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Prevention mechanism of hyperglycemia and insulin resistance by tea
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Summary

It is known that tea prevents hyperglycemia and insulin resistance. We show here that prevention
mechanism of tea. In animal studies, green and black tea suppressed body weight gain and deposition
of white adipose tissue in high-fat diet-fed mice. Increased expression of inflammatory cytokines, such
as TNF-a and MCP-1 were decreased in adipose tissue of KK-AY mice given tea. This would lead to
prevention of insulin resistance. In muscle, tea improved hyperglycemia and glucose intolerance
through stimulating glucose uptake activity accompanied by translocation of glucose transporter
(GLUT) 4 to the plasma membrane. Moreover, tea retained the reduction of insulin receptor -subunit,
GLUT4 and AMP-activated protein kinase o in muscle of the high-fat diet-fed mice. In cultured cells,
catechins suppressed differentiation of adipocytes, whereas stimulated GLUT4 translocation in muscle
cells. It is, therefore, suggested that decreasing the expression of inflammatory cytokines in adipose
tissue and regulation of the expression and translocation levels of GLUT4 in muscle cells are involved
in the prevention mechanism of hyperglycemia and insulin resistance by tea.

Introduction

The health-promoting effects of tea, especially green tea, have been attributed to polyphenols, mainly
catechins. For example, tea suppressed high-fat diet-evoked increases in body weight and adipose
tissue weight (Nishiumi, et al. submitted). It has been reported that following phenomena are the
actions of tea and its constituents: down-regulation of lipogenic enzymatic activity, up-regulation of
lipolytic enzymatic activity, fat oxidation and thermogenesis in brown adipose tissue, regulation of the
activity and expression of lipoproteins, and decreases in cell numbers of preadipocytes and adipocytes.
Moreover, green, oolong and black tea have hypoglycemic effects. The mechanisms underlying the
hypoglycemic effects of tea or tea constituents are the inhibition of digestive enzymes in the small
intestine and gluconeogenic enzymes in the liver. Therefore, multiple mechanisms are concerned with
the prevention of obesity, hyperglycemia and insulin resistance by tea. We elucidate our finding and
possible mechanisms of tea or tea catechins in following section.

Results and discussion

Our previous report demonstrated that ad libitum drinking of green tea for 3 weeks to male Wistar rats
fed a commercial chow decreased adipose tissue weight accompanying by the reduction of glucose
uptake activity and the translocation of GLUT4 in adipose tissue, whereas this activity and GLUT4
translocation were increased in skeletal muscle (Ashida, et al., 2004). To understand the decrease in the
adiopose tissue weight, we investigated the differentiation of adipocytes using 3T3-L1 cells and found
tea catechins, particularly Cg and EGC, suppressed the intracellular lipid accumulation and
glycerol-3-phosphate dehydrogenase activity as differentiation markers through down-expression of
PPARy and C/EBPa, the master regulators for differentiation (Furuyashiki, et al., 2004). These results
strongly suggest that down-expression of PPARy and C/EBPa will be involved in the prevention of fat
deposition to adipose tissue in vivo. Indeed, we observed down-regulation of PPARYy, expression in
normal rats given green tea (Ashida, et al., 2004).

Reduction of glucose uptake activity and the translocation of GLUT4 in adipose tissue is another
possibility for the anti-obesity effect of tea. Not only green tea extract but also oolong and black tea
extracts suppressed insulin-induced glucose uptake in 3T3-L1 adipocytes (Furuyashiki, et al., 2003).
Our recent report demonstrated that gallate-type catechins specifically suppressed insulin-induced
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glucose uptake, whereas non-gallate-type catechins increased the uptake in the absence of insulin in
3T3-L1 adipocytes (Ueda, et al., 2010). Cg and EGCg decreased phosphorylation of PKCA/C in the
presence of insulin without affecting insulin-induced phosphorylation of IR and Akt. These results
indicated that gallate-type catechins strongly contribute to the decrease in the insulin-induced glucose
uptake by tea through activation of atypical PKC and its downstream events of GLUT4 translocation.
Muscle is a main target for prevention of hyperglycemia and diabetes mellitus, because consumption of
postprandial blood glucose in muscle can account for over 70%. As mentioned above, intake of green
tea increased glucose uptake and GLUT4 translocation in skeletal muscle (Ashida, et al., 2004). The
same effect was observed in normal and insulin-resistant L6 myotubes treated with 1 nM EGCg and in
muscle of mice dosed with 75 mg EGCg (Ueda, et al., 2008). Moreover, our recent results
demonstrated that tea retained down-expression of insulin receptor B-subunit, GLUT4 and
AMP-activated protein kinase o in muscle of high-fat diet-fed mice. As a mechanism, tea decreased
production of inflammatory cytokines, such as TNF-a and MCP-1, which are induced by a long-term
intake of high-fat diet, from adipose tissue (Imada, et al., unpublished data).

Taken together our results, tea and tea catechins prevent obesity through suppression of differentiation
of adipocytes. This effect leads to lower the production of inflammatory cytokines by the high-fat diet.
Moreover, tea catechins modulate glucose transport system in skeletal muscle and adipose tissue
independent on the insulin signaling pathway. These effects are additively or synergistically acted for
the prevention of hyperglycemia and diabetes mellitus.
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