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Abstract 31 

Caffeic acid phenethyl ester (CAPE) is a phenolic compound naturally found in propolis and 32 

various plant extracts, presenting itself as a promising candidate for plant-based 33 

pharmaceuticals due to its diverse biological effects. It boasts significant antioxidant, 34 

antimicrobial, anti-inflammatory, and anticancer properties, making it a subject of intense 35 

research for potential therapeutic applications. Caffeic Acid Phenethyl Ester (CAPE) 36 

derivatives are significant compounds that exhibit a range of biological activities due to the 37 

precise modification of their chemical structures. Derived from the natural form of CAPE, these 38 

derivatives have been developed to offer more effective and targeted therapies for various 39 

diseases.  Natural CAPE exhibits distinct advantages over synthetic analogues, including better 40 

bioavailability, enhanced biological activity, and a generally safer profile. In contrast, synthetic 41 

CAPE derivatives are strategically designed to improve bioavailability and target specific 42 

biological pathways, albeit often with varying degrees of effectiveness and safety compared to 43 

their natural counterparts. Caffeic Acid Phenethyl Ester (CAPE), derived from natural sources, 44 

exhibits diverse biological activities including antioxidant, antimicrobial, anti-inflammatory, 45 

and anticancer properties, making it a valuable compound in healthcare applications. Natural 46 

CAPE is favored over synthetic derivatives due to its broader spectrum of biological effects and 47 

lower incidence of adverse effects, enhancing its attractiveness for pharmaceutical and 48 

therapeutic uses. These multifaceted biological activities underscore CAPE's importance in 49 

healthcare, whether derived naturally or synthetically. This review aims to compare the 50 

bioavailability profiles of natural and synthetic CAPE, highlighting their respective biological 51 

potentials. By providing a comprehensive overview, it aims to guide neuroscientists and 52 

pharmaceutical researchers in leveraging both forms effectively for therapeutic innovations. 53 

This exploration may pave the way for future advancements in utilizing CAPE and its 54 

derivatives in clinical settings. 55 
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1. Introduction 63 

Caffeic acid phenethyl ester (CAPE) is a bioactive compound found abundantly in phenolic 64 

acid species, particularly in propolis, where it serves as a potent antioxidant, antimicrobial, anti-65 

inflammatory, and anticancer agent due to its phenolic structure. Alongside propolis and various 66 

plant products, CAPE's biological activities have garnered attention in both traditional medicine 67 

and modern pharmacology (1). The bioavailability and efficacy of natural CAPE may vary from 68 

its synthetic derivatives. Synthetic CAPE analogues have been synthesized to enhance 69 

bioavailability and act as specific modulators of biological targets, akin to analgesics. However, 70 

owing to its broad spectrum of biological effects and generally lower side effect profile, natural 71 

CAPE derived from complex biotic resins holds promise for further therapeutic and 72 

pharmaceutical applications (1). This article seeks to compare the biological potentials and 73 

therapeutic uses of natural and synthetic CAPE, highlighting their respective advantages and 74 

limitations. Such insights aim to facilitate the development of more comprehensive strategies 75 

for the clinical application of CAPE and its integration into drug development processes (2). 76 

 77 

1.1. Caffeic Acid Phenethyl Ester and Its Properties 78 

Caffeic Acid Phenethyl Ester (CAPE), a phenolic compound naturally found in bee products 79 

like propolis and certain plants, exhibits diverse biological effects due to its unique chemical 80 

structure. Foremost among its properties is its potent antioxidant capacity, which combats cell 81 

damage and slows aging processes by neutralizing free radicals. CAPE also possesses 82 

significant anti-inflammatory effects, suggesting potential applications in treating chronic 83 

diseases and inflammatory conditions (3). 84 

Furthermore, CAPE demonstrates notable antimicrobial properties effective against various 85 

pathogens including bacteria, viruses, and fungi, positioning it as a natural preventive and 86 

therapeutic agent. Scientific studies also highlight CAPE's potential as an anticancer agent, 87 

capable of inhibiting cancer cell growth and inducing apoptosis in some cases. 88 

These multifaceted biological activities underscore CAPE's importance in healthcare, whether 89 

derived naturally or synthetically. However, natural CAPE often offers broader and more 90 

reliable action with a generally lower risk of side effects compared to its synthetic counterparts. 91 

As such, the therapeutic potential of CAPE holds significant promise for ongoing research and 92 

future clinical applications (4). Continued exploration of CAPE's mechanisms and applications 93 

stands to enhance its role in preventive and therapeutic medicine, advancing treatment options 94 

for various diseases and conditions. 95 

1.2. Derivatives and Biosynthesis 96 



 

 

Caffeic Acid Phenethyl Ester (CAPE) derivatives are compounds engineered through structural 97 

modifications aimed at enhancing their biological activity or targeting specific therapeutic goals 98 

more effectively. These modifications involve the addition or alteration of chemical groups to 99 

the core structure of CAPE, which is synthesized by esterifying caffeic acid with phenethyl 100  

alcohol. Such alterations can enhance the bioavailability, cellular uptake, and overall activity of 101  

CAPE within target cells. 102  

The biosynthesis of CAPE derivatives typically involves combining caffeic acid and phenethyl 103  

alcohol, sourced predominantly from natural origins, using chemical or enzymatic methods. 104  

Beyond naturally occurring CAPE and its derivatives, laboratory synthesis of derivatives has 105  

advanced through biotechnological and chemical engineering innovations (5). 106  

These derivatives often exhibit enhanced biological activities compared to native CAPE, 107  

including stronger antioxidant, anti-inflammatory, antimicrobial, and anticancer properties. 108  

Some derivatives demonstrate improved selectivity against specific types of cancer or achieve 109  

higher efficacy with reduced toxicity. As a result, CAPE derivatives and their synthesis 110 

processes hold substantial promise for advancing new treatment modalities in modern medicine 111 

(6). Continued research into CAPE derivatives is crucial for unlocking their full therapeutic 112 

potential and expanding treatment options across various medical applications. 113 

1.3. Biological Activities 114 

Caffeic Acid Phenethyl Ester (CAPE) derivatives are significant compounds that exhibit a range 115 

of biological activities due to the precise modification of their chemical structures. Derived 116 

from the natural form of CAPE, these derivatives have been developed to offer more effective 117 

and targeted therapies for various diseases. Their antioxidant properties enable them to protect 118 

cells from oxidative stress, thereby mitigating cellular damage caused by free radicals and 119 

potentially delaying signs of aging. 120  

Moreover, CAPE derivatives exert potent anti-inflammatory effects, suppressing inflammatory 121  

processes and showing promise in the treatment of chronic inflammatory conditions. Their 122  

antimicrobial activities are also noteworthy, providing an effective defense against bacteria, 123  

viruses, and fungi, which enhances their utility in combating infections (7). 124  

Of particular interest is their anticancer potential, where CAPE derivatives demonstrate the 125  

ability to inhibit cancer cell growth, prevent metastasis, and induce programmed cell death 126  

(apoptosis) in cancerous cells (7). These multifaceted biological activities underscore the 127  

promising role of CAPE derivatives in pharmaceutical research and clinical applications. They 128  

not only hold potential for enhancing existing treatment methods but also for developing novel 129  

therapeutic strategies (8). Continued research and development in CAPE derivatives are crucial 130  



 

 

for fully exploiting their therapeutic benefits and advancing medical interventions across 131  

diverse disease contexts. 132  

1.3.1. Antioxidant activity 133  

Caffeic Acid Phenethyl Ester (CAPE) is a natural compound renowned for its potent antioxidant 134  

activity, crucial for protecting cells against oxidative stress induced by free radicals. These 135  

harmful molecules can inflict damage on cellular DNA, proteins, and lipids, contributing to the 136  

onset of various chronic diseases such as aging, cancer, cardiovascular disorders, and 137  

neurodegenerative conditions. CAPE's phenolic structure enables it to effectively neutralize 138  

free radicals, thereby preventing oxidative damage (9). 139  

Beyond its role in combating oxidative stress, CAPE's antioxidant properties extend to reducing 140  

inflammation at the cellular level and promoting cellular longevity. This effect not only supports 141  

overall cellular health but also enhances immune function, contributing to the body's resilience 142  

against various health challenges (9). These beneficial properties position CAPE as a promising 143  

component in therapeutic applications aimed at mitigating skin aging, protecting heart health, 144  

and potentially slowing the progression of neurodegenerative diseases (8). 145  

Research into CAPE's antioxidant activity underscores its potential applications not only in 146  

pharmaceuticals and cosmetics but also in nutritional supplements. This versatility has 147  

propelled CAPE into the forefront of both scientific inquiry and industrial applications, 148  

highlighting its significance in promoting health and wellness across diverse domains (10). As 149  

research continues to unveil its therapeutic potential, CAPE stands poised to make further 150  

strides in enhancing human health and longevity. 151  

1.3.2. Antimicrobial activity 152  

Caffeic Acid Phenethyl Ester (CAPE) is a phenolic compound renowned for its potent broad-153  

spectrum antimicrobial activity. This natural agent serves as an effective defense mechanism 154  

against a variety of pathogens including bacteria, viruses, and fungi. CAPE exerts its 155  

antimicrobial effects by disrupting the structural integrity of microbial cell membranes or 156  

inhibiting essential metabolic processes (11). Notably, it demonstrates significant efficacy 157  

against both Gram-positive and Gram-negative bacteria, positioning it as a promising candidate 158  

for antibacterial therapies. 159  

In combating viral infections, CAPE inhibits viral replication processes, thereby impeding the 160  

spread of viruses within the body. Its antiviral properties contribute to its potential application 161  

in combating viral illnesses. Furthermore, CAPE exhibits antifungal activity, particularly 162  

against Candida species, highlighting its versatility as a natural antimicrobial agent suitable for 163  

both prevention and treatment of infections. Importantly, CAPE's natural origin suggests it 164  



 

 

carries fewer risks of adverse effects compared to synthetic antimicrobial agents, enhancing its 165  

reliability and preference in clinical use (12). 166  

1.3.3. Anticancer and cytotoxic activities 167  

Caffeic Acid Phenethyl Ester (CAPE) has garnered significant attention in scientific research 168  

for its potent anticancer and cytotoxic activities. As a natural compound, CAPE demonstrates 169  

effectiveness against various types of cancer by inhibiting cancer cell growth, preventing 170  

metastasis, and inducing programmed cell death (apoptosis). It has shown promising results 171  

particularly in cancers of the colon, breast, prostate, and lung (13). 172  

CAPE's cytotoxic properties enable it to selectively target and damage cancer cells more 173  

effectively than healthy cells, potentially offering an alternative or complementary approach to 174  

traditional chemotherapy. Additionally, its antioxidant and anti-inflammatory properties 175  

contribute to reducing cancer progression and mitigating treatment-related side effects (14). 176  

At the molecular level, CAPE exerts its anticancer effects through mechanisms such as cell 177  

cycle regulation, activation of apoptosis pathways, and inhibition of angiogenesis (the 178  

formation of new blood vessels). These actions collectively suppress tumor growth and enhance 179  

the vulnerability of cancer cells to treatment strategies (13). The multifaceted anticancer and 180  

cytotoxic potentials of CAPE underscore its promise for developing innovative and effective 181  

therapeutic approaches in oncology. These findings provide a solid foundation for integrating 182  

CAPE into pharmaceutical formulations and clinical applications, offering targeted treatments 183  

with reduced adverse effects (15). 184  

1.3.4. Anti-inflammatory activity 185  

Caffeic Acid Phenethyl Ester (CAPE) is esteemed for its potent anti-inflammatory properties, 186  

crucial in managing chronic inflammatory conditions that can lead to serious health issues such 187  

as heart disease, diabetes, arthritis, and certain cancers. While inflammation is a natural defense 188  

mechanism against infections and injuries, chronic inflammation poses significant risks to 189  

health. CAPE intervenes by regulating and suppressing inflammatory processes, specifically by 190  

inhibiting the production of pro-inflammatory cytokines and reducing the activity of 191  

inflammatory enzymes like COX-2 (16). 192  

At the cellular level, CAPE targets key inflammatory pathways such as NF-κB and MAPK, 193  

pivotal in the initiation and perpetuation of inflammation. By modulating these pathways, 194  

CAPE effectively controls inflammatory responses and alleviates symptoms associated with 195  

inflammatory diseases. Additionally, CAPE's antioxidant properties play a crucial role in 196  

mitigating inflammation induced by oxidative stress, further enhancing its anti-inflammatory 197  

efficacy (17). 198  



 

 

Clinical and preclinical studies underscore CAPE's beneficial effects in conditions like arthritis, 199  

inflammatory bowel disease, allergic reactions, and other chronic inflammatory disorders. 200  

These findings position CAPE as a promising candidate for anti-inflammatory drugs and 201  

treatment strategies, particularly due to its natural origin and favorable safety profile compared 202  

to synthetic anti-inflammatory agents (18). 203  

1.4. Pharmacological and Therapeutic Potentials 204  

Caffeic Acid Phenethyl Ester (CAPE) possesses extensive pharmacological and therapeutic 205  

potential owing to its diverse biological activities. Renowned for its antioxidant, anti-206  

inflammatory, antimicrobial, and anticancer properties, CAPE emerges as a versatile agent for 207  

treating various diseases. Its antioxidant activity protects cells from oxidative stress, thereby 208  

delaying signs of aging and reducing the risk of chronic diseases (19). 209  

CAPE's anti-inflammatory effects not only alleviate symptoms of inflammatory diseases but 210  

also contribute to overall health maintenance by reducing systemic inflammation. Its 211 

antimicrobial properties offer a natural defense against bacterial, viral, and fungal infections, 212  

addressing a critical need amidst rising antibiotic resistance. The anticancer potential of CAPE 213  

is rooted in its ability to inhibit cancer cell growth, halt metastasis, and induce apoptosis in 214  

cancerous cells, potentially complementing conventional cancer treatments (20). 215  

Moreover, CAPE's low toxicity profile and natural origin position it as a safe ingredient for 216  

pharmaceutical and clinical applications. Its broad-ranging biological effects present 217  

opportunities for developing novel drugs and enhancing current treatment modalities across 218  

various medical fields. The therapeutic promise of CAPE extends beyond specific disease 219  

treatments to promoting general health and well-being, highlighting its potential as a valuable 220  

asset in preventive medicine and healthcare (21). Continued research into CAPE's mechanisms 221  

and applications promises to unveil further therapeutic potentials, advancing its role in modern 222  

medicine. 223  

1.5. Biotechnological Potential 224  

Caffeic Acid Phenethyl Ester (CAPE) emerges as a natural compound with significant 225  

biotechnological potential, owing to its diverse array of biological activities that render it 226  

valuable across various industrial and medical applications. The antioxidant, anti-inflammatory, 227  

antimicrobial, and anticancer properties of CAPE make it particularly promising for 228  

biotechnological advancements (22). 229  

In the realm of biotechnology, CAPE holds promise for enhancing and optimizing its production 230  

through innovative methods. This includes biotechnological approaches to scale up production, 231  

potentially making CAPE more accessible for pharmaceutical, cosmetic, and other industrial 232  



 

 

applications. By exploring biotechnological production techniques, such as fermentation or 233  

enzymatic synthesis, researchers aim to meet increasing demand sustainably and economically 234  

(22). 235  

Moreover, biotechnology offers avenues to delve deeper into understanding and fine-tuning the 236  

biological activities of CAPE. Molecular biology and genetic engineering techniques can be 237  

employed to augment CAPE's therapeutic effects or tailor CAPE derivatives for specific 238  

medical uses. This research not only enhances the efficacy of CAPE-based treatments but also 239  

expands its versatility in addressing various health challenges (23). Furthermore, 240  

biotechnological advancements in CAPE production through biosynthetic pathways hold 241  

promise for diversifying its applications across industrial sectors and medical fields (22). By 242  

leveraging biotechnological innovations, the reach and benefits of CAPE can be extended to a 243  

broader audience, facilitating its integration into novel biotechnological solutions and products. 244  

In conclusion, the biotechnological potential of CAPE is poised to drive innovations that 245  

enhance production efficiency, expand application possibilities, and optimize therapeutic 246  

outcomes. Continued research and development in biotechnology are pivotal in realizing the 247  

full spectrum of benefits offered by this valuable natural compound. 248  

 249  

2. Conclusion and Recommendations for Use 250  

Caffeic Acid Phenethyl Ester (CAPE), derived from natural sources, exhibits diverse biological 251  

activities including antioxidant, antimicrobial, anti-inflammatory, and anticancer properties, 252  

making it a valuable compound in healthcare applications. Natural CAPE is favored over 253  

synthetic derivatives due to its broader spectrum of biological effects and lower incidence of 254  

adverse effects, enhancing its attractiveness for pharmaceutical and therapeutic uses. 255  

In contemporary medicine and pharmacology, the pharmacological profile of natural CAPE 256  

presents significant advantages, particularly in its high bioavailability and favorable safety 257  

profile, pivotal for managing various diseases and promoting health maintenance. However, 258  

while synthetic CAPE analogues show potential for targeted therapeutic applications, further 259  

investigation is necessary to elucidate their bioavailability and safety profiles. 260  

Future research efforts should focus on expanding the clinical applications of CAPE and 261  

refining drug development strategies. This includes comparative studies to evaluate the efficacy 262  

and safety of natural versus synthetic CAPE derivatives. Such advancements are crucial for 263  

optimizing the integration of CAPE into clinical practice, thereby maximizing its therapeutic 264  

potential across diverse medical conditions. 265  



 

 

In summary, CAPE represents a promising natural compound with multifaceted therapeutic 266  

potentials. Through rigorous scientific exploration and innovation, we can leverage CAPE's 267  

unique properties to advance healthcare interventions and improve patient outcomes in the 268  

future of certain diseases, but they need further investigation in terms of bioavailability and 269  

safety profile. In the future, further research and development is required for broader clinical 270  

applications of CAPE and drug development processes. This will enable CAPE to be used more 271  

effectively and safely in healthcare and maximize its potential health benefits. 272  
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