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Abstract: The importance of algae as a natural source of various bioactive compounds continues to grow due to their
diverse biological activities. One of such compounds is n-hexadecanoic acid, more commonly known as palmitic acid; it
is more lipidous than many algal species. It is one of the most common saturated fatty acids in nature. One can find it in
algal, animal, and plant oils and is extracted from numerous natural sources. Its chemical and biological attributes enable
its widespread use in the pharmaceutical, food, and cosmetic industries. Numerous studies have found that palmitic acid is
effective for fungal activities and does have pharmaceutical and environmental promising antioxidant capabilities.
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INTRODUCTION

Palmitic acid, or n-hexadecanoic acid, is a common saturated fatty acid found in nature. It has a molecular structure
of C16H3202, meaning it has a 16-carbon chain. It can be found in a variety of vegetable oils, animal fats, and even certain
algae. Moreover, it is a significant constituent of triglycerides and phospholipids that form cell membranes. In biological
systems, n-hexadecanoic acid is vital in the metabolism process which, in addition to providing energy, helps in the
metabolic pathways of complex lipids like sphingolipids and glycolipids. With greater availability from animal and plant
sources, n-hexadecanoic acid (palmitic acid) has extensive uses in industrial and pharmaceutical sectors. Palmitic acid
constitutes fats as a constituent of several vegetable oils, which is most notably palm oil. It serves as a fat stabilizer and
energy source in the manufacture of baked goods and confectionaries [1]. In the soap and detergent industry, it is
transformed into salts known as palmitates which have valuable emulsifying characteristics. They are extensively used in
formulating soaps and other cleaning agents [2]. Palmitic acid is widely used by the cosmetics industry due to its skin-
softening and moisturizing properties. It enables as an ingredient in lip balms and skincare products which aids in skin
hydration and lip balms [3]. Moreover, in the candle and lubricant industries, it is used in the production of candles and
industrial lubricants because of its ability to confer solid consistency and thermal stability.

Recent investigations indicate that palmitic acid is of main importance in drug and bioactive compound research
due to its broad range of biological activities. Certain studies have shown that palmitic acid possesses multifunctional
activities such as antioxidant, antimicrobial, and even anticancer properties 4. Particularly interesting is the fact that those
bioactive compounds can easily be extracted from natural sources, for example from algae, bacteria and even some
medicinal plants 5,6. Furthermore, more recent studies 7 have shown that palmitic acid, in addition to its possible role in
controlling the expression of inflammatory response genes, may also be useful in the development of drug nanocarriers
which would enhance the efficiency of getting the drugs to the target cells. Biochemically, palmitic acid is known to have
an important function in metabolism. It can be utilized as a major energy fuel and also serves in the construction of several
complex lipid molecules, for example, sphingolipids and the glycolipids. A number of recent studies have shown that acs,
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while abundant, also have some health risks, for instance chronic inflammation and an increase in insulin resistance, could
be associated with healthier risks [8, 9].

1. Antioxidant Activities of n-Hexadecanoic (Palmitic Acid)

n-Hexadecanoic acid has mild antioxidant properties, mostly attributed to ability interact with and stabilize free
radicals. Modulation of membrane fluidity and integrity, which may prevent oxidative damage. The antioxidant action is
thought to occur via indirect pathways, including Modulation of gene expression of antioxidant enzymes like superoxide
dismutase (SOD) or catalase. Interactions with lipid peroxidation processes, possibly preventing or slowing peroxidative
damage [10, 11]. Palmitic acid (Pal), a type of saturated fatty acid, has been widely recognized for its role in triggering
pro-inflammatory responses in hepatocytes. Excessive exposure to Pal has been shown to result in the accumulation of
triglycerides within specific cellular structures known as lipid droplets. In the hepatic insulin resistance and hepatic
lipotoxicity, Pal has been linked to induction of oxidative stress, glucotoxicity, apoptosis and dysfunction of both
endoplasmic reticulum (ER) and mitochondrial health in HepG2 cells [12, 13]. In agreement with In accordance with earlier
findings, the existing study moreover demonstrated treatment with Pal brought about a They showed that marked lipid
accumulation and lipid droplet formation in HepG2 cells. In addition, evidence from Pal studies with lipidomic-based
approaches showed that the Lipid Profile changed significantly influences lipid metabolism [14,15]. For instance, Pal
exposure has been associated. with changes in important fat substances like phosphatidylethanolamine (PE),
phosphatidylserine, phosphatidylcholine, and glycerophosphocholine (GPC) [15]. Stable isotope-labeled lipidomics
approaches have been used to Exposure to Pal in HepG2 cells causes considerable changes in cell morphology. There's
presence of many types of lipids, like phospho and cere. Involves in the biosynthesis of (cer), glycerolipids (gl), and others,
utilises. small water-soluble molecules (especially DGs) Dihydroceramide, Cers, sphingomyelin, PC, PE, lyso-
phosphatidic. acid (LPA), and lysophosphatidylethanolamine [14]. Lipidomic study showed that Pal treatment caused in
our study. HepG2 Cells Exhibit Crippling Lipid Homeostasis Disturbances Specifically, we.17 Types of Differentially
Expressed Lipids Were Identified Between Pal-Treated and Control. The major groups are ceramide (Cer), phophocholine
(PC), triglyceride (TG), phosphatidylethanolamine (PE), sphingosine (Sph) and sphingomyelin (SM). The. Most of the
glycerolipids (GLs), the glycerophospholipids (GPs) and sphingomyelin. After Pal exposure, a Pal species experienced a
substantial upregulation. Pal prompts substantial fat build-up and dysfunction in liver cells.

2. Antibacterial Activities of n-Hexadecanoic (Palmitic Acid)

Palmitic acid is present throughout nature in many animal and plant products. Important animal sources of fats
include butter, mutton fat and lard [16]. Palmitic acid has also been found in plant oils, such as palm oil and coconut oil
considerable amounts. Studies found that palmitic acids primarily inhibited the.release of extracellular organic matter
during early osmotic stress, ultimately causing death of cells. Higher DOC level in culture medium. The main extracellular
organic matter components were aromatic proteins and humic acid-like substances. The trends in Chl-a levels, Fv/Fm
values, and the ETR in response to fatty acids aligned with changes in cell density. Analysis of oxidative enzyme activity
revealed that fatty acids damage M. aeruginosa’s antioxidant enzyme activity, disrupt cell membrane permeability, and
harm the unsaturated fatty acids in cell membranes [16]. A study of extracts from Caspian Sea (Persian Gulf) algae found
that stearic acid, along with hexadecanoic acid (palmitic acid), was a major component of the free fatty acids. These
compounds exhibited antibacterial activity against Staphylococcus aureus and Bacillus subtilis, with minimum inhibitory
concentrations (MICs) ranging from 0.125 to 2 mg/mL—indicating effective inhibition at acceptable concentrations [17].

3. Antifungi Activities of n-Hexadecanoic (Palmitic Acid)

Palmitic acid and its methyl and ethyl esters exhibit broad-spectrum antimicrobial activity, effectively inhibiting
the growth of various plant and human pathogens. These include plant pathogens such as Alternaria solani and Fusarium
oxysporum, as well as human-associated pathogens like Aspergillus species, Candida tropicalis, and Candida albicans
[18]. Experimental evidence indicates that palmitic acid, individually or synergistically with oleic acid, suppresses Candida
glabrata biofilm development and reduces cell viability, thereby reinforcing its antifungal and anti-inflammatory potential
[19]. Palmitic acid exerts its antifungal activity through multiple interconnected mechanisms. As a saturated long-chain
fatty acid (C16:0), it can incorporate into fungal cell membranes, destabilizing the lipid bilayer and disrupting membrane
integrity, which may impair nutrient uptake and membrane-bound enzyme functions [20, 21]. In addition to these physical
effects, palmitic acid induces oxidative stress by promoting the generation of reactive oxygen species (ROS), particularly
in Candida parapsilosis. This oxidative burden leads to damage of DNA, proteins, and organelles, with heightened
sensitivity observed in mutants deficient in fatty acid desaturation. Furthermore, palmitic acid may inhibit key lipid
biosynthesis pathways—such as triacylglycerol and sphingolipid production—that are essential for fungal growth,
membrane structure, and morphogenesis. It also has the capacity to competitively inhibit phospholipase A, (PLA;), a
critical enzyme involved in phospholipid metabolism and inflammatory signaling. While this inhibitory effect is well-
documented in mammalian systems, similar mechanisms in fungi may interfere with phospholipid remodeling and further
contribute to antifungal efficacy [22, 23].
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CONCLUSION

n-Hexadecanoic acid, extracted from algae, is a multifunctional bioactive compound exhibiting antioxidant,

antifungal, antibacterial, and anti-inflammatory properties. It can influence cancer cells through several mechanisms,
including the induction of apoptosis, cell cycle arrest, and modulation of cellular signaling pathways, thereby opening new
avenues for therapeutic and industrial applications. However, recent research underscores the need for more comprehensive
clinical and applied studies to fully explore and develop products based on this bioactive fatty acid.
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