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It has been shown that agmatine affects the process of actin polymerization in leu-
kocytes from both healthy rats and rats with experimentally induced diabetes mellitus
(EDM). Our studies revealed that the initial general F-actin level in the leukocytes of
diabetic rats was substantially higher than in the leukocytes of the healthy animals. This
implies that leukocytes undergo a number of structural and functional changes and are
in pre-activated state at the diabetes mellitus conditions. While the total actin content in
the leukocytes of EDM rats dropped, we observed a redistribution of actin fractions,
namely the level of cytoskeletal actin filaments decreased, whereas the abundunce of
short actin filaments increased. Thus, actin polymerization intensifies in EDM condi-
tions, although the initial actin content decreases. Agmatine administration to the control
group of animals didn’t lead to significant changes in general actin content in leuko-
cytes, while the level of actin monomers decreased due to polymerization and short
actin filaments formation. Treatment of the diabetic rats with agmatine resulted in ele-
vated content of both general actin and cytoskeletal actin filaments as a result of reor-
ganization of short actin filaments. Our data suggest that this polyamine directly or indi-
rectly affects the functional state of leukocytes via altered cytoskeleton formation.

Keywords: actin, cytoskeleton, leukocytes, agmatine, experimental diabetes mel-
litus.

INTRODUCTION

Diabetes mellitus (DM) is a disease characterized by a number of metabolic disor-
ders of multifactorial etiology [14]. Clinical and experimental assays have demonstrated
that immunocompetent blood cells undergo severe morphofunctional changes in indi-
viduals with diabetes mellitus or in animals with streptozotocin-induced diabetes. De-
creased chemotactic and phagocytic leukocyte activity associated with sustained hy-
perglycemia makes infections a frequent and severe systemic complications of diabetes
mellitus [3, 25].

The pathogenesis of blood cell dysfunction in type 1 DM is rather complicated and
poorly studied. Micro- and macroangiopathies, which develop under DM conditions, to-
gether with accelerated progression of atherosclerosis, are accompanied by dysfunction
of blood circulation, increased risk of thrombosis and can be a cause of sudden death.
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The most important functional changes that lead to angiopathies are the increase in
vessel wall penetration, hemodynamic disorders, changes in blood viscosity and dys-
function of adhesive, aggregative and migrative abilities of leukocytes. These changes
are typical for a certain morphofunctional state of leukocytes [16, 32, 36].

The functional state of leukocytes depends on the occurrence of complex interac-
tions among membrane proteins, cytoskeleton, and signaling networks. Membrane/cy-
toskeleton association plays a key role in the maintenance of a dynamic cell shape and
the continuous re-modeling of immune cell “signaling architecture.” The ultimate reflec-
tion of this dynamic interaction is cellular polarization with the formation of distinct mor-
phological and functional poles with an unidirectional orientation of leukocyte movement
[4, 13]. Actin cytoskeleton reorganization plays a crucial role in leukocyte locomotion;
actin polymerization and depolymerization ensures migration ability of leukocytes [27,
10 ]. Leukocytes become activated once stimulated and fast polymerization of G-actin
monomers occurs [9]. Actin dimers and trimers are unstable, therefore, to proceed to-
ward the generation of new actin filaments, they must associate with nucleation-promo-
ting factors. Actin polymerization requires free barbed ends. They can arise by nucle-
ation of new actin filaments, by uncapping barbed ends in existing actin filaments
through release of capping proteins, or by severing of noncovalent bonds between actin
monomers within filamentous actin, resulting in shorter filaments with free barbed ends
[11, 12, 32]. As lamellipodia move very fast (up to 1 mm/s), hundreds of actin subunits
per second have to be detached from actin filaments at the negative end and attached
to the positive end. Radiating bundles of actin filaments with diameters of 0.1-0.2 mm
and a length of several micrometers lead to membrane protrusions called filopodia and
finally initiate the cell’'s movement [13, 32].

Intracellular signalling enzyme phosphatidilinositol-3'-kinase (PI-3'-kinase) is of
great significance in the leukocyte locomotion both under normal conditions and in case
of different pathologies [2]. Leukocyte structural changes and preactivation in DM are
caused by alteration in the expression level of PI-3'-kinase [35]. PI-3'-kinase takes part
in signal transduction into the cell and from it, as well as in the formation of focal con-
tacts on the leucocyte membrane surface by interaction with integrin receptors [37].
Among cellular proteins, which are the targets of PI-3'-kinase, there are low-molecular-
weight GTPases, which take part in the formation of such cell responses to the external
stimulation as formation of stress fibrils, creation of lamellipodia and filopodia, i.e. they
contribute to changes of the morphologic state of cells and movement [13]. All these
occurs as a result of reorganization of the cellular actin cytoskeleton [28]. Consequently,
the study of actin polymerization level in the peripheral blood leukocytes allows us to
characterize leukocyte’s pre-migration ability before extravasation (diapedesis).

Cooperative interaction between blood polymorphonuclear leukocytes (PMN) and
mononuclears is an important factor in the maintanence of homeostasis under normal
and pathological conditions. Inflammation in diabetes mellitus leads to decreased leu-
kocyte-endothelial cell interactions and reduced number of leukocytes in inflamed le-
sions [3]. Previous studies have described diminished polymorphonuclear leukocytes
functional activity (e.g., defective chemotaxis, bacterial killing, superoxide production,
leukotriene release, and lysosomal-enzyme secretion) as well as altered basal levels of
intracellular calcium and superoxide in diabetes. Thus, the nature and extent of PMN
dysfunction under DM conditions remains to be elucidated [25, 34]

There are numerous methods for characterization of the functional state of immu-
nocompetent blood cells. Most of them are not all-purpose as they are focused on the
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investigation of separate sections of pathogenesis. Therefore, there is a great need in
expanding the means of investigation of the cell morphofunctional state alterations
which often indicate certain pathologies.

The search for new substances that could be used in the combination therapy of
DM is highly topical. Such substances are expected to improve the patient’s condition
due to their ability to decrease the level of glucose and normalize carbohydrate metabo-
lism. Correction of actin polymerization defect in diabetes could improve the prognosis
of diabetic vascular complications [1].

In the current work the biochemical effects of agmatine have been studied. Agmatine
is a polyamine which is synthesized in the organism in negligible concentrations by de-
carboxylation of the amino acid L-arginine. Agmatine is considered to be of great thera-
peutic potential due to the various physiological and pharmacological effects it causes
[20, 29]. Agmatine acts as a neurotransmitter and neuromodulator; it is an endogenous
ligand for imidazoline (11/12) receptors and a2-adrenoceptors, as well as N-methyl-D-
aspartate- and serotonine receptors [31]. Since agmatine is an analog of L-arginine it is
also considered as an NO synthase concurrent inhibitor, especially of its inducible isoform
[6]. One of the major biological effects of agmatine is its capacity to influence glucose
metabolism at hyperglycemia. This effect of agmatine is achieved through a receptor-
mediated mechanism [20].Our previous studies have demonstrated that agmatine admin-
istration to animals with DM leads to normalization of glucose level [14]. It has also been
shown that agmatine injections do not impact on the cytological peripheral blood para-
meters in animals with experimentally induced DM. The leukocyte count in diabetic ani-
mals returns to the indices close to that of the control group of animals. However, little
information is available about the effects of agmatine on actin content and polymerization
in leukocytes under experimental diabetes mellitus.

The purpose of our work was to study the effects of agmatine on actin polymeriza-
tion in rats’ peripheral blood leukocytes under normal and experimental DM conditions.

MATERIALS AND METHODS

In our study we used fluorescent microscopy assay and immunoblot analysis. The
cells were stained with Phalloidin Alexa Fluor 350 with subsequent fluorescent microscopy
in order to determine the level of actin polymerization. Both short and long F-actin fila-
ments were visualized by this means. We performed the densitometric analysis of West-
ern blots using anti-actin antibodies to measure the total level of actin (F-actin + G-actin)
in white blood cells taken from different experimental groups of animals. Furthermore, we
investigated the redistribution of actin within three cellular fractions: actin forming cytoske-
letal filaments, the membrane skeleton filaments, and free G-actin monomers.

Animal preparation. The experiments were perfomed on white outbred male rats
weighing 150-180 g. The animals had free access to food and water during their stay
under standard vivarium conditions. The experiments were conducted in compliance
with the General Ethical Principles for Conducting Experiments on Animals adopted at
the First National Congress on Bioethics (Kyiv, 2001), which agree with the provisions
of the European Convention for the Protection of Vertebrate Animals used for Experi-
mental and Other Scientific Purposes (Strassbourg, 1985). The animals were divided
into four experimental groups: (1) control, (2) control + agmatine, (3) experimental dia-
betes mellitus (EDM), and (4) EDM + agmatine. EDM was induced by the intraperito-
neal administration of 6 mg streptozotocin (Sigma, United States) per 100 g of body
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mass, dissolved in 10 mM citrate buffer (pH 5.5). The development of diabetes was
controlled by the blood glucose level determined 72 h after the streptozotocin adminis-
tration. Animals with a glucose level above 14 mM were considered eligible for experi-
ments. Starting on the third day from the moment of inducing diabetes, the animals from
the second and fourth groups were intramuscularly administered with agmatine (Sigma,
United States) at a concentration of 20 mg/kg body weight for 14 days.

Blood collection. Blood was collected after light anesthesia with diethylether.
Heparin was added before hand to prevent coagulation (the end point heparin : whole
blood dilution = 1 : 100).

Isolation of blood leukocytes. Leukocytes were isolated from blood by centrifu-
gation in gradient of ficolltriombrast density (r = 1.076—1.078). Afterwards, the cells were
washed twice in phosphate buffered saline (PBS, pH 7.4). Cell viability was controlled
by trypanblue (0.1% w/v solution) exclusion test.

Immunofluorescence studies. Fluorescent and biotinylated phalloidin and phal-
lacidin are widely used in molecular biology assays for F-actin labeling. These phallo-
toxins, isolated from the deadly Amanitaphalloides mushroom, are bicyclic peptides that
differ by two amino acid residues. They can be used interchangeably in most applica-
tions and bind competitively to the same sites in F-actin. Phalloidin and phallacidin
contain an unusual thioether bridge between a cysteine and tryptophan residue that
forms an inner ring structure. Labeled phallotoxins have similar affinity for both long and
short filaments, binding in a stoichiometric ratio of about one phallotoxin molecule per
actin subunit in muscle and nonmuscle cells from many different species of plants and
animals. They reportedly do not bind to monomeric G-actin, unlike some anti-actin anti-
bodies. Unlike antibodies, the binding affinity does not change appreciably with actin
from different species or sources. Nonspecific staining is negligible, and the contrast
between stained and unstained areas is extremely large [7].

Cells (1.0x10%coverslip) were washed with ice-cold PBS* (200 mg/l KCI, 200 mg/I
KH,PO,, 2.160 g/l Na,HPO,x7H,0O, — 8.0 g/l NaCl, 100 mg/l CaCl,, 100 mg/l MgCl,x
6H,0, pH 7.5) and transferred onto ice. Cells were fixed with 4% methanol-free para-
formaldehyde in PBS* (10 min, 4 °C and 20 min, 25 °C), exposed to 50 mM NH,CI/PBS*
(5 min, 25 °C) and 3% BSA in TBS (30 min, 25 °C). Cells were permeabilized with
0.03% Triton X-100/PBS* (10 min, 25°C), blocked with 3% BSA/PBS* (30 min, 25 °C)
and incubated with phalloidin-Alexa Fluor 350 (Invitrogen, CA). Incubation was con-
ducted for 60 min at 25 °C in TBS/0.2% BSA. Samples were mounted in mowiol/DAB-
CO and examined under a fluorescent microscope (Nikon Optiphot 2). The number of
cells was counted and the cell length was measured on the yielded images using Ima-
gedJ software. The calculations were performed in four—five independent experiments
from 10 to 15 fields containing a total of 100 to 150 cells for each sample.

Fractionation of actin cytoskeleton. Cells (1.5x10°) were lysed in 250 ml of the
buffer composed of 0.5% Triton X-100, 100 mM KCI, 5 mM MgCl,, 2 mM EGTA, 25 mM
Tris, pH 7.5 and a protease inhibitor cocktail (“Sigma”, USA). After 10 min (4 °C), cell ly-
sates were centrifuged for 10 min at 10 000 g. The yielded pallet contained long cytoske-
letal actin filaments, while the supernatant contained short actin filaments and actin mono-
mers [15, 19]. After withdrawing 10 ml-samples of supernatant for SDS—PAGE analysis,
the supernatants were subjected to further high-speed centrifugation (1 h, 100 000 g) to
separate actin monomers (supernatant) and short actin filaments (pellet). The pellet was
dissolved in 30 ml of urea solution and analyzed by SDS-PAGE. To quantify actin in iso-
lated fractions, equal volume of each fraction was applied onto a gel [21]. After immune
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blot with anti-actin antibody, actin bands were analyzed densitometrically using Gelpro32.
Actin content in each fraction was expressed as a percentage of actin amount found in
leukocytes of control group in the corresponding set of fractions.

Immune blot analysis. The lysates as well as cellular fractions were subjected to
SDS-PAGE, transferred onto the nitrocellulose sheets and immune blot analysis was
performed essentially as described [23, 24]. The membranes were probed with mouse
IgG anti-actin antibody (MP Biomedicals, OH) followed by anti-mouse IgG-peroxidase
(Sheep anti-Mouse Ig Antibody, (H+L) HRP conjugate, Millipore, CLLUA). The immunore-
active bands visualized by chemiluminescence (Pierce, IL) were analyzed densitometri-
cally using Gelpro32.

Data analysis. The significance of differences between the groups was calculated
using Student’s t-test. P<0.05 was considered to be statistically significant.

RESULTS AND DISCUSSION

We determined the amount of polymerized actin in cells by assessing the content
of fluorescent phalloidin, which binds exclusively to F-actin in a 1:1 ratio leaving G-actin
unlabeled [9]. We studied F-actin levels in leukocytes from control animals and animals
with experimental DM. Furthermore, we described the impact of agmatine (which was
administered intramuscularly during 14 days) on actin polymerization in leukocytes from
healthy animals and animals with experimental DM.

Localization and level of F-actin in leukocytes from all experimental groups of ani-
mals were evaluated using Phalloidin-Alexa Fluor 350 staining and subsequent fluores-
cent microscopy (Fig. 1). We analyzed signal intensities from separate cells; arithmetic
means of signal intensities from different cells are represented in the Table 1. The com-
parative analysis of fluorescent and light microscopy revealed that polymorphonuclear
leukocytes possess higher level of F-actin when compared to mononuclear leukocytes.
F-actin cytoskeleton filaments of PMN cells are involved in intercellular interactions as
they are capable of forming adhesive contacts. Cytoskeletal actin filaments also play
role in signal transduction and leukocyte motility [30]. The filaments determine the cell
shape; majority of the actin filaments are concentrated in the periphery of cell next to the
plasma membrane. F-actin is localized in filopodia, lamellipodia, ruffles, and the actin-
rich cell cortex [18]. There are two types of F-actin that differ in stability. The lamellipodia
F-actin is sensitive to chemotactic factor stimulation [18]. This form of actin determines
the neutrophil’s facility for activation, adhesion, motility, phagocytosis and cytotoxicity
[30]. Actin cytoskeleton permanently undergoes dynamic reorganization in order to se-
cure all of the cell’s morphofunctional changes and leukocyte functions. [8]. In contrast,
F-actin of the cortex is characterized by low stability. It is present in both stimulated and
unstimulated neutrophils [18].

In our studies we demonstrated that the baseline (spontaneous) level of the polyme-
rized actin in leukocytes of diabetic rats was higher when compared with that in leuko-
cytes of the control group. This implies that under experimental diabetes mellitus leuko-
cytes undergo certain morphofunctional changes and are in pre-activated state. Preacti-
vated neutrophils at EDM develop ruffles all over the cell body [18]. The fivefold increase
in polymerized actin level in leukocytes of diabetic rats implies that the polymerized actin
accumulates in the filopodia region of leukocytes [18]. The literature data [1] indicate that
even threefold rise in polymerized actin level is associated with an insufficient cellular
response to integrin-dependent cell-cell signaling, which leads to diminished cell-matrix
interactions [17]. We suggest that the rise of actin level at EDM conditions leads to the
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decrease of leukocyte’s adhesion to endothelial cells. This affects the cell’s ability for
diapedesis and prevents them from migration to the inflamed lesion. All these changes
lead to a decreased number of leukocytes at the site of infection [3].

Table 1. The level of the polymerized actin in leukocytes of rats under normal condi-
tions and in the case of experimental diabetes mellitus (M = m, n = 4-5)

Tabnuus 1. BmicT nonimepnsoBaHOro akTUHy B FIeMKOLMTaXx LLypiB y HOPMi Ta 3a yMOB eKcre-
pUMeHTanbHoro uykpoBoro giabety (M £ m, n = 4-5)

Control 1.19+0.18

Experimental diabetes mellitus (EDM) 6.22+1.12*
Control + agmatine 16.51+2.09*
EDM + agmatine 8.86+0.90%

Comments: * — P < 0.05, as compared with the control group; # — P < 0.05, as compared with the diabetes
mellitus group.

* — pi3HMLA goCTOoBIpHA MOPIBHSAHO 3 KOHTponeM, P < 0,05; # — pisHMUs OOCTOBipHA NOPIBHAHO
3 EUA, P <0,05.

Mpumitku:

In the present work, we have studied the effect of agmatine on the level and local-
ization of F-actin in leukocytes from normal and diabetic rats (Table 1, Fig. 1). In leuko-
cytes from control animals and animals with experimental DM an increased level of
polymerized actin was observed in response to agmatine treatment. In response to
agmatine treatment the cells of control rats were mostly rounded with actin filaments
forming a cortical ring (Fig. 1). Notably, agmatine injection caused the fourteenfold in-
crease of the actin level of peripheral blood leukocytes of healthy animals (Table 1).
Agmatine treatment of animals with experimentally induced diabetes mellitus resulted in
an increased actin level when compared to untreated diabetic rats (Table 1).

The initial general F-actin level in leukocytes of diabetic rats treated with agmatine
was substantially higher than in leukocytes of untreated diabetic rats (Table 1, Fig. 1). F-
actin level in leukocytes of agmatine-treated and untreated diabetic rats was 8.86+0.90
and 6.22+1.12 conventional units respectively. Elevated actin levels in the leukocytes
from agmatine-treated diabetic rats can be explained by quantitative redistribution of im-
munocompetent white cells. Previous studies demonstrated that agmatine injections nor-
malized the numbers of neutrophils and lymphocytes while the number of monocytes in-
creased [14].

The leukocyte count of animals with diabetes mellitus is characterized by the dimi-
nished level of segmented neutrophils and increased level of lymphocytes, while the num-
bers of banded neutrophils, eosinophils and monocytes remain constant. Such changes
in the leukocyte’s ratio indicate that the specific immune response prevails over innate
response at the EDM conditions [14]. Efficacious immune system functioning requires not
only normal leukocyte count but also unaffected capacity of cells to migrate to the site of
inflammation [26]. Neutrophil granulocytes are the first cells that get activated in response
to pro-inflammatory factors [38]. Agmatine administration to animals with EDM leads to
normalization of leukocytes and neutrophils numbers. An increase in F-actin level reflects
the improvement in both specific and innate immune responses [14].
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Microscopy assay:
brightfield fluorescence

Control

Control + agmatine

Experimental diabetes [
mellitus (EDM)

EDM + agmatine

Fig. 1. Representative brightfield and fluorescent images of leukocytes from different groups of rats. Leuko-
cytes were stained with phalloidin-Alexa Fluor 350 in order to obtained visualize actin filaments after
fixation and permeabilization. Magnification x1000

Puc. 1. PenpeseHTtaTtvBHi MikpodpoTorpadii cBiTnoBoi Ta (roopecUeHTHOI MIKpoCKonii NernKkouuTiB nicns
pikcyBaHHs, nepmeabiniayBaHHs 11 iHkyOyBaHHs kniTuH 3 Phalloidin Alexa Fluor 350 ans Bisyanizauii
aKTUHOBUX (PiNaMeHTIB y BCiX AOCMiAXYyBaHMX rpynax TBapuH. 36inblieHHst x1000

It is possible that the changes in the leukocyte count in diabetic rats after agmatine
treatment were caused by agmatine’s ability to alter polyamine metabolism. Agmatine,
after being actively transported into the cell via putrescine transporter, causes the exhaus-
tion of the intracellular polyamine level. As the activity of polyamine transporters correlates
with the cell’s proliferative activity agmatine mainly affects the cells with high proliferative
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activity [5, 33]. Taking into account the increase in lymphocyte number and that the num-
ber of banded neutrophils remains constant in diabetic rats we suggest that agmatine
normalizing action can be explained by inhibition of white blood cell precursors’ prolifera-
tion in bone marrow. A notable increase in the level of polymerized actin in both healthy
and diabetic rats’ leukocytes due to agmatine injections indicates that agmatine directly or
indirectly affects the functional state of cells in the bloodstream or bone marrow.

To study the process or F actin cytoskeleton reorganization we performed some
further studies. Cells were lysed with Triton X-100 and then centrifuged at low speed
(10 000 g ) (Fig. 2, A). Separate fractions of cytoskeletal and cytosol proteins were
yielded. Long cytoskeletal actin filaments concentrated in the pellet while supernatant
contained short F-actin filaments and G-actin monomers. The immunoblot analysis re-
vealed the total actin content in all groups of animals (Fig. 2, B, C and Fig. 3). General
actin content (the sum of the two fractions described above) in the leukocytes from
healthy animals was considered as 100%; general actin content from the leukocytes
from other groups of animals was compared to that in the control group (Fig. 3).

General actin content in leukocytes from diabetic rats was 24 % lower than that in
the leukocytes from healthy rats. Agmatine administration to animals with experimental
DM caused the 46 % increase in general actin content when compared to diabetic rats.
Peripheral blood leukocytes from healthy animals that received agmatine injections were
characterized by 22 % decrease in actin level if compared to control animals (Fig. 3).

Literature data suggest that the increase in general actin content in leukocytes can be
explained by an increase in polymerized actin level in neutrophil granulocytes [22, 39].
Thus we believe that the increase in general polymerized actin level in diabetic rats’ leuko-
cytes is due to the increased neutrophil number [14] and the elevated actin level in neutro-
phils compared to lymphocytes [22, 30, 39]. Furthermore, beneficial agmatine properties
include its capacity to prevent hyperglycemia-induced metabolic disorders [26, 18] as ag-
matine is known to decrease the glucose level in the bloodstream of diabetic rats [14, 20].

Analyzing actin reorganization between long cytoskeleton filaments and short actin
filaments (Fig. 2, B) we established that in leukocytes from diabetic animals the level of
long actin filaments decreases while the level of short actin filaments increases (Fig. 4, A).
Agmatine administration to healthy rats did not lead to redistribution among these two
forms of actin. In contrast, agmatine injections to diabetic rats resulted in elevated level of
long actin filaments while the level of short filaments was diminished. We suggest that this
increase in long actin filaments level is due to the reorganization and depolymerization of
short actin filaments (Fig. 4, A).

As displayed on the Fig. 2, A, further high-speed centrifugation (100 000 g) of the
supernatant, yielded from the previous low-speed centrifugation resulted in short actin
filaments and actin monomers segregation.

We performed a comparative analysis of actin reorganization between cytoskeletal
filaments, short actin filaments and actin monomers (Fig. 2, C and 4, B). In leukocytes
of the control group these three forms of actin represented respectively 71.9+7.2,
8.7+1,1, and 19.4+1.3 % from the general actin content. Polymerized vs monomeric
actin were in ratio 8:2. In leukocytes from diabetic rats cytoskeletal actin filaments, short
actin filaments and actin monomers were distributed as 44.3+4.2, 44.3+4.4, and
11.4£1.2 % respectively. Polymerized actin was 9-fold more abundant than monomeric
actin in this experimental group. These data show that although general actin content in
leukocytes at DM diminishes (Fig. 3) the process of actin polymerization intensifies
(Fig. 4, B). It should be noted that leukocytes at DM are characterized by higher level of
short actin filaments when compared to control animals.
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The immune blot analysis of actin content in leukocytes of healthy rats, rats with experimental diabe-
tes mellitus and after agmatine treatment: A — scheme of fractionation of 0.5 % Triton X-100 cell ly-
sates into fractions containing cytoskeletal actin filaments, short actin filaments of the membrane
skeleton, and actin monomers; B — fractions which contained cytoskeletal actin filaments and both
short actin filaments and actin monomers from leukocytes from all groups of animals were analyzed
by immune blot analysis to determine actin contents in each fraction. Equal volume of each fraction
was applied onto the gel. Proteins from 1.5x10° cells were loaded per lane; C — fractions which con-
tained short actin filaments and actin monomers were analyzed by immune blot analysis to determine
actin contents in each fraction. Equal volume of each fraction was applied onto the gel. Proteins from
1.5x108 cells were loaded per lane

[ocnimKkeHHs piBHSA akTMHY MeTOAO0M iMyHO-6roT-aHanidy B nenkoumTax LypiB 3@ HOpMasrbHUX YMOB,
3a YMOB eKCnepuMeHTarnbHOro LlyKpoBoro AiabeTty Ta nicns BBeAeHHs armatuHy: A — cxema dpakLi-
OHyBaHHS ni3aTiB, ogepXaHux LWsSXoM Ni3ucy KniTuH 3a gonomoroto 0,5 % Triton X-100, ans Bigo-
KpeMneHHs dpakLi, WO MICTATb LIMTOCKENETHI akTUHOBI (binaMeHTu, KOPOTKi aKkTMHOBI dinameHTn
I MOHOMEPW aKTUHY; B — Ans BUSIBNEHHS PiBHSA akTUHY 6yB npoBeAeHui iMyHo-bnoT-aHani3 dppakuin,
LLO MICTUNX JOBri LLUTOCKENETHI aKTUHOBI (hinameHTw, i dopakuin 3 KOPOTKMMIN aKTUHOBUMM dhiftlaMeH-
TaMn 1 akKTMHOBUMW MOHOMepamu. PiBHI anikBoTu KOXHOI dpakLuii BHOCUNN B renb. B ogHy nyHKy
rento BHocunm Ginku 3 1,5x108 knituH; C — Ans BUSIBNEHHs! BMICTY akTuHy OyB NpoBeAEHWU iMyHO-
6noT-aHania pakuii, Lo MICTUIM KOPOTKI aKTUHOBI hinaMeHTu 1 akTMHOBI MOHOMepU. PiBHMIA 06’'em
KOXHOI chpakLii BHOCWNK B refb. B ogHy nyHKy rento BHocunu Ginku 3 1,5x10° knituH

Actin polymerization can occur via two distinct pathways: first is actin nucleation
through activation of the Arp2/3 complex resulting in de novo polymerization of actin
filaments. Second is the elongation of pre-existing actin filaments (“enhanced actin po-
lymerization”) requiring uncapping and severing of actin filaments [32]. We suggest that
the second path is dominating at the conditions of agmatine treatment. Short actin fila-
ments initiate polymerization in response to leukocyte activation. This results in filopo-
dia formation on the membrane surface [18].

After agmatine administration, the actin content in each fraction of leukocytes of
control rats represented, respectively, 72.3+6.9, 17.9+1.5, and 9.84+0.8 % (Fig. 4, B). In
agmatine-treated diabetic group, these three actin forms represented, respectively,
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69.346.6, 17.1+1.6, and 13.6+1.1 %. In these two groups polymerized actin and mono-
meric actin were in 9:1 ratio. Our data implies that agmatine administration to diabetic
animals with increased actin contents in their leukocytes (Fig. 3) leads to further actin
polymerization in the cytoskeleton fraction while short actin filaments undergo depoly-
merization (Fig. 4, B). The content of the short actin filaments decreases 2,5-fold in such
animals when compared to diabetic animals who did not receive agmatine injections
(Fig. 4, B). Agmatine administration to healthy rats did not lead to significant changes in
the general actin content (Fig. 3), while the level of actin monomers decreased as the
result of intense polymerization (Fig. 4, B).

140
120

A

60 *
40 |— ==@®=total actin content
20

0

-
o
o

Actin content
(% of control group)

Control Control + EDM EDM +
agmatine agmatine

Fig. 3. Quantification of total actin (total content of cytoskeletal actin filaments, short actin filaments and actin
monomers) in rat leukocytes. The analysis was based on densitometry of immune blots

Puc. 3. KinbkicHe BU3Ha4eHHS 3aranbHOro BMICTY akTUHY (CyMy AOBMUX LIMTOCKENETHUX akTUHOBUX dinameH-
TiB, KOPOTKMX hiNaMeHTiB i MOHOMEPIB akTUHY) B nevikoumuTax wwypis. [laHi ogepxaHi 3a 4OMOMOroro
AeHcuToMeTpii iMyHobnoTiB

We suggest that the reorganization of actin cytoskeleton in leukocytes of diabetic
rats is a result of leukocytes’ transition into a pre-activated state. This transition may
occur because of the translocation of the PI-3'-kinase activated regulatory subunit to the
cytoskeleton sites which are responsible for the integrin-dependent cell focal adhesion
[2, 35]. PI-3'-kinase and its products play a pivotal role in the cytoskeleton reorganiza-
tion [32]. PI-3'-kinase products (phosphatidylinositol-3,4-bisphosphate and phosphati-
dylinositol-1,3,4,-trisphosphate) cause the dissociation of cap proteins from actin fila-
ments, which activates actin polymerization. Phosphatidylinositols can also prevent the
phosphorylation of actin-regulatory proteins. Such proteins decrease the content of cy-
toskeletal actin filaments and increase the level of actin monomers [21].

Under diabetes mellitus conditions, short actin filaments alter the morphology and
functions of pre-activated leukocytes. In diabetic animas the content of these short fila-
ments was 44.3 %, while agmatine administration caused a substantial decrease (to
17.1 %) in the short filaments level (Fig. 4, B). These data suggest that actin cytoske-
leton polymerization after agmatine administration occurs due to further polymerization
of the short filaments (Fig. 4, B). It has also been shown that agmatine injections lead to
leukocytes’ transition from the pre-activated state to the state of dynamic sphere, which
is ensured by cytoskeletal actin filaments [4, 13].

Thus we have demonstrated by two different methods (fluorescent microscopy and
immune blot analysis) that agmatine affects the leukocyte functional state under DM
conditions via reorganization of actin cytoskeleton filaments.
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Fig. 4.

Puc. 4.
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Actin content in different fractions of leukocyte lysates: A — quantification of actin in fractions contain-
ing cytoskeletal filaments, or a mixture of actin monomers and short actin filaments. Analysis based
on densitometry of immune blots as in (Fig. 2, B). Actin content in each fraction of different groups was
expressed as a percentage of total actin amount (Fig. 3) found for each studied group; B — quantifica-
tion of actin in fractions containing cytoskeletal filaments. short actin filaments or actin monomers.
The analysis was based on densitometry of immunoblots as in (Fig. 2, B, C). Actin content in each
fraction of different groups was expressed as a percentage of total actin amount (Fig. 3) found for
each studied group.

Data are expressed as a mean + SEM from three experiments: * Significantly different from cells of
control rats at P < 0.05; ** Significantly different from cells of EDM group at P < 0.05

BmicT akTuHy B pisHMX bpakuisax nisatis nevikountis: A — KinbkiCHe BM3HA4YeHHSI BMICTY aKTUHY
y hpakLuisix nisaTis NenKoumTiB, LLO MICTUNN TiNbKN JOBr LUTOCKENETHI aKTUHOBI (DiNamMeHTK, a TakoX
TUX, O MICTUNN CyMilll KOPOTKMX aKTUHOBUX (pinaMeHTiB i akTMHOBI MOHOMepW. [laHi ogepxaHi 3a
[0MOMOrot AeHCUTOMETPIT iMyHOBNOoTIB (puc. 2, B). BMICT akTuHy B KOXHIN dpakuii BUpaxeHu sik
BiJCOTOK Bifj 3aranbHOro BMIiCTy akTUHy (puc. 3), BU3HayeHui Ans BianoBigHoi rpynu; B — KinbkicHe
BU3HAYEHHSI BMICTY aKTUHY y (opaKkuisix nisatiB NenKoumTIB, LLO MICTUNM JOBri LUMTOCKENETHI akTUHOBI
dinameHTn, KOPOTKI aKTUHOBI hinameHTV abo akTMHOBI MOHOMepW. [laHi ogepXxaHi 3a 4ONOMOrow
aeHcuTomMeTpii imyHobnoTiB (puc. 2, B, C). BMiCT akTUHY B KOXHIi ppaKLii BUpaxxeHWIn siK BiACOTOK Bif
3aranbHOro BMICTY akTUHY (puc. 3), BU3HaYeHui Ans BiAnoBigHoI rpynu.

[aHi npeactaeneHi sk cepefHe apudmeTnyHe + cTaHAapTHa Noxmnbka cepeaHbLOro apupMeTUYHOro
3 TPbOX EKCMEePVWMEHTIB: * AOCTOBIPHICTb BiOXWMEHHS Bif, 3Ha4YeHb KIMITUH KOHTPOMbHUX LUYpiB —
P < 0,05; ** BOCTOBIpHICTb BiAXMINEHHS Bif 3Ha4YeHb KMiTWH LWypiB 3 LykpoBuM giabetom — P < 0,005
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BMJIUB ATMATUHY HA MPOLIEC NONIMEPU3ALIT AKTUHY B NEUKOLUTAX
LLYPIB 3A YMOB CTPEMNTO30TOUNH-IHOYKOBAHOI'O LlYKPOBOI'O OIABETY

I. B. Bpoodsik, I. I. Bina, M. Ogepuyk, H. O. CubipHa
JIbsiecbKuli HayjoHanbHUU yHigepcumem iMmeHi leaHa ®paHka
syn. lpywescbkoeo, 4, Jlbeie 79005, YkpaiHa

e-mail: sybirna_natalia@yahoo.com

3’dacoBaHo, WO arMaTuH BMMBaE Ha npouec noniMepusauii akTuHy B nenkouutax
nepudeprnyHOi KpoBi LLLypiB Yy HOPMi Ta 32 YMOB eKCnepuMeHTanbLHOro LlyKpoBOro fia-
6ety (ELO). BctaHoBNEHO, WO BUXiOAHWIA piBEHb MONIMEPU3OBAHOIO aKTUHY B NENKO-
unTtax 3a EU € gocToBipHO BULMM MOPIBHSHO 3 KOHTPOSIbHOK FPYMOK TBAPWH, WO
BKa3ye Ha 3MiHYy CTPYKTYPHO-(YHKLIOHaNbHMX BNacTMBOCTEN i NpeaKkTMBOBAHWUIN CTaH
uMx KNiTMH y pasi giabety. Y newvkouutax TBapuH 3 EL BigOyBaeTbca nepepo3nogin
dpakuin akTMHY, a came — Ha TNi 3HWKEHHS 3arafbHOro PIBHS aKTUHY 3MEHLUYETbCS
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KifbKICTb aKTMHOBWX (piflaMEHTIB LUTOCKENETY, ane 3poCcTae BMICT KOPOTKUX aKTUHOBUX
dinameHTiB. OTpMMaHi pesynsraTti cBigyaTb Npo Te, L0 XO4 BUXIAHMI BMICT 3arafibHOro
aKTUHy B nevkouutax y pasi ELI 3HmxyeTbes, cam npouec nonimepusadii akTUHy iHTEeH-
cndpikyeTbCs. BBeeHHS arMaTuHy KOHTPOSbHIV rpyni TBAPUH HE BUKITMKANO LJOCTOBIPHUX
3MiH 3aranbHOro BMICTY akTUHY B fieKouuMTax, NpoTe Npu3BOAMI0 A0 3MEHLUEHHS Kinb-
KOCTi MOHOMEPIB aKTUHYy B pe3ynbrarTi iHTeHcudiKaLii nonimepusadii nig Yac yTBOpeHHs
dpakLii kopoTkmx cbinameHTiB. Toai sk y TBapuH 3 EL uen noniamiH cnpusBs nigBuLLeH-
HIO 9K 3araribHOro BMIiCTY aKkTUHY, TaK i piBHS NOMiMepU30BaHOro akTuHy y dopakuii gina-
MEHTIB LIMTOCKENEeTYy BHACMiOOK peopraHisadii (genonimepusauii) KOpoTKMX aKTUHOBUX
dinameHTiB. OTXe, armatuH abo npsamo, abo onocepenkoBaHO BMMMBAE Ha (hyHKLiO-
HanNbHUI CTaH NENKOUMTIB Yepes npoLecy hopMyBaHHSA €NEMEHTIB LIUTOCKENETY.

Knro4oei cnoga: aKTWH, UMTOCKENET, NENKOLMUTIN, arMaThH, eKCrnepuMeHTanbHui
LyKkpoBun giaber.

BIMAHUE ATMATUHA HA MPOLIECC NMONMTMMEPU3ALIMW AKTUHA
B NEMKOLUUMTAX KPbIC NPU CTPENTO30TOUUH-MHOAYLUUNPOBAHHOM
CAXAPHOM OUABETE
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yn. [pbywesckoeo, 4, Jlbeos 79005, YkpauHa
e-mail: sybirna_natalia@yahoo.com

lMokasaHo, YTo armMaTyH BNUSIET Ha MPOLLECC NOMNMMeEpU3aLmMm akTHa B NenKoumTax
nepmdeprnyecKon KPOBM KPbIC B HOPME U NpY 3KCNEPUMEHTaNbHOM CaxapHoM aAnabeTe
(3C[). YcTaHOBNEHO, YTO NCXOOHbBIVM YPOBEHb NONMMMEPU3NPOBAHHOIO akTUHA B JIENKO-
umTtax npy SC[ [OCTOBEPHO BhillEe B CPAaBHEHUU C KOHTPOMBHOW rPYMMOn XUBOTHbIX,
YTO YKa3blBaET Ha U3MEHEHME CTPYKTYPHO-(PYHKLIMOHAbHbBIX CBOMNCTB M NpeakTUBUpPO-
BaHHOE COCTOSIHME 3TUX KNEToK npu anabete. B nenkoumTtax )XmnBoTHbIX ¢ ACL npownc-
XOAMT nepepacnpegenenne pakunn akTuHa, a MMEHHO — Ha DOHe CHMKeHUs obLuero
YPOBHS aKTUHA YMEHbLUAETCA KONUYECTBO aKTMHOBBLIX PMNaMeHTOB LUMTOCKENeTa, HO
YBENUYMBAETCA COAEpP)KaHMNEe KOPOTKNX aKTUHOBLIX (ouramMeHToB. [onyyeHHble pesyrb-
TaTbl CBMAETENBbCTBYIOT O TOM, YTO XOTH UCXOAHbIN YPOBEHb OOLLEr0 akTUHa B NENKOLU-
Tax npy AC[ cHMxaeTcs, caM NpoLecc NonmmMmepmnsanumn akTuHa MHTEHCUULMPYETCS.
BeBegeHve armatnHa KOHTPOMbHOW rpyrnne XMBOTHLIX HE BbI3blBario JOCTOBEPHbIX W3-
MeHeHMI obLLero cogepXaHus akTUHa B NenkoumnTax, HO MPUBOANIIO K YMEHbBLUEHMIO
KonmMyecTBa MOHOMEPOB aKkTUHa B pe3yrnbrate UHTEHCUUKaLMM nonuMmepusanmmn npu
06pa3oBaHMK pakLmnm KOPOTKNX rnaMeHToB. B To e Bpems y mBOTHbIX ¢ OC[] aTOT
nornmMamunH cnocobCcTBOBanN NOBbLILLEHMIO Kak 0BLLEro cogepXXaHus akTuHa, Tak U YpoBHS
NonMMepr3nNpoOBaHHOIO akTMHa BO opakuum hmMnamMeHToB LMTOCKeneTa BCNEACTBUE pe-
opraHvnsauum (genonuMmepusanmnmn) KOpoTKNX akTUHOBBIX (buriameHToB. Takum obpasom,
aKTWH UK NPSIMO, UIN ONOCPESOBaHHO BNUSAET Ha DYHKLMOHANbHOE COCTOSHME MNENKO-
LMTOB Yepes npoLeccbl GOPMUPOBaHNS ANIEMEHTOB LMTOCKeNeTa.

Knroyeenbie croga: aKTWH, LMTOCKENET, NENKOUUTLI, arMaTuH, 3KCNepuMeHTarnb-
HbI caxapHbIn grnaber.
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