Caffeic Acid

Main functional characteristics: Antioxidant, anti-inflammatory, glycemia modulator, lipid
metabolism regulator

Molecular weight: 180.16 g/mol
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Scientific description

Caffeic acid (3,4-dihydroxycinnamic acid) is a phenolic acid derived from the
phenylpropanoid pathway and is present in a wide variety of vegetables, fruits, medicinal
herbs, and especially in coffee. Its chemical structure, characterized by a catechol ring and a
conjugated double bond with a carboxyl group, provides it with strong electron-donating
capacity and radical stabilization by resonance, which underlies its broad-spectrum
antioxidant potential.

At the molecular level, caffeic acid exerts its antioxidant function in two major ways: firstly,
by directly scavenging reactive oxygen species (ROS) and reactive nitrogen species (RNS);
and secondly, by stimulating endogenous signaling pathways such as Nrf2 /ARE. Activation
of Nrf2 promotes the transcription of phase Il enzymes such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPx), and heme oxygenase-1 (HO-1), reinforcing
cellular defense against chronic oxidative stress. These mechanisms contribute to the
prevention of oxidative damage to membranes, proteins, and DNA.

Its anti-inflammatory role is mainly mediated through the inhibition of the NF-xB pathway, a
key transcription factor regulating pro-inflammatory genes. Caffeic acid blocks the
phosphorylation of IkB kinase (IKKp), preventing IxB degradation and subsequent NF-kB
nuclear translocation. This results in reduced expression of mediators such as COX-2, iNOS,
TNF-a, IL-1B, and IL-6. Additionally, it modulates MAPK pathways (ERK, ]NK, p38), lowering
the production of adhesion molecules (ICAM-1, VCAM-1) and chemokines involved in
inflammatory cell recruitment.



Regarding carbohydrate metabolism, caffeic acid and its derivatives inhibit digestive
enzymes o-amylase and a-glucosidase, slowing down polysaccharide hydrolysis and glucose
absorption in the small intestine. This leads to a reduction in postprandial glycemia. In the
liver and skeletal muscle, it activates AMPK, promoting glucose uptake via GLUT4 and
suppressing hepatic gluconeogenesis, thereby improving insulin sensitivity.

Concerning lipid metabolism, caffeic acid protects against low-density lipoprotein (LDL)
oxidation and reduces lipid peroxidation, key processes in the development of
atherosclerosis. These effects are complemented by modulation of nuclear receptors such as
PPARy, which regulate lipid homeostasis. Preclinical studies have shown that its
supplementation decreases total cholesterol and triglyceride levels.

Recent investigations suggest a potential role in oncology. Caffeic acid induces apoptosis in
tumor cells through the intrinsic mitochondrial pathway, involving loss of mitochondrial
membrane potential (A¥m), cytochrome c release, and caspase activation. It also interferes
with angiogenesis and tumor proliferation, showing antineoplastic properties that justify its
growing interest as an adjuvant in cancer therapies.

Overall, the pleiotropic effects of caffeic acid —antioxidant, anti-inflammatory, hypoglycemic,
hypolipidemic, and antitumoral- are closely related to its ability to modulate multiple
cellular signaling pathways. This makes it a key molecule for the development of
standardized extracts of *Leptocarpha rivularis*, with potential applications in
nutraceuticals, functional foods, and preventive pharmacology.

References

1. 1.Pavlikova N, et al. Caffeic Acid and Diseases—Mechanisms of Action. Int ] Mol Sci.
2022;23(24):15826.doi:10.3390/ijms232415826.

2. 2.KonoY, et al. Antioxidant activity of caffeic acid. ] Agric Food Chem.
1997;45(2):407-412. d0i:10.1021/jf9602816.

3. 3.Giilgin I. Antioxidant activity of caffeic acid. Toxicology. 2006;217(2-3):213-220.
doi:10.1016/j.tox.2005.09.011.

4. 4.Natella F, et al. Coffee drinking increases resistance of LDL to oxidation. Am ] Clin Nutr.
2007;86(3):604-613. doi:10.1093/ajcn/86.3.604.

5. 5.Silva H, et al. Cardiovascular effects of caffeic acid. Front Physiol. 2020;11:595516.
doi:10.3389/fphys.2020.595516.

6. 6.Vacaresse N, et al. Phenolic antioxidants modulate oxidized LDL-induced EGFR
activation. Cardiovasc Res. 2001;49(1):178-187. doi:10.1016/S0008-6363(00)00228-2.

7. 7.Nardini M, et al. Inhibition of human LDL oxidation by caffeic acid. Free Radic Biol
Med. 1995;19(5):541-552. d0i:10.1016/0891-5849(95)00063-G.

8. 8. Akhlaghipour |, et al. How caffeic acid combats diabetes and complications. Trends
Endocrinol Metab. 2023;34(10):e2300462. doi:10.1016/j.tem.2023.08.003.

9. 9.Khan FA, et al. Inhibitory mechanism against oxidative stress of caffeic acid. ] Food
Drug Anal. 2016;24(4):695-702. doi:10.1016/j.jfda.2016.05.005.



10. 10. Park JY, et al. Caffeic acid methyl ester inhibits LPS-induced inflammation via Nrf2
activation and NF- « B inhibition. Exp Ther Med. 2023;26(5):134.
doi:10.3892 /etm.2023.12267.



	Caffeic Acid 
	Scientific description 
	References 

