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Abstract: Parkinson's disease (PD) is a rapidly growing neurological disorder affecting millions 

globally, characterized by the degeneration of striatal dopaminergic neurons and reduced dopamine 

levels. With an estimated 12.9 million projected cases by 2040, current treatments, such as dopamine 

replacement, remain palliative and face significant challenges, particularly the blood-brain barrier 

(BBB), which limits effective drug delivery to the brain. Common databases such as PubMed, Medline, 

Scopus, and ScienceDirect were searched for relevant data on Ginkgo biloba, nanoparticles, lipids, and 

Parkinson's disease. Recent advancements in nanomedicine, especially lipid nanoparticles (LNPs), offer 

promising solutions to this problem. This review examines the potential of Ginkgo biloba extract (EGb) 

as both a therapeutic and a reducing agent in the development of innovative LNP-based delivery systems 

for PD treatment. EGb is renowned for its neuroprotective and antioxidant properties and can enhance 

BBB permeability while inhibiting monoamine oxidase, thus preventing dopamine breakdown. Studies 

indicate that EGb-loaded LNPs can improve drug delivery to the brain by leveraging ginkgolides and 

kaempferol, which activate adenosine receptors in the BBB, thereby enhancing their permeability. 

Furthermore, EGb has been shown to improve locomotor activity and muscle coordination and restore 

key brain enzymes. This dual-functional approach, combining the traditional medicinal benefits of EGb 

with modern nanomedicine, offers a novel and promising therapeutic strategy for PD and warrants 

further research. 

Keywords: Parkinson's disease; lipid nanoparticles; Ginkgo biloba; blood-brain barrier; nanomedicine; 

biological synthesis.  
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1. Introduction  

Parkinson's disease (PD) is one of the fastest-growing neurological disorders 

worldwide, with an estimated 12.9 million people expected to be affected by 2040, doubling 

the number reported in 2015 [1]. This debilitating motor dysfunction manifests as slowed gait, 

rigidity, and tremors, and often affects patients’ mental health, leading to anxiety and 

depression. Treatment remains palliative, and diagnosis typically occurs after symptom onset, 

with the root cause rarely addressed. Diagnostic measures include physical examination 

focused on prodromal features such as rapid eye movement (REM) sleep behaviour disorder, 

constipation, hyposmia, cognitive or psychological difficulties, and characteristic movement 

impairments [2]. 
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It is well established that degeneration of striatal dopaminergic (DAergic) neurons plays 

a pivotal role in PD pathogenesis. Therapeutic interventions, therefore, aim to increase 

dopamine levels or stimulate dopamine receptors, exemplified by drugs such as levodopa (L-

Dopa), a naturally occurring dopamine precursor. Although effective, levodopa faces 

challenges including unpredictable absorption rates and excessive metabolism [3]. A 

significant obstacle to optimal therapy is the blood-brain barrier (BBB), which separates the 

central nervous system (CNS) from the bloodstream. The BBB consists of pericytes and neural 

endothelial cells regulated by tight junctions [4], controlling drug entry and limiting the 

transport and permeability of pharmacologically active agents [5]. 

Given the formidable nature of the BBB, recent research has focused on nanomaterials 

capable of traversing this barrier effectively. Nanoparticles (NPs) have emerged as a forefront 

technology due to their favorable size, structural versatility, and capacity to carry and protect 

therapeutic cargo,uch as drugs or genes, thereby enhancing solubility and bioavailability [6–

8]. Lipid nanoparticles (LNPs), in particular, are promising delivery vehicles. The inclusion os 

sphingomyelin in their composition supports enhanced brain permeability via passive, specific, 

and non-specific diffusion [9]. Novel synthesis methods and various molecular conjugations 

can improve their targeting and therapeutic efficacy. 

One innovative synthesis approach utilizes extracts of Ginkgo biloba, a tree native to 

China, renowned for its neuroprotective and antioxidant properties. Ginkgo biloba acts as a 

monoamine oxidase (MAO) inhibitor, preventing the enzymatic breakdown of dopamine. Early 

studies demonstrated that G. biloba extract (EGb) increased locomotor activity, muscular 

coordination, and restored glutathione and glutathione-dependent enzymes such as catalase and 

superoxide dismutase in the striatum. Additionally, an increased density of dopaminergic D2 

receptors, alongside elevated density of tyrosine hydroxylase-immunoreactive (TH-IR) 

fibres,as observed [10]. 

The unique dual role of Ginkgo biloba as both a neuroprotective agent and a green 

reducing agent for nanoparticle synthesis positions it as an ideal candidate for developing 

synergistic delivery systems. Such dual-function vehicles, combining EGb with molecular 

conjugates and ligands, can produce formulations that simultaneously target multiple aspects 

of PD pathology. This review focuses on the formulation of EGb-based lipid nanoparticles and 

their potential applications in advancing the treatment and management of PD. 

2. Parkinson's Disease: A Brief Overview  

2.1. Epidemiology and etiology of Parkinson’s disease. 

PD is recognised as a global concern and one of the fastest-growing neurological 

diseases. The expected number of patients with PD is set to rise to an estimated 12.9 million 

people by 2040 [1]. Despite extensive studies, the etiology of PD is still under research and not 

completely elucidated. PD onset has been linked to both genetic and environmental 

contributors, as evidenced by single gene mutations in the familial form [11]. In addition to 

medication, therapeutic strategies have faced many challenges, of which the BBB is the greatest 

hindrance. Further strategies that have been implemented include cell therapy, neurotrophic 

agents, and electrical stimulation [12]. 
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2.2. Pathophysiology and molecular mechanisms. 

PD is associated with the progressive loss of dopaminergic neurons in the substantia 

nigra (SN) and their projections to the striatum. Consequently, the nigrostriatal pathway is 

disrupted, leading to reduced functionality and thus symptoms such as bradykinesia, tremors, 

impaired balance, rigidity, and mental health-related issues, including depression [13], as 

illustrated in Figure 1. Furthermore, Lewy bodies were found in all affected brain regions in 

patients presenting with PD. These intraneuronal proteinaceous cytoplasmic inclusions, 

including ubiquitin, α-synuclein, and neurofilaments, are among the pathological features of 

PD. Beyond this, oxidative stress, protein dysfunction, apoptosis, autophagy, inflammation, 

and mitochondrial dysfunction are the pathogenic mechanisms associated with PD onset [6,13]. 

Mutational events have also been noted to cause PD through protein dysregulation in the DJ-

1, PINK1, FBXO7, PARKIN, and LRRK2 genes, with 5% of cases familial and 95% 

sporadic[14].  

 
Figure 1. An illustration of the symptoms associated with Parkinson's disease.  

2.3. Current therapeutics: pharmacological approaches. 

The treatment against PD remains at a symptomatic level, with the gold standard 

treatment being in the form of dopamine replacement employing the use of levodopa. 

Following further research and alternative approaches, non-ergot dopamine agonists (DAs), 

catechol-O-methyl transferase (COMT) inhibitors, and monoamine oxidase-B (MAO-B) 

inhibitors have been used [15]. Combined with dopamine replacement options, complementary 

and alternative (CAM) and integrative medicinal approaches are performed [16]. The treatment 

of PD follows a five-step strategy commencing with rehabilitation, followed by therapy, 

restorative maintenance, and surgery [17].  

Rehabilitative options are based on the effects of dopamine loss on the voice and 

movement, such as reduced volume and tone while speaking and limitations in movement. The 
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rehabilitation strategy employed is known as LSVT (Lee Silverman Voice Treatment)-LOUD 

and LSVT-BIG [18]. The former programme focuses on vocal exercise, thereby increasing 

vocal volume, while the latter is based onntensive exercise of large-amplitude movements to 

compensate for hypokinesia and bradykinesia [19].  

The second strategy in the treatment of PD is the use of drugs to assist a patient with 

dopamine loss. Dopamine or 3,4-dihydroxyphenethylamine is a member of the phenethylamine 

and catecholamine molecular family [20]. This derivative of tyrosine (Tyr) is formed via the 

conversion of Tyr to levodopa (L-DOPA) to produce dopamine [21]. Dopamine agonists and 

replacement therapies, such as levodopa, were created to compensate for the loss of dopamine 

in PD. Simultaneous treatment with levodopa and carbidopa (an aromatic L-amino acid 

decarboxylase inhibitor) was shown to facilitate transport of levodopa into the CNS by 

preventing its conversion to dopamine ineripheral tissues [22]. Various other treatments have 

also been used (Table 1).  

Table 1. Some approaches and drugs are used for the treatment of PD.  

Compound Drug Mechanism of Action Reference 

Dopamine replacement 
Carbidopa/ 

Levodopa 

The blood-brain barrier permits entry of levodopa, leading to 

more dopamine being synthesized in the CNS. 
[23] 

Dopamine agonist Ropinirole 
Mimics dopamine by binding to dopamine receptors and 

stimulates the D2 dopamine receptors. 
[24] 

Monoamine oxidase-B (MOA-

B) inhibitors 
Selegiline 

Prevents MAO from inactivating and breaking down excessive 

amounts of dopamine. 
[17] 

Catechol-O-methyl 

transferase (COMT) 
Opicapone 

It prevents the conversion of levodopa to 3-Omethyldopa and 

increases the half-life and retention time of levodopa in the CNS. 
[2] 

Anticholinergics 
Trihexyphenidyl, 

Benztropine 

Blocks acetylcholine receptors in the brain, balancing the 

dopamine-acetylcholine ratio. 
[25] 

Amantadine  
It enhances dopamine release and blocks glutamate receptors, 

reducing dyskinesia and improving motor symptoms. 
[26] 

NMDA Receptor Antagonists Memantine 
Blocks N-methyl-D-aspartate glutamate receptors, potentially 

reducing dyskinesias and improving motor symptoms. 
[27] 

Adenosine A2A Receptor 

Antagonists 
Istradefylline 

Block adenosine A2A receptors, modulating dopaminergic 

signaling and reducing motor fluctuations. 
[28] 

Glutamate Receptor 

Antagonists 
Riluzole 

Inhibits glutamate release and blocks glutamate receptors, 

providing neuroprotective effects. 
[29] 

2.4. Rehabilitation and restorative therapies. 

Another mitigation strategy against the pathogenic effects of PD is seen in exercise, 

known as restorative therapy. Exercise was shown to preserve undamaged dopaminergic 

neurons, increase brain-derived neurotrophic factor level and reduce pro-inflammatory markers 

in mice [30]. Strenuous aerobic exercise in humans also produced neuroprotective effects in 

PD patients while improving their quality of life [31,32]. 

2.5. Maintenance, adjunctive therapies, and surgical interventions. 

As the name suggests, the maintenance approach maintains the remaining healthy 

dopaminergic cells by incorporating vitamins and other compounds. Traditional/ biological 

compounds form part of this therapy due to their properties. The exploration of adjunctive 

therapies in PD management offers promise but necessitates careful consideration of their 

efficacy and safety, particularly given their departure from established treatment guidelines. 

Vitamin D3 supplementation in PD remains debatable, with divergent findings on its cognitive 
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benefits, highlighting the need for further research to clarify its role. Conversely, challenges 

such as poor bioavailability and limited brain penetration hinder the translation of curcumin's 

antioxidant and anti-inflammatory effects into viable PD therapies. Similarly, while other 

adjunctive compounds show efficacy in preclinical studies, their clinical applicability lacks 

robustness [33].  

Translating theoretical efficacy into practical applicability requires in-depth studies to 

assess the effectiveness and safety profiles of these adjunctive therapies. Caution must be 

exercised in their implementation, given the absence of definitive clinical evidence and their 

deviation from established treatment guidelines. Robust clinical trials are imperative for 

validating the therapeutic potential of adjunctive therapies and delineating their role in PD 

management. Until then, healthcare practitioners should judiciously consider adjunctive 

therapies and prioritize evidence-based approaches in PD treatment.  

The option for surgery is reserved for individuals presenting with complications 

associated with long-term use of carbidopa/levodopa. Deep brain stimulation targets the 

thalamus, subthalamic nucleus, and globus pallidus [34]. While all strategies are productive in 

providing a band-aid approach to PD symptoms, a therapy option to treat the root causes of PD 

with limited side effects has not yet been established. Further research is imminent to treat PD 

patients more effectively, and this could involve looking back at traditional medicine and its 

adaptability to modern medicine. However, despite advances in symptomatic and surgical 

treatments, effective disease-modifying therapies remain elusive, necessitating exploration into 

novel therapeutic avenues such as traditional medicine and nanotechnology-based drug 

delivery systems. Among those emerging therapeutic strategies, EGb has attracted attention for 

its neuroprotective properties. While preclinical evidence supports its efficacy, further clinical 

trials are warranted to confirm its therapeutic role in PD patients. 

3. Traditional Therapeutics: G. biloba Extract (EGb)  

3.1. Bioactive compounds: their neuroprotective effects and limitations. 

In light of these therapeutic challenges, G. biloba, a traditional medicinal plant, has 

been extensively studied for its neuroprotective and antioxidant effects relevant to PD. Due to 

its exhibited properties, G. biloba has long been utilized as a therapeutic agent. This endemic 

plant belongs to the genus Ginkgo and is the only species to have survived, known as the "living 

fossil" [35]. The tree has leathery, fan-shaped leaves with yellow, edible seeds. Historically, 

this tree has been used to treat bronchitis, renal dysfunction, asthma, and bladder complications 

[36,37]. 

In 1965, a German physician and pharmacist, Willmar Schwabe III, developed the 

initial standardised extract of dried G. biloba, known pharmacologically as EGb 761 [38]. This 

extract contained 6% terpenoids, 24% flavonoid glycosides, and 5-10% organic acids, each 

contributing distinct bioactivities relevant to various diseases (Figure 2). 

The chemical compound found in the leaves of G. biloba, known as Ginkgetin (natural 

biflavonoid), presents further antioxidant capabilities and protects against 1-methyl-4-

phenylpyridinium (MPP+) induced cellular damage via the reduction of reactive oxygen species 

(ROS) levels. This was shown to improve sensorimotor coordination in a mouse model by 

regulating iron homeostasis[39]. Furthermore, pretreatment with ginkgolide B and bilobalide 

protectedH-SY5Y neuroblastoma cells against α-synuclein-induced apoptosis [40]. 
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Additionally, MPP+-induced SH-SY5Y cells treated with 60 to 120 μg/mL EGb761 were 

successfully protected with no significant cytotoxicity noted [41].  

 

 
Figure 2. Chemical composition of G. biloba and its beneficial properties.  

EGb761 also protected against paraquat-induced (a pesticide linked to PD) apoptosis 

of PC12 (rat pheochromocytoma) cells by increasing bcl-2 activation, decreasing 

mitochondrial caspase-3 activation, and maintaining membrane potential [42]. Overall, its 

advantages in  PD treatment include its ability to decrease oxidative damage, regulate 

dopamine homeostasis, and enhance locomotor activity [43].  

3.2. Mechanisms of action of bioactive EGb  

The bioactive components of EGb have been shown to benefit many diseases. The 

terpenoids, especially ginkgolides A, B, and C, are antagonists of platelet-activating factor 

(PAF) receptors, inhibiting platelet aggregation and inflammatory signalling pathways [44], 

thereby reducing neuroinflammation. Furthermore, the terpene lactone bilobalide modulates 

mitochondrial function by stabilising the membrane potential and preventing apoptosis in 

neuronal cells [45,46]. 

The flavonoid glycosides quercetin and kaempferol are powerful antioxidants that 

directly scavenge ROS, such as superoxide anions and hydroxyl radicals [47]. The upregulation 

of antioxidant enzymes superoxide dismutase, catalase, and glutathione peroxidase through 

activation of the Nrf2-ARE (nuclear factor erythroid 2–related factor 2–antioxidant response 

element) signalling pathway has been reported. This enhances endogenous defence systems 

against oxidative stress [48]. This dual action protects dopaminergic neurons from oxidative 

damage. Furthermore, these flavonoids are known to inhibit lipid peroxidation in neuronal 

membranes, thereby preserving the membrane integrity and function. Quercetin further 

modulates cell survival pathways by regulating apoptotic proteins, suppressing pro-apoptotic 

factors such as Bax and caspase-3, and promoting anti-apoptotic proteins like Bcl-2 [49]. 

The synergistic effects of terpenoids and flavonoids in EGb therefore contribute to 

neuroprotection by attenuating oxidative stress, inhibiting inflammation, stabilising 

mitochondrial function, and preventing neuronal apoptosis. These mechanisms underlie the 

therapeutic benefits of G. biloba in disorders including depression, cerebral insufficiency, 
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thrombosis, myocardial ischemia, peripheral occlusive arterial disease (POAD), memory 

impairment, and poor concentration [50]. 

3.3. Mechanisms of EGb in treating PD. 

The chemical composition of G. biloba has been well elucidated, and its benefits have 

been successfully incorporated into PD therapeutics. One established mechanism is the 1-

methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)- induced rat PD models. MOA-B has 

been noted to inactivate the dopaminergic nerve endings by converting MPTP to MPP+. MPTP 

is considered a lipophilic compound, which can efficiently cross the BBB, followed by the 

subsequent metabolism by MOA-B [51]. This phenomenon occurs primarily in the glial cells, 

owing to the formation of MPP+ in its ionic form [52]. Due to the structural similarities between 

dopamine and MPP+, the DA neurons in the substantia nigra pars compacta (SNpc) take up the 

MPP+ via the dopamine transporters (DAT) from the intercellular space [51].  

Following neuronal uptake, MPP⁺ accumulates in mitochondria and inhibits complex I 

of the electron transport chain, impairing oxidative phosphorylation and reducing ATP 

production. This dysfunction promotes excessive ROS production, leading to oxidative damage 

to mitochondrial DNA, proteins, and lipids. The resulting loss of membrane potential facilitates 

cytochrome c release and activation of caspase-9 and caspase-3, triggering intrinsic apoptosis 

[53-56]. MPP⁺ also disrupts calcium homeostasis and activates microglia, intensifying 

neuroinflammation and loss of dopaminergic neurons [53-56]. Figure 3 summarises the 

bioactivities of G. biloba in PD. 

 
Figure 3. Neuroprotective mechanisms of Ginkgo biloba bioactives relevant to Parkinson’s disease. 

G. biloba extract EGb761 counteracts these pathological processes through multiple 

neuroprotective mechanisms. It stabilises mitochondrial membrane potential and enhances 

electron transport chain efficiency, thereby reducing ROS accumulation. EGb761 also 

upregulates endogenous antioxidant enzymes such as superoxide dismutase and catalase, and 

inhibits caspase activation to prevent apoptosis. Additionally, it modulates microglial 

activation and suppresses pro-inflammatory cytokine expression, fostering an anti-

inflammatory environment conducive to neuronal survival [57-59]. 

Two independent studies demonstrated that EGb761 inhibits MPTP-induced 

dopaminergic neuron loss and preserves neuronal integrity, including protection of nerve 

terminals [59,60]. Histopathological analyses in PD mice revealed extensive striatal neuron 
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damage and glial hyperplasia, whereas treatment with G. biloba dropping pills preserved 

striatal architecture and prevented glial proliferation. Moreover, minimal loss of nerve fibre 

bundles in the EGb761-treated group highlighted its ameliorative effects on MPTP-induced 

neurodegeneration [60]. 

In 2003, the neurotoxic side effects of levodopa were noted, and EGb761 was found to 

possess additional neuroprotective properties by attenuating levodopa-induced neurotoxicity in 

6-hydroxydopamine (6-OHDA) models [59]. This was later confirmed in a zebrafish model, 

which showed a significant reduction in 6-OHDA-induced dopaminergic neuron loss after 

treatment with 50 μg/mL of EGb 761 [41]. The neuroprotective properties were attributed to 

reduced oxidative stress, inhibition of lipid peroxidation, and attenuation of MPTP-induced 

neurodegenerationn the nigrostriatal pathway [13]. These early studies have paved the way for 

a better understanding of the vast range of beneficial properties associated with G. biloba 

uptake.  

EGb761’s efficacy has attracted attention for its multitarget neuroprotective 

mechanisms in addressing key pathological features. Its antioxidant capacity mitigates 

oxidative stress, thus permitting the protection of neurons from lipid, protein, and DNA damage 

[60]. It also exerts a pronounced anti-inflammatory effect via the modulation of microglial 

activation and downregulating pro-inflammatory cytokines, including tumour necrosis factor-

alpha (TNF-α) and interleukin-1 beta (IL-1β). This is achieved primarily through the inhibition 

of the nuclear factor-kappa B (NF-κB) pathway. Resultingly, this reduces chronic 

neuroinflammation that accelerates dopaminergic neuronal loss [60]. 

Furthermore, due to the ability of EGb to stabilise the mitochondrial membrane 

potential, preserve electron transport chain function, and prevent ATP depletion, [61] was 

noted. This mitochondrial support inhibits intrinsic apoptotic pathways by regulating caspase 

activation and balancing pro- and anti-apoptotic protein expression, thereby enhancing 

neuronal survival [61]. Beyond this, a critical therapeutic mechanism is further noted in the 

inhibition of monoamine oxidase-B (MAO-B). This slows the deterioration of dopamine, 

thereby preserving synaptic dopamine levels and reducing the formation of toxic oxidative 

metabolites [62]. This directly counters the dopamine deficiency underlying PD motor 

symptoms. 

EGb also affects protein homeostasis by preventing α-synuclein aggregation, a major 

component of Lewy bodies. As a result, clearance was promoted via autophagic and 

proteasomal pathways. This reduces proteinopathy-associated neuronal dysfunction and death 

[63]. EGb, thus, enhances neurotrophic support by upregulating brain-derived neurotrophic 

factor (BDNF) and related neurotrophins. This promotes synaptic plasticity and neuronal 

repair. Improved cerebral blood flow and mitochondrial bioenergetics complement these 

effects, fostering an environment conducive to neuronal health [64]. 

3.4. EGb limitations. 

While EGb possesses several beneficial properties for BBB uptake, it faces various 

challenges in its pure form. Although EGb can be reduced to a nanoscale, size heterogeneity 

was observed, which reduced its targeting, therapeutic, and BBB-crossing potential[65]. EGb 

elicits immune or cytotoxic responses upon entry into the host, thereby reducing its 

biocompatibility [66]. This is evident for ginkgolic acid (GA), which had a reduced effect after 

fixation and fermentation. Unlike lipid or metal NPs, nanoscale EGb lacks versatility in terms 

of surface modifications, functionalization, and targeting efficiency.  
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4. Merging Traditional with Modern Medicine: Biological Nanoparticle Synthesis  

The chemical constituents of EGb have been employed in NP synthesis, providing an 

innovative drug or gene delivery strategy with better efficacy and biocompatibility. Although 

plant extracts possess excellent therapeutic properties, their applications extend beyond 

traditional uses[67]. 

Biosynthesis, or green synthesis, is gaining prominence because it is environmentally 

friendly, low-toxic, and biocompatible. This is achieved by eliminating harmful chemicals 

commonly us in chemical NP synthesis [68]. In green synthesis, the bioactive phytochemicals 

(flavonoids, terpenoids, and phenolic acids) in G. biloba leaf extracts act as natural reducing 

and capping agents, donating electrons to metal ions (e.g., Au³⁺, Ag⁺) and reducing them to 

metallic NPs[69]. The adsorption of these compounds onto the NP surfaces further stabilizes 

the NPs and prevents aggregation, ensuring colloidal stability. This dual functionality 

facilitates controlled nucleation and growth of NPs, enabling the production of NPs with 

defined sizes and shapes suitable for biomedical applications [69]. 

Green synthesis using G. biloba further allows for the ‘fine-tuning’ of NP 

characteristics by varying different reaction parameters, including pH, extract concentration, 

reaction time, and temperature. Moreover, G. biloba’s rich lipid content acts as a natural source 

of emulsifiers and structural components in the formulation of LNPs, including liposomes, 

solid LNPs(SLNPs), and nanostructured lipid carriers (NLCs) [67,70]. These LNPs benefit 

from G. biloba’s antioxidant flavonoids, such as quercetin and kaempferol, which participate 

in redox reactions with lipid molecules. This neutralises free radicals, thus reducing oxidative 

damage to the lipid components, and stabilises the resulting NPs [71]. Flavonoids donate 

electrons to functional groups on unsaturated lipids, resulting in a conversion into more stable 

saturated forms, while acting as radical scavengers to prevent further oxidative reactions. This 

complex interplay of molecular interactions underscores G. biloba’s multifaceted role as both 

a reducing and stabilization agent in NP synthesis. It also provides essential lipid building 

blocks for NP assembly and therapeutic efficacy [71–73]. 

The therapeutic advantage of this green synthesis approach lies in its ability to preserve 

the inherent bioactivity of the plant extracts within the NPs, while conferring improved 

stability, targeted delivery, and enhanced bioavailability. Consequently, G. biloba-derived NPs 

hold promise as versatile carriers capable of conjugating with pharmacologically active agents, 

thereby broadening their applicability in treating diseases such as PD. Using EGb in NP 

synthesis can mitigate the issues raised by the raw form of EGb while maintaining its inherent 

properties. This extract's use in synthesizing NPs, including metal and lipid NPs (LNPs), 

promotes colloidal stability, thereby maintaining drug integrity during passage through the 

BBB while preventing aggregation [74]. Furthermore, they can produce NPs of specific sizes 

through various optimizations, offering a more sustainable, eco-friendly green synthesis 

strategy [75,76].  

4.1. Ginkgo biloba as a reducing agent. 

In the bottom-up synthesis approach, the plant extract serves as a reducing agent to 

form NPs with varying sizes, shapes, and charges. This process requires the extraction of 

leaves, roots, or bark from trees, washing them in distilled water, and boiling to extract the 

chemical compounds into an aqueous solution, which is then added to the salts or lipids of the 

desired NP being synthesised (Figure 4). The amount of extract is related to NP size: more 
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extract yieldsmaller NPs, which are optimal for cell uptake [77]. The EGb contains many 

phytochemicals, including flavonoids, terpenoids, and phenolic acids, which exhibit 

antioxidant properties and can donate electrons, making them suitable candidates for reducing 

agents in NP synthesis.  

 
Figure 4. Bottom-up biosynthesis process using plant extracts. 

Metallic NPs, such as gold NPs (AuNPs) and silver NPs (AgNPs), have been 

synthesized using EGb due to their rich composition of bioactive compounds. These 

compounds, particularly flavonoids such as quercetin and kaempferol, possess functional 

groups such as hydroxyl (-OH) and carbonyl (C=O) groups, which can reduce metal ions to 

form NPs. Quercetin has been shown to effectively reduce gold ions to form AuNPs with well-

defined morphologies and sizes [78]. Using EGb in AgNP synthesis produced NPs with a mean 

size of 40.2 nm and a stable zeta potential of -34.56 mV [79]. The EGb extract's reducing 

potential was attributed to its ability to scavenge free radicals and undergo redox reactions. 

This antioxidant activity plays a crucial role in the reduction process by providing electrons to 

stabilise metal ions, neutralizing free radical formation [80], and promoting the nucleation and 

growth of NPs.  

In the case of LNPs, EGb serves as a natural source of lipids and emulsifiers, which are 

essential components of lipid-based nanocarrier formulations. LNPs, including liposomes, 

SLNPs, and NLCs, are widely utilized for drug delivery applications due to their 

biocompatibility, controlled release properties, and ability to encapsulate hydrophobic and 

hydrophilic drugs. EGb orchestrates an intriguing and intricate process in synthesizing LNPs. 

An in-depth look into its mechanism of action for reducing lipids into NPs reveals a complex 

interplay of molecular interactions. Flavonoids, such as quercetin and kaempferol, interact with 

lipid molecules, initiating a series of redox reactions within a molecular framework. These 

redox reactions involve the transfer of electrons between the flavonoids and the lipid 

molecules. This donation of electrons to free radicals promotes the neutralization of NP 

components, thereby preventing oxidative damage [80,81]. These electrons are donated to the 

functional groups of the lipids present, and the reactions vary depending on the components 

used. Unsaturated lipids can become saturated, or the lipid hydroperoxides can be reduced to 

more stable forms [82]. The flavonoids act as radical scavengers, stabilizing the intermediates 

formed and preventing subsequenteactions [83].  
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As this process unfolds, the EGb would act as a catalyst for NP formation. Its bioactive 

components act as reducing agents and stabilizers, ensuring the growth and stability of LNPs. 

Lipids from the extract form the structural foundation of the NPs while also encapsulating 

hydrophobic substances within their lipid bilayers. Its multifaceted role underscores the 

versatility and sophistication of natural products in contemporary nanotechnology.  

4.2. General benefits of plant extracts. 

Plant extracts used in synthesis confer dual properties by allowing the extracts to retain 

their original therapeutic properties alongside the NP's favorable properties, enabling the NPs 

to conjugate to therapeutic agents. A recent study used extracts from Ocimum tenuiflorum L. 

inflorescences to synthesize silver and selenium NPs. In vitro studies revealed that these NPs 

exhibited dose-dependent cytotoxicity and strong antioxidant activity [84].  

Loading plant extracts onto SLNPs has gained popularity in biomedical applications. 

SLNPs are submicron carriers of 50 to 1000 nm, and are usually made up of biodegradable and 

biocompatible lipids such as triglycerides, fatty acids, monoglycerides, or waxes [85]. This 

therapeutic approach can improveioavailability in CNS-related disorders [86]. A study 

examining the antidepressant effects using hibiscus extract-loaded SLNPs showed superior 

antidepressant activity compared to the crude drug extracts [87]. SLNPs have shown potential 

to treat CNS-related disorders, traverse the BBB, making them suitable vehicles for PD 

therapy.   

5. The Blood Brain Barrier and G. biloba Synthesized Lipid Nanoparticles  

Traversing the BBB has been daunting due to its impermeability to foreign molecules. 

Anatomically, the BBB inhibits direct interactions between the blood and the brain and is a 

vital part of the neurovascular unit, which communicates with the CNS [88]. This barrier 

comprises astrocytic end-feet links, tight junctions, pericytes, and endothelial cells, strictly 

controlling the movement of substances into the brain through the tight junctions and metabolic 

barriers (enzymes) (Figure 5) [89,90]. The main function of the tight intercellular junctions is 

to restrict the passage of molecules, toxic compounds, and pathogens [4,91–93]. 

 
Figure 5. The composition of the blood-brain barrier.  

The early processes of overcoming the BBB were highly invasive, requiring local brain 

site injections, catheters, or direct administration of the drugs via surgery [90]. Studies 

involving a carrier-mediated drug delivery system have been undertaken, with lipid 
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nanoparticles being favorably considered. It has been noted that lipids with a size of 

approximately 400 Da possess the ability to freely diffuse across the endothelial layer of the 

BBB [94]. Furthermore, SLNPs, with particle sizes ranging from0 to 1000 nm, play a 

significant role in evading and infiltrating the reticuloendothelial system (RES) [88].  

These NPs traverse the BBB in four ways: paracellular pathway, adsorptive-mediated 

transcytosis (AMT), receptor-mediated transcytosis (RMT), and protein-mediated transport. 

The paracellular pathway, or the passive transmembrane diffusion, permits the entry of only 

hydrophilic molecules with a molecular weight of 400 Da [78]. The AMT depends on the 

carrier system's charge. A positively charged NP would interact favorably with the negatively 

charged luminal membrane [81]. The RMT is considered the most promising transport 

mechanism, allowing the entry of endogenous molecules across the BBB via endocytosis, 

intracellular vesicular trafficking, and exocytosis [95,96]. The protein-mediated transport 

involves binding the carrier system to transporter proteins for safe delivery into the cells. These 

passages are important in determining and creating a highly effective therapeutic approach.  

EGb has been identified to enhance the BBB permeability through the pathways 

mentioned above. Besides improving stability and biocompatibility, their constituents also 

confer antioxidant properties, which would protect the LNPs from oxidative stress-induced 

damage[97]. The encapsulation of EGb-synthesized LNPs plays a synergistic role, enhancing 

neuroprotection and improving drug delivery efficiency [98]. This integrated approach can 

potentially mitigate neuronal damage, attenuate disease progression, and improve clinical 

outcomes in PD patients.  

EGb, via its flavonoid constituent, increases the likelihood of LNPs binding to 

endothelial cell receptors on the BBB, thereby facilitating enhanced uptake via RMT. Hence, 

a higher dose of the therapeutic would be found in the brain. Furthermore, a targeted therapy 

can be formulated by exploiting specific receptor pathways [99]. This specificity reduces the 

off-target effects and effectively improves the therapeutic potency. Lastly, flavonoids possess 

inherent neuroprotective properties, including reducing oxidative stress and inflammation, 

owing to the synergism of the beneficial properties noted earlier. These properties, while stated 

expressly for LNPs and PD, could be effectively used for a wide range of neurodegenerative 

disorders, employing other NPs that act similarly with varied properties [100].  

 
Figure 6. Receptor-mediated transcytosis across the blood-brain barrier utilizing LNPs synthesized with EGb. 
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The above is achieved through the flavonoids kaempferol and quercetin, which are 

critical in enhancing the delivery across the BBB. They bind specific receptors on the 

endothelial cells of the BBB, which include the low-density lipoprotein (LDLR) and transferrin 

receptors (Figure 6). The structural properties of flavonoids, particularly the presence of 

hydroxyl groups, enable high-affinity interactions with these receptors. These interactions 

typically involve hydrogen bonding and van der Waals forces, ensuring that flavonoids bind to 

and activate receptors [74]. Upon binding, a conformational change is induced, triggering 

endocytosis. Subsequently, endocytic vesicles form, engulfing the flavonoid-receptor complex, 

thereby permitting invagination of the endothelial cell membrane to form clathrin-coated pits. 

This results in the budding of vesicles, initiating an efficient transport system across the BBB 

[101].  

Following this process, the vesicles are transported via the cytoskeleton, involving actin 

filaments or microtubules, directing the vesicles towards the abluminal side of the cell. At this 

point, the flavonoids exhibit their biochemical properties, ensuring that the vesicles are directed 

to this site for release into the brain parenchyma while avoiding lysosomal degradation. 

Flavonoids, particularly those found in G. biloba, possess the ability to inhibit efflux 

transporters, including P-glycoproteins (P-gp), which are known to actively pump many 

compounds out of the brain, thus rendering an increased accumulation of the LNPs in the brain 

[101]. Furthermore, flavonoids can modify LNP structure to release their therapeutic content 

in response to the lysosomal pH, thereby preventing LNP degradation. The fusion with 

endosomal membranes results in the release of contents before they reach the lysosomes. Once 

at the abluminal side of the endothelial cell, the vesicle fuses with the plasma membrane, 

thereby permitting the release of therapeutic agents. The LNPs and the conjugated flavonoids 

enter the extracellular space, ensuring efficient delivery of the LNPs to target sites [102,103].  

5.1. Further enhancement of the BBB with EGb. 

The BBB contains a class of G protein-coupled receptors (GPCRs) known as adenosine 

receptors (ARs), which play a crucial role in modulating its permeability. Notably, high levels 

of adenosine A1 receptors (A1R) are present in the brain [104]. Activation of A1R has been 

shown to improve the penetration of intravenously administered macromolecules and to induce 

cellular changes, such as increased formation of actinomyosin stress fibres, decreased 

transendothelial electrical resistance, and altered tight junctions [105,106].  

In the case of EGb, it was demonstrated that the flavone in this extract could act as a P-

glycoprotein (P-gp) inhibitor, increasing the intracellular drug concentration in the brain by 

enhancing uptake [107]. The main components of the extract, such as ginkgolides A, B, and C, 

kaempferol, and bilobalide, were reported to be present in the brain tissue, suggesting that they 

significantly contribute to BBB permeability and facilitate the entry of therapeutic agents. It 

was proposed that ginkgolides and bilobalide might enhance BBB permeability by modulating 

the A1R pathway, which influences endothelial cell function and tight junction integrity [108]. 

This temporary and reversible opening of the BBB can improve drug delivery to the brain. 

These findings were corroborated by an earlier study demonstrating that bilobalide, a 

prominent component of EGb, can efficiently cross the BBB, achieving significant 

extracellular concentrations in the brain and supporting its role in enhancing BBB permeability 

[109].  

The BBB is often described as a 'double-edged sword' because crossing it poses 

challenges. Long-term administration of G. biloba has shown no apparent side effects while 
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reversibly opening the BBB for short periods, typically around four hours, without causing 

leakage. This reversible opening maintains the integrity of tight junctions, which is essential 

for brain homeostasis and protection [109]. Furthermore, EGb can potentially increase the 

phosphorylation of the ERM/MLC protein, which acts as a selective A1R antagonist. This 

increases gaps between cells by remodelling actin in cerebral microvascular endothelial cells, 

thereby enhancing cerebral microvascular permeability [108]. These properties make the 

biosynthesis of NPs with EGb highly beneficial for traversing the BBB and offer a promising 

therapeutic strategy against PD.  

6. Conclusions  

This review discusses the significant potential of EGb in developing novel dual-

functional NPs for PD treatment. EGb demonstrates numerous beneficial properties, including 

neuroprotection, antioxidant activity, and the ability to cross the BBB, a significant challenge 

in treating neurological disorders. By acting as a reducing agent during LNPs synthesis, EGb 

stabilizes these NPs and enhances their delivery across the BBB. This innovative approach 

integrates the traditional medicinal benefits of EGb with advanced nanomedicine, offering a 

novel and promising therapeutic strategy for PD. Further clinical studies are necessary to fully 

understand the mechanisms involved and optimize the efficacy of EGb-loaded LNPs to 

advance treatment strategies for PD. The overall potential of EGb as a therapeutic and reducing 

agent shows promise for future research and clinical applicability. Several avenues can be 

explored further to unlock the multitude of beneficial properties exhibited in practical outputs. 

These could include efficacy studies on optimal dosages, formulation variations, and the 

extract's long-term effects in clinical trials. An in-depth look into the mechanism of action of 

EGb may significantly improve BBB permeability and its neuroprotective and antioxidant 

effects. These studies may aid in optimizing the synergistic effects of EGb-loaded LNPs when 

combined with therapeutic agents, such as drugs and therapeutic genes, to target specific 

diseases, such as PD. An exciting avenue that requires focus is personalised medicine, i.e., 

personalised treatment based on an individual's genetic profile, with the treatment protocol 

adjusted accordingly to develop an optimal therapeutic regimen tailored to a specific 

individual's needs. Continued interdisciplinary research and collaboration will be crucial in 

realizing the full potential of EGb-loaded LNPs and bringing these innovative therapies into 

clinical practice.  

7. Summary and Future Outlook 

The convergence and integration of G. biloba phytochemistry with nanotechnology are 

emerging as a compelling avenue in the quest for effective therapeutics against 

neurodegenerative disorders, particularly PD. Across various nanoplatforms, including 

metallic NPs, lipid-based carriers, and polymeric nano-formulations, researchers have 

successfully harnessed EGb as a bio-reducing and stabilizing agent. These formulations not 

only maintain the antioxidant and neuroprotective capabilities of the extract but further 

demonstrate an enhanced pharmacokinetic profile, notably improving bioavailability and 

targeted delivery across the BBB. AuNPs and AgNPs produced via EGb-mediated synthesis 

exhibit favourable physicochemical attributes, including controlled size and morphology, 

which support cellular uptake and offer inherent anti-inflammatory and antioxidant properties. 

LNPs further exploit the lipid affinity of EGb, forming biocompatible systems that can 
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effectively encapsulate both hydrophobic and hydrophilic payloads while supporting sustained 

release and BBB permeability. Likewise, EGb-decorated polymeric NPs introduce further 

opportunities for gene and drug co-delivery, leveraging their physicochemical tunability to 

enhance targeting precision and reduce systemic toxicity. 

While the therapeutic potential is promising, key challenges persist. Standardisation of 

EGb composition remains a bottleneck for reproducibility, and NP size uniformity continues 

to influence biodistribution and therapeutic outcomes. Moreover, data on long-term in vivo 

behaviour, pharmacokinetics, and safety remain sparse, and clinical translation has yet to reach 

maturity. Moving forward, research efforts must focus on scalable synthesis methodologies for 

EGb-synthesized nanomaterials and on the design of multifunctional particles that integrate 

diagnostic and therapeutic capabilities. Surface engineering strategies to direct NPs towards 

dopaminergic neuronal populations will be critical, as will the exploration of synergistic 

interactions between EGb bioactives and co-administered drugs or genetic material. Rigorous 

toxicological assessments and methodologically sound animal and clinical studies are essential 

to affirm safety and efficacy in human cohorts. 

If these challenges can be addressed through collaborative translational research, EGb-

driven nanotherapies may well redefine PD treatment and extend their relevance to other 

complex CNS pathologies, thus bridging the gap between traditional botanical medicine and 

precision-targeted nanomedicine. 
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