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Preferential excretion of glycated albumin in C57BL-Ks-J mice: Effects of diabetes
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Abstract. Urinary excretion of glycated albumin was quantitated in genetically hyperglycemic mice (C57BL-Ks-J,
db/db mice), a model for non-insulin-dependent diabetes mellitus, and compared with their non-diabetic littermates.
The data indicated a preferential excretion of glycated albumin in non-diabetic mice. This phenomenon of ‘editing’
of glycated albumin is decreased significantly in diabetic mice. Quantitative measurements of overall excretion of
glycated albumin suggested that the loss of editing in diabetic mice is due to the dilution of glycated albumin by the
unmodified albumin which is excreted in large amounts in diabetic mice. Therefore, the loss of editing observed in
this model resembled the one we characterized in insulin-dependent diabetic humans and a streptozotocin-diabetic

rat model 3.
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A growing body of experimental evidence suggests that
the mammalian nephron selectively excretes glycated al-
bumin into urine. This manifests as a marked increase in
the percent of glycated urinary albumin which can reach
levels 16 times higher than that of plasma glycated albu-
min in healthy humans ! ~ 3. This phenomenon of editing,
which is the ratio of percent glycated albumin in urine to
glycated albumin in plasma, is lost suddenly in diabetic
humans and in streptozotocin-diabetic rats**. In con-
trast to the abrupt loss of editing in diabetes, we have
also observed a gradual reduction in editing of glycated
albumin as a function of age* and postulated two differ-
ent models for this phenomenon associated with diabetes
and aging. In diabetes, the attenuation in editing is due
to the dilution of glycated albumin by the unmodified
albumin, which is excreted in large amounts. On the
other hand, in aging nephron, the reduction in editing is
the result of decreased filtration of more negatively
charged glycated albumin# into the urine.

The diabetic mutant mouse (C57BL-Ks-J strain, db/db)
is widely used as a model for non-insulin-dependent dia-
betes mellitus, and this mouse has been shown to mani-
fest symptoms like those in adult onset diabetes in man,
with obesity and hyperinsulinemia being characteristic
features®. While it has been shown that diabetic mice
develop microvascular complications associated with di-
abetes >, the ability of the nephron to selectively discrim-
inate glycated from unmodified proteins has not been
studied. The present study was undertaken to see

whether the loss in editing observed in streptozotocin-di-
abetic rats is also manifested in these diabetic mice and,
also, to evaluate the possible mechanism(s) underlying
such a reduction.

Methods

Diabetic mice (1112 weeks old) and their non-diabetic
littermates belonging to C57BL-Ks-J strain were ob-
tained from the Jackson Laboratory, Bar Harbor, ME.
Animals were housed in a light cycled room and cared for
in accordance with National Institutes of Health and
Institutional Animal Care and Use Committee Guide-
lines. Degree of hyperglycemia was monitored by quanti-
tating glycated albumin and glycated hemoglobin
(HbA1C) as described below.

Collection and processing of blood and urine from diabetic
and non-diabetic mice. Blood was collected into hep-
arinized tubes by cardiac puncture. Twenty-four-hour
urine collections were done using metabolic cages (Nal-
gene, Rochester, NY). Two groups of diabetic and two of
non-diabetic mice (consisting of four mice per cage) were
used in the present study. This grouping of animals was
necessary to obtain sufficient volumes of urine for bio-
chemical analyses. Urine was collected on ice in contain-
ers containing sodium azide to prevent growth and the
total volumes of urine in 24 h measured. Known volumes
of urine (2-3 ml) were dialyzed against distilled water to
remove salts and other low molecular weight compounds
and lyophilized.
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Separation and quantitation of glycated albumin. This was
carried out essentially according to the procedure de-
scribed by us® with minor modifications. Lyophilized
urines were reconstituted in column buffer containing
250 mM ammonium acetate, pH 8.0, containing 50 mM
MgCl, and 0.02% sodium azide MgCl,. Heparinized
blood was centrifuged and the plasma was extensively
dialyzed against distilled water (at 4 °C). Urine and plas-
ma samples were applied to Glycogel-B column (Pierce,
Rockford, IL). Unmeodified (non-glycated) proteins were
washed off from the column with the column buffer.
Glycated (bound) proteins were eluted from the column
with 50 mM Tris-HCI buffer, pH 8.5, containing 200 mM
sorbitol for those albumin samples assayed by radioim-
munoassay $. Alternatively, glycated albumin was eluted
with 200 mM citrate buffer (pH 4.5) for assay with bro-
mocresol green’. This procedure recovered >99% of
the protein applied to the column. Urinary albumin was
quantitated by radioimmunoassay® using rabbit anti-
human albumin and goat anti-y-globulin antisera
(Bochringer Mannheim Diagnostics Inc., Houston, TX).
Using [*2°IJhuman serum albumin as standard, the im-
munoassay yielded values that were linear in the range of
12.5 to 250 ng. Plasma albumin and HbA1C were spec-
trophotometrically measured at 630 nm and 412 nm re-
spectively 7 8.

Statistical analysis. Significance of differences between
the control and the experimental groups was assessed by
the Student’s t-test®.

Results

Diabetic mice, used in the present study, were character-
ized by their body weights and HbA1C (a long-term
integrator of plasma glucose). The data in table 1 show
that the body weights of diabetic mice were two times
those of non-diabetic mice. Their HbA1C values were 2.4
times higher than their non-diabetic counterparts sug-
gesting substantial increase in plasma glucose in diabetic
animals (table 1).

Relative urinary excretion of glycated albumins was
quantitated in non-diabetic and diabetic mice and the
data are given in table 2. The data showed that by 11
weeks of age, the percent glycated albumin in plasma was
significantly higher in diabetic mice as compared with
non-diabetic mice. In non-diabetic mice, glycated albu-
min was preferentially excreted into urine by the
nephron, i.e., it was significantly higher in urine as com-
pared with plasma in the same group of animals. Hence,
the editing ratio was 12.29% in non-diabetic mice. In
diabetic mice, we observed a striking reduction in this
editing ratio and the ratio was 11 times higher in non-di-
abetic mice as compared with diabetic mice. This reduc-
tion in editing ratio of glycated albumin in diabetic mice
may be due to an increase in plasma glycated albumin as
well as decrease in the percent glycated albumin in urine
(table 2). We observed significantly higher rates of diure-
sis as well as urinary protein excretion in diabetic animals
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Table 1. Population characterization of non-diabetic and diabetic mice

Type of mice Body weights HbAIC

® (%)
Non-diabetic 26.25 1 2.44 343 +1.12
Diabetic 53.36 +2.41% 8.33 £ 0.89*

Data are mean + SEM of six mice in each group. *p < 0.01.

Table 2. Renal discrimination of glycated albumin in non-diabetic and
diabetic mice

Study parameters Type of mice
Non-diabetic Diabetic

Plasma glycated albumin 0.95 4+ 0.10 3.00 4+ 0.21
(%)

Urinary glycated albumin 12.25 + 0.59 3.3540.30
(%)

Editing ratio 12.29 + 0.62 1.11 £ 0.09
24 h Urine volume 3.35 4+ 0.58 14.39 4+ 0.60
(mD)

24 h Urinary protein 0.69 + 0.05 27.35 4+ 3.41

(mg)

Experimental details are described in the text. Data are mean + SEM of
two groups each of non-diabetic and diabetic mice, consisting of four
mice per group. Values represented in all the study parameters differed
significantly between both the groups with a p < 0.01.

suggesting a substantial increment in the glomerular fil-
tration rates. The overall (24 h) excretion of glycated
albumin was found to be 916 pg in diabetic mice, in
contrast to only 84 ug in non-diabetic mice.

Discussion

These data demonstrate that the reduction in the editing
ratio of glycated albumin observed in diabetic mice is
similar to the one manifested by streptozotocin-diabetic
rats reported by us recently 3. This is the first report on
the preferential handling of glycated proteins by the
nephron in mice species. To explain the observed discrim-
inatory phenomenon for glycated albumin, one must
consider two loci, namely the glomerulus and the proxi-
mal tubule. In addition, the relative increase in the nega-
tive charge of proteins, in consequence of glycation, must
also be taken into consideration *# ', There is unequiv-
ocal evidence in the literature to suggest that glomerular
basement membrane acts as a barrier for the filtration of
proteins and is extensively negatively charged '* because
of its endowment with glycosaminoglycans and also
glomerular epithelial polyanion, the podocalyxin!2.
Therefore, under normal conditions less of glycated
albumin is filtered because of its (increased) negative
charge **# compared with the unmodified albumin. How-
ever, it has been shown that the glomerular negative
charge is decreased significantly in diabetes *3:**. There-
fore, if there is a loss of negative charge on the filter,
more glycated albumin should be filtered into Bowman’s
space. This is indeed true since we observed a significant
increase in the overall excretion of glycated albumin in
urine of diabetic mice. This assumption is based on the
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hypothesis that the proximal tubule excludes glycated
albumin from the reabsorption process. Using a micro-
puncture technique, we have shown recently that the
unmodified albumin, but not the glycated albumin, is
reabsorbed by the proximal tubule in an age-independent
manner ' 16, Therefore, the paradoxical reduction in the
editing ratio observed in diabetic mice, even with an
increased plasma glycated albumin and its overall in-
creased excretion into urine, may be due to the conse-
quential dilution of the glycated albumin by the unmod-
ified albumin, which is excreted in large amounts in
diabetic mice (table 2). We have observed a similar reduc-
tion in the editing ratio of glycated albumin under the
conditions of increased osmotic diuresis, such as manni-
tol infusion into rats 3. Moreover, we were able to reverse
the reduction in editing ratio in these animals after cessa-
tion of mannitol diuresis or by treating the diabetic ani-
mals with insulin 3.

It is important to note that non-enzymatic glycation of
proteins results in significant alternations in their func-
tion 2® as well as their recognition properties by different
cell types. It has been demonstrated by Williams et al.?*
that.the glycated albumin is avidly pinocytosed by the
capillary endothelial cells as compared with unmodified
albumin. Vlassara et al.2? have observed a preferential
uptake of glycated myelin basic proteins by the peri-
toneal macrophages. On the other hand, we have also
found that the pulmonary macrophages 2* and proximal
tubular epithelial cells'>!® exhibit preference for un-
modified albumin more than glycated albumin. These
observations indicate that glycation of proteins can
change their folding, function, and recognition proper-
ties.

We 7 and others *® have shown recently that genetically
hyperglycemic mice, unlike streptozotocin diabetic rat®
and diabetic humans'®, do not exhibit reductions in the
erythrocyte sodium-potassium ATPase activity. Experi-
mental evidence is also presented to suggest a relative
lack of polyol pathway in these mice, thereby preventing
the oxidative damage to critical thiols of sodium-potassi-
um ATPase 7 18, The observed reduction in editing ratio
may not be linked to the polyol pathway since, we have
failed to reverse or prevent this phenomenon in strepto-
zotocin-diabetic rats with sorbinil, an aldose reductase
inhibitor, therapy>.

In summary, we have demonstrated the phenomenon of
preferential handling of glycated albumin by the nephron
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in C57BL-Ks-J-mice and that it is lost in their diabetic
counterparts. Moreover, these data indicate that a simi-
lar mechanism may underlie the reduction of editing ra-
tio in insulin and non-insulin dependent diabetes.
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