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Caffeic acid (CA) is found abundantly in fruits, vegetables, tea, coffee, oils, and more. CA
and its derivatives have been used for many centuries due to their natural healing and
medicinal properties. CA possesses various biological and pharmacological activities,
including antioxidant, anti-inflammatory, anticancer, and neuroprotective effects. The
potential therapeutic effects of CA are mediated via repression and inhibition of
transcription and growth factors. CA possesses potential anticancer and
neuroprotective effects in human cell cultures and animal models. However, the
biomolecular interactions and pathways of CA have been described highlighting the
target binding proteins and signaling molecules. The current review focuses on CA’s
chemical, physical, and pharmacological properties, including antioxidant, anti-
inflammatory, anticancer, and neuroprotective effects. We further described CA’s
characteristics and therapeutic potential and its future directions.

Keywords: caffeic acid, clinical trials, diabetic neuropathy, inflammatory diseases, inhibitors, targeted therapy
INTRODUCTION

Caffeic acid (CA), one of the most common phenolic acids (PhA), frequently occurs in fruits (1),
grains (2), and dietary supplements (3) for human consumption as simple esters with quinic acid or
saccharides. It is found in fruits, tea, coffee, oil, spices, and vegetables. CA is isolated and purified
from green and roasted coffee sources. Food coming directly from plants is a rich source of
phytochemicals. They are considered biologically active compounds, though with negligible
nutritional values. Studies reveal their major role in chronic disease prevention. These plant
compounds are antioxidants, pharmacological agents, detoxifying/cleansing agents, and dietary
fiber (4, 5). CA (3,4-dihydroxycinnamic acid) is a phytochemical that prevents several human
diseases, and it is manufactured through the hydrolysis of chlorogenic acid (6, 7).

CA illustrated a wide range of chemical and pharmacological properties (4). It is orally
bioavailable due to its anti-inflammatory, antioxidant, and anticancer bioactivities (8–10) and
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immunomodulatory and neuroprotective activities (11–13). CA
has antitumor effects against several human cancers (14, 15). It is
an excellent antioxidant and anti-inflammatory agent. CA
exhibits the medicinal properties of reducing oxidative stress
and significantly inhibits damage to DNA by free radicals (16,
17). CA is known for preventing cancer cell growth by inhibiting
the HDM histone demethylase oncoprotein gene during cancer
progression (18), and explains neuroprotective results against
amyloid-b–mediated neurotoxicity via blocking calcium influx
and tau phosphorylation. It may contribute to preventing
neurodegeneration and brain injury (19, 20).

CA has established its importance as an effective 5-
lipooxygenase inhibitor and has revealed its capacity for
downregulating IL-6, IL-1b, and NF-kB in the inflammatory
response (21, 22). CA drastically blocks STAT3 action and this,
in turn, down-triggers HIF-1a action. It has the promising
inhibitors of STAT3 and represses cancer angiogenesis via
blocking the action of STAT3 and the expression of VEGF and
HIF-1a (14). CA blocked ERKs phosphorylation, NF-kB, and
AP-1 transactivation. However, CA targets MEK1 and TOPK for
repressing tumor metastasis and neoplastic cell transformation
(15). It frankly interrelated with ERK1/2 and blocked ERK1/2
actions in vitro (23).

This review focuses on the effects of CA, such as antioxidant,
anti-inflammatory, anticancer, and neuroprotective effects. The
potential of CA in cancer and neurological diseases with
emphasis on clinical trials has been summarized. This review
also describes CA’s features and therapeutic potential and its
implications in cancer and neurological disease treatment
and management.
BIOSYNTHESIS OF PHENOLIC ACIDS

Higher plants accumulate and synthesize a broad diversity of
phenolic compounds that confer defense against the assaults of
free radicals created through the process of photosynthesis, as well
as against tissue damages (24). Phenolic compounds offer defense
against diseases by regulating cellular mechanisms at different
levels, such as enzyme inhibition, protein phosphorylation, and
alteration of gene expression (25). Phenolics are essential
ingredients in plants, commonly found in fruits, cereals, legumes,
and vegetables. In plants, they have a role in a broad range of
Abbreviations: CA, Caffeic acid; CAPE, Caffeic acid phenethyl ester; PhA,
Phenolic acids; MA, Monocarboxylic acid; OSCC, Oral squamous cell
carcinoma; HCC, Hepatocellular carcinoma; COX-2, Cyclooxygenase 2; HCs,
Hydroxycinnamic acids; CGA, Chlorogenic acid; AAA, Aromatic amino acids;
PLP, Pyridoxal 5-phosphate; NAD, Nicotinamide adenine dinucleotide; TAL,
Tyrosine ammonium lyase; NF-kB, Nuclear factor kappa B; VEGF, Vascular
endothelial growth factor; PKC, Kinase C protein; CGA, Chlorogenic acid; JNK,
C-Jun N-terminal kinase; MCT, Monocarboxylic acid transporters; CLL, Chronic
lymphocytic leukemia; ROS, Reactive oxygen species; H2O2, Hydrogen peroxide;
TNF, Tumor necrosis factor; AChE, Acetylcholinesterase; BChE,
Butyrylcholinesterase; STAT3, Transcription factor and signal translation 3;
EGFR, Epidermal growth factor receptor; Nrf2, Nuclear factor-E2 p45-related
factor; TOPK, T-cell-originated protein kinase; MMP, Matrix metalloproteinases;
VEGF, Vascular endothelial growth factor; ECM, Extracellular matrix; ERK,
Extracellular signal-regulated kinase
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processes, including growth, pigmentation, reproduction, as well as
resistance to pathogens. They are categorized into five classes:
flavonoids, coumarins, tannins, phenolic acids, and stilbenes (26,
27). However, phenolics are secondary metabolites primarily
created in plants from shikimic acid via phenylpropanoid
signaling (26). They are created as an effect of the break of lignin
and cell wall polymers in vascular plants and the like via the
production of monolignol signaling (26, 27). PhA are the
furthermore classified into cinnamic acids and benzoic acids.
They are present in free appearances or conjugated with ethers,
esters, as well as other molecules (26–29). The structural motifs
needed for the antitumor action of phenolic compounds comprise
the aromatic ring, unsaturated, substituted chains, and the position
and number of free hydroxyl groups (26). Phenolics are admired
for their effectiveness as medicinal compounds in the treatment
and management of numerous diseases, including cancer and
neurodegenerative diseases. Their antidiabetic function is induced
by the modulation of glucose metabolism (27, 30).
CHEMICAL AND PHYSICAL PROPERTIES
OF CAFFEIC ACID

The defensive effect of CA on the human body is described
because of its antioxidant functions, which are endorsed to its
chemical structure. However, the antioxidant functions of CA
are linked with the existence of two hydroxyl groups at its
aromatic ring. The structure of CA has a phenol ring with OH
at positions 3 and 4 of the ring and a hydrocarbon chain at
position 1 with an acid group. The chemical structure
characteristics of CA make it an efficient metal-reducing agent.
It is prone to auto-oxidation and oxidation by biological agents.
The catechol group with an unsaturated carboxylic acid chain
interacts with the oxidizing radicals. Chemically, it is cinnamic
acid. Its chemical structure comprises a phenyl ring with
hydroxyl groups at the 3rd and 4th positions. More commonly
in transform, the cis form also exists (31). Thus, ultimately this
structural uniqueness imparts anticancer properties (32, 33).

The CA derivative CAPE has a similar structure but with an
additional phenylmethyl ester group. However, the chemical and
physical properties of the two vary (34, 35). CA is a phenolic
compound consequential from the secondary metabolism of plant
results (36, 37). For example, olives, fruits, potatoes, coffee beans,
carrots, and propolis are the major hydroxycinnamic acid utilized
in human diets (38–40). CA is present in yellow crystals that turn
alkaline solution from yellow to orange. It is sparingly soluble in
cold water and highly soluble in hot water and cold alcohol. It has
a small weighted compound with zero formal charges (41, 42).
BIOAVAILABILITY AND
PHARMACOKINETICS OF CAFFEIC ACID

CA is absorbed in the GI tract by MA transporters (43, 44) and
by the transepithelial flux to a slighter extent (45). Gut
microbiota is linked to the metabolism of CA. Actually, under
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an anaerobic situation, CA undertakes decarboxylation that is
passed out through the bacteria with the analogous product [3-
(3- hydroxyphenyl)-propionic acid] exhibiting better antioxidant
action in contrast to CA (46). Once absorbed, CA undertakes
widespread metabolic transformations in the kidneys and liver
(47, 48). The small intestine is the probable location of the
cleavage of feruoylquinic acids liberating CA and ferulic acid, the
metabolism of CA to its 3- and 4-O-sulfates, and the methylation
of CA for forming isoferulic acid and its corresponding 3-O-
sulfation and glucuronidation, since the colon is possibly the
location of the metabolism of CA to dihydrocaffeic acid that is
promoted to be metabolized for dihydro-isoferulic acid. CA is
emitted mainly by the urine, which calculates urinary secretion
between 5.9% and 27% (32, 49, 50). Accordingly, the
pharmacokinetic procedure starts with the ingestion of CA,
inward in the stomach, following a little part that is absorbed.
Hence, in the colon, the microbial esterases slice the ester piece of
CA; in its free appearance, it is absorbed through the intestinal
mucosa (51). The transmembrane run of CA into intestinal cells
takes place via active transport mediated through the MCT (51).

The highest plasma concentration of the compound has been
detected merely 1 h after ingestion of foods, including coffee.
Subsequently, plasma concentration is quickly reduced, requiring
reiterated doses every 2 h to sustain high concentrations (52–54).
Chemical flexibility and modifiability of CA affected its
phenylpropanoid scaffold for becoming a usually utilized pattern
for improving novel derivatives with increased pharmacokinetic
functions, enhanced bioactivity, and superior safety summary
(55). However, studies have shown that hepatic metabolism of
CA and DHCA occurs when O-methylation, dehydrogenation,
hydrogenation, and GSH conjugation take place. Detoxification
for CA and DHCA comes from the O-methylation pathway,
whereas the toxification occurs via P450 catalyzation to form o-
quinones (56, 57). Humans have CA metabolites, mainly
glucuronides of meta-coumaric acid and meta-hydroxyhippuric
acid. The derivative of CA, CAPE, synthesized by combining CA
and phenethyl alcohol in the ratio of 1:5 at room temperature
along with the condensing agent DCC, has been proven to have
therapeutic potential (35, 58). CAPE arrests the growth of HL-60
cells in leukemia. Different IC50 values of 1.0, 0.5, and 1.5 µM
inhibit the DNA, RNA, and protein expression, respectively (59).
BIOLOGICAL MECHANISM OF ACTION OF
CAFFEIC ACID

Oxidative Stress
Reactive oxygen species (ROS) are linked with numerous cellular
functions, including cell differentiation, proliferation, angiogenesis,
and apoptosis. ROS are the main signaling molecule that
participates in an essential function in developing inflammatory
diseases such as cancer and neurodegenerative diseases. Oxidative
stress and chronic inflammation are the most crucial factors
engaged in the progression of about 15–20% of cancers
worldwide (60). The constant inflammatory cell employment,
frequent production of ROS, and pro-inflammatory mediators,
Frontiers in Oncology | www.frontiersin.org 3
which persisted the proliferation of genomically unbalanced cells,
help the neoplastic transformation and eventually result in cancer
metastasis and invasion (61). The inequity between the production
and clearance of ROS/RNS aids the progression of the tumor
chiefly via stimulating genomic instability. CA blocks lipoxygenase
action and represses LPO (62, 63). CA entirely inhibits ROS
production and the xanthine oxidase system (62). CA might
enhance the cytotoxic activities of M1 macrophages and block
cancer growth; inhibitory action on TAMs can be induced by its
antioxidative action. However, the anticancer action of CA has
been the effect of the synergistic actions of diverse mechanisms
through which CA performs on proliferation, survival,
angiogenesis, and immunomodulation (64–66). CA competently
inhibited the incidence of TAMs and noticeably repressed
tumorigenesis in mouse tumor models. Hence, targeting TAMs
via antioxidants might be a potentially effective method for tumor
treatment (64).

The amount of such ROS-mediated injuries was revealed to
be more widespread in the areas of the brain where Ab is rich
(67, 68). The antioxidant defense in the AD brain was found to
repeatedly reduce as the disease progressed (69–71).
Mitochondrial dysfunction is the main cause of ROS-induced
pathologies far too frequent in AD (72). Thus, drugs targeting
several mechanisms of ROS/oxidative stress-induced cellular
injuries could have therapeutic potential for AD. Hence, a
study (73) has examined the anti-AD potential of CA in an
in vitro acrolein-mediated toxicity model utilizing HT22 mouse
hippocampal cells. However, the study has revealed that
pretreatment of cells with CA drastically reduced the acrolein-
mediated neurotoxicity, ROS gathering, and GSH reduction. The
acrolein-mediated MAPKs and GSK3b/Akt signalings have been
altered via CA, recommending their probable mechanisms by
such results. The improvement of memory via CA (10–50 mg/
kg) in the global cerebral ischemia-reperfusion damage in the rat
is partly because of antioxidant results, as a reduced MDA and
considerable SOD activities have been detected to be reduced in
the hippocampus’s subsequent treatment with CA (22). The
defensive result of CA against spatial learning and memory
role failure via chronic aluminum excess has been revealed to
be accompanied by the reverse of the reduced SOD actions and
enhanced MDA contents (21). However, the association between
cognitive decline and oxidative stress is fine as demonstrated in
most of the work by researchers (74) who utilized streptozotocin-
mediated investigational dementia in rats like an AD model.

Antioxidant Properties of Caffeic Acid
Antioxidants perform by blocking or decreasing the results
regulated via free radicals and oxidizing compounds (75). The
phenolic acids are distinguished via the existence of a benzene
ring, a carboxylic acid group, and one/more hydroxyl/methoxy
groups of the molecule that confers antioxidant functions (76).
CA has been revealed for producing defensive results on
a-tocopherol in low-density lipoprotein (77, 78). CA is an
antioxidant, which may decrease oxidative stress made in the
body because of free radicals. Hence, oxidative stress is described
as an inequity between the making of ROS and antioxidant
protection (79, 80).
March 2022 | Volume 12 | Article 860508
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In consequence of this inequity, oxidative stress is frequently
responded with the progression of several human diseases
including cancer (81, 82). Antioxidants perform by inhibiting
the effects regulated via free radicals and oxidizing compounds
(75). CA was found to be an a-tocopherol defensive in LDL (77).
Additionally, its grouping with other products, including
chlorogenic and caftaric acids, explained high potent
antioxidant action in various systems (83, 84). CA is among
the hydroxycinnamates used to increase dietary products’
constancy (85, 86). The antioxidant promise of CA is
influenced by factors including the nature of oil, food
processing, constituents, and the ratio of antioxidants and lipid
constituents (86, 87). However, novel dihydro-CA amides were
proven to have brilliant free radical scavenging capabilities
accessed via the DPPH technique; an outstanding potential
was identified for protecting polyunsaturated oils (88). The
addition of CA was documented to increase the solidity of
different oils via the blockage of lipid oxidation (85, 87, 89).

UV radiation is the reason for biological alterations, including
photoaging, and injures normal lymphocytes, consequential in
their death. CA achieves notable consideration as a potential
photoprotective agent (90) and also is present in skincare
products due to its antioxidant action. Depending on the
exposure time, dose, wavelength, and area exposed, the UV
radiation may cause premature skin aging, skin burns, skin cell
DNA injury, and skin tumor (91, 92). Though lymphocytes were
pretreated with CA for 30 minutes while being irradiated with
UVB, a photoprotective result of CA was identified in terms of
reduced LPO and decreased DNA injury illustrating the viability
of lymphocytes (93). Hence, the photoprotective result of CA
might be because of GSH metabolism, which displays free radical
scavenging. CA was detected for protecting phospholipidic
membranes (94, 95) and opposed vitamins C and E depletion
by the membrane (96). CA was found to have photoprotective
action against UVB both in vitro and in vivo (97, 98). CA
pretreatment causes a significant reduction in g radiation-
motivated DNA injury in cultured lymphocytes (97). However,
ischemia/reperfusion (I/R) damage may be caused by ROS (99).
Reported models might be used to study defensive results of
antioxidants administered before the induction of I/R damage
(100, 101). CA was proven to have defensive capabilities against
I/R injury in rats’ small intestine (99, 102, 103).

Anti-Inflammatory Properties of
Caffeic Acid
In response to a stimulus including tissue injury, inflammation
expands. It is a physiologic process that might contribute to
cancer progression via several intermediates (104). Many
modulators involve inflammation to tumor progression,
including NF-kB, COX-2, TNF-a, IL-6, Nrf2, iNOS, NFAT,
and HIF-1a (104–106). CA illustrated its inhibitory action on
NO-making that also sturdily blocked the creation of COX -2
and iNOS (107). Therapeutic agents that target NF-kB and
COX-2 can help repress cancer angiogenesis (60, 64, 108, 109).
CA powerfully hinders ceramide-mediated NF-kB action (110)
Frontiers in Oncology | www.frontiersin.org 4
and UVB-mediated COX-2 expression (109, 111). Hence,
numerous studies have recognized CA to be an inducer of cell
death in tumor cells and to be able to perform cancer growth
blockage and failure in animals (112–114). The role of CA in
inflammation, cancer progression, and other pathways is
illustrated in Figure 1.

However, the activation of cells under pathological conditions
was revealed for contributing to the progression of numerous
neurodegenerative diseases. The discharge of pro-inflammatory
mediators in the brain stimulated through various stimulants,
including Ab, was exhibited to account for the inflammatory
constituent of neuronal loss in AD (117–119). CA and its
derivatives’ recognized anti-inflammatory result are of prospective
benefit in combating AD through these agent candidates.

In addition, activation of Nrf2 has been explained for inhibiting
inflammatory gene expression (120, 121) by signaling crosstalk
linking the HO-1 (122). Kim et al. (123) have illustrated that Nrf2-
induced HO-1 introduction of CAPE is correlated with its anti-
inflammatory and antioxidant mechanisms. Hence, there is a
relationship between CA derivatives’ antioxidant and anti-
inflammatory effect and their therapeutic promise to AD
through their multifunctional results. A research (22) has
confirmed that the enhanced NF-kB, p65, and 5-LOX correlated
with the global cerebral ischemia-reperfusion neuronal injury and
memory failure in rats is inverted through CA (10–50 mg/kg)
treatment. However, CA (50 mg/kg) also improved neuronal loss
and infarct volume 24 h after ischemia (124). The anti-
inflammatory result of other CA esters in microglial cells was
connected to the induction of HO-1 (105, 125).
FIGURE 1 | A summary of connection among inflammation, cancer
progression, and inhibitory action of CA. Many modulators involve
inflammation in tumor progression. CA binds with modulators and represses
cancer progression and stimulates apoptosis. [Adapted from Murtaza et al.
(115) and Alam et al. (116)].
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ANTICANCER EFFECT OF CAFFEIC ACID

CA has potential anticancer roles in several human cancers (126–
128). Literature analysis led to attractive findings on CA and its
therapeutic potentials. Several studies explain an inhibitory effect
of CA on cell migration and invasion, with potential activity in
decreasing metastases in tumor cells (129). Below are the effects
of CA on numerous cancers.

Breast Cancer
One of the deadliest malignancies among women is breast
cancer. The migration rate inhibition of breast tumor is treated
via CA (130). CA decreased MDA-MB-231 and MCF-7 cell
growth, repressing breast tumors’ proliferation (131). The
experimental and clinical findings reveal a variety of antitumor
functions of CA against ER+ and ER¯ breast tumors, which can
sensitize cancer cells to tamoxifen and decrease breast tumor
growth (131, 132). This study illustrates that CA mimics the
activities of antiestrogens and modifies main growth regulatory
signaling ER/cyclin D1 and IGF-IR/pAkt, resulting in damaged
cell-cycle development and decreased cellular proliferation (131).
CA exhibits a potent antiradical and antioxidant activity in breast
tumors, acting by diverse mechanisms. It is a potential and
practical clinical move toward presenting less toxicity for healthy
cells and more action toward their malignant counterparts (133).
CA decreases IL-12-making and NF-kB activation. However, it
hinders with the TLR4 pathway via disrupting the TLR4/MD2
complex. Decreased regulation of TRIF, TLR4, and IRAK4
expression provokes apoptosis in breast cancers (10).

Prostate Cancer
Prostate cancer (PCa) is the most frequent cancer in developed
countries (116, 134), resistant to cell death. Due to this resistance,
it is necessary to develop a novel therapeutic approach; phenolic
acids have revealed a relationship with a reduced risk of PCa
(135, 136). CA has been linked with a lesser risk of advanced
PCa. However, more intake of CA can be connected with
decreased risk of PCa (137). CA treatment reduced Skp2 and
Akt1 expression in LNCaP cancers as compared with control
(138). NF-kB is constitutively stimulated in PCa cells and
inhibition of NF-kB action that links with the repression of
invasion, angiogenesis, and metastasis. IkBa inactivates the NF-
kB transcription via fronting the nuclear signals of NF-kB
proteins and keeps them inactive in the cytoplasm (137).
CAPE is an NF-kB inhibitor as well as a 5a reductase
inhibitor. It is potent for the treatment of PCa. CAPE may
block NF-kB activation in PC-3, and it inhibits NF-kB
activation (139).

Lung Cancer
Lung cancer is the leading cause of malignancy-related death
worldwide (140). NSCLC is reported to comprise more than 85%
of all lung cancers, and approximately 60% of NSCLC presents
with advanced stage at the time of diagnosis (140, 141). However,
chemotherapy to NSCLC is inadequate because of adverse effects
of drug resistance and it contributes small to survival (142). CA
may prevent oxidative stress-induced exposure to UVB and
Frontiers in Oncology | www.frontiersin.org 5
DNA injury in lymphocytes (93). A study has illustrated the
defensive effect of CA on PTX-mediated apoptosis in A549 cells
by the NF-kB pathway (143). Another study has found that a
dose of CA (600 mM) drastically stimulates apoptosis in H1299
and A549 cells and has a potential function in modulating and
increasing PTX-mediated cell death of NSCLC in in vivo and
in vitro MAPK signaling. However, the combined treatment of
CA with PTX reduced the proliferation of H1299 cells except for
not normal Beas-2b cells. CA blocked H1299 cell growth
via stimulating apoptosis, and PTX and CA combined created
a synergistic antitumor result in H1299 cells (144). The effects
of chemopreventive agents on TGF-b-mediated invasive
phenotype utilizing A549 cells as a model scheme have been
examined using CAPE as a therapeutic drug. CAPE efficiently
repressed TGF-b-increased cell motility and TGF-b-mediated
Akt activation and a specific PI3K/Akt signaling inhibitor,
LY294002 (145, 146).

Melanoma
Because of the strong resistance of melanoma to conventional
chemotherapy, numerous studies focused on novel treatment
approaches and coadjuvants were investigated. Studies
representing an inhibitory effect of CA on cell migration and
invasion with potential activity in decreasing metastases in
tumor cells are attracting more attention and are increasingly
frequent in the scientific data (129). Additionally, research
explains the potential of CA in decreasing proliferation,
growth, and cell viability in numerous cancers, and a capability
to induce via apoptosis (129, 147). Results illustrated a reduction
in cell viability, inhibition of colony formation, cell cycle
modulation, and modifications in the gene expression of
caspases following CA treatment (148). However, these results
recommend an anticancer effect of CA on SK-Mel-28 cells. CA
might play a key function in inhibiting cancer progression in
melanoma cells (148) and efficiently blocked melanin-making in
B16 melanoma cells (149). However, CAPE is recommended for
suppressing ROS-mediated DNA damage in A2058 cells
compared to other potential defensive agents (150).

Oral Cancer
Oral cancer is the most general kind of head and neck cancer.
Hence, more than 90% of oral cancers are OSCC (151–153). Pro-
and anti-apoptotic Bcl-2 proteins are involved in oral cancer
(154–156). The migration rate of OSCC may be drastically
blocked via the biological action of CA (157). Treatment with
CAPE prevents the expression and activity of COX-2 in OSCC
(158). CAPE treatment can inhibit the activity and plenty of
COX-2 and EGFR. Administration of CAPE may inhibit and
hinder the progression of oral tumors (159). Hence, CAPE is
sturdily efficient against oral cancer cells. It prevents the COX-2
and EGFR activities and proliferation, growth, survival, and
metastasis, and it hampers with the PI3K-Akt pathway and
Skp2 in oral tumor (159).

Liver Cancer
HCC is a leading form of liver cancer, distinguished by being a
malignant main solid tumor that differs from hepatocytes (160,
March 2022 | Volume 12 | Article 860508
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161). CA performs in HCC via its strong antioxidant capability,
which inhibits ROS-making, decreases oxidative stress, and is
very general in liver cancer (162, 163). CA performs as a primary
as well as secondary antioxidant. It may act in the angiogenesis of
HCC cells by decreasing the phosphorylation of JNK-1 and
reducing the activation of HIF-1a. Animal studies treated with
CA and CAPE proved the endorsed repression of cancer growth
in HepG2 and the reduction of cancer invasion on a metastatic
position in the liver. However, CA and CAPE prevent and
obstruct the MMP-9 action via blocking NF-kB function (11,
164). In vitro and in vivo investigations have revealed that CA
exerted its antihepatocarcinoma result, dependent on a variety of
mechanisms including cell death via induction of TRAIL
signaling and the activation of caspase 9, liberation of cyt-c,
and creation of the apoptosome (32). Hence, CA is an anticancer
agent for inhibiting HCC (165). CA was established to be a
stimulant of HO-1, GCLC, and GCLM expression by the Nrf2/
ERK pathway, and it can be an efficient chemoprotective agent to
defend liver injury against oxidative harm (166).

Cervical Cancer
CA has been known for its antioxidant function in normal cells
and pro-oxidant function in tumor cells. Hence, this pro-
oxidant-induced oxidative DNA break and its downstream
pathway stimulate cancer cell death (167, 168). CA treatment
has altered ROS and modified MMP in ME-180 and HeLa cells
(167, 169). The enhanced apoptotic morphological alterations in
CA-treated cells were examined in ME-180 and HeLa cells. CA
possesses an antitumor effect via its pro-oxidant function. It
considerably decreases the proliferation of HeLa cells in a
concentration-dependent manner. The morphological proof of
cell death such as nuclei fragmentation has been noticeably
detected after exposure to CA by flow cytometry. CA reduces
the levels of uncleaved caspase-3 and Bcl-2 and provokes cleaved
caspase-3 and p53 (170).

CA stimulates apoptosis via blocking Bcl-2 action, leading to
the liberation of cyt-c and following caspase-3 activation,
representing the fact that CA induces cell death by the
mitochondrial apoptotic pathway. CA has a potent anticancer
effect and can be a promising chemotherapeutic agent (170). It
interrelates synergistically with 5−FU, leading to a decline of
apoptosis in HeLa cells with the lowest quantity of hemolytic
activity (171). CDDP and CA have been selected, and their CxCa
antitumor action has been calculated in combination. In CaSki
and HeLa cells, a combination index <1 to CDDP and CFC
showed the synergistic growth/survival inhibition that drastically
enhanced caspase−3, −7, and −9 expression. CFC can be an
aspirant antitumor agent and, when exploited in combination,
might enhance the therapeutic efficiency of CDDP (172).
Synergistic results of CA-cisplatin stimulate apoptosis in
cervical cancer cells by the mitochondrial pathway (172).

Colorectal Cancer
Colorectal cancer (CRC) is the third leading cause of
malignancy-related death in the United States. Huge common
CRC cases may be attributed to environmental reasons, as they
Frontiers in Oncology | www.frontiersin.org 6
account for more than 70% of all occurrences (173). Some
features of western dietary outlines can also persuade the risk
of CRC. However, adiposity and high insulin levels in obese
subjects are associated with an enhanced risk of CRC (174). CA
has been revealed to have potential antitumor effects in cell
cultures and animal models and might play a defensive role
against CRC (175). CA prevents the growth of colon cancer and
is a potent antitumor agent that enhances AMPK activation and
induces apoptosis in CRC cells. However, the structure of CA
may be utilized for the rational plan of novel inhibitors, which
target human CRC (176). A meta-analysis documented a
decreased occurrence of colon cancer in more versus no- or
less-coffee-taking subjects in case-control investigations, but not
in cohort studies to CRC (177). CA consumption decreases the
risk of colon cancer. It sturdily repressed MEK1 and TOPK
actions and bound to either MEK1 or TOPK. CA blocked ERKs
phosphorylation, AP-1, and NF-kB and consequently prevented
TPA-, EGF-, and H-Ras-mediated neoplastic transformation of
JB6 P+ cells. CA targets MEK1 and TOPK for suppressing colon
cancer metastasis as well as neoplastic cell transformation (15). It
endorses apoptosis in HCT-116 and SW-480 in a dose-
dependent way (176). Treatment with CA inhibited PDK1,
Akt, and mTOR phosphorylation.

CA Prevents Photoaging and
Photodamage of the Skin
CA-blocks UVB-irradiation mediated more expression of MMP-
1 and -9 in human skin fibroblasts. CA-affected abdominal skin
repressed UVA-irradiation-mediated ROS; CA was found in the
skin after oral ingestion (178). CA pretreatment decreased the
cytotoxicity of HaCaT after UVA irradiation and repressed
UVA-irradiation-mediated MMP-1 action and mRNA oxidant
creation. CA upregulated the GSH content and mRNA of
gglutamate-cysteine ligase, and mRNA catalase and glutathione
peroxidase expression in UVA-irradiated cells. CA generated
defensive effects on UVA-irradiation-induced MMP-1 induction
in HaCaT, probably as it restored the antioxidant protection
system on cellular and molecular levels (178, 179). However, CA
showed weak collagenolytic action; topically concerned CA
defended the skin from UVB-irradiation-mediated erythema.
In vitro and in vivo research revealed that CA can be
effectively utilized as a topical defensive agent against UV-
irradiation-mediated skin injury (178).

CA attenuates the local immune repression provoked via
UVB irradiation and blocks the UVB-irradiation-mediated IL-10
promoter, IL-10 mRNA expression, and protein-making in
mouse skin (178, 180). CA can present IL-10-making by
interfering with prostaglandin E2 production connected to
stimulating the UVB-irradiation-mediated immune repressive
cytokine system. CA considerably prevented the UVB-
irradiation-mediated activation of MAPK pathway AP-1 and
NF-kB. It may have a therapeutic potential as a topical defensive
agent against the adverse effects of UVB radiation (181, 182). CA
blocked the TPA-dependent motivation of DNA synthesis and
enhanced the number of cancers. CA efficiently suppressed
UVB-irradiation-mediated COX-2 and prostaglandin E2 in JB6
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cel ls and repressed UVB-irradiat ion-mediated skin
carcinogenesis via preventing the Fyn kinase action (178, 183).

Caffeic Acid Combined With
Chemotherapeutics or Nanoparticles
The combination therapy is the prevention and treatment strategy
with two or more drugs with the target of accomplishing the
comparable effectiveness levels with negligible toxicities at doses
lesser than normal, which induces better synergistic/additive
effects (184, 185). Hence, successful combinations of promising
therapeutic drugs/nanoparticles with products can achieve the
needed conclusion but with a slighter toxicity outline (186, 187).
CA and cisplatin illustrated potent antitumor action in the tumor.
Furthermore, cisplatin-sensitive cells, while exposed to
combination therapy of CA and cisplatin, which elucidated
speedily, improve in the activity of apoptotic cascade by
increased caspase action in contrast to only administrating 5
mM cisplatin. However, combining 5:50 mM (cisplatin/CA)
enhances the caspase activity via 4:3 folds through 60% cell
viability in A2780cisR cells (188). However, cisplatin combined
with CA improved its therapeutic consequence that led to the
inhibition of cell survival of HeLa and CaSki cells, which could be
revealed by the synergistic effect. Therefore, this combination was
correlated with increasing caspase-3, -7, and -9 (172).

Metformin (Met) and CA were recognized to have synergistic
results, while combined with anticancer therapies, chiefly to HTB-
34 cells (126). CA combined with Met and cytotoxicity
mechanism moved toward apoptosis without distressing healthy
human fibroblasts. Studies continue to examine the mechanism of
the anticancer role of the combination of Met and CA (189). The
cytotoxicity of CA-coated iron oxide nanoparticles (CAMNPs)
enhanced twofold in tumor cells. The proficient features of
CAMNPs may be integrated into appliances, therefore
enhancing the efficiency of clinical tumor treatment (190).
Antitumor action of nanoparticles has been evaluated with
DOX-resistant CT26 cells. Hence, DOX-loaded nanoparticles of
ChitoCFA/CMD are a potent vehicle for antitumor drug targeting
(191). The CA-SLN formulation might be potent as an alternative
nanosize-based drug delivery system for tumor treatment (192).
NEUROPROTECTIVE EFFECT OF
CAFFEIC ACID

CA generates antidepressive-like action in forced-swim mice (19,
193). It demonstrates anxiolytic-like results in rats running a
maze, which defends against H2O2-mediated oxidative break of
rat brain tissue (19, 194). CA attenuates the less regulation of the
brain-originated neurotrophic factor that plays significant
functions in depression pathophysiology and treatment (195,
196). It decreases pathological states after focal cerebral ischemia
in rats, which attenuates neuronal injury, astrogliosis, and glial
scar-making in cryoinjured mouse brains (19). CA decreases
oxidative stress in the rat hippocampus following pilocarpine-
mediated seizures (197) and defends mouse brains from
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aluminum-mediated injury (198). It decreases inflammatory
damage in the striatum of MPTP-treated mice (199, 200). CA
defends cerebellar granule neurons from cell death mediated via
the neurotoxin MPP+ (201). It illustrates neuroprotective results
against amyloid-b–mediated neurotoxicity via blocking calcium
influx as well as tau phosphorylation (202). CA can contribute to
inhibiting neurodegeneration and brain damage, and articulates
anxiolytic-like functions. Systemic administration of LPS
mediated profound immobility, enhanced the TNF-a and IL-6
levels, and changed the host antioxidant protection in animals
(193). Several in vitro studies revealed that CA exhibits a broad-
spectrum neuroprotective summary. CA is defensive against the
H2O2-mediated oxidative stress that attenuated the H2O2-
mediated cell damage in cultured cerebellar granule neurons
(203). CA decreased the acrolein-mediated neurotoxicity via the
Akt/GSK3 pathway stimulation in HT22 cells (73). In vitro
studies demonstrate that CA defends neurons from a broad
range of apoptosis-mediating agents. A study (204) proved that
repetitive administration of CA defended the mouse brain from
aluminum-mediated injury. CA can have particular selectivity
related to the AChE from diverse brain regions (205). Hence,
statistics from animal studies show that CA might inhibit
neuronal injury/death caused via diverse stressors saying that
CA is a potent neuroprotective agent for the treatment and
prevention of neurodegenerative diseases (Table 1).

Neurodegenerative disorders include a heterogeneous cluster
of diseases linked to progressive deterioration of the structure
and performance of the peripheral or CNS. The categorization of
neurodegenerative diseases depends on clinical symptoms,
damaged brain areas, influenced cell types, changed proteins,
and etiology. However, affected brain areas have symbols of
atrophy and defective metabolic action (214). CA affects
Parkinson’s (215, 216) and Alzheimer’s diseases and other
neurodegenerative diseases (216, 217)

Alzheimer’s Disease
Alzheimer’s disease (AD) is a progressive, neurodegenerative
disorder distinguished via deterioration of cognition and memory,
progressively interfering with daily living actions attended through
neuropsychiatric symptoms and behavioral disorders (121, 218).
However, AD is the most general form of dementia (219). The
disease is distinguished by general behavioral symptoms such as
apraxia, agnosia, aphasia, erratic emotion, sleep disorders, and
interpersonal or social worsening (220, 221). One of the well-
identified pathological characteristics of AD is the deposition of
amyloid-beta (Ab), which contributes to neuronal cell death by
several mechanisms, such as the disorder of cellular oxidant–
antioxidant equilibrium. However, the agent can modify the Ab
creation that increases the antioxidant in neuronal cells, which
increases cell viability and might offer therapeutic opportunities for
AD (222). CA administration affected a considerable reduction in
AChE action and nitrite production in rats with AD compared with
the AD model (223). CA repressed inflammation, oxidative stress,
NF−kB−p65 protein, and caspase−3 action and regulated the p53
protein expression and p-p38-MAPK expression in rats with AD.
However, the useful effects of CA on learning deficits in the AD
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model were because of the repression of inflammation and oxidative
stress by the p38-MAPK pathway (223). CA inhibited AlCl3-
mediated dementia in rats (206). It blocked memory deficits
mediated through the focal cerebral ischemia (224). The
expression of p-tau protein reduced in the rat’s hippocampus
administered with CA in contrast to the HF group (225). The
antidementia action of CA against AlCl3-mediated dementia in rats
(206). Hence, the conclusion of this study suggests a wider extent for
screening CA against neurodegeneration-linked disorders.

The combined result of CA and ChA against AD has been
performed to find its synergistic/additive result in the biological
scheme. The approach targeting the inhibition of AChE and
BChE has an excellent effect against AD (226). The combination
therapy of ChA and CA demonstrated a synergistic action.
However, the mechanism by which the combination therapy
exerts its neuroprotective functions is to prevent AChE and
BChE actions and inhibit oxidative stress-mediated
neurodegeneration (227). The detected synergistic result of
combination for these enzymes may improve efficiency and
protect these ingredients against neurological states, including
AD and PD (Figure 2). CA and CAF combination treatment on
a specific ratio might be an enhanced option for further
assessment against AD. However, the food ingredients are
Frontiers in Oncology | www.frontiersin.org 8
found in combination and hence promising for exerting a
superior neuroprotective effect (229).

Parkinson’s Disease
Parkinson’s disease (PD) is a progressive and degenerative disease
that affects more than 6 million public (230). Motor, as well as
nonmotor, symptoms manifest it. Hence, the motor symptoms
include resting tremor, bradykinesia, rigidity, and postural
instability. Spontaneous movement is drastically reduced, with
the failure of facial expression, decreased blink rate, and damaged
spontaneous swallowing, which affects sialorrhea. However,
patients with PD can experience retropulsion and festination
(231, 232). The nonmotor symptoms include anxiety,
dysautonomia, cognitive decline, anosmia, depression, urinary
complaints, disturbances, sleep, and orthostatic hypotension (233,
234). CA’s inhibitory action against a-synuclein fibrillation could
lead us to plan novel therapeutic agents for PD (235). CA pre-
intake has sustained TH action, protein-making, and dopamine
synthesis. It is a promising neuroprotective drug for the
development of PD (236). CA possesses neurotrophic results
exerted by the modulation of Akt and ERK1/2 pathways, hence
representing potential agents for finding neurotrophic compounds
for the treatment of neurodegenerative disorders (237). However,
TABLE 1 | Summary of in vivo studies on the neuroprotective effects of caffeic acid.

Animals Model Treatment Main Outcomes Ref.

Male
Wistar
rats

Aluminum-
mediated
neurotoxicity

100 mg/kg (p.o.)—11 days (1) Improved memory; (2) decreased AChE, CAT, and GST action; (3) decreased GSH and
nitrite levels (206)

Wistar
rats

10–100 mg/kg (p.o.)—30 days (1) Recovered learning and memory; (2) reduced AChE action in cerebral cortex and striatum;
and (3) enhanced AChE action in the cerebellum, hippocampus, and hypothalamus (205)

Wistar
rats

Streptozotocin-
mediated
dementia

10–40 mg/kg (p.o.)—21 days (1) Attenuation of the streptozotocin-mediated learning and memory destructions; (2)
enhancement in AChE action; (3) enhancement in MDA, nitrite, and protein carbonyl levels;
and (4) reduction in the GSH level

(207)

Wistar
rats

Pilocarpine-
mediated seizures

4 mg/kg (i.p.) 30 min before
pilocarpine injection

(1) Anticonvulsant-like effect, (2) reduced LPO level and nitrite content, (3) enhanced SOD
and CAT action (197)

Fisher
rats

Kainic acid-
mediated
neurotoxicity

50 mg/kg (i.p.) 4 injections (1) Extended latency to seizures, (2) decreased neuronal loss in CA3 hippocampal field
(208)

Male
Wistar
rats

Quinolinic acid-
mediated
neurotoxicity

5 and 10 mg/kg (p.o.)—21 days (1) Enhancement of locomotor action and motor coordination, (2) repaired redox status in the
striatum (209)

CF1 mice Pilocarpine- and
pentylenetetrazole-
mediated seizures

4 and 8 mg/kg (i.p.) 30 min
before seizure induction

(1) No anticonvulsant-like effect, (2) defense against pilocarpine-mediated genotoxic injury in
the hippocampus (210)

Sprague–
Dawley
rats

Focal cerebral
ischemia/
reperfusion injury

50 mg/kg (i.p.) 30 min before
ischemia induction and 0, 1, 2 h

(1) Decline of neurological deficits, (2) reduced neuron loss, infarct volume, brain atrophy, and
astrocyte proliferation, (3) blockage of leukotriene making (124)

Sprague–
Dawley
rats

Cerebral ischemia/
reperfusion injury

50 mg/kg (i.p.) instantly after
ischemia induction and then
frequently for 12 h

(1) Enhanced neurological deficit scores, (2) decreased infraction volume, (3) reduced 5-LOX
(211)

C57BL/
6J mice

Rotenone-
mediated
neurotoxicity

50 mg/kg (p.o.) for 1 week
before rotenone exposure, and
then 5 days

(1) Inhibited degeneration of dopaminergic neurons in substantia nigra, (2) more regulated
metallothionein-1 and 2 in striatal astrocytes (212)

C57BL/6
mice

MPTP-mediated
neurotoxicity

0.5–2% in the diet—4 weeks (1) Reduced inflammatory cytokines levels; (2) repressed NO, prostaglandin E2, and GFAP
making; (3) preserved BDNF, GDNF, and tyrosine hydroxylase levels; (4) better synthesis of
dopamine

(200)

Sprague–
Dawley
rats

LPS-mediated
neurotoxicity

50 mg/kg (p.o.) 10.5, 5.5, and
0.5 h before LPS injection

Attenuation of LPS-mediated failure of dopaminergic neurons and microglial activation in the
substantia nigra (213)
March 2022 | Volume 12 | Article 86
0508

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Alam et al. Pharmacological Potential of Caffeic Acid
the anti-inflammatory action of CA emphasized its neuroprotective
action against rotenone-mediated neurodegeneration in
mice (238).
BIOMOLECULAR INTERACTIONS

CA interacts with several protein molecules, genes, and chemicals.
Around 9 enzymes are identified with similarity >0.85 that CA
targets. Table 2 represents the list of target proteins generated
from The Binding Database (http://www.bindingdb.org).

b-Carbonic anhydrase 3 (CA 3) from Mycobacterium
tuberculosis is the best target enzyme with a similarity of 0.88
to the ligand. It has the highest negative DG° at -8.51 kcal/mol
among all the targets. It is followed by b-carbonic anhydrase 2
(CA 2) from Mycobacterium tuberculosis with DG° at -8.49 kcal/
mol and similarity of 1.00. The PDB includes 12 PDB complex
structures with CA. Each is defined in Table 3 with inferences on
inhibitory and activation capabilities of CA.

The PDB ID 4N0S, ERK2 complexed with CA has potential
medical significance with validation. In a study on ERKs, CA
binds strongly with ATP-binding cleft through hydrogen bond
formation to specific amino acids (Figure 3). The residues on the
hinge loop, Q105, D106, and M108, bind to the 3’ hydroxyl and
4’ hydroxyl ends, respectively (23), thus proving the molecular
level impact of CA on enzymes. The experiments were
performed in vivo in mice. CA suppresses the SUV-induced
ERK phosphorylation with further downstream signaling in
HaCaT cells. CA reduces SUV-induced skin cancer before or
after exposure to SUV (23, 239). Studies also revealed that the
knockdown of ERK2 reduced CA sensitivity in skin cancer cells.
Reduction in ERK2 levels decreases CA’s ability to prevent skin
cancer. CA suppresses skin cancer when exposed to SUV in mice.
Frontiers in Oncology | www.frontiersin.org 9
It is an inhibitor of ERK1/2 and blocks the activities of
downstream substrates such as Elk1, c-Myc, and RSK2.
However, CA may be a good anti-skin cancer agent and
effective against SUV-mediated skin tumors (23, 239, 240).
MOLECULAR TARGETS OF CAFFEIC ACID
IN THERAPEUTICS

CA attaches directly with Fyn noncompetitively by ATP and
represses UVB-mediated COX-2 and PGE2-making via the
inhibition of Fyn kinase action in vivo (241, 242). The
inhibition affected the attenuation of UVB-mediated COX-2
promoter action and AP-1 and NF-kB in JB6 P+ cells. UVB-
mediated phosphorylation of JNKs, p38, and ERKs is found in
JB6 P+ cells (243, 244). CA is more efficient than chlorogenic
acid at preventing Fyn kinase and in repressing the activation of
MAPK pathways. However, B-Raf mutations happen commonly
in colon polyps and are an early starting incident in melanoma
and colon cancer (245). MEK1/2 has unique features among the
components of MAPK pathways (246, 247).

Constitutive MEK1 activation affects transformation and
cancer, whereas an inhibitor of MEKs represses transformation
and cancer growth in mouse models and cell culture (248, 249).
Lymphokine-activated killer TOPK is a kinase; an activator of
ERKs and TOPK action emerges to be engaged in TOPK’s
oncogenic role in tumors (245, 250). CA prevented CT-26 cell-
mediated mouse lung metastasis in mice and neoplastic cell
transformation through repressing ERKs phosphorylation (15,
245). Decaffeinated coffee or CA prevented CT-26 cell-mediated
COX-2, MMP-2, and -9 action, and ERKs phosphorylation (251,
252). Computational modeling study results together with
laboratory experiments exhibited that CA interacted particularly
FIGURE 2 | CA’s synergistic action with other agents/drugs (neuroprotective) for inhibiting neurodegeneration. [Adapted from Maity et al. (228)]. This figure was
drown by ChemBioDraw.
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TABLE 2 | List of enzyme inhibition constant data from Binding DB for compound caffeic acid similarity at least >0.85.

Target name Max similarity Hits

b-Carbonic anhydrase 2 (CA 2) 1.00 1
b-Carbonic anhydrase 3 (CA 3) 0.88 3
72 kDa type IV collagenase 1.00 1
Aldose reductase 0.85 1
Carbonic anhydrase 2 0.85 1
Catechol O-methyltransferase 1.00 1
Epidermal growth factor receptor 1.00 1
Interstitial collagenase 1.00 1
Matrix metalloproteinase-9 1.00 1
Frontiers in Oncology | www.frontiersin.org 10
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TABLE 3 | List of protein-bound 3D structures complexed with caffeic acid and inferences on binding affinity.

PDB
code

Structure description Inference

1KOU Photoactive yellow protein complexed with CA CA binds to the protein in strained conformation, resulting in faster ejection
6I72 Fragaria ananassa O-methyltransferase and

S-adenosylhomocysteine complexed with CA
–

6YRI HCAII complexed with CA catechols as inhibitors for CA
4YU7 Piratoxin I complexed with CA CA neutralized myotoxic activity of PrTX-I (snake venom)
3S2Z Lactobacillus johnsonii cinnamoyl esterase LJ0536 S106A

mutant in complexed with CA
–

4N0S ERK2 complexed with CA Yang et al. (23) suggested CA targets and inhibits ERK1 and 2 for cancer prevention against SUV-
induced skin cancer

4FB4 ABC-transporter family protein complexed with CA –

2O7D Tyrosine ammonia-lyase complexed with caffeate –

3HOF Macrophage migration inhibitory factor (MIF) complexed
with CA

–

4EYQ ABC transporter HaA2 in complex with CA/3-(4-hydroxy-
phenyl) pyruvic acid

–

5VFJ BnSP-7 complexed with CA CA as the best inhibitor for MDoS region of BnSP-7
6AWU PR 10 Allergen Ara h 8.01 in complex with CA –
FIGURE 3 | Interaction of ERK2 with caffeic acid; hydrogen bonding between DHC O4’-D106, M108, and CA O3’-Q105 imparting molecular level inhibition of the protein
[Adapted from Yang et al. (23)].
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with mitogen-activated MEK1 and TOPK with ATP and repressed
their respective kinase action (245). The inhibition of TOPK and
MEK1 has been linked with TPA-mediated ERKs and p90 RSK2
and attenuation of AP-1 and NF-kB transactivation (245, 253,
254). CA/coffee consumption has been linked with reduced ERKs
phosphorylation in colon cancer (242, 245, 255). However, the
molecular targets and CA effects are summarized (Figure 4). CA
was confirmed to be a stimulant of HO-1, GCLC, and GCLM by
ERK/Nrf2 signaling, and it could be an efficient chemoprotective
drug for defending liver injury against oxidative damage (166). CA
exerts chemopreventive action against solar UV-mediated skin
carcinogenesis via targeting ERK1/2 (23).

Some pharmacological effects of CA on CNS, with/without the
initiation of neurotoxic results, have been elicited by a molecular
target. The treatment with CA has detected a defensive effect
against H2O2-mediated oxidative injury on brain tissue. Hence,
CA stimulated DNA breaks in brain tissue (256). CA’s
neuroprotective results against Ab-mediated neurotoxicity in
vitro prevent peroxynitrite-mediated neuronal injury (257, 258).
CA performs as a selective 5-LOX inhibitor and defended mice
from aluminum-mediated neuronal injury by the downregulation
of APP and Ab protein (204). The antioxidant effect of CA has
been explained to be neuron-defensive in vivo and ameliorates
brain damages after focal cerebral ischemia in pathological states
(124). CA and its interface with intracellular molecules tell that
CGA exerts its neuroprotection through its caffeoyl acid set,
potentially being a therapeutic drug in neurodegenerative
diseases linked with glutamate excitotoxicity (259). A natural
and potent CA might be considered promising therapeutic in
diseases that link the cholinergic system (205).
Frontiers in Oncology | www.frontiersin.org 11
CONCLUSION AND FUTURE DIRECTIONS

CA, a phenolic compound, is plentiful in medicinal plants. It has
numerous biological effects, including antioxidation, anti-
inflammation, anticancer, and neuroprotective. CA is involved
in several biochemical pathways and suitable targets are also
identified. The biological activities of CA come from its
functional groups. It is possible to enhance the anticancer
capabilities of CA by altering these functional sites. The
potential therapeutic effects of CA are mediated via repression
of MMP-2 and -9 and inhibited NF-kB, AP-1, ERKs, STAT3, and
VEGF. The activity of CA is displayed in several molecular
mechanisms that regulate cell survival and stimulate apoptosis.

Broad in vitro and in vivo examinations have revealed that CA
exerts anticancer and neuroprotective effects indicating its
preventive and therapeutic potential for diverse cancers and
neurodegenerative disorders. Hence, the multifunctional
properties of CA have been illustrated for displaying the anti-
AD result in vitro and in vivo. The diversity of biochemical
mechanisms of CA was exhibited as a promising therapeutic
potential for neurological diseases. The effects of CA in cancer
and neurodegenerative disorders could be affected by the
synergistic activity of various active agents. The therapeutic
effects of CA may be synergistically increased by other drugs/
agents. However, the clinical study must be persisted to entirely
evaluate the relationship between CA and other agents/drugs and
the risk of cancer and neurodegenerative diseases.

Further studies, the basic research, clinical study, and
epidemiological level, carried out with a standardized strategy
are required for better understanding the assessment of a broad
range of CA in the clinical management and treatment of cancer
and neurological diseases. Hence, the inclusive study of CA based
on clinical trials could be extremely beneficial in the approach
and plan of novel therapies for cancer and neurological diseases.
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37. Genaro-Mattos TC, Maurıćio ÂQ, Rettori D, Alonso A, Hermes-Lima M.
Antioxidant Activity of Caffeic Acid Against Iron-Induced Free Radical
Generation—A Chemical Approach. PloS One (2015) 10(6):e0129963. doi:
10.1371/journal.pone.0129963

38. Kim J, Soh SY, Bae H, Nam S-Y. Antioxidant and Phenolic Contents in
Potatoes (Solanum Tuberosum L.) and Micropropagated Potatoes. Appl Biol
Chem (2019) 62(1):1–9. doi: 10.1186/s13765-019-0422-8

39. Scarano A, Gerardi C, D’Amico L, Accogli R, Santino A. Phytochemical
Analysis and Antioxidant Properties in Colored Tiggiano Carrots.
Agriculture (2018) 8(7):102. doi: 10.3390/agriculture8070102
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Coffee Bioactive Compounds: A Review. Int J Mol Sci (2021) 22(1):107. doi:
10.3390/ijms22010107

199. Fontanilla C, Ma Z, Wei X, Klotsche J, Zhao L, Wisniowski P, et al. Caffeic
Acid Phenethyl Ester Prevents 1-Methyl-4-Phenyl-1, 2, 3, 6-
Tetrahydropyridine-Induced Neurodegeneration. Neuroscience (2011)
188:135–41. doi: 10.1016/j.neuroscience.2011.04.009

200. Tsai S-j, Chao C-y, Yin M-c. Preventive and Therapeutic Effects of Caffeic
Acid Against Inflammatory Injury in Striatum of MPTP-Treated Mice. Eur J
Pharmacol (2011) 670(2-3):441–7. doi: 10.1016/j.ejphar.2011.09.171

201. Tian X-F, Pu X-P. Caffeic Acid (CA) Protects Cerebellar Granule Neurons
(CGNs) From Apoptosis Induced by Neurotoxin 1-Methyl-4-
Phenylpyridnium (MPP+). Beijing Da Xue Xue Bao Yi Xue Ban (2004) 36
(1):27–30.

202. Gürbüz P, Dokumacı AH, Gündüz MG, Perez C, Göger F, Paksoy MY, et al.
In Vitro Biological Activity of Salvia Fruticosa Mill. Infusion Against
Amyloid b-Peptide-Induced Toxicity and Inhibition of GSK-3b, CK-1d,
and BACE-1 Enzymes Relevant to Alzheimer's Disease. Saudi Pharm J
(2021) 29(3):236–43. doi: 10.1016/j.jsps.2021.01.007

203. Taram F, Winter AN, Linseman DA. Neuroprotection Comparison of
Chlorogenic Acid and its Metabolites Against Mechanistically Distinct Cell
Death-Inducing Agents in Cultured Cerebellar Granule Neurons. Brain Res
(2016) 1648(Pt A):69–80. doi: 10.1016/j.brainres.2016.07.028

204. Yang JQ, Zhou QX, Liu BZ, He BC. Protection of Mouse Brain From
Aluminum-Induced Damage by Caffeic Acid. CNS Neurosci Ther (2008) 14
(1):10–6. doi: 10.1111/j.1755-5949.2007.00031.x

205. Anwar J, Spanevello RM, Thome G, Stefanello N, Schmatz R, Gutierres J,
et al. Effects of Caffeic Acid on Behavioral Parameters and on the Activity of
Acetylcholinesterase in Different Tissues From Adult Rats. Pharmacol
Biochem Behav (2012) 103(2):386–94. doi: 10.1016/j.pbb.2012.09.006

206. Khan KA, Kumar N, Nayak PG, Nampoothiri M, Shenoy RR, Krishnadas
N, et al. Impact of Caffeic Acid on Aluminium Chloride-Induced Dementia
in Rats. J Pharm Pharmacol (2013) 65(12):1745–52. doi: 10.1111/
jphp.12126

207. Deshmukh R, Kaundal M, Bansal V. Caffeic Acid Attenuates Oxidative
Stress, Learning and Memory Deficit in Intra-Cerebroventricular
Streptozotocin Induced Experimental Dementia in Rats. Biomed
Pharmacother (2016) 81:56–62. doi: 10.1016/j.biopha.2016.03.017
Frontiers in Oncology | www.frontiersin.org 17
208. Uz T, Pesold C, Longone P, Manev H. Aging-Associated Up-Regulation of
Neuronal 5-Lipoxygenase Expression: Putative Role in Neuronal
Vulnerability. FASEB J (1998) 12(6):439–49. doi: 10.1096/fasebj.12.6.439

209. Kalonia H, Kumar P, Kumar A, Nehru B. Effects of Caffeic Acid, Rofecoxib,
and Their Combination Against Quinolinic Acid-Induced Behavioral
Alterations and Disruption in Glutathione Redox Status. Neurosci Bull
(2009) 25(6):343–52. doi: 10.1007/s12264-009-0513-3

210. Coelho VR, Vieira CG, de Souza LP, da Silva LL, Pflüger P, Regner GG, et al.
Behavioral and Genotoxic Evaluation of Rosmarinic and Caffeic Acid in
Acute Seizure Models Induced by Pentylenetetrazole and Pilocarpine in
Mice. Naunyn Schmiedebergs Arch Pharmacol (2016) 389(11):1195–203. doi:
10.1007/s00210-016-1281-z

211. Song Y, Bei Y, Xiao Y, Tong H-D, Wu X-Q, Chen M-T. Edaravone, a Free
Radical Scavenger, Protects Neuronal Cells’Mitochondria From Ischemia by
Inactivating Another New Critical Factor of the 5-Lipoxygenase Pathway
Affecting the Arachidonic Acid Metabolism. Brain Res (2018) 1690:96–104.
doi: 10.1016/j.brainres.2018.03.006

212. Miyazaki I, Isooka N, Wada K, Kikuoka R, Kitamura Y, Asanuma M. Effects
of Enteric Environmental Modification by Coffee Components on
Neurodegeneration in Rotenone-Treated Mice. Cells (2019) 8(3):221. doi:
10.3390/cells8030221

213. Li Z, Choi D-Y, Shin E-J, Hunter RL, Jin CH, Wie M-B, et al. Phenidone
Protects the Nigral Dopaminergic Neurons From LPS-Induced Neurotoxicity.
Neurosci Lett (2008) 445(1):1–6. doi: 10.1016/j.neulet.2008.08.053

214. Kovacs GG. Molecular Pathology of Neurodegenerative Diseases: Principles and
Practice. J Clin Pathol (2019) 72(11):725–35. doi: 10.1136/jclinpath-2019-205952

215. Gokcen BB, Sanlier N. Coffee Consumption and Disease Correlations. Crit
Rev Food Sci Nutr (2019) 59(2):336–48. doi: 10.1080/10408398.2017.1369391

216. Trevitt J, Kawa K, Jalali A, Larsen C. Differential Effects of Adenosine
Antagonists in Two Models of Parkinsonian Tremor. Pharmacol Biochem
Behav (2009) 94(1):24–9. doi: 10.1016/j.pbb.2009.07.001

217. de Mendonca A, Cunha RA. Therapeutic Opportunities for Caffeine in
Alzheimer's Disease and Other Neurodegenerative Disorders. J Alzheimers
Dis (2010) 20 Suppl 1:S1–2. doi: 10.3233/JAD-2010-01420

218. Olazarán J, Reisberg B, Clare L, Cruz I, Peña-Casanova J, Del Ser T, et al.
Nonpharmacological Therapies in Alzheimer’s Disease: A Systematic Review
of Efficacy. Dement Geriatr Cogn Disord (2010) 30(2):161–78. doi: 10.1159/
000316119

219. Wortmann M. Dementia: A Global Health Priority - Highlights From an
ADI and World Health Organization Report. Alzheimers Res Ther (2012) 4
(5):40. doi: 10.1186/alzrt143

220. Cummings JL, Back C. The Cholinergic Hypothesis of Neuropsychiatric
Symptoms in Alzheimer's Disease. Am J Geriatr Psychiatry (1998) 6(2 Suppl
1):S64–78. doi: 10.1097/00019442-199821001-00009

221. Whitehouse PJ, Price DL, Struble RG, Clark AW, Coyle JT, Delon MR.
Alzheimer's Disease and Senile Dementia: Loss of Neurons in the Basal
Forebrain. Science (1982) 215(4537):1237–9. doi: 10.1126/science.7058341

222. Habtemariam S. Protective Effects of Caffeic Acid and the Alzheimer's Brain:
An Update. Mini Rev Med Chem (2017) 17(8):667–74. doi: 10.2174/
1389557516666161130100947

223. Wang Y, Li J, Hua L, Han B, Zhang Y, Yang X, et al. Effects of Caffeic Acid on
Learning Deficits in a Model of Alzheimer's Disease. Int J Mol Med (2016) 38
(3):869–75. doi: 10.3892/ijmm.2016.2683

224. Pinheiro Fernandes FD, Fontenele Menezes AP, de Sousa Neves JC, Fonteles
AA, da Silva AT, de Araujo Rodrigues P, et al. Caffeic Acid Protects Mice
From Memory Deficits Induced by Focal Cerebral Ischemia. Behav
Pharmacol (2014) 25(7):637–47. doi: 10.1097/FBP.0000000000000076

225. Chang W, Huang D, Lo YM, Tee Q, Kuo P, Wu JS, et al. Protective Effect of
Caffeic Acid Against Alzheimer's Disease Pathogenesis via Modulating
Cerebral Insulin Signaling, Beta-Amyloid Accumulation, and Synaptic
Plasticity in Hyperinsulinemic Rats. J Agric Food Chem (2019) 67
(27):7684–93. doi: 10.1021/acs.jafc.9b02078

226. Zhao T, Ding K-M, Zhang L, Cheng X-M, Wang C-H, Wang Z-T.
Acetylcholinesterase and Butyrylcholinesterase Inhibitory Activities of b-
Carboline and Quinoline Alkaloids Derivatives From the Plants of Genus
Peganum. J Chem (2013) 2016:2906953. doi: 10.1155/2013/717232

227. Oboh G, Agunloye OM, Akinyemi AJ, Ademiluyi AO, Adefegha SA.
Comparative Study on the Inhibitory Effect of Caffeic and Chlorogenic
March 2022 | Volume 12 | Article 860508

https://doi.org/10.1016/j.jphotobiol.2016.03.058
https://doi.org/10.1166/jnn.2015.9312
https://doi.org/10.1166/jnn.2015.9312
https://doi.org/10.2174/15734137113099990077
https://doi.org/10.1016/j.jff.2019.103638
https://doi.org/10.1155/2016/2906953
https://doi.org/10.1016/j.ejphar.2006.01.026
https://doi.org/10.1016/j.brainres.2008.01.104
https://doi.org/10.1007/s10072-010-0420-4
https://doi.org/10.3390/ijms22010107
https://doi.org/10.1016/j.neuroscience.2011.04.009
https://doi.org/10.1016/j.ejphar.2011.09.171
https://doi.org/10.1016/j.jsps.2021.01.007
https://doi.org/10.1016/j.brainres.2016.07.028
https://doi.org/10.1111/j.1755-5949.2007.00031.x
https://doi.org/10.1016/j.pbb.2012.09.006
https://doi.org/10.1111/jphp.12126
https://doi.org/10.1111/jphp.12126
https://doi.org/10.1016/j.biopha.2016.03.017
https://doi.org/10.1096/fasebj.12.6.439
https://doi.org/10.1007/s12264-009-0513-3
https://doi.org/10.1007/s00210-016-1281-z
https://doi.org/10.1016/j.brainres.2018.03.006
https://doi.org/10.3390/cells8030221
https://doi.org/10.1016/j.neulet.2008.08.053
https://doi.org/10.1136/jclinpath-2019-205952
https://doi.org/10.1080/10408398.2017.1369391
https://doi.org/10.1016/j.pbb.2009.07.001
https://doi.org/10.3233/JAD-2010-01420
https://doi.org/10.1159/000316119
https://doi.org/10.1159/000316119
https://doi.org/10.1186/alzrt143
https://doi.org/10.1097/00019442-199821001-00009
https://doi.org/10.1126/science.7058341
https://doi.org/10.2174/1389557516666161130100947
https://doi.org/10.2174/1389557516666161130100947
https://doi.org/10.3892/ijmm.2016.2683
https://doi.org/10.1097/FBP.0000000000000076
https://doi.org/10.1021/acs.jafc.9b02078
https://doi.org/10.1155/2013/717232
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Alam et al. Pharmacological Potential of Caffeic Acid
Acids on Key Enzymes Linked to Alzheimer’s Disease and Some Pro-
Oxidant Induced Oxidative Stress in Rats’ Brain-In Vitro. Neurochem Res
(2013) 38(2):413–9. doi: 10.1007/s11064-012-0935-6

228. Maity S, Kinra M, Nampoothiri M, Arora D, Pai K, Mudgal J. Caffeic Acid, A
Dietary Polyphenol, as a Promising Candidate for Combination Therapy.
Chem Pap (2022) 76:1271–83.

229. Akomolafe S, Akinyemi A, Ogunsuyi O, Oyeleye S, Oboh G, Adeoyo O, et al.
Effect of Caffeine, Caffeic Acid and Their Various Combinations on Enzymes
of Cholinergic, Monoaminergic and Purinergic Systems Critical to
Neurodegeneration in Rat Brain—In Vitro. NeuroToxicology (2017) 62:6–
13. doi: 10.1016/j.neuro.2017.04.008

230. Dorsey ER, Elbaz A, Nichols E, Abbasi N, Abd-Allah F, Abdelalim A,
et al. Global, Regional, and National Burden of Parkinson's Disease,
1990-2016: A Systematic Analysis for the Global Burden of Disease Study
2016. Lancet Neurol (2018) 17(11):939–53. doi: 10.1016/S1474-4422(18)
30295-3

231. Bagheri H, Damase-Michel C, Lapeyre-Mestre M, Cismondo S, O'Connell D,
Senard JM, et al. A Study of Salivary Secretion in Parkinson's Disease. Clin
Neuropharmacol (1999) 22(4):213–5.

232. Park JH, Kang YJ, Horak FB. What Is Wrong With Balance in Parkinson's
Disease? J Mov Disord (2015) 8(3):109–14. doi: 10.14802/jmd.15018

233. Brown RG, Landau S, Hindle JV, Playfer J, Samuel M, Wilson KC, et al.
Depression and Anxiety Related Subtypes in Parkinson's Disease. J Neurol
Neurosurg Psychiatry (2011) 82(7):803–9. doi: 10.1136/jnnp.2010.213652

234. Hardoff R, Sula M, Tamir A, Soil A, Front A, Badarna S, et al. Gastric
Emptying Time and Gastric Motility in Patients With Parkinson's Disease.
Mov Disord (2001) 16(6):1041–7. doi: 10.1002/mds.1203

235. Fazili NA, Naeem A. Anti-Fibrillation Potency of Caffeic Acid Against an
Antidepressant Induced Fibrillogenesis of Human Alpha-Synuclein:
Implications for Parkinson's Disease. Biochimie (2015) 108:178–85. doi:
10.1016/j.biochi.2014.11.011

236. Tsai SJ, Chao CY, Yin MC. Corrigendum to: "Preventive and Therapeutic
Effects of Caffeic Acid Against Inflammatory Injury in Striatum of MPTP-
Treated Mice": [Eur.J.Pharmacol.670(2011)441-447]. Eur J Pharmacol (2018)
819:293. doi: 10.1016/j.ejphar.2017.12.048

237. Moosavi F, Hosseini R, Rajaian H, Silva T, Magalhaes ESD, Saso L, et al.
Derivatives of Caffeic Acid, a Natural Antioxidant, as the Basis for the
Discovery of Novel Nonpeptidic Neurotrophic Agents. Bioorg Med Chem
(2017) 25(12):3235–46. doi: 10.1016/j.bmc.2017.04.026

238. Zaitone SA, Ahmed E, Elsherbiny NM, Mehanna ET, El-Kherbetawy MK,
ElSayed MH, et al. Caffeic Acid Improves Locomotor Activity and Lessens
Inflammatory Burden in a Mouse Model of Rotenone-Induced Nigral
Neurodegeneration: Relevance to Parkinson's Disease Therapy. Pharmacol
Rep (2019) 71(1):32–41. doi: 10.1016/j.pharep.2018.08.004

239. Liu K, Yu D, Cho Y-Y, Bode AM, Ma W, Yao K, et al. Sunlight UV-Induced
Skin Cancer Relies Upon Activation of the P38a Signaling Pathway. Cancer
Res (2013) 73(7):2181–8. doi: 10.1158/0008-5472.CAN-12-3408

240. F'guyer S, Afaq F, Mukhtar H. Photochemoprevention of Skin Cancer by
Botanical Agents. Photodermatol Photoimmunol Photomede (2003) 19
(2):56–72. doi: 10.1034/j.1600-0781.2003.00019.x

241. Kang NJ, Lee KW, Shin BJ, Jung SK, Hwang MK, Bode AM, et al. Caffeic
Acid, a Phenolic Phytochemical in Coffee, Directly Inhibits Fyn Kinase
Activity and UVB-Induced COX-2 Expression. Carcinogenesis (2009) 30
(2):321–30. doi: 10.1093/carcin/bgn282

242. Kang NJ, Shin SH, Lee HJ, Lee KW. Polyphenols as Small Molecular
Inhibitors of Signaling Cascades in Carcinogenesis. Pharmacol Ther (2011)
130(3):310–24. doi: 10.1016/j.pharmthera.2011.02.004

243. Kim J-E, Kwon JY, Seo SK, Son JE, Jung SK, Min SY, et al. Cyanidin
Suppresses Ultraviolet B-Induced COX-2 Expression in Epidermal Cells by
Targeting MKK4, MEK1, and Raf-1. Biochem Pharmacol (2010) 79
(10):1473–82. doi: 10.1016/j.bcp.2010.01.008

244. Kwon JY, Lee KW, Kim J-E, Jung SK, Kang NJ, Hwang MK, et al.
Delphinidin Suppresses Ultraviolet B-Induced Cyclooxygenases-2
Expression Through Inhibition of MAPKK4 and PI-3 Kinase.
Carcinogenesis (2009) 30(11):1932–40. doi: 10.1093/carcin/bgp216

245. Bode AM, Dong Z. Molecular Targets of Coffee Phytochemicals Caffeic Acid
and Chlorogenic Acid in Chemoprevention. In: Coffee in Health and Disease
Prevention. Elsevier (2015). p. 673–80.
Frontiers in Oncology | www.frontiersin.org 18
246. Troppmair J, Bruder J, Munoz H, Lloyd PA, Kyriakis J, Banerjee P, et al.
Mitogen-Activated Protein Kinase/Extracellular Signal-Regulated Protein
Kinase Activation by Oncogenes, Serum, and 12-O-Tetradecanoylphorbol-
13-Acetate Requires Raf and is Necessary for Transformation. J Biol Chem
(1994) 269(9):7030–5. doi: 10.1016/S0021-9258(17)37478-1

247. Mirzaei S, Gholami MH, Zabolian A, Saleki H, Farahani MV, Hamzehlou S,
et al. Caffeic Acid and its Derivatives as Potential Modulators of Oncogenic
Molecular Pathways: New Hope in the Fight Against Cancer. Pharmacol Res
(2021) 171:105759. doi: 10.1016/j.phrs.2021.105759

248. Voisin L, Julien C, Duhamel S, Gopalbhai K, Claveau I, Saba-El-Leil MK,
et al. Activation of MEK1 or MEK2 Isoform is Sufficient to Fully Transform
Intestinal Epithelial Cells and Induce the Formation of Metastatic Tumors.
BMC Cancer (2008) 8(1):1–17. doi: 10.1186/1471-2407-8-337

249. Roberts PJ, Der CJ. Targeting the Raf-MEK-ERK Mitogen-Activated Protein
Kinase Cascade for the Treatment of Cancer. Oncogene (2007) 26(22):3291–
310. doi: 10.1038/sj.onc.1210422

250. Zykova TA, Zhu F, Lu C, Higgins L, Tatsumi Y, Abe Y, et al. Lymphokine-
Activated Killer T-Cell-Originated Protein Kinase Phosphorylation of Histone
H2AX Prevents Arsenite-Induced Apoptosis in RPMI7951Melanoma Cells. Clin
Cancer Res (2006) 12(23):6884–93. doi: 10.1158/1078-0432.CCR-06-0410

251. Gaascht F, Dicato M, Diederich M. Coffee Provides a Natural Multitarget
Pharmacopeia Against the Hallmarks of Cancer. Genes Nutr (2015) 10(6):1–
17. doi: 10.1007/s12263-015-0501-3

252. Das PR, Eun J-B. Phenolic Acids in Tea and Coffee and Their Health
Benefits. In: Phenolic Acids: Properties, Food Sources and Health Effects.
Hauppauge, NY, USA: Nova Science Publisher (2016).

253. Truong V-L, Kong AN, Jeong W-S. Red Ginseng Oil Inhibits TPA-Induced
Transformation of Skin Epidermal JB6 Cells. J Med Food (2018) 21(4):380–9.
doi: 10.1089/jmf.2017.4082

254. Bode AM, Dong Z. Signal Transduction and Molecular Targets of Selected
Flavonoids. Antioxid Redox Signal (2013) 19(2):163–80. doi: 10.1089/
ars.2013.5251

255. Tewari D, Nabavi SF, Nabavi SM, Sureda A, Farooqi AA, Atanasov AG, et al.
Targeting Activator Protein 1 Signaling Pathway by Bioactive Natural Agents:
Possible Therapeutic Strategy for Cancer Prevention and Intervention.
Pharmacol Res (2018) 128:366–75. doi: 10.1016/j.phrs.2017.09.014

256. Pereira P, De Oliveira PA, Ardenghi P, Rotta L, Henriques JAP, Picada JN.
Neuropharmacological Analysis of Caffeic Acid in Rats. Basic Clin Pharmacol
Toxicol (2006) 99(5):374–8. doi: 10.1111/j.1742-7843.2006.pto_533.x

257. Vauzour D, Corona G, Spencer JP. Caffeic Acid, Tyrosol and P-Coumaric Acid
are Potent Inhibitors of 5-S-Cysteinyl-Dopamine Induced Neurotoxicity. Arch
Biochem Biophys (2010) 501(1):106–11. doi: 10.1016/j.abb.2010.03.016

258. Vauzour D, Vafeiadou K, Spencer JP. Inhibition of the Formation of the
Neurotoxin 5-S-Cysteinyl-Dopamine by Polyphenols. Biochem Biophys Res
Commun (2007) 362(2):340–6. doi: 10.1016/j.bbrc.2007.07.153

259. Rebai O, Belkhir M, Sanchez-Gomez MV, Matute C, Fattouch S, Amri M.
Differential Molecular Targets for Neuroprotective Effect of Chlorogenic
Acid and its Related Compounds Against Glutamate Induced Excitotoxicity
and Oxidative Stress in Rat Cortical Neurons. Neurochem Res (2017) 42
(12):3559–72. doi: 10.1007/s11064-017-2403-9

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Alam, Ahmed, Elasbali, Adnan, Alam, Hassan and Pasupuleti.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
March 2022 | Volume 12 | Article 860508

https://doi.org/10.1007/s11064-012-0935-6
https://doi.org/10.1016/j.neuro.2017.04.008
https://doi.org/10.1016/S1474-4422(18)30295-3
https://doi.org/10.1016/S1474-4422(18)30295-3
https://doi.org/10.14802/jmd.15018
https://doi.org/10.1136/jnnp.2010.213652
https://doi.org/10.1002/mds.1203
https://doi.org/10.1016/j.biochi.2014.11.011
https://doi.org/10.1016/j.ejphar.2017.12.048
https://doi.org/10.1016/j.bmc.2017.04.026
https://doi.org/10.1016/j.pharep.2018.08.004
https://doi.org/10.1158/0008-5472.CAN-12-3408
https://doi.org/10.1034/j.1600-0781.2003.00019.x
https://doi.org/10.1093/carcin/bgn282
https://doi.org/10.1016/j.pharmthera.2011.02.004
https://doi.org/10.1016/j.bcp.2010.01.008
https://doi.org/10.1093/carcin/bgp216
https://doi.org/10.1016/S0021-9258(17)37478-1
https://doi.org/10.1016/j.phrs.2021.105759
https://doi.org/10.1186/1471-2407-8-337
https://doi.org/10.1038/sj.onc.1210422
https://doi.org/10.1158/1078-0432.CCR-06-0410
https://doi.org/10.1007/s12263-015-0501-3
https://doi.org/10.1089/jmf.2017.4082
https://doi.org/10.1089/ars.2013.5251
https://doi.org/10.1089/ars.2013.5251
https://doi.org/10.1016/j.phrs.2017.09.014
https://doi.org/10.1111/j.1742-7843.2006.pto_533.x
https://doi.org/10.1016/j.abb.2010.03.016
https://doi.org/10.1016/j.bbrc.2007.07.153
https://doi.org/10.1007/s11064-017-2403-9
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Therapeutic Implications of Caffeic Acid in Cancer and Neurological Diseases
	Introduction
	Biosynthesis of Phenolic Acids
	Chemical and Physical Properties of Caffeic Acid
	Bioavailability and Pharmacokinetics of Caffeic Acid
	Biological Mechanism of Action of Caffeic Acid
	Oxidative Stress
	Antioxidant Properties of Caffeic Acid
	Anti-Inflammatory Properties of Caffeic Acid

	Anticancer Effect of Caffeic Acid
	Breast Cancer
	Prostate Cancer
	Lung Cancer
	Melanoma
	Oral Cancer
	Liver Cancer
	Cervical Cancer
	Colorectal Cancer
	CA Prevents Photoaging and Photodamage of the Skin
	Caffeic Acid Combined With Chemotherapeutics or Nanoparticles

	Neuroprotective Effect of Caffeic Acid
	Alzheimer’s Disease
	Parkinson’s Disease

	Biomolecular Interactions
	Molecular Targets of Caffeic Acid in Therapeutics
	Conclusion and Future Directions
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


