
,
in
cr
ea
se
d
L
P
S
-i
n
d
u
ce
d
el
ev
at
io
n
o
f

p
la
sm

a
al
an
in
e
am

in
o
tr
an
sf
er
as
e
an
d
b
lo
o
d
u
re
a

n
it
ro
g
en
,
an
d
re
d
u
ce
d
th
e
su
rv
iv
al

ra
te

o
f
L
P
S
-

ch
al
le
n
g
ed

m
ic
e

W
an
g
et

al
.

(2
0
1
6
)

L
iv
er

in
fl
am

m
at
io
n

C
5
7
B
L
/6
N

m
ic
e

2
0
m
g
/k
g
/d
ay

i.
p

N
/A

G
ar
ci
n
o
l
d
ec
re
as
ed

li
v
er

d
am

ag
e
an
d
im

p
ro
v
ed

su
rv
iv
al

in
m
ic
e
w
it
h
ac
u
te

li
v
er

fa
il
u
re

F
er
ri
er
o
et

al
.

(2
0
1
8
)

O
b
es
it
y
-r
el
at
ed

in
fl
am

m
at
io
n

C
5
7
B
L
/6

m
ic
e

0
.1

an
d
0
.5
%

g
ar
ci
n
o
l
in

h
ig
h
fa
t

d
ie
t

N
/A

G
ar
ci
n
o
l
re
v
er
se
d
h
ig
h
-f
at

d
ie
t-
in
d
u
ce
d
g
u
t

d
y
sb
io
si
s
an
d
co
n
tr
o
ll
ed

in
fl
am

m
at
io
n
b
y

in
cr
ea
si
n
g
th
e
in
te
st
in
al

co
m
m
en
sa
l
b
ac
te
ri
a
(e
.g
.

A
kk
er
m
a
n
si
a
sp
p
.)

L
ee

et
al
.

(2
0
1
9
)

N
eu
ro
d
eg
en
er
a
ti
ve

d
is
o
rd
er
s

P
ar
k
in
so
n
d
is
ea
se

(P
D
)

6
-H

y
d
ro
x
y
d
o
p
am

in
e
(6
-

O
H
D
A
)
in
d
u
ce
d

C
5
7
B
L
/6

J
m
ic
e

2
;
5
m
g
/k
g
p
.o

2
m
g
/k
g
,
i.
p
.,

an
ac
ar
d
ic

ac
id
;

1
0
0
m
g
/k
g
p
.o
.,

cu
rc
u
m
in

G
ar
ci
n
o
l
re
d
u
ce
d
th
e
L
-D

O
P
A
-i
n
d
u
ce
d
d
y
sk
in
es
ia

in
af
fe
ct
ed

m
ic
e

R
y
u
et

al
.

(2
0
1
8
)

1
-M

et
h
y
l-
4
-p
h
en
y
l-
1
,2
,3
,6
-

te
tr
ah
y
d
ro
p
y
ri
d
in
e
(M

P
T
P
)
-

in
d
u
ce
d

M
ic
e

1
0
;
2
5
m
g
/k
g
i.
p

N
/A

G
ar
ci
n
o
l
b
lo
ck
ed

th
e
p
ar
k
in
so
n
ia
n
m
o
to
r

b
eh
av
io
u
ra
l
d
efi
ci
ts

(i
n
cl
u
d
in
g
ak
in
es
ia
,

ca
ta
le
p
sy
,
an
d
re
ar
in
g
an
o
m
al
ie
s)
,
an
d
p
re
v
en
te
d

d
eg
en
er
at
io
n
o
f
d
o
p
am

in
er
g
ic

ce
ll
b
o
d
ie
s
an
d

re
d
u
ce
d
in
fl
am

m
at
o
ry

m
ar
k
er
s
in

th
e
su
b
st
an
ti
a

n
ig
ra

C
h
et
ia

P
h
u
k
an

et
al
.
(2
0
2
2
)

E
p
il
ep
sy

P
en
ty
le
n
et
et
ra
zo
le

(P
T
Z
)

in
d
u
ce
d

C
5
7
B
L
/6

m
ic
e

5
0
,
1
0
0
o
r
2
0
0
m
g
/k
g

i.
p

1
5
0
m
g
/k
g
,
i.
p
.

v
al
p
ro
at
e

G
ar
ci
n
o
l
re
d
u
ce
d
se
iz
u
re

sc
o
re
s
an
d
m
o
rt
al
it
y
ra
te
s,

d
o
w
n
re
g
u
la
te
d
ap
o
p
to
ti
c
p
ro
te
in
s
an
d
ca
sp
as
e-
3
,

en
h
an
ce
d
G
A
B
A
A
an
d
G
A
D
6
5
w
h
il
e
it

su
p
p
re
ss
ed

B
D
N
F
an
d
T
rk
B
,
an
d
en
h
an
ce
d
th
e

p
er
fo
rm

an
ce

o
f
m
ic
e
in

M
o
rr
is

w
at
er

m
az
e
te
st
s

H
ao

et
al
.

(2
0
1
6
)

123

1330 Phytochem Rev (2023) 22:1305–1351



T
a

b
le

6
co
n
ti
n
u
ed

D
is
ea
se
/m

o
d
el

A
n
im

al
/o
rg
an

E
ffi
ca
ci
o
u
s

d
o
se
/m

o
d
e
o
f

ad
m
in
is
tr
at
io
n

P
o
si
ti
v
e
co
n
tr
o
l

M
aj
o
r
fi
n
d
in
g
s

R
ef
er
en
ce
s

N
eu
ro
p
at
h
ic

p
ai
n

L
u
m
b
ar

fi
ft
h
sp
in
al

n
er
v
e

li
g
at
io
n
(S
N
L
)
in
d
u
ce
d

S
p
ra
g
u
e–
D
aw

le
y

ra
ts

1
0
0
l
g
/k
g

in
tr
at
h
ec
al
ly

N
/A

G
ar
ci
n
o
l
in
h
ib
it
ed

th
e
S
N
L
-i
n
d
u
ce
d
m
ic
ro
g
li
a

ac
ti
v
at
io
n
in

th
e
sp
in
al

co
rd

an
d
am

el
io
ra
te
d
th
e

n
eu
ro
p
at
h
ic

p
ai
n
,
at
te
n
u
at
ed

th
e

n
eu
ro
in
fl
am

m
at
io
n
(e
x
p
re
ss
io
n
o
f
in
te
rl
eu
k
in

in
te
rl
eu
k
in
s,
iN
O
S
)/
N
O
,
an
d
C
O
X
-2
/P
G
E
2
),
an
d

in
h
ib
it
ed

li
p
o
p
o
ly
sa
cc
h
ar
id
e-
st
im

u
la
te
d

in
fl
am

m
at
o
ry

re
sp
o
n
se

in
m
ic
ro
g
li
a
in

vi
tr
o

W
an
g
et

al
.

(2
0
1
7
)

In
v
it
ro

P
ri
m
ar
y
ra
t

m
ic
ro
g
li
al

ce
ll
s

3
.0
4
m
g
/m

L
N
/A

D
ru
g
w
it
h
d
ra
w
a
l

R
ec
o
n
so
li
d
at
io
n
o
f
a
co
ca
in
e-

as
so
ci
at
ed

m
em

o
ry

S
p
ra
g
u
e–
D
aw

le
y

ra
ts

1
0
m
g
/k
g
i.
p

N
/A

G
ar
ci
n
o
l
im

p
ai
re
d
th
e
re
co
n
so
li
d
at
io
n
o
f
th
e

co
ca
in
e-
as
so
ci
at
ed

cu
e
m
em

o
ry
.
It
h
ad

n
o
ef
fe
ct

o
n
d
ru
g
-i
n
d
u
ce
d
co
ca
in
e-
se
ek
in
g
,
b
u
t
w
as

ca
p
ab
le

o
f
b
lo
ck
in
g
th
e
in
it
ia
l
co
n
d
it
io
n
ed

re
in
fo
rc
in
g
p
ro
p
er
ti
es

o
f
th
e
cu
e
an
d
p
re
v
en
te
d

ac
q
u
is
it
io
n
o
f
n
ew

re
sp
o
n
se

M
o
n
se
y
et

al
.

(2
0
1
7
)

In
vi
tr
o
a
n
ti
vi
ra
l
a
ct
iv
it
y

H
IV

—
p
3
0
0
;
P
C
A
F

tr
an
sc
ri
p
ti
o
n
al

co
ac
ti
v
at
o
rs

IC
5
0
=
4
.5

lg
/m

L
N
/A

G
ar
ci
n
o
l
in
h
ib
it
ed

h
is
to
n
e
ac
et
y
la
ti
o
n
o
f
H
IV

in
fe
ct
ed

ce
ll
s,
an
d
co
n
se
q
u
en
tl
y
in
h
ib
it
ed

th
e

m
u
lt
ip
li
ca
ti
o
n
o
f
H
IV

M
an
te
li
n
g
u

et
al
.
(2
0
0
7
)

H
IV

-1
re
v
er
se

tr
an
sc
ri
p
ta
se

IC
5
0
=
5
.2

lg
/m

L
R
D
S
1
7
5
9

IC
5
0
=
3
.1

lg
/m

L

(8
.7

l
M
)

G
ar
ci
n
o
l
sh
o
w
ed

in
h
ib
it
io
n
o
f
H
IV

-1
re
v
er
se

tr
an
sc
ri
p
ta
se
-a
ss
o
ci
at
ed

ri
b
o
n
u
cl
ea
se

H
en
zy
m
e

C
o
ro
n
a
et

al
.

(2
0
2
1
)

In
fl
u
en
za

A
v
ir
u
s

3
0
.1
4
l
g
/m

L
R
ib
av
ir
in
—

(1
2
.2

l
g
/

m
L
(5
0
l
M
),

an
ac
ar
d
ic

ac
id
—

1
7
.1

l
g
/m

L

(5
0
l
M
)

G
ar
ci
n
o
l
sh
o
w
ed

an
ti
-i
n
fl
u
en
za

ef
fe
ct

b
y
b
lo
ck
in
g

th
e
in
te
ra
ct
io
n
o
f
P
B
2
w
it
h
ac
et
y
l-
C
o
A

H
at
ak
ey
am

a

et
al
.
(2
0
1
4
)

In
vi
tr
o
a
n
ti
m
ic
ro
b
ia
l
a
ct
iv
it
y

S
.
a
u
re
u
s
M
R
S
A
;

M
S
S
A

cl
in
ic
al

is
o
la
te
s

M
IC

=
6
.2
5
–
2
5
lg

/

m
L

V
an
co
m
y
ci
n

M
IC

=
0
.8
–
6
.2
5
l
g
/

m
L
g
en
ta
m
ic
in

1
.5
7
—
[

2
5
l
g
/m

L

G
ar
ci
n
o
l
sh
o
w
ed

in
v
it
ro

an
ti
m
ic
ro
b
ia
l
ac
ti
v
it
y

ag
ai
n
st

th
e
co
rr
es
p
o
n
d
in
g
b
ac
te
ri
a

Ii
n
u
m
a
et

al
.

(1
9
9
6
)

E
.
co
li

M
IC

=
2
5
lg

/m
L

M
IC

[
2
5
lg

/m
L
,

v
an
co
m
y
ci
n
;

M
IC

=
2
5
l
g
/m

L
,

g
en
ta
m
ic
in

123

Phytochem Rev (2023) 22:1305–1351 1331



T
a

b
le

6
co
n
ti
n
u
ed

D
is
ea
se
/m

o
d
el

A
n
im

al
/o
rg
an

E
ffi
ca
ci
o
u
s

d
o
se
/m

o
d
e
o
f

ad
m
in
is
tr
at
io
n

P
o
si
ti
v
e
co
n
tr
o
l

M
aj
o
r
fi
n
d
in
g
s

R
ef
er
en
ce
s

B
a
ci
ll
u
s
ce
re
u
s

M
IC

=
1
.5

lg
/m

L
N
/A

G
ar
ci
n
o
l
sh
o
w
ed

in
v
it
ro

an
ti
m
ic
ro
b
ia
l
ac
ti
v
it
y

ag
ai
n
st

th
e
co
rr
es
p
o
n
d
in
g
b
ac
te
ri
a
an
d

an
ti
o
x
id
an
t
ac
ti
o
n
in

D
P
P
H

(1
,1
-d
ip
h
en
y
l-
2
-

p
ic
ry
lh
y
d
ra
zy
l)
ra
d
ic
al

as
sa
y

N
eg
i
an
d

Ja
y
ap
ra
k
as
h
a

(2
0
0
4
)

B
.
co
a
g
u
la
n
s

M
IC

=
2
lg

/m
L

N
/A

B
.
su
b
ti
li
s

M
IC

=
2
lg

/m
L

N
/A

S
.
a
u
re
u
s

M
IC

=
1
.5

lg
/m

L
N
/A

L
is
te
ri
a

m
o
n
o
cy
to
g
en
es

M
IC

=
2
5
lg

/m
L

N
/A

E
sc
h
er
ic
h
ia

co
li

M
IC

=
5
0
0
l
g
/m

L
N
/A

Y
er
si
n
ia

en
te
ro
co
li
ti
ca

M
IC

=
5
0
0
l
g
/m

L
N
/A

C
a
n
d
id
a
a
lb
ic
a
n
s

b
io
fi
lm

M
IC

=
7
0
lg

/m
L

M
IC

=
0
.0
6
l
g
/m

L

ca
sp
o
fu
n
g
in

G
ar
ci
n
o
l
p
re
v
en
te
d
em

er
g
en
ce

o
f
fu
n
g
al
g
er
m

tu
b
es

an
d
sh
o
w
ed

cy
to
st
at
ic

ac
ti
v
it
y
(v
ia

ap
o
p
to
si
s)
,

an
d
th
u
s
in
h
ib
it
ed

d
ev
el
o
p
m
en
t
o
f
h
y
p
h
ae

an
d

su
b
se
q
u
en
t
b
io
fi
lm

m
at
u
ra
ti
o
n

Ja
ck
so
n
et

al
.

(2
0
1
5
)

H
el
ic
o
b
a
ct
er

p
yl
o
ri

IC
C
8
0
=
1
0
0
l
g
/m

L
IC

C
8
0
=
0
.5
%

v
it
.
C

IC
C
8
0
=
1
0
0
lg

/m
L

p
ro
ty
k
in
,

IC
C
8
0
=
1
0
0
lg

/m
L

g
ar
ci
n
o
l
?

p
ro
ty
k
in

0
.5
%

v
it
E
–
n
o
t

ac
ti
v
e

G
ar
ci
n
o
l
sh
o
w
ed

in
v
it
ro

an
ti
m
ic
ro
b
ia
l
ac
ti
v
it
y

ag
ai
n
st

H
.
p
yl
o
ri

C
h
at
te
rj
ee

et
al
.

(2
0
0
5
)

In
v
it
ro

an
ti
-p
ar
as
it
ic
al

ac
ti
v
it
y

T
o
xo
p
la
sm

o
sa

g
o
n
d
ii

IC
5
0
=
1
.7

m
g

N
/A

G
ar
ci
n
o
l
in
h
ib
it
ed

T
o
xo
p
la
sm

a
ta
ch
y
zo
it
e

re
p
li
ca
ti
o
n
an
d
P
.
fa
lc
ip
a
ru
m

as
ex
u
al

re
p
li
ca
ti
o
n

(b
y
in
h
ib
it
in
g
T
g
G
C
N
5
b
,
a
n
u
cl
ea
r
G
C
N
5
fa
m
il
y

K
A
T
)
w
it
h
n
o
to
x
ic
it
y
to

h
u
m
an

h
o
st

ce
ll
s

Je
ff
er
s
et

al
.

(2
0
1
6
)

P
la
sm

o
d
iu
m

fa
lc
ip
a
ru
m

IC
5
0
=
1
.0
2
—

1
.2

m
g

N
/A

p
.o
.
o
ra
ll
y
,
o
.g
.
o
ra
l
g
av
ag
e,

i.
p
.
in
tr
ap
er
it
o
n
ea
ll
y
,
i.
d
.
in
tr
ad
er
m
al

ap
p
li
ca
ti
o
n
,
p
ro
ty
ki
n
st
an
d
ar
d
iz
ed

ex
tr
ac
t
o
f
tr
an
s-
re
sv
er
at
ro
l
(2
0
%
)
an
d
em

o
d
in

(1
0
%
)

123

1332 Phytochem Rev (2023) 22:1305–1351



2009; Birringer et al. 2010). GA was also found to

improve heart function in myocardial infarction rats

by increasing levels of pro-angiogenic factors, includ-

ing hypoxia-inducible factor 1-alpha (HIF-1a),
VEGF-A, and basic fibroblast growth factor (bFGF)

(Hu et al. 2020). Very recently, garcinoic acid,

together with related structures garcinal and tocotrie-

nol, have showed phosphodiesterase-5 (PDE-5) inhi-

bitory activity in molecular docking study (Ojo et al.

2021). Their activity was comparable to sildenafil

(Viagra�), suggesting that these compounds may be

useful in treatment of erectile disfunction.

Additionally, GA was suggested to be of value as an

agent with anti-inflammatory activity (Kluge et al.

2016). However, the exact mechanism of its anti-

inflammatory action has not yet been entirely estab-

lished, though it was indicated that GA may act as a

COX-2 and iNOS inhibitor (Wallert et al. 2019). GA

also reduced deposition of Ab particles in brain in

mouse a model of Alzheimer’s disease (Marinelli et al.

2020). Once again, human clinical studies of GA are

not yet available.

Table 7 Biological activities of garcinoic acid

Disease/model Animal/organ Efficacious

dose/mode of

administration

Positive

control

Major findings References

Cardiovascular disorders

Antiatherosclerotic

effect

High fat diet fed

ApoE -/-

mice

1 mg/kg i.p N/A GA diminished lipopolysaccharide-

induced upregulation of iNOS and

COX-2 expression, decreased intra-

plaque inflammation and changed

NK and CD4 positive cell

populations

Wallert

et al.

(2019)

Inflammation and pain

Carrageenan-induced

oedema model

Rats 50 mg/kg (N/A) Indomethacin

(10 mg/kg)

GA showed anti-inflammatory

activity at comparable level to

positive control

Tchimene

et al.

(2015a)

Anaesthesia Guinea pigs 0.33, 0.66,

1.00 mg/kg

i.d

Xylocaine

(0.33, 0.66,

1.00 mg/kg)

GA induced local anaesthesia at

comparable levels to xylocaine

Tchimene

et al.

(2015b)

Suppression of SARS-

CoV-2 spike

glycoprotein S1-

induced hyper-

inflammation

Human PBMC

cells

0.5, 1.1, 2.1 lg/
mL

N/A GA reduced SARS-CoV-2 spike

protein S1-induced secretion of

TNFa, IL-6, IL-1b, and IL-8 in

PBMCs

Olajide

et al.

(2021)

Cancer

Brain Glioma C6

cancer cells

4.3 lg/mL N/A GA showed in vitro antiproliferative

effect on glioma C6 cancer cells

Mazzini

et al.

(2009)

Central nervous system

Alzheimer’s disease mice 5, 10, 25 mg/kg

p.o

N/A GA reduced Ab aggregation and

accumulation in mouse cortical

astrocytes

Marinelli

et al.

(2020)

In vitro antibacterial

activity

Porphyromonas
gingivalis

MIC = 13.4 lg/
mL

N/A GA exhibited antimicrobial activity

against both of these

microorganisms

Hioki

et al.

(2020)

Streptococcus
sobrinus

MIC = 13.4 lg/
mL

N/A

p.o. orally, i.p. intraperitoneally, i.d. intradermal application
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Biological activity of xanthones

As it is also noted above G. kola also contains quite

large number of xanthone derivatives, which are also

widely distributed throughout the higher plants. Other

xanthone-producing species from the Clusiaceae

family include Hypericum, Calophyllum, Kielmeyera

and Tovomita (Terashima et al. 1999). These com-

pounds are attracting a considerable research interest

as they (e.g. various hydroxy- and methoxy-ana-

logues) were reported to possess a wide range of

biological activities, including anticancer, antimalar-

ial, antimicrobial, anti-HIV, anticonvulsant, anti-

cholinesterase, antioxidant, anti-inflammatory effect

(Miladiyah et al. 2018; Ramakrishnan et al. 2021). It

was also found out that xanthones may interfere with

several enzymes, including a-glucosidase, acyl-CoA:-
cholesterol acyltransferase, aromatase intestinal

P-glycoprotein, miRNA, protein kinase C, topoiso-

merase, and xanthine oxidase. Especially the hydrox-

yxanthones are thought to provide promising

anticancer activity and their semi-synthetic variants

are widely researched as anticancer drugs (Miladiyah

et al. 2018). It was suggested that their anticancer

effect may be connected to various mechanisms,

including inhibition of cyclooxygenase-2 (COX-2),

NF-jB pathway, cyclin-dependent kinases (Cdk), and

by suppressing expression of vascular endothelial

growth factor (VEGF) and metalloproteinases (Klein-

Júnior et al. 2020). Since biological activities and

pharmacology of xanthones are quite extensively

given elsewhere (see references provided above) and

they are not specific constituents of bitter kola and

otherGarcinia species, they are covered in this review

only superficially. It must be noted though, that to the

best of our knowledge, none of the xanthones have

advanced into clinical use and are not medicinally

used in treatment of any human disease. In addition to

that, it appears that pharmacological properties in

humans, including solubility, lipophilicity, dissocia-

tion constant, chemical and metabolic stability, per-

meability, transporters modulation, and plasma

protein bindings are largely unknown for xanthones

(Gomes et al. 2016). Even toxic effects are to a large

extent unknown. Xanthones should be treated with

caution as some of the very closely related compounds

(e.g. aflatoxins) are known to produce pronounced

toxicity to humans (Dewick 2009).

Toxicology

No serious adverse effects have been indicated in any

of the available studies regarding the pharmacological

activities of bitter kola. Few toxicological studies have

been carried out which estimated the LD50 of the bitter

kola seeds to be as low as 5000 mg/kg b.w. (Okoye

et al. 2014). Currently, the only perceived health risk

of bitter kola is that consuming too much of the seeds

can lead to fertility issues (Dogara et al. 2022). This

may be related to the ability of the present compounds

to alter sexual hormone levels through interaction with

various enzymes (e.g. 5a-reductase). However, this
activity have not been proved in a satisfactory manner

(Kalu et al. 2016; Winner et al. 2016). Interestingly, it

is in contradiction to the traditional aphrodisiac

ethnomedicinal indication of G. kola. More toxico-

logical studies and clinical trials of bitter kola and its

compounds are required to elucidate this issue and to

avoid any complications in connection with their

possible clinical use.

Discussion

Majority of the available studies and review articles

perceive KV as the active principle of G. kola. It has

been investigated in a wide range of animal models

and in vitro biological activities scenarios (see section

biological activities of KV), where it was concluded

that KV displays promising results in nearly every area

studied and that it behaves almost like a panacea. A

significant number of research articles are based on

observing protective properties of KV against some

toxin-induced disease model (e.g. kidney, liver, brain,

heart, reproductive organs). Apart from very few

exceptions, available studies have been using doses of

KV ([ 100 mg/kg, 200 mg/kg and in some cases even

[ 400 mg/kg), which may generally be viewed as

excessive and from the clinical perspective unrealistic

(calculated on a human body weight of 70 kg, the dose

would correspond to administrations of approx.

7–14 g or even higher dose of pure substance). Even

in the in vitro tests, it appears that in many cases way

to high doses have been used ([ 10 lg/mL). Prob-

lematics of using too high doses in animal and in vitro

studies is extensively reviewed in Gertsch (2009).

When using such large doses in animal models,

another question arises, and that is whether apart from
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beneficial effects one would also expect to observe

adverse effects. No studies so far focused on possible

side effects induced by overdosing of KV. However,

from the available data from structurally related

polyphenolics (e.g. resveratrol), it appears that high

doses (e.g. approx. 2.5 g of pure substance consecu-

tively for few days) are associated with nausea,

vomiting, diarrhoea and liver dysfunction (Salehi

et al. 2018). Additionally, in many studies, only one

dose of KV has been tested, which does not allow an

insight into how the substance behaves in a dose-

dependent manner and it does not provide statistical

significance of a particular dose. Another problem

with efficiency of KV lies in that very few studies have

used appropriate control (many did not use positive

control at all), and when they did so, it was used in an

incomparable manner to the KV dose (often approx.

100-fold lower than that of KV). On the other hand,

KV was in majority of studies administrated orally

which corresponds with the traditional ethnomedicinal

application.

Amentoflavone is another biflavonoid present in G.

kola, whose research is even more extensive than that

of KV (having more than 1000 references in scientific

databases), yet it is very seldomly being associated

with pharmacological properties of the species. Sim-

ilarly, as in the case of KV, amentoflavone has been

tested in many areas of pharmacological activity. In

comparison to KV, however, majority of the available

data on biological activities stems from studies using

cells in vitro models, while studies based on observa-

tions in animals in vivo remains very limited.

Contrastingly, it appears that the vast majority of

animal studies involved reasonable doses of amento-

flavone (10–100 mg/kg) (Yu et al. 2017; Xiong et al.

2021). Additionally, most of the in vivo studies used

positive control in comparable doses to amentoflavone

(Chen et al. 2018; Cao et al. 2021). However, both the

tested substance, as well as the positive control were in

many cases administrated via different route than

orally (e.g. intraperitoneally, subcutaneously) (Kim

et al. 1998; Shin et al. 2006; Sakthivel and Guruvay-

oorappan 2013; Zhao et al. 2017, 2019; Chen et al.

2018; Liu et al. 2020; Rizk et al. 2021), indicating, that

amentoflavone has a poor pharmacokinetics. On top of

that, these routes do not correspond with the tradi-

tional application of G. kola. In terms of toxicity,

amentoflavone is relatively well studied, and demon-

strated inhibition towards several important enzymes

of the human cytochrome P-450, including CYP 1A2,

2A6, 2B6, 2D6, 2C, 2E1 and 3A. The strongest

inhibition was observed in the case of CYP2C8 and

2C9, where the IC50’s were at 0.05 lg/mL (0.018 lM)

and 0.08 lg/mL (0.15 lM), respectively. Other

enzymes were inhibited in the range of 0.7–6.4 lg/
mL (1.3–11.9 lM) (Park et al. 2020). Additionally,

amentoflavone was also found to inhibit numerous

UDP-glucuronosyl transferases 0.06–9.08 lg/mL

(range 0.12–16.86 lM) (Lv et al. 2018). Interaction

with CYP-450 is associated with altered activity of

some prescription drugs (e.g. St. John’s Worth is

known to interfere with such drugs as oral contracep-

tives, warfarin, digoxin, theophylline, indinavir, and

cyclosporin) (Dewick 2009). Therefore, amentofla-

vone could be considered as an agent that potentially

hinders activity of commonly prescribed drugs. Sim-

ilar phenomenon have been observed for flavonoids

associated with grapefruit (e.g. naringenin) (Fuhr et al.

1993). As far as we known, interference with CYP450

and UDP-glucuronosyl transferases was only observed

for amentoflavone and remains unknown for other

biflavonoids found in G. kola.

The research on volkensiflavone/morelloflavone

shares many similarities with that of amentoflavone,

except significantly lower number of studies on these

compounds exist. However, it is again mainly

restricted to in vitro studies. The available animal

studies usually use only one dose (which in consid-

erable share of studies is not based on application of

pure compound but constitutes of mixture of struc-

turally related compounds; for details see Table 5) and

the administration route only involves intraperitoneal

application. On top of that, as far as we know, positive

control was used only in few studies. Even studies

performed under in vitro seldomly uses it. In addition,

from the clinical perspective, some of the studies

present unrealistically high inhibitory concentrations

(e.g. anti-cancer effect at levels 49.5 lg for morello-

flavone and 100 lg/mL for amentoflavone) (Baggett

et al. 2005), given that the in vitro efficiency of

commonly used drugs (e.g. Taxol�) is in the range of

ng/mL (nM) levels (Altmann and Gertsch 2007).

Pharmacological efficiency of volkensi-

flavone/morelloflavone is thus questionable.

To the best of our knowledge, there are only two

studies dealing with biological activity of garcinianin

(Ajayi et al. 2014; Ito et al. 1999). It was tested for

antibacterial effect against various pathogenic
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bacteria. Since garcinianin is found in roots and these

are traditionally used as chewsticks for oral hygiene,

this biological activity perfectly follows the eth-

nomedicinal indication. Garcinianin was found to be

active against Streptococcus mutans, however, at

enormously high dose (MIC = 1.0 mg/mL), being

some 1000 times higher than commonly used antibi-

otics (Rubin et al. 2011). Additionally, it also showed

potential anti-tumour promoting activity by inhibiting

activity against 12-O-tetradecanoylphorbol-13-ac-

etate (TPA)-induced Epstein-Barr virus early antigen

activation in Raji cells at quite low concentrations (see

Table 8).

Biological activity of G. kola biflavonoids is often

being linked to the antioxidant-related mechanism

(e.g. free radical scavenging activity, increased

endogenous antioxidant defences, such as catalase,

superoxide dismutase, and glutathione S-transferase).

However, dietary antioxidants (including common

flavonoids) have mostly failed to provide preventative

and therapeutic activity in clinical studies of human

disease, as reviewed in Halliwell (2012). The reasons

behind flavonoids’ inactivity may lie in their high

hydrophobicity, and resulting low bioavailability. On

top of that, these molecules are present in nearly every

higher plant, including food plants. Humans are thus

heavily exposed to these compounds, which may have

resulted in development of efficient metabolization

and elimination of these compounds from our bodies

(Tauchen et al. 2020). There are few examples of

dietary antioxidants which are believed to provide

therapeutic benefit in oxidative stress-related diseases.

One example of such compound is ergothioneine,

which occurs in food sources in a relatively small

quantities, yet human body accumulates it efficiently

in various tissues. Ergothioneine is transported to the

sites of accumulation via very specific transporter

OCTN1. During illness (such as neurodegenerative,

eye, and cardiovascular disorders) ergothioneine

blood levels are significantly decreased suggesting

that a deficiency could be relevant to the disease onset

or progression. None of these features have been thus

far observed for flavonoids (Halliwell et al. 2018;

Cheah and Halliwell 2021). Apart from antioxidant-

related mode of action, G. kola biflavonoids have also

been suggested to interfere with other systems, such as

those involving inhibition of COX, phospholipase A2,

aromatase, PDE, AChE, MAO-A, HMG-CoA reduc-

tase enzymes (see section biological activity ofT
a
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particular compound). For example, amentoflavone

inhibits COX-1 and PDE at levels of 6.7 lg/mL

(12.4 lM) (Bucar et al. 1998) and 0.15 lg/mL (0.27)

(Saponara and Bosisio 1998), respectively. No inhi-

bition was observed in the case of COX-2. However,

in comparison to indomethacin 0.02 lg/mL

(0.05 lM), amentoflavone shows some 250-fold

COX-1 affinity (Kalgutkar et al. 2000) and to Viagra�
approx. ten-fold PDE affinity (3.1 ng/mL; 6.6 nM)

(Saenz De Tejada et al. 2001). Morelloflavone was

shown to inhibit phospholipase A2 at IC50 = 0.9 lM
(Gil et al. 1997), aromatase at 3.1 lM (Recalde-Gil

et al. 2019), MAO-A at 5.1 lM (Recalde-Gil et al.

2017), and HMG-CoA at 80.9 lM (Tuansulong et al.

2011), which are again levels incomparable to com-

monly used drugs—darapladib (8.6 nM) (Hu et al.

2015), anastrazole (Arimidex�; 15 nM) (Miller

2006), harmaline (2.3 nM) (Kilpatrick et al. 2001),

and mevastatin (23 nM) (Lin et al. 2015). Since all G.

kola biflavonoids are structurally related, similar

affinities may be expected for all of them. The exact

mechanism of action of these compounds (if there is

any clinically relevant) still remains unknown. Of

particular importance is also to note that many

flavonoids have been marked as pan-assay interfering

compounds (abbreviated as PAINs), providing false

positive results in many enzymic assays, by virtue of

their chemistry (e.g. inhibiting enzymes not by

specific mechanism, but via production of radicals,

such as H2O2) (Bajorath 2021). Only very small

number of flavonoid structures have successfully

advanced to clinical use—examples of such com-

pounds are intravenous silymarin in treatment of liver

damage and injury (Ferenci 2016) and oral daflon�
(mixture of micronized fraction of flavonoids, chiefly

composed of 90% diosmin) (Lyseng-Williamson and

Perry 2003). This indicates, that clinical efficiency of

many flavonoids and their role in drug discovery

remains questionable.

Numerous in vitro and in vivo studies about

biological activity of garcinol were conducted over

the last few years. In comparison to some other

compounds of G. kola, garcinol is usually used in

reasonable doses. On the other hand, most of the

studies lack the comparison with positive control.

Moreover, in vivo studies often do not respect

traditional way of administration. Its synergistic effect

with conventional anticancer agents when adminis-

trated orally belongs to the most convincing results.

For example 0.05% garcinol in diet improved the

response of transgenic pancreatic cancer mice to

conventional treatment with gemcitabine from 10–15

to 25% (Saadat et al. 2018), Its combination with low

dose of Taxol� was also able to better control the

development of advanced or metastatic breast cancer

(Tu et al. 2017). Additionally, it ameliorated the

obesity-induced colon cancer, in this case, however,

the i.p. application was better than the oral one.

Garcinol also demonstrated in vitro antimicrobial

activity against various G? bacteria on the same

levels as conventionally used antibiotics. The effect

against G- bacteria is significantly weaker and in case

of E. coli it is even contradictory (MIC 25 lg/mL vs.

500 lg/mL) (Table 6). Considering its significant

activity against MRSA S. aureus strains, together with

its potential to reduce the skin inflammation, the use of

garcinol in topical treatments could become one of the

research lead for this compound. A lot of evidence has

been collected about garcinol positive effect against

development and symptoms of Parkinson’s disease

(Deb et al. 2019). It reduced seizure scores, mortality

rates and improved memory of PD mice in the same

doses as valproate (Hao et al. 2016). Furthermore, its

effect on dyskinesia of mice when administered orally

was comparable to other natural HAT inhibitors as

anacardic acid and curcumin which were administered

i.p. and in up to 50 times higher doses (Ryu et al.

2018). Garcinol was shown to inhibit HAT at IC50 of

approx. 7 lM. (Balasubramanyam et al. 2004). The

most potent reported HAT inhibitors identified so far

are the bi-substrate inhibitors (e.g. H3-CoA-20;

approx. IC50 = 300 nM) (Lau et al. 2000). Another

detail which may point to garcinol being possibly of

value as a pharmaceutical agent is its striking struc-

tural resemblance to some already established drugs,

such as hyperforin from St. John’s Worth with

antidepressant activity (Dewick 2009). However,

despite some interesting research results about garci-

nol activity against PD and cancer, its pharmacoki-

netic properties have not been investigated in animal

models yet. Therefore, its way to human clinical trials

remains (at least for now) closed.

The research on garcinoic acid is very limited and

chiefly constitutes of in vitro studies. Some of the

presented effective doses, e.g. in the case of anticancer

effect (Mazzini et al. 2009) are in the range

(& 4.3 lg/mL; 10 lM) incomparable to convention-

ally used drugs (such as Taxol�, being efficient in
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nanomolar levels in in vitro tests) (Altmann and

Gertsch 2007). The available animal studies use

reasonable doses, though some are missing positive

control (see Table 7). Even in majority of in vitro

studies positive controls are not involved. As far as we

know, only one study used oral administration

(Marinelli et al. 2020). The remaining studies applied

the compound via intraperitoneal or intradermal route,

which is again not in correspondence with the

traditional way of application. Number of studies

dealing with garcinal is even more limited than in the

case of garcionic acid and they are exclusively focused

on determination of its antioxidant effect in vitro

(Terashima et al. 1997, 2002). Since both garcinoic

acid and garcinal are closely related to vitamin E, it

has been suggested that they may provide therapeutic

benefit through same antioxidant-related mechanism.

However, it has been implied that mode of action of

vitamin E may be derived from production of cell

signaling and specific regulation of various genes

rather than antioxidant activity (Azzi and Zingg 2005).

This may also be true in the case of garcinoic acid and

garcinal. Additionally, it has been previously shown

that the above-mentioned biological effect is quite

unique for a-tocopherol and the activity of related

structures (e.g. b-, c-, and d-tocopherol) is signifi-

cantly weaker (being 50%, 10%, and 3%, respectively)

(Dewick 2009). This also applies for tocotrienols. It is

therefore uncertain whether G. kola derived vitamin E

derivatives have the capability to produce comparable

pharmacological effect as a-tocopherol or their effi-
ciency is significantly diminished as in the case of

remaining a-tocopherol derivatives. Additionally, d-
tocotrienol, garcinoic acid and garcinal have displayed

similar affinity towards PDE-5 as Viagra�, however,

these results were only thus far observed in an in silico

model (Ojo et al. 2021). Vitamin E have largely failed

in clinical trials to provide therapeutic benefits in

various human diseases (such as cardiovascular dis-

orders, hypertension, diabetes, and cancer) (Robinson

et al. 2006; Steinhubl 2008). Though generally

recognized as safe, it has been found that high doses

of vitamin E are associated with manifestation of

various side effects, including hemorrhagic stroke

(Sesso et al. 2008) and increased risk of prostatic

cancer (Klein et al. 2011). In addition, vitamin E was

suggested to interact with cytochrome P-450-depen-

dent drug-metabolizing system (Brigelius-Flohé

2007), thus giving a one possible explanation to its

ability to increase the blood thinning activity of

warfarin (Fan et al. 2017). Quite recently, garcinoic

acid was found to interfere with pregnane X receptor,

which leads to regulation of cytochrome P-450 system

(Bartolini et al. 2020). It thus appears, that apart from

other adverse effects mentioned above, vitamin E and

related structures (including garcinoic acid) may

jeopardize therapeutic efficiency of some commonly

used drugs.

Kolanone was mainly tested in in vitro antibacterial

activity assays. As far as we known, only one study

used isolated compound (Hussain et al. 1982); the

remaining studies used extracts which under subse-

quent chemical analysis were found to contain

kolanone. However, other compounds could also

contribute to the observed antimicrobial effect. Again,

there is a rationale behind testing kolanone for

antibacterial effect, since it is also present in roots

which are used as chewing sticks for oral hygiene. For

the determination of antibacterial activity, Hussain

et al. (1982) have used disc-diffusion methods and

observed zones of inhibition at 14–15 mm for Pseu-

domonas aeruginosa, Staphylococcus aureus,Bacillus

subtilis, Streptococcus pneumoniae, and Candida

albicans. However, kolanone was applied in a solution

of a very high concentration (1% w/v) without

comparing its activity to proper positive control.

Furthermore, the diffusion method is not appropriate

for testing non-polar samples or those that do not

easily diffuse into agar (Cos et al. 2006). Since

kolanone appears to be derived from polyketide

metabolism and is seemingly of non-polar nature, it

may not be suitable for this kind of method. Recently,

kolanone was tested in the rat model of ethanol-HCl-

induced gastric ulcers (Uwagie-Ero et al. 2020). It was

administered in various doses (25, 50 and 75 mg/kg)

and its efficiency was comparable to omeprazole

(20 mg/kg). However, the mode of administration was

not indicated. To the best of our knowledge, there is no

study on the biological activity of gakolanone, a

structurally related compound to kolanone. Since both

kolanone and gakolanone are quite unusual con-

stituents, and only limited share of studies were

focused on them, questions may be raised about the

veracity of deriving their structure. However, the

structure was elucidated through UV, IR, MS, NMR

techniques (Hussain et al. 1982; Akoro et al. 2020).

Kolanone was also independently semi-synthetized in
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laboratory conditions (Raikar et al. 2008) (see

Table 9).

For the remaining substances, garcifuran A and B,

and garcipyran, the biological activity remains

unknown. Only phytochemical records exist of these

substances, and all of them have been thus far

exclusively found only in G. kola (Niwa et al.

1994a, b). Again, as they represent a quite unique

structure, and only very limited number of studies

addressed them, concerns may be raised if their

structures have been elucidated accurately. As in the

case of kolanone and gakolanone, structures of both

garcifurans and garcipyran have been elucidated via

MS, IR, UV, and NMR. On top of that, there is one

study reporting total synthesis of garcipyran B (Kelly

et al. 1997). Pharmacological efficiency of these

compounds may be questioned as well. However,

some of the simple, as well as more complex,

benzofuran derivatives are potentially of value as

medicinal agents or are already in clinical use (such as

griseofulvin, methoxalen, amiodarone, benziodarone,

dimemebfe, efaroxan, elopiprazole).

Garcinia kola also contains phytosterols cycloarte-

nol and 24-methylenecycloartenol, though they are

quite abundant in the nature and are also found in other

species including such genera as Artocarpus, Euphor-

bia, Costus, Polygonum, and Schinziophyton. In a

recent study by Sadasivan Nair et al. (2020), both

cycloartenol and 24-methylenecycloartenol showed

glucose lowering activity in an oral glucose tolerance

test in high fat diet-streptozotocin induced type II

diabetic rats. Their antidiabetic activity might stem

from ability to inhibit a-glucosidase (Nokhala et al.

2020). 24-Methylenecycloartenol was also found to

attenuate acetic acid-induced pain in mice models of

nociception (Ferreira et al. 2000). It also produced

anti-inflammatory, antibacterial, and antiplasmodial

effect (Akihisa et al. 1996; Bickii et al. 2006; Ajayi

et al. 2014). Though showing some activities, both

cycloartenol and 24-methylenecycloartanol are

regarded as the starting structures and intermediates

for the biosynthesis of other biologically active

molecules (e.g. phytostanols, phytosterols) and are

generally not considered as pharmacologically impor-

tant compounds.

On top of so far discussed compounds, G. kola also

contains exogenous constituents collectively referred

to as cytochalasins, specifically 8-metoxycytochalasin

J, cytochalasin H, cytochalasin J and alternariol, whichT
a
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appears to be product of the endophytic fungi (Pho-

mosis sp.) associated with the seed but are not

synthesized by the plant itself. These compounds have

been tested for antibacterial effect against various

microorganisms, including Vibrio cholerae, Shigella

flexneri, and Staphylococcus aureus and cytotoxic

activity against HeLa cells, thought their efficiency

was quite low (MIC ranged from 128 to 512 lg/mL

and IC50 against HeLa cells was in the range

0.25–35.69 lg/mL) (Jouda et al. 2016). Again, these

activities are incomparably high to commonly used

antibiotics and anticancer drugs (for references see

above). Cytochalasin are quite recently discovered

compounds. Their pharmacological value remains to

be established.

As it is noted on several occasions in this review,

KV is largely perceived as the active principle of G.

kola. However, from what we know so far, other

compounds present in G. kola, such as garcinol,

garcifuran A and B, kolanone and gakolanone, may

largely contribute to the bioactivities of G. kola and

perhaps administer a greater promise for the drug

discovery. However, none of the compounds found in

G. kola have been subjected to the human clinical

trials as of yet. Without them, any statement about

what substance(s) is/are responsible for the biological

activity of G. kola is a mere speculation. Although

some compounds may display promising in vitro and

in vivo activity, these results are unfortunately to a

large extent not transferable to the clinical environ-

ment (as many compounds that were found to be

effective in animal models later failed to provide

sufficient action in humans) (Bracken 2009; Gertsch

2009), and this may also be the case ofG. kola derived

compounds.

There is a strong indication that G. kola possess

some therapeutic benefits, as documented by its

widespread use in folk medicine. Despite the numer-

ous studies that have been conducted on bitter kola

compounds, we still have little definite evidence of

which substances are responsible for these therapeutic

effects, nor do we know their exact mechanism of

action. It is also quite possible that previously

unknown substances are responsible for the biological

activities of the species. There might be an analogy

with turmeric (Curcuma longa), a traditional medic-

inal plant of Ayurveda, where curcumin has been

identified as the active principle, yet available clinical

studies have shown contradictory results. It appears

that other, thus far unidentified compounds are

responsible for the therapeutic benefit of the plant

(Baker 2017).

Concluding remarks

Garcinia kola is an important medicinal plant with a

long history of being used in the treatment of a wide

range of human diseases. It contains several very

specific compounds, which may be responsible for the

observed biological activity and pharmacological

properties of this plant. However, biological activity

of these compounds, including perhaps the most

studied substance kolaviron, has been only studied in

animals. Confirmation that these substances are

responsible for the therapeutic effects of the G. kola

must be based on sufficiently powerful, double-blind,

placebo-controlled clinical studies in humans (to-

gether with elucidation of their modes of action,

therapeutic dose, adverse-effect profile, and other

pharmacological data), which are unfortunately to date

unavailable. We are afraid that at this moment

therapeutic efficacy of any compound present in G.

kola is far from conclusive. In connection to that, due

to the relatively wide portfolio of diseases that are

traditionally treated with G. kola and an even greater

number of biological activities demonstrated by the

present compounds, it is still impossible to reliably

identify a substance that could be associated with the

traditional ethnomedical use of G. kola. Many review

articles have identified kolaviron as the active princi-

ple of G. kola. Perhaps garcinol, due to the relatively

promising pharmacological activity (e.g. anticancer,

antimicrobial, neuroprotective activities) deserves a

deeper scientific interest. However, it is also likely that

the substances potentially responsible for the pharma-

cological properties of the bitter kola have not yet been

discovered. It is also possible that the constituents in

G. kola work in synergy and, when isolated, will not

provide such results as in the form of complex mixture

in the natural material (as for example seen in the case

of rauwolfia alkaloids). Hopefully some human clin-

ical trials will be performed with the extracts/com-

pounds from G. kola in the future and a promising

candidate will emerge with the potential of becoming

an important lead for the drug development.
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Brigelius-Flohé R (2007) Adverse effects of vitamin E by

induction of drug metabolism. Genes Nutr 2:249–256.

https://doi.org/10.1007/s12263-007-0055-0

Brusotti G, Papetti A, Serra M et al (2016) Allanblackia flori-
bunda Oliv.: an aphrodisiac plant with vasorelaxant prop-

erties. J Ethnopharmacol 192:480–485. https://doi.org/10.

1016/j.jep.2016.09.033

Bucar F, Jackak SM, Noreen Y et al (1998) Amentoflavone from

Biophytum sensitivum and its effect on COX-1/COX-2

catalysed prostaglandin biosynthesis. Planta Med

64:373–374. https://doi.org/10.1055/s-2006-957455

Cao B, Zeng M, Zhang Q et al (2021) Amentoflavone amelio-

rates memory deficits and abnormal autophagy in Ab25–35-
induced mice by mTOR signaling. Neurochem Res

46:921–934. https://doi.org/10.1007/s11064-020-03223-8

Chatterjee A, Bagchi D, Yasmin T, Stohs SJ (2005) Antimi-

crobial effects of antioxidants with and without clar-

ithromycin on Helicobacter pylori. Mol Cell Biochem

270:125–130. https://doi.org/10.1007/s11010-005-5277-0

Cheah IK, Halliwell B (2021) Ergothioneine, recent develop-

ments. Redox Biol 42:101868. https://doi.org/10.1016/j.

redox.2021.101868

Cheek M (2004) Garcinia kola. IUCN Red List Threat Species

e.T34715A9884648

Chen C, Li B, Cheng G et al (2018) Amentoflavone ameliorates

Ab1–42-induced memory deficits and oxidative stress in

cellular and rat model. Neurochem Res 43:857–868.

https://doi.org/10.1007/s11064-018-2489-8

Chetia Phukan B, Dutta A, Deb S et al (2022) Garcinol blocks

motor behavioural deficits by providing dopaminergic

neuroprotection in MPTP mouse model of Parkinson’s

disease: involvement of anti-inflammatory response. Exp

Brain Res 240:113–122. https://doi.org/10.1007/s00221-

021-06237-y

Corona A, Seibt S, Schaller D et al (2021) Garcinol from Gar-

cinia indica inhibits HIV-1 reverse transcriptase-associated

ribonuclease H. Arch Pharm (Weinheim) 354:2100123.

https://doi.org/10.1002/ardp.202100123

Cos P, Vlietinck AJ, Berghe DV, Maes L (2006) Anti-infective

potential of natural products: how to develop a stronger

in vitro ‘‘proof-of-concept.’’ J Ethnopharmacol

106:290–302. https://doi.org/10.1016/j.jep.2006.04.003

Coulerie P, Nour M, Maciuk A et al (2013) Structure-activity

relationship study of biflavonoids on the dengue virus

polymerase DENV-NS5 RdRp. Planta Med 79:1313–1318.

https://doi.org/10.1055/s-0033-1350672

Deb S, Phukan BC, Mazumder MK et al (2019) Garcinol, a

multifaceted sword for the treatment of Parkinson’s dis-

ease. Neurochem Int 128:50–57. https://doi.org/10.1016/j.

neuint.2019.04.004

Decha-Dier U, Hutadilok-Towatana N, MahabusarakamW et al

(2008) Anti-atherogenic effects of morelloflavone from

Garcinia dulcis leaves in cholesterol fed rabbits. J Nat

Remedies 8:151–159

Dewick PM (2009) Medicinal natural products: a biosynthetic

approach, 3rd edn. Wiley, Chichester

Dogara AM, Hamad SW, Hama HA et al (2022) Biological

evaluation ofGarcinia kolaHeckel. Adv Pharmacol Pharm

Sci. https://doi.org/10.1155/2022/3837965

Dozie-Nwakile OC, Dozie NC, Kingsley UI et al (2021) Effects

of kolaviron on pneumonia-like infection induced in albino

wistar rats. Anti-Inflamm Anti-Allergy Agents Med Chem

20:219–227. https://doi.org/10.2174/

1871523019666200915085729

E Silva AKF, Dos Reis AC, Pinheiro EEA et al (2021) Modu-

lation of the drug resistance by platonia insignis mart.

Extract, ethyl acetate fraction and morelloflavone/volken-

siflavone (biflavonoids) in staphylococcus aureus strains

overexpressing efflux pump genes. Curr Drug Metab

22:114–122. https://doi.org/10.2174/

1389200221666200523155617

Eleazu CO, Eleazu KC, Awa E, Chukwuma SC (2012) Com-

parative study of the phytochemical composition of the

leaves of five Nigerian medicinal plants. J Biotechnol

Pharm Res 3:42–46

Eleyinmi AF, Bressler DC, Amoo IA et al (2006) Chemical

composition of bitter cola (Garcinia kola) seed and hulls.

Pol J Food Nutr Sci 15:395

El-Seedi HR, El-Ghorab DMH, El-Barbary MA et al (2009)

Naturally occurring xanthones; latest investigations:

123

Phytochem Rev (2023) 22:1305–1351 1343

https://doi.org/10.1080/17460441.2021.1902983
https://doi.org/10.1038/541144a
https://doi.org/10.1038/541144a
https://doi.org/10.1074/jbc.M402839200
https://doi.org/10.1074/jbc.M402839200
https://doi.org/10.1021/acs.jmedchem.0c00012
https://doi.org/10.1021/acs.jmedchem.0c00012
https://doi.org/10.1016/S0031-6865(97)00002-2
https://doi.org/10.1016/S0031-6865(97)00002-2
https://doi.org/10.3390/pathogens10091166
https://doi.org/10.1016/j.freeradbiomed.2010.07.024
https://doi.org/10.1016/j.freeradbiomed.2010.07.024
https://doi.org/10.1258/jrsm.2008.08k033
https://doi.org/10.1002/ptr.2650050110
https://doi.org/10.1007/s12263-007-0055-0
https://doi.org/10.1016/j.jep.2016.09.033
https://doi.org/10.1016/j.jep.2016.09.033
https://doi.org/10.1055/s-2006-957455
https://doi.org/10.1007/s11064-020-03223-8
https://doi.org/10.1007/s11010-005-5277-0
https://doi.org/10.1016/j.redox.2021.101868
https://doi.org/10.1016/j.redox.2021.101868
https://doi.org/10.1007/s11064-018-2489-8
https://doi.org/10.1007/s00221-021-06237-y
https://doi.org/10.1007/s00221-021-06237-y
https://doi.org/10.1002/ardp.202100123
https://doi.org/10.1016/j.jep.2006.04.003
https://doi.org/10.1055/s-0033-1350672
https://doi.org/10.1016/j.neuint.2019.04.004
https://doi.org/10.1016/j.neuint.2019.04.004
https://doi.org/10.1155/2022/3837965
https://doi.org/10.2174/1871523019666200915085729
https://doi.org/10.2174/1871523019666200915085729
https://doi.org/10.2174/1389200221666200523155617
https://doi.org/10.2174/1389200221666200523155617


isolation, structure elucidation and chemosystematic sig-

nificance. Curr Med Chem 16:2581–2626. https://doi.org/

10.2174/092986709788682056

Emmanuel O, Uche ME, Dike ED et al (2022) A review on

garcinia kola heckel: traditional uses, phytochemistry,

pharmacological activities, and toxicology. Biomarkers

27:101–117. https://doi.org/10.1080/1354750X.2021.

2016974

Erukainure OL, Salau VF, Chukwuma CI, Islam MS (2021)

Kolaviron: a biflavonoid with numerous health benefits.

Curr Pharm Des 27:490–504. https://doi.org/10.2174/

1381612826666201113094303

Fan Y, Adam TJ, McEwan R et al (2017) Detecting signals of

interactions between warfarin and dietary supplements in

electronic health records. Stud Health Technol Inform

245:370–374. https://doi.org/10.3233/978-1-61499-830-3-

370

Farombi EO (2006) Genotoxicity of chloroquine in rat liver

cells: protective role of free radical scavengers. Cell Biol

Toxicol 22:159–167. https://doi.org/10.1007/s10565-006-

0173-2

Farombi EO, Tahnteng JG, Agboola AO et al (2000) Chemo-

prevention of 2-acetylaminofluorene-induced hepatotoxi-

city and lipid peroxidation in rats by kolaviron: a Garcinia
kola seed extract. Food Chem Toxicol 38:535–541. https://

doi.org/10.1016/S0278-6915(00)00039-9

Farombi EO, Adepoju BF, Ola-Davies OE, Emerole GO (2005)

Chemoprevention of aflatoxin B1-induced genotoxicity

and hepatic oxidative damage in rats by kolaviron, a natural

biflavonoid of Garcinia kola seeds. Eur J Cancer Prev

14:207–214. https://doi.org/10.1097/00008469-

200506000-00003

Farombi EO, Abarikwu SO, Adedara IA, Oyeyemi MO (2007)

Curcumin and kolaviron ameliorate di-n-butylphthalate-

induced testicular damage in rats. Basic Clin Pharmacol

Toxicol 100:43–48. https://doi.org/10.1111/j.1742-7843.

2007.00005.x

Farombi EO, Shrotriya S, Surh Y-J (2009) Kolaviron inhibits

dimethyl nitrosamine-induced liver injury by suppressing

COX-2 and iNOS expression via NF-jB and AP-1. Life Sci

84:149–155. https://doi.org/10.1016/j.lfs.2008.11.012

Farombi EO, Adedara IA, Akinrinde SA et al (2012) Protective

effects of kolaviron and quercetin on cadmium-induced

testicular damage and endocrine pathology in rats.

Andrologia 44:273–284. https://doi.org/10.1111/j.1439-

0272.2012.01279.x

Farombi EO, Abolaji AO, Farombi TH et al (2018) Garcinia
kola seed biflavonoid fraction (Kolaviron), increases

longevity and attenuates rotenone-induced toxicity in

Drosophila melanogaster. Pestic Biochem Physiol

145:39–45. https://doi.org/10.1016/j.pestbp.2018.01.002

Farombi EO, Awogbindin IO, Farombi TH et al (2019) Neu-

roprotective role of kolaviron in striatal redo-inflammation

associated with rotenone model of Parkinson’s disease.

Neurotoxicology 73:132–141. https://doi.org/10.1016/j.

neuro.2019.03.005

Farombi EO, Awogbindin IO, Olorunkalu PD et al (2020a)

Kolaviron protects against nigrostriatal degeneration and

gut oxidative damage in a stereotaxic rotenone model of

Parkinson’s disease. Psychopharmacology

237:3225–3236. https://doi.org/10.1007/s00213-020-

05605-w

Farombi EO, Awogbindin IO, Owoeye O et al (2020b)

Kolaviron ameliorates behavioural deficit and injury to

striatal dopaminergic terminals via modulation of oxida-

tive burden, DJ-1 depletion and CD45R? cells infiltration

in MPTP-model of Parkinson’s disease. Metab Brain Dis

35:933–946. https://doi.org/10.1007/s11011-020-00578-3

Ferenci P (2016) Silymarin in the treatment of liver diseases:

what is the clinical evidence? Clin Liver Dis 7:8–10.

https://doi.org/10.1002/cld.522

Ferreira J, Floriani AEO, Filho VC et al (2000) Antinociceptive

properties of the methanolic extract and two triterpenes

isolated from Epidendrum mosenii stems (Orchidaceae).

Life Sci 66:791–802. https://doi.org/10.1016/S0024-

3205(99)00652-9

Ferriero R, Nusco E, De Cegli R et al (2018) Pyruvate dehy-

drogenase complex and lactate dehydrogenase are targets

for therapy of acute liver failure. J Hepatol 69:325–335.

https://doi.org/10.1016/j.jhep.2018.03.016

Fuchs RA, McLaughlin RJ (2017) Garcinol: a magic bullet of

amnesia for maladaptive memories? Neuropsychophar-

macology 42:581–583. https://doi.org/10.1038/npp.2016.
165

Fuhr U, Klittich K, Staib A (1993) Inhibitory effect of grapefruit

juice and its bitter principal, naringenin, on CYP1A2

dependent metabolism of caffeine in man. Br J Clin

Pharmacol 35:431–436. https://doi.org/10.1111/j.1365-

2125.1993.tb04162.x

Gertsch J (2009) How scientific is the science in ethnophar-

macology? Historical perspectives and epistemological

problems. J Ethnopharmacol 122:177–183. https://doi.org/

10.1016/j.jep.2009.01.010

Gil B, Sanz MJ, Terencio MC et al (1997) Morelloflavone, a

novel biflavonoid inhibitor of human secretory phospho-

lipase A2 with anti-inflammatory activity. Biochem Phar-

macol 53:733–740. https://doi.org/10.1016/S0006-

2952(96)00773-3

Gomes AS, Brandão P, Fernandes CSG et al (2016) Drug-like

properties and ADME of xanthone derivatives: the

antechamber of clinical trials. Curr Med Chem

23:3654–3686. https://doi.org/10.2174/

0929867323666160425113058

Gwatidzo L, Botha BM, McCrindle RI, Combrinck S (2014)

Extraction and identification of phytosterols in manketti

(Schinziophyton rautanenii) nut oil. JAOCS J Am Oil

Chem Soc 91:783–794. https://doi.org/10.1007/s11746-

014-2417-2

Halliwell B (2012) Free radicals and antioxidants: updating a

personal view. Nutr Rev 70:257–265. https://doi.org/10.

1111/j.1753-4887.2012.00476.x

Halliwell B, Cheah IK, Tang RMY (2018) Ergothioneine: a diet-

derived antioxidant with therapeutic potential. FEBS Lett

592:3357–3366. https://doi.org/10.1002/1873-3468.13123

Hao F, Jia L-H, Li X-W et al (2016) Garcinol upregulates

GABAA and GAD65 expression, modulates BDNF-TrkB

pathway to reduce seizures in pentylenetetrazole (PTZ)-

induced epilepsy. Med Sci Monit 22:4415–4425. https://

doi.org/10.12659/MSM.897579

Hatakeyama D, Shoji M, Yamayoshi S et al (2014) A novel

functional site in the PB2 subunit of influenza a virus

123

1344 Phytochem Rev (2023) 22:1305–1351

https://doi.org/10.2174/092986709788682056
https://doi.org/10.2174/092986709788682056
https://doi.org/10.1080/1354750X.2021.2016974
https://doi.org/10.1080/1354750X.2021.2016974
https://doi.org/10.2174/1381612826666201113094303
https://doi.org/10.2174/1381612826666201113094303
https://doi.org/10.3233/978-1-61499-830-3-370
https://doi.org/10.3233/978-1-61499-830-3-370
https://doi.org/10.1007/s10565-006-0173-2
https://doi.org/10.1007/s10565-006-0173-2
https://doi.org/10.1016/S0278-6915(00)00039-9
https://doi.org/10.1016/S0278-6915(00)00039-9
https://doi.org/10.1097/00008469-200506000-00003
https://doi.org/10.1097/00008469-200506000-00003
https://doi.org/10.1111/j.1742-7843.2007.00005.x
https://doi.org/10.1111/j.1742-7843.2007.00005.x
https://doi.org/10.1016/j.lfs.2008.11.012
https://doi.org/10.1111/j.1439-0272.2012.01279.x
https://doi.org/10.1111/j.1439-0272.2012.01279.x
https://doi.org/10.1016/j.pestbp.2018.01.002
https://doi.org/10.1016/j.neuro.2019.03.005
https://doi.org/10.1016/j.neuro.2019.03.005
https://doi.org/10.1007/s00213-020-05605-w
https://doi.org/10.1007/s00213-020-05605-w
https://doi.org/10.1007/s11011-020-00578-3
https://doi.org/10.1002/cld.522
https://doi.org/10.1016/S0024-3205(99)00652-9
https://doi.org/10.1016/S0024-3205(99)00652-9
https://doi.org/10.1016/j.jhep.2018.03.016
https://doi.org/10.1038/npp.2016.165
https://doi.org/10.1038/npp.2016.165
https://doi.org/10.1111/j.1365-2125.1993.tb04162.x
https://doi.org/10.1111/j.1365-2125.1993.tb04162.x
https://doi.org/10.1016/j.jep.2009.01.010
https://doi.org/10.1016/j.jep.2009.01.010
https://doi.org/10.1016/S0006-2952(96)00773-3
https://doi.org/10.1016/S0006-2952(96)00773-3
https://doi.org/10.2174/0929867323666160425113058
https://doi.org/10.2174/0929867323666160425113058
https://doi.org/10.1007/s11746-014-2417-2
https://doi.org/10.1007/s11746-014-2417-2
https://doi.org/10.1111/j.1753-4887.2012.00476.x
https://doi.org/10.1111/j.1753-4887.2012.00476.x
https://doi.org/10.1002/1873-3468.13123
https://doi.org/10.12659/MSM.897579
https://doi.org/10.12659/MSM.897579


essential for acetyl-CoA interaction, RNA polymerase

activity, and viral replication. J Biol Chem

289:24980–24994. https://doi.org/10.1074/jbc.M114.

559708

Hioki Y, Onwona-Agyeman S, Kakumu Y et al (2020) Garci-

noic acids and a benzophenone derivative from the seeds of

Garcinia kola and their antibacterial activities against oral

bacterial pathogenic organisms. J Nat Prod 83:2087–2092.

https://doi.org/10.1021/acs.jnatprod.9b01045

Hu C, Tompson D, Magee M et al (2015) Single and multiple

dose pharmacokinetics, pharmacodynamics and safety of

the novel lipoprotein-associated phospholipase A2 enzyme

inhibitor darapladib in healthy Chinese subjects: an open

label phase-1 clinical trial. PLoS ONE 10:139862. https://

doi.org/10.1371/journal.pone.0139862

Hu H, Zhao H,Wu Z, Rao M (2020) Effects of garcinoic acid on

cardiac function and its mechanism in post-myocardial

infarction rats. Med JWuhan Univ 41:188–192. https://doi.

org/10.14188/j.1671-8852.2019.0924

Huang W-C, Kuo K-T, Adebayo BO et al (2018) Garcinol

inhibits cancer stem cell-like phenotype via suppression of

the Wnt/b-catenin/STAT3 axis signalling pathway in

human non-small cell lung carcinomas. J Nutr Biochem

54:140–150. https://doi.org/10.1016/j.jnutbio.2017.12.008

Hung WL, Liu CM, Lai CS et al (2015) Inhibitory effect of

garcinol against 12-O-tetradecanoylphorbol 13-acetate-

induced skin inflammation and tumorigenesis in mice.

J Funct Foods 18:432–444. https://doi.org/10.1016/j.jff.

2015.07.019

Hussain RA, Owegby AG, Waterman PG (1982) Kolanone, a

novel polyisoprenylated benzophenone with antimicrobial

properties from the fruit of Garcinia kola. Planta Med

44:78–81. https://doi.org/10.1055/s-2007-971406

Hyun JJ, Woo SS, Yeo S-H et al (2006) Antifungal effect of

amentoflavone derived from Selaginella tamariscina. Arch
Pharm Res 29:746–751. https://doi.org/10.1007/

bf02974074

Ibironke GF, Fasanmade AA (2015) Analgesic and central

nervous system depressant activities of kolaviron (A

Garcinia kola biflavonoid complex). Afr J Biomed Res

18:217–223

Ibironke GF, Fasanmade AA (2016) Neuroprotective effects of

kolaviron against psycho-emotional stress induced oxida-

tive brain injury in rats: the whisker removal model. Afr J

Med Med Sci 45:253–260

Igado OO, Olopade JO, Adesida A et al (2012) Morphological

and biochemical investigation into the possible neuropro-

tective effects of kolaviron (Garcinia kola bioflavonoid) on
the brains of rats exposed to vanadium. Drug ChemToxicol

35:371–380. https://doi.org/10.3109/01480545.2011.

630005

Iinuma M, Tosa H, Tanaka T et al (1996) Antibacterial activity

of some Garcinia benzophenone derivatives against

methicillin-resistant Staphylococcus aureus. Biol Pharm

Bull 19:311–314. https://doi.org/10.1248/bpb.19.311

Ijomone OM, Obi AU (2013) Kolaviron, isolated fromGarcinia
kola, inhibits acetylcholinesterase activities in the hip-

pocampus and striatum of Wistar rats. Ann Neurosci

20:42–46. https://doi.org/10.5214/ans.0972.7531.200203

Ijomone OM, Nwoha PU, Olaibi OK et al (2012) Neuropro-

tective effects of kolaviron, a biflavonoid complex of

Garcinia kola, on rats hippocampus against metham-

phetamine-induced neurotoxicity. Maced J Med Sci

5:10–16. https://doi.org/10.3889/MJMS.1857-5773.2011.

0203

Ikpesu TO, Tongo I, Ariyo A (2014) Restorative prospective of

powdered seeds extract of Garcinia kola in Chrysichthys
furcatus induced with glyphosate formulation. Chin J Biol.

https://doi.org/10.1155/2014/854157

Ishola IO, Chaturvedi JP, Rai S et al (2013) Evaluation of

amentoflavone isolated from Cnestis ferruginea Vahl ex

DC (Connaraceae) on production of inflammatory media-

tors in LPS stimulated rat astrocytoma cell line (C6) and

THP-1 cells. J Ethnopharmacol 146:440–448. https://doi.

org/10.1016/j.jep.2012.12.015

Ishola IO, Adamson FM, Adeyemi OO (2017) Ameliorative

effect of kolaviron, a biflavonoid complex from Garcinia
kola seeds against scopolamine-induced memory impair-

ment in rats: role of antioxidant defense system. Metab

Brain Dis 32:235–245. https://doi.org/10.1007/s11011-

016-9902-2

Ito C, Itoigawa M, Miyamoto Y et al (1999) A new biflavonoid

from Calophyllum panciflorum with antitumor-promoting

activity. J Nat Prod 62:1668–1671. https://doi.org/10.1021/

np990065j

Iwu M, Igboko O (1982) Flavonoids of Garcinia kola seeds.

J Nat Prod 45:650–651. https://doi.org/10.1021/

np50023a026

Iwu MM, Igboko OA, Elekwa OK, Tempesta MS (1990a)

Prevention of thioacetamide-induced hepatotoxicity by

biflavanones of Garcinia kola. Phytother Res 4:157–159.
https://doi.org/10.1002/ptr.2650040407

Iwu MM, Igboko OA, Okunji CO, Tempesta MS (1990b)

Antidiabetic and aldose reductase activities of biflavanones

of Garcinia kola. J Pharm Pharmacol 42:290–292. https://

doi.org/10.1111/j.2042-7158.1990.tb05412.x

Iwu MM, Igboko OA, Tempesta MS (1990c) Biflavonoid con-

stituents of Garcinia kola roots. Fitoterapia 61:178–181

IwuM, Duncan C, Okunji CO (1999) Perspectives on new crops

and new uses. ASHS Press, Alexandria

Iwu MM, Diop AD, Meserole L, Okunji CO (2002) Garcinia
kola: a new look at an old adaptogenic agent. In: Iwu MM,

Wootton J (eds) Advances in phytomedicine, 1st edn.

Elsevier, Amsterdam, pp 191–199

Jackson DN, Yang L, Wu S et al (2015) Garcinia xanthochymus

benzophenones promote hyphal apoptosis and potentiate

activity of fluconazole against Candida albicans biofilms.

Antimicrob Agents Chemother 59:6032–6038. https://doi.

org/10.1128/AAC.00820-15

Jamila N, Khairuddean M, Khan SN, Khan N (2014) Complete

NMR assignments of bioactive rotameric (3?8) biflavo-

noids from the bark of Garcinia hombroniana. Magn

Reson Chem 52:345–352. https://doi.org/10.1002/mrc.

4071

Jeffers V, Gao H, Checkley LA et al (2016) Garcinol inhibits

GCN5-mediated lysine acetyltransferase activity and pre-

vents replication of the parasite Toxoplasma gondii.
Antimicrob Agents Chemother 60:2164–2170. https://doi.

org/10.1128/AAC.03059-15

Jouda J-B, Tamokou J-D, Mbazoa CD et al (2016) Antibacterial

and cytotoxic cytochalasins from the endophytic fungus

Phomopsis sp. harbored in Garcinia kola (Heckel) nut.

123

Phytochem Rev (2023) 22:1305–1351 1345

https://doi.org/10.1074/jbc.M114.559708
https://doi.org/10.1074/jbc.M114.559708
https://doi.org/10.1021/acs.jnatprod.9b01045
https://doi.org/10.1371/journal.pone.0139862
https://doi.org/10.1371/journal.pone.0139862
https://doi.org/10.14188/j.1671-8852.2019.0924
https://doi.org/10.14188/j.1671-8852.2019.0924
https://doi.org/10.1016/j.jnutbio.2017.12.008
https://doi.org/10.1016/j.jff.2015.07.019
https://doi.org/10.1016/j.jff.2015.07.019
https://doi.org/10.1055/s-2007-971406
https://doi.org/10.1007/bf02974074
https://doi.org/10.1007/bf02974074
https://doi.org/10.3109/01480545.2011.630005
https://doi.org/10.3109/01480545.2011.630005
https://doi.org/10.1248/bpb.19.311
https://doi.org/10.5214/ans.0972.7531.200203
https://doi.org/10.3889/MJMS.1857-5773.2011.0203
https://doi.org/10.3889/MJMS.1857-5773.2011.0203
https://doi.org/10.1155/2014/854157
https://doi.org/10.1016/j.jep.2012.12.015
https://doi.org/10.1016/j.jep.2012.12.015
https://doi.org/10.1007/s11011-016-9902-2
https://doi.org/10.1007/s11011-016-9902-2
https://doi.org/10.1021/np990065j
https://doi.org/10.1021/np990065j
https://doi.org/10.1021/np50023a026
https://doi.org/10.1021/np50023a026
https://doi.org/10.1002/ptr.2650040407
https://doi.org/10.1111/j.2042-7158.1990.tb05412.x
https://doi.org/10.1111/j.2042-7158.1990.tb05412.x
https://doi.org/10.1128/AAC.00820-15
https://doi.org/10.1128/AAC.00820-15
https://doi.org/10.1002/mrc.4071
https://doi.org/10.1002/mrc.4071
https://doi.org/10.1128/AAC.03059-15
https://doi.org/10.1128/AAC.03059-15


BMC Complement Altern Med. https://doi.org/10.1186/

s12906-016-1454-9

Kabangu K, Galeffi C, Aonzo E (1987) A new biflavanone from

the bark of Garcinia kola. Planta Med 53:275–277. https://

doi.org/10.1055/s-2006-962704

Kalgutkar AS, Crews BC, Rowlinson SW et al (2000) Bio-

chemically based design of cyclooxygenase-2 (COX-2)

inhibitors: facile conversion of nonsteroidal antiinflam-

matory drugs to potent and highly selective COX-2 inhi-

bitors. Proc Natl Acad Sci U S A 97:925–930. https://doi.

org/10.1073/pnas.97.2.925

Kalu WO, Okafor PN, Ijeh II, Eleazu C (2016) Effect of

kolaviron, a biflavanoid complex from Garcinia kola on

some biochemical parameters in experimentally induced

benign prostatic hyperplasic rats. Biomed Pharmacother

83:1436–1443. https://doi.org/10.1016/j.biopha.2016.08.

064

Kelly TR, Szabados A, Lee Y-J (1997) Total synthesis of gar-

cifuran B. J Org Chem 62:428–429. https://doi.org/10.

1021/jo9615662

Kilpatrick IC, Traut M, Heal DJ (2001) Monoamine oxidase

inhibition is unlikely to be relevant to the risks associated

with phentermine and fenfluramine: a comparison with

their abilities to evoke monoamine release. Int J Obes

25:1454–1458. https://doi.org/10.1038/sj.ijo.0801732

Kim HK, Son KH, Chang HW et al (1998) Amentoflavone, a

plant biflavone: a new potential anti-inflammatory agent.

Arch Pharm Res 21:406–410. https://doi.org/10.1007/

BF02974634

Klein EA, Thompson IM Jr, Tangen CM et al (2011) Vitamin E

and the risk of prostate cancer: the selenium and vitamin E

cancer prevention trial (SELECT). J Am Med Assoc

306:1549–1556. https://doi.org/10.1001/jama.2011.1437

Klein-Júnior LC, Campos A, Niero R et al (2020) Xanthones

and cancer: from natural sources to mechanisms of action.

Chem Biodivers. https://doi.org/10.1002/cbdv.201900499

Kluge S, Schubert M, Schmölz L et al (2016) Garcinoic acid: a

promising bioactive natural product for better under-

standing the physiological functions of tocopherol

metabolites. In: Ur Rahman A (ed) Studies in natural

products chemistry. Elsevier, Amsterdam, pp 435–481

Konziase B (2015) Protective activity of biflavanones from

Garcinia kola against plasmodium infection. J Ethnophar-

macol 172:214–218. https://doi.org/10.1016/j.jep.2015.06.

038

Kopytko P, Piotrowska K, Janisiak J, Tarnowski M (2021)

Garcinol—a natural histone acetyltransferase inhibitor and

new anti-cancer epigenetic drug. Int J Mol Sci 22:1–11.

https://doi.org/10.3390/ijms22062828

Lau OD, Kundu TK, Soccio RE et al (2000) HATs off: Selective

synthetic inhibitors of the histone acetyltransferases p300

and PCAF. Mol Cell 5:589–595. https://doi.org/10.1016/

s1097-2765(00)80452-9

Lee JS, Sul JY, Park JB et al (2013) Fatty acid synthase inhi-

bition by amentoflavone suppresses HER2/neu (erbB2)

oncogene in SKBR3 human breast cancer cells. Phytother

Res 27:713–720. https://doi.org/10.1002/ptr.4778

Lee P-S, Teng C-Y, Kalyanam N et al (2019) Garcinol reduces

obesity in high-fat-diet-fed mice by modulating gut

microbiota composition. Mol Nutr Food Res 63:1800390.

https://doi.org/10.1002/mnfr.201800390

Lee P-S, Nagabhushanam K, Ho C-T, Pan M-H (2021) Inhibi-

tory effect of garcinol on obesity-exacerbated, colitis-me-

diated colon carcinogenesis. Mol Nutr Food Res

65:2100410. https://doi.org/10.1002/mnfr.202100410

Li F, Shanmugam MK, Chen L et al (2013) Garcinol, a poly-

isoprenylated benzophenone modulates multiple proinfl

ammatory signaling cascades leading to the suppression of

growth and survival of head and neck carcinoma. Cancer

Prev Res (phila Pa) 6:843–854. https://doi.org/10.1158/

1940-6207.CAPR-13-0070

Li X, Ai H, Sun D et al (2016) Anti-tumoral activity of native

compound morelloflavone in glioma. Oncol Lett

12:3373–3377. https://doi.org/10.3892/ol.2016.5094

Lin Y-M, Anderson H, Flavin MT et al (1997) In vitro anti-HIV

activity of biflavonoids isolated from Rhus succedanea and

Garcinia multiflora. J Nat Prod 60:884–888. https://doi.

org/10.1021/np9700275

Lin S-H, Huang K-J,Weng C-F, Shiuan D (2015) Exploration of

natural product ingredients as inhibitors of human HMG-

CoA reductase through structure-based virtual screening.

Drug Des Devel Ther 9:3313–3324. https://doi.org/10.

2147/DDDT.S84641

Liu C, Ho PCL, Wong FC et al (2015) Garcinol: Current status

of its anti-oxidative, anti-inflammatory and anti-cancer

effects. Cancer Lett 362:8–14. https://doi.org/10.1016/j.

canlet.2015.03.019

Liu S, Yang X, Zhang H et al (2020) Amentoflavone attenuates

Clostridium perfringens gas gangrene by targeting alpha-

toxin and Perfringolysin O. Front Pharmacol. https://doi.

org/10.3389/fphar.2020.00179

Lobstein-Guth A, Briancon-Scheid F, Victoire C et al (1988)

Isolation of amentoflavone from Ginkgo biloba. Planta
Med 54:555–556. https://doi.org/10.1055/s-2006-962549
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