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Abstract: There are many proven beneficial pharmacological effects of polyphenols, and these
compounds have been tremendously studied for their role in the human body. Daily intake of
polyphenols has shown beneficial effects on the immune system. Polyphenols are the natural
compounds present in plants as secondary metabolites. Caffeic acid (CA) is the major one among other
compounds of hydroxycinnamic acid, which plays an important role as an antioxidant, anticancer,
antidiabetic, antihypertensive, antimicrobial, hepatoprotective, antiviral, etc. It is found in most herbal
plants. CA produces its pharmacological effect by altering the activity of various key enzymes. It
reduces the blood glucose level by inhibiting enzymes a-amylase and a-glucosidase in type-2 diabetes.
It shows anticancer and anti-inflammatory activity by inhibiting various transcript factors. The small
part of the esterified form of CA is absorbed in the stomach, and the rest of the part is the breakdown
in its free form by the microbial esterases in the colon. It enters intestinal cells via active transport
mediated by MCT. The maximum plasma concentration is seen after one hour of food ingestion.
Methylation, sulphation, and glucuronidation take place after absorption and are excreted primarily
through urine. The purpose of this review is to enhance researchers' knowledge to conduct more studies
to reveal and optimize CA's biological and pharmacological properties. Based on its pharmacological
activity, this compound can be used as a natural safeguard to replace synthetic antibiotics and other
synthetic medicine to reduce the medicinal cost and side effects.

Keywords: phenolics; caffeic acid; pharmacological activity; antioxidant; anticancer; antidiabetic;
antihypertensive; antimicrobial; hepatoprotective; antiviral.
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1. Introduction

Consumption of polyphenols in daily diet has proven beneficial effects like protection
against the disease states [1]. Polyphenols have been shown to possess high antioxidant
properties and improve endothelial function [2, 3]. Dietary intake of polyphenols exerts a
protective role against pathological conditions like diabetes, cancer, and cardiovascular disease
and also has anti-inflammatory, hepatoprotective, and antimicrobial properties [4, 5]. Phenolic
compounds are present naturally in the plant kingdom and are categorized as Simple and
Polyphenol phenolic compounds [6-8]. Phenolic acids are abundant in polyphenols, in which
hydroxybenzoic and hydroxycinnamic acids are principal compounds (Figure 1) [9].
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There are six hydroxycinnamic acid compounds, CA, caffeic acid phenyl ester (CAPE),
ferulic acid, ferulic acid phenyl ester, rosmarinic acid, and chlorogenic acid [10]. Among these,
CA is the principal compound representing the hydroxycinnamic acid, found in the plants as a
secondary metabolite of catechol and phenolic acid, which has various derivatives such as
amides, glycosides, esters, and sugar esters. It is also known by its chemical name 3,4-
Dihydroxycinnamic acid [11]. New analogs with diverse biological properties are found with
CA's structural modification, especially when it transforms into ester or amide.
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Figure 1. Classification of Polyphenols.

It is abundantly found in Paraguay tea, Melissa officinalis, and Baccharis
genistelloides. Other sources include olive oil, white grape wine, spices, potatoes, coffee beans,
cabbage, propolis, and carrots [12, 13]. In vitro and in vivo experiments have proved the
pharmacological activities (Figure 2) of CA like antibacterial, antiviral, anti-inflammatory,
antioxidant, anti-atherosclerotic, cardioprotective, immunomodulatory, antidiabetic,
antiproliferative, hepatoprotective, anticancer, anti-hepatocellular carcinoma and antiviral. The
pharmacological activities of this compound are attributed to its action on different enzyme
systems of the body. The present review article discusses various pharmacological activities
reported for the CA.
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Figure 2. Diagram illustrating the pharmacological properties of Caffeic acid.
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2. Chemical and Biological aspects
2.1. Molecular formula: CeHgOs.
2.2. Molecular structure.

Scheme 1 represents the molecular structure of caffeic acid showing plausible
biological and pharmacological performance [14].

HDAC inhibition
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Antioxidant potential
Anti-inflammatroy

Scheme 1. The chemical structure of Caffeic acid showing active functional groups indicates plausible
biological and pharmacological performance.

2.3. Biosynthesis.

CA is a moiety of the phenolic acid family with a phenylpropanoid structure in which
a 3,4-dihydrolated aromatic ring is attached to a trans-ethylene chain [15, 16]. The synthesis
of CA in plants occurs by the endogenous shikimate pathway, which produces the aromatic
amino acid from glucose (Figure 3) [11, 15].
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Figure 3. Steps involved in caffeic acid biosynthesis in plants.
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2.4. Biological sources.

Hydroxycinnamic acids are the class of phenolic compounds that are consumed
abundantly in a normal diet [16, 17]. CA is a prominent member of hydroxycinnamic acid
produced as a secondary metabolite of plants [18, 19]. Berry fruits, citrus, tea, coffee, olive oil,
cocoa, roasted bean, apples, etc., are the main sources of CA (Table 1) [20-22]. CAPE (caffeic
acid phenethyl ester), an ester form of CA, is also a plant-derived polyphenolic active

ingredient that can be extracted from honeybee propolis (Scheme 2) [23, 24].

Table 1. Biological sources of caffeic acid.

Biological Sources Common Names References
Malus domestica Apples [25]
Fragaria ananassa Strawberries [26]
Brassica oleracea Cauliflower [27]
Raphanus sativus Radish [28]
Agaricus bisporus Mushroom [29]
Brassica oleracea var. sabellica Kale [30]
Pyrus communis Pears [31]
Olea europaea Olive oil [32]
Curcuma longa Turmeric [33]
Ocimum basilicum Basil [34]
Thymus vulgaris Thyme [35]
Origanum vulgare Oregano [36]
Brassica oleracea var. capitata Cabbage [37]
Salvia officinalis Sage [38]
Vitis vinifera Grapes [39]
Helianthus annuus Sunflower seeds [40]
Myristica fragrans Nutmeg [41]
Carum carvi Caraway [42]
Cinnamomum verum Cinnamon [43]
Coffea Arabica Coffee beans [44]
Solanum tuberosum Potato [45]
Propolis Propolis [46]
Daucus carota subsp. sativus Carrot [47]
Zingiber officinale Ginger [48]
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Scheme 2. Common biological sources of caffeic acid and derivatives.

https://biointerfaceresearch.com/ 4 of 26


https://doi.org/10.33263/BRIAC134.324
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC134.324

Table 2. Caffeic acid derivatives with their biological activities.

Derivatives Chemical structure Activity Reference
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Derivatives Chemical structure Activity Reference
0 HO OH
—0 \ [ OH
Calceolarioside D o— OH Antioxidant [67]
©
OH
HO OH
OH
HO\ OH
Calceolarioside A HO ; 0 X Platelet [68]
:@\/\ o} Aggregation
\* ‘7 )
HO o ‘OH
OH
HO O
=
o O 0—
Khainaoside B ég\t/lu\i”{gl (SARS). [56]
0 0 0] OH
HO
HO OH
OH
HO
Antioxidant,
Prenyl caffeate (0] Antifungal and | [69]
HO Z \/\|/ Antibacterial
O
0] HO OH
—O0 \ e OH )
Calceolarioside B o—. OH Cyt.OtOX.'C' . [70, 71]
,/O antiproliferation
OH
HO OH
HO OH
(2R)-4-[(E)-3-(3.4- .
dyimopey o L Ermembioy. | o 1
2-enoyl]oxy-2,3- HO . " [72,73
dihydroxy-2- ég\t/'i[;/_'{gl (SARs),
methylbutanoic acid 0] HO
0O
\
HO O HO OH
A Q
Khainaoside C - o SARS/Covid-19 [56]
Ho><:2..|| \ °
HO  OH 0

https://biointerfaceresearch.com/

7 of 26


https://doi.org/10.33263/BRIAC134.324
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC134.324

2.5. Pharmacokinetics.

CA is a major phenolic acid found in foods. Approximately 75-100% of total
hydroxycinnamic acid is CA, which exists in free and esterified forms [74]. Generally,
phenolic acids absorb through monocarboxylic acid transporter (MCT), which is present in
caco-2 cells, but the cinnamic acid derivatives (CA, gallic acid, etc.) show a weak affinity
towards MCT. So the absorption of these compounds occurs through paracellular diffusion [17,
75]. The pharmacokinetic process of CA starts with ingesting it in the bound form, i.e.,
esterified form. After reaching the small stomach, part of this is absorbed. The microbial
esterases present in the colon break the ester portion of CA in its free form, which is available
for absorption by the intestinal mucosa (approx 95%) [17, 76]. Then CA transmembrane flow
into intestinal cells occurs via active transport facilitated by MCT [76]. The maximum plasma
concentration of CA is seen only for 1 hour after the ingestion of food containing this
compound. After this, plasma concentration decreased rapidly. To maintain the concentration,
repeated dose is required every 2 hours [77]. After absorption, CA follows three processes of
enzymatic conjugation (also called detoxification) with the help of three enzymes these are
methylation (sulfotransferase), sulphation (UDP-glucotransferase), and glucuronidation
(catechol-o-methyltransferease). Through this process, the compound becomes more
hydrophilic. Thus, it reduces its toxicity and facilitates its elimination [78, 79]. CA is primarily
excreted through urine (5.9 t027%) [74].

2.6. Biotransformation.

CA is converted into ferulic acid with the help of caffeate O-methyltransferase. CA is
rapidly oxidized into tissue extracts by o-diphenol oxidases [80].

2.7. Mechanism of action.

Various scientific studies have reported various pharmacological activities of CA [81,
82]. It shows the cardiac protective effect by altering the action of various enzymes playing a
crucial role in cardiac activity. Among these, cholinesterase, arginase, and angiotensin-
converting enzyme (ACE) are important (Figure 4) [21, 22]. As the in-vitro assays of CA show
the inhibition of lipid peroxidation of emulsified linoleic acid, it indicates the antioxidant
property of this compound [83]. Another In-vitro study suggested that CA inhibits the enzyme
a-amylase and a-glucosidase linked with type 2 diabetes, reducing the post-prandial increase
of blood glucose (Figure 5) [84]. Various scientific studies investigate the anti-carcinogenic
and anti-inflammatory properties of CA as it can be used in the treatment of colon cancer, liver
cancer, prostate cancer, breast cancer, etc. Nuclear factor-kB (NF-kB) plays an important role
in the upregulation of inflammatory cytokines and some enzymes like cyclooxygenase-2
(COX-2), inducible nitric oxide synthase (iNOS) [85] etc., which have a significant role in the
production of prostaglandin E2 (PGEZ2), anti-apoptosis, angiogenesis, and metastasis.
Inhibiting these transcription factors results in anticancer and anti-inflammatory properties
(Figure 6) [86].
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3. Pharmacological actions

3.1. Cardioprotective activity.

A number of deaths are reported because of cardiovascular complications throughout
the world. Around 5.0 million deaths in developed nations and about 9.0 million deaths in
developing nations are due to cardiac disorders [87]. Epidemiological investigations have
suggested that intake of flavonoids in daily diet from various sources, mainly from natural
sources, has an inverse relationship with long-term mortality from cardiac disorders [88].

Vallance, 2001 reported that the enzymes like ACE, cholinesterase arginase, and nitric
oxide synthase are essentially involved in the functioning of the heart [89]. It was reported that
CA and its derivatives modulate the renin-angiotensin-aldosterone system (RAAS) through
multiple-target (Figure 4) [22, 85]. The prevention of cardiac mitochondrial dysfunction by
caffeic acid was reported by Kamaran and Prince in 2010. The oxidative damage was induced
by isoproterenol in Wistar rats. These animals showed an increase in serum troponins and heart
mitochondrial lipid peroxidation products and an increased level of mitochondrial calcium,
cholesterol, free fatty acids, and triglycerides. Whereas a marked decrease in the level of
glutathione peroxidase reduced glutathione and a significant decrease in the activity of
isocitrate, malate, succinate, a-ketoglutarate, and NADH dehydrogenases and cytochrome-C-
oxidase were detected. All these observations indicate myocardial infarction in rats. The pre-
treated Wistar rats showed a protective effect against isoproterenol in which all the above
biochemical parameters were found to be at a normal level [90].

CAPE an ester form of CA has shown its antihypertensive effect in cadmium (Cd)-
induced cardiac impairment in rats by inhibiting the nitric oxide (NO) production in the vessels
and decreasing lipid peroxidation [91]. Cyclosporine-induced hypertension was also observed
to be recovered by the use of CA in rats. In this study, a significant decrease in heart rates, as
well as systolic blood pressure (SBP), was observed in the test drug-treated groups when
compared with the standard drug (captopril). CA has shown a significant decrease in the action
of Acetylcholinesterase (AChE), Butyrylcholinesterase (BChE), arginase, and ACE. On the
other hand, the bioavailability of NO was improved with an increase in the activity of catalase
as well as reduced glutathione content increased with a decrease in the level of
malondialdehyde (MDA) as compared to cyclosporine-induced hypertensive rats [21]. Another
study also revealed the ACE inhibitory activity of CA and oxidative imbalance were also
suppressed. This study also showed that CA reduced plasma cholesterols, triglycerides, LDL
(low-density lipoprotein) level while increased HDL (high-density lipoprotein) level was
observed [92]. Oxidative stress reduction efficacy of CA was also revealed through another
research finding in athero-sclerogenic diet-induced rat model. Reduction in atherosclerotic
lesions was examined by the aortic staining technique [93, 94]. CA derivative CAPE was also
effective in protecting doxorubicin-induced cardiotoxicity and increasing chemotherapeutic
efficacy. Doxorubicin is effective against breast cancer, but its clinical use is limited due to its
cardiotoxicity. This study has proven CAPE's breast tumor-suppressing and protective activity
against doxorubicin-induced cardiotoxicity, which can be a promising approach to treating
breast cancer [93].
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Figure 4. Mechanisms of hypertension and protective mechanism of caffeic acid.
3.2. Anti-inflammatory and antioxidant activity.

Phenolic acid-rich compounds significantly contribute significantly to the inhibition of
oxidative damage [95]. A recent in vitro study was done on the antioxidant activity of CA in
which the damage caused by free radicals was prevented significantly. The antioxidant effect
of CA was shown with the help of some biological assays such as radical anion superoxide
capture, crocin bleaching evaluation, captive property of hypochlorous acid, H2O. capture,
capturing capacity of the ABTS™*/DPPH"™*, and SOD-like activity [96]. Another in vivo and in
vitro study was done on rats. In this, the protective effect against intestinal reperfusion injury
was evaluated in small rat intestines by treating the rat with CA and chlorogenic acid. Caco-2
cell was found more susceptible to the uptake of CA than chlorogenic acid, hence much
stronger antioxidant activity than chlorogenic acid. Thus CA was found to be a strong
protectant in reperfusion injury in rat intestines [97]. The reactive oxygen species (ROS) is well
known to have an important role in inflammation development by activating NF-kB and other
transcription factors like AP-1; nuclear acetylation and deacetylation also have a crucial role
in numerous inflammatory disorders (Figure 6). Such disorders can be managed by sufficient
supplementation of antioxidants from polyphenols in daily diet [98]. A lipopolysaccharide-
induced inflammatory study was done using primary bovine mammary epithelial cells (o0MEC).
CA was used as a test drug and reported a significantly decreased proinflammatory cytokines,
i.e., IL-8, IL-1p, IL-6, and tumor necrosis factor a. Other than these also observed the fading
in the nuclear transcription factor activity via blocking kB inhibitor as well as o degradation
and p65 phosphorylation in the NF-Kb pathway in a dose-dependent manner [99, 100]. Another
study was done on the rotenone-induced mouse model to determine CA's locomotor and
inflammatory activity. Rotenone results in the nigralneuro-degeneration, increased
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inflammatory markers, decreased immunostaining for tyrosine hydroxylase (TH), and
upregulation of genes encoding CDi1:b ( a microglial surface antigen, COX-2, iNOS, and
NFkB. Administration of CA improved motor activity, reduced microglial expression and
inflammatory mediators, amended the nigral TH immunostaining, and improved
neuroprotective activity [101]. In another study, researchers reported that CA protects against
IL-1pB-induced inflammatory responses and cartilage degradation in chondrocytes. In this
study, CA blocked the formation of inflammatory intermediates and decreased the activity of
cartilage matrix catabolic enzymes like ADAMTS5 MMPs, etc. Other than this, the
degradation of collagen-I1 and aggrecan in chondrocytes induced by IL-1B, NF-xB activity,
and the activation of the JINK (C-Jun N-terminal kinases) pathway were also prevented by CA
[102]. Fabiola et al. also revealed CA's antioxidant and anti-inflammatory activity using a
noise-induced hearing loss model in Wistar rats. The result findings showed its effect by
decreasing NF-kB and IL-1 B expression and also prevented oxidative/nitrosative damage
induced by noise in the cochlea. In this study, CA prevented cell death in the cochlear turn and
protected auditory functions [103].

3.3. Antidiabetic activity.

Diabetes is a disease due to metabolic imbalance characterized by hyperglycemia. The
development of hyperglycemia is due to the reduction or inhibition in the production or activity
of insulin, or both may be responsible for the hyperglycemic condition [104]. Chronic diabetes
is linked with the deviation in the physiology of vital organs like kidneys, heart, liver, etc.,
which may cause long-term damage and dysfunctions [105]. According to the "International
Diabetes Federation Diabetes Atlas", 9" edition, the estimated worldwide prevalence of
diabetes in 2019 is 9.3% (463 million people), which is expected to rise to 10.2% (578 million)
by 2030 and 10.9% (700 million) by 2045 [106]. Diabetic cardiomyopathy is also prevented
by CA in diabetic mice using cardiac tissue. CA and ellagic acid were used in this study with
a 2% quantity of total normal diet in different groups compared to non-treated ones. Various
parameters were examined, such as lipid profile, coagulability, oxidative stress, and
inflammation. After 12 weeks, the cardiac tissue of treated animals showed the protective
effects treated by these compounds, which caused a decrease in the level of triglyceride,
increased plasma insulin level, decreased plasma glucose level, anti-coagulatory effect,
antioxidative effect, and anti-inflammatory properties in cardiac tissue. According to this study,
supplementation of these compounds might be helpful in diabetic cardiomyopathy prevention
[107]. Various studies suggest that CA also is useful in diabetic nephropathy. It happens in
diabetic patients due to high blood glucose levels. Sometimes, high blood glucose levels can
produce damaging effects on the kidneys, which may affect the filtration process, and the
damaged part becomes leaky. Thus, it allows the protein to come into the urine [108]. It has
been reported that 40% of total diabetic patients suffer from diabetic nephropathy, which is the
major cause of chronic kidney disease and end-stage renal disease all over the world [109]. It
is proved by a research study that CA faded diabetic nephropathy via modulation of autophagy
pathway through inhibition of autophagy regulatory miRNAs in high-fat diet-induced diabetes
in rats [110]. Another in-vitro study has shown the antidiabetic activity of CA derivatives
containing plants. Leaf extract from Ocimum gratissimum L. (Oc) plant and stem bark extract
from Musangacecropoides R. Br. ex Tedlie (Mu) plant were used as antidiabetic potential.
Four different parameters were analyzed to check the activity, (1) Insulin secretion using INS-
1 cell line (2) Insulin sensitization(Glut-4 translocation) using L6 myoblast cells (3) Protection
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against hydrogen peroxide oxidative stress (Cell mortality) (4) Glucose-6-phosphate (G6P)
activity using liver microsomal fraction. The study has shown increased insulin sensitivity and
insulin secretion. G6P activity and oxidative stress were found to be decreased with Oc extract.
However, no positive response was observed with Mu extract. Oc extract required further in-
vivo study to justify its anti-diabetic effect. It might be a good approach to curing diabetes in
humans [111].
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Figure 5. Mechanism of increasing blood glucose level as well as a protective mechanism of caffeic acid.

3.4. Hepatoprotective activity.

The liver is the largest solid organ and the largest gland, which helps in the metabolism
and excretion of waste products from the body [112]. The liver detoxifies the substances before
going into the systemic circulation after it has been absorbed from the digestive system [113].
Death of the person occurs within minutes due to total loss of liver function. Thus, it has great
importance to work properly. To properly function and maintain good health, liver damage,
such as fatty liver, liver fibrosis, and liver cirrhosis, should be avoided [112]. Various scientific
researchers have proven that CA prevents liver damage through different mechanisms [114].
CA prevented liver cirrhosis by inhibiting the 5-lipoxygenase enzyme in the carbon
tetrachloride-induced cirrhosis in rats. In this study CA significantly decreased the marker of
liver damage and lipid peroxidation as well as prevented the depletion of glycogen content
[115]. Nickel is a toxic metal for the human body which exposed to the body through various
ways like water, food, or environmental pollution, which affects the function of various organs
like the liver, kidney, brain, lungs, etc. Among these liver is the most susceptible to nickel
toxicity [116, 117]. In vivo study of animals has shown that CA is also useful to prevent liver
damage by nickel. In this study, oxidative damage was induced by nickel which caused
hypersecretion of important enzymes present in the liver, such as alanine transaminase (ALT),
alkaline phosphatase (ALP), aspartate transaminase (AST), lactate dehydrogenase (LDH),
gamma-glutamyltransferase (GGT), etc. and also enhanced the lipid peroxidation as well as
caused decreased in the level of catalase (CAT), superoxide dismutase (SOD, glutathione
peroxidase (GPx) and glutathione S-transferase (GST). Treated with CAreversed in the level
and activities of these enzymes to the optimum level [118]. Antihyperlipidemic and
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hepatoprotective activity of phytophospholipid complex of CA was also observed using an
animal rat model [119]. These studies suggested that the use of CA might prevent liver damage.

3.5. Anticancer activity.

Cancer is a major cause of death all over the world. Total numbers of cancer cases and
deaths are expected to increase as the population increases rapidly [120]. Research findings
have shown that the number of cases and the death rate is higher among males as compared to
that of females. Studies data in America have shown that the risk of developing cancer is ten
times more in persons having the age of over 65 years as compared to younger people. Among
cancer cases, lung, breast, prostate, colon, and rectum cancers are most prevalent [121].

Anticancer effect CA was determined using human cervical cancer cells (HeLa). This
study suggested that CA produced its antiproliferative effect via a mitochondrial apoptotic
pathway in which this compound induced apoptosis by inhibiting Bcl-2 activity, which caused
the release of cytochrome ¢ and the activation of caspase-3 resulting in apoptosis [122].

Infection | | Radiation | | Tobacco | [ Genotoxic agents | [HER2L| | EGF |
! ! ! y !
| | |
1 1 1
1 1 1
R (N R > KK < B

h N N N

Bcl-2, BelxL, cFLIP, IL-8, TNF-q, IL-6 VEGF, TWIST, uPA, MMP9, Pro-inflammatory
survin,CIAP-1, CIAP-2, Cyclin-D1 CXCR4, Cox2, Adhesion cytokines,
XIAP molecules chemokines, TNF, IL-

HER2: human epidermal growth factor receptor 2, EGF: epidermal growth factor, EGFR: epidermal
growth factor receptor, ATM: protein kinase ataxia-telangiectasia mutated, IKK:IkB kinase, NF-kB:
nuclear foctor kappa-light-chain-enhancer of activated B cells, Bcl-2: B-cell lymphoma -2, Bel-xL: B-
cell ymphoma-extra-large, cFLIP: cellular FLICE-like inhibitory protein, clAP: Cellular Inhibitor of
Apoptosis Protein, XIAP: X-linked inhibitor of apoptosis protein, VEGF: Vascular endothelial growth
factor, MMP-9: Matrix metallopepodese-9, CXCR4: C-X-C chemokine receptor type-4, COX-2:
cyclooxygenase-2, TNF: tumor necrosis factor, IL: Interleukin, LPS: Lipopolysaccharides

Figure 6. Mechanism of development of inflammation and cancer with the defence mechanism of caffeic acid.

HT-1080 human fibrosarcoma cell lines were used in another study for the
determination of the anticancer activity of this compound. This MTT assay was done to
evaluate the antiproliferative effect of CA, and oxidative stress was determined by lipid
peroxidation. When the cells were treated with CA, the lipid peroxidation markers like TBARS,
CD, and LHP were increased than control's, and increased DCF fluorescence witnessed the
enhanced ROS level in HT-1080 cell lines. The mitochondrial membrane potential of HT-1080
cell lines was also altered when treated with CA. Increased DNA damage and apoptotic
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morphological changes were also observed [123]. These studies suggested that CA has a strong
anticancer effect on human cervical cancer cells and HT-1080 cell lines. Another study was
performed using the combination of ashwagandha extract and CAPE to evaluate its anticancer
activity. Research findings revealed the anti-metastasis activity of this combination [124]. Thus
it may be used as an anticancer agent.

3.6. Antimicrobial effect.

The use of antimicrobial drugs increases the frequency and spectrum of antimicrobial-
resistant infections in the community, resulting in certain untreatable infections in the
developing and the United States. Antibacterial resistance significantly increases morbidity,
mortality, and health care cost [125]. Antibiotics obtained from natural sources can act against
the microbes that are resistant to modern antibiotics and have lower chances for the microbes
to get resistance against these [126]. It has been reported that there are a number of natural-
origin herbal drugs containing polyphenolic compounds that are available which have
antimicrobial activity. These compounds produced their effect by inhibiting or killing the
micro-organisms. Among these polyphenolic compounds, CA has strong antimicrobial activity
alone or in combination with other drugs [127, 128]. Studies reported that besides polyphenolic
compounds from herbal sources, CA is also an important component of the digestive juice of
silkworm larvae. CA in silkworm larvae produces a defense mechanism against harmful
intestinal bacteria. Streptococcus faecalis AD-4 affects the silkworm larvae [129]. Another
study determined the antibacterial property of CA with the help of B-cyclodextrins
encapsulation. In this study, CA was encapsulated with three types of cyclodextrins, B-
cyclodextrin (BCD), 2-hydroxypropyl-B-cyclodextrin (HPBCD), methyl-B-cyclodextrin
(MBCD). Still, the aqueous soluble inclusion complex was confirmed only for BCD and
HPBCD. CA in its simple form was found more efficacious against S. epidermidis than K.
pneumoniae or S. aureus than in encapsulated form. Still, both encapsulated forms of CA were
found to be more effective than that without encapsulated form. As the BCD/CA has better
stability, it may be a good choice as an antibacterial agent against skin infections [130]. Various
research findings have shown the antifungal activity of CA [131]. An in vitro research revealed
the antifungal activity of the esters of CA. In this study, a series of five esters of Cas, i.e.,
Methyl| caffeate, Ethyl caffeate, Propyl caffeate, Isopropyl caffeate, and Butyl caffeate, were
used against three different species of Candida (C. albicans, C. tropicalis, and C. krusei.) with
different strains. To obtain the minimal inhibitory concentration (MIC) microdilution method
was used in 96-well microplates. The overall findings of this study revealed weak to moderate
antifungal activity. Methyl caffeate ester of CA presented the best antifungal against all strains
of Candida species [132]. In another study of CAPE, an ester form of CA was made in
combination with fluconazole and alone against Candida albicans. For the evaluation of in
vitro interaction between CAPE and Fluconazole, time-kill microdilution and checkerboard
assay were used. Caenorhabditis elegans in vitro model of infection was used for the evaluation
of the antifungal activity of CAPE and fluconazole combination. The result confirmed that the
combination of both showed considerable therapeutic potential against fluconazole-resistant C.
albicans compared to that of an individual who can use CAPE or fluconazole [133].

Other than antibacterial and antifungal, CAs also exhibits antiviral activity against the
influenza virus, herpes simplex virus (DNA virus), and poliovirus (RNA virus). This study was
carried out on MDCK and Vero cells. Vero cells were infected with poliovirus and herpes
simplex virus, while MDCK cells were infected with influenza virus. The infected cell culture
https://biointerfaceresearch.com/ 14 0f 26
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was treated with CA, quinic acid, caffeine, and chlorogenic acid individually. The results
showed a marked inhibition in the growth of the influenza virus, whereas quinic acid, caffeine,
and chlorogenic acid do not. The antiviral activity against herpes simplex and poliovirus also
was shown by CA [134]. Another antimicrobial study was also performed using the
combination of two phenolic combined (1) Caffeic acid and (2) Ferulic acid. Both the phenolic
combined showed antimicrobial activity as an individual as well as in the combination of both
against Escherichia coli and Listeria monocytogenes [135]. These studies suggested that CA
exhibits potent antimicrobial properties.

3.7. Antiviral activity.

At the end of 2019, a severe respiratory coronavirus disease 2019 (COVID-19) caused
by SARS-CoV-2 (Severe Acute Respiratory Syndrome Coronavirus 2) developed as a
pandemic [136]. WHO report stated that by July 2020, SARS-CoV-2 had infected more than
13 million people and killed more than 0.5 million [137]. COVID-19 is the third life-
threatening coronavirus outbreak to strike the human population in the twenty-first century
[138]. Polyphenols are proving to be valuable as lead molecules for drug development against
various human ailments, according to mounting data [139]. Polyphenols have been shown in
recent research to have the ability to fight COVID-19 [140]. Caffeic acids, which have two
phenolic hydroxyl moieties and are found in coffee, fruits, and vegetables, are one of the most
prevalent plant-based Polyphenols [141]. Caffeic acids have been shown to exhibit substantial
virucidal effects against the herpes simplex virus [142], the influenza virus [134], and the SFTS
(severe fever with thrombocytopenia syndrome) virus [143]. 27 caffeic acid derivatives were
screened from a library for the discovery of novel naturally occurring anti-COVID-19
compounds towards 5 distinct SARs-CoV-2 therapeutic targets, along with binding affinities
analysis and docking were performed by Molegro Virtual Docker software [144]. Using the
following website http://www.swissadme.ch, an in silico ADME analysis was performed to
explore the physicochemical features of powerful hits, such as water solubility, lipophilicity,
and pharmacokinetics [145]. Most of the caffeic acid derivatives manifest good binding
affinities with distinct SARs-CoV-2 targets. Calceolarioside B was found to be a potent
compound among all 27 caffeic acid derivatives. Furthermore, calceolarioside B has anti-RSV
(respiratory syncytial virus) properties, implying that calceolarioside B-rich foods might be a
feasible alternative method for COVID-19 prevention and therapy. It has the ability to decrease
IL-6 synthesis in order to exhibit anti-inflammatory characteristics in addition to its antiviral
capabilities.

While some of the most effective caffeic acid derivatives may be found in vegetables
and fruits, including Spinach (Spinacea oleracea), a popular green vegetable, which has been
discovered to be high in CAFDs such as Spinacetin and Pluletin [146]. Blueberry (Vaccinium
dunali anumas), rich in 6’-o-caffeoylarbutin, is widely used in traditional medicine [147].
Research on sunflower (Helianthus annuus) suggested that cynarin as a constituent is
profoundly found in sunflower [148]. So these foods are enriched with natural-health
supplements that strengthen the immunity and treatment efficiency of COVID-19 patients by
1) CAFDs' effectiveness in lowering the viral load and decreasing the infectious time, 2)
optimum dosage regimen depending upon the viremia effect. 3) In COVID-19 patients, the
effect on antibody production, inflammatory signaling, and oxidative stress was studied [56].
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3.8. Neuroprotective activity.

The current state of study is primarily focused on neurodegenerative disorders such as
Parkinson's and Alzheimer's. These are the most prone diseases in the world, and they are
incurable. The production of reactive oxygen species (ROS) has been shown to play a role in
neuronal death in various age-related neurodegenerative disease complements. ROS are
produced as a natural consequence of regular oxygen metabolism in a healthy state and play
crucial roles in cell signaling and homeostasis [149]. ROS can significantly alter the structure
and function of cell membranes and cause oxidative damage to tissues and organs. The
hippocampus has been demonstrated to be one of the most sensitive areas of the brain to
oxidative stress, and neuronal cells in the hippocampus that are constantly destroyed will
eventually cause neurodegenerative illnesses [150]. Increased ROS modifies a number of
signaling targets in the nervous system, including protein kinase A (PKA) and cyclic AMP
response element-binding protein, according to studies (CREB) [151, 152]. Some phenolic
compounds contain caffeic acid, which has neuroprotective activity in behavioral studies, is
related to anti-cholinesterase in tissues or animal models, and also in cell line studies [153].

Rotenone-induced neurodegenerative diseases are very much common in people who
are exposed to the pesticides like rotenone. Rotenone tends to inhibit the mitochondrial
complexes and alter dopaminergic neurons' activity [154]. Rotenone leads to toxicity and
increases cytokines and nitric oxide synthase or nitic oxides release. Caffeic acid suppresses
the microglia cells and decreases the regulation of nitric oxide synthase; it also improves
locomotor activity by inhibiting cytokines [155].

Caffeic acid is a potential molecule for treating neurodegenerative illnesses and other
organ damage issues such as lung, kidney, and liver [156]. Based on its anti-inflammatory
properties, it may have a potential neuroprotective effect [157]. The study's goals are to look
at how caffeic acid affects locomotor impairment and microglia activation in rotenone
Parkinsonian rats [158].

Caffeic acid was administered in addition to rotenone in treatment groups with different
dosage regimes. Further, behavioral activities like locomotor, pole, rota-rod, and cylinder tests
were performed. These behavioral abnormalities identified in the current study were linked to
lower striatal dopamine levels, as previously documented [159]. Caffeic acid (10 mg/kg) raised
the motor functions activity score and reared compared to the rotenone group and the rotenone
+ caffeic acid (2.5 mg/kg) group. Furthermore, ELISA measurements of striatal COX-2, iNOS,
and NFB revealed higher levels in the rotenone group compared to the vehicle (3.28-fold,
10.82-fold, and 3.2-fold increases, respectively). Caffeic acid at higher dosages (5 or 10 mg/kg)
inhibited the expression of striatal COX-2, iINOS, and NFB in contrast to the rotenone control
group. These beneficial effects led, at least in part, to caffeic acid's neuroprotective properties
and the improvements in locomotor activity [101].

4. Toxicity aspects

4.1. Reproductive and developmental toxicity study of CA in mice.

Reproductive toxicity study was done using 80 virgin female mice (7 weeks old, 25-31
g) and 80 male mice for mating (10 weeks old, 33-40 g). Animals were divided into four groups,
namely the control group (0 mg/kg/day), low dose group (0.15 mg/kg/day), mid-dose group (5
mg/kg/day), and high dose group (150 mg/kg/day) in which dose of CA was administered in
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female mice using gavage. The dosing was started before 14 days of mating and continued until
the end of the lactation period. The result found that 5 mg/kg/day and 150 mg/kg/day dose of
CA had anti-implantation activity during early pregnancy in mice and also affected fetal weight
gain. No maternal toxicity, fetal teratogenesis, or post-natal effects on pup development were
observed at any above-mentioned CA dose. 0.15 mg/kg/day dose of CA had shown no-
observed-adverse-effect level (NOAEL) for pregnant female mice in this study [160].

Table 3. Completed and active Clinical trials on caffeic acid [161-163].

Treatment Condition/ Procedure | Outcomes Phase Status Clinical trials
Identifier

Dexamethasone,  Caffeic | Patients with immune | Improves platelet count | Phase Il | Complete | NCT02351622
acid 300 mg tablets, three | thrombocytopenia values; mild adverse effects d
times a day
Dexamethasone,  Caffeic | Patients with immune | Anticipated results on | Phase IV | Complete | NCT02556814
acid 300 mg tablets, three | thrombocytopenia sustained patients response d
times a day after 6 months since the

treatment started
Caffeic acid 300 mg, | Patients with advanced | Anticipated results on 3 | Phaselll | Active NCT03070262
Tablets, Three times a day esophageal  squamous | months progression-free

cell cancer survival and 1-year overall
survival

5. Conclusions

The published data by numerous scientific studies have confirmed that CA exerts
beneficial effects on the human body's immune system. It also exhibits complex
pharmacological behaviors additionally to immunity. This compound's antioxidant effects
mitigate the risk of multiple infectious diseases. CA was proposed as a pure and healthy food
additive substitute that could be used to replace toxic chemicals used for the production of
various antibiotics, growth promoters, and other therapeutics formulations that have multiple
side effects. The use of CA could save the cost of the pharmaceutical of expensive medicines.
However, to date, there are studies on the beneficial performance of CA, but also the
requirement to fully elucidate the more support from clinical works so that it may be utilized
as FDA approved naturally-origin drug. We also recommend further works on new vista as
nanomedicine with systematic combinations with other nano-drug carriers and nanoassemblies.

Funding

This research received no external funding.

Acknowledgments

Prof. S. A. Ahmed, Vice-Chancellor, Glocal University, is acknowledged for his moral support
during this work.

Conflicts of Interest

The authors declare no conflict of interest.

References

1. Ferreira, A.; Proenca, C.; Serralheiro, M.L.M.; Araijo,
Acetylcholinesterase Inhibition and Antioxidant Activity of Medicinal
Ethnopharmacol. 2006, 108, 31-37, https://doi.org/10.1016/j.jep.2006.04.010.

2. Oboh, G.; Agunloye, O.M.; Akinyemi, A.J.; Ademiluyi, A.O.; Adefegha, S.A. Comparative Study on the

https://biointerfaceresearch.com/ 17 0f 26

M.E.M. The in Vitro Screening for
Plants from Portugal. J.


https://doi.org/10.33263/BRIAC134.324
https://biointerfaceresearch.com/
https://doi.org/10.1016/j.jep.2006.04.010

https://doi.org/10.33263/BRIAC134.324

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

Inhibitory Effect of Caffeic and Chlorogenic Acids on Key Enzymes Linked to Alzheimer's Disease and
Some pro-Oxidant Induced Oxidative Stress in Rats' Brain-in Vitro. J. Neurochem. Res. 2013, 38, 413-419,
https://doi.org/10.1007/s11064-012-0935-6.

Wang, Y.; Chun, O.K.; Song, W.O. Plasma and Dietary Antioxidant Status as Cardiovascular Disease Risk
Factors: A Review of Human Studies. Nutrients 2013, 5, 2969-3004, https://doi.org/10.3390/nu5082969.
Yusuf, M.; Shabbir, M.; Mohammad, F. Natural colorants: Historical, processing and sustainable prospects.
Nat. Prod. Bioprospect. 2017, 7, 123-145, https://doi.org/10.1007/s13659-017-0119-9.

Stoclet, J.-C.; Chataigneau, T.; Ndiaye, M.; Oak, M.-H.; El Bedoui, J.; Chataigneau, M.; Schini-Kerth, V.B.
Vascular  Protection by Dietary Polyphenols. Eur. J. Pharmacol 2004, 500, 299-313,
https://doi.org/10.1016/j.ejphar.2004.07.034.

Magnani, C.; Isaac, V.L.B.; Correa, M.A.; Salgado, H.R.N. Caffeic Acid: A Review of Its Potential Use in
Medications and Cosmetics. J. Anal. Methods 2014, 6, 3203-3210, https://doi.org/10.1039/C3AY41807C.
Soares, S.E. Phenolic Acids as Antioxidants. J. Rev. Nutr. 2002, 15, 71-81, https://doi.org/10.1590/S1415-
52732002000100008.

Burns, J.; Gardner, P.T.; Matthews, D.; Duthie, G.G.; Lean, M.E.J.; Crozier, A. Extraction of Phenolics and
Changes in Antioxidant Activity of Red Wines during Vinification. J. Agric. Food Chem. 2001, 49, 5797—
5808, https://doi.org/10.1021/jf010682p.

Olthof, M.R.; Hollman, P.C.H.; Katan, M.B. Human Nutrition and Metabolism Chlorogenic Acid and Caffeic
Acid Are Absorbed in Humans 1. J. Nutr. 2001, 131, 6671, https://doi.org/10.1093/jn/131.1.66.

Chisvert, A.; Salvador, A. Cosmetic Ingredients: From the Cosmetic to the Human Body and the
Environment. J. Analytical Methods 2013, 5, 293-568, https://doi.org/10.1039/C2AY90060B.

Rodrigues, J.L.; Aradjo, R.G.; Prather, K.L.J.; Kluskens, L.D.; Rodrigues, L.R. Heterologous Production of
Caffeic Acid from Tyrosine in Escherichia Coli. J. Enzyme Microb. Technol 2015, 71, 36-44,
https://doi.org/10.1016/j.enzmictec.2015.01.001.

Khan, F.; Maalik, A.; Murtaza, G. Inhibitory Mechanism against Oxidative Stress of Caffeic Acid. J. Food
and drug analysis 2016, 24, 695-702, https://doi.org/10.1016/j.jfda.2016.05.003.

Agunloye, O.M.; Oboh, G. Hypercholesterolemia, Angiotensin Converting Enzyme and Ecto-Enzymes of
Purinergic System: Ameliorative Properties of Caffeic and Chlorogenic Acid in Hypercholesterolemic Rats.
J. Food Biochem. 2018, 42, €12604, https://doi.org/10.1111/jfbc.12604.

Pierpoint, W.S. 0-Quinones Formed in Plant Extracts. Their Reactions with Amino Acids and Peptides. J.
Biochem 1969, 112, 609-616, https://doi.org/10.1042/bj11206009.

Silva, T.; Oliveira, C.; Borges, F. Caffeic Acid Derivatives, Analogs and Applications: A Patent Review
(2009 - 2013). J. Expert Opin. Ther. Pat. 2014, 24, 1257-1270,
https://doi.org/10.1517/13543776.2014.959492.

Li, P.G.; Xu, J. .; Ikeda, K.; Kobayakawa, A.; Kayano, Y.; Mitani, T.; Ikami, T.; Yamori, Y. Caffeic Acid
Inhibits Vascular Smooth Muscle Cell Proliferation Induced by Angiotensin Il in Stroke-Prone
Spontaneously Hypertensive Rats. J. Hypertens. Res. 2005, 28, 369-377,
https://doi.org/10.1291/hypres.28.369.

El-Seedi, H.R.; EI-Said, A.M.A.; Khalifa, S.A.M.; Géransson, U.; Bohlin, L.; Borg-Karlson, A.K.; Verpoorte,
R. Biosynthesis, Natural Sources, Dietary Intake, Pharmacokinetic Properties, and Biological Activities of
Hydroxycinnamic  Acids. J. Agricultural and Food Chemistry 2012, 60, 10877-10895,
https://doi.org/10.1021/jf301807g.

Azuma, K.; Ippoushi, K.; Nakayama, M.; Ito, H.; Higashio, H.; Terao, J. Absorption of Chlorogenic Acid
and Caffeic Acid in Rats after Oral Administration. J. Agric. Food Chem. 2000, 48, 5496-5500,
https://doi.org/10.1021/jf000483q.

Medina, I.; Undeland, I.; Larsson, K.; Storrg, I.; Rustad, T.; Jacobsen, C.; Kristinova, V.; Gallardo, J.M.
Activity of Caffeic Acid in Different Fish Lipid Matrices: A Review. J. Food Chem. 2012, 131, 730-740,
https://doi.org/10.1016/j.foodchem.2011.09.032.

Naveed, M.; Hejazi, V.; Abbas, M.; Kamboh, A.A.; Khan, G.J.; Shumzaid, M.; Ahmad, F.; Babazadeh, D.;
FangFang, X.; Modarresi-Ghazani, F.; WenHua, L.; XiaoHui, Z. Chlorogenic Acid (CGA): A
Pharmacological Review and Call for Further Research. J. Biomed. Pharmacother. 2018, 97, 67-74,
https://doi.org/10.1016/j.biopha.2017.10.064.

Agunloye, O.M.; Oboh, G.; Ademiluyi, A.O.; Ademosun, A.O.; Akindahunsi, A.A.; Oyagbemi, A.A.;
Omobowale, T.O.; Ajibade, T.O.; Adedapo, A.A. Cardio-Protective and Antioxidant Properties of Caffeic
Acid and Chlorogenic Acid: Mechanistic Role of Angiotensin Converting Enzyme, Cholinesterase and

https://biointerfaceresearch.com/ 18 of 26


https://doi.org/10.33263/BRIAC134.324
https://biointerfaceresearch.com/
https://doi.org/10.1007/s11064-012-0935-6
https://doi.org/10.3390/nu5082969
https://doi.org/10.1007/s13659-017-0119-9
https://doi.org/10.1016/j.ejphar.2004.07.034
https://doi.org/10.1039/C3AY41807C
https://doi.org/10.1590/S1415-52732002000100008
https://doi.org/10.1590/S1415-52732002000100008
https://doi.org/10.1021/jf010682p
https://doi.org/10.1093/jn/131.1.66
https://doi.org/10.1039/C2AY90060B
https://doi.org/10.1016/j.enzmictec.2015.01.001
https://doi.org/10.1016/j.jfda.2016.05.003
https://doi.org/10.1111/jfbc.12604
https://doi.org/10.1042/bj1120609
https://doi.org/10.1517/13543776.2014.959492
https://doi.org/10.1291/hypres.28.369
https://doi.org/10.1021/jf301807g
https://doi.org/10.1021/jf000483q
https://doi.org/10.1016/j.foodchem.2011.09.032
https://doi.org/10.1016/j.biopha.2017.10.064

https://doi.org/10.33263/BRIAC134.324

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

3r.

38.

Arginase Activities in Cyclosporine Induced Hypertensive Rats. J. Biomed. Pharmacother 2019, 109 , 450-
458, https://doi.org/10.1016/j.biopha.2018.10.044.

Bhullar, K.S.; Lassalle-Claux, G.; Touaibia, M.; Vasantha Rupasinghe, H.P. Antihypertensive Effect of
Caffeic Acid and Its Analogs through Dual Renin-Angiotensin-Aldosterone System Inhibition. Eur. J.
Pharmaco. 2014, 730, 125-132, https://doi.org/10.1016/j.ejphar.2014.02.038.

Hassan, N.A.; El-Bassossy, H.M.; Mahmoud, M.F.; Fahmy, A. Caffeic Acid Phenethyl Ester, a 5-
Lipoxygenase Enzyme Inhibitor, Alleviates Diabetic Atherosclerotic Manifestations: Effect on Vascular
Reactivity and Stiffness. J. Chem. Biol. Interact 2014, 213, 28-36, https://doi.org/10.1016/j.cbi.2014.01.019.
Cao, W.; Liu, H.F.; Cheng, N.; Gao, H.; Wang, B.N.; Zheng, J.B. LC with Electrochemical Detection for
Analysis of Caffeic Acid and Caffeic Acid Phenyl Ester in Propolis. Chromatographia 2011, 73, 411-414,
https://doi.org/10.1007/s10337-010-1864-7.

Hyson, D.A. A Comprehensive Review of Apples and Apple Components and Their Relationship to Human
Health. J. Adv. Nutr. 2011, 2, 408-420, https://doi.org/10.3945/AN.111.000513.

de Moura, G.G.D.; de Barros, A.V.; Machado, F.; Martins, A.D.; da Silva, C.M.; Durango, L.G.C.; Forim,
M.; Alves, E.; Pasqual, M.; Doria, J. Endophytic bacteria from strawberry plants control gray mold in fruits
via production of antifungal compounds against Botrytis cinerea L. Microbiol. Res. 2021, 251,126793,
https://doi.org/10.1016/j.micres.2021.126793.

Ahmed, F.A.; Ali, R.F.M. Bioactive Compounds and Antioxidant Activity of Fresh and Processed White
Cauliflower. J. Biomed Res. Int. 2013, 2013, 367819, https://doi.org/10.1155/2013/367819.

Gamba, M.; Asllanaj, E.; Raguindin, P.F.; Glisic, M.; Franco, O.H.; Minder, B.; Bussler, W.; Metzger, B.;
Kern, H.; Muka, T. Nutritional and Phytochemical Characterization of Radish (Raphanus Sativus): A
Systematic Review. J. Trends Food Sci. Technol. 2021, 113, 205-218,
https://doi.org/10.1016/J. TIFS.2021.04.045.

Li, N.; Ng, T.B.; Wong, J.H.; Qiao, J.X.; Zhang, Y.N.; Zhou, R.; Chen, R.R.; Liu, F. Separation and
Purification of the Antioxidant Compounds, Caffeic Acid Phenethyl Ester and Caffeic Acid from Mushrooms
by  Molecularly  Imprinted  Polymer.  J. Food  Chem. 2013, 139, 1161-1167,
https://doi.org/10.1016/J.FOODCHEM.2013.01.084.

Ayaz, F.A.; Hayirlioglu-Ayaz, S.; Alpay-Karaoglu, S.; Grdz, J.; Valentova, K.; Ulrichov4, J.; Strnad, M.
Phenolic Acid Contents of Kale (Brassica Oleraceae L. Var. Acephala DC.) Extracts and Their Antioxidant
and Antibacterial Activities. J. Food Chem. 2008, 107, 19-25,
https://doi.org/10.1016/J.FOODCHEM.2007.07.003.

Tanrioven, D.; Eksi, A. Phenolic Compounds in Pear Juice from Different Cultivars. J. Food Chem. 2005,
93, 89-93, https://doi.org/10.1016/J.FOODCHEM.2004.09.0009.

Garcia-Martinez, O.; De Luna-Bertos, E.; Ramos-Torrecillas, J.; Ruiz, C.; Milia, E.; Lorenzo, M.L.; Jimenez,
B.; Sanchez-Ortiz, A.; Rivas, A. Phenolic Compounds in Extra Virgin Olive Qil Stimulate Human
Osteoblastic Cell Proliferation. PLoS One 2016, 11, 0150045,
https://doi.org/10.1371/JOURNAL.PONE.0150045.

Huang, M.-T.; Smart, R.C.; Wong, C.-Q.; Conney, A.H. Inhibitory Effect of Curcumin, Chlorogenic Acid,
Caffeic Acid, and Ferulic Acid on Tumor Promotion in Mouse Skin by 12-O-Tetradecanoylphorbol-13-
Acetate. J. Am. Association Cancer Res. 1988, 48, 5941-5946,
https://aacrjournals.org/cancerres/article/48/21/5941/493128/Inhibitory-Effect-of-Curcumin-Chlorogenic-
Acid.

Zare, M.; Ganjeali, A.; Lahouti, M. Rosmarinic and Caffeic Acids Contents in Basil (Ocimum Basilicum L.)
Are Altered by Different Levels of Phosphorus and Mycorrhiza Inoculation under Drought Stress. J. Acta
Physiol. Plant 2021, 43, 26, https://doi.org/10.1007/S11738-020-03191-0.

Fecka, I.; Turek, S. Determination of Polyphenolic Compounds in Commercial Herbal Drugs and Spices from
Lamiaceae: Thyme, Wild Thyme and Sweet Marjoram by Chromatographic Techniques. J. Food Chem.
2008, 108, 1039-1053, https://doi.org/10.1016/J.FOODCHEM.2007.11.035.

Singletary, K. Oregano: Overview of the Literature on Health Benefits. J. Nutr. Today 2010, 45, 129-138,
https://doi.org/10.1097/NT.0B013E3181DEC789.

Gao, Q.; Li, Y.; Li, Y.; Liang, Y.; Zhang, Z. Profile of Anthocyanins in Purple Vegetables Commonly
Consumed in China and Their Relationship with Antioxidant Abilities. J. Food Meas. Charact 2022, 16,
1659-1673, https://doi.org/10.1007/S11694-021-01267-0.

Avula, B.; Bae, J.Y.; Chittiboyina, A.G.; Wang, Y.H.; Wang, M.; Srivedavyasasri, R.; Ali, Z.; Li, J.; Wu, C.;
Khan, I.A. Comparative Analysis of Five Salvia Species Using LC-DAD-QToF. J. Pharm. Biomed. Anal.

https://biointerfaceresearch.com/ 19 of 26


https://doi.org/10.33263/BRIAC134.324
https://biointerfaceresearch.com/
https://doi.org/10.1016/j.biopha.2018.10.044
https://doi.org/10.1016/j.ejphar.2014.02.038
https://doi.org/10.1016/j.cbi.2014.01.019
https://doi.org/10.1007/s10337-010-1864-7
https://doi.org/10.3945/AN.111.000513
https://doi.org/10.1016/j.micres.2021.126793
https://doi.org/10.1155/2013/367819
https://doi.org/10.1016/J.TIFS.2021.04.045
https://doi.org/10.1016/J.FOODCHEM.2013.01.084
https://doi.org/10.1016/J.FOODCHEM.2007.07.003
https://doi.org/10.1016/J.FOODCHEM.2004.09.009
https://doi.org/10.1371/JOURNAL.PONE.0150045
https://aacrjournals.org/cancerres/article/48/21/5941/493128/Inhibitory-Effect-of-Curcumin-Chlorogenic-Acid
https://aacrjournals.org/cancerres/article/48/21/5941/493128/Inhibitory-Effect-of-Curcumin-Chlorogenic-Acid
https://doi.org/10.1007/S11738-020-03191-0
https://doi.org/10.1016/J.FOODCHEM.2007.11.035
https://doi.org/10.1097/NT.0B013E3181DEC789
https://doi.org/10.1007/S11694-021-01267-0

https://doi.org/10.33263/BRIAC134.324

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

2022, 209, 114520, https://doi.org/10.1016/J.JPBA.2021.114520.

Ribeiro, L.F.; Ribani, R.H.; Stafussa, A.P.; Makara, C.N.; Branco, 1.G.; Maciel, G.M.; Haminiuk, C.W. I.
Exploratory Analysis of Bioactive Compounds and Antioxidant Potential of Grape (Vitis Vinifera) Pomace.
Acta Sci. Technol. 2022, 44, 56934, https://doi.org/10.4025/actascitechnol.v44i1.56934.

Guo, S.; Ge, Y.; Na Jom, K. A Review of Phytochemistry, Metabolite Changes, and Medicinal Uses of the
Common Sunflower Seed and Sprouts (Helianthus Annuus L.). Chem. Cent. J. 2017, 11, 95,
https://doi.org/10.1186/S13065-017-0328-7.

Di, L.; Mannelli, C.; Battino, M.; Kurek-Gorecka, A.; Walczy'nska, K.; Walczy'nska-Dragon, W.; Felitti, R.;
Baron, S.; Olczyk, P. Propolis and Diet Rich in Polyphenols as Cariostatic Agents Reducing Accumulation
of Dental Plaque. Molecules 2022, 27, 271, https://doi.org/10.3390/MOLECULES27010271.

Prairna, B.; Khan, J.; Ali, A. Therapeutic Potential of Nigella Sativa in the Prevention of Aggregation and
Glycation of Proteins. In: Khan, A.; Rehman, M. (Eds) Black Seeds (Nigella Sativa) 2022, Elsevier Inc,
https://doi.org/10.1016/B978-0-12-824462-3.00015-9.

Lopes, J.D.S.; de Lima, A.B.S.; da Cruz Cangussu, R.R.; da Silva, M.V.; Ferrdo, S.P.B.; Santos, L.S.
Application of Spectroscopic Techniques and Chemometric Methods to Differentiate between True
Cinnamon and False Cinnamon. Food Chem. 2022, 368, 130746,
https://doi.org/10.1016/J.FOODCHEM.2021.130746.

Chindapan, N.; Chaninkun, N.; Devahastin, S. Comparative Evaluation of Phenolics and Antioxidant
Activities of Hot Air and Superheated Steam Roasted Coffee Beans (Coffea Canephora). Int. J. Food Sci.
Technol. 2022, 57, 342-350, https://doi.org/10.1111/1JFS.15393.

Kasnak, C.; Palamutoglu, R. Antioxidant Capacity and Phenolic Content of New Turkish Cultivars of Potato.
Potato Res. 2022, https://doi.org/10.1007/S11540-022-09542-3.

Ibrahim, M.E.E.D.; Alqurashi, R.M. Anti-Fungal and Antioxidant Properties of Propolis (Bee Glue) Extracts.
Int. J. Food Microbiol. 2022, 361, 109463, https://doi.org/10.1016/J.1IJFOODMICRO0.2021.109463.

Aubert, C.; Bruaut, M.; Chalot, G. Spatial Distribution of Sugars, Organic Acids, Vitamin C, Carotenoids,
Tocopherols, 6-Methoxymellein, Polyacetylenic Compounds, Polyphenols and Terpenes in Two Orange
Nantes Type Carrots (Daucus Carota L.). J. Food Compos. Anal. 2022, 108, 104421,
https://doi.org/10.1016/J.JFCA.2022.104421.

Ojulari, L.S.; Olatubosun, O.T.; Okesina, K.B.; Owoyele, B.V. The Effect of Zingiber Officinale (Ginger)
Extract on Blood Pressure and Heart Rate in Healthy Humans. IOSR J. Dent. Med. Sci. 2014, 13, 76-78,
https://doi.org/10.9790/0853-131037678.

Zdunska, K.; Dana, A.; Kolodziejczak, A.; Rotsztejn, H. Antioxidant Properties of Ferulic Acid and Its
Possible Application. Skin Pharmacol. Physiol. 2018, 31, 332-336, https://doi.org/10.1159/000491755.
Pinheiro, P.; Santiago, G.; Da Silva, F.; De Araujo, A.; De Oliveira, C.; Freitas, P.; Rocha, J.; De Araujo
Neto, J.; Da Silva, M.; Tintino, S.; De Menezes, I.; Coutinho, H.; Da Costa, J. Antibacterial Activity and
Inhibition against Staphylococcus Aureus NorA Efflux Pump by Ferulic Acid and Its Esterified Derivatives.
Asian Pac. J. Trop. Biomed. 2021, 11, 405, https://doi.org/10.4103/2221-1691.321130.

Luceri, C.; Giannini, L.; Lodovici, M.; Antonucci, E.; Abbate, R.; Masini, E.; Dolara, P. p-Coumaric Acid, a
Common Dietary Phenol, Inhibits Platelet Activity in Vitro and in Vivo. Br. J. Nutr. 2007, 97, 458-463,
https://doi.org/10.1017/S0007114507657882.

Pluymers, W.; Neamati, N.; Pannecouque, C.; Fikkert, V.; Marchand, C.; Burke, T.R.; Pommier, Y.; Schols,
D.; De Clercq, E.; Debyser, Z.; Witvrouw, M. Viral Entry as the Primary Target for the Anti-HIV Activity of
Chicoric Acid and Its Tetra-Acetyl Esters. Mol. Pharmacol. 2000, 58, 641-648,
https://doi.org/10.1124/MOL.58.3.641.

Sanpinit, S.; Chonsut, P.; Punsawad, C.; Wetchakul, P. Gastroprotective and Antioxidative Effects of the
Traditional Thai Polyherbal Formula Phy-Blica-D against Ethanol-Induced Gastric Ulcers in Rats. Nutr.
2022, 14, 172, https://doi.org/10.3390/NU14010172.

Okuyama, E.; Fujimori, S.; Yamazaki, M.; Deyama, T. Pharmacologically Active Components of Viticis
Fructus (Vitex Rotundifolia). I1l. The Component Having Analgesic Effects. Chem. Pharm. Bull. 1998, 46,
655-662, https://doi.org/10.1248/CPB.46.655.

Borochov-Neori, H.; Judeinstein, S.; Greenberg, A.; Volkova, N.; Rosenblat, M.; Aviram, M. Antioxidant
and Antiatherogenic Properties of Phenolic Acid and Flavonol Fractions of Fruits of "Amari" and "Hallawi"
Date (Phoenix Dactylifera L.) Varieties. J. Agric. Food Chem. 2015, 63, 3189-3195,
https://doi.org/10.1021/JF506094R.

Adem, $.; Eyupoglu, V.; Sarfraz, I.; Rasul, A.; Zahoor, A.F.; Ali, M.; Abdalla, M.; Ibrahim, I.M.; Elfiky,

https://biointerfaceresearch.com/ 20 of 26


https://doi.org/10.33263/BRIAC134.324
https://biointerfaceresearch.com/
https://doi.org/10.1016/J.JPBA.2021.114520
https://doi.org/10.4025/actascitechnol.v44i1.56934
https://doi.org/10.1186/S13065-017-0328-7
https://doi.org/10.3390/MOLECULES27010271
https://doi.org/10.1016/B978-0-12-824462-3.00015-9
https://doi.org/10.1016/J.FOODCHEM.2021.130746
https://doi.org/10.1111/IJFS.15393
https://doi.org/10.1007/S11540-022-09542-3
https://doi.org/10.1016/J.IJFOODMICRO.2021.109463
https://doi.org/10.1016/J.JFCA.2022.104421
https://doi.org/10.9790/0853-131037678
https://doi.org/10.1159/000491755
https://doi.org/10.4103/2221-1691.321130
https://doi.org/10.1017/S0007114507657882
https://doi.org/10.1124/MOL.58.3.641
https://doi.org/10.3390/NU14010172
https://doi.org/10.1248/CPB.46.655
https://doi.org/10.1021/JF506094R

https://doi.org/10.33263/BRIAC134.324

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

A.A. Caffeic Acid Derivatives (CAFDs) as Inhibitors of SARS-CoV-2: CAFDs-Based Functional Foods as
a Potential Alternative Approach to Combat COVID-19. Phytomedicine 2021, 85, 153310,
https://doi.org/10.1016/J.PHYMED.2020.153310.

Ulrih, N.P. Effects of Caffeic, Ferulic, and p-Coumaric Acids on Lipid Membranes. In: Preedy, V.R. Coffee
in health and disease prevention 2015, Academic Press, https://doi.org/10.1016/B978-0-12-409517-5.00089-
9.

Pasdaran, A.; Delazar, A.; Ayatollahi, S.A.; Nahar, L.; Sarker, S. Phytochemical and Bioactivity Evaluation
of Scrophularia amplexicaulis Benth. Records of Natural Products 2016, 10, 519-525.

Ovenden, S.P.; Cobbe, M.; Kissell, R.; Birrell, G.W.; Chavchich, M.; Edstein, M.D. Phenolic glycosides with
antimalarial activity from Grevillea "Poorinda Queen”. J Nat Prod. 2011, 74, 74-78,
https://doi.org/10.1021/np100737q.

Kumar, M.; Rawat, P.; Rahuja, N.; Srivastava, A.K.; Maurya, R. Antihyperglycemic Activity of
Phenylpropanoyl Esters of Catechol Glycoside and Its Dimers from Dodecadenia Grandiflora.
Phytochemistry 2009, 70, 14481455, https://doi.org/10.1016/j.phytochem.2009.07.029.

Zhang, X.; Ishida, R.; Yuhara, Y.; Kamiya, T.; Hatano, T.; Okamoto, G.; Arimoto-Kobayashi, S. Anti-
Genotoxic Activity of Vitis Coignetiae Pulliat towards Heterocyclic Amines and Isolation and Identification
of Caftaric Acid as an Antimutagenic Component from the Juice. Mutat. Res. Toxicol. Environ. Mutagen.
2011, 723, 182-189, https://doi.org/10.1016/J. MRGENTOX.2011.05.001.

Satata, A.; Nurzynska-Wierdak, R.; Kalisz, A.; Kunicki, E.; Ibafiez-Asensio, S.; Moreno-Ramon, H. Effects
of Organic Cropping on Phenolic Compounds and Antioxidant Capacity of Globe Artichoke Herbs. Agron.
2022, 12, 192, https://doi.org/10.3390/AGRONOMY12010192.

Liu, J.Z.; Zhang, C.C.; Fu, Y.J.; Cui, Q. Comparative Analysis of Phytochemical Profile, Antioxidant and
Anti-Inflammatory Activity from Hibiscus Manihot L. Flower. Arab. J. Chem. 2022, 15, 103503,
https://doi.org/10.1016/J. ARABJC.2021.103503.

Tajuddeen, N.; Van Heerden, F.R. Antiplasmodial natural products: an update. Malaria journal, 2019, 18(1),
1-62. https://doi.org/10.1186/s12936-019-3026-1.

Matysiak, J.; Nasulewicz, A.; Pelczynska, M.; Switalska, M.; Jaroszewicz, 1.; Opolski, A. Synthesis and
Antiproliferative Activity of Some 5-Substituted 2-(2,4-Dihydroxyphenyl)-1,3,4-Thiadiazoles. Eur. J. Med.
Chem. 2006, 41, 475-482, https://doi.org/10.1016/J.EJIMECH.2005.12.007.

Xu, J.G.; Hu, Q.P.; Liu, Y. Antioxidant and DNA-Protective Activities of Chlorogenic Acid Isomers. J. Agric.
Food Chem. 2012, 60, 11625-11630, https://doi.org/10.1021/JF303771S.

Bardakci, H.; Skaltsa, H.; Milosevic-Ifantis, T.; Lazari, D.; Hadjipavlou-Litina, D.; Yesilada, E.;
Kirmizibekmez, H. Antioxidant Activities of Several Scutellaria Taxa and Bioactive Phytoconstituents from
Scutellaria Hastifolia L. Ind. Crops Prod. 2015, 77, 196-203,
https://doi.org/10.1016/J.INDCROP.2015.08.027.

Capasso, A.; Di Giannuario, A.; Pieretti, S.; Nicoletti, M. Platelet Aggregation Induced by Calceolarioside A
in Vitro: Role of Platelet Intracellular Calcium. Planta Med. 1993, 59, 337-339, https://doi.org/10.1055/s-
2006-959695.

Boisard, S.; Le Ray, A.M.; Landreau, A.; Kempf, M.; Cassisa, V.; Flurin, C.; Richomme, P. Antifungal and
Antibacterial Metabolites from a French Poplar Type Propolis. Evidence-based Complement. Altern. Med.
2015, 2015, 319240, https://doi.org/10.1155/2015/319240.

Verdan, M.H.; Mera De Souza, L.; Ernesto De Carvalho, J.; Vendramini Costa, D.B.; Salvador, M.J.; Barison,
A.; Alves Stefanello, M.E. Two New Hydronaphthoquinones from Sinningia Aggregata (Gesneriaceae) and
Cytotoxic  Activity  of  Aggregatin D. Chem. Biodivers. 2015, 12, 148-152,
https://doi.org/10.1002/CBDV.201400281.

Khong, D.T.; Judeh, Z.M.A. Short Synthesis of Phenylpropanoid Glycosides Calceolarioside-B and
Eutigoside-A. Tetrahedron Lett. 2017, 58, 109-111, https://doi.org/10.1016/J. TETLET.2016.11.116.

Zhao, T.; Sun, M.; Kong, L.; Xue, Q.; Wang, Y.; Wang, Y.; Khan, A.; Cao, J.; Cheng, G. Bioactivity-Guided
Isolation of Phytochemicals from Vaccinium Dunalianum Wight and Their Antioxidant and Enzyme
Inhibitory Activities. Molecules 2021, 26, 2075, https://doi.org/10.3390/molecules26072075.

Gopal, D.; Skariyachan, S. Recent Perspectives on COVID-19 and Computer-Aided Virtual Screening of
Natural Compounds for the Development of Therapeutic Agents Towards SARS-CoV-2. In: Ray, K. (Ed) In
silico modelling of drugs against coronaviruses. Methods in Pharmacology and Toxicology 2020, Humana
Press, New York, https://doi.org/10.1007/7653 2020 _44.

Manach, C.; Scalbert, A.; Morand, C.; Rémésy, C.; Jiménez, L. Polyphenols: Food Sources and

https://biointerfaceresearch.com/ 21 of 26


https://doi.org/10.33263/BRIAC134.324
https://biointerfaceresearch.com/
https://doi.org/10.1016/J.PHYMED.2020.153310
https://doi.org/10.1016/B978-0-12-409517-5.00089-9
https://doi.org/10.1016/B978-0-12-409517-5.00089-9
https://doi.org/10.1021/np100737q
https://doi.org/10.1016/j.phytochem.2009.07.029
https://doi.org/10.1016/J.MRGENTOX.2011.05.001
https://doi.org/10.3390/AGRONOMY12010192
https://doi.org/10.1016/J.ARABJC.2021.103503
https://doi.org/10.1186/s12936-019-3026-1
https://doi.org/10.1016/J.EJMECH.2005.12.007
https://doi.org/10.1021/JF303771S
https://doi.org/10.1016/J.INDCROP.2015.08.027
https://doi.org/10.1055/s-2006-959695
https://doi.org/10.1055/s-2006-959695
https://doi.org/10.1155/2015/319240
https://doi.org/10.1002/CBDV.201400281
https://doi.org/10.1016/J.TETLET.2016.11.116
https://doi.org/10.3390/molecules26072075
https://doi.org/10.1007/7653_2020_44

https://doi.org/10.33263/BRIAC134.324

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

Bioavailability. Am. J. Clin. Nutr. 2004, 79, 727-747, https://doi.org/10.1093/ajcn/79.5.727.

Konishi, Y.; Hitomi, Y.; Yoshida, M.; Yoshioka, E. Pharmacokinetic Study of Caffeic and Rosmarinic Acids
in Rats after Oral Administration. J. Agric. Food Chem. 2005 53, 4740-4746,
https://doi.org/10.1021/jf0478307.

De Oliveira, D.M.; Bastos, D.H.M. Biodisponibilidade de Acidos Fen6licos. Quimica Nova. 2011, 34, 1051
1056, https://doi.org/10.1590/S0100-40422011000600023.

Gonthier, M.P.; Remesy, C.; Scalbert, A.; Cheynier, V.; Souquet, J.M.; Poutanen, K.; Aura, A.M. Microbial
Metabolism of Caffeic Acid and Its Esters Chlorogenic and Caftaric Acids by Human Faecal Microbiota in
Vitro. Biomed. Pharmacother. 2006, 60, 536-540, https://doi.org/10.1016/j.biopha.2006.07.084.

Zhang, Z.; Xu, M.; Sun, S. feng; Qiao, X.; Wang, B.R.; Han, J.; Guo, D. Metabolic Analysis of Four Phenolic
Acids in Rat by Liquid Chromatography-Tandem Mass Spectrometry. J. Chromatogr. B 2008, 871, 7-14,
https://doi.org/10.1016/j.jchromb.2008.06.019.

Yusuf, M. Present and Future Prospects on Nutritious Feeding Using Insects. In: Kumar, D.; Shahid, M. (eds.)
Natural Materials and Products from Insects: Chemistry and Applications 2020, Springer, Cham,
https://doi.org/10.1007/978-3-030-36610-0_7.

Yusuf, M.; Mohammad, F.; Shabbir, M. Eco-friendly and effective dyeing of wool with anthraquinone
colorants extracted from Rubia cordifolia roots: Optimization, colorimetric and fastness assay. J. King Saud
University Sci. 2017, 29, 137-144, https://doi.org/10.1016/j.jksus.2016.06.005.

Rocha, J.E.; Guedes, T.T.A.M.; Bezerra, C.F.; Costa, M. do S.; Campina, F.F.; de Freitas, T.S.; Souza, A.K.;
Sobral Souza, C.E.; Silva, M.K.N.; Lobo, Y.M.; Pereira-Junior, F.N.; da Silva, J.H.; Menezes, L.R. A,
Teixeira, R.N.P.; Teixeira, A.M.R.; Colares, A.V.; Coutinho, H.D.M. Mercury Chloride Phytotoxicity
Reduction Using Antioxidative Mechanisms Evidenced by Caffeic Acid FTIR. Appl. Geochemistry 2019,
104, 109-115, https://doi.org/10.1016/j.apgeochem.2019.03.015.

Simeonova, R.; Vitcheva, V.; Zheleva-Dimitrova, D.; Balabanova, V.; Savov, l.; Yagi, S.; Dimitrova, B.;
Voynikov, Y.; Gevrenova, R. Trans-3,5-Dicaffeoylquinic Acid from Geigeria Alata Benth. & Hook.f. Ex
Oliv. & Hiern with Beneficial Effects on Experimental Diabetes in Animal Model of Essential Hypertension.
Food Chem. Toxicol. 2019, 132, 110678, https://doi.org/10.1016/j.fct.2019.110678.

Gulgin, 1. Antioxidant Activity of Caffeic Acid (3,4-Dihydroxycinnamic Acid). Toxicology 2006, 217, 213—
220, https://doi.org/10.1016/j.tox.2005.09.011.

Oboh, G.; Agunloye, O.M.; Adefegha, S.A.; Akinyemi, A. J.; Ademiluyi, A. O. Caffeic and Chlorogenic
Acids Inhibit Key Enzymes Linked to Type 2 Diabetes (in Vitro): A Comparative Study. J. Basic Clin.
Physiol. Pharmacol. 2015, 26, 165-170, https://doi.org/10.1515/jbcpp-2013-0141.

Silva, H.; Lopes, N.M.F. Cardiovascular Effects of Caffeic Acid and Its Derivatives: A Comprehensive
Review. Front. Physiol. 2020, 11, 1810-1818, https://doi.org/10.3389/fphys.2020.595516.

Rocha, D.L.; Monteiro, C.M.; Teodoro, J.A. Anticancer Properties of Hydroxycinnamic Acids-A Review.
Cancer Clin. Oncol. 2012, 1, 109-121, https://doi.org/10.5539/cco.v1n2p109.

Gupta, R. Trends in Hypertension Epidemiology in India. Journal of Human Hypertension. February 2004,
18, 73-78, https://doi.org/10.1038/sj.jhh.1001633.

Duarte, J.; Pérez-Palencia, R.; Vargas, F.; Angeles Ocete, M.; Pérez-Vizcaino, F.; Zarzuelo, A.; Tamargo, J.
Antihypertensive Effects of the Flavonoid Quercetin in Spontaneously Hypertensive Rats. Br. J. Pharmacol.
2001, 133, 117-124, https://doi.org/10.1038/sj.bjp.0704064.

Vallance, P.; Chan, N. Endothelial Function and Nitric Oxide: Clinical Relevance. Heart 2001, 85, 342-350,
https://doi.org/10.1136/heart.85.3.342.

Kumaran, K.S.; Prince, P.S.M. Caffeic Acid Protects Rat Heart Mitochondria against Isoproterenol-Induced
Oxidative Damage. Cell Stress Chaperones 2010, 15, 791-806, https://doi.org/10.1007/s12192-010-0187-9.
Mollaoglu, H.; Gokcimen, A.; Ozguner, F.; Oktem, F.; Koyu, A.; Kocak, A.; Demirin, H.; Gokalp, O.; Cicek,
E. Caffeic Acid Phenethyl Ester Prevents Cadmium-Induced Cardiac Impairment in Rat. Toxicology 20086,
227, 15-20, https://doi.org/10.1016/j.tox.2006.06.020.

Salau, V.F.; Erukainure, O.L.; Islam, M.S. Caffeic Acid Protects against Iron-Induced Cardiotoxicity by
Suppressing Angiotensin-Converting Enzyme Activity and Modulating Lipid Spectrum, Gluconeogenesis
and Nucleotide Hydrolyzing Enzyme Activities. Biol. Trace Elem. Res. 2021, 199, 1052-1061,
https://doi.org/10.1007/S12011-020-02227-3.

Zhang, Y.; Kong, D.; Han, H.; Cao, Y.J.; Zhu, H.X.; Cui, G. Caffeic Acid Phenethyl Ester Protects against
Doxorubicin-Induced Cardiotoxicity and Increases Chemotherapeutic Efficacy by Regulating the Unfolded
Protein Response. Food Chem. Toxicol. 2022, 159, 112770, https://doi.org/10.1016/J.FCT.2021.112770.

https://biointerfaceresearch.com/ 22 of 26


https://doi.org/10.33263/BRIAC134.324
https://biointerfaceresearch.com/
https://doi.org/10.1093/ajcn/79.5.727
https://doi.org/10.1021/jf0478307
https://doi.org/10.1590/S0100-40422011000600023
https://doi.org/10.1016/j.biopha.2006.07.084
https://doi.org/10.1016/j.jchromb.2008.06.019
https://doi.org/10.1007/978-3-030-36610-0_7
https://doi.org/10.1016/j.jksus.2016.06.005
https://doi.org/10.1016/j.apgeochem.2019.03.015
https://doi.org/10.1016/j.fct.2019.110678
https://doi.org/10.1016/j.tox.2005.09.011
https://doi.org/10.1515/jbcpp-2013-0141
https://doi.org/10.3389/fphys.2020.595516
https://doi.org/10.5539/cco.v1n2p109
https://doi.org/10.1038/sj.jhh.1001633
https://doi.org/10.1038/sj.bjp.0704064
https://doi.org/10.1136/heart.85.3.342
https://doi.org/10.1007/s12192-010-0187-9
https://doi.org/10.1016/j.tox.2006.06.020
https://doi.org/10.1007/S12011-020-02227-3
https://doi.org/10.1016/J.FCT.2021.112770

https://doi.org/10.33263/BRIAC134.324

94. Silva, H.; Lopes, N.M.F. Cardiovascular Effects of Caffeic Acid and Its Derivatives: A Comprehensive
Review. Front. Physiol. 2020, 11, 595516, https://doi.org/10.3389/FPHYS.2020.595516.

95. Yilmaz, S. Effects of Dietary Caffeic Acid Supplement on Antioxidant, Immunological and Liver Gene
Expression Responses, and Resistance of Nile Tilapia, Oreochromis Niloticus to Aeromonas Veronii. Fish
Shellfish Immunol. 2019, 86, 384-392, https://doi.org/10.1016/j.fsi.2018.11.068.

96. Spagnol, C.M.; Assis, R.P.; Brunetti, I.L.; Isaac, V.L.B.; Salgado, H.R.N.; Corréa, M.A. In Vitro Methods to
Determine the Antioxidant Activity of Caffeic Acid. Spectrochim. Acta - Part A Mol. Biomol. Spectrosc.
2019, 219, 358-366, https://doi.org/10.1016/j.saa.2019.04.025.

97. Sato, Y.; Itagaki, S.; Kurokawa, T.; Ogura, J.; Kobayashi, M.; Hirano, T.; Sugawara, M.; Iseki, K. In Vitro
and in Vivo Antioxidant Properties of Chlorogenic Acid and Caffeic Acid. Int. J. Pharm. 2011, 403, 136—
138, https://doi.org/10.1016/j.ijpharm.2010.09.035.

98. Rahman, I.; Biswas, S.K.; Kirkham, P.A. Regulation of Inflammation and Redox Signaling by Dietary
Polyphenols. Biochem. Pharmacol. 2006, 72, 1439-1452, https://doi.org/10.1016/j.bcp.2006.07.004.

99. Liu, M.; Song, S.; Li, H.; Jiang, X.; Yin, P.; Wan, C.; Liu, X.; Liu, F.; Xu, J. The Protective Effect of Caffeic
Acid against Inflammation Injury of Primary Bovine Mammary Epithelial Cells Induced by
Lipopolysaccharide. J. Dairy Sci. 2014, 97, 28562865, https://doi.org/10.3168/jds.2013-7600.

100.Amorim, R.; Cagide, F.; Tavares, L. C.; Simdes, R. F.; Soares, P.; Benfeito, S.; Baldeiras, I.; Jones, J. G.;
Borges, F.; Oliveira, P.J.; Teixeira, J. Mitochondriotropic Antioxidant Based on Caffeic Acid AntiOXCIN 4
Activates Nrf2-Dependent Antioxidant Defenses and Quality Control Mechanisms to Antagonize Oxidative
Stress-Induced Cell Damage. Free Radic. Biol. Med. 2022, 179, 119-132,
https://doi.org/10.1016/J.FREERADBIOMED.2021.12.304.

101.Zaitone, S.A.; Ahmed, E.; Elsherbiny, N.M.; Mehanna, E.T.; El-Kherbetawy, M.K.; ElSayed, M.H.;
Alshareef, D.M.; Moustafa, Y.M. 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, 32-41, https://doi.org/10.1016/J.PHAREP.2018.08.004.

102.Huang, X.; Xi, Y.; Pan, Q.; Mao, Z.; Zhang, R.; Ma, X.; You, H. Caffeic Acid Protects against IL-1p-Induced
Inflammatory Responses and Cartilage Degradation in Articular Chondrocytes. Biomed. Pharmacother.
2018, 107, 433-439, https://doi.org/10.1016/j.biopha.2018.07.161.

103.Paciello, F.; Di Pino, A.; Rolesi, R.; Troiani, D.; Paludetti, G.; Grassi, C.; Fetoni, A. R. Anti-Oxidant and
Anti-Inflammatory Effects of Caffeic Acid: In Vivo Evidences in a Model of Noise-Induced Hearing Loss.
Food Chem. Toxicol. 2020, 143, 111555, https://doi.org/10.1016/J.FCT.2020.111555.

104.Ta, S. Diagnosis and classification of diabetes mellitus. Diabetes Care 2014, 37, 81-90,
https://doi.org/10.2337/dc14-S081.

105.Kirkman, M.; Stephanie, A. Dunbar Diagnosis and Classification of Diabetes Mellitus. Diabetes Care 2013,
36, 62-67, https://doi.org/10.2337/dc13-S067.

106.Saeedi, P.; Petersohn, I.; Salpea, P.; Malanda, B.; Karuranga, S.; Unwin, N.; Colagiuri, S.; Guariguata, L.;
Motala, A.A.; Ogurtsova, K.; Shaw, J.E.; Bright, D.; Williams, R. Global and Regional Diabetes Prevalence
Estimates for 2019 and Projections for 2030 and 2045: Results from the International Diabetes Federation
Diabetes Atlas. Diabetes Res. Clin. Pract. 2019, 157, 107843, https://doi.org/10.1016/j.diabres.2019.107843.

107.Chao, P.; Hsu, C.; Yin, M. Anti-Inflammatory and Anti-Coagulatory Activities of Caffeic Acid and Ellagic
Acid in Cardiac Tissue of Diabetic Mice. Nutr. Metab. 2009, 6, 33, https://doi.org/10.1186/1743-7075-6-33.

108.Sindrup, S.H,; Gram, L.F.; Brgsen, K.; Eshgj, O.; Mogensen, E.F. The selective serotonin reuptake inhibitor
paroxetine is effective in the treatment of diabetic neuropathy symptoms. PAIN 1990, 42, 135-44,
https://doi.org/10.1016/0304-3959(90)91157-E.

109.Alicic, R.Z.; Rooney, M.T.; Tuttle, K.R. Diabetic Kidney Disease: Challenges, Progress, and Possibilities.
CJASN 2017, 12, 2032-2045, https://doi.org/10.2215/CIN.11491116.

110.Matboli, M.; Eissa, S.; Ibrahim, D.; Hegazy, M.G.A.; Imam, S.S.; Habib, E.K. Caffeic Acid Attenuates
Diabetic Kidney Disease via Modulation of Autophagy in a High-Fat Diet/Streptozotocin- Induced Diabetic
Rat. Sci. Rep. 2017, 7, 2263, https://doi.org/10.1038/s41598-017-02320-z.

111.Awwad, A.; Poucheret, P.; Idres, Y.A.; Tshibangu, D.S.T.; Servent, A.; Ferrare, K.; Lazennec, F.; Bidel,
L.P.R.; Cazals, G.; Tousch, D. In Vitro Tests for a Rapid Evaluation of Antidiabetic Potential of Plant Species
Containing Caffeic Acid Derivatives: A Validation by Two Well-Known Antidiabetic Plants, Ocimum
Gratissimum L. Leaf and Musanga Cecropioides R. Br. Ex Tedlie (Mu) Stem Bark. Molecules 2021, 26,
5566, https://doi.org/10.3390/MOLECULES26185566.

112.0zougwu, J.C.; Eyo, J.E. Hepatoprotective Effects of Allium Cepa (Onion) Extracts against Paracetamol-

https://biointerfaceresearch.com/ 23 of 26


https://doi.org/10.33263/BRIAC134.324
https://biointerfaceresearch.com/
https://doi.org/10.3389/FPHYS.2020.595516
https://doi.org/10.1016/j.fsi.2018.11.068
https://doi.org/10.1016/j.saa.2019.04.025
https://doi.org/10.1016/j.ijpharm.2010.09.035
https://doi.org/10.1016/j.bcp.2006.07.004
https://doi.org/10.3168/jds.2013-7600
https://doi.org/10.1016/J.FREERADBIOMED.2021.12.304
https://doi.org/10.1016/J.PHAREP.2018.08.004
https://doi.org/10.1016/j.biopha.2018.07.161
https://doi.org/10.1016/J.FCT.2020.111555
https://doi.org/10.2337/dc14-S081
https://doi.org/10.2337/dc13-S067
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.1186/1743-7075-6-33
https://doi.org/10.1016/0304-3959(90)91157-E
https://doi.org/10.2215/CJN.11491116
https://doi.org/10.1038/s41598-017-02320-z
https://doi.org/10.3390/MOLECULES26185566

https://doi.org/10.33263/BRIAC134.324

Induced Liver Damage in Rats. African J. Biotechnol. 2014, 13, 2679-2688,
https://doi.org/10.5897/ajb2014.13815.
113.0gunmodede, O.S.; Saalu, L.C.; Ogunlade, B.; Akunna, G.G. and Oyewopo, A.O. An evaluation of the
hypoglycemic, antioxidant and hepatoprotective potentials of onion (Allium cepa L.) on alloxan-induced
diabetic rabbits. Int. J. Pharmacol., 2012, 8(1), 21-29. 10.3923/ijp.2012.21.29

114,

115.Dehdashti Moghadam, M.; Baghshani, H.; Ghodrati Azadi, H.; Moosavi, Z. Ameliorative Effects of Caffeic
Acid Against Arsenic-Induced Testicular Injury in Mice. Biol. Trace Elem. Res. 2021, 199, 3772-3780,
https://doi.org/10.1007/S12011-020-02518-9.

116.Reyes, M.T.; Mourelle, M.; Hong, E.; Muriel, P. Caffeic Acid Prevents Liver Damage and Ameliorates Liver
Fibrosis Induced by CCls in the Rat. Drug Dev. Res. 1995 36, 125-128,
https://doi.org/10.1002/ddr.430360305.

117.Cempel, M.; Janicka, K. Distribution of Nickel, Zinc, and Copper in Rat Organs after Oral Administration of
Nickel(1l) Chloride. Biol. Trace Elem. Res. 2002, 90, 215, https://doi.org/10.1385/BTER:90:1-3:215.

118.Xie, J.; Funakoshi, T.; Shimada, H.; Kojima, S. Effects of Chelating Agents on Testicular Toxicity in Mice
Caused by Acute Exposure to Nickel. Toxicology 1995, 103, 147-155, https://doi.org/10.1016/0300-
483x(95)03134-2.

119.Pari, L.; Prasath, A. Efficacy of Caffeic Acid in Preventing Nickel Induced Oxidative Damage in Liver of
Rats. Chem. Biol. Interact. 2008, 173, 77-83, https://doi.org/10.1016/j.cbi.2008.02.010.

120.Mangrulkar, S.; Shah, P.; Navnage, S.; Mazumdar, P.; Chaple, D. Phytophospholipid Complex of Caffeic
Acid: Development, In Vitro Characterization, and In Vivo Investigation of Antihyperlipidemic and
Hepatoprotective Action in Rats. AAPS PharmSciTech 2021, 22, 28, https://doi.org/10.1208/S12249-020-
01887-7.

121.Torre, L.A.; Siegel, R.L.; Ward, E.M.; Jemal, A. Global Cancer Incidence and Mortality Rates and Trends-
An Update. Cancer Epidemiology Biomarkers and Prev. 2016, 25, 16-27, https://doi.org/10.1158/1055-
9965.EPI-15-0578.

122.De, F.; Silvio, L. Epidemiology of cancers of infectious origin and prevention strategies. J. Prev. Med.
Hygiene 2015, 56, E15-E20, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4718340.

123.Chang, W.C.; Hsieh, C.H.; Hsiao, M.W.; Lin, W.C.; Hung, Y.C. and Ye, J.C. 2010. Caffeic acid induces
apoptosis in human cervical cancer cells through the mitochondrial pathway. Taiwanese J. Obstetrics and
Gynecol., 2010. 49(4), 419-424. https://doi.org/10.1016/S1028-4559(10)60092-7.

124.Prasad, R.N.; Karthikeyan, A.; Karthikeyan, S.; Venkata Reddy, B. Inhibitory Effect of Caffeic Acid on
Cancer Cell Proliferation by Oxidative Mechanism in Human HT-1080 Fibrosarcoma Cell Line. Mol. Cell.
Biochem. 2011, 349, 11-19, https://doi.org/10.1007/s11010-010-0655-7.

125.Sari, A.N. ; Dhanjal, J.K. ; Stewart, A.; Sari, A.N.; Dhanjal, J.K.; Elwakeel, A.; Kumar, V.; Meidinna, H.N.;
Zhang, H.; Ishida, Y.; Terao, K.; Sundar, D.; Kaul, S.C.; Wadhwa, R. A Low Dose Combination of Withaferin
A and Caffeic Acid Phenethyl Ester Possesses Anti-Metastatic Potential In Vitro: Molecular Targets and
Mechanisms. Cancers 2022, 14, 787, https://doi.org/10.3390/CANCERS14030787.

126.Holmberg, S.D.; Wells, J.G.; Cohen, M.L. Animal-to-Man Transmission of Antimicrobial-Resistant
Salmonella: Investigations of U.S. Outbreaks, 1971-1983. Science 1984, 225, 833-835,
https://doi.org/10.1126/science.6382605.

127.Palaniappan, K.; Holley, R.A. Use of Natural Antimicrobials to Increase Antibiotic Susceptibility of Drug
Resistant Bacteria. Int. J. Food Microbiol. 2010, 140, 164-168,
https://doi.org/10.1016/j.ijfoodmicro.2010.04.001.

128.Ke¢pa, M.; Miklasinska-Majdanik, M.; D. Wojtyczka, R. et al. Antimicrobial Potential of Caffeic Acid against
Staphylococcus Aureus Clinical Strains. Biomed 2018, 2018, 7413504,
https://doi.org/10.1155/2018/7413504.

129.Lima, V.N.; Oliveira-Tintino, C.D.M.; Santos, E.S.; Morais, L.P.; Tintino, S.R.; Freitas, T.S.; Geraldo, Y.S.;
Pereira, R.L.S.; Cruz, R.P.; Menezes, I.R.A.; Coutinho, H.D.M. Antimicrobial and Enhancement of the
Antibiotic Activity by Phenolic Compounds: Gallic Acid, Caffeic Acid and Pyrogallol. Microb. Pathog.
2016, 99, 56-61, https://doi.org/10.1016/j.micpath.2016.08.004.

130.Setsuo-Koike, S.; lizuka, T.; Mizutani, J. Determination of Caffeic Acid in the Digestive Juice of Silkworm
Larvae and Its Antibacterial Activity against the Pathogenic Streptococcus Faecalis. Agri. and Bio. Chem.
1979, 43, 1727-1731, https://doi.org/10.1080/00021369.1979.10863700.

131.Pinho, E.; Soares, G.; Henriques, M. Evaluation of antibacterial activity of caffeic acid encapsulated byp-

https://biointerfaceresearch.com/ 24 of 26


https://doi.org/10.33263/BRIAC134.324
https://biointerfaceresearch.com/
https://doi.org/10.5897/ajb2014.13815
https://doi.org/10.1007/S12011-020-02518-9
https://doi.org/10.1002/ddr.430360305
https://doi.org/10.1385/BTER:90:1-3:215
https://doi.org/10.1016/0300-483x(95)03134-2
https://doi.org/10.1016/0300-483x(95)03134-2
https://doi.org/10.1016/j.cbi.2008.02.010
https://doi.org/10.1208/S12249-020-01887-7
https://doi.org/10.1208/S12249-020-01887-7
https://doi.org/10.1158/1055-9965.EPI-15-0578
https://doi.org/10.1158/1055-9965.EPI-15-0578
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4718340
https://doi.org/10.1007/s11010-010-0655-7
https://doi.org/10.3390/CANCERS14030787
https://doi.org/10.1126/science.6382605
https://doi.org/10.1016/j.ijfoodmicro.2010.04.001
https://doi.org/10.1155/2018/7413504
https://doi.org/10.1016/j.micpath.2016.08.004
https://doi.org/10.1080/00021369.1979.10863700

https://doi.org/10.33263/BRIAC134.324

cyclodextrins. J. of Microencapsulation Micro and Nano carriers 2015, 32, 804-810,
https://doi.org/10.3109/02652048.2015.1094531.

132.Pukkila-Worley, R.; Holson, E.; Wagner, F.; Mylonakis, E. Antifungal Drug Discovery through the Study of
Invertebrate Model Hosts. Curr. Med. Chem. 20009, 16, 1588-1595,
https://doi.org/10.2174/092986709788186237.

133.De Farias, M.O.; Lima, T.C.; Pérez, A.L.A.L.; Silva, R.H.N.; Oliveira, A.J. M.S.; Lima, E.O.; De Sousa, D.P.
Antifungal Activity of Ester Derivatives from Caffeic Acid against Candida Species. Int. J. of Pharm. &
Pharm. Res. 2016, 7, 151-159.

134.Sun, L.; Liao, K.; Hang, C. Caffeic Acid Phenethyl Ester Synergistically Enhances the Antifungal Activity
of Fluconazole against Resistant Candida Albicans. Phytomedicine 2018, 40, 55-58,
https://doi.org/10.1016/j.phymed.2017.12.033.

135.Utsunomiya, H.; Ichinose, M.; Ikeda, K.; Uozaki, M.; Morishita, J.; Kuwahara, T.; Koyama, A.H.; Yamasaki,
H. Inhibition by Caffeic Acid of the Influenza a Virus Multiplication in Vitro. Int. J. Mol. Med. 2014, 34,
1020-1024, https://doi.org/10.3892/ijmm.2014.18509.

136.1jabadeniyi, O.A.; Govender, A.; Olagunju, O.F.; Oyedeji, A.B. The Antimicrobial Activity of Two Phenolic
Acids against Foodborne Escherichia Coli and Listeria Monocytogenes and Their Effectiveness in a Meat
System. Ital. J. Food Sci. 2021, 33, 39-45, https://doi.org/10.15586/1JFS.V3311.1933.

137.Du, R.-H.; Liang, L.-R.; Yang, C.-Q.; Wang, W.; Cao, T.-Z.; Li, M.; Guo, G.-Y.; Du, J.; Zheng, C.-L.; Zhu,
Q.; Hu, M.; Li, X.-Y.; Peng, P.; Shi, H.-Z. Predictors of Mortality for Patients with COVID-19 Pneumonia
Caused by SARS-CoV-2: A Prospective Cohort Study. Eur Respir. Soc. 2020, 55, 2000524,
https://doi.org/10.1183/13993003.00524-2020.

138.Zhu, N.; Zhang, D.; Wang, W.; Li, X.; Yang, B.; Song, J.; Zhao, X.; Huang, B.; Shi, W.; Lu, R.; Niu, P.;
Zhan, F.; Ma, X.; Wang, D.; Xu, W.; Wu, G.; Gao, G.F.; Tan, W. A Novel Coronavirus from Patients with
Pneumonia in China, 2019. N. Engl. J. Med. 2020, 382, 727-733, https://doi.org/10.1056/nejmoa2001017.

139.Guo, Y.R.; Cao, Q.D.; Hong, Z.S.; Tan, Y.Y.; Chen, S.D.; Jin, H.J.; Tan, K. Sen; Wang, D.Y.; Yan, Y. The
Origin, Transmission and Clinical Therapies on Coronavirus Disease 2019 (COVID-19) Outbreak-An Update
on the Status. Mil. Med. Res. 2020, 7, 11, https://doi.org/10.1186/S40779-020-00240-0.

140.dos Santos, C.N.; Menezes, R.; Stewart, D. Polyphenols as New Leads in Drug Discovery: Biological Activity
and Mechanisms. Curr. Pharm. Des. 2018, 24, 2041-2042,
https://doi.org/10.2174/138161282419180924094610.

141.Adem, S.; Eyupoglu, V.; Sarfraz, I.; Rasul, A; Ali, M. Identification of Potent COVID-19 Main Protease
(Mpro) Inhibitors from Natural Polyphenols: An in Silico Strategy Unveils a Hope against CORONA.
Preprints 2020, 2020030333, https://doi.org/10.20944/PREPRINTS202003.0333.V1.

142.Magnani, C.; Isaac, V.L.B.; Correa, M.A.; Salgado, H.R.N. Caffeic Acid: A Review of Its Potential Use in
Medications and Cosmetics. Anal. Methods 2014, 6, 3203-3210, https://doi.org/10.1039/C3AY41807C.

143.0gawa, M.; Shirasago, Y.; Ando, S.; Shimojima, M.; Saijo, M.; Fukasawa, M. Caffeic Acid, a Coffee-Related
Organic Acid, Inhibits Infection by Severe Fever with Thrombocytopenia Syndrome Virus in Vitro. J. Infect.
Chemother. 2018, 24, 597-601, https://doi.org/10.1016/J.JIAC.2018.03.005.

144.Langland, J.; Jacobs, B.; Wagner, C.E.; Ruiz, G.; Cahill, T.M. Antiviral Activity of Metal Chelates of Caffeic
Acid and Similar Compounds towards Herpes Simplex, VSV-Ebola Pseudotyped and Vaccinia Viruses.
Antiviral Res. 2018, 160, 143-150, https://doi.org/10.1016/J.ANTIVIRAL.2018.10.021.

145.Mark, P.; Nilsson, L. Structure and Dynamics of the TIP3P, SPC, and SPC/E Water Models at 298 K. J. Phys.
Chem. A 2001 105, 9954-9960, https://doi.org/10.1021/jp003020w.

146.Daina, A.; Michielin, O.; Zoete, V. SwissADME: A Free Web Tool to Evaluate Pharmacokinetics, Drug-
Likeness and Medicinal Chemistry Friendliness of Small Molecules. Sci. Rep. 2017, 7, 1-13,
https://doi.org/10.1038/srep42717.

147.Kesarwani, N.; Giriyam, R.; Babu, V.N.K.; Khurana, N.; Sharma, N.; Vyas; M., Reema. A review on the
pharmacological properties of phytoconstituents and bioactives present in spinach (spinacea oleracea). Plant
cell Biotech. and Mol. Biol. 2021 22, 379-387,
https://archives.biciconference.co.in/index.php/pcbmb/article/view/6658.

148.Li, Z.J.; Shen, X.Y.; Hou, C.L. Fungal Endophytes of South China Blueberry (Vaccinium Dunalianum Var.
Urophyllum). Lett. Appl. Microbiol. 2016, 63, 482-487, https://doi.org/10.1111/LAM.12673.

149.Sun, Z.; Chen, J.; Ma, J.; Jiang, Y.; Wang, M.; Ren, G.; Chen, F. Cynarin-Rich Sunflower (Helianthus
Annuus) Sprouts Possess Both Antiglycative and Antioxidant Activities. J. Agric. Food Chem. 2012, 60,
3260-3265, https://doi.org/10.1021/JF300737Y.

https://biointerfaceresearch.com/ 25 of 26


https://doi.org/10.33263/BRIAC134.324
https://biointerfaceresearch.com/
https://doi.org/10.3109/02652048.2015.1094531
https://doi.org/10.2174/092986709788186237
https://doi.org/10.1016/j.phymed.2017.12.033
https://doi.org/10.3892/ijmm.2014.1859
https://doi.org/10.15586/IJFS.V33I1.1933
https://doi.org/10.1183/13993003.00524-2020
https://doi.org/10.1056/nejmoa2001017
https://doi.org/10.1186/S40779-020-00240-0
https://doi.org/10.2174/138161282419180924094610
https://doi.org/10.20944/PREPRINTS202003.0333.V1
https://doi.org/10.1039/C3AY41807C
https://doi.org/10.1016/J.JIAC.2018.03.005
https://doi.org/10.1016/J.ANTIVIRAL.2018.10.021
https://doi.org/10.1021/jp003020w
https://doi.org/10.1038/srep42717
https://archives.biciconference.co.in/index.php/pcbmb/article/view/6658
https://doi.org/10.1111/LAM.12673
https://doi.org/10.1021/JF300737Y

https://doi.org/10.33263/BRIAC134.324

150.Fu, W.; Wang, H.; Ren, X.; Yu, H.; Lei, Y.; Chen, Q. Neuroprotective Effect of Three Caffeic Acid
Derivatives via Ameliorate Oxidative Stress and Enhance PKA/CREB Signaling Pathway. Behav. Brain Res.
2017, 328, 8186, https://doi.org/10.1016/j.bbr.2017.04.012.

151.Jomova, K.; Valko, M. Advances in Metal-Induced Oxidative Stress and Human Disease. Toxicology 2011,
283, 65-87, https://doi.org/10.1016/J.TOX.2011.03.001.

152.Delghandi, M.P.; Johannessen, M.; Moens, U. The CAMP Signalling Pathway Activates CREB through
PKA, P38 and MSK1 in NIH 3T3 Cells. Cell. Signal. 2005 17, 1343-1351,
https://doi.org/10.1016/J.CELLSIG.2005.02.003.

153.Kandel, E.R. The Molecular Biology of Memory: CAMP, PKA, CRE, CREB-1, CREB-2, and CPEB. Mol.
Brain 2012, 5, 14, https://doi.org/10.1186/1756-6606-5-14.

154.Anwar, J.; Spanevello, R.M.; Thomé, G.; Stefanello, N.; Schmatz, R.; Gutierres, J.; Vieira, J.; Baldissarelli,
J.; Carvalho, F.B.; Da Rosa, M.M.; Rubin, M.A.; Fiorenza, A.; Morsch, V.M.; Schetinger, M.R. C. Effects
of Caffeic Acid on Behavioral Parameters and on the Activity of Acetylcholinesterase in Different Tissues
from Adult Rats. Pharmacol. Biochem. Behav. 2012, 103, 386-394,
https://doi.org/10.1016/J.PBB.2012.09.006.

155.Johnson, M.E.; Bobrovskaya, L. An Update on the Rotenone Models of Parkinson's Disease: Their Ability to
Reproduce the Features of Clinical Disease and Model Gene-Environment Interactions. Neurotoxicology
2015, 46, 101-116, https://doi.org/10.1016/J.NEURO.2014.12.002.

156.Zhang, Y.; Wu, Q.; Zhang, L.; Wang, Q.; Yang, Z.; Liu, J.; Feng, L. Caffeic acid reduces AS3T a-synuclein
by activating JNK/Bcl-2-mediated autophagy in vitro and improves behaviour and protects dopaminergic
neurons in a mouse model of Parkinson's disease. Pharmacol. Res. 2019, 150, 104538,
https://doi.org/10.1016/j.phrs.2019.104538.

157.Barros Silva, R.; Santos, N.A.G.; Martins, N.M.; Ferreira, D.A.S.; Barbosa, F.; Oliveira Souza, V.C,;
Kinoshita, A.; Baffa, O.; Del-Bel, E.; Santos, A.C. Caffeic Acid Phenethyl Ester Protects against the
Dopaminergic Neuronal Loss Induced by 6-Hydroxydopamine in Rats. Neuroscience 2013, 233, 86-94,
https://doi.org/10.1016/J.NEUROSCIENCE.2012.12.041.

158.Yilmaz, A.; Elbey, B.; Yazgan, U.C.; Donder, A.; Arslan, N.; Arslan, S.; Alabalik, U.; Aslanhan, H.
Protective Effects of Caffeic Acid Phenethyl Ester on Fluoxetine-Induced Hepatotoxicity: An Experimental
Study. Biomed Res. Int. 2016, 2016, 1247191, https://doi.org/10.1155/2016/1247191.

159.Rodriguez-Oroz, M.C.; Jahanshahi, M.; Krack, P.; Litvan, I.; Macias, R.; Bezard, E.; Obeso, J.A. Initial
Clinical Manifestations of Parkinson's Disease: Features and Pathophysiological Mechanisms. The Lancet
Neurol. 2009, 8, 1128-1139, https://doi.org/10.1016/S1474-4422(09)70293-5.

160.He, Y.; Imam, S.Z.; Dong, Z.; Jankovic, J.; Ali, S.F.; Appel, S.H.; Le, W. Role of Nitric Oxide in Rotenone-
Induced Nigro-Striatal Injury. J. Neurochem. 2003, 86, 1338-1345, https://doi.org/10.1046/j.1471-
4159.2003.01938.x.

161.Liu, Y.; Qiu, S.; Wang, L.; Zhang, N.; Shi, Y.; Zhou, H.; Liu, X.; Shao, L.; Liu, X.; Chen, J.; Hou, M.
Reproductive and Developmental Toxicity Study of Caffeic Acid in Mice. Food Chem. Toxicol. 2019, 123,
106-112, https://doi.org/10.1016/j.fct.2018.10.040.

162.Kerstin, K.; Christian, H.; Iris, E.; Hubert. K.; Stephan, M.; Maren, C.; Wolfgang, K.; Jouko, S.; Siamak, B.;
Suvi, K.; Tuomilehto, J. Effects of coffee consumption on subclinical inflammation and other risk factors for
type 2 diabetes: a clinical trial. American J. Clinical Nut. 2010, 91, 950-957,
https://doi.org/10.3945/ajcn.2009.28548.

163.The  Efficacy and Safety of Caffeic Acid for Esophageal Cancer (CAECQC),
https://clinicaltrials.gov/ct2/show/NCT03070262.

164.GASC1 Inhibitor Caffeic Acid for Squamous Esophageal Cell Cancer (ESCC) (GiCAEC),
https://clinicaltrials.gov/ct2/show/NCT04648917.

https://biointerfaceresearch.com/ 26 of 26


https://doi.org/10.33263/BRIAC134.324
https://biointerfaceresearch.com/
https://doi.org/10.1016/j.bbr.2017.04.012
https://doi.org/10.1016/J.TOX.2011.03.001
https://doi.org/10.1016/J.CELLSIG.2005.02.003
https://doi.org/10.1186/1756-6606-5-14
https://doi.org/10.1016/J.PBB.2012.09.006
https://doi.org/10.1016/J.NEURO.2014.12.002
https://doi.org/10.1016/j.phrs.2019.104538
https://doi.org/10.1016/J.NEUROSCIENCE.2012.12.041
https://doi.org/10.1155/2016/1247191
https://doi.org/10.1016/S1474-4422(09)70293-5
https://doi.org/10.1046/j.1471-4159.2003.01938.x
https://doi.org/10.1046/j.1471-4159.2003.01938.x
https://doi.org/10.1016/j.fct.2018.10.040
https://doi.org/10.3945/ajcn.2009.28548
https://clinicaltrials.gov/ct2/show/NCT03070262
https://clinicaltrials.gov/ct2/show/NCT04648917

