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FOREWORD
For centuries, humans have considered food only as an “energy” source for survival.
Clarification of nutritional relevant components, as protein, fat, carbohydrates, minerals and
vitamins, was determinant to understand metabolic needs, and to adjust consumption patterns.
However, this oversimplified definition of food resulted in processed foods composed by
mixtures of ingredients rich in these components, while diet is increasingly claimed as being
responsible for the most common diseases of modern society: cardiovascular diseases,
obesity, and cancer.
When we look upon food from this simplified perspective, it is as if we are regarding food
without its “soul”. Indeed, although being difficult to demonstrate causality between food and
health, there is now appreciable epidemiologic evidence for the protective role of diets rich in
fruits and vegetables, being the Mediterranean diet an interesting example. These foods have
thousands of components without nutritional essentiality that have been neglected. The
interest in these components has increased tremendously in the last two decades, seeking to
identify the dietary bioactive components (i.e., those that have a measurable impact on human
health), their amounts, and availability. Simultaneously, it is also becoming clear that each
one of these components has different effects and potencies when ingested alone or when
taking its part in the complex network of molecules present in whole foods. These are
amazing days for food scientists because we are closer to understand these bioactive
compounds, while the consumer is following closely scientific advances, being increasingly
interested in the health properties of foods.
The editors took an enormous and successful effort to assemble a huge variety of knowledge
on different natural bioactive components in foods, bringing together experts working in
different fields of food composition and health. This first issue was written to provide readers
a comprehensive review of bioactive constituents in fruits from different parts of the world.
This assembled knowledge allows the reader to attribute a “health-value” to these foods in a
more clear way, understand the care needed to preserve their bioactivity, while also adding
value to fruits residues (peels, pulp, seeds, and stones) that are frequently neglected by
industry. Therefore, this book is designed for food scientists, nutritionists, pharmaceuticals,
physicians, food industrials, as well as for health-conscious consumers. More similar
comprehensive reviews on other natural food products will be certainly welcomed by readers.

José Alberto Pereira
Mountain Research Centre (CIMO)
School of Agriculture

ii

Polytechnic Institute of Bragança
Portugal
&
Susana Casal
REQUIMTE / Bromatology Service
Faculty of Pharmacy
University of Porto
Portugal

iii

PREFACE
Plants have been widely used as food and medicines, since they provide, not only essential
nutrients required for human life, but also other bioactive compounds which play important
roles in health promotion and disease prevention, commonly known as phytochemicals.
Moreover, in the recent years, the impact of lifestyle and dietary choices for human health has
increased the interest in fruits and vegetables, as well as in foods enriched with bioactive
compounds and nutraceuticals. In fact, epidemiological studies have consistently shown that
the Mediterranean diet, characterized by the daily consumption of fruits and vegetables, is
strongly associated with reduced risk of developing a wide range of chronic diseases, such as
cancer, diabetes, neurodegenerative and cardiovascular diseases.
Phytochemicals are secondary metabolites present in fruits and vegetables in low
concentrations that have been hypothesized to reduce the risk of several pathological
conditions. There are thousands of dietary phytochemicals, namely flavonoids, phenolic acids,
glucosinolates, terpenes, alkaloids, between many other classes of compounds, which present
different bioactivities, such as antioxidant, antimutagenic, anticarcinogenic, antimicrobial,
anti-inflammatory, hypocholesterolemic, K\SRJO\FHPLF and other clinically relevant activities.
The evidence suggests that the health benefits of consuming fruits and vegetables are
attributed to the additive and synergistic interactions between these phytocomponents.
Therefore, nutrients and bioactive compounds present in fruits and vegetables should be
preferred instead of unnatural and expensive dietary supplements.
In this ebook, we provide an overview about the different classes of phytochemicals
commonly found in fruits and vegetables, highlighting their chemical structures, occurrence
in fruits and vegetables, biological importance and mechanisms of action. 3DUW , is
particularly focused on Mediterranean and Tropical fruits.

Luís Rodrigues da Silva & Branca Silva
CICS – UBI – Health Sciences Research Centre
University of Beira Interior
Portugal
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CHAPTER 4

Stone Fruits as a Source of Bioactive Compounds
Juliana Vinholes1,*, Daniel Pens Gelain2, Márcia Vizzotto1,*
1

Embrapa Temperate Agriculture, Pelotas, Brazil

2

Center of Oxidative Stress Research, Department of Biochemistry, Federal University of Rio
Grande do Sul, Porto Alegre, Brazil

Abstract: Fruits constitute one of the most important sources of phytochemicals in
human diet. Stone fruits, such as peaches, plums, almonds, apricots and cherries have
been investigated concerning their therapeutic effects in the prevention of a range of
diseases. The consumption of these fruits is related with the lower prevalence of
diabetes, overweight or general obesity, lower risk for estrogen receptor-negative
tumors and cardiovascular protection among others. Phenolic compounds,
predominantly flavonoids and phenolic acids, are the main phytochemicals in stone
fruits. Considering the importance of stone fruits as a source of biologically active
compounds the present chapter aims to provide the current findings in this field and the
main implications to human health associated with its consumption.

Keywords: Almond, Anticancer, Antidiabetic, Antiinflammatory, Antioxidant,
Apricot, Bioactive Compounds, Cardiovascular protection, Cherry, Flavonoids,
Nectarine, Obesity, Peach, Phenolic acids, Phenolic compounds, Plum, Prunus,
Stone fruits.
INTRODUCTION
Different studies have demonstrated that a diet rich in fruits and vegetables may
decrease the risk of diabetes, cancer, cardiovascular and neurodegenerative diseases (i.e. Alzheimer and Parkinson) [1 - 4]. This beneficial effect is associated to
*
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the nutrients they contain such as fibers, minerals, vitamins and the presence of
phytochemicals. Phytochemicals are secondary metabolites produced by plants, in
relatively small amounts, where they are responsible for a variety of functions.
The ecological role of secondary metabolites production can be related to the
potential medicinal effect observed in humans. For example, secondary
metabolites in plant defense through cytotoxicity towards microbial pathogens
could be useful as antimicrobial drugs in humans, if not very toxic [5].
Phytochemicals compounds have been extensively investigated since they possess
a range of activities, which may be involved in the protection against chronic
diseases (Fig. 1). They may also regulate inflammatory and immune responses,
inhibit cancer cell proliferation, and protect cells against oxidative damages,
caused by free radicals and reactive oxygen species, to macromolecules such as
lipids, proteins, and DNA [6]. Examples of phytochemicals present in fruits are
phenolic, terpenoids, alkaloids and organosulfur compounds.

$QWLFDQFHU

5HGXFWLRQRQ
,QÀDPPDWLRQ

&HOOSUROLIHUDWLRQ
$QJLRJHQHVLV
$QWLR[LGDQW
$QWLWKURPERWLF
&KROHVWHURO
/HXNRF\WHLPPRELOL]DWLRQ
&\FORR[\JHQDVH
/LSRR[\JHQDVH
*OXFRVLGDVH

5HGXFWLRQLQ
&DUGLRYDVFXODUGLVHDVHV
5HGXFWLRQRQ
2EHVLW\DQG
'LDEHWHV

Fig. (1). Relation of phytochemicals actions on different diseases (adapted from [7]).

Stone fruits, also known as drupes, are trees and shrubs members of Prunus genus.
Peaches (Prunus persica (L.) Batsch), nectarines (P. persica, var. nectarine),
European plum (P. domestica L.), Japanese plum (P. salicina), apricot (P.
armeniaca L.), mume or Japanese apricot (P. mume), sweet cherry (P. avium),
sour cherry (P. cerasus) and almond (P. amygdalus) are examples of stone fruits
with economical interest and are highly consumed worldwide [8]. Good
nutritional properties are described for these fruits which are also a good source of
phytochemicals affording considerable amounts of bioactive phenolic compounds,
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mainly flavonoids and phenolic acids.
In the last years, the consumption of fruits has been investigated in different
epidemiological studies. Stone fruits consumption was correlated with lower
prevalence of diabetes and obesity [9 - 11], cardiovascular protection [12 - 17]
and inversely associated with estrogen receptor-negative (ER−) breast cancer
[18, 19] and risk of esophageal squamous carcinomas [20]. Moreover, in vivo and
in vitro studies with stone fruits, their extracts, purified fractions and their
phytochemicals have been related with these epidemiological evidences on
chronic diseases. Considering these facts, we intend to present in this chapter
recent research, mostly from the past 10 years, related with epidemiological
evidences of the consumption of stones fruits and their health benefits as well as
the relationship between these effects and the phytochemicals, mainly phenolic
compounds, present in these matrices.
Stone Fruits Bioactive Compounds
Stone fruits can provide different bioactive phytochemicals such as terpenoids,
mainly carotenoids, tocopherols and phenolic compounds. In this chapter greater
attention will be given to phenolic compounds, since these are the most abundant
compounds found in stone fruits. Nevertheless, stone fruits carotenoids and
tocopherols, their amounts and their role to human health will be briefly
commented.
Carotenoids
Carotenoids are C40 terpenoids pigments present in all stone fruits. The
carotenoids α- and β-carotene, capsantine, β-cryptoxanthin, lycopene, lutein and
zeaxantin, have been reported [21 - 24]. However, there is a large variation on the
amounts of these compounds that is dependent of the specie and variety studied.
Apricots is the most abundant stone fruit concerning carotenoids with 151216500 µg/100g of fresh weight, followed by peaches (up to 1160 µg/100g of fresh
weight), plums (231 µg/100g of fresh weight), nectarines (162 µg/100g of fresh
weight), being cherries (1.1 µg/100g of fresh weight) the poorest one [25 - 27].
Carotenoids are important to human health since they are precursors of vitamin A,
that are implicated in the production of retinoids, vital for human vision [28].
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Besides, different studies report carotenoids as antioxidants [29, 30], a very
important activity linked with the protection of cells from the damage caused by
free radicals and reactive oxygen species which can result in damage to proteins,
DNA and lipids resulting in cell death and neoplasia, which are probably in the
origin of many human diseases [6].
Tocopherols
Tocopherols and tocotrienols (vitamin E) are natural liposoluble compounds that
exist as a mixture of 8 homologues, Alpha, Beta, Gamma and Delta. Almonds are
the richest provider of tocopherols (26 mg α-TOC/100g), followed by apricots,
nectarines and peaches (0.89, 0.75 and 0.73 mg α-TOC/100g, respectively), plums
(0.26 mg α-TOC/100g) and cherries (0.07 mg α-TOC/100g) [8]. The main
contribution of tocopherols and tocotrienols for human health are their antioxidant
properties [31], that can protect cells against oxidative injury as mentioned for
carotenoids. Nevertheless, others properties have been related to vitamin E, such
as gene regulation and antiproliferative effects, prevention of platelet aggregation,
enhancement of vasodilation and modulation of enzymes associated with the
immune system as recently reviewed by [8, 32].
Phenolic Compounds
Phenolic compounds are the main phytochemical compounds found in stone
fruits. They are formed via the shikimic acid pathway, responsible by the
production of the phenylpropanoids, and the acetic acid pathway, in which the
simple phenol is mainly formed [33, 34]. Phenolic compounds are structurally
characterized by the presence of at least one aromatic ring with one or more
hydroxyl groups attached. They represent the largest and wide group of
compounds, accounting for more than 8000 phenolic structures, and are classified
according with the number of carbons atoms and their basic structure [35, 36] or
as flavonoids and non-flavonoids. Non-flavonoids include phenol, benzoquinones
and phenolic acids, while flavonoids are the remaining ones. Flavonoids can be
divided into classes including mainly flavan-3-ols, flavones, flavonols,
anthocyanins, flavanones and isoflavones, and phenolic acids are represented by
hydroxybenzoic and hydroxycinnamic acids. Flavonoids and phenolic acids are
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the two major classes of dietary polyphenols [37]. Stone fruits are a good source
of phenolic compounds being peaches capable of providing up to 1260 mg/100 g
of fresh weight (FW) (Table 1).
Table 1. Stone fruits phenolic composition (mg/ 100g of fresh weight).
Total

Peach

Nectarine

Plum

Almond

Apricot

Cherry

mg/100 g FW
Phenolic
compounds

21.0-1260.0

13.6-102.4

42.0-563.0

45.0-241.0

32.0-211.0

27.8-312.4

Flavonoids

76.4

6.5-21.7

5.4-257.5

14.0-26.7

78.5-139.0

30.2-109.2

Phenolic
acids

163.0

10.0

0.1-58.4

0.3-0.5

12.3-40.4

11.0-33.6

[22, 25, 3841]

[9, 25, 42]

[25, 40, 41,
43-45]

[46-48]

[46, 47, 49,
50]

[27, 51,
52]

Refs

Daily intake of phenolic compounds has been estimated in different studies from
different countries. Total phenolic intake can reach 1193 mg/day where
flavonoids contribute with 42% (506 mg/day) and phenolic acids with 53%
(639 mg/day) [53]. Fruits were reported to contribute with 17% (206 mg/day) of
phenolic compounds, being mostly represented by flavonoids (83%, 172 mg/day),
and with small contribution of phenolic acids (15%, 32 mg/day) [53]. The median
total flavonoids intake was reported to be 166.0-193.3 mg/day, where flavon-3-ols
were the most representative group (85.0-161.7 mg/day), followed by flavonone
(15.5-46.4 mg/day), flavonols (12.9-20.7 mg/day) and anthocyanins (2.67.6 mg/day) [54, 55].
Hydroxycinnamic acids were the main contributors to the total phenolic acid
intake, accounting for 84-95% of intake [53, 71]. Fruits, vegetables and nuts are
the main food sources of hydroxycinnamic acids, after coffee [53, 71, 72].
Concerning stone fruits, plums and cherries were found among the fruits with
high contributions for phenolic compounds intake in this food group (8%) [53].
The type and amounts of phenolic compounds on stone fruits can range
significantly inter and intra species since it is dependent of edaphoclimatic factors
(Table 2) [73, 74].
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Table 2. Stone fruits phenolic composition (mg/ 100g of fresh weight).
Peach

Nectarine

Plum

Almond

Apricot

Cherry

mg / 100 g FW
Catechin

1.0-42.0

0.3-4.7

3.3-31.8

0.5-22.7

2.8-23.2

0.6-6.8

Epicatechin

1.4-9.2

2.5

0.6-15.6

0.3-4.0

1.1-14.5

13.0-15.0

2.6

1.3-9.6

0.05-0.2

Epigallocatechin

0.3-1.5

Procyanidin B1

14.7

Procyanidin B2

2.3

Cyanidin-3-O-glucoside

2.4

9.9

2.4-31.8

0.09

0.7-10.1
0.1-48.4

Cyanidin-3-O-rutinoside

0.2-33.8

Naringenin

0.2-2.5

Naringenin-7-Oglucoside

0.2
2.1

0.8-1.2

1.43-18.7
6.9-143.2

0.01-28.1
0.08-10.5

Eriodictyol

0.03-0.5

Quercetin

0.1

0.2-6.6

0.02-3.5

0.8-1.6

Quercetin-3-O-glucoside

0.1

0.02-14.3

0.09

0.6-3.6

0.2-0.7

0.1

0.2-7.9

0.05-0.5

6.7-37.1

0.9-4.6

0.3

0.2-1.2

Quercetin-3-O-rutinoside

10.2

Quercetin-3-Ogalactoside
Quercetin-3-Orhaminoside

2.0-73.0

Kaempferol
Kaempferol-3-Orutinoside

0.3-1.1
7.0

0.12

0.003
0.2-7.0

Myricetin

0.3-1.39
0.6

Isorhamnetin-3-Oglucoside
2,5-Dihydroxy benzoic

0.6

0.1-1.0

0.09-2.65

98.5

Protocatechuic acid

0.1-12.2

12.6

Vanillic acid

0.09-9.3

0.2-3.8

Gallic acid

0.2-1.6

35.0

p-Coumaric acid

0.2-2.6

0.2-8.8

Ferulic acid

0.5-2.2

0.3-1.6

Caffeic acid

0.8-6.84

0.3-6.1

0.2-3.2

0.2-7.3

3-O-Caffeoylquinic acid

4.0-29.3

3.9

3.5-75.8

0.03-2.2

2.4-94.0

0.13-19.1

5-O-Caffeoylquinic acid

2.5-25.0

6.1

1.1-43.4

3.6-18.6

2.9-53.0

Refs

[21, 22,
25, 3840, 42,
56, 57]

[42, 58]

[24, 25,
40, 4245, 5762]

[46, 47,
49, 57,
58, 6568]

[42, 51,
52, 57,
58, 69,
70]

[42, 46-48,
63, 64]

Stone fruits are responsible to provide 1% of the intake of caffeic acid and 6% of
p-coumaric acid [71]. More specifically peaches can provide 1 mg/day of catechin
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and 4.5 mg/day of procyanidin B1, plums 4.2 mg/day of caffeic acid and
1.6 mg/day of cyanidin-3-O-rutinoside, almonds contributes with 0.02 mg/day of
epigallocatechin and cherries with 2.8 mg/day of caffeic acid and 9.0 mg/day of
cyanidin-3-O-rutinoside [53].
Health Benefits of Stone Fruits
In Vivo Studies and Their Mechanism of Action
Diabetes and Obesity
Diabetes mellitus and obesity are becoming a major public health concern with
high social and health care costs both in developed and developing countries [75].
Type 2 diabetes mellitus (T2DM) is characterized by individuals with postprandial hyperglycemia associated with low production of insulin, resistance to
insulin or both. The T2DM accounts for 90% of cases of diabetes mellitus and is
directly related to obesity, since 80 and 90% of obese individuals have T2DM.
Concerning obesity its etiology is multifactorial, with a combination of genetic
and environmental factors. This metabolic disorder is characterized by the
combination of hyperglycemia, dyslipidemia, abdominal obesity and
hypertension. Both, diabetes and obesity, are risk factors in several other
pathologies such as coronary heart disease, stroke, diabetic ophthalmopathy,
diabetic neuropathy and chronic renal failure [76].
Experiments on obese Zucker and lean rats fed with peach (47.5 mL/day) and
plum (45.2 mL/day) juices revealed protective effect against a combination of
obesity-induced metabolic disorders including hyperglycemia, insulin and leptin
resistance, dyslipidemia and low-density lipoprotein oxidation [75]. In addition, a
decrease on the expression of pro-atherogenic and pro-inflammatory biomarkers
in plasma and heart tissues including intercellular cell adhesion molecule-1,
monocyte chemotactic protein-1, nuclear factor-κB (NF-κB) and foam cell
adherence to aortic arches was reported. A reduction on levels of angiotensin II in
plasma and its receptor Agtr1 in heart tissues was also reported, suggesting a role
of peach and plum polyphenols as peroxisome proliferator-activated receptor-γ
agonists. Nevertheless, only plum juice prevented body weight gain and increased
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the ratio high-density lipoprotein cholesterol/total cholesterol in plasma [75].
Insulin-resistant obese Wistar rats fed with plum concentrated (0.25%) were
reported to present a decrease in blood glucose and plasma triglyceride
concentrations. Besides, a reduction on the areas under the curve for glucose and
insulin during a glucose tolerance test was also reported. Authors suggest that
plum treatment may increase insulin sensitivity in Wistar obese rats via
adiponectin-related mechanisms [77].
These effects can be related to the presence of phenolic compounds that can act on
diabetes and obesity by different mechanisms. Cyanidin-3-O-glucoside (Table 2,
Fig. 2) reduces blood glucose and increases glucose tolerance [78], improves
insulin sensitivity and reduces white adipose tissue messenger RNA levels and
serum concentrations of inflammatory cytokines [79], preserves insulin sensitivity
[80] and may exert insulin-like activities [81]. These properties have direct effect
on reduction of free fatty acids in plasma and improvement on insulin resistance
that represents a risk factor for metabolic, cardiovascular, and neoplastic disorders
[82]. Cyanidin-3-O-rutinoside retards in vivo absorption of carbohydrates by
inhibition of α-glucosidase [83], fact that was also observed for this compound
and for cyanidin-3-O-glucoside and cyanidin-3-O-galactoside by different authors
in in vitro studies[83 - 85]. Naringenin and quercetin-3-O-glucoside lower mean
levels of fasting blood glucose [86, 87], glycosylated hemoglobin, and elevated
serum insulin levels [87], plasma C-peptide, triglyceride, total cholesterol and
blood urea nitrogen levels and improves glucose tolerance and the
immunoreactive of pancreatic islets β-cells [86]. Quercetin-3-O-glucoside lowers
the biochemical changes and delays paw and tail withdrawal latency in
hyperalgesia and allodynia, showing beneficial effects in preventing the
progression of early diabetic neuropathy in rats [88]. Quercetin reduces glycaemia
and diminishes total cholesterol, triglycerides (TG) and low density lipoprotein
(LDL) and increases high density lipoprotein (HDL) levels by inhibition of 11βhydroxysteroid dehydrogenase type 1 [89]. Myricetin protects the diabetic
nephrotoxic rats on all the biochemical parameters studied [90], alters their lipid
metabolism [91] and improves carbohydrate metabolism, subsequently enhancing
glucose utilization and renal function [92]. Protocatechuic acid activates the
nuclear factor erythroid 2-related factor (Nrf2) system [93] in vivo, but this
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compound was also reported with in vitro protective effect on insulin sensitivity
[80]. Ferulic acid increases insulin release and reduces hepatic glycogenolysis
in vitro, while caffeic acid affects only the last [94]. Moreover, caffeic acid
decreases the hepatic glucose output along with the increased level of adipocyte
glucose disposal [94] and induced a decrease of blood glucose and glycosylated
hemoglobin levels [95]. 3-O-Caffeoylquinic acid inhibits protein tyrosine
phosphatase 1B, a negative regulator of the insulin signaling pathway [96].

Fig. (2). Chemical structures of biological active phenolic compounds present in stone fruits.

Concerning obesity consumption of catechins and phenolic acids (Fig. 2), Table
2) has been associated with a variety of beneficial effects including increased
plasma antioxidant activity, blood vessel expansion, fat oxidation, and resistance
of LDL to oxidation [97 - 100]. Epicatechin and epigallocatechin lower lymphatic
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cholesterol absorption in rats, and decrease lymphatic absorption of
triacylglycerols [101]. Cyanidin-3-O-glucoside reduced obesity, accumulation of
fat in tissues, and plasma triglyceride levels, by inhibiting lipoprotein lipase [82],
activating of protein kinase phosphorylation [102], and upregulating hepatic
cholesterol 7α-hydroxylase expression [103]. Quercetin can protect LDL against
oxidation [104]. Quercetin and kaempferol could significantly improve insulinstimulated glucose uptake [105] and regulates hepatic apolipoprotein A-I (apo
A-I) and HDL synthesis by inducing apo A-I gene expression in HepG2 and
Caco-2 cells [106].
Cardiovascular Disease
Cardiovascular diseases are a group of disorders of the heart and blood vessels
and is the number 1 cause of death globally [107]. Cardiovascular disease is
usually resulting from a vascular dysfunction, such as atherosclerosis, thrombosis
and hypertension, which can compromises heart function.
The cardio-protective potential of apricot-feeding in the ischemia-reperfusion
model of rats in vivo was evaluated by [108]. Rats were fed with 10% or 20%
dried apricot during 3 months and ischemia-reperfusion produced by occlusion of
the left main coronary artery for 30 min, followed by 120 min reperfusion, in
anesthetized rats. Significant and similar decrease on infarct sizes were observed
in 10% (55%) and 20% (57%) apricot-fed groups compared to control group
(68%). Besides, Cu, Zn superoxide dismutase (SOD) and catalase (CAT)
activities were increased, and lipid peroxidation was decreased in the hearts of
20% apricot-fed group after ischemia-reperfusion [108].
Phenolic compounds present in stone fruits can have in vivo protective effect on
cardiovascular diseases by exerting for instance anti-atherosclerotic activity, as
reported for catechin [109]. Other example is preventive effect of cyanidin-3-Oglucoside on formation of glycated-LDL products on aortic endothelial cells
induced by NADPH, the impairment of mitochondrial electron transport chain
enzymes and cell viability in cultured vascular endothelial cells [110].
Naringenin-7-O-glucoside, prevent cardiomyocytes from doxorubicin-induced
toxicity by induction of endogenous antioxidant enzymes via phosphorylation of
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extracellular signal-regulated kinases 1 and 2 (ERK1/2) and nuclear translocation
of Nrf2 [111] and by stabilizing the cell membrane and reducing reactive oxygen
species generation [112]. Quercetin has been shown to induce a progressive
reduction in blood pressure when given chronically in several rat models of
hypertension. A high dose of quercetin also reduced blood pressure in stage 1
hypertensive patients in a randomized, double-blind, placebo-controlled,
crossover study [113]. In addition, it can protect isolated vessels by activation of
adenosine monophosphate-activated protein kinase and nitric oxide synthase
(eNOS) in human aortic endothelial cells [114]. Quercetin-3-O-glucoside improve
cell survival in the oxygen-glucose deprivation model of ischemia and increase
neurite outgrowth in differentiated PC12 cells subjected to ischemic insult [115].
Cancer
Cancer is a multifactorial disease and a progressive process involving geneenvironment interactions which can cause dysfunction in multiple systems,
including DNA repair, apoptotic and immune functions.
Peaches and plums extracts have been reported with antiproliferative effects in
estrogen-receptor negative breast cancer cells but not in estrogen positive breast
cancer line or the normal breast cell line [18, 19, 116, 117]. Crude extracts and
fractions rich in flavonoids for peach and plum [19] and hydroxycinnamic acids
for peach [18] showed to be very effective against cell proliferation. Further,
in vivo studies on peach polyphenolic extracts revealed inhibitory and antimetastatic action on female athymic mice implanted with MDA-MB-435 breast
cancer cell line. Inhibition was achieved by feeding mices with 0.8-1.6 mg/day,
this effect was mediated by inhibition of metalloproteinases gene expression
[118]. Sour cherry extracts were also reported with antiproliferative activity and
induction of apoptosis in mammary adenocarcinoma (MCF-7) and mouse
mammary tumour cell (4T1) breast cancer cells lines [119]. Moreover, peach and
plum extracts and purified phenolic compounds can inhibit growth and induce
differentiation of colon cancer cells [120], and plums extracts have similar
beneficial effect in vivo [121].
A Japanese apricot extract (MK615), has shown strong antiproliferative and
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antitumorigenic effects in different cancer cell lines and in vivo model [122 - 126].
MK615 also inhibit A375 melanoma cells growth by reducing the mRNA- and
protein expression levels of DNA binding 1, a basic helix-loop-helix transcription
factor family that is essential for DNA binding and the transcriptional regulation
of various proteins that play important roles in the development, progression and
invasion of tumour [122]. SK-MEL28 cell line, another melanoma cell model, has
also their growth inhibited by MK615 in a dose-dependent manner, by increasing
the proportion of cells in sub-G1 phase and inducing apoptosis. Inhibition of
advanced glycation end products and suppression of the release of a specific
cytokine (high mobility group box protein 1) indicates the MK615 for the
treatment of malignant melanoma [124]. MK615 also showed strong growth
suppression effect mainly in human cancer cells while sparing normal cells such
as human umbilical vein endothelial cells (HUVEC) and mouse bone marrow
cells [123]. Moreover, MK615 induce the accumulation of reactive oxygen
species in cancer cells but not in HUVEC indicating that the antiproliferative
effect is due to a reactive oxygen species-dependent mechanism. In vivo tests
showed that MK615, in both the presence and absence of gemcitabine,
significantly inhibited the growth of human pancreatic cancer cells as xenografts
without apparent adverse effects [123]. Japanese apricot extract combined with
anticancer drugs 5-fluorouracil, irinotecan and cisplatin showed synergistic
cytotoxic effects on esophageal squamous carcinoma cells. The effect was
observed in both in vitro model using YES-2 cells and in vivo model by the
injection of YES-2 cells into the peritoneal cavity of a severe combined immunodeficiency mouse. The Japanese apricot extract and 5-fluorouracil induced cell
cycle arrest at G2/M phase and at S phase, respectively, and caused apoptosis in
YES-2 cells in vitro [125]. In vivo results showed that the addition of Japanese
apricot extract to 5-fluorouracil augmented the suppression of experimental
metastasis of the peritoneum. Also a decrease in the number of peritoneal nodules
in mice treated with 5-fluorouracil and Japanese apricot extracts was observed
when compared with the individual treatment [125]. In other study the Japanese
apricot extract inhibited A549 lung cancer cell proliferation at non-cytotoxic
doses and suppressed NF-κB activation induced by tumor necrosis factor α (TNFα) at a dose of 1 mg/mL and blocked proteasome activities in a dose-dependent
manner at concentrations of 0.67 and 1 mg/mL [126].
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Stone fruits anticancer properties can be also associated to their antioxidant and
antiinflammatory effects. At physiological levels antioxidants may protect
important cells macromolecules (proteins, DNA and lipids) from oxidative injury,
preventing cell death and neoplasia, which are probably in the origin of many
human diseases [6]. Moreover, by preventing inflammation, which is an adaptive
immune response to tissue injury or infection [127], stone fruits can have a
positive effect on chronic diseases such as cancer, Alzheimer’s disease, diabetes
among others that are related with inflammatory process [128 - 131]. In fact,
peaches are responsible for attenuation on the oxidative stress and the
inflammation in vitro, ex vivo and in vivo [132, 133]. The mechanism of action
was found to be through its protective effect against lipids and proteins damage,
increase of antioxidant enzymatic activities and blocking the induction of
inflammatory mediators [133].
Several mechanisms of action can be used by different bioactive compounds from
stone fruits. Catechin can induced apoptosis and inhibited G2/M phase in cell
cycle in HepG2 cells [134]. In addition, catechin and epicatechin, present in all
stone fruits, were reported as antioxidants, a possible anticancer mechanism.
Inhibition of radicals [135] and prevention of the oxidative injure, induced by
palmitic acid in rats, protecting the mitochondrial membrane from collapse and
cell death [136]. Oxidative protection was also observed in rats pretreated with
this compound [134, 137] that was capable to restore their antioxidant parameters
(glutathione, SOD, CAT and lipid peroxidation).
Anthocyanins, present in all stone fruits, can suppress lipid peroxidation in Caco2 cells [138] and attenuate ethanol-induced migration/invasion of breast cancer
cells by blocking ethanol-induced activation of the ErbB2/cSrc/FAK pathway,
which is necessary for cell migration/invasion [139]. Moreover, they also
suppresses Benzo[a]pyrene-7,8-diol-9,10-epoxide-induced cyclooxygenase-2
(COX-2) expression mainly by blocking the activation of the Fyn (a protooncogene tyrosine-protein kinase) signaling pathway [140], inhibit nitric oxide
synthase and COX-2 and decrease in nitric oxide and prostaglandin E2 production
(PGE2) [141], and inhibit IκBα phosphorylation, thereby suppressing NF-κB
activity in cell models [142] and in vivo models [143, 144], which may contribute
to its chemopreventive potential. In addition, protective effect on DNA cleavage,
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free radical scavenging activity [145], reduction of reactive oxygen species
generation [146], protection against oxidative injure by decreasing mitochondrial
reactive oxygen species production and cell necrosis [78] and decreasing lipid
peroxidation by increasing cell enzymatic levels [147 - 149] are other possible
anticancer mechanisms.
The Flavanone, naringenin, and the flavonol, myricetin, exert a cytostatic effect
by the impairment of cell cycle progression and inhibition of the cell migration
[150]. Quercetin exerts an apoptotic activity in cancer cell lines mediated by the
dissociation of Bax from Bcl-xL and the activation of caspase families [151]; and
can also inhibits precursors of cellular differentiation; stimulates phagocytosis
[152], antimitotic activity [153], suppression of COX-2 expression by inhibiting
the p300 signaling and blocking the binding of multiple transactivators to COX-2
promoter [154], and interferes with cell cycle progression [155]. Moreover,
flavonones were reported to have in vitro and in vivo antioxidant capacity [111,
112, 156, 157]. Reduction of ROS generation and induction of the cellular
antioxidant enzymatic system are the in vitro and in vivo mechanisms described
for these compounds [87, 158]. They can reduce nitric oxide production and
prevent peroxinitrite formation in LPS-stimulated RAW 264.7 cells by strongly
suppressing the phagocytic activity of activated macrophages, thus reducing the
expression of mRNA and the secretion of pro-inflammatory cytokines by
blockage of nuclear factor kappa-light-chain enhancer of activated B cells (NFκB) activation and phosphorylation of p38 mitogen-activated protein kinase,
ERK1/2 and c-Jun N terminal kinase [159].
The flavonol, quercetin-3-O-rutinoside, isolated from the ethyl acetate fraction of
P. domestica, showed antiproliferative activity in MCF-7 and MDA-MB-468 at
80×10-3 mg/mL with inhibitions of 22 and 32%, respectively [117]. One possible
mechanism of action of quercetin-3-O-rutinoside can be due to its antioxidant
activity which has been reported in different in vitro and in vivo tests. This
compound has scavenging activity against peroxyl radicals in vitro [160] and in
vivo [88, 161, 162], recover levels of glutathione [160, 161] and antioxidant
enzymes SOD, NO and CAT [88]. Quercetin, is also able to scavenge radicals
[163] and have in vitro and in vivo ability to decrease the tumor necrosis factor-α
production [164, 165] and increase total plasma antioxidant status [165] was
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reported for quercetin and quercetin-3-O-galactoside. Quercetin and
quercetin-3-O-glucoside protect Caco-2 cells [166] and PC12 cells [167] against
oxidative stress caused by different agents probably by their free radicals
inhibitory effects [157]. In addition, they possess anti-inflammatory action by
inhibition of 5-lipoxygenase [157], raft disrupting and anti-oxidant effects [105,
168].
Protocatechuic, 3-O-caffeoyl quinic and 5-O-caffeoyl quinic acids, isolated from
P. domestica and P. persica, have been identified as potential chemopreventive
dietary compounds due to their antiproliferative effect on the human breast cancer
cell line MCF-7 and the estrogen-independent MDA-MB-435 breast cancer cell
line [19, 117]. 3-O-Caffeoyl quinic and 5-O-caffeoyl quinic acids also presents
low toxicity on normal cells [19]. Gallic acid also showed in vitro (DU145 cells)
and in vivo (DU145 and 22Rv1 xenograft growth in nude mice) inhibitory and
apoptotic activities against prostate cancer [169, 170]. These effects were also
observed in other cancers models [171, 172]. Protocatechuic, vanilic, p-coumaric,
ferulic and 3-O-caffeoylquinic (isolated from P. domestica), 2,5-dihydroxy
benzoic and caffeic acids were reported with antioxidant activity in different
models [117, 173 - 175]. In vivo tests indicate that hydroxycinnamic acids
increases the antioxidants enzymes activities (i.e. SOD, CAT and glutathione
peroxidase) and decreases levels of liver lipid peroxidation [95, 176 - 178].
Concerning their anti inflammatory properties, p-coumaric and ferulic acids
showed inhibition of nitric oxide production and inducible nitric oxide synthase
(iNOS) expression [179].
Epidemiological Studies
Diabetes and Obesity
Consumption of fruits and their role in the treatment of diabetes and obesity have
been investigated in humans [16]. In respect to stone fruits, a study performed on
overweight and obese individuals (n=123) fed with hypocaloric almond-enriched
diet (56 g/day) resulted in a significant loss of weight when compared with
individuals under a hypocaloric nut-free diet after 6 months with no significant
weight gain after 18 months. In addition, a reduction on total cholesterol (4%),
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total:high density lipoprotein (HDL) cholesterol (5%) and triglycerides (12%),
and an improvement of the lipid profile was also observed in the almond-enriched
diet [11]. The same trend was observed in other study with prediabetes individuals
subjected to an 20% almond-enriched diet (approximately 62 g/day) [10]. A
clinically significant decline in human low density lipoprotein-cholesterol (LDLC) was found in the almond-enriched intervention group (-12.4 mg/dl vs. 0.4 mg/dl) as compared with the nut-free control group after sixteen weeks of
dietary modification. Besides, the almond-enriched intervention group showed
improved markers of insulin sensitivity such as reductions in insulin, homeostasis
model analysis for insulin resistance, and homeostasis model analysis for beta-cell
function compared with the nut-free control group [10].
Cardiovascular Disease
The antithrombotic properties of anthocyanin-rich Queen Garnet plum juice
(QGPJ) supplementation with and without exercise-induced oxidative stress was
investigated in thirteen healthy participants in a randomized, double-blind,
placebo-controlled, cross-over trial. The experiment was carried out during 28
days where participants consumed 200 mL/day of QGPJ and placebo juice, with
treatments separated by a two-week wash-out period. QGPJ supplementation
inhibited adenosine diphosphate-induced platelet aggregation in both groups (10.7
and 12.7%), reduced platelet activation-dependent P-selectin expression (32.9 and
38.7%) and exhibited favorable effects on coagulation parameters. The
arachidonic acid-induced aggregation was reduced under oxidative stress by
28.8% [12]. Daily intake of a single dose of plums was reported to significantly
reduce blood pressure in a placebo controlled clinical trial with 259 prehypertensive volunteers [13]. Consumption of plum as juice, whole fruit (dried
plums), or 3 (about 11.5 g) or 6 plums soaked overnight in a glass of water, with
control group (glass of plain water in the morning on empty stomach) also showed
significantly reduction on serum cholesterol and LDL [13].
The cardiovascular risk of 108 overweight and obese women, under an almondenriched diet during 3 months has been studied in a clinical study. Body mass
index, waist circumference, waist to hip circumference ratio, total cholesterol, and
triglyceride, total: High density lipoprotein-cholesterol, fasting blood sugar and
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diastolic blood pressure were significantly decreased in almond-enriched diet
(50 g/day) group compared to the nut-free group [14]. In a study performed by
Choudhury and co-workers [15], healthy young and middle-aged men subjected to
a enriched almond diet (50 g/day) during 4 weeks showed an improvement on
flow mediated dilatation and a reduction on systolic blood pressure for men with
cardiovascular risk factors, but diastolic blood pressure was reduced only in
healthy men [15].
Cancer
Epidemiological data reports that consumption of stone fruits has been inversely
associated with estrogen receptor-negative (ER−) breast cancer [180, 181]. Breast
cancer is a major concern worldwide and is responsible for one of the highest
causes of death. ER-negative tumour growth is not estrogen-dependent;
consequently, such tumors are not sensitive to hormones treatment that prevents
the estrogen binding. Jung et al. 2013 [180], evaluated the association between
fruit and vegetable intake and risk of ER− breast cancer. Authors analyzed 20
cohort studies that followed 993,466 women by 11 to 20 years and documented
4821 ER− breast cancers. They found that, for vegetable consumption, there is an
inverse association with risk of ER− breast cancer, while for fruits only specific
ones shows the same behaviour as the case of apples/pears, peaches/
nectarines/apricots, and strawberries [180]. In other study [181], the association of
intake of specific fruits and vegetables with risk of ER- postmenopausal breast
cancer has been checked. A total of 75,929 women aged 38-63 years at baseline
where followed for up to 24 years and 792 incident cases of ER- postmenopausal
breast cancer were found. The multivariate relative risk (RR) of ER− breast
cancer was 0.82 for every 2 servings of berries/week, 0.69 for at least one serving
of blueberries/week and 0.59 for 2 servings of peaches/nectarines per week
compared with non-consumers [181].
The association of fruit and vegetable intake and risk of esophageal squamous cell
carcinoma and esophageal adenocarcinoma was evaluated by Freedman 2007
[20]. A total of 490,802 participants of the National Institutes of Health American Association of Retired Persons Diet and Health Study were followed
103 participants were diagnosed with esophageal squamous cell carcinoma and
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213 with esophageal adenocarcinoma. A significant inverse association between
total fruit and vegetable intake and esophageal squamous cell carcinoma risk was
found. Protective effects were stronger for fruits being the Rosacea (apples,
peaches, nectarines, plums, pears and strawberries) and Rutaceae (citrus fruits)
those with higher action [20].
CONCLUDING REMARKS
The evidences found in the epidemiological studies, which relate the consumption
of stone fruits and effects on chronic diseases, corroborate with the reported
results for in vitro and in vivo tests with these fruits and their products (juices and
extracts). Moreover, these effects can be attributed to the phenolic compounds
present in stone fruits since the individual compounds exert similar effects at low
concentrations. In conclusion, stone fruits are a good source of bioactive phenolic
compounds and its consumption may have remarkable beneficial effects on
human health due to their positive results in the treatment of diabetes and obesity,
cardiovascular diseases and cancer.
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