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INTRODUCTION 
Insulin resistance is a physiological conditions in which 
normally insulin-sensitive cells show weak response to 
insulin (Clark et al., 2003) such as impaired glucose 
tolerance (IGT) (Association, 2010), in which reveal 
sustained hyperglycemia (Baron et al., 1996, Kim et al., 
2006), with high incidence of type 2 diabetes mellitus 
(T2DM) occurrence (Osei et al., 2004). T2DM is one of the 
most global health burden disorder and epidemically 
growing (Whiting et al., 2011). Management and protec-
tion of T2DM patients from sudden and persistent 
increasing of glucose level in the blood is an essential aim 
of treatment (Genuth, 2003).  

Natural flavonoids from plant source are a novel 
agent candidate for diabetes mellitus (DM) therapy 
(Hanhineva et al., 2010). Flavonoids are polyphenolic 
compound abundantly found and detected in vegetables 
and fruits (Scalbert and Williamson, 2000). The regular 
intakes of polyphenolic rich diets or beverages bypass the 
deterioration prognosis of many disorders such as 
atherosclerosis and DM (Kosinska and Andlauer, 2012). 
Polyphenolic compounds have diverse health benefits for 
instance antioxidant, cardioprotective and anticarcigenic 
(Jaganath and Crozier, 2009). The production of raw cocoa 
powder or chocolate required many processing steps, 
namely, fermentation, roasting, grinding and alkalizing, 
subsequently influence the polyphenolic contents of final 
products (Wollgast and Anklam, 2000). Even so Cocoa 
powder and chocolate have remained one of the richest 
flavonoids plant products (Sanbongi et al., 1998). Cocoa 
and chocolate polyphenols composed mostly of mono-
mers (catechin and epicatechin) and oligomers 
(procyanidins) (Bravo, 1998; Tomas-Barberan et al., 2007). 
Furthermore, methylxanthines, which are caffeine, 
theobromines, and theophylline, have been identified as 
well (Kelm et al., 2006). This review points out the cocoa 
powder and chocolate potential hypoglycemic mecha-
nisms, which are enhanced insulin release and sensitivity, 
antioxidant and angiotensin converting enzyme (ACE) 

inhibitor. Interestingly, boosting insulin sensitivity is 
mostly a predominant mechanism for chronic glucose 
level control through stimulation of insulin signaling 
mediators (Klover and Mooney, 2004; Cao et al., 2007; 
Cordero-Herrera et al., 2013; Zhang et al., 2013; Cordero-
Herrera et al., 2014). Moreover, the augmenting of insulin 
release is likely to be acute glucose level control mecha-
nism (Rabinowitz et al., 1966; Brand-Miller et al., 2003; 
Mhd Jalil et al., 2009; Sarmadi et al., 2012; Martin et al., 
2014). The evoked sensitivity and release of insulin result 
in amelioration of vasodilatation and/or capillary 
recruitment in which led to increase muscle blood flow 
(Steinberg et al., 1994; Clark et al., 2003) due to either direct 
vasodilatation effect of insulin (Schultz et al., 1977; Chen 
and Messina, 1996) or insulin signaling mediators which 
led to boost nitric oxide NO production (Kim et al., 2001). 
 
HYPOGLYCEMIC EFFECT 
Abbe et al. investigation arises short-term glucose control 
(at 60 and 90 min postprandial) of obese-diabetic (ob-db) 
rats supplemented with cocoa extract contains polyphe-
nols, 3.55mg caffeine and 2.22mg theobromines /g cocoa 
extract (Mhd Jalil et al., 2009). Consistent with this 
observation, cocoa supplementation boosted insulin 
release in blood of healthy adults (Brand-Miller et al., 2003; 
Martin et al., 2014). Noticeably, insulin has crucial 
hemodynamic impact, which affect muscle metabolism 
(Vincent et al., 2004). It has direct vasodilator action 
through insulin receptors (IR) on vascular cells (Schultz et 
al., 1977; Chen and Messina, 1996). In addition, the 
vasodilatation implicated nitric oxide (NO) synthesis by 
endothelial cells (Schultz et al., 1977) through stimulation 
of signaling cascade that led to activation of endothelial 
nitric oxide synthase (eNOS) by IRS-1, phosphatidylinosi-
tol 3-kinase (PI3K) and protein kinase B (AKT) (Kim et al., 
2001). Furthermore, insulin modulates capillary recruit-
ment in vivo (Baron et al., 1993; Vincent et al., 2004) 
through direct dilatation effect on blood vessels bed by 
enhancing NO generation from endothelial cells (Ziai et al., 
2005) or from skeletal muscles (Grassi et al., 2008). 
Eventually, insulin-mediated elevation in muscle blood 
flow and/or capillary recruitment led to improve glucose 
uptake in healthy adult (Clark et al., 2003), and inversely 
proportional to the blood pressure (Ruzaidi et al., 2008).  
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However, the amelioration of insulin plasma level is 
not only the sole mechanism of polyphenolic antidiabetic 
effect in T2DM (Lee et al., 2005), glucose-intolerant adult 
(Suzuki et al., 1995), and STZ-induced diabetic rats 
(Suzuki et al., 1995). Moreover, the cocoa supplementation 
shows long-term glucose control in both (ob-db) mice 
(Vincent et al., 2002), and streptozotocin (STZ)-induced 
diabetic rats (Shankar et al., 2000; Iwashita et al., 2001). 
Interestingly, medicines that ameliorate vasodilation, such 
as angiotensin-converting enzyme inhibitors (Amin et al., 
2004; Tomaru et al., 2007), α-blockers (Fogari et al., 1998; 
Ruzaidi et al., 2005), are also attenuate the insulin-
resistance. So that, the hypoglycemic effect of cocoa 
extract presumed to be owed to stimulate insulin release 
(Suzuki et al., 1995), and/or sensitivity (Suzuki et al., 1995; 
Andersson and Lithell, 1996). Subsequently, cocoa-
polyphenols may have not restricted enhancement effect 
on insulin release only. 

 However, theobromines display no hemodynamic 
and electrophysiological impacts on healthy adults 
(Suzuki et al., 1992). While, caffeine intakes led to critical 
suppression of insulin sensitivity in sedentary subjects 
(Baron et al., 1999), and T2DM patients (Greer et al., 2001). 
Hence, caffeine has partly implicated in alleviating 
glucose uptake (Mhd Jalil et al., 2009). 

The one more hypoglycemic potential mechanism of 
polyphenols is their impact on liver, muscles and intestine. 
The liver is one of the substantial organs, which regulate 
the blood glucose concentration within the normal ratio 
by controlling both gluconeogenesis and glycogenolysis 
for glucose supplementation during hypoglycemic 
condition and elevate glucose disposal from blood 
circulation to boost glycogen synthesis through hypergly-
cemia (Klover and Mooney, 2004). Whilst, diminishing in 
insulin's ability to elevate glycogen synthesis in the liver is 
one of hepatic insulin resistance characteristic features 
(Klover and Mooney, 2004). 

Cocoa polyphenolic extract (CPE), and essential co-
coa flavanol, (-)-epicatechin (EC), promote insulin 
sensitivity of hepatic cells (HepG2), by the suppression of 
alleviating levels and tyrosine-phosphorylated of insulin 
receptor (IR), insulin receptor substrate-1 (IRS-1) and 
insulin receptor substrate-2 (IRS-2) induced by high 
glucose concentration (Cordero-Herrera et al., 2014), 
which have a critical role in hepatic insulin resistance 
progression (Nakajima et al., 2000; Klover and Mooney, 
2004). Furthermore, stimulation of IR, IRS-1and IRS-2 led 
to activation of AKT (PI3K)/PKB pathway (Klover and 
Mooney, 2004). CPE, EC and other naturally occurring 
polyphenols activate hepatic glycogen synthase (GS) by 
boosting the expression levels of PI3K/AKT and GSK3 in 
HepG2 cell line (Mhd Jalil et al., 2009) and liver of insulin-
resistant rats (Brand-Miller et al., 2003; Martin et al., 2014)  
      d    e ev ted 5  -AMP-activated protein kinase 
(AMPK) phosphorylated level in induced insulin 
resistance HepG2 (Iwashita et al., 2001; Mhd Jalil et al., 
2009) and cocoa liquor normalized P-AMPK in the liver of 
insulin resistance mice (Yamashita et al., 2012). However, 
AMPK alleviated in high glucose-induced insulin 
resistance hepatic cells (Zang et al., 2004). The concomitant 
scarcity of GLUT-2 levels with insulin resistance 
(Nakajima et al., 2000) can be reverted in HepG2 cells by 
treatment with CPE and EC (Cordero-Herrera et al., 2014). 
The increasing of gluconeogenesis owing to rise of 
phosphoenolpyruvate carboxykinase (PEPCK) levels 
(Klover and Mooney, 2004), which associated with 
induced insulin resistance of both HepG2 cell line and 
mouse liver, have been prevented by using of CPE, EC 

(Cordero-Herrera et al., 2013; Cordero-Herrera et al., 2014) 
and other natural polyphenolic compounds (Collins et al., 
2007a; Pu et al., 2012). From the above results, we can 
conclude that CPE and EC reduced glucose synthesis and 
maintain or enhance glycogen production in induced 
insulin resistance liver or hepatic cells through improve-
ment of AKT, AMPK, and GSK3, p-IRS-1, p-IRS-2 and 
GLUT-2 levels. Consequently, CPE and EC ameliorated 
liver insulin sensitivity and inhibited deterioration of 
insulin resistance liver. Interestingly, the using of N-
acetylcysteine as antioxidant treatment led to repress 
synthesis of anti-inflammatory mediator rather than 
bolstering of insulin sensitivity (Setshedi et al., 2011).  

Moreover, The treatment of L8 muscle cells with the 
Canna indicia root extract at doses of 0.1-0.5 mg/ml, which 
contains flavonoids and catechol, displayed rising in the 
amount of glucose transporter isoforms 1 (GLUT1) and 4 
(GLUT4) at the muscle cell surface and boosted GLUT1 
protein synthesis. In addition, it stimulates phosphatidyl-
inositol 3-kinase (PI3K) as well (Purintrapiban et al., 2006). 

Whilst, dietary polyphenols suppress the intestinal 
cell line glucose uptake (Johnston et al., 2005) by the 
repression of sodium-dependent glucose transporter 
(SGLT1) (Kobayashi et al., 2000), which is crucial for 
intestinal glucose active transport (Wright and Turk, 2004). 
Likewise, cocoa acetone-dry powder (AcDP) autolysis at 
 H 3 5 disp  yed higher α-amylase inhibition effect 
(Sarmadi et al., 2012). Accordingly, it sustained the 
carbohydrate degradation and decreased glucose 
absorption. Eventually, it reduced the postprandial 
plasma glucose raise (De Fronzo et al., 2004). As well as, in 
vitro study the autolysate yielded at PH 3.5 showed a 
high insulinotropic effect (Sarmadi et al., 2012) that led to 
increase insulin secretion, which is responsible for the 
hypoglycemic effect following protein ingestion 
(Rabinowitz et al., 1966). The yield of (AcDP) autolysis at 
PH 3.5 is mostly oligopeptides with hydrophobic amino 
acid residue (Amin et al., 2002). The comprising amino 
acids in peptides are not only responsible for their actions, 
but their structure and sequence also (Chen et al., 1998).  

From all together previous observations, it can be 
assumed that the likely hypoglycemic effects of cocoa and 
chocolate is resulting from short-term glucose lowering 
action, where insulin secretion is increasing (Rabinowitz 
et al., 1966; Brand-Miller et al., 2003; De Fronzo et al., 2004; 
Mhd Jalil et al., 2009; Sarmadi et al., 2012; Martin et al., 
2014), and long-term glucose level decreasing effect, 
which included boosting of insulin sensitivity (Suzuki et 
al., 1995; Andersson and Lithell, 1996; Klover and Mooney, 
2004; Purintrapiban et al., 2006; Cao et al., 2007; Yamashita 
et al., 2012; Zhang et al., 2013; Cordero-Herrera et al., 2014) 
through immediate excitation of one or more of insulin 
signaling mediators cascade namely, AKT, AMPK, GSK3, 
p-IRS-1, p-IRS-2 and GLUT-2 in muscle cells and liver 
cells. Whilst, polyphenols decrease SGLUT1 levels in 
intestine cells to alleviate glucose absorption and subse-
quently decrease the glucose concentration in blood 
(Kobayashi et al., 2000; Johnston et al., 2005). 

 
ANTIOXIDANT EFFECT 
Vascular endothelial cells with High glucose levels show 
reactive oxygen species (ROS) production (Du et al., 2001). 
Consequently, aggravate oxidative stress condition 
(Kopprasch et al., 2002), where ROS interact with NO to 
yield peroxynitrate (Lee et al., 2003). Consequently, led to 
alleviate NO bioavailability (Beckman et al., 2001), and 
disturbs the balance of vasodilation and vasoconstriction 
factors (Beckman et al., 2001; Grassi et al., 2009). Therefore, 
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ROS inactivate endothelial NO and decrease it is vasodila-
tion effect in diabetic adults (Kim et al., 2006). Whilst, 
antioxidant impact of vitamin C infusion normalizes 
vasodilation of type1 and type2 diabetic patients (Ting et 
al., 1996; Timimi et al., 1998). Interestingly, insulin infusion 
boost glucose uptake of muscle cells through improving 
of blood flow and capillary bed recruitment of skeletal 
muscles (SkM) via amelioration NO bioavailability (Baron 
et al., 1996; Clark et al., 2003). Furthermore, insulin 
treatment results in enhancing of IR, PI3K and/or AKT in 
human umbilical vein endothelial cells (Zeng et al., 2000), 
for optimization of glucose metabolism and blood flow 
(Muniyappa et al., 2007). Hence, insulin sensitivity partly 
depends on NO bioavailability in vascular endothelial 
cells (Konopatskaya et al., 2003), particularly in subjects 
with IGT (Hirai et al., 2000). Subsequently, hypoglycemic 
agents who increase the insulin sensitivity such as 
thiazolidinediones are likely to reduce the blood pressure 
(Nolan et al., 1994; Potenza et al., 2006) and elevate 
glutathione level in SKM of T2DM (Lazich et al., 2012). 
However, epicatechin-rich cocoa (ERC) treatment lead to 
retrieve the normal level of glutathione in SkM of T2DM 
and heart failure (HF) patients (Ramirez-Sanchez et al., 
2013). It has been demonstrated that flavanols boost the 
bioavailability of NO in endothelial cells through either it 
is insulin metabolic like effects, whereby interfering with 
vasodilation action of insulin (Schroeter et al., 2006; Kim et 
al., 2007; Steffen et al., 2008), and/or ,in partly, it is 
antioxidant effects (Fisher et al., 2003; Collins et al., 2007b); 
this may be owe to protect of NO from destruction via 
ROS actions (Grassi et al., 2009), stimulate the innate 
antioxidant enzymes superoxide dismutase (SOD), 
whereby superoxide anion converted to oxygen molecule 
and hydrogen peroxide in vitro (Malstrom et al., 1975) and 
catalase ,whereby hydrogen peroxide converted to water 
and molecular oxygen (Bashan et al., 2009), in thymus of 
young rats supplemented by cocoa-enriched diet (Ramiro-
Puig et al., 2007).The stimulation of antioxidant enzymes 
is likely through enhancement of SIRT3 (sirtuin), FOXO1 
  d  G 1α  uc e r tr  s oc tio    d i cre si g their 
activating forms in skeletal muscles of T2DM and HF 
patients supplemented with ERC (Karim et al., 2000). 
Furthermore, flavanols has ameliorating effects to 
endothelial nitric oxide synthase (eNOS) in blood vessel 
(Karim et al., 2000; Xu et al., 2004; Wallerath et al., 2005). 
Thus, healthy adults consumption of flavanol-rich cocoa 
led to increase bioavailability of endothelial NO (Engler et 
al., 2004; Fisher and Hollenberg, 2006), which is promot-
ing for flow-mediate dilation (FMD) in elderly human 
(Fisher and Hollenberg, 2006), healthy subject (Fisher et al., 
2003), and conduit arteries and microcirculation, where 
bypassed by using L-Nᴳ-mono-methyl-arginine as a NOS 
inhibitor (Schroeter et al., 2006). In addition, alleviated 
endothelin (ET-1) levels may be one of flavanols antioxi-
dant mechanisms (Corder et al., 2001; Corder et al., 2004), 
which ameliorate FMD in healthy volunteers treated with 
flavanol-rich dark chocolate (Grassi et al., 2012). 
 
RENIN-ANGIOTENSIN SYSTEM MODULATION EFFECT 
Angiotensin I converting enzyme (ACE) is a glycoprotein 
peptidyldipeptide hydrolase, whose play substantial role 
in controlling of renin-angiotensin system, whereby 
angiotensin-I converted to angiotensin-II (Corvol et al., 
1995), is potent vasoconstrictor (Dzau, 2001). Interestingly, 
ACE inhibitors and Angiotensin receptor blockers 
significantly diminished peripheral vascular resistance 
and ameliorate vascular recruitment concomitant with 
improvement of insulin resistance (Koh et al., 2005; Koh et 

al., 2007) and supported antioxidant system of human 
body (de Cavanagh et al., 2000). It was demonstrated that 
pure flavanols and procyanidins inhibit the ACE action 
(Actis-Goretta et al., 2003). Moreover, chocolate extracts 
ACE quenching effects relay on flavanols content and the 
number of epicatechin units forming the procyanidin 
(Actis-Goretta et al., 2006) and epicatechin tetramer 
possess the potent inhibition impact on ACE (Ottaviani et 
al., 2006). In addition, the enhancing insulin resistance 
effect of ACE inhibitors is likely through stimulation of 
bradykinin-NO system which results in boosting of 
GLUT4 translocation and subsequently elevates glucose 
up take by peripheral tissues particularly in skeletal 
muscle of type 2 diabetic mice treated with temocapril 
(Shiuchi et al., 2002). 
 
CONCLUSION  
DM is chronic, bad prognosis and widely spread disease 
nowadays. Considerable synthetic antidiabetic drugs are 
available. However, they are not safe, cheap and conven-
ient like natural one. The polyphenolic rich plants are 
emerging hypoglycemic naturally occurring agent. 
Particularly, cocoa powder and chocolate rich with 
flavonoids owe to their prospective valuable beneficial 
application in medicine. Therefore, it is insistent to know 
and elucidate their antidiabetic mechanism for ultimate 
employing of cocoa products in manufacturing of 
pharmaceuticals and nutraceuticals.  
 
REFERENCES 
Actis-Goretta, L., Ottaviani, J.I., Fraga, C.G., (2006). Inhibition of angiotensin 

converting enzyme activity by flavanol-rich foods. J Agric Food Chem 54 (1), 
229-234. [DOI] PMid:16390204 

Actis-Goretta, L., Ottaviani, J.I., Keen, C.L., Fraga, C.G., (2003). Inhibition of 
angiotensin converting enzyme (ace) activity by flavan-3-ols and procya-
nidins. FEBS letters 555 (3), 597-600. [DOI]  

Amin, I., Faizul, H., Azli, R., (2004). Effect of cocoa powder extract on plasma 
glucose levels in hyperglycaemic rats. Nutrition & Food Science 34 (3), 116-
121. [DOI]  

 Amin, I., Jinap, S., Jamilah, B., Harikrisna, K., Biehl, B., (2002). Oligopeptide 
patterns produced from Theobroma cacao L of various genetic origins. Journal 
of the Science of Food and Agriculture 82 (7), 733-737. [DOI] 

Andersson, P.-E., Lithell, H., (1996). Metabolic effects of doxazosin and enalapril 
in hypertriglyceridemic, hypertensive men: Relationship to changes in 
skeletal muscle blood flow. American journal of hypertension 9 (4), 323-333. 
[DOI]  

Association, A.D., (2010). Diagnosis and classification of diabetes mellitus. 
Diabetes Care 33 (Supplement 1), S62-S69. [DOI] PMid:20042775 
PMCid:PMC2797383  

Baron, A.D., Brechtel-Hook, G., Johnson, A., Cronin, J., Leaming, R., Steinberg, 
H.O., (1996). Effect of perfusion rate on the time course of insulin-mediated 
skeletal muscle glucose uptake. Am J Physiol 271 (6 Pt 1), E1067-1072. 
PMid:8997227  

Baron, A.D., Brechtel-Hook, G., Johnson, A., Hardin, D., (1993). Skeletal muscle 
blood flow. A possible link between insulin resistance and blood pressure. 
Hypertension 21 (2), 129-135. [DOI] PMid:8428775  

Baron, A.M., Donnerstein, R.L., Samson, R.A., Baron, J.A., Padnick, J.N., 
Goldberg, S.J., (1999). Hemodynamic and electrophysiologic effects of acute 
chocolate ingestion in young adults. The American journal of cardiology 84 
(3), 370-373. [DOI]  

Bashan, N., Kovsan, J., Kachko, I., Ovadia, H., Rudich, A., (2009). Positive and 
negative regulation of insulin signaling by reactive oxygen and nitrogen 
species. Physiological Reviews 89 (1), 27-71. [DOI] PMid:19126754  

Beckman, J.A., Goldfine, A.B., Gordon, M.B., Creager, M.A., (2001). Ascorbate 
restores endothelium-dependent vasodilation impaired by acute hypergly-
cemia in humans. Circulation 103 (12), 1618-1623. [DOI]  

Brand-Miller, J., Holt, S.H., De Jong, V., Petocz, P., (2003). Cocoa powder 
increases postprandial insulinemia in lean young adults. J Nutr 133 (10), 
3149-3152. PMid:14519800  

Bravo, L., (1998). Polyphenols: Chemistry, dietary sources, metabolism, and 
nutritional significance. Nutr Rev 56 (11), 317-333. [DOI] PMid:9838798  

Cao, H., Hininger-Favier, I., Kelly, M.A., Benaraba, R., Dawson, H.D., Coves, S., 
Roussel, A.M., Anderson, R.A., (2007). Green tea polyphenol extract regu-
lates the expression of genes involved in glucose uptake and insulin 
signaling in rats fed a high fructose diet. J Agric Food Chem 55 (15), 6372-
6378. [DOI] PMid:17616136  

RENIN-ANGIOTENSIN SYSTEM MODULATION EFFECT 

CONCLUSION 

REFERENCES 

 

http://dx.doi.org/10.1021/jf052263o
http://dx.doi.org/10.1016/S0014-5793(03)01355-3
http://dx.doi.org/10.1108/00346650410536737
http://dx.doi.org/10.1002/jsfa.1098
http://dx.doi.org/10.1016/0895-7061(95)00396-7
http://dx.doi.org/10.2337/dc10-S062
http://dx.doi.org/10.1161/01.HYP.21.2.129
http://dx.doi.org/10.1016/S0002-9149(99)00301-X
http://dx.doi.org/10.1152/physrev.00014.2008
http://dx.doi.org/10.1161/01.CIR.103.12.1618
http://dx.doi.org/10.1111/j.1753-4887.1998.tb01670.x
http://dx.doi.org/10.1021/jf070695o


 

 
365 

Chen, H.-M., Muramoto, K., Yamauchi, F., Fujimoto, K., Nokihara, K., (1998). 
Antioxidative properties of histidine-containing peptides designed from 
peptide fragments found in the digests of a soybean protein. J Agric Food 
Chem 46 (1), 49-53. [DOI]  

Chen, Y.L., Messina, E.J., (1996). Dilation of isolated skeletal muscle arterioles by 
insulin is endothelium dependent and nitric oxide mediated. Am J Physiol 
270 (6 Pt 2), H2120-2124. PMid:8764264  

Clark, M.G., Wallis, M.G., Barrett, E.J., Vincent, M.A., Richards, S.M., Clerk, L.H., 
Rattigan, S., (2003). Blood flow and muscle metabolism: A focus on insulin 
action. Am J Physiol Endocrinol Metab 284 (2), E241-258. PMid:12531739  

Collins, Q.F., Liu, H.-Y., Pi, J., Liu, Z., Quon, M.J., Cao, W., (2007a). Epigallocate-
chin-3-gallate (egcg), a green tea polyphenol, suppresses hepatic 
g uco eoge esis through 5′-amp-activated protein kinase. The Journal of 
biological chemistry 282 (41), 30143-30149. [DOI] PMid:17724029 
PMCid:PMC2408735  

Collins, Q.F., Liu, H.-Y., Pi, J., Liu, Z., Quon, M.J., Cao, W., (2007b). Epigallocate-
chin-3-gallate (egcg), a green tea polyphenol, suppresses hepatic 
g uco eoge esis through 5′-amp-activated protein kinase. Journal of 
Biological Chemistry 282 (41), 30143-30149. [DOI]PMid:17724029 
PMCid:PMC2408735  

Corder, R., Douthwaite, J.A., Lees, D.M., Khan, N.Q., Dos Santos, A.C.V., Wood, 
E.G., Carrier, M.J., (2001). Health: Endothelin-1 synthesis reduced by red 
wine. Nature 414 (6866), 863-864. [DOI] PMid:11780050  

Corder, R., Warburton, R.C., Khan, N.Q., Brown, R.E., Wood, E.G., Lees, D.M., 
(2004). The procyanidin-induced pseudo laminar shear stress response: A 
new concept for the reversal of endothelial dysfunction. Clinical Science 107 
(5), 513. [DOI] PMid:15324299  

Cordero-Herrera, I., Martin, M.A., Bravo, L., Goya, L., Ramos, S., (2013). Cocoa 
flavonoids improve insulin signalling and modulate glucose production via 
akt and ampk in hepg2 cells. Mol Nutr Food Res 57 (6), 974-985. [DOI] 
PMid:23456781  

Cordero-Herrera, I., Martin, M.A., Goya, L., Ramos, S., (2014). Cocoa flavonoids 
attenuate high glucose-induced insulin signalling blockade and modulate 
glucose uptake and production in human hepg2 cells. Food Chem Toxicol 64, 
10-19. [DOI] PMid:24262486  

Corvol, P., Williams, T.A., Soubrier, F., (1995). [18] peptidyl dipeptidase a: 
Angiotensin i-converting enzyme. Methods in enzymology 248, 283-305. 
[DOI]  

De Cavanagh, E.M., Inserra, F., Ferder, L., Fraga, C.G., (2000). Enalapril and 
captopril enhance glutathione-dependent antioxidant defenses in mouse 
tissues. American Journal of Physiology-Regulatory, Integrative and 
Comparative Physiology 278 (3), R572-R577. PMid:10712274  

De Fronzo, R.A., Ferrannini, E., Keen, H., Zimmet, P., (2004). International 
textbook of diabetes mellitus John Wiley & Sons.  

Du, X.L., Edelstein, D., Dimmeler, S., Ju, Q., Sui, C., Brownlee, M., (2001). 
Hyperglycemia inhibits endothelial nitric oxide synthase activity by post-
translational modification at the akt site. The Journal of clinical investigation 
108 (9), 1341-1348. [DOI] PMid:11696579 PMCid:PMC209429  

Dzau, V.J., (2001). Tissue angiotensin and pathobiology of vascular disease a 
unifying hypothesis. Hypertension 37 (4), 1047-1052. [DOI]  

Engler, M.B., Engler, M.M., Chen, C.Y., Malloy, M.J., Browne, A., Chiu, E.Y., 
Kwak, H.-K., Milbury, P., Paul, S.M., Blumberg, J., (2004). Flavonoid-rich 
dark chocolate improves endothelial function and increases plasma epicate-
chin concentrations in healthy adults. J Am Coll Nutr 23 (3), 197-204. [DOI]  

Fisher, N.D., Hollenberg, N.K., (2006). Aging and vascular responses to flavanol-
rich cocoa. J Hypertens 24 (8), 1575-1580. [DOI] PMid:16877960  

Fisher, N.D., Hughes, M., Gerhard-Herman, M., Hollenberg, N.K., (2003). 
Flavanol-rich cocoa induces nitric-oxide-dependent vasodilation in healthy 
humans. J Hypertens 21 (12), 2281-2286. [DOI]  

Fogari, R., Zoppi, A., Corradi, L., Lazzari, P., Mugellini, A., Lusardi, P., (1998). 
Comparative effects of lisinopril and losartan on insulin sensitivity in the 
treatment of non-diabetic hypertensive patients. British journal of clinical 
pharmacology 46 (5), 467-471. [DOI] PMid:9833600 PMCid:PMC1873694  

Genuth, S., (2003). Relationship between metabolic control and complications in 
diabetes. In: Sperling, M. ed. Type 1 diabetes. Humana Press, pp. 215-232. 
[DOI]  

Grassi, D., Desideri, G., Croce, G., Tiberti, S., Aggio, A., Ferri, C., (2009). 
Flavonoids, vascular function and cardiovascular protection. Current 
pharmaceutical design 15 (10), 1072-1084. [DOI]  

Grassi, D., Desideri, G., Necozione, S., Lippi, C., Casale, R., Properzi, G., 
Blumberg, J.B., Ferri, C., (2008). Blood pressure is reduced and insulin 
sensitivity increased in glucose-intolerant, hypertensive subjects after 15 
days of consuming high-polyphenol dark chocolate. J Nutr 138 (9), 1671-1676. 
PMid:18716168  

Grassi, D., Desideri, G., Necozione, S., Ruggieri, F., Blumberg, J.B., Stornello, M., 
Ferri, C., (2012). Protective effects of flavanol-rich dark chocolate on endothe-
lial function and wave reflection during acute hyperglycemia. Hypertension 
60 (3), 827-832. [DOI] PMid:22851734  

Greer, F., Hudson, R., Ross, R., Graham, T., (2001). Caffeine ingestion decreases 
glucose disposal during a hyperinsulinemic-euglycemic clamp in sedentary 
humans. Diabetes 50 (10), 2349-2354. [DOI]  

Hanhineva, K., Torronen, R., Bondia-Pons, I., Pekkinen, J., Kolehmainen, M., 
Mykkanen, H., Poutanen, K., (2010). Impact of dietary polyphenols on 
carbohydrate metabolism. Int J Mol Sci 11 (4), 1365-1402. [DOI] 
PMid:20480025 PMCid:PMC2871121  

Hirai, N., Kawano, H., Hirashima, O., Motoyama, T., Moriyama, Y., Sakamoto, 
T., Kugiyama, K., Ogawa, H., Nakao, K., Yasue, H., (2000). Insulin resistance 
and endothelial dysfunction in smokers: Effects of vitamin c. American 
Journal of Physiology-Heart and Circulatory Physiology 279 (3), H1172-
H1178. PMid:10993781  

Iwashita, S., Yanagi, K., Ohshima, N., Suzuki, M., (2001). Insulin increases blood 
flow rate in the microvasculature of cremaster muscle of the anesthetized 
rats. In Vivo 15 (1), 11-15. PMid:11286121  

Jaganath, I.B., Crozier, A., (2009). Dietary flavonoids and phenolic compounds. 
Plant phenolics and human health. John Wiley & Sons, Inc., pp. 1-49. [DOI]  

Johnston, K., Sharp, P., Clifford, M., Morgan, L., (2005). Dietary polyphenols 
decrease glucose uptake by human intestinal caco-2 cells. FEBS Lett 579 (7), 
1653-1657. [DOI] PMid:15757656  

Karim, M., Mccormick, K., Kappagoda, C.T., (2000). Effects of cocoa extracts on 
endothelium-dependent relaxation. J Nutr 130 (8), 2105S-2108S. 
PMid:10917930  

Kelm, M.A., Johnson, J.C., Robbins, R.J., Hammerstone, J.F., Schmitz, H.H., 
(2006). High-performance liquid chromatography separation and purifica-
tion of cacao (Theobroma cacao L.) procyanidins according to degree of 
polymerization using a diol stationary phase. J Agric Food Chem 54 (5), 
1571-1576. [DOI] PMid:16506802  

Kim, F., Gallis, B., Corson, M.A., (2001). Tnf-alpha inhibits flow and insulin 
signaling leading to no production in aortic endothelial cells. Am J Physiol 
Cell Physiol 280 (5), C1057-1065. PMid:11287317  

Kim, J.-A., Formoso, G., Li, Y., Potenza, M.A., Marasciulo, F.L., Montagnani, M., 
Quon, M.J., (2007). Epigallocatechin gallate, a green tea polyphenol, mediates 
no-dependent vasodilation using signaling pathways in vascular endotheli-
um requiring reactive oxygen species and fyn. Journal of Biological 
Chemistry 282 (18), 13736-13745. [DOI] PMid:17363366  

Kim, J.A., Montagnani, M., Koh, K.K., Quon, M.J., (2006). Reciprocal 
relationships between insulin resistance and endothelial dysfunction: 
Molecular and pathophysiological mechanisms. Circulation 113 (15), 1888-
1904. [DOI] PMid:16618833  

Klover, P.J., Mooney, R.A., (2004). Hepatocytes: Critical for glucose homeostasis. 
The International Journal of Biochemistry & Cell Biology 36 (5), 753-758. 
[DOI]  

Kobayashi, Y., Suzuki, M., Satsu, H., Arai, S., Hara, Y., Suzuki, K., Miyamoto, Y., 
Shimizu, M., (2000). Green tea polyphenols inhibit the sodium-dependent 
glucose transporter of intestinal epithelial cells by a competitive mechanism. 
J Agric Food Chem 48 (11), 5618-5623. [DOI]  

Koh, K.K., Quon, M.J., Han, S.H., Ahn, J.Y., Jin, D.K., Kim, H.S., Kim, D.S., Shin, 
E.K., (2005). Vascular and metabolic effects of combined therapy with 
ramipril and simvastatin in patients with type 2 diabetes. Hypertension 45 
(6), 1088-1093. [DOI] PMid:15883229  

Koh, K.K., Quon, M.J., Lee, Y., Han, S.H., Ahn, J.Y., Chung, W.-J., Kim, J.-A., Shin, 
E.K., (2007). Additive beneficial cardiovascular and metabolic effects of 
combination therapy with ramipril and candesartan in hypertensive 
p tie ts†   urope   he rt jour    28 (12), 1440-1447. [DOI] PMid:17483542  

Konopatskaya, O., Whatmore, J., Tooke, J., Shore, A., (2003). Insulin and 
lysophosphatidylcholine synergistically stimulate no‐dependent cgmp 
production in human endothelial cells. Diabetic medicine 20 (10), 838-845. 
[DOI]  

Kopprasch, S., Pietzsch, J., Kuhlisch, E., Fuecker, K., Temelkova-Kurktschiev, T., 
Hanefeld, M., Kühne, H., Julius, U., Graessler, J., (2002). In vivo evidence for 
increased oxidation of circulating ldl in impaired glucose tolerance. Diabetes 
51 (10), 3102-3106. [DOI]  

Kosinska, A., Andlauer, W., (2012). Cocoa polyphenols are absorbed in caco-2 
cell model of intestinal epithelium. Food Chem 135 (3), 999-1005. [DOI] 
PMid:22953816  

Lazich, I., Sarafidis, P., De Guzman, E., Patel, A., Oliva, R., Bakris, G., (2012). 
Effects of combining simvastatin with rosiglitazone on inflammation, 
oxidant stress and ambulatory blood pressure in patients with the metabolic 
syndrome: The siroco study. Diabetes, Obesity and Metabolism 14 (2), 181-
186. [DOI] PMid:21955403  

Lee, K.W., Kim, Y.J., Lee, H.J., Lee, C.Y., (2003). Cocoa has more phenolic 
phytochemicals and a higher antioxidant capacity than teas and red wine. J 
Agric Food Chem 51 (25), 7292-7295. [DOI] PMid:14640573  

Lee, S., Hudson, R., Kilpatrick, K., Graham, T.E., Ross, R., (2005). Caffeine 
ingestion is associated with reductions in glucose uptake independent of 
obesity and type 2 diabetes before and after exercise training. Diabetes Care 
28 (3), 566-572. [DOI]  

Malstrom, B., Andreasson, L., Reinhammer, B., Boyer, P., (1975). The enzymes, 
xiib. Boyer P, Ed. PMid:1218088 PMCid:PMC1172394  

Martin, M.A., Fernandez-Millan, E., Ramos, S., Bravo, L., Goya, L., (2014). Cocoa 
flavonoid epicatechin protects pancreatic beta cell viability and function 
against oxidative stress. Mol Nutr Food Res 58 (3), 447-456. [DOI] 
PMid:24115486  

http://dx.doi.org/10.1021/jf970649w
http://dx.doi.org/10.1074/jbc.M702390200
http://dx.doi.org/10.1074/jbc.M702390200
http://dx.doi.org/10.1038/414863a
http://dx.doi.org/10.1042/CS20040189
http://dx.doi.org/10.1002/mnfr.201200500
http://dx.doi.org/10.1016/j.fct.2013.11.01
http://dx.doi.org/10.1016/0076-6879(95)48020-X
http://dx.doi.org/10.1172/JCI11235
http://dx.doi.org/10.1161/01.HYP.37.4.1047
http://dx.doi.org/10.1080/07315724.2004.10719361
http://dx.doi.org/10.1097/01.hjh.0000239293.40507.2a
http://dx.doi.org/10.1097/00004872-200312000-00016
http://dx.doi.org/10.1046/j.1365-2125.1998.00811.x
http://dx.doi.org/10.1385/1-59259-310-0:215
http://dx.doi.org/10.2174/138161209787846982
http://dx.doi.org/10.1161/HYPERTENSIONAHA.112.193995
http://dx.doi.org/10.2337/diabetes.50.10.2349
http://dx.doi.org/10.3390/ijms11041365
http://dx.doi.org/10.1002/9780470531792.ch1
http://dx.doi.org/10.1016/j.febslet.2004.12.099
http://dx.doi.org/10.1021/jf0525941
http://dx.doi.org/10.1074/jbc.M609725200
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.563213
http://dx.doi.org/10.1016/j.biocel.2003.10.002
http://dx.doi.org/10.1021/jf0006832
http://dx.doi.org/10.1161/01.HYP.0000166722.91714.ba
http://dx.doi.org/10.1093/eurheartj/ehm101
http://dx.doi.org/10.1046/j.1464-5491.2003.01039.x
http://dx.doi.org/10.2337/diabetes.51.10.3102
http://dx.doi.org/10.1016/j.foodchem.2012.05.101
http://dx.doi.org/10.1111/j.1463-1326.2011.01510.x
http://dx.doi.org/10.1021/jf0344385
http://dx.doi.org/10.2337/diacare.28.3.566
http://dx.doi.org/10.1002/mnfr.201300291


 

 
366 

Mhd Jalil, A.M., Ismail, A., Chong, P.P., Hamid, M., Syed Kamaruddin, S.H., 
(2009). Effects of cocoa extract containing polyphenols and methylxanthines 
on biochemical parameters of obese-diabetic rats. Journal of the Science of 
Food and Agriculture 89 (1), 130-137. [DOI]  

Muniyappa, R., Montagnani, M., Koh, K.K., Quon, M.J., (2007). Cardiovascular 
actions of insulin. Endocrine reviews 28 (5), 463-491. [DOI] PMid:17525361 

Nakajima, K., Yamauchi, K., Shigematsu, S., Ikeo, S., Komatsu, M., Aizawa, T., 
Hashizume, K., (2000). Selective attenuation of metabolic branch of insulin 
receptor down-signaling by high glucose in a hepatoma cell line, hepg2 cells. 
Journal of Biological Chemistry 275 (27), 20880-20886. [DOI] PMid:10764799  

Nolan, J.J., Ludvik, B., Beerdsen, P., Joyce, M., Olefsky, J., (1994). Improvement 
in glucose tolerance and insulin resistance in obese subjects treated with 
troglitazone. New England Journal of Medicine 331 (18), 1188-1193. [DOI] 
PMid:7935656  

Osei, K., Rhinesmith, S., Gaillard, T., Schuster, D., (2004). Impaired insulin 
sensitivity, insulin secretion, and glucose effectiveness predict future 
development of impaired glucose tolerance and type 2 diabetes in pre-
diabetic African Americans: Implications for primary diabetes prevention. 
Diabetes Care 27 (6), 1439-1446. [DOI]  

Ottaviani, J.I., Actis-Goretta, L., Villordo, J.J., Fraga, C.G., (2006). Procyanidin 
structure defines the extent and specificity of angiotensin i converting 
enzyme inhibition. Biochimie 88 (3), 359-365. [DOI] PMid:16330143  

Potenza, M.A., Marasciulo, F.L., Tarquinio, M., Quon, M.J., Montagnani, M., 
(2006). Treatment of spontaneously hypertensive rats with rosiglitazone 
and/or enalapril restores balance between vasodilator and vasoconstrictor 
actions of insulin with simultaneous improvement in hypertension and 
insulin resistance. Diabetes 55 (12), 3594-3603. [DOI] PMid:17130509  

Pu, P., Gao, D.-M., Mohamed, S., Chen, J., Zhang, J., Zhou, X.-Y., Zhou, N.-J., Xie, 
J., Jiang, H., (2012). Naringin ameliorates metabolic syndrome by activating 
amp-activated protein kinase in mice fed a high-fat diet. Archives of 
Biochemistry and Biophysics 518 (1), 61-70. [DOI] PMid:22198281  

Purintrapiban, J., Suttajit, M., Forsberg, N.E., (2006). Differential activation of 
glucose transport in cultured muscle cells by polyphenolic compounds from 
canna indica l. Root. Biol Pharm Bull 29 (10), 1995-1998. [DOI]  

Rabinowitz, D., Merimee, T.J., Maffezzoli, R., Burgess, J.A., (1966). Patterns of 
hormonal release after glucose, protein, and glucose plus protein. Lancet 2 
(7461), 454-456. [DOI]  

Ramirez-Sanchez, I., Taub, P.R., Ciaraldi, T.P., Nogueira, L., Coe, T., Perkins, G., 
Hogan, M , M ise , A S , He ry, R R ,  eb   os, G , (2013)  (−)-epicatechin rich 
cocoa mediated modulation of oxidative stress regulators in skeletal muscle 
of heart failure and type 2 diabetes patients. International journal of cardiol-
ogy 168 (4), 3982-3990. [DOI] PMid:23870648 PMCid:PMC3805662  

Ramiro-Puig, E., Urpí-Sardà, M., Pérez-Cano, F.J., Franch, À., Castellote, C., 
Andrés-Lacueva, C., Izquierdo-Pulido, M., Castell, M., (2007). Cocoa-
enriched diet enhances antioxidant enzyme activity and modulates lympho-
cyte composition in thymus from young rats. J Agric Food Chem 55 (16), 
6431-6438. [DOI] PMid:17630760  

Ruzaidi, A., Amin, I., Nawalyah, A., Hamid, M., Faizul, H., (2005). The effect of 
Malaysian cocoa extract on glucose levels and lipid profiles in diabetic rats. 
Journal of ethnopharmacology 98 (1), 55-60. [DOI]PMid:15763363  

Ruzaidi, A.M.M., Abbe, M.M.J., Amin, I., Nawalyah, A.G., Muhajir, H., (2008). 
Protective effect of polyphenol-rich extract prepared from malaysian cocoa 
(Theobroma cacao) on glucose levels and lipid profiles in streptozotocin-
induced diabetic rats. Journal of the Science of Food and Agriculture 88 (8), 
1442-1447. [DOI]  

Sanbongi, C., Osakabe, N., Natsume, M., Takizawa, T., Gomi, S., Osawa, T., 
(1998). Antioxidative polyphenols isolated from Theobroma cacao. J Agric 
Food Chem 46 (2), 454-457. [DOI]  

Sarmadi, B., Aminuddin, F., Hamid, M., Saari, N., Abdul-Hamid, A., Ismail, A., 
(2012). Hypoglycemic effects of cocoa (Theobroma cacao L.) autolysates. Food 
Chem 134 (2), 905-911. [DOI] PMid:23107706  

Scalbert, A., Williamson, G., (2000). Dietary intake and bioavailability of 
polyphenols. J Nutr 130 (8S Suppl), 2073S-2085S.  

Schroeter, H., Heiss, C., Balzer, J., Kleinbongard, P., Keen, C.L., Hollenberg, N.K., 
Sies, H., Kwik-Uribe, C., Schmitz, H.H., Kelm, M., (2006). (–)-epicatechin 
mediates beneficial effects of flavanol-rich cocoa on vascular function in 
humans. Proceedings of the National Academy of Sciences of the United 
States of America 103 (4), 1024-1029. [DOI] PMid:16418281 
PMCid:PMC1327732  

Schultz, T.A., Lewis, S.B., Westbie, D.K., Gerich, J.E., Rushakoff, R.J., Wallin, J.D., 
(1977). Glucose delivery-a clarification of its role in regulating glucose 
uptake in rat skeletal muscle. Life Sci 20 (4), 733-735. [DOI]  

Setshedi, M., Longato, L., Petersen, D.R., Ronis, M., Chen, W.C., Wands, J.R., De 
La Monte, S.M., (2011). Limited therapeutic effect of n‐acetylcysteine on 
hepatic insulin resistance in an experimental model of alcohol‐induced 
steatohepatitis. Alcoholism: Clinical and Experimental Research 35 (12), 
2139-2151. [DOI] PMid:21790669 PMCid:PMC3994044  

Shankar, R.R., Wu, Y., Shen, H.Q., Zhu, J.S., Baron, A.D., (2000). Mice with gene 
disruption of both endothelial and neuronal nitric oxide synthase exhibit 
insulin resistance. Diabetes 49 (5), 684-687. [DOI]  

Shiuchi, T., Cui, T.-X., Wu, L., Nakagami, H., Takeda-Matsubara, Y., Iwai, M., 
Horiuchi, M., (2002). Ace inhibitor improves insulin resistance in diabetic 
mouse via bradykinin and no. Hypertension 40 (3), 329-334. [DOI]  

Steffen, Y., Gruber, C., Schewe, T., Sies, H., (2008). Mono-o-methylated flavanols 
and other flavonoids as inhibitors of endothelial nadph oxidase. Archives of 
Biochemistry and Biophysics 469 (2), 209-219. [DOI] PMid:17996190  

Steinberg, H.O., Brechtel, G., Johnson, A., Fineberg, N., Baron, A.D., (1994). 
Insulin-mediated skeletal muscle vasodilation is nitric oxide dependent. A 
novel action of insulin to increase nitric oxide release. J Clin Invest 94 (3), 
1172-1179. [DOI] PMid:8083357 PMCid:PMC295191  

Suzuki, M., Hirose, J., Asakura, Y., Sato, A., Kageyama, A., Harano, Y., Omae, T., 
(1992). Insulin insensitivity in nonobese, nondiabetic essential hypertension 
and its improvement by an alpha 1-blocker (bunazosin). Am J Hypertens 5 
(12 Pt 1), 869-874. PMid:1363049  

Suzuki, M., Ikebuchi, M., Yokota, C., Shinozaki, K., Harano, Y., (1995). 
Normalization of insulin resistance in non-obese essential hypertension by 
cilazapril treatment. Clin Exp Hypertens 17 (8), 1257-1268. [DOI]  

Timimi, F.K., Ting, H.H., Haley, E.A., Roddy, M.-A., Ganz, P., Creager, M.A., 
(1998). Vitamin c improves endothelium-dependent vasodilation in patients 
with insulin-dependent diabetes mellitus. Journal of the American College of 
Cardiology 31 (3), 552-557. [DOI]  

Ting, H.H., Timimi, F.K., Boles, K.S., Creager, S.J., Ganz, P., Creager, M.A., (1996). 
Vitamin c improves endothelium-dependent vasodilation in patients with 
non-insulin-dependent diabetes mellitus. Journal of Clinical Investigation 97 
(1), 22. [DOI] PMid:8550838 PMCid:PMC507058  

Tomaru, M., Takano, H., Osakabe, N., Yasuda, A., Inoue, K., Yanagisawa, R., 
Ohwatari, T., Uematsu, H., (2007). Dietary supplementation with cacao 
liquor proanthocyanidins prevents elevation of blood glucose levels in 
diabetic obese mice. Nutrition 23 (4), 351-355. [DOI] PMid:17350804  

Tomas-Barberan, F.A., Cienfuegos-Jovellanos, E., Marin, A., Muguerza, B., Gil-
Izquierdo, A., Cerda, B., Zafrilla, P., Morillas, J., Mulero, J., Ibarra, A., 
Pasamar, M.A., Ramon, D., Espin, J.C., (2007). A new process to develop a 
cocoa powder with higher flavonoid monomer content and enhanced 
bioavailability in healthy humans. J Agric Food Chem 55 (10), 3926-3935. 
[DOI] PMid:17439235  

Vincent, M.A., Clerk, L.H., Lindner, J.R., Klibanov, A.L., Clark, M.G., Rattigan, S., 
Barrett, E.J., (2004). Microvascular recruitment is an early insulin effect that 
regulates skeletal muscle glucose uptake in vivo. Diabetes 53 (6), 1418-1423. 
[DOI]  

Vincent, M.A., Dawson, D., Clark, A.D., Lindner, J.R., Rattigan, S., Clark, M.G., 
Barrett, E.J., (2002). Skeletal muscle microvascular recruitment by physiolog-
ical hyperinsulinemia precedes increases in total blood flow. Diabetes 51 (1), 
42-48. [DOI]  

Wallerath, T., Li, H., Gödtel-Ambrust, U., Schwarz, P.M., Förstermann, U., (2005). 
A blend of polyphenolic compounds explains the stimulatory effect of red 
wine on human endothelial no synthase. Nitric Oxide 12 (2), 97-104. [DOI] 
PMid:15740983  

Whiting, D.R., Guariguata, L., Weil, C., Shaw, J., (2011). Idf diabetes atlas: Global 
estimates of the prevalence of diabetes for 2011 and 2030. Diabetes Res Clin 
Pract 94 (3), 311-321. [DOI] PMid:22079683  

Wollgast, J., Anklam, E., (2000). Review on polyphenols in Theobroma cacao: 
Changes in composition during the manufacture of chocolate and methodol-
ogy for identification and quantification. Food Research International 33 (6), 
423-447. [DOI]  

Wright, E.M., Turk, E., (2004). The sodium/glucose cotransport family slc5. 
Pflugers Arch 447 (5), 510-518. [DOI] PMid:12748858  

Xu, J.-W., Ikeda, K., Yamori, Y., (2004). Upregulation of endothelial nitric oxide 
synthase by cyanidin-3-glucoside, a typical anthocyanin pigment. Hyperten-
sion 44 (2), 217-222. [DOI] PMid:15226277  

Yamashita, Y., Okabe, M., Natsume, M., Ashida, H., (2012). Prevention 
mechanisms of glucose intolerance and obesity by cacao liquor procyanidin 
extract in high-fat diet-fed c57bl/6 mice. Archives of Biochemistry and 
Biophysics 527 (2), 95-104. [DOI] PMid:22465028  

Zang, M., Zuccollo, A., Hou, X., Nagata, D., Walsh, K., Herscovitz, H., Brecher, 
P., Ruderman, N.B., Cohen, R.A., (2004). Amp-activated protein kinase is 
required for the lipid-lowering effect of metformin in insulin-resistant 
human hepg2 cells. Journal of Biological Chemistry 279 (46), 47898-47905. 
[DOI] PMid:15371448  

Zeng, G., Nystrom, F.H., Ravichandran, L.V., Cong, L.-N., Kirby, M., Mostowski, 
H., Quon, M.J., (2000). Roles for insulin receptor, pi3-kinase, and akt in 
insulin-signaling pathways related to production of nitric oxide in human 
vascular endothelial cells. Circulation 101 (13), 1539-1545. [DOI]  

Zhang, Z.F., Lu, J., Zheng, Y.L., Wu, D.M., Hu, B., Shan, Q., Cheng, W., Li, M.Q., 
Sun, Y.Y., (2013). Purple sweet potato color attenuates hepatic insulin 
resistance via blocking oxidative stress and endoplasmic reticulum stress in 
high-fat-diet-treated mice. J Nutr Biochem 24 (6), 1008-1018. [DOI] 
PMid:22995384  

Ziai, S.A., Larijani, B., Akhoondzadeh, S., Fakhrzadeh, H., Dastpak, A., 
Bandarian, F., Rezai, A., Badi, H.N., Emami, T., (2005). Psyllium decreased 
serum glucose and glycosylated hemoglobin significantly in diabetic 
outpatients. J Ethnopharmacol 102 (2), 202-207. [DOI] PMid:16154305. 

http://dx.doi.org/10.1002/jsfa.3419
http://dx.doi.org/10.1210/er.2007-0006
http://dx.doi.org/10.1074/jbc.M905410199
http://dx.doi.org/10.1056/NEJM199411033311803
http://dx.doi.org/10.2337/diacare.27.6.1439
http://dx.doi.org/10.1016/j.biochi.2005.10.001
http://dx.doi.org/10.2337/db06-0667
http://dx.doi.org/10.1016/j.abb.2011.11.026
http://dx.doi.org/10.1248/bpb.29.1995
http://dx.doi.org/10.1016/S0140-6736(66)92767-X
http://dx.doi.org/10.1016/j.ijcard.2013.06.089
http://dx.doi.org/10.1021/jf070487w
http://dx.doi.org/10.1016/j.jep.2004.12.018
http://dx.doi.org/10.1002/jsfa.3236
http://dx.doi.org/10.1021/jf970575o
http://dx.doi.org/10.1016/j.foodchem.2012.02.202
http://dx.doi.org/10.1073/pnas.0510168103
http://dx.doi.org/10.1016/0024-3205(77)90479-9
http://dx.doi.org/10.1111/j.1530-0277.2011.01569.x
http://dx.doi.org/10.2337/diabetes.49.5.684
http://dx.doi.org/10.1161/01.HYP.0000028979.98877.0C
http://dx.doi.org/10.1016/j.abb.2007.10.012
http://dx.doi.org/10.1172/JCI117433
http://dx.doi.org/10.3109/10641969509037407
http://dx.doi.org/10.1016/S0735-1097(97)00536-6
http://dx.doi.org/10.1172/JCI118394
http://dx.doi.org/10.1016/j.nut.2007.01.007
http://dx.doi.org/10.1021/jf070121j
http://dx.doi.org/10.2337/diabetes.53.6.1418
http://dx.doi.org/10.2337/diabetes.51.1.42
http://dx.doi.org/10.1016/j.niox.2004.12.004
http://dx.doi.org/10.1016/j.diabres.2011.10.029
http://dx.doi.org/10.1016/S0963-9969(00)00068-5
http://dx.doi.org/10.1007/s00424-003-1202-0
http://dx.doi.org/10.1161/01.HYP.0000135868.38343.c6
http://dx.doi.org/10.1016/j.abb.2012.03.018
http://dx.doi.org/10.1074/jbc.M408149200
http://dx.doi.org/10.1161/01.CIR.101.13.1539
http://dx.doi.org/10.1016/j.jnutbio.2012.07.009
http://dx.doi.org/10.1016/j.jep.2005.06.042

