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Antithrombin III and fibrinogen degradation product
(fragment E) in diabetic nephropathy
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SUMMARY Plasma antithrombin III (AtIII), serum fragment E (FgE) and urine AtIII and FgE were

measured in 25 diabetic patients with proteinuria above 1 g per day and compared to that in 25
patients with non-diabetic nephropathy, matched for the degree of proteinuria. Plasma Atlll con-

centrations were normal in both groups but FgE concentrations were increased. The level of plasma
Atlll was directly related to HbAj concentrations in the diabetics. For the same degree of proteinuria,
the diabetic patients lost more AtIII and FgE in the urine. Urine AtIII was found to be mostly bound
to activated procoagulants. Both urine AtIll and urine FgE correlated inversely with creatinine
clearance. It was concluded that intraglomerular thrombosis probably contributes to the deteriorat-
ing renal function in diabetic nephropathy and is reflected in the concentrations of urine AtlIl and
FgE.

Diabetic nephropathy accounts for approximately
6% of all deaths among patients with maturity-
onset diabetes mellitus and 20% of the insulin-
dependent type, but despite extensive studies of the
pathological changes and clinical features, its patho-
genesis remains controversial and thus treatment and
prevention unsatisfactory.' Although the primary
defect in diabetic glomerulosclerosis lies in the
vessel wall2 with basement membrane thickening
and increased vascular permeability, the coagulation
mechanism might play an intermediary role as
mediator of further glomerular vascular injury.
Recently, antithrombin III (AtII), the major modu-
lator of intravascular thrombosis is found to be
strategically located in the glomerular tuft, Bowman's
capsule and the vessel wall3 and synthesised by
the endothelial cells lining the vasculature.4 In
view of this, we studied plasma and urine AtII
concentrations in patients with diabetic nephropathy
to define the pattern of change associated with pro-
gression of the disease. In addition, diabetic glomer-
ulosclerosis is associated with increased fibrin
deposition in the endothelial and mesangial regions5 6
and this would be reflected by an increase in fibrino-
gen degradation products (FDP). Thus one of the
FDP, fragment E (FgE), was also monitored in serum
and urine.

It is known that the occurrence and progression of
nephropathy vary unpredictably in diabetic
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patients.7 8 Takazakura et at9 have shown that
progression cannot be predicted even with repeated
renal biopsy. Jones et al'0 showed that serial
monitoring of the inverse of serum creatinine
reflected the progression of nephropathy and Viberti
et al1l suggested that serum f2-microglobulin
concentration may be a more sensitive index. If
Atlll and FgE concentrations were related to the
progression of nephropathy, monitoring of their
changes could provide sensitive indices of deteriorat-
ing renal function.

Patients and methods

Two groups of patients were studied. Group A
consisted of 25 diabetic patients (11 women and 14
men) with proteinuria of greater than 1 g/day. They
were aged 29-81 yr (median 615 yr, mean 60-9 ± 9-6
yr). All but one, had diabetes mellitus beginning after
the age of 40 yr and have been followed in our dia-
betic clinic for 1-23 yr (median 9 1 yr, mean 9 37 +
5.9 yr). At the time of this study, 14 were receiving
insulin and 11 receiving oral hypoglycaemic agent
(gliclazide or glibenclamide). Group B consisted of
25 non-diabetic patients (11 women and 14 men),
who were matched with group A patients for the
same degree of proteinuria. They were aged 16-61
(median 38-5 yr, mean 39-1 ± 12-7 yr). None of the
patients had any clinical evidence or past history of
venous thromboembolism.

In the diabetic patients, retinopathy assessed by
661
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opthalmoscopy and retinophotography was found
to be severe in five, moderate in four, mild in eight
and absent in eight. No renal biopsy was performed
in any of these patients.

In the non-diabetic patients, 17 had primary
glomerulonephritis and histopathology showed
seven with membranous changes, six with focal
sclerosing changes, three with diffuse proliferative
changes and one with minimal change. The remain-
ing patients consisted of four with chronic tubulo-
interstitial nephritis, two with systemic lupus
erythematosus, one with benign nephrosclerosis and
one with malignant essential hypertension.

All the patients were admitted into the metabolic
unit to enable accurate collection of 24-hour urine
for AtII, FgE, protein and creatinine. In addition
citrated plasma obtained from nine parts of blood
added to one part 3-8 %O sodium citrate was used for
the determination of AtIll. Serum obtained from
blood added to E-aminocaproic acid (1/20 the
volume of 1 M EACA) and allowed to clot over-
night at 4°C was used for the determination of FgE.
Serum was used for the quantification of albumin
and creatinine and blood in EDTA for total haemo-
globin Al (HbAl) level.
Plasma and urine AtIll were measured immuno-

logically by a specific radioimmunoassay (RIA) as
described previously.'2 Serum and urine FgE were
measured by the RIA method of Gordon et al13
with minor modifications which increased the
sensitivity tenfold.14 Serial doubling dilutions of all
samples were made in each Atlll and FgE esti-
mation. Protein and albumin were determined by
the Lowry technique15 and creatinine concentrations
measured on the Technicon Autoanalyzer. Total
HbA, was determined by affinity chromatography
using the method of Gabbay et al.16

Urine from a diabetic patient with heavy protein-
uria (3 g/day) was concentrated twentyfold by ultra-
filtration (Amicon) and Atlll crossed immuno-
electrophoretic (CIE) pattern determined as des-
cribed previously.17

In addition, plasma AtlIl concentrations were
determined in 52 diabetic patients with minimal
(< 100 mg/day) or no proteinuria, of whom 28 have
no retinopathy and 24 have background retinopathy.

Statistical analyses of results were made by linear
regression using the least square method and com-
parisons by Student's paired and unpaired t tests.

Results

SPECIFICITY OF RIA FOR ATIII AND FgE
The standard curve of Atlll RIA for serum and
urine samples is shown in Fig. Ia. The Atlll
standards used (NIBSC 75/564) ranged from 0-25-8

jug/ml and serial doubling dilutions of both plasma
and urine samples from two patients showed
parallel inhibitions to this standard curve, indicating
the specificity of antiserum for human Atlll present
in plasma and urine.

Similarly, serial dilutions of serum and urine
samples from the same patients gave parallel
inhibitions with the FgE standards (kindly provided
by Dr Y Gordon, Royal Free Hospital, London)
(Fig. Ib).
The recovery of AtII added to four normal urine

samples assayed fresh, after storage at room tempera-
ture for 24 h or after storage for 24 h at 4°C were
90-2 ± 22, 903 ± 20 and 867 ± 39% (mean ±
SD) respectively and that for FgE were 90 5 ± 2 4,
87 6 + 2 1, and 89-3 ± 2-2% respectively.

PATIENT DATA

The biochemical data of the patients are shown in the
Table. The mean age of the diabetic group was

Biochemical data in diabetic and non-diabetic groups
(means + SD)

Diabetic Non-diabetic P
n - 25(11i n = 25 (11 )

Age (yr) 6092 ± 9-63 39-08 i 12-73 <00001
Urine protein

(g/day) 4-09 i 2-35 4-08 ± 235 NS
Serum albumin (g/l) 36-28 ± 451 34-20 - 9 34 NS
Creatinine clearance

(ml/min) 34-68 20-54 40 89 27-97 NS
Plasma AtIil (mg/I) 193 70 + 24-0 188 90 24 5 NS
Urine AtIll
(mg/day) 8 50 5-60 4 12 ± 301 <0 005

Serum FgE (ug/l) 85-23 62-68 250-84 ± 383 23 <0 05
Urine FgE (ug/day) 246-11 ± 320 19 60-36 + 27-76 <0 01

NS -inot significant.

60 9 ± 9 6 (mean ± SD) which was significantly
higher than the non-diabetic group (mean age ± SD
= 39-1 + 12 7). Both groups were matched for the
degree of proteinuria. Their glomerular filtration
rates (GFR) measured by creatinine clearance and
their serum albumin concentrations were similar.

In the diabetic patients, mean total HbAl con-
centration was 12-66 ± 2-23% compared to a mean
of 8-16 ± 0 940 in 21 normal subjects.

Plasma and urine AtJlI
In 57 normal males and females, plasma Atill
concentrations ranged from 145-0 to 250-0 mg/I,
with a mean of 198-8 ± 24-7 mg/l (mean ± SD).
Diabetic patients without (n = 28) or with (n = 24)
retinopathy have significantly higher concentrations
(2190 ± 24-3 (p < 0-001) and 217-8 ± 32-9 mg/l
(p < 0-01) respectively). In contrast, diabetics with
nephropathy have values (193-7 + 24-0 mg/I)
similar to those in normal subjects. The non-
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Dilutions
V-- '----7"I Urine no

1/40 V20 1/10 1/5

Dilutions

1/80 1/40 1/20 1/10 1/5 1/2 5
Urine cl

I/ 4l/ 2 Serum m,
r- 1/4 1/2 1

Fig. I (a) Doubling dilutions of two
different plasma (U, A) and urine (Ei, A )
samples showing parallel inhibitions with the
AtIII standard curve (
(b) doubling dilutions of two different sera
(U, A) and urine (O, A) samples showing
parallel inhibitions with the FgE standard
curve (a-

a'i'\ ,\ts'A
2 5 5 10 20 40 80 160 320

FgE (ng/ml)

diabetic patients with nephropathy also have normal
values (188-9 ± 24-5 mg/1).

In patients with diabetic nephropathy, the
plasma AtII was directly related to the total
HbA1 level (r = 0 3939, p = 0 0488). However total
HbA, was not related to the degree of proteinuria or

renal dysfunction. Whereas plasma AtIlI was only
inversely related to proteinuria (r = - 03975,
p = 0 0466), urine AtlIl was correlated directly to
proteinuria (r = 0 8065, p < 0-0001) and inversely
to creatinine clearance (r = -0-4754, p = 0-0155)
(Fig. 2). In addition, when matched for the same

degree of proteinuria, diabetic patients with nephro-
pathy have higher urine AtlIl concentrations
(Table) and on correlating proteinuria and urine
Atlil, the regression slopes for both groups of

patients were significantly different (Fig. 3), being
greater in the diabetics.

Serum and urine FgE
In diabetics, serum FgE concentrations were raised,
ranging from 50-100 ng/ml (normal range 10-30
ng/ml). Serum and urine FgE were directly related to
each other (r = 0-8486, p < 00001) and both
inversely related to creatinine clearance (r = - 0-4475,
p = 0-0235 and r = -0-4701 p=0-0169 respectively).
The amount of urine FgE excreted was also corre-

lated to the urine protein excretion in both groups.
However the diabetic patients excrete a larger
amount of FgE in the urine (Table) and the regres-
sion line of urine FgE and proteinuria has a greater
slope than that of the non-diabetics (Fig. 4).
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Fig. 2 Inver-se relation between uirine AtIlI level andl
creatinine clearance in patients with diabetic nephropathy.
The r-egression linte is r-epresented bY (-- ).
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Fig. 4 Correlation between urine FgE concentrations
and proteinuria in diabetic (a) and non-diabetic (( )
nephropathy. The slope of the regression line for the
diabetics (-----) was dijfrrentfrom that of the
non-diabetics (- - - - ) (t = 4-64, p < 0001).
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Fig. 3 Correlation between urine AtIl concentrations
anrd proteinuria in diabetic ( 0) and non-diabetic (C f)
nephropathy. The slope of the regression linefor the
(liabetics (----- ) was different from that of the
nton-diabetics ( ) (t = 285, p = 0(007).

CIE of uirinie A tIII
The CIE pattern of urine AtilI from a diabetic
patient with nephropathy showed three peaks with
the major portion in the two slower peaks, at
equivalent position to the slower peaks present in
serum (Fig. 5). This Atlil pattern is not an artefact

Fig. 5 Crossed immiunoelectrophoretic pattern of'
samples ruin against antihuman AtIII serum. The first
dimension was run in the presence ofheparin (16 U/ml
gel) using 8 V/cm for 45 min and the second dimension
uising 1P5 V/cm for 16 h. From top to bottom, the
samples were (i) urine concentrate from a diabetic
patient with nephropathy (ii) normal plasma added to
urine from a control subject (iii) normal serumti.
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of urine denaturation in vitro, since only single fast
peak was obtained when plasma was added to
normal urine and kept at room temperature for
24 h (Fig. 5, middle panel).

Discussion

Despite the fact that renal failure is a major cause of
death in the diabetics, the correct treatment to
prevent or delay the onset of diabetic nephropathy
and to slow or arrest its progression is still un-
available. There is evidence that optimal glycaemic
control may reduce the incidence of nephropathy in
manl8 and normalisation of blood glucose in animals
with experimentally induced diabetes had been
shown to induce regression of their nephropathy.19
In the present study, the patients with diabetic
nephropathy have increased total HbA, concentra-
tion indicating inadequate glucose control and there
was a positive correlation between total HbAl and
plasma AtfII. Furthermore, diabetic patients with or
without retinopathy have higher Atlll concentrations
than the controls. These findings suggest that poor
diabetic control may be associated with a hyper-
coagulable state and increased plasma AtIII serves
as a compensatory mechanism. There was also
an increase in serum and urine FgE in patients with
diabetic nephropathy, probably reflecting the deleter-
ious effect of progressive intraglomerular fibrin
deposition5 20 in this disease.

In this study, we have found that urinary AtIlI as
well as urine FgE are related directly to the degree of
proteinuria. Also for the same degree of proteinuria,
urine AtlIl and FgEconcentrations werehigher in the
diabetics than in non-diabetic patients with nephro-
pathy. This increased loss of AtII and FgE could be
explained by the "non-selective" pattern of protein
loss in advance diabetic nephropathy.2122 Alterna-
tively, increased local concentration of AtlIl and
FgE due to intraglomerular thrombosis could result
in their increased loss. The CIE pattern of urine
AtfIf showed marked increase in the slower peaks
which represent AtII-activated procoagulant com-
plexes.'4 This finding suggests that AtII was bound
to procoagulants before excretion and supports
both the theories of increased local concentration
resulting from thrombosis as well as the non-
selective protein loss in the diabetics.
With progressive deterioration of renal function as

indicated by decreasing creatinine clearance value,
diabetic patients showed increasing urine Atlll and
FgE losses. Although proteinuria per se also in-
creased progressively, it showed a greater scatter
and did not attain a significant inverse relation.
Hence the monitoring of urine AtIll and FgE con-
centrations would provide additional parameters of

the severity of renal damage and could be useful in
assessing the progression of the disease. In addition,
these would also reflect the hypercoagulable state
in such patients and could be useful in monitoring
the success of antithrombotic agents in arresting or
reverting the diabetic nephropathy.
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