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Dimeric forms of flavonoids occur in certain plant species, although their roles in plants remain 

understudied. Ginkgo (Ginkgo biloba L.) is one of the plant species that accumulate 3′,8″-

biflavones. The objectives of this doctoral thesis were to evaluate the in vitro biological activity 

of 3′,8″-biflavones in comparison with their monomeric subunits, to optimize their extraction, 

separation, and quantification procedures, to determine their content and distribution in 

different ginkgo tissues, and to monitor their dynamic changes throughout the entire growing 

season. For this purpose, an HPLC-DAD method was developed, a detailed analysis of the 

tissue distribution of biflavonoids was performed, and their seasonal dynamics were 

systematically described for the first time. The results showed that dimerization does not lead 

to a universal enhancement of biological activity, but rather selectively modulates specific 

biological effects. The biflavonoids exhibited pronounced, yet species- and concentration-

dependent antifungal activity, as well as significant inhibitory potential toward 

acetylcholinesterase and enzymes involved in glycemic regulation, whereas their direct 

antioxidant activity was limited. It was also established that biflavonoids accumulate more 

intensively toward the end of the growing season, making yellow autumn leaves a 

phytochemically valuable plant material. 
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Sažetak 

 

Dimerni oblici flavonoida pojavljuju se u određenim biljnim vrstama, iako njihova uloga u 

biljkama još uvijek nije dovoljno istražena. Ginkgo (Gingko biloba L.) je jedna od biljnih vrsta 

koja akumulira 3′,8″-biflavone. Ciljevi ovog doktorskog rada bili su: procijeniti in vitro 

biološku aktivnost 3′,8″-biflavona u usporedbi s njihovim monomernim podjedinicama, 

optimizirati postupke njihove ekstrakcije, razdvajanja i kvantifikacije, odrediti njihov sadržaj i 

distribuciju u različitim tkivima ginka te pratiti dinamičke promjene tijekom cijelog 

vegetacijskog razdoblja. U tu svrhu razvijena je HPLC-DAD metoda, provedena je detaljna 

analiza tkivne raspodjele biflavonoida te je po prvi put sustavno opisana njihova sezonska 

dinamika. Rezultati su pokazali da dimerizacija ne uzrokuje univerzalno pojačanje biološke 
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antioksidativna aktivnost bila ograničena. Utvrđeno je i da se biflavonoidi intenzivnije 

akumuliraju pri kraju vegetacije, zbog čega žuti jesenski listovi predstavljaju fitokemijski 

vrijedan biljni materijal. 
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1. Introduction 

1.1. Flavonoids - chemical basis, structural diversity, and biological role in plants 

 

Flavonoids represent the largest and most extensively investigated group of specialized 

plant metabolites within the broader class of polyphenols. To date, more than 9000 individual 

compounds have been identified, which are further classified into subgroups according to 

specific modifications of the basic structure (Zhuang et al., 2023). Flavonoids possess a basic 

C6–C3–C6 skeleton composed of two aromatic rings (rings A and B) connected by a three-

carbon bridge, forming an oxygenated heterocyclic ring (ring C). This 15-carbon flavone 

skeleton serves as the primary structural framework from which all flavonoid subclasses arise. 

Structural diversity among flavonoids originates from variations in the oxidation state of 

the C ring, the mode of attachment of the B ring to the C ring, and the nature and position of 

substituents on the A and B rings (Dwivedi et al., 2017). Together, these structural features and 

post-biosynthetic modifications underpin the extraordinary chemical diversity of flavonoids. 

Based on the characteristic oxidation pattern and heterocyclic C-ring configuration, flavonoids 

are conventionally classified into six major subclasses: flavones, flavonols, flavanones, 

flavanols (catechins), anthocyanidins, and isoflavones (Figure 1). The aglycone represents the 

fundamental flavonoid scaffold, which can undergo a range of common and largely universal 

structural modifications, including hydroxylation, O-methylation, glycosylation (most 

frequently with glucose, rhamnose, or rutinose), sulfation, and glucouronidation, all of which 

strongly influence solubility, stability, and biological activity (Tang et al., 2025; Ku et al., 2020; 

Šamec et al., 2022, 2021). In addition, less common but structurally significant modifications 

such as prenylation and dimerization give rise to more complex flavonoid derivatives, including 

biflavonoids (Zou et al., 2025; Šamec et al., 2022; Wen et al., 2022). 
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Figure 1. Schematic representation of the core flavonoid structure and its six major 

subclasses (own illustration). 

 

Like other phenolic compounds, flavonoids are synthesized in plants via two 

biosynthetic routes: the phenylpropanoid pathway, which generates the C6-C3 backbone, and 

the polyketide pathway, which provides the C2 building units. These routes converge with p-

coumaroyl-CoA and malonyl-CoA as initial substrates, which are converted by the enzyme 

chalcone synthase into the 2ʹ-hydroxychalcone scaffold (Dias et al., 2021). The expression of 

genes involved in flavonoid biosynthesis is modulated by numerous environmental factors, 

including light, temperature, hormones, and various stress stimuli (Patil et al., 2024). Thus, 

flavonoids are distributed across diverse plant tissues, including leaves, flowers, seeds, and 

fruits. Depending on their biosynthetic origin, they fulfil a variety of ecological and 

physiological functions, ranging from pigmentation, seed development, allelopathy, and 

pollination, to protective roles against abiotic stressors such as UV-B radiation, extreme 

temperatures, heavy metals, salinity, and drought (Zhuang et al., 2023; Šamec et al., 2021). 

Although flavonoids play a crucial role in plant growth and development, they have attracted 

substantial scientific interest because of their diverse biological activities in humans and their 

potential health-promoting effects, which have been extensively investigated over the past 

thirty years (Alfa & Arroo, 2019). 

The type and position of substituents largely determine the biological role and activity 

of flavonoids. For instance, both the arrangement of hydroxyl groups in the catechol B-ring and 

their orientation relative to the C-ring strongly influence the antioxidant capacity of flavonoids 



3 

 

(D’Amelia et al., 2018). An integrated multi-omics approach further demonstrated that the 

bioactivity of Ormosia henryi flavonoids is strongly conditioned by their structural diversity, 

with hydroxylated and methoxylated derivatives exhibiting enhanced antioxidant, enzyme-

inhibitory, and antibacterial activities through interactions with inflammation- and metabolism-

related molecular targets (Zhang et al., 2025). An overview of representative structure-activity 

relationships and their putative roles in plants is summarized in Table 1. 

 

Table 1. Overview of flavonoid structural features in relation to biological activity (health-

related effects) and roles in plants. 

Structural 

feature 

Structure - biological 

activity relationship 
Mechanism References 

Prenylation  

Enhances antioxidant, 

anti-inflammatory, 

anticancer, and 

metabolic regulatory 

activities 

Modulation of key signaling 

pathways (NF-κB, STAT3, 

Nrf2); inhibition of tumor 

growth, angiogenesis, and 

metastasis; regulation of 

glucose and lipid metabolism; 

interaction with cellular 

membranes and protein targets 

facilitated by increased 

lipophilicity 

Altalbawy et 

al., 2026 

Hydroxylation 

and site-

specific O-

methylation 

pattern 

Selective O-methylation 

of quercetin (notably at 

C-3 and C-4′) enhances 

antiproliferative activity 

against colorectal 

cancer cells while 

preserving low toxicity 

toward normal cells 

Induction of cell cycle arrest 

and apoptosis mediated by 

oxidative stress, mitochondrial 

dysfunction, and inhibition of 

the SRC/JAK2/STAT3 

signaling pathway 

Han et al., 

2025 

Prenylation  

Enhances antibacterial 

activity, particularly 

against Staphylococcus 

aureus and MRSA; 

increased number of 

prenyl groups correlates 

with stronger activity 

Inhibition of nucleic acid 

synthesis disruption of 

cytoplasmic membrane 

function; interference with 

energy metabolism, including 

ATP synthase inhibition by 

common flavonoids  

Herlina et 

al., 2025 

7-O-

glycodylation 

with additional 

acylation 

Enhances α-glucosidase 

inhibition 

Increased hydrogen bonding 

and hydrophobic interactions 

with α-glucosidase, leading to 

Chen et al., 

2025 
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enzyme conformational 

changes and reduced activity 

Acylated 

flavonoid 

glycoside  

Anti-inflammatory 

activity  

Inhibition of nitric oxide (NO) 

production in LPS-stimulated 

RAW264.7 macrophages 

Vien et al., 

2023 

Prenylation  Anticancer activity 

Induction of apoptosis, 

inhibition of angiogenesis, and 

modulation of key regulatory 

targets, including epigenetic 

factors, transcription factors, 

COX-2, and kinases 

Summarized 

by Wen et 

al., 2022 

O-methylation 

Determine membrane 

interaction behavior, 

localization within lipid 

bilayers, and protein-

binding properties 

without inducing 

cytotoxicity 

Non-hemolytic interaction 

with red blood cell and model 

membranes; modulation of 

membrane packing and 

fluidity in hydrophilic or 

hydrophobic regions 

depending on scaffold type; 

spontaneous binding to human 

serum albumin via hydrogen 

bonding and van der Waals 

interactions (static quenching) 

Włoch et al., 

2021 

 

Structural 

feature 

Structure – role in 

plants 
Mechanism References 

Hydroxylation 

pattern  

Hydroxylation critically 

determines flavonoid 

functions in plants, 

including 

photoprotection, 

antioxidant defense, 

pigmentation, 

allelopathy, pathogen 

resistance, and 

regulation of plant–

microbe and plant–plant 

interactions 

Enhanced ROS scavenging 

and metal chelation, 

particularly in dihydroxylated 

B-ring flavonoids (e.g. 

catechol-type structures); 

UV protection mediated by 

dihydroxy B-ring flavonoids 

(e.g. quercetin and luteolin 

derivatives); modulation of 

auxin transport and signaling; 

contribution to pigmentation 

intensity and color 

diversification (increased B-

ring hydroxylation enhances 

blue coloration); involvement 

in defense against herbivores, 

pathogens, and competing 

plants (allelopathy) 

Summarized 

by Alseekh 

et al., 2020 
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Glycosylation 

(O- and C-

glycosylation) 

Modulates flavonoid 

function by enhancing 

solubility, stability, 

transport, and storage, 

thereby influencing 

pigmentation, stress 

tolerance, defense 

responses, taste, and 

species or cultivar-

specific traits 

Increased molecular solubility 

and chemical stability of 

flavonoids; essential for 

anthocyanin stabilization, 

vacuolar transport, and color 

diversification; contribution to 

resistance against pathogens 

and herbivores (e.g. C-

glycosyl flavonoids in rice 

blast resistance); regulation of 

fruit quality and taste (e.g. 

bitterness in citrus via 

flavanone glycosides); 

involvement in early fruit 

development and protection 

(proanthocyanidin glycoside 

modification) 

Summarized 

by Alseekh 

et al., 2020 

 

Given that plants are sessile organisms, flavonoids represent a crucial component of plant 

defense under stress conditions, contributing to tolerance against abiotic stresses by enhancing 

antioxidant capacity, regulating cellular redox homeostasis, and participating in stress-response 

signaling networks. Their biosynthesis and accumulation are dynamically induced by 

environmental cues, enabling flavonoids to modulate physiological processes at both 

biochemical and cellular levels, including stomatal function, membrane stability, and 

transcriptional regulation (Shomali et al., 2022).  

 Accordingly, flavonoids have been the focus of sustained scientific interest for decades 

as promising candidates in drug design and disease prevention. Flavonoids exert a broad 

spectrum of therapeutic effects, including antioxidant, anti-inflammatory, antimicrobial, 

antiviral, anticancer, cardioprotective, metabolic, and neuroprotective activities, underscoring 

their pleiotropic mode of action and relevance in complex disease states (summarized by 

Stachelska et al. (2025)). Representative flavonoid compounds, their health-related effects, and 

the underlying mechanisms of action are summarized in Table 2.  
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Table 2. Overview of representative flavonoid compounds and their reported health-related 

effects, together with the underlying mechanisms of action. 

 

Flavonoid 

compounds 
Health-related effect 

Underlying mechanism of 

action 
References 

Luteolin 

Neuroprotection in 

Huntington’s disease; 

increased neuronal 

viability; reduction of 

mutant huntingtin 

toxicity 

Attenuation of mutant huntingtin–

induced cytotoxicity by reducing 

both soluble and insoluble htt 

aggregates; suppression of 

apoptosis via decreased caspase-3 

activation; neuroprotective effect 

independent of the Nrf2/HO-1 

antioxidant pathway 

Ramadan et 

al., 2023 

Rutin  

Neuroprotection in acute 

ischemic stroke-

reperfusion injury; 

reduction of neurological 

damage; enhancement of 

neuroplasticity and 

angiogenesis in the 

ischemic penumbra 

High affinity binding to ACE2 

receptors and activation of the 

ACE2/Ang-(1–7) signaling 

pathway; attenuation of 

neuroinflammation; promotion of 

angiogenesis and 

neovascularization; mitochondrial 

protection enhanced by BBB-

penetrating, CD44-targeted, and 

pH/hyaluronidase-responsive 

nanodelivery system 

Zhao et al., 

2023 

Kaempferol 

Neuroprotection in 

Parkinson’s disease; 

improvement of motor 

behavior; protection of 

dopaminergic neurons 

Inhibition of microglial 

pyroptosis and 

neuroinflammation via 

downregulation of NLRP3 

inflammasome components 

(NLRP3, ASC, caspase-1, 

GSDMD-NT); suppression of 

pro-inflammatory cytokines (IL-

1β, IL-18), iNOS and COX-2; 

inhibition of the p38MAPK/NF-

κB signaling pathway in vivo (6-

OHDA PD rats) and in vitro 

(LPS-stimulated BV2 cells) 

Cai et al., 

2022 

Acacetin 
Neuroprotective; 

improvement of learning 

and memory; attenuation 

Inhibition of the NLRP3 

inflammasome signaling 

pathway; downregulation of 

NLRP3, caspase-1, IL-1β and 

Bu et al., 

2022 
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of Alzheimer’s disease 

pathology 

TNF-α; reduction of amyloid-β42 

levels and senile plaque formation 

Baicalein 

Neuroprotective effect in 

Parkinson’s disease; 

protection of 

dopaminergic neurons; 

improvement of motor 

and neurological deficits 

Activation of mitochondrial 

autophagy (mitophagy) via 

downregulation of miR-30b-5p 

and upregulation of SIRT1; 

modulation of the 

SIRT1/AMPK/mTOR signaling 

pathway; restoration of 

mitochondrial function and 

reduction of neuronal apoptosis 

Chen et al., 

2022 

Various 

flavonoids 

(66 

reported) 

Antibacterial activity 

against Gram-positive 

bacteria 

Antibacterial potency strongly 

correlated with lipophilicity; 

primary target is the bacterial cell 

membrane, involving disruption 

of phospholipid bilayers, 

inhibition of respiratory chain 

and/or ATP synthesis 

Yuan et al., 

2021 

Vitexin 

Antiviral activity against 

influenza A (H1N1); anti-

inflammatory and 

immunomodulatory 

effects 

Dynamic modulation of innate 

immune response via TLR 

signaling pathways: partial down-

regulation of TLR3 and TLR7 

pathways and up-regulation of 

TLR4 signaling; suppression of 

pro-inflammatory mediators (NO, 

IL-6, TNF-α) and enhancement of 

IFN-β production, promoting 

viral clearance 

Shi et al., 

2020 

Quercetin  

Anticancer activity; anti-

inflammatory and 

antioxidant effects 

Modulation of cell cycle 

progression, inhibition of cell 

proliferation, induction of 

apoptosis, suppression of 

angiogenesis and metastasis, 

regulation of autophagy 

Tang et al., 

2020 

Apigenin  

Anti-inflammatory and 

neuroprotective effects in 

chronic diseases (cancer, 

diabetes, cardiovascular 

and neurodegenerative 

disorders) 

Suppression of chronic low-grade 

inflammation; modulation of 

inflammatory signaling pathways; 

reduction of immune cell 

infiltration and edema in CNS; 

protection against tissue injury 

and demyelination; low toxicity 

and non-mutagenic profile 

Ginwala et 

al., 2019 
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Flavonoids are key dietary phytochemicals, linking high fruit and vegetable 

consumption with improved human health and supporting their growing use as nutraceuticals 

(Safe et al., 2021). Accordingly, flavonoids such as quercetin have gained considerable 

commercial relevance and are increasingly incorporated into functional foods and nutraceutical 

formulations (Tang et al., 2020). This general health-promoting role is further substantiated by 

large-scale, long-term epidemiological studies. Specifically, more than two decades of dietary 

follow-up within the Nurses’ Health Study, together with a 14-year follow-up of health 

professionals in the Health Professionals Follow-up Study (Bondonno et al., 2025), have 

provided valuable insights into the relationship between flavonoid-rich dietary intake and 

aging-related outcomes. The findings demonstrated that participants with the highest flavodiet 

scores exhibited up to a 15% lower risk of frailty, approximately a 12% reduced risk of impaired 

physical function, and about a 12% lower risk of poor mental health. Overall, these results 

indicate that a diet rich in flavonoids may substantially contribute to the preservation of 

functional and mental health and promote healthy aging. 

  However, regarding their impact on human health, it is important to note that most 

flavonoids exhibit low bioavailability. Absorption is limited and depends on the subclass, while 

extensive modifications by gastrointestinal microbiota, chemical transformations, and rapid 

excretion further reduce systemic availability. Only aglycones and some glucosides can be 

absorbed in the small intestine (Tsanova-Savova et al., 2018). Flavonoid glycosides require 

prior deglycosylation, a process that depends on the structure and position of the sugar moiety 

(Gonzales et al., 2015). Consequently, numerous studies (summarized by Li et al. (2023)) have 

focused on structural modification of flavonoids to improve their bioavailability and biological 

efficacy, employing chemical, enzymatic, and biotechnological approaches such as 

methylation, glycosylation, prenylation, and acylation. 

1.2. Plant biflavonoids: structural classes, ecological roles, and advances in dimerization 

coupling 

 

As mentioned above, one of the structural modifications of flavonoids that occurs in plants 

is dimerization - a process in which two flavonoid monomers are covalently linked to form 

biflavonoids. These dimers consist of two identical or different monomeric units that may be 

connected symmetrically or asymmetrically through alkyl or alkoxy bridges of varying length 

(Šamec et al., 2022). To date, nearly 600 biflavonoids have been identified, distributed across 

almost all terrestrial plant groups, with the highest occurrence in angiosperms (He et al., 2021). 
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However, their exact distribution has not been clearly established, as biflavonoids have mostly 

been identified sporadically, and there are relatively few scientific studies focused exclusively 

on them (summarized by Šamec et al. (2022)). Based on the type of monomeric units involved, 

17 structural categories are distinguished, the most common being flavone–flavone, flavone–

flavanone, and flavanone–flavanone combinations (He et al., 2021). Each of these groups 

further differs in the position of the carbon atom through which the monomers are connected. 

Most of the available literature reports biflavonoids as aglycone molecules, but there are also 

examples where they occur as glycosylated forms, such as in the whisk fern (Psilotum nudum 

L.) (Šamec et al., 2019). 

Despite being known for nearly a century, biflavonoids have recently attracted renewed 

scientific interest due to their broad spectrum of bioactivities, predominantly explored through 

in vitro experiments and in silico analyses, while in vivo evidence remains comparatively 

limited. These investigations highlight their antioxidant, anti-inflammatory, antiviral, 

antimicrobial, antifungal, and antitumor effects, collectively positioning biflavonoids as 

promising agents for the prevention and treatment of various pathological conditions 

(summarized in Table 3). 

 

Table 3. Overview of biological activities of biflavonoids reported in the literature. 

Tested biflavonoid Method Activity References 

amentoflavone 

ML-based network 

pharmacology; docking and 

MD; in vitro migration 

assays; in vivo metastasis 

model  

Antimetastatic; inhibits 

NSCLC cell migration and 

EMT via TGF-β/Smad 

pathway 

Liu et al., 

2026 

(2S,3S)-

Volkensiflavone-7-O-

β-glucopyranoside; 

(2R,3S)-

Volkensiflavone-7-O-

β-D-

acetylglucopyranoside 

In vitro fluorimetric enzyme 

inhibition assays (MAO-A, 

BACE-1, GSK-3β); 

inhibition kinetics; in silico 

molecular docking 

Anti-Alzheimer potential; 

triple inhibition of MAO-A, 

BACE-1, and GSK-3β (multi-

target-directed ligands) 

Ella et al., 

2026  

amentoflavone, 

robustaflavone, 

cupressuflavone 

In silico molecular docking 

Antioxidant (CA12/CA9 

binding; antidiabetic (α-

glucosidase, α-amylase 

inhibition); anti-inflammatory 

(COX-2/LOX-5 inhibition)  

Khanna et 

al., 2025 
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hinokiflavone 

In silico target prediction, 

docking and MD; in vitro 

RCCED model; in vivo 

HFD-induced ED rat model  

Improves erectile function; 

antioxidant and endothelial 

protective effects via 

EGFR/Akt signalling 

Gao et al., 

2025 

kolaviron 
In vivo DSS colitis model; in 

silico docking 

Ameliorates ulcerative colitis; 

antioxidant and anti-

inflammatory; increases 

MUC-2 expression  

Adeniran 

et al., 2025  

amentoflavone, 

putraflavone, 

podocarpusflavone A 

In vitro LPS-stimulated 

RAW264.7 macrophage 

model; PGE₂ and NO assays; 

mRNA expression analysis 

(TNF-α, COX-2, iNOS, NF-

κB) 

Anti-inflammatory; inhibits 

PGE₂ and NO production; 

downregulates TNF-α, COX-

2, and iNOS (amentoflavone 

most potent) 

Mangmool 

et al., 2024 

strychnobiflavone 

In silico docking-based 

virtual screening; molecular 

dynamics simulations; in 

vitro enzyme kinetics 

Antidiabetic α-glucosidase 

inhibition, induces 

conformational changes 

affecting catalytic activity 

Sadeghi et 

al., 2023  

amentoflavone, 

hinokiflavone 

In vitro α-glucosidase 

inhibition assays; 

multispectral analysis; in 

silico molecular docking 

Antidiabetic potential; strong 

noncompetitive α-glucosidase 

inhibition; synergistic effect 

with acarbose; induces 

conformational changes of the 

enzyme 

H. Li et al., 

2023  

(R)-

rhizomatobiflavonoid 

A, 

(R)-

rhizomatobiflavonoid 

B, 

(R)-

rhizomatobiflavonoid 

C 

In vitro enzyme inhibition 

(HIV-1 integrase; 

antiplasmodial assay); in 

silico molecular docking 

Anti-HIV (HIV-1 integrase 

inhibition); antimalarial  

Messi et 

al., 2022 

selaginellin 

In vitro melanocyte assays; 

in vivo pigmentation model; 

signaling pathway analysis 

(MAPK/MITF/TYR/TYRP2) 

Antimelanogenic; inhibits 

melanogenesis via MAPK 

pathway; downregulates 

MITF, TYR, and TYRP2; 

antagonizes UVB-induced 

paracrine signaling 

Zhou et al., 

2022 
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luteolin-(6-8ʹʹ)-

apigenin 

In vitro α-amylase inhibition 

assay; erythrocyte membrane 

stabilization test 

Antidiabetic (α-amylase 

inhibition); anti-inflammatory 

(membrane-stabilizing effect) 

El-Nashar 

et al., 2022 

dysosmabiflavonoids 

(A-G) 

In vitro AChE inhibition 

assay; NO inhibition in LPS-

stimulated RAW264.7 cells; 

mushroom tyrosinase 

inhibition assay; SAR 

analysis 

Potent AChE inhibition, anti-

inflammatory potential, 

tyrosinase inhibition; 

potential for 

neurodegenerative and 

pigmentation disorders 

Sun et al., 

2022 

hinokiflavone  

Review of in vitro/in vivo 

studies; molecular docking; 

formulation studies 

Anticancer; antiproliferative 

and antimetastatic; modulates 

ERK1/2-p38-NFκB signaling, 

downregulates MMP-

2/MMP-9; SENP1 inhibition 

(pre-mRNA splicing) 

Goossens 

et al., 2021 

amentoflavone, 

bilobetin, 

podocarpusflavone,  

sequoiaflavone, 

sotetsuflavone 

Thioflavin T (ThT) 

fluorescence assay; in silico 

molecular docking; 

molecular dynamics 

simulations 

Anti-amyloidogenic; 

promotes disaggregation of 

Aβ fibrils; reduces β-sheet 

content via π–π interactions 

and hydrogen bonding 

Windsor et 

al., 2021 

5,7,7″,4‴-tetra-O-

methyl-hinokiflavone, 

hinokiflavone, 2,3-

dihydrobilobetin, 

4′,4‴-O-dimethyl-

amentoflavone 

In vitro antibacterial assays 

against Klebsiella 

pneumoniae (MIC 

determination); membrane 

integrity and permeability 

assays; SEM; efflux gene 

expression (qRT-PCR) 

Strong antibacterial activity 

(MIC 0.25-2 µg/mL); disrupts 

membrane integrity and 

permeability; reduces efflux 

activity 

Negm et 

al., 2021 

sciadopitysin 

In vitro SARS-CoV-2 

3CLpro inhibition assay; 

inhibition kinetics; in silico 

molecular docking 

Antiviral; potent SARS-CoV-

2 3CLpro inhibition (IC₅₀ < 2 

μM); reversible mixed-type 

inhibition 

Xiong et 

al., 2021 

rhusflavanone, 

mesuaferrone B 

In vitro DPPH radical 

scavenging assay; human 

leukocyte elastase inhibition 

assay; mushroom tyrosinase 

inhibition assay 

Strong elastase and tyrosinase 

inhibition (cosmetic/anti-

aging potential); low 

antioxidant activity 

Zar Wynn 

Myint et 

al., 2021 

selamariscina A, 

amentoflavone, 

robustaflavone, 

cupressuflavone, 

taiwaniaflavone 

In vitro CYP450 inhibition in 

human liver microsomes 

(cocktail incubation); LC–

MS/MS; UGT inhibition 

assays 

Selective inhibition of 

CYP2C8 and CYP2C9 

(noncompetitive/competitive); 

potential herb–drug 

interaction risk; weak UGT 

inhibition 

Park et al., 

2020 
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agathisflavone 

In vitro neuraminidase 

inhibition assays (wild-type 

and OST-resistant influenza 

strains); viral replication 

assays; resistance mutation 

analysis 

Antiviral; inhibits influenza 

neuraminidase and viral 

replication; active against 

oseltamivir-resistant strains 

via alternative NA binding 

site 

de Freitas 

et al., 2020 

bilobetin, isoginkgetin 

In vitro antiproliferative 

assays on cancer cell lines; 

cell cycle analysis; apoptosis 

assays; protein expression 

analysis (Bax, Bcl-2, 

Caspase-3) 

Anticancer; inhibits cell 

proliferation; G2/M cell cycle 

arrest; induces apoptosis via 

Bax and caspase-3 activation 

(bilobetin also downregulates 

Bcl-2) 

M. Li et 

al., 2019 

amentoflavone 

In vitro antioxidant assays 

(DPPH, ABTS, superoxide, 

hydroxyl radicals); 

antibacterial assays (MIC); 

membrane depolarization 

and permeability assays; 

SEM/TEM; food model 

systems (minced chicken, 

apple juice) 

Strong antioxidant activity; 

antibacterial against S. aureus 

and E. coli via membrane 

disruption; effective in food 

preservation models 

Bajpai et 

al., 2019 

amentoflavone, 

agatisflavone, 

sequoiaflavone, 

putraflavone, 

podocarpusflavone, 

7,7″-O-

methyllanaraflavone 

In vivo CFA-induced arthritis 

rat model; in vitro oxidative 

stress and cell viability 

assays 

Anti-inflammatory and 

antinociceptive; reduces 

cytokines (IL-1β, IL-6, TNF-

α), improves joint function, 

decreases bone resorption; 

antioxidant activity 

Oliveira et 

al., 2019 

amentoflavone, 

sciadopitysin, 

ginkgetin, 

isoginkgetin, bilobetin 

In vitro cytotoxicity assays 

(HK-2, L-02 cells); in vivo 

mouse model (intragastric 

administration, serum 

biochemistry, histopathology, 

TUNEL assay) 

Potential hepatotoxicity and 

nephrotoxicity; reduced cell 

viability; induces acute 

kidney injury via apoptosis 

(↑BAX, unchanged BCL-2) 

Li et al., 

2019 

 

Among the various C-C-linked biflavonoid subtypes, 3′,8″-biflavonoids form one of the 

most prominent groups. An overview of selected plant species known to contain these dimers, 

ranging from ferns to angiosperms, along with their representative compounds, is provided in 

Table 4. Many of these plant species have been recognized in traditional medicine and, more 

recently, in pharmacological research due to their reported health-promoting effects and 

therapeutic potential (Figure 2).  
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Table 4. Overview of selected plant species and their common 3',8''-biflavonoids (adapted 

from Šamec et al., 2024). 

Plant species  
Typical 3ʹ,8ʹʹ-biflavonoids  

Latin name Common name 

Psilotum nudum (L.) 

Beauv. 

Whisk fern,  

Skeleton fork fen 
amentoflavone 

Selaginella 

denticulata (L.) 

Spring 

Mediterranean 

clubmoss 

amentoflavone  

sotetsuflavone 

Cupressus 

sempervirens L. 

Mediterranean 

cypress, Common 

cypress 

 

amentoflavone 

 methylamentoflavone 

Cycas revoluta 

Thunb. 

Japanese cycad, Sago 

palm 

2,3-dihydroamentoflavone 

amentoflavone 

podocarpusflavone A 

(2S)-2,3-dihydroamentoflavone 

(2S,2′′S)-2,3,2′′,3′′-

tetrahydroamentoflavone 

Ginkgo biloba L. 
Ginko, Maidenhair 

tree 

amentoflavone 

bilobetin 

ginkgetin 

isoginkgetin 

sciadopytysin 

5'-methoxybilobetin 

Juniperus 

occidentalis L. 

Western juniper,  

Sierra juniper 
amentoflavone 

Metasequoia   

glyptostroboides 

Hu and Cheng 

Dawn redwood, 

Water larch 

sequoiaflavone 

podocarpusflavone A 

podocarpusflavone B 

isoginkgetin 

sciadopitysin 

amentoflavone 
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2,3-dihydroamentoflavone-7′′,4′′′-dimethyl 

ether 

amentoflavone-7′′,4′′′-dimethyl ether 

bilobetin 

ginkgetin 

2,3-dihydroisoginkgetin 

2,3-dihydrosciadopitysin 

Taxus baccata L. 
Common yew, 

English yew 

ginkgetin 

sciadopitysin 

amentoflavone 

bilobetin 

podocarpusflavone A 

sequoiaflavone 

Hypericum 

perforatum L. 
St. John’s wort amentoflavone 

 

 

 

 

 

Figure 2. Selected medicinal plant species reported to produce 3ʹ,8ʹʹ-biflavones (own 

illustration). 
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Although several studies have described the chemically induced synthesis of 

biflavonoids (Zheng et al., 2025; Sum et al., 2018), their natural biosynthetic pathway in plants 

remained largely unknown until recently. This gap was resolved by Dai et al. (2025), who 

identified gymnosperm-specific cytochrome P450 enzymes of the CYP90J subfamily as the 

missing link in biflavonoid biosynthesis. These enzymes catalyze highly regioselective 

intermolecular C-C dimerization of flavone monomers and, together with specific O-

methyltransferases, enable the formation of naturally occurring ginkgo biflavonoids. While 

intramolecular C-C and C-O phenolic coupling reactions had been reported previously (An et 

al., 2024; Meng et al., 2024), the intermolecular C-C coupling of flavonoids - an essential step 

in the biosynthesis of most natural biflavonoids - had remained largely unexplored. Recent 

advances have now provided the first mechanistic insight into the biosynthesis of major natural 

dimers, including 3′,8″-biflavones, one of the most abundant and biologically active classes of 

C-C-linked biflavonoids. In gymnosperms, CYP90J enzymes act as highly selective catalysts 

of oxidative C-C dimerization between two flavone units in a defined 3′,8″ orientation (Figure 

3) (Dai et al., 2025). 

 These enzymes operate through a diradical mechanism, in which steric constraints 

within the active site, interactions with surrounding amino acid residues, and π–π stabilization 

between the two flavonoid substrates orient the monomers to enable regioselective formation 

of the 3′,8″ linkage. This discovery represents a major step forward in elucidating biflavonoid 

biosynthesis and establishes a foundation for further exploration of their functional roles in 

plants, as well as for developing biotechnological platforms for the production of high-value 

3′,8″-biflavones (Dai et al., 2025). 
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Figure 3. Biosynthetic pathway of amentoflavone and its methylated derivatives in 

ginkgo. GbCYP90J6 catalyzes the dimerization of apigenin to form amentoflavone, which 

serves as a common precursor for bilobetin, ginkgetin, isoginkgetin, podocarpusflavone A, 

sequoiaflavone, and 4ʹ,7ʹʹ-O-methylamentoflavone. GbOMT1 and GbOMT2 catalyze the 

conversion of amentoflavone to bilobetin, which is further converted to ginkgetin by GbOMT3 

or to isoginkgetin by GbOMT4 and GbOMT5. Podocarpusflavone A, sequoiaflavone, 4ʹ,7ʹʹ-O-

methylamentoflavone represent shunt products (adapted from Dai et al., 2025). 

 

Given that dimerization represents a key structural factor influencing the biological 

activity of biflavonoids, this doctoral dissertation provides the first comprehensive evaluation 

of the in vitro biological activities of purified 3′,8″-biflavone standards in direct comparison 

with their corresponding monomeric flavonoids (Article 1). All compounds were systematically 

assessed for antioxidant activity using the DPPH radical scavenging assay, antifungal potential 

through minimum inhibitory concentration (MIC) testing against major mycotoxigenic fungi 

relevant to food safety and public health, and their inhibitory effects on enzymes of clinical 

relevance. This included acetylcholinesterase, tyrosinase, and the carbohydrate-hydrolyzing 

enzymes α-glucosidase and α-amylase, which play key roles in neurodegenerative disorders, 

pigmentation processes, and glucose metabolism, respectively. 
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 1.3. Ginkgo - a model plant for the study of 3ʹ,8ʹʹ-biflavones  

 

The first natural biflavonoid to be isolated was ginkgetin, obtained nearly a century ago 

from the yellow leaves of ginkgo (Ginkgo biloba L.). To this day, ginkgo remains one of the 

best-known sources of biflavonoids. Ginkgo is the only surviving representative of the division 

Ginkgophyta. As an ancient lineage - with fossil records tracing back to the Mesozoic Era (Early 

Jurassic, ~180 million years ago) - ginkgo is considered a “living fossil” due to its distinctive 

morphological features, including fan-shaped leaves, dichotomous venation and branching 

(Figure 4), as well as the presence of motile, multi-flagellated sperm cells. Originating in China, 

ginkgo began spreading across the world approximately 300 years ago through human-

mediated cultivation (Stanković, 2016). Today, it is a highly valued species in landscape and 

urban architecture, appreciated for its unique appearance, its striking autumnal leaf color 

transition to bright yellow (Figure 4), and its remarkable tolerance to pollution, pests, and harsh 

urban environments (Guo et al., 2023). 

Ginkgo is dioecious, producing separate male and female trees, with pollination occurring 

via wind. Female trees bear elliptic seeds enclosed in a fleshy outer layer (sarcotesta), which is 

soft, yellow-brown, and coated with a whitish bloom. Beneath it lies a hard sclerotesta that 

protects the kernel (endosperm), a traditional ingredient in Chinese cuisine (Figure 4). Due to 

the presence of butyric acid, the sarcotesta emits a characteristic strong and unpleasant odor, 

making female trees generally undesirable in horticulture (Guo et al., 2023). The extraordinary 

longevity and environmental resilience of ginkgo - including survival of extreme events such 

as the Hiroshima bombing - are attributed in part to its rich and complex phytochemical profile. 

 

Figure 4. Main morphological characteristics of ginkgo (own illustration). 
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Ginkgo has a long history of use in traditional Chinese medicine, where various plant 

parts were employed for a wide range of ailments, including respiratory problems such as 

bronchitis and asthma, gastrointestinal discomfort, and even tuberculosis. Leaves were valued 

for detoxifying properties and for addressing digestive and urinary disorders. Over time, interest 

in ginkgo expanded due to its influence on cognitive function (Akaberi et al., 2023). Numerous 

clinical studies have since confirmed its efficacy as both a dietary supplement and a medicinal 

preparation for memory enhancement (Ge et al., 2021; Singh et al., 2019).  Moreover, ginkgo 

extracts show promise in the prevention and management of Alzheimer’s disease and other 

neurodegenerative conditions. Owing to their immunomodulatory, anti-inflammatory, 

neuroprotective, and antioxidant effects, ginkgo preparations are increasingly explored as 

therapeutic candidates for cardiovascular disorders as well (Akaberi et al., 2023). 

1.3.1. Phytochemicals in ginkgo 

 

Ginkgo contains a chemically diverse array of phytochemicals that can be classified into 

several major groups, including flavonoids, terpenoids, carboxylic acids, lignins, 

proanthocyanidins, polyprenols, polysaccharides, alkyphenols, and alkyphenolic acids 

(Biernacka et al., 2023). These compounds differ in structure, abundance, and biological 

relevance, and their relative proportions may vary depending on the plant material and 

extraction conditions (Kulić et al., 2022). 

To date, 110 flavonoids have been reported in ginkgo (summarized by Liu et al. (2021)). 

These flavonoids can be classified into several major groups, among which flavonols and their 

glycosides represent the most abundant. Among these, derivatives of quercetin, kaempferol, 

and isorhamnetin predominate, while myricetin, syringetin, laricitrin, and patuletin are less 

frequently represented. Another important group consists of flavones and flavone glycosides, 

with apigenin and luteolin as the principal representatives. In addition, flavanones, isoflavones, 

flavan-3-ols, and a considerable number of biflavonoids were detected. A distinct subgroup 

comprises biginkgosides, more recently identified compounds that are classified as flavonol 

glycosides (Liu et al., 2021). 

Flavonoids, together with their glycosides, form the basis of the biological activity of 

ginkgo, owing to their broad range of effects, including antioxidant, neuroprotective, anti-

inflammatory, antimicrobial, and other beneficial actions on human health (Biernacka et al., 

2023; Šamec et al., 2022). Some of the most frequently reported flavonoids are shown in Figure 

5.  
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Figure 5. Selected examples of frequently reported flavonoids (own illustration). 

 

Phytochemically, the richest part of the plant is its foliage, which contains more than 

180 identified compounds, including flavonoids, terpenoids, and various polyphenols (Guo et 

al., 2023). The standardized ginkgo dry extract is obtained from the leaves, and is adjusted to 

22-27% flavone glycosides, 2.6-3.2% terpene lactones (bilobalide), and 2.8-3.4% ginkgolides 

A, B, and C, while the total content of ginkgolic acids must not exceed 5 ppm (European 

Pharmacopoeia, 2019). Annual global production of ginkgo extract exceeds 3 million tons, 

accounting for roughly one-sixth of worldwide demand. Among flavonoids, kaempferol, 

quercetin, and isorhamnetin are the most abundant (Guo et al., 2023). 

1.3.2. Biflavonoids in ginkgo  

 

To date, nearly 600 biflavonoids have been reported in plants (He et al., 2021). Among 

them, based on the literature, ginkgo synthesizes exclusively 3′,8″-linked biflavonoids, named 

according to the carbon atoms through which the two monomeric units are joined (Figure 6a). 

The first such dimer to be isolated was ginkgetin, which was obtained as a yellow pigment from 

the yellow autumn leaves of ginkgo (Figure 6b) (Šamec et al., 2023). Subsequently, other 

biflavonoids were isolated from ginkgo, and in addition to ginkgetin, the compounds 

isoginkgetin and bilobetin were also named after ginkgo. 
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Figure 6. Basic chemical structure of 3',8''-biflavones (a) and the first isolated biflavonoid, 

ginkgetin (b) (own illustration). 

 

To date, 13 biflavonoids have been reported in ginkgo (L. Liu et al., 2021) (Table 5), 

with amentoflavone, ginkgetin, isoginkgetin, bilobetin, and sciadopitysin being the most 

common representatives (Figure 7) (Šamec et al., 2024, 2022). 

 

Table 5. Chemical structure of 13 biflavonoids in ginkgo (adapted from Šamec et al., 2022). 

 R1 R2 R3 R4 R5 

amentoflavone OH OH H OH OH 

sequoiaflavone OCH3 OH H OH OH 

bilobetin OH OCH3 H OH OH 

podocarpusflavone A OH OH H OH OCH3 

ginkgetin OCH3 OCH3 H OH OH 

isoginkgetin OH OCH3 H OH OCH3 

5ʹ-methoxybilobetin OH OCH3 OCH3 OH OH 

sciadopitiysin OCH3 OCH3 H OH OCH3 

7ʹʹ-O-β-D-glucosyl-ginkgetin OCH3 OCH3 H O-Glc OH 

7ʹ-O-β-D-glucosyl-isoginkgetin O-Glc OCH3 H H OCH3 

amentoflavone 7ʹʹ-O-D-glucopyranoside OH OH H O-Glc OH 
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R 

  

2,3-dihydroisoginkgetin  OH   

2,3-dihydrosciadopitysin  OCH3   

 

 

Figure 7. The structure of the five most prevalent 3ʹ,8ʹʹ-biflavones in ginkgo (own 

illustration).  

 

Although all 3ʹ,8ʹʹ-biflavones share the same characteristic C-C linkage, their structural 

diversity arises from variations in the constituent monomeric flavonoids and in the type and 

position of substituents, including methyl and hydroxyl groups (Table 6). Amentoflavone is a 

dimer of two apigenin molecules containing six hydroxyl groups that can be readily methylated; 

consequently, the remaining major biflavonoids found in ginkgo are commonly regarded as 

structural derivatives of amentoflavone (Šamec et al., 2022). 
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Table 6. Structure of 3',8''-biflavones and their monomeric flavonoid units. 

 

 

As is evident from Table 5 in ginkgo, several naturally occurring mono-O-methylated 

derivatives have been identified, including sequoiaflavone, bilobetin, and podocarpusflavone 

A. Compounds bearing two methoxyl substituents include ginkgetin, isoginkgetin, and 5′-

methoxybilobetin, whereas sciadopitysin contains three such groups. In addition to methylation, 

biflavonoids in ginkgo, much like monomeric flavonoids, can undergo glycosylation. So far, 

several glycosylated forms have been reported, including 7ʹʹ-O-β-D-glucosyl-ginkgetin, 7ʹ-O-

β-D-glucosyl-isoginkgetin, and amentoflavone 7ʹʹ-O-β-D-glucopyranoside (Table 5) (Šamec et 

al., 2022). 

Despite the long-standing recognition of ginkgo as a natural source of 3′,8″-

biflavonoids, published reports on their occurrence have been sporadic and largely restricted to 

leaf tissues (Šalić et al., 2024; Su et al., 2022; Yang, 2018).  Only a limited number of studies 

have reported the presence of 3′,8″-biflavones in other organs, including stems (Pandey et al., 

2014), male flowers (Li et al., 2019) and fruits (Shen et al., 2022; Chen et al., 2021; Pandey et 
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al., 2014; Zhou et al., 2012). Consequently, a comprehensive analysis of the major 3′,8″-

biflavones across different ginkgo organs has been lacking. This gap can be attributed, in part, 

to the previous unavailability of appropriate analytical standards and the absence of an 

optimized method capable of reliably separating, detecting, and quantifying these structurally 

similar dimers. As a consequence, most earlier studies reported the presence of only a limited 

number of biflavonoids, typically two (Pandey et al., 2014) or three compounds (Kaur et al., 

2011), and only rarely extended the analysis to include four compounds (Lei et al., 2021; Wang 

et al., 2019; Beck & Stengel, 2016). 

To address this limitation, the present doctoral research (Article 2) provides the first 

systematic overview of the distribution of key 3′,8″-biflavonoids across a wide range of ginkgo 

tissues, including leaf blades, petioles, seed components (exotesta, endotesta, and seed 

petioles), tree bark, twig bark, debarked twigs, and buds. This was achieved using a specifically 

optimized HPLC-DAD method for the chromatographic separation, identification, and 

quantification of the five major 3ʹ,8ʹʹ-biflavones. Furthermore, as ginkgo leaves represent the 

richest source of 3′,8″-biflavonoids, a systematic evaluation of different drying techniques was 

conducted to assess their impact on the preservation and overall yield. Three commonly applied 

drying methods - air-drying, oven-drying, and freeze-drying were compared in order to identify 

the most suitable approach for the sample preparation in subsequent analyses (Article 4).  

 1.4. 3ʹ,8ʹʹ-biflavones: biological activity, accumulation dynamics and ecological drivers 

  

The content of specialized metabolites may vary considerably depending on factors such as 

plant age, growth location, sex, and environmental conditions (Pant et al., 2021); however, data 

on the synthesis and accumulation dynamics of 3ʹ,8ʹʹ-biflavones remain limited (Šamec et al., 

2022). To date, most studies investigating metabolite fluctuations in response to abiotic and 

biotic factors have focused predominantly on monomeric flavonoids in ginkgo leaves (Guo et 

al., 2023; Zhao et al., 2020; Rimkiene et al., 2017; Yao et al., 2012), leaving the regulation and 

accumulation dynamics of biflavonoids largely unexplored. 

Earlier studies consistently indicate that the highest concentrations of 3′,8″-biflavonoids 

occur in ginkgo leaves (Lei et al., 2021; Beck & Stengel, 2016; Wang et al., 2020;  Kaur et al., 

2011; Lin et al., 2008; Wollenweber et al., 1998), followed by other external organs such as 

stems (Pandey et al., 2014), flowers (Li et al., 2019), and fruits (Shen et al., 2022; Chen et al., 

2021; Pandey et al., 2014; Zhou et al., 2012). Nevertheless, existing research remains 

fragmented and rarely encompasses the full spectrum of biflavonoids present in ginkgo. Current 
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findings suggest that bilobetin, ginkgetin, isoginkgetin, and sciadopitysin are the predominant 

dimers in leaves, with sciadopitysin typically occurring in the highest amounts (Lei et al., 2021). 

MALDI mass spectrometric imaging has further revealed that biflavonoids are primarily 

localized on the leaf surface, particularly within the lower epidermis, supporting their putative 

role in surface-associated defense mechanisms (Beck & Stengel, 2016). In addition to leaves, 

biflavonoids have been detected in stems, flowers, and fruits, with substantial variation 

observed between different organs and even between male and female trees (summarized by 

Šamec et al. (2022)). Notably, sciadopitysin levels may exceed those of amentoflavone by up 

to 200-fold, and older trees tend to accumulate higher overall levels of biflavonoids than 

younger individuals (Pandey et al., 2014). Among the 3′,8″-linked biflavonoids, sciadopitysin 

consistently emerges as the most abundant compound in ginkgo leaves (Šalić et al., 2024; Lei 

et al., 2021; Wang et al., 2019). Furthermore, biflavonoids have been identified in the sarcotesta 

(fruit exocarp) (Zhou et al., 2012), prompting the development of efficient industrial extraction 

strategies to recover high-purity biflavonoids from this otherwise discarded biomass (Shen et 

al., 2022). 

Despite the fact that most 3′,8″-biflavones were isolated and structurally characterized 

several decades ago, their early identification was often constrained by limited analytical 

resolution, the absence of authentic reference standards, and inconsistent nomenclature. As a 

consequence, some structural assignments remain uncertain, with identical names occasionally 

applied to distinct isomers and vice versa (Šamec et al., 2024). 

Scientific interest in biflavonoids has been steadily increasing due to their promising 

potential in the development of novel therapeutics for various diseases (Liu et al., 2021). The 

accumulation of 3′,8′′-biflavones in plants is likely linked to defense against biotic stress, as 

several studies have demonstrated their strong antimicrobial properties. Bilobetin and 4-O-

methylamentoflavone were identified for the first time in Taxus baccata needles, and biflavones 

from T. baccata and G. biloba showed notable antifungal activity against Alternaria alternata, 

Fusarium culmorum, and Cladosporium oxysporum, with bilobetin exhibiting particularly 

strong growth inhibition and complete suppression of germ tube development at higher 

concentrations, while ginkgetin and 7-O-methylamentoflavone were especially effective 

against A. alternata and induced detectable cell wall alterations (Krauze-Baranowska and 

Wiwart, 2003). Furthermore, biflavonoids were shown to suppress aflatoxin B1 and B2 

production by Aspergillus flavus and A. parasiticus, exhibiting greater activity at lower 

concentrations than monomeric flavonoids, suggesting that the dimeric structure enhances 
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bioactivity. The authors proposed that biflavonoids could serve as potential agents for aflatoxin 

control (Gonçalez et al., 2001). 

Beyond their antimicrobial functions, biflavonoids have been shown to influence 

photosynthetic processes, including ATP synthesis and electron transport in chloroplasts, by 

targeting key components of the photosynthetic electron transport chain (Aguilar et al., 2008). 

Céspedes et al. (2001) demonstrated a concentration-dependent inhibition of 

photophosphorylation by several biflavonoids, highlighting their ability to modulate energy 

metabolism in plants. In addition, amentoflavone isolated from Selaginella tamariscina was 

identified as a highly selective and potent natural agent that effectively eliminates Microcystis 

aeruginosa, where it disrupts cell membrane integrity, underscoring its potential as an 

environmentally friendly strategy for controlling harmful cyanobacterial blooms (Lee et al., 

2020). Furthermore, amentoflavone isolated from Byrsonima crassa exhibited dose-dependent 

and selective effects on tomato seedling development, stimulating shoot elongation at low 

concentrations and suggesting a role as a natural regulator of plant growth (De Almeida et al., 

2007). 

Despite the growing body of evidence supporting the ecological and pharmacological 

relevance of biflavonoids, their precise biological functions and physiological roles in plants - 

particularly those of 3′,8″-biflavones - remain insufficiently understood. Studies addressing 

their accumulation patterns and regulatory dynamics are scarce and limited in scope, with most 

prior research focusing on monomeric flavonoids. Consequently, the seasonal dynamics of 

biflavonoid biosynthesis and accumulation remain largely unexplored. As seasonal fluctuations 

in secondary metabolite levels can provide valuable insights into their physiological and 

ecological roles, this doctoral dissertation presents the first continuous, season-long assessment 

of the accumulation dynamics of the major 3′,8″-biflavones in ginkgo leaves, spanning from 

the onset of spring growth to late autumn (Article 3). 

To further extend this seasonal perspective, the content of 3′,8″-biflavones was 

additionally examined during autumnal leaf senescence and in naturally fallen leaves. As both 

leaf types represent plant-derived biowaste, this comparison aimed to evaluate their potential 

as sustainable and eco-friendly raw materials for the recovery of bioactive biflavonoids (Article 

6). Finally, the phytochemical composition and biological activity of ginkgo infusions prepared 

from spring leaves, yellow autumn leaves, and fallen autumn leaves were comparatively 

assessed to explore their functional potential (Article 5). 
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 1.5. Objectives and hypotheses 

 

The objectives of this dissertation are to measure the in vitro activity of 3ʹ,8ʹʹ-biflavones from 

ginkgo in comparison to their monomeric subunits; to optimize a method for their extraction, 

separation, and quantification; to determine their content in various ginkgo tissues; and to assess 

the dynamic changes in 3ʹ,8ʹʹ-biflavones in ginkgo leaves throughout the entire vegetation 

period.  

 

To achieve these objectives, the following hypotheses were formulated:  

1. The dimerization of flavonoids affects their biological activity. 

2. The accumulation of biflavonoids in ginkgo is tissue-specific. 

3. The accumulation of biflavonoids changes across growth stages.  

 

To address these objectives and test the proposed hypotheses, the following research articles 

were produced within the scope of this dissertation. 

 

Main articles:  

1. Jurčević Šangut, I., Šarkanj, B., Karalija, E., & Šamec, D. (2023). A Comparative Analysis 

of radical Scavenging, Antifungal and Enzyme Inhibition Activity of 3ʹ,8ʹʹ-Biflavones and 

Their Monomeric Subunits. Antioxidants, 12, 1854. https://doi.org/10.3390/antiox12101854  

2. Kovač Tomas, M., Jurčević, I., & Šamec, D. (2023). Tissue-Specific Profiling of 

Biflavonoids in Ginkgo (Ginkgo biloba L.). Plants, 12, 147. 

https://doi.org/10.3390/plants12010147 

3. Jurčević Šangut, I., & Šamec, D. (2024). Seasonal Variation of Polyphenols and Pigments 

in Ginkgo (Ginkgo biloba L.) Leaves: Focus on 3ʹ,8ʹʹ-Biflavones. Plants, 13, 3044. 

https://doi.org/10.3390/plants13213044 

 

Additional articles: 

4. Jurčević Šangut, I., Pavličević, L., & Šamec, D. (2024) Influence of Air Drying, Freeze 

Drying and Oven Drying on the Biflavone Content in Yellow Ginkgo (Ginkgo biloba L.) 

Leaves. Applied Sciences, 14, 2330. https://doi.org/10.3390/app14062330 

5. Jurčević Šangut, I., Šola, I., & Šamec, D. (2024) Neuroprotective, Anti-Hyperpigmentation, 

and Anti-Diabetic Effects in Ginkgo Leaf Infusion from Green and Yellow Leaves. Applied 

Sciences, 14, 10231. https://doi.org/10.3390/app142210231 

https://doi.org/10.3390/plants12010147
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6. Jurčević Šangut, I., & Šamec, D. (2025) From Waste to Resource: Valorization of Yellow 

Ginkgo Leaves as a Source of Pharmacologically Relevant Biflavonoids. Applied Sciences, 15, 

11436. https://doi.org/10.3390/app152111436 

 

To test how dimerization affects the biological activity of flavonoids (H1, O1), a series of in 

vitro analyses was conducted using major 3′,8′′-biflavone standards (amentoflavone, bilobetin, 

ginkgetin, isoginkgetin, and sciadopitysin) and their corresponding monomeric subunits 

(apigenin, genkwanin, and acacetin). The compounds were evaluated for their antioxidant 

activity based on DPPH radical scavenging capacity, as well as for their antifungal activity 

against selected mycotoxigenic fungi of importance for food safety (Alternaria alternata, 

Aspergillus flavus, Aspergillus ochraceus, Fusarium graminearum, and Fusarium 

verticillioides). Furthermore, their inhibitory effects were evaluated against a set of enzymes of 

key relevance to human health, including acetylcholinesterase, tyrosinase, α-amylase, and α-

glucosidase. The results of these investigations are summarized in Article 1. Article 2 provides 

the first insight into the tissue-specific distribution of major 3′,8′′-biflavones (amentoflavone, 

bilobetin, ginkgetin, isoginkgetin, and sciadopitysin) in ginkgo. In addition, this study presents 

a newly developed and optimized HPLC-DAD method for the simultaneous separation and 

quantification of these five major biflavones, thereby addressing hypothesis H2 and objective 

O3. In order to optimize the preservation of 3′,8′′-biflavones, Article 4 identifies the most 

suitable drying method for ginkgo leaves, contributing to objective O2. Moreover, Article 5 

examines the in vitro biological activities of infusions prepared from green and yellow ginkgo 

leaves, while Article 6 explores the potential use of yellow ginkgo leaves as an economical and 

abundant source of 3′,8′′-biflavones. Finally, Article 3 investigates the seasonal dynamics of 

biflavone accumulation in ginkgo leaves throughout the entire vegetation period (H3, O4). This 

study was designed to evaluate changes in biflavone levels during plant development and to 

assess their accumulation patterns over the course of the vegetation period.  
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2. Discussion 

 

2.1. Dimeric architecture as the key to the biological efficacy of biflavonoids 

 

The chemical structure of flavonoids is a central determinant of their biological activity. 

Among the structural features that critically modulate their physicochemical properties and 

bioactivity, dimerization represents a particularly distinctive and functionally relevant 

modification (Zou et al., 2025; Duman et al., 2025; Lopes et al., 2024; Menezes & Campos, 

2021; X. Li et al., 2019). Accordingly, the first hypothesis of this dissertation proposed that 

3′,8″-dimerization fundamentally affects flavonoid biological activity. This hypothesis was 

rigorously tested in Article 1 through a systematic comparison of antioxidant, antifungal, and 

enzyme inhibitory activities of structurally related flavonoid pairs, including authentic 

standards of 3′,8″-biflavonoids and their corresponding monomeric counterparts. The results 

unequivocally confirmed the hypothesis, demonstrating that dimerization does not merely 

intensify biological activity but rather selectively reshapes bioactivity, leading to enhancement, 

attenuation, or complete loss of specific bioactivities depending on the biological target. 

A substantial body of research has documented the diverse biological activities of 

biflavonoids, particularly in the context of their potentially beneficial effects on human health, 

as summarized in Table 3. To date, the majority of reported activities have been established 

predominantly through in vitro assays, which continue to represent the dominant experimental 

approach for evaluating biflavonoid bioactivity. However, an increasing number of recent 

studies have expanded this scope by incorporating in vivo models and in silico analyses, 

providing deeper insights into bioavailability, molecular targets, and structure-activity 

relationships. 

In terms of antioxidant capacity, neither the monomeric flavones nor their corresponding 

biflavonoid dimers exhibited substantial radical-scavenging activity in the DPPH assay. 

Notably, both the biflavonoids and monomeric subunits consistently showed weak or negligible 

antioxidant effect even at high tested concentrations (1 mg/mL), indicating a limited capacity 

for direct free-radical scavenging under the applied experimental conditions. These 

observations are in good agreement with previous reports, which likewise identified 3′,8″-

biflavones as the flavonoid subclass exhibiting the weakest antioxidant activity among 

structurally related flavonoids (Kang et al., 2005; Bedir et al., 2002). Moreover, the correlation 

matrix presented in Article 3 revealed a strong negative correlation between the content of 3′,8″-

biflavones in ginkgo extracts and DPPH radical-scavenging activity. This relationship suggests 



29 

 

that higher biflavonoid levels are associated with lower DPPH scavenging capacity, supporting 

the conclusion that 3′,8″-biflavones possess limited direct antioxidant activity, at least in cell-

free assay systems.  

In contrast, the study by Li et al. (2019) demonstrated that 3′,8″-dimerization enhances the 

antioxidant activity of flavonoids, as isoginkgetin exhibited a higher electron-transfer capacity 

and stronger antioxidant activity than its monomeric precursor, acacetin. Furthermore, 

amentoflavone isolated from Nandina domestica has been reported to exhibit pronounced 

antioxidant activity in both DPPH and ABTS in vitro assays, acting in a clear concentration-

dependent manner (Bajpai et al., 2019). However, although certain plant-derived biflavonoids 

have demonstrated notable in vitro antioxidant activity (Andrade et al., 2018), their efficacy is 

generally lower than that of corresponding monomeric flavonoids, indicating that dimerization 

does not necessarily enhance radical-scavenging capacity (Xiao et al., 2019). Additionally, 

ABTS, FRAP, and CUPRAC analyses of different biflavonoid dimers showed that compounds 

with a higher number of hydroxyl (-OH) groups exhibited greater antioxidant activity. These 

findings may suggest that substitution patterns, particularly the number and position of -OH 

groups, may play a more decisive role in antioxidant potential than dimerization itself, which 

appears to modulate activity in a target- and mechanism-dependent manner (Sabudak et al., 

2019). 

According to the review by Zou et al. (2025), the enhanced antioxidant activity of flavonoid 

dimers can be explained by several interconnected structural and electronic mechanisms. First, 

dimerization may increase the electron-transfer potential of the molecule compared with its 

monomeric counterparts, thereby facilitating more efficient neutralization of free radicals (Li 

et al., 2019). In addition, the conjugated systems formed by linking two flavonoid units enable 

a more favorable distribution of electron density, contributing to the stabilization of phenoxyl 

radicals and more effective interactions with reactive oxygen species (Deng et al., 2023). 

Furthermore, the higher number of phenolic hydroxyl groups in flavonoid dimers increases their 

ability to form multiple hydrogen bonds, further stabilizing radical–molecule interactions and 

potentially enhancing antioxidant efficacy (Cai et al., 2019). The authors also emphasize that 

the spatial organization and reduced rotational freedom of dimeric structures can influence the 

reaction kinetics, thereby further modulating their antioxidant activity. 

A broad spectrum of antimicrobial activities contributes to the overall biological activity 

of biflavonoids, with dimerization playing a key role in modulating and often enhancing these 

effects as summarized by Lopes et al. (2024). In our work, we demonstrated the impact of 3ʹ,8ʹʹ-

biflavones on several mycotoxigenic fungal species relevant to food safety and human health. 
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The results of the antifungal assays showed that antifungal efficacy is highly dependent on both 

the fungal species and the applied concentration, and that 3′,8″-dimerization represents an 

important structural factor shaping both activity intensity and selectivity. 

A particularly strong growth inhibition of Fusarium graminearum was observed already 

at very low concentrations, with biflavonoids exhibiting markedly higher activity than the 

corresponding monomeric flavonoids. This pattern suggests that dimerization may enhance 

antifungal efficacy against certain Fusarium species, which is consistent with previous reports 

highlighting the pronounced sensitivity of these pathogens to biflavonoids (Krauze-

Baranowska & Wiwart, 2003). In contrast, for Fusarium verticillioides and species of the genus 

Aspergillus, antifungal effects were weaker and generally apparent only at higher 

concentrations, displaying distinct concentration-dependent trends that further emphasize the 

selective nature of biflavonoid activity. No significant inhibition of Alternaria alternata was 

observed within the tested concentration range, in agreement with literature reports indicating 

that substantially higher concentrations are required to achieve antifungal effects against this 

species (Krauze-Baranowska & Wiwart, 2003). 

Dimeric flavonoids are thought to exert their antifungal effects through multiple 

complementary mechanisms, including the formation of complexes with soluble proteins in the 

fungal cell wall, as well as through their pronounced lipophilicity, which enables interaction 

with and disruption of fungal membrane integrity (Menezes & Campos, 2021). Biflavonoids 

inhibit fungal growth and spore germination and, in Candida species, have also been reported 

to affect biofilm formation (Lee et al., 2024). Overall, these findings confirm that biflavonoids 

do not act as broad-spectrum antifungal agents, but rather exhibit species- and concentration-

dependent activity, in which the dimeric flavonoid architecture can, in specific cases, 

significantly contribute to antifungal efficacy. 

In the third part of Article 1, we examined the effects of biflavonoids and their 

corresponding monomeric flavonoids on the activity of enzymes of major relevance to human 

health. These included acetylcholinesterase, whose inhibition leads to increased acetylcholine 

levels and is associated with improved cognitive function in Alzheimer’s disease (Moss, 2020); 

α-amylase and α-glucosidase, key enzymes involved in carbohydrate metabolism and the 

regulation of postprandial hyperglycemia (Jha et al., 2025); and tyrosinase, an enzyme whose 

overactivity or overexpression is linked to hyperpigmentation disorders and has also been 

associated with melanoma development (Baber et al., 2023). 

In our study, enzyme inhibition was shown to be strongly structure-dependent, with 

3′,8″-dimerization selectively modulating enzymatic activity. Among the tested compounds, 
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the biflavonoids ginkgetin and isoginkgetin exhibited the strongest inhibition of 

acetylcholinesterase, which is consistent with the established use of ginkgo in the treatment of 

cognitive disorders (Muratori et al., 2025; Noor-E-Tabassum et al., 2022) and supports the 

neuroprotective potential of these dimers. Similarly, Sadeghi et al. (2024) identified ginkgetin 

as a potent acetylcholinesterase inhibitor using molecular docking, with its inhibitory potential 

confirmed by parallel in vitro assays, highlighting ginkgetin as a promising natural candidate 

for modulation of the cholinergic system in the context of Alzheimer’s disease.  

In contrast, monomeric flavonoids were more effective tyrosinase inhibitors than 

biflavones, although amentoflavone displayed moderate activity, indicating that dimerization 

does not uniformly enhance inhibition across different enzymatic targets. The study by Nasr 

Bouzaiene et al. (2016) demonstrated that genkwanin exhibits pronounced antiproliferative 

effects in B16F10 melanoma cells by disrupting cell cycle progression and inducing apoptosis, 

while simultaneously reducing melanin synthesis through inhibition of tyrosinase activity. 

These findings are consistent with our results, in which genkwanin showed significant 

tyrosinase inhibitory activity among other monomers, further supporting its potential role in the 

regulation of melanogenesis and in hyperpigmentation-related processes.  

In the context of carbohydrate metabolism, amentoflavone emerged as the most potent 

inhibitor of both α-amylase and α-glucosidase, in agreement with previous in vitro (Li et al., 

2023) and molecular docking studies that identify it as a strong noncompetitive inhibitor with 

potential for regulating postprandial hyperglycemia (Swargiary et al., 2023). Overall, these 

findings demonstrate that biflavonoids and monomeric flavonoids from ginkgo exhibit distinct, 

enzyme-specific inhibitory profiles, underscoring the critical role of structural features in 

determining their biological relevance. 

Overall, the results demonstrate that 3′,8″-dimerization represents a key structural factor 

that selectively modulates flavonoid bioactivity rather than uniformly enhancing it. 

Dimerization reshapes biological function in a target-dependent manner, strengthening 

antifungal and selected enzyme-inhibitory effects while attenuating direct antioxidant and 

tyrosinase-inhibitory activities. These findings confirm that biflavonoid efficacy is governed by 

a fine balance between dimeric architecture, substitution pattern, and biological context. 
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2.2. Tissue-specific differences as a determinant of the biflavonoid metabolic profile of 

ginkgo  

 

 The second hypothesis of this doctoral dissertation proposed that biflavonoid 

accumulation in ginkgo is tissue-specific, reflecting organ specialization and plant-environment 

interactions. Firstly, as we reported in Article 2, we developed and validated an HPLC–DAD 

method that enables the simultaneous identification and quantification of the five major 

biflavonoids present in ginkgo - amentoflavone, bilobetin, ginkgetin, isoginkgetin, and 

sciadopitysin. The developed method provides good chromatographic resolution, allowing 

reliable separation of the structural isomers ginkgetin and isoginkgetin, which in earlier studies 

were sometimes reported as a single chromatographic peak (Beck & Stengel, 2016; Kaur et al., 

2011). 

The results presented in Article 2 unequivocally confirm the second hypothesis, 

revealing pronounced differences in both the abundance and composition of major 3′,8″-

biflavones across distinct ginkgo tissues. Using a newly optimized HPLC-DAD method, we 

demonstrated that biflavonoids accumulate exclusively in tissues in direct contact with the 

external environment. Furthermore, this study provides the first comprehensive overview of the 

distribution of 3′,8″-biflavones across such a broad range of ginkgo tissues, encompassing ten 

distinct plant parts. Leaf blades showed by far the highest biflavonoid content, followed by leaf 

petioles, twig bark, buds, and the sarcotesta, whereas no biflavonoids were detected in seeds, 

nutshells, or internal twig tissues. This pronounced spatial pattern is consistent with MALDI-

MS imaging studies, which have demonstrated that biflavonoids predominantly accumulate in 

epidermal and subepidermal layers of ginkgo leaves (Beck & Stengel, 2016). Similarly, Li et 

al. (2018) reported the successful in situ detection and localization of biflavonoids in ginkgo 

leaves using MALDI-FT-ICR and LDI-MS, revealing their preferential accumulation in tissues 

directly exposed to the external environment. Comparable localization has also been observed 

in the outer tissues of Psilotum nudum rhizomes, further supporting the notion that biflavonoids 

may have a role in plant defense (Šamec et al., 2019). 

The distribution of individual biflavonoids further reflects tissue specialization. In leaves, 

the most abundant compound was sciadopitysin - consistent with previous reports (Wang et al., 

2019; Pandey et al., 2014), followed by isoginkgetin and ginkgetin, while amentoflavone was 

present in the lowest amounts. In leaf blades, amentoflavone occurred at markedly lower 

concentrations than the other major 3′,8″-biflavones, with levels approximately 15-27-fold 

lower than those of sciadopitysin, isoginkgetin, and ginkgetin. Although amentoflavone elutes 
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first during HPLC analysis and has frequently been reported in earlier studies, its low 

abundance in leaf blades, often close to the detection limit, may have contributed to the 

historical underrepresentation of biflavonoids in ginkgo extracts, particularly in studies lacking 

adequate reference standards and optimized separation methods. This distribution may suggest 

enhanced O-methylation activity in photosynthetic tissues, as sciadopitysin and ginkgetin 

represent more highly methylated derivatives of amentoflavone. In contrast, in twig bark, tree 

bark, and buds, amentoflavone predominated, whereas highly methylated dimers occurred only 

in minor amounts or were below the detection limit. Notably, the occurrence of amentoflavone 

in ginkgo stems reported by Pandey et al. (2014) is in line with its preferential accumulation in 

supporting and protective tissues, a distribution pattern also observed in other plant species 

producing biflavonoids (Doan et al., 2022; Ndongo et al., 2015). 

 The presence of biflavonoids in the seed sarcotesta and petioles emphasizes their 

preferential accumulation in outer and exposed plant tissues. In this tissue, isoginkgetin was the 

most abundant biflavonoid, accompanied by detectable levels of the other major 3ʹ,8ʹʹ-

biflavones. Industrial-scale isolation of biflavonoids from the sarcotesta confirms both their 

high local concentrations and their relevance as a potential source of these compounds (Shen et 

al., 2022). Beyond vegetative organs, biflavonoids have also been reported in reproductive 

tissues of ginkgo. Li et al. (2019) identified amentoflavone, sciadopitysin, bilobetin, and 

isoginkgetin in male flowers of ginkgo, broadening their known tissue distribution.  

Taken together, these results demonstrate that 3′,8″-biflavonoids in ginkgo exhibit a highly 

structured, tissue-specific accumulation pattern, with a clear preference for external and 

environmentally exposed organs. While this spatial organization strongly suggests a role in 

protective and adaptive plant functions, the present findings primarily establish a robust 

biochemical and anatomical framework within which the physiological significance of these 

compounds can now be systematically explored. 

 2.3. Seasonal dynamics as a regulator of biflavonoid accumulation 

 

The third hypothesis proposed that biflavonoid accumulation changes throughout the 

growing season, potentially reflecting developmental transitions and environmental cues. The 

results presented in Article 3 confirm this hypothesis and provide new insights into the seasonal 

behavior of 3′,8″-biflavonoids in ginkgo. Throughout the entire vegetation period, the relative 

proportions of the five major 3′,8″-biflavones remained remarkably stable, following the 

consistent trend amentoflavone < bilobetin < ginkgetin < isoginkgetin < sciadopitysin. This 

compositional stability may indicate a tightly regulated biosynthetic relationship between 
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monomeric precursors and subsequent methylation steps. In contrast, the total biflavonoid 

content increased steadily from early spring to late autumn, reaching its maximum immediately 

prior to leaf senescence.  

This seasonal accumulation pattern aligns with previous reports describing increased 

flavonoid levels in the later stages of the growing season (Zou et al., 2019; Rimkiene et al., 

2017; Xu et al., 2014), although these studies primarily focused on monomeric flavonoid 

aglycones. Across all developmental stages, sciadopitysin remained the dominant biflavonoid, 

reflecting sustained and robust methylation activity in mature leaves. Similarly, Wu et al. 

(2021), who quantified eleven flavonoids in ginkgo leaves collected from nineteen regions 

across China, reported sciadopitysin as the most abundant compound in all samples, followed 

by isoginkgetin, ginkgetin, bilobetin, and amentoflavone, indicating a conserved biflavonoid 

composition despite pronounced geographic variability. 

The strong negative correlation observed between chlorophylls and biflavonoids suggests 

that biflavonoids may be associated with physiological processes accompanying leaf 

maturation and senescence. Their progressive accumulation coincides with increasing exposure 

to abiotic stresses, such as enhanced UV-B radiation and oxidative pressure toward the end of 

the growing season (Guo et al., 2023; Mao et al., 2023; Zhao et al., 2020). Given their high 

relative abundance in mature and senescent leaves, and their predominance over carotenoids at 

late-season stages, 3′,8″-biflavones may substantially contribute to the characteristic yellow 

coloration of ginkgo foliage, consistent with early reports identifying ginkgetin as a major 

yellow pigment (Sugasawa, 1964). 

Previous investigations of seasonal biflavonoid variation in other species, such as Taxus 

wallichiana, reported irregular or inconsistent patterns, likely due to methodological limitations 

or insufficient temporal resolution (Wu et al., 2021). In contrast, the present study provides the 

first high-resolution, season-long reconstruction of biflavonoid dynamics in ginkgo, 

demonstrating a clear and gradual accumulation trend supported by robust analytical 

methodology. These data confirm that the vegetative stage is a major determinant of biflavonoid 

levels, reflecting an interplay between developmental programming and environmental stress 

adaptation.  

In addition to seasonal regulation, post-harvest processing represents an important factor 

influencing the practical utilization of ginkgo biomass. Besides the extraction procedure itself, 

the drying method of ginkgo plant material is critical for preserving an optimal phytochemical 

composition. In Article 3, three commonly applied drying approaches - air-drying, oven-drying, 

and freeze-drying, were systematically compared. The results demonstrated that none of these 
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drying methods caused significant changes in the contents of total polyphenols, total flavonoids, 

or 3′,8″-biflavones. This stability indicates that biflavonoid profiles established during leaf 

development and senescence remain largely preserved during drying. Importantly, these 

findings support the use of simpler and more cost-effective drying techniques, such as air 

drying, without compromising phytochemical quality, which is particularly relevant for large-

scale and industrial processing of ginkgo biomass. 

According to these findings, yellow autumn ginkgo leaves represent a particularly rich 

natural reservoir of 3′,8″-biflavones, as their concentrations markedly increase toward the end 

of the vegetation period. Article 6 further examined the biflavonoid profiles of both yellow 

leaves still attached to the tree and those naturally fallen to the ground, demonstrating that 

naturally shed leaves retain, and in some cases even exceed, the biflavonoid levels observed in 

on-tree yellow leaves. These results indicate that autumn ginkgo foliage, traditionally regarded 

as biological waste, may represent a readily accessible and sustainable source of 

pharmaceutically relevant biflavonoids. At the same time, they underscore the importance of 

evaluating compositional variability and safety aspects when considering senescent leaves as 

raw material for further applications. 

Ginkgo infusions, more widely known as ginkgo tea, are traditionally prepared from green 

ginkgo leaves. Building on this practice, the biological activity of infusions prepared from 

spring and autumn ginkgo leaves was evaluated in Article 5 to assess whether seasonal leaf 

senescence affects phytochemical composition and bioactivity. In addition to spring green 

leaves, infusions obtained from yellow autumn leaves were included for direct comparison. In 

contrast to organic solvent extracts, biflavonoids were not detected in any of the aqueous 

infusions, consistent with their low water solubility and the well-established requirement for 

organic solvents, such as higher concentrations of methanol or ethanol, for efficient extraction 

of 3′,8″-biflavones (Medvedec and Šamec, 2026). Similarly, Su et al. (2022) reported the 

presence of biflavonoids exclusively in ginkgo wine, but not in aqueous infusions, further 

confirming the strong solvent dependence of biflavonoid extractability.  

Despite the absence of biflavonoids, infusions prepared from yellow autumn leaves 

contained a 3.2-fold higher total polyphenol content and approximately threefold higher total 

flavonoid levels compared to spring leaf infusions. As a direct consequence of this enriched 

phenolic profile, autumn leaf infusions exhibited markedly enhanced biological activity, 

including a 4.8-fold higher antioxidant capacity and significantly stronger enzyme inhibition. 

In particular, tyrosinase inhibition exceeded 70%, substantially surpassing the activity observed 

for spring leaf infusions. These findings are consistent with the study by Su et al. (2022b), who 
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likewise reported significantly higher flavonoid contents and antioxidant activity in teas 

prepared from naturally senescent yellow ginkgo leaves. Furthermore, Klomsakul et al. (2022) 

demonstrated concentration-dependent tyrosinase inhibition by ginkgo leaf tea extracts, linking 

their phenolic composition to enzymatic activities relevant to pigmentation and oxidative stress. 

In the context of skin health, earlier studies have shown that flavonoids from ginkgo infusions 

exert antioxidant and photoprotective effects, contributing to protection against UV-induced 

skin damage and preservation of skin barrier function (dal Belo et al., 2011; dal Belo et al., 

2009).  

Collectively, these findings indicate that, despite the absence of biflavonoids, elevated 

levels of monomeric flavonoids and other phenolic constituents are the primary contributors to 

the enhanced bioactivity of autumn leaf infusions. Yellow autumn ginkgo leaves thus emerge 

as an underutilized and potentially sustainable raw material with considerable promise for 

functional, nutraceutical, and therapeutic applications. However, their practical use must be 

carefully evaluated in light of the concomitant increase in certain toxic constituents, such as 

ginkgolic acids, during leaf senescence, which necessitates appropriate processing, 

standardization, and toxicological assessment prior to broader application. 

Finally, according to Kulić et al. (2022), the production of the standardized ginkgo extract 

EGb 761® is based on a patented multi-step process designed to ensure consistent quality. 

During this process, biflavonoids are intentionally removed at an early stage, where they co-

precipitate with chlorophylls and most ginkgolic acids and are discarded as waste. 

Consequently, although biflavonoids naturally occur in ginkgo leaves, they are largely absent 

from EGb 761®, indicating that their biological and pharmacological roles are not represented 

in the activity profile of this standardized extract. Consistent with this, analyses of commercial 

dietary supplements confirm a predominance of monomeric flavonoids, primarily quercetin and 

kaempferol, as shown by CE–MS analysis (Johnson & Lunte, 2016).  
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3. Conclusions 

 

1. This dissertation demonstrates that 3′,8″-dimerization represents a critical structural 

determinant of flavonoid bioactivity. Comparative in vitro analyses clearly show that 

dimerization does not uniformly enhance biological effects but selectively modulates 

them in a target-dependent manner. Certain 3′,8″-biflavones exhibited stronger 

inhibition of specific enzymes and enhanced antifungal activity, whereas in other cases 

monomeric flavonoids were more effective. Importantly, all investigated 3′,8″-

biflavones displayed weak radical-scavenging activity, indicating that their biological 

relevance may not primarily be linked to direct antioxidant mechanisms but rather to 

alternative modes of action. 

2. A reliable HPLC-DAD analytical method was successfully developed and optimized, 

enabling the separation, detection, and accurate quantification of all five major 3′,8″-

biflavones. This methodological advance provided the analytical foundation for detailed 

tissue-specific and seasonal profiling of biflavonoids in ginkgo. 

3. Biflavonoid accumulation in ginkgo is highly tissue-specific, confirming the second 

hypothesis of this dissertation. 3′,8″-biflavones were detected exclusively in tissues 

directly exposed to environmental factors, with the highest concentrations in leaf blades, 

followed by petioles, bark, buds, and sarcotesta. This distribution strongly supports a 

functional role in environmental interaction and stress protection. 

4. The relative proportions of individual 3′,8″-biflavones remained remarkably stable 

across tissues and throughout the growing season, following the conserved order 

amentoflavone<bilobetin<ginkgetin<isoginkgetin<sciadopitysin. This compositional 

stability suggests tightly regulated biosynthetic and methylation pathways underlying 

biflavonoid formation in ginkgo. 

5. Seasonal analysis revealed a pronounced increase in total biflavonoid content from 

spring to late autumn, with maximum concentrations observed in yellow senescent 

leaves. This pattern confirms the third hypothesis and indicates that biflavonoid 

accumulation is developmentally regulated and closely linked to leaf maturation and 

senescence. 

6. Post-harvest processing was shown to have minimal impact on biflavonoid integrity, as 

air-drying, oven-drying, and freeze-drying preserved total polyphenols, total flavonoids, 

and 3′,8″-biflavone contents equally well. These results support the use of simple, cost-
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effective drying strategies, particularly relevant for large-scale and industrial processing 

of ginkgo biomass. 

7. Yellow autumn leaves, including naturally fallen leaves, were identified as 

exceptionally rich sources of 3′,8″-biflavones, often matching or exceeding levels found 

in leaves still attached to the tree. These findings highlight ginkgo leaf litter as a 

sustainable, non-invasive, and economically attractive source of pharmaceutically 

relevant biflavonoids. 

8. Aqueous infusions prepared from ginkgo leaves did not contain biflavonoids, reflecting 

their low water solubility. Nevertheless, infusions from autumn leaves exhibited 

significantly higher polyphenol and flavonoid contents, stronger antioxidant capacity, 

and enhanced enzyme inhibition compared to spring leaf infusions. These effects were 

driven by monomeric flavonoids and other phenolic constituents, underscoring the 

importance of seasonal leaf chemistry for traditional ginkgo preparations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



39 

 

4. References 

 

Adeniran, A. G., Omolaso, B. O., Afuye, M. O., Fagbire, I. D., Richard, S. A., Olabimtan, A., 

Akinrinsola, R. A., Adewole, K. E., Ogunmiluyi, O. E., & Adebimpe, A. F. (2025). 

Kolaviron attenuates Dextran sulphate sodium-induced colitis by enhancing the expression 

of MUC-2. Naunyn-Schmiedeberg’s Archives of Pharmacology. 

https://doi.org/10.1007/s00210-025-04895-1 

Aguilar, M. I., Romero, M. G., Chávez, M. I., King-Díaz, B., & Lotina-Hennsen, B. (2008). 

Biflavonoids Isolated from Selaginella lepidophylla Inhibit Photosynthesis in Spinach 

Chloroplasts. Journal of Agricultural and Food Chemistry, 56(16), 6994–7000. 

https://doi.org/10.1021/jf8010432 

Akaberi, M., Baharara, H., Amiri, M. S., Moghadam, A. T., Sahebkar, A., & Emami, S. A. 

(2023). Ginkgo biloba: An updated review on pharmacological, ethnobotanical, and 

phytochemical studies. Pharmacological Research - Modern Chinese Medicine, 9, 

100331. https://doi.org/10.1016/j.prmcm.2023.100331 

Alfa, H. H., & Arroo, R. R. J. (2019). Over 3 decades of research on dietary flavonoid 

antioxidants and cancer prevention: What have we achieved? Phytochemistry Reviews, 

18(4), 989–1004. https://doi.org/10.1007/s11101-019-09632-0 

Alseekh, S., Perez de Souza, L., Benina, M., & Fernie, A. R. (2020). The style and substance 

of plant flavonoid decoration; towards defining both structure and function. 

Phytochemistry, 174, 112347. https://doi.org/10.1016/j.phytochem.2020.112347 

Altalbawy, F. M. A., Zwamel, A. H., Bishoyi, A. K., Ballal, S., Kalia, R., Joshi, K. K., Ray, S., 

Pramanik, A., Rizaev, J., & Muzammil, K. (2026). Unlocking potentials of a prenylated 

flavonoid: Xanthohumol’s role in combating inflammatory conditions and Rheumatic 

diseases. Cytokine, 198, 157092. https://doi.org/10.1016/j.cyto.2025.157092 

An, Z., Gao, R., Chen, S., Tian, Y., Li, Q., Tian, L., Zhang, W., Kong, L., Zheng, B., Hao, L., 

Xin, T., Yao, H., Wang, Y., Song, W., Hua, X., Liu, C., Song, J., Fan, H., Sun, W., … Xu, 

Z. (2024). Lineage‐Specific CYP80 Expansion and Benzylisoquinoline Alkaloid Diversity 

in Early‐Diverging Eudicots. Advanced Science, 11(19). 

https://doi.org/10.1002/advs.202309990 

Andrade, A. W. L., Machado, K. da C., Machado, K. da C., Figueiredo, D. D. R., David, J. M., 

Islam, M. T., Uddin, S. J., Shilpi, J. A., & Costa, J. P. (2018). In vitro antioxidant properties 

of the biflavonoid agathisflavone. Chemistry Central Journal, 12(1), 75. 

https://doi.org/10.1186/s13065-018-0443-0 



40 

 

Baber, M. A., Crist, C. M., Devolve, N. L., & Patrone, J. D. (2023). Tyrosinase Inhibitors: A 

Perspective. Molecules, 28(15), 5762. https://doi.org/10.3390/molecules28155762 

Bajpai, V. K., Park, I., Lee, J., Shukla, S., Nile, S. H., Chun, H. S., Khan, I., Oh, S. Y., Lee, H., 

Huh, Y. S., Na, M., & Han, Y.-K. (2019). Antioxidant and antimicrobial efficacy of a 

biflavonoid, amentoflavone from Nandina domestica in vitro and in minced chicken meat 

and apple juice food models. Food Chemistry, 271, 239–247. 

https://doi.org/10.1016/j.foodchem.2018.07.159 

Beck, S., & Stengel, J. (2016). Mass spectrometric imaging of flavonoid glycosides and 

biflavonoids in Ginkgo biloba L. Phytochemistry, 130, 201–206. 

https://doi.org/10.1016/j.phytochem.2016.05.005 

Bedir, E., Tatli, I. I., Khan, R. A., Zhao, J., Takamatsu, S., Walker, L. A., Goldman, P., & Khan, 

I. A. (2002). Biologically Active Secondary Metabolites from Ginkgo biloba. Journal of 

Agricultural and Food Chemistry, 50(11), 3150–3155. https://doi.org/10.1021/jf011682s 

Belo, S. E. D., Gaspar, L. R., & Campos, P. M. B. G. M. (2011). Photoprotective Effects of 

Topical Formulations Containing a Combination of Ginkgo biloba and Green Tea 

Extracts. Phytotherapy Research, 25(12), 1854–1860. https://doi.org/10.1002/ptr.3507 

Biernacka, P., Adamska, I., & Felisiak, K. (2023). The Potential of Ginkgo biloba as a Source 

of Biologically Active Compounds—A Review of the Recent Literature and Patents. 

Molecules, 28(10), 3993. https://doi.org/10.3390/molecules28103993 

Bondonno, N. P., Liu, Y. L., Grodstein, F., Rimm, E. B., & Cassidy, A. (2025). Associations 

between flavonoid-rich food and flavonoid intakes and incident unhealthy aging outcomes 

in older United States males and females. The American Journal of Clinical Nutrition, 

121(5), 972–985. https://doi.org/10.1016/j.ajcnut.2025.02.010 

Bu, J., Zhang, Y., Mahan, Y., Shi, S., Wu, X., Zhang, X., Wang, Z., & Zhou, L. (2022). Acacetin 

improves cognitive function of APP/PS1 Alzheimer’s disease model mice via the NLRP3 

inflammasome signaling pathway. Translational Neuroscience, 13(1), 390–397. 

https://doi.org/10.1515/tnsci-2022-0254 

Cai, M., Zhuang, W., Lv, E., Liu, Z., Wang, Y., Zhang, W., & Fu, W. (2022). Kaemperfol 

alleviates pyroptosis and microglia-mediated neuroinflammation in Parkinson’s disease 

via inhibiting p38MAPK/NF-κB signaling pathway. Neurochemistry International, 152, 

105221. https://doi.org/10.1016/j.neuint.2021.105221 

Cai, R., Li, X., Chen, B., Xie, Y., Xie, H., & Chen, D. (2019). Antioxidant Change in 

Biosynthesis from Naringenin Chalcone to Flavonoid Apingenin. ChemistrySelect, 4(17), 

5155–5159. https://doi.org/10.1002/slct.201901356 



41 

 

Céspedes, C. L., Achnine, L., Lotina-Hennsen, B., Salazar, J. R., Gómez-Garibay, F., & 

Calderón, J. S. (2001). Inhibition of Photophosphorylation and Electron Transport by 

Flavonoids and Biflavonoids from Endemic Tephrosia spp. of Mexico. Pesticide 

Biochemistry and Physiology, 69(2), 63–76. https://doi.org/10.1006/pest.2000.2522 

Chen, M., Peng, L., Gong, P., Zheng, X., Sun, T., Zhang, X., & Huo, J. (2022). Baicalein 

Induces Mitochondrial Autophagy to Prevent Parkinson’s Disease in Rats via miR-30b 

and the SIRT1/AMPK/mTOR Pathway. Frontiers in Neurology, 12. 

https://doi.org/10.3389/fneur.2021.646817 

Chen, T., Lin, C., Lu, W., Wang, S., Shen, C., Luo, J., & Li, Y. (2025). Effect of 7-O-glycosyl 

acylation of flavonoids from barley seedlings on α-glucosidase inhibition. Food 

Chemistry, 488, 144891. https://doi.org/10.1016/j.foodchem.2025.144891 

Chen, X., Zhong, W., Shu, C., Yang, H., & Li, E. (2021). Comparative analysis of chemical 

constituents and bioactivities of the extracts from leaves, seed coats and embryoids of 

Ginkgo biloba L. Natural Product Research, 35(23), 5498–5501. 

https://doi.org/10.1080/14786419.2020.1788020 

Dai, X.-H., Zhu, J.-M., Wang, G.-Y., Ren, Y.-H., Liu, H.-L., & Wang, Y. (2025). Gymnosperm-

specific CYP90Js enable biflavonoid biosynthesis and microbial production of 

amentoflavone. Nature Communications, 16(1), 7792. https://doi.org/10.1038/s41467-

025-62990-6 

dal Belo, S. E., Gaspar, L. R., Maia Campos, P. M. B. G., & Marty, J.-P. (2009). Skin 

Penetration of Epigallocatechin-3-Gallate and Quercetin from Green Tea and Ginkgo 

biloba Extracts Vehiculated in Cosmetic Formulations. Skin Pharmacology and 

Physiology, 22(6), 299–304. https://doi.org/10.1159/000241299 

D’Amelia, V., Aversano, R., Chiaiese, P., & Carputo, D. (2018). The antioxidant properties of 

plant flavonoids: their exploitation by molecular plant breeding. Phytochemistry Reviews, 

17(3), 611–625. https://doi.org/10.1007/s11101-018-9568-y 

De Almeida, L. F. R., Sannomiya, M., Rodrigues, C. M., Delachiave, M. E., Dos Santos, L. C., 

Vilegas, W., & De Feo, V. (2007). In vitro allelopathic effects of extracts and 

amenthoflavone from Byrsonima crassa (Malpighiaceae). Journal of Plant Interactions, 

2(2), 121–124. https://doi.org/10.1080/17429140701561483 

de Freitas, C. S., Rocha, M. E. N., Sacramento, C. Q., Marttorelli, A., Ferreira, A. C., Rocha, 

N., de Oliveira, A. C., de Oliveira Gomes, A. M., dos Santos, P. S., da Silva, E. O., da 

Costa, J. P., de Lima Moreira, D., Bozza, P. T., Silva, J. L., Barroso, S. P. C., & Souza, T. 

M. L. (2020). Agathisflavone, a Biflavonoid from Anacardium occidentale L., Inhibits 



42 

 

Influenza Virus Neuraminidase. Current Topics in Medicinal Chemistry, 20(2), 111–120. 

https://doi.org/10.2174/1568026620666191219150738 

Deng, H., He, Y., Cao, H., Chen, L., & Teng, H. (2023). New insight into the effect of hydroxyl 

substituted flavonoids on the cytotoxicity of 2‐amino‐3‐methylimidazo[4,5‐f]quinoline. 

Food Frontiers, 4(1), 289–296. https://doi.org/10.1002/fft2.194 

Dias, M. C., Pinto, D. C. G. A., & Silva, A. M. S. (2021). Plant Flavonoids: Chemical 

Characteristics and Biological Activity. Molecules, 26(17), 5377. 

https://doi.org/10.3390/molecules26175377 

Doan, T. T. A., Nguyen, T. L., Litaudon, M., Phi, T. D., Le, H. T., Doan, T. M. H., & Pham, V. 

C. (2022). Three new D: A Friedo-oleanane triterpenes from the stem bark of Anacolosa 

poilanei and their cytotoxic activities. Phytochemistry Letters, 47, 125–129. 

https://doi.org/10.1016/j.phytol.2021.12.005 

Duman, H., Karav, S., Šalić, A., & Šamec, D. (2025). Dimerized Power: The Antimicrobial and 

Antiviral Promise of Biflavonoids. Biomolecules, 16(1), 24. 

https://doi.org/10.3390/biom16010024 

Dwivedi, S., Malik, C., & Chhokar, V. (2017). Molecular Structure, Biological Functions, and 

Metabolic Regulation of Flavonoids. In Plant Biotechnology: Recent Advancements and 

Developments (pp. 171–188). Springer Singapore. https://doi.org/10.1007/978-981-10-

4732-9_9 

Ella, F. A., Tchamgoue, J., Ambamba, B. D. A., Mountessou, B. Y. G., Essouman, F. M., 

Essola, N. N., Wilhelm, A., Ngondi, J. L., Njayou, F. N., & Kouam, S. F. (2026). Anti-

Alzheimer potential of biflavonoids from Allanblackia floribunda: Multi-target inhibition 

of monoamine oxidase, β-secretase, and glycogen synthase kinase-3β. Fitoterapia, 188, 

106967. https://doi.org/10.1016/j.fitote.2025.106967 

El-Nashar, H. A. S., Mostafa, N. M., Eldahshan, O. A., & Singab, A. N. B. (2022). A new 

antidiabetic and anti-inflammatory biflavonoid from Schinus polygama (Cav.) Cabrera 

leaves. Natural Product Research, 36(5), 1182–1190. 

https://doi.org/10.1080/14786419.2020.1864365 

European pharmacopoeia. (2019). Council of Europe: European Directorate for the Quality of 

Medicines and Healthcare. 

Gao, P.-C., Tan, X.-H., Xia, M.-C., Li, K.-F., Zhao, F.-Z., Ying, H.-G., Zhou, Z., Yuan, Y.-M., 

Nan, T.-G., & Guan, R.-L. (2025). Hinokiflavone alleviates high-fat diet-induced erectile 

dysfunction via the EGFR/PI3K/Akt/eNOS signaling pathway. Sexual Medicine, 13(4). 

https://doi.org/10.1093/sexmed/qfaf059 



43 

 

Ge, W., Ren, C., Xing, L., Guan, L., Zhang, C., Sun, X., Wang, G., Niu, H., & Qun, S. (2021). 

Ginkgo biloba extract improves cognitive function and increases neurogenesis by reducing 

Aβ pathology in 5×FAD mice. American Journal of Translational Research, 13(3), 1471–

1482. 

Ginwala, R., Bhavsar, R., Chigbu, D. G. I., Jain, P., & Khan, Z. K. (2019). Potential Role of 

Flavonoids in Treating Chronic Inflammatory Diseases with a Special Focus on the Anti-

Inflammatory Activity of Apigenin. Antioxidants, 8(2), 35. 

https://doi.org/10.3390/antiox8020035 

Gonçalez, E., Felicio, J. D., & Pinto, M. M. (2001). Biflavonoids inhibit the production of 

aflatoxin by Aspergillus flavus. Brazilian Journal of Medical and Biological Research, 

34(11), 1453–1456. https://doi.org/10.1590/S0100-879X2001001100013 

Gonzales, G. B., Smagghe, G., Grootaert, C., Zotti, M., Raes, K., & Camp, J. Van. (2015). 

Flavonoid interactions during digestion, absorption, distribution and metabolism: a 

sequential structure–activity/property relationship-based approach in the study of 

bioavailability and bioactivity. Drug Metabolism Reviews, 47(2), 175–190. 

https://doi.org/10.3109/03602532.2014.1003649 

Goossens, J.-F., Goossens, L., & Bailly, C. (2021). Hinokiflavone and Related C–O–C-Type 

Biflavonoids as Anti-cancer Compounds: Properties and Mechanism of Action. Natural 

Products and Bioprospecting, 11(4), 365–377. https://doi.org/10.1007/s13659-021-

00298-w 

Guo, J., Wang, Y., Li, J., Zhang, J., Wu, Y., & Wang, G. (2023). Overview and Recent Progress 

on the Biosynthesis and Regulation of Flavonoids in Ginkgo biloba L. International 

Journal of Molecular Sciences, 24(19), 14604. https://doi.org/10.3390/ijms241914604 

Han, S., Yi, Y. W., Kim, H., Lee, M. Y., Choi, H., Seong, Y.-S., Ha, I. J., & Lee, S.-G. (2025). 

Structure-activity relationship analysis of mono-methylated quercetins by comprehensive 

MS/MS analysis and anti-proliferative efficacy in human colorectal cancer cells. 

Biomedicine & Pharmacotherapy, 184, 117930. 

https://doi.org/10.1016/j.biopha.2025.117930 

He, X., Yang, F., & Huang, X. (2021). Proceedings of Chemistry, Pharmacology, 

Pharmacokinetics and Synthesis of Biflavonoids. Molecules, 26(19), 6088. 

https://doi.org/10.3390/molecules26196088 

Herlina, T., Rizaldi Akili, A. W., Nishinarizki, V., Hardianto, A., & Latip, J. B. (2025). Review 

on antibacterial flavonoids from genus Erythrina: Structure-activity relationship and mode 

of action. Heliyon, 11(1), e41395. https://doi.org/10.1016/j.heliyon.2024.e41395 



44 

 

Jha, R., Goyal, K., Mehan, S., & Singh, G. (2025). Dual α-amylase and α-glucosidase inhibitors: 

recent progress from natural and synthetic resources. Bioorganic Chemistry, 163, 108762. 

https://doi.org/10.1016/j.bioorg.2025.108762 

Johnson, R. T., & Lunte, C. E. (2016). A capillary electrophoresis electrospray ionization-mass 

spectrometry method using a borate background electrolyte for the fingerprinting analysis 

of flavonoids in Ginkgo biloba herbal supplements. Analytical Methods, 8(16), 3325–

3332. https://doi.org/10.1039/C6AY00463F 

Kang, S. S., Lee, J. Y., Choi, Y. K., Song, S. S., Kim, J. S., Jeon, S. J., Han, Y. N., Son, K. H., 

& Han, B. H. (2005). Neuroprotective effects of naturally occurring biflavonoids. 

Bioorganic & Medicinal Chemistry Letters, 15(15), 3588–3591. 

https://doi.org/10.1016/j.bmcl.2005.05.078 

Kaur, P., Chaudhary, A., Singh, B., & Gopichand. (2011). Simultaneous quantification of 

flavonoids and biflavonoids in Ginkgo biloba using RP-HPTLC densitometry method. 

Journal of Planar Chromatography – Modern TLC, 24(6), 507–512. 

https://doi.org/10.1556/JPC.24.2011.6.10 

Khanna, R., Pandey, G., & Varshney, V. K. (2025). Molecular Docking‐Based Investigation of 

Antioxidant, Antidiabetic, and Anti‐inflammatory Activities of Bioactive Compounds 

Identified from Cupressus Torulosa Needles. ChemistrySelect, 10(37). 

https://doi.org/10.1002/slct.202501052 

Klomsakul, P., Aiumsubtub, A., & Chalopagorn, P. (2022). Evaluation of Antioxidant 

Activities and Tyrosinase Inhibitory Effects of Ginkgo biloba Tea Extract. The Scientific 

World Journal, 2022, 1–7. https://doi.org/10.1155/2022/4806889 

Krauze-Baranowska, M., & Wiwart, M. (2003). Antifungal Activity of Biflavones from Taxus 

baccata and Ginkgo biloba. Zeitschrift Für Naturforschung C, 58(1–2), 65–69. 

https://doi.org/10.1515/znc-2003-1-212 

Ku, Y.-S., Ng, M.-S., Cheng, S.-S., Lo, A. W.-Y., Xiao, Z., Shin, T.-S., Chung, G., & Lam, H.-

M. (2020). Understanding the Composition, Biosynthesis, Accumulation and Transport of 

Flavonoids in Crops for the Promotion of Crops as Healthy Sources of Flavonoids for 

Human Consumption. Nutrients, 12(6), 1717. https://doi.org/10.3390/nu12061717 

Kulić, Ž., Lehner, M. D., & Dietz, G. P. H. (2022). Ginkgo biloba leaf extract EGb 761® as a 

paragon of the product by process concept. Frontiers in Pharmacology, 13. 

https://doi.org/10.3389/fphar.2022.1007746 



45 

 

Lee, J., Kim, M., Jeong, S. E., Park, H. Y., Jeon, C. O., & Park, W. (2020). Amentoflavone, a 

novel cyanobacterial killing agent from Selaginella tamariscina. Journal of Hazardous 

Materials, 384, 121312. https://doi.org/10.1016/j.jhazmat.2019.121312 

Lee, J., Kim, Y., Park, I., & Lee, J. (2024). Antifungal and antibiofilm activities of flavonoids 

against Candida albicans: Focus on 3,2'-dihydroxyflavone as a potential therapeutic agent. 

Biofilm, 12(8), 100218. https://doi.org/10.1016/j.bioflm.2024.100218 

Lei, J., Jiang, Y., Luo, X., Zheng, Y., Zhu, L., Sun, C., Linghu, L., Qin, C., & Gang, W. (2021). 

Ultrasonic‐Assisted Ionic Liquid Extraction of Four Biflavonoids from Ginkgo biloba L. 

ChemistrySelect, 6(14), 3297–3307. https://doi.org/10.1002/slct.202004605 

Li, B., Neumann, E. K., Ge, J., Gao, W., Yang, H., Li, P., & Sweedler, J. V. (2018). 

Interrogation of spatial metabolome of Ginkgo biloba with high‐resolution matrix‐assisted 

laser desorption/ionization and laser desorption/ionization mass spectrometry imaging. 

Plant, Cell & Environment, 41(11), 2693–2703. https://doi.org/10.1111/pce.13395 

Li, C., Dai, T., Chen, J., Chen, M., Liang, R., Liu, C., Du, L., & McClements, D. J. (2023). 

Modification of flavonoids: methods and influences on biological activities. Critical 

Reviews in Food Science and Nutrition, 63(31), 10637–10658. 

https://doi.org/10.1080/10408398.2022.2083572 

Li, H., Yang, J., Wang, M., Ma, X., & Peng, X. (2023). Studies on the inhibition of α-

glucosidase by biflavonoids and their interaction mechanisms. Food Chemistry, 420, 

136113. https://doi.org/10.1016/j.foodchem.2023.136113 

Li, M., Li, B., Hou, Y., Tian, Y., Chen, L., Liu, S., Zhang, N., & Dong, J. (2019). Anti‐

inflammatory effects of chemical components from Ginkgo biloba L. male flowers on 

lipopolysaccharide‐stimulated RAW264.7 macrophages. Phytotherapy Research, 33(4), 

989–997. https://doi.org/10.1002/ptr.6292 

Li, M., Li, B., Xia, Z.-M., Tian, Y., Zhang, D., Rui, W.-J., Dong, J.-X., & Xiao, F.-J. (2019). 

Anticancer Effects of Five Biflavonoids from Ginkgo Biloba L. Male Flowers In Vitro. 

Molecules, 24(8), 1496. https://doi.org/10.3390/molecules24081496 

Li, X., Ouyang, X., Cai, R., & Chen, D. (2019). 3′,8″-Dimerization Enhances the Antioxidant 

Capacity of Flavonoids: Evidence from Acacetin and Isoginkgetin. Molecules, 24(11), 

2039. https://doi.org/10.3390/molecules24112039 

Li, Y.-Y., Lu, X.-Y., Sun, J.-L., Wang, Q.-Q., Zhang, Y.-D., Zhang, J.-B., & Fan, X.-H. (2019). 

Potential hepatic and renal toxicity induced by the biflavonoids from Ginkgo biloba. 

Chinese Journal of Natural Medicines, 17(9), 672–681. https://doi.org/10.1016/S1875-

5364(19)30081-0 

https://doi.org/10.1016/j.jhazmat.2019.121312


46 

 

Lin, L.-Z., Chen, P., Ozcan, M., & Harnly, J. M. (2008). Chromatographic Profiles and 

Identification of New Phenolic Components of Ginkgo biloba Leaves and Selected 

Products. Journal of Agricultural and Food Chemistry, 56(15), 6671–6679. 

https://doi.org/10.1021/jf800488x 

Liu, K., Chen, K., Zhao, X., Zhang, Y., Cai, Y., Fu, X., Wang, Z., Jiao, J., & Deng, H. (2026). 

Amentoflavone from Ginkgo biloba inhibits EMT-driven lung cancer metastasis by 

targeting TGFBR2: Integrative network pharmacology, machine learning, and 

experimental validation. Journal of Ethnopharmacology, 359, 121061. 

https://doi.org/10.1016/j.jep.2025.121061 

Liu, L., Wang, Y., Zhang, J., & Wang, S. (2021). Advances in the chemical constituents and 

chemical analysis of Ginkgo biloba leaf, extract, and phytopharmaceuticals. Journal of 

Pharmaceutical and Biomedical Analysis, 193, 113704. 

https://doi.org/10.1016/j.jpba.2020.113704 

Lopes, I., Campos, C., Medeiros, R., & Cerqueira, F. (2024). Antimicrobial Activity of Dimeric 

Flavonoids. Compounds, 4(2), 214–229. https://doi.org/10.3390/compounds4020011 

Mangmool, S., Duangrat, R., Rujirayunyong, T., & Anantachoke, N. (2024). Anti-

inflammatory effects of the Thai herbal remedy Yataprasen and biflavonoids isolated from 

Putranjiva roxburghii in RAW264.7 macrophages. Journal of Ethnopharmacology, 327, 

117997. https://doi.org/10.1016/j.jep.2024.117997 

Mao, D., Zhong, L., Zhao, X., & Wang, L. (2023). Function, biosynthesis, and regulation 

mechanisms of flavonoids in Ginkgo biloba. Fruit Research, 3(1), 0–0. 

https://doi.org/10.48130/FruRes-2023-0018 

Medvedec, B., & Šamec, D. (2026). Impact of Ethanol–Water Ratio on the Recovery of Major 

Biflavonoids from Ginkgo Leaves and Sarcotesta. Processes, 14(2), 215. 

https://doi.org/10.3390/pr14020215 

Menezes, J. C. J. M. D. S., & Campos, V. R. (2021). Natural biflavonoids as potential 

therapeutic agents against microbial diseases. Science of The Total Environment, 769, 

145168. https://doi.org/10.1016/j.scitotenv.2021.145168 

Meng, F., Zhang, S., Su, J., Zhu, B., Pan, X., Qiu, X., Cui, X., Wang, C., Niu, L., Li, C., & Lu, 

S. (2024). Characterization of two CYP80 enzymes provides insights into aporphine 

alkaloid skeleton formation in Aristolochia contorta. The Plant Journal, 118(5), 1439–

1454. https://doi.org/10.1111/tpj.16686 

Messi, A. N., Bonnet, S. L., Owona, B. A., Wilhelm, A., Kamto, E. L. D., Ndongo, J. T., Siwe-

Noundou, X., Poka, M., Demana, P. H., Krause, R. W. M., Ngo Mbing, J., Pegnyemb, D. 



47 

 

E., & Bochet, C. G. (2022). In Vitro and In Silico Potential Inhibitory Effects of New 

Biflavonoids from Ochna rhizomatosa on HIV-1 Integrase and Plasmodium falciparum. 

Pharmaceutics, 14(8), 1701. https://doi.org/10.3390/pharmaceutics14081701 

Moss, D. E. (2020). Improving Anti-Neurodegenerative Benefits of Acetylcholinesterase 

Inhibitors in Alzheimer’s Disease: Are Irreversible Inhibitors the Future? International 

Journal of Molecular Sciences, 21(10), 3438. https://doi.org/10.3390/ijms21103438 

Muratori, B. G., da Veiga, I. E. T., Medeiros, G. N., Silva, S. M. S. E., Soliani, A. G., Prado, 

C. M., & Cerutti, S. M. (2025). Standardized extract of Ginkgo biloba induced memory 

consolidation in female mice with hypofunction of vesicular acetylcholine transporter. 

Behavioural Brain Research, 482, 115455. https://doi.org/10.1016/j.bbr.2025.115455 

Nasr Bouzaiene, N., Chaabane, F., Sassi, A., Chekir-Ghedira, L., & Ghedira, K. (2016). Effect 

of apigenin-7-glucoside, genkwanin and naringenin on tyrosinase activity and melanin 

synthesis in B16F10 melanoma cells. Life Sciences, 144, 80–85. 

https://doi.org/10.1016/j.lfs.2015.11.030 

Ndongo, J. T., Issa, M. E., Messi, A. N., Ngo Mbing, J., Cuendet, M., Pegnyemb, D. E., & 

Bochet, C. G. (2015). Cytotoxic flavonoids and other constituents from the stem bark of 

Ochna schweinfurthiana. Natural Product Research, 29(17), 1684–1687. 

https://doi.org/10.1080/14786419.2014.991321 

Negm, W. A., El-Aasr, M., Kamer, A. A., & Elekhnawy, E. (2021). Investigation of the 

Antibacterial Activity and Efflux Pump Inhibitory Effect of Cycas thouarsii R.Br. Extract 

against Klebsiella pneumoniae Clinical Isolates. Pharmaceuticals, 14(8), 756. 

https://doi.org/10.3390/ph14080756 

Noor-E-Tabassum, Das, R., Lami, M. S., Chakraborty, A. J., Mitra, S., Tallei, T. E., Idroes, R., 

Mohamed, A. A.-R., Hossain, Md. J., Dhama, K., Mostafa-Hedeab, G., & Emran, T. Bin. 

(2022). Ginkgo biloba: A Treasure of Functional Phytochemicals with Multimedicinal 

Applications. Evidence-Based Complementary and Alternative Medicine, 2022, 1–30. 

https://doi.org/10.1155/2022/8288818 

Oliveira, P. de A., Fidelis, Q. C., Fernandes, T. F. da C., Souza, M. C. de, Coutinho, D. M., 

Prudêncio, E. R., Castro, R. N., Riger, C. J., Carvalho, M. G. de, & Marinho, B. G. (2019). 

Evaluation In Vivo and In Vitro of the Antioxidant, Antinociceptive, and Anti-

Inflammatory Activities of Biflavonoids From Ouratea hexasperma and O. ferruginea. 

Natural Product Communications, 14(6). https://doi.org/10.1177/1934578X19856802 

Pandey, R., Chandra, P., Arya, K. R., & Kumar, B. (2014). Development and validation of an 

ultra high performance liquid chromatography electrospray ionization tandem mass 



48 

 

spectrometry method for the simultaneous determination of selected flavonoids in Ginkgo 

biloba. Journal of Separation Science, 37(24), 3610–3618. 

https://doi.org/10.1002/jssc.201400853 

Pant, P., Pandey, S., & Dall’Acqua, S. (2021). The Influence of Environmental Conditions on 

Secondary Metabolites in Medicinal Plants: A Literature Review. Chemistry & 

Biodiversity, 18(11). https://doi.org/10.1002/cbdv.202100345 

Park, S.-Y., Nguyen, P.-H., Kim, G., Jang, S.-N., Lee, G.-H., Phuc, N. M., Wu, Z., & Liu, K.-

H. (2020). Strong and Selective Inhibitory Effects of the Biflavonoid Selamariscina A 

against CYP2C8 and CYP2C9 Enzyme Activities in Human Liver Microsomes. 

Pharmaceutics, 12(4), 343. https://doi.org/10.3390/pharmaceutics12040343 

Patil, J. R., Mhatre, K. J., Yadav, K., Yadav, L. S., Srivastava, S., & Nikalje, G. C. (2024). 

Flavonoids in plant-environment interactions and stress responses. Discover Plants, 1(1), 

68. https://doi.org/10.1007/s44372-024-00063-6 

Ramadan, A., Mohammed, A., Elnour, A. A., Sadeq, A., Al Mazrouei, N., Alkaabi, M., Al-

Kubaisi, K. A., Beshir, S. A., Menon, V., AlAmoodi, A., Sam, K. G., Saeed, A. A. A. M., 

Abdalla, S. F., & Hussein, S. M. (2023). The flavonoid luteolin reduces mutant huntingtin 

aggregation and cytotoxicity in huntingtin-mutated neuroblastoma cells. Saudi 

Pharmaceutical Journal, 31(12), 101871. https://doi.org/10.1016/j.jsps.2023.101871 

Rimkiene, L., Kubiliene, A., Zevzikovas, A., Kazlauskiene, D., & Jakstas, V. (2017). Variation 

in Flavonoid Composition and Radical-Scavenging Activity in Ginkgo biloba L. due to 

the Growth Location and Time of Harvest. Journal of Food Quality, 2017, 1–8. 

https://doi.org/10.1155/2017/6840397 

Sabudak, T., Caliskan, H., Orak, H. H., & Ozer, M. (2019). Biological activity of new 

flavonoids and phenolic compounds from Cirsium italicum (Savi) DC. Natural Product 

Research, 35(10), 1613–1619. https://doi.org/10.1080/14786419.2019.1630121 

Sadeghi, M., Miroliaei, M., Ghanadian, M., Szumny, A., & Rahimmalek, M. (2023). Exploring 

the inhibitory properties of biflavonoids on α-glucosidase; computational and 

experimental approaches. International Journal of Biological Macromolecules, 253, 

127380. https://doi.org/10.1016/j.ijbiomac.2023.127380 

Sadeghi, M., Seyedebrahimi, S., Ghanadian, M., & Miroliaei, M. (2024). Identification of 

cholinesterases inhibitors from flavonoids derivatives for possible treatment of 

Alzheimer’s disease: In silico and in vitro approaches. Current Research in Structural 

Biology, 7, 100146. https://doi.org/10.1016/j.crstbi.2024.100146 



49 

 

Safe, S., Jayaraman, A., Chapkin, R. S., Howard, M., Mohankumar, K., & Shrestha, R. (2021). 

Flavonoids: structure–function and mechanisms of action and opportunities for drug 

development. Toxicological Research, 37(2), 147–162. https://doi.org/10.1007/s43188-

020-00080-z 

Šalić, A., Šepić, L., Turkalj, I., Zelić, B., & Šamec, D. (2024). Comparative Analysis of 

Enzyme-, Ultrasound-, Mechanical-, and Chemical-Assisted Extraction of Biflavonoids 

from Ginkgo Leaves. Processes, 12(5), 982. https://doi.org/10.3390/pr12050982 

Šamec, D., Jurčević Šangut, I., Karalija, E., Šarkanj, B., Zelić, B., & Šalić, A. (2024). 3′-8″- 

Biflavones: A Review of Their Structural Diversity, Natural Occurrence, Role in Plants, 

Extraction and Identification. Molecules, 29(19), 4634. 

https://doi.org/10.3390/molecules29194634 

Šamec, D., Jurčević-Šangut, I., & Karalija, E. (2023). Ginkgetin: Advances on Resources, 

Bioactivity, and Pharmacology. In Handbook of Dietary Flavonoids (pp. 1–26). Springer 

International Publishing. https://doi.org/10.1007/978-3-030-94753-8_64-1 

Šamec, D., Karalija, E., Dahija, S., & Hassan, S. T. S. (2022). Biflavonoids: Important 

Contributions to the Health Benefits of Ginkgo (Ginkgo biloba L.). Plants, 11(10), 1381. 

https://doi.org/10.3390/plants11101381 

Šamec, D., Karalija, E., Šola, I., Vujčić Bok, V., & Salopek-Sondi, B. (2021). The Role of 

Polyphenols in Abiotic Stress Response: The Influence of Molecular Structure. Plants, 

10(1), 118. https://doi.org/10.3390/plants10010118 

Šamec, D., Pierz, V., Srividya, N., Wüst, M., & Lange, B. M. (2019). Assessing Chemical 

Diversity in Psilotum nudum (L.) Beauv., a Pantropical Whisk Fern That Has Lost Many 

of Its Fern-Like Characters. Frontiers in Plant Science, 10. 

https://doi.org/10.3389/fpls.2019.00868 

Shen, N., Liu, Y., Cui, Y., & Xin, H. (2022). Large-scale targetedly isolation of biflavonoids 

with high purity from industrial waste Ginkgo biloba exocarp using two-dimensional 

chromatography coupled with macroporous adsorption resin enrichment. Industrial Crops 

and Products, 175, 114264. https://doi.org/10.1016/j.indcrop.2021.114264 

Shi, D., Chen, M., Liu, L., Wang, Q., Liu, S., Wang, L., & Wang, R. (2020). Anti-influenza A 

virus mechanism of three representative compounds from Flos Trollii via TLRs signaling 

pathways. Journal of Ethnopharmacology, 253, 112634. 

https://doi.org/10.1016/j.jep.2020.112634 

Shomali, A., Das, S., Arif, N., Sarraf, M., Zahra, N., Yadav, V., Aliniaeifard, S., Chauhan, D. 

K., & Hasanuzzaman, M. (2022). Diverse Physiological Roles of Flavonoids in Plant 



50 

 

Environmental Stress Responses and Tolerance. Plants, 11(22), 3158. 

https://doi.org/10.3390/plants11223158 

Singh, S. K., Srivastav, S., Castellani, R. J., Plascencia-Villa, G., & Perry, G. (2019). 

Neuroprotective and Antioxidant Effect of Ginkgo biloba Extract Against AD and Other 

Neurological Disorders. Neurotherapeutics, 16(3), 666–674. 

https://doi.org/10.1007/s13311-019-00767-8 

Stachelska, M. A., Karpiński, P., & Kruszewski, B. (2025). A Comprehensive Review of 

Biological Properties of Flavonoids and Their Role in the Prevention of Metabolic, Cancer 

and Neurodegenerative Diseases. Applied Sciences, 15(19), 10840. 

https://doi.org/10.3390/app151910840 

Stanković, M. (2016). Biology and Ecology of Ginkgo biloba L. (Ginkgoaceae). Nova Science 

Publishers. 

Su, X., Shi, R., Hu, H., Hu, L., Wei, Q., Guan, Y., Chang, J., & Li, C. (2022a). Medicinal 

Values and Potential Risks Evaluation of Ginkgo biloba Leaf Extract (GBE) Drinks Made 

from the Leaves in Autumn as Dietary Supplements. Molecules, 27(21), 7479. 

https://doi.org/10.3390/molecules27217479 

Sugasawa, S. (1964). History of Japanese natural product research. Pure and Applied 

Chemistry, 9(1), 1–20. https://doi.org/10.1351/pac196409010001 

Sum, T. J., Sum, T. H., Galloway, W. R. J. D., Twigg, D. G., Ciardiello, J. J., & Spring, D. R. 

(2018). Synthesis of structurally diverse biflavonoids. Tetrahedron, 74(38), 5089–5101. 

https://doi.org/10.1016/j.tet.2018.05.003 

Sun, Y.-J., Han, R.-J., Bai, H.-Y., Wang, H., Li, M., Si, Y.-Y., Wang, J.-M., Gong, J.-H., Chen, 

H., & Feng, W.-S. (2022). Structurally diverse biflavonoids from Dysosma versipellis and 

their bioactivity. RSC Advances, 12(54), 34962–34970. 

https://doi.org/10.1039/D2RA06961J 

Swargiary, A., Roy, M. K., & Mahmud, S. (2023). Phenolic compounds as α-glucosidase 

inhibitors: a docking and molecular dynamics simulation study. Journal of Biomolecular 

Structure and Dynamics, 41(9), 3862–3871. 

https://doi.org/10.1080/07391102.2022.2058092 

Tang, S., Wang, B., Liu, X., Xi, W., Yue, Y., Tan, X., Bai, J., & Huang, L. (2025). Structural 

insights and biological activities of flavonoids: Implications for novel applications. Food 

Frontiers, 6(1), 218–247. https://doi.org/10.1002/fft2.494 



51 

 

Tang, S.-M., Deng, X.-T., Zhou, J., Li, Q.-P., Ge, X.-X., & Miao, L. (2020). Pharmacological 

basis and new insights of quercetin action in respect to its anti-cancer effects. Biomedicine 

& Pharmacotherapy, 121, 109604. https://doi.org/10.1016/j.biopha.2019.109604 

Tsanova-Savova, S., Denev, P., & Ribarova, F. (2018). Flavonoids in Foods and Their Role in 

Healthy Nutrition. In Diet, Microbiome and Health (pp. 165–198). Elsevier. 

https://doi.org/10.1016/B978-0-12-811440-7.00007-7 

Vien, L. T., Hanh, T. T. H., Quang, T. H., Thao, D. T., Cuong, N. T., Cuong, N. X., Nam, N. 

H., & Van Minh, C. (2023). Acylated flavonoid glycosides from Barringtonia pendula 

and their inhibition on lipopolysaccharide-induced nitric oxide production in RAW264.7 

cells. Fitoterapia, 171, 105699. https://doi.org/10.1016/j.fitote.2023.105699 

Wang, L.-T., Fan, X.-H., Jian, Y., Dong, M.-Z., Yang, Q., Meng, D., & Fu, Y.-J. (2019). A 

sensitive and selective multiple reaction monitoring mass spectrometry method for 

simultaneous quantification of flavonol glycoside, terpene lactones, and biflavonoids in 

Ginkgo biloba leaves. Journal of Pharmaceutical and Biomedical Analysis, 170, 335–340. 

https://doi.org/10.1016/j.jpba.2019.03.058 

Wang, L.-T., Yang, Q., Cui, Q., Fan, X.-H., Dong, M.-Z., Gao, M.-Z., Lv, M.-J., An, J.-Y., 

Meng, D., Zhao, X.-H., & Fu, Y.-J. (2020). Recyclable menthol-based deep eutectic 

solvent micellar system for extracting phytochemicals from Ginkgo biloba leaves. Journal 

of Cleaner Production, 244, 118648. https://doi.org/10.1016/j.jclepro.2019.118648 

Wen, L., Zhou, T., Jiang, Y., Chang, S. K., & Yang, B. (2022). Prenylated flavonoids in foods 

and their applications on cancer prevention. Critical Reviews in Food Science and 

Nutrition, 62(18), 5067–5080. https://doi.org/10.1080/10408398.2021.1881437 

Windsor, P. K., Plassmeyer, S. P., Mattock, D. S., Bradfield, J. C., Choi, E. Y., Miller, B. R., 

& Han, B. H. (2021). Biflavonoid-Induced Disruption of Hydrogen Bonds Leads to 

Amyloid-β Disaggregation. International Journal of Molecular Sciences, 22(6), 2888. 

https://doi.org/10.3390/ijms22062888 

Włoch, A., Strugała-Danak, P., Pruchnik, H., Krawczyk-Łebek, A., Szczecka, K., Janeczko, T., 

& Kostrzewa-Susłow, E. (2021). Interaction of 4′-methylflavonoids with biological 

membranes, liposomes, and human albumin. Scientific Reports, 11(1), 16003. 

https://doi.org/10.1038/s41598-021-95430-8 

Wollenweber, E., Kraut, L., & Mues, R. (1998). External Accumulation of Biflavonoids on 

Gymnosperm Leaves. Zeitschrift Für Naturforschung C, 53(11–12), 946–950. 

https://doi.org/10.1515/znc-1998-11-1202 



52 

 

Wu, D.-D., Qu, C., Liu, X.-G., Li, P., Gao, W., & Yang, H. (2021). A Simple High-Performance 

Liquid Chromatography Method for the Assay of Flavonoids in Ginkgo biloba Leaves. 

World Journal of Traditional Chinese Medicine, 7(1), 47–53. 

https://doi.org/10.4103/wjtcm.wjtcm_9_21 

Xiao, S., Mu, Z.-Q., Cheng, C.-R., & Ding, J. (2019). Three new biflavonoids from the branches 

and leaves of Cephalotaxus oliveri and their antioxidant activity. Natural Product 

Research, 33(3), 321–327. https://doi.org/10.1080/14786419.2018.1448817 

Xiong, Y., Zhu, G.-H., Wang, H.-N., Hu, Q., Chen, L.-L., Guan, X.-Q., Li, H.-L., Chen, H.-Z., 

Tang, H., & Ge, G.-B. (2021). Discovery of naturally occurring inhibitors against SARS-

CoV-2 3CLpro from Ginkgo biloba leaves via large-scale screening. Fitoterapia, 152, 

104909. https://doi.org/10.1016/j.fitote.2021.104909 

Xu, Y., Wang, G., Cao, F., Zhu, C., Wang, G., & El-Kassaby, Y. A. (2014). Light intensity 

affects the growth and flavonol biosynthesis of Ginkgo (Ginkgo biloba L.). New Forests, 

45(6), 765–776. https://doi.org/10.1007/s11056-014-9435-7 

Yang, M. (2018). Efficient Extraction of Bioactive Flavonoids from Ginkgo biloba Leaves 

Using Deep Eutectic Solvent/Water Mixture as Green Media. Chemical and Biochemical 

Engineering Quarterly, 32(3), 315–324. https://doi.org/10.15255/CABEQ.2017.1146 

Yao, X., Shang, E., Zhou, G., Tang, Y., Guo, S., Su, S., Jin, C., Qian, D., Qin, Y., & Duan, J.-

A. (2012). Comparative Characterization of Total Flavonol Glycosides and Terpene 

Lactones at Different Ages, from Different Cultivation Sources and Genders of Ginkgo 

biloba Leaves. International Journal of Molecular Sciences, 13(8), 10305–10315. 

https://doi.org/10.3390/ijms130810305 

Yuan, G., Guan, Y., Yi, H., Lai, S., Sun, Y., & Cao, S. (2021). Antibacterial activity and 

mechanism of plant flavonoids to gram-positive bacteria predicted from their 

lipophilicities. Scientific Reports, 11(1), 10471. https://doi.org/10.1038/s41598-021-

90035-7 

Zar Wynn Myint, K., Kido, T., Kusakari, K., Prasad Devkota, H., Kawahara, T., & Watanabe, 

T. (2021). Rhusflavanone and mesuaferrone B: tyrosinase and elastase inhibitory 

biflavonoids extracted from the stamens of Mesua ferrea L. Natural Product Research, 

35(6), 1024–1028. https://doi.org/10.1080/14786419.2019.1613395 

Zhang, R., Dan, L., Su, L., & Wei, X. (2025). Integrated multi-omics analysis reveals tissue-

specific flavonoid profiles and bioactivities in Ormosia henryi Prain for industrial 

applications. Industrial Crops and Products, 237, 122224. 

https://doi.org/10.1016/j.indcrop.2025.122224 



53 

 

Zhao, B., Wang, L., Pang, S., Jia, Z., Wang, L., Li, W., & Jin, B. (2020). UV-B promotes 

flavonoid synthesis in Ginkgo biloba leaves. Industrial Crops and Products, 151, 112483. 

https://doi.org/10.1016/j.indcrop.2020.112483 

Zhao, T., He, F., Zhao, K., Yuxia, L., Li, H., Liu, X., Cen, J., & Duan, S. (2023). A Triple-

Targeted Rutin-Based Self-Assembled Delivery Vector for Treating Ischemic Stroke by 

Vascular Normalization and Anti-Inflammation via ACE2/Ang1-7 Signaling. ACS Central 

Science, 9(6), 1180–1199. https://doi.org/10.1021/acscentsci.3c00377 

Zheng, H., Yang, X., Zhang, Q., Toy, J. Y. H., & Huang, D. (2025). Food Grade Synthesis of 

Hetero-Coupled Biflavones and 3D-Quantitative Structure–Activity Relationship (QSAR) 

Modeling of Antioxidant Activity. Antioxidants, 14(6), 742. 

https://doi.org/10.3390/antiox14060742 

Zhou, G., Yao, X., Tang, Y., Yang, N., Pang, H., Mo, X., Zhu, S., Su, S., Qian, D., Jin, C., Qin, 

Y., & Duan, J. (2012). Two new nonacosanetriols from Ginkgo biloba sarcotesta. 

Chemistry and Physics of Lipids, 165(7), 731–736. 

https://doi.org/10.1016/j.chemphyslip.2012.08.003 

Zhou, Y., Zeng, H.-L., Wen, X.-Y., Jiang, L., Fu, C.-H., Hu, Y.-B., Lei, X.-X., Zhang, L., Yu, 

X., Yang, S.-Y., Huang, L.-H., Xiang, H., Huang, J.-H., Chen, J., Lei, L., & Zeng, Q.-H. 

(2022). Selaginellin Inhibits Melanogenesis via the MAPK Signaling Pathway. Journal of 

Natural Products, 85(4), 838–845. https://doi.org/10.1021/acs.jnatprod.1c00971 

Zhuang, W.-B., Li, Y.-H., Shu, X.-C., Pu, Y.-T., Wang, X.-J., Wang, T., & Wang, Z. (2023). 

The Classification, Molecular Structure and Biological Biosynthesis of Flavonoids, and 

Their Roles in Biotic and Abiotic Stresses. Molecules, 28(8), 3599. 

https://doi.org/10.3390/molecules28083599 

Zou, K., Liu, X., Zhang, D., Yang, Q., Fu, S., Meng, D., Chang, W., Li, R., Yin, H., & Liang, 

Y. (2019). Flavonoid Biosynthesis Is Likely More Susceptible to Elevation and Tree Age 

Than Other Branch Pathways Involved in Phenylpropanoid Biosynthesis in Ginkgo 

Leaves. Frontiers in Plant Science, 10. https://doi.org/10.3389/fpls.2019.00983 

Zou, P., Otero, P., Mejuto, J. C., Simal-Gandara, J., Xiao, J., Cameselle, C., Chen, S., Lin, S., 

& Cao, H. (2025). Exploring the mechanism of flavonoids modification by dimerization 

strategies and their potential to enhance biological activity. Food Chemistry, 467, 142266. 

https://doi.org/10.1016/j.foodchem.2024.142266 

  

 

 



54 

 

5. Appended publications  

5.1. Main articles  

5.1.1. A Comparative Analysis of Radical Scavenging, Antifungal and Enzyme Inhibition 

Activity of 3'-8''-Biflavones and Their Monomeric Subunits 
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5.1.2. Tissue-Specific Profiling of Biflavonoids in Ginkgo (Ginkgo biloba L.) 
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5.1.3. Seasonal Variation of Polyphenols and Pigments in Ginkgo (Ginkgo biloba L.) 

Leaves: Focus on 3’,8’’-Biflavones 
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5.2. Additional articles 

5.2.1. Influence of Air Drying, Freeze Drying and Oven Drying on the Biflavone Content 

in Yellow Ginkgo (Ginkgo biloba L.) Leaves  
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5.2.2. Neuroprotective, Anti-Hyperpigmentation, and Anti-Diabetic Effects and 

Bioaccessibility of Flavonoids in Ginkgo Leaf Infusions from Green and Yellow Leaves  
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5.2.3. From Waste to Resource: Valorization of Yellow Ginkgo Leaves as a Source of 

Pharmacologically Relevant Biflavonoids 
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leaf yellowing in ginkgo leaves // CMAPSEEC-2024- proceedings book abstracts & full papers 

/ Şekeroğlu, Nazım; Erdoğan Orhan, İlkay; Süntar, İpek et al. (ur.). Izmir: Association of 

Medicinal and Aromatic Plants of Southeast European Countries (AMAPSEEC), 2024. str. 45-

45 (poster presentation) 

8. Jurčević Šangut, Iva; Šamec, Dunja. Influence of flavonoid 3’,8’’ dimerization on 

antioxidant, neuroprotective, anti-hyperpigmentation and anti-diabetic activities: comparative 

in vitro analysis of acacetin and isoginkgetin // International Congress on Natural Products 

Research Abstracts Book / International Congress on Natural Products Research (ur.). Kraków: 

-, 2024. str. 326-326 (poster presentation) 

9. Jurčević Šangut, Iva; Šarkanj, Bojan; Šamec, Dunja. Unlocking the bioactive potential of 

dimeric flavonoids: Comparison of 3'-8''-dimers versus monomeric subunits // Genetics & 

applications, SI:2-EuSPMF, 2024. str. 91-91 (oral presentation) 
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10. Jurčević Šangut, Iva; Šamec, Dunja. Assessment of polyphenol variability, flavonoids, 

phenolic acids, pigments, and antioxidant activity across two growth stages of ginkgo leaves // 

PSE Trends in Natural Products 2024Young Scientists' Meeting, 21st-24th May 2024, Brno, 

Czech Republic, Bioactive Natural Products in Biology, Pharmacy and Cosmetics / Brožova, 

Hana; Helcman, Martin; Hlavata, Daniela et al. (ur.). Brno: Masaryk University Brno, 2024. 

str. 103-103 (poster presentation) 

11. Jurčević Šangut, I., Cvitković, A., Valjetić, M., Sudarić Bogojević, M. (2024). Upoznatost 

stanovništva Brodsko-posavske  županije s invazivnim vrstama komaraca // Zbornik radova 35. 

Znanstveno-stručno-edukativnog seminara s međunarodnim sudjelovanjem DDD i ZUPP 2024 

/ Korunić, Javorka (ur.). Zagreb: KORUNIĆ d.o.o., str. 51-57 (oral presentation) 

12. Jurčević Šangut, Iva; Šamec, Dunja. Comparative analysis of polyphenolic compounds 

and biological activity of ginkgo infusions from spring and autumn leaves // 8th Faculty of 

Science PhD Student Symposium: Book of Abstracts / Posarić, Laura; Gmižić, Daria; Ostojić, 

Tea et al. (ur.). Zagreb: Faculty of Science, University of Zagreb, Zagreb, Croatia, 2024. str. 

73-73 (poster presentation) 

13. Jurčević Šangut, Iva; Oreški, Rebeka; Šamec, Dunja. Comparison of the Biflavonoid 

Profile of Ginkgo (Ginkgo biloba L.) Leaves Extracts Prepared with Different Solvents // XV 

Meeting of Young Chemical Engineers: Book of Abstracts / XV. susret mladih kemijskih 

inženjera: knjiga sažetaka / Ujević Andrijić, Željka; Vidak, Andrej (ur.). Zagreb: Hrvatsko 

društvo kemijskih inženjera i tehnologa (HDKI), 2024. str. 108-108 (poster presentation) 

14. Jurčević, Iva; Kovač Tomas, Marija; Šamec, Dunja. Biflavonoid profiling in different 

tissues of ginkgo (Ginkgo biloba L.) // 7th Faculty of Science PhD Student Symposium Book 

of abstracts. Zagreb: Prirodoslovno-matematički fakultet Sveučilišta u Zagrebu, 2023. str. 91-

91 (poster presentation) 

15. Jurčević, I., Valjetić, M., Zahirović, Ž., Cvitković, A., Sudarić Bogojević, M. (2023). 

Granični prijelazi kao potencijalna mjesta introdukcije i širenja invazivnih vrsta komaraca // 

Zbornik radova 34. Znanstveno-stručno-edukativnog seminara s međunarodnim sudjelovanjem 

DDD i ZUPP 2023 / Korunić, Javorka (ur.). Zagreb: Korunić d.o.o., str. 67-75 (oral 

presentation) 

16. Jurčević Šangut, Iva; Oreški, Rebeka; Đelekovčan, Josipa; Gospočić, Sara; Šamec, Dunja. 

Evaluation of ginkgo (Ginkgo biloba L.) green waste (yellow leaves and seeds) as a source of 

bioactive compounds // Book of abstracts of 2nd international conference "Food and Climate 

Change" / Babić, Ivana; Šamec, Dunja; Sviličić Petrić, Ines (ur.). Koprivnica: Sveučilište 

Sjever, 2023. str. 87-87 (poster presentation) 

17. Pavličević, Lana; Jurčević Šangut, Iva; Šamec, Dunja. The influence of freeze-drying, air-

drying and oven-drying on the biflavones content of yellow ginkgo (Ginkgo biloba L.) leaves 

// Book of abstracts of 2nd international conference "Food and Climate Change" / Babić, Ivana; 

Šamec, Dunja; Sviličić Petrić, Ines (ur.). Koprivnica: Sveučilište Sjever, 2023. str. 88-88 (poster 

presentation) 

18. Jurčević, Iva; Šarkanj, Bojan; Šamec, Dunja. The influence of 3',8" dimerization on the 

antioxidant and antifungal activity of flavonoids: the example of apigenin and amentoflavone 

// Book of abstracts; 10th International Congress of Food Technologists, Biotechnologists and 

Nutritionists. Zagreb: Hrvatsko društvo prehrambenih tehnologa, biotehnologa i nutricionista, 

2022. str. 100-100 (poster presentation) 
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19. Sudarić Bogojević, Mirta; Jurčević, Iva; Cvitković, Ante; Valjetić, Marijana. Residential 

Backyards – Places for the Spread of Invasive Mosquito Species // Proceedings of the 10th 

International Conference on Urban Pests. Barcelona, 2022. str. 414-414 (poster presentation) 

20. Sudarić Bogojević, Mirta; Cvitković, Ante; Valjetić, Marijana; Jurčević, Iva. A Five-Year 

Study on the Presence and Spread of Invasive Mosquito Species in Brod-Posavina County, 

Croatia // 4. hrvatski simpozij o invazivnim vrstama s međunarodnim sudjelovanjem. Zagreb: 

Hrvatsko ekološko društvo, 2021. str. 77-77 (poster presentation) 

21. Sudarić Bogojević, Mirta; Jurčević, Iva; Cvitković, Ante; Valjetić, Marijana. Diversity and 

seasonal dynamics of invasive mosquito species in Brod-Posavina County, Croatia // Journal 

of the European Mosquito Control Association 39 Supplement 1. Beč: Wageningen Academic 

Publishers, 2021. str. 48-48 (poster presentation) 

Projects:  

1. Research assistant and on the Croatian Science Foundation project GinkoBiFlav (UIP-2019-

04-1018) (29 June 2022 – 14 June 2026) (PI: Assist. Prof. Dunja Šamec, PhD) 

2. Collaborator on the projects: Biotransformations and Biological Activity of Methylated 

Flavones and Their Dimers (UNIN-BIOTEH-23-1-1) (30 March 2023 – 31 March 2024, PI: 

Assist. Prof. Dunja Šamec, PhD), Biotransformations and Biological Activity of Methylated 

Flavones and Their Dimers – Second Research Phase (UNIN-BIOTEH-24-1-1) (25 March 2024 

– 31 March 2025, PI: Assist. Prof. Dunja Šamec, PhD), GreenBioTECHNO: Green 

Biotechnology in Food Production and Processing (UNIN-BIOTEH-25-1-1) (1 April 2025 – 

31 March 2026, PI: Assist. Prof. Dunja Šamec, PhD), Strategies for Mitigating Mycotoxin 

Contamination in Food and Feed (UNIN-BIOTEH-25-1-4) (18 April 2024 – 31 March 2026, 

PI: Marija Kovač Tomas, PhD), Novel Biotechnological Solutions in Climate Change 

Mitigation – BIOSHIELD (2024-1-EL01-KA220-HED-000251373) (1 October 2024 – 14 June 

2026, Institutional PI: Assist. Prof. Dunja Šamec, PhD). 

Workshops:  

1. April 2024. DDD and ZUPP ’24 Community involvement - The importance of accurate 

identification of vectors and pests for timely and appropriate action in public health situations 

2. April 2023. DDD and ZUPP ’23 Public health responsibility then and now - The public health 

responsibility of timely preparation for the invasion of the yellow fever mosquito, Aedes 

aegypti, into the territory of Croatia 

3. November 2023. BIOCentar – Fundamentals of Liquid Chromatography (UHPLC) 

4. December 2022. Ruđer Bošković Institute – Introduction to Molecular Modeling 

 

 

 

 

 

 


