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Genesis and evolution of diabetic nephropathy
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The kidney disease of diabetes has a devastating
effect on survival, particularly evident in diabetics
of youthful onset and therefore mainly, though not
exclusively, in the insulin-dependent patient.! 2 The
development of intermittent proteinuria in the
young, insulin-dependent diabetic, which becomes
continuous after 15 years or so of diabetes and which
is followed a few years later by the steady, apparently
irreversible progression to terminal renal failure, is
so commonplace that it can almost be regarded as
the natural history of diabetes.? However, this is an
inadequate and misleading paradigm. Recent
clinical observations and experimental findings4
justify a more optimistic view and demand a more
active approach, not only to diabetic nephropathy
but also to the whole spectrum of the so-called
specific complications of diabetes mellitus.
Demonstrable renal abnormality occurs very
early in the course of diabetes—in the first months,
weeks, or even days after a well-defined clinical
onset of the disease. The three phenomena which
have attracted most attention in this early phase are
hyperfiltration—that is, a raised glomerular filtration
rate (GFR),5 microproteinuria expressed by in-
creased urinary albumin excretion,® 7 and generalised
kidney enlargement.® All these changes have been
documented in spontaneous diabetes in man and
in experimental diabetes in animals. Their patho-
genesis, their interrelations, and their possible roles
in the later development of clinical nephropathy and
renal failure in diabetes have been the subject of
intense research and debate. Some pieces of the
puzzle fit together but others are still missing (Table).

Renal abnormalities in diabetes mellitus

Phase 1: Functional  Phase 2: Structural Phase 3: Clinical

Basement membrane
thickening
Mesangial expansion

Macroproteinuria.
High blood pressure
Decline in glomerular

Hyperperfusion

Microproteinuria

function
Nephromegaly Glomerular arteriolar Progressive renal
change failure

In general, there is progression from one phase to the next. Deter-
minants of the rate of progression are poorly understood. Transition
from phase 2 to phase 3 occurs only in approximately one third.
Phase 1 is reversible, phase 3 (at present) is not. Reversibility of phase 2
is unknown,

Microproteinuria

Our interest in the mechanisms and evolution of
diabetic kidney disease was prompted by ob-
servations on urinary albumin excretion rates in
newly detected glucose-intolerant and diabetic
people after a diagnostic survey for diabetes in the
town of Bedford in 1962.% As part of a long-term,
prospective study of a cohort of these newly-found
hyperglycaemic subjects a specific and sensitive
radioimmunoassay for human urinary albumin was
developed,’® on the assumption that sequential
measurement of urinary albumin excretion rates
would provide a sensitive detector of the onset and
rate of evolution of diabetic kidney disease. However,
the newly detected hyperglycaemic subjects showed
significantly increased urinary albumin excretion
compared with normoglycaemic subjects even at
the time of diagnosis,!! though the increase was well
below the threshold of sensitivity of standard tests
for proteinuria. The degree of ‘“‘microalbuminuria”
was positively correlated with the degree of glucose
intolerance, and it was independently correlated
with the level of arterial pressure.

We proposed that the excessive microproteinuria
was the urinary counterpart of the thickened
glomerular basement membrane which characterises
diabetic nephropathy morphologically and is thought
to be responsible for the abnormal permeability to
macromolecules such as plasma albumin. It seemed
likely that measuring the albumin excretion would
provide a highly convenient and ethically acceptable
substitute for repeated renal biopsy to follow the
natural history of diabetic nephropathy from its
earliest stages.

These suppositions have proved almost entirely
false. It was shown in a series of elegant studies!?
that no measurable thickening of the glomerular
basement membrane occurred for the first year or
two after diagnosis of insulin-dependent diabetes.
Nevertheless, significant microproteinuria could be
demonstrated during this very early phase?13 and
it could be provoked by inducing diabetes in rats with
streptozotocin.}4 It was also shown that the rate of
urinary albumin excretion in man could be rapidly
influenced by the degree of metabolic control of the
diabetes.15 In our own studies in a group of insulin-
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dependent diabetics with microproteinuria, the near
normalisation of glycaemia, obtained by the use of
continuous subcutaneous insulin infusion (CSII),'6
led to a prompt fall of urinary albumin excretion
rates towards or even into the normal range.l” In
another group of insulin-dependent patients whose
urinary albumin excretion at rest was in the normal
range, exercise induced an increase considerably
above normal and this “unmasked” proteinuria was
also corrected by CSII.18 Tubular function was very
unlikely to be implicated in this fall in urinary
albumin excretion as urinary Be-microglobulin
excretion, a good index of tubular function,!® did
not alter. The speed with which the abnormal
albumin excretion was normalised virtually pre-
cluded structural “recovery” of basement membrane
thickening as a feasible mechanism and suggested
the search for some functional explanation for the
variation in glomerular permeability. Although the
basement membrane is not thickened early in
diabetes, it is increased in quantity as a result of
the enlargement of the glomerular tuft and elonga-
tion of glomerular capillary loops22! as part, and
perhaps a disproportionately large part, of the
general renal hypertrophy. It is difficult, however, to
ascribe the increased proteinuria to this increase in
basement membrane,22 let alone to countenance
prompt regression of the latter to explain the fall in
the albumin excretion rate. The dissociation of the
renal hypertrophy from other renal haemodynamic
responses to metabolic perturbations (see below)
further detracts from the ‘‘structural” explanation
and favours the “functional.”

Nephromegaly

Renal hypertrophy is to be found early in spon-
taneous diabetes in man,® perhaps affecting the
glomerular tufts disproportionately,2 and in the rat
made diabetic experimentally; in the latter23 the
degree of nephromegaly is related to the level of
hyperglycaemia,2¢ and glomerular hypertrophy out-
paces overall renal enlargement.?> In the experi-
mental animal, the development of nephromegaly
may be inhibited by strict control of the blood
glucose concentration,2326 and in man it can be
reduced by effective treatment.8 As in the case of
compensatory renal hypertrophy that occurs after
unilateral nephrectomy, diabetes first induces
cellular hypertrophy and then cellular hyperplasia,??
but in some other respects the processes differ.
Unilateral nephrectomy in the diabetic animal
accelerates the morphological glomerular changes of
diabetes in the remaining kidney, probably by way
of altered glomerular haemodynamics, namely
increased glomerular blood flow and intraglomerular
capillary pressure,28
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Hyperperfusion

The early and sometimes very striking increase in the
glomerular filtration rate (GFR) found in early
diabetics of all ages was first noted in diabetic
children,?® and has subsequently been abundantly
confirmed.5 30 GFR is dependent on renal plasma
flow, on the pressure gradient across the glomerular
barrier, and on the surface area and permeability
characteristics of the barrier itself. Though initially
disputed, it now appears to be agreed that in insulin-
dependent diabetes renal plasma flow is increased
along with the raised GFR3!32 and so probably
contributes to it; how direct this relation is remains
questionable.

There is experimental evidence in animals of an
increase also in the pressure gradient across the
capillary membrane, though observations are scanty
and it is not yet clear whether the raised pressure
gradient is attributable to an increased intra-
glomerular capillary pressure, a lowered Bowman
space/tubular pressure, or to both.33 34 The filtration
surface is also increased due to hypertrophy, though
this may not necessarily affect the GFR. If the
progressive increase in the plasma protein concen-
tration that occurs as the blood traverses the capillary
ultimately balances the hydrostatic filtration pressure,
so that filtration ceases before the distal end of the
capillary is reached, then further capillary elongation
or dilatation per se would not increase filtration.?>
As to the permeability characteristics of the glom-
erular barrier itself and the hormonal and metabolic
factors which affect it in diabetes, there is at present
little solid information.

Mechanism of renal hyperfunction

The prompt reversal of the early renal dysfunction
of diabetes which can be achieved by greatly im-
proving metabolic control suggests a causal role for
one or more of the related circulating substrates,
metabolites, or hormones which characterise the
uncontrolled diabetic state—for example, hyper-
glycaemia, raised fatty acids, abnormalities of
ketones and aminoacids, insulinopaenia, raised
concentrations of glucagon, growth hormone and
catecholamines. Several of these factors have been
studied experimentally in man. Raised blood
glucose concentrations both in normal subjects and
in well controlled diabetics led to a significant
increase in GFR and renal plasma flow. The in-
fusion of glucagon into moderately controlled
insulin-dependent patients had a similar effect.32 36
Conversely, insulin infusion in the insulin-dependent
patients evoked a fall of the raised GFR and renal
plasma flow, though not to normal levels; these
effects appeared to be related to the fall in the blood
glucose concentration as they were prevented by a
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simultaneous glucose infusion. Relatively brief
intravenous infusion of growth hormone in normal
subjects had no effect on the GFR though repeated
intramuscular injections for four days increased it.37 38
At least part of the increased filtration rate is
independent of renal hypertrophy, as Christiansen
et al® found that the imposition of strict metabolic
control in nine newly diagnosed insulin-dependent
diabetics led within one week to a mean 17%
reduction in the raised GFR without significant
reduction in the size of the enlarged kidneys. Renal
hypertrophy may, however, account for the failure of
the GFR to fall completely to normal in the relatively
short term.

The transition to clinical nephropathy

The link, if any, between the early phenomena
described above and the ultimate development of
heavier proteinuria followed by progressive impair-
ment of renal function remains speculative. A plaus-
ible hypothesis invokes a cumulative damaging
effect of prolonged hyperfiltration on the structural
integrity of the glomerular capillary wall and the
mesangium.# Such progressive damage, probably
attributable to hyperfiltration, was demonstrated
experimentally. In rats, removal of the right kidney
coupled with infarction of approximately five-sixths
of the other by means of arterial ligature led initially
to a large increase in single nephron GFR in the
remaining parenchyma, followed by proteinuria,
deposition of macromolecules and mesangial expan-
sion.3® Later, there was a progressive decline of
residual function. The increased filtration drive was
generated by increased glomerular plasma flow and
transglomerular filtration pressure. Alteration in
permeability and selectivity of the glomerular
filtration barrier may also contribute to the protein-
uria and the subsequent progressive glomerular
destruction and failure. Applied to man, however,
this hypothesis leaves unexplained the fact that,
although all diabetics are theoretically subject to this
long-term hyperfiltration, only one in three insulin-
dependent diabetics will develop renal failure.
However, in practice a proportion of such diabetics,
even when imperfectly controlled, are found to have
a normal GFR (unpublished observations). In
addition, factors in the renal interstitium and
vasculature may be crucial determinants.20 41

Progression of renal failure

About one-third of patients who develop insulin-
dependent diabetes before the age of 30 years will
develop clinically demonstrable proteinuria after
having the disease for about 20 years (though with
wide variability about this mean). The prognostic
import of the appearance of clinical proteinuria
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(> 0-5 g/24 h) is grave, cohort studies suggesting a
mean survival of approximately seven further
years.! 2 The rate of progression to renal failure varies
considerably from patient to patient but for any
individual it is strikingly linear.42 The rate of decline
has been asserted to correlate with the initial arterial
pressure?® though this has not been a universal
experience.4 45 Tn one large unselected group of
patients with clinically evident diabetes, the mean
arterial pressure in those with proteinuria was
significantly higher than in those without protein-
uria ;46 however, the arterial pressure of the group as
a whole differed little, it at all, from that of large
samples of the general non-diabetic population after
allowing for the effects of age and sex. This suggested
that the chance occurrence of a raised blood pressure
in a diabetic might determine more rapid or more
severe evolution of nephropathy. Nevertheless it is
unquestionable that once nephropathy is established
in the diabetic it will itself raise arterial pressure,
which may then accelerate the decline in renal func-
tion. The rate of deterioration of function in such
patients may be significantly slowed by vigorous and
effective treatment of hypertension.4? 48

Little else appears to affect the rate of the in-
exorable downhill course.

Disappointingly, the institution of “tight” meta-
bolic control of diabetes with CSII, resulting in
marked improvement in prevailing levels of gly-
caemia throughout the day and night, was found not
to slow the rate of progression in six diabetics with
nephropathy over a period of six months.45 Tt
appears that although metabolic disorder may well
initiate nephropathy it plays little, if any, part in
determining the rate of decline in renal function, at
least once a fall in GFR has become apparent. At
this stage, the remaining functional nephrons may
be subject to conditions similar to those of the resi-
dual kidney in the experiments by Brenner referred
to above,39 namely intense hyperperfusion which itself
damages and then destroys the glomeruli. Perhaps
radical changes in the composition of the diet and
reduction of solute load might slow the rate of
decline in the human diabetic, as in the experimental
animal.

The concept of feedback regulation of glomerular
dynamics by tubular events4? is relevant to the func-
tional derangement of the diabetic kidney. Hyper-
glycaemia leads to an increased filtered load of
glucose and hence to increased tubular reabsorption
of glucose. There will be an associated increase in
sodium reabsorption since the proximal tubular
reabsorption of glucose and sodium are to some
extent coupled, possibly related in hyperglycaemia,
to reduced tubular reabsorption of phosphate.22 50
The known close relation between' sodium
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Hyperglycaemia
Increased tubular glucose load
Increased glutose reabsorption

Increased Na* reabsorption

Incregsed GFR

Increased transglomerular macromolecule migration

(? Loss of glomerular barrier permselectivity !

Increased basement membrane/mesangial matrix

(Histological nephropathy

30% 70%
Clinical proteinuria No clinical proteinuria

Progressive loss of glomerular
function (clinical nephropathy )
Terminal

No evident impairment of renal
function

| failure

A hypothetical scheme relating the early “metabolically
sensitive” changes in the diabetic kidney to the late
irreversible structural changes.

reabsorption and GFR suggests that the former
may have an important role in regulating glom-
erular filtration, probably by way of some humoral
regulator(s). A simplified hypothesis summarising
such a sequence is illustrated in the Figure. Normal-
isation of glycaemia by vigorous treatment would
rapidly arrest the surfeit of tubular glucose and the
associated increased sodium reabsorption, thereby
reducing the tubuloglomerular signal and restoring
a normal GFR. The nature of this putative tubulo-
glomerular signal is obscure but is currently being
investigated. Whether the early variations in
urinary albumin excretion rate which appear to
parallel changes in GFR can be attributed simply
to alterations in glomerular haemodynamics or
whether some metabolic effect on the permselec-
tivity of the glomerular barrier is also involved is at
present obscure. The charge characteristics of the
barrier, animportant determinant of permselectivity,5!
depend upon the local secretion of sialoproteins,
a function which could be critically influenced by
metabolic status—for example, the normal repulsion
of the negatively charged albumin particle may be
reduced, resulting in increased penetration of al-
bumin into and through the barrier. There is some
experimental evidence of diminished sialoprotein
content of the diabetic kidney5253 though this
mechanism may be more important in determining
the heavier proteinuria of the later stages when
nephropathy is clinically evident.

The clinical attack upon diabetic nephropathy is
thus still confronted by problems and paradoxes.
How are the early phenomena, characterised by
hyperfunction and reversibility with metabolic
correction, related to the late abnormalities
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characterised by hypofunction and apparent un-
responsiveness to tight diabetic control? What
distinguishes those diabetics with the early pheno-
mena who go on to clinical proteinuria and renal
failure from those who do not? At what point in the
evolution of nephropathy does its course become
uninfluenced by the correction of the metabolic
abnormality ? What are the minimal levels of meta-
bolic control which might confer some protection
upon the patient? Are there other non-metabolic
measures, perhaps pharmacological, which might
delay the progression of renal disease? Apart from
blood pressure control, might there be other ways
to slow the erosion of renal function during the
terminal progression to renal failure? Though the
prospect for longer term dialysis and renal trans-
plantation for diabetics in renal failure has improved
considerably, it remains a formidable undertaking,
and the prevention of kidney damage and the con-
servation of renal function must be a major priority
in the care of the diabetic.
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the studies described from the Wellcome Trust, the
Medical Research Council, the National Medical
Research Foundation and the British Diabetic
Association. We are also particularly grateful
for the skilled technical assistance we have received
from Mr D MacIntosh and Ms Andrea Collins
and to the many diabetic patients who have patiently
and enthusiastically co-operated in our research.

References

' Andersen AR, Andersen JK, Christiansen JS, Deckert T.
Prognosis for juvenile diabetics with nephropathy and
failing renal function. Acta Med Scand 1978;203:131-4.

2 Deckert T, Poulsen JE, Larsen M. Prognosis of diabetics
with diabetes onset before the age of thirty-one. Diabeto-
logia 1978 ;14:363-70.

* Lundbaek K. Long-term diabetes: the clinical picture in
diabetes mellitus of 15-25 years duration. Copenhagen:
Ejnar Munksgaard, 1953.

1 Mauer SM, Steffes MW, Brown DM. The kidney in
diabetes. Am J Med 1981;70:603-12.

5 Mogensen CE. Glomerular filtration rate and renal
plasma flow in short-term and long-term juvenile
diabetes mellitus. Scand J Clin Lab Invest 1971;28:
91-100.

¢ Viberti GC. Early functional and morphological changes
in diabetic nephropathy. Clin Nephrol 1979;12:47-53.

7 Mogensen CE. Urinary albumin excretion in early- and
long-term juvenile diabetes. Scand J Clin Lab Invest 1971 ;
28:183-93.

8 Mogensen CE, Andersen MJ. Increased kidney size and
glomerular filtration rate in early juvenile diabetes.
Diabetes 1973;22.

® Sharp CL, Butterfield WJH, Keen H. Diabetes survey in
Bedford, 1962. Proc R Soc Med 1964;57:193-202.

10 Keen H, Chlouverakis C. An immunoassay method for
urinary albumin at low concentrations. Lancet 1963 ;ii:
247-52.



Genesis and evolution of diabetic nephropathy

1t Keen H, Chlouverakis C, Fuller J, Jarrett RJ. The con-
comitants of raised blood sugar: studies in newly
detected hyperglycaemics. 11 Urinary albumin excretion,
blood pressure and their relation to blood sugar levels.
Guy’s Hospital Reports 1969 ;118:247-52.

12 @sterby R. Early phases in the development of diabetic
glomerulopathy. A quantitative electron microscopic
study. Acta Med Scand 1975 ;suppl:574.

13 Mogensen CE, Vittinghus E. Urinary albumin excretion
during exercise in juvenile diabetics. A provocation test
for early abnormalities. Scand J Clin Lab Invest 1975;
35:295-300.

14 Rasch R. Studies on the prevention of glomerulopathy in
diabetic rats. Acra Endocrinol [Suppl] (Copenh) 1981;
242:43-4.

15 Parving H-H, Noer I, Deckert T, er al. The effect of
metabolic regulation on microvascular permeability to
small and large molecules in short-term juvenilediabetics.
Diabetologia 1976;12:161-6.

16 Pickup JC, Keen H, Viberti GC, et al. Continuous sub-
cutaneous insulin infusion in the treatment of diabetes
mellitus. Diabetes Care 1980;3:290-300.

17 Viberti GC, Pickup JC, Jarrett RJ, Keen H. Effect of
control of blood glucose on urinary excretion of albumin
and B,-microglobulin in insulin-dependent diabetes.
N EnglJ Med 1979;300:638-41.

18 Viberti GC, Pickup JC, Bilous RW, Keen H, Mackintosh
D. Correction of exercise-induced micro-albuminuria
in insulin-dependent diabetics after 3 weeks of sub-
cutaneous insulin infusion. Diabetes 1981; (in press).

19 peterson PA, Evrin PE, Berggird I. Differentiation of
glomerular, tubular and normal proteinuria: determina-
tion of urinary excretion of By-microglobulin, albumin
and total protein. J Clin Invest 1969 ;48:1189-98.

20 @sterby R, Gundersen HJ. Glomerular size and structure
in diabetes mellitus. I Early abnormalities. Diabetologia
1975;11:225-9.

21 @sterby R, Gundersen HJ. Fast accumulation of basement
membrane material and the rate of morphological
changes in acute experimental diabetic glomerular
hypertrophy. Diabetologia 1980;18:493-500.

22 Viberti GC, Haycock GB, Pickup JC, Jarrett RJ, Keen H.
Early functional and morphologic vascular renal
consequences of the diabetic state. Diabetologia 1980;
18:173-5.

23 Seyer-Hansen K. Renal hypertrophy in streptozotocin
rats. Clin Sci Mol Med 1976;51:551-4.

24 Seyer-Hansen K. Renal hypertrophy in experimental
diabetes. Relation to severity of diabetes. Diabetologia
1977;13:141-4.

25 Seyer-Hansen K, Hansen J, Gundersen HJ. Renal hyper-
trophy in experimental diabetes: a morphometric study.
Diabetologia 1980,18:501-5.

26 Rasch R. Prevention of diabetic glomerulopathy in
streptozotocin rats by insulin treatment. Kidney size
and glomerular volume. Diabetologia 1979;16:125-8.

27 Seyer-Hansen K. Renal hypertrophy in experimental
diabetes. A comparison to compensatory hypertrophy.
Diabetologia 1978 ;14:325-8.

28 Steffes MW, Brown DM, Basgen JB, Mauer SM. Diabetic
glomerulopathy following unilateral nephrectomy in the
rat. Diabetes 1978 ;27:35-8.

29 Stalder G, Schmid R. Severe functional disorders of
glomerular capillaries and renal hemodynamics in
treated diabetes mellitus during childhood. Ann Pediatr
1959;193:129-34.

30 Dijtzel J, Junker K. Abnormal glomerular filtration rate,
renal plasma flow and renal protein excretion in recent
and short-term diabetics. Br MedJ 1972;2:13-9.

1265

31 Mogensen CE. Renal plasma flow in juvenile diabetes.
Acta Endocrinol [Suppl] (Copenh) 1981;242:33-5.

32 Christiansen JS, Frandsen M, Svendsen PA, Gammergaard
J, Parving H-H. Rapid changes in kidney function-
factors influencing kidney function in diabetic and
normal man. Acta Endocrinol [Suppl] (Copenh) 1981;
242:11-3.

33 Hostetter TH. Renal microcirculation in diabetes mellitus.
Acta Endocrinol [Suppl] (Copenh) 1981 ;242:22-4.

3 Jensen PK, Christiansen JS, Steven K, Parving H-H.
Renal function in diabetic rats. Acta Endocrinol [Suppl]
(Copenh) 1981 ;242:25.

35 Brenner BM, Humes HD. Mechanics of glomerular
ultrafiltration. N Engl J Med 1977;297:148-54.

3¢ Parving H-H, Christiansen JS, Noer I, Tromer B, Mogen-
sen CE. The effect of glucagon infusion on kidney
function in short-term insulin-dependent juvenile
diabetics. Diabetologia 1980;19:350-4.

37 Parving H-H, Noer I, Mogensen CE, Svendsen PAa.
Kidney function in normal man during short-term
growth hormone infusion. Acta Endocrinol [Suppl)
(Copenh) 1978 ;89:796-800.

38 Corvilain J, Abramow M. Some effects of human growth
hormone on renal hemodynamics and on tubular
phosphate transport in man. J Clin Invest 1962;41:
1230-5.

3% Brenner BM, Hostetter TH, Olson JL, Rennke HG,
Venkatachalam MA. The role of glomerular hyper-
filtration in the initiation and progression of diabetic
nephropathy. Acta Endocrinol [Suppl] (Copenh) 1981;
242:7-10.

10 Bader R, Bader H, Grund KE, Mackensen-Haen S,
Christ H, Bohle A. Sfructure and function of the kidney
in diabetic glomerulosclerosis. Correlations between
morphological and functional parameters. Pathol Res
Pract 1980;167:204-16.

11 McMillan DE. The functional and degenerative pathology
of the diabetic kidney. In: The micro-circulation.
New York: Academic Press, 1981:229-45.

12 Jreland J, Viberti GC, Watkins PJ. The diabetic kidney.
In: Keen H, Jarrett J, eds. Complications of diabetes
2nd ed. London: Edward Arnold, 1981: (in press).

13 Mogensen CE. Renal function changes in diabetes,
Diabetes 1976;25:872-9.

44 Jones RH, Hayakawa H, Mackay JD, Parson V, Watkins
PJ. Progression of diabetic nephropathy. Lancet 1979;
i:1105-6.

45 Viberti GC, Bilous RW, Pickup JC, Keen H, Mackintosh
D. Deterioration of renal function in diabetic nephro-
pathy: the effect of optimal glycaemic control by con-
tinuous subcutaneous insulin infusion. European Society
for Clinical Investigation 1981 ;32 :abstr190.

16 Keen H, Track NS, Sowry GSC. Arterial pressure in
clinically apparent diabetics. Diabete Metab 1975;1:
159-78.

47 Mogensen CE. Antihypertensive treatment inhibits the
progression of diabetic nephropathy. Acta Endocrinol
[Suppl] (Copenh) 1980;238:103-11.

48 Parving H-H, Andersen AR, Smidt U, Friisberg B.
Bonnevie-Nielsen V, Svendsen PAa. The natural course
of glomerular filtration rate and arterial blood pressure
in diabetic nephropathy, and the effect of antihyper-
tensive treatment. Acta Endocrinol [Suppl] (Copenh)
1981;242:39-40.

4% Wright FS, Briggs JP. Feedback control of glomerular
blood flow, pressure and filtration rate. Physiol Rev 1979;
59:958-1006.

50 Ditzel J, Brgchner-Mortensen J, Redbro P. A combined
disturbance in renal tubular handling of glucose and



1266

phosphate leads to increased glomerular filtration rate
in diabetes mellitus. A new hypothesis. Acta Endocrinol
[Suppl) (Capenh) 1981;242:16-8.

‘1 Brenner BM, Hostetter TH, Humes HD. Molecular basis
of proteinuria of glomerular origin. .N .Engl J Med 1978;

. 298:826-33.

32 Westberg NG. Diabetic nephropathy. Pathogenesis and
prevention. Acta Endocrinol [Suppl] (Copenh) 1980;
94:85-100.

The October 1981 Issue
THE OCTOBER 1981 ISSUE CONTAINS THE

Is copper heptaotoxic in primary biliary cirrhosis?
O EPSTEIN, B ARBORGH, M SAGIV, R WROBLEWSKI,
PJ SCHEUR, S SHERLOCK

Localisation of immunoglobulin on the liver cell
surface in primary biliary cirrhosis K KROGSGAARD,
U TAGE-JENSEN, P WANTZIN, J ALDERSHVILE, F
HARDT

Quantitative study of the immunoglobulin contain-
ing cells in trephine samples of bone marrow J
CROCKER, RC CURRAN

Cell volumes of normal and malignant mono-
nuclear cells ELIZABETH H CHAPMAN, AS KUREC,
FR DAVEY

Production of freeze-dried human antihaemophilic
cryoprecipitate G =~ MILLIGAN, R  GRAHAM, §
HANRATTY, W MUIR, R MITCHELL

Amniotic fluid fluorescence polarisation values for
assessing fetal lung maturation M LEGGE, HC
POTTER

Urinary excretion of glycosaminoglycans and
hydroxyproline in Paget’s disease of bone, compared
with neoplastic invasion of bone LYNNE BOWER,
G MANLEY

Some observations on the assay of arylsulphatase
A in urine DF DAVIDSON

Evaluation of the Phadebact Gonococcus Test in
the identification of Neisseria gonorrhoeae in a
routine diagnostic laboratory DS TOMPKINS, BBG
NEHAUL, CAROLYNN AF SMITH, E MARY COOKE

Appraisal in the diagnostic laboratory of three
commercially available anaerobic cabinets KD
PHILLIPS, AT WILLIS

Contamination of the environment by special
purpose centrifuges used in clinical laboratories GJ
HARPER

Simplified procedure for the routine isolation of
Clostridium difficile from faeces SP BORRIELLO,
PAULINE HONOUR

Keen, Viberti

% Kefalides NA. Biochemical properties of human glomeus.
lar basement membrane in normal and diabetic kidneyr-
J Clin Invest 1974 ;53:403-11.

Requests for reprints to: Dr H Keen, Unit for Metabolic
Medicine, Department of Medicine, Guy’s Hospital,
London SE1 9RT, England.

FOLLOWING PAPERS

Diffusion in gel-enzyme-linked immunosorbent
assay—a new serological test for leptospirosis RTM
CURSONS, PA PYKE

An on-line computer system for hospital bacteri-
ology: description of its development and comments
after five years’ use JN BLAIR, PP BROWN

Pneumocystis carinii pneumonia: a light micro-
scopical and ultrastructural study PS HASLETON,
A CURRY, EM RANKIN

Effect of oxygen on the lungs after blast injury and
burns PS HASLETON, P PENNA, J TORRY

Ectopic vestigial lesions of the neck and shoulders
DS SHAREEF, R SALM

Autoantibody to nerve tissue in a patient with a
peripheral neuropathy and an IgG paraprotein HF
SEWELL, JB MATTHEWS, ELAINE GOOCH, P MILLAC, A
WILLOX, MA STERN, F WALKER

Myocardial fibre calcification J
PIETERSE, DJ POUNDER, PS SMITH

Clinical and histological features of a group of
patients with sporadic non-A, non-B hepatitis MAY
BAMBER, AK MURRAY, IVD WELLER, A MORELLI, PJ
SCHEUER, HC THOMAS, SHEILA SHERLOCK

Measurements of intestinal villi in non-specific and
ulcer-associated duodenitis—correlation between
area of microdissected villus and villus epithelial cell
count M HASAN, ANNE FERGUSON

Technique for identifying areas of intérest in human
breast tissue prior to embedding for electron
miCcroscopy DJP FERGUSON, TJ ANDERSON

Technical methods

Automated technique for the rapid processing of
breast tissue for subgross examination SARAH L
MANTON, DJP FERGUSON, TJ ANDERSON

MCCLURE, AS

Letters to the Editor

Book reviews

Copies are still available and may be obtained from the PUBLISHING MANAGER,
BRITISH MEDICAL ASSOCIATION, TAVISTOCK SQUARE, LONDON WCIH 9IR, price £3-00, including postage



