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Abstract: Warfarin (3-(o~acetonylbenzyl)-4-hydroxy coumarin) is a vitamin K
(VK) antagonist that inhibits vitamin K-dependent (VKD) processes, such as
blood coagulation. It also exerts an influence on some non-VKD-related
activities. In this study, the effect of sub-acute (30-day) oral warfarin (2 and 1
mg L"1) intake on hematological parameters was examined in two rat strains,
Albino Oxford (AO) and Dark Agouti (DA), that differ in their sensitivity to
certain chemicals. Greater susceptibility to the anticoagulant effect of 2 mg L1
of warfarin was observed in AO rats and was associated with an increase in the
relevant hematologica parameters in this strain. Although both strains
responded to 2 mg L1 of warfarin with quantitative changes in the peripheral
blood leukocytes, differential bone marrow and lung responses were observed.
Strain-related differences in the pro-inflammatory activity of peripheral blood
granulocytes and in mononuclear cell IFN-y production were observed.
Recognition of differences in quantitative and qualitative effects of ora
warfarin on processes other than hemostasis might be of relevance for those
humans who are on warfarin therapy.

Keywords. warfarin; rats, anticoagulant effect; hematology; periphera blood
leukocytes.

INTRODUCTION

Warfarin (3-(a-acetonylbenzyl)-4-hydroxy coumarin) and other coumarin
analogs are antagonists of vitamin K that inhibit the vitamin K-dependent (VKD)
step in the synthesis of several factors required for normal blood coagulation.l
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Interference with the synthesis of biologically active coagulation factors results
in increases in the clotting time up to the point where no clotting occurs. Anti-
coagulants of the 4-hydroxy-coumarin type are used in prophylactic medicine to
prevent thromboembolic diseases and as pesticides for rodents (anticoagulant
rodenticides).23 Warfarin inhibits vitamin K epoxide reductase (VKOR), giving
rise to depletion of hydroquinone, a co-factor for the y-glutamyl carboxylase, an
enzyme that mediates carboxylation of glutamyl (Gla) residues on precursors of
several proteins involved in coagulation, including 11 (FII, prothrombin), VII
(FVID), IX (FIX), and X (FX) factors.2 Inhibition of VKOR by warfarin also
affects the catalytic rate of other VKD proteins, such as proteins required for the
regulation of bone growth and calcification (bone Gla protein, BGP/osteocalcin
and matrix Gla protein, MGP) as well as those involved in the growth of vascular
smooth muscle cells and mesangial cells.4~ Moreover, warfarin exerts influence
on some non-VKD-related activities, including anti-tumor and
immunomodulating activities.89 As regards the immune system, both stimulatory
and suppressive effects of warfarin (and other coumarin congeners) were
observed.10-15 Some clinical complications of warfarin therapy and adverse
reactions associated with inflammatory cells attendance in affected tissues
implies the pro-inflammatory potential of this chemical .16-21

It was previoudy demonstrated that acute (intraperitoneal or epicutaneous
route) or sub-acute oral administration of warfarin at doses resulting in antico-
agulation exert systemic pro-inflammatory effects in rats and suggested that peri-
pheral blood neutrophils are the target of this agent.22-25 The impact of sub-acute
oral warfarin intake on other hematological parameters besides peripheral blood
leukocyte numbers and mononuclear cell activity was explored in this study in
order to see whether there were broader effects of warfarin at the systemic level.
Bearing in mind the well-known differences in the response of humans to antico-
agulation by warfarin,26 these effects were examined comparatively in two rat
strains known for their differences in immune responses to chemical insult, i.e.,
Albino Oxford (AO) and Dark Agouti (DA) rats.2/.28

EXPERIMENTAL
Chemicals

Warfarin sodium (Serva Feinbiochemica, Heidelberg, Germany), dextran 500,000,
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), phorbol-12-myristate-
-13-acetate (PMA), hexadecyltrimethylammonium bromide (HTAB), o-dianisidine dihydro-
chloride and myeloperoxidase (MPO) (all from Sigma Chemica Co., St. Louis, MO, USA),
nitroblue tetrazolium (NBT) (ICN Pharmaceutical, Costa Mesa, CA, USA), concanavalin-A
(ConA) (Pharmacia, Uppsala, Sweden) were used in experiments. The culture medium RPMI-
1640 (PAA laboratories, Austria) supplemented with 2 mM glutamine, 20 ug mL1 genta-
mycin (Galenika a.d., Serbia) and 5 % (v/v) heat-deactivated fetal calf serum (PAA Labo-
ratories, Austria), i.e., complete medium, was used in the cell culture experiments.

Available online at shd.org.rs/JSCS/

2013 Copyright (CC) SCS

@080

EW MG RMD



ORAL WARFARIN TOXICITY IN RATS 383

Animals and warfarin treatment

Twelve-week old, female DA (weighing 200-232 g) and AO rats (weighing 295-325 g),
conventionally housed at the Institute for Biological Research “SiniSa Stankovi¢” (Belgrade,
Serbia) were used in the experiments. The treatments were performed in adherence with the
Guidelines of the Ethical Committee of the Institute. In the pilot experiments, rats were given
4 mg L1 of warfarin solution in drinking water, which (at consumption volume of 20-30 mL
of solution daily) corresponded to 0.367 (+0.047) mg of warfarin per kg daily. However, mas-
sive hemorrhage was observed in AO rats during the last week of warfarin intake, with
subsequent death of more than 80 % of individuals, while less than 15 % of the DA rats died.
No fatal outcome was observed in either rat strain at two (2 mg L1) and four times (1 mg L™1)
lower warfarin doses. Thus, the consequences of the intake of these two lower non-lethal
warfarin doses were analyzed further. At least two independent experiments were conducted
with four to six animals assigned to each treatment group. Rats were given warfarin solution
in drinking water ad libitumfor 30 days. Control rats were given drinking water only.

Prothrombin time

The prothrombin time (PT) was determined in samples of blood withdrawn from the
abdominal artery diluted in citrate buffer (blood to citrate ratio 5:1) by a one-stage method
using citrate plasma and Thromborel S reagents (Behring Diagnostics GmbH, Marburg,
Germany) with Siemens BCS-XP Dade Behring equipment (Marburg, Germany).

Hematology

Complete blood tests analyses were conducted automatically using a Siemens ADVIA
120 flow cytometer (Terytown, N.Y., USA). In this way, the white blood cell count (WBC)
and percentage of leukocytes, red blood cell count (RBC), hemoglobin concentration (Hb),
hematocrit (HCT), mean corpuscle volume (MCV), platelet number (PLT) and mean platelet
volume (MPV) were measured.

Bone marrow leukocyte counts

Total bone marrow counts were determined using an improved Neubauer hemocytometer
following cell staining with Tidrck solution. Differentia cell counts were determined by
differentiating at least 1000 cells of bone marrow smears stained according to the May—
Grinwald—-Giemsa protocol.

Lung histology

Lungs were excised, cut and immediately fixed in 4 % formaldehyde (pH 6.9). After
processing, the tissue was embedded in paraffin wax for sectioning at 5 um. Hematoxylin and
eosin (H&E)-stained histology dlides were subsequently analyzed in a blinded manner by
experienced pathologist using a Coolscope digital light microscope (Nikon Co., Tokyo,
Japan).

Peripheral blood granulocyte and mononuclear cell isolation

Peripheral blood leukocytes were isolated from the heparinized blood by dextran sedi-
mentation and centrifugation (700 g, 20 min at room temperature) on an OptiPrep (Nycomed
AS, Norway) density gradient. Polymorphonuclear cells (granulocytes) were obtained from
the pellet fraction, following the lysis of erythrocytes with the isotonic NH,Cl solution. The
mononuclear cells were harvested from the band at the interface of plasma and OptiPrep
density medium.
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MTT assay for leukocyte viability

Granulocyte and mononuclear viability was determined in freshly isolated cells by a
quantitative colorimetric assay for metabolic viability described for humans,?® which is based
on the reduction of the tetrazolium salt MTT to a colored end-product, formazan, by severa
mitochondrial dehydrogenases in viable cells. The formazan produced was dissolved in an
acidified sodium dodecyl sulfate solution (10 % SDS-0.01 M HCI) and the optical density
(OD) was measured using a microplate spectrophotometer (GRD, Rome, Italy) at 540 nm.
Peripheral blood granulocyte and mononuclear cell activity

Granulocyte activation was evaluated by a cytochemica nitroblue tetrazolium (NBT)
reduction assay for the respiratory burst based on the capacity of granulocytes to reduce NBT
via respiratory burst oxidase.30 Briefly, NBT (10 uL, 5 mg mL-1) was added to a granulocyte
suspension (5x10° cells well'1 of a 96-well plate, in 100 pL) and incubated for 30 min with
100 ng mL1 PMA (stimulated NBT reduction) or solely in medium (spontaneous NBT
reduction). The absorbance of the produced formazan was measured as described above.

The granulocyte myeloperoxidase (MPO) activity was assessed based on the oxidation of
o-dianisidine dihydrochloride by cells.3! To 966 pL of substrate solution (0.167 mg mL-1 o-
dianisidine dihydrochloride and 0.0005 % H,O, in 50 mM potassium phosphate buffer, pH
6.0), 33 uL of granulocyte lysate, obtained by repeated freeze-thaw, was added. The absor-
bance was read at 450 nm (at three-minute intervals up to ten minutes) against an MPO
standard. The values are expressed as MPO units per 106 cells.

To examine interferon-y (IFN-y) production, mononuclear cells were cultured at 5x10°
cellswell'lin a 96-well plate for 48 h in culture medium solely (spontaneous production) or in
the presence of 1 pg mL"1 of ConA (ConA-stimulated production). The concentration of IFN-y
produced was measured by enzyme-linked immunosorbent assays (ELISA) for rat IFN-y
(R&D systems, Minneapolis, USA). The cytokine titer was calculated using a standard curve
constructed with known amounts of recombinant IFN-y.

Data display and statistical analysis

The results were obtained from two independent experiments and are expressed as means
+ standard deviation (SD). Statistical analysis was performed using Statistica 6.0 (StatSoft
Inc., Tulsa, Oklahoma, USA). The statistical significance was defined by the Mann—Whitney
U test. Values of p less than 0.05 were considered significant.

RESULTS
Anticoagulant effects of warfarin

Rats were given 1 and 2 mg L= of warfarin in their drink water. Every indi-
vidual consumed 20-30 mL of warfarin solution daily, in this way consuming
0.090+0.009 (0.078-0.107) and 0.191+0.016 (0.164-0.215) mg kgL day1 at 1
and 2 mg L1, respectively. Prolongation of the mean prothrombin time was
observed in the AO rats following consumption of 2 mg L1 of warfarin only
(Fig. 1). No changesin PT were observed at the lower (1 mg L~1) warfarin dose.

Hematology

Thirty-day consumption of 2 mg L—1 of warfarin resulted in significantly
lower total leukocyte counts and in atendency (p = 0.07) of decreasing inthe AO
and DA rats, respectively (Table 1). A decrease in lymphocyte with unchanged
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ORAL WARFARIN TOXICITY IN RATS 385

neutrophil concentrations was observed in the individuals of both strains. Besides
leukocytes, several other hematological parameters were affected in AO rats, in-
cluding an increase in red blood cell counts, hemoglobin concentration, hema-
tocrit, mean corpuscle volume and platelet counts. No changes in these parame-
ters were observed in DA rats, although the highly variable platelet counts re-
sulted in a numerical increase at this warfarin dose. Consumption of 1 mg L1
was without effect, except for an increase in HCT in AO rats.

60 DA AO

40

T

Concentration, mg L!

Fig. 1. Anticoagulant effect of warfarin intake in AO and DA rats expressed through the
prothrombin time (PT). The results are expressed as mean values + SD from two independent
experiments with six animals per each animal group. Significance at * p < 0.05 vs. controls
(0 mg L-1 of warfarin) of the respective strain.

Time, s

Bone marrow leukocyte counts

Given the quantitative changes in the peripheral blood leukocytes at 2 mg L1
of warfarin, an analysis of bone marrow leukocytes was conducted in rats that
consumed this warfarin dose. Significant increase in number of immature neu-
trophils (metamyelocytes) and a tendency (p = 0.060) of an increase in the ma-
ture granulocyte pool were observed only in DA rats (Table I1). No changes in
the number of lymphocytes or monocytes were observed in either strain.

Lung histology

As lungs harbor an intravascular reservoir of leukocytes, predominantly
neutrophils, called marginated pool, which constantly exchanges with the circul-
ating cells, 3! histological analysis of lungs from rats that consumed 2 mg L1 of
warfarin was conducted next (Fig. 2). It revealed neutrophil attendance in AO
rats (neutrophil lung infiltration noted in three out of four animals), as compared
to DA rats, where neutrophils were observed in the lungs of one out of four
individuals that had consumed warfarin.
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ORAL WARFARIN TOXICITY IN RATS 387

TABLE II. Tota and differential bone marrow leukocyte counts; data represent the mean
values £3D from two independent experiments with four to six animals per group

Cell number DA AO
x 106 per femur Warfarin dose, mg L1 Warfarin dose, mg L1
Parameter 0 2 0 2
Total 72.4+10.7 74.916.6 72.7£7.1 70.7£1.2
Metamyelocyte 8.70+2.1 11.77+2.32 6.48+0.9 6.36+0.4
Granulocyte 31.02+4.9 34.1613.2 24.92+35 24.21+0.8
Lymphocyte 31.73t5.7 29.82+9.0 40.42+4.1 39.19+15
Monocyte 0.94+0.3 1.13+0.5 0.83+0.2 0.88+0.1
aSignifica\ntly different from control animals of the respective strain (0 mg L'l) a p<0.05
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Fig. 2. Histology of lungs of an AO rat following oral intake of 2 mg L1 of warfarin.
Perivascular neutrophil attendance and interstitial edema. Inset: lung histology
of acontrol animal (0 mg L1 of warfarin).

Peripheral blood granulocyte viability and activity

To determine whether there were qualitative changes in the peripheral blood
leukocytes, some of the basic aspects of activity (metabolically-based viahility,
activation/priming for respiratory burst and myeloperoxidase activity) were exa-
mined in neutrophils taken from animals that had consumed the higher warfarin
dose (2 mg L-1). Asshown in Fig. 3, an increase in the MTT reduction by freshly
isolated peripheral blood granulocytes of DA rats that had consumed warfarin
was observed, while a similar capacity of reduction was observed in the control
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and warfarin-exposed AO rats (Fig. 3A). No difference in level of spontaneous
NBT reduction could be observed between the control and rats that had con-
sumed warfarin (Fig. 3B). Stimulation with PMA resulted in an increase in the
NBT reduction by cells from the control and treated animals of both strains.
Although PMA-stimulated NBT reduction capacity was more pronounced in AO
compared to DA rats (p < 0.05), no difference was noted between control and the
warfarin-treated AO rats, while the levels of reduction attained in DA rats that
had consumed warfarin were higher than those from the controls.

Measurements of the intracellular MPO content in neutrophils revealed lower
values in the control DA (vs. AO) rats, but it increased significantly after warfarin
consumption in the DA rats (Fig. 3C), whileit remained unchanged in the AO rats.

Peripheral blood mononuclear cell viability and activity

Asadrop in the periphera blood lymphaocyte counts was observed in rats that
had consumed 2 mg L1 of warfarin, the viability of the blood mononuclear cells
was next determined. No difference in MTT reduction was observed between the
control and the warfarin-treated rats of either strain (Fig. 4A). To determine whether
warfarin exerted an influence on the mononuclear cell activity, the production of
IFN-y was determined (Fig. 4B). While there was no effect on the spontaneous
IFN-y production by mononuclear cells from DA rats, consumption of warfarin
resulted in an increase in the AO rats. Stimulation with ConA, however, resulted
in significantly higher production of this cytokine in DA rats that had consumed
warfarin, while it was similar in the control and warfarin-treated AO rats.

DISCUSSION

In this study, the effects of sub-acute (30-day) ora intake of warfarin on
hematological parameters and on peripheral blood granulocyte and mononuclear
cell activity were examined comparatively in two rat strains known to differ in
their susceptibility to chemical insult. The lower susceptibility to the anticoagu-
lant effect of warfarin, the increase in some of the hematological parameters
(RBC and PLT counts, Hb concentration and HCT values) as well as the lack of
qualitative effects (peripheral blood granulocyte) or different pattern of mono-
nuclear cell activity in DA vs. AO rats demonstrated the differential responsive-
ness to warfarin treatment in the two rat strains. The differential susceptibility to
hemorrhage might have accounted for differences in mortality at the highest
warfarin dose, in line with data showing that impaired coagulation, along with
the hemorrhage generally resulted in the death of rodents.3 The increase in pro-
thrombin time, which reflects the basic biologica activity of warfarin, at a dose
that resulted in no changes in this parameter in DA rats, also depicts the higher
responsiveness of AQO rats to warfarin anticoagulation. Strain-related differences
in the metabolism of warfarin shown in laboratory rat strains32:33 might be res-
ponsible for the differences observed in the prothrombin time in AO vs. DA rats.
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ORAL WARFARIN TOXICITY IN RATS 389

Differences in cytochrome P450 (CYP) enzymes as well as vitamin K epoxide
reductase complex subunit 1 (VKORC1) might have accounted for these diffe-
rences, as polymorphism in these enzymes affects the anticoagulant action of
warfarin in humans.34
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Fig. 3. The effect of warfarin intake on peripheral blood granulocyte viability and activity. A.
Reduction of MTT. B. The spontaneous and PMA-stimulated reduction of NBT. C.
Intracellular MPO activity. The results are expressed as mean values + SD from two

independent experiments with four to six animals per group. Significance at * p < 0.05 vs.
controls (0 mg L1 of warfarin) of the respective strain.
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Fig. 4. The effect of warfarin intake on peripheral blood mononuclear cell viability and
activity. A. Reduction of MTT. B. IFN-y production. The results are expressed as mean values
+ SD from two independent experiments with four to six animals per group. Significance at
*p < 0.05 vs. controls (0 mg L1 of warfarin) of the respective strain.

On the other hand, the differential effects of warfarin on some hematol ogical
parameters and peripheral blood leukocytes in the two strains imply that the ef-
fect of warfarin might depend on the parameter/activity examined. Indeed, the
differential sensitivity of individuals of these two strains to warfarin was demon-
strated by the hemoconcentration in AO rats (resulting from an increase in the
number of red blood cells) following the consumption of the higher warfarin dose.

A decrease in the lymphocyte counts in the peripheral blood of rats that had
consumed warfarin accounted for a drop in the leukocyte counts in both rat strains.
This could not be ascribed to warfarin cytotoxicity, as there was a lack of changes
in the viability of freshly isolated mononuclear cells. The underlying mechanisms
of leuko/lymphopenia are presently unknown, but leukocyte migration to the fo-
cuses of hemorrhage in peripheral tissues might be responsible. Increases in im-
mature bone marrow neutrophils imply that there is a need for these cells in the
periphery and that this might be an underlying mechanism to uphold neutrophil
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ORAL WARFARIN TOXICITY IN RATS 391

numbers in DA rats. Neutrophil attendance in lungs (pronounced in AO rats) im-
plies the exchange of neutrophils from circulation with the lung’s intravascular
reservoir of leukocytes (marginated pool).31

Differential effects of warfarin consumption on leukocyte functional activity
were observed in these strains. While no effects on granulocyte viability were ob-
served in AO rats, an increase in the MTT reducing capacity by cells from war-
farin-treated DA rats was observed. Asthe MTT assay depends on mitochondrial
activity in viable cells and is influenced by their metabolic activity, it actually
reflects the overall functional state of granulocytes.2935 A cytochemical assay
for the respiratory burst, which is a measure of cellular capacity to reduce NBT
via tetrazolium reducing respiratory burst phagocyte oxidase, is often employed
as an in vitro measure of peripheral blood granulocyte activation.36.37 Similar
levels of spontaneous NBT reduction by granulocytes between controls and rats
that had consumed warfarin imply the lack of the capacity of this chemical to
activate granulocytes. However, significantly higher NBT reduction provoked by
PMA in the granulocytes from warfarin-treated DA rats compared to the controls
indicated to a primed state of these cédlls, i.e., a state of increased responsiveness
to exogenous stimulation.38 An increase in intracellular MPO content, which along
with phagocyte oxidase, is a source of oxidant activity in phagocytes,3° empha-
sises the effect of warfarin intake on the oxidative activities of granulocyte in
peripheral blood. The priming of granulocytes of DA rats for the respiratory burst
and the higher intracellular MPO content imply the higher responsiveness of
these rats to warfarin, compared to AQ rats.

Thelack of an effect of warfarin intake on the peripheral blood mononuclear
cell production of 1FN-y (the main mononuclear cell cytokine under conditions of
systemic inflammation) in DA when compared to AO ratsimplies the differential
susceptibility of these cells to warfarin. In addition, the lack of priming of mono-
nuclears from warfarin-treated AO rats (similar levels of IFN-y production in res-
ponse to ConA stimulation) in contrast to the increased levels of cytokine pro-
duced in DA rats shows refractoriness of the mononuclear cells to exogenous
stimulation. These data also suggest that not only peripheral blood neutrophils,
but also mononuclear cells present targets for warfarin. The underlying mecha
nisms responsible for differential granulocyte and mononuclear cell responsive-
ness to oral warfarin might be ascribed to differences in signaling pathways and/or
sensitivity to chemical signals, such as pro-inflammatory cytokines, known to
modulate leukocyte activities. These assumptions warrant future attention.

CONCLUSIONS

The present study has demonstrated strain-related differential responsiveness
to oral warfarin intake in rats not only in terms of anticoagulation, but in certain
hematological parameters and in inflammation—relevant peripheral blood gra-
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nulocyte and mononuclear cell activity as well. Recognition of differences in
guantitative and qualitative effects of oral warfarin on processes other than he-
mostasis might be of relevance for those humans who are on warfarin therapy.
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COJHE PA3JIMUKE Y TOKCUYHOCTHU AHTATOHHUCTE BUTAMHUHA K
BAP®APHUHA KOJI [TAIIOBA

JEJIEHA BOKHR', MAPHHA HUHKOB', ATEKCAHIIPA [TOTIOB AJIEKCAH/IPOB', UBAHA MHPKOB',
BECHA CYBOTA?, JIYKA MUXAJJIOBUR®, MAPUJA CTOJALIMHOBUR®, IPATAHA CTAHUR-BYUUHUR’,
IOPATAH KATAPAHOBCKHU"" 1 MUJIEHA KATAPAHOBCKH™*

1YHusep3uu76m y Beolpagy, Hnciiuttiywi 3a duonowxa uciipaxusara ,Cunuwa Ciiankosuh”,bynesap

gectiotia Ciiepana 142, Beoipag, “BojHomeguyuncka akagemuja, Hucutiyin 3a duoxemujy, Lipnoiipascka

17, Beoipag, 3YHueep3uu76m y Beoipagy, Xemujcxku Qaxynimei, Ciiygeniticku wpi 16, Beoipag u

Yuusepsutuetni y Beoipagy, Buonowxu paxynimei, Ciiygeniticku wipi 16, Beoipag

Bapdapus (3-o-auetoHundeHswn)-4—XUIPOKCUKYMapHH) je aHTaroHHUCT BUTaMHUHa K
(BK) xoju unHxudHpa Hpolece 3aBUCHE O OBOT BUTAMHUHA, yK/bydyjyhH Koarynalujy KpBH.
OcuM TOra, OH WCIO/baBa M aKTMBHOCTH KOje He 3aBUCe Off BUTaMMHa K kao IITO Cy aHTH-
TYMODPCKa ¥ UMyHOMOJYJIaTOpHa akTUBHOCT. Y 0BOM pafy je ucnurtaH edexar cydakytHor (30
DlaHa) OpajHOI yHOca BapdapuHa Ha XEMAaTo/IOLIKe IlapaMeTpe M aKTHBHOCT JIEYKOLHUTa
nepudepHe KpBU Kof fiBa coja naunosa Albino Oxford (AO) u Dark Agouti (DA) xoju ce pas-
JIMKYjy y OCET/BMBOCTH Ha UCTe Xemujcke areHce. Kop jemuHku AO coja 3anaxeHa je Beha
CMPTHOCT HAaKOH KOH3ymupama fgose on 4 mg L~! kao u Beha oceTuBOCT Ha aHTHMKOAry-
JNaHTHO fiejcTBO BapdapuHa Tpu HwkuM nosama (2 mg L~1) koje je mpaheno mosehamem
HEKHUX XeMaToJIOLIKKUX MapameTrapa. Mako kop jenuHkH oba coja nomasu o mosehamwa dpoja
HEYTPOUIHUX JleyKouuTa nepudepHe KpBY NpHu 034 of 2 mg L~1, npomene y ocHOBHUM
NpOHH@IaMaTOPHUM aKTHUBHOCTHMa OBUX henuja Cy 3amakeHe camo Kof jesuHku DA coja.
[Tpomene y dpojy HeyTpodwIHHX jneykonuTta y kpBu DA jenuHku cy npaheHe nmosehamem
Opoja rpaHyIOLMTHUX MPEKYpCcopa Y KOLITaHOj CPXKH, NOK IPUCYCTBO HeyTpodwia y mryhuma
AO jenuHKM yKka3syje Ha pa3meHy henuja uamehy nepudepHe KpBU U IIYhHOT WHTPABACKY-
napHor nysna henuja. JudepeHuyjanHe cojHO—3aBUCHE MPOMEHE Y aKTUBHOCTH MOHOHYKJIE-
apHux henuja nepudepHe KpBHU Cy Takohe 3anaxeHe. Pasnuke y edexTy opaaHO YHETOT Bap-
(papuHa MoOry a MIMajy UMIUIMKaLHUje 3a 0code Ha 0paaHoj BapdapHUHCKOj TEPAIHjH.

(ITpumspeno 14. HoBembpa 2012, pesunupano 30. janyapa 2013)
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