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Abstract: There has been an unprecedented worldwide rise in non-communicable metabolic 

diseases (NCDs), particularly cardiovascular diseases (CVD) and diabetes. While modern 

pharmacotherapy has decreased the mortality in the existing population, it has failed to stem 

the rise. Furthermore, a large segment of the world population cannot afford expensive 

pharmacotherapy. Therefore, there is an urgent need for inexpensive preventive measures to 

control the rise in CVD and diabetes and associated co-morbidities. The purpose of this 

review is to explore the role of food bioactives in prevention of NCDs. To this end, we have 

critically analyzed the possible utility of three classes of food bioactives: (a) resistant starch, 

a metabolically resistant carbohydrate known to favorably modulate insulin secretion and 

glucose metabolism; (b) cyclo (His-Pro), a food-derived cyclic dipeptides; and (c) 

polyphenol-rich berries. Finally, we have also briefly outlined the strategies needed to 

prepare these food-bioactives for human use. 
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1. Introduction 

We have made a remarkable progress in public health and healthcare, including managing 

communicable diseases in the last 100–150 years. Some of the notable human achievements include 

discovery of antibiotics, starting with first antibiotic by Flemming in 1930s [1], vaccines [2], clean water 

supplies and better sewage disposal and, finally, fortification of foods to combat micronutrient 

deficiencies in many parts of the world [3]. These have led to a significant increase in life expectancy 

throughout the world. For example, as per UN estimates life expectancy between 2000 and 2050 is 

projected to increase by 16 years even in some of the poorest nations of Africa [4]. This is the good 

news. However, something else has happened with the status of the health of world citizens that is 

perhaps more alarming. There is a steady upsurge in non-communicable metabolic diseases (NCDs), 

diabetes, cardiovascular disease (CVD), obesity, and others worldwide since the 1970s, if not earlier. 

For example, as per United Nations estimates, the incidence of diabetes and CVD in China and India, 

the two most populous nations of the world representing about one-third of the world population, is 

projected to double with a total number exceeding 100 million by year 2025 [5]. 

The reasons underlying this remarkable change in human health is complex and perhaps has a lot to 

do with our lifestyle than genetics. Therefore, it is imperative that we have a discussion on how our 

lifestyles have changed over the last decades. The period following WWII has seen relative peace, 

agricultural revolution in 1970s that brought significant reduction in world food shortages, and food 

fortification with micronutrients such as vitamins and minerals. While this brought better food security 

worldwide, there were other more recent changes that possibly may have impacted world lifestyle, hence 

health. Some of these include wide-spread imbalance in current dietary choices, overuse of refined 

hyper-processed foods, and low intake of fibers and plant-derived bioactives. All such factors are beyond 

the scope of this review. However, it would be appropriate to enumerate some of these factors that have 

been reviewed in detail elsewhere. Some of these include, global changes in income distribution [6], 

globalization leading to change in eating habits [7–9], rural migration and urbanization [10,11], and 

automobiles, television, and inactive entertainment instruments [12,13]. 

Based on extensive animal studies and human epidemiologic studies, we are certain that obesity plays 

a central role in the etiology of diabetes and CVD. Therefore, the major focus of this review will be to 

examine whether nutrition via delivery of functional foods or food bioactives could help reduce 

incidence of obesity, a precursor to two major NCDs—diabetes and CVD. Using management of 

dyslipidemia as an example, we have next summarized successes and failures of current use of statin 

therapy, as well as alternatives to statins. 
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2. Successes and Failures of Current Strategies for Management of Non-Communicable 

Diseases: Lipid Lowering Therapy as an Example 

The use of HMG-COA reductase inhibitors (statins) has grown in frequency and intensity over the 

past two decades for secondary reduction of cardiovascular events and for the primary prevention of 

events in high risk individuals. The most recent iteration of the blood cholesterol guidelines put forth 

through the collaboration of the American College of Cardiology, the American Heart Association, and 

the National Heart Lung and Blood Institute have been met with controversy. These agencies have jointly 

suggested use of fixed dose, high- or moderate-intensity statin-based lipid-lowering strategies based 

upon the patient’s risk profile rather than targeting specific low density lipoprotein (LDL) or high density 

lipoprotein (HDL) goals [14]. Evidence would suggest that the latest iteration of these guidelines is 

projected to increase the number of patients treated with statin therapy [15]. Along with this increased 

utilization will be the ever-present concern of “statin intolerance”. This review will outline the 

therapeutic strategies based on both naturally occurring and man-made pharmaceutical agents to 

consider in statin intolerant patients. 

2.1. Statin Intolerance 

Statin intolerance is most commonly defined as the inability to continue statin therapy or tolerate 

increased intensity of therapy due to side effects with or without blood evidence of muscle or liver 

abnormalities. Although, the incidence of frank liver failure, or rhabdomyolysis, is exceedingly rare (less 

than 1 in 20 million), the development of milder symptoms of myalgias and fatigue are more common 

and is estimated to be present in 10%–18% of patients [16]. Muscular side effects remain a major source 

of statin intolerance and reason for discontinuation of therapy. Advanced age, female gender, low muscle 

mass, baseline liver disease, and concomitant use of gemfibrozil all increase the risk of developing statin 

intolerance [17,18]. Multiple different dosing strategies have been recommended to manage statin 

intolerance while maintaining therapy including: use of lower dosages, intermittent dosing, 

administration of slow release agents (fluvastatin), trial of alternative statins, and minimization of  

drug-drug interactions [18]. 

2.2. Coenzyme Q10 

Although the complete etiology of the myalgias remains unclear, the reduction in coenzyme Q10 

(CQ10) in myocytes has been implicated as a potential source for this adverse effect [19]. Empirically, 

the use of CQ10 supplementation has been used in patients with varying degrees of success. A  

meta-analysis of placebo-controlled trials of statin use confirmed a significant reduction in serum levels 

of CQ10 with statin therapy [20]. Unfortunately, there has not been consistent evidence from randomized 

data to support supplementation with CQ10 in patients with myopathy [20]. A recent systematic review 

supports this clinical equipoise and, given the low risk of side effects of CQ10, suggests that individual 

patients may derive benefit—in part due to placebo effect [19]. 
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2.3. Vitamin D Supplementation 

Apart from CQ10, recent focus has turned to vitamin D levels as an important factor in the 

development of statin related myalgias. Using data from the National Health and Nutrition Examination 

Survey 2001–2004, Morioka et al., demonstrated that middle aged and older adult statin users with serum 

25-hydroxyvitamin D (25[OH]D) levels <15 ng/mL, had nearly two times greater odds of reporting 

musculoskeletal pain compared to non-statin users [21]. Whether this association is causative or not is 

unclear and at this time speculative hypotheses note that vitamin D deficiency can lead to atrophy of 

type II muscle fibers—the clinical manifestations of which could be magnified by statin use. A more 

recent prospective clinical study in statin intolerant patients with vitamin D levels <32 ng/mL, 

demonstrated that with sufficient vitamin D supplementation (50,000–100,000 units/week), up to 95% 

of patients could be maintained on statin therapy without symptoms or myonecrosis and this  

re-initiation of lipid-lowering therapy was associated with an improved cholesterol profile [22]. At this 

point, use of vitamin D remains attractive and may be an option in deficient patients, although large 

randomized studies and mechanistic data remain scarce. 

2.4. Alternatives to Statins 

In individuals who are truly intolerant to statin therapy, alternative agents may be considered.  

The common themes surrounding these therapies is a lower intensity of LDL lowering, relatively fewer 

cardiovascular outcomes data, and additional side effects that may complicate tolerability. The agents 

available in this context include vitamin B3 (niacin or nicotinic acid), fibrates (amphipathic carboxylic 

acids), cholestyramine (bile acid sequestrants), plant sterol esters, red rice yeast, eztimibe, and the newly 

approved proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors. Although a full discussion 

of the data for each of these agents is beyond the scope of the present review, Table 1 summarizes the 

key clinical and pharmacological points. 

2.5. PCSK9 Inhibition: The Future? 

There is considerable interest in a newly approved class of medications, the PCSK9 inhibitors. These 

agents include evolocumab, alirocumab, and bococizumab, and are human monoclonal antibodies 

against PCSK9—administered as a subcutaneous injection every two weeks [23]. PCSK9 is a serine 

protease which binds to the LDL receptor leading to the intra-hepatocyte degradation of the  

receptor [24]. The effect of these drugs is to increase LDL receptor expression in the liver and facilitate 

LDL clearance—thereby lowering serum LDL cholesterol. While clearly an attractive treatment for 

patients with familial hypercholesterolemia who have mutations of the PCSK9 gene and are difficult to 

treat with statins, the potential of these agents lies in treatment of the larger population of dyslipidemic 

patients. The various agents appear to have a class effect in terms of LDL lowering with comparable 

magnitude of effect. The first agent to receive United States Food and Drug Administration (FDA) 

approval was alirocumab (July 2015) and, per the FDA, approval is indicated for additive therapy to 

dietary modification and maximally tolerated statin therapy in adult patients with heterozygous familial 

hypercholesterolemia or patients with clinical atherosclerotic cardiovascular disease such as heart 

attacks or strokes, requiring additional lowering of LDL cholesterol. Interestingly, dose escalation of 
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statins up-regulates PCSK9 which explains the magnitude of LDL lowering. PCSK9 monotherapy has been 

shown to reduce LDL levels from 40% to over 50% [25]. When coupled with a statin (even at a low dose) 

the reductions range from 40% to 70%. The use of PCSK9 inhibitors in statin intolerant patients is 

particularly attractive given the relatively mild side effect profile. The GAUSS-2 (Goal Achievement 

after Utilizing an Anti-PCSK9 Antibody in Statin Intolerant Subjects) study examined the relative effect 

of LDL lowering by evolocumab compared to ezetimbide in patients who were statin-intolerant due to 

muscle-related side effects [26]. The LDL lowering of evolocumab in the study was 53%–56% as 

compared to 15%–18% with ezetimibe. 

Table 1. Agents commonly used for the management of dyslipidemia. 

Agent/Dose Mechanism of Action Effects on Lipid Profile Common Side Effects Key Clinical Data 

Niacin 

Inhibits triglyceride 

(TG) synthesis and 

favorably impacts 

apoliprotein B 

containing lipoproteins 

Two gram dose can lower 

low density liproprotein 

(LDL) by 15%, increase 

HDL by up to 25%, and 

lower TG by up to 30% 

Flushing, gastrointestinal 

effects, pruritis, and rash 

Randomized controlled trials of 

niacin including AIM-HIGH and 

HPS2-THRIVE have demonstrated 

no benefit in cardiovascular events 

despite significant increases in 

HDL levels [27,28]. 

Fibrates 

Reduces hepatic TG 

production, enhances 

LDL uptake by the 

LDL receptor, and 

stimulates lipoprotein 

lipolysis 

Primarily lowers TG and 

can lower LDL by ~10% 

Gastrointestinal side effects 

including nausea and 

diarrhea. Can raise liver 

enzymes and cause gallstone 

formation. Drug-drug 

interactions with statins  

and warfarin are important 

to watch 

Meta-analyses have demonstrated a 

reduction in coronary events 

including non-fatal MI. However, 

no benefit in all-cause mortality 

was seen [27,28] 

Bile acid 

sequestrants 

Bind to bile acids in 

the intestine and 

prevent recirculation of 

cholesterol 

Depending on dosage, 

can decrease LDL 15%–

30% 

Gastrointestinal side effects 

including constipation, very 

rare reports of myalgias 

May have beneficial impact on  

coronary atherosclerosis and may 

lower HbA1c [27]. 

Plant sterol 

esters 

Interfere with dietary 

and biliary cholesterol 

absorption from  

the intestines 

2–3 grams per day may 

reduce LDL cholesterol 

by 8%–15% (typically 

8%–9%) and TG by  

6%–9% 

Well tolerated, uncertain 

impact on vitamin and 

nutrient absorption  

Uncertain impact on  

cancer risk 

Limited data on markers of 

atherosclerosis and no large 

randomized cardiovascular 

outcomes data [29]. 

Red rice 

yeast 

Functionally a low 

dose statin. Contains 

monacolin—the active 

ingredient in lovastatin 

is monacolin K 

Reductions in LDL vary 

between 19% and 30% 

Minimal impact on HDL 

and modest effect on TG 

reduction 

Generally well tolerated—

even in statin intolerant 

patients but there have been 

reported myalgias similar to 

statins with one case of 

rhabdomyolysis reported. 

Several small randomized controlled 

trials. Recent meta-analysis of 13 

trials confirms LDL reduction, 

modest TG reductions and no 

impact on HDL levels [30].  

No significant creatinine kinase 

level changes were noted. 
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Table 1. Cont. 

Agent/Dose Mechanism of Action Effects on Lipid Profile Common Side Effects Key Clinical Data 

Ezetimibe 

Decreases cholesterol 

absorption in the small 

intestine 

As an alternative to statin 

therapy can lower LDL 

cholesterol ~15%–20%. 

Minimal impact on HDL 

as monotherapy.  

With statin use can lower 

LDL by ~25%–60% with 

moderate reduction in 

TG. Can be used with 

fibrates to achieve ~20% 

lowering of LDL, and 

moderate increase in 

HDL, and decrease in TG 

Generally well tolerated.  

Most common side effects: 

diarrhea (2.0%–2.5%), 

myalgias with statin use 

(3%), transaminitis with 

statin use (1.3%) 

Clinical efficacy and safety for 

LDL lowering have been 

established in multiple studies. 

IMPROVE-IT randomized 18,144 

recent acute coronary syndrome 

patients to simvastatin + ezetimibe 

vs. simvastatin + placebo [31]. 

There was a median follow up of 

six years and the primary 

composite endpoint was death from 

CVD, a major coronary event 

(nonfatal myocardial infarction 

(MI), documented unstable angina 

requiring hospital admission, or 

coronary revascularization 

occurring at least 30 days after 

randomization), or nonfatal stroke. 

The trial demonstrated an absolute 

risk reduction of 2.0% (p = 0.016) 

in the primary endpoint, driven by 

a significant reduction in non-fatal 

MI and stroke. 

These data suggest a role of this new class of drug as monotherapy for LDL lowering in statin 

intolerant individuals. The missing link is in PCSK9 inhibition therapy is the impact of these drugs on 

cardiovascular outcomes. Nearly 60,000 high-risk patients are being evaluated in randomized controlled 

trials to address this question. In addition, long term safety data and elucidation of any pleiotropic effects 

remains to be determined. 

Based on over three decades of study, the LDL hypothesis as a central feature of atherosclerosis and 

adverse cardiovascular outcomes remains the focus of lipid management. Statin intolerance, though less 

common in randomized trials, is not uncommon in clinical practice. The majority of non-statin  

LDL-lowering drugs have modest LDL reductions and have additional side effects. The novel class of 

PCSK9 inhibitors appears to offer a new option for statin intolerant patients with profound reduction in 

serum LDL cholesterol without myalgias. The long term efficacy and safety of these drugs requires 

further evaluation. The next section presents a general overview food bioactives that may have a role to 

play in the management of CVD and diabetes. 

3. A Brief Survey of Foods Rich in Bioactive Plant Metabolites 

The relationship between diet and chronic diseases has been extensively studied. For many years 

research focused on reducing total fat, saturated fat, cholesterol, and trans-fat in the diet to reduce the 

risk of certain chronic diseases, such as CVD and stroke. However, dietary modifications that include 

plant products have been shown to reduce the risk of these chronic diseases. The Nurses’ Health Study, 
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the Health Professionals’ Follow-up Study [32,33], Women’s Health Study [34], and the Physicians’ 

Health Study [35] show that increasing consumption of fruits and vegetables resulted in decreased risk 

for CVD. Similarly, Bazzano et al. [36] reported that consumption of fruits and vegetables was inversely 

associated with stroke incidence, stroke mortality, ischemic heart disease mortality, and CVD mortality. 

In addition to fruits and vegetables, grains have been reported to reduce the risk of CVD [37] and of  

all-cause mortality in postmenopausal women [38]. Known modifiable risk factors for CVD include 

smoking, sedentary lifestyle, diet, dyslipidemia, hypertension, obesity, and type 2 diabetes [39]. 

The observed protective effect of consuming plant foods on chronic diseases is likely due to their 

bioactive components. The plant bioactive compounds that will be discussed in this review include 

phytosterols, flavonoids, and phytoestrogens (lignans). We will focus on effects of these bioactive 

compounds on CVD and type 2 diabetes. 

3.1. Phytosterols 

Phytosterols are naturally-occurring plant sterols found in the non-saponifiable fraction of plant oils. 

Plants synthesize several types of phytosterols (e.g., sterols and stanols) that are structurally similar to 

cholesterol, except for the functional group substitutions on the sterol side chain at the C24 position. 

Both cholesterol [40] and phytosterols [41,42] are important components of cell membranes responsible 

for regulating membrane fluidity and permeability. 

Of all the phytosterols that have been identified, beta-sitosterol (most abundant), campesterol, and 

stigmasterol comprise almost our entire intake of phytosterols. Since humans do not synthesize 

phytosterols, they must be obtained from the diet. The main dietary sources of naturally-occurring 

phytosterols are vegetable oils, nuts, grains and, to a lesser extent, fruits and vegetables [43]. Phytosterols 

intake has been reported to decrease blood cholesterol despite their poor absorption (<10%) from 

the intestine [44]. In the intestine, phytosterols displace cholesterol in mixed micelles and, thus, 

inhibit the absorption of cholesterol [45] reducing circulating LDL concentration [46,47], a known 

risk factor for CVD. 

As a result of the reported health benefits of phytosterols, and the small amounts that occur naturally 

in foods, FDA in 2000 authorized the use of a health claim—“may reduce the risk of heart disease” for 

foods containing phytosterols (beta-sitosterol, campesterol, and stigmasterol). For such a claim to be 

made, the food must contain “at least 0.65 g per serving of plant sterol esters or 1.7 g per serving of plant 

stanol esters, and consumed twice a day with meals for a daily total intake of at least 1.3 g of sterol esters 

or at least 3.4 g of stanol esters, as a part of a diet low in saturated fat and cholesterol may decrease the 

risk of heart disease [48]. In response to health petitions received, the FDA in 2010 proposed new 

requirements for a claim to be made for fortification of foods with phytosterols. “Foods containing at 

least 0.5 g per serving of plant sterols/stanols (or plant sterols and stanols) eaten with meals or snacks 

for a daily total intake of 2 g as a part of a diet low in saturated fat and cholesterol, may reduce the risk 

of heart disease [49]. 

The food industry seized the opportunity to provide commonly consumed products that are fortified 

with phytosterols, such as Benecol™ and Take Control™. Benecol spread contains stanol esters derived 

from tall oil (pine tree wood pulp) and Take Control margarine contains sterol esters from soybeans. 

Consuming 2–3 g/d of phytosterols from these products resulted in approximately 14% reduction in LDL 



Metabolites 2015, 5 740 

 

 

with no change in HDL [50–52]. Thus, both sterols and stanols are equally effective in lowering LDL 

concentration. In addition to margarines and spreads, a variety of food groups (grains, cereals, dairy products, 

and salad dressings) were fortified with various amounts of stanols and sterols. Doses as low as  

0.8–1.0 gram/day resulted in approximately 5% reduction in LDL concentration with higher doses (2 g/d) 

having greater cholesterol-lowering effect (~10%) [53–55]. The cholesterol-lowering effect of phytosterols 

has been shown to last up to one year [56,57]. These observations have resulted in the recommendation 

from the National Cholesterol Education Program (NCEP) Adult Treatment Panel III to include two 

grams of plant sterol or stanol esters daily for optimal dietary therapy for elevated LDL [58].  

Recently, guidelines for lowering LDL concentration issued by the American Heart Association 

include consumption of a diet that emphasizes vegetables, fruits, whole grains, legumes, and nuts [38], which 

are foods that contain naturally-occurring phytosterols. 

3.2. Flavonoids 

This group of polyphenols is the most abundant in the human diet. It can be classified into many 

different categories based on their structures. The most common flavonoids are flavones, flavanols, 

catechins, and anthocyanins, along with anthoxanthins [59,60]. Epidemiological studies show an inverse 

relationship between flavonoid intake and chronic diseases including CVD [61–64]. When compared to 

low (<19 mg/d) intakes of flavonoids, individuals with higher intake (30 mg/d) had approximately 50% 

reduction in CHD mortality [64]. Similar reductions were observed with the consumption of apples [62] 

or onions [61]. The protective effects of flavonoids can be linked to the antioxidant capacity of these 

compounds and their metabolites. 

Red wines contain an abundance of polyphenols including phenolic acids (for example, gallic acid, 

and caffeic acid), stilbenes (resveratrol), and flavonoids (for example, catechin, epicatechin, quercetin, 

rutin) [65]. The most abundant polyphenol in red wine is caffeic acid, but gallic acid had the highest 

antioxidant activity [66]. The polyphenols found in red wine inhibit oxidation of LDL in vitro [67,68] 

and increase total antioxidant capacity in the serum [69]. The polyphenols in red wine have 

antithrombotic effects due to decreased platelet aggregation, reduced synthesis of pro-thrombotic and 

pro-inflammatory mediators, and decreased expression of adhesion molecules [70,71]. In addition, red 

wine polyphenols can induce vasorelaxation via nitric oxide synthesis [71]. The protective effect of red 

wine polyphenols is independent of the alcohol content. Freedman et al. [72] reported that purple grape 

juice (7 mL/kg body weight per day for 14 days) decreased platelet aggregation (58% vs. 39%), increased 

nitric oxide release, and suppressed superoxide production. According to Xiang et al. [73] resveratrol 

exhibited lower antioxidant activity than gallic, caffeic, and syringic acids. However, the addition of 

resveratrol to the wine samples did not significantly improve the antioxidant activity, suggesting that 

resveratrol may exert its health effects by other mechanisms [73]. 

Resveratrol is a polyphenol found principally in the skin of grapes and, in lesser amounts, in peanuts. 

Moderate consumption of red wine (French paradox) reduced the risk for CVD via several mechanisms. 

Unlike observation of Xiang et al. [73], others have shown resveratrol to effectively scavenge free 

radicals and other oxidants [74,75]. Resveratrol inhibits both LDL oxidation [63] and platelet 

aggregation [76], as well as cyclooxygenase-2 (COX-2) synthesis [77]. Platelet aggregation is one of the 

first steps in blood clot formation. Blood clots have been known to occlude arteries resulting in 
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myocardial infarction or stroke. One of the earliest steps in the development of atherosclerosis is 

recruitment of inflammatory cells from the blood to the arterial wall by vascular cell adhesion molecules 

(VCAM), and in vitro studies show resveratrol decreased the expression VCAM-1 [78] and matrix 

metalloproteinase-9 (MMP-9) mRNA [79] by suppressing nuclear factor AP-1 activation [77]. 

Resveratrol may also inhibit pro-inflammatory transcription factors such as NFκB or AP-1 [80]. The 

cardioprotective effect seen in in vitro studies are supported by animal data. Rats pre-infused with resveratrol 

prevented reperfusion-induced arrhythmias and mortality [81]. Similar to cardioprotective effects, resveratrol 

improved insulin sensitivity, glucose tolerance, and lipid profiles in obese animals [82]. 

One study showed improved flow-mediated dilation (FMD) of the brachial artery when patients with 

metabolic syndrome consumed 100 mg/d of resveratrol for three months. However this improved blood 

flow lasted only three months after the study was completed [83]. In another study (84), overweight and 

obese adults were given a single dose of resveratrol (30 mg, 90 mg, or 270 mg). All three doses improved 

FMD at 60 min after consumption [84] and in a follow up study, FMD improved in subjects consuming 

a single dose of resveratrol (75 mg) or daily doses (75 mg) for six months [85]. Subjects consuming 

resveratrol had significantly reduced VCAM [86], reduced circulating inflammatory markers, C-reactive 

protein, tumor necrosis factor, and plasminogen activator inhibitor-1 [87] reduced oxidized LDL and 

apolipoprotein B [88]. 

Resveratrol consumption (1000 mg/d for 45 days) significantly lowered fasting glucose, insulin 

concentrations, hemoglobin A-1c levels, and insulin sensitivity (HOMA-IR) in subjects with type 2  

diabetes [89]. Similar glycemic benefits were observed at a lower dose of 250 mg/d for three months [90], 

and at a very low dose of 10 mg/d for four weeks [91]. These data show that resveratrol consumption 

could improve cardiovascular health as well as type 2 diabetes control. 

3.3. Lignans 

Lignans are polyphenols found in plants, especially in flaxseed (secoisolariciresinol diglucoside), 

sesame seeds (sesamin, sesamolin), and soy, followed by whole-grains cereals (syringaresinol), and 

legumes, including nuts. Flaxseed contains approximately 335 mg lignans/100 g [92] and sesame seeds 

contain approximately 373 mg/100 g [93]. Fruits and vegetables contain a wide variety of lignans (e.g., 

matairesinol (MAT), pinoresinol (PINO) and lariciresinol (LARI)) but in minute quantities [94]. 

Consumption of lignans is associated with decreased risk of CVD. The proposed mechanisms by 

which dietary lignans could reduce the risk of CVD include the phytoestrogenic, and antioxidant activity of 

these compounds and their metabolites. First, some plant lignans such as matairesinol (MAT), 

secoisolariciresinol (SECO), pinoresinol (PINO), and lariciresinol (LARI) are metabolized by intestinal 

bacteria to enterolignans (enterodiol and enterolactone) in various proportions [95–97], absorbed, and 

transported into systemic circulation. Enterolignans, bind to estrogen receptors alpha and beta, which 

are found in the endothelium of blood vessels and exert weak estrogenic activity [98]. Additionally, they 

promote the synthesis of sex hormone-binding globulin and inhibit the activity of several enzymes 

including aromatase and 5a-reductase [99]. The second is associated with the antioxidant activity of 

lignans and their metabolites [100]. In middle age–elderly men and post-menopausal women living in 

Northern Italy SECO, LARI, and total lignan intake decreased plasma soluble intercellular adhesion 

molecule-1 (sICAM-1). Soluble intercellular adhesion molecule-1 is the circulating form of ICAM-1 
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that is expressed on cell surface of many cell lines including endothelial cells. Interaction between 

ICAM-1 and lymphocyte function-associated antigen LFA-1 increases leukocyte adhesion and migration 

across the endothelium. Both ICAM-1 and sICAM increase the risk of atherosclerosis. In the same study, 

MAT intake increased FMD, another measurement of the endothelial function of blood vessels providing 

further evidence that plants contain bioactive compounds which reduce the risk of CVD [101]. 

The next section describes in detail three unrelated groups of food bioactives with potentials as agents 

for the management of CVD and diabetes. These include resistant starch—a carbohydrate, and two 

classes of small molecules—one derived as a result of food processing/manufacturing and the other 

endogenous to fruit berries. 

4. Select Examples of Bioactive Plant Metabolites with Potentials for Management of  

Non-Communicable Diseases 

4.1. Resistant Starch 

Complex carbohydrates derived from starch contribute over half of humans’ daily energy 

requirements. Starch is a homopolysaccharide made in plants and stored in granules. Amylose and 

amylopectin are two polymers found in starch and are identified based on the glycosidic bond linking 

the α-D-glucose monomers. Amylose is a linear polymer with α-(1,4) linkages while amylopectin has 

linear α-(1,4) linkages and α-(1,6) branch points. 

Starch was once considered to be completely digestible because human enzymes could cleave the 

amylose and amylopectin linkages entirely in the small intestine. However, in 1982, Englyst discovered 

that some foods contain small amounts of starch that resist enzymatic hydrolysis [102]. This starch is 

known as resistant starch (RS) and escapes digestion in the small intestine entering the large intestine 

intact. Four types of RS (RS 1 through RS 4) were classified by Englyst ten years after its discovery, 

which are based on its physical, structural, or chemically-modified properties [103]. Dietary sources of 

RS 1 include partially milled grains and seeds. RS 2 can be found in raw potatoes, legumes, just-ripe 

bananas, and high-amylose maize (HAM). HAM is a functional ingredient containing up to 60% amylose 

produced by corn breeding technology and is utilized most often in research protocols. RS 3 results from 

retrograded foods, such as potatoes, cereals, and breads. Chemically- or physically-modified starch and 

resistant maltodextrins are known as RS 4 and 5, respectively. The average daily global consumption of 

RS ranges from 3 to 10 g [104]. RS is considered both a dietary and functional fiber, thus increasing 

consumption of RS could improve fiber intake and overall health [104,105]. 

The digestive properties of RS in the small and large intestine, or lack thereof, contribute to its 

bioactivity and subsequent metabolic outcomes. Due to lack of enzymatic hydrolysis, the direct 

contribution of glucose to blood from RS is minimal and allows for an attenuated post-prandial glycemic 

response. The acute blood glucose response can be specific to RS type, where RS4 can be more effective 

than RS2; however, consuming RS4 over 12 weeks did not significantly lower fasting blood  

glucose [106,107]. Although studies reporting lower glucose concentrations immediately following RS 

intake have similar amounts of available carbohydrate with the control, results are more pronounced 

when RS replaces a portion of fully digestible carbohydrate [108,109]. The reductions in blood glucose 

are also more apparent among individuals with metabolic syndrome or type 2 diabetes who consumed 
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40 g RS2 daily over a longer duration (8–12 weeks) [110,111]. Of more importance, peripheral insulin 

sensitivity (Si) also improved by approximately 20% in individuals with metabolic syndrome consuming 

the same amount or RS that elicited reductions in blood glucose [110,111]. Interestingly, a 33% 

improvement in peripheral Si resulted without concomitant changes in blood glucose after a meal tolerance 

test after healthy adults consumed 30 g RS2 over four weeks [112]. Improvements in Si have also resulted 

with lower amounts of RS2 intake. One study showed a 56.5% improvement in Si in men, but not women, 

after 15 g of RS2 were consumed daily for four weeks [113]. The women in this study had 26% higher Si 

at baseline than men, suggesting that improvements in Si may be more apparent among individuals who 

are insulin resistant. To date, only one long-term study examined Si in adults with well-controlled type 

2 diabetes. In this study peripheral or hepatic SI did not improve but changes in blood glucose were 

observed after daily intake of 40 grams of RS2 for 12 weeks [114]. While RS2 intake improves glucose 

control and Si, especially among individuals with obesity-related metabolic disorders, the type, amount, 

and duration of RS consumption must be considered when examining the metabolic impact. 

The production of short chain fatty acids (SCFA) from RS fermentation by gut microbiota in the large 

intestine further classifies it as a bioactive compound. The SCFA are capable of influencing risk, and 

even treatment, of NCDs such as diabetes and cancer through several mechanisms: decreasing luminal 

pH, enhancing mineral absorption, and stimulating the release of two satiety peptides known as 

glucagon-like peptide -1 (GLP-1) and peptide tyrosine tyrosine (PYY) to the periphery [115,116].  

GLP-1 is an incretin known to reduce blood glucose concentrations, control gut motility, and influence 

food intake [117]. The PYY isoform also influences appetite by binding to Y2 receptors in the 

hypothalamus, thus activating pro-opiomelanocortin neurons that correspond to increases energy 

expenditure [118]. Interestingly, several animal studies have observed significant increases in GLP-1 

and PYY that correlate with reductions in total body adiposity and visceral fat after RS2 intake over  

time [119]. The mechanism of reduced adiposity may be related to enhanced fat oxidation and reduced 

lipogenesis [120,121] and increased uncoupling protein-1 in brown adipose tissue [122]. 

Unfortunately, the favorable changes in body composition and satiety peptides observed in animal 

models have not been replicated in human studies [123]. Several reasons why animals showed 

pronounced improvements in satiety peptides and body composition after RS intake than humans include 

the amount consumed, gut microbiota composition, differences in cecum size and physiology, and age 

at intervention [124]. RS can act as a prebiotic to selectively increase the concentration and viability of 

certain bacteria, such as Ruminococcus bromii [125]. However, several factors may influence the 

fermentative capabilities of microbiota, including diet and genetics [125]. In addition, it would be 

physically impossible for humans to consume the amount of RS administered to animals. 

One human study reported enhanced post-prandial GLP-1 response in individuals with type 2 diabetes 

consuming 40 g RS2 daily for 12 weeks but concomitant changes in glucose or insulin metabolism or 

body composition were not observed [114,126]. Theoretically, elevated concentrations of GLP-1 should 

translate to decreased energy intake through the incretin effect and improvements in satiation.  

Intra-individual variation in gut microbiota may influence RS fermentation, the production of SCFA, 

and upregulation of GLP-1 [109]. Since the half-life of GLP-1 is 1–2 min, very high concentrations may 

be required to promote satiety [127]. RS metabolism is also highly variable ranging from 82% to 53% 

among healthy and hyperinsulinemic adults, respectively [128], suggesting some individuals may 

excrete a large portion of unmetabolized RS. 
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The risk of colon cancer and chronic kidney disease may also be influenced by dietary RS. The 

consumption of 40 g of butyrylated RS2 with red meat (300 g) decreased O6-methyl-2-deoxyguanosie 

adducts, improved SCFA excretion, and altered the microbiota profile after four weeks [129]. The 

attenuation of chronic kidney disease progression has also been demonstrated by improving creatinine 

clearance and reducing inflammation in rats after consuming RS2 [130]. 

In conclusion, RS is a bioactive, fermentable fiber that can assist with the prevention and 

improvement of NCDs including insulin resistance and cancer. More research is needed to determine 

the exact mechanism(s), amount, type, and duration of RS intake, and type of microbiota capable of 

fermenting RS, to produce optimal metabolic outcomes. 

4.2. Cyclic Dipeptides 

Cyclic dipeptides (also known as 2,5dioxopiperazines; 2,5-diketopiperazines; cyclo (dipeptides); or 

dipeptide anhydrides) are relatively simple compounds and, therefore, are among the most common 

peptide derivatives found in nature. Curtius and Gloebel synthesized the first cyclic dipeptide, cyclo 

(Gly-Gly), in 1888 [131]; however, their existence as a special group of compounds in nature was not 

recognized until early in the 20th century [132]. Between the late 1800s and early 1900s, many simple 

diketopiperazines such as cyclo (Gly-Gly) were synthesized for the sole purpose of examining their 

interesting physicochemical properties [132]. In later years, a variety of dipeptide diketopiperazines were 

shown to exist in protein and polypeptide hydrolysates as well as fermentation broths and cultures of 

yeast, lichens, and fungi [133]. Some of these diketopiperazines were thought to result from nonenzymatic 

cyclization of dipeptides and their amides, inasmuch as they are often formed during chemical and thermal 

manipulations, as well as during storage of peptides and proteins [134]. Consistent with a role for 

fermentation process in synthesis of cyclic dipeptides is the observation of high levels of cyclo (His-Pro) 

in foods that undergo fermentation and/or high heat treatment of protein-rich foods. Such examples are 

nutritional supplements (e.g., TwoCal HN and Jevity), milk, yogurt, sauces, and fermented fish [135–137]. 

Although cyclic dipeptides are ubiquitous in nature, only very few of these have so far been shown 

to possess any biological activity. These include, cyclo (His-Pro), cyclo (Leu-Gly), cyclo (Tyr-Arg), and 

cyclo (Asp-Pro). Of these only cyclo (his-Pro) has been shown to be endogenous to animal kingdom. 

The demonstration of cyclo (His-Pro) synthesis in mammals was an accidental observation. In 1976, 

while studying thyrotropin-releasing hormone (pGlu-His-ProNH2, TRH) metabolism, we observed that 

in vitro incubation of [3H-Pro]TRH with hamster hypothalamic extracts or intraventricular 

administration of [3H-Pro]TRH into rat brain led to the formation of a new metabolite that was 

characterized to be cyclo (His-Pro). The pleiotropic nature of the biologic activities associated with its 

precursor TRH, and prevailing acceptance of the role of limited proteolysis in generating new 

biologically active peptides aroused interest in cyclo (His-Pro). Two major advances—development of 

specific radioimmunoassay for cyclo (His-Pro) [138] and commercial availability of large quantities of 

synthetic peptide—helped research in pharmacology of cyclo (His-Pro) and demonstration of its 

presence in biologic samples. 

The research essentially progressed on two fronts—measurement and characterization of CHP in a 

variety of biological samples including food and evaluation of its potential biologic activities. The data 

presented in Table 2 summarizes data on measurement of CHP in a number of food products. To date 
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CHP has been shown to exhibit a score of diverse biologic activities that have been reviewed in detail 

elsewhere [133,134,139–141]. Based on the prevailing data in the literature we feel that CHP may be a 

good potential candidate food bioactive for the management of insulin resistance. Therefore, for the 

purpose of this review we are going to focus on the role of CHP in insulin physiology in relation to 

diabetes. Since food intake is an important signal for peripheral excursions in circulating insulin and 

glucose, we will also review role of CHP in food intake where appropriate. 

4.3. Cyclo (His-Pro), Food Intake, and Body Weight 

Morley et al., (1981) were the first to demonstrate that intracerebral administration of CHP to rats led 

to suppression of food intake induced by stress, fasting, or spontaneous feeding [142]. While many 

investigators [143–145] have supported this initial observation, Bowden et al., (1988) could not 

demonstrate any anorectic role for CHP [146]. An anorectic or satiety-modulating role for CHP is 

supported by elevation of CHP in brains of hyperphagic obese Zucker rats [147] and fasted  

Sprague–Dawley rats [148] and changes in plasma CHP in patients (anorexia nervosa and bulimia) with 

satiety disturbances [149]. 

These initial observations supporting an appetite suppressant and satiety-inducing role of CHP led to 

further examination of its role in body weight control. Treatment of aged (16–18 months), obese, and 

insulin-resistant Sprague–Dawley rats with diet rich in CHP for eight weeks resulted into improvement 

of oral glucose tolerance and body weight control [150]. In a follow-up study, using genetically type 2 

diabetic Goto–Kakizaki (G-K) rats and aged obese Sprague–Dawley (S-D) rats, these investigators made 

a similar observation following treatment with synthetic CHP and zinc combination [151]. 

4.4. Cyclo (His-Pro), Insulin Secretion, Glucose Metabolism, and Diabetes 

The demonstration of appetite inhibitory function of CHP and changes in its level with  

feeding-fasting coupled with availability of specific radioimmunoassay of CHP, led us to explore its role 

in insulin physiology. In 1983, we demonstrated presence of CHP in rat pancreatic islet at a level  

88-fold higher than whole pancreas [152]. Soon after this observation, Leduque et al., (1987) using 

immunohistochemical techniques demonstrated localization of CHP within pancreatic alpha cells that 

also harbor glucagon/glicentin [153]. CHP may act here like an incretin in augmenting insulin secretion 

and, thus, reducing plasma glucose. Since CHP is localized in alpha and not beta-cells of the pancreas, 

it may act upon beta cells to stimulate insulin release via a paracrine mechanism. A further support for 

a possible role of CHP in glucose metabolism comes from a very rapid rise (maximum at 15 min) in 

blood CHP during oral glucose tolerance test (OGTT) in normal human subjects [154]. In support that 

CHP may act like an incretin of gut origin, Hilton et al., (1990) observed an acute and reversible rise in 

plasma CHP after glucose ingestion in rats and the response was greater after oral glucose than after 

intravenous glucose [155]. 

Two lines of investigation support a possible role of CHP in insulin secretion and glucose metabolism. 

First, in a series of animal experiments, two groups of investigators independently demonstrated 

improvement in insulin sensitivity following consumption of raw vegetables [156] or spent brewer’s 

yeast hydrolysate [157] diets both rich in CHP. Second, since plasma levels of CHP are altered by oral 

glucose ingestion [154], Prasad and co-workers wondered whether exogenous CHP might alter the 
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insulin response to oral glucose ingestion. To this end, rats were given 3 g/kg oral glucose load with 

either saline or increasing doses of CHP and plasma levels of insulin, C-peptide, and glucose were 

measured. The results showed CHP to cause higher insulin excursions without any change in C-peptide 

suggesting that CHP may decrease hepatic insulin clearance. An examination of the relationships 

between the levels of CHP in obese women and parameters of insulin secretion (fasting C peptide/insulin 

molar ratio) further suggested a role for this peptide in HIC and hyperinsulinemia in obesity [158]. 

Table 2. Presence of cyclo (His-Pro) in some common foods. Nutritional supplements were 

products of Ross Laboratories, Columbus, OH (1–8), Norwich Eaton, Norwich, New Your 

(9), and Travenol Laboratories, Deerfield, IL (10 and 11). Protein source: 1 Casein + Soy,  
2 Casein, 3 Essential amino acids, 4 Crystalline amino acids. ND = Not detected. 

Food Cyclo (His-Pro) Concentration Reference 

Noodle 18.8 ng/g [136] 

Potted Meat 40.9 ng/g [136] 

Nondairy creamer 30.0 ng/g [136] 

Hot Dog 18.1 ng/g [136] 

Ham 32.5 ng/g [136] 

Egg 5.7 ng/g [136] 

White Bread 21.8 ng/g [136] 

Tuna 510.4 ng/g [136] 

Fish Sauce 1291.8 ng/g [136] 

Dried Shrimp 1630.8 ng/g [136] 

Fresh Cow Milk 1.8 ng/g [135] 

Pasteurized Cow Milk 2.5 ng/g [135] 

Yogurt 4.2 ng/g [135] 

Spent Brewer’s Yeast hydrolysate 674,000 ng/g [157] 

Nutritional Supplements   

(1) Ensure plus 1 300 ng/mL 

[137] 

(2) Ensure HN 1 601 ng/mL 

(3) Ensure 1 454 ng/mL 

(4) Pulmocare 2 824 ng/mL 

(5) Enrich 1 323 ng/mL 

(6) TwoCal HN 2 4763 ng/mL 

(7) Jevity 1 4467 ng/mL 

(8) Osmolite 1 123 ng/mL 

(9) Tolerex 3 ND 

(10) Travasorb Hepatic 4 ND 

(11) Travasorb Renal 4 ND 

In Figure 1, we have made a graphic attempt to visualize the complex role of CHP in controlling 

insulin secretion and glucose both in short and long terms at the level of pancreatic alpha and beta cells 

and liver acting as incretin, as well as autocrine, paracrine, and endocrine mediators. While our 

assumption of CHP stimulation of glucagon secretion remains to be examined, human beta cells express 

functional glucagon receptors which can, similar to incretin hormone receptors, generate synergistic 

signals for glucose-induced insulin secretion [159–161]. 
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Figure 1. A diagrammatic representation of actions of Cyclo (His-Pro) at the level of the 

pancreas and liver in controlling insulin secretion and glucose metabolism. CHP = Cyclo  

(His-Pro). Panel A refers to action of CHP on pancreatic α and β cells via autocrine/incretin 

mechanisms. Panel B refers to short-term and long-term actions of CHP on liver. 

While the mechanism underlying changes in hepatic insulin clearance is not clearly deciphered, 

prolonged decrease in HIC has been clearly associated with risks for insulin resistance, dyslipidemia, 

metabolic syndrome, and CVDs [162–164]. Acutely, CHP may help glucose metabolism by enhancing 

glucose-induced insulin secretion, a benefit to those with insulin resistance. 

This opens further possibilities of new lines of investigation into the role of CHP and similar bioactive 

food components in the etiology of metabolic diseases. 

4.5. Fruit Berries 

Berries and other fruits rich in polyphenols and other natural compounds with bioactive properties 

have shown promise in recent years for use in the prevention of NCDs such as arthritis, diabetes, cancer, 

and CVD [165–169]. Antioxidant vitamins found in berries, such as vitamins C and E, may be important 

contributors to these outcomes [168]. Polyphenols found in berries and other plant foods are particularly 

associated with anti-inflammatory, antioxidant, cardioprotective, and chemopreventive properties, 

making them an ideal subject of research for chronic disease applications [167–169]. The mechanism of 

action is not fully understood, but appears to include down-regulation of the inflammatory cytokines, or 

by antioxidant or anti-inflammatory pathway signaling [166]. 

4.6. Bioactive Berry Constituents 

A wide variety of phenolic compounds act as a protective mechanism against injury in the fruit. These 

compounds contribute to the antioxidant properties of berries and are typically found in the outer parts 

of the fruit or berry, most often as cinnamic and/or benzoic acid derivatives [166]. Anthocyanins tend to 

be located in the skin of the fruit, but are less strongly correlated to antioxidant activity than total 
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phenolic content. Tannins contribute to sensory properties, like the tart taste of berries, and act as a 

stabilizing factor for the anthocyanins present. Small amounts of carotenoids and stilbenes such as 

resveratrol are present as well. While a well-known stilbene is the resveratrol found in grapes, smaller 

amounts of resveratrol can be found in cranberries, strawberries, and other berries. The antioxidant 

activity of total phenolic compounds can vary, however their Trolox Equivalent Antioxidant Capacity 

(TEAC) and Trolox values have been shown to be three to 30 times that of ascorbic acid and reference 

standards [166]. There is likely a synergistic activity among the differing bioconstituents present, with 

polyphenolic compounds accountable for most of the bioactivity [167]. 

Chokeberry, bilberry, and blackcurrant berries have the highest antioxidant capacity of the different 

berry fruits (umol Trolox/g fresh weight), and whole fruit extracts have greater antioxidant activity than 

many isolated phenolic compounds or vitamins [170]. However, more common fruits also contain 

bioactive compounds that may reduce the risk of chronic disease. Strawberries are known to be high in 

phenolic compounds such as the phenolic acid derivative ellagic acid, and contain a significant amount 

of vitamin C. Blueberries are noted for a wide variety of anthocyanin compounds, while both cranberries 

and blueberries also contain significant concentrations of phenolic acids. The content and antioxidant 

activity of berry bioactive constituents can be dependent upon plant varietals, and growing, harvest, and 

storage conditions, as well as processing methods [170]. Since the bioavailability of these compounds 

differs between individuals [168], there is also a likely genetic component to the effectiveness of berry 

consumption in preventing NCDs. 

4.7. Berry Consumption and Non-Communicable Disease 

Of all the NCDs, most research regarding berry intake has been conducted in the area of  

CVD [165,171–177]. Berries may positively impact a number of preventable risk factors for CVD, 

including undesirable lipid profiles and hypertension [165,171,173–178]. This may be explained  

via a wide variety of mechanisms, including anti-inflammatory activity, free radical scavenging and  

up-regulation of antioxidant enzyme genes, decreased levels and antioxidation of LDL, increases in 

circulating HDL, inhibition of platelet activation and aggregation, and improvements in endothelial 

function [165,172,176,179,180]. Other observed effects include decreases in hepatic cholesterol 

formation and fatty acid synthesis, and increases in cholesterol excretion and mitochondrial fatty acid 

oxidation [181]. Therefore, incorporation of berries and berry products into the diet may represent an 

accessible and affordable way to decrease cardiovascular risk factors. 

Improved plasma antioxidant activity may be due in part to an increased vitamin C intake after regular 

berry consumption [167]. Del Bo and colleagues detected improvements in oxidative status following a 

300 g dose of blueberries, but these were not accompanied by significant changes in peripheral arterial 

function or NO levels in a group of healthy males [182]. In contrast, a number of studies found increases 

in antioxidant activity were accompanied by desirable changes in lipid profiles [165,167,181]. 

Hypercholesterolemic male Dankin Hartley guinea pigs on a blueberry-supplemented diet for 75 days 

responded with reductions in oxidative stress, serum total cholesterol (TC) and LDL, and hepatic and 

aortic cholesterol accumulation. However, these observations were only in those animals given a high 

cholesterol diet. In this high cholesterol group, daily blueberry treatment equal to approximately  

3.8–4 g fresh blueberries also decreased serum amino transferases, malondialdehyde (MDA), and diene 
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conjugate (DC), and increased hepatic glutathione transferase (GST) activity when compared to the high 

cholesterol diet without blueberries [181]. 

4.8. Cardiovascular Diseases 

Other promising studies have linked berry consumption to antioxidant activity with accompanying 

lipid changes in humans [165,167,171,177]. In healthy adult men, two weeks of 7 mL/kg cranberry juice 

intake resulted in increased antioxidant capacity from baseline (+6.5% ± −10.3, p = 0.014) and reduced 

oxidized LDL (−9.9% ± −17.8, p = 0.0131) [177]. In another study, 12 weeks of powdered strawberry 

beverage consumption was followed by a dose-responsive decrease in serum MDA (a marker of lipid 

peroxidation) in a group of abdominally obese adults with high serum lipids (low dose: 1.3 ± 0.2 umol/L, 

high dose: 1.2 ± 0.1 umol/L vs. low control: 2.1 ± 0.2 umol/L and high control: 2.3 ± 0.2 umol/L,  

p < 0.05). The low (25 g/d) and high doses (50 g/d) were approximately equal to 250 g and 500 g of 

fresh strawberries and compared to a control diet matched in fiber and calories. There were also  

dose-responsive decreases in serum TC, LDL cholesterol, and nuclear magnetic resonance  

(NMR)-derived small LDL particle concentration, which is associated with atherogenicity. However, 

adiposity, blood pressure, glycemia and serum HDL, triglycerides, C-reactive protein, and adhesion 

molecules did not significantly change [165]. In a third study, consumption of 500 g fresh strawberries 

for one month increased ferric-reducing antioxidant power and oxygen radical absorbance capacity 

measures in healthy adults (+24.97%, +41.18%, +41.36%, respectively, p < 0.05). Serum MDA, urinary 

8-OHdG and isoprostanes decreased (31.40%, 29.67%, 27.90%, respectively, p < 0.05), as did 

spontaneous hemolysis, oxidative hemolysis, and activated platelets (n = 10, p < 0.05). As red blood cell 

hemolysis can be influenced by membrane lipid peroxidation, these results suggest an antioxidative 

effect of strawberry consumption. These changes were accompanied by further significant reductions in 

TC, LDL and triglycerides compared to baseline, (−8.78%, −13.72% and −20.80%, respectively,  

p < 0.05). It is possible the 2 g fiber/100 g fruit (approximately 10 g fiber daily above a normal diet) 

contributed to the observed decreases in cholesterol in this study [171]. 

4.9. Hypertension 

Another benefit of berry consumption prominent in the available literature has been improvements in 

blood pressure or hypertensive status [183]. In normotensive male Wistar rats, ten weeks of 

supplementation with 2% (wt/wt) freeze-dried blueberry resulted in decreases in systolic blood pressure 

of 11%–14% compared to the control group. The supplement dosage correlates to approximately 450 g daily 

of freeze-dried blueberry intake in humans. Improvements were also seen in vascular reactivity, but not 

mean body weight or lipid profile [172]. Hypertension in rats is linked to impaired NO-dependent 

endothelial function, therefore the observed effects may be due to increased NO bioavailability via 

activation of endothelial NO synthase. Circulating polyphenol metabolites have also been shown to 

inhibit NADPH oxidase, which would improve the bioavailability of NO and, thus, also improve 

endothelial-dependent vasodilation [172]. 

Desirable changes in blood pressure have been also demonstrated after berry consumption in adults 

with cardiovascular risk factors [167,175,176,184]. In a group of 72 older subjects (n = 46 women, mean 

age 58) with one or more risk factors, an average daily intake of 837 mg mixed berry products resulted 
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in modestly decreased systolic blood pressure (SBP) compared to an increase in the control group  

(−1.5 mm Hg vs. +0.5 mm Hg). While diastolic blood (DBP) pressure remained unchanged with 

treatment, it increased somewhat in the control group (+0.9 mm Hg). A subgroup of participants with 

baseline high blood pressure demonstrated even greater effects, with a mean decrease of 7.3 mm Hg in 

the treatment group compared to 0.22 mm Hg in the control (p = 0.024). Serum HDL also increased 

slightly in the berry group compared to control group (5.2% vs. 0.6%) [175]. In post-menopausal women 

with pre- and stage-one hypertension (n = 24 per group), daily consumption of 22 g freeze-dried blueberry 

powder (equal to about one cup fresh blueberries) resulted in decreased SBP and DBP compared to the 

control group (131 ± 17 mm Hg, p < 0.05 and 75 ± 9 mm Hg, p < 0.01, respectively). After eight weeks 

mean SBP was still considered pre-hypertensive, despite the decrease. Brachial-ankle pulse wave 

velocity, the gold standard marker for arterial damage and predictive of CVD risk, was also lower at the 

final visit with blueberry treatment (1401 ± 122 cm/s, p < 0.01). In addition, NO levels in the blueberry 

group were higher compared to baseline (9.11 ± 7.95 umol/L), but this was not the case in the control 

group [184]. In sedentary men and women without cardiovascular risk factors, consuming 250 g  

freeze-dried blueberry powder daily resulted in decreases in augmentation index (Alx) and aortic systolic 

pressure (ASP; p = 0.24 and p = 0.46, respectively) after six weeks of treatment. In addition, a subset of 

pre-hypertensive patients (n = 9) demonstrated significant reductions in DBP (p = 0.38) [185]. ASP is 

linked to increased CVD risk, and decreased Alx may be related to the decrease in aortic pressure. 

Interestingly, in a separate shorter study using the same dose in smokers there were no changes in blood 

pressure [186]. These results suggest that some cardiovascular risk factors, such as elevated blood 

pressure could be attenuated with berry intake, perhaps via increased NO production which  

mediates vasodilation. 

4.10. Diabetes Mellitus 

Other studies have demonstrated cardiovascular benefits after berry consumption in adults with 

diabetes or the metabolic syndrome [174,187,188] In vitro studies suggest that anthocyanins may 

influence gene expression in adipose tissue, which could partially account for a mechanism [189,190]. 

Six weeks of a 50 g daily strawberry beverage supplement in middle-aged adults with type 2 diabetes 

(mean age 51.57 ± 10 years) resulted in significantly decreased TC and TC:HDL ratio compared to 

baseline, but not compared to control (−13.8% and −7.1%, respectively, p < 0.00). SBP was also 

decreased in both treatment groups, but no significant difference existed between groups. However, the 

strawberry group did have significantly reduced DBP compared to placebo (78.7 ± 7.2 vs. 84.4 ± 5.8,  

p = 0.01), and within the strawberry group (84.2 ± 8.03 to 78.7 ± 7.2, p = 0.00) [188]. Six weeks of 

treatment with a twice-daily blueberry smoothie (total 45 g/d, equal to about 2 cups of fresh blueberries) 

in middle aged adults with the metabolic syndrome resulted in altered endothelial function despite having 

no effect on blood pressure or insulin sensitivity. Mean resting endothelial function (reactive hyperemia 

index or RHI) was significantly improved compared to the control group (p = 0.024), which persisted 

after adjustment for confounding factors (p = 0.0023). While not significant, 73% of the blueberry group 

experienced improved endothelial function and 61% of the placebo group experienced decreased 

endothelial function. It is possible that the absence of change in blood pressure may have been related 

to antihypertensive medications used by participants, or the more thorough 24-hour ambulatory pressure 
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monitoring. In contrast, no significant changes in peripheral arterial function or NO levels were observed 

after blueberry intake in adults with the metabolic syndrome [187]. However in an earlier study these 

researchers did observe improved insulin sensitivity in obese adults [191], an effect also seen in mice 

fed a high-fat diet [192]. Another study in middle-aged obese men and women with metabolic syndrome 

used a similar (50 g) dose of freeze-dried blueberry powder, which resulted in SBP lowered by 6% and 

DBP lowered by 4% compared to the control group (−1.5%, −1.2%) [174]. 

While the initial literature on the benefits of berry consumption is promising, it is important consider 

berry types that have established availability and affordability for common use as fresh produce is 

seasonal and often expensive. However, if consumption of fruits such as berries can be definitively 

linked to prevention of non-communicable disease, it may be a bargain compared to the cost and side 

effects associated with conventional treatment. Berries are widely available in fresh or processed forms, 

but their polyphenolic constituents are more bioavailable in their naturally-occurring form than in 

supplemental forms [191,192]. Currently the available literature does not allow for definitive 

recommendations for berry type, dosage or form for a given disease state. Future studies should 

investigate biomarkers of polyphenol metabolites, and continue to study the effects of whole berry intake 

in humans with chronic diseases. Despite these limitations, berries are poised to become a prime 

functional food in the fight against NCDs. 

5. Future Directions 

The use of pharmacologic means for the management of NCDs, such as CVD and diabetes, has played 

a monumental role in decreasing mortality rate if not morbidity. These pharmacologic agents are 

generally designed to mimic receptor agonist/antagonist, enzyme inhibitors/stimulators, or supply 

missing substrates. Since most receptors or enzymes are ubiquitous to many organs and cell types, it is 

not surprising that these agents bring with them a plethora of side effects. We must emphasize here that 

use of pharmacologic agents in disease management is of utmost importance. However, considering side 

effects of treatment, there is an urgent need of search of preventative measures that may delay or abrogate 

use of pharmacological agents altogether. 

Food bioactives are steadily appearing to be in a position to play this preventive role. However, there 

remain many technological issues in the way of bringing bioactives from bench to bedside. Below is a 

list of four major issues associated with the development of food bioactives for disease prevention. These 

include, (i) what is the nature of food bioactives in functional foods; (ii) how to establish limit of 

maximum purity without losing functionality of food bioactives; (iii) how to establish limit of maximum 

purity without losing shelf life of the food bioactives; and (iv) how to deliver efficiently and maximize 

half-life in vivo. 

Food bioactives include a large class of molecules such as polyphenols, non-fermentable carbohydrates, 

w-3 fatty acid, beta-carotene, and sulfur-rich compounds, to name a few. To date >5000 phytochemicals 

have been identified as polyphenols while many more still remain unknown [193] and identified before 

their health benefits are fully understood. For example, risk of cancer is inversely related to the 

consumption of green and yellow vegetables and fruit. Since β-carotene is present abundantly in these 

vegetables and fruit, role of pure β-carotene in cancer prevention has been investigated extensively. 

However, the role of carotenoids as anticancer supplements has been questioned as a result of several 
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clinical studies [194]. Such observations are not limited to β-carotene only. The reason for such 

disappointing results may be many. For example, to elicit its anti-cancer properties, β-carotene may need 

a congener or another food bioactive also endogenous to fruit and vegetables. Fruits and vegetables may 

have chemical components much needed to maintain bioavailability of β-carotene. 

A better understanding of the nature of food bioactives, and their combinations and mechanism of 

their action in eliciting bioactivity, preservation of their bioactivity in storage, and a better understanding 

of how to increase their bioavailabilty is needed before effective utilization of food bioactives for disease 

prevention is achieved. To help bring food bioactives at the center stage of prevention, research must be 

a cooperative effort between all with expertise in nutrition, food science, analytical chemistry, separation 

science, pharmacology, and nanotechnology. 

Acknowledgments 

This research was partly funded by the Human Nutrition Research Fund, State of Texas. The Freeman 

Heart Association Endowment in Cardiovascular Diseases supported AP as endowed chair. 

Author Contributions 

All authors participated equally in preparation of this manuscript. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Aldridge, S.; Parascadola, J.; Sturchio, J.L.;American Chemical Society; Royal Society of 

Chemistry (Great Britain). The Discovery and Development of Penicillin 1928-1945: The 

Alexander Fleming Laboratory Museum, London, UK, November 19, 1999: An International 

Historic Chemical Landmark; American Chemical Society: Washington, DC, USA, 1999. 

2. Stern, M.N.; Markel, H. The history of vaccines and immunization: Familiar patterns, new 

challenges. Health Aff. 2005, 24, 611–621. 

3. Bishai, D.; Nalubola, R. The history of food fortification in the United States: Its relevance for 

current fortification efforts in developing countries. Econ. Dev. Cult. Chang. 2002, 51, 37–53. 

4. World Health Organization (WHO). Projections of Mortality and Burden of Disease, 2004–2030. 

Available online: http://www.who.int/healthinfo/global_burden_disease/projections2004/en/ 

(accesses on 13 September 2015). 

5. King, H.; Aubert, R.E.; Herman, W.H. Global Burden of Diabetes, 1995–2025 Prevalence, 

numerical estimates and projections. Diabetes Care 1998, 21, 1414–1431. 

6. Di Cesare, M.; Khang, Y.-H.; Asaria, P.; Blakely, T.; Cowan, M.J.; Farzadfar, F.; Guerrero, R.; 

Ikeda, N.; Kyobutungi, C.; Msyamboza, K.P.; et al. Inequalities in non-communicable diseases 

and effective responses. Lancet 2013, 381, 585–597. 

7. Mintz, S.W.; Du Bois, C.M. The Anthropology of Food and Eating. Annu. Rev. Anthropol. 2002, 

31, 99–119. 

http://www.sciencedirect.com/science/journal/01406736/381/9866


Metabolites 2015, 5 753 

 

 

8. Hu, F.B. Globalization of food patterns and cardiovascular disease risk. Circulation 2008, 118, 

1913–1914. 

9. Hu, F.B. Globalization of Diabetes. The role of diet, lifestyle, and genes. Diabetes Care 2011, 34, 

1249–1257. 

10. Torun, B.; Stein, A.D.; Schroeder, D.; Grajeda, R.; Conlisk, A.; Rodriguez, M.; Mendez, H.; 

Martorell, R. Rural-to-urban migration and cardiovascular disease risk factors in young 

Guatemalan adults. Int. J. Epidemiol. 2002, 31, 218–226. 

11. Holmboe-Ottesen, G.; Margareta Wandel, M. Changes in dietary habits after migration and 

consequences for health: A focus on South Asians in Europe. Food Nutr. Res. 2012, 

doi:10.3402/fnr.v56i0.18891. 

12. Hancox, R.J.; Milne, B.J.; Poulton, R. Association between child and adolescent television viewing 

and adult health: A longitudinal birth cohort study. Lancet 2004, 364, 257–262. 

13. Douglas, M.J.; Watkins, S.J.; Gorman, D.R.; Higgins, M. Are cars the new tobacco? J. Public Health 

2011, 33, 160–169. 

14. Stone, N.J.; Robinson, J.G; Lichtenstein, A.H.; Bairey Merz, C.N.; Blum, C.B.; Eckel, R.H.; 

Goldberg, A.C.; Gordon, D.; Levy, D.; Lloyd-Jones, D.M.; et al. 2013 ACC/AHA guideline on the 

treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in adults: A report of 

the American College of Cardiology/American Heart Association Task Force on Practice 

Guidelines. J. Am. Coll. Cardiol. 2014, 63, 2889–2934. 

15. Tran, J.N.; Caglar, T.; Stockl, K.M.; Lew, H.C.; Solow, B.K.; Chan, P.S. Impact of the New 

ACC/AHA Guidelines on the Treatment of High Blood Cholesterol in a Managed Care Setting. 

Am. Health Drug Benefits 2014, 7, 430–443. 

16. Bruckert, E.; Hayem, G.; Dejager, S.; Yau, C.; Begaud, B. Mild to moderate muscular  

symptoms with high-dosage statin therapy in hyperlipidemic patients—The PRIMO study. 

Cardiovasc. Drugs Ther. 2005, 19, 403–414. 

17. Wilmot, K.A.; Khan, A.; Krishnan, S.; Eapen, D.J.; Sperling, L. Statins in the elderly: A  

patient-focused approach. Clin. Cardiol. 2015, 38, 56–61. 

18. Vandenberg, B.F; Robinson, J. Management of the patient with statin intolerance.  

Curr. Atheroscler. Rep. 2010, 12, 48–57. 

19. Marcoff, L.; Thompson, P.D. The role of coenzyme Q10 in statin-associated myopathy: A 

systematic review. J. Am. Coll. Cardiol. 2007, 49, 2231–2237. 

20. Littlefield, N.; Beckstrand, R.L.; Luthy, K.E. Statins’ effect on plasma levels of Coenzyme Q10 

and improvement in myopathy with supplementation. J. Am. Assoc. Nurs. Pract. 2014, 26, 85–90. 

21. Morioka, T.Y.; Lee, A.J.; Bertisch, S.; Buettne, R.C. Vitamin D status modifies the association 

between statin use and musculoskeletal pain: A population based study. Atherosclerosis 2015, 238, 

77–82. 

22. Khayznikov, M.; Hemachrandra, K.; Pandit, R.; Kumar, A.; Wang, P.; Glueck, C.J. Statin 

Intolerance Because of Myalgia, Myositis, Myopathy, or Myonecrosis Can in Most Cases be Safely 

Resolved by Vitamin D Supplementation. N. Am. J. Med. Sci. 2015, 7, 86–93. 

23. Shimada, Y.J.; Cannon, C.P. PCSK9 (Proprotein convertase subtilisin/kexin type 9) inhibitors: 

Past, present, and the future. Eur. Heart J. 2015, 36, 2415–2424. 

http://circ.ahajournals.org/content/118/19/1913.short
http://ije.oxfordjournals.org/search?author1=Benjamin+Torun&sortspec=date&submit=Submit
http://ije.oxfordjournals.org/search?author1=Aryeh+D+Stein&sortspec=date&submit=Submit
http://ije.oxfordjournals.org/search?author1=Dirk+Schroeder&sortspec=date&submit=Submit
http://ije.oxfordjournals.org/search?author1=Ruben+Grajeda&sortspec=date&submit=Submit
http://ije.oxfordjournals.org/search?author1=Andrea+Conlisk&sortspec=date&submit=Submit
http://ije.oxfordjournals.org/search?author1=Monica+Rodriguez&sortspec=date&submit=Submit
http://ije.oxfordjournals.org/search?author1=Humberto+Mendez&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/?term=Holmboe-Ottesen%20G%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wandel%20M%5Bauth%5D
http://dx.doi.org/10.3402%2Ffnr.v56i0.18891


Metabolites 2015, 5 754 

 

 

24. Lambert, G.; Sjouke, B.; Choque, B.; Kastelein, J.J.; Hovingh, G.K. The PCSK9 decade.  

J. Lipid Res. 2012, 53, 2515–2524. 

25. Koren, M.J.; Scott, R.; Kim, J.B.; Knusel, B.; Liu, T.; Lei, L.; Bolognese, M.; Wasserman, S.M. 

Efficacy, safety, and tolerability of a monoclonal antibody to proprotein convertase subtilisin/kexin 

type 9 as monotherapy in patients with hypercholesterolaemia (MENDEL): A randomised,  

double-blind, placebo-controlled, phase 2 study. Lancet 2012, 380, 1995–2006. 

26. Stroes, E.; Colquhoun, D.; Sullivan, D.; Civeira, F.; Rosenson, R.S.; Watts, G.F.; Bruckert, E.; 

Cho, L.; Dent, R.; Knusel, B.; et al. Anti-PCSK9 antibody effectively lowers cholesterol in patients 

with statin intolerance: The GAUSS-2 randomized, placebo-controlled phase 3 clinical trial of 

evolocumab. J. Am. Cardiol. 2014, 63, 2541–2548. 

27. De Groot, L.J.; Beck-Peccoz, P.; Chrousos, G.; Dungan, K.; Grossman, A; Hershman, J.M;  

Koch, C.; McLachlan, R.; New, M.; Rebar, R.; et al. Endotext; MDText.com, Inc.: South 

Dartmouth, MA, USA, 2000. 

28. Keene, D; Price, C; Shun-Shin, M.J.; Francis, D.P. Effect on cardiovascular risk of high density 

lipoprotein targeted drug treatments niacin, fibrates, and CETP inhibitors: Meta-analysis of 

randomised controlled trials including 117,411 patients. BMJ 2014, doi: 10.1136/bmj.g4379. 

29. Gylling, H.; Simonen, P. Phytosterols, Phytostanols, and Lipoprotein Metabolism. Nutrients 2015, 

7, 7965–7977. 

30. Li, Y.; Jiang, L.; Jia, Z.; Xin, W.; Yang, S.; Yang, Q.; Wang, L. A meta-analysis of red yeast rice: 

An effective and relatively safe alternative approach for dyslipidemia. PLoS ONE 2014, 9, e98611. 

31. Cannon, C.P.; Blazing, M.A.; Giugliano, R.P.; McCagg, A.; White, J.A.; Theroux, P.; Darius, H.; 

Lewis, B.S.; Ophuis, T.O.; Jukema, J.W.; et al. Ezetimibe Added to Statin Therapy after Acute 

Coronary Syndromes. N. Engl. J. Med. 2015, 372, 2387–2397. 

32. Hung, H.-C.; Joshipura, K.J.; Jiang, R.; Hu, F.B.; Hunter, D.; Smith-Warner, S.A.; Colditz, G.A.; 

Rosner, B.; Spiegelman, D.; Willett, W.C. Fruit and vegetable intake and risk of major chronic 

disease. J. Natl. Cancer Inst. 2004, 96, 1577–1584. 

33. Joshipura, K.J.; Hu, F.B.; Manson, J.E.; Stampfer, M.J.; Rimm, E.B.; Speizer, F.E.; Colditz, G.; 

Ascherio, A.; Rosner, B.; Spiegelman, D.; et al. The effect of fruit and vegetable intake on risk for 

coronary heart disease. Ann. Intern. Med. 2001, 134, 1106–1114. 

34. Liu, S.; Manson, J.E.; Lee, I.-M.; Cole, S.R.; Hennekens, C.H.; Willett, W.C.; Buring, J.E.  

Fruit and vegetable intake and risk of cardiovascular disease: The Women’s Health Study. Am. J. 

Clin. Nutr. 2000, 72, 922–928. 

35. Liu, S.; Lee, I.-M.; Ajani, U. Intake of vegetables rich in carotenoids and risk of coronary heart 

disease in men: The Physicians’ Health Study. Int. J. Epidemiol. 2001, 30, 130–135. 

36. Bazzano, L.A.; He, J.; Ogden, L.G.; Loria, C.M.; Vupputuri, S.; Myers, L.; Whelton, P.K.  

Fruit and vegetable intake and risk of cardiovascular disease in US adults: The first National Health 

and Nutrition Examination Survey Epidemiologic Follow-up Study. Am. J. Clin. Nutr. 2002, 76, 

93–99. 

37. Jacobs, D.R.; Pereira, M.A.; Meyer, K.A.; Kushi, L.H. Fiber from whole grains, but not refined 

grains, is inversely associated with all-cause mortality in older women: The Iowa Women’s Health 

Study. J. Am. Coll. Nutr. 2000, 19, 326S–330S. 



Metabolites 2015, 5 755 

 

 

38. Eckel, R.H.; Jakicic, J.M.; Ard, J.D.; de Jesus, J.M.; Houston Miller, N.; Hubbard, V.S.;  

Lee, I.-M.; Lichenstein, A.H.; Loria, C.M.; Millen, B.E. A report of the American College of 

Cardiology/American Heart Association task force on practice guidelines. Circulation 2014, 129, 

S76–S99. 

39. Yusuf, S.; Hawken, S.; Ounpuu, S.; Dans, T.; Avezum, A.; Lanas, F.; McQueen, M.; Budaj, A.; 

Pais, P.; Varigos, J.; et al. Effect of potentially modifiable risk factors associated with myocardial 

infarction in 52 countries (the INTERHEART study): Case-control study. Lancet 2004, 364,  

937–952. 

40. Mouritsen, O.G.; Zuckermann, M.J. What’s so special about cholesterol? Lipids 2004, 39,  

1101–1113. 

41. Halling, K.K.; Slotte, J.P. Membrane properties of plant sterols in phospholipid bilayers as 

determined by differential scanning calorimetry, resonance energy transfer and detergent-induced 

solubilization. Biochim. Biophys. Acta. 2004, 1664, 161–171. 

42. Devaraj, S.; Jialal, I. The role of dietary supplementation with plant sterols and stanols in the 

prevention of cardiovascular disease. Nutr. Rev. 2006, 64, 348–354. 

43. Kris-Etherton, P.; Hecker, K.D.; Bonanome, A.; Coval, S.M.; Binkoski, A.E.; Hilpert, F.;  

Griel, A.E. Bioactive compounds in foods: Their role in the prevention of cardiovascular disease 

and cancer. Am. J. Med. 2002, 113, 71S–88S. 

44. Katan, M.B.; Grundy, S.M.; Jones, P.; Law, M.; Miettinen, T.; Paoletti, R. Efficacy and safety of 

plant stanols and sterols in the management of blood cholesterol levels. Mayo Clin. Proc. 2003, 

78, 965–978. 

45. Nissinen, M.; Gylling, H.; Vuoristo, M.; Miettinen, T.A. Micellar distribution of cholesterol and 

phytosterols after duodenal plant stanol ester infusion. Am. J. Physiol. Gastrointest. Liver Physiol. 

2002, 282, G1009–G1015. 

46. Plat, J.; Mensink, R.P. Effects of plant stanol esters on LDL receptor protein expression and on 

LDL receptor and HMG-CoA reductase mRNA expression in mononuclear blood cells of healthy 

men and women. FASEB J. 2002, 16, 258–260. 

47. Jones, P.J.; Raeini-Sarjaz, M.; Ntanios, F.Y.; Vanstone, C.A.; Feng, J.Y.; Parsons, W.E. 

Modulation of plasma lipid levels and cholesterol kinetics by phytosterol versus phytostanol esters. 

J. Lipid Res. 2000, 41, 697–705. 

48. The Food and Drug Administration (FDA). 65 FR 54686 - Food Labeling: Health Claims; Plant 

Sterols/Stanol Esters and Coronary Heart Disease. Fed. Register 2000, 65, 54686–54739. 

49. The Food and Drug Administration (FDA). 75 FR 76526 - Food Labeling; Health Claim; 

Phytosterols and Risk of Coronary Heart Disease: Proposed Rule. Fed. Register 2010, 75,  

76526–76571. 

50. Niinikosk, I.H.; Viikari, J.; Palmmu, T. Cholesterol-lowering effect and sensory properties of 

sitostanol ester margarine in normocholesterolemic adults. Scand. J. Nutr. 1997, 41, 9–12. 

51. Gylling, H.; Siimes, M.A.; Miettinen, T.A. Sitostanol ester margarine in dietary treatment of 

children with familial hypercholesterolemia. J. Lipid Res. 1995, 36, 1807–1812. 

52. Gylling, H.; Miettinen, T.A. Serum cholesterol and cholesterol and lipoprotein metabolism in 

hypercholesterolaemic NIDDM patients before and during sitostanol ester-margarine treatment. 

Diabetologia 1994, 37, 773–780. 



Metabolites 2015, 5 756 

 

 

53. Volpe, R.; Niittynen, L.; Korpela, R.; Sirtori, C.; Bucci, A.; Fraone, N.; Pazzucconi, F. Effects of 

yoghurt enriched with plant sterols on serum lipids in patients with moderate hypercholesterolaemia. 

Br. J. Nutr. 2001, 86, 233–239. 

54. Hendriks, H.F.; Weststrate, J.A.; van Vliet, T.; Meijer, G.W. Spreads enriched with three different 

levels of vegetable oil sterols and the degree of cholesterol lowering in normocholesterolaemic and 

mildly hypercholesterolaemic subjects. Eur. J. Clin. Nutr. 1999, 53, 319–327. 

55. Pelletier, X.; Belbraouet, S.; Mirabel, D.; Mordret, F.; Perrin, J.L.; Pages, X.; Debry, G. A diet 

moderately enriched in phytosterols lowers plasma cholesterol concentrations in normocholesterolemic 

humans. Ann. Nutr. Metab. 1995, 39, 291–295. 

56. Hendriks, H.F.; Brink, E.J.; Meijer, G.W.; Princen, H.M.; Ntanios, F.Y. Safety of long-term 

consumption of plant sterol esters-enriched spread. Eur. J. Clin. Nutr. 2003, 57, 681–692. 

57. Miettinen, T.A.; Puska, P.; Gylling, H.; Vanhanen, H.; Vartiainen, E. Reduction of serum 

cholesterol with sitostanol-ester margarine in a mildly hypercholesterolemic population. N. Engl. 

J. Med. 1995, 333, 1308–1312. 

58. Grundy, S.M. Stanol, Esters as a Component of Maximal Dietary Therapy in the National 

Cholesterol Education Program Adult Treatment Panel III Report. Am. J. Cardiol. 2005, 96, 47–50. 

59. Han, X.; Shen, T.; Lou, H. Dietary polyphenols and their biological significance. Int. J. Mol. Sci. 

2007, 8, 950–988. 

60. Rice-Evans, C.A.; Miller, N.J.; Paganga, G. Structure-antioxidant activity relationships of 

flavonoids and phenolic acids. Free Radic. Biol. Med. 1996, 20, 933–956. 

61. Yochum, L.; Kushi, L.H.; Meyer, K.; Folsom, A.R. Dietary flavonoid intake and risk of 

cardiovascular disease in postmenopausal women. Am. J. Epidemiol. 1999, 149, 943–949. 

62. Knekt, P.; Jarvinen, R.; Reunanen, A.; Maatela, J. Flavonoid intake and coronary mortality in 

Finland: A cohort study. Br. Med. J. 1996, 312, 478–481. 

63. Hertog, M.G.L.; Kromhout, D.; Aravanis, C.; Blackburn, H.; Buzina, R.; Fidanza, F.;  

Giampaoli, S.; Jansen, A.; Menotti, A.; Nedeljkovic, S.; et al. Flavonoid intake and long-term risk 

of coronary heart disease and cancer in the seven countries study. Arch. Intern. Med. 1995, 155, 

381–386. 

64. Hertog, M.G.L.; Feskens, E.J.M.; Hollman, P.C.H.; Katan, M.B.; Kromhout, D. Dietary 

antioxidant flavonoids and risk of coronary heart disease: The Zutphen Elderly Study. Lancet 1993, 

342, 1007–1011. 

65. Kammerer, D.; Claus, A.; Carle, R.; Schieber, A. Polyphenol screening of pomace from red and 

white grape varieties (Vitis vinifera L.) by HPLC-DAD-MS/MS. J. Agric. Food Chem. 2004, 52, 

4360–4367. 

66. Burns, J.; Gardner, P.T.; O’Neil, J.; Crawford, S.; Morecroft, I.; McPhail, D.B.; Lister, C.; 

Matthews, D.; MacLean, M.R.; Lean, M.E.; et al. Relationship among antioxidant activity, 

vasodilation capacity, and phenolic content of red wines. J. Agric. Food Chem. 2000, 48, 220–230. 

67. Kerry, N.L.; Abbey, M. Red wine and fractionated phenolic compounds prepared from red wine 

inhibit low density lipoprotein oxidation in vitro. Atherosclerosis 1997, 135, 93–102. 

68. Frankel, E.N.; Kanner, J.; German, J.B.; Parks, E.; Kinsella, J.E. Inhibition of oxidation of human 

low-density lipoprotein by phenolic substances in red wine. Lancet 1993, 341, 454–457. 



Metabolites 2015, 5 757 

 

 

69. Duthie, G.G.; Pedersen, M.W.; Gardner, P.T.; Morrice, P.C.; Jenkinson, A.M.; McPhail, D.B.; 

Steele, G.M. The effect of whisky and wine consumption on total phenol content and antioxidant 

capacity of plasma from healthy volunteers. Eur. J. Clin. Nutr. 1998, 52, 733–736. 

70. Wollin, S.D.; Jones, P.J.H. Alcohol, red wine and cardiovascular disease. J. Nutr. 2001, 131,  

1401–1404. 

71. Rotondo, S.; de Gaetano, G. Protection from cardiovascular disease by wine and its derived 

products. Epidemiological evidence and biological mechanisms. World Rev. Nutr. Diet. 2000, 87, 

90–113. 

72. Freedman, J.E.; Parker, C.; Li, L.; Perlman, J.A.; Frei, B.; Ivanov, V.; Deak, L.R.; Iafrati, M.D.; 

Folts, J.D. Select flavonoid and whole juice from purple grapes inhibit platelet function and 

enhance nitric oxide release. Circulation 2001, 103, 2792–2798. 

73. Xiang, L.; Xiao, L.; Wang, Y.; Li, H.; Huang, Z.; He, X. Health benefits of wine: Don’t expect 

resveratrol too much Food Chem. 2014, 156, 258–263. 

74. Vlachogianni, I.C.; Fragopoulou, E.; Kostakis, I.K.; Antonopoulou, S. In vitro assessment of 

antioxidant activity of tyrosol, resveratrol and their acetylated derivatives. Food Chem. 2015, 177, 

165–173. 

75. Leonard, S.S.; Xia, C.; Jiang, B.H.; Stinefelt, B.; Klandorf, H.; Harris, G.K.; Shi, X. Resveratrol 

scavenges reactive oxygen species and effects radical-induced cellular responses. Biochem. Biophys. 

Res. Commun. 2003, 309, 1017–1026. 

76. Pace-Asciak, C.R.; Hahn, S.; Diamandis, E.P.; Soleas, G.; Goldberg, D.M. The red wine phenolics 

trans-resveratrol and quercetin block human platelet aggregation and eicosanoid synthesis: 

Implications for protection against coronary heart disease. Clin. Chim. Acta 1995, 235, 207–219. 

77. Subbaramaiah, K.; Chung, W.J.; Michaluart, P.; Telang, N.; Tanabe, T.; Inoue, H.; Jang, M.; 

Pezzuto, J.M.; Dannenberg, A.J. Resveratrol inhibits cyclooxygenase-2 transcription and activity 

in phorbol ester-treated human mammary epithelial cells. J. Biol. Chem. 1998, 273, 21875–21882. 

78. Carluccio, M.A.; Siculella, L.; Ancora, M.A.; Massaro, M.; Scoditti, E.; Storelli, C.; Visioli, F.; 

Distante, A.; de Caterina, R. Olive oil and red wine antioxidant polyphenols inhibit endothelial 

activation: Antiatherogenic properties of Mediterranean diet phytochemicals. Arterioscler. 

Thromb. Vasc. Biol. 2003, 23, 622–629. 

79. Li, Y.T.; Shen, F.; Liu, B.H.; Cheng, G.F. Resveratrol inhibits matrix metalloproteinase-9 

transcription in U937 cells. Acta Pharmacol. Sin. 2003, 24, 1167–1171. 

80. De la Lastra, C.A.; Villegas, I. Resveratrol as an anti-inflammatory and anti-aging agent: 

Mechanisms and clinical implications. Mol. Nutr. Food Res. 2005, 49, 405–430. 

81. Hung, L.M.; Chen, J.K.; Huang, S.S.; Lee, R.S.; Su, M.J. Cardioprotective effect of resveratrol, a 

natural antioxidant derived from grapes. Cardiovasc. Res. 2000, 47, 549–555. 

82. Szkudelski, T.; Szkudelska, K. Resveratrol and diabetes: From animal to human studies.  

Biochem. Biophys. Acta 2015, 1852, 1145–1154. 

83. Fujitaka, K,.; Otani, H,.; Jo, F.; Jo, H.; Nomura, E.; Iwasaki, M.; Nishikawa, M.; Iwasaka, T.;  

Das, D.K. Modified resveratrol Longevinex improves endothelial function in adults with metabolic 

syndrome receiving standard treatment. Nutr. Res. 2011, 31, 842–847. 



Metabolites 2015, 5 758 

 

 

84. Wong, R.H.; Howe, P.R.; Buckley, J.D.; Coates, A.M.; Kunz, I.; Berry, N.M. Acute resveratrol 

supplementation improves flow-mediated dilatation in overweight/obese individuals with mildly 

elevated blood pressure. Nutr. Metab. Cardiovasc. Dis. 2011, 21, 851–856. 

85. Wong, R.H.; Berry, N; Coates, A.M.; Buckley, J.D.; Bryan, J.; Kunz, I.; Howe, P.R. Chronic 

resveratrol consumption improves brachial flow-mediated dilatation in healthy obese adults.  

J. Hypertens. 2013, 31, 1819–1827. 

86. Agarwal, B.; Campen, M.J.; Channell, M.M.; Wherry, S.J.; Varamini, B.; Davis, J.G.; Baur, J.A.; 

Smoliga, J.M. Resveratrol for primary prevention of atherosclerosis: Clinical trial evidence for 

improved gene expression in vascular endothelium. Int. J. Cardiol. 2013, 166, 246–248. 

87. Tome-Carneiro, J.; Gonzalvez, M.; Larrosa, M.; Yáñez-Gascón, M.J.; García-Almagro, F.J.;  

Ruiz-Ros, J.A.; García-Conesa, M.T.; Tomás-Barberán, F.A.; Espín, J.C. One-year consumption 

of a grape nutraceutical containing resveratrol improves the inflammatory and fibrinolytic status 

of patients in primary prevention of cardiovascular disease. Am. J. Cardiol. 2012, 110, 356–363. 

88. Tome-Carneiro, J.; Gonzalvez, M.; Larrosa, M.; García-Almagro, F.J.; Avilés-Plaza, F.; Parra, S.; 

Yáñez-Gascón, M.J.; Ruiz-Ros, J.A.; García-Conesa, M.T.; Tomás-Barberán, F.A.; et al. 

Consumption of a grape extract supplement containing resveratrol decreases oxidized LDL and 

ApoB in patients undergoing primary prevention of cardiovascular disease: A triple-blind,  

6-month follow-up, placebo-controlled, randomized trial. Mol. Nutr. Food Res. 2012, 56, 810–821. 

89. Goh, K.P.; Lee, H.Y.; Lau, D.P.; Supaat, W.; Chan, Y.H.; Koh, A.F. Effects of resveratrol in 

patients with type 2 diabetes mellitus on skeletal muscle SIRT1 expression and energy expenditure. 

Int. J. Sport Nutr. Exerc. Metab. 2014, 24, 2–13. 

90. Bhatt, J.K.; Thomas, S.; Nanjan, M.J. Resveratrol supplementation improves glycemic control in 

type 2 diabetes mellitus. Nutr. Res. 2012, 32, 537–541. 

91. Brasnyo, P.; Molnar.; G.A.; Mohas, M.; Markó, L.; Laczy, B.; Cseh, J.; Mikolás, E.; Szijártó, I.A.; 

Mérei, A.; Halmai, R.; et al. Resveratrol improves insulin sensitivity, reduces oxidative stress and 

activates the Akt pathway in type 2 diabetic patients. Br. J. Nutr. 2011, 106, 383–389. 

92. Muir, A.D.; Westcott, N.D. Flax, the Genus Linum; Taylor & Francis: London, UK, 2003. 

93. Penalvo, J.L.; Haajanen, K.M.; Botting, N.; Adlercreutz, H. Quantification of lignans in food using 

isotope dilution gas chromatography/mass spectrometry. J. Agric. Food Chem. 2005, 53,  

9342–9347. 

94. Smeds, A.I.; Eklund, P.C.; Sjoholm, R.E.; Willfor, S.M.; Nishibe, S.; Deyama, T.; Holmbom, B.R. 

Quantification of a broad spectrum of lignans in cereals, oilseeds, and nuts. J. Agric. Food Chem. 

2007, 55, 1337–1346. 

95. Kuhnle., G.G.; Dell’Aaquila, C.; Aspinall., S.M.; Runswick., S.A.; Milligan, A.A.; Bingham, S.A. 

Phytoestrogen content of foods of animal origin: Dairy products, eggs, meat, fish, and seafood.  

J. Agric. Food Chem. 2008, 56, 10099–10104. 

96. Rowland, I.; Faughnan, M.; Hoey, L.; Wahala, K.; Williamson, G.; Cassidy, A. Bioavailability of 

phyto-oestrogens. Br. J. Nutr. 2003, 89, S45–S58. 

97. Setchell, K.D.; Lawson, A.M.; Borriello, S.P.; Harkness, R.; Gordon, H.; Morgan, D.M.;  

Kirk, D.N, Adlercreutz, H.; Anderson, L.C.; Axelson, M. Lignan formation in man-microbial 

involvement and possible roles in relation to cancer. Lancet 1981, 2, 4–7. 



Metabolites 2015, 5 759 

 

 

98. Mousavi, Y.; Adlercreutz, H. Enterolactone and estradiol inhibit each other’s proliferative effect 

on MCF-7 breast cancer cells in culture. J. Steroid Biochem. Mol. Biol. 1992, 41, 615–619. 

99. Basly, J.P.; Lavier, M.C. Dietary phytoestrogens: Potential selective estrogen enzyme modulators? 

Planta Med. 2005, 71, 287–294. 

100. Niemeyer, H.B.; Metzler, M. Differences in the antioxidant activity of plant and mammalian 

lignans. J. Food Eng. 2003, 56, 255–256. 

101. Pellegrini, N.; Valtuena, S.; Ardigo, D.; Brighenti, F.; Franzini, L.; del Rio, D.; Scazzina, F.;  

Piatti, P.M.; Zavaroni, I. Intake of the plant lignans matairesinol, secoisolariciresinol, pinoresinol, 

and lariciresinol in relation to vascular inflammation and endothelial dysfunction in middle  

age-elderly men and post-menopausal women living in Northern Italy. Nutr. Metab. Cardiovasc. 

Dis. 2010, 20, 64–71. 

102. Englyst, H.; Wiggins, H.S.; Cummings, J.H. Determination of the non-starch polysaccharides in 

plant foods by gas-liquid chromatography of constituent sugars as alditol acetates. Analyst 1982, 

107, 307–318. 

103. Englyst, H.N.; Kingman, S.; Cummings, J. Classification and measurement of nutritionally 

important starch fractions. Eur. J. Clin. Nutr. 1992, 46, S33–S50. 

104. Goldring, J.M. Resistant starch: Safe intakes and legal status. J. AOAC Int. 2004, 87, 733–739. 

105. Fuentez-Zaragoza, E.; Riquelme-Navarrete, M.J.; Sanchez-Zapta, E.; Perez-Alvarez, J.A. 

Resistant starch as a functional ingredient: A review. Food Res. Int. 2010, 43, 931–942. 

106. Nichenametia, S.N.; Weidauer, L.A.; Wey, H.E.; Beare, T.M.; Specker, B.L.; Dey, M. Resistant 

starch type 4-enriched diet lowered blood cholesterols and improved body composition in a double 

blind controlled cross-over intervention. Mol. Nutr. Food Res. 2014, 58, 1365–1369. 

107. Haub, M.D.; Hubach, K.L; Al-Tamimi, E.K.; Ornelas, S.; Seib, P.A. Different types of resistant 

starch elicit different glucose responses. J. Nutr. Metab. 2010, doi:10.1155/2010230501. 

108. Maki, K.C.; Phillips, A.K. Dietary substitutions for refined carbohydrate that show promise for 

reducing risk of type 2 diabetes in men and women. J. Nutr. 2015, 145, 159S–163S. 

109. Birt, D.F.; Boylston, T.; Hendrich, S.; Jane, J.L.; Hollis, J.; Li, L.; McClelland, J.; Moore, S.; 

Phillips, G.J.; Rowling, M.; et al. Resistant starch: Promise for improving human health.  

Adv. Nutr. 2013, 4, 587–601. 

110. Robertson, M.D.; Wright, J.W.; Loizon, E.; Debard, C.; Vidal, H.; Shojaee-Moradie, F.; Umpleby, 

A.M. Insulin-sensitizing effects on muscle and adipose tissue after dietary fiber intake in men and 

women with metabolic syndrome. Am. J. Clin. Nutr. 2012, 82, 559–567. 

111. Johnston, K.; Thomas, E.; Bell, J.; Frost, G.; Robertson, M. Resistant starch improves insulin 

sensitivity in metabolic syndrome. Diabet. Med. 2010, 27, 391–397. 

112. Robertson, M.D.; Bickerton, A.S.; Dennis, A.L.; Vidal, H.; Frayn, K.N. Insulin-sensitizing effects 

of dietary resistant starch and effects on skeletal muscle and adipose tissue metabolism. Am. J. 

Clin. Nutr. 2005, 82, 559–567. 

113. Maki, K.C.; Pelkman, C.L.; Finocchiaro, E.T.; Kelley, K.M.; Lawless, A.L.; Schild, A.L.;  

Rains, T.M. Resistant starch from high-amylose maize increases insulin sensitivity in overweight 

and obese men. J. Nutr. 2012, 142, 717–723. 



Metabolites 2015, 5 760 

 

 

114. Bodinham, C.L.; Smith, L.; Thomas, E.L.; Bell, J.D.; Swann, J.R.; Costabile, A.; Russell-Jones, D.; 

Umpleby, A.M.; Robertson, M.D. Efficacy of increased resistant starch consumption in human 

type 2 diabetes. Endocr. Connect. 2014, 3, 75–84. 

115. Brownawell, A.M.; Caers, W.; Gibson, G.R.; Kendall, C.W., Lewis, K.D.; Ringel, Y.; Slavin, J.L. 

Prebiotics and the health benefits of fiber: Current regulatory status, future research, and goals.  

J. Nutr. 2012, 142, 962–974. 

116. Lin, H.V.; Frassetto, A.; Kowalik, E.J., Jr.; Nawrocki, A.R.; Lu, M.M.; Kosinski, J.R.; Forrest, G. 

Butyrate and propionate protect against diet-induced obesity and regulate gut hormones via free 

fatty acid receptor 3-independent mechanisms. PLoS ONE 2012, 7, e35240. 

117. Burcelin, R. The incretins: A link between nutrients and well-being. Br. J. Nutr. 2005, 93,  

S147–S156. 

118. Batterham, R.L.; Bloom, R.L. The gut hormone peptide YY regulates appetite. Ann. N. Y. Acad. Sci. 

2003, 994, 162–168. 

119. Zhang, L.; Hua Ting, L.I.; Shen, L.; Fang, Q.C.; Qian, L.L.; Wei Ping, J.I.A. Effect of dietary 

resistant starch on the prevention and treatment of obesity-related diseases and its possible 

mechanisms. Biomed. Environ. Sci. 2015, 28, 291–297. 

120. Zhou, J.; Martin, R.J.; Raggio, A.M.; Shen, L.; McCutcheon, K.; Keenan, M.J. The importance of 

GLP-1 and PYY in resistant starch’s effect on body fat in mice. Mol. Nutr. Food Res. 2015, 59, 

1000–1003. 

121. Higgins, J.A.; Brown, M.A.; Storlien, L.H. Consumption of resistant starch decreases postprandial 

lipogenesis in white adipose tissue of the rat. Nutr. J. 2006, 5, 1–4. 

122. Aziz, A.A.; Kenney, L.S.; Goulet, B.; Abdel-Aal, E. Dietary starch type affects body weight and 

glycemic control in freely fed but not energy-restricted obese rats. J. Nutr. 2009, 139, 1881–1889. 

123. Higgins, J.A. Resistant starch and energy balance: Impact on weight loss and maintenance.  

Crit. Rev. Food Sci. Nutr. 2014, 54, 1158–1166. 

124. Robertson, M.D. Dietary resistant starch and glucose metabolism. Curr. Opin. Clin. Nutr.  

Metab. Care 2012, 15, 362–367. 

125. Zhang, C.; Zhang, M.; Wang, S.; Han, R.; Cao, Y.; Hua, W.; Mao, Y.; Zhang, X.; Pang, X.;  

Wei, C.; et al. Interactions between gut microbiota, host genetics and diet relevant to development 

of metabolic syndromes in mice. ISME J. 2010, 4, 232–241. 

126. García-Rodríguez, C.E.; Mesa, M.D.; Olza, J.; Buccianti, G.; Pérez, M.; Moreno-Torres, R.; de la 

Cruz, A.P.; Gil, A. Postprandial glucose, insulin and gastrointestinal hormones in healthy and 

diabetic subjects fed a fructose-free and resistant starch type IV-enriched enteral formula. Euro. J. 

Nutr. 2013, 52, 1569–1578. 

127. Hui, H.; Farilla, L.; Merkel, P.; Perfetti, R. The short half-life of glucagon-like peptide-1 in plasma 

does not reflect its long-lasting beneficial effects. Eur. J. Endocrinol. 2002, 146, 863–869. 

128. Behall, K.M; Howe, J.C. Resistant starch as energy. J. Am. Coll. Nutr. 1996, 15, 248–254. 

129. Le Leu, R.K.; Winter, J.M.; Christophersen, C.T.; Young, G.P.; Humphreys, K.J.; Hu, Y.;  

Gratz, S.W.; Miller, R.B.; Topping, D.L.; Bird, A.R.; et al. Butyrylated starch intake can prevent 

red meat-induced O6-methyl-2-deoxyguanosine adducts in human rectal tissue: A randomized 

clinical trial. Br. J. Nutr. 2015, 114, 220–230. 



Metabolites 2015, 5 761 

 

 

130. Vaziri, N.D.; Liu, S.M.; Lau, W.L.; Khazaeli, M.; Nazertehrani, S.; Farzaneh, S.H.; Kieffer, D.A.; 

Adams, S.H.; Martin, R.J. High amylose resistant starch diet ameliorates oxidative stress, 

inflammation, and progression of chronic kidney disease. PLoS ONE 2014, 9, e114881. 

131. Curtius, T.; Goebel, F. Uber Glycollather. J. Prakt. Chem. 1988, 37, 150–181. 

132. Abderhalden, E.; Haas, R. Further studies on the structure of proteins: Studies on the physical and 

chemical properties of 2,5-di- ketopiperazines. Z. Physiol. Chem. 1926, 151, 114–l19. 

133. Prasad, C. Bioactive cyclic dipeptides. Peptides 1995, 16, 151–164. 

134. Prasad, C. Neurobiology of cyclo (His-Pro). Ann. N. Y. Acad. Sci. 1989, 553, 232–251. 

135. Prasad, C.; Kumar, S.; Adkinson, W.; McGregor, J.U. Hormones in foods: Abundance of authentic 

cyclo (His-Pro)-like immunoreactivity in milk and yogurt. Nutr. Res. 1995, 15, 1623–1635. 

136. Hilton, C.W.; Prasad, C.; Vo, P.; Mouton, C. Food contains the bioactive peptide, cyclo (His-Pro). 

J. Clin. Endocrinol. Metab. 1992, 75, 375–378. 

137. Hilton, C.W.; Prasad, C.; Svec, F.; Vo, P.; Reddy, S. Cyclo (His-Pro) in nutritional supplements. 

Lancet 1990, 336, 1455. 

138. Mori, M.; Prasad, C.; Wilber, J.F. Specific radioimmunoassay of cyclo (His-Pro), a biologically 

active metabolite of thyrotropin-releasing hormone. Endocrinology 1981, 108, 1995–1997. 

139. Bellezza, I.; Peirce, M.J.; Minelli, A. Cyclic dipeptides: From bugs to brain. Trends Mol. Med. 

2014, 20, 551–558. 

140. Minelli, A.; Bellezza, I.; Grottelli, S.; Galli, F. Focus on cyclo (His-Pro): History and perspectives 

as antioxidant peptide. Amino Acids 2008, 35, 283–289. 

141. Prasad, C. Cyclo (His-Pro): Its distribution, origin and function in the human. Neurosci. Biobehav. 

Rev. 1988, 12, 19–22. 

142. Morley, J.E.; Levine, A.S.; Prasad, C. Histidyl-proline diketopiperazine decreases food intake in 

rats. Brain Res. 1981, 210, 475–478. 

143. Kow, L.M.; Pfaff, D.W. The effects of the TRH metabolite cyclo (His-Pro) and its analogs on 

feeding. Pharmacol. Biochem. Behav. 1991, 38, 359–364. 

144. Kow, L.M.; Pfaff, D.W. Cyclo (His-Pro) potentiates the reduction of food intake induced by 

amphetamine, fenfluramine, or serotonin. Pharmacol. Biochem. Behav. 1991, 38, 365–369. 

145. Wilber, J.F.; Mori, M.; Pegues, J.; Prasad, C. Endogenous histidyl-proline diketopiperazine [cyclo 

(His-Pro)]: A potential satiety neuropeptide in normal and genetically obese rodents. Trans. Assoc. 

Am. Physicians 1983, 96, 131–136. 

146. Bowden, C.R.; Karkanias, C.D.; Bean, A.J. Re-evaluation of histidyl-proline diketopiperazine 

[cyclo (His-Pro)] effects on food intake in the rat. Pharmacol. Biochem. Behav. 1988, 29, 357–363. 

147. Prasad, C.; Mizuma, H.; Brock, J.W.; Porter, J.R.; Svec, F.; Hilton, C. A paradoxical elevation of 

brain cyclo (His-Pro) levels in hyperphagic obese Zucker rats. Brain Res. 1995, 699, 149–153. 

148. Mori, M.; Pegues, J.; Prasad, C.; Wilber, J.F. Fasting and feeding-associated changes in cyclo  

(His-Pro)-like immunoreactivity in the rat brain. Brain Res. 1983, 268, 181–184. 

149. Steiner, H.; Wilber, J.F.; Prasad, C.; Rogers, D.; Rosenkranz, R.T. Histidyl proline diketopiperazine 

(Cyclo [His-Pro]) in eating disorders. Neuropeptides 1989, 14, 185–189. 

150. Song, M.K.; Hwang, I.K.; Rosenthal, M.J.; Harris, D.M.; Yamaguchi, D.T.; Yip, I.; Go, V.L.  

Anti-Hyperglycemic Activity of Zinc Plus Cyclo (His-Pro) in Genetically Diabetic Goto-Kakizaki 

and Aged Rats. Exp. Biol. Med. 2003, 228, 1338–1345. 

http://www.ncbi.nlm.nih.gov/pubmed/2541650
http://www.ncbi.nlm.nih.gov/pubmed/1639938
http://www.ncbi.nlm.nih.gov/pubmed/1978921
http://www.ncbi.nlm.nih.gov/pubmed/6783397
http://www.ncbi.nlm.nih.gov/pubmed/6783397
http://www.ncbi.nlm.nih.gov/pubmed/25217340
http://www.ncbi.nlm.nih.gov/pubmed/18163175
http://www.ncbi.nlm.nih.gov/pubmed/18163175
http://www.ncbi.nlm.nih.gov/pubmed/3287238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Morley%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=7194719
http://www.ncbi.nlm.nih.gov/pubmed/?term=Levine%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=7194719
http://www.ncbi.nlm.nih.gov/pubmed/?term=Prasad%20C%5BAuthor%5D&cauthor=true&cauthor_uid=7194719
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kow%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=1905410
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pfaff%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=1905410
http://www.ncbi.nlm.nih.gov/pubmed/1905410
http://www.ncbi.nlm.nih.gov/pubmed/1905410
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kow%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=1905410
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pfaff%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=1905410
http://www.ncbi.nlm.nih.gov/pubmed/1905410
http://www.ncbi.nlm.nih.gov/pubmed/1905410
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilber%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=6437035
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mori%20M%5BAuthor%5D&cauthor=true&cauthor_uid=6437035
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pegues%20J%5BAuthor%5D&cauthor=true&cauthor_uid=6437035
http://www.ncbi.nlm.nih.gov/pubmed/?term=Prasad%20C%5BAuthor%5D&cauthor=true&cauthor_uid=6437035
http://www.ncbi.nlm.nih.gov/pubmed/6437035
http://www.ncbi.nlm.nih.gov/pubmed/6437035
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bowden%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=3129742
http://www.ncbi.nlm.nih.gov/pubmed/?term=Karkanias%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=3129742
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bean%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=3129742
http://www.ncbi.nlm.nih.gov/pubmed/3129742
http://www.ncbi.nlm.nih.gov/pubmed/3129742
http://www.ncbi.nlm.nih.gov/pubmed/?term=Prasad%20C%5BAuthor%5D&cauthor=true&cauthor_uid=8616606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mizuma%20H%5BAuthor%5D&cauthor=true&cauthor_uid=8616606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brock%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=8616606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Porter%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=8616606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Svec%20F%5BAuthor%5D&cauthor=true&cauthor_uid=8616606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hilton%20C%5BAuthor%5D&cauthor=true&cauthor_uid=8616606
http://www.ncbi.nlm.nih.gov/pubmed/8616606
http://www.ncbi.nlm.nih.gov/pubmed/8616606
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mori%20M%5BAuthor%5D&cauthor=true&cauthor_uid=6860961
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pegues%20J%5BAuthor%5D&cauthor=true&cauthor_uid=6860961
http://www.ncbi.nlm.nih.gov/pubmed/?term=Prasad%20C%5BAuthor%5D&cauthor=true&cauthor_uid=6860961
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilber%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=6860961
http://www.ncbi.nlm.nih.gov/pubmed/6860961
http://www.ncbi.nlm.nih.gov/pubmed/6860961
http://www.ncbi.nlm.nih.gov/pubmed/?term=Steiner%20H%5BAuthor%5D&cauthor=true&cauthor_uid=2615922
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilber%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=2615922
http://www.ncbi.nlm.nih.gov/pubmed/?term=Prasad%20C%5BAuthor%5D&cauthor=true&cauthor_uid=2615922
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rogers%20D%5BAuthor%5D&cauthor=true&cauthor_uid=2615922
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenkranz%20RT%5BAuthor%5D&cauthor=true&cauthor_uid=2615922
http://www.ncbi.nlm.nih.gov/pubmed/2615922
http://www.ncbi.nlm.nih.gov/pubmed/2615922
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yip%20I%5BAuthor%5D&cauthor=true&cauthor_uid=14681549


Metabolites 2015, 5 762 

 

 

151. Song, M.K.; Rosenthal, M.J.; Song, A.M.; Uyemura, K.; Yang, H.; Ament, M.E.; Yamaguchi, D.T.; 

Cornford, E.M. Body weight reduction in rats by oral treatment with zinc plus cyclo-(His-Pro). Br. 

J. Pharmacol. 2009, 158, 442–450. 

152. Mori, M.; Pegues, J.; Prasad, C., Wilber, J.; Peterson, J.; Githens, S. Histidyl-proline 

diketopiperazine cyclo (His-Pro): Identification and characterization in rat pancreatic islets. 

Biochem. Biophys. Res. Commun. 1983, 115, 281–286. 

153. Leduque, P.; Jackson, I.M.; Kervran, A.; Aratan-Spire, S.; Czernichow, P.; Dubois, P.M.  

Histidyl-Proline Diketopiperazine (His-Pro DKP) Immunoreactivity is Present in the  

Glucagon-Containing Cells of the Human Fetal Pancreas. J. Clin. Investig. 1987, 79, 875–880. 

154. Hilton, C.W.; Prasad, C.; Wilber, J.F. Acute alterations of cyclo (His-Pro) levels after oral ingestion 

of glucose. Neuropeptides 1990, 15, 55–59. 

155. Hilton, C.W.; Reddy, S.; Prasad, C.; Wilber, J.F. Change in circulating cyclo (His-Pro) 

concentrations in rats after ingestion of oral glucose compared to intravenous glucose and controls. 

Endocr. Res. 1990, 16, 139–150. 

156. Song, M.K.; Rosenthal, M.J.; Song, A.M.; Yang, H.; Ao, Y.; Yamaguchi, D.T. Raw vegetable food 

containing high cyclo (his-pro) improved insulin sensitivity and body weight control. Metabolism 

2005, 54, 1480–1489. 

157. Jung, E.Y.; Lee, H.S.; Choi, J.W.; Ra, K.S.; Kim, M.R.; Suh, H.J. Glucose tolerance and 

antioxidant activity of spent brewer’s yeast hydrolysate with a high content of Cyclo-His-Pro 

(CHP). J. Food Sci. 2011, 76, C272–C278. 

158. Hilton, C.W.; Mizuma, H.; Svec, F.; Prasad, C. Relationship between plasma cyclo (His-Pro), a 

neuropeptide common to processed protein-rich food, and C-peptide/insulin molar ratio in obese 

women. Nutr. Neurosci. 2001, 4, 469–474. 

159. Samols, E.; Marri, G.; Marks, V. Promotion of insulin secretion by glucagon. Lancet 1965, 2,  

415–416. 

160. Huypens, P.; Ling, Z.; Pipeleers, D.; Schuit, F. Glucagon receptors on human islet cells contribute 

to glucose competence of insulin release. Diabetologia 2000, 43, 1012–1019. 

161. Kawai, K.; Yokota, C.; Ohashi, S.; Watanabe, Y.; Yamashita, K. Evidence that glucagon stimulates 

insulin secretion through its own receptor in rats. Diabetologia 1995, 38, 274–276. 

162. Pivovarova, O.; Bernigau, W.; Bobbert, T.; Isken, F.; Möhlig, M.; Spranger, J.; Weickert, M.O.; 

Osterhoff, M.; Pfeiffer, A.F.; Rudovich, N. Hepatic insulin clearance is closely related to metabolic 

syndrome components. Diabetes Care 2013, 36, 3779–3785. 

163. Meshkani, R.; Adeli, K. Hepatic insulin resistance, metabolic syndrome and cardiovascular 

disease. Clin. Biochem. 2009, 42, 1331–1346. 

164. Biddinger, S.B.; Hernandez-Ono, A.; Rask-Madsen, C.; Haas, J.T.; Alemán, J.O.; Suzuki, R.; 

Scapa, E.F.; Agarwal, C.; Carey, M.C.; Stephanopoulos, G.; et al. Hepatic insulin resistance is 

sufficient to produce dyslipidemia and susceptibility to atherosclerosis. Cell Metab. 2008, 7,  

125–134. 

165. Basu, A.; Betts, N.M.; Nguyen, A.; Newman, E.D.; Fu, D.; Lyons, T.J. Freeze-dried strawberries 

lower serum cholesterol and lipid peroxidation in adults with abdominal adiposity and elevated 

serum lipids. J. Nutr. 2014, 144, 830–837. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Kawai%20K%5BAuthor%5D&cauthor=true&cauthor_uid=7758872
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yokota%20C%5BAuthor%5D&cauthor=true&cauthor_uid=7758872
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamashita%20K%5BAuthor%5D&cauthor=true&cauthor_uid=7758872
https://owa.twu.edu/owa/redir.aspx?SURL=uhExSXU_MIvQPyZR51kmHrMcFOmDHBuPCDbihhx_nt9Qe-sTPbzSCGgAdAB0AHAAOgAvAC8AdwB3AHcALgBuAGMAYgBpAC4AbgBsAG0ALgBuAGkAaAAuAGcAbwB2AC8AcAB1AGIAbQBlAGQALwAyADQAMAAyADYANQA0ADkAIwA.&URL=http%3a%2f%2fwww.ncbi.nlm.nih.gov%2fpubmed%2f24026549%23
https://owa.twu.edu/owa/redir.aspx?SURL=UGKxT38uB3pAAxmP5ojC4eiHlDMaqz75dXIHUO0RW-tQe-sTPbzSCGgAdAB0AHAAOgAvAC8AdwB3AHcALgBuAGMAYgBpAC4AbgBsAG0ALgBuAGkAaAAuAGcAbwB2AC8AcAB1AGIAbQBlAGQALwA_AHQAZQByAG0APQBNAGUAcwBoAGsAYQBuAGkAJQAyADAAUgAlADUAQgBBAHUAdABoAG8AcgAlADUARAAmAGMAYQB1AHQAaABvAHIAPQB0AHIAdQBlACYAYwBhAHUAdABoAG8AcgBfAHUAaQBkAD0AMQA5ADUAMAAxADUAOAAxAA..&URL=http%3a%2f%2fwww.ncbi.nlm.nih.gov%2fpubmed%2f%3fterm%3dMeshkani%2520R%255BAuthor%255D%26cauthor%3dtrue%26cauthor_uid%3d19501581
https://owa.twu.edu/owa/redir.aspx?SURL=CuCH9x2lzfrIM3czCGrDoDYD9k0Kv-pxoo9SgjnIrq1Qe-sTPbzSCGgAdAB0AHAAOgAvAC8AdwB3AHcALgBuAGMAYgBpAC4AbgBsAG0ALgBuAGkAaAAuAGcAbwB2AC8AcAB1AGIAbQBlAGQALwA_AHQAZQByAG0APQBBAGQAZQBsAGkAJQAyADAASwAlADUAQgBBAHUAdABoAG8AcgAlADUARAAmAGMAYQB1AHQAaABvAHIAPQB0AHIAdQBlACYAYwBhAHUAdABoAG8AcgBfAHUAaQBkAD0AMQA5ADUAMAAxADUAOAAxAA..&URL=http%3a%2f%2fwww.ncbi.nlm.nih.gov%2fpubmed%2f%3fterm%3dAdeli%2520K%255BAuthor%255D%26cauthor%3dtrue%26cauthor_uid%3d19501581
https://owa.twu.edu/owa/redir.aspx?SURL=bl_EQawMSLetLkO8v-Jk1F-K4NxetbZNPcK3UNzJdX9Qe-sTPbzSCGgAdAB0AHAAOgAvAC8AdwB3AHcALgBuAGMAYgBpAC4AbgBsAG0ALgBuAGkAaAAuAGcAbwB2AC8AcAB1AGIAbQBlAGQALwAxADkANQAwADEANQA4ADEAIwA.&URL=http%3a%2f%2fwww.ncbi.nlm.nih.gov%2fpubmed%2f19501581%23


Metabolites 2015, 5 763 

 

 

166. Leong, D.J.; Choudhury, M.; Hirsh, D.M.; Hardin, J.A.; Cobelli, N.J.; Sun, H.B. Nutraceuticals: 

Potential for Chondroprotection and Molecular Targeting of Osteoarthritis. Int. J. Mol. Sci. 2013, 

14, 23063–23085. 

167. Huntley, A.L. The health benefits of berry flavonoids for menopausal women: Cardiovascular 

disease, cancer and cognition. Maturitas 2009, 63, 297–301. 

168. Szajdek, A.; Borowska, E.J. Bioactive compounds and health-promoting properties of berry fruits: 

A review. Plant Foods Hum. Nutr. 2008, 63, 147–156. 

169. Barnes, S. Nutritional genomics, polyphenols, diets, and their impact on dietetics. J. Am. Diet. Assoc. 

2008, 108, 1888–1895. 

170. Shen, C.L.; Smith, B.J.; Lo, D.-F.; Chyu, M.-C.; Dunn, D.M.; Chen, C.-H.; Kwun, I.-S.  

Dietary polyphenols and mechanisms of osteoarthritis. J. Nutr. Biochem. 2012, 23, 1367–1377. 

171. Alvarez-Suarez, J.M.; Giampieri, F.; Tulipani, S.; Casoli, T.; di Stefano, G.;  

Gonzalez-Paramas, A.M.; Santos-Buelga, C.; Busco, F.; Quiles, J.L.; Cordero, M.D., et al.  

One-month strawberry-rich anthocyanin supplementation ameliorates cardiovascular risk, 

oxidative stress markers and platelet activation in humans. J. Nutr. Biochem. 2014, 25, 289–294. 

172. Rodriguez-Mateos, A.; Ishisaka, A.; Mawatari, K.; Vidal-Diez, A.; Spencer, J.P.E.; Terao, J. 

Blueberry intervention improves vascular reactivity and lowers blood pressure in high-fat-,  

high-cholesterol-fed rats. Br. J. Nutr. 2013, 109, 1746–1754. 

173. Zunino, S.J.; Parelman, M.A.; Freytag, T.L.; Stephensen, C.B.; Kelley, D.S.; Mackey, B.E.; 

Woodhouse, L.R.; Bonnel, E.L. Effects of dietary strawberry powder on blood lipids and 

inflammatory markers in obese human subjects. Br. J. Nutr. 2012, 108, 900–909. 

174. Basu, A.; Du, M.; Leyva, M.J.; Sanchez, K.; Betts, N.M.; Wu, M.; Aston, C.E.; Lyons, T.J. 

Blueberries decrease cardiovascular risk factors in obese men and women with metabolic 

syndrome. J. Nutr. 2010, 140, 1582–1587. 

175. Erlund, I.; Koli, R.; Alfhan, G.; Marniemi, J.; Puukka, P.; Mustonen, P.; Mattila, P.; Jula, A.. 

Favorable effects of berry consumption on platelet function, blood pressure and HDL cholesterol. 

Am. J. Clin. Nutr. 2008, 87, 323–331. 

176. Ruel, G.; Pomerleau, S.; Couture, P.; Lemieux, S.; Lamarche, B.; Couillard, C. Favourable impact 

of low-calorie cranberry juice consumption on plasma HDL-cholesterol concentrations in men. Br. 

J. Nutr. 2006, 96, 354–364. 

177. Ruel, G.; Pomerleau, S.; Couture, P.; Lamarche, B.; Couillard, C. Changes in plasma antioxidant 

capacity and oxidized low-density lipoprotein levels in men after short-term cranberry juice 

consumption. Metabolism 2005, 54, 856–861. 

178. Rodriguez-Mateos, A.; Rendeiro, C.; Bergillos-Mecca, T; Tabatabaee, S.; George, T.W.; Heiss, C.; 

Spencer, J.P. Intake and time dependence of blueberry flavonoid-induced improvements in 

vascular function: A randomized, controlled, double-blind, crossover intervention study with 

mechanistic insights into biological activity. Am. J. Clin. Nutr. 2013, 98, 1179–1191. 

179. Heinonen, I.M.; Meyer, A.S.; Frankel, E.N. Antioxidant activity of berry polyphenolics on human 

low-density lipoprotein and liposome oxidation. J. Agric. Food Chem. 1998, 46, 4107–4112. 

180. Meyer, A.S.; Donovan, J.L.; Pearson, D.A.; Waterhouse, A.L.; Frankel, E.N. Fruit hydroxycinnamic 

acids inhibit human low-density lipoprotein oxidation in vitro. J. Agric. Food Chem. 1998, 46, 

1783–1787. 



Metabolites 2015, 5 764 

 

 

181. Coban, J.; Evran, B.; Ozkan, F.; Cevik, A.; Dogru-Abbasoglu, S.; Uysal, M. Effect of blueberry 

feeding on lipids and oxidative stress in the serum, liver and aorta of Guinea pigs fed on a  

high-cholesterol diet. Biosci. Biotechnol. Biochem. 2013, 77, 389–391. 

182. Del Bo, C.; Riso, P.; Campolo, J.; Moller, P.; Loft, S.; Klimis-Zacas, D.; Brambilla, A.;  

Rizzolo, A.; Porrini, M. A single portion of blueberry (Vaccinium corymbosum L.) improves 

protection against DNA damage but not vascular function in healthy male volunteers. Nutr. Res. 

2013, 33, 220–227. 

183. Cassidy, A.; O-Reilly, E.; Kay, C.; Sampson, L.; Franz, M.; Forman, J.P.; Curhan, G.; Rimm, E.B. 

Habitual intake of flavonoid subclasses and incident hypertension in adults. Am. J. Clin. Nutr. 

2011, 93, 338–347. 

184. Johnson, S.A.; Figueroa, A.; Navaei, N.; Wong, A.; Kalfon, R.; Ormsbee, L.T.; Feresin, R.G.; 

Elam, M.L.; Hooshmand, S.; Payton, M.E.; et al. Daily blueberry consumption improves blood 

pressure and arterial stiffness in postmenopausal women with pre-and stage-1 hypertension: A 

randomized, double-blind, placebo-controlled clinical trial. J. Am. Diet. Assoc. 2015, 115,  

369–377. 

185. McAnulty, L.S.; Collier, S.R.; Landram, M.J.; Whittaker, D.S.; Isaacs, S.E.; Klemka, J.M.;  

Cheek, S.L.; Arms, J.C.; McAnulty, S.R. Six weeks daily ingestion of whole blueberry powder 

increases natural killer cell counts and reduces arterial stiffness in sedentary males and females. 

Nutr. Res. 2014, 34, 577–584. 

186. McAnulty, S.R.; McAnulty, L.S.; Morrow, J.D.; Khardouni, D.; Shooter, L.; Monk, J.; Gross, S.; 

Brown, V. Effect of daily fruit ingestion on angiotensin converting enzyme activity, blood 

pressure, and oxidative stress in chronic smokers. Free Radic. Res. 2005, 39, 1241–1248. 

187. Stull, A.J.; Cash, K.C.; Champagne, C.M.; Gupta, A.K.; Boston, R.; Beyl, R.A.; Johnson, W.D.; 

Cefalu, W.T. Blueberries improve endothelial function, but not blood pressure, in adults with 

metabolic syndrome: A randomized, double-blind, placebo-controlled clinical trial. Nutrients 

2015, 7, 4107–4123. 

188. Amani, R.; Moazen, S.; Shahbazian, H.; Ahmadi, K.; Jalali, M.T. Flavonoid-rich beverage effects 

on lipid profile and blood pressure in diabetic patients. World J. Diabetes 2014, 5, 962–968. 

189. Martineau, L.C.; Couture, A.; Spoor, D.; Benhaddou-Andaloussi, A.; Harris, C.; Meddah, B.; 

Leduc, C.; Burt, A.; Vuong, T.; Mai Le, P.; et al. Anti-diabetic properties of the Canadian lowbush 

blueberry Vaccinium angustifolium Ait. Phytomedicine 2006, 13, 612–623. 

190. Jayaprakasam, B.; Vareed, S.K.; Olson, L.K.; Nair, M.G. Insulin secretion by bioactive 

anthocyanins and anthocyanidins present in fruits. J. Agric. Food Chem. 2005, 53, 28–31. 

191. Stull, A.J.; Cash, K.C.; Johnson, W.D.; Champagne, C.M.; Cefalu, W.T. Bioactives in blueberries 

improve insulin sensitivity in obese, insulin-resistant men and women. J. Nutr. 2010, 140,  

1764–1768. 

192. DeFuria, J.; Bennett, G.; Strissel, K.J.; Perfield, J.W., II; Milbury, P.E.; Greenberg, A.S.;  

Obin, M.S. Dietary blueberry attenuates whole-body insulin resistance in high fat-fed mice by 

reducing adipocyte death and its inflammatory sequelae. J. Nutr. 2009, 139, 1510–1516. 

193. Shahidi, F.; Naczk, M. Food phenolics: An overview. In Food Phenolics: Sources, Chemistry, 

Effects, Applications; Shahidi, F., Naczk, M., Eds.; Technomic Publishing Company Inc.: 

Lancaster, PA, USA, 1995; pp. 1–5. 



Metabolites 2015, 5 765 

 

 

194. Hennekens, C.H.; Buring, J.E.; Manson, J.E.; Stampfer, M.; Rosner, B.; Cook, N.R.; Belanger, C.; 

LaMotte, F.; Gaziano, J.M.; Ridker, P.M.; et al. Lack of effect of long-term supplementation with 

β-carotene on the incidence of malignant neoplasms and cardiovascular disease. N. Engl. J. Med. 

1996, 334, 1145–1149. 

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 


