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ABSTRACT

Fundamental study on reducing the adverse effects of pioglitazone for treating type 2 diabetes
“N-3 polyunsaturated fatty acids (icosapentaenoic acid and docosahexaenoic acid) suppress body

weight gain associated with excessive accumulation of subcutaneous fat caused by the pioglitazone”

Yuzuru lizuka

Introduction Chronic insulin resistance (IR) with aging increases oxidative and endoplasmic
reticulum (ER) stresses in the pancreas, leading to a reduction in the pancreatic B-cell functions such
as insulin production and secretion, which further aggravates the symptoms of type 2 diabetes.
Pioglitazone (PGZ) is a thiazolidinedione (TZD) that is used for treating type 2 diabetes as an oral
anti-diabetic drug. Despite TZDs being helpful insulin sensitizers, an increase in body weight by the
accumulation of subcutaneous fat is an adverse effect, resulting in decreasing treatment effectiveness
of TZDs and disrupting daily life and physical activity. In particularly, the adverse effect is well
observed in patients with energy imbalance. In addition, adverse effects have been observed to occur
in a dose-dependent manner; therefore, careful administration of TZDs is required in older patients
who have higher risks of harm from medication. To improve the pharmacological therapy of TZDs for
patients across a wide range of ages, this study focused on reducing the adverse effects of TZD therapy
and providing evidence for a new therapy approach for type 2 diabetes by combining TZDs and n-3
polyunsaturated fatty acids such as icosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). For
all experiments, KK mice were used as the model animal of type 2 diabetes, which were treated with
PGZ and DHA-enriched fish oil as a source of EPA and DHA.

Chapter 1 Effects of EPA and DHA on body weight gain associated with excessive accumulation of
subcutaneous fat by PGZ administration and hypertrophy and inflammation in adipocytes

The author investigated whether the combined therapy of PGZ and DHA-enriched fish oil improved
glucose and lipid metabolism, suppressed body weight gain associated with accumulation of
subcutaneous fat by PGZ, and lowered adipocyte hypertrophy and inflammation related to glucose
intolerance in young adult KK mice. The results revealed that PGZ therapy improved IR and DHA-
enriched fish oil decreased the accumulations of hepatic lipids and subcutaneous fat by PGZ, mainly
by suppressing lipogenesis in the liver. In addition, the combined therapy of PGZ and DHA-enriched
fish oil lowered adipocyte hypertrophy and inflammation in visceral fat. These results suggest that
the combined therapy using a purified EPA-DHA formulation and PGZ prevents body weight gain
and accumulation of subcutaneous fat by PGZ and improves IR in young adult patients with type 2

diabetes who struggle to follow strict therapies comprising diet and exercise.



Chapter 2 Effects of PGZ and EPA-DHA on maintenance of pancreatic islet function

To elucidate mechanisms underlying the anti-diabetic effects on pancreatic islet function, the author
investigated the effects of PGZ and EPA-DHA on the pancreas of young adult KK mice reared under
a similar condition to that described in Chapter 1. PGZ is expected to protect pancreatic f-cells from
functional deterioration with normalizing insulin production and secretion by improving IR. In this
study, PGZ therapy ameliorated IR, which suppressed hypertrophy and ER stress enhancement in
pancreatic islets. Although DHA-enriched fish oil therapy prevented the reduction in the number of
insulin-positive B-cells, enhancement of ER stress, and an apoptosis-induced cell death in pancreatic
islets, it did not prevent deterioration of IR and pancreatic islet hypertrophy. In addition, the
combination of PGZ and DHA-enriched fish oil effectively suppressed the hypertrophy of the
pancreatic islets. These results suggest that the combined therapy of a purified EPA-DHA formulation
and PGZ prevents the aggravation of type 2 diabetes symptoms attributed to pancreatic B-cell

dysfunction.

Chapter 3 Effects of the combined therapy of PGZ and EPA-DHA in aged KK mice

As described in Chapters 1 and 2, the therapeutic benefits provided by treating type 2 diabetes using
the combined therapy of PGZ and DHA-enriched fish oil were found in young adult KK mice. This
chapter investigated whether the anti-diabetic effects of the combined therapy were also evident in
40 weeks-aged KK mice and also examined whether a low PGZ dosage that had no significant effects
on IR improvement was able to ameliorate diabetic symptoms in combination with DHA-enriched fish
oil. The results showed that combined therapy using PGZ and DHA-enriched fish oil inhibited
adipocyte hypertrophy and B-cell dysfunction in aged KK mice. Using a PGZ dosage that induced the
accumulation of subcutaneous fat, DHA-enriched fish oil combined therapy decreased the fat
accumulation by suppressing lipogenesis and stimulating fatty acid  oxidation in the liver. Moreover,
using a PGZ dosage that had no effects on the subcutaneous fat and IR, DHA-enriched fish oil
combined therapy increased insulin sensitively without increasing subcutaneous fat mass. These
results suggest that the combined therapy of PGZ and a purified EPA-DHA formulation has beneficial
effects for treating type 2 diabetes in older patients by not only the protective effect on subcutaneous
fat accumulation by PGZ therapy in a therapeutic dosage but also the enhancement of therapeutic

efficacy of type 2 diabetes to improve IR without adverse effects using a subtherapeutic dosage of PGZ.

Conclusion The present study indicates that the combined therapy using PGZ and a purified EPA-
DHA formulation is effective and contributes to increasing the quality of life for both young and old
patients with type 2 diabetes. The present study may offer proof of an alternative therapeutic method

using a new combination of drugs for treating type 2 diabetes.
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