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Although it has been claimed often that increased 
basement membrane thickness is an important factor 
in diabetic nephropathy, there is no direct evidence 
that it is associated necessarily with increased per- 
meability or elevated glomerular filtration rate [1] and 
it should be noted that both changes could follow in- 
creased hydrostatic pressure. Hydrostatic pressure 
and capillary wall structure were thought to be in- 
volved in the extravasation of plasma proteins in di- 
abetic microangiopathy [2]. The pressure dependence 
of human skin capillary permeability was demon- 
strated by Landis more than 40 years ago [3]. More re- 
cently, increased filtration pressure was linked caus- 
ally with the increased glomerular filtration rate and 
elevated filtration fraction of diabetic nephropathy 
[4]. On the other hand, Viberti [5] expressed the view 
that basement membrane thickness and permeability 
to plasma proteins were 'somewhat independent'. 

Recent accepted concepts of basement membrane 
permeability are based upon a pore theory [6] in 
which the basement membrane is considered as a 
semi-permeable membrane containing cylindrical 
pores of 3.54.2 nm radius, or rectilinear slits of 
3.6 nm half width [7]. The permeability of the mem- 
brane is believed to be determined by the interaction 
of particles with the anionic charge barrier on the 
basement membrane and endothelium [8, 9]. 

Alternative concepts of basement membrane 
structure treat it either as a hydrated gel through 
which filtration occurs by diffusion [10]: or a 'felted fi- 
bril' concept in which increased permeability was ex- 
plained by the slackening of the fibrils when hydro- 
static pressure fell [11]. It is noteworthy that these con- 
cepts provide no explanation of how cells or larger 
motile parasite larvae pass through basement mem- 
branes without leaving evidence of their passage. 

In 1980 a new concept was put forward that base- 
ment membranes are thixotropic gels which are ca- 

pable of undergoing localised, reversible deformation 
under the effect of pressure [12]. Such gels would have 
the dispersed phase disposed as an irregular lattice 
which contained the dispersion medium (water). So- 
lutions and small particles of about 2 nm radius or 
less would pass freely through the lattice, but larger 
particles would be able to traverse the membrane only 
if they had sufficient energy to deform the lattice, 
which reformed after the passage of the particles. In a 
recent study by Ota et al. [13] ultra-high magnification 
electron microscopy of unfixed glomerular basement 
membrane has revealed a sponge-like lattice without 
large pores or fibrils but which had interstices of simi- 
lar size to that proposed in the thixotropic gel model 
[12]. 

Technical difficulties have prevented direct as- 
sessment of pressure-permeability relationships of 
basement membranes although indirect observations 
provide support for the idea that basement mem- 
branes are pressure dependent. Stolte et al. showed a 
straight line relationship between pressure and the 
amount of albumin filtered in perfused rat kidneys 
[14]. Mice with spontaneous lupus nephritis devel- 
oped high molecular weight proteinuria in associa- 
tion with elevated systolic blood pressure [15]. Mo- 
gensen found that the use of antihypertensive drugs 
inhibited the progression of diabetic nephropathy as 
interpreted by altered glomerular filtration rate in five 
out of six patients [16]. 

In serial studies of diabetic urines, we have ob- 
served that some samples contained a range of plas- 
ma proteins, demonstrable by the use of sodium 
dodecyl sulphate polyacrylamide gel electrophoresis. 
Similar urinary protein profiles have been found in 
other types of human nephropathy, in murine lupus 
nephritis and in exercise proteinuria induced in sub- 
jects with normal renal function [unpublished obser- 
vations]. The similarity of the protein profiles may be 
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compatible with the concept that proteinuria is not 
necessarily an indication of glomerular damage, nor 
of permanently altered glomerular basement mem- 
brane permeability. One interpretation is that protein- 
uria indicates a higher intra-glomerular pressure than 
normal at the time of  filtration and the larger the plas- 
ma proteins in the urine, the higher has been the intra- 
glomerular pressure. 

The proteinuria of exercise appears to be caused 
by increased pressure on the kidney or on the renal 
vessels due to increased intra-abdominal pressure, or 
to raised intra-vascular pressure resulting from vascu- 
lar smooth muscle contraction induced either by sym- 
pathetic nerve stimulation or by catecholamines [17]. 
We have found that 14-17 year old gymnasts produce 
different urinary protein profiles depending upon the 
type of  body movements involved in their training ex- 
ercises [unpublished observations]. Some of the pro- 
tein profiles resembled those associated with kidney 
pathology and were similar to those found in post- 
competition samples from participants in an interna- 
tional gymnastic contest, and in after-match samples 
from university rugby football players. Several recent 
reports have described increased catecholamine pro- 
duction during competitive sports, and Starr [18] 
found in rabbits that proteinuria followed adrenaline 
injection. While it is likely that catecholamines are in- 
volved in the exercise-induced rise in blood pressure 
[19], and in the proteinuria of diabetics [20], it is possi- 
ble that the most significant cause of  diabetic protein- 
uria is the impedance to the flow of viscous blood in 
the efferent arteriole. Elevated glomerular filtration 
rate in diabetics was considered by Ditzel and Junker 
[1] to be due to increased filtration pressure as a result 
of  constricted efferent arterioles. Earlier workers [21, 
22] expressed the opinion that normal glomerular 
function was determined by the tone of the smooth 
muscles of the efferent arteriole. However the relative 
ease with which transient proteinuria showing patho- 
logical-type urinary protein-profiles can be pro- 
duced, irrespective of the cause of the increased filtra- 
tion pressure, indicates the functional versatility of  
the glomerular filter. 

Whole human blood is thixotropic [23] and this 
feature has been characterised in mathematical terms 
[24]. Because of filtration, blood in the efferent arteri- 
ole shows maximum haemoconcentration, maximum 
viscosity and increased resistance to flow. The thixo- 
tropic nature of blood ensures that a fall in flow rate 
will decrease shear rate, producing an increase in vis- 
cosity which will decrease further the flow rate. 
Unless this vicious cycle is broken by an increase in 
intravascular pressure capable of restoring normal 
flow rate, stasis will develop. Resolution of stasis 
would occur only if intravascular pressure is raised to 

a level which provides an adequate yield shear stress 
[25]. 

Diabetes under poor metabolic control is asso- 
ciated with increased plasma viscosity, impaired red 
cell deformability and increased red cell aggregation 
[26-30]. Resistance to flow offered by viscous blood in 
the efferent arteriole leads to an intra-glomerular 
back pressure, resulting in albuminuria or high mo- 
lecular weight proteinuria if the back pressure is high 
enough. Similar back pressure effects occur in the 
smallest tissue capillaries resulting in the extravasa- 
tion of plasma proteins. This has been demonstrated 
in diabetics by immunofluorescent techniques [31, 
32]. Ultrastructural changes in glomeruli of diabetics 
include increased basement membrane thickness and 
mesangial expansion. It is likely that the basement 
membrane change is benign [33], but the effects of 
mesangial expansion on vascular patency are poten- 
tially pathogenic because it will eventually so reduce 
the lumina that blood flow is impeded. When this 
change is associated with increased blood viscosity, 
glomerulosclerosis can be expected. Diffuse glomeru- 
losclerosis thus results from the stasis ofhyperviscous 
blood in glomerular vessels with reduced patency. 
This may be a simplification of a more complex pro- 
cess but the proposed mechanism offers a reasonable 
explanation of how entire glomeruli are quickly ren- 
dered obsolete. While good metabolic control may 
prevent diabetic nephropathy by reducing the prolif- 
eration of mesangial matrix and by maintaining nor- 
mal blood viscosity, either factor out of control may 
cause renal dysfunction. 
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