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Macro- and microvascular disease states currently represent the principal causes of morbidity and mortality in
patients with type I or type II diabetes mellitus. Abnormal vasomotor responses and impaired endothelium-dependent
vasodilation have been demonstrated in various beds in different animal models of diabetes and in humans with type I or
type II diabetes. The principal mediators of diabetes-associated vascular dysfunction are increases in glucose, oxidized
low-density lipoprotein, endothelin-1, angiotensin II, insulin, or growth factors. An accumulating body of evidence in-
dicates that abnormal production of oxidative stress may be one of several factors contributing to vascular dysfunction
in diabetes. It is possible that in diabetic states, hyperinsulinemia initiates oxidant stress, leading to vascular dysfunction
at a later stage. We and others have demonstrated that in models of hyperinsulinemia and hyperglycemia, - NO produc-
tion and/or + NO responsiveness are impaired in aortic strips. Several recent studies have shown that the formation of
nitrotyrosine and/or peroxynitrite impairs vascular + NO responsiveness and + NO production. Our findings suggest
that the coexistence of a high insulin level and an established diabetic state may lead to the excessive generation of perox-
ynitrite, and that this may in turn trigger an impairment of endothelium-dependent relaxation via a decrease in sar-
coendo plasmic reticulum Ca2* ATPase function. This review summarizes the results of our recent studies on the invol-

vement of insulin and oxidative stress in the blood vessels of diabetic animals.
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Fig. 1. Concentration-response Curves for ACh-induced
relaxation of Aortic Strips Obtained from Age-matched
Controls, Diabetic Rats

The ordinate shows the relaxation of aortic strips as a percentage of the
contraction induced by an equieffective concentration of noradrenaline (5X
10-8-3X 107 m) . Each data point represents the mean+S.E. of 6-8 experi-

ments; the S.E. is included only when it exceeds the dimension of the symbol
used. ***p<0.01, diabetic vs. control.
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Fig. 2. ACh (10~7)-Stimulated Release of NO;, NO; and
NOx as Measured in the Perfusate from Aortic Strips
Each column represents the mean+S.E. of 6-8 experiments. *p<0.05
diabetic vs. control.
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Concentration-response Curves for Norepinephrine-induced (A, C) and Isotonic-K*-induced (B, D) Contractions in En-

The strips were obtained from: (A, B) age-matched controls, and (C, D) untreated diabetic rats, and chronic insulin-treated (insulin), insulin+ losartan-treat-
ed (insulin+losartan), or chronic insulin+enalapril-treated (insulin+enalapril) diabetic rats. Ordinate shows increase in tension (expressed in mg tension mg
tissue~!) measured at the peak of the response. Each data-point represents the mean=+S.E. from 8-10 experiments; the S.E. is included only when it exceeds the
dimension of the symbol used. *p<(0.05, insulin-treated vs. untreated diabetic. 'p<(0.05, vs. insulin-treated diabetic.
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Fig. 4. pll0-associated PI3-K Activity Levels following
Norepinephrine (NE)-stimulation in Aortas from Control,
Diabetic, Insulin-treated Control (Control+ Chronic insu-
lin), Insulin-treated Diabetic (Diabetic+ Chronic insulin),
Insulin+losartan-treated Diabetic (Diabetic + Chronic insu-
lin+Losartan), and Losartan-treated Control or Diabetic
(+losartan) Rats

All aortic strips were stimulated with NE (10~8 mol/1) for 5 min. The
aortic lysate was immunoprecipitated with p110 antibody. Amount of PIP3
produced by PI3-K was detected using a competitive ELISA.. Values are
each the mean+S.E. from 8 determinations. *p<{0.05, insulin-treated vs.
untreated diabetic. ¥p<{0.05, insulin-treated diabetic vs. insulin-treated con-
trol. § p<0.05, insulin-treated vs. insulin+losartan-treated diabetic.
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Fig. 5. Expression of Nitrotyrosine (A, B) or Nitrotyrosine in SERCA2 Protein (C, D) in Aortic Strips Cultured either in Serum-free

Medium or in the Presence of Insulin with or without Uric Acid

Strips obtained from controls and diabetic rats were cultured in one of three ways: in serum-free medium, in the presence of insulin alone (+insulin) (50 ng/
ml), or in the presence of insulin plus uric acid (0.5 mm) (+insulin+uric acid). (A, B), Expression of nitrotyrosine assayed by immunoblotting (IB). (C, D), For
detection of nitrotyrosine in SERCA protein (C, top), an immunoprecipitate (IP) was obtained using anti-SERCAZ2 antibody, then immunoblotted with anti-SER-
CAZ2 antibody. (C, bottom), an IP was obtained using anti-SERCA2 antibody, then immunoblotted with anti-nitrotyrosine antibody. (B, D), Quantitative analysis
of nitrotyrosine by scanning densitometry. Control or diabetic aortas in serum-free medium (open columns), with insulin (closed columns), or with insulin plus
uric acid (hatched columns) . Each value is mean+S.E. from 6-8 experiments. *p<(0.05 vs. control aortas cultured in presence of insulin. #p<0.05 vs diabetic aor-
tas cultured in serum-free medium. 'p<0.05 vs. diabetic aortas cultured in presence of insulin.
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Fig. 6. Concentration-response Curves for the ACh (A, B)- and Angeli’s Salt (C, D) -induced Relaxations of Aortic Strips after Or-

gan Culture

Strips obtained from control rats (A, C) and diabetic rats (B, D) were cultured in serum-free medium or in the presence of insulin (50 ng/ml) In C and D, the
endothelium was removed after culture. Ordinates show relaxation as a percentage of the contraction induced by an equieffective concentration of NE (10~ 8—5X
10-8 m) . Bach data-point represents the mean+ S.E. from 8-10 experiments (S.E. is included only when it exceeds the dimension of the symbol used) . *p<{0.05 vs.

diabetic aortas cultured in serum-free medium.
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Fig. 7. Scheme Showing the Sequence Described in the Text
between Insulin and Oxidative Stress Production (leading to
vascular dysfunction) in Diabetes
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