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Abstract  

Diabetes mellitus is a growing health challenge globally which is increasing in epidemic 

proportion. Naturally occurring pharmacological agents are more likely to provide beneficial 

therapeutic effects without undesirable side-effects compared to the synthetic agents. There is 

growing evidence that some naturally occurring pharmacological agents derived from plants 

have potential anti-hyperglycemic effects. In this study, we have reviewed the molecular 

mechanism behind potential hypoglycemic properties of four well-known herbal-based agents 

namely ginger, curcumin, garlic and cinnamon.  Also, we present the related clinical data 

confirming experimental results aiming to develop novel therapeutic strategies based on these 

herbal agents potentially for the management of patients with diabetes.  

Keywords: Diabetes Mellitus, Ginger, Curcumin, Garlic, Cinnamon, Oxidative Stress, Glut-4, 

Pharmaceutical, Herbal Medicine.        
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Introduction  

The incidence of diabetes mellitus (DM) is rising exponentially  [1]. This chronic disorder has 

a negative effect on most the metabolic pathways [2, 3]. DM is a potent upstream event for the 

development of various complications such as diabetic nephropathy, retinopathy, neuropathy 

and cardiovascular diseases [2]. Uncontrolled DM can trigger other pathophysiologic pathways 

such as oxidative stress, inflammation, fibrotic process and apoptotic events and thereby 

impose deleterious impacts on most tissues contributing to tissue dysfunctions [2, 3]. Many 

antidiabetic drugs with different therapeutic potentials have been developed to normalize 

glycemia and to reduce the risk of diabetic complications [4-6]. Since these agents are 

associated with some unfavorable side effects [7, 8], the use of naturally derived compounds 

in the management of patients with diabetes is growing [9-11]. These natural-based agents can 

potentially increase insulin sensitivity and improve insulin resistance thereby could be 

potentially used as therapeutic agents for the management of diabetes [9-11]. In the current 

study, we review the possible antidiabetic effects of some well-known natural-based agents.    

The two common subtypes of DM are type 1 diabetes (T1DM) and type 2 diabetes (T2DM) 

[12]. About 90-95% of patients with DM have T2DM and is mainly contributed by insulin 

resistance in peripheral tissues [12-14].   

Insulin Signal Transduction and Insulin Sensitivity  

Insulin signal transduction (IST) is a complex molecular pathway with sequential steps 

involving different enzymes and mediators resulting in glucose entering into the cells 

facilitated by GLUT-4 (glucose transporter-4) transporters [15, 16]. GLUT-4 is a protein 

mainly localized in adipocytes, muscles and myocardial cells and is responsible for glucose 

uptake into these cells in response to circulating insulin [17]. The IST is initiated by binding of 

insulin to its specific receptors known as insulin receptors (IRs) [17]. This binding process 

induces downstream events such as recruitment of different adaptor proteins including insulin 
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receptor substrates (IRSs), Shc (SHC-transforming) protein and APS protein (an adapter 

protein) [18, 19]. These events provide a binding site for the IRS-1 (insulin receptor substrate 

type 1) [19]. IRS-1 is also sensitive to other types of kinases such as ERK1/2 (extracellular 

signal-regulated kinase 1/2), atypical PKC (protein kinase C), S6K1 (ribosomal protein S6 

kinase beta-1), SIK2 (serine/threonine-protein kinase 2), Akt (protein kinase B), mTOR 

(mammalian target of rapamycin), ROCK1 (Rho-associated protein kinase 1), AMPK (AMP-

activated protein kinase) and GSK3 (glycogen synthase kinase 3) which are activated after 

phosphorylation [19, 20]. Activated IRS-1 binds to PI3K (phosphoinositide 3-kinase) and 

activate it which in turn catalyzes the conversion of PIP2 (Phosphatidylinositol 4,5-

bisphosphate) to PIP3 (Phosphatidylinositol 3,4,5-trisphosphate) [21]. PIP3 is itself a potent 

activator for Akt, which induces GLUT-4 localization and thereby facilitates glucose entering 

into the insulin-dependent cells [21, 22]. Any disturbance in these sequential delicate steps can 

potentially impair normal IST and thereby, induces varying degrees of insulin resistance and 

DM [16]. Hence, any factors which could potentially promote these sequential steps can induce 

insulin sensitivity and thereby improve insulin resistance [15, 23-25].   

Natural Insulin Sensitizers  

In addition to synthetic medications, some plants and/or their extract can be considered as 

natural pharmaceuticals which have hypoglycemic effects through different molecular 

pathways [9-11, 26]. Emerging in vitro and in vivo evidence suggest that the five main naturally 

occurring agents that have potential antihyperglycemic effects are saffron, ginger, curcumin, 

cinnamon and garlic [9, 27-30]. We have previously reviewed the antihyperglycemic potentials 

of saffron and its active ingredients [9]. In the following sections, we have discussed the four 

main naturally derived plants with antihyperglycemic properties viz ginger, curcumin, garlic 

and cinnamon and their potential molecular mechanisms.   

1. Curcumin 
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Curcumin is an active diarylheptanoid compound from the curcuminoid family which is mainly 

found in turmeric species and is responsible for the yellow color of this plant [31, 32]. Besides 

as a dietary supplement, this phytochemical has various pharmacological actions [33-39] as 

well as insulin-sensitizing and hypoglycemic effects [36, 40-45]. It can exert its antidiabetic 

effects in T2DM through various molecular pathways [27]. Curcumin has strong anti-

inflammatory potentials which enable it to lower inflammation-induced insulin resistance in 

DM [46]. It can attenuate the inflammatory events in the beta cells by suppressing the activity 

of T lymphocytes and reducing the expression of inflammatory cytokines in the diabetic milieu 

[46]. Evidence suggests that curcumin is a potent antioxidant which neutralizes the oxidative 

stress involved in promoting insulin resistance [47]. It can induce Nrf2 activity and up-regulate 

elements of the antioxidant defense system [48, 49]. It has also been shown that curcumin 

might improve mitochondrial function and reduces the free radical generation leading to lower 

oxidative damages in the beta cells [50, 51]. Moreover, Curcumin may provide an insulin 

sensitizer effect by stimulating the GLUT-4 expression in the diabetic milieu [52]. Curcumin 

could also promote beta cell function and thereby improve insulin sensitivity [40, 52]. 

Improvement in lipid metabolism can be considered as another possible molecular pathway by 

which curcumin increases insulin sensitivity [53-55].  

 

Figure 1; Curcumin induces insulin sensitivity via at least five molecular 
mechanisms   

There is also clinical evidence suggesting the potential role of curcumin as an 

antihyperglycemic agent [27, 56, 57] (table 1). Na et al in 2013 demonstrated that it can reduce 
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the HbA1c (hemoglobin A1c) and improve insulin resistance via lowering the FFAs (free fatty 

acids) in patients with diabetes [27]. Chuengsamarn et al after a randomized controlled trial of 

6 months reported that curcumin reduced the fasting blood glucose and HbA1c via 

improvement in insulin sensitivity and glucose homeostasis in patients with T2DM [56]. 

Jiménez-Osorio et al have shown that curcumin markedly reduced fasting plasma glucose in 

patients with T2DM [58]. Moreover, Hodaie and coworkers have shown that curcumin 

markedly reduced fasting hyperglycemia and HbA1c in patients with T2DM [57]. These 

clinical trials have confirmed the experimental data suggesting that curcumin has 

antihyperglycemic effects by improving insulin sensitivity in a diabetic milieu [27, 56, 57].     

2. Ginger  

Ginger is a flavoring plant belonging to Zingiberaceae family which has pharmacological 

effects beyond its use as a food additive [59]. Evidence demonstrated that the rhizomes of the 

ginger roots widely used in ancient medicine have significant hypoglycemic effects [59-61]. 

Ginger can induce insulin sensitivity via different molecular pathways such as antioxidative, 

anti-inflammatory, lipid modulatory and by preventing lipid peroxidation [62-64]. It can also 

modulate the molecular mechanisms of IST as PI3K activity, Akt activation, IRS-1 

phosphorylation and GLUT-4 localization in 3T3-L1 adipocytes [29].  

Clinical evidence has confirmed these findings [62]. Khandouzi and coworkers in 2015 

surveyed the antidiabetic effects of ginger and found that it reduces hyperglycemia, fasting 

blood glucose, HbA1c and MDA (malondialdehyde) in patients with T2DM potentially 

mediated by its antioxidative properties [62]. Mozaffari and colleagues in 2014 conducted a 

clinical trial demonstrating that ginger powder reduces fasting blood glucose, HbA1c and 

induces insulin sensitivity in patients with T2DM [65]. Moreover, Bahramian et al in 2018 

demonstrated that daily administration of ginger in women with gestational diabetes has no 

significant effects on fasting hyperglycemia and HbA1c, but increased the glucose tolerance in 
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these patients [66]. Similarly, Haas and coworkers in 2015 reported that daily usage of ginger 

supplements reduced fasting hyperglycemia and HbA1c as well as increased insulin sensitivity 

in patients with T2DM [67]. This evidence suggests that ginger species has potential insulin 

sensitizer effects that could be of potential benefit in patients with T2DM. 

3. Garlic  

Garlic (Allium sativum) plant is an ancient species possessing a wide range of pharmacological 

effects including antimicrobial, anti-cancer, anti-inflammatory, immunomodulatory, 

neuroprotective, antioxidative as well as anti-diabetic properties [68-71]. Evidence 

demonstrated that garlic extract can modulate some molecular mechanisms involved in IST 

[72-76]. It can induce AMP-activated protein kinase and increase insulin sensitivity in 

adipocytes [30]. Also, garlic extract can reduce the oxidative stress leading to an improvement 

in insulin sensitivity [76], which was confirmed by other studies [77].  

There are also clinical data demonstrating the antihyperglycemic properties of garlic [78]. 

Ashraf et al in 2011 has shown that aged garlic extract can exert obvious hypoglycemic effects 

by lowering the fasting blood glucose (FBG) and HbA1c in patients with T2DM [78]. Kumar 

and coworkers in 2013 reported that garlic extract induces insulin sensitivity by reducing the 

inflammatory response and deaminase levels as well as resulted in an improvement in lipid 

profile in patients with T2DM [79]. Faroughi et al in 2017 provided data in gestational diabetes 

demonstrating garlic pill significantly increased insulin sensitivity in women with gestational 

diabetes [80]. Although more clinical trials are needed, the available evidence suggests 

potential antihyperglycemic effects of garlic and its extracts.  

4. Cinnamon 

Cinnamon is a spice of the genus Cinnamomum. It has been primarily recognized as a food 

additive, but has potent medicinal effects and thereby used for thousands of years in ancient 

medicine [81]. There is evidence suggesting that cinnamon and/or its active flavoring 
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ingredient, cinnamaldehyde,  can improve glucose homeostasis and induce insulin sensitivity 

in adipocytes and muscle tissues via several molecular pathways (fig 2) [82, 83]. It can increase 

glucose transport across the cell membrane by promoting GLUT-4 expression/localization 

[84]. Also, cinnamon can promote different steps of IST such as IRS-1 phosphorylation and 

PI3K activity thereby inducing insulin sensitivity [84]. Modulatory effects on the 

pathophysiologic pathways involved in insulin resistance such as AGE-RAGE interaction, 

oxidative damages and inflammatory responses are the other possible ways by which cinnamon 

induces insulin sensitivity in adipose and muscle tissues [84]. Treatment with cinnamon extract 

decreases the mRNA expression of the inflammatory mediators such as IL (interleukin)-1β, 

IL6, and TNF-α (tumor necrosis factor-alpha) and modulates the mRNA expression of IR, IRS-

1 and 2, PI3K, and Akt [84, 85]. It can also improve insulin sensitivity via PPAR (peroxisome 

proliferator-activated receptors) activation in 3T3-L1 adipocyte [28]. These effects are 

accompanied by improved insulin signaling in brain tissues that confirming the effect of 

cinnamon on the IST [86].        

 

Fig 2; Main molecular pathways by which cinnamon induces insulin signal 
transduction  

 

There are also clinical studies demonstrating the effect of cinnamon on insulin sensitivity [87]. 

Stoecker et al in 2010 showed that cinnamon therapy in T2DM patients reduced FBG, HbA1c 

and HOMA-IR [87]. It also modified glucose homeostasis by promoting postprandial GLP-1 
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(glucagon-like peptide-1) secretion [88, 89]. Mang et al in 2006 demonstrated that cinnamon 

increases insulin sensitivity by improving the lipid metabolism in patients with T2DM [90]. 

Wang et al in 2007 provided further evidence in patients with diabetes and polycystic ovary 

syndrome demonstrating the insulin-sensitizing effects of cinnamon [91]. More clinical 

evidence is presented in table 1. We also have some reports indicating no significant effects on 

cinnamon extract on insulin sensitivity [92, 93].  

 

Natural 
Agent 

Population of 
Study (without 
placebo groups) 

Dosage/Duration Clinical Effects  Ref.  

Curcumin  

50 Patients with 
T2DM  

300 mg/day/6 
months 

Decreased FBS, HbA1c, 
HOMA-IR and insulin 

sensitivity 
[27] 

113 Patients with 
T2DM 

250 mg/day/6 
months  

Reduced FBS, HbA1c and 
LDL [56] 

105 Patients with 
diabetic or non-
diabetic CKD 

320 mg/day/8 
weeks Declined FBS  [58] 

53 Patients with 
T2DM  

1500 mg/day/10 
weeks  

Reduced FBS and body 
weight   [57]  

Ginger  

22 Patients with 
T2DM  2 g/day/12 weeks  Reduced FBS, HbA1c and 

Apo lipoproteins  [62] 
88 Patients with 

T2DM  3 g/day/8 weeks Decreased FBS, HbA1c and 
insulin resistance  [65] 

76 women with 
gestational diabetes  

500 mg/day/8 
weeks 

No significant effects on FBS 
and HbA1c, but improved the 

glucose tolerance  
[66] 

33 Patients with 
T2DM  

1600 mg/day/12 
weeks 

Markedly reduced FBS, 
HbA1c, and insulin sensitivity  [67] 

Garlic  

210 Patients with 
T2DM 

300, 600, 900, 
1200, and 1500 

mg/day/ 24 weeks 
Reduced the FBS and HbA1c  [78] 

60 Patients with 
T2DM 

250 mg/day/12 
weeks 

Induced insulin sensitivity via 
attenuating inflammatory 

events and improving lipid 
profile  

[79] 

26 women with 
gestational diabetes  

400 mg/day/8 
weeks Reduces FBS and HbA1c   [80] 

Cinnamon  

137 Patients with 
T2DM  

500 mg/day/2 
months  

Declined FBS, HbA1c and 
HOMA-IR [87] 

79 Patients with 
T2DM 3 g/day/4 months  Reduced FBS, LDL, HDL, 

and HbA1c  [90] 
40 diabetic women 

with PCOS 1 g/day/8 weeks  Increases insulin sensitivity 
and declines HOMA-IR [91] 



10 
 

137 patients with 
hyperglycemia 

500 mg/day/2 
months  

Reduced LDL, HDL, FBS, 
and increases insulin 

sensitivity  
[94] 

66 women with 
PCOS 1.5 g/day/12 weeks  Declined FBS and HbA1c  [95] 

 

Table 1: Clinical evidences about insulin sensitizing effects of ginger, curcumin, garlic 
and cinnamon (CKD=chronic kidney disease, FBS= fasting blood glucose, HOMA-
IR=homeostatic index of insulin resistance, LDL= low density lipoprotein, HDL= high 
density lipoprotein, HbA1c= glycosylated hemoglobin, PCOS= polycystic ovary 
syndrome)   

Conclusion  

Herbal-based therapeutic approaches for patients with diabetes have been tried for thousands 

of years and has received more attention recently. There is a growing evidence that ginger, 

curcumin, garlic and cinnamon have potent antihyperglycemic effects and thereby their 

extracts can be potentially useful in the management of patients with T2DM. Although some 

clinical trials have confirmed the experimental evidence, there is a need for more clinical trial 

evidence especially, for garlic and cinnamon. This suggests that herbal-based agents could be 

the next generation of therapeutic intervention for the management of diabetes. However more 

clinical trials are needed for identifying the ideal dosage, duration of therapy, and formulation 

is still required.        
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