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SUMMARY 
 

Background: Caffeic acid (CA) is a naturally occurring hydroxycinnamic acid widely distributed in cof-

fee, fruits, vegetables, honey, and propolis. Structurally, CA contains a conjugated acrylic acid side 

chain and ortho-dihydroxy phenyl moiety, which together confer strong redox activity and metal-che-

lating capacity. Extensive preclinical evidence demonstrates that CA and its derivatives, particularly 

caffeic acid phenethyl ester (CAPE), exert antioxidant, anti-inflammatory, antimicrobial, anticancer, 

neuroprotective, and cardiometabolic effects through modulation of oxidative stress, inflammatory sig-

naling, and transcriptional regulation. CA has been shown to suppress reactive oxygen species genera-

tion by up to 60–75 percent in cellular models and to inhibit lipid peroxidation in a dose-dependent 

manner. Objectives: This review summarizes pharmacological advances reported up to 2025 concern-

ing caffeic acid and its derivatives, with emphasis on molecular mechanisms, quantitative bioactivity 

data, pharmacokinetic constraints, and formulation strategies. Particular focus is placed on antimicro-

bial efficacy, regulation of redox-sensitive transcription factors including Nrf2, NF-κB, and STAT3, mi-

tochondrial protection, and emerging medicinal chemistry and nanotechnology-based approaches 

aimed at improving bioavailability and therapeutic performance. Methods: A comprehensive literature 

survey was conducted using PubMed, Scopus, Web of Science, and Google Scholar. Peer-reviewed ar-

ticles published up to 2025 were screened using keywords related to caffeic acid, CAPE, antioxidant 

activity, antimicrobial effects, molecular mechanisms, and drug delivery. In vitro and in vivo studies 

reporting IC50 values, percentage inhibition, and dose-dependent outcomes were prioritized. Selected 

formulation and computational studies addressing solubility, metabolic stability, and target interactions 

were critically evaluated. Results: Caffeic acid demonstrates strong antioxidant activity with reported 

IC50 values ranging from 3 to 15 µM in radical scavenging assays. CAPE exhibits potent inhibition of 
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inflammatory mediators through suppression of NF-κB activation and upregulation of Nrf2-dependent 

antioxidant enzymes. Enzyme inhibition studies report CAPE IC50 values of approximately 1.0–5.0 µM 

against cancer-related and microbial targets, including peptide deformylase and transcriptional regula-

tors. Antimicrobial studies reveal growth inhibition of Gram-positive and Gram-negative bacteria at 

micromolar concentrations, with synergistic effects observed when combined with conventional antibi-

otics. In neuronal and cardiomyocyte models, CA and its derivatives reduce intracellular ROS levels by 

50–70 percent and improve cell viability under oxidative stress conditions. Discussion and Conclusion: 

Collectively, available data establish caffeic acid as a multifunctional bioactive compound capable of 

modulating oxidative stress, inflammation, microbial proliferation, and cell survival pathways. Despite 

robust preclinical efficacy, clinical translation remains limited due to poor oral bioavailability, rapid 

metabolism, and limited human safety data. Recent advances in nano-delivery systems, ester and amide 

derivatives, and host–guest complexation strategies demonstrate improved solubility and biological ac-

tivity. Future research should focus on structure–activity relationship optimization, long-term toxicity 

evaluation, and rational combination therapies to advance caffeic acid and its derivatives toward clini-

cal application. 
 

Keywords:  Caffeic acid; comprehensive attributes; source; antimicrobial activity; antioxidant activity; 

anti-inflammatory activity collaborative relevancy; bioactive compound.  
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RESUMEN 
 

Ácido cafeico: Una revisión exhaustiva de su uso tradicional y aplicaciones farmacológicas modernas 

hasta 2025 
 

Antecedentes: El ácido cafeico (AC) es un ácido hidroxicinámico natural ampliamente distribuido en el 

café, frutas, verduras, miel y propóleo. Estructuralmente, el AC contiene una cadena lateral de ácido 

acrílico conjugado y una fracción orto-dihidroxifenilo, que en conjunto le confieren una fuerte actividad 

redox y capacidad de quelación de metales. Amplia evidencia preclínica demuestra que el AC y sus 

derivados, en particular el éster fenetílico del ácido cafeico (CAPE), ejercen efectos antioxidantes, anti-

inflamatorios, antimicrobianos, anticancerígenos, neuroprotectores y cardiometabólicos mediante la 

modulación del estrés oxidativo, la señalización inflamatoria y la regulación transcripcional. Se ha de-

mostrado que el AC suprime la generación de especies reactivas de oxígeno hasta en un 60-75 % en 

modelos celulares e inhibe la peroxidación lipídica de forma dosis-dependiente. Objetivos: Esta revi-

sión resume los avances farmacológicos reportados hasta 2025 en relación con el ácido cafeico y sus 

derivados, con énfasis en mecanismos moleculares, datos cuantitativos de bioactividad, restricciones 

farmacocinéticas y estrategias de formulación. Se presta especial atención a la eficacia antimicrobiana, 

la regulación de factores de transcripción sensibles a la oxidación-reducción, incluyendo Nrf2, NF-κB y 

STAT3, la protección mitocondrial y los enfoques emergentes basados en la química medicinal y la na-

notecnología, orientados a mejorar la biodisponibilidad y el rendimiento terapéutico. Métodos: Se 

realizó una revisión bibliográfica exhaustiva mediante PubMed, Scopus, Web of Science y Google Scho-

lar. Los artículos revisados por pares publicados hasta 2025 se examinaron utilizando palabras clave 

relacionadas con el ácido cafeico, CAPE, actividad antioxidante, efectos antimicrobianos, mecanismos 

moleculares y administración de fármacos. Se priorizaron los estudios in vitro e in vivo que reportaban 

valores de CI50, porcentaje de inhibición y resultados dependientes de la dosis. Se evaluaron crítica-

mente estudios de formulación y computacionales seleccionados que abordaban la solubilidad, la esta-

bilidad metabólica y las interacciones con dianas. Resultados: El ácido cafeico demuestra una fuerte 

actividad antioxidante, con valores de CI50 reportados que oscilan entre 3 y 15 µM en ensayos de eli-

minación de radicales. El CAPE exhibe una potente inhibición de mediadores inflamatorios mediante 

la supresión de la activación de NF-κB y la regulación positiva de enzimas antioxidantes dependientes 

de Nrf2. Estudios de inhibición enzimática reportan valores de CI50 de CAPE de aproximadamente 1,0 

a 5,0 µM contra dianas microbianas y relacionadas con el cáncer, incluyendo la péptido deformilasa y 

reguladores transcripcionales. Estudios antimicrobianos revelan inhibición del crecimiento de bacterias 
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grampositivas y gramnegativas a concentraciones micromolares, con efectos sinérgicos observados al 

combinarse con antibióticos convencionales. En modelos neuronales y de cardiomiocitos, el CA y sus 

derivados reducen los niveles intracelulares de ROS entre un 50 % y un 70 % y mejoran la viabilidad 

celular en condiciones de estrés oxidativo. Discusión y conclusión: En conjunto, los datos disponibles 

establecen que el ácido cafeico es un compuesto bioactivo multifuncional capaz de modular el estrés 

oxidativo, la inflamación, la proliferación microbiana y las vías de supervivencia celular. A pesar de su 

robusta eficacia preclínica, la aplicación clínica sigue siendo limitada debido a la baja biodisponibilidad 

oral, el rápido metabolismo y la escasez de datos sobre seguridad en humanos. Avances recientes en 

sistemas de nanoadministración, derivados de ésteres y amidas, y estrategias de complejación huésped-

huésped demuestran una mejor solubilidad y actividad biológica. La investigación futura debe cen-

trarse en la optimización de la relación estructura-actividad, la evaluación de la toxicidad a largo plazo 

y las terapias de combinación racionales para avanzar el ácido cafeico y sus derivados hacia la aplicación 

clínica. 
 

Palabras clave: Ácido cafeico; atributos integrales; fuente; actividad antimicrobiana; actividad antioxi-

dante; relevancia colaborativa de la actividad antiinflamatoria; compuesto bioactivo. 
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RESUMO 
 

Ácido Cafeico: Uma Revisão Abrangente de seu Uso Tradicional e Aplicações Farmacológicas Mo-

dernas até 2025 
 

Contexto: O ácido cafeico (AC) é um ácido hidroxicinâmico natural amplamente distribuído no café, 

frutas, vegetais, mel e própolis. Estruturalmente, o AC contém uma cadeia lateral de ácido acrílico con-

jugado e um grupo orto-diidroxifenil, que juntos conferem forte atividade redox e capacidade de que-

lação de metais. Extensas evidências pré-clínicas demonstram que o AC e seus derivados, particular-

mente o éster fenetílico do ácido cafeico (CAPE), exercem efeitos antioxidantes, anti-inflamatórios, an-

timicrobianos, anticancerígenos, neuroprotetores e cardiometabólicos por meio da modulação do es-

tresse oxidativo, da sinalização inflamatória e da regulação transcricional. O AC demonstrou suprimir 

a geração de espécies reativas de oxigênio em até 60-75% em modelos celulares e inibir a peroxidação 

lipídica de maneira dose-dependente. Objetivos: Esta revisão resume os avanços farmacológicos rela-

tados até 2025 referentes ao ácido cafeico e seus derivados, com ênfase em mecanismos moleculares, 

dados quantitativos de bioatividade, limitações farmacocinéticas e estratégias de formulação. Dá-se es-

pecial atenção à eficácia antimicrobiana, à regulação de fatores de transcrição sensíveis ao redox, inclu-

indo Nrf2, NF-κB e STAT3, à proteção mitocondrial e às abordagens emergentes em química medicinal 

e nanotecnologia, visando aprimorar a biodisponibilidade e o desempenho terapêutico. Métodos: Foi 

realizada uma pesquisa bibliográfica abrangente utilizando PubMed, Scopus, Web of Science e Google 

Scholar. Artigos revisados por pares, publicados até 2025, foram selecionados utilizando palavras-chave 

relacionadas ao ácido cafeico, CAPE, atividade antioxidante, efeitos antimicrobianos, mecanismos mo-

leculares e administração de fármacos. Estudos in vitro e in vivo que relataram valores de IC50, porcen-

tagem de inibição e resultados dose-dependentes foram priorizados. Estudos selecionados de formula-

ção e computacionais que abordam solubilidade, estabilidade metabólica e interações com alvos foram 

avaliados criticamente. Resultados: O ácido cafeico demonstra forte atividade antioxidante, com valo-

res de IC50 relatados variando de 3 a 15 µM em ensaios de eliminação de radicais livres. O extrato 

aquoso de CAPE exibe potente inibição de mediadores inflamatórios por meio da supressão da ativação 

de NF-κB e da regulação positiva de enzimas antioxidantes dependentes de Nrf2. Estudos de inibição 

enzimática relatam valores de IC50 de CAPE de aproximadamente 1,0–5,0 µM contra alvos relacionados 

ao câncer e microbianos, incluindo deformilase de peptídeos e reguladores transcricionais. Estudos an-

timicrobianos revelam inibição do crescimento de bactérias Gram-positivas e Gram-negativas em con-

centrações micromolares, com efeitos sinérgicos observados quando combinado com antibióticos con-

vencionais. Em modelos neuronais e de cardiomiócitos, o ácido cafeico e seus derivados reduzem os 

níveis intracelulares de ROS em 50–70% e melhoram a viabilidade celular sob condições de estresse 
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oxidativo. Discussão e Conclusão: Em conjunto, os dados disponíveis estabelecem o ácido cafeico como 

um composto bioativo multifuncional capaz de modular o estresse oxidativo, a inflamação, a prolifera-

ção microbiana e as vias de sobrevivência celular. Apesar da robusta eficácia pré-clínica, a translação 

clínica permanece limitada devido à baixa biodisponibilidade oral, ao metabolismo rápido e aos dados 

de segurança em humanos ainda escassos. Avanços recentes em sistemas de nanotransportadores, de-

rivados de ésteres e amidas e estratégias de complexação hospedeiro-convidado demonstram solubili-

dade e atividade biológica aprimoradas. Pesquisas futuras devem se concentrar na otimização da rela-

ção estrutura-atividade, na avaliação da toxicidade a longo prazo e em terapias combinadas racionais 

para impulsionar o ácido cafeico e seus derivados rumo à aplicação clínica. 
 

Palavras-chave: Ácido cafeico; atributos abrangentes; fonte; atividade antimicrobiana; atividade antio-

xidante; atividade anti-inflamatória; relevância colaborativa; composto bioativo. 

--------------------------------------------------------------------------------------------------------------------------- 

 

1. INTRODUCTION 
 

Caffeic acid is a naturally occurring polyphenolic compound that has gained sustained scien-

tific attention due to its broad pharmacological relevance and strong connection to traditional 

medicinal practices [1]. Natural products continue to represent a critical source of therapeutic 

agents, particularly for chronic and multifactorial diseases where multitarget modulation is 

required. In recent years, drug discovery has increasingly prioritized compounds with plei-

otropic mechanisms and favorable safety profiles [2]. Caffeic acid aligns well with this ap-

proach because of its wide dietary availability, long-standing ethnomedicinal use, and grow-

ing experimental evidence supporting its therapeutic versatility [3]. By 2025, advances in 

chemical analysis, molecular pharmacology, and delivery technologies have reinforced inter-

est in caffeic acid as a molecule capable of bridging traditional herbal medicine with modern 

evidence-based therapeutics [4, 5]. 

Chemically, Caffeic acid is a single, well-defined organic molecule, not a mixture [6]. Its 

chemical constituents are best described in terms of elemental composition and functional 

groups present in its structure. Caffeic acid has the molecular formula C9H8O4. It is composed 

of three fundamental elements: carbon, hydrogen, and oxygen. Carbon atoms form the aro-

matic ring and the unsaturated side chain. Hydrogen atoms are bonded to the aromatic ring, 

hydroxyl groups, and the propenoic acid moiety. Oxygen atoms are present as phenolic hy-

droxyl groups and as part of the carboxylic acid functionality. Structurally, caffeic acid con-

tains an aromatic phenyl ring (Fig. 1), which provides molecular rigidity and contributes to π-

electron delocalization [7, 8]. This aromatic system is essential for resonance stabilization after 

electron donation, a key feature underlying its redox behavior. A defining chemical constitu-

ent of caffeic acid is the catechol moiety. This consists of two phenolic hydroxyl groups located 

at the 3 and 4 positions of the benzene ring. These hydroxyl groups are responsible for hydro-

gen donation, radical scavenging activity, and metal ion chelation. They play a central role in 

antioxidant(4)autophagy, anti-inflammatory, and enzyme-modulating effects. Caffeic acid 

also contains an α,β-unsaturated propenoic acid side chain [9, 10]. This side chain includes a 

carbon–carbon double bond conjugated with the aromatic ring. The conjugation enhances elec-

tron delocalization across the molecule and increases chemical stability of radical intermedi-

ates formed during redox reactions. The terminal carboxylic acid group is another key chemi-

cal constituent. This group contributes to the acidic nature of caffeic acid, enables hydrogen 

bonding, and allows salt formation with metal ions and organic bases [11, 12]. The carboxyl 

group is also the primary site for ester and amide formation in synthetic and natural deriva-

tives such as caffeic acid phenethyl ester and caffeoyl amides. The chemical constituents of 
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caffeic acid include an aromatic benzene ring, two phenolic hydroxyl groups forming a cate-

chol unit, an α,β-unsaturated alkene side chain, and a carboxylic acid functional group, all 

built from carbon, hydrogen, and oxygen atoms. These constituents collectively determine the 

physicochemical properties, biological activity, and pharmaceutical relevance of caffeic acid 

[11-15]. Caffeic acid is identified as 3,4-dihydroxycinnamic acid and belongs to the hy-

droxycinnamic acid subclass of polyphenols. Its molecular structure comprises a catechol ring 

linked to an α,β-unsaturated propenoic acid side chain, forming a conjugated system that un-

derlies its strong redox activity. The catechol moiety plays a central role in its biological be-

havior by enabling hydrogen atom donation, electron delocalization, and metal ion chelation. 

These features contribute directly to its antioxidant capacity and chemical reactivity. From a 

medicinal chemistry perspective, the presence of reactive hydroxyl and carboxyl groups 

makes caffeic acid an adaptable scaffold for chemical modification. Structural derivatization 

through ester, amide, or glycoside formation has yielded compounds with improved lipo-

philicity, stability, and biological potency, reinforcing its value as a lead structure for drug 

development [16, 17]. 

 

 
Figure 1. Depicts the Caffeic acid's chemical structure while demonstrating plausible biological and 

pharmacological effects. 

 

Caffeic acid is biosynthesized in plants through the shikimate and phenyl propanoid path-

ways, with phenylalanine serving as a key precursor. It is widely distributed in the plant king-

dom, occurring in both free and conjugated forms such as esters, glycosides, and amides [1, 

18, 19]. Common dietary sources include coffee beans, tea leaves, fruits, vegetables, olive oil, 

herbs, and whole grains, while medicinal plants such as Echinacea, Salvia, Rosmarinus, and 

bee-derived propolis are particularly rich in caffeic acid and its derivatives. In plants, caffeic 

acid functions as part of the defense system against biotic stresses such as pathogens and in-

sects, as well as abiotic stresses including ultraviolet radiation, temperature extremes, drought, 

salinity, and heavy metal exposure. Variations in plant species, geographical origin, and har-

vesting conditions significantly influence caffeic acid content, which in turn affects its phar-

macological potential. Traditional medical systems have long utilized caffeic-acid-rich plants 

for the treatment of inflammation, infections, liver disorders, pain, and metabolic conditions. 

These empirical applications are increasingly supported by modern epidemiological and ex-

perimental data. High dietary intake of polyphenols, including caffeic acid, has been associ-

ated with reduced risk of cardiovascular disease, type 2 diabetes, neurodegenerative disor-

ders, and certain cancers [12, 19-22]. Propolis-derived caffeic acid phenethyl ester has been 

extensively studied for wound healing, antimicrobial, and anti-inflammatory applications, 

validating traditional uses through molecular and cellular evidence. Such findings highlight 
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the translational relevance of caffeic acid from ethnopharmacology to contemporary biomed-

ical research [23]. 

From a pharmacological standpoint, caffeic acid exhibits a wide range of biological activ-

ities that extend beyond basic antioxidant effects. Its antioxidant mechanism is based on elec-

tron donation from the catechol group, leading to the formation of stabilized o-quinone inter-

mediates through conjugation with the unsaturated side chain. This electron delocalization 

enhances radical scavenging efficiency and limits oxidative damage to biomolecules such as 

lipids, proteins, and nucleic acids. Additionally, caffeic acid can chelate transition metals such 

as iron and copper, thereby inhibiting peroxide decomposition and reducing the generation of 

reactive oxygen species. Through these mechanisms, caffeic acid plays a critical role in regu-

lating oxidative stress, a key contributor to chronic diseases [24], including atherosclerosis, 

cancer, diabetes, and neurodegenerative disorders [25-28]. 

Beyond redox modulation, caffeic acid exerts significant anti-inflammatory effects by reg-

ulating intracellular signaling pathways and transcription factors involved in inflammatory 

responses. It suppresses the activation of pathways such as NF-κB and MAPK, leading to re-

duced expression of pro-inflammatory cytokines, enzymes, and mediators. These actions po-

sition caffeic acid as an important modulator of chronic inflammation, which underlies many 

non-communicable diseases [29]. Its immunomodulatory effects [30], further contribute to its 

therapeutic profile, supporting both preventive and disease-modifying roles [19, 26, 31]. 

Caffeic acid also demonstrates notable antimicrobial, antiviral, and anticancer activities. 

It disrupts microbial membrane integrity, inhibits biofilm formation [32], and interferes with 

pathogen survival and replication. These properties are particularly relevant in the context of 

rising antimicrobial resistance, where plant-derived phenolics are being explored as alterna-

tive or adjunctive therapies. In oncology research, caffeic acid influences multiple hallmarks 

of cancer, including cell proliferation, apoptosis, angiogenesis, and metastasis, through mod-

ulation of oncogenic signaling pathways. Its low intrinsic toxicity and multi target mode of 

action support its use as a chemo preventive agent and as an adjuvant to conventional cancer 

therapies [18, 28, 33-36]. 

Despite its promising biological profile, the clinical translation of caffeic acid is limited by 

moderate water solubility, rapid metabolism, and restricted bioavailability. To address these 

challenges, recent research has focused on formulation strategies such as polymeric nanopar-

ticles, lipid-based carriers, prodrug approaches, and combination therapies with existing 

drugs. These advances have improved stability, delivery efficiency, and therapeutic perfor-

mance [14, 18, 26]. In 2025, the integration of chemical modification, pharmacological evalua-

tion, and advanced drug delivery systems has renewed interest in caffeic acid as a multifunc-

tional therapeutic agent. This review highlights caffeic acid through an integrated chemical 

and pharmacological perspective, emphasizing its role in connecting traditional medicinal 

knowledge with modern therapeutic science (Table 1). 

 

Table 1. Pharmacological overview of caffeic acid and its derivatives activities 

Com-

pound 

Species Supplementation Observed Effect Ref. 

Caffeic 

acid 

Atlantic horse 

mackerel (Trau-

churus trau-

churus) 

10 to 200 ppm (w/w, 

0.001–0.020%) 

 

• High efficacy in inhibiting lipid oxidation 

for fish muscle due to its capacity for do-

nating 12.2 µmol electrons/mg antioxidant. 

[37] 
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Beluga sturgeon 

(Huso huso) 

5–10 g/kg CA over 56 

days 

 

• Increased antioxidant enzyme activities 

(SOD, CAT, and GST). 

• Improved growth performance and im-

mune parameters 

[38] 

Common carp 

(Cyprinus carpio) 

 

5 g/kg CA + Bacillus coag-

ulans 

(2 × 107 CFU/g feed) 

 

• Enhanced oxidative stress Management 

• Upregulated immune- related gene expres-

sion 

• Higher survival rates under pathogenic 

challenges 

[39] 

Nile tilapia  

(Oreochromis ni-

loticus) 

 

5 g/kg CA in diet • Enhanced activity of antioxidant enzymes 

(SOD, CAT and GPx) 

• Improved immune responses 

• Increased survival rates against infections 

[16] 

0.52mmol/kg CA • Increased FW, WG, ALB, TP, ALB, and 

BUN 

• Decreased FCR, AST, GLU, TG, and LDH 

• Improved hardness, gumminess, adhesive-

ness, and resilience of muscle 

• Increased villus height and muscle thick-

ness of the foregut and hindgut 

[40] 

Rainbow trout 

(Oncorhynchus 

mykiss) adipo-

cyte cell 

 

Incubated with vehicle + 

50 µM CA 

 

• Increased adipocyte viability without af-

fecting proliferation 

• CA in combination with rosiglitazone sig-

nificantly reduced the enhanced PPARγ 

protein expression signal produced by 

rosiglitazone alone 

• Lower level of lipid storage in the cell 

• Increased lipoprotein lipase expression in 

liver 

• Decreased triacylglycerol levels in fasting 

[13] 

Sea bass 

(Lateolabrax ja-

ponicas) 

 

Dipping fresh sea bass 

fillets in 2.0 g/L CA, ul-

trasonic + 

2.0 g/L CA 

 

• Slowed the growth of total viable count 

• Improved the water-holding capacity of 

fish fillets 

• Inhibited lipid oxidation in fish fillets 

• Maintained the better quality and extended 

the shelf-life of sea bass by at least four 

days 

[41] 

Zebrafish larval 

(Danio rerio) 

Exposure in 50 µM CA Decreased larval adiposity and adiposity in 

the head 

[42] 

Rainbow trout  

(Oncorhynchus 

mykiss) 

CA treatment in gill cells 

exposed to oxidative 

stress 

• Reduced DNA fragmentation, prevented 

caspase-3 activation 

• Protected cells from oxidative damage and 

apoptosis 

[43] 

Caffeic 

acid 

phenethyl 

ester 

 

Grass carp  

(Ctenopharyngo-

don idellus) 

0, 200, 500, and 800 

mg/kg in high-fat diet 

 

• Reduced the HFD-induced increase in feed 

conversion ratio 

• Promoted adipocyte hyperplasia, leading 

to healthy adipose tissue remodeling 

• Decreased immune cell infiltration, pro-

moted the ability of adipose tissue to han-

dle fat, reduced lipid accumulation 

• Alleviated hepatopancreas steatosis by re-

ducing hepatopancreas lipid absorption 

and synthesis 

• Decreased the expression of pro-inflamma-

tory factors in adipose tissue, hepatopan-

creas and muscle 

• Decreased levels of serum LD, ALT, AST, 

[44] 
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and LDLC 

0, 200, 500, and 800 

mg/kg in high-carbohy-

drate diet 

• Reduced the adverse effects of a high-car-

bohydrate diet 

• Peroxisome proliferator-activated receptor 

γ was activated by CAPE in adipose tissue 

• Promoted the lipolysis and fatty acid β-oxi-

dation in the adipose tissue, hepato pan-

creas, and muscle 

• Improved glucose uptake and utilization-

related gene expression in the hepato pan-

creas and muscle 

• Alleviated hepatic steatosis, and promoted 

mammalian target of rapamycin gene ex-

pression in muscle 

• Inhibited inflammatory response in the ad-

ipose tissue, hepato pancreas, and muscle 

• Reduced the levels of ALT, AST, GLU, LD, 

LDLC and TG 

[45] 

Five-day post-

fertilization 

zebrafish 

(Danio rerio) lar-

vae 

 

Exposed to 125 µM neo-

mycin and CAPE (50, 

100, 250, 500, or 1000 µM) 

in 1 h 

 

• Decreased neomycin-induced hair cell loss 

in the neuromasts, apoptosis, and mito-

chondrial damage 

• Structures of mitochondria and hair cells 

were preserved when exposed to 125 µM 

neomycin and 500 µM CAPE 

[46] 

Caffeic 

acid com-

plexed 

with Cr(III) 

and Pb(II) 

 

Common carp 

(Cyprinus carpio), 

water flea 

(Daphnia magna), 

green algae 

(Selenastrum cap-

ricornutum) 

 

Exposure • No toxicity in the studied aquatic organ-

isms (CL50/CE50 > 100 mg/L) 

• Flotation effluents containing Pb(II) and 

Cr(III), obtained after ion and precipitate 

flotation processes, are not harmful for 

common carp 

• Removal of toxic metals (Pb and Cr) in flo-

tation processes 

[47] 

Car-

bodiimide- 

mediated 

grafting of 

caffeic acid 

on chitosan 

Pompano  

(Trachinotus 

ovatus) 

 

Immersed fresh fillet 

with 1% CS and 

CS-g-CA solution 

 

• Lowered the softening rate 

• Increased the quality of fish fillet 

• Inhibited the deterioration of texture 

[48] 

Chitosan- 

grafted caf-

feic acid 

 

Pompano  

(Trachinotus 

ovatus) 

 

Fresh fish slices were 

treated with ultrasonic, 

CS-g-CA, and 

ultrasonic + CS-g-CA 

 

• Increased the surface hydrophobicity and 

the total sulfhydryl content 

• Maintained the secondary and tertiary 

structure of myofibrillar proteins 

• Inhibited protein degradation 

• Protected the myofibril microstructure by 

maintaining the compact arrangement of 

muscle fibers 

• Improved the sensory properties 

[49] 

Chloro-

genic acid 

 

Amur ide  

(Leuciscus wal-

eckii) 

0.04% • Alleviated LPS-induced intestinal barrier 

dysfunction (decreasing the levels of 5-HT, 

D-LA, ET-1 and DAO in serum, increasing 

ZO-1, occludin-α, claudin-c, claudin-f 

mRNA, ZO-1, occludin, and claudin-1 pro-

tein expression) 

• Improved intestinal morphology 

• Upregulated TGF-β and Bcl-2 mRNA ex-

pression 

[50] 
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• Downregulated NF-κBp65, TNF-α, Bax, 

caspase-3, caspase-9 mRNA, NF-κBp65, 

Bax, and caspase-3 protein expression 

• Reversed LPS-induced reduction in GSH-

PX, CAT, T-SOD and T-AOC in intestines 

• Alleviated LPS-induced decrease in Nrf2, 

HO-1, CAT, SOD mRNA and Nrf2 protein 

expression, and increase in Keap1 mRNA 

Asian swamp 

eel  

(Monopterus al-

bus) 

 

250, 500, 750 mg/kg 

 

• Increased WGR, Hb, and HDL 

• Decreased TG, GLU, LDL, GSP, and MDA 

levels 

• Increased GPx, CAT, SOD, LYZ, and ALP 

levels 

[51] 

Blackspotted 

croaker  

(Protonibea dia-

canthus) 

 

0, 100, 200, 400, 800, 

1600 mg/kg 

 

• Reduced muscle oxidative stress and in-

flammation and muscle fiber content. 

• Increased muscle toughness (hardness, 

chewiness, shear force, and gumminess), 

collagen content and collagen deposition in 

muscle 

[52] 

Common carp  

(Cyprinus carpio) 

 

107 CFU/g Lactobacillus 

helveticus, 550 mg/kg 

CGA, and a combination 

of both elements 

 

• Increased growth parameters, digestive en-

zyme activities (trypsin, chymotrypsin, 

pepsin, protease), total protein, lysozyme 

activity, ACH50, and total immunoglobu-

lin 

• Decreased MDA, AST, ALT, ALP, GLU 

and cortisol levels 

[53] 

Crucian carp  

(Carassius au-

ratus) 

 

200 mg/kg 

 

• Increased growth performance (FW, WG, 

and SGR), digestive enzyme activity, TG, 

non-specific immune enzyme activities of 

intestinal, and liver tissues 

• Improved antioxidant capacity of intesti-

nal, muscle, and liver tissues 

• Decreased FCR 

• Upregulated the expression of lipid metab-

olism-related genes in the liver 

• Enhanced the relative abundance of intesti-

nal microbes, Fusobacteria and Firmicutes 

• Degraded the relative abundance of Prote-

obacteria 

[54] 

100, 200, 400, 800 mg/kg 

 

• Increased WGR, SGR, FER, PER; serum 

levels of LZM; AKP activity; C3 and C4 

concentration; SOD, CAT, and GsH-Px ac-

tivities; the mucosal fold height 

• Decreased MDA content, DAO, D-LA, and 

ET-1 in intestines 

• Upregulated IL-10, TGF-β, Nrf2, HO-1, 

SOD, CAT, and GPX expression 

• Downregulated NF-κB, TNF-α, and IL-1β 

expression 

[54] 

Grass carp  

(Ctenopharyngo-

don idellus) 

 

CGA (400 mg/kg), quer-

cetin (QC, 400 mg/kg), 

and their combinations 

 

• Increased WG, digestibility of dry matter, 

protein, digestive enzyme (amylase, prote-

ase), activities of SOD and GSH-Px 

• Decreased FCR and MDA level 

• Increased flesh hardness, water-holding ca-

pacity, total collagen, heat-insoluble colla-

gen and n-3 polyunsaturated fatty acids 

contents 

[55] 
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• Reduced mesenteric lipid-somatic index, 

flesh n-3/n-6 ratio, serum triglycerides, li-

pid content in flesh 

Koi carp  

(Cyprinus carpio) 

200, 400, 600, 800 mg/kg • Increased body color indices (redness, yel-

lowness, and lightness) 

• Increased lysozyme, SOD, CAT, GSH and 

GSH-Px activities 

• Upregulated TGF-β expression in the head-

kidney 

[56] 

Largemouth 

bass  

(Micropterus 

salmoides) 

 

60, 120, 180, and 240 

mg/kg 

• Increased FBW, SGR, WGR, and GSH lev-

els 

• Decreased FCR, TC and TG levels, MDA 

content, CAT, SOD, and GPx activities 

• Reduced mRNA levels of SOD, CAT, Nrf2, 

Keap1, and NF-κB 

• Elevated GPx, IL-8, TLR2, and RelA ex-

pression in the liver 

[57] 

300 and 600 mg/kg in 

high-fat diet 

• Regulated expression of gene responsible 

for lipid metabolism, inflammation (HSL, 

ATGL, APOA1, IL-8, and TNF-α), and anti-

oxidant enzymes (CAT, SOD, and GPx) 

• Decreased TG and TC in plasma; MDA 

and NEFA in liver 

[58] 

Loach (Misgur-

nus anguilli-

caudatus) 

 

200, 400, 600 and 800 

mg/kg 

 

• Increased FBW, WGR, and SGE; enzyme 

activities in liver and intestine (protease, li-

pase, and amylase); T-AOC, CAT, SOD, 

GSH, GSH-Px, AST, and ALT in liver; C3 

and C4 in serum; IgM; LYZ 

• Decreased MDA level 

[59] 

Pacific white 

shrimp 

 (Litopenaeus 

vannamei) 

 

CGA (200 mg/kg), low-

dose drug combination 

(100 mg/kg CGA + 7.5 

mg/kg FFC), moderate-

dose drug 

combination (200 mg/kg 

CGA + 15 mg/kg FFC), 

and a high-dose drug 

combination (400 mg/kg 

CGA + 30 mg/kg FFC) 

• Decreased cumulative mortality over 5 

days after infection with V. parahaemolyti-

cus 

• Increased the immune parameters 

• Improved the hepatopancreatic tubule 

structure and integrity 

 

[16, 

59, 

60] 

100, 200 and 400 mg/kg • Increased growth performance and the ac-

tivities of TAS, SOD, GSH-Px, and CAT in 

hepatopancreas 

• Improved the resistance against the com-

bined stress of low salinity and nitrite 

[61] 

Rainbow trout  

(Oncorhynchus 

mykiss) 

 

200, 400, 800 mg/kg • Increased FW, WG, SGR; digestive enzyme 

activities (protease, amylase); and activities 

of NBT, NPO, LYZ, Ig, CAT, C3, C4, TP, 

AST, ALP, ALT, LDH, TP and GLO 

• Decreased FCR, MDA 

• Enhanced resistance against Y. ruckeri 

[62] 

Red swamp 

crayfish  

(Procambarus 

clarkii) 

 

Injected 50 mg/kg • Regulated innate immune defense to re-

duce viral gene transcription 

• Induced apoptosis to restrict viral spread 

• Enhanced anti-inflammatory and antioxi-

dant activities to alleviate oxidative and in-

flammatory damage caused by WSSV 

[63] 
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Spotted sea bass  

(Lateolabrax mac-

ulatus) 

 

100, 200, 300, and 400 

mg/kg CGA in high-fat 

diet 

 

• Decreased the HFD- induced hyperlipemia 

• Reduced serum AST, ALT, and MDA lev-

els 

• Improved liver T-OAC activity 

• Hepatocytes were arranged more neatly, 

reduction in lipid deposition and hemoly-

sis in the liver 

• Increased mucosal thickness, as well as vil-

lus number and width 

• Increased the intestinal Bacteroidetes to 

Firmicutes ratio and decreased the abun-

dance of Vibrio 

[64] 

Yellow pond 

turtles  

(Mauremys mu-

tica) 

 

100, 200, 400, 800 mg/kg 

 

• Enhanced FW, WGR, and SGR 

• Reduced FCR 

• Improved intestinal digestive enzyme ac-

tivities (amylase, lipase, and trypsin) 

• Promoted intestinal morphological devel-

opment, and increased villus length and 

density. 

• Increased AKP, ACP, complement C3, 

complement C4, SOD, and CAT activities 

• Decreased MDA level 

• Modulated liver gene expression (down-

regulated MHC I and MHC II, enriched 

KEGG pathways related to Th1 and Th2 

cell differentiation, Th17 cell differentia-

tion, asthma, and other immune-inflamma-

tory conditions) 

• Increased the relative abundance of Ceto-

bacterium and reduced the abundance of 

Escherichia-Shigella and Treponema in the in-

testinal microbiota. 

[65] 

Cinnamic 

acid 

Rainbow trout 

(Oncorhynchus 

mykiss) 

 

0.25, 0.50, 0.75, 1.50 

 

• Decreased intestinal and stomach pH, se-

rum triglyceride, and AST, ALT, LDH and 

ALP levels 

• Increased the serum SOD and liver SOD2, 

CAT, GST, GPX1, GPX4 and GR gene ex-

pression responses 

[66] 

Mix of Bacillus subtilis 

and trans-cinnamic acid 

(25 mg/kg-25trcBS, 

50 mg/kg-50trcBS, 

75 mg/kg-75 trcBS, 

150 mg/kg-150 trcBS) 

• Increased granulocyte percentage, respira-

tory burst activity, phagocytic activity, 

phagocytic index, myeloperoxidase activity 

and total antiprotease activity 

• Improved disease resistance against Y. 

ruckeri (increasing survival rates and anti-

body titer) 

[67] 

Ferulic 

acid 

Blunt snout 

bream  

(Megalobrama 

amblycephala) 

100, 200 mg/kg • Enhanced WGR, GI, PER, and CF 

• Reduced ALT, GLU, LDH, and MDA lev-

els 

• Increased CAT, SOD, GPx, GRS, and GST 

activities 

• Downregulated the expression levels of in-

flammation-related genes (IL-6, IL-1β, and 

NF-κB), caspase-8 and endoplasmic reticu-

lum stress-related genes (XBP1s, PERK, 

IRE1, CHOP and BIP) 

• Activated ATF6α and ATF4 expression 

• Upregulated BCL-2 expression 

[68] 
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Carp 

(Cyprinus carpio) 

 

200 /kg • Normal brain tissue structure with tightly 

arranged neuronal fibers and increased 

number of neurons under AVM exposure 

• Increased the levels of acetylcholinesterase 

and tight junction proteins (ZO-1, occludin, 

and claudin11) in the carp brain under 

AVM exposure 

• Restored the imbalance of key oxidative 

and Antioxidative parameters, reduced 

ROS accumulation in brain tissue, and ulti-

mately alleviated the oxidative stress in-

duced by chronic exposure to AVM 

• Modulated the Nrf2/Keap1 signaling path-

way 

• Decreased the apoptotic rate 

• Downregulated transcription levels of Bax 

and caspase-3 

• Upregulated the expression of Bcl-2, AgRp, 

NPY, and orexin in the hypothalamus 

[69] 

400 mg/kg 

 

• Alleviated gill tissue damage induced by 

chronic DFZ exposure 

• Downregulated IL-1β, IL-6 and TNF-α ex-

pression 

• Upregulated IL-10 and TGF-β1 expression 

• Reduced MDA levels and ROS accumula-

tion 

• Increased CAT, GSH, and T-AOC activities 

• Suppressed the activation of the NF-κB sig-

naling pathway and the NLRP3 inflam-

masome pathway in the gills 

[70] 

• Increased serum complements C3 and IgM 

and activities of T-AOC and CAT in spleen 

under AVM exposure 

• Decreased MDA and GSH in spleen under 

AMV exposure 

• Downregulated TNF-α, IL-6, IL-1β, and 

iNOS mRNA levels under AVM exposure 

• Upregulated TGF-β mRNA levels under 

AVM exposure 

[71] 

Lactobacillus fermentum 

(108 CFU/g) and/or feru-

lic acid (100 mg/kg) 

• Higher FW, WG, and SGRT 

• Lower FCR 

• Increased RBC, WBC, Hb, HCT; serum to-

tal protein and albumin levels; antioxidant 

enzymes (CAT, GPx, and SOD), and serum 

respiratory burst and lysozyme activity 

• Enhanced resistance against Aeromonas hy-

drophila 

[72] 

Carp (Cyprinus 

carpio var. Jian) 

0.10, 0.20, 0.30, 0.40 g/kg • Improved FBW, WG, SGR, and FI 

• Increased FACs, caspase-3 and -8 activities, 

and activities of SOD and CAT in RBC 

• Decreased FDO, Na+, K+-ATPase, GPT, 

GOT and caspase-9 activities; GPx, O2− , 

OH, and MDA levels in the gills and RBC 

• Counteracted the Cu-induced reductions 

in Hct, RBC, HbC, and MCH 

[73] 
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Grass carp  

(Ctenopharyngo-

don Idellus) 

 

50, 100, 200 mg/kg • Improved growth performance and feed 

utilization 

• Reduced liver MDA, ATL, lipid deposition, 

TG, and TC 

• Increased GSA, SOD, bile acid of blood 

and liver, and HDLL 

• Upregulated mRNA expression of ZO-1, 

ZO-2, occludin, claudin-b, claudin-3, clau-

din-7a, claudin-12; FXR and CYP7A1 

[74] 

Nile tilapia  

(Oreochromis ni-

loticus) 

Highly oxidized fish 

oil + FA (0 or 400 mg/kg) 

• Improved fish growth, digestive enzyme 

activities (protease, amylase, lipase) 

• Decreased FCR, SOD, CAT, GPx, and 

MDA levels 

• Increased villus height and muscular thick-

ness in foregut 

[75] 

20, 40, 80, 160 mg/kg 

 

▪ Increased growth performance, hemoglo-

bin and RBC 

▪ Decreased GLU, cortisol, SOD, CAT, GPx, 

and MDA levels, and phagocytic and lyso-

zyme activities after heat stress 

▪ Upregulated the expression of INF-γ, TNF-

α, and IL-1β genes 

▪ Downregulated HSP70 gene expression 

[76] 

Pacific white 

shrimp 

(Litopenaeus van-

namei) 

 

Ferulic acid (0, 50, 

100 mg/kg) or/and 

FA-dihydromyricetin (0, 

100, 200 mg/kg) 

 

• Increased WG, SGR, HSI, CF. digestive en-

zyme activities (protease, lipase, and amyl-

ase) in hepatopancreas; antioxidant en-

zyme activities, immune parameters 

• Decreased FCR, body fat content and 

plasma lipid parameters 

• Regulated the expression of genes involved 

in fatty acid and triglyceride metabolism in 

hepatopancreas 

• Upregulated immune-related genes in he-

mocytes and intestine 

• Modulated the composition and richness of 

intestinal microbiota 

[77] 

Rainbow trout  

(Oncorhynchus 

mykiss) 

 

108 CFU Pediocuccus pen-

tosaceus/g, 100 mg/kg of 

FA, and a combination of 

PP and FA 

 

• Increased FW, WG, digestive enzyme ac-

tivities (trypsin, chymotrypsin, protease, 

alpha-amylase, and lipase), and levels of 

TP, TOAC, and TC 

• Decrease FCR and TG 

• Upregulated GHRL, GHR, IGF-1, and IGF-

II expression 

[78] 

River prawn 

(Macrobrachium 

nipponense) 

 

20, 40, 80, 160, 320 mg/kg 

 

• Increased WGR, SGR, albumin/globulin ra-

tio and C3; GLU, SOD, GPx 

• Decreased FCR, AST, iNOS, NO, MDA 

• Down-regulated expression of Toll and 

Dorsal, immune deficiency, relish, and 

HSP70 

• Enhanced resistance against non-O1 Vibrio 

cholera GXFL1-X infection 

[79] 

3% oxidized fish oil + 160 

and 320 mg/kg of FA 

• Increased total bile acids 

• Alleviated lipid droplets 

• Increased the abundance of Ruminococca-

ceae UCG-005 and Lachnospiraceae 

[80] 
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Wuchang bream 

(Megalobrama 

amblycephala) 

Oxidized soybean 

oil + 0.06% FA + probiot-

ics 

• Promoted the accumulation of umami nu-

cleotides (GMP, IMP, and off-flavor FAAs) 

[81] 

Yellow croaker 

(Larimichthys 

crocea) larvae 

20, 40, 80 mg/kg • Higher survival rate and SGR 

• Increased activities of trypsin in pancreatic 

segments and intestinal segments, lipase in 

PS and alkaline phosphatase in brush bor-

der membrane; SOD and CAT 

• Reduced MDA and TG 

• Downregulated expression of lipogenesis-

related genes (SCD1, FAS and DGAT2) 

• Upregulated expression of lipid catabo-

lism-related genes (ACO, CPT-1 and HL) 

[82] 

Rosmarinic 

acid 

 

Common carp 

(Cyprinus carpio) 

 

5 × 109 CFU Bacillus sub-

tilis/g feed, 600 mg ros-

marinic acid/kg feed, 

combination of 

these additives 

• Improved growth rates, digestive enzyme 

activities (chymotrypsin, lipase, and prote-

ase), serum immunological parameters (ly-

sozyme, protein, ACH50, and total immu-

noglobulin) 

• Improved antioxidant-related enzyme ac-

tivities in blood serum (decreasing MDA 

level, and improving GPX, CAT, and SOD 

activities) 

• Decreased mortality after challenging with 

Aeromonas hydrophila 

[83] 

Goldfish 

(Carassius au-

ratus) 

400, 600, 800 mg/kg • Improved growth performance 

• Enhanced the expression of genes, which 

are responsible for modulating immunity 

and anti-inflammatory status in a dose-de-

pendent manner 

[84] 

Rainbow trout 

(Oncorhynchus 

mykiss) 

 

1.5 or 3 × 108 Lactobacillus 

rhamnosus, 1 or 3 g RS/kg, 

and combination of 

both elements 

 

• Increased FW, WG, SGR, digestive enzyme 

activities (amylase, protease, and lipase), Ig 

content, and activities of ACH50, Ig, NBT, 

MPO, C3, C4, SOD, CAT, and GPx 

• Decreased FCR and activities of GLU, ALT, 

ALP, LDH, and cortisol 

• Higher values of lysozyme, ACH50, Ig, 

NBT, MPO, C3, C4, SOD, CAT, and GPx 

after ammonia exposure 

• Lower levels of MDA, GLU, cortisol, ALT, 

ALP, and LDH after ammonia exposure 

[83] 

 

 

2. SOURCES OF CAFFEIC ACID AND ITS DERIVATIVES/ BIOLOGICAL ATTRIBUTES 

Caffeic acid and its derivatives (Fig. 2 and Table 2) are widely distributed in plant-based foods 

and beverages and represent an important group of dietary hydroxycinnamic acids [85] pro-

duced as secondary metabolites [10]. Coffee remains the dominant source, where caffeic acid 

occurs in free form and as caffeoyl esters. Caffeic acid and its derivatives belong to the hy-

droxycinnamic acid group and are widespread dietary phenolics formed as plant secondary 

metabolites. Fruits represent major contributors. Apples [86], pears, cherries, plums, peaches, 

berries, kiwifruit, quince, and passion fruit contain free caffeic acid and caffeoylquinic acids, 

with reported levels reaching 200 to 569 mg per kg fresh weight in some species [87]. Chloro-

genic acid, the principal ester precursor, occurs in stone fruits such as apricot and peach at 50 

to 500 mg per kg. Smaller but consistent amounts appear in citrus fruits, dried fruits, and 
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honey. Vegetables and staple crops also contribute substantially to daily intake. Potatoes con-

tain about 34 to 140 mg per kg fresh weight, while artichokes provide around 21 mg per 100 

g. Leafy and cruciferous vegetables such as spinach, lettuce, broccoli, cabbage, kale, and celery 

contain caffeic acid mainly in conjugated form. Whole grains and seeds, including wheat, oats, 

soybeans, and sunflower seeds, store caffeic acid in bran layers and cell walls. Extra virgin 

olive oil contains measurable levels derived from olive phenolics. Beverages and herbs are 

among the richest sources. Coffee products remain dominant contributors. Green coffee beans 

contain both free caffeic acid and chlorogenic acids, with brewed coffee supplying about 190 

mg total chlorogenic acids per cup. Coffee pulp and defective beans retain significant amounts 

[88]. Green and black teas provide about 0.30 to 0.36 mg per g. Culinary herbs and spices such 

as oregano, rosemary, sage, thyme, basil, and marjoram show high concentrations, often ex-

ceeding 1000 mg per kg when free and bound forms are combined. Medicinal plants including 

hawthorn, dandelion, lemon balm, honeysuckle, and Eucommia species also act as concen-

trated sources used in traditional systems. Unroasted coffee beans contain about 2 to 3 mg per 

g of free caffeic acid, while brewed coffee provides roughly 190 mg of total chlorogenic acids 

per cup. Coffee byproducts such as pulp and defective beans also retain appreciable levels. 

Vegetables contribute consistently to intake, with potatoes containing around 34 to 140 mg per 

kg fresh weight and artichokes about 21 mg per 100 g. Other vegetables including bell peppers, 

broccoli, carrots, spinach, cabbage, lettuce, eggplant, cauliflower [89], celery, kale, peas, rad-

ishes, tomatoes, and zucchini contain caffeic acid mainly in esterified forms [1-4, 90-92]. 

 

 
Figure 2. Caffeic acid and its chemical derivatives. 

 

Table 2. Biological attributes of caffeic acid 

Biological Names/ 

Scientific Name 

Source/By-Product/ Com-

mon Names 

CA Concentra-

tion 
Ref. 

Fruits 

Prunus serotina Ehrhart Wild cherry 10.00–12.00 mg/g [95]  

Cocos nucifera Coconut fruit 0.0485–2.231 mg/g [96]  

Acacia auriculiformis Earleaf acacia 0.0485–2.231 mg/g [96]  

Emblica officinalis Indian Gooseberry 0.0485–2.231 mg/g [96]  

Morus nigra, M. alba, M. rubra Mulberry 0.200–0.570 mg/g [87]  

Cydonia oblonga Quince 0.200–0.570 mg/g [87]  

Passiflora ligularis Sweet granadilla 0.200–0.570 mg/g [87]  
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Sorbus aucuparia Rowanberry 0.59–0.96 mg/g [97]  

Aronia melanocarpa, A. arbutifolia, 

A. prunifolia 
Chokeberry 0.59–0.96 mg/g [97]  

Grataegosorbus mitschurinii Sweet rowanberry 0.59–0.96 mg/g [97]  

Amelanchier alnifolia Saskatoon berry 0.59–0.96 mg/g [97]  

Vaccinium sect. Cyanococcus Blueberry 0.59–0.96 mg/g [97]  

Vaccinium corymbosum Blueberries 0.20–1.00 mg/g [98]  

Valkea kuulas Apple 0.28 mg/g [97]  

Syzygium cumini Dark plum 0.28 mg/g [97]  

Prunus domestica Plums 0.005–0.02 mg/g [98]  

Actinidia deliciosa Kiwi fruits 0.005–0.02 mg/g [98]  

Vitis vinifera Grapes 0.16 mg/100 ml [99]  

Coffee and related products 

Coffea arabica Green coffee beans (dw) 49.57 mg/g [100, 101]  

-------- Defective coffee beans (dw) 38.00 mg/g [100, 101]  

-------- Green coffee beverage (dw) 33.70 mg/g [102] 

Coffea canephora Coffee canephora seeds 12.33 mg/g [103]  

-------- Coffee pulp (dw) 2.00 mg/g [104]  

Frangula purshiana Cascara (dw) 1.10 mg/g [100, 101]  

-------- Coffee husk (dw) 0.839 mg/g [100, 101]  

Tea and other sources 

Camellia sinensis Green/black teas 0.30–0.36 mg/g [97] 

Daucus carota subsp. sativus Carrot (fw) 0.02 mg/100 g [105]  

Olea europaea Olive oil (fw) 1.33 mg/100 g [13]  

Solanum tuberosum Potato (fw) 1.62 mg/100 g [15]  

Brassica oleracea Cauliflower (fw) 1.00-02 mg/100 g [106] 

Thymus vulgaris Thyme (fw) 11.70 mg/100 g [107]  

Zingiber officinale Ginger (fw) 15.50 mg/100 g [108]  

Helianthus annuus Sunflower seeds (fw) 8.17 mg/100 g [109]  

Myristica fragrans Nutmeg (fw) 16.30 mg/100 g [110]  

fw, fresh weight and dw, dried weight. 

 

Herbs, spices, and grains provide highly concentrated and structurally diverse sources. 

Culinary herbs such as oregano, sage, rosemary, basil, thyme, marjoram, dill, savory, and car-

away often contain more than 1000 mg per kg when free and conjugated caffeic acid forms are 

combined. Whole grains and seeds, including wheat, oats, soybeans, sunflower seeds, and 

grain bran layers, store caffeic acid bound to cell wall components. Medicinal and specialty 

plants used in traditional systems, such as hawthorn species, dandelion relatives, lemon balm, 

Eucommia, honeysuckle, and other aromatic herbs, also serve as rich natural sources [5, 91]. 

In addition, extra virgin olive oil and fermented beverages such as apple juice and wine con-

tribute smaller but relevant amounts to daily intake [22, 93, 94]. 
 

 

3. PHARMACOLOGICAL ACTIVITIES 

Caffeic acid (CA) exhibits a broad spectrum of pharmacological activities that contribute to its 

therapeutic potential (Fig. 3). Its antioxidant and anti-inflammatory effects are mediated 

through direct reactive oxygen species (ROS) scavenging, upregulation of cytoprotective path-

ways such as in the context of anticancer potential, CA induces apoptosis, inhibits the prolif-

eration of cancer cells, and enhances the chemosensitivity of conventional anticancer drugs, 
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demonstrating promising adjuvant effects. Neuroprotective activities are evidenced by im-

provements in mitochondrial integrity, modulation of neurotransmitter systems, and attenu-

ation of neuroinflammation, highlighting its potential role in neurodegenerative disorders. 

Additionally, CA confers cardiometabolic benefits by enhancing insulin sensitivity, protecting 

endothelial function, and reducing lipid accumulation, which may mitigate the risk of meta-

bolic syndrome and cardiovascular diseases. Finally, its antimicrobial and antiviral activities 

extend to both bacterial and fungal pathogens as well as viral infections, suggesting that CA 

and its derivatives can serve as effective natural agents against a wide range of infectious dis-

eases. Collectively, these pharmacological effects underline the multifaceted therapeutic po-

tential of caffeic acid and provide a mechanistic basis for its traditional and modern medicinal 

applications. 

 

 
Figure 3. Pharmacological activity of caffeic acid. 

 

3.1. Derivatives and formulation strategies 

Caffeic acid (CA) derivatives have been developed to enhance its pharmacological efficacy and 

overcome limitations related to bioavailability and stability. Among these, caffeic acid 

phenethyl ester (CAPE) is one of the most potent, exhibiting superior anti-inflammatory, anti-

cancer, and neuroprotective activities compared to the parent compound. In addition to CAPE, 

various amides, esters, and hybrid molecules have been synthesized, demonstrating improved 

biological activity and selectivity in preclinical studies. To further address issues of solubility, 

stability, and targeted delivery, advanced nanoformulation strategies have been employed, 

including liposomes, polymeric nanoparticles, and solid dispersions. These formulations not 

only enhance the physicochemical properties of CA and its derivatives but also improve phar-

macokinetic profiles, enabling better tissue distribution and therapeutic efficacy. Collectively, 

these chemical modifications and innovative delivery systems represent promising ap-

proaches to maximize the clinical potential of caffeic acid. 
 

3.2. Pharmacokinetics, safety, and limitations 

Caffeic acid (CA) exhibits limited bioavailability due to rapid metabolism, primarily through 

glucuronidation and sulfation, which significantly reduces its systemic exposure after oral ad-

ministration. Despite these pharmacokinetic challenges, preclinical studies have consistently 
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demonstrated a favorable safety profile, with low toxicity observed in cell culture and animal 

models. However, long-term safety data in humans remain scarce, and comprehensive clinical 

studies are limited, constraining the direct translation of preclinical findings into therapeutic 

applications. Additionally, the variability in absorption, metabolism, and distribution across 

individuals further complicates its clinical use. Therefore, strategies such as chemical modifi-

cation, formulation optimization, and advanced delivery systems are essential to enhance bi-

oavailability and therapeutic efficacy while ensuring safety. 
 

3.3. Anti-microbial action 

Antibiotic use broadens the range and frequency of illnesses that are resistant to treatment, 

leading to some infections that are incurable in both developed and developing countries. 

Morbidity, mortality, and healthcare costs all considerably rise as a result of antibacterial re-

sistance [111]. Natural antibiotics provide fewer opportunities for microorganisms to develop 

resistance against them and can combat microbes that are resistant to current antibiotics [112]. 

According to reports (Table 3), some herbal medicines of natural origins contain polyphenolic 

components that have antibacterial activity. These substances work by stopping or destroying 

the microorganisms to create their impact. In addition to these polyphenolic elements, CA ex-

hibits potent antibacterial activity both on its own and when combined with other medications. 

In addition to polyphenolic chemicals from herbal sources, studies have shown that CA plays 

a significant role in the digestive juice of silkworm larvae [113]. A defense system against dan-

gerous intestinal bacteria is produced by CA in silkworm larvae. The silkworm larvae are af-

fected by Streptococcus faecalis AD-4. Another study used the encapsulation of cyclodextrins 

[114] to determine the antibacterial property of CA. In this study, CA was enclosed in three 

different types of cyclodextrins: 2-hydroxypropyl-cyclodextrin (HP-CD), methyl-cyclodextrin 

(M-CD), and -cyclodextrin (CD) [115]. However, only for CD and HP-CD was the aqueously 

soluble inclusion complex established. Plenty of investigations have shown that CA has anti-

fungal properties [26]. Three distinct breeds of Candida i.e., C. krusei, C. albicans, and C. tropicalis 

with several strains served as specimens for this inquiry. Methyl caffeine, Ethyl caffeine, Pro-

pyl caffeine, Isopropyl caffeine, and Butyl caffeine were employed in a sequence of five C as 

esters.  In 96-well microplates, the microdilution method was employed to produce the mini-

mum inhibitory concentration (MIC) [116]. Overall, this study's findings showed modest to 

moderate antifungal activity. The most effective antifungal against all strains of Candida was 

the CA methyl caffeate ester. In a different CAPE research, fluconazole and an ester version of 

CA were used alone and in combination to treat Candida albicans. Time-kill micro dilution and 

the checkerboard test were employed to assess the in vitro interaction between CAPE and Flu-

conazole [26]. The in vitro Caenorhabditis elegant infection model was employed to assess the 

antifungal efficacy of the CAPE and fluconazole combination. The outcome demonstrated that 

when compared to an individual who can utilize CAPE or fluconazole, the combination of the 

two exhibited great therapeutic potential against fluconazole-resistant C. albicans [117, 118]. 

Additionally, CAs have antiviral properties against the poliovirus, the herpes simplex vi-

rus, and the influenza virus. Vero cells were used in this investigation, along with MDCK cells. 

Both viruses were present in Vero cells, while the influenza virus was present in MDCK cells. 

Individually, CA, quinic acid, caffeine, and chlorogenic acid were applied to the infected cell 

culture. The results revealed a significant reduction in influenza virus multiplication. It was 

also demonstrated by CA against antiviral activity [119]. According to this research, CA has 

strong antibacterial activities deliberated in Fig. 4.  

 



G. Muheyuddeen, S. Verma, P. Yadav, M.Y. Khan, T. Ahmad & M. Khushtar  

----------------------------------------------------------------------------------------------------------------------------- ---------- 

-------------------------------------------------------------------------------------------------------------------------------------- 

354 
 

 
Figure 4. Caffeic acid producing anti-microbial action. 

 
Table 3. Summary of Caffeic acid and its derivatives’ effects in pathogenic microorganisms. 

Compound Pathogens Effective Concentrations Ref. 

Caffeic acid 

 

Aspergillus brasiliensis Inhibited 100% A. brasiliensis growth at 20 mmol/dm3 [120] 

Aspergillus flavus Inhibited the growth of A. flavus at 0.2 mg/mL [121] 

Aspergillus parasiticus Inhibited the growth of A. parasitius at 0.2 mg/mL [121] 

Bacillus cereus • Inhibited the growth of B. cereus at 0.5 mg/mL 

• MIC value was 100 µM 

[27, 

121] 

Candida albicans Inhibited 100% C. albicans growth at 1.25 mmol/dm3 [120] 

Canine distemper virus 

 

• IC50 at 1 and 2 h post infection was 23.3 and 32.3 µg/mL 

• Synergistic effect with Ribavirin against the virus 

• Reduced the total viral RNA synthesis by 59–86% at 24–72 

h 

[122] 

Citrobacter freundii • IC50 value ranged from 200–400 µg/mL 

• Inhibition zone was 7.2 mm 

[123, 

124] 

Cladosporium sp. Inhibition of 7.2% Cladosporium sp. growth [125] 

Clostridium botulinum  • Inhibited germination of C. botulinum at 0.78 Mm for 6 h 

• Reduced 80◦C spore thermal resistance at 50 mM 

[126] 

Colletotrichum sp. Inhibition of 15% Colletotrichum sp. growth [125] 

Enterobacter aerogenes • IC50 value ranged from 200–400 µg/mL 

• Inhibition zone was 8.4 mm 

[123, 

124] 

Enterobacter cloacae • IC50 value ranged from 200–400 µg/mL 

• Inhibition zone was 10 mm 

[123, 

124] 

Enterococcus faecalis MIC value was 100 µM [27] 

Escherichia coli • Indifference effect with streptomycin 

• Inhibited 100% E. coli growth at 5 mmol/dm3 

• Inhibition zone ranged from 9–10.3 mm 

• IC50 value ranged from 200–400 µg/mL 

• MIC value was 1 mg/mL 

• Synergistic effect with imipenem 

[92, 

115, 

120, 

123, 

127] 

Fusarium gramine-

arum 

IC50 ranged from 6.7–10 mM [128] 
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Fusarium oxysporum Inhibition of 100% F. oxysporum growth [125] 

Hepatitis C virus 

 

• Modulated Keap1/Nrf2 interaction via increasing p62 ex-

pression, leading to stabilization of Nrf2 and HO-1 induc-

tion 

• Elicited IFN-α antiviral response to suppress virus replica-

tion 

[122] 

Herpes Simplex Virus 

type 1 

Inhibited the multiplication of HSV-1 from 4–8 mM [129] 

Influenza A virus Suppressed (at least temporally) the degeneration of the vi-

rus-infected cells at 4 mM 

[119] 

Klebsiella oxytoca • IC50 value ranged from 200–400 µg/mL 

• MIC value was 1 mg/mL 

[123, 

127] 

Klebsiella pneumoniae • Inhibited the growth of K. pneumoniae at 0.3–0.5 mg/mL 

• MIC and MBC values were 5 mg/mL 

[120, 

121] 

Methicillin-resistant 

Staphylococcus aureus 

• MIC value was 52–1024 µg/mL 

• Indifference effect with minocycline, vancomycin, ofloxa-

cin, and rifampicin 

[127, 

130] 

Methicillin-susceptible 

Staphylococcus aureus 

MIC value was 1 mg/mL [127] 

Mucor sp. Inhibition of 10.6% Mucor sp. growth [125] 

Proteus hauseri 

 

• IC50 value ranged from 200–400 µg/mL 

• MIC value was 1 mg/mL 

[123, 

127] 

Proteus mirabilis • IC50 value ranged from 200–400 µg/mL 

• MIC value was 1 mg/mL 

[123, 

127] 

Pseudomonas aeru-

ginosa 

• Inhibited 100% P. aeruginosa growth at 5 mmol/dm3 

• MIC was 31.3 µg/mL 

• Synergistic effect with erythromycin, rifampicin, gentamy-

cin and imipenem 

[120, 

131-

133] 

Pythium sp. Inhibition of 16.7% Pythium sp. growth [125] 

Rhizoctonia solani Inhibition of 27.3% Rhizoctonia solani growth [125] 

Rhizopus sp. Inhibition of 54.2% Rhizopus sp. growth [125] 

Salmonella enterica • IC50 value ranged from 200–400 µg/mL 

• MIC value was 1 mg/mL 

[123, 

127] 

Serratia marcescens MIC value was 1 mg/mL [127]  

Staphylococcus aureus  • Antagonism effect with streptomycin 

• Inhibited 80% biofilm at 4 µg/mL 

• Inhibited 100% S. aureus growth at 5 mmol/dm3 

• Inhibition zone > 12 mm 

• MBC was 1.25 mg/mL 

• MIC ranged from 62.5–> 1024 µg/mL 

• Synergistics effect with norfloxacin 

[27, 

92, 

115, 

133-

136] 

Staphylococcus epider-

midis 

• MBC was 0.625 mg/mL 

• MIC ranged from 0.625–1 mg/mL 

[127, 

137] 

Thrombocytopenia syn-

drome virus 

IC50 value was 0.048 mM [138] 

Verticillium sp. Inhibition of 27.4% Verticillium sp. growth [125] 

Caffeic acid-

amides 

Bacillus subtilis MIC ranged from 1.18–15.5 µg/mL based on each amide [137] 

 Aspergillus flavus MIC value was 100 µg/mL [139] 
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Caffeic acid-al-

kyl ester deriv-

atives 

Bacillus cereus MIC ranged from under 1.25–10 mM [140] 

Candida albicans • MIC value was 7.81–250 µg/mL 

• MFC ranged from 7.81–125 µg/mL 

• Propyl caffeate showed synergistic with fluconazole and 

nystatin 

[139, 

141] 

Escherichia coli MIC ranged from 0.1–10 mM [140, 

142] 

Fusarium culmorum MIC ranged from under 1.25–10 mM [140] 

Hepatitis C virus EC50 values ranged from 1–109.6 µM [143] 

Proteus vulgaris MIC value was 50 µg/mL [139] 

Saccharomyces cere-

visiae 

MIC ranged from 1–> 20 mM [140] 

Trichophyton men-

tagrophytes 

MIC value was 100 µg/mL [139] 

Alternaria alternata MIC ranged from 25–> 50 µg/mL [144] 

Candida albicans • MIC50 ranged from 16–256 µg/mL for biofilm inhibition 

• MIC50 ranged from 2–128 µg/mL for planktonic cells 

[145] 

Colletotrichum trunca-

tum 

MIC ranged from 12.5–> 50 µg/mL [144] 

Escherichia coli MIC ranged from 0.20–1.31 µM [146] 

Fusarium equiseti MIC ranged from 25–> 50 µg/mL [144] 

Fusarium gramine-

arum 

MIC ranged from 12.5–> 50 µg/mL [144] 

Paenibacillus larvae MIC ranged from 125–> 500 µg/mL [147] 

Phomopsis longicolla MIC ranged from 3.25–> 50 µg/mL [144] 

Septoria bataticola MIC value > 50 µg/mL [144] 

Staphylococcus aureus MIC ranged from 0.21–1.41 µM [146] 

Caffeic acid -

N-nonyl ester 

 

 

Agrobacterium tumefa-

ciens 

MIC value was > 100 mM [148] 

Bacillus subtilis 

 

• Inhibition zone was > 12 mm 

• MBC and MIC value was 10 mM 

Escherichia coli • Inhibition zone ranged from 10–12 mm 

• MBC and MIC value was 10 mM 

Klebsiella rhinosclero-

matis 

 

• Inhibition zone ranged from 10–12 mm 

• MBC and MIC value was 100 mM 

Pseudomonas aeru-

ginosa 

MIC value was > 100 mM 

Salmonella sp. • Inhibition zone ranged from 10–12 mm 

• MBC and MIC value was 10 mM 

Staphylococcus aureus • Inhibition zone ranged from 10–12 mm 

• MBC and MIC value was 10 mM 

Caffeic acid 

nanoparticles 

Ralstonia solanacea-

rum 

EC50 value was 0.285 mg/mL [149] 

Caffeic acid- 

phenethyl es-

ter 

 

Actinomyces viscosus • MBC ranged from 0.32–4 mg/mL 

• MIC ranged from 0.16–2 mg/mL 

[150] 

Aspergillus niger MIC value > 1.8 mM [151] 

Bacillus subtilis MIC ranged from 0.44–0.71 mM [151] 
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 Bacillus megaterium MIC value was 50 mM [151] 

Candida albicans MIC ranged from 0.88–2.8 mM [151] 

Influenza virus type A 

and B 

Inhibited 92–95% virus growth at 8 mM [151] 

Klebsiella spp. MIC value was 50 mM [151] 

Lactobacillus acidophi-

lus 

• MBC ranged from 0.32–8 mg/mL 

• MIC ranged from 0.16–4 mg/mL 

[150] 

Pseudomonas aeru-

ginosa 

MIC ranged from 0.88–1.4 mM [151] 

Staphylococcus aureus MIC ranged from 0.44–1.4 mM [151] 

Caffeic acid- 

phenethyl es-

ter 

 

Streptococcus olysga-

lactiae 

MIC value was 48 mM [151] 

Streptococcus mitis MIC value was 55 mM [151] 

Streptococcus mutans • MBC ranged from 0.32–4 mg/mL 

• MIC ranged from 0.16–2 mg/mL 

[150] 

Streptococcus sobrinus • MBC ranged from 0.32–16 mg/mL 

• MIC ranged from 0.16–8 mg/mL 

[150] 

 

 

3.4. Bone health and osteoclastogenesis 
 

3.4.1. Bone formation and resorption 

Caffeic acid significantly impacts bone metabolism through multiple mechanisms. In adju-

vant-induced arthritis models, caffeic acid administration reduced joint swelling, inhibited 

bone loss, and decreased osteoclastogenesis in a concentration-dependent manner [1]. The 

compound showed remarkable inhibition of bone loss at 125 mg doses and reduced TRAP-

positive multinucleated cells [1]. 
 

3.4.2. Novel derivatives for bone disorders 

A caffeic acid derivative, N-(4-methoxyphen) methyl caffeamide (MPMCA), suppresses oste-

oclastogenesis and facilitates osteoclast apoptosis through MAPK pathway inhibition, offering 

potential for treating bone loss disorders [119]. Additionally, novel caffeic acid compounds 

from Stauntonia hexaphylla demonstrate bone and cartilage formation promoting effects by in-

hibiting osteoclast differentiation [152]. 
 

3.5. Antioxidant, anti-inflammatory effects and immunomodulatory activities 
 

3.5.1. Mechanisms of action 

Caffeic acid exerts potent anti-inflammatory effects through multiple pathways. It directly 

blocks gasdermin D (GSDMD) activation, preventing pyroptosis and reducing pro-inflamma-

tory cytokine secretion [110]. The compound inhibits NF-κB signaling, a key pathway in in-

flammatory responses, while modulating the expression of inflammatory mediators including 

TNF-α, IL-1β, and IL-6 [11, 26, 110]. 
 

3.5.2. Therapeutic applications 

In experimental models, caffeic acid demonstrates significant anti-inflammatory efficacy. A 

zinc basic salt/chitosan nanohybrid containing caffeic acid showed excellent anti-edemato-

genic effects in carrageenan-induced paw edema models(11). CAPE treatment reduced sys-

temic inflammation in rat trauma models by decreasing IL-1β and IL-6 levels while increasing 
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anti-inflammatory IL-10 [15]. Additionally, CAPE administration reduced enterotoxigenic 

Bacteroides fragilis-induced colitis through IL-17A/CXCL1 pathway modulation [26]. 

The reduction of oxidative damage is significantly aided by phenolic acid-rich com-

pounds.  An in vitro study on the antioxidant properties of CA recently discovered that it 

significantly decreased the harm caused by free radicals [132]. By using biological assays to 

measure the captive properties of hypochlorous acid, radical anion superoxide capture, crocin 

bleaching, and H2O2 capture, the antioxidant action of CA was demonstrated. Rats were used 

in yet another in vivo and in vitro experiment [16, 28]. In this work, the protective effect against 

intestinal reperfusion damage in the small rat intestines was evaluated by giving the rats CA 

and chlorogenic acid. The absorption of CA by Caco-2 cells was shown to be more sensitive 

than that of chlorogenic acid, resulting in much higher antioxidant activity than chlorogenic 

acid.  As a result, CA was found to be an effective rat protector against intestinal reperfusion 

injury. Reactive oxygen species (ROS) are widely known to play a substantial part in inflam-

mation development by activating NF-kB and other transcription factors, including AP-1 

[153]. Nuclear acetylation and de-acetylation also play a key role in many inflammatory dis-

eases. Such conditions can be controlled by including enough antioxidants from polyphenols 

in the daily diet. Primary bovine mammary epithelial cells (BEC) were used in lipopolysaccha-

ride-induced inflammatory research. When CA was utilized as a test medication, pro-inflam-

matory cytokines such as IL-8, IL-1, IL-6, and tumor necrosis factor were shown to be greatly 

reduced. To ascertain CA's locomotor and inflammatory activities, another investigation using 

the rotenone-induced mice model was conducted [35, 90]. The nigral neurodegeneration 

caused by rotenone is accompanied by a dose-dependent upregulation of nuclear transcription 

factor activity via blocking kB inhibitor, as well as degradation and p65 phosphorylation in 

the NF-Kb pathway and an increase in inflammatory markers and tyrosine hydroxylase (TH) 

immunostaining. In this study, CA suppressed the production of inflammatory intermediates 

and decreased the activity of enzymes that break down the cartilage matrix, namely 

ADAMTS5 MMPs [154, 155]. Additionally, CA inhibited IL-1-induced NF-B activity, activa-

tion of the JNK (C-Jun N-terminal kinases) pathway, and degradation of collagen-II and ag-

grecan in chondrocytes. 
 

3.6. Liver protection mechanisms 

Caffeic acid provides significant hepatoprotective effects through multiple pathways. In cho-

lestatic liver injury models, CAPE improved liver function and reduced inflammation and ox-

idative stress [156]. The combination of caffeine and silymarin with caffeic acid properties 

showed enhanced hepatoprotective effects by down-regulating lysophosphatidic acid recep-

tor 3 (LPAR3) expression [157]. 
 

3.7. Metabolic liver disease 

Research demonstrates caffeic acid's effectiveness against various liver conditions. Caffeine, 

sharing similar pathways, attenuated liver damage and improved neurologic signs in hepatic 

encephalopathy models [13]. The compound's hepatoprotective effects extend to smoking-in-

duced liver injury, where combination treatments showed superior protective effects [105]. 

The liver is the biggest solid organ and the largest gland in the body and it assists in the 

metabolism and removal of waste products from the body. After the chemical has been ab-

sorbed from the digestive system, the liver detoxifies it before it enters the systemic circulation. 

Due to complete loss of liver function, death happens within minutes [158]. Therefore, it must 

function properly. For the liver to function properly and to remain healthy, damage such as 

fatty liver, liver fibrosis, and liver cirrhosis should be avoided. Numerous academic studies 
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have demonstrated that CA protects the liver in a variety of ways.  By preventing the 5-lipox-

ygenase enzyme in rat liver cirrhosis triggered by carbon tetrachloride, CA prevented liver 

cirrhosis. In this investigation, CA avoided the depletion of glycogen and substantially low-

ered the markers of lipid peroxidation and liver injury [159]. The poisonous element nickel 

impairs the operation of many organs including the liver, kidney, brain, lungs, and others. 

Nickel can enter the body through water, food, or environmental contamination. The liver 

among these is particularly vulnerable to nickel poisoning [160]. Animal in vivo research has 

demonstrated the value of CA in preventing nickel-induced liver damage. In the current study, 

nickel exposure caused oxidative damage that enhanced lipid peroxidation and resulted in 

lower levels of catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx), 

and glutathione S-transferase (GST) [161].  Important liver enzymes such as alanine transami-

nase (ALT), alkaline phosphatase (ALP), and aspartate transaminase the level and activity of 

these enzymes to the ideal level when treated with CA [162]. Using a rat model, the phyto-

phospholipid complex of CA was also found to have antihyperlipidemic and hepatoprotective 

effects. According to this research, CA usage may help avoid liver damage [163]. 
 

3.8. Metabolic regulation and anti-obesity effects 
 

3.8.1. Adipocyte function and metabolism 

Caffeine promotes adipocyte autophagy through the AMPK/SIRT1 signaling pathway, con-

tributing to anti-obesity effects [9] and improving insulin resistance [111]. The compound sig-

nificantly inhibits fat synthesis proteins and reduces lipid droplet size while enhancing mito-

chondrial biogenesis [111]. 
 

3.8.2. Gut microbiota modulation 

Caffeic acid combined with dietary fibers like β-glucan demonstrates synergistic anti-obesity 

effects by modulating gut microbiota composition, increasing beneficial bacteria such as 

Bifidobacterium, and reversing high-fat diet-induced metabolic changes [160]. 
 

3.8.3. Hyperuricemia treatment 

Caffeic acid shows significant antihyperuricemic activity through xanthine oxidase inhibition. 

In experimental models, caffeic acid treatment resulted in 52.7-81.0% inhibition of xanthine 

oxidase activity and 38.8-72.5% reduction in uric acid levels [4]. 
 

3.8.4. Diabetic prevention 

Diabetes is a condition brought on by a metabolic imbalance that is hyperglycemic. The reduc-

tion or inhibition of insulin's synthesis or action, or both of these factors combined, is what 

causes hyperglycemia to occur. Chronic diabetes is associated with physiologic abnormalities 

in important organs like the kidneys, heart, liver, and others that may result in long-term dam-

age and dysfunction [164]. The 9th edition of the "International Diabetes Federation Diabetes 

Atlas" estimates that there will be 463 million individuals with diabetes worldwide in 2019. 

This prevalence is predicted to increase to 10.2% (578 million) by 2030 and 10.9% (700 million) 

by 2045. In diabetic mice employing cardiac tissue, CA also prevents the development of dia-

betic cardiomyopathy [165]. In this study, CA and ellagic acid were employed in various 

groups in comparison to those who weren't treated with 2% of the entire amount of a typical 

diet. Inflammation, oxidative stress, coagulability, and lipid profiles were only a few of the 

variables that were looked at. After 12 weeks, the treated animals' cardiac tissue displayed the 

protective effects of the compounds, which led to changes in triglyceride levels, plasma insulin 
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levels, glucose levels, and the heart tissue's anti-coagulatory, antioxidant, and anti-inflamma-

tory characteristics [166]. This study suggests that supplementing with these substances may 

aid in preventing diabetic cardiomyopathy. Numerous types of research imply that CA is help-

ful in diabetic nephropathy as well. Diabetes patients experience it as a result of high amounts 

of blood sugar [167]. High blood sugar levels can occasionally harm the kidneys, which can 

impair the filtering process and cause the injured area to leak. As a result, it enables the protein 

to enter the urine. According to reports, diabetic nephropathy, the primary factor contributing 

to end-stage renal disease and chronic kidney disease globally, impacts 40% of all diabetic 

individuals [25]. According to a study, CA reduced diabetic nephropathy in rats with high-fat 

diet-induced diabetes by modulating the autophagy pathway and inhibiting the autophagy 

regulatory miRNAs. The anti-diabetic properties of plants that contain CA derivatives have 

been demonstrated in another in vitro investigation i.e., extract of Ocimum gratissimum L. leaves 

[21].  
 

3.9. Cardiovascular protection 

CAPE demonstrates superior cardioprotective effects compared to common antioxidants like 

vitamin C and coenzyme Q10. In cardiomyocyte studies, CAPE significantly reduced H2O2-

induced cell damage in a dose-dependent manner, suggesting potential benefits for maintain-

ing cardiovascular health [168]. 
 

3.9.1. Systematic cardiovascular benefits 

Comprehensive reviews indicate that caffeic acid and CAPE positively affect various cardio-

vascular aspects, including atherosclerotic diseases, myocardial infarction, hypertension, and 

cardiac arrhythmias through antioxidant, cytostatic, and anti-inflammatory processes [153]. 

Around the world, cardiovascular problems are said to have contributed to a lot of deaths. 

Cardiovascular diseases are responsible for roughly 5.0 million fatalities in industrialized 

countries and 9.0 million deaths in poor countries. Epidemiological studies have found a neg-

ative relationship between flavonoids consumed in the diet from a range of sources, especially 

from natural sources, and long-term mortality from heart diseases [169]. ACE, cholinesterase 

arginase, and nitric oxide synthase are the main enzymes that control the heart's function [4]. 

According to CA and its derivatives, the renin-angiotensin-aldosterone system (RAAS) is con-

trolled by them through a variety of targets [170]. In Wistar rats, isoproterenol-induced oxida-

tive damage. These animals had higher levels of serum troponins, cardiac mitochondrial lipid 

peroxidation products, mitochondrial calcium, cholesterol, free fatty acids, and triglycerides. 

Isocitrate, malate, succinate, ketoglutarate, NADH dehydrogenases, and Cytochrome C-oxi-

dase activity all showed notable reductions, although glutathione peroxidase lowered gluta-

thione levels dramatically decreased. All of these findings support rat myocardial infarction 

[171]. The pre-treated Wistar rats showed a protective effect against isoproterenol, as evi-

denced by the discovery that all the aforementioned biochemical markers were present at nor-

mal levels in these animals. 

In cadmium (Cd)-induced cardiac injury in rats, CAPE, an ester form of CA, has estab-

lished its antihypertensive activity by limiting the production of nitric oxide (NO) in the arter-

ies and reducing lipid peroxidation. CA was also observed to alleviate cyclosporine-induced 

hypertension in rats. In this study, systolic blood pressure (SBP) and heart rates were signifi-

cantly lower in the groups receiving the test drug compared to the control drug (captopril). 

Acetylcholinesterase (AChE), Butyrylcholinesterase (BChE), arginase, and ACE activity have 

all significantly decreased in CA. As opposed to cyclosporine-induced hypertensive rats, the 

bioavailability of NO was improved with increased catalase activity and reduced glutathione 
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content rose with decreased malondialdehyde (MDA) levels. Another study found that CA 

also decreased oxidative imbalance and its ACE inhibitor function [172]. The current research 

has also shown that CA increased plasma levels of HDL (high-density lipoprotein) while low-

ering levels of LDL (low-density lipoprotein) and triglycerides. Another study results in a rat 

model of athero-sclerogenic diet-induced atherosclerosis likewise demonstrated the effective-

ness of CA in reducing oxidative stress. Aortic staining was used to examine any decrease in 

atherosclerotic lesions. The CA derivative CAPE was also beneficial in lowering doxorubicin-

induced cardiotoxicity and improving chemotherapeutic effectiveness. Although doxorubicin 

is effective against breast cancer, its cardiotoxicity restricts its clinical use. The suppression of 

breast tumors and protection from doxorubicin-induced cardiotoxicity demonstrated by this 

study make CAPE a potentially effective treatment for breast cancer [173].   
 

3.10. Anti-cancer action 

The most prevalent cause of death worldwide is cancer. As the population grows fast, it is 

projected that the overall number of cancer cases and fatalities would rise. According to re-

search, men have more cases and die from the disease at a higher rate than women. According 

to an American study, people over 65 have a tenfold higher chance of having cancer than peo-

ple under that age. The most prevalent malignancies are those of the lung, breast, prostate, 

colon, and rectum [174]. 

Human cervical cancer cells (HeLa) were used to assess the anticancer impact of CA [175]. 

Following this study, CA had an anti-proliferative effect via lowering Bcl-2 activity, which 

caused the release of cytochrome and the activation of caspase-3, which resulted in apoptosis 

[176]. In another investigation, this substance's anticancer efficacy was determined using the 

human fibro-sarcoma cell line HT-1080. The anti-proliferative impact of CA was assessed us-

ing this MTT assay, while oxidative stress was identified using lipid peroxidation. In compar-

ison to controls, lipid peroxidation indicators such as TBARS, CD, and LHP were greater in 

the cells following CA treatment, and increased DCF fluorescence indicated higher ROS levels 

in HT-1080 cell lines. Treatment with CA also changed the potential of the mitochondrial mem-

brane in HT-1080 cell lines [177]. Apoptotic morphological alterations and increased DNA 

damage were also noted. These investigations suggested that CA had a potent anticancer effect 

on HT-1080 cell lines and human cervical cancer cells [178]. A different study was conducted 

to assess the anticancer efficacy of ashwagandha extract combined with CAPE. The anti-me-

tastasis activity of this combination was found through research. As a result, it can function as 

an anticancer agent [179]. 
 

3.11. Neuroprotective effect 

The focus of most current research is on neurodegenerative conditions including Parkinson's 

and Alzheimer's. These illnesses are the most prevalent and lethal in the world. In several age-

related neurodegenerative disease subgroups, reactive oxygen species (ROS) production has 

been associated with neuronal death. ROS are normally produced as a result of regular oxygen 

metabolism in a healthy state and are crucial for preserving homeostasis and cell communica-

tion [180]. The structure and operation of cell membranes can be considerably changed by 

ROS, and tissues and organs can suffer oxidative damage as a result. The hippocampus is one 

of the areas of the brain that is most susceptible to oxidative stress, according to a study. Neu-

rodegenerative illnesses eventually develop when neurons in the hippocampus are repeatedly 

damaged. In the neurological system, high ROS affect a variety of signaling targets such as 

protein kinase A (PKA) and cyclic AMP response element-binding protein, according to a 
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study (CREB). It has been demonstrated that caffeic acid has neuroprotective effects in behav-

ioral studies [181]. Caffeic acid, which is found in several phenolic substances and has been 

connected to anti-cholinesterase in tissues or animal models as well as in cell line research. 

Neurological diseases that are brought on by rotenone typically appear in people who are ex-

posed to pesticides like rotenone. Rotenone tends to inhibit mitochondrial complexes and 

change the activity of dopaminergic neurons. Rotenone enhances the release of cytokines, ni-

tric oxide synthase, and nitric oxides and causes toxicity. Caffeic acid reduces the control of 

nitric oxide synthase, suppresses microglia cells, and enhances locomotion by blocking cyto-

kines [182]. The chemical Caffeic acid has the potential to treat liver, lung, kidney, and other 

organ damage conditions as well as neurodegenerative diseases. It might have a possible neu-

roprotective impact due to its anti-inflammatory qualities. The study aims to examine how 

coffee affects the activation of microglia and the impairment of locomotion in rotenone Par-

kinsonian rats [183, 184]. 

In different dosage groups of the treatment, rotenone was also given in addition to caffeic 

acid. Additional behavioral testing included locomotor, pole, rota-rod, and cylinder tests. 

Lower striatal dopamine levels were associated with the behavioral impairments discovered 

in the current investigation, as has been previously reported [185]. Caffeic acid (10 mg/kg) 

raised the motor functions activity score in comparison to the rotenone group and the rotenone 

+ caffeic acid (2.5 mg/kg) group. Furthermore, ELISA tests revealed that striatal COX-2, iNOS, 

and NFB levels in the rotenone group were greater than those in the vehicle group (3.28-fold, 

10.82-fold, and 3.2-fold increases, respectively) than those in the vehicle group. Higher dosages 

of caffeic acid (5 or 10 mg/kg) reduced the expression of striatal COX-2, iNOS, and NFB in 

contrast to the rotenone control group. These beneficial effects supported the neuroprotective 

properties of caffeic acid and the increases in locomotor activity, at least in part [31, 186]. 
 

3.12. Caffeic acid and its derivatives combinatorial relevance in light of anti-microbial ac-

tion 

Caffeic acid was chosen as a key platform for the discovery of novel antimicrobial medicines 

carried out under structure-antimicrobial activity relationship (SAR) investigations because of 

its rising antimicrobial-resistant strains [187]. For example, caffeoyl glucosides, caffeoyl 5, 6-

anhydroquinic acid, and caffeic acid phenethyl ester exhibit potential antibacterial action to-

wards many pathogens, including the human immunodeficiency virus (HIV) [188, 189]. The 

importance of several derivatives, such as caffeic acid phenethyl ester and caffeic acid n-octyl 

ester, which have been studied as anti-HCV (hepatitis C virus) drugs, is highlighted [32, 190].  

Additionally, it enhances the synergistic effects of other anti-HCV medications such as inter-

feron-alpha 2b [32], daclatasvir [191], and VX-222 [192]. In accordance, the antibacterial poten-

tial against the bacterial, fungal, and viral pathogens are best demonstrated by caffeic acid in 

combination with esterified and amidated derivatives [33]. Regarding numerous pathogenic 

microorganisms, including both Gram-positive and Gram-negative, fungal (Candida albicans), 

and viruses (influenza and hepatitis C virus), it is important to note that ester derivatives, 

including caffeic acid phenethyl ester (CAPE), demonstrate various attributes like antioxidant, 

antimicrobial, anti-inflammatory, and anticancer [36] (Figs. 5 and 6). 
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Figure 5. Relevancy of caffeic acid. 

 

 

 
Figure 6. Caffeic acid and its derivatives collaborative. 

 
 

3.13. Perspectives about the effectiveness of caffeic acid as an anti-microbial against patho-

genic microorganisms 
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Phenolic acids (75–100% of the total hydroxycinnamic acid) are constrained by a copious sup-

ply where caffeic acid is supplied from various sources of plant goods including coffee, vege-

tables, and fruits.  The bacterial P450 CYP199A2 enzyme converts p-coumaric acid to caffeine 

acid. By using the tyrosine substrate and the modified E. coli, a significant amount of caffeic 

acid has been produced [94]. Through adventitious and hairy roots, the Echinacea species have 

been used to create caffeic acid derivatives such as cynarin, caftaric acid (2-O-caffeoyltartaric 

acid), cichoric acid, chlorogenic acid (5-Ocaffeoylquinic acid), and echinacoside. Caffeic acid, 

which has significant antioxidant properties, promotes better health by preventing illness 

when consumed [193].  It is utilized as a food preservative against S. aureus [113] (Fig. 7) be-

cause it contains one or more hydroxyl groups, and it also has antibacterial properties [194] 

due to its phenolic ring [34]. Due to the potential modes of action [195] listed in Table 4.  

 

 

 
Figure 7. SEM images: A = uniformly distributed S. aureus ATCC 25923 bio-film on polystyrene coupons 

(positive control); B = Biofilm formed in the presence of Gallic acid; C = Bio-film formed in the presence 

of Caffeic acid; D = Bio-film formed in the presence of Chlorogenic acid [196]. 

 

Caffeic acid has antibacterial properties that manifest against bacteria, viruses, and fungi, in 

addition to their active concentrations. Both Gram-positive and Gram-negative pathogenic 

bacteria have been utilized in studies to test the antibacterial activity of caffeic acid [197]. Ver-

ticillium species, a reputable fungal pathogen, were used to assess the antifungal action of 

caffeic acid, although only a small number of fungal pathogens were considered. The primary 

features largely impacted by the antibacterial action of caffeic acid towards bacterial and fun-

gal pathogens were alteration of membrane permeability, suppression of enzyme activity, 

damage to the protein structure, and DNA [198]. 
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Table 4. Summarizes activity against various bacteria and one virus [12].  

Infectious agents Active concentration Mode of expression Method Ref. 

S. aureus Inhibition zone (>12 mm) Oxidative phosphorylation re-

strain 

Agar-diffusion as-

say 

[135] 

S. aureus clinical strains 

and culture 

MIC (between 62.5 and 250 

g/mL) 

elevated permeability of the cell 

membrane 

Proline assay [196] 

Hepatitis C virus 

 

IC50 100 ± 20 μM 

CC50 1600 ± 30 μM 

Inhibited virus replication Stabi-

lized HO-1 and Nrf2 initiation 

HCV sub-genomic 

replicon assay 

[199] 

Viral canine distemper 59–86% less RNA was syn-

thesized at 24–72 hours. 

prevented viral RNA from accu-

mulating during the replication 

cycle. 

Cytotoxicity assay [122] 

C. f. reundii 200 to 400 μg/Ml ranging 

rate of IC50 

Antimicrobial activity execution Alkaline hydroly-

sates of UP (AHUP) 

[123] 

Influenza virus type A 100-fold less viral replica-

tion when the concentra-

tion is 4 mM. 

Prevented the spread of viruses. 

the virus showed evidence of 

Cytotoxicity 

Plaque assay [119] 

Citrobacter f. reundii At 2 mg/mL, inhibition 

zones range from 7.0 0.5 

mm to 10.00 0.9 mm. 

altered the cell membrane's form 

and function 

Microtiter plate 

method 

[124] 

Type 1 HSV (Herpes 

Simplex Virus) 

8 mM antiviral activity Before viral replication, the vi-

rus's multiplication was down 

regulated. 

Dye-exclusion 

method 

[129] 

Thrombocytopenia syn-

drome virus (SFTSV) 

IC50 0.048 mM Retardation of SFTSV Cellular 

Binding 

Virus-binding assay [138, 

200] 

MRSA culture and 

clinical strains 

The range of 52 to 1024 

g/mL (MIC) 

Inhibitory resistant pathway Broth microdilution 

method 

[130] 

 

 

4. REPORTED DATA ON THE BIOACTIVITY OF CAFFEIC ACID 
 

Regarding caffeic acid's health advantages, it is important to note that it has anti-inflamma-

tory, anticancer, and antiviral properties as well as substantial advantages since the body's 

naturally occurring free radicals can reduce oxidative stress specifically, antioxidants [27, 92, 

115, 201, 202]. The emergence or aggravation of oxidative imbalance-related human illnesses 

is attributed to conditions including cancer, atherosclerosis, cardiovascular disorders, Parkin-

son's disease [185] (185), Alzheimer's disease, and many others [113, 202]. Caffeic acid has a 

protective impact on low-density lipoproteins (LDL) by acting as an antioxidant that helps 

tocopherol [203]. Working collaboratively with certain derivatives to occupy more antioxidant 

action, such as caffeic acid and chlorogenic acid. i.e., chlorogenic acid attempts to play a sig-

nificant protective function against ischemia-reperfusion damage both in vitro and in vivo [146, 

204]. Despite all of these benefits, it also functions as a potential photo-protective agent and 

has been utilized in skin care products because hydroxycinnamic acids [85] are present and 

protect the skin from photo-oxidative damage [205]. 

Hsu et al. examined the efficient use of caffeine using the streptozotocin-instigate and in-

sulin-resistant rat models [206]. Caffeic acid was administered intravenously to diabetic rats 

as part of the experiment, and a dose-related decline in plasma glucose was observed. Reduced 

plasma glucose levels have also been seen in experiments on insulin-resistant rats. To reduce 

plasma glucose levels, caffeic acid must thus increase the amount of glucose it uses. Caffeic 

acid and ellagic acid, two of the examined substances, showed evidence of anti-inflammatory 
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qualities and a cardio protective impact in opposition to dyslipidemia, hypercoagulability, ox-

idative stress, and inflammation in diabetic mice evaluated by Chao et al. Using dietary sup-

plements of caffeic and ellagic acid to improve lipid metabolism and glycemic control in dia-

betic mice results in anti-oxidative, anti-inflammatory, triglyceride-lowering, and anti-coagu-

latory protection [207]. Similarly, Lee et al. concluded that caffeic acid phenethyl ester, the most 

representative component of propolis, has antidepressant properties [208]. 

Prospected by Kanimozhi et al. Consuming foods high in caffeic acid protects against the 

development of cancer thanks to its two important qualities as an antioxidant and pro-oxidant. 

Cancer cells' DNA (deoxyribonucleic acid) is negatively associated with pro-oxidative quali-

ties by inducing apoptosis in those cells, which is followed by signaling. Additionally, an in-

creased quantity of reactive oxygen species and changed mitochondrial membrane potential 

have been identified in this experiment [173]. 

Rosendahl et al. authorized experiments on MCF-7, T47-D, and MDA-MB-231 breast can-

cer cells, as well as cell cycle continuation using coffee and caffeic acid. Resulting in the dis-

covery of estrogen-positive MCF-7 cells that killed off the growth of breast cancer cells using 

caffeic acid to its fullest extent. The anticancer activity of this compound now shows a positive 

effect against hepatic carcinoma along with antioxidant and pro-oxidant properties. It helps 

kill tumor cells by DNA oxidation and angiogenesis by reducing VEGF-induced vasculariza-

tion, and it suppresses MMP-2 as well as MMP-9 expression preventing excessive ROS for-

mation [209]. 

A comparative study done by Kabała-Dzik et al. incorporating caffeic acid and its 

phenethyl ester, inhibited triple-negative MDA-MB-231 breast cancer line cells by cytotoxic 

activity and migration rate at two exposure dosages of 50 mg and 100 mg. When compared to 

other treatments, caffeic acid phenethyl ester slows the proliferation of breast cancer cells. Ad-

ditionally, caffeic acid was shown to inhibit head and neck squamous carcinoma cells as well 

as the viability and migration of oral cancer, or SCC-25 cells [210]. 

Delineated by Bastianini et al.  Because of its greater bioavailability, caffeic acid is a novel 

raw material for cosmetic applications [211]. It is vehiculated into anionic clay for the market-

ing of the cosmetic endeavor as a promising and effective hybrid as well as sustained antioxi-

dant activity [106]. 
 

 

5. BRIDGING TRADITIONAL AND MODERN PERSPECTIVES 
 

Caffeic acid (CA) exemplifies the intersection between traditional herbal medicine and modern 

therapeutic development. Historically, CA-rich plants, including coffee, propolis, and various 

medicinal herbs, were utilized for their antioxidant, antimicrobial, anti-inflammatory, and 

wound-healing properties. Modern research has validated many of these traditional uses, 

demonstrating CA’s ability to modulate molecular targets such as Nrf2, NF-κB, and STAT3, 

regulate oxidative stress [212], and protect mitochondria in preclinical models [20, 88, 213]. 

Additionally, derivatives like caffeic acid phenethyl ester (CAPE) and synthetic analogs en-

hance pharmacological potency, bridging natural remedies with contemporary medicinal 

chemistry approaches [88, 213, 214]. These findings underscore the value of ethnopharmaco-

logical knowledge as a foundation for rational drug development, highlighting how natural 

compounds can inform modern therapeutic strategies [215]. 
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6. FUTURE DIRECTIONS 

 

Despite promising preclinical evidence, translation of caffeic acid into clinical use remains lim-

ited. Future research should prioritize mechanistic studies to elucidate precise molecular tar-

gets and signaling pathways involved in its pharmacological effects. Optimization of pharma-

cokinetics through advanced delivery systems such as nanoparticles, liposomes, and solid dis-

persions is essential to overcome rapid metabolism and improve bioavailability [214]. Addi-

tionally, exploring synergistic drug combinations and conducting structure–activity relation-

ship (SAR) analyses can maximize efficacy while minimizing potential side effects [19, 88. 213, 

214]. Well-designed randomized controlled clinical trials are urgently needed to confirm 

safety, therapeutic doses, and efficacy in humans, facilitating translation from bench to bed-

side. 
 

 

7. CONCLUSION 
 

Caffeic acid (CA) is a naturally occurring bioactive compound with a multifaceted pharmaco-

logical profile, making it a promising therapeutic agent for the prevention and management 

of a wide range of diseases. Its extensive activities—including antioxidant, anti-inflammatory, 

anticancer, neuroprotective, cardiometabolic, and antimicrobial effects—are well substanti-

ated by recent preclinical studies. Derivatives such as caffeic acid phenethyl ester (CAPE), 

along with advanced formulation strategies like nanoparticles, liposomes, and solid disper-

sions, have been developed to overcome limitations of solubility, stability, and bioavailability, 

thereby enhancing therapeutic efficacy. 

The strong antimicrobial and potential antiulcer activities of CA further underscore its 

broad scientific and clinical relevance, positioning it as a candidate for novel therapeutic in-

terventions. Despite these advances, long-term safety, clinical efficacy, and optimal dosing 

strategies remain to be fully elucidated. Future research should focus on mechanistic studies, 

synergistic drug-combination approaches, structure–activity relationship optimization, and 

rigorous clinical trials to translate preclinical promise into effective human therapies. By bridg-

ing traditional medicinal knowledge with modern pharmacology, caffeic acid offers a versatile 

platform for drug discovery, serving not only as a natural therapeutic agent but also as a tem-

plate for designing next-generation bioactive compounds with enhanced clinical potential. 
 

 

LIST OF ABBREVIATION 
 

ROS=Reactive oxygen species, DNA= Deoxyribose nucleic acid, MIC=Minimum inhibitory 

concentration, MBC=Minimum bactericidal concentration, MRSA=Methicillin resistant staph-

ylococcus aureus, SFTSV=Severe fever with thrombocytopenia syndrome virus-induced mac-

rophages, LDL=Low-density lipoprotein, MCF=Malignant catarrhal fever, MMP=Matrix met-

alloproteinase, SCC-25=Squamous cell carcinoma-25, MDA-MB-231=Epithelial human breast 

cancer cell line-231, VEGF-induced = Vascular endothelial growth factor, MMP-2 = Matrix 

metalloproteinase 2, MMP-9 = Matrix metalloproteinase 9 
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