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Abstract 

The oil palm tree (Elaeis guineensis) from the family Arecaceae is a high oil-producing agricultural crop. A 
significant amount of vegetation liquor is discarded during the palm oil milling process amounting to 90 
million tons per year around the world. This water-soluble extract is rich in phenolic compounds known 
as Oil Palm Phenolics (OPP). Several phenolic acids including the three isomers of caffeoylshikimic acid 
(CFA), p-hydroxybenzoic acid (PHBA), protocatechuic acid (PCA) and hydroxytyrosol are among the 
primary active ingredients in the OPP. Previous investigations have reported several positive 
pharmacological potentials by OPP such as neuroprotective and atheroprotective effects, anti-tumor and 
reduction in Aβ deposition in Alzheimer’s disease model. In the current review, the pharmacological 
potential for CFA, PHBA, PCA and hydroxytyrosol is carefully reviewed and evaluated. 
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Introduction 
The oil palm tree (Elaeis guineensis) from the 

family Arecaceae is a high oil-producing agricultural 
crop. The palm oil is extracted from the fleshy 
orange-red mesocarp of the oil palm fruit [1]. Palm oil 
is cultivated in about 43 countries globally, in which 
Indonesia and Malaysia are the top production 
countries. The growing needs of vegetables oil in 
replacing animal fats makes palm oil dominate other 
vegetables oil in the market. The cheapest price 
amongst vegetables oil, require less land utilization 
are the key reasons for palm oil being able to capture 
the global market [2].  

In the oil palm industry, palm oil consists of 10% 
from the total production and another 90% is biomass 
which includes vegetation liquor [3]. Continuous 
research and development in the palm oil refineries, 
coupled with the advancement from the technology is 
fully utilized not only for the palm oil extraction but 
for other uses as well. Rapid development of palm oil 
industries and the increase of the palm oil demand 

leads to increase of the by-product and bio-wastes 
generated which includes empty fruit bunches (EFB), 
palm oil mill effluent (POME), sterilizer condensate, 
palm fiber and palm kernel shell [4]. A huge amount 
of bio-waste would give rise to the negative impact to 
the environment [5]. In the oil palm industry, large 
amount of vegetation liquor are discarded into the 
aqueous waste stream during the palm oil milling 
process, amounting to 90 million tons per year 
globally [5, 6]. A novel process to recover phenolic 
compounds from the aqueous waste stream were 
developed and resulting in producing a filtrate 
known as oil palm phenolics (OPP), containing high 
amount of phenolics [6-11]. 

Condensed from the literature, several positive 
attributes for OPP have been documented, 
particularly in pharmacological applications such as 
neuroprotective effects [12], atheroprotective effects 
[13], anti-tumor [14], and reduction in Aβ deposition 
in Alzheimer’s disease model [15]. It has been 
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postulated that phenolic acids components found in 
the OPP, have promising potential for 
pharmacological applications. Thus, the aim of this 
review is to highlight the pharmacological potential of 
individual components of OPP which are 
caffeoylshikimic acid (CFA) as the major components 
and other phenolic acids include p-hydroxybenzoic 
acid (PHBA), protocatechuic acid (PCA) and 
hydroxytyrosol [6, 16]. The inclusion criteria of the 
literature selected for this narrative review is not 
restricted to only phenolic acids extracted from OPP 
or any oil palm products. 

Caffeoylshikimic Acid (CFA) 
CFA is one of the phenolics compound identified 

in the extraction of palm oil vegetation liquor in a 
form of a three different isomers. The isomers namely 
3-O-caffeoylshikimic acid (3-O-CFA), 
4-O-caffeoylshikimic acid (4-O-CFA) and 
5-O-caffeoylshikimic acid (5-O-CFA) are identified as 
a signature phenolic acids group in the OPP. 
Throughout the literature, 3-O-CFA, 4-O-CFA and 
5-O-CFA are also known as dactylifric, isodactylifric 
and neodactylifric, respectively are the main enzymic 
browning substrates present in dates [17]. In 
comparison to the other phenolic acids identified in 
OPP, CFA is the largest component, accounted for 
more than half of the total phenolics and serve as 
signature compound in OPP [6, 18]. To our 
knowledge, the pharmacological study of CFA as a 
whole compound is limited to no study in the 
literature.  

The ability of CFA to be hydrolyzed into 
shikimic acid (SA) has received a great attention from 
many researches in identifying CFA from plants [19]. 
CFA can be hydrolyzed into caffeic acid (CA) and SA 
under appropriate conditions [18]. SA is a base 
material for the manufacturing of Oseltamivir 
phosphate (Tamiflu®), a drug used for prevention 
and treatment for the human influenza virus H1N1 
from swine origin, seasonal influenza virus types A 
and B, and avian influenza virus H5N1 [20, 21]. To 
date, Chinese herbal star anise (Illicium verum) is 
identified as the primary source of SA for commercial 
production. This herbal preparation could produce up 
to the 17.14 % of SA on dry weight basis. Limitation 
arises when there is significant growing demand for 
Tamiflu® and the shortage of the SA supplies [21]. 
Shikimic acid isolated from the Chinese plant Star 
anise (Illicium verneum) is expensive, low isolation 
yield and limited availability is the major drawback in 
synthesizing this compound [22]. Thus, CFA can turns 
into one of the alternatives sources to recover SA. 

Table 1 illustrates the summary of 
pharmacological activities of SA. Rabelo and 

co-workers [23] demonstrated the antioxidant and 
neuroprotective effects of SA using human 
neuroblastoma-derived SH-SY5Y cell line. They 
discovered that high concentration of SA can protects 
the cells against H2O2-induced oxidative stress and 
loss of viability. In their study, SA shows a significant 
antioxidant activity through total reactive antioxidant 
potential (TRAP), prevent lipid peroxidation induced 
by AAPH in thiobarbituric acid reactive species 
(TBARS) assay, inhibit hydroxyl radical (HO) 
production, inhibit SNP-induced nitrite production, 
inhibit the decrease in the sulforhodamine B (SRB) 
incorporation caused by H2O2 in SRB assay and 
decrease reactive species (RS) production in 
2′,7′-dichlorohy-drofluorescein diacetate (DCFH-DA) 
oxidation assay. Another study conducted by the 
Rabelo and colleagues [24] reported the positive 
outcomes of the SA as a potential treatment to treat 
pro-inflammatory and painful conditions. In this 
study, they are using two different model which are 
murine macrophage cell line RAW264.7 and male 
Swiss mice. In the in vitro study, SA demonstrated a 
positive of anti-inflammatory properties by the 
decreasing of the pro-inflammatory cytokines, such as 
tumor necrosis factor (TNF) -α and interleukin (IL) -1β 
through inhibitory effect on extracellular 
signal-regulated kinase (ERK) 1/2 and p38 
mitogen-activated protein kinase (MAPKs) 
phosphorylation. Meanwhile, their in vivo study 
reported that SA decreased formalin-induced 
nociceptive behavior, inhibited the inflammatory 
nociception induced by TNF-α and prostaglandin 
(PGE2) and eventually significantly attenuated the 
mechanical hyperalgesia induced by carrageenan and 
dopamine. 

Veach and co-workers [25] reported the 
anti-thrombogenic potential of SA through the 
inhibition of platelet activation and aggregation by 
targeting the P2Y1/P2Y12-ADP pathway using ex vivo 
human blood sample. This study demonstrated the 
reduction of PAC-1 and P-selectin/CD62P expression, 
where both are the biomarkers of the various platelet 
activation. Additionally, the reduction in 
monocyte-platelet and whole blood platelet 
aggregation formation are also reported. Meanwhile, 
Park and colleagues [26] investigated the 
antithrombotic activity of SA both in vitro and in vivo 
model. SA possesses fibrinolytic activity through the 
decreasing of fibrin clot solution turbidity. The 
optimal pH for dissolving fibrin clots are in the acidic 
range indicates that this compound possess the 
fibrinolytic activity. Through the animal trial, ICR 
mice and SD rats model were used for the in vivo 
study. ICR mice are used to determine the 
anti-thrombolytic activity via carrageenan-induced 
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tail thrombosis model, and the anti-thrombotic effect 
of SA through collagen- and epinephrine-induced 
acute pulmonary thromboembolism model. Both 
results showed positive outcomes of anti-thrombotic 
effect of this compound. On the other hand, SA also 
attenuated thrombosis in the FeCl3-induced carotid 
arterial thrombus in SD rats. Earlier study by Xing 
and friends [27] reported the protective effects of SA 
in acetic acid (AA)-induced colitis on rats animal 
model. In this study, rats treated with SA shows 
improvement in colonic damage. SA inhibited the 
elevation of myeloperoxidase (MPO), an enzyme used 
as a quantitative index of inflammation and inducible 
nitric oxide synthase (iNOS) activities. It also reduced 
oxidation products such as malondiadehyde (MDA) 
and nitric oxide (NO), and concurrently increased 
superoxide dismutase (SOD) activity, an enzymatic 
scavenger that acts as defensive agents against 
oxidative damage. 

p-Hydroxybenzoic Acid 
We now focus on PHBA, the second most 

abundant phenolic acid component in OPP after CFA. 
PHBA (or chemically known as 4-hydroxybenzoic 
acid) can be isolated naturally in a wide variety of 
plant sources such as carrots (Daucus carota), oil palm 
(Elaeis guineensis), grapes (Vitis vinifera) and virgin 
olive oil [28, 29]. This phenolic acid and its derivatives 
can be found naturally as well as synthesized 
chemically, possessing a range of biological activities 
such as anti-microbial, anti-hyperglycemic, 

anti-atherogenic, anti-inflammatory and antioxidant 
properties [30]. Additionally, the esters of PHBA (also 
known as parabens) are widely used as preservatives 
in food, cosmetic and pharmaceutical products. These 
PHBA esters which may be a methyl-, ethyl-, propyl- 
or butyl-paraben have proven to be very effective 
antimicrobial agents [31]. 

Table 2 illustrates the summary of 
pharmacological activities of PHBA. As far as we 
know, the study of pharmacological potential of 
PHBA (not included PHBA derivatives and esters) is 
currently very limited. Peungvicha and colleagues 
[32] demonstrated the anti-hyperglycemic potential of 
PHBA in normal Wistar rats through the reduction of 
plasma glucose level and the elevation of serum 
insulin level and liver glycogen content. This similar 
research group [33] also had conducted another study 
to demonstrate a possible mechanism of the 
hypoglycemic effects of PHBA in Wistar STZ-diabetic 
rats. In this study, results showed the hypoglycemic 
effects of PHBA through the reduction of plasma 
glucose level. However, the serum insulin level and 
liver glycogen content in diabetic model were not 
affected. They suggested that the hypoglycemic effect 
of PHBA was mediated through the increase in 
peripheral glucose consumption. Another study 
conducted by Cho and friends [34] reported a strong 
anti-microbial of PHBA activity against S. aureus, L. 
mesenteroides, S. cerevisiae and C. albicans through 
paper disc method at a concentration of 50 µg. 

 

Table 1. Summary of pharmacological activities of shikimic acid. 

References Study Type Experimental Model Pharmacological Potential Study Outcomes 
[23] in vitro SH-SY5Y Neuroprotective effects Antioxidant activity in TRAP, inhibit lipoperoxidation in TBARS, 

inhibit HO, inhibit NO, inhibit SRB, ↓RS 
[24] in vitro 

 
RAW264.7 Anti-inflammatory effects ↑cell viability, inhibit NO, ↓TNF-α, ↓IL-1β, inhibit ERK ½ and p38 

in vivo Male Swiss Mice anti-hyperalgesic Inhibit nociceptive behavior, inhibit inflammatory nociception, 
attenuate mechanical hyperalgesia 

[25] ex vivo Human blood sample Anti-platelet and 
anti-thrombogenic 

↓PAC-1, ↓P-selectin/CD62P , ↓monocyte-platelet aggregate 
formation, ↓platelet aggregation 

[26] in vivo ICR mice and SD rats fibrinolytic activity ↓fibrin clot solution turbidity, acidic pH 
Anti-thrombosis Inhibit mouse tail thrombus formation, ↑survival rate, 

↓thrombosis 
[27] in vivo Male Sprague-Dawley rats Ulcerative colitis Improve colon damage, ↓MPO, ↓iNOS, ↓NO, ↓MDA and ↑SOD 
Abbreviation: ERK, Extracellular Signal-regulated Kinase; HO, Hydroxyl Radical; IL-1β, Interleukin-1β; iNOS, inducible Nitric Oxide Synthase; MDA, Malondiadehyde; 
MPO, Myeloperoxidase; NO, Nitric Oxide; RS, reactive species; SRB, Sulforhodamine B; SOD, Superoxide Dismutase; TBARS, Thiobarbituric Acid Reactive Species; TNF-α, 
Tumor Necrosis Factor- α; TRAP, Total Reactive Antioxidant Potential 

 

Table 2. Summary of pharmacological activities of p-hydroxybenzoic acid. 

References Study Type Experimental Model Pharmacological Potential Study Outcomes 
[32] in vivo Wistar normal rats Anti-hyperglycemic ↓plasma glucose, ↑serum insulin, ↑liver glycogen 
[33] in vivo Wistar STZ-diabetic rats Anti-hyperglycemic ↓plasma glucose 
[34] in vitro Food pathogenic bacteria, plant pathogenic 

bacteria, yeasts and plant pathogenic fungi 
Anti-microbial ↑antimicrobial activity against S. aureus, L. 

mesenteroides, S. cerevisiae and C. albicans 
Abbreviation: C. albicans, Candida albicans; L. mesenteroides, Leuconostoc mesenteroides; S. aureus, Staphylococcus aureus; S. cerevisiae, Saccharomyces cerevisiae; STZ-diabetic, 
streptozotocin-diabetic 
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Protocatechuic Acid (PCA) 
Protocatechuic acid (PCA) or chemically known 

as 3,4-dihydroxybenzoic acid is a derivative of PHBA 
and naturally occurring phenolic acid. PCA is widely 
occuring in many edible plants such as olives (Olea 
europaea) [35], grapes (Vitis vinifera) [36], roselle 
(Hibiscus sabdariffa) [37], acai (Euterpe oleracea) [38]. 
Several investigations were carried out on PCA, its 
derivatives, and coforms (such as esters and 
aldehydes). PCA has been shown to possess a variety 
of pharmacological potential such as antioxidants 
properties [39], anti-cancer properties [40], 
anti-inflammatory properties [41] and 
anti-hyperglycemic properties [42]. The mechanism of 
action of PCA is primarily due to the antioxidant 
activity, including inhibition of generation, as well as 
free radical scavenging activities and up-regulating 
enzymes that involve in their neutralization [43]. 
Chronic inflammation and oxidative stress play a vital 
role in the pathophysiology of chronic diseases such 
as obesity, cardiovascular disease, diabetes mellitus 
and several types of cancer [44]. The pharmacological 
study of PCA as a whole compound in population is 
limited. However, there are a few other studies 
conducted in a population to determine the 
bioavailability of polyphenols including PCA after the 
consumption of fruits such as berries [45] and blood 
orange juice [46]. Additionally, Vauzour and 
colleagues [47] have demonstrated the moderate 
consumption of wine may improve vascular 
performance in healthy human volunteers. The 
positive effects of wine on improving vascular 
performance may be mediated by circulating 
wine-derived polyphenols including PCA.  

Table 3 illustrates the summary of 
pharmacological activities of PCA. In oxidized 
low-density lipoprotein cholesterol (LDL-C)-induced 
insulin resistance mice model, Scazzocchio and 
colleagues [42] proposed that PCA might exert 
insulin-like activities by peroxisome 
proliferator–activated receptor-γ (PPAP𝛾𝛾) activation. 
PPARγ is a ligand activated nuclear hormone receptor 
that regulates glucose and lipid metabolism, and the 
transcription of proteins involved in glucose and fatty 
acid cellular uptake. For these reasons, PPARγ 
represents a main target for anti-diabetic drugs, such 
as thiazolidinediones (TZDs). Their findings provide 
evidence that PPAP𝛾𝛾 might play a key role in the 
activation of its transcription factors and adiponectin, 
as well as glucose transporter type 4 (GLUT4) 
up-regulations. They concluded that PCA could be 
included into the preventive/therapeutic armory 
against pathological conditions associated with 
insulin resistance, such as type 2 diabetes and obesity. 

Lin and colleagues [48] studied the streptozotocin 
induced diabetic mice where they observed the PCA 
supplement could attenuate diabetic complications 
via its triglyceride-lowering, anti-coagulatory and 
anti-inflammatory effect. PCA not only improved 
glycemic control by reducing plasma glucose, 
triglyceride and total cholesterol while increasing 
plasma insulin levels, but also inhibited plasminogen 
activator inhibitor-1 (PAI-1) and fibrinogen levels. 
Anticoagulation factors antithrombin III (AT-III) and 
protein C plasma activities were also elevated. PCA 
treatments also reduced plasma levels of C-reactive 
protein (CRP), von Willebrand factor (vWF) levels, 
interleukin (IL) -6, tumor necrosis factor (TNF) -α, and 
monocyte chemoattractant protein-1 (MCP-1) levels in 
heart and kidney. Wang and co-workers [49] 
demonstrated that PCA was able to alleviate the 
formation of atherosclerosis in the ApoE-deficient 
mouse model. They postulated that PCA possesses 
the anti-atherogenic effect partially mediated via its 
anti-inflammatory mechanism. PCA treatment 
inhibited adhesion of monocytes to TNF-α, activated 
mouse aortic endothelial cells (MAECs) and nuclear 
factor-κB (NF-κB) in vitro. The vascular cell adhesion 
molecule 1 (VCAM-1) and intercellular adhesion 
molecule 1 (ICAM-1) were also inhibited both in vitro 
and in vivo. NF-κB is a crucial transcriptional 
regulator of VCAM-1 and ICAM-1. 

In their following study, Wang and friends [50] 
observed that PCA treatment reduced CC chemokine 
receptor 2 (CCR2) protein and mRNA expression in 
the mouse peripheral blood monocytes (PBMs) while 
inhibited mouse PBMs chemokine migration toward 
CC ligand-2 (CCL2) in a Boyden chamber. In the 
ApoE-deficient mouse model, oral administration of 
PCA decreased CCR2 protein and mRNA expression 
in PBMs while reduced thioglycollate-induced 
macrophage infiltration into the abdominal cavity. 
The anti-atherogenic property of PCA was postulated 
based on the reduction of monocyte/macrophage 
infiltration, at least in part via down-regulation of 
CCR2 expression in monocytes. Harini and collegues 
[43] demonstrated that PCA has an 
anti-hyperglycemic effect, which is evidenced by 
lowered plasma glucose and glycosylated hemoglobin 
(HbAlc) level. There was an elevation in plasma 
insulin and hemoglobin (Hb) along with the increased 
in the hexokinase activity and glycogen concentration. 
Glucose 6-phosphatase and fructose 1, 6- 
bisphosphatase actitvity were declined, followed by a 
reduction in adipose tissue and normalized pancreatic 
islets. They concluded that the administration of PCA 
possesses a potential anti-hyperglycemic effect that is 
comparable to a standard drug namely as 
glibenclamide.  
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Table 3. Summary of pharmacological activities of protocatechuic acid. 

References Study Type Experimental Model Pharmacological Potential Study Outcomes 
[42] in vitro human omental and murine 

cell line 3T3-L1 adipocytes 
Antiglycemic ↑glucose uptake, ↑GLUT4 translocation, ↑adiponectin, ↑PPARγ 

activity, ↑adiponectin expressions, ↑GLUT4 expressions 
[48] in vivo Male Balb/cA mice Anti-inflammatory, 

anti-glycemic, 
anti-hyperlipidemia 

↓plasma glucose, ↑insulin levels, ↓TG, ↓TC, ↓PAI-1, ↓fibrinogen, 
↑AT-III, ↑protein C, ↓CRP, ↓vWF, ↓IL-6, ↓TNF-α, ↓MCP-1 

[49] in vitro Mouse aortic endothelial cell 
(MAEC) 

Anti-inflammatory and 
anti-atherosclerosis 
 

↓monocyte adhesion to TNF-α activated MAECs, ↓VCAM-1 
expression, ↓ICAM-1 expression, ↓NF-κB binding activity 

 in vivo apolipoprotein E 
(ApoE)-deficient mouse model 

 ↓VCAM-1 and ICAM-1 expression, ↓NF-κB activity, ↓plasma-soluble 
VCAM-1 and ICAM-1, ↓aortic sinus plaque area, ↓cholesterol 
accumulation in aortas 

[50] in vitro Isolated peripheral blood 
monocytes (PBMs) from 
ApoE-deficient mice 

Anti-inflammatory and 
anti-atherogenic 

↓CCR2 protein and mRNA expression, ↓mouse PBMs chemokine 
migration toward CCL2 

 in vivo ApoE-deficient mice  ↓CCR2 protein and mRNA expression, ↓macrophage infiltration into 
the abdominal cavity 

[43] in vivo male Wister albino rats Anti-hyperglycemic 
 

↓plasma glucose levels, ↑Hb, ↓HbA1c levels, ↑plasma insulin levels, 
↑hexokinase activity, ↑glycogen content, ↓glucose 6-phosphatase, 
↓fructose 1,6-bisphosphatase, ↓pancreas adipose tissue, normalized 
pancreatic islets within normal limit. 

[51] in vivo Male Wister albino rats Anti-hyperlipidemia ↓TC, ↓TG, ↓LDL-C, ↑HDL-C level 
[52] in vitro RAW 264.7 

 
Anti-inflammatory ↓TNF-α, ↓IL-1β, ↓NO, ↓PGE2, ↓iNOS, ↓COX-2, ↓IkB-𝛼𝛼 degradation, 

↓NF-kB phosphorylation, inhibit nuclear translocation of p65, inhibit 
p38, ERK and JNK activation in MAPK pathway. 

 in vivo Male BALB/c mice  ↓leukocyte number, ↓TNF-α, ↓IL-1β, ↓PGE2, ↓COX-2 , ↓NF-κB 
activation 

Abbreviation: AT-III, Anticoagulation Factors Antithrombin III; CCR2, CC Chemokine Receptor 2; CCL2, CC Ligand-2; COX-2, Cyclooxygenase-2; CRP, C-Reactive protein; 
FFA, Free Fatty Acids; GLUT4, Glucose Transporter Type 4; Hb, Haemoglobin; HbAlc, Glycosylated Haemoglobin; HDL-C, High-Density Lipoprotein Cholesterol; ICAM-1, 
Intercellular Adhesion Molecule 1; IL-1𝛽𝛽, Interleukin-1𝛽𝛽; IL-6, interleukin- 6; iNOS, Inducible Nitric Oxide Synthase; LDL-C, Low Density Lipoprotein Cholesterol; MCP-1, 
Monocyte Chemoattractant Protein-1; NF-κB, Nuclear Factor-κB; PAI-1, Plasminogen Activator Inhibitor-1; PGE2, Prostaglandin E2; PPARγ, Peroxisome 
Proliferator–Activated Receptor-γ; TC, Total Cholesterol; TG, Triglycerides; TNF-α, Tumor Necrosis Factor-α; VCAM-1, Vascular Cell Adhesion Molecule 1; Vwf, von 
Willebrand factor 

 
 
Borate and friends [51] conducted a study to 

determine the anti-hyperlipidemic effects of PCA on 
male Wister albino rats. In this study, they found that 
PCA are able to treat hyperlipidemia by decreasing 
the total cholesterol (TC), triglyceride (TG), low 
density lipoprotein-cholesterol (LDL-C) and 
increasing the high density lipoprotein cholesterol 
(HDL-C) at the end of the treatment. Min and 
co-workers [52] demonstrated the anti-inflammatory 
action of PCA on both in vitro and in vivo study. The 
RAW 264.7 macrophage cell line were used for the in 
vitro study where PCA decreased the 
pro-inflammatory cytokines namely TNF-α and IL-1β. 
Reduction of inflammatory mediators and enzymes, 
prostaglandin E2 (PGE2), nitrite (NO) expression, 
followed by the nitric oxide synthase (NOS) and 
cyclooxygenase-2 (COX-2) level were also reported. 
On the other hand, they also conducted a study of 
carrageenan-induced inflammation in air pouches on 
male BALB/c mice. They observed that PCA 
treatment was able to reduce levels of protein content 
and leukocyte numbers, as well as inhibited the 
expression of TNF-α, IL-1β, PGE2 and COX-2. It is 
concluded that PCA may suppress the expression of 
TNF-α, IL-β, and COX-2 by regulating NF-κB and 
MAPK activations. 

Hydroxytyrosol 
Hydroxytyrosol is a phenyl ethyl alcohol type of 

phenolic compounds. It is chemically known as 
4-(2-Hydroxyethyl)-1,2-benzenediol. It is widely 
found in the natural plants such as palm oil (Elaeis 
guineensis) [53] and olives (Olea europaea) [35, 54]. It 
can exist mainly as acetate, secoiridoid derivatives or 
free form [55]. It also obtains by biosynthesis from 
oleuropein occurred under aerobic and anaerobic 
conditions by using lactic acid bacteria [56]. 
Hydroxytyrosol is one of the phenolic compounds 
which can be found in olive oil. A few studies 
demonstrated the pharmacological potentials of olive 
oils including as a potential “natural adjuvant” in 
combination with chemotherapy treatment [57], 
inhibit enzymes associated with neurodegenerative 
disorders [58] and antidiabetic effects [29]. On the 
other hand, several studies have reported that 
hydroxytyrosol and its derivatives have antioxidant, 
anti-inflammatory and antimicrobial effects [55]. 
Recent studies have shown that it can also benefit 
from reducing the risk of cardiovascular disease, 
cancer and neurodegenerative disorders [59-61].  

Table 3 illustrates the summary of 
pharmacological activities of hydroxytyrosol. 
Cardiovascular disease associated with some risk 
factors including high blood concentrations of TC, TG 
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and homocysteine, low HDL-C, hypertension, 
diabetes, and obesity [60]. The ability of 
hydroxytyrosol to improve lipid profile, reduce lipid 
oxidative damage and reduce blood pressure 
highlight the potential of this compound to reduce 
cardiovascular event risk [62, 63]. Hydroxytyrosol 
also possess a favorable effect on platelet function by 
inhibiting the production of eicosanoids and platelet 
aggregation, thus further improving cardiovascular 
event risk [64]. Based on the findings from the 
hyperlipidemic rabbit model, hydroxytyrosol is 
postulated to enhance the antioxidant status and 
reduced the size of atherosclerotic injuries [65]. 

Several studies demonstrated that polyphenols 
might have a potential effect against cancer. 
Hydroxytyrosol, one of the polyphenols has recently 
received particular attention to counteract the all 
cancer because of its antioxidant, anti-inflammatory, 
anti-proliferative and proapoptotic activities [66]. 
Phenolic compounds have high antioxidant activity 
and have been studied extensively as anti-tumor 
agent by inhibiting the proliferation of cancer cells 
and promoting apoptosis [59, 67]. Chronic 
inflammation and tumor growth are inter-correlated 
to induce the proliferation of cancer cells. The study 
showed that the inflammation contributes to 15–20% 
of all cancers [68]. Hydroxytyrosol has 
anti-inflammatory activity that demonstrates to its 
potential anti-carcinogenic activity. Indeed, 
hydroxytyrosol inhibits the transcription of the 
enzymes COX-2 and 5-lipooxygenase, reducing the 
prostaglandin E2 synthesis. This condition can 
prevent the cancer development [69]. Besides 
antioxidant and anti-inflammatory abilities of 
hydroxytyrosol and other polyphenols, numerous 
studies in the literature has suggested the anticancer 

effects of these compounds through the activation of 
molecular signaling pathways resulting in the 
inhibition of tumor cell proliferation and leading to 
cell apoptosis [70].  

Oxidative and nitrosative stress can break the 
function and integrity of brain tissue. Dietary 
hydroxytyrosol intake may have neuroprotective 
effects against neurodegenerative diseases. The recent 
finding conducted by Wu et al. [71] demonstrated that 
hydroxytyrosol could cross the blood-brain barrier 
which can be the reason of this compound able to 
inhibit neuronal diseases. In this study, acteoside was 
metabolized immediately into hydroxytyrosol after 
intravenous administration. Hydroxytyrosol was 
found both in blood and brain and existed as an 
unchanged compound in vivo [71]. Schaffer et al. [72] 
conducted a study to determine the efficacy of 
hydroxytyrosol-rich extract in diminishing 
NO-induced cytotoxicity in murine-dissociated brain 
cells. The findings indicated that this phenolic extract 
could improve the cytoprotection of brain cells due to 
severe loss of cellular ATP and the depolarization in 
mitochondrial membrane [72]. Hydroxytyrosol is a 
primary degradation product of oleuropein. 
Oleuropein possess neuroprotective activity by 
forming noncovalent complexes with beta-amyloid 
peptide, which is a protein component of senile 
plaques. This protein is formed in several 
neurodegenerative diseases [73]. Another study by 
Gonzalez-Correa and colleagues [61] investigated in a 
model of hypoxia reoxygenation in rat brain slices to 
determine the possible neuroprotective effect of 
hydroxytyrosol. The study showed that 
hydroxytyrosol inhibited LDH (brain cell death 
marker) significantly which may have potential 
effects on neurodegenerative diseases. 

 

Table 4. Summary of pharmacological activities of hydroxytyrosol. 

References Study Type Experimental Model Pharmacological Potential Study Outcomes 
[65] in vivo Hyperlipidemic rabbits Cardioprotective effects ↓TC, ↓TG, ↑HDL-C,  

↓atherosclerotic lesions, ↑antioxidant status 
[63] RCT human study 200 healthy male Cardioprotective effects ↓TC, ↑HDL-C, ↓TG, ↓LDL-C, ↑oxidative stress market levels 
[70] in vitro MCF-7 human 

breast cancer cells 
Anticancer effects ↓cell viability, ↓cell number, ↑cell apoptosis, significant block 

of G1 to S phase transition manifested by the increase of cell 
number in G0/G1 phase. 

[74] in vitro HL60 human promyelocyticleukemia 
cells, and colon adenocarcinoma cells 
HT29 and HT29 clone 19A. 

Anticancer effects ↑apoptosis in HL60 cells 
Arrested the cells in the G0/G1 phase with a concomitant 
decrease in the cell percentage in the S and G2/M phases. 

[59] in vitro MCF-7 human 
breast cancer cells 

Anticancer effects ↓number of MCF-7 cells 
arrest in the G0/G1 phase, ↓expression peptidyl prolyl 
cis-trans isomerase Pin1, ↓G1 key protein level, ↓Cyclin D1 
level, ↑C-jun level 

[67] in vitro MCF-7 human 
breast cancer cells 

Anticancer effects Inhibited proliferation of MCF-7 cells 

[72] in vitro PC12cells Neuroprotective effects Possess cytoprotective effects  
 

 ex vivo Mice   
[61] in vivo Hypoxia–reoxygenation in rat Neuroprotective effects ↓LDH efflux 
Abbreviation: HDL-C, High-Density Lipoprotein Cholesterol; LDH, Lactate dehydrogenase; LDL-C, Low-Density Lipoprotein Cholesterol; TC, Total Cholesterol; TG, 
Triglyceride 
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Conclusion 
Each individual components of OPP have 

unique pharmacological potential in the prevention 
and treatment of various diseases such as 
neuroprotection, anti-cancer, cardioprotection and 
hypolipidemic effects. Single or in combination of all 
three phenolic acids into one OPP liquor would 
produce high pharmacological potential OPP liquor 
for the nutraceutical and pharmaceutical market. OPP 
extracted from bio-wastes of oil palm industry would 
provide an opportunity to transform a biowaste 
burden into a range of potential applications for 
health and wellness. This will realize the full potential 
of oil palm fruit, increasing its commercial output, 
reducing its wastage and negative environmental 
footprints as well as contributing towards significant 
cost-saving measure of the national healthcare 
budget. 

Abbreviations 
3-O-CFA: 3-O-caffeoylshikimic acid; 4-O-CFA: 

4-O-caffeoylshikimic acid; 5-O-CFA: 
5-O-caffeoylshikimic acid; AA: Acetic acid; AT-III: 
Anticoagulation factors antithrombin III; C. Albicans: 
Candida albicans; CA: Caffeic acid; CCR2: CC 
chemokine receptor 2; CCL2: CC ligand-2; CFA: 
Caffeoylshikimic acid; COX-2: Cyclooxygenase-2; 
CRP: C-reactive protein; DCFH-DA: 
2′,7′-dichlorohy-drofluorescein diacetate; EFB: Empty 
fruit branches; ERK: Extracellular signal-regulated 
kinase; FFA: Free Fatty Acids; GLUT4: Glucose 
transporter type 4; Hb: Haemoglobin; HbAlc: 
Glycosylated Haemoglobin; HDL-C: High-density 
lipoprotein cholesterol; HO: Hydroxyl radical; 
ICAM-1: Intercellular adhesion molecule 1; IL: 
Interleukin; iNOS: Inducible nitric oxide synthase; 
LDH: Lactate dehydrogenase; LDL-C: Low density 
lipoprotein cholesterol; L. Mesenteroides: 
Leuconostocmesenteroides; MAECs: Mouse aortic 
endothelial cells; MAPK: Mitogen-activated protein 
kinas; MCP-1: Monocyte Chemoattractant Protein-1; 
MDA: Malondiadehyde; MPO: Myeloperoxidase; 
NF-kb: Nuclear factor-κB; NO: Nitric oxide; NOS: 
Nitric oxide synthase; OPP: Oil palm phenolics; PAI-1: 
Plasminogen activator inhibitor-1; PBMs: Peripheral 
blood manocytes (PBMs); PCA: Protocatechuic acid; 
PGE2: Prostaglandin E2; PHBA: p-hydroxybenzoic 
acid; POME: Palm oil mill effluent; PPARγ: 
Peroxisome proliferator–activated receptor-γ; RS: 
reactive species; S. Aureus: Staphylococcus aureus; S. 
Cerevisiae: Saccharomyces cerevisiae; SA: Shikimic acid; 
SOD: Superoxide dismutase; SRB: Sulforhodamine B; 
STZ-diabetic: Streptozotocin-diabetic; TBARS: 
Thiobarbituric acid reactive species; TC: Total 

Cholesterol; TG: Triglycerides; TNF: Tumor Necrosis 
Factor; TRAP: Total reactive antioxidant potential; 
TZDs: Thiazolidinediones; VCAM-1: Vascular cell 
adhesion molecule 1; Vwf: Von willebrand factor. 

Acknowledgement 
S-B.S-N., M.S.Z. and S.U.A. performed literature 

search and drafted the manuscript; S.F. and I.N-M. 
provided critical review for the manuscript; I.N-M. 
gave final approval for the publication of this 
manuscript. 

Funding 
This work was supported by the Malaysian Palm 

Oil Board (MPOB) and Universiti Kebangsaan 
Malaysia (UKM) for the financial support via 
Research Grant (FF-2016-396). 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Edem DO. Palm oil: biochemical, physiological, nutritional, hematological, 

and toxicological aspects: a review. Plant Foods Hum Nutr. 2002; 57: 319-41.  
2. Teoh CH. Key sustainability issues in the palm oil sector. A discussion paper 

for multi-stakeholders consultations (Commissioned by the World Bank 
Group). 2010. 

3. Basiron Y, Weng CK. The oil palm and its sustainability. Journal of Oil Palm 
Research. 2004; 16: 1-10. 

4. Yusoff S. Renewable energy from palm oil–innovation on effective utilization 
of waste. J Clean Prod. 2006; 14: 87-93.  

5. Patten GS, Abeywardena MY, Sundram K, Tan YA, Sambanthamurthi R. 
Effect of oil palm phenolics on gastrointestinal transit, contractility and 
motility in the rat. J Funct Foods. 2015; 17: 928-37.  

6. Sambanthamurthi R, Tan Y, Sundram K, Abeywardena M, Sambandan TG, 
Rha C, et al. Oil palm vegetation liquor: a new source of phenolic bioactives. Br 
J Nutr. 2011; 106: 1655-63.  

7. Sambanthamurthi R, Sundram K, Tan Y. From biowaste to bioproducts: 
phenolic antioxidants from oil palm waste. Proceedings of the 23rd 
International Conference on Polyphenols. Canada: University of Manitoba, 
Winnipeg; 2006.  

8. Sambanthamurthi R, Tan Y, Sundram K, Hayes KC, Abeywardena M, Leow 
SS, et al. Positive outcomes of oil palm phenolics on degenerative diseases in 
animal models. Br J Nutr. 2011; 106: 1664-75.  

9. Sambanthamurthi R, Tan YA, Sundram K. Treatment of vegetation liquors 
derived from oil-bearing fruit. Google Patents; 2009. 

10. Sambanthamurthi R, Tan YA, Wan SWO, Jabariah MA, Tg S, Yang MF, et al. 
Isolation of novel bioactive compound obtained from oil palm base materials. 
Google Patents; 2015. 

11. Sundram K, Sambanthamurthi R, Tan YA. Palm fruit chemistry and nutrition. 
Asia Pac J Clin Nutr. 2003; 12: 355-62.  

12.  Leow SS, Sekaran SD, Tan Y, Sundram K, Sambanthamurthi R. Oil palm 
phenolics confer neuroprotective effects involving cognitive and motor 
functions in mice. Nutr Neurosci. 2013; 16: 207-17.  

13. Che Idris CA, Karupaiah T, Sundram K, Tan YA, Balasundram N, Leow SS, et 
al. Oil palm phenolics and vitamin E reduce atherosclerosis in rabbits. J Funct 
Foods. 2014; 7: 541-50.  

14. Ji X, Usman A, Razalli NH, Sambanthamurthi R, Gupta SV. Oil palm phenolics 
(OPP) inhibit pancreatic cancer cell proliferation via suppression of 
NF-kappaB pathway. Anticancer Res. 2015; 35: 97-106.  

15. Wu Y, Srirajavatsavai V, Monplaisir K, Sambanthamurthi R, Gupta S. The in 
vivo effect of oil palm phenolics (OPP) in atherogenic diet induced rat model 
of Alzheimer's Disease (AD). FASEB J. 2016; 30: 692.21. 

16. Sambandan TG, Rha CK, Sinskey AJ, Sambanthamurthi R, Tan YA, Manickam 
KSP, et al. Composition comprising caffeoylshikimic acids, protocatechuic 
acid, hydroxytyrosol, hydroxybenzoic acid and their derivatives and method 
of preparation thereof. Google Patents; 2012. 

17. Maier VP, Metzler DM, Huber AF. 3-O-Caffeoylshikimic acid (dactylifric acid) 
and its isomers, a new class of enzymic browning substrates. Biochem Biophys 
Res Commun. 1964; 14: 124-8.  



Int. J. Med. Sci. 2019, Vol. 16 

 
http://www.medsci.org 

718 

18. Sambanthamurthi R, Rha C, Sinskey AJ, Sambandan TG, Ai TW, Wahid MB. 
Oil palm phenolics as a source of shikimic acid - an MPOB and MIT 
collaboration. Malaysian Palm Oil Board (MPOB); 2010. 

19. Yin MEET, Zairey BINMZM, Ross AD, Bee KN, Huey FT, Amiron BEM, et al. 
A method for isolating shikimic acid from oil palm waste. Google Patents; 
2014.  

20. Bochkov DV, Sysolyatin SV, Kalashnikov AI, Surmacheva IA. Shikimic acid: 
review of its analytical, isolation, and purification techniques from plant and 
microbial sources. J Chem Biol. 2012; 5: 5-17.  

21. Borah JC. Shikimic acid: a highly prospective molecule in pharmaceutical 
industry. Curr Sci 2015; 109: 1672-9.  

22. Rawat G, Tripathi P, Jahan F, Saxena RK. A natural isolate producing shikimic 
acid: isolation, identification, and culture condition optimization. Appl 
Biochem Biotechnol. 2013; 169: 2290-302.  

23. Rabelo TK, Zeidan-Chulia F, Caregnato FF, Schnorr CE, Gasparotto J, Serafini 
MR, et al. In vitro neuroprotective effect of shikimic acid against hydrogen 
peroxide-induced oxidative stress. J Mol Neurosci. 2015; 56: 956-65.  

24. Rabelo TK, Guimaraes AG, Oliveira MA, Gasparotto J, Serafini MR, de Souza 
Araujo AA, et al. Shikimic acid inhibits LPS-induced cellular 
pro-inflammatory cytokines and attenuates mechanical hyperalgesia in mice. 
Int Immunopharmacol. 2016; 39: 97-105.  

25. Veach D, Hosking H, Thompson K, Santhakumar AB. Anti-platelet and 
anti-thrombogenic effects of shikimic acid in sedentary population. Food 
Funct. 2016; 7: 3609-16.  

26. Park J, Lee B, Choi H, Kim W, Kim HJ, Cheong H. Antithrombosis activity of 
protocatechuic and shikimic acids from functional plant Pinus densiflora Sieb. 
et Zucc needles. J Nat Med. 2016; 70: 492-501.  

27. Xing JF, Sun JN, Sun JY, Hu SS, Guo CN, Wang ML, et al. Protective effect of 
shikimic acid on acetic acid induced colitis in rats. J Med Plant Res. 2012; 6: 
2011-8.  

28. Khadem S, Marles RJ. Monocyclic phenolic acids; hydroxy- and 
polyhydroxybenzoic acids: occurrence and recent bioactivity studies. 
Molecules. 2010; 15: 7985-8005.  

29. Figueiredo-González M, Reboredo-Rodríguez P, González-Barreiro C, 
Simal-Gándara J, Valentão P, Carrasco-Pancorbo A, et al. Evaluation of the 
neuroprotective and antidiabetic potential of phenol-rich extracts from virgin 
olive oils by in vitro assays. Food Res Int. 2018; 106: 558-67.  

30. Manuja R, Sachdeva S, Jain A, Chaudhary J. A comprehensive review on 
biological activities of p-hydroxy benzoic acid and its derivatives. Int J Pharm 
Sci Rev Res. 2013; 22: 109-15.  

31. Soni MG, Carabin IG, Burdock GA. Safety assessment of esters of 
p-hydroxybenzoic acid (parabens). Food Chem Toxicol. 2005; 43: 985-1015.  

32. Peungvicha P, Temsiririrkkul R, Prasain JK, Tezuka Y, Kadota S, 
Thirawarapan SS, et al. 4-Hydroxybenzoic acid: a hypoglycemic constituent of 
aqueous extract of Pandanus odorus root. J Ethnopharmacol. 1998; 62: 79-84.  

33. Peungvicha P, Thirawarapan SS, Watanabe H. Possible mechanism of 
hypoglycemic effect of 4-hydroxybenzoic acid, a constituent of Pandanus 
odorus root. Jpn J Pharmacol. 1998; 78: 395-8.  

34. Cho JY, Moon JH, Seong KY, Park KH. Antimicrobial activity of 
4-Hydroxybenzoic acid and trans 4-Hydroxycinnamic acid isolated and 
identified from rice hull. Biosci Biotechnol Biochem. 1998; 62: 2273-6.  

35. Masella R, Cantafora A, Modesti D, Cardilli A, Gennaro L, Bocca A, et al. 
Antioxidant activity of 3,4-DHPEA-EA and protocatechuic acid: a comparative 
assessment with other olive oil biophenols. Redox rep. 1999; 4: 113-21.  

36. Li P, Wang XQ, Wang HZ, Wu YN. High performance liquid chromatographic 
determination of phenolic acids in fruits and vegetables. Biomed Environ Sci. 
1993; 6: 389-98.  

37. Ali BH, Al Wabel N, Blunden G. Phytochemical, pharmacological and 
toxicological aspects of Hibiscus sabdariffa L.: a review. Phytother Res. 2005; 
19: 369-75.  

38. Pacheco-Palencia LA, Mertens-Talcott S, Talcott ST. Chemical composition, 
antioxidant properties, and thermal stability of a phytochemical enriched oil 
from Acai (Euterpe oleracea Mart.). J Agric Food Chem. 2008; 56: 4631-6.  

39. Li X, Wang X, Chen D, Chen S. Antioxidant activity and mechanism of 
protocatechuic acid in vitro. Functional Foods in Health and Disease. 2011; 1: 
232-44.  

40. Tanaka T, Tanaka T, Tanaka M. Potential cancer chemopreventive activity of 
protocatechuic acid. J Exp Clin Med. 2011; 3: 27-33.  

41. Lende AB, Kshirsagar AD, Deshpande AD, Muley MM, Patil RR, Bafna PA, et 
al. Anti-inflammatory and analgesic activity of protocatechuic acid in rats and 
mice. Inflammopharmacology. 2011; 19: 255-63.  

42. Scazzocchio B, Vari R, Filesi C, D'Archivio M, Santangelo C, Giovannini C, et 
al. Cyanidin-3-O-beta-glucoside and protocatechuic acid exert insulin-like 
effects by upregulating PPARgamma activity in human omental adipocytes. 
Diabetes. 2011; 60: 2234-44.  

43. Harini R, Pugalendi KV. Antihyperglycemic effect of protocatechuic acid on 
streptozotocin-diabetic rats. J Basic Clin Physiol Pharmacol. 2010; 21: 79-91.  

44. Semaming Y, Pannengpetch P, Chattipakorn SC, Chattipakorn N. 
Pharmacological properties of protocatechuic acid and its potential roles as 
complementary medicine. Evid Based Complement Alternat Med. 2015; 1-11.  

45. Koli R, Erlund I, Jula A, Marniemi J, Mattila P, Alfthan G. Bioavailability of 
various polyphenols from a diet containing moderate amounts of berries. J 
Agric Food Chem. 2010; 58: 3927-32.  

46. Vitaglione P, Donnarumma G, Napolitano A, Galvano F, Gallo A, Scalfi L, et 
al. Protocatechuic acid is the major human metabolite of cyanidin-glucosides. J 
Nutr. 2007; 137: 2043-8.  

47. Vauzour D, Houseman EJ, George TW, Corona G, Garnotel R, Jackson KG, et 
al. Moderate champagne consumption promotes an acute improvement in 
acute endothelial-independent vascular function in healthy human volunteers. 
Br J Nutr. 2010; 103: 1168-78.  

48. Lin CY, Huang CS, Huang CY, Yin MC. Anticoagulatory, antiinflammatory, 
and antioxidative effects of protocatechuic acid in diabetic mice. J Agric Food 
Chem. 2009; 57: 6661-7.  

49. Wang D, Wei X, Yan X, Jin T, Ling W. Protocatechuic acid, a metabolite of 
anthocyanins, inhibits monocyte adhesion and reduces atherosclerosis in 
apolipoprotein E-deficient mice. J Agric Food Chem. 2010; 58: 12722-8.  

50. Wang D, Zou T, Yang Y, Yan X, Ling W. Cyanidin-3-O-beta-glucoside with the 
aid of its metabolite protocatechuic acid, reduces monocyte infiltration in 
apolipoprotein E-deficient mice. Biochem Pharmacol. 2011; 82: 713-9.  

51. Borate AR, Suralkar AA, Birje SS, Malusare PV, Bangale PA. 
Antihyperlipidemic effect of protocatechuic acid in fructose induced 
hyperlipidemia in rats. Int J Pharma Bio Sci. 2011; 2: 456-460.  

52. Min SW, Ryu SN, Kim DH. Anti-inflammatory effects of black rice, 
cyanidin-3-O-beta-D-glycoside, and its metabolites, cyanidin and 
protocatechuic acid. Int Immunopharmacol. 2010; 10: 959-66.  

53. Sambandan TG, Rha CK, Sinskey AJ, Sambanthamurthi R, Tan YA, Manickam 
KSP, et al. Composition comprising caffeoylshikimic acids, protocatechuic 
acid, hydroxytyrosol, hydroxybenzoic acid and their derivatives and method 
of preparation thereof. Google Patents; 2010.  

54. Reboredo-Rodriguez P, Rey-Salgueiro L, Regueiro J, Gonzalez-Barreiro C, 
Cancho-Grande B, Simal-Gandara J. Ultrasound-assisted 
emulsification-microextraction for the determination of phenolic compounds 
in olive oils. Food Chem. 2014; 150: 128-36.  

55. Mateos R, Espartero JL, Trujillo M, Rios JJ, Leon-Camacho M, Alcudia F, et al. 
Determination of phenols, flavones, and lignans in virgin olive oils by 
solid-phase extraction and high-performance liquid chromatography with 
diode array ultraviolet detection. J Agric Food Chem. 2001; 49: 2185-92.  

56. Santos MM, Piccirillo C, Castro PM, Kalogerakis N, Pintado ME. 
Bioconversion of oleuropein to hydroxytyrosol by lactic acid bacteria. World J 
Microbiol Biotechnol. 2012; 28: 2435-40.  

57. Reboredo-Rodriguez P, Gonzalez-Barreiro C, Cancho-Grande B, 
Forbes-Hernandez TY, Gasparrini M, Afrin S, et al. Characterization of 
phenolic extracts from Brava extra virgin olive oils and their cytotoxic effects 
on MCF-7 breast cancer cells. Food Chem Toxicol. 2018; 119: 73-85.  

58. Figueiredo-Gonzalez M, Reboredo-Rodriguez P, Gonzalez-Barreiro C, 
Carrasco-Pancorbo A. Nutraceutical potential of phenolics from 'Brava' and 
'Mansa' extra-virgin olive oils on the inhibition of enzymes associated to 
neurodegenerative disorders in comparison with those of 'Picual' and 
'Cornicabra'. Molecules. 2018; 23: 722.  

59. Bouallagui Z, Han J, Isoda H, Sayadi S. Hydroxytyrosol rich extract from olive 
leaves modulates cell cycle progression in MCF-7 human breast cancer cells. 
Food Chem Toxicol. 2011; 49: 179-84.  

60. Lusis AJ, Fogelman AM, Fonarow GC. Genetic basis of atherosclerosis: part I: 
new genes and pathways. Circulation. 2004; 110: 1868-73.  

61. Gonzalez-Correa JA, Navas MD, Lopez-Villodres JA, Trujillo M, Espartero JL, 
De La Cruz JP. Neuroprotective effect of hydroxytyrosol and hydroxytyrosol 
acetate in rat brain slices subjected to hypoxia-reoxygenation. Neurosci Lett. 
2008; 446: 143-146.  

62. Fernández-Mar MI, Mateos R, García-Parrilla MC, Puertas B, Cantos-Villar E. 
Bioactive compounds in wine: resveratrol, hydroxytyrosol and melatonin: a 
review. Food Chem. 2012; 130: 797-813.  

63. Covas MI, Nyyssonen K, Poulsen HE, Kaikkonen J, Zunft HJ, Kiesewetter H, 
et al. The effect of polyphenols in olive oil on heart disease risk factors: a 
randomized trial. Ann Intern Med. 2006; 145: 333-41.  

64. Dell'Agli M, Maschi O, Galli GV, Fagnani R, Dal Cero E, Caruso D, et al. 
Inhibition of platelet aggregation by olive oil phenols via 
cAMP-phosphodiesterase. Br J Nutr. 2008; 99: 945-51.  

65. Gonzalez-Santiago M, Martin-Bautista E, Carrero JJ, Fonolla J, Baro L, 
Bartolome MV, et al. One-month administration of hydroxytyrosol, a phenolic 
antioxidant present in olive oil, to hyperlipemic rabbits improves blood lipid 
profile, antioxidant status and reduces atherosclerosis development. 
Atherosclerosis. 2006; 188: 35-42.  

66. Casaburi I, Puoci F, Chimento A, Sirianni R, Ruggiero C, Avena P, et al. 
Potential of olive oil phenols as chemopreventive and therapeutic agents 
against cancer: a review of in vitro studies. Mol Nutr Food Res. 2013; 57: 71-83.  

67. Sirianni R, Chimento A, De Luca A, Casaburi I, Rizza P, Onofrio A, et al. 
Oleuropein and hydroxytyrosol inhibit MCF-7 breast cancer cell proliferation 
interfering with ERK1/2 activation. Mol Nutr Food Res. 2010; 54: 833-40.  

68. Marx J. Inflammation and cancer: the link grows stronger. Science. 2004; 306: 
966-968. 

69. Cornwell DG, Ma J. Nutritional benefit of olive oil: the biological effects of 
hydroxytyrosol and its arylating quinone adducts. J Agric Food Chem. 2008; 
56: 8774-86.  

70. Han J, Talorete TP, Yamada P, Isoda H. Anti-proliferative and apoptotic effects 
of oleuropein and hydroxytyrosol on human breast cancer MCF-7 cells. 
Cytotechnology. 2009; 59: 45-53.  

71. Wu YT, Lin LC, Tsai TH. Measurement of free hydroxytyrosol in 
microdialysates from blood and brain of anesthetized rats by liquid 



Int. J. Med. Sci. 2019, Vol. 16 

 
http://www.medsci.org 

719 

chromatography with fluorescence detection. J Chromatogr A. 2009; 1216: 
3501-3507.  

72. Schaffer S, Podstawa M, Visioli F, Bogani P, Muller WE, Eckert GP. 
Hydroxytyrosol-rich olive mill wastewater extract protects brain cells in vitro 
and ex vivo. J Agric Food Chem. 2007; 55: 5043-5049.  

73. Bazoti FN, Bergquist J, Markides KE, Tsarbopoulos A. Noncovalent interaction 
between amyloid-beta-peptide (1-40) and oleuropein studied by electrospray 
ionization mass spectrometry. J Am Soc Mass Spectrom. 2006; 17: 568-75.  

74. Fabiani R, De Bartolomeo A, Rosignoli P, Servili M, GF Montedoro, Morozzi 
G. Cancer chemoprevention by hydroxytyrosol isolated from virgin olive oil 
through G1 cell cycle arrest and apoptosis. Eur J Cancer Prev. 2002; 11: 
351-358.  

 


