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Altered glutamate metabolism in diabetic retina: Potential mechanism of neurodegeneration in 
diabetic retinopathy
Mohammad Shamsul Ola and Abdullah S Alhomida
King Saud University, Saudi Arabia

Excess extracellular glutamate is known to cause excitotoxicity and neurodegeneration in the brain and retina under 
various pathological conditions. Diabetes-induced altered level of glutamate is believed to be a major factor to cause 

neurodegeneration in diabetic retina, leading to diabetic retinopathy. The purpose of this study was to understand the 
regulation of glutamate metabolism in non-diabetic and diabetic rat retinas. We performed glutamate metabolic studies in the 
rat retinas and in cultured Muller cells. We analyzed both rate of anaplerosis (de novo synthesis of glutamate and glutamine) 
and cataplerosis (catabolism of glutamate) in the control and diabetic rat retinas. We measured metabolites in those rat retinas 
using spectrophotometric, high performance liquid chromatography and radioisotopic techniques. In addition, we also 
analyzed glutamate uptake in the cultured retinal Muller cells under glutamate depletion conditions. Results of anaplerosis 
indicated that the level of glutamate and glutamine synthesis significantly decreased in diabetic retina compared to control 
(p<0.05). Cataplerosis experiments showed that glutamate oxidized to CO2 and lactate, and their levels were significantly 
decreased in diabetic retina compared to control. Glutamate uptake experiments in Muller cells suggested that the rate of 
glutamate transport increased when cells were depleted of glutamate. Thus, glutamate metabolism experiments suggest that 
the rate of anaplerosis of glutamate did not increase in the diabetic rat retina, however cataplerosis decreased, which gives the 
basis of an increased intracellular level of glutamate within Muller cells. Glutamate uptake experiments in cultured Muller cells 
suggest that either high or low intracellular levels of glutamate may hinder the rate of glutamate uptake. Thus, these results 
suggest the basis of glutamate excitotoxicity and neurodegeneration due to increased intracellular level of glutamate in the 
diabetic retina.
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