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FUTURE DIRECTIONS 
IN DIABETES TREATMENT 

In all types of diabetes, approximately 40% of pa-
tients eventually experience renal failure, but the 

rest do not. At present there is no way to predict 
which patients are at risk, although there must be a 
genetic predisposition. Diabetic renal failure occurs 
in family clusters, and is more common in blacks. 

Currently, the best strategy to prevent renal fail-
ure is to control the blood sugar concentration as 
tightly as possible, and, in patients in the early 
stages of diabetic nephropathy, to use captopril to 
reduce glomerular hyperfiltration. Other angioten-
sin-converting enzyme inhibitors may also be effec-
tive, although their safety profile has not been con-
firmed to be equal to captopril's in this patient 
population. 

The Diabetes Control and Complications Trial 
demonstrated that an intensive insulin regimen can 
decrease the risk of nephropathy by half over a 5-
year-period, compared with conventional therapy. 
However, this benefit carried the price of a threefold 
increased risk of severe insulin reactions. 

In the Collaborative Study Group's trial of 
angiotensin-converting enzyme inhibition on dia-
betic nephropathy, captopril therapy approximately 
halved the risk of progressing to end-stage renal dis-
ease or dying in patients with type I diabetes. 

E X P E R I M E N T A L D R U G S 

Experimental drugs that block some of the meta-
bolic consequences of hyperglycemia may someday 
help patients with diabetes avoid renal failure and 
other complications of diabetes. Current research fo-
cuses on two processes: reduction of glucose to sorbi-
tol and nonenzymatic glycosylation of proteins. 

Aldose reductase inhibitors 
Hyperglycemia leads to an increase in intracellular 

glucose, some of which undergoes reduction in the 
presence of the enzyme aldose reductase to sorbitol. 
The increased sorbitol concentration increases the 
osmotic pressure within the cell and is associated with 
depletion of the alcohols that become part of the 
phospholipid component of the cell membrane. With 
the resulting alteration in the cell membrane, there is 
less protein kinase C activity and less sodium-potas-
sium adenosine triphosphatase activity, leading to de-
pletion of myoinositol. The clinical consequences 
may include neuropathy, cataracts, and nephropathy. 

Studies in diabetic rats show that agents that in-
hibit aldose reductase can inhibit accumulation of 
sorbitol and prevent these complications. Trials of 
myo-inositol supplementation have not been as en-
couraging. Whether aldose reductase inhibitors will 
have clinical utility remains to be proved, but a num-
ber of companies are developing them. 

Aminoguanidine 
As the glucose concentration increases, glucose 

tends to interact with the free nitrogen arm of amino 
acids such as lysine in a reaction known as glycosyla-
tion. All proteins can be glycosylated, and the reac-
tion does not require an enzyme. (The browning of 
toast and the outer layer of baked ham are examples 
of glycosylation.) 

Glycosylated hemoglobin, which serves as a 
measure of ambient glucose concentrations, has a 
relatively short half-life and therefore does not un-
dergo further biochemical reactions. However, 
structural proteins such as collagen, which can also 
undergo glycosylation, last long enough to undergo 
a number of subsequent complex nonenzymatic re-
actions that produce advanced glycosylation end-
products. 
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These subsequent reactions, unlike the early gly-
cosylation reactions, are irreversible. In addition, ad-
vanced glycosylation end-products can permanently 
bond with other proteins, both circulating (lipopro-
teins, albumin, immunoglobulins) and structural 
(collagen, fibronectin). This cross-linking of struc-
tural and circulating glycosylated proteins may be 
how hyperglycemia leads to the histologic vascular 
abnormalities of diabetes. Indeed, the thickening 
seen in the microvasculature and in the mesangium 
consists of glycoproteins. The amount of advanced 
glycosylation end-products (as determined by im-
munofluorescence assay) correlates with the severity 
of diabetic complications in diabetic patients. 

Aminoguanidine has been shown to react with 
early glycosylation products and form a substituted 
glycosylated product. This aminoguanidine-glycosy-
lated protein compound cannot undergo further re-
actions to form to advanced glycosylated end-prod-
ucts, and it therefore blocks their formation and 
prevents protein cross-linking. Aminoguanidine has 
been shown to prevent basement-membrane and 
mesangial thickening in diabetic animal models. Hu-
man trials with aminoguanidine are being planned. 
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The Cleveland Clinic Department of Continuing 
Medical Education offers several courses on 
videotape through C M E Video, Inc. For more 
information on ordering these videotapes, please 
call C M E Video, Inc. at 800-284-8433. 

The Cleveland Clinic Division of Education 
and International Center also have jointly 
established a program aimed at distributing 
continuing medical education materials through-
out the world. For a catalog of information 
currently available on tape to the international 
medical community, or for information on ordering 
videotapes from overseas, please call Jennifer Ulrich, 
Physician Liaison in the International Center, at 
216-444-8877, or by Tele Fax at 216-444-0266. 

Courses presented in 1993 now available 
on videotape include: 

Cardiology 
Restenosis Summit V 

25 Years of Myocardial Revascularization 
Acute Decisions: Current Issues in the 
Diagnosis and Management of the Acutely 
III Cardiac Patient 

Frontiers in Cardiology and 
Cardiovascular Surgery 

Internal Medicine 
5th Annual Intensive Review 
of Interna! Medicine 

First Annual Intensive Care Nephrology 
and Chronic Dialysis Therapy Update 

Nephrology Update 1993 

Psychiatry 
Panic and Depression: 
New Developments in Management 

Other 
Tuberculosis: Back to the Past? 

Update on Diagnosis and 
Management of Back Pain 

An Update on Women's Health 

Health & Diseases in the School 

Infertility: Current Management 
and Future Perspective 

The Cleveland Clinic Educational Foundation 
Continuing Education Department 
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