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Dear Editor

Diabetic retinopathy (DR) is characterized by retinal vascular damage, visual impairment 

and blindness, but the involvement of retinal neurons in characteristics of DR is now gaining 

attention. Investigators have reported conflicting results with respect to the effects of 

diabetes on survival of neuronal cell-types in the retina. There is general agreement that 

long-standing diabetes leads to a reduction in the number of retinal ganglion cells in 

diabetes, but the effect of diabetes on retinal photoreceptor cells is less clear. Some 

investigators have presented evidence that there is some or substantial photoreceptor cell 

degeneration in diabetic rodents within only months after the induction of diabetes (Énzsöly 

et al., 2014; Tang et al., 2011; Bogdanov et al., 2014), whereas others have found little or no 

evidence of generalized loss of photoreceptors in diabetic mice or patients after even longer 

durations of disease (Liu et al., 2016; Hombrebueno et al., 2014; Tan et al., 2015; 

Gerhardinger et al., 1998).

We previously conducted 5 year studies of diabetic dogs to investigate the roles of glycemic 

control (Howell et al., 2013; Engerman and Kern, 1987) or experimental therapies (Kern and 

Engerman, 2001; Engerman and Kern, 1993) on the development of diabetic retinopathy, 

and showed that PC or MC diabetes in dogs resulted in characteristic vascular lesions of DR, 

which were alleviated when insulin was administered in amounts adequate to achieve good 

glycemic control (Engerman and Kern, 1987; Engerman et al.,1977). Likewise, axonal 

processes in the optic nerve (which was interpreted as indicating a reduction in the retinal 
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ganglion cells) was subnormal in PC diabetics, but not in GC diabetics (Howell et al., 2013). 

We now report the effect of long-term diabetes and glycemic control in some of these 

animals on thickness of the retina and photoreceptor layers.

Alloxan-diabetic dogs were randomly assigned to poor glycemic control (PC), moderate 

glycemic control (MC), or good glycemic control (GC), and the appropriate level of 

glycemia was achieved by adjusting insulin and food amounts (Howell et al., 2013). All 

animals were maintained at their designated levels of glycemic control for the full 5 year 

period. Using archived retinal tissue (collected from the mid-retinal region of the nontapetal 

(inferior) nasal retina and equidistant between the optic disc and the peripheral edge of the 

retina) that had been fixed and embedded in epon from these prior studies, we cut 2µm thick 

sections from 2 to 3 blocks of retina from representative animals. Sections were stained with 

toluidine blue, and thickness of the total retina as well as individual cell layers was measured 

by light-microscopy using computer-assisted methods. All experiments had been conducted 

in accordance with the Association for Research in Vision and Ophthalmology Statement for 

the Use of Animals in Ophthalmology and Vision Research and with approval from the 

IACUC. Because of the small number of animals, data were analyzed using Mann Whitney 

(non-parametric test), but for the convenience of readers, data are graphically provided as 

mean ± standard deviation. Differences were considered statistically significant at *P < 0.05.

Even in the poorest glycemic control, dogs diabetic for 5 years did not exhibit any evidence 

of a reduction in thickness of photoreceptor layers (i.e. inner and outer segments and outer 

nuclear layer of photoreceptor cells) compared to age-matched non-diabetic dogs (Fig. 1A), 

and in fact failed to show any evidence of a reduction in those cells (Fig. 1C). Consistent 

with this, diabetic dogs under moderate (MC) or good (GC) glycemic control for 5 years 

likewise did not show evidence of reduced thickness of photoreceptor layers (Fig. 1A), in 

contrast to the marked beneficial effect of GC to inhibit retinal vascular pathology 

(Engerman et al., 1977). The thickness of other retinal layers (i.e. outer plexiform layer, 

inner nuclear layer, and inner plexiform & ganglion cell layers) and total retina likewise did 

not change as a result of 5 years of insulin-deficient diabetes (Fig. 1A and B).

The previously reported loss of axons in the optic nerve (which was interpreted as indicating 

a reduction in the retinal ganglion cells) (Howell et al., 2013), seems not to be associated 

with a reduction in retinal thickness based on the present data. We acknowledge that a 

limitation of the present study is that only a single area of retina was evaluated (due to 

limited archived retinal tissue) for our evaluation of retinal and photoreceptor thickness.

We demonstrate that in contrast to the retinal microangiopathy and degeneration of retinal 

ganglion axons that developed in this same group of PC diabetic dogs, the severe and 

chronic hyperglycemia did not result in any evidence of photoreceptor cell loss or shortening 

of the photoreceptor outer segments. Thus, this evidence suggests that retinal vascular 

lesions that developed in dogs diabetic for 5 years developed despite the absence of 

significant degeneration of photoreceptor cells. Our previous studies in mice likewise 

showed no loss of photoreceptor cells after 8 months of diabetes, a time at which early 

retinal capillary degeneration and vascular permeability are demonstrable (Liu et al., 2016). 

Even though diabetes induces stress in photoreceptor cells (e.g. increased superoxide 
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production and inflammation) (Du et al., 2013; Tonade et al., 2016) which contributes to 

retinal vascular damage in diabetes (Liu et al., 2016; Du et al., 2013; Tonade et al., 2016; de 

Gooyer et al., 2006), degeneration of the photoreceptor cells seems not necessary to induce 

the retinal vascular damage characteristic of DR.
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Fig. 1. Diabetes of 5 years duration does not result in photoreceptor cell loss in dogs
Thickness of retinal regions (a), and the total retina (b) after 5 years of diabetes in dogs. 

Nuclear layers in the photoreceptor ONL were also compared between the non-diabetic and 

diabetic groups (c). All measurements were taken in the mid-retinal region of the nontapetal 

(inferior) nasal retina. There were no statistically significant differences noted between the 

diabetic and the non-diabetic group in all the data presented. n = 6 animals in the non-

diabetic and diabetic PC groups, n = 3 for other groups. IS/OS, inner segment/outer segment 

of photoreceptors; ONL, outer nuclear layer (photoreceptors); OPL, outer plexiform layer; 

INL, inner nuclear layer; IPL&GCL, inner plexiform and ganglion cell layers. White bars 

are non-diabetic animals, black bars are alloxan diabetic animals with poor glycemic 

control, grey bars are alloxan diabetic animals with moderate insulin control, and grey bars 

with hatch lines are alloxan diabetic animals with good insulin control.
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