
INTRODUCTION
Sialic acid, as a ter mi nal sac cha ride resi due in cell sur -

face gly co con ju gates, plays an im por tant role in a va ri ety
of bio logi cal pro cesses. Sialic acid resi dues on the leu ko -
cyte sur face re duce cell- to- cell ad he sion, pre vent the
depo si tion of com ple ment on the cell sur face, per mit eva -
sion of im mune rec og ni tion, and regu late the bind ing of
ligands to their mem brane re cep tors. Modificat ion of the
sia ly la tion status of mem brane gly co con ju gates may pro -
vide an ad di tional layer of regu la tion of leu ko cytes
in ter ac tions with other cells or in for ma tional mole cules
(e.g., cy to ki nes, hor mones) [1, 6]. 

The sugar chains in cel lu lar gly co con ju gates with sialic 
acid in terminal po si tion are key ele ments in the ini tial re -
cruit ment of leu ko cytes to the site of in flam ma tion, serve
as ligands for the se lect ins that me di ate teth er ing and roll -
ing of leu ko cytes on ac ti vated en do the lial cell [9]. There
is now grow ing evi dence that in creased leu ko cyte ad he -
sion to the en do the lial wall and en trap ment (leu kosta sis)
may play an im por tant role in the de vel op ment of dia betic
mi cro an gio pa thy. The patho genic mecha nisms me di at ing

ab nor mal leukocyte- endothelial cell ad he sion in clude
modi fi ca tion of cell sur face car bo hy drates ex pressed on
leu ko cyte sur face and con trol cell ad he sion events [1, 2, 7].

Therefore, the aims of the present study were to
evaluate changes in total sialic acid content on the surface
of leukocytes and determine amount and type of
saccharides found at the penultimate position (relative to
sialic acid) in oligosaccharide chains of leukocyte
glycoconjugates in streptozotocin-induced diabetic rats
and after treatment with agmatine (AGM), blood sugar-
lowering agent.

MATERIAL AND METHODS
Ani mal prepa ra tion. The male rats weigh ing be tween 

160 and 200g were used in this re search. The ani mals
were di vided into four ex peri men tal groups: con trol
group, AGM- treated con trol group (20 mg × kg-1 × day-1

i.m. AGM for 14 days), strep to zo to cin (STZ)-di abetic
group (60 mg × kg-1 STZ i.p.), AGM- treated dia betic
group (20 mg × kg-1 × day-1 i.m. AGM for 14 days). All
ex peri ments were car ried out ac cord ing to the Na tional
In sti tute of Health Guide lines for the care and use of labo -
ra tory ani mals and the Euro pean Coun cil Di rec tive on 24
No vem ber 1986 for Care and Use of Labo ra tory Ani mals
(86/609/EEC), and ap proved by the Lo cal Eth ics Com -
mit tee. 
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Blood col lec tion. Af ter the rats were lightly an aes the -
tized with di eth y le ther, blood was col lected. Hepa rin was
added be fore hand to pre vent co agu la tion (the fi nal so lu -
tion be ing 1:100).

Iso la tion of blood leu ko cytes. Leu ko cytes were iso -
lated from blood by cen trifu ga tion in gra di ent of ficoll-
 triombrast den sity (=1.076–1.078). Af ter wards, the cells 
were washed twice in phos phate buff ered sa line (PBS, pH 
7.4). Cell vi abil ity will be con trolled by trypan- blue (0.1% 
w/v so lu tion) ex clu sion test.

Meas ure ment of sialic acid con tent. To tal cell- asso-
ciated sialic acid con tent was meas ured by the War ren
thio bar bi turic acid as say as pre vi ously de scribed [8]. 

Lectin- induced leu ko cyte ag gre ga tion. Leu ko cyte
ag gre ga tion was meas ured us ing ag gre gome ter «Biola»
(Rus sia). For this as say 0.3 ml of cell sus pen sion (2.5 ×
106 cells in 1 ml), pre warmed to 37°C, were in cu bated
with 0.01 ml lectin so lu tion pre pared in PBS (1.0 mg/ml),
which was added to stirred leu ko cyte sus pen sions at 15
sec ond af ter the be gin ning of reg is tra tion. The mean ra -
dius of formed leukocyte ag gre gates was then ob tained.
The lect ins used were SNA (lectin from Sam bu cus ni gra)
and MAA (lectin from Maackia amuren sis), spe cific for
(2,6)- and (2,3)-bound sialic ac ids, re spec tively. 

Enzyme-linked lectin assays (ELLA) of leukocyte.
ELLA is based on binding of biotinyled lectins to
glycoconjugates of cells. Leukocytes (2.0 × 106 cells in 1 ml) 
were immobilized on a microtiter plate using poly- L-
lysine (mol wt 15.000–30.000). Then plate was incubated
for 2 h at 37°C, whereafter cells were fixed with gluta-
raldehyde and washed very gently five times using
PBS-tween and a multichannel pipetor. Then to each well
there were added in turn biotinilated lectins, avidin- alka-
line phosphatase conjugate and p-nitrophenyl phosphate
(substrate for alkaline phosphatase). At each stage plate
was washed three times using PBS-tween. The optical
density (OD) of each well was measured at 405 nm with
a mi cro plate spectrophotometer «EPOCH» (USA). ELLA 
was performed using lectin RCA (for the identification of
terminal Gal in the disaccharide Galß(1,4)GlcNAc), PNA
(terminal Gal in the disaccharide Galß(1,3)GalNAc) and
SBA (terminal /ßGalNAc). 

RESULTS
Change in sialic acid level in cell surfaces gly co con-

jugates has been associated with the initiation or modifi-
cation of diverse cellular functions. The results of this
study indicated a decrease in total sialic acids content in
diabetic rats leukocytes in comparison to controls (Fig. 1). 
In order to determine the change in expression of (2,3)-
and (2,6)-linked sialic acid we performed lectin-induced 
leukocyte aggregation analysis with lectins MAA and
SNA. As illustrated in Fig. 2, mean radius of leukocyte

aggregates was decreased using both lectins SNA and
MAA. To further define the change in sialylation status of
cell surface glycoconjugates the amount and type of
saccharides found at the penultimate position (relative to
sialic acid) of oligosaccharide chains was investigated.
Anincrease in level of RCA-binding determinants on the
leukocyte surface in diabetic rats was shown whereas the
binding of lectins SBA and PNA did not show any
statistically significant difference as compared to control
(Table 1). 

After treatment with AGM, the content of sialic acids
in leukocyte of control group of rats was significantly
lower and MAA-induced aggregation of cells was
decreased. Our findings show also a decreased binding of
lectin RCA to the leukocyte glycoconjugates in
AGM-treated control group of rats. In contrast, sialic acid
content in leukocyte of diabetic rats  after administration
of agmatine was significantly higher than those in the
diabetes (Fig. 1). An increase of MAA-indused aggregation
index of leukocytes was also found (Fig. 2). Binding of
RCA by cells decreased and the level of PNA-binding
oligosaccharides on the leukocyte surface increased in
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Fig. 1. Sialic acid content in leukocyte cell-surface glycocon-
jugates in control and diabetic group of rats after treatment with
agmatine (M±m, n = 8?10). * – p<0.05, as compared with the
control group; # – p<0.05, as compared with the diabetic group 

Fig. 2. Index of lectin induced aggregation of leukocyte in normal
and diabetic rats after treatment with agmatine (Ě±m, n =
8?10). * – p<0.05, as compared with the control group; # – p<0.05,
as compared with the diabetic grou



AGM-treated diabetic group when compared with the
diabet (Table 1).

Table 1. Re sult of ELLA us ing lect ins RCA, PNA and SBA (M±m, 
n = 8?10)

Lectins
OD405 HM

control group AGM-treated
control group diabetic group AGM-treated

diabetic group
RCA 0.708±0.035 0.303±0,017* 0.861 ±0.037* 0.790±0.023#

PNA 0.026± 0.004 0.029±0.002 0.016±0.004 0.033±0.003#

SBA 0.079 ±0.017 0.044±0.009 0.050±0.004 0.061±0.005

* – p<0.05, as com pared with the con trol group; # – p<0.05, as com pared with the
dia betic group

DISCUSSION
The obtained data demonstrate increase in de sia lyla-

tion of carbohydrate determinants of leukocyte membrane 
glycoconjugates in diabetic rats. Adecrease in both (2,3)-
and (2,6)-linked sialic acid residues was shown. This was
associated with detecting of  the penultimate galactose
residues in the disaccharide Galß(1,4)GlcNAc, often
found in structure of N-glycans of glycoproteins. Such
changes in sialylation status of leukocyte cell-surface
glycoconjugates may be due to increase in activity of
endogenous sialidases in cells. These enzymes influence
the cellular activity by removing terminal sialic acid
residues from glycolipids and glycoproteins. Loss of
sialic acid residues has been associated with changes in
various cell functions: activation of neutrophil (e.g.,
increased adhesiveness and decreased surface charge),
enhanced cytokine production by lymphocytes and
enhanced interaction of monocytes with hyaluronic acid,
a component of the extracellular matrix [4, 5, 7]. This
process may be involved in the development of diabetic
complications. Decrease of sialic acid content (in
particular (2,3)-linked residues) was also shown in control
group of rats after i.m. injection of AGM. But in this case
a decrease in RCA-binding oligosaccharide determinants
on the leukocyte surface was found. Thus, the pathogenic
mechanisms mediating decrease of sialic acid in this
experimental group of rats include among other shedding
of glycoprotein from the leukocyte surface. These
changes may be associated with the modification of

diverse cellular functions and change of signaling
pathways in leukocyte [4]. Our findings show increased
sialation (in particular (2,3)-sialation) of oligosaccharide
sequences in leukocyte membrane glycoconjugates after
treatment of diabetic rats with AGM. Also a decrease in
the exposure of terminal galactose residues in the
disaccharide Galß(1,3)GalNAc of glycoconjugates and
increase in galactose level, (1,3)-linked to GalNAc was
shown. Detected changes in configuration of leukocyte
membrane components indicate the positive effect of
AGM on white blood cells in diabetic animals. Treatment
with this polyamine is known to lead to normalization of
blood glucose levels under diabetes mellitus [3]. Thus,
AGM causes the recovery of functional state of leukocyte
in diabetic rats and consequently positively affects the
glycoconjugate sialation process in these cells.
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