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Nishikawa T, Edelstein D, Du XL, Yamagishi S, Matsumura T, Kaneda Y, Yorek MA, Beebe D, Oates PJ,
Hammes HP, Giardino I, Brownlee M. Normalizing mitochondrial superoxide production blocks three
pathways of hyperglycaemic damage. Nature. 2000;404(6779):787-90

http://www.nho-kumamoto.jp/medical/kumamotouniversity/kumamotouniversity-complications.html
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v' Diabetes eventually results in changes in the microvasculature of the
brain and retina, leading to retinopathy and dysfunction and disruption of
the blood-brain barrier (BBB) (Banks et al., 1997; Huber et al., 2006).

v Diabetes is also associated with cognitive dysfunction and an increased
risk of Alzheimer’s disease (Ott et al., 1999) that is associated with the
microvascular and neurovascular unit (NVU) changes (Hayden et al,,
2013).
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Beltramo E et al., 2013

Kusuhara S et al., Diabetes Metab J. 2018
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Santos G et al., Eye, 2018
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superoxideDEEZINZ S

Decreasing superoxide formation is a viable therapeutic option to combat
hyperglycemia induced tissue damage, especially in the brain, which is the
most metabolically active tissue in the body.
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Shah GN, Morofuji Y,. Biochem Biophys Res Commun. 2013

Increased hyperglycemia-derived electron donors from the Krebs generate a high mitochondrial
membrane potential by pumping protons across the mitochondrial inner membrane. Coenzyme
reduces 02 to superoxide. Low coenzyme Q levels have been correlated with a number of
neurodegenerative diseases, cancer, diabetes, and vascular disease.
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We hypothesize that similar to EC, cerebral pericyte suffer higher oxidative stress in the
hyperglycemia of diabetes. We proposed to reduce the oxidative stress by limiting the
production of superoxide with the inhibition of carbonicanhydrases (CA) found in the

mitochondria.
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Price TO et al.,Endocrinology, 2012
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These results provide the first evidence that inhibition of Treated
mitochondrial CA activity reduces diabetes-induced oxidative

stress in the mouse brain and rescues cerebral PC dropout.

Thus, mitochondrial CA may provide a new therapeutic target

for oxidative stress related ilinesses of the central nervous

system. Price TO et al.,Endocrinology, 2012



Conditionally immortalized cerebral pericyte (IPC) cultures were established from
Immortomice to investigate the effect of high glucose on oxidative stress and

pericyte apoptosis.
Shah GN et al., J Pharmacol Exp Ther, 2013



Shah GN et al., J Pharmacol Exp Ther, 2013



These results provide the first evidence that pharmacological inhibition of
mitochondrial carbonic anhydrases attenuates pericyte apoptosis caused by high
glucose-induced oxidative stress. Carbonic anhydrase inhibitors have a long history of
safe clinical use and can be immediately evaluated for this new indication in
translational research.

Shah GN et al., J Pharmacol Exp Ther, 2013



Shah GN, Morofuji Y, et al., Biochem Biophys Res Commun. 2013
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These data provide new evidence that pharmacological inhibitors of mitochondrial
carbonic anhydrases, already in clinical use, may prove beneficial in protecting the

brain from oxidative stress caused by ROS produced as a consequence of hyperglycemia-
induced enhanced respiration.

Shah GN, Morofuji Y, et al., Biochem Biophys Res Commun. 2013
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Shah GN, Morofuji Y, et al., Biochem Biophys Res Commun. 2013



Previously, we reported that topiramate, a mitochondrial CA inhibitor, at a dose of 50 mg/kg/day
protects the brain in diabetes by reducing oxidative stress and restoring pericyte numbers. In an effort
to reduce the toxicity associated with higher doses of topiramate, the current study was designed to
investigate the effect of 1.0 mg/kg topiramate on reducing oxidative stress, restoring pericyte
numbers in the brain, and improving the impaired learning behavior in diabetic mouse.

Price TO et al., Int Libr Diabetes Metab. 2015



In conclusion, these data clearly
demonstrate that topiramate at 1.0 mg/kg
protects the mouse brain from diabetic
damage. A 1.0 mg/kg topiramate in the
mouse translates to a 5.0 mg daily dose in
a 60 kg human, which may help slow the
onset and progression of diabetic
complications in the human brain.

Price TO et al., Int Libr Diabetes Metab. 2015
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Salameh TS et al., J Pharmacol Exp Ther, 2015



In this study, we have demonstrated that

1.
2.

streptozotocin—induced diabetes resulted in BBB disruption,

ultrastructural studies showed a breakdown of the BBB and changes to the
neurovascular unit (NVU), including a loss of brain pericytes and retraction of
astrocytes, the two cell types that maintain the BBB

treatment with topiramate, a mCAIi, attenuated the effects of diabetes on BBB
disruption and ultrastructural changes in the neurovascular unit.

Salameh TS et al., J Pharmacol Exp Ther, 2015



In this report, genetic knockdown and overexpression studies confirm that mitochondrial CA VA regulates respiration
in pericytes, whereas mitochondrial CA VB does not contribute significantly.

Identification of mitochondrial CA VA as a sole regulator of respiration provides a specific target to develop new drugs
with fewer side effects that may be better tolerated and can protect the brain from diabetic injury.

Since similar events occur in the capillary beds of other insulin-insensitive tissues such as the eye and kidney, these
drugs may also slow the onset and progression of diabetic disease in these tissues.
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