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Abstract
Anthocyanins are food compounds which belong to polyphenols and can mainly be found in dark fruits (e.g., 
blueberries, black currants, cranberries) and vegetables (e.g., red cabbage, radish, eggplant). The results 
of  large research have shown that these compounds play an important role in the prevention of type 2 
diabetes (T2D). In rodent studies and in studies with isolated omental adipocytes, it was observed that an-
thocyanins regulated the carbohydrate metabolism in the body due to the upregulation of GLUT4 (insulin-
regulated glucose transporter) translocation, increased activation of PPARγ (peroxisome proliferator-activated 
receptor-γ) in adipose tissue and skeletal muscles as well as increased secretion of adiponectin and leptin. 
Moreover, these compounds reduced the inflammation status in the body. Studies conducted on humans 
and experimental animals showed that anthocyanins decrease insulin resistance. This effect may be achieved 
by the upregulation of GLUT4 gene expression, activation of AMP-activated protein kinase and downregula-
tion of retinol binding protein 4 (RBP4) expression. Anthocyanins also increased the uptake and utilization 
of glucose by tissues in streptozotocin-induced diabetic rats and mice, and they also protected pancreatic cells 
against necrosis induced by streptozotocin. Another mechanism that might explain the lower glucose level 
in the blood after a meal with anthocyanins compared to a meal without them is the inhibition of intestinal 
α-glucosidase and pancreatic α-amylase by these compounds. Moreover, anthocyanins improve insulin 
secretion, which can have a special meaning for people with T2D. The evidence from the presented studies 
suggests that foods rich in anthocyanins may be one of the diet elements supporting the prevention and 
treatment of T2D.
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Background

Flavonoids are a numerous group of plant compounds 
that cannot be synthesized in the human body. Their main 
chemical structure consists of phenolic and pyrane rings. 
The variety of flavonoids is determined by the type of sub-
stituent, the number of hydroxyl and methoxyl groups 
in the molecule, and the location of its addition. Flavonoids 
exhibit antioxidant, antiradical and chelating abilities. 
These compounds are usually responsible for the color and 
flavor of plant foods. Moreover, they prevent fat oxidation 
and protect vitamins and enzymes. In plants, these com-
pounds occur mainly as glycosides.1–3 

One of the subclasses of flavonoids are anthocyanins. 
Among these compounds there are: cyanidin, delphini-
din, malvidin, pelargonidin, peonidin, and petunidin. 
The  chemical structure of  anthocyanins is  presented 
in Fig. 1. These compounds have 4, 5 or 6 hydroxyl groups 
in the molecule, while some of them have a methoxyl group 
in chain B.4 

The main source of anthocyanins are dark fruits such as 
blackberries, blueberries, cranberries, black and red cur-
rants, red grapes, raspberries, and vegetables such as red 
cabbage and radish, but also some types of nuts and red 
wine.4 The content of these compounds in selected food 
products is presented in Table 1.

An association between a higher intake of total flavo-
noids, or their subclasses, and a lower risk of hypertension, 
myocardial infarction or stroke was found in numerous 
epidemiological studies.5–7 Particularly noteworthy, how-
ever, is the role of anthocyanins as dietary components 
in the protection against the development of type 2 diabe-
tes (T2D). The results of Nurses’ Health Study I and II and 

Health Professionals Follow-Up Study showed that a lower 
risk of T2D was associated with higher anthocyanin con-
tent in the diet.8 

The  aim of  this study was to  review the  literature 
on  the  importance of  anthocyanins in  the  regulation 
of the carbohydrate metabolism and reduction of insulin 
resistance in the body, as major factors decreasing the risk 
of type 2 diabetes.

Insulin resistance

Weakening the  sensitivity of  cells to  insulin is  one 
of the factors contributing to the development of T2D. 
In the development of insulin resistance, many mecha-
nisms associated with improper functioning of  some 
enzymes and hormones may be involved. An increased 
risk of insulin resistance is related to an excessive level 
of visceral fat in the body, which leads to the dysregula-
tion of the carbohydrate metabolism, a decrease in insulin 
sensitivity of tissues, the development of hyperglycemia 
and inflammatory status and, as a consequence, an in-
creased risk of developing T2D. Adipocytes of visceral 
fat are metabolically active. They secrete, among others, 
hormones such as adiponectin, leptin, resistin, and pro-
inflammatory cytokines such as TNF-α (tumor necrosis 
factor) or IL-6 (interleukin-6).9 

Scazzocchio et al. analyzed the influence of cyanidin-
3-O-β-glucoside (C3G) and metabolite protocatechuic 
acid (PCA) on the activation of glucose transport in hu-
man omental adipocytes and mice cells (3T3-L1).10 Ini-
tially, the cells were incubated with oxidized LDL (oxLDL), 
which caused a decrease in glucose uptake by 40% and 
a decrease in GLUT4 (insulin-regulated glucose trans-
porter) concentration by 60%. After that, the cells were 
treated with 50 µmol/L C3G and 100 µmol/L PCA. It was 
then observed how these compounds affected the uptake 
of [3H]-2-deoxyglucose, GLUT4 translocation, secretion 
of adiponectin, and activation of peroxisome proliferator-
activated receptor-γ (PPAR-γ), which participate in adipo-
cyte differentiation and maturation, and increased insulin 
sensitivity. Both of the studied phenolic compounds coun-
teracted the decline in glucose uptake and reversed defec-
tive GLUT4 translocation in cells treated and not treated 
with insulin. C3G and PCA overcame the negative influ-
ence of oxLDL on mRNA PPAR-γ expression and PPAR-γ 
activity. The beneficial effect of anthocyanins on PPAR 
activity in adipose tissue and skeletal muscles was also 
observed by other authors in a study conducted on rats.11

Tsuda et al. also found anthocyanins to be compounds 
that might be of importance in T2D prevention.12 A study 
on isolated rat adipocytes demonstrated enhanced adi-
ponectin and leptin secretion, in cells treated with cy-
anidin. Moreover, increased concentration of adiponec-
tin mRNA in white adipose tissue was observed in rats 
after 12 weeks of being fed a diet enriched with C3G, 
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Fig. 1. Basic structure of anthocyanins4
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as compared to the control group. Low levels of adipo-
nectin in the serum of people with T2D correlates with 
insulin resistance and decreased insulin sensitivity.13–15 
Adiponectin regulates glucose homeostasis in an organ-
ism through many mechanisms in adipose tissue, e.g., 
in the pancreas and the liver. It also prevents apoptosis 
in INS-1 β cells, which promotes proper insulin secre-
tion by the pancreas.15 Leptin is a hormone which takes 
part in the regulation of food intake by reducing appetite, 
thereby reducing body weight gain, but its activity in obese 
people is usually limited. However, in studies conducted 
on diabetic people without obesity, leptin significantly 
enhanced insulin sensitivity, improved glycemic control 
and reduced triglyceride concentration in the blood and 
adipose tissue. Moreover, treatment with leptin caused 
a mild reduction of blood glucose level without causing 
hypoglycemia.16 Liu et al. proved that C3G increased se-
rum adiponectin concentrations in diabetic mice, which 
also improved the endothelial function, thereby reducing 
the risk of developing a cardiovascular disease.17 

In mice fed with a high-fat diet (60% energy from fats) 
there was observed an increase in the expression of inflam-
matory markers such as TNF-α, IL-6, MCP-1 (monocyte 
chemoattractant protein 1), iNOS (inducible nitric oxide 
synthase), and increased oxidative stress.18 In mice fed with 
a high-fat diet supplemented with blueberry powder (31.44 g 
of anthocyanins/1 kg dry weight), such irregularities were 

not noticed. Also in a randomized, single-blind, placebo-
controlled crossover trial, conducted on a group of over-
weight and obese people, it was found that anthocyanins 
from strawberries decreased the inflammatory status (de-
fined as C-reactive protein and IL-6 levels) after a meal rich 
in carbohydrates, with moderate fat content.19

A randomized, double-blind, placebo-controlled study 
showed that anthocyanin supplementation reduced fast-
ing plasma glucose levels and decreased insulin resistance 
in diabetic patients. The beneficial effect of these com-
pounds was associated, among others, with enhanced 
adiponectin synthesis. In addition, patients in  the an-
thocyanin group showed higher β-hydroxybutyrate con-
centrations compared to the placebo group, though still 
in the normal range, implying an increase in total body en-
ergy expenditure. This, however, did not increase the risk 
of ketoacidosis in diabetic patients.20 Other authors explain 
that β-hydroxybutyrate decreases the risk of insulin resis-
tance by, among others, reducing the glycation of insulin 
and reducing the generation of insulin advanced glycation 
end products.21 

The authors of another randomized, double-blind, place-
bo-controlled clinical trial analyzed the influence of supple-
mentation with bioactives from blueberries on whole-body 
insulin sensitivity in obese (insulin resistant and nondi-
abetic) adults. After 6 weeks of study, the supplemented 
group showed increased insulin sensitivity compared 

Table 1. The content of anthocyanins in selected food products [mg/100g]4

Product Cyanidin Delphinidin Malvidin Pelargonidin Peonidin Petunidin Total

Blackberries 99.95 0.0 0.0 0.45 0.21 0.0 100.61

Blueberries 8.46 35.43 67.59 0.0 20.29 31.53 163.30

Cherries 32.57 nd nd nd 0.87 nd 33.44

Cranberries 46.43 7.67 0.44 0.32 49.16 0.0 104.02

Black currants 62.46 89.62 nd 1.17 0.66 3.87 157.78

Red currants 65.54 9.32 nd nd 0.16 nd 75.02

Red grapes 1.16 2.27 39.00 0.02 3.62 1.97 48.04

Raspberries 45.77 1.32 0.13 0.98 0.12 0.31 48.63

Strawberries 1.68 0.31 0.01 24.85 0.05 0.11 27.01

Gooseberries 8.73 0.01 nd nd 0.77 nd 9.51

Apples 1.57 0.0 0.0 0.0 0.02 0.0 1.59

Bananas 0.0 7.39 0.0 0.0 0.0 0.0 7.39

Red cabbage 209.83 0.10 nd 0.02 nd nd 209.95

Radish 0.0 0.0 0.0 63.13 0.0 0.0 63.13

Eggplant nd 85.69 nd nd nd nd 85.69

Red onion 3.19 4.28 nd 0.02 2.07 nd 9.56

Beans (black, mature seeds, raw) nd 18.50 10.61 nd nd 15.41 44.52

Almonds 2.46 0.0 0.0 0.0 0.0 0.0 2.46

Pistachios 7.33 0.0 0.0 0.0 0.0 0.0 7.33

Red wine (Cabernet Sauvignon) nd 4.18 26.24 nd 1.85 3.32 35.59

Red wine (sweet) nd 3.90 94.83 nd 3.93 6.63 109.29

nd – no data.
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to  the placebo group.22 Jennings et al. observed an  im-
provement in insulin resistance related to a higher intake 
of foods rich in anthocyanins and flavones.23 The effect 
of anthocyanins on improving insulin resistance may be 
associated, among others, with the upregulation of GLUT4 
gene expression, as was found for C3G.24

The authors of the rodent studies explained the amelio-
ration of insulin sensitivity through anthocyanins activat-
ing AMP-activated protein kinase (AMPK), which stimu-
lated glucose uptake and insulin secretion by pancreatic β 
cells. Among others, the activation of AMPK was accom-
panied by upregulation of GLUT4 in white adipose tissue 
and skeletal muscles, and downregulation of gluconeogen-
esis in the liver.25,26 The activation of AMPK is associated 
with the phosphorylation of Thr172 in the activation loop 
of AMPK.27 After 3–5 weeks, the diabetic mice fed with 
a diet consisting of anthocyanin-rich bilberry extract had 
significantly lower blood glucose levels than mice from 
the control group. The effect of decreasing glucose level 
in the blood after 30 min, 90 min and 120 min of insulin 
injection was significantly greater in the study group com-
pared to the control. The mice fed with a high anthocyanin 
diet, as compared to the control group, had increased total 
AMPKα and phosphorylation of AMPKα at Thr172 in white 
adipose tissue. Increased phosphorylation of AMPKα was 
also observed in skeletal muscles and the liver.25 Tsuda 
et al. also observed increased phosphorylation of AMPKα 
at Thr172 in rat adipose cells treated with cyanidin and 
C3G, as compared to the control group.12 The gene ex-
pression level of GLUT4, both in white adipose tissue and 
in skeletal muscles, was significantly higher in mice fed 
with a diet consisting of anthocyanin-rich bilberry ex-
tract compared to the control group. On the other hand, 
there were no differences between the groups in the gene 
expression level of adiponectin and adiponectin receptors 
(AdipoR1 and R2) in the liver and skeletal muscles, the con-
centration of adiponectin in serum, the levels of tyrosine 
phosphorylation of insulin receptor substrate-1 (IRS-1) and 
serine phosphorylation of Akt (the phosphoprotein:total 
protein ratio) in the liver, skeletal muscles and white adi-
pose tissue.25 Kurimoto et al. also found increased insulin 
sensitivity and reduced hyperglycemia in diabetic mice due 
to the activation of AMPK, after a diet supplemented with 
black soybean seed coat extract, rich in anthocyanins.26

Sasaki et al. suggest another mechanism that can explain 
why anthocyanins may reduce hyperglycemia and improve 
insulin sensitivity.28 They analyzed the influence of C3G 
on retinol binding protein 4 (RBP-4) expression in a study 
conducted on diabetic mice. RBP-4 is an adipokine; its 
higher concentration is correlated with insulin resistance. 
Diabetic mice were fed a control diet or a control + 0.2% 
C3G diet. At the beginning of the study, mice from the con-
trol group and C3G group had similar glucose levels in se-
rum. After 3 weeks, the animals from the treatment group 
had significantly lower fasting glucose in  serum com-
pared to the control group (300.1 md/dL vs 393.9 mg/dL),  

and the difference persisted after further 2 weeks of study 
(356.5 mg/dL vs 454.2 mg/dL). The amelioration of insulin 
sensitivity was also observed in mice from the treatment 
group. These changes were not associated with the expres-
sion of adiponectin and its receptors. However, it was found 
that C3G significantly upregulated GLUT4 and downregu-
lated RBP-4 in white adipose tissue.28 

Seymour et al. observed the beneficial impact of blue-
berry extract on reducing insulin resistance and fasting 
insulin levels in obese rats.11 These effects were related 
to enhanced adipose and skeletal muscle PPAR activity.

De Furia et al. conducted a study on mice, which were di-
vided into 3 groups and fed for 8 weeks with 3 types of diet: 
A – low-fat (10% of energy from fats); B – high-fat (60% of en-
ergy from fats); and C – high-fat with 4% extract from blueber-
ries.18 The mice from group C had significantly lower insulin 
resistance than the mice from group B, and similar to that ob-
served in group A. It was noted that the increase in insulin 
resistance was accompanied by the death of adipocytes, which 
was offset by the berry extract. Moreover, in the mice from 
group B, compared to C, increased M1-polarized adipose 
tissue macrophages (CD11c+) were observed, which is con-
sidered a marker of human insulin resistance.18,29

Other authors also proved the protective role of antho-
cyanins with regard to insulin resistance.30 The 1st group 
of rats was fed with a high-fructose diet (630 g/kg), while 
the 2nd was fed with a high-fructose diet with an antho-
cyanin-rich extract from black rice (5 g/kg high-fructose 
diet). After 4 weeks, rats from the 2nd group had lower 
insulin resistance compared to those from the 1st group. 
At a further stage of the study, rats with established insulin 
resistance were treated with the anthocyanin-rich extract 
in the amount of 5 g/1 kg high-fructose diet or with pio-
glitazone (a drug that increases insulin sensitivity, reduces 
insulin resistance in adipose tissue, skeletal muscle and 
the liver, decreases the concentration of free fatty acids and 
glucose in the blood) at an amount of 270 mg/1 kg high-
fructose diet. Both of  these  therapies reduced glucose 
intolerance, but only pioglitazone reversed the fructose-
induced hyperinsulinemia. 

The results of the presented studies are summarized 
in Table 2.

Postprandial glycemia

Anthocyanins were analyzed in view of their importance 
in the regulation of postprandial glycemia. Törrönen et al. 
conducted a study among healthy adult volunteers to as-
sess the influence of berries on the postprandial plasma 
glucose response to sucrose.31 The study group consumed 
a purée made of bilberries, blackcurrants, cranberries, 
strawberries and 35 g of sucrose, while the control group 
only sucrose. Plasma glucose concentration in the study 
group at 15 min and 30 min after a meal was significantly 
lower than in the control group, while at 150 min it was 
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significantly higher. At 3 h after a meal there was no dif-
ference in plasma glucose between the groups. The maxi-
mum plasma glucose concentration was reachedat 45 min 
after the berry meal and at 30 min after the sucrose alone. 
The results of the study indicate reduced absorption of glu-
cose from a meal containing berries, and a consequent 
delay in glycemic response after a meal. Similar results 
were also observed in a later study, where the effects of 35 g 
of sucrose consumption with blackcurrants, lingonberries 
and berry nectars on postprandial glucose and insulin 
were investigated.32 Volunteers who consumed sugar with 
fruits, compared to those who consumed sugar alone, had 

lower glucose and insulin concentrations during the first 
30 min, and a slower decline during the following 90 min. 
Thereby, improved glycemic response prevented a hypo-
glycemic state in volunteers from groups which were given 
fruits or nectar.

Törrönen et al. also investigated the effects of different 
berries consumed with wheat bread or rye bread on post-
prandial glucose in healthy women.33 After the volunteers 
consumed wheat bread with a fruit mixture (strawber-
ries, bilberries, cranberries, blackcurrants), the 0–30 min 
area under their blood glucose curve (AUC) was de-
creased by 32% in comparison to AUC after wheat bread 

Table 2. Results of the selected studies on the role of anthocyanins in the prevention of type 2 diabetes 

No. Anthocyanin/product tested Mechanism of action Ref.

1 C3G and PCA
improved GLUT4 translocation, secretion of adiponectin and activation of PPAR-γ; 
counteracted decline in glucose uptake 

10

2 Blueberry extract
reduced insulin resistance and fasting insulin levels in obese rats; enhanced adipose and 
skeletal muscle PPAR activity

11

3 Cyanidin
enhanced adiponectin and leptin secretion; increased phosphorylation of AMPKα  
at Thr172 in rat adipose cells

12

4 Blueberry powder reduced insulin resistance, inflammatory marker expression and oxidative stress 18

5 Anthocyanins from strawberries decreased inflammatory status 19

6 Anthocyanins from blueberries increased insulin sensitivity in obese adult subjects (insulin resistant and nondiabetic) 22

7 Food rich in anthocyanins improved insulin resistance 23

8 C3G upregulated GLUT4 gene expression 24

9 Anthocyanin-rich bilberry extract
increased total AMPKα and phosphorylation of AMPKα at Thr172 in white adipose tissue; 
increased phosphorylation of AMPKα in skeletal muscles and the liver; enhanced gene 
expression level of GLUT4; ameliorated insulin sensitivity

25

10 Black soybean seed coat extract 
increased insulin sensitivity and reduced hyperglycemia in diabetic mice due to the activation 
of AMPK

26

11 C3G
ameliorated insulin sensitivity; upregulated GLUT4 and downregulated RBP-4 in white adipose 
tissue

28

12
Anthocyanin-rich extract from 
black rice

reduced insulin resistance 30

13
Purée made of bilberries, 
blackcurrants, cranberries, 
strawberries

reduced absorption of glucose and delay in glycemic response after a meal 31

14
Fruit mixture (strawberries, 
bilberries, cranberries, 
blackcurrants)

decreased area under the blood glucose curve (AUC) after the consumption of bread with 
fruits compared to bread alone; improved glycemic profile

33

15
Black soybean seed coat extract 
(C3G, delphinidin-3-glucoside, 
petunidin-3-glucoside)

reduced blood glucose level in diabetic rats; increased expression and translocation of GLUT4; 
activated insulin receptor phosphorylation; increased uptake and utilization of glucose 
by cells; prevention of streptozotocin-induced apoptosis in pancreatic cells

35

16 C3G
prevention of pancreatic cell death; decreased mitochondrial production of ROS; increased 
IGF-II, gene transcript levels and insulin protein in INS-1 cells

36

17 Cyanidin-3-rutinoside α-glucosidase inhibition 37

18 Cyanidin and its glycosides
intestinal sucrose inhibition: cyanidin-3-galactoside > C3G > cyanidin > cyanidin-3.5-
diglucosides; C3G – the most effective inhibitor for pancreatic α-amylase

38

19
Cyanidin-diglucoside and 
pelargonidin-3-rutinoside

inhibitors for α-glucosidases, but not for pancreatic α-amylase and lipase 39

20
9 anthocyanin compounds 
(glycosides and aglycones)

stimulation of insulin secretion with 4 mM glucose concentration: delphinidin-3-
glucoside > cyanidin > pelargonidin > delphinidin > C3G;
stimulation of insulin secretion with 10 mM glucose concentration: C3G > delphinidin-3-
glucoside > cyanidin-3-galactoside > pelargonidin-3-galactoside > cyanidin

40

C3G – cyanidin-3-O-β-glucoside; PCA – protocatechuic acid; PPAR-γ – peroxisome proliferator-activated receptor-γ; AMPKα – AMP-activated protein kinase; 
RBP-4 – retinol binding protein 4; ROS – reactive oxygen species; IGF-II – insulin-like growth factor II.
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consumption, and by 27% in comparison to AUC after rye 
bread consumption. A significant improvement in glyce-
mic profile (the time [min] during which the plasma glu-
cose was above the fasting concentration divided by the in-
cremental peak glucose value [mmol/L]) was observed 
after wheat bread consumption with strawberries and fruit 
mixture (by 36% and 38%, respectively) and after rye bread 
consumption with fruit mixture (by 19%) in comparison 
to glycemic profile after the consumption of bread without 
fruits.

Jayaprakasam et al. showed that anthocyanins extracted 
from Cornelian cherries amend glucose tolerance in mice.34 
The 1st group of mice was fed a high-fat diet (60% energy 
from fats), the 2nd was fed a high-fat diet supplemented 
with an extract from Cornelian cherries (1 g of anthocya-
nins/1 kg high-fat diet), and the 3rd was fed a high-fat diet 
supplemented with ursolic acid, which demonstrates po-
tential anti-diabetic properties (500 mg/1 kg high-fat diet). 
The control group was fed a standard rodent diet (10% 
energy from fats). A glucose tolerance test was performed 
after 6 weeks. The results showed that both anthocyanins 
and ursolic acid significantly improved glucose tolerance 
compared to a high-fat diet alone.

The results of another study proved that anthocyanins 
may also play a role in the regulation of the plasma glucose 
level in streptozotocin-induced diabetic rats.35 The diet 
used in this study contained black soybean seed coat ex-
tract (50 mg/kg), which consisted of cyanidin-3-glucoside 
(72%), delphinidin-3-glucoside (20%) and petunidin-3-glu-
coside (6%). It was observed that anthocyanins significantly 
reduced the blood glucose level in diabetic rats. Antho-
cyanins also increased the expression and translocation 
of GLUT4 as well as enhanced the activation of the insu-
lin receptor phosphorylation, thereby increasing the up-
take and utilization of glucose by cells. It was also found 
that anthocyanins may prevent streptozotocin-induced 
apoptosis in pancreatic cells. Sun et al. conducted a study 
on streptozotocin-induced diabetic mice.36 The authors 
observed that C3G had a protective effect on pancreatic 
cells by preventing their death, increasing cellular viability 
and decreasing the mitochondrial production of reactive 
oxygen species. Chinese bayberry extract, rich in C3G, im-
proved glucose tolerance in diabetic mice. This extract also 
caused an increase in insulin-like growth factor II (IGF-II), 
gene transcript levels and insulin protein in INS-1 cells.36

Other mechanisms that may explain lower blood glucose 
level after a meal with anthocyanins compared to a meal 
without these compounds is the inhibition of intestinal 
α-glucosidase and pancreatic α-amylase.37–39 The effec-
tiveness of cyanidin-3-rutinoside (C3R) in α-glucosidase 
inhibition was observed in a study on normal rats with 
an  oral maltose and sucrose tolerance test. Moreover, 
C3R exhibited a synergistic effect with acarbose, used 
in the treatment of T2D.37 Akkarachiyasit et al. showed 
that  cyanidin and its glycosides are more specific in-
hibitors of intestinal sucrase than maltase.38 The highest 

inhibition activity against intestinal sucrose was shown 
with cyanidin-3-galactoside, followed by C3G, cyanidin 
and cyanidin-3.5-diglucosides. Cyanidin glucosides also 
exhibited a synergistic effect with acarbose in the inhibi-
tion of sucrase and maltase, but such an effect was not 
observed for cyanidin aglycon. C3G was the most effec-
tive inhibitor for pancreatic α-amylase, while cyanidin-
3-galactoside and cyanidin-3.5-diglucosides were not so 
powerful. The results of the study also showed a synergis-
tic inhibition for a combination of cyanidin or C3G with 
acarbose against α-amylase. Zhang et al., however, found, 
that anthocyanins are inhibitors for α-glucosidases, but not 
for pancreatic α-amylase and lipase.39 The most effective 
were cyanidin-diglucoside and pelargonidin-3-rutinoside 
as well as 2 other polyphenol compounds – catechin and 
ellagic acid. 

The results of the selected studies discussed above are 
presented in Table 2.

Postprandial insulin secretion

Törrönen et al. conducted a study on a group of healthy 
women to investigate the effects of different berries con-
sumed with wheat bread or rye bread on postprandial 
insulin.33 The 0–60 min area under the  insulin curve 
(AUC) after wheat bread consumption with strawberries 
and chokeberries, in comparison to AUC after wheat bread 
consumption alone, was decreased by 24%, while with bil-
berries and lingonberries, AUC decreased by 19% and 20%, 
respectively. However, raspberries and cloudberries did not 
exhibit such effects. After the consumption of wheat or rye 
bread with a fruit mixture (strawberries, bilberries, cran-
berries, blackcurrants), the 0–60 min AUC was decreased 
by 25% in comparison to the consumption of bread alone. 
Moreover, a lower insulin level in the blood was observed 
at 15 min and 30 min after a meal, but higher at 120 min 
after wheat or rye bread consumption with a fruit mixture 
in comparison to the consumption of bread alone. Ediris-
inghe et al. showed decreased insulin levels in the blood 
at 60 min and 180 min after the consumption of a beverage 
rich in anthocyanins (containing a strawberry extract) 
compared to the placebo.19

Other authors in an in vitro study investigated the influ-
ence of 9 compounds (glycosides and aglycones) on insu-
lin secretion by rodent pancreatic β cells (INS-1 832/13) 
treated with 4 mM and 10 mM glucose concentrations.40 
The most effective in the stimulation of insulin secretion 
with 4 mM glucose concentration was delphinidin-3-glu-
coside (1.8-fold increase in insulin secretion) followed by: 
cyanidin, pelargonidin, delphinidin, and C3G (a 1.5-, 1.4-, 
1.3-, and 1.3-fold increase in insulin secretion, respec-
tively). C3G was also tested in  different concentra-
tions of  the compound investigated and, interestingly, 
the  stimulation of  insulin secretion was not related 
to the C3G dose applied (5, 10, 50, 100, and 250 µg/mL).  
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With 10 mM glucose concentration, the highest increase 
in insulin secretion (1.43-fold) was observed for C3G, fol-
lowed by: delphinidin-3-glucoside (1.4-fold), cyanidin-
3-galactoside and pelargonidin-3-galactoside (1.2-fold) and 
cyanidin (1.1-fold). The influence of cyanidin-3-galacto-
side and pelargonidin-3-galactoside on insulin secretion 
with 4 mM glucose concentration was not observed, nor 
was the influence of malvidin and petunidin with 4 mM 
and 10 mM glucose concentrations.40 The improvement 
in insulin secretion caused by anthocyanins may have spe-
cial significance for people with T2D, whose pancreatic 
activity is damaged and insufficient.

The results of  the  selected studies presented in  this 
manuscript are summarized in Table 2.

Summary

Anthocyanins are food compounds which belong 
to polyphenols and they might have special significance 
in the prevention of type 2 diabetes. Numerous studies, 
both with humans and experimental animal subjects, 
were conducted to explain the mechanisms of anthocy-
anin function, by which they regulate the carbohydrate 
metabolism in the body and reduce insulin resistance.

There are many ways in which these compounds interact 
in the body. Anthocyanins regulate GLUT4 gene expression 
and translocation, increase the activation of PPARγ in adi-
pose tissue and in skeletal muscles, increase the activation 
of AMP-activated protein kinase, enhance the secretion 
of adiponectin and leptin, reduce retinol binding protein 
4 expression, and, moreover, are inhibitors for intestinal 
α-glucosidase and pancreatic α-amylase. Anthocyanins 
also improve insulin secretion by rodent pancreatic β cells. 
It was also found that these compounds protect pancreatic 
cells against necrosis induced by streptozotocin in diabetic 
rodents. However, it was observed that the individual an-
thocyanins and their glycosides have different activity. It is, 
therefore, necessary to include a variety of plant products 
in the daily diet, because they contain various anthocya-
nins. For example, blackberries and red cabbage contain 
mainly cyanidin, eggplant – delphinidin, blueberries and 
red grapes – malvidin, while radish – pelargonidin. 

Currently, there are no  recommendations regarding 
the optimal content of  flavonoids and their subclasses 
in a diet, neither for healthy nor for sick people. However, 
the results of the presented studies proved a potential bene-
ficial role of anthocyanins in the prevention and treatment 
of T2D. The sources of these compounds are mainly fruits 
and vegetables. Therefore, these products should be in-
cluded in the everyday diet in the amount of at least 600 g, 
of which approx. 3/4 should be vegetables. An important 
source of anthocyanins are the following vegetables: red 
cabbage, eggplant, radish and red onion. These products 
contain less than 10% of carbohydrates and, therefore, can 
be the main vegetables in a diet. The following fruits are 

an important source of anthocyanins: blueberries, straw-
berries, raspberries, blackberries, cranberries, gooseber-
ries or cherries, that all of which also contain less than 
10% of carbohydrates and, therefore, can be consumed 
in the recommended amounts of up to approx. 150 g/day. 
Other fruits, such as red grapes, black currants, plums 
or bananas, are also sources of anthocyanins, but they con-
tain more than 10% of carbohydrates and, therefore, should 
be consumed occasionally and in limited quantities. 

Although the development of type 2 diabetes may be 
due to a number of factors, the evidence from the studies 
presented by many authors, considering the impact of an-
thocyanins on the regulation of glycemia and reduction 
of  insulin resistance, is worth emphasizing. Therefore, 
it appears that the consumption of foods rich in these com-
pounds may be included in  recommendations as  one 
of the elements supporting the prevention and treatment 
of type 2 diabetes.
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