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Article Information  ABSTRACT 
Received: 19th May 2025  Background: The Clusiaceae family is widely distributed in tropical and subtropical climates, with a 

rich source of structurally diverse metabolites. Among these, biflavonoids stand out due to their complex 

structures and significant pharmacological activities. This review aims to examine data on various 

Clusiacean biflavonoids, their structural diversity, and bioactivity, thereby increasing the understanding 

of their implications in both traditional and modern medicine. Methodology: Data were collected from 

electronic databases like PubMed, Elsevier, Springer, and Google Scholar. The structural categorization 

of biflavonoids was based on the nature of linkage and substituent variations that influence their 

biological activities. Their distribution across Clusiacean members further highlights their 

chemotaxonomic importance. Additionally, structure-activity relationship studies reveal that specific 

linkages and functional groups enhance biological activity. Results and Discussion: Studies indicate 

that Clusiacean biflavonoids are potential candidates for drug discovery and therapeutic development 

due to their varied pharmacological activities. Approximately 21 biflavonoids from Clusiacean members 

are included in this review; nine of them exhibit antioxidant, five antimicrobial, five early antigen 

inhibition, four monoamine oxidase inhibition, three anti-inflammatory, three neuromuscular 

transmission inhibition, one antidiabetic, one anti-aging, and one hypocholesterolemic activity. 

Conclusion: Clusiacean biflavonoids possess desirable compounds for drug development owing to their 

diverse pharmacological activities, including antiviral, anti-inflammatory, anti-cancer, antioxidant, and 

neuroprotective properties, and so on. Overall, this article analyzes different biflavonoids obtained from 

Clusiaceae species, focusing on their structural diversity, biological importance, and structure-activity 

relationships. 
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INTRODUCTION 
The Clusiaceae family comprises approximately 14 genera and 
nearly 800 species, with a wide distribution in the tropics. The 
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family is distinguished by the presence of secondary 
metabolites, including xanthones, benzophenones, flavonoids, 
coumarins, terpenoids, and other compounds important in plant 
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science and potential biological activity studies [1]. The plants 
in this family are traditionally used to treat ailments such as 
inflammation, infections, and skin diseases [2]. They are also 
economically valued for their fruits, resins, dyes, essential oils, 
and timber [3]. Biflavonoids are polyphenolic compounds 
composed of two identical or non-identical flavone-flavonoid 
units connected symmetrically or asymmetrically. Additionally, 
they are the dimers of the subunits flavone–flavone, flavone–
flavanone, and flavanone–flavanone. These units can be 
connected through a carbon-carbon or a carbon-linear fragment-
carbon linkage. Such specific arrangements and linkages 
determine their structural diversity and subtypes of 
bioflavonoids [4].  
 
The majority of 592 biflavonoids are found in angiosperms, 
although they are also found in ferns, gymnosperms, and 
bryophytes [4]. Their potential health benefits are supported by 
frequent reports of their presence in plants used in both 
traditional and modern medicine. Therefore, they have become 
the focus of the scientific community in recent years, as they 
possess several pharmacological activities, including 
antibacterial, antiviral, antidiabetic, antioxidant, anti-
inflammatory, antitumor, and cytotoxic properties. This makes 
them a potential component of several therapeutics, primarily for 
the treatment of diseases such as cardiovascular diseases, cancer, 
and neurological disorders [5]. Due to their chemical and 
biological significance, various bioprospective phytochemical 
research and chemical techniques utilizing coupling and 
molecular rearrangement strategies have been developed to 
identify and synthesize novel bioactive biflavonoids [6]. 
Although several biflavonoids have been identified from 
Clusiaceae, many remain structurally unexplored. Advanced 
techniques, such as 2D NMR and crystallography, are necessary 
to confirm their complex structures [4].  
 
The existing literature primarily targets one or more specific 
species or genera within the family. Pharmacological studies are 
mainly limited to antioxidant activity, with fewer investigations 
into anti-inflammatory, antimicrobial, neuroprotective, or 
enzyme-inhibitory effects. Additionally, the mechanistic basis 
of activity and structure-activity relationships remains poorly 
understood. This review aims to examine data on various 
Clusiacean biflavonoids, their structural diversity, bioactivity, 
and structure-activity relationships, thereby increasing our 
understanding of their implications in both traditional and 
modern medicine. 

MATERIAL AND METHODS 
Relevant literature on biflavonoids from the family Clusiaceae 
was systematically collected using electronic databases, 
including PubMed, Scopus, Web of Science, Google Scholar, 
and ScienceDirect. Search strings combined keywords and 
Boolean operators such as “Biflavonoids and Clusiaceae”, 
“Biflavonoids and Bioactivities”, and specific compound names 
like Amentoflavone and Morelloflavone were queried. Studies 
were included if they reported the isolation, structure, 
distribution, or biological activities. Publications not specific to 
biflavonoids of Clusiaceae, non-English articles, and abstracts 
or theses without complete data are excluded. Titles and 
abstracts were screened, followed by full-text evaluation. Data 
on compound name, distribution, and biological activities were 
extracted. The findings were organized into four major areas: 
structural classification, distribution, biological activities, and 
structure-activity relationships of biflavonoids in the Clusiaceae 
family. Results were summarized and supported with tables and 
figures to highlight trends and research progress. 
 
RESULTS AND DISCUSSION 
Structural Classification of Biflavonoids 
Biflavonoids are a unique category of polyphenolic compounds 
produced by the dimerization of two flavonoid units. They are 
structurally varied based on the nature and position of the linking 
structures that link each of the flavonoid units [7]. Biflavonoids 
are classified based on their interflavonoid bonding, i.e., C-C, C-
O-C ether bridges, and multiple C-C bonds that control their 
structural constraints and bioactivity. The dimerization of the 
apigenin unit is a pattern commonly found in biflavonoids. There 
are several conceivable pairings. For instance, when two 
apigenin motifs are linked together using an 8 → 3′ connector, 
Amentoflavone is produced. Similarly, when two apigenin 
motifs are linked together using an 8 → 6 linker, Agathisflavone 
is produced. Additional combinations are shown in Figure 1a. 
As seen in Figure 1b, dimerization can also occur through an 
ether bond, utilizing one of apigenin's hydroxyl groups. This is 
true for substances like Ochnaflavone, Hinokiflavone, and a few 
other biflavonoids of the C-O-C type [8]. They are also classified 
based on flavonoid subclasses, e.g., flavone-flavone, flavanone-
flavone, and flavanone–flavanone. Among the major 
biflavonoids identified in Clusiaceae, Amentoflavone (Figure 2) 
is one of the most abundant, consisting of two apigenin (flavone) 
units linked at C-8 and C′-3′. It is considered a structural 
prototype for many related compounds [9]. Morelloflavone 
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(Figure 3), a well-studied flavone–flavanone dimer, is 
commonly reported from Garcinia species, with the linkage 
occurring between C-3′ of the flavanone and C-8 of the flavone 
[10]. In addition, GB-1 (Figure 5) & GB-2 (Figure 6) are 
flavanone–flavanone dimers characteristic of Garcinia, 
differing in their C–C linkages, with GB-1 linked at C-3′–C-8″ 
& GB-2 at C-3′–C-6″ [11,12]. Another essential biflavonoid 
complex is Kolaviron (Figure 4), a mixture of closely related 
biflavonoids (including GB-1, GB-2 & Kolaflavanone) 
primarily isolated from Garcinia kola. These molecules belong 
to the flavanone–flavanone type of biflavonoids and are 
characterized by carbon–carbon linkages between the two 
flavanone units [13]. 
 
Distribution of Biflavonoids in Clusiaceae  
Biflavonoids are widely distributed in the members of the 
Clusiaceae family, such as Garcinia, Clusia, and Calophyllum. 
The concentration and types of biflavonoids can also vary 
significantly between species and even within different parts of 
the same plant, including bark, seeds, leaves, and resin, where 
they contribute to the plant's defense mechanisms [15].  
 
Chemotaxonomic relevance of Biflavonoid distribution in 
Clusiaceae: Their distribution patterns within the family are 
considered to be chemotaxonomically relevant, and also aid in 
the family's categorization and evolutionary research [16]. The 
chemotaxonomic relevance of biflavonoid distribution in 
Clusiaceae is provided in Table 1. Additional chemotaxonomic 
clarity is revealed when comparing at the family level. 
Biflavonoids are scarce or nearly absent in Calophyllaceae and 
Hypericaceae, whereas they are varied in Clusiaceae. Therefore, 
the dominance of biflavonoids in Clusiacean members provides 

evidence of phylogenetic independence from related lineages, as 
well as taxonomic delimitation [19], [20]. The distribution of 
biflavonoids within the tribes in Clusiaceae provides critical 
evolutionary and taxonomic insights. A shared ancestral 
capacity for 3′–8″ coupling enzymes is suggested by the 
dominance of 3′–8″ linked Biflavones in Garcinieae, which 
supports the monophyly of the tribe's chemical phenotype and 
helps to distinguish it from other clusioid lineages where 
morphology may be unclear [7]. An analogous retention and 
diversification of metabolic pathways can be seen in Clusieae, 
where biflavonoid biosynthesis was maintained but further 
developed with highly prenylated benzophenones. This suggests 
potential ecological adaptations, such as improved defense in 
reproductive tissues, in addition to supporting tribe delimitation 
[17]. Biflavonoids, xanthones, and benzophenones are 
consistently found together in Symphonieae, which reinforces 
tribal solidarity and suggests that these metabolites were 
originally present in a common ancestor and retained during 
diversification. The monophyly of Symphonieae is supported by 
this conserved chemical profile, which also aids in cross-
validating molecular phylogenies [18]. The distribution of 
biflavonoids among these three tribes as a whole demonstrates 
their usefulness as chemotaxonomic identifiers. It reveals how 
conserved biosynthetic features and lineage-specific 
elaborations provide insight into the evolutionary history of 
Clusiaceae. 
 
Biflavonoids in Clusiaceae 
Various biflavonoids obtained from different members of the 
Clusiaceae family, along with their bioactivities, are provided in 
Table 2.

 
Figure 1: Formation of C-C type biflavonoids (a) and C-O-C type biflavonoids (b) with examples [8].
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Figure 2: Amentoflavone [9]   Figure 3: Morelloflavone [10]  Figure 4: Kolaviron [14] 

  
Figure 5:  GB 1 [11]                                     Figure 6: GB 2 [12] 

Table 1: Chemotaxonomic relevance of Biflavonoid distribution in Clusiaceae 
Taxonomic 

Group 
Major Biflavonoid 

Types/Linkages 
Representative 

Compounds Chemotaxonomic Significance Ref 

Tribe Garcinieae 
(Garcinia, 

Pentadesma) 

3’–8’’ Biflavones 
(flavone – flavone, flavone–

flavanone) 

Amentoflavone 
Morelloflavone 

GB 2a 

Consistent occurrence acts as a diagnostic 
marker for Garcinieae 

[7] 

Tribe Clusieae 
(Clusia) 

3’–8’’ Biflavones 
(flavone–flavone) 

Amentoflavone 
derivatives 

Occur with prenylated benzophenones and 
forms a chemical fingerprint for Clusieae 

[17] 

Tribe 
Symphonieae 
(Symphonia) 

3’–8’’ Biflavones 
(flavanone–flavone variations) 

Amentoflavone 

Occur alongside xanthones and 
benzophenones and the presence across 

Symphonieae chemotaxonomically support 
tribal cohesion 

[18] 

 
Table 2: Biflavonoids obtained from different members of Clusiaceae along with their bioactivities 

Biflavonoid Source 
Plant Bioactivity Study Design and 

Sample Size Limitations Ref 

Morelloflavone 

Garcinia 
cowa Antioxidant activity 

In vitro, DPPH radical 
scavenging assay, 
concentrations in 

triplicates. 

No in vivo validations, Only 
the activity of root bark is 

studied. 
[21] 

Garcinia 
dulcis 

Hypocholesterolemic 
activity 

In vitro, enzyme 
kinetic assay against 

HMG-CoA reductase, 
concentrations in 

triplicates. 

No in vivo validations, only 
enzymatic evidence was 
presented for inhibition. 

[22], 
[23] 

Garcinia 
volkensis Anti-aging activity In vitro, protein 

Glycation/AGE assay, 
Limited biological replication 
of plant material, no in vivo [24] 
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Biflavonoid Source 
Plant Bioactivity Study Design and 

Sample Size Limitations Ref 

3 biological replicates 
used. 

validations, not reported 
number of replicates. 

Garcinia 
gardneriana 

Monoamine Oxidase 
Inhibitory activity 

In vitro, MAO enzyme 
assay, 4-6 

concentrations in 
triplicates. 

No in vivo validations, only 
branch of the plant was 
analysed, possible assay 

interference from polyphenols. 

[25] 

Garcinia 
griffithii Antioxidant activity In vitro, DPPH radical 

scavenging assay. 

No in vivo validations, no 
information on how many 

biological replicates used, not 
mentioned technical replicates 

for bioassay. 

[26], 
[27] 

Calophyllum 
panciflorum 

Inhibits EBV early 
antigen activation 

In vitro, EBV early 
antigen activation 
assay in Raji cells. 

No in vivo validations, only 
stem barks of the plant was 

analysed, number of replicates 
and error bars are not 

included, lacks comparative 
potency of known 

biflavonoids vs. new one. 

[28] 

Morelloflavone-7''-
O-glucoside 

Garcinia 
griffithii Antioxidant activity In vitro, DPPH radical 

scavenging assay. 

No in vivo validations, no 
information on how many 

biological replicates used, not 
mentioned technical replicates 

for bioassay. 

[26], 
[27] 

Morelloflavone-4′′′-
O-β-d-glycoside 

Garcinia 
brasiliensis Antioxidant activity 

In vitro, DPPH 
scavenging assay, 

conducted in 
triplicates. 

No in vivo validations, small 
number of phenolic 

compounds isolated and 
tested, study limited to 

epicarp. 

[29] 

Volkensiflavone 
 

Garcinia 
gardneriana 

Monoamine Oxidase 
Inhibitory activity 

In vitro, MAO enzyme 
assay, 4-6 

concentrations in 
triplicates. 

No in vivo validations, only 
branch of the plant was 
analysed, possible assay 

interference from polyphenols. 

[25] 

Amentoflavone 

Garcinia 
brasiliensis 

Anti-inflammatory 
activity 

 

In vitro, Neutrophil 
oxidative burst 

analysed through 
WST-1 reduction and 

luminol-enhanced 
chemiluminescence, 

Neutrophils and 
erythrocytes were 

obtained from healthy 
human donors. 

No in vivo validations, did not 
explore pharmacokinetics, 
metabolism, or potential 

toxicity of the biflavonoids, 
donor-to-donor variability in 
neutrophil and erythrocyte 
responses not addressed. 

[30] 

Calophyllum 
panciflorum 

Inhibits EBV early 
antigen activation 

In vitro, EBV early 
antigen activation 
assay in Raji cells. 

No in vivo validations, only 
stem barks of the plant was 

analysed, number of replicates 
and error bars are not 

included, lacks comparative 
potency of known 

biflavonoids vs. new one. 

[28] 

Amento-4''-
methylether 

Garcinia 
griffithii Antioxidant activity In vitro, DPPH radical 

scavenging assay. 

No in vivo validations, no 
information on how many 

biological replicates used, not 
mentioned technical replicates 

for bioassay. 

[26], 
[27] 
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Biflavonoid Source 
Plant Bioactivity Study Design and 

Sample Size Limitations Ref 

Fukugiside 

Garcinia 
cowa Antioxidant activity 

In vitro, DPPH radical 
scavenging assay, 
concentrations in 

triplicates. 

No in vivo validations, only 
the activity of root and bark is 

studied. 
[21] 

Garcinia 
brasiliensis Antioxidant activity 

In vitro, DPPH 
scavenging assay, 

conducted in 
triplicates. 

No in vivo validations, small 
number of phenolic 

compounds isolated and 
tested, study limited to 

epicarp. 

[29] 

Fukugetin Garcinia 
brasiliensis 

Anti-inflammatory 
activity 

 

In vitro, Neutrophil 
oxidative burst 

analysed through 
WST-1 reduction and 

luminol-enhanced 
chemiluminescence, 

Neutrophils and 
erythrocytes were 

obtained from healthy 
human donors. 

No in vivo validations, did not 
explore pharmacokinetics, 
metabolism, or potential 

toxicity of the biflavonoids, 
donor-to-donor variability in 
neutrophil and erythrocyte 
responses not addressed. 

[30] 

Macrophylloflavone Garcinia 
macrophylla 

Antibacterial activity 
Antioxidant activity 
Antidiabetic activity 

In vitro, antibacterial 
assay against E. coli 
and S. aureus, DPPH 
radical scavenging 
assay; In vivo, anti-

type 2 diabetes 
mellitus activity in 
rats; mean ± SD in 

triplicates. 

Unclear animal group size, 
Dose range is very narrow 

with 6-8 µg/kg body weight, 
only two bacterial strains were 

tested. 

[31] 

3,8''-Binaringenin 

Garcinia 
griffithii Antioxidant activity In vitro, DPPH radical 

scavenging assay. 

No in vivo validations, no 
information on how many 

biological replicates used, not 
mentioned technical replicates 

for bioassay. 

[26], 
[27] 

Pentadesma 
grandifolia Antifungal activity 

In vitro, antifungal 
assay via bio 

autography against 
Cladosporium, stem 

bark, roots, leaves and 
fruits of the plant were 

analysed. 

No in vivo validations, 
incomplete reporting of 

replicates, bioautography is a 
qualitative/semi-quantitative 

method, without MIC the 
practical efficacy is unclear. 

[32] 

3,8''-Binaringenin-
7''-O-glucoside 

Garcinia 
griffithii Antioxidant activity In vitro, DPPH radical 

scavenging assay. 

No in vivo validations, no 
information on how many 

biological replicates used, not 
mentioned technical replicates 

for bioassay. 

[26], 
[27] 

3,6” - Binaringenin Pentadesma 
grandifolia Antifungal activity 

In vitro, antifungal 
assay via bio 

autography against 
Cladosporium, stem 

bark, roots, leaves and 
fruits of the plant were 

analysed. 

No in vivo validations, 
incomplete reporting of 

replicates, bioautography is a 
qualitative/semi-quantitative 

method, without MIC the 
practical efficacy is unclear. 

[32] 

GB-1 Calophyllum 
panciflorum 

Inhibits EBV early 
antigen activation 

In vitro, EBV early 
antigen activation 
assay in Raji cells. 

No in vivo validations, only 
stem barks of the plant was 

analysed, number of replicates 
[28] 
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Biflavonoid Source 
Plant Bioactivity Study Design and 

Sample Size Limitations Ref 

and error bars are not 
included, lacks comparative 

potency of known 
biflavonoids vs. new one. 

Garcinia 
kola Antibacterial activity 

In vitro, standard 
antimicrobial assays 
against S. mutans, 

biological replicate at 
the microorganism 

level, multiple 
concentrations were 
tested and replicates. 

No in vivo or clinical testing to 
verify oral efficacy, safety, or 

pharmacokinetics, limited 
range of organisms, for use as 
chewing stick the compound’s 
solubility and stability is not 

addressed. 

[33], 
[34] 

GB 2 

Calophyllum 
panciflorum 

Inhibits EBV early 
antigen activation 

In vitro, EBV early 
antigen activation 
assay in Raji cells. 

No in vivo validations, only 
stem barks of the plant was 

analysed, number of replicates 
and error bars are not 

included, lacks comparative 
potency of known 

biflavonoids vs. new one. 

[28] 

Garcinia 
buchananii 

Decreases inhibitory 
neuromuscular 
transmission 

In vitro/ ex vivo, Pellet 
propulsion assays, 

microelectrode 
readings, Receptor 
functional assays; 
Porcine ileum and 

descending colon from 
n = 4-7 animals and 

guinea pig colon from 
n = 3-4 in various 

fractions. 

Possible differences can occur 
in complex in vivo 

environment, Possible species-
differences by using porcine 
and guinea pig tissues, GBB 
inhibited propulsive motility 

in guinea pig colon, the 
isolated compounds did not 
replicate that effect in the 
pellet propulsion assay. 

[35] 

GB-2a Garcinia 
gardneriana 

Monoamine Oxidase 
Inhibitory activity 

In vitro, MAO enzyme 
assay, 4-6 

concentrations in 
triplicates. 

No in vivo validations, only 
branch of the plant was 
analysed, possible assay 

interference from polyphenols. 

[25] 

GB-2a-7-O-
glucoside 

Garcinia 
gardneriana 

Monoamine Oxidase 
Inhibitory activity 

In vitro, MAO enzyme 
assay, 4-6 

concentrations in 
triplicates. 

No in vivo validations, only 
branch of the plant was 
analysed, possible assay 

interference from polyphenols. 

[25] 

Manniflavanone Garcinia 
buchananii 

Decreases inhibitory 
neuromuscular 
transmission 

In vitro/ ex vivo, Pellet 
propulsion assays, 

microelectrode 
readings, Receptor 
functional assays; 
Porcine ileum and 

descending colon from 
n = 4-7 animals and 

guinea pig colon from 
n = 3-4 in various 

fractions. 

Possible differences can occur 
in complex in vivo 

environment, Possible species-
differences by using porcine 
and guinea pig tissues, GBB 
inhibited propulsive motility 

in guinea pig colon, the 
isolated compounds did not 
replicate that effect in the 
pellet propulsion assay. 

[35] 

Buchananiflavonone Garcinia 
buchananii 

Decreases inhibitory 
neuromuscular 
transmission 

In vitro/ ex vivo, Pellet 
propulsion assays, 

microelectrode 
readings, Receptor 
functional assays; 
Porcine ileum and 

Possible differences can occur 
in complex in vivo 

environment, Possible species-
differences by using porcine 
and guinea pig tissues, GBB 
inhibited propulsive motility 

[35] 
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Biflavonoid Source 
Plant Bioactivity Study Design and 

Sample Size Limitations Ref 

descending colon from 
n = 4-7 animals and 

guinea pig colon from 
n = 3-4 in various 

fractions. 

in guinea pig colon, the 
isolated compounds did not 
replicate that effect in the 
pellet propulsion assay. 

Podocarpusflavone Garcinia 
brasiliensis 

Anti-inflammatory 
activity 

In vitro, Neutrophil 
oxidative burst 

analysed through 
WST-1 reduction and 

luminol-enhanced 
chemiluminescence, 

Neutrophils and 
erythrocytes were 

obtained from healthy 
human donors. 

No in vivo validations, did not 
explore pharmacokinetics, 
metabolism, or potential 

toxicity of the biflavonoids, 
donor-to-donor variability in 
neutrophil and erythrocyte 
responses not addressed. 

[30] 

Kolaviron Garcinia 
kola 

Antioxidant, 
Hematological 

modulation, Lipid-
modulating and 
hepatoprotective 

activities. 

In vivo, hematological, 
biochemical, 

hormonal, oxidative 
stress, and 

histopathological 
analysis, 56 Wistar 

rats (male and female) 
were used. 

The highest dose is 500 
mg/kg, but possible effects in 
even higher ranges 90 days 

were not assessed, 
reversibility was studied only 
for 30 days, the duration may 
not be sufficient for certain 
longer-term effects or for 

tissues with slower turnover. 

[36] 

Dulcisbiflavonoid B 
and C 

Garcinia 
dulcis 

Antimicrobial 
activity 

In vitro, antimicrobial 
activity against 

various 
microorganisms. 

No in vivo validations, the 
exact number of samples used 
for the extraction and isolation 

process is not specified, 
antimicrobial activities of 
some isolated compounds 

were evaluated, but the study 
does not specify the range of 
microorganisms tested or the 

results in detail. 

[37] 

 Calophyllum 
panciflorum 

Inhibits EBV early 
antigen activation 

In vitro, EBV early 
antigen activation 
assay in Raji cells. 

No in vivo validations, only 
stem barks of the plant were 

analyzed, the number of 
replicates and error bars are 

not included, lacks 
comparative potency of 

known biflavonoids vs. the 
new one. 

[28] 

BIOACTIVITY OF BIFLAVONOIDS IN CLUSIACEAE  
Biflavonoids produced from numerous members of the 
Clusiaceae family have a diverse variety of biological functions, 
including antioxidant, anti-diabetic, anti-inflammatory, anti-
bacterial activity, and so on.  
 
Antioxidant activity 
Among the biflavonoids identified, 9 of them showed 
antioxidant activity. Morelloflavone and Fukugiside, identified 

from G. cowa, showed elevated antioxidant properties. The stem 
and leaves of G. cowa were extracted using methanol, and the 
resulting extract yielded biflavonoids, including 
Volkensiflavone, Morelloflavone, and Fukugiside. The 
antioxidant activity of the extracts, as well as that of isolated 
components, was evaluated using a DPPH radical scavenging 
assay. The isolated Morelloflavone and Fukugiside showed high 
activity with IC50 values of 10.01 and 12.92 μg/mL, respectively 
[21]. The biflavonoids, such as Fukugetin, Amentoflavone, and 



Journal of Applied Pharmaceutical Research 13 (5); 2025: 1 –15  Tharakan et al.  
 

 
 Journal of Applied Pharmaceutical Research (JOAPR)| September – October 2025 | Volume 13 Issue 5 |  9 

Podocarpusflavone, derived from G. brasiliensis, constitute a 
therapeutic approach for treating disorders associated with 
oxidative stress, reducing inflammation, and mitigating the 
damaging effects of ROS. Potent inhibitory effects were 
demonstrated on the oxidative burst of human neutrophils, 
inhibiting ROS production by 50% at a concentration of 1 μM 
L−1 [30]. Extraction and purification of leaf and stem bark 
extracts of G. griffithii yielded 5-biflavonoids: 3,8''-
binaringenin, 3,8''-binaringenin-7''-O-glucoside, Amento-4''-
methylether, Morelloflavone-7''-O-glucoside & Morelloflavone, 
which were spectroscopically characterized. Having an IC50 
value of 96.4 ± 2.6 μg/mL, the n-hexane extract of the stem barks 
showed the highest radical scavenging activity in the antioxidant 
assay on DPPH radical scavenging [26], [27]. 
 
Anti-inflammatory activity  
Compounds such as Amentoflavone, Podocarpusflavone and 
Fukugetin showed anti-inflammatory activity. The ethanolic 
extract of G. brasiliensis leaves showed anti-inflammatory and 
anti-nociceptive activity in rats and mice, supporting the 
traditional use of Garcinia species in treating urinary tract 
inflammation and inflammatory pain conditions, such as 
arthrosis.  
Procyanidin, Fukugetin, Amentoflavone, as well as Podocarpus 
flavone A, discovered in G. brasiliensis, constitute therapeutic 
methods for oxidative stress-related disorders, limiting 
inflammation and lowering the damaging effects of ROSs. 
Procyanidins have been shown to reduce oxidative hemolysis 
with 88±7% inhibition at 50 µmol L−1 and lipidic peroxidation 
in human erythrocytes with malondialdehyde level of 
8.5±0.3nmol/mg Hb at 50 µmol L−1, confirming anti-
inflammatory as well as antioxidant effects of G. brasiliensis 
[30]. 
 
Anti-hyperglycaemic and Antidiabetic Activity 
Macrophylloflavone was effectively extracted from the ethyl 
acetate fraction of the stem bark of the G. macrophylla plant. 
Flavonoids can help prevent diabetes by stimulating the 
regeneration of β-cells in the pancreas, which are responsible for 
producing insulin. Formation turns glucose into energy, 
allowing it to decline, hence keeping a normal level of blood 
glucose. The variants demonstrated superior antidiabetic action 
compared to the positive control. However, a dose of 6μg per kg 
body weight significantly decreased the level of blood glucose 
in diabetic rats [31]. 

Antibacterial Activity 
Two of the identified compounds, Macrophylloflavone and GBI, 
showed antibacterial activity. According to the findings, the 
antimicrobial strength is classified as mild, moderate, or firm 
based on inhibition zones (<12, 12-20, and >20 mm). The isolate 
from the ethyl acetate extract was characterized with 
spectroscopic data of G. macrophylla. Macrophyllo-
flavone demonstrated high antibacterial action against E. coli 
and S. aureus bacteria. Inhibition zones for E. coli at different 
concentrations ranged from 16.65 ± 0.43 to 20.29 ± 0.28 mm & 
for S. aureus, inhibition zones ranged from 15.54 ± 0.39 to 23.16 
± 0.32 mm [31]. The antibacterial component was separated 
from the active fraction using silica gel chromatography. NMR 
analysis was used to identify the purified molecule. Standard 
microbiological tests were used to evaluate the antibacterial 
properties of the purified compound. GB 1 was determined from 
the ether fraction of G. kola, which exhibited antibacterial 
activity with an MIC ranging from 32 to 64 μg/ml. GB1 
demonstrated efficacy against S. mutans. GB1 caused S. mutans 
to aggregate and showed moderate bactericidal effect against the 
bacteria at MIC 256μg/ml [33], [34]. 
 
Antimicrobial and Antifungal Activity 
Compounds such as Dulcisbiflavonoid B showed antimicrobial 
activity, and C, 3,8″-Binaringenin, and 3,6″-Binaringenin 
showed antifungal activity. Stem extract of G. dulcis has been 
investigated, and two biflavonoids, Dulcisbiflavonoid B as well 
as Dulcisbiflavonoid C, have been isolated. Isolates' structures 
were determined via spectroscopic analysis, and the results were 
compared to prior reports. The antimicrobial properties of 
various isolated substances were investigated [37]. P. 
grandifolia stem bark, roots, leaves, and fruits were tested for 
xanthones, biflavonoids, and triterpenoids. Structures were 
determined by NMR and mass spectrometry, as well as by 13C-
NMR CSEARCH and SPECINFO database systems. Two 
biflavonoids, 3,8″-Binaringenin and 3,6″-Binaringenin, have 
been identified along with other compounds. 3,8″-Binaringenin 
and 3,6″-Binaringenin exhibit antifungal efficacy against 
Cladosporium sphaerospermum [32]. 
 
Monoamine Oxidase (MAO) Inhibitory Activity 
Compounds such as Morelloflavone, Volkensiflavone, GB 2a, 
and its derivatives showed MAO inhibitory action. The study 
described the chemical makeup of G. gardneriana branch 
extract to measure the MAO inhibitory activity of separated 
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biflavonoids. Morelloflavone, Volkensiflavone, Gb-2a, as well 
as Gb-2a-7-O-glucoside, were identified through spectroscopic 
and spectrometric data in the ethyl acetate fraction of the ethanol 
extract of the branch. Compounds reduced MAO-A activity in 
vitro, with IC50 values varying between 5.05-10.7 μM and 20.7-
66.2 μM for MAO-B [25]. 
 
Antitumor and Anticancer Activity 
Amentoflavone, Morelloflavone, GB1, and GB2 were isolated 
and identified through spectroscopic and spectrometric data 
from the EtOH extract of the stem bark of C. panciflorum. It 
showed inhibitory activity against induced EBV early antigen 
activation, which acts as a potential antitumor-promoting 
pathway [28].  
 
Hypolipidemic and Hypocholesterolemic Activity 
Morelloflavone obtained from G. dulcis was tested for its impact 
on HMG-CoA reductase, a rate-limiting enzyme in the 
cholesterol biosynthesis pathway. The house mouse HMG-CoA 
reductase's catalytic domain was used to demonstrate that 
Morelloflavone inhibited the enzyme's activity by competing 
with HMG-CoA, while being non-competitive with NADPH, 
with inhibition constants of 80.87 ± 0.06 µM. Naringenin also 
inhibited HMG-CoA at 83.58 ± 4.37 µm, while luteolin had an 
inhibition constant of 83.59 ± 0.94 µm. Not all of the compounds 
were competitive with NADPH [22], [23]. 
 
Anti-aging Activity 
Morelloflavone obtained from G. volkensis shows anti-aging 
activity. High-performance liquid chromatography (HPLC) and 
normal phase column chromatography were used to isolate the 
phenolic components. The study aimed to identify compounds 
that inhibit Advanced Glycation End-products. Polyphenolic 
compounds with phloroglucinol moieties, such as 
Morelloflavone, were extracted and identified from G. volkensis. 
The results further indicated that Morelloflavone is an excellent 

inhibitor of AGE formation, exhibiting IC50 values of 78 and 64 
µM [24]. 
 
Insights on Structure-Activity Relationship 
The members of the Clusiaceae family contain a large number 
of biflavonoids with several bioactivities like anti-inflammatory, 
antioxidant, antiviral, anticancer, and antibacterial actions [38].  
 
Understanding the Structure-Activity Relationship of each 
compound helps us optimize their medicinal applications and 
further therapeutic developments [39]. 
 
Role of Linkages in Bioactivity  
Clusiacean biflavonoids are predominantly made up of C-C 
linkages, which are commonly linked with high antioxidant and 
anticancer activities. Compounds like Amentoflavone inhibited 
the proliferation of SiHa and CaSki cells with GI50 values of 
47.2±9.64 µM and 29.1±4.38 µM, respectively [40]. Radical-
scavenging assays suggested that Amentoflavone effectively 
scavenge •O2 -, DPPH•, ABTS• radicals with IC50 values 
8.98±0.23, 432.25±84.05, 7.25±0.35 µM respectively [41]. The 
C-O-C connections can modify the bioavailability and 
solubility, which tend to enhance its anticancer and 
neuroprotective activities. In compounds like Hinokiflavone, 
with C-O-C linkages, these linkages have shown modest 
cytotoxic potential against various cancer cell lines, with IC50 
values of 19.0, 29.8, and 39.3 µg/ml against HeLa (cervix), 
U251 (glioma), and MCF7 (breast) cancer cells, respectively 
[42]. Compounds like Kolaviron, with mixed linkages, exhibit 
elevated antioxidant activity, as indicated by an IC value of 
82.87±9.26 µM. It also shows anti-inflammatory activity with 
concentrations 20.48±5.13, 231.26 ±78.31, and 9.49±2.5pg/mL 
against IL-1β, MCP-1, and VEGF, respectively [43]. The role of 
different linkages, their structural traits, and associated 
bioactivities are provided in Table 3. 

Table 3: Role of Linkages in Bioactivity of Biflavonoids 
Linkage Type Example Compounds Structural Traits Associated Bioactivities Ref 

C–C (3′–8″) Amentoflavone, 
Agathisflavone, Ginkgetin 

Highly rigid, planar dimer, 
strong π–π stacking potential 

Potent antioxidant, anticancer, 
antiviral and effective ROS 

scavenging activity 

[7], 
[40], 
[41] 

C–O–C 
(Ether-linked) 

Hinokiflavone, 
Robustaflavone 

Flexible ether bond 
introduces polarity and 

conformational adaptability 

Improved bioavailability and 
solubility, anticancer, 

antimicrobial, neuroprotective 
and antiviral activities 

[8], 
[42] 

Mixed linkages 
(C–C + C–O–C) 

Kolaviron (GB1, GB2, 
Kolaflavanone mixture) 

Combination of rigid and 
flexible linkages with 

complex stereochemistry 

Antioxidant, antidiabetic, 
hepatoprotective and anti-

inflammatory activities 

[13], 
[43] 
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Role of Substituents in Bioactivity  
Hydroxylation at certain sites can enhance the antioxidant 
activity. Although these substituents can lower the permeability 
of the cells, they are known to improve bioactivity through 
multiple hydroxylation. The effects of the 6″-OH group of 
Isoquercitrin were compared with Quercitrin, and their ROS 
scavenging activity was analyzed. Isoquercitrin (IC50 78.16 ± 
4.83 μM) demonstrated greater ROS scavenging capacity than 
quercitrin (IC50 87.99 ± 5.43 μM). Accordingly, the finding 
suggested that the addition of a 6'-OH group raises the 
antioxidant activity of flavonoid glucosides. [44]. 
Methoxylation is found to enhance membrane permeability and 
lipophilicity, which enhances antibacterial and anticancer 
activities. The anti-proliferative effects of a rare flavone, 5,3′‐
dihydroxy‐3,6,7,8,4′‐pentamethoxyflavone, isolated from 

Glycomis ovoidea, were studied against MCF‐7 breast cancer 
cells. By replacing the C4′-OH group with a methoxy group, the 
compound demonstrated stronger IC50 values of 3.71 μM [45]. 
Prenyl groups are also known to enhance membrane contact, 
lipophilicity, cytotoxicity, and antiviral activities. Experiments 
show that C8-prenylation of a flavonoid enhances cytotoxicity, 
inducing apoptotic cell death in H4IIE cells without affecting its 
antioxidative properties.  
The prenylated compounds, such as Licoflavone C and 
Isobavachin, exerted an enhanced toxicity in both H4IIE (IC50 
values of 42±5 and 96±19μmol/L) and C6 cells (IC50 values of 
37±6 and 69±3μmol/L). At the same time, the non-prenylated 
analogs showed almost no cytotoxic effect [46]. The role of 
different substituents, their structural effects, and impact on 
bioactivities are provided in Table 4.

Table 4: Role of Substituents in Bioactivity of Biflavonoids 
Substituents Examples compounds Structural Effect Impact on Bioactivity Ref 

Hydroxyl 
groups (–OH) 

Amentoflavone, 
Agathisflavone, 
Volkensiflavone 

Increases polarity, enables 
hydrogen bonding and radical 

scavenging activity 

Enhances antioxidant activity via H-
donation and multiple hydroxylation 
boosts ROS neutralization, but may 

reduce cell permeability 

[44] 

Methoxy 
groups   

(–OCH₃) 

Methoxylated 
Amentoflavone 

derivatives 

Increases lipophilicity and 
membrane permeability and 

reduces polarity 

Enhances anticancer and antibacterial 
activities via better cellular uptake, and 

excessive methoxylation lowers 
antioxidant potential due to reduced H-

donation 

[45] 

Prenyl groups 
(–C₅H₉) Guttiferones, Kolaviron 

Strongly enhances lipophilicity 
and  promotes interaction with 

lipid membranes 

Improves cytotoxic, antiviral, and anti-
inflammatory activities and facilitates 

better cell penetration and bioavailability 
[46] 

 
The type and position of their linkages and substituent groups 
have a high impact on the activity of biflavonoids. Structure-
activity relationships optimize the properties of these 
compounds and enhance their therapeutic capabilities. 
 
CONCLUSION  
Clusiacean biflavonoids exhibit a broad range of 
pharmacological properties, including antiviral, anti-
inflammatory, anticancer, antioxidant, and neuroprotective 
effects. Still, their utility is limited by poor solubility due to 
hydrophobicity, low intestinal permeability resulting from their 
high molecular weight, and extensive first-pass metabolism [47]. 
LC-MS/MS studies in rats revealed that Amentoflavone has 
extremely low oral bioavailability (0.04–0.06%), with 90–97% 
of the circulating metabolites being conjugated. While these 
retain antioxidant activity, their anticancer efficacy is 
diminished, explaining the gap between strong in vitro results 
and poor in vivo performance that has stalled clinical 

development [48]. Formulation strategies, such as 
nanoformulations, prodrugs, and co-crystallization, have been 
employed to address these limitations. Nano-formulations, 
which consist of liposomes and polymeric nanoparticles, can 
improve solubility and absorption. Soluplus–TPGS 
nanomicelles (~67 nm) encapsulating Amentoflavone showed 
high stability, enhanced cancer-cell cytotoxicity, and improved 
oral bioavailability in rats compared with Amentoflavone 
suspension [49]. Complex, multi-component nano platforms 
face limitations such as scalability, reproducibility, and CMC 
burdens, while novel substances require costly toxicology and 
regulatory reviews. Simple nanocrystals or micelles are more 
feasible for translation; however, no biflavonoid 
nanoformulation has entered clinical trials, unlike Curcumin or 
quercetin nanoformulations, which have already been tested in 
vivo [50]. The formation of prodrugs is said to improve 
permeability and metabolic stability. A smart nanoplatform 
combining Amentoflavone with doxorubicin, ferric ions, and 
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PEG-polyphenol achieved high water dispersion, extended 
circulation, pH-responsive release, modulation of the AKR1B10 
and NF-κB pathways, and enhanced anticancer activity. The 
chemical difficulty of selectively altering many hydroxyl groups 
without sacrificing activity, the toxicological load of pro-
moieties, and unpredictable enzymatic conversion resulting 
from variability are some of the main drawbacks.  However, no 
valid biflavonoid prodrug has progressed past exploratory 
animal research, and before clinical translation is conceivable, 
thorough medicinal chemistry, early pharmacokinetics, and 
enzymology profiling will be required. [51].  
 
Co-crystallization and solid dispersions are also a powerful 
means to improve dissolution and oral bioavailability. In the 
studies conducted, rats have been administered amorphous solid 
dispersions to enhance their systemic exposure, solubility, and 
dissolution rate. These formulation techniques have shown 
promising outcomes in preclinical cancer models, such as the 
inhibition of tumor growth in xenografted mice. Co-crystals and 
solid dispersions are scalable, economical, and have regulatory 
precedent; however, biflavonoids still face challenges such as 
low permeability, extensive first-pass metabolism, and stability 
issues. Despite high translational potential, no pure biflavonoid 
co-crystal has advanced beyond preclinical studies [47]. It 
emphasizes that although formulation-driven methods can 
improve bioavailability in experiments, they are still insufficient 
to overcome the inherent ADME obstacles that prevent clinical 
translation. Two recurrent patterns can be identified as the 
primary causes of translational defects of biflavonoids.  First, 
even the most sophisticated oral delivery systems rarely produce 
clinically meaningful and long-lasting plasma levels of the 
parent chemical, a phenomenon known as exposure deficit.  
Since the majority of circulating conjugates produced by first-
pass metabolism may not accurately mimic the in vitro potency 
or target profile of the parent molecule, a metabolite mismatch 
frequently occurs, resulting in decreased efficacy in vivo [52]. 
Despite broad bioactivities, biflavonoids often fail to show 
significant therapeutic effects due to low solubility, poor 
permeability, and rapid metabolism [47]. Research gaps persist 
in defining which biflavonoids warrant priority, elucidating their 
mechanisms of action, and establishing standardized 
methodologies for pharmacokinetic and toxicological 
evaluation. Compounds such as Amentoflavone, Ginkgetin, and 
Robustaflavone warrant deeper investigation given their broad 
bioactivities but persistent ADME challenges. Progress in 

overcoming these constraints will rely on the combination of 
robust, manufacturing-ready delivery systems that can provide 
clinically viable systemic exposure, along with medicinal 
chemistry techniques such as soft-prodrug design, masking 
phenolic groups, or scaffold cutting [52]. Despite their extensive 
bioactivity, Clusiaceae biflavonoids are nevertheless 
constrained by their low permeability, poor solubility, and quick 
metabolism. Certain preclinical developments show promise for 
formulation, including Selaginella-derived solid dispersions that 
inhibited tumor growth in mice and Amentoflavone 
nanomicelles with enhanced bioavailability [47]. However, 
persistent ADME obstacles are highlighted by failures such as 
the ~0.05% oral bioavailability of Amentoflavone and the loss 
of potency resulting from fast conjugation [48]. Early ADME 
and metabolite profiling, parallel medicinal chemistry and 
formulation optimization, in vivo pharmacokinetic and 
pharmacodynamics correlation, early safety de-risking, and 
scalable chemistry, manufacturing, and control development are 
all essential components of a well-defined roadmap. The 
transition of biflavonoids from encouraging preclinical results to 
clinical translation will require such an integrated approach. 
 
ABBREVATIONS 
GB1: Garcinia Biflavonoid 1; GB2: Garcinia Biflavonoid 2; 
IC50: Inhibitory Concentration 50; DPPH: 2,2-Diphenyl-1-
picrylhydrazyl; EBV: Epstein-Barr virus; ROS: Reactive 
Oxygen Species; MIC: Minimum Inhibitory Concentration; 
MAO: Monoamine oxidase; HMG CoA: 3-hydroxy-3-
methylglutaryl coenzyme A; NADPH: Nicotinamide Adenine 
Dinucleotide Phosphate; IL-1β: Interleukin-1 beta; MCP-1: 
Monocyte Chemoattractant Protein-1; VEGF: Vascular 
Endothelial Growth Factor; LC-MS/MS: Liquid 
Chromatography-Tandem Mass Spectrometry; TPGS: d-α-
tocopheryl polyethylene glycol 1000 succinate; PEG: 
Polyethylene Glycol; ADME: Absorption, Distribution, 
Metabolism and Excretion barriers. 
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