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Summary

Quantitative and qualitative changes of serum protems apart from glycation, have not been sufficiently studied in
streptozotocin-induced diabetic rats (D), the most common experimental model for diabetes. Thus, we decided to
analyze the serum of diabetic rats by concanavalin A-blotting in comparison with rats with acute inflammation induced
by fermented yeast (Y), in which characteristic alterations of serum proteins have been described. Two months after the
streptozotocm treatment, the blood glucose levels were highly elevated (456+24 vs. 124+10 mg/dl, p<0.001, n=12), the
body weight was significantly lower than normal (27910 vs. 39216 g, p<0.001, n=12), and serum proteins appeared 10
be highly glycated (p<0.001) when analyzed by the fructosamine assay, without any significant change in the total
serum protein concentration. Analysis by concanavalin A-blotting, revealed a significant decrease of o;-inhibitor-3
(o4-13, p<0.05) and an increase of the B chain of haptoglobin (B-Hp, p<0.05) in both D and Y rats (n=3) compared with
control animals. However, acute inflammation caused a marked rise of two prominent acute phase proteins,
o,-macroglobulin and hemopexin, which did not change appreciably in'diabetic rats. Further work will be necessary to
evaluate the physiopathological significance of these phenomena which could result from changes of both concentration
and glycosylation of the aforementioned proteins.
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Introduction

It is known that, in clinical or experimental
diabetes, serum proteins are subject to quantitative and
qualitative changes:

1. A lower serum albumin concentrations, mainly due to
augmented renal excretion, and increased serum levels of
some acute phase proteins (APP) such as fibrinogen,
ay-acid glycoprotein, o-antitrypsin, haptoglobin (Hp),

ceruloplasmin and C-reactive protein have been reported
(McMillan 1989).

2. Qualitative changes, such as glycation, i.e. the non-
enzymatic reaction between glucose and proteins in
different tissues, detectable by the classical fructosamine
assay (Johnson et al. 1983), have been extensively
studied. It is established that glycation of specific proteins
can be partly responsible for diabetic complications, such
as cataract (crystallins), atherosclerosis (collagen and
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lipoproteins), neuropathies (myelin and plasma proteins)
and osteoporosis (osteocalcin) (Kennedy and Lyons
1997).
3. Enzymatic glycosylation, consisting of the conjugation
of complex carbohydrate moieties to polypeptide chains,
is known to play an important role in both physiological
and pathological conditions (Dennis et al. 1999). In
previous studies, we demonstrated that in inflammation,
beside the characteristic quantitative changes of APP,
specific changes of glycosylation occur (Silvestrini et al.
1989, Saso et al. 1993, 1999). Similar phenomena have
been described in clinical diabetes (Nishio et al. 1995,
Rellier et al. 1999) but
streptozotocin-induced experimental diabetes (Samaniego
et al. 1981, Chapman et al. 1991).

Thus, the aim of this study was to evaluate
changes in the concentration and glycosylation of

only occasionally in

selected serum proteins of rats with experimental diabetes
induced by streptozotocin, in comparison with the known
alterations of the serum protein pattern of rats with
generalized inflammation induced by fermented yeast
(Silvestrini et al. 1967, Saso et al. 1999).

Materials and Methods
Reagents
Sodium phosphate, sodium chloride,

2-mercaptoethanol, concanavalin A (Con A, cat. N°
C-7275), horseradish peroxidase (cat. N° P-8125),
4-chloro-1-naphthol, bovine serum albumin (BSA,
Cohn’s fraction V), Nonidet P-40 [octylphenoxypoly
(ethoxyethanol)], sodium hydroxide, polyoxyethylene-
sorbitan monolaurate (Tween-20, cat. N° P-7949),
streptozotocin and nitro blue tetrazolium (NBT, cat. N°
N-6876) were obtained from Sigma Chemical Co.
(St. Louis, MO, USA).* Acrylamide, N,NN'N'-
tetramethylenediamine (Temed), N,N'-diallyl-

tartardiamide (DATD), N,N' methylenebis(acrylamide) -

(Bis), glycine, 2-mercaptoethanol, sodium dodecyl sulfate
(SDS) and ammonium persulfate were obtained from
Bio-Rad (Richmond, CA, USA). Prestained high
molecular weight protein standards were from
GIBCO/BRL/Life Technologies (Merelbeke, Belgium).
Tris and phosphoric acid (85 %) were from Aldrich
Chemical Co. (Milwaukee, WI, USA). Coomassie blue G
was from United States Biochemical Corp. (Cleveland,
OH, USA). Nitrocellulose paper (0.45 pm pore size) was
from Schleicher and Schuell, Inc. (Keene, NH, USA).

Induction of diabetes by streptozotocin

We used 24 male Sprague-Dawley rats (Charles
River, Calco, Italy) with an initial body weight of about
200 g. Laboratory chow (GRF18, Italiana Mangimi,
Milan, Italy) and water were available ad [libitum.
Housing was controlled for temperature, humidity, and
12 h light-dark cycle. Diabetes was induced in 12 rats by
injecting intraperitoneally a single dose of 65 mg/ml/kg
of streptozotocin prepared in a citrate-phosphate buffer
(28 mM citric acid and 44 mM dibasic sodium
phosphate), pH 4.5. Twelve control rats (N) received an
injection of a single dose of 1 ml/kg of the buffer.
Animals were sacrificed 2 months after the induction of
diabetes. Experiments were performed according to the
F.E.L.A.S.A. guidelines concerning animal care and use.

Induction of acute inflammation

Inflammation was induced in Wistar rats of
about 200 g body weight by injection of fermented
brewer's yeast as previously described (Silvestrini et al.
1967). Briefly, yeast was suspended in sterile double
distilled water at a concentration of 100 mg/ml, incubated
for 15 h at 37 °C, kept for 24 h at 4 °C prior to its use and
injected subcutaneously in the dose of 10 mlkg body
weight. After 48 h, blood was withdrawn by cardiac
puncture under light anesthesia and allowed to clot at
room temperature for about 2 h. Serum was obtained by
centrifugation at 2000x g for 10 min. Samples were
stored at —20 °C until used.

Blood glucose
Blood glucose levels were measured using
Glucopat and Glucoscot reagent strips (Menarini, Italy).

Serum protein content

Serum protein content was determined by the
dye-binding assay of Bradford (1976) as modified by
Macart and Gerbaut (1982). Briefly, 0.1 ul of serum were
added in triplicate to 100 pl of the Bradford reagent
(0.01 % Coomassie blue G, 5 % ethanol, 10 %
phosphoric acid and 0.003 % SDS in double distilled
water) in 96-well assay plates (Falcon 3911, Becton
Dickinson, Oxnard, CA, USA). The calibration curve was
prepared by adding increasing amounts (1-10 pg) of BSA
to the same volume of the Bradford reagent. Hence, the
absorbance of the wells was measured at 595 nm using an
automatic microplate reader (model 3550 from Bio-Rad,
Hercules, CA, USA), connected to a personal computer
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equipped with the software Microplate Manager® (Bio-
Rad) for data analysis.

Analysis by the fructosamine assay

The glycation of serum proteins was measured
according to Johnson et al. (1983). Briefly, aliquots of
50 pl of serum were added to 450 pl of 100 mM
carbonate buffer pH 10.8 at 22 °C, containing 0.5 mM
NBT, and the samples were incubated for 1 h at 37 °C.
Hence, aliquots of 100 pl were pipetted in quadruplicate
onto a 96-well plate and the absorbance of the wells was
measured at 595 nm as described above.

Analysis by concanavalin A-blotting

Aliquots of 0.3 ul of serum were fractionated by
electrophoresis on 7.5 % T polyacrylamide gels (PAGE)
in the presence of SDS (Laemmli 1970) and the proteins
were electrophoretically transferred to nitrocellulose
paper and stained with concanavalin A (Silvestrini et al.
1989). Densitometric analysis was performed using the
scanner Hewlett Packard IIC, interfaced with a personal
computer equipped with the image analysis software
Winbasic 4® from Advanced American Biotechnology
(Fullerton, CA, USA).

Statistical analysis

Data were analyzed by Student’s t-test (normal
distribution) or Mann-Whitney test
distribution) using the software Sigma-Stat 2.0 for
Windows ‘95 (SPSS, Chicago, IL, USA). Differences
with p<0.05 were considered as statistically significant.

(non-normal

Table 1. Changes of different physiological parameters
following the induction of diabetes

Controls Diabetes
Number of animals 12 12
Body weight (g) 3626 279+£10**
Blood glucose (mg/dl) 12410 456124**
Glycation of serum
proteins (4595 nm) 0.44+0.02 0.59+0.06**

Concentration of serum

proteins (mg/dl) 5450+589 5360+832

Significantly different from
Student’s t-test

controls: ** p<0.01 by

Results

A decrease. of about 30 % of the body weight
was observed in diabetic rats (D) compared with control
animals (N), two months after the injection of
streptozotocin (Table 1). Blood glucose levels were high
(>400 mg/dl) in diabetic rats compared with normal
levels of about 120 mg/dl in controls (Table 1).

Protein glycation, evaluated by the fructosamine
assay, was highly increased in diabetic rats compared to
controls (Table 1). The protein concentration of the
samples, which is known to affect the results of the
fructosamine assay (Thomas and Muller 1990) was not
sgnificantly different in the two groups (Table 1).

When serum samples from diabetic rats and
controls were analyzed by concanavalin A-blotting, many
different bands were noted (Fig. 1A). The intensity of
several bands differed in the two groups (N, lanes 1-5; vs.
D, lanes 6-10), indicating changes in the concentration
and/or affinity for concanavalin A (Fig. 1A). The
densitometric analysis of the blot revealed a 25 %
decrease for a;-inhibitor-3 (a;-13) and a 25 % increase for
the B chain of haptoglobin (B-Hp) (Fig. 1B).

The serum protein pattern of diabetic rats was
different from that of rats with yeast-induced acute
inflammation (Fig. 1 vs. Fig. 2) which, together with the
changes of a,;-I; and B-Hp, exhibited a marked increase
of the acute phase proteins o,-macroglobulin (o,-M) and
hemopexin (HPX) (Fig. 2B).

Discussion

We observed specific protein changes by lectin-
blotting using concanavalin A (Fig. 1) in streptozotocin-
induced diabetic rats (D), together with extensive non-
enzymatic glycosylation due to marked hyperglycemia
lasting about 2 months (Table 1), The serum protein
pattern of diabetic rats was different both in normal rats
(N) and rats with acute inflammation induced by injection
of fermented yeast (Y). Both D and Y rats had a moderate
decrease of a;-inhibitor-3 (o;-I;) and an increase of the
B-chain of haptoglobin (Hp) (Figs 1 and 2). However,
two prominent acute phase proteins (APP), such as o,-
macroglobulin (a;-M) and hemopexin (HPX) (Engler and
Mege 1986), were elevated in Y but not in D rats,
compared to normal Wistar (CTRL) and Sprague-Dawley
(N) rats, respectively.
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Fig. 1. Analysis of serum of diabetic rats by
concanavalin A-blotting. (A) Aliquots of 0.3 pl of serum
1-5) and
streptozotocin-induced diabetic rats (D, lanes 6-10) were
fractionated by SDS-PAGE on 7.5% T polyacrylamide
gels and the proteins were electrophoretically transferred

from control Sprague-Dawley rats (N,

onto nitrocellulose paper and stained with concanavalin
A. ai-I;, ap-inhibitor-3; a,-M, a,-macroglobulin; HPX,
hemopexin, -Hp, B chain of haptoglobin. The molecular
weight (Mr) standards were myosin (200 Kd),
phosphorylase b (97.4 Kd), bovine serum albumin (68
Kd), and ovalbumin (43 Kd). D, dye front. (B)
Densitometric analysis of the blot shown in Fig. IA.
D (n=12), diabetic
N (n=12), control Sprague Dawley rats. ay-I;
a,-inhibitor-3; B-Hp, [ chain of haptoglobin. Data are
means #8S.D. * p<0.05 according to Student’s t test.

streptozotocin-induced rats;

o,-I; belongs to the family of a-macroglobulins
together with o,-macroglobulin (a,-M), o,-macro-
globulin, ovostatin and pregnancy zone protein (Sottrup-
Jensen 1989). They are large glycoproteins present in the
circulation both of vertebrates and invertebrates, acting as
sophisticated  proteinase  inhibitors  (Sottrup-Jensen
1989). a,-M is also known to function as a carrier for
interleukins and growth factors (Matsuda et al. 1989,
Lysiak et al. 1995). Despite their common function, the
regulation of these proteins is very different even in
relatively close species such as the rat, in which is a
prominent APP (Koj et al. 1988), and man, in which it is
not (Housley 1968). Interestingly, diabetes is one of the
few pathological conditions characterized by quantitative
changes of a,,-M (James et al. 1980, Pozzilli et al. 1980,
Ceriello et al. 1989, Skowron-Szlosarczyk et al. 1992).
o,-I;, which is present like o,-M in rodents but not in
humans, is a negative APP, i.e. its concentration
diminishes upon inflammation. Furthermore, the serum
levels of o,-I; were reduced in both experimental
diabetes and acute inflammation (Figs 1 and 2), while
a,-M and HPX behaved differently (Fig. 2). This is also
in agreement with a previously reported reduction of oI5
in skeletal muscles of diabetic rats (Stauber ez al. 1981,
1983, Komori et al. 1992). Although the physio-
pathological significance of these changes is still

unknown, it is possible to speculate that variations of
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oy-I; levels compensate other alterations of serum
proteins, as described in hypoalbuminemic rats (Goto ef
al. 1988, Stevenson et al. 1998).

The increase of B-Hp in diabetic rats (Fig. 1) is
consistent with the augmented concentration of this
protein in diabetes, as described by other authors
(Jonsson and Wales 1976, McMillan 1989, Rema et al.
1996), a phenomenon that could influence serum
viscosity (McMillan 1989) and possibly be involved in
the pathogenesis of diabetic retinopathy (Rema et al.
1996).
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Fig. 2. Analysis of serum by concanavalin A-
blotting in rats with inflammation. (A) Aliquots of 0.3 ul
of serum from control Wistar rats (CTRL, 1-3) and rats
with acute

inflammation induced by injection of
fermented yeast (Y, lanes 4-6) were fractionated by
SDS-PAGE on 7.5% T polyacrylamide gels and the
proteins were electrophoretically  transferred  onto
nitrocellulose paper and stained with concanavalin A.
a)-l;,  a-inhibitor-3; a;-M, a;-macroglobulin; HPX,
hemopexin, B-Hp, 3 chain of haptoglobin. The molecular
weight (Mr) standards were myosin (200 Kd),
phosphorylase b (97.4 Kd), bovine serum albumin (68
Kd), and ovalbumin (43 Kd). D, dye front. (B)
Densitometric analysis of the blot shown in Fig. 24.
CTRL (n=3), control Wistar rats. Y (n=3), inflamed rats,
a-l;,  a-inhibitor-3;  a,-M, a,-macroglobulin; HPX,
hemopexin, B-Hp, 3 chain of haptoglobin. Data are mean
+S8.D. ** p<0.001 and * p<0.05, according to Student’s t

test.

Finally, it is necessary to stress that some of the
protein changes described here could be due, besides
quantitative alterations, to variations in the affinity of the
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carbohydrate moieties of proteins for concanavalin A,
due to changes of enzymatic glycosylation. This would
not be surprising for haptoglobin which is known to be
abnormally glycosylated in different diseases (Saso et al.
1993, Turner 1995), including experimental diabetes
(Chapman et al. 1991). However, with a few exceptions
(Chapman et al. 1991, Nishio et al. 1995), the changes of
enzymatic glycosylation have not been examined in
diabetes, despite their possible involvement in
pathological complications of the disease, as has been

shown for glycation.
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In conclusion, we reported characteristic
qualitative and quantitative changes of APP in diabetic
rats compared to control rats and rats with acute
inflammation, but further work will be necessary to

elucidate their pathophysiological significance.
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