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ABSTRACT  
Propolis, a resinous substance collected by bees (Apis mellifera) from plant exudates, 

has traditionally been recognized for its medicinal properties. The therapeutic effects 

are attributed to a rich chemical composition, dominated by polyphenols and flavonoids 

with antioxidative, anti-inflammatory and neuroprotective properties. This review 
synthesizes current scientific evidence regarding the neuroprotective potential of 

propolis, with a focus on the ecological and compositional factors that influence its 

bioactivity and chemical variability. Propolis production depends on bee behavior, 

botanical sources and environmental conditions, resulting in a considerable chemical 

variability among samples from different geographical regions. The key bioactive 

compounds include flavonoids such as chrysin, pinocembrin and galangin, but also the 

caffeic acid phenethyl ester (CAPE), contributing to neuroprotection through multiple 

mechanisms: antioxidative activity by the inhibition of lipid peroxidation and the Nrf2 

pathway activation, anti-inflammatory effects by suppression of pro-inflammatory 

cytokines and inflammasomes and mitochondrial protection against ischemic lesions. 

Preclinical evidence supporting the potential of propolis in neurodegenerative diseases 

such as Alzheimer's, Parkinson's, and epilepsy is also discussed. Particular attention is 

given to Romanian propolis research, situating regional findings within this broader 

neuroprotective and standardization context. Despite this, the intrinsic chemical 

variability poses significant challenges for standardization and quality control, limiting 

broad clinical application. Sustainable apiculture practices highlight the necessity of 

robust standardization methods for the integration of propolis in modern therapeutic 
practices.  

KEY WORDS: propolis, neuroprotection, standardization, neurodegenerative diseases, 

flavonoids. 

 

1. INTRODUCTION 

Propolis, a resinous substance collected by bees from various plant exudates, has 
long been recognized for its diverse medicinal properties and has been used in traditional 
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medicine across cultures for centuries (Marcucci 1995; El-Seedi et al. 2020; Hossain et 
al. 2022). The therapeutic effects are attributed to a rich and diverse chemical 
composition, predominantly polyphenols and flavonoids, which collectively exhibit a 
range of biological activities, including antimicrobial, anti-inflammatory and anti-
oxidative (Zullkiflee et al. 2022; Bhatti et al. 2024). The growing interest in natural 

products for medical use has propelled propolis in the spotlight as a promising agent for 
pharmaceutical development (Sarapa et al. 2025). 
 Despite the extensive traditional use and documented benefits, the specific 
chemical variability of propolis poses significant challenges for modern medical 
application (Hossain et al. 2022). Propolis composition is influenced by numerous 
factors, such as geographical origin, specific flora available to bees, seasonal changes 
and even genetic variability among bee colonies (Kasote et al. 2022; Wieczorek et al. 

2022). This variability directly affects the pharmacological profile, making 
standardization and quality control difficult, compromising the reproducibility of 
therapeutic outcomes and hindering wide-scale clinical adoption (Bankova 2005; 
Galeotti et al. 2019; Kasote et al. 2022).  
 This review addresses a significant challenge by exploring the neuroprotective 
potential of propolis in the context of intrinsic chemical variability. While the 
neuroprotective effects of propolis, such as the ability to attenuate oxidative stress, 

inflammation and neurotoxicity are increasingly recognized (Balaha et al. 2021; 
Zulhendri et al. 2021; Scorza et al. 2024), a deeper understanding that encompasses 
diverse chemical profiles and their specific neurobiological properties is essential. This 
review aims to synthesize current scientific evidence on the neuroprotective mechanisms 
of propolis and its bioactive compounds, with emphasis on the ecological factors and 
the compositional heterogeneity that shapes these effects, highlighting the need for more 
robust standardized methods. The paper is structured as follows: firstly, there are 
presented the ecological and biological factors that govern the propolis production, 

followed by the chemical profile and relevant bioactive compounds. The following 
sections detail the neuroprotective mechanisms identified in the scientific literature, 
experimental and clinical evidence in selected neurodegenerative conditions and, lastly, 
the implications of standardization and of sustainable apiculture practices for therapeutic 
applications.  
 As this is a narrative rather than a systematic review, the literature was not 
identified through a pre-registered protocol or formal screening process. Sources were 

located mainly through Google Scholar and PubMed, using search terms such as 
propolis AND neuroprotection, propolis AND (flavonoid OR CAPE), and propolis AND 
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(Alzheimer OR Parkinson OR epilepsy) NOT dentistry, supplemented by manual checks 
of the reference lists of the retrieved articles. Preference was given to recent primary 
experimental and clinical studies, with reviews consulted for broader context; no formal 
quality appraisal or risk-of-bias assessment was carried out, consistent with the narrative 
scope of this work. 

 
2. ZOOLOGY AND ECOLOGY OF PROPOLIS PRODUCTION 

Propolis production is a complex biological process, closely dependent on bee 
behavior and environmental conditions. Honey-producing bees (Apis mellifera) 
constantly gather resinous exudates from various plant sources such as buds and flowers 
(Šuran et al. 2021). This resin is then mixed with beeswax, pollen, and certain bee-
derived enzymes, yielding the final product, propolis (Šuran et al. 2021; Kasote et al. 
2022).  

 Despite sharing the same raw materials, the chemical composition - and 
consequently the therapeutic properties - of propolis can vary considerably depending 
on plant origin and the geographical location of the hive (Huang et al. 2014; Kasote et 
al. 2022). Furthermore, bees exhibit selective foraging behaviors, showing preferences 
for certain plant species over others (Isidorov et al. 2016; Eroğlu et al. 2021). For 
example, in temperate regions of Europe, North America, and parts of Asia and New 
Zealand, the primary botanical source for propolis production is Populus spp, yielding 
the characteristic poplar-type propolis (Isidorov et al. 2016; Dudoit et al. 2021; Caetano 

et al. 2023). In other regions and climates, such as Brazil, distinct propolis types exist: 
green, red or brown, each associated with a predominant plant source: Baccharis 
dracunculifolia for the green propolis or Dalbergia spp for the red propolis types 
(Kumazawa et al. 2003; Dudoit et al. 2021; Caetano et al. 2023). This relationship 
between botanical source and chemical composition has been documented in studies 
comparing propolis from multiple regions, including Turkey and Spain (Çelemli et al. 
2019; Rendueles et al. 2023).  

 Beyond botanical sources, several other biological and ecological factors can 
significantly affect propolis quality. Geographical and climatic conditions affect the type 
and availability of local vegetation, influencing the chemical profile of propolis through 
marked variation in phenolic and flavonoid content (Shehata et al. 2020; Sarapa et al. 
2025). The season of harvest also affects the availability of specific plant species, 
resulting in temporal variation in the phenolic and flavonoid composition of propolis 
(Fiordalisi et al. 2019). At the level of the producer itself, variation may arise between 

bee species and subspecies, as well as among genetically distinct populations, potentially 
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influencing both propolis composition and plant preferences (Huang et al. 2014; 
Herrera-López et al. 2023). Behaviorally, bees have been observed to maintain fidelity 
to a single resin source, demonstrating the ability to discriminate between closely related 
plant species (Eroğlu et al. 2021). External factors such as pollution and pesticides can 
compromise propolis quality through contamination, altering its chemical composition, 

reducing therapeutic benefit, and posing potential health risks depending on the nature 
of the contaminants (Bogdanov 2006; González-Martín et al. 2018). Some studies 
indicated that the propolis can accumulate lipophilic pollutants better than honey, 
highlighting its utility as a bioindicator of environmental pollution, while also 
underscoring potential risks associated with consumption (Simsek et al. 2021). 
Pesticides may originate from agricultural practices or from treatments applied within 
hives for parasite control (González-Martín et al. 2018; Blažková et al. 2022). The 

presence of toxic elements in propolis, such as heavy metals, is typically associated with 
anthropogenic pollution (Tosic et al. 2017; González-Martín et al. 2018).  
 This interplay between environmental conditions, the availability of specific 
resin-producing plants, and variability in bee collection preferences and processing 
results in the high chemical diversity characteristic of propolis (Huang et al. 2014; 
Kasote et al. 2022). This variability poses significant challenges for standardization and 
quality control, yet simultaneously highlights the broad potential for discovering diverse 

bioactive compounds with varied therapeutic applications (Kasote et al. 2022). Detailed 
chemical characterization can support geographic authentication and ensure consistent 
quality control of propolis.  
 

3. CHEMICAL PROFILE AND BIOACTIVE COMPOUNDS 

Propolis is a natural resinous substance known for its remarkably complex and 
diverse chemical composition. This complexity arises from the variety of plant resin 
sources utilized by bees, combined with bee-specific enzymatic processing. Since 

systematic compositional studies began, the number of identified compounds has grown 
steadily, surpassing 500 by 2012 and increasing by more than 300 additional compounds 
by 2018 (Šturm & Ulrih 2020; Kasote et al. 2022).  
 The primary constituents include resins, wax, essential oils, and pollen, 
alongside minor components such as vitamins, minerals, and enzymes (Kasote et al. 
2022). Nevertheless, the biological activity of propolis is largely attributed to its 
secondary metabolites, including terpenes, aromatic acids, and esters (Stojanović et al. 

2020; Kasote et al. 2022; Nefzi et al. 2023).  
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 Polyphenols constitute the most abundant class of bioactive compounds in 
propolis and are predominantly responsible for its antioxidative and anti-inflammatory 
effects (Bazmandegan et al. 2020). Several neuroprotective effects of propolis are 
attributed to polyphenols, which neutralize free radicals and exert anti-inflammatory 
activity (Bazmandegan et al. 2020). Flavonoids represent a major and highly diverse 

subgroup of polyphenols in propolis, with well-documented neuroprotective properties 
(Nefzi et al. 2023). Key flavonoids identified include chrysin, pinocembrin, galangin, 
apigenin, quercetin, luteolin, catechin, tectochrysin, tinostrobin and acacetin 
(Bazmandegan et al. 2020; Stojanović et al. 2020; Amini et al. 2023; Nefzi et al. 2023). 
These flavonoids demonstrated neuroprotective activities through multiple mechanisms, 
detailed in the next section.  
 Certain phenolic acids and their esters - including caffeic, cinnamic, ferulic, 

benzoic, salicylic, and p-coumaric acids - have been documented for their beneficial 
effects on the nervous system (Nefzi et al. 2023; Stojanović et al. 2020). From these, the 
caffeic acid phenethyl ester (CAPE) is researched well enough and recognized for its 
spectrum of pharmacologic activities, including the neuroprotective activities (Tolba et 
al. 2013; Balaha et al. 2021). 
 To fully realize the therapeutic potential of propolis, robust extraction and 
standardized analytical methods are indispensable. The primary objective of extraction 

is to isolate bioactive compounds from the resinous matrix. The most commonly used 
approach is solvent extraction with ethanol, which effectively dissolves a broad range 
of bioactive compounds (Šuran et al. 2021). Alternative methods include aqueous 
extraction, supercritical extraction with CO2 and ultrasound-assisted extraction (Šuran 
et al. 2021). Given the high compositional variability of propolis, standardization is 
crucial for ensuring consistency, predictable effects, and reliable therapeutic efficacy 
across products. This process typically involves the use of specific chemical markers - 
particularly key flavonoids - to ensure quality compliance across batches. Such 

standardization efforts aim to guarantee consistent pharmacological activity across 
batches, support appropriate dosing, and facilitate rigorous quality control (Kasote et al. 
2022).   
 

4. NEUROPROTECTIVE MECHANISM 

Propolis exerts a multifaceted neuroprotective effect, encompassing the modulation 
of oxidative stress, inhibition of neuroinflammation, mitochondrial protection, and 
prevention of neuronal apoptosis. These mechanisms are interconnected and act 
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collectively to underpin the therapeutic potential of propolis in the context of 
neurodegenerative diseases.  

4.1 ANTIOXIDATIVE MECHANISM 

The brain is a particularly vulnerable organ to oxidative damage, owing to its high 
oxygen demand, elevated concentration of fatty acids, and relatively low endogenous 
antioxidant capacity (Alkis et al. 2015). Oxidative stress plays a critical role in ischemic 

cerebral injury and in neurodegenerative diseases such as Alzheimer’s and Parkinson’s 
disease.  
 Propolis exhibits antioxidant effects through multiple mechanisms. Animal 
studies have demonstrated that propolis extracts significantly inhibit lipid peroxidation 
in brain tissue and neutralize free radicals as assessed by the DPPH (2,2-diphenyl-1-
picrylhydrazyl) assay, while also markedly reducing neurotoxicity induced by hydrogen 
peroxide exposure (Shimazawa et al. 2005).  

 In a mouse model of cerebral stroke, brown Iranian propolis restored the activity 
of key antioxidative enzymes - superoxide dismutase and glutathione peroxidase - and 
concurrently reduced lipid peroxidation and infarct volume (Bazmandegan et al. 2020).  
 At the molecular level, propolis activates the Nrf2 transcription factor, a master 
regulator of antioxidant gene expression, which, upon binding to the antioxidant 
response element (ARE), triggers transcription of a battery of cytoprotective enzymes 
(de Oliveira et al. 2017; Bhatti et al. 2024). Among the propolis-derived compounds 
acting on this pathway, CAPE has been specifically shown to activate Nrf2 signalling 

while concurrently suppressing the pro-inflammatory NF-κB pathway, a dual 
mechanism considered central to its neuroprotective profile (Pérez et al. 2023). 
 At the cellular level, key flavonoids from propolis - including pinocembrin, 
galangin, and quercetin - contribute to neuroprotection through direct free radical 
scavenging (Ibrahim et al. 2023; Pluta et al. 2023). Galangin has also been shown to 
inhibit acetylcholinesterase activity, an important therapeutic target in 
neurodegenerative diseases (Kapare et al. 2022). 

4.2 ANTI-INFLAMMATORY EFFECTS 

Neuroinflammation represents a key pathophysiological mechanism in hypoxic-

ischemic cerebral injury and in neurodegenerative diseases. Microglia, the resident 
immune cells of the brain, play a central role in the initiation and perpetuation of 
neuronal inflammatory response (Biswas 2023). Propolis acts as an anti-inflammatory 
agent through the inhibition and downregulation of specific inflammasomes and pro-
inflammatory cytokines (Zulhendri et al. 2022). CAPE, a major bioactive constituent of 
propolis, is capable of inhibiting cytokine and chemokine production, T cell 
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proliferation, and lymphokine production, thereby attenuating the inflammatory 
response (Tolba et al. 2013).  

CAPE further contributes to the anti-inflammatory profile of propolis and inhibits 
neuronal apoptosis through suppression of caspase-3 activation and the intrinsic 
apoptotic pathway (Tolba et al. 2013; Nugroho et al. 2017; Balaha et al. 2021; Ibrahim 

et al. 2023). 
4.3 MITOCHONDRIAL PROTECTION 

Mitochondria are both primary sources of reactive oxygen species and central 
mediators of ischemic injury in cerebral cells. Oxygen insufficiency triggers the 
overproduction of reactive oxygen species that impair mitochondrial integrity, 
ultimately compromising neuronal function and viability.   
 Balion et al. (2020) investigated the effect of propolis extracts on the viability, 
mitochondrial efficiency, and superoxide generation in ischemic conditions using 

primary cultures of rat cerebral glial neuronal cells, and found that the extracts 
significantly enhanced neuronal viability in ischemic cultures and reduced 
mitochondrial superoxide levels.  
 Pinocembrin enhances mitochondrial function and exerts anti-apoptotic effects 
by promoting neuronal stem cell differentiation and attenuating caspase activity (de 
Oliveira et al. 2017).  

4.4 EXPERIMENTAL AND CLINICAL EVIDENCE OF PROPOLIS EFFECTS IN 

DIFFERENT NEURODEGENERATIVE DISEASES 

Alzheimer's Disease 

Propolis has demonstrated the potential to reduce amyloid fibrillation and attenuate 
the effects of amyloid accumulation, while also dose-dependently inhibiting 

acetylcholinesterase and butyrylcholinesterase activity (Zulhendri et al. 2021). 
Pretreatment with green Brazilian propolis for eight days significantly prevented 
cognitive impairment in an Alzheimer’s mouse model (Ito et al. 2023). In human studies, 
propolis supplementation yielded positive effects on cognitive function, improving 
verbal memory, processing speed, complex attention, and focus (Asama et al. 2021). 
Furthermore, propolis demonstrated notable efficacy in inhibiting beta-amyloid 
aggregation and reducing neuroinflammation, both in animal models (Banaei et al. 

2023) and human studies (Zhu et al. 2018).  
Parkinson's Disease 

In a rat model of induced Parkinson’s disease, propolis treatment for 40 days 
attenuated neuronal loss and reduced the degeneration of striatal fibers (Gonçalves et al. 
2020). Caffeic acid proved effective in reducing cerebral inflammatory markers and 
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protecting dopaminergic neurons in the substantia nigra in rotenone-induced Parkinson’s 
rat models (Zaitone et al. 2019). Furthermore, a propolis polyphenol-based nanosheet 
formulation demonstrated neuroprotective effects in rotenone-induced Parkinson’s rat 
models (Mamashli et al. 2023). Regarding human evidence, dedicated clinical trials for 
Parkinson’s disease are still ongoing; however, analyses of clinical data such as 

Zulhendri et al. (2021) and Matias et al. (2025) confirm that propolis supplementation 
is safe and beneficial for improving antioxidative markers in Parkinson’s patients - a 
finding relevant to managing the oxidative burden associated with this disease.  

Epilepsy 

Epilepsy involves neuronal hyperexcitability and secondary neuronal loss, processes 
in which oxidative stress and neuroinflammation play central roles — mechanisms that 
propolis targets through its bioactive constituents. Propolis has demonstrated the 

potential to reduce neuronal loss and improve the histopathological outcomes associated 
with epilepsy, through downregulation of inflammatory marker expression, maintenance 
of antioxidant status, and enhancement of motor and cognitive scores in animal models 
(Liu et al. 2012). Furthermore, propolis has shown promising neuroprotective and 
anticonvulsant properties in preclinical epilepsy models (Zulhendri et al. 2021). In 
animal models of pilocarpine-induced convulsions, propolis treatment produced 
favorable outcomes in reducing neuronal loss and improving hippocampal 

histopathology (Mannaa et al. 2011; Zulhendri et al. 2021). Specific constituents such 
as pinocembrin play an essential protective role against beta-amyloid-induced toxicity 
and mitochondrially mediated apoptosis - pathways relevant to seizure-induced 
neurodegeneration (Ibrahim et al. 2023; Liu et al. 2012).  
 

5. ECOLOGICAL IMPORTANCE FOR MEDICINE 

5.1.  SUSTAINABLE APICULTURE AND PROPOLIS QUALITY 

Sustainable apiculture practices are closely linked to the quality and medical-grade 
availability of propolis. The health and well-being of both hives and their surrounding 
environment directly affect the quality of propolis produced. Sustainable apiculture 
involves practices that minimize external stressors, including the avoidance of sites 

exposed to pesticides or environmental pollution. This is critical, as pollutants can 
become incorporated into propolis, reducing its medicinal properties and introducing 
potential health risks upon consumption (Bogdanov 2006; Blažková et al. 2022). By 
ensuring a clean and ecologically healthy environment, sustainable practices contribute 
to maintaining the purity and optimal chemical composition of propolis, thereby 
preserving its therapeutic properties (Bankova et al. 2023).  
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 Sustainable apiculture also promotes biodiversity and ecosystem health, which 
in turn ensures a reliable and diverse supply of botanical sources for bees. This 
ecological stability can help mitigate variability challenges by providing consistent, 
high-quality raw materials, ultimately contributing to more uniform propolis (Contieri 
et al. 2022). Furthermore, sustainable harvesting strategies combined with the pooling 

of propolis from multiple hives or across different seasonal periods may help limit 
compositional variability (Peixoto et al. 2022). Such strategies can support 
standardization efforts by yielding a more balanced product with predictable 
biochemical profiles and consistent medicinal properties, helping to bridge the gap 
between natural variability and the demands of therapeutic application.  

5.2. STANDARDIZATION AND REGIONAL PERSPECTIVES 

A significant barrier to the clinical use of propolis is its chemical complexity 
combined with the absence of internationally harmonized standardization (Kasote et al. 

2022; Salatino 2023; Pastor et al. 2025). Recent comprehensive appraisals of the wider 
propolis literature continue to echo this gap between its broad pharmacological potential 
and the absence of harmonized quality benchmarks (Balasubramaniam et al. 2025; 
Ballouk et al. 2025). Because bees collect resins from varied vegetal sources, propolis 
composition can differ not only between countries but even among hives within the same 
region, making the consistent reproduction of desired therapeutic effects challenging. 
Currently, bodies such as the International Honey Commission are working towards 
harmonizing analytical methods and establishing quality parameters, with the goal of 

establishing an ISO (ISO/TC 34/SC 19) global standard. This standard focuses on 
specific chemical markers - including total polyphenol content and key flavonoids such 
as pinocembrin and galangin - to ensure reproducible therapeutic outcomes (Pastor et al. 
2025). 

Standardization is particularly critical for neurodegenerative applications, 
where precise dosing of active compounds such as CAPE is required to achieve specific 
effects, such as dopaminergic neuroprotection (Matias et al. 2025). Standardized 

extracts have already been developed as models for pharmaceutical-grade products 
(such as the Brazilian extract EPP-AF or Eurasiatic s-HEP), designed to eliminate 
impurities and concentrate bioactive fractions (Matias et al. 2025; Salatino 2023). 
Recent research confirms that HPLC combined with mass spectrometry represents the 
most suitable technique for the rigorous chemical screening required for pharmaceutical-
grade applications (Galeotti et al. 2019; Pastor et al. 2025). 

In Romania, research on propolis has advanced from general characterization 

towards the identification of specific bioactive markers, and local samples - 
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predominantly of the poplar type - are distinguished by their elevated concentrations of 
phenolic and flavonoid acids, particularly pinocembrin, galangin, and chrysin (Niculae 
et al. 2015; Nichitoi et al. 2021). The high antioxidative capacity of propolis from 
Transylvania and Bihor (Heghedűş-Mîndru et al. 2024) can be directly associated with 
the inhibition of lipid peroxidation and the reduction of reactive oxygen species, central 

processes in neurodegenerative diseases such as Alzheimer's and Parkinson's disease. 
Although a substantial portion of local research has focused on antimicrobial and 
antifungal properties, relevant neuroprotective mechanisms - including the inhibition of 
pro-inflammatory cytokines - have been identified for Romanian propolis (Albanese et 
al. 2025; Mărghitaş et al. 2013), providing a solid foundation for future research 
specifically directed at neuroprotective applications. This regional dataset can contribute 
meaningfully to broader standardization efforts by providing a well-characterized and 

predictable chemical profile representative of temperate European propolis. 
 

6. CONCLUSION 

Propolis, a remarkable natural product, demonstrates considerable therapeutic 
potential across a spectrum of biological activities, underpinned by its diverse and rich 
chemical composition. From its traditional medicinal uses to its growing recognition in 
contemporary research, propolis offers compelling benefits, particularly in the domain 
of neuroprotection. Its capacity to attenuate oxidative stress, exert anti-inflammatory 
effects, and protect against neurotoxicity points to promising potential as a 

complementary agent in addressing neurodegenerative conditions. 
 Despite these attributes, the intrinsic compositional variability of propolis 
remains a fundamental challenge for large-scale use and consistent clinical application. 
Factors such as geographical origin, specific botanical sources, and environmental 
contaminants substantially influence its composition, rendering standardization and 
quality control both complex and demanding. This variability directly compromises the 
reproducibility of pharmacological effects and calls for more rigorous and nuanced 

research into therapeutic application. Appropriate integration of propolis into 
contemporary medical practice depends on several key aspects: robust standardization, 
in-depth research correlating specific chemical profiles with neuroprotective and other 
therapeutic mechanisms, rigorous clinical validation, and, not least, the adoption of 
sustainable production practices. Propolis represents a highly promising natural 
therapeutic agent, especially given its neuroprotective capabilities, but realizing its full 
potential requires further well-designed studies. Priority research directions should 

include randomized clinical trials using standardized extracts, systematic correlation of 
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regional chemical profiles with specific therapeutic efficacy, and the development of 
targeted delivery formulations (such as propolis-based nanoparticles), an approach 
already shown to enable propolis to cross the blood-brain barrier in preclinical carrier 
systems.This review has certain limitations that should be acknowledged. As a narrative 
rather than a systematic review, the literature was not subjected to formal screening or 

quality appraisal, which may have introduced selection bias. The evidence base is also 
predominantly preclinical, drawn largely from animal and in vitro models; well-
designed human trials, particularly for epilepsy, remain scarce. These limitations should 
be considered when interpreting the conclusions presented here. Propolis is not a 
panacea, but, when integrated into a rigorous and well-standardized therapeutic 
framework, it has the potential to become a valuable adjunct in the management of 
neurodegenerative conditions. 
 

REFERENCES 
 Albanese G., Giurgiu A.I., Bobiș O., et al. 2025. Functional and Antimicrobial Properties of Propolis from Different 

Areas of Romania. Applied Sciences 15: 898. 

 Alkis H., Kuzhan A., Dirier A., et al. 2015. Neuroprotective effects of propolis and caffeic acid phenethyl ester 

(CAPE) on the radiation-injured brain tissue. International Journal of Radiation Research 13: 297–303. 

 Amini N., Chegini A., Zarrabian S., et al. 2023. Unleashing the Power of Mother Nature: Investigating the Memory-

Boosting Properties of Luteolin in Male Rats with Scopolamine-Induced Amnesia. Research Square [Preprint, 

unpublished]. 

 Asama T., Hiraoka T., Ohkuma A., et al. 2021. Cognitive Improvement and Safety Assessment of a Dietary 

Supplement Containing Propolis Extract in Elderly Japanese: A Placebo-Controlled, Randomized, Parallel-Group, 

Double-Blind Human Clinical Study. Evidence-Based Complementary and Alternative Medicine 2021: 6664217. 

 Balaha M., Filippis B.D., Cataldi A., et al. 2021. CAPE and Neuroprotection: A Review. Biomolecules 11: 176. 

 Balasubramaniam A.K., Elangovan A., Rahman M.A., et al. 2025. Propolis: A Comprehensive Review on the 

Nature’s Polyphenolic Wonder. Fitoterapia 183: 106526. 

 Balion Z., Ramanauskienė K., Jekabsone A., et al. 2020. The Role of Mitochondria in Brain Cell Protection from 

Ischaemia by Differently Prepared Propolis Extracts. Antioxidants 9: 1262. 

 Ballouk M.A., Altinawi M., Fudalej P.S. 2025. The Multifaceted Therapeutic Potential of Propolis: An Integrative 

Report on Its Pharmacological Properties and Emerging Advances. Discover Applied Sciences 7: 962. 

 Banaei G., Zarrabian S., Rouhollah F., et al. 2023. Evaluation of changes in interleukin 33 in Alzheimer’s disease 

model and changes caused by propolis treatment on brain tissue of rats. Research Square [Preprint, unpublished].  

 Bankova V. 2005. Chemical diversity of propolis and the problem of standardization. Journal of 

Ethnopharmacology 100: 114–117. 

 Bankova V., Popova M. 2023. Propolis: Harnessing Nature’s Hidden Treasure for Sustainable Agriculture. 

Agrochemicals 2: 581–597. 

 Bazmandegan G., Shamsizadeh A., FathiNajafi M., et al. 2020. Iranian brown propolis possesses neuroprotective 

effect against ischemic neuronal damage in mice. J Herbmed Pharmacol 9: 121–129. 

 Bhatti N., Hajam Y.A., Mushtaq S., et al. 2024. A review on dynamic pharmacological potency and multifaceted 

biological activities of propolis. Discov Sustain 5: 185. 

 Biswas K. 2023. Microglia mediated neuroinflammation in neurodegenerative diseases: A review on the cell 

signaling pathways involved in microglial activation. Journal of Neuroimmunology 383: 578180. 



LAZA: Neuroprotective properties of propolis: from chemical variability to therapeutic application – a narrative review  
 

114 

 

 Blažková I., Hrouzek J., Szarka A., et al. 2022. Analytical methods for pesticide residues determination in propolis 

and propolis-based products. Acta Chimica Slovaca 15: 103–116. 

 Bogdanov S. 2006. Contaminants of bee products. Apidologie 37: 1–18. 

 Caetano A.R., Oliveira R.D., Pereira R.F.C., et al. 2023. Examination of Raw Samples and Ethanol Extracts of 

Gerês Propolis Collected in Different Years. Plants 12: 3909. 

 Çelemli Ö.G., Atakay M., Sorkun K. 2019. The correlation between botanical source and the biologically active 

compounds of propolis. İstanbul Journal of Pharmacy 49: 81–87. 

 Contieri L.S., de Souza Mesquita L.M., Sanches V.L., et al. 2022. Recent progress on the recovery of bioactive 

compounds obtained from propolis as a natural resource: Processes, and applications. Separation and Purification 

Technology 298: 121640. 

 Dudoit A., Cardinault N., Mertz C., et al. 2021. Antifungal activities of propolis and its main components with an 

emphasis against phytopathogenic fungi. Journal of Apicultural Science 65(1): 5–24. 

 El-Seedi H.R., Khalifa S.A.M., El-Wahed A.A., et al. 2020. Honeybee products: An updated review of neurological 

actions. Trends in Food Science & Technology 101: 17–27. 

 Eroğlu N., Kambur M., Kekeçoğlu M. 2021. The Investigation Propolis Foraging Preference of Different Honey 

Bee. YYU J AGR SCI 31: 133–141. 

 Fiordalisi S. de A.L., Honorato L.A., Kuhnen S. 2019. Seasonal variation of propolis from southern Brazil:: 

phytochemical screening, antimicrobial activity, and effects on bovine mammary epithelial cells. Brazilian Journal 

of Veterinary Research and Animal Science 56: e149146–e149146. 

 Galeotti F., Capitani F., Fachini A., et al. 2019. Recent advances in analytical approaches for the standardization 

and quality of polyphenols of propolis. JMPR 13: 487–500. 

 Gonçalves V.C., Pinheiro D.J.L.L., Rosa T. de la, et al. 2020. Propolis as a Potential Disease-Modifying Strategy 

in Parkinson’s disease: Cardioprotective and Neuroprotective Effects in the 6-OHDA Rat Model. Nutrients 12: 

1551. 

 González-Martín M.I., Revilla I., Betances-Salcedo E.V., et al. 2018. Pesticide residues and heavy metals in 

commercially processed propolis. Microchemical Journal 143: 423–429. 

 Heghedűş-Mîndru G., Glevitzky M., Heghedűş-Mîndru R.C., et al. 2024. Inhibitory Effects and Composition 

Analysis of Romanian Propolis: Applications in Organic and Sustainable Agriculture. Plants 13: 3355. 

 Herrera-López M.G., Richomme P., Peña-Rodríguez L.M., et al. 2023. Bee Species, Botanical Sources and the 

Chemical Composition of Propolis from Yucatan, Mexico. J Chem Ecol 49: 408–417. 

 Hossain R., Quispe C., Khan R.A., et al. 2022. Propolis: An update on its chemistry and pharmacological 

applications. Chin Med 17: 100. 

 Huang S., Zhang C.P., Wang K., et al. 2014. Recent Advances in the Chemical Composition of Propolis. Molecules 

19: 19610–19632. 

 Ibrahim N., Andraini T., Yusnidar A., et al. 2023. Neuroprotective effect of South Sulawesi propolis on 

neurogenesis in primary cultures of rat cerebral cortical neurons. Universa Medicina 42: 137–149. 

 Isidorov V.A., Bakier S., Pirożnikow E., et al. 2016. Selective Behaviour of Honeybees in Acquiring European 

Propolis Plant Precursors. J Chem Ecol 42: 475–485. 

 Ito T., Degawa T., Okumura N. 2023. Brazilian green propolis prevent Alzheimer’s disease-like cognitive 

impairment induced by amyloid beta in mice. BMC Complement Med Ther 23: 416.  

 Kapare H.S., Raut S.S., Sathiyanarayanan L. 2022. Propolis and its Key Chemical Constituents: A Promising 

Natural Product in Therapeutic Applications. In: Frontiers in Natural Product Chemistry: Volume 9 Bentham 

Science Publishers, pp. 1–27. 

 Kasote D., Bankova V., Viljoen A.M. 2022. Propolis: chemical diversity and challenges in quality control. 

Phytochem Rev 21: 1887–1911. 

 Kumazawa S., Yoneda M., Shibata I., et al. 2003. Direct evidence for the plant origin of Brazilian propolis by the 

observation of honeybee behavior and phytochemical analysis. Chemical and Pharmaceutical Bulletin 51: 740–742. 



Annals of West University of Timişoara, ser. Biology, 2026, vol. 29 (1), pp.103-116 

  115 

 

 Liu R., Wu C. xia, Zhou D., et al. 2012. Pinocembrin protects against β-amyloid-induced toxicity in neurons through 

inhibiting receptor for advanced glycation end products (RAGE)-independent signaling pathways and regulating 

mitochondrion-mediated apoptosis. BMC Med 10: 105. 

 Mamashli F., Meratan A.A., Ghasemi A., et al. 2023. Neuroprotective Effect of Propolis Polyphenol-Based 

Nanosheets in Cellular and Animal Models of Rotenone-Induced Parkinson’s Disease. ACS Chem Neurosci 14: 

851–863. 

 Mannaa F., El-Shamy K.A., El-Shaikh K.A., et al. 2011. Efficacy of fish liver oil and propolis as neuroprotective 

agents in pilocarpine epileptic rats treated with valproate. Pathophysiology 18: 287–294. 

 Marcucci M.C. 1995. Propolis: chemical composition, biological properties and therapeutic activity. Apidologie 

26: 83–99. 

 Mărghitaş L.A., Dezmirean D.S., Bobiş O. 2013. Important Developments in Romanian Propolis Research. 

Evidence-Based Complementary and Alternative Medicine 2013: 159392.  

 Matias K.V., Gonçalves V. de C., Scorza F.A., et al. 2025. Nature’s Remedies: Exploring the Potential of Propolis 

to Alleviate Non-Motor Manifestations of Parkinson’s Disease. Molecules 30: 1672. 

 Nefzi N., Pagliari S., Campone L., et al. 2023. Chemical Composition and Comprehensive Antimicrobial Activity 

of an Ethanolic Extract of Propolis from Tunisia. Antibiotics 12: 802. 

 Nichitoi M.M., Josceanu A.M., Isopescu R.D., et al. 2021. Polyphenolics profile effects upon the antioxidant and 

antimicrobial activity of propolis extracts. Sci Rep 11: 20113. 

 Niculae M., Stan L., Pall E., et al. 2015. In vitro Synergistic Antimicrobial Activity of Romanian Propolis and 

Antibiotics against Escherichia coli Isolated from Bovine Mastitis. Notulae Botanicae Horti Agrobotanici Cluj-

Napoca 43: 327–334. 

 Nugroho K., Handayani E.S., Nugraha Z.S. 2017. Propolis increases neuronal count in hippocampal area CA1 and 

prefrontal cortex in stressed rats. Universa Medicina 36: 214–220. 

 de Oliveira M.R., Peres A., Gama C.S., et al. 2017. Pinocembrin Provides Mitochondrial Protection by the 

Activation of the Erk1/2-Nrf2 Signaling Pathway in SH-SY5Y Neuroblastoma Cells Exposed to Paraquat. Mol 

Neurobiol 54: 6018–6031. 

 Pastor K., Dolašević S., Nastić N. 2025. Authentication of Propolis: Integrating Chemical Profiling, Data Analysis 

and International Standardization—A Review. Foods 14: 4259. 

 Peixoto M., Freitas A.S., Cunha A., et al. 2022. Mixing Propolis from Different Apiaries and Harvesting Years: 

Towards Propolis Standardization? Antibiotics 11: 1181. 

 Pérez R., Burgos V., Marín V., et al. 2023. Caffeic Acid Phenethyl Ester (CAPE): Biosynthesis, Derivatives and 

Formulations with Neuroprotective Activities. Antioxidants 12: 1500. 

 Pluta R., Miziak B., Czuczwar S.J. 2023. Apitherapy in Post-Ischemic Brain Neurodegeneration of Alzheimer’s 

Disease Proteinopathy: Focus on Honey and Its Flavonoids and Phenolic Acids. Molecules 28: 5624. 

 Rendueles E., Mauriz E., Sanz-Gómez J., et al. 2023. Biochemical profile and antioxidant properties of propolis 

from northern Spain. Foods 12: 4337. 

 Salatino A. 2023. Expanding the amplitude of propolis uses. MOJ Food Processing & Technology 11: 26–29. 

 Sarapa A., Peter A., Buettner A., et al. 2025. Organoleptic and chemical properties of propolis: a review. Eur Food 

Res Technol 251: 1331–1352. 

 Scorza C., Goncalves V., Finsterer J., et al. 2024. Exploring the Prospective Role of Propolis in Modifying Aging 

Hallmarks. Cells 13: 390. 

 Shehata M.G., Ahmad F.T., Badr A.N., et al. 2020. Chemical analysis, antioxidant, cytotoxic and antimicrobial 

properties of propolis from different geographic regions. Annals of Agricultural Sciences 65: 209–217. 

 Shimazawa M., Chikamatsu S., Morimoto N., et al. 2005. Neuroprotection by Brazilian Green Propolis against In 

vitro and In vivo Ischemic Neuronal Damage. Evidence-Based Complementary and Alternative Medicine 2: 

613491. 

 Simsek I., Kuzukiran O., Yurdakok-Dikmen B., et al. 2021. Comparison of selected lipophilic compound residues 

in honey and propolis. Journal of Food Composition and Analysis 102: 104068. 



LAZA: Neuroprotective properties of propolis: from chemical variability to therapeutic application – a narrative review  
 

116 

 

 Stojanović S., Najman S.J., Bogdanova-Popov B., Najman S.S. 2020. Propolis: Chemical Composition, Biological 

and Pharmacological Activity – A Review. Acta Medica Medianae 59(2): 108–113. 

 Šturm L., Ulrih N.P. 2020. Advances in the Propolis Chemical Composition between 2013 and 2018: A Review. 

eFood 1: 24–37. 

 Šuran J., Cepanec I., Mašek T., et al. 2021. Propolis Extract and Its Bioactive Compounds—From Traditional to 

Modern Extraction Technologies. Molecules 26: 2930. 

 Thammasit P., Tharinjaroen C.S., Tragoolpua Y., et al. 2021. Targeted Propolis-Loaded Poly (Butyl) Cyanoacrylate 

Nanoparticles: An Alternative Drug Delivery Tool for the Treatment of Cryptococcal Meningitis. Frontiers in 

Pharmacology 12: 723727. 

 Tolba M.F., Azab S.S., Khalifa A.E., et al. 2013. Caffeic acid phenethyl ester, a promising component of propolis 

with a plethora of biological activities: A review on its anti-inflammatory, neuroprotective, hepatoprotective, and 

cardioprotective effects. IUBMB Life 65: 699–709. 

 Tosic S., Stojanovic G., Mitic S., et al. 2017. Mineral composition of selected Serbian propolis samples. Journal of 

Apicultural Science 61(1): 5–15. 

 Wieczorek P.P., Hudz N., Yezerska O., et al. 2022. Chemical Variability and Pharmacological Potential of Propolis 

as a Source for the Development of New Pharmaceutical Products. Molecules 27: 1600. 

 Zaitone S.A., Ahmed E., Elsherbiny N.M., et al. 2019. Caffeic acid improves locomotor activity and lessens 

inflammatory burden in a mouse model of rotenone-induced nigral neurodegeneration: Relevance to Parkinson’s 

disease therapy. Pharmacol Rep 71: 32–41. 

 Zhu A., Wu Z., Zhong X., et al. 2018. Brazilian Green Propolis Prevents Cognitive Decline into Mild Cognitive 

Impairment in Elderly People Living at High Altitude. Journal of Alzheimer’s Disease 63: 551–560. 

 Zulhendri F., Lesmana R., Tandean S., et al. 2022. Recent Update on the Anti-Inflammatory Activities of Propolis. 

Molecules 27: 8473. 

 Zulhendri F., Perera C.O., Tandean S. 2021. Can Propolis Be a Useful Adjuvant in Brain and Neurological Disorders 

and Injuries? A Systematic Scoping Review of the Latest Experimental Evidence. Biomedicines 9: 1227. 

 Zullkiflee N., Taha H., Usman A. 2022. Propolis: Its Role and Efficacy in Human Health and Diseases. Molecules 

27: 6120. 

 

 

 

 

 

 

 

 

 

 

 


