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ABSTRACT 
 

Apple polyphenols (APs) mainly consist of procyanidins (PCs), 

which are composed of polymerized (–)-epicatechins and (+)-catechins. 

APs are contained in the edible part of the apple, so apples may be good 

source of dietary polyphenols. APs have been reported to display several 

beneficial health effects. In this chapter, we summarize the anti-aging 

effects of APs on age-related diseases in model organisms. First, 
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treatment with APs or PCs purified from APs extended the lifespan of 

Caenorhabditis elegans to a similar extent as treatment with trans-

resveratrol. In contrast, treatment with APs had no effect on the longevity 

of sir-2.1 worms, which lack the activity of SIR2, a member of the sirtuin 

family, indicating that APs showed SIR2-dependent anti-aging effects. In 

general, polyphenols have anti-oxidant activity. APs and PC dimers 

showed a higher level of superoxide dismutase-like activity and oxygen 

radical absorbance capacity than other polyphenols or antioxidants, as 

well as anti-oxidant effects on mouse myoblast cells in vitro. Next, we 

orally administered APs to heart/muscle-specific manganese-superoxide 

dismutase (Mn-SOD)-deficient mice, which exhibit lethal dilated 

cardiomyopathy due to intrinsic enhanced mitochondrial superoxide. 

Dietary APs significantly suppressed the progression of cardiac fibrosis, 

which extended the survival of the mutant mice. Dietary APs also 

suppressed oxidative DNA damage and reactive oxygen species 

production in enzymatically-dissociated cardiomyocytes of the mutant 

mice. Notably, dietary APs also improved the electrophysiological 

abnormalities, such as action potential and inwardly rectifier potassium 

current changes in the cardiomyocytes of the mutant mice, as determined 

using patch clamp techniques, and decreased the incidence of ventricular 

tachycardia or the induction of fibrillation using a burst ventricular pacing 

protocol. Furthermore, APs remarkably suppressed amyloid-β protein 42 

(Aβ42) aggregation and dissociated Aβ42 aggregates in vitro, indicating 

that APs are potent suppressors of Aβ aggregation. APs also significantly 

inhibited Aβ neurotoxicity and stimulated the proliferation of neural PC-

12 cells. Interestingly, treatment with APs also reduced polyglutamine 

aggregation in the C. elegans Q40 strain, a model of Huntington‘s 

disease. These findings strongly indicate that APs showed anti-aging 

effects, such as anti-oxidative, anti-protein aggregation and pro-longevity 

effects, using model organisms. Apple procyanidins are promising 

functional foods to prevent age-related disorders. 

 

 

INTRODUCTION 
 

Polyphenols include several groups of compounds, such as anthocyanins, 

flavonols and phenolic acids, which are accumulated in the plants themselves, 

as well as their fruits [1]. Several studies have reported that dietary 

polyphenols from plants prevent oxidative stress in vivo [2, 3]. Apples are one 

of the most common fruits grown and consumed worldwide, in addition to 

grapes, oranges and bananas [4]. The polyphenols extracted from apples 

(Malus pumila Mill., Rosaceae) mainly contain procyanidins (PCs), also called 

condensed tannins. PCs comprise approximately 65% of polyphenols from 
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unripe apples, and the remaining approximately 35% of compounds are 

regarded as the monomer fraction (MNs) (Figure 1A) [5]. PCs are formed by 

catechin oligomers composed of (−)-epicatechin and (+)-catechin monomers 

(Figure 1B) [6]. Procyanidin B1 (PB1) is an epicatechin-catechin dimer, 

procyanidin B2 (PB2) is an epicatechin-epicatechin dimer, and procyanidin C1 

(PC1) is an epicatechin-epicatechin-epicatechin trimer. PCs are a kind of 

combination of high-molecular-mass polyphenols, the molecular mass 

distribution of which can be profiled using a size-exclusion HPLC method [7]. 

The profile of apple polyphenols (APs) is different from that of green tea 

(Camellia sinensis) polyphenols, which consist of monomer catechins, mainly 

epigallocatechin gallate (EGCG) (Figure 1C).  

PCs are also contained in other fruits, such as grape (Vitis spp.) seeds [8], 

which are included in red wine, with the relationship between the health 

benefits and the PCs content of wine having been reported previously [9]. 

However, the profile of APs is different from that of grape seed polyphenols 

(Figure 1C), with apple PCs consisting of a larger amount of low-degree 

polymerized oligomers and a smaller amount of high-degree polymerized 

oligomers. 

 

 

Figure 1. The composition of apple polyphenols (APs) (A), the chemical structure of 

apple procyanidins (PCs) (B) and the elution profiles of APs, tea polyphenols and 

grape seed polyphenols using gel chromatography (C) [7].  
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A structural analysis using NMR spectroscopy revealed that tetrameric 

PCs from unripe apples could be isolated, and the structures have been 

elucidated by NMR spectroscopy [10]. In addition, profiling of PC oligomer 

compounds from different apple varieties has been performing using 

comprehensive two-dimensional liquid chromatography [11]. The APs have 

been reported to exert various physiological functions, such as anti-tumor, 

anti-allergy and anti-obesity effects [12-14], as well as inhibitory effects on 

triglyceride adsorption, depending on the extent of polymerization of PCs in 

the human study [15]. However, the in vivo anti-aging effects, including the 

effects of the lifespan, redox balance and proteostasis, of APs and apple PCs 

have not been studied so far. In this chapter, we summarize the anti-aging 

effects of APs using model organisms for age-related diseases. 

 

 

Apple Polyphenols Extend the Lifespan of Caenorhabditis 

Elegans  
 

Caenorhabditis elegans is a simple multicellular organism with a short 

lifespan and generation time. Thus, C. elegans is widely used as an 

experimental model organism for studying aging and longevity. Dietary 

restriction extends the lifespan in C. elegans, as well as mammals [16]. We 

first evaluated the effects of APs and PCs purified from APs on the lifespan of 

C. elegans. Treatment with APs or PCs could significantly extend the mean 

lifespan of wild-type worms (Figure 2), to a similar extent as a trans-

resveratrol [17]. In contrast, treatment groups given MNs purified from APs or 

epicatechin (the major component of the monomer fraction) did not show an 

extended lifespan [17], indicating that epicatechin oligomers, PCs, mainly 

contribute to the longevity effects of APs in worms. Wilson et al. have 

reported that blueberry extracts, which mainly contained PCs, also extended 

the lifespan of nematodes [18]. We thus concluded that PCs are a food factor 

regulating the lifespan of C. elegans. 

It has been reported that trans-resveratrol extends the lifespan of several 

organisms in a SIR2-dependent manner [19, 20]. In order to investigate the 

involvement of SIR2 activity on the longevity effect of PCs in C. elegans, we 

examined the lifespan of sir-2.1worms, which are mutant worms that lack 

histone deacetylase (HDAC) SIR2 activity [19]. PCs could not extend the 

longevity of sir-2.1 mutant worms, nor could trans-resveratrol. These findings 

indicated that PCs prolong the lifespan of worms in a SIR2-dependent manner. 

However, in an in vitro HDAC assay, PCs failed to activate SIRT1, in contrast 
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with trans-resveratrol, showing that the mechanism underlying the longevity 

effect is not due to a SIRT1 agonist effect. Since the upregulation of the sir-2 

gene extends the survival in worms [21], PCs might regulate sir-2 expression. 

 

 

Figure 2. Apple PCs extend the lifespan of Caenorhabditis elegans [17]. The survival 

curves of fem-1 worms treated with 65 μg/mL PCs (n = 90), 100 μg/mL APs (n = 55) 

and the control group (n = 89). 

 

Apple Polyphenols Regulate Mitochondrial Superoxide 

Generation and Extend the Lifespan of a Mouse Model  

of Dilated Cardiomyopathy 
 

A disturbance in the balance between the production of reactive oxygen 

species (ROS) and the antioxidant defense system causes oxidative stress, 

which leads to tissue injury and dysfunction [22,23]. It has been proposed that 

the accumulation of oxidative damage accelerates aging [24]. Moreover, in the 

heart, the generation of ROS and the age-related loss of antioxidant capacity 

might be involved in age-related cardiac dysfunction [25-27].  

In order to examine the anti-oxidative effects of APs in vitro, we 

measured the superoxide dismutase (SOD)-like activity [28] and oxygen 

radical absorbance capacity (ORAC) [29] of APs and PCs. The SOD-like 

2
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activity of APs, PC dimers, PB1 and PB2, and PC trimer, PC1, was higher 

than that of EUK-134, a mimetic of SOD (Figure 3A). In particular, PB1 and 

PB2 showed a high level of SOD-like activity. APs, PB1, PB2, and PC1, as 

well as trans-resveratrol, also showed a high level of ORAC compared to the 

antioxidant vitamin C or EGCG (Figure 3B).  

In order to examine the anti-oxidative effects of APs in vitro, we then 

measured the intracellular ROS levels of C2C12 cells that had been treated 

with H2O2 using the fluorescent probe. 

 

 

Figure 3. APs and apple PCs have anti-oxidant activity. The superoxide dismutase 

(SOD)-like activity of polyphenols (A), and the oxygen radical absorbance capacity 

(ORAC) values of polyphenols (B). The SOD-like activity was determined using the 

cellular xanthine/xanthine oxidase system as a superoxide source [28]. The ORAC 

assay was assessed according to the method described by Ishimoto et al. [29]. The 

2,2‘-azobis(2-amidinopropane)dihydrochloride was used as a peroxyl radical 

generator, and 6-hydroxy-2,3,7,8-tetramethylchroman-2-carboxylic acids (Trolox) was 

used as a standard. Monomers: monomer fraction of APs, V.C: vitamin C, Res: trans-

resveratrol, EGCG: epigallocatechin gallate. The anti-oxidative effects of APs on 

mouse C2C12 myoblast cells (C) [30]. The cells were preincubated with APs and then 

were incubated with H2O2 and then with CM-H2DCFDA. ROS production was induced 

in the cells treated with H2O2, as assessed by DCF fluorescence. 
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As a result, we found that preincubation with APs suppressed the 

production of ROS in C2C12 cells treated with H2O2 in a dose-dependent 

manner (Figure 3C). Next, in order to examine the anti-oxidative effects of 

APs against intrinsic ROS, we measured the intracellular ROS level of 

tamoxifen-induced manganese-superoxide dismutase (Mn-SOD) deficient 

mouse embryonic fibroblast (MEF) cells using the fluorescent probe. These 

studies showed that preincubation with APs suppressed the production of ROS 

in Mn-SOD-deficient MEFs [30].  

 

 

Figure 4. APs improve the survival and myocardial degeneration of H/M-Sod2
-/-

 mice 

[30]. The survival curves of male and female H/M-Sod2
-/-

 mice (A). The intake of APs 

extended the mean lifespan of the mice by 29% and 72% compared with water alone. 

Male H/M-Sod2
-/-

; n = 10, H/M-Sod2
-/-

+AP; n = 17, female H/M-Sod2
-/-

; n = 13, H/M-

Sod2
-/-

+AP; n = 15. Azan-stained transverse sections of the left ventricular walls (B). 

The LV walls from male H/M-Sod2
-/-

 mice showed myocardial degeneration, 

cardiomyocyte disarray and diffuse myocardial fibrosis. The intake of APs ameliorated 

the symptoms of the mutant mice. 

Mn-SOD is an antioxidant enzyme that is located in mitochondria and 

catalyzes the dismutation of superoxide into oxygen and H2O2. We previously 

reported that conditional knockout mice that specifically lacked Mn-SOD in 

their cardiac and skeletal muscle developed progressive dilated 

cardiomyopathy (DCM) [31]. When APs were administered to heart and 

4
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muscle Mn-SOD-deficient (H/M-Sod2
−/−

) mice in drinking water containing 

0.1% (w/v) APs, the APs significantly extended the lifespan of the male and 

female mutant mice (Figure 4A). 

Dietary APs also significantly delayed their progressive body weight loss 

and cardiac dilatation. Moreover, APs treatment mitigated the accumulation of 

plasma creatine phosphokinase (CPK), the histopathology and the fibrosis in 

the heart of the mutant mice (Figure 4B). The biochemical analyses performed 

using ROS-reacting fluorescent reagents revealed that APs supplementation 

reduced the ROS production in the cardiomyocytes of mutant hearts in vivo 

[30]. Furthermore, dietary APs tended to decrease the 8-oxodG level of the 

nuclear fractions of the hearts of the H/M-Sod2
-/-

 mice [30]. It is noteworthy 

that the concentration of APs in drinking water was 0.1% (w/v), which is 

equivalent to the level present in apple juice [32]. We previously reported that 

the administration of an SOD/catalase mimetic, EUK-8, significantly 

ameliorated the cardiac pathology and dysfunction of H/M-Sod2
-/-

 mice by 

suppressing mitochondrial oxidative stress [33]. Taken together with our 

results, these data indicate that APs suppress mitochondrial superoxide 

production via their anti-oxidative effects, and prevent oxidative stress. 

 

 

Apple Polyphenols Prevent Cardiac Electrophysiological 

Abnormalities of a High-Frequency Mouse Model  

of Ventricular Arrhythmias 
 

Cardiac arrhythmia is a major health problem in the elderly. Although the 

incidence of ventricular arrhythmias is higher in patients with heart disease, 

premature ventricular contractions (PVCs) and multiform PVCs are common 

even in healthy aged people [34-36]. Oxidative stress participates in the age-

related changes in the electromechanical function of the heart [25, 37, 38]. The 

surface electrocardiogram (ECG) showed that there was a significant 

prolongation in the QRS, PR and QT intervals and a flattening of the J wave 

observed in H/M-Sod2
-/-

 mice [39]. The prolonged QT interval might stem 

from delayed repolarization of the ventricular action potentials and the 

increases in the duration of the QRS complex interval might reflect slowed 

conduction in mice. Dietary APs partially reversed the changes in the QRS 

interval in the ECG parameters of H/M-Sod2
-/-

 mice, although it did not affect 

the ECG parameters of control mice [39]. 

The effective refractive period (ERP) from the left ventricle was 

significantly prolonged in the hearts of H/M-Sod2
-/-

 mice relative to that of 
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control mice [39], indicating that chronic exposure to oxidative stress affects 

the repolarization phase of the cardiac action potential. To determine whether 

chronic exposure to oxidative stress increases the susceptibility to ventricular 

arrhythmias, we also examined the induction of ventricular tachycardia (VT) 

or ventricular fibrillation (VF) using a burst ventricular pacing protocol 

(Figure 5A). In control mice, burst pacing failed to induce VT or VF, 

regardless of whether the mice received APs. In contrast, VT or VF could be 

induced in the H/M-Sod2
-/-

 mice (Figure 5B). In APs-treated H/M-Sod2
-/-

 

mice, the ERP and incidence of VT or VF induction were significantly 

decreased, indicating that dietary APs improve the electrophysiological 

abnormalities arising due to chronic exposure to ROS. 

Using whole-cell patch-clamp techniques with enzymatically-dissociated 

myocytes (Figure 5C), the membrane capacitance (Cm), which was used as an 

indirect index of the cell size, for the left ventricular myocytes of H/M-Sod2
-/-

 

mice was significantly greater than that of control mice, and dietary APs 

significantly reduced the Cm value of H/M-Sod2
-/-

 myocytes [39]. The action 

potential durations (APD) at a 50% or 90% repolarization level in the left 

ventricular myocytes of H/M-Sod2
-/-

 mice were significantly longer than those 

of control myocytes (Figure 5D). Dietary APs significantly reversed the 

prolongation of the APD in the left ventricular myocytes of H/M-Sod2
-/-

 mice, 

although it did not influence the APDs in the control mice [39]. Abnormal 

automaticity, such as early afterdepolarizations, probably resulting from 

incomplete repolarization, was observed in about half of the ventricular cells 

of H/M-Sod2
-/- 

mice, and dietary APs significantly inhibited the appearance of 

abnormal automaticity in H/M-Sod2
-/- 

myocytes [39]. The dispersion of 

prolonged APDs, as well as the abnormal automaticity in the ventricular 

myocardium, might contribute to the increased susceptibility of H/M-Sod2
-/-

 

hearts to VT or VF.  

There were no significant differences in the densities of whole-cell 

membrane currents, such as L-type Ca
2+

 or outward K
+
 in the left ventricular 

myocytes isolated from H/M-Sod2
-/- 

mice. In contrast, the density of the 

inwardly rectifier K
+
 current (IK1) was significantly lower in the left 

ventricular myocytes of H/M-Sod2
-/-

 mice than in control mice, and dietary 

APs significantly increased the outward component of the IK1 at -50 mV in 

H/M-Sod2
-/- 

ventricular cells, although it did not increase the density of IK1 in 

the ventricular cells of control mice (Figure 5E). 
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Figure 5. APs improve the cardiac electrophysiological abnormalities of H/M-Sod2
-/-

 

mice [39]. Representative ECG records during burst ventricular pacing observed in a 

control mouse and a H/M-Sod2
-/-

 mouse (A). The incidence of ventricular tachycardia 

(VT) or ventricular fibrillation (VF) induced by burst pacing in control and  

H/M-Sod2
-/-

 mice with and without AP treatment (B). Dietary APs decreased the 

incidence of VT or VF induction in H/M-Sod2
-/-

 mice. Differences between groups, 

***P < 0.001, *P < 0.05. The microscopic observation of enzymatically-dissociated 

left ventricular cardiomyocytes from H/M-Sod2
-/-

 mice (C). The arrows show 

cardiomyocytes. The bar shows 20 μm. The action potential durations at 50% and 90% 

repolarization levels (APD50 and APD90) in the myocytes in each group (D). Control, 

n = 49; Control+AP, n = 32; H/M-Sod2
-/-

, n = 32; and H/M-Sod2
-/-

+AP, n = 41. ***P < 

0.001, **P < 0.01. The density of the IK1 in H/M-Sod2
-/-

 ventricular cells (E). The 

values are the means ± SEM, Control, n = 32; Control + AP, n = 31; H/M-Sod2
-/-

, n = 

32; and H/M-Sod2
-/-

 + AP, n = 32. Differences between groups, *P < 0.05. 

The inward rectifier K
+
 channel provides one of the major components of 

the repolarizing outward current, the IK1, in the cardiac action potential [40, 

41]. The reduction in the IK1 may be involved in the prolongation of APDs, as 

well as the appearance of abnormal automaticity. Several studies demonstrated 

a significant suppression of the inwardly rectified K
+
 channel by acute 

exposure to oxidative stress [42-44]. In the hearts of the Mn-SOD deficient 

mice, excess ROS reduced the IK1, and dietary APs might prevent cardiac 

electrophysiological abnormalities due to a recovery of the IK1 as a result of 

their anti-oxidative effects.  
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Apple Polyphenols Suppress Protein Aggregation 
 

Alzheimer‘s disease (AD) is a typical age-related and progressive 

neurodegenerative disease with memory impairment in later life. AD is 

diagnosed by the presence of amyloid accumulation, which is observed as a 

deposition in the hippocampus and cerebral cortex, frequently referred to as 

―senile plaque‖ [45]. Amyloid β-protein 42 (Aβ42), which consists of 42 

residues, is observed mainly in the core of senile plaques. The protein forms 

strong self-aggregates that are associated with neurotoxicity in vitro [46]. In an 

Aβ42-thioflavin-T (Th-T) binding assay, APs and PCs dramatically abrogated 

the Aβ aggregation [47]. PCs inhibited the Aβ aggregation in a dose-

dependent manner at an IC50 of 4.8 μg/mL. Aggregates were decreased by 

high-dose APs or PCs. PCs had approximately two-fold the anti-Aβ 

aggregative ability compared to APs. In contrast, MNs showed limited effects 

on Aβ aggregation. 

We next confirmed the inhibitory effects of PCs on amyloid aggregation 

using a centrifugation method, to exclude the possibility that exogenous 

compounds affected the Th-T fluorescence intensity [48]. We observed the 

typical aggregates of Aβ after incubation (Figure 6A; vehicle). Treatment with 

100 μg/mL APs and 65 μg/mL PCs completely diminished the aggregates 

(Figure 6A; APs and PCs), while 35 μg/mL MNs treatment did not (data not 

shown), demonstrating that PCs and APs exhibited strong anti-amyloidogenic 

ability in vitro. 

PCs also dissociated Aβ42 aggregates following a post-treatment with 

polyphenols [47]. Although APs and PCs are orange-brown in color, we 

observed a brown-colored pellet that formed following treatment of Aβ42 

aggregates with PCs and APs, suggesting that PCs could bind to Aβ42 

aggregates. On the other hand, treatments with either vitamin-C or the potent 

antioxidative agent, EUK-134, did not suppress the Aβ aggregation, thus 

suggesting that the anti-aggregative activity of PCs is likely independent of its 

antioxidant properties. The chemical structures of these compounds might 

affect the Aβ aggregation, rather than their antioxidative capacity.  

Aβ42 plays a pivotal role in the pathogenesis AD because of its potent 

aggregative ability and neurotoxicity [49]. PCs also had neuroprotective 

effects against Aβ42-induced neurotoxicity of neural PC-12 cells, as 

determined using a MTT assay (Figure 6B) [50]. PCs have a more potent 

ability to promote Aβ disaggregation and neuroprotection than whole APs. In 

contrast, MNs showed limited depression of Aβ aggregation.  
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Figure 6. Apple PCs suppress and extinguish Aβ aggregation in vitro [47]. Microscopic 

observations of Aβ42 precipitates by centrifugation in the presence of polyphenols (A). 

The viability of PC-12 cells treated with Aβ42 (B). Cells were pretreated with various 

concentrations of APs, PCs and MNs, and then were incubated with Aβ42. PCs 

restored the viability of PC-12 cells treated with Aβ42. The values are the means ± 

SEM, n = 3. Compared to the control group, ***P < 0.001, and *P < 0.05. 

It is possible that whole APs and MNs may contain factors that counteract 

the anti-aggregative and neuroprotective activity of PCs. Grape seed 

polyphenolic extracts including PCs interfere with paired helical filament 

formation by direct physical intercalation with taumolecules [51]. Therefore, 

apple PCs might have a similar suppressive effect on intermolecular 

aggregation of tau, as well as Aβ42. 

Huntington‘s disease (HD) is also a progressive neurodegenerative 

disease, and is diagnosed by the presence of polyglutamine (polyQ) 

aggregation observed in addition to the atrophy of the cerebral cortex or basal 

ganglion [52]. Interestingly, PCs treatment also reduced polyQ deposition in 

body wall muscle cells of the transgenic C. elegans Q40 strain, a model of HD 

(Figure 7A, B) [53], indicating that apple PCs inhibited endogenous polyQ 

aggregation in vivo.  

6
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Figure 7. Apple PCs reduce the polyglutamine (polyQ) aggregation in C. elegans. The 

C. elegans Q40 strain was treated with PCs (A). Q40-YFP deposits were observed as 

dots. The number of aggregates of Q40 worms treated with PCs (12-day-old) (B).  

PCs reduced the aggregate formation in the worms. The values are the means ± SEM, 

control; n = 18, PCs; n = 9. Compared to the control group, *P < 0.05. 

 

Apple Polyphenols Are Good Food Factors to Prevent  

Age-Related Disorders 
 

The current research shows that both nutritional apple- and pharmaceutical 

statin-based approaches may have the potential to reduce mortality due to 

vascular disease, recalling the phrase that ―An apple a day keeps the doctor 

away‖ [54]. Recently, Caton et al. report that apple PCs showed beneficial 

effects on vascular endothelial function [55], as well as an inhibitory effect on 

lectin-like oxidized LDL receptor-1, which is a key player in the development 

of atherosclerosis [56]. It also showed activating effects on K
+
 channels of 

aortic endothelial cells [57], and anti-inflammatory effects on intestinal 

7
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epithelial cells [58]. The tetrameric PC increases the levels of a gastrointestinal 

hormone, GLP-1, and insulin secretion in mice, showing that PCs act as 

agonists in the gut [59]. Further studies are necessary to elucidate the influence 

of the degree of PCs polymerization on their favorable effects. 

This chapter showed that APs and apple PCs have several anti-aging 

effects on organisms in vitro and in vivo (Figure 8). APs had a potent in vivo 

cardioprotective effect in a mouse model of DCM and ventricular arrhythmia, 

and extended the lifespan of the mice. APs mainly contain PCs, which have 

potent antioxidative activity [60]. The bioavailability of APs has been reported 

previously [61]. Shoji et al. revealed that apple PCs, which range in length 

from dimers to pentamers, are detectable in rat plasma after their oral 

administration. Since the ROS levels were lower in the ventricular cells of 

dietary APs 0.1% (w/v) water-treated H/M-Sod2
-/-

 mice than in untreated 

H/M-Sod2
-/-

 mice, the favorable cardioprotective effects might be ascribed to 

the antioxidant effects of APs.  

 

 

Figure 8. The APs and apple PCs have several anti-aging effects on organisms in vitro 

and in vivo. 8
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In this chapter, we also revealed that APs showed SIR2-dependent anti-

aging effects leading to lifespan extension in a nematode. SIRT1 may have an 

important role in the ability of the compounds to protect against cardiac 

ischemia [62]. It has been demonstrated that APs reduce the oxidative stress 

and inflammation involved in inflammatory bowel diseases, and these actions 

were accompanied by the induction of Nrf2 (orchestrating cellular antioxidant 

defenses and maintaining redox homeostasis) [63]. Taken together, these 

finding led us to propose that the beneficial effects of APs on lifespan involve 

not only a direct radical scavenging action, but also the modulation of activity 

of sirtuins, and/or an indirect anti-oxidative effect via the upregulation of 

cellular defense systems in cardiomyocytes. Further studies are necessary to 

elucidate the molecular mechanisms responsible for the effects of APs. 

Apples are one of the major fruits cultivated and consumed all over the 

world. APs are contained in the edible part of the apple, and so are easier to 

routinely ingest compared to other active polyphenols, such as trans-

resveratrol and grape seed polyphenols [64, 65]. Apple polyphenols and apple 

procyanidins may be promising and potential functional food factors to 

prevent or treat age-related disorders. 

 

 

CONCLUSION 
 

This chapter shows that apple polyphenols mainly consist of procyanidins 

have the in vitro and in vivo anti-aging effects, including the effects of the 

lifespan, redox balance and proteostasis. We propose that the beneficial effects 

on the lifespan involve not only a direct radical scavenging action, but also the 

modulation of activity of sirtuins, and/or an indirect anti-oxidative effect. 

Apple polyphenols may be promising and potential functional food factors to 

prevent or treat age-related disorders. 
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