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a b s t r a c t

Ferulic acid, a natural phytochemical has gained importance as a potential therapeutic agent by virtue of
its easy commercial availability, low cost and minimal side-effects. It is a derivative of curcumin and
possesses the necessary pharmacokinetic properties to be retained in the general circulation for several
hours. The therapeutic effects of ferulic acid are mediated through its antioxidant and anti-inflammatory
properties. It exhibits different biological activities such as anti-inflammatory, anti-apoptotic, anti-
carcinogenic, anti-diabetic, hepatoprotective, cardioprotective, neuroprotective actions, etc. The cur-
rent review addresses its therapeutic effects under different pathophysiological conditions (eg. cancer,
cardiomyopathy, skin disorders, brain disorders, viral infections, diabetes etc.).

© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction

Natural antioxidants exhibit their therapeutic potential in
various pathophysiological conditions (Bhattacharya et al., 2013;
Pal et al., 2014; Rashid and Sil, 2015; Ronchetti et al., 2009;
Sinha et al., 2015). Ferulic acid (FA) (4-hydroxy-3-
methoxycinnamic acid) is a natural phytochemical (Fig. 1) which
is obtained from rice, wheat, barley, orange, coffee, apple, peanuts
etc (Chowdhury et al., 2016). FA exhibits antioxidant properties
through lipid peroxidation and free radical scavenging, by its
phenolic hydroxyl group (Srinivasan et al., 2007). The current re-
view provides new insights into the mechanism of action of FA in
various pathophysiological conditions. The review also empha-
sizes on the protective role of the molecule through modulation of
signaling pathways involving Nrf2, p38, MMP and mTOR. A
detailed understanding of the therapeutic applications of FA will
help in the progression of studies related to this molecule in the
field of clinical biology.

2. Molecular properties of ferulic acid

Ferulic acid (FA) (4-hydroxy-3-methoxycinnamic acid) is a de-
rivative of curcumin. It is widely found in fruits, vegetables, coffee
and beer (D'Archivio et al., 2007). It is an antioxidant which has the
ability to scavenge free radicals and prevent lipid peroxidation and
apoptotic cell death (Fetoni et al., 2010). FA protects against reactive
nitrogen species (RNS) by downregulating NOS isoforms (Koh,
2012a) and inhibits toxicity of secondary free radicals as well
(e.g., those generated by carbon tetrachloride, CCl4) (Srinivasan
et al., 2005).

While reacting against a free radical, the hydrogen atom of FA is
easily transferred to the radical, forming a phenoxy radical which is
highly stabilized since the unpaired electron may not only be pre-
sent on the oxygen but can also be delocalized across the entire
molecule. Unable to elicit a radical chain reaction, this phenoxy
radical gets condensed with another ferulate radical to yield the
dimer curcumin. Other dimers are also formed through the
condensation of the phenoxy radical with other radicals. FA binds
to the lipid bilayer of cells, thereby protecting against lipid perox-
idation through the use of its carboxylic acid group as an anchor.
Due to generation of this phenoxy radical, FA is able to scavenge
and stop free radical chain reactions (Graf, 1992; Kanski et al., 2002;
Paiva et al., 2013).

It prevents free radical mediated damage by regulating the ac-
tivity of hemeoxygenase/biliverdin reductase (HO/BVR) system,
chaperone heat shock protein (Hsp 70), superoxide dismutase
(SOD) and catalase (CAT) (Mancuso and Santangelo, 2014).

Heme oxygenase-1 degrades heme thereby generating ferrous
iron, carbon monoxide (CO) and biliverdin (BV). BV is reduced by
BVR to bilirubin (BR) (Maines, 1997). BR is an efficient reactive
oxygen species (ROS) and RNS scavenger (Mancuso et al., 2012). FA
up regulates the expression of HO-1 in rat neurons to protect
against ROS associated oxidative damage (Calabrese et al., 2008). It
also modulates HO-1 activity by regulating the expression and ERK
mediated translocation of the transcription factor NFE2 related
factor (Nrf2) to the nucleus, where it binds to the antioxidant

Fig. 1. Structure of ferulic acid.
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