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ABSTR ACT: Bioactive compounds found in fruits and vegetables can have anti-oxidant, anti-inflammatory, and anti-carcinogenic effects and can be 
protective against various diseases and metabolic disorders. These beneficial effects make them good candidates for the development of new functional foods 
with potential protective and preventive properties for type 1 and type 2 diabetes. This review summarizes the most relevant results concerning the effects 
of various bioactive compounds such as flavonoids, vitamins, and carotenoids on several aspects of beta-cell functionality. Studies using animal models 
with induced diabetes and diabetic patients support the hypothesis that bioactive compounds could ameliorate diabetic phenotypes. Published data suggest 
that there might be direct effects of bioactive compounds on enhancing insulin secretion and preventing beta-cell apoptosis, and some compounds might 
modulate beta-cell proliferation. Further research is needed to establish any clinical effects of these compounds.
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Introduction
It is generally accepted that food can have health-promoting 
properties that go beyond its traditional nutritional value. 
Bioactive compounds are defined as components of food that 
influence physiological or cellular activities in the animals or 
humans that consume them. For example, flavonoids, vita-
mins, and carotenoids are bioactive compounds found in fruits 
and vegetables that act as anti-oxidants, anti-inflammatories, 
anti-carcinogens, and protective agents against metabolic 
syndromes such as diabetes and coronary disease.1,2 Recently, 
much attention has been given to bioactive food components 
that may be beneficial for the prevention of diabetes.

The prevalence of type 2 diabetes and metabolic disease 
is rapidly increasing worldwide3 and is becoming an important 
health problem. In type 2 diabetes, pancreatic beta-cells fail to 

compensate for insulin resistance, resulting in the  development 
of hyperglycemia, loss of functional beta-cell mass, and subse-
quently deficiency of insulin.4 In type 1 diabetes, destruction 
of pancreatic beta-cells mediated by autoimmune responses 
results in absolute insulin deficiency and development of 
hyperglycemia (Fig. 1). Thus, research to discover novel and 
cost-effective preventative agents that can enhance beta-cell 
function is important to decrease the development of both 
type 1 and type 2 diabetes and their related complications.

As the pancreas is located first in line after enteric 
absorption, the pancreas could be exposed to high concentra-
tions of absorbed bioactive compounds. Therefore, pancreatic 
beta-cells might be one of the major targets for the effects of 
bioactive compounds. This review discusses the most relevant 
results concerning the effects of flavonoids, vitamins, and 
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carotenoids on prevention of diabetes, focusing on beta-cell 
function and beta-cell preservation (Tables 1 and 2).

Methods
A computerized search of the “MEDLINE/Pubmed” data-
base from January 1995 to January 2014 for English-language 
publications was conducted using the following combinations 
of key word: “bioactive component or food compound or nutri-
ents (genistein, resveratrol, anthocyanins, quercetin, EGCG,  
vitamin D, vitamin A, vitamin C, lycopene)” and “insulin 
secretion or beta-cell function or beta-cell preservation, diabe-
tes (type 1 & 2) or metabolic syndrome, or insulin resistance. 
We excluded letters, abstracts, and conference proceedings 
that were not published in full in peer-reviewed journals. 
Their titles and abstracts were then reviewed to select those 
papers dealing with the association between food component 
and beta-cell preservation.

For questions correlating diabetes with responses to food 
components, we included any articles that pertained to the 
effect of bioactive food components on beta-cell function using 
cell culture, and presented research on diabetic animal mod-
els. We also identified studies that assessed the effect of bioac-
tive food component on beta-cell preservation, ie proliferative  
and anti-apoptotic effects. To evaluate the effect on humans, 

we summarize all relevant reviews such as cohort/case–control 
studies, randomized clinical trials, controlled clinical trials, 
and systemic reviews.

Effect of Flavonoids on Beta-Cells
Flavonoids and isoflavonoids are polyphenolic compounds 
commonly found in fruits and plants. They fulfill many roles 
in plant physiology, including nitrogen fixation and flower 
pigmentation. Because of their abundance, they make up a 
significant proportion of the human diet. Flavonoids are anti-
oxidants and have anti-inflammatory and protective effects on 
metabolic diseases.

Genistein. Genistein is the most studied isoflavone 
with respect to diabetes.5 Genistein is found in a number of 
plants including lupine, fava beans, soybeans, and soybean 
products.

In vitro studies. Ohno et  al demonstrated that genistein 
increased glucose-stimulated insulin secretion in MIN-6 
cells, a mouse pancreatic beta-cell line, as well as in cultured 
islets from mice and rats.6 Although a high concentration 
(100  µmol/L) of genistein inhibited insulin secretion in rat 
islets,7 acute genistein treatment at a physiological concentra-
tion (5 µmol/L) potentiated glucose-stimulated insulin secre-
tion in both beta-cell lines and isolated mouse islets.8

Figure 1. Mechanisms underlying beta-cell failure in type 1 and type 2 diabetes. in type 1 diabetes, destruction of pancreatic beta-cells mediated 
by autoimmune responses (macrophages, T cells, and cytokines) results in absolute insulin deficiency and development of hyperglycemia. In type 2 
diabetes, beta-cell loss can be affected by environmental factors such as lipotoxicity and glucotoxicity and insulin resistance defined as increased glucose 
production or insufficient glucose disposal accelerated hyperglycemic state.
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Table 1. structural features of bioactive food components that affect beta-cell function and diabetes.
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Several flavonoids including genistein are known to 
modulate cell proliferation as well as beta-cell apoptosis. 
Although chronic treatment (four days) with a high concen-
tration (100  µmol/L) of genistein reduced proliferation of 
cultured islet cells, acute treatment (24 hours) with a lower 
concentration (5 µmol/L) induced proliferation of both INS-1 
cells, a rat beta-cell line, and human islets.9 Similarly, a low 
dose of genistein reduced sodium fluoride-induced beta-cell 
 apoptosis, whereas a high dose of genistein caused apoptosis.10 
Genistein has well-known weak estrogenic effects by binding 
to estrogen receptors. However, in pancreatic cell lines and 
mouse islets, the insulin-secreting activity and proliferative 
effect of genistein is mediated at least in part via cAMP accu-
mulation and protein kinase A activation and is independent 

of estrogen receptor mechanisms, protein tyrosine kinase, or 
nitric oxide-signaling pathways.8,11

Animal studies. Consistent with in vitro results, soy pro-
tein containing genistein and daidzein, another isoflavone 
present in soy, suppressed blood glucose levels in non-obese 
diabetic mice by inducing plasma insulin levels.12 Another 
study showed that chronic consumption of high fat increased 
insulin secretion with an increase in pancreatic islet area and 
consumption of soy protein ameliorated this situation in rats.13 
The study also demonstrated that soy isoflavones decreased 
peroxisome proliferator-activated receptor-g and sterol regula-
tory element binding protein-1 expression, which are markers 
of lipogenesis, and ameliorated the hyperinsulinemia observed 
during obesity. Consumption of a genistein- supplemented 
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diet (250  mg/kg diet) before the induction of diabetes by 
streptozotocin (STZ) preserved the islet mass because of 
enhanced proliferation and reduced apoptosis relative to the 
control mice.11 This study showed that genistein prevented 
STZ-induced rises in fasting blood glucose and improved 
glucose tolerance and circulating insulin levels. Elmarakby 
et  al also demonstrated that administration of genistein at  
10 mg/kg/body weight for 10 weeks in STZ-induced diabetic 
mice resulted in significant reductions in fasting blood glucose 
levels.14

Human studies. As human studies using genistein alone to 
test its anti-diabetic efficacy are scarce, whether it can be used 
to prevent or ameliorate type 2 diabetes in humans is largely 
unknown. However, data from a recent human study examin-
ing the effect of genistein administration in postmenopausal 
women showed that genistein administration at 54  mg/day  
decreased fasting glucose and increased glucose tolerance and 
insulin sensitivity.15 As discussed above, data from animal 
models and in vitro studies suggest that genistein may be a 
novel anti-diabetic compound.

Resveratrol. Resveratrol (3,5,4′-trihydroxystilbene) is a 
polyphenolic compound found in grape skins and red wine that 
has been shown to increase lifespan in various organisms.16

In vitro studies. Resveratrol shows beneficial effects for 
the prevention of diabetes and diabetic complications, but 
its effect on insulin secretion in vitro is controversial. Zhang 
et al reported that a range of concentrations (3–100 µmol/L) 
of resveratrol had no effect on insulin secretion in RINm5F 
cells.17 On the other hand, resveratrol induced insulin secre-
tion at the tested concentrations (10–100  µmol/L) in other 
cell lines (hamster-derived HIT-T15 cells and rat-derived 

RINm5F cells) as well as in INS-1 cells.18 In contrast, treat-
ment with resveratrol (1–100  µmol/L) inhibited glucose-
stimulated insulin secretion in pancreatic islets from normal 
rats.19 A protective action of resveratrol on the pancreas has 
also been reported. Exposure of isolated rat islets to cytokines 
resulted in deleterious effects, such as increased nitric oxide 
production and increased DNA binding of nuclear factor-kB, 
and these effects were suppressed by resveratrol.20 The effect 
of resveratrol on insulin secretion was dependent on concen-
tration, tested cell lines, and experimental designs. However, 
the anti-oxidant effect on various toxic agents was consistent; 
resveratrol was able to attenuate cytokine-induced toxicity 
and effectively reduce oxidative damage of the pancreas, and 
thereby may protect beta-cell function.

Animal studies. In animal studies, the effect of resvera-
trol on modifying insulin secretion is different depending 
on the animal model. In normal mice and rats, administra-
tion of resveratrol (3 mg/kg) increased plasma insulin levels 
and reduced blood glucose.18 On the other hand, in STZ/
nicotinamide-treated diabetic mice, an animal model with 
moderate hyperglycemia, resveratrol was shown to reduce 
plasma insulin levels, likely as a result of the reduction of 
hyperglycemia. Therefore, the researchers suggested that the 
anti- hyperglycemic effect of resveratrol may be because of its 
anti-oxidant effects on other tissues, not to a direct effect on 
insulin secretion.21 Although the exact mechanism of resvera-
trol action is still poorly understood, there is no doubt that this 
compound is able to improve insulin action in different animal 
models of insulin resistance.

Human studies. Most human studies demonstrate that 
resveratrol improves glucose tolerance and insulin  sensitivity. 

Table 2. List of bioactive food components that may influence insulin secretion and diabetes.

CLASS BIOACTIVE COMPONENT DIETARY SOURCES EFFECT OBSERVED

Flavonoids

genistein soybean, soy products

insulin secretion ↑

beta-cell proliferation ↑

beta-cell apoptosis ↓

resveratrol grapes, red wine
insulin secretion ↔

beta-cell apoptosis ↓

anthocyanins & anthocyanidins Fruit, vegetables
insulin secretion ↑

beta-cell apoptosis ↓

Quercetin Fruit, vegetables
insulin secretion ↑

beta-cell apoptosis ↓

epigallocatechin-3-gallate (egcg) green tea
insulin secretion ↑

beta-cell apoptosis ↓

Vitamins

Vitamin d Dairy products, fish
insulin secretion ↑

beta-cell apoptosis ↔

Vitamin a Vegetables insulin secretion ↔

Vitamin c Vegetables, fruits insulin secretion ↑

carotenoids lycopene tomatoes –
 

http://www.la-press.com


Role of bioactive food components in diabetes prevention 

55NutritioN aNd Metabolic iNsights 2014:7

In a pilot study in obese insulin-resistant adults, Crandall 
et  al22 found that after four weeks of resveratrol treatment, 
peak postprandial glucose decreased and glucose tolerance 
improved, but the effects were not dose-dependent. Bhatt et al 
conducted a randomized trial with type 2 diabetic subjects and 
found significant improvements in the resveratrol group for 
fasting blood glucose, HbA1c, total cholesterol, triglyceride, 
and low density lipoprotein concentrations.23 Another study 
of type 2 diabetic patients (according to the WHO diagnostic 
guidelines) also demonstrated that daily ingestion of 10 mg 
resveratrol decreased insulin resistance, and this effect was 
because of a decrease of oxidative stress and improvement of 
insulin signaling via the AKT pathway.24

Anthocyanins and anthocyanidins. Anthocyanins and 
anthocyanidins are responsible for a variety of colors, includ-
ing red, blue, and purple, in fruits, vegetables, and flowers and 
are prevalent in the human diet.

In vitro studies. Studies have shown that anthocyanins 
and anthocyanidins stimulate insulin secretion and have pro-
tective effects on beta-cells in vitro. Several of these molecules 
were shown to be effective insulin secretagogues when tested 
in pancreatic cell lines. Among the anthocyanidins tested, 
pelargonidin was the most effective.25 As well, the anthocy-
anidin cyanidin-3-glucoside stimulated insulin secretion in 
INS-1 cells and pancreatic and duodenal homeobox-1 and 
insulin-like growth factor-II gene transcript levels, which are 
important factors for insulin gene transcription. Zhang et al 
reported that pre-incubation of INS-1 cells with anthocyanins 
decreased the generation of oxidative stress-induced intracellu-
lar reactive oxygen species and reduced reactive oxygen species- 
mediated apoptosis and necrosis.26 As well, pretreatment 
with anthocyanins attenuated autophagic cell death caused by 
H2O2 exposure.27

Animal studies. Administration of cyanidin-3- glucoside-
rich bayberry fruit extract reduced blood glucose levels in 
STZ-induced diabetic ICR mice and improved impaired 
glucose tolerance.28 As well, the administration of ethanolic 
extract of cherry fruit resulted in a significant reduction in 
blood glucose in alloxan-induced diabetic rats.29 In a study 
using male STZ-induced diabetic Wistar rats, intraperitoneal 
injection of pelargonidin, an anthocyanin, normalized ele-
vated glycemia and improved serum insulin levels.30 In a type 2  
diabetes mutant mouse (KK-Ay) model, intake of anthocya-
nins was found to inhibit elevation of blood glucose levels and 
improve insulin sensitivity via down-regulation of retinol-
binding protein 4.31

Human studies. Wedick and coworkers followed a total 
3,645,585 women and men who were free from diabetes, car-
diovascular disease, and cancer at the beginning of the study. 
They found 12,611 subsequent cases of type 2 diabetes, and 
consumption of anthocyanin-rich foods, particularly blueber-
ries and apples or pears, was associated with a lower risk of 
type 2 diabetes. No significant associations were found for 
total flavonoid intake or other flavonoid subclasses.32 Diabetic 

patients who consumed pomegranate juice (384 mg/dL antho-
cyanins) exhibited anti-oxidative effects such as a significant 
reduction in their serum lipid peroxides and the oxidative state 
of their monocytes/macrophages by 56% and 28%, respec-
tively. These findings indicate a substantial benefit to diabetes 
patients would be obtained by developing a functional food 
containing anthocyanin extracts.33

Quercetin. Quercetin is a natural polyphenolic flavonoid 
found in a wide variety of plant-based foods, which displays 
anti-diabetic properties in vivo.

In vitro studies. Hii and Howell reported that quercetin 
stimulated insulin release and enhanced Ca2+ uptake from 
isolated islet cells.34 Youl et al also showed that 20 µmol/L of 
quercetin potentiated insulin secretion in INS-1 cells induced 
by various secretagogues such as glucose, glibenclamide, or 
KCl.35 In this study, quercetin also protected beta-cell func-
tion and viability from H2O2-induced oxidative damage, and 
both effects were mediated via phosphorylation of extracel-
lular signal-regulated kinase (ERK)1/2, suggesting that 
ERK1/2 activation is involved in the actions of quercetin.35 
Cytokines such as interleukin (IL)-1β induce the expression of 
inducible nitric oxide synthase and production of nitric oxide 
in islet β-cells, which leads to β-cell injury and reduced insu-
lin secretion.36 Quercetin (10  µM) reduced IL-1β-induced 
nitrite production, levels of inducible nitric oxide synthase 
protein, and IkBα phosphorylation. Additionally, quercetin 
significantly reversed the inhibition of insulin secretion by 
IL-1β.37

Animal studies. Quercetin has beneficial effects in ani-
mal models of type 1 diabetes. Vessal et  al reported that 
quercetin brought about the regeneration of pancreatic islets 
and increased insulin release in STZ-induced diabetic rats.38 
A similar effect was observed by Coskun et al—injection of 
quercetin (15  mg/kg/day) before induction of diabetes by 
STZ-treatment reduced the detrimental effect of STZ on 
plasma insulin and glucose levels.39 Similarly, rutin, a gly-
cosidic form of quercetin, ameliorated the decrease in fast-
ing plasma insulin levels induced by STZ-treatment in rats, 
whereas it had no effect in normal rats when administered 
at 100 mg/kg for 45 days. It also reduced pancreatic concen-
trations of  thiobarbituric acid-reactive substances and lipid 
hydroperoxides and increased the activities of anti-oxidant 
enzymes.40 These results suggest that the anti-oxidative activi-
ties of quercetin may protect pancreatic beta-cells from dam-
age by decreasing oxidative stress induced by hyperglycemia, 
fatty acids, and cytokines.

Human studies. Little information has been reported con-
cerning the anti-diabetic effect of quercetin in humans. In 
a randomized, blinded crossover study, a single oral dose of 
quercetin (400 mg) effectively suppressed postprandial hyper-
glycemia in patients with type 2 diabetes.41 Moreover, a pilot 
study showed that QR-333, a topical compound that contains 
quercetin, safely induced relief from symptoms of diabetic 
neuropathy and improved quality of life.42
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Epigallocatechin-3-gallate (EGCG). EGCG is a poly-
phenolic compound found mostly in green tea. EGCG may 
have health benefits as a nutritional supplement for various 
diseases. Although the biological effects of EGCG are gener-
ally attributed to its anti-oxidant activity of  scavenging oxy-
gen free radicals as well as its anti-tumor and anti-mutagenic 
activities,43,44 the anti-oxidant effect of EGCG is disputed.45

In vitro studies. The addition of EGCG protects against 
cytokine- and glucose-induced toxicity. Han reported that 
EGCG protected against cytokine-induced cell death in 
RINm5F cells. This effect was dose-dependent and was medi-
ated by the down-regulation of inducible nitric oxide syn-
thase expression through the inhibition of nuclear factor-kB  
activation.46 EGCG also protected against the suppression of 
insulin secretion induced by exposure to a high glucose concen-
tration in RINm5F cells.47 In contrast, Suh et al reported that 
treatment of HIT-T15 cells with EGCG (5–100 µM) decreased 
cell viability and increased apoptotic cell death concomitant 
with the production of H2O2 and reactive oxygen species.45

Animal studies. Animal studies suggest that EGCG may 
help to prevent the development of diabetes, although the 
evidence is not unanimous. Song et  al reported that EGCG 
prevented autoimmune diabetes in mice induced by multiple 
low doses of STZ.48 EGCG enhanced oral glucose tolerance 
in severely diabetic mice and in moderately diabetic rats, sug-
gesting that an increase in glucose-induced insulin secretion 
contributes to the anti-diabetic effect of EGCG.49 In contrast, 
EGCG showed a pro-oxidant, rather than anti-oxidant, effect 
in STZ-induced diabetic rats as was the case in the HIT-T15 cell 
line. When administrated for four days (5 mg/kg/day), EGCG 
impaired insulin secretion provoked by high glucose loading. In 
normal rats, EGCG had no effect on insulin secretion.50

Human studies. Whereas some studies have demonstrated 
a potential anti-diabetic effect of green tea in healthy subjects, 
other studies revealed that green tea or EGCG had no sig-
nificant effect in diabetic patients. Tsuneki et  al found that 
in healthy Japanese subjects, an acute, high dose of EGCG-
concentrated green tea supplement could control postprandial 
hyperglycemia, thus potentially reducing the risk for diabetes.51  
However, in a long-term study performed by Mackenzie 
et al,52 type 2 diabetic adults who consumed green tea extract 
did not exhibit a hypoglycemic effect.

Effect of Vitamins on Beta-Cells
Vitamins are organic compounds that cannot be synthesized 
by an organism and so must be obtained in the diet. They 
have diverse chemical structures and biochemical functions. 
Some vitamins such as vitamin A, vitamin D, and vitamin 
C are known to play a role in beta-cell function, growth, and 
development.

Vitamin D. Vitamin D is a group of essential steroid 
hormones that are synthesized from exposure to sunlight and 
are also absorbed from foods. The best food sources include 
fatty fish and their liver oils, and eggs, and fortified foods. 

Although vitamin D’s role in islet physiology has yet to be 
clarified, several studies have revealed a role for vitamin D in 
pancreatic beta-cell function.

In vitro studies. Although the exact mechanisms for the 
action of vitamin D on beta-cells are not yet fully understood, 
it is likely that vitamin D has beneficial roles for beta-cell func-
tion. Bourlon et al showed that the insulin response of rat islets 
to high glucose was decreased by vitamin D3 deficiency and 
improved by treatment with 1,25(OH)2D3.53 Administration of 
a high concentration of 1,25(OH)2D3 increased insulin synthe-
sis and release in isolated neonatal islets from normal animals.54 
The effect of vitamin D on protecting beta-cells from apopto-
sis is controversial. Induction of beta-cell apoptosis induced by 
IL-1β or interferon-g in vitro was prevented by 1,25(OH)2D3 
and its analogs, MC903, and KH1060.55 In contrast, Palomer 
et  al observed no effects of 1,25(OH)2D3 on IL-1β-induced 
beta-cell dysfunction.56 Bouillon et  al did not observe direct 
protection by 1,25(OH)2D3 against cytokine-induced beta-cell 
death in various cell systems (whole rat islet, FACS-purified 
beta-cells, and INS-1 cells), but demonstrated decreased expres-
sion of chemokines by beta-cells treated with 1,25(OH)2D3.57

Animal studies. Cade and Norman reported that vitamin 
D3 improved impaired glucose tolerance and insulin secre-
tion in the vitamin D-deficient rat.58 Moreover, studies using 
vitamin D receptor-null mice showed impaired insulin secre-
tion and glucose intolerance. Pretreatment with calcitriol, a 
hormonally active form of vitamin D, significantly improved 
glucose challenge-induced insulin secretion in islets isolated 
from normal mice.59 These direct effect of vitamin D on insu-
lin secretion may be mediated by binding of its circulating 
active form, 1,25-OHD, to the beta-cell vitamin D receptor. 
There are also studies regarding the indirect effects of vitamin 
D on beta-cell function via its well-recognized role in regu-
lating extracellular calcium and calcium influx. Beaulieu et al 
showed that calcium repletion normalized glucose tolerance 
and insulin secretion in vitamin D-depleted rats.60

Human studies. Several studies have described a cor-
relation between vitamin D deficiency and the incidence of 
diabetes. A recent cohort study showed that higher baseline 
serum 25(OH)D levels are associated with better beta-cell 
function.61 A case–control study also showed an association 
between vitamin D supplementation in infancy and decreased 
risk of type 1 diabetes.62 Studies on the administration of 
vitamin D supplementation or higher doses of 1,25(OH)2D3 
to vitamin D-deficient patient with type 2 diabetes improved 
glucose tolerance and beta-cell function.63,64

Vitamin A. Vitamin A or retinol is an essential dietary 
nutrient that is required for normal growth, reproduction, and 
vision. Root vegetables and greens, such as squash, carrots, 
pumpkins, collards, and beet greens, are good sources of vitamin 
A. Intracellularly, vitamin A is converted to all-trans-retinoic 
acid, 9-cis-retinoic acid, and a variety of other active metabolites.

In vitro studies. The effects of vitamin A on insulin secre-
tion are dependent on its metabolites. Chertow et al showed 
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that all-trans-retinoic acid (1000  nM) increased insulin 
 secretion and insulin content of RINm5F cells, while inhibit-
ing growth and increasing apoptosis.65 However, 9-cis-retinoic 
acid, another active metabolite of vitamin A, reduced glucose- 
stimulated insulin secretion in mouse islets and in a rat  
beta-cell line (832/13) by reducing glucose transporter-2 and 
glucokinase activities.66

Animal studies. Vitamin A is essential for pancreas devel-
opment, islet formation, and function.67,68 Vitamin A restric-
tion during development impairs islet development and 
promotes glucose intolerance in adult rodents.68 On the other 
hand, restricting vitamin A in mature diabetes-prone rats 
reduced diabetes and insulitis.69 There is controversy about the 
effectiveness of vitamin A for treating diabetes. A diet rich in 
vitamin A lowered blood glucose levels in non-obese diabetic 
mice, but in STZ-induced diabetic rats, a 12-fold increase in 
vitamin A intake did not show any effect on the degree of 
hyperglycemia or glycosuria.70

Vitamin C. Vitamin C (ascorbic acid), an anti-oxidant 
vitamin, is widely distributed in fresh fruits and vegetables 
and plays an important role in protecting against free radical-
induced damage. Most plants and animals, with the exception of 
humans, synthesize vitamin C from D-glucose or D- galactose. 
As glucose and ascorbic acid are structurally similar, transport 
and accumulation of ascorbic acid in pancreatic beta-cells is 
considered to affect glucose-induced insulin secretion.

In vitro studies. Kaplan et  al found that the number of 
alpha- and beta-cells was increased after vitamin C supple-
mentation (500 mg/kg).71 However, a high dose of vitamin C  
(200 µM) inhibited insulin secretion in rat islets, and the 
inhibition was dose-dependent.72 The role of ascorbic acid in 
pancreatic beta-cells is not clear yet, but appropriate concen-
trations of vitamin C may have beneficial effects on beta-cells.

Animal studies. Some reports indicate lower levels of ascor-
bic acid in the plasma of diabetic patients and experimental dia-
betic animal models.73,74 Wells et al reported that insulin release 
was depressed in islets from vitamin C- deficient guinea pigs and 
enhanced by the addition of ascorbic acid 2-phosphate.75

Human studies. In contrast to the results from in vitro 
studies, a high dose of vitamin C supplementation may 
have a beneficial effect in type 2 diabetic subjects. Paolisso 
et al reported that after infusion of a high dose of vitamin C  
(0.9  µmol/minute) in type 2 diabetic patients, there was an 
increase in plasma vitamin C levels and whole body glu-
cose disposal was increased.76 A randomized double-blind 
study also demonstrated that ascorbic acid supplementation 
improved glycemic control among type 2 diabetic subjects and 
both fasting blood glucose and HbA1c levels improved.77

Effect of Carotenoids on Beta-Cells
Carotenoids are compounds found in the chloroplasts of 
plants and also in algae and some fungi and bacteria. They 
are responsible for the yellow or orange color of plants and are 
important for human health.

Lycopene. Lycopene, a powerful anti-oxidant carotenoid 
compound occurring naturally in tomatoes and pink grape-
fruit, is known for its health-promoting role in the prevention 
of chronic diseases such as cancer and cardiovascular disease. 
Although the effects of lycopene have been established in vari-
ous disorders, little attention has been given to the possible 
anti-diabetic effects of lycopene on beta-cells.

Animal studies. Ali and Agha demonstrated that exog-
enous administration of 90 mg/kg lycopene to STZ-induced 
hyperglycemic rats caused a decrease in glucose levels with an 
increase in insulin concentration, and the effect was through 
lowering the free radical activity.78

Human studies. An observational study showed that 
a high consumption of lycopene did not reduce the risk of 
developing type 2 diabetes.79 However, very little is known 
about lycopene-rich diets and the incidence of diabetes; future 
research will be needed.

Summary
The great diversity of flavonoids, vitamins, and carotenoids 
makes it difficult to establish their effects on beta-cell function 
in the pancreas. Moreover, the effects depend on experimen-
tal design, tested concentrations, and the specific structure 
of the compound. Studies using animal models with induced 
diabetes support the hypothesis that bioactive compounds 
could ameliorate diabetic phenotypes. Published data suggest 
that there might be direct effects of bioactive compounds on 
enhancing insulin secretion and preventing beta-cell apopto-
sis, and some compounds might modulate beta-cell prolifera-
tion. For some compounds, the mechanisms of action involve 
their anti-oxidant properties, although other pathways might 
also be involved. Although many studies report beneficial 
effects on beta-cells, further studies are needed to confirm 
these effects in an actual clinical setting outside the laboratory.

Conclusion
Much evidence exists that flavonoids, such as genistein, antho-
cyanins, quercetin, and EGCG, and vitamins, such as vitamin 
D and C, enhance beta-cell function, lead to glucose tolerance 
in animal models and humans, and protect against diabetes. The 
availability of structural analogs of these components opens new 
perspectives for the exploitation of these interesting properties 
in humans. Carefully designed intervention studies using these 
components and their analogs, either alone or in combination, 
will determine their clinical potential in diabetes prevention.
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