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In the retina, cyclic guanosine monophosphate (cGMP) is the second messenger of rod 

phototransduction. Light triggers a photoresponse by causing cGMP levels to decrease and cyclic 

nucleotide-gated channels to close, blocking inward sodium ion flow and hyperpolarizing the 

membrane. While studies have reported that bicarbonate increases cGMP and photoresponse 

levels in amphibian rods, there has been little research on mammalian rods that differ in body 

temperature, cell size, and other physiological parameters. Our study quantified bicarbonate’s 

effect on the mouse rod photoresponse by analyzing transretinal voltage potentials from 

electroretinogram (ERG) recordings. Retinas were isolated from mice lacking cone transducin to 

inhibit any cone contributions to the ERG. Retinas were perfused continuously with Ames' 

solution with or without 50 mM bicarbonate, in which bicarbonate replaced an equimolar amount 

of chloride. Barium chloride and DL-AP4 were present to suppress glial currents and to block 

synaptic transmission, respectively, so that the ERG isolated rod responses to flashes and to steps 

of light. Bicarbonate increased absolute sensitivity by 153 ± 14% (mean ± SEM) in mouse rods 

(n=5), but had no such effect in amphibian rods. Bicarbonate profoundly increased the maximum 

response of rods to light (circulating current) by 90 ± 8% in mouse (n=6), a three-fold larger 

effect than in amphibians. Consequently, bicarbonate extended the dynamic range to brighter 

flashes in amphibians and to dimmer flashes in mouse. Bicarbonate shortened integration time in 

both types of rods without affecting time to peak and quickened the droop in their response to 

steps of light (light adaptation). Thus, bicarbonate modulated phototransduction in mouse rods 

somewhat differently than in amphibian rods. The significant effect of exogenous bicarbonate 

could be grounds for future studies employing bicarbonate regulation in mammals to treat 

blinding retinal diseases caused by cGMP toxicity. 

 



 


