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.. . .....7o old people dyspnoea, catarrhs accompanied with coughs, dysuia, pains of the

joints, nephritis, vertigo, apoplery, cachexia, pruritus of the whole body, insomnolency,

defluxions of the bowels, of the eyes, and of the nose, dimness of sight, cataract

(glaucoma), and dullness of hearing.

Hippocrates,

Fifth Century, B.C

Glaucoma was described by Hippocrates as a cloudy blue (colour of the sea) pupil. Since the first century

"glaucoma" was described as clouding of the lens and "hypochyma" (today cataract) a membrane in front

of the lens. Glaucoma, clouding of the lens, was said to be incurable and hypochyma (cataract) could be

treated by surgery. Beginning from the 8th cenrury, the adjective "starblind" was introduced in the German

language in order to describe blind persons suffering from cataract. In the l6th century, M. Luther created

the word "star" to describe any type of blindness, but ophthalmologists used the word "star" only to

describe cataracts. They distinguished the cataracts using different colours. G. Bartisch described 1583 a

"green star', the"cataracta viridans". During the lTth and l8th centuries, ophthalmologists slowly learned,

that cataract is not a membrane in front of the lens, but the lens itself. So, the word "glaucoma" was used to

describe many other sicknesses of the eye. From the end of the I 8th century on, the colour of the pupil was

no longer translated as "blue", but more often as "green'. G. J. Beer (1799) described that glaucoma may

lead to a "green star" or "cataracta viridans". In the middle ofthe lgth century, all authors accepted that

only a high intraocular pressure should be named "glauconid". In German ophthalinology, there existed

only "star" (cataract) and "glaucoma". It was a step backwards when E. Fuchs wrote in his textbook at the

end of the 19th century "Green star is glaucoma". This w:rs not accepted by most of the other authors in the

beginning ofour century and still in 1970, there were some text-books, that described "star" only as

"cataract" without mentioning any "green star".
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Abstract

lrns transparency is primarily maintained by the anaerobic metabolism of

glucose. Glucose is transported from the aqueous humuor to the lens epithelial cells

however, it has not yet been established how glucose penetrates to the inner part of the

lens. The core of the lens is acidic, approximately pH 6.5, as an effect of the

accumulation of lactate, the end-product of glycolysis. This confirms that glucose is

drawn deep into the core of the lens. Until recently it was assumed that glucose was

transported to the core via a gap junction-mediated route by cell-cell diffusion. However,

passive diffusion is limited in capacity and is unlikely to be sufficient for nutrient

transport especially for larger lenses. Instead, an active circulation system has been

proposed that has the potential to transport glucose deep into the lens via an extracellular

route. This would imply that fibre cells may have evolved their own glucose uptake

system, yet no direct evidence to this effect has been available.

My thesis describes new molecular evidence that both epithelial and fibre cells

have evolved their own glucose uptake system. The rat lens expresses the facilitative

glucose transporters GLUTI and GLUT3 differentially. GLUTI is predominantly

expressed in the epithelium while GLUT3 is predominantly expressed in the fibre cells of

the lens. In the normal lens, this makes good physiological sense. GLUTI has a high Km

suitable for situations of high glucose concentrations, as is the case for the epithelium

where the aqueous humour mirrors glucose concentrations found in blood. GLUT3 has a

lower Km and is particularly suitable for the fibre cells, where the supply of glucose from

lv



the tortuous extracellular space is limited. The discovery of GLUT3 in the fibre cells

lends strong support for the existence of an active circulation system in the lens and

makes it seem unlikely that glucose is transported into the core via gap junction-mediated

diffusion.

In the diabetic state, sorbitol - a product of glucose metabolism, occurs at elevated

levels of about 30 times more than that of the normal, suggesting a significant increase in

glucose uptake. This imposes an osmotic stress on the lens, which can be countered by

regulated cell volume decrease only in the outer but not in the inner cortex. As a

consequence inner cortex tissue breaks down and opacities result. My studies of the

diabetic rat lens shows that the situation is made worse by an apparent up-regulation of

GLUT3 in the fibre cells. Quantitative RT-PCR shows that the GLUT3 transcript is up-

regulated six-fold during the initial weeks of diabetic insult in the streptozotocin rat

model. The up-regulated GLUT3 protein is detected in the region where maximum tissue

damage occurs. These results suggest a new mechanism for the initial tissue damage in

the diabetic lens, whereby increased uptake of glucose leads to an over-production of

sorbitol which causes osmotic stress on the fibre cells that is beyond their defense

capability of regulated cell volume decrease.

While my results described above have revolutionized our view of nutrient

transport in the lens and its potential role in the early stages of diabetic cataract, the

picture is only complete when the functionality of GLUT3 can be demonstrated' For this

purpose, vesicles were prepared from isolated lens fibre cells and subjected to

quantitative uptake studies using a fluorescent glucose derivative. Uptake was greatly

reduced using the GLUT-specific inhibitor phloretin demonstrating that GLUT3 of the rat

lens fibre cells is indeed fullv functional.
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