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Hypertension that develops as the result of caediowlar damage in diabetes is one of the
serious complications of diabetes. The aim of #tigly was to evaluate the changes in levels of
oxidative stress and in endothelial NO synthaseO@Nand heat shock protein 90 (Hsp90)
expressions after the treatment of diabetic rats winewly synthesised heteroarylaminoethanolic
derivative 4/1E with potentially beta-adrenergicmddade effects and a strong antioxidant
Pycnogendl. The treatment of 6-weeks duration was indicarethe group of diabetic Wistar
rats (DL; streptozotocin (STZ)<25 mg/kgi.p.) and hypertensive rats (HL, STZ) with 4/1E in the
dose 10 mg/kg.p. or with Pycnogendl (DP, HP) in the dose 20 mg/kgo. Animals in control
groups (C, H, D) received vehiculum. The levels xiflative stress were assessed in kidney and
liver as the activity of N-acetyi-D-glucosaminidase (NAGA) and the levels of thidiianric
acid reactive substances (TBARs). The expressioaN®dS and Hsp90 was assessed from the
hearts of all animals using SDS-Page and Westeittirg.

In our study the effects of newly synthesised d#tE and Pycnogenblon the levels of
oxidative stress were comparable only in diabetimals. The expression of eNOS was
decreased in diabetic, but not hypertensive aninfde treatment with 4/1E did not affect the
expression of eNOS unlike the treatment with Pyemo§ after which the expression was
significantly increased. The expression of Hsp98 imareased in both hypertensive and diabetic
animals. The treatment with 4/1E was more effectivelecreasing Hsp90 expression in both
groups of animals than the treatment with Pycnolfeno
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INTRODUCTION

The incidence of cardiovascular disorders in diabstibjects is higher and more
serious than in those without this comorbidity. Egglycaemia together with diabetes
represents the major factor in the developmentestel dysfunction. Diabetic patients
are known to have increased risk of coronary atweoosis development,
macroangiopathies, autonomic dysfunction and dialsardiomyopathy.

The main factor responsible for the developmentdibetic complications is
hyperglycaemia that causes the formation of frediceds (oxidative stress) and
endothelial damage by various mechanisms. N-a@eBAglucosaminidase (NAGA)
and the levels of thiobarbituric reactive substan€EBARs) are commonly used to
assess oxidative stress levels in tissues. NAGAansenzyme distributed in the
lysosomes of a cell that is released after damadetaus is a good predictive factor of
enzymatic disturbances. The levels of oxidativeesstir can be assessed by the
peroxidation of lipids. The lipoperoxidation produe malondialdehyde — can be
assessed as the levels of thiobarbituric acid ireastibstances, increased concentration
of which was found in diabetic untreated animals [1

The direct toxic effect of hyperglycaemia is mdkely mediated by activation of
protein kinase C (PKC), which increases the perilialof the endothelium. The
origination of free radicals leads to increasednfation of diacylglycerol (DAG) [2]
that consequently activates PKC. Pro-oxidants banithe catalytic domain of PKC, the
enzymes cease inhibition and the phosphorylatiotrasfscription factors involved in
angiogenesis initiates. The processes followingatitazation of PKC lead to increase of
vascular permeability, NO dysregulation, increask leucocytic adhesion and
vasoconstriction and to the changes in the bloow fI3]. The activation of PKC
induced by hyperglycaemia, oxidative stress amgbéiing of hexosamine pathway are
considered to be the key points in endothelial N@tsase (eNOS) activity decrease.

Another considerable determinant in the developnaéntessel dysfunction is the
reduction in NO bioavailability. The main enzymeadived in the formation of NO is
endothelial NO-synthase, whose function is dependerthe disposal of the substrate
and cofactors. It is regulated by humoral, mechtdrand pharmacological stimuli that
involve the phosphorylation of the enzyme by adiora of kinases and phosphatases,
on one hand, but also the influx of calcium iond amotein—protein interactions, on the
other hand. Heat shock protein 90 (Hsp90) is a cutde chaperone participating in the
association and stabilisation of several proteinsluding NO-synthases [4]. The
interaction between Hsp90 and eNOS leads to stabdin of this complex and is
necessary for the proper function of eNOS.

The regulation of eNOS is maintained by proteintgirointeraction of eNOS with
Hsp90 and caveoline-1. The increased productidispP0 was observed in the case of
hypertension-induced kidney failure [5]. Similariy, SHR rats the Hsp90 expression
was increased in the left ventricle and mesentetiries, but not in the aorta, compared
to the normotensive animals [6].

Due to the main role of oxidative stress in thehpgenesis of diabetes-induced
cardiovascular damage, it is appropriate to usexdant treatment in the therapy
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of hypertension and diabetes [7]. According to tiramary structure of antioxidant
carvedilol used in the treatment of hypertensiodiabetic patients, there was designed
at the Faculty of Pharmacy, Veterinary UniversityBirno a new potentially acting beta-
blocking agent — a derivative with heteroarylamiha@olic structure — the agent 4/1E
(unpublished data). Based on its structure sindlararvedilol and on primary screening
performed in our lab [8] we focused on its potdriiaaffect the expression of eNOS
and Hsp90. The effectiveness of the administratidn4/1E is compared to the
effectivity with natural antioxidant — Pycnogefipivhose effects were demonstrated in
many studies [9-11].

METHODS

Animals

For the experiment, male Wistar rats (150-200 dyrBd/oda, SR) and male SHR
rats (200-250 g, Dobra Voda, SR) were used. Theg wandomised in eight groups.
The animals were housed in a quarantine facility’fdays before the experiment began.
Throughout the experiment, the animals were rangednin groups of four in cages of
the type T4 Velaz (Prague, Czech Republic) with bleelding composed of wood
shavings (exchanged daily). The animals had freesacto a standard commercial diet
and water. The animals were kept under a stablieneggof 12 h light/12 h darkness.
All procedures involving the use of experimentainsads were approved by the State
Veterinary and Food Administration of the Slovak pRelic. The investigation
conforms to the Guide for the Care and Use of Latooy Animals published by the US
National Institutes of Health (NIH Publication N8b-23, revised 1985).

Inducing of diabetes and treatment

After the randomisation of the animals, diabetes wauced by administration of
streptozotocin.p. (STZ, Sigma, St. Louis, MO, USA) three days setjaip. STZ was
dissolved in citrate buffer (0.1 mol/l, pH = 4.9he animals were fasting twelve hours
before the administration of STZ. After the induesrmof diabetes, animals were kept
for seven days without any treatment for the dgualent of diabetes.

Arterio-venous blood from the tail vein of the ratas taken for the assessment of
blood glucose levels. Non-diabetic animals werdwaed from the experiment.
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Figure 1. Chemical structure of the substance 4/1E

The treatment of animals with suspension of Pycnog&0 mg/kgp.o) and 4/1E
(10 mg/kgi.p.) lasted for 6 weeks according to the randomisatiorgroups. The
substance 4/1E (Fig.1) was synthesised at the tyaofil Pharmacy, University of
Veterinary and Pharmaceutical Sciences in Brnoc&&Republic. Chemically, it refers
to heteroaryloxyaminoethanolic derivatives. Pycmude is a standardised flavonoic
extract that was kindly donated by Dr. Minczing@enerica, Piestany.

To one group of diabetic (DL), healthy control @&hd hypertensive (HL) animals
the substance 4/1E was administered. To the onepgaf diabetic (DP) and
hypertensive (HP) animals Pycnogéhokas administered. One group of healthy
control (C), hypertensive (H) and diabetic (D) ratere administered physiological
solution. These groups served as controls.

RESULTS

The activity of NAGA (Fig. 2) showed no significachanges in the group of
untreated hypertensive animals compared to heatihyrol animals. A decreasing trend
was shown after administration of Pycnogé&ndallthough it was not significant. The
NAGA activity was significantly increased in dialsetintreated animals compared to
the control group. Neither treatment with 4/1E treatment with Pycnogerfoshowed
significant improvement.
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Figure 2. Specific activity NAGA. * - p<0.05vs.C
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Figure 3. The levels of TBARs in kidney (A) and lier (B)

TBARs levels in the kidney (Fig. 3A) were slightlgcreased in both groups:
hypertensive and diabetic. Both treatments wittE4&hd Pycnogen®ldecreased the
levels of TBARSs in all hypertensive and diabetieatied groups of animals, although it
was not statistically significant. The levels of ABs in liver (Fig. 3B) were not
changed significantly in any of the untreated eated experimental groups of animals.

The expression of eNOS (Fig. 4) in hypertensivenats was not changed compared
to healthy control animals. In diabetic animals #xpression of eNOS was increased
compared to healthy ones (D: 52.22% + 6.49% C: 100.00% + 14.14%). The
treatment with 4/1E did not show any effects onregpion of eNOS in either of the
treated groups. Pycnogefichdministration led to decrement of eNOS expres#ion
hypertensive animals but significant increase i ghoup of treated diabetic animals
(DP: 170.47% + 17.17%, p<0.01).

The expression of Hsp90 (Fig. 5) in both groupgeniensive and diabetic animals,
was increased compared to healthy control aniniil487.40% + 17.92%, D: 151.06%
+ 17.40%vs. C: 100.00% + 16.33%). The administration of 4/1&créased Hsp90
expression, in both the hypertensive and diabetags (HL: 74.71% * 16.06%, DL:
85.78% + 8.63%, p<0.0%s. D). Administration of Pycnogerdlwas effective in
lowering the levels of Hsp90 compared to untrealiethetic animals also (HP: 93.60%
+10.47%, DP: 115.78% * 18.43%).
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Figure 4. The expression of eNOS. Values are Figure 5. The expression of Hsp90. Values are
expressed as the mean + standard error of the me:  expressed as the mean * standard error of the
*p<0.05vs.C, ‘p<0.01vs.D mean. *p<0.05vs.C, “p<0.05vs.D
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DISCUSSION

Hypertension and diabetes are two main factorgdémelopment of cardiovascular
complications. Both of them speed up the progressad microvascular and
macrovascular complications [12]. The oxidativessr produced by hyperglycaemia in
diabetic condition causes alterations of the eralatin and thus endothelial
dysfunction. Hypertension, which in many casesgntstogether with diabetes, causes
a similar state. This study focused on changehkerldvels of oxidative stress assessed
as the levels of thiobarbituric acid reactive sabses and the activity of N-ace4b-
glucosaminidase and expression of two importantepms: endothelial NO-synthase
and heat shock protein 90 after a 6-week admitistraof newly synthesised beta-
blocker 4/1E and the natural antioxidant Pycnog&nol

Various studies presented contradictory resultshgervation of eNOS expression in
diabetic state: either increased [13] or decrefbéld The decrement in the formation of
the Hsp90—-eNOS complex in diabetic rats was alswenr [15]. In our study, the
expression of eNOS was decreased just in diabeiinads. The significant increase of
eNOS was observed only after administration of Bgemof. The agent 4/1E was not
able to improve the eNOS expression. The expressfidtsp90 was increased in both
hypertensive and diabetic animals. Better effatt®wering of Hsp90 expression were
shown after administration of the agent 4/1E thiaer administration of Pycnogerfol
The increase of eNOS activity and NO bioavailapiihowed favourable effects since
NO is the crucial factor for normal blood pressunaintaining [16]. In hypertensive
animals as well as in hypertensive patients, inmpait of NO-dependent vasodilation
was found. It is unclear whether this impairmentthe result of decrease in NO
synthesis or its increased consumption. In the moldgpontaneously hypertensive rats
the production of NO was comparable to normotensines, however the levels of
superoxide radical were increased. This led todkieation of NO resulting in the
decrease of the vasodilatory vessels’ response [16]

The positive effects of Pycnogefian the expression of eNOS could be associated
with its ability to lower blood glucose levels [1@hd stronger antioxidant activity
compared to the agent 4/1E. Treatment with Pycrnm§eshowed better results in
hypertensive animals than treatment with agent 41te effects of newly synthesised
drug 4/1E and Pycnogeffolon the levels of oxidative stress were in our tud
comparable in diabetic animals.

Although new synthesised agent 4/1E showed desiifedts on lowering levels of
oxidative stress in kidney and expression of Hapd@eart in hypertensive and diabetic
animals, these are not distinctive enough to suggent 4/1E for follow-up trials.
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HODNOTENIE U CINNOSTI NOVOSYNTETIZOVANEHO DERIVATU
A PRIRODNEHO ANTIOXIDANTU V LIE CBE DIABETICKYCH A
HYPERTENZNYCH POTKANOV
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Hypertenzia, ktora sa rozvija v dosledku kardiou#sieho poskodenia v diabete patri medzi
véazne diabetické komplikacie. C@n tejto Stidie bolo zhodnétizmeny hladin oxidmého
stresu a expresie endotelovej NO syntazy (eNOSYah shock proteinu 90 (Hsp90) pocbe
novosyntetizovanym potencialnym beta-blokatorom E4/la prirodnym antioxidantom
Pycnogenoloff u diabetickych a hypertenznych potkanov.tSgstiova lisba bola indikovana
v skupine diabetickych Wistar potkanov (DL, stomattocin (STZ) 3x25 mg/kgi.p.)

a hypertenznych potkanov (HL, STZ) latkou 4/1E vi@a10 mg/kgi.p. alebo Pycnogenolct
(DP, HP) vdavke 20 mg/kgp.o. Zvieratd v kontrolnych skupinach (C, H, D) dostaval
vehikulum. Hladiny oxidéného stresu boli stanovené v cké a pé&eni ako aktivita N-acetyf-
D-gluk6zaminidazy (NAGA) a hladina reaktivnych fem kyseliny tiobarbiturovej (TBARS).
Expresia eNOS a Hsp90 bola stanovena zo srdca tpoubietddy SDS-PAGE a Western
Blotting. Ukinok novosyntetizovanej latky 4/1E a Pycnogefiaia hladiny oxidéného stresu bol
porovnatény len pri aplikacii u diabetickych, nie hypertegizh zvierat. Expresia eNOS a Hsp90
bola zniZzena u diabetickych, nie vSak hypertenzmyotrat.
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Liecba latkou 4/1E neovplyvnila expresiu eNOS, nardzditPycnogenol®, kedy doslo k
signifikantnému zvySeniu expresie eNOS. Expresigp9dsbola zvySena u hyperteznych aj
diabetickych zvierat. Ligha latkou 4/1E bola dinnejSia v znizovani expresie Hsp90 u oboch
skupin zvierat ne? podavanie Pycnogefiolu
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