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Type 2 diabetes mellitus (T2DM) is a growing metabolic disease characterized by insulin resistance and hyperglycemia.

Current preventative and treatment approaches to insulin resistance and T2DM lack in efficacy, resulting in the need for

new approaches to prevent and treat the disease. In recent years, epidemiological studies have suggested that diets rich

in fruits and vegetables have beneficial health effects, including protection against insulin resistance and T2DM.

Curcumin, a polyphenol found in turmeric, and curcuminoids have been reported to have antioxidant, anti-inflammatory,

hepatoprotective, nephroprotective, neuroprotective, immunomodulatory and antidiabetic properties. Here we are

summarizing the existing in vivo studies examining the antidiabetic effects of curcumin.
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1. Introduction

Insulin resistance is characterized by a reduction in the responsiveness of target tissues to the normal circulating levels of

insulin . Insulin resistance and T2DM are associated with inflammation, obesity, ageing and a sedentary lifestyle,

and results in hyperglycemia, a state of elevated plasma glucose levels . Hyperglycemia can lead to long-

term complications including macrovascular and microvascular damage, cardiovascular disease, retinopathy, neuropathy

and nephropathy .

Epidemiological studies have suggested that diets rich in fruit and vegetables help regulate body weight (obesity) and

protect against cardiovascular disease, cancer and diabetes . However, it is difficult to determine the role of food

components in disease prevention and treatment. Specific components, known as polyphenols, have gained attention

within the scientific community for their potential health benefits and preventative and therapeutic properties against

chronic diseases .

Polyphenols have been established to have antioxidant properties   and to possess a variety of other biological effects

such as regulating enzymes . Therefore, they may prevent diseases through mechanisms that are both

dependent and independent of their antioxidant properties .

Turmeric is a rhizomatous medicinal perennial plant (Curcuma longa) and has a rich history of being used in Asian

countries, such as China, India, Indonesia, and Thailand . The main natural polyphenol in C. longa and in other

Curcuma species is known as either curcumin (1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione), or

diferuloylmethane . Other curcuminoids, such as demethoxycurcumin and bisdemethoxycurcumin, are structurally

similar to curcumin and differ only with respect to the number of methoxy groups on the aromatic rings (Figure 1) .

Figure 1. Chemical structure of curcumin and curcuminoids found in turmeric.
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Despite the reported benefits of curcumin by its anti-inflammatory and antioxidant mechanisms, curcumin’s poor

bioavailability caused by its poor absorption, rapid metabolism and rapid elimination, limits its potential  . Further

research is needed to examine the bioavailability and pharmacokinetics of curcumin.

We have searched the scientific literature focusing on the studies investigating the antidiabetic properties of curcumin. We

have summarized all the available information, and presented it in two review manuscripts. The first manuscript

(Antidiabetic properties of curcumin I: Evidence from in vitro studies)   focuses on the in vitro evidence

(Nutrients, 2020;12(1)). The second manuscript (Antidiabetic properties of curcumin II: Evidence from in vivo studies) 

focuses on the in vivo evidence (Nutrients, 2019; 12(1)). 

2. Effects of Curcumin

Overall, all available in vivo animal studies examining the effects of curcumin indicate significantly improved glucose and

lipid homeostasis (Figure 2). Serum glucose and lipid levels were significantly reduced. Oxidative stress and lipid

peroxidation were reduced with curcumin treatment, while antioxidant enzyme activities were increased. In addition, pro-

inflammatory cytokine levels and macrophage infiltration to adipose and liver tissues were reduced. Furthermore,

mitochondrial biogenesis was improved with curcumin administration. Administration of curcumin to animal models of

diabetic nephropathy resulted in improved kidney function.

Figure 2. Overall effects of curcumin in T2DM animal models.

 

The in vivo studies presented in our review may have used different curcumin dosages and different treatment times. A

careful examination of the animal studies revealed that overall, in STZ-induced, diet-induced and genetic models of

diabetes, the common doses of curcumin were 100–300 mg/kg b.w./day for 8 weeks.

The doses of curcumin in human clinical trials were 200–500 mg/day and the common treatment time was around 12

weeks. A number of studies have indicated that the use of different drug delivery systems, such as curcumin loaded

nanoparticles, liposomes, cyclodextrin inclusions and microemulsions, can result in an increased bioavailability of

curcumin and improved action . We recognize and propose that more human studies should be performed to

investigate and establish the effective dose of curcumin. In addition, the detailed effects of curcumin administration on

plasma glucose, lipid, insulin and HbA1c levels should be explored.

Many other polyphenols and natural compounds such as resveratrol, naringenin, cinnamon, capsaicin, berberine,

genistein and others have been shown to have antidiabetic properties . Although increased antioxidant intake has

been traditionally thought to result in health benefits  , this notion has been challenged lately , and recent

evidence indicates that excess antioxidant intake may increase the risk of certain diseases. Therefore, agents with

antioxidant potential, including curcumin, should be studied extensively before recommendations for human

supplementation are approved.

The limited human studies indicate that curcumin administration can improve glucose homeostasis and reduce the

diabetic phenotype with reduced blood glucose levels and reduced insulin resistance. However, more research must be

conducted to fully understand the effects of curcumin in specific tissues of the body, particularly skeletal muscle, adipose
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tissue, liver and pancreatic β-cells. 
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