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Abstract

Diabetes mellitus is a chronic disease that causes complications as a result of insulin
resistance, insulin deficiency or the combination of both. It is a public health problem of
great importance all over the world due to its high prevalence and complications.
Resveratrol is a biologically active polyphenolic compound and in recent years, it is one
of the most studied nutrients. The effects of resveratrol, which is abundant in foods such
as grapes, peanuts, red wine, blueberries and cherries on human health have been studied
for a long time. Antioxidant, proinflammatory, anti-carcinogen and their protective
effects against heart diseases and obesity have been tried to be elucidated in studies
conducted in humans and animals so far. In addition, it is thought that resveratrol may
have effects on the development and complications of diabetes, which is an important
public health problem in the world. It has been shown to a beneficial effect on diabetes
by modulating glucose homeostasis, increasing insulin sensitivity, reducing insulin
resistance and contributing to the preservation of pancreatic tissue by activating AMPK,
estrogen receptors and SIRT, improving mitochondrial dysfunction, inhibiting protein-
tyrosine phosphatase expression in human and animal experimental studies. Even though
it has several positive health effects, especially on diabetes, resveratrol is toxic and a safe
intake dose has not been clarified yet. Therefore, more studies should be carried out to
understand its safe/toxic dose. In this review, the effects of resveratrol’s polyphenolic
compound on diabetes and glucose metabolism parameters and possible mechanisms of

action will be examined.
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1. Introduction

Diabetes mellitus is a chronic, broad-spectrum
metabolism disorder in which the organism cannot
make sufficient use of carbohydrates, fats, and
proteins due to insulin deficiency or a decrease in
insulin effects, and requires continuous medical care
(TEMD, 2020). When diabetes is not managed well,
severe damage occurs over time to blood vessels,
heart, eyes, kidneys, and nerves. The most common
type of diabetes is Type 2 diabetes, and its
prevalence is increasing worldwide (WHO, 2021).
According to the International Diabetes Federation
(IDF), there were approximately 463 million diabetic
patients in 2019, and it is estimated that 578 million
adult individuals will have diabetes by 2030 and 700
million by 2045 (IDF, 2019). Today, antidiabetic
drugs such as Biguanides and sulfonylureas are used
in managing diabetes (Huang, Shi, Jiang, Yao & Zhu,
2020). However, due to some critical side effects of
these drugs, such as gastrointestinal problems,
increased body weight and hypoglycemia (Cheng &
Fantus, 2005), researchers have been working on
natural compounds that are important for the control
2012).

compounds, resveratrol, a natural and biologically

of diabetes (Verspohl, Among these
active compound, draws attention due to its

pleiotropic activity (Szkudelski & Szkudelska, 2015).

Resveratrol, which is in the subclass of stilbene, is
one of the polyphenol types. Its chemical structure is
in the form of 3,5,4'-trihydroxystylben, and it has
two aromatic rings connected by a methylene bridge
(Catalgol, Batirel, Taga & Ozer, 2012).

Resveratrol which was first isolated from vine leaves
(Langcake & Pryce, 1977), is also abundant in the
roots of the Kojo-kon plant for treatment of many
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diseases such as hypertension, inflammation, and
allergies in Japan (Pervaiz, 2003). Siemann et al.
found resveratrol in wine for the first time in 1992
(Siemann & Creasy, 1992).

Resveratrol is synthesized in plants in response to
stress and protects the plants from the effects of
various infections and ultraviolet rays (Dixon, 2001).
To date, resveratrol has been detected in 72 plant
species, in the seed membrane, shell and embryo of
plants (King, Bomser & Min, 2006). Resveratrol
found in plants varies depending on the genotype of
the plant, water activity, soil temperature, and
maturation status (Arora & Strange, 1991). Although
Polygonum cuspidatum is one of the best sources of
resveratrol, it is also found in plants such as grapes,
lily,
blueberries, plums, mulberries, cherries, carob, and
lemons (Aydin & Erbas, 2019).

peanuts, red wine, spruce, vine leaves,

Resveratrol exists in 2 isomeric forms, cis and trans.
The trans form has strong therapeutic effects (Nawaz
et al., 2017). The trans form can be produced from
yeast extracts (Saccharomyces cerevisiag) using
recombinant technology and is used as a food
supplement (Nawaz et al., 2017). Cis form is formed
when the trans form is exposed to heat, light, and

ultraviolet radiation (Camont et al., 2009).

The health effects of resveratrol have been studied
for many years (Aydin & Erbas, 2019). It has been
suggested that resveratrol contributes to the reduced
incidence of cardiovascular diseases among the
French population, and is named as the French
Paradox, due to the consumption of red wine (Nawaz
et al., 2017). In addition to its antioxidant, anti-

inflammatory, antiviral, anti-aging, and protective




effects against various cancers (Bay Karabulut,
2008), antiplatelet aggregation, protecting cartilage
tissue and endothelial function (Oyenihi, Oyenihi,
Adeyanju & Oguntibeju, 2016), anti-obesity (de Ligt,
Timmers & Schrauwen, 2015), immunomodulator,
enhancing cerebrovascular function, neuroprotective
(Regitz, Fitzenberger, Mahn, Duflling & Wenzel,
2016), cardioprotective (Li, Xia & Forstermann,
2012), and hepatoprotective (Sadi et al., 2015)
properties are also known. It has been reported in
previous studies that the positive effects of
resveratrol on diabetes in recent years and the results
are promising (Szkudelski & Szkudelska, 2015). In
this

resveratrol compound on biochemical parameters

review, we will examine the effects of
associated with Diabetes Mellitus and the potential

mechanisms underlying these effects.
2. Resveratrol and Diabetes Mellitus

Studies have reported that resveratrol may prevent
the development of diabetes and alleviate some
diabetes-related complications (Huang et al., 2020).
In these studies, it is considered that resveratrol may
have important roles in controlling, preventing, or
delaying diabetes by improving insulin resistance
(Movahed et al., 2013; Szkudelski & Szkudelska,
2015; Thazhath et al., 2016), preventing damage to
beta islets in the pancreatic tissue (Lee et al., 2011),
and decreasing diabetic complications (Chen et al.,
2011; Elbe et al., 2015; Mohammadshahi, Haidari &
Soufi, 2014).

2.1. Resveratrol and Diabetic Biomarkers

In a study conducted on diabetic rats, resveratrol has
been shown to positively affect metabolic parameters

reducing plasma glucose, triglyceride, and insulin
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levels (Aydin & Erbag, 2019). In the study of
Thazhath et al., it was shown that 5 mg of resveratrol
supplementation daily for 28 days reduced HbAlc
level (Thazhath et al., 2016). It was found that 1 g
45 days
decreased fasting blood glucose-insulin (Movahed et
al., 2013), and Goh et al. (2014) showed that
has a glucose-lowering effect by
activating (SIRT)1
Monophosphate-Activated Protein Kinase (AMPK)

resveratrol supplementation daily for

resveratrol

Sirtuin and  Adenosine
in individuals with Type 2 diabetes. It was shown
that resveratrol supplementation inhibited protein-
tyrosine phosphatase expression and decreased
insulin, glucose, and lipid concentrations in animals
(Sun et al., 2007). In another study, resveratrol
administration reduced blood glucose levels in rats
whose beta cells were damaged by inducing
streptozotocin (Chang, Chang, Huang & Hung, 2012;
Jiang et al., 2013).
found to reduce diabetic ototoxicity in individuals

diagnosed with Type 2 diabetes (Erkan et al., 2019).

Recently, resveratrol has been

2.2. Resveratrol and Insulin Resistance/Sensitivity

Resveratrol has been shown to improve insulin
resistance (Luo et al., 2017; Wong & Howe, 2018),
increase insulin sensitivity (Coté et al.,, 2015;
Gonzalez-Rodriguez et al., 2015) in animal studies.
In addition, it has been shown that it increases insulin
sensitivity, glucose tolerance, and mitochondrial
biogenesis due to AMPK (Aydin & Erbas, 2019). In
a meta-analysis of 11 randomized controlled trials, a
single dose of oral daily resveratrol administration
has been shown to reduce blood glucose levels
decreasing insulin concentration, HbAlc, HOMA-IR
and increasing insulin sensitivity in diabetic
individuals for 3 months. However, a similar effect

has not been observed in non-diabetic people (Liu,




Zhou, Wang & Mi, 2014). Five mg/d of resveratrol
supplementation for 28 days decreased HbA1c level
and increased insulin sensitivity (Thazhath et al.,
2016). Jimenez-Gomez et al. showed that resveratrol
supplementation given for 2 years in rhesus monkeys
increased insulin sensitivity in visceral adipose tissue
(Jimenez-Gomez et al., 2013). In animal studies,
resveratrol has been shown to reduce insulin
resistance by causing changes in skeletal muscle,
adipose tissue, and liver tissues (Szkudelski &
Szkudelska, 2015). It has been shown that resveratrol
also decreases the serum insulin level and HOMA-IR
value statistically in people with Type 2 Diabetes

(Movahed et al., 2013).
2.3. Resveratrol and Diabetic Complications

It was also found that it can prevent the development
of hyperglycemia-induced nephropathy (Aydin &
Erbas, 2019). In addition, resveratrol improves
sensory-motor disorders associated with diabetic
neuropathy by inhibiting nicotinamide adenine
dinucleotide phosphate oxidase activity (Chen et al.,
2011) reducing oxidative stress (Kumar, Kaundal,
& Sharma, 2007)
inflammatory cytokine levels (Maity, Bora & Sur,
2018).

regulating various transcription factors preventing

lyer and lowering pro-

It also reduces diabetic retinopathy by

retinal endothelial cell migration and decreasing

Endothelial Growth Factor (VEGF)

expression in endothelial tissue (Liu et al., 2013).

Vascular

Also, resveratrol has been shown to reduce diabetes-
induced renal damage (Elbe et al., 2015), cardiac
complications (Mohammadshahi et al., 2014) and
increased neural development along with cognitive
functions (Tian et al., 2016).
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2.4 Resveratrol and  Oxidative  Stress,

Inflammatory Status

Studies have shown that resveratrol reduces the
expression of advanced glycation end-products in the
liver and Kkidneys of diabetic rats, increases
antioxidant enzymes such as superoxide dismutase,
catalase, glutathione peroxidase and inhibits the
production of reactive nitrogen species such as
hydrogen peroxide, malondialdehyde and pro-
inflammatory cytokines (Aydin & Erbas, 2019). A
study found that serum IL-1, IL-6, and TNF-a levels
decreased significantly after the administration of
resveratrol in rats with Type 2 Diabetes Mellitus
2012).

supplementation protects pancreatic islet cells by

(Chang et al., In addition, resveratrol

inhibiting NF-xB and other inflammatory cytokine
activation and increasing antioxidant
(Palsamy & Subramanian, 2010).

enzymes

2.5. Resveratrol and Pancreatic Islets

The number of pancreatic islets decrease, insulitis
develops, and some degenerative changes occur in
Type 1 Diabetes. It was found that resveratrol
administration in NOD mice delayed Type 1
Diabetes development and improved the severity of
the disease when the disease developed. In addition,
the total number of pancreatic islets and non-insulitis
and improvement in the general condition of
pancreatic islets in NOD mice were reported (Lee et

al., 2011).

3. Potential Mechanisms between Diabetes

Mellitus and Resveratrol

There are several theories explaining the mechanism

of action of resveratrol on diabetes. Firstly, it has




been shown that resveratrol can normalize increased
insulin, insulin-like factor, and glucose levels by
activating AMPK, estrogen receptors (Wong &
Howe, 2018), and SIRT (C6té et al., 2015; Z. Liu,
Jiang, Liu & Du, 2016) modulating
NAD'/NADH (Luo et al., 2017). SIRT1 and SIRT3
play important
disorders such as obesity and diabetes (Szkudelska &
Szkudelski, 2010). By activating SIRT1 and SIRT3,
resveratrol improves mitochondrial dysfunction that

Zhang,

roles in improving metabolic

causes the development of insulin resistance and
Type 2 Diabetes Mellitus (Pereira et al., 2015;
Sharma et al., 2011). Recovery of mitochondrial
dysfunction decreases reactive oxygen production
and increases fatty acid oxidation (Huang et al.,
2020). Secondly, resveratrol has been found to
increase insulin sensitivity and prevent insulin
resistance by inhibiting protein-tyrosine phosphatase
expression (Gonzalez-Rodriguez et al., 2015; Sun et
al.,, 2007) Resveratrol, the activator of SIRT1,
inhibits protein-tyrosine phosphatase and increases
insulin sensitivity in vivo and in vitro (Sun et al.,
2007). In

destruction of pancreatic tissue by suppressing

addition, resveratrol prevents the
reactive oxygen species and cytokine release and

increasing antioxidant enzyme concentrations.
Otherwise, excessive secretion of cytokines damages
the pancreatic tissue (Palsamy & Subramanian,
2010). Resveratrol protects pancreatic tissue from
free radicals, which has been attributed to
resveratrol’s increases in antioxidant enzyme levels
(Palsamy & Subramanian, 2010). Resveratrol also
contributes to the delay of the development of Type 1
Diabetes by preventing the autoimmune destruction

of beta cells in the pancreas (Lee et al., 2011).
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Resveratrol delays the development of myopathy in
the muscle tissue in patients with Type 1 Diabetes by
showing an anti-inflammatory effect in muscle tissue
and reducing oxidative stress, thus positively
affecting glucose metabolism (Chang et al., 2014).
Resveratrol contributes to keeping the liver healthy
and maintains normoglycemia (Szkudelski &
Szkudelska, 2015) by reducing the activity of
enzymes that play roles in gluconeogenesis (Palsamy
& Subramanian, 2009), and activating glycogen
synthase (Chi et al., 2007). In addition, it also
improves histological abnormalities in the liver due
to its antioxidant and anti-inflammatory effects and
by inducing mitochondrial biogenesis in the liver
tissue (Szkudelski & Szkudelska, 2015). It is
considered that resveratrol improves insulin receptor
IRS-1
phosphorylated Akt expression in the skeletal muscle

(Szkudelski &

phosphorylation, protein  levels and

of insulin-resistant  animals
Szkudelska, 2015).

Based on these mechanisms of resveratrol
administration in human and animal studies, it is
thought that resveratrol may prevent the development
of diabetes and diabetic complications, protect

pancreatic tissue, maintain optimum glucose,
HOMA-IR, insulin levels, reduce insulin resistance,

and increase insulin sensitivity.

4. Safe Intake Dose and Toxicity

The data on the toxic and safe intake dose of
resveratrol is not yet clear. It has been shown that the
oral dose of resveratrol up to 5 g in humans is well
tolerated (Cottart, Nivet-Antoine, Laguillier-Morizot
& Beaudeux, 2010). Although it is generally well-
tolerated in healthy individuals, if taken in large

amounts, side effects such as gastrointestinal and




nephrotoxicity have been in humans

(Poulsen et al., 2013). Additionally, individuals who

reported

have health problems tend to be affected by side

effects, and there are limited studies among
individuals with pathological conditions (Shaito et

al., 2020).

High doses of resveratrol up to 1000 mg/d have been
shown to increase cardiovascular disease parameters
in overweight and elderly individuals. Lower doses
had no effects on these parameters (Mankowski et
al., 2020). Cottart et al. showed that 0.5 g resveratrol
intake may be sufficient to positively affect the effect
of insulin and reduce blood glucose level, and it was
reported that 0.5 g level may cause moderate and
reversible side effects in long-term use (Cottart,
Nivet-Antoine & Beaudeux, 2014). In the study of
Porte et al., 2g/kg/d resveratrol supplementation for a
week caused diarrhea in 6 out of 8 people (la Porte et
al., 2010). Resveratrol given orally to rats at 200
mg/kg/d for 90 days had no adverse effects (Johnson
et al., 2011). However, another study showed that a
resveratrol supplementation of 2-5 grams per day
may have mild side effects such as diarrhea and
nausea (Mufoz & Bustamante, 2015). In one study,
50 g/d of resveratrol was administered to a
refractory multiple myeloma patient, and side effects
such as nausea, diarrhea, fatigue, kidney toxicity
were observed in the patient, and eventually, the
patient was lost (Popat et al., 2013). Therefore, prior
to human experiments, in vivo studies including
animal models with different health conditions have
been recommended. Ongoing clinical studies are
available, but have not yet been published. If
published, it is expected that more data will be
provided for the use of resveratrol in humans (Shaito

et al., 2020). It has been shown to interact with some
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medications at high doses (1000 mg/day or higher)
(Shaito et al., 2020).

In studies conducted on this subject, resveratrol was
applied at different doses and times. Generally, short-
term results regarding the effects of resveratrol have
been observed. Therefore, more comprehensive
studies are needed to determine the safe intake and

toxic dose of resveratrol (Shaito et al., 2020).
5. Conclusion

that

compound, has anti-inflammatory, antioxidant, and

It is known resveratrol, a polyphenolic
protective effects against obesity, cancer, and various

diseases. In recent years, studies have been
conducted to examine the effects of resveratrol on
diabetes. In these studies, it has been shown that
resveratrol activates AMPK and SIRT, protects
pancreatic  tissue, inhibits protein-tyrosine
phosphatase expression, decreases reactive oxygen
species and proinflammatory cytokine production,
and positively affects insulin signaling, prevents
increased blood glucose, HbAlc, insulin levels, and
prevents/delays the development of diabetes and the

development of diabetes-related complications.

Although the results of the studies regarding the
positive effects of resveratrol on health are consistent
with each other, studies investigating its toxicity are
still limited. Therefore, large-scale, population-based
comprehensive and long-term studies are needed to
determine the therapeutic or preventive effects of
resveratrol in humans, its bioavailability, its possible
interactions when used with other treatments and its

absorption in the human body.
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