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ABSTRACT
Local inflammation and respiratory burst of polymloonuclear leukocytes (PMNLS)
generate reactive oxygen species. While native P8Nid not influence muscle tension,
those activated by N-formyhethionyl-leucyl-phenylalanine evoked a biphasgpmnse on
KCl-precontracted rat aortal rings. When tissuesew@econtracted by phenylephrine, i.e.
without extensive membrane depolarization, thevatead PMNLs caused marked contraction
of aortal rings. The aim of our study was to analyhe effect of natural antioxidants
(supplements containing arbutin, the mentha villesaact, rosmarinic acid and curcumine)
on the activated peritoneal PMNLs-induced contoerctdf phenylephrine-precontracted
vascular smooth muscle and compare it with thasyoithetic antioxidants (pyridoindoles:
stobadine and SMelEC2). Application of the natardgloxidants in the concentrations used
reduced the action of activated PMNLs by 75-90%the following order arbutin <
curcumine < rosmarinic acid mentha villosa extract and the synthetic ones aedluhe
action of activated neutrophils by 50-70%.

Keywords: Activated neutrophils; Natural and synthetic axiiants; Rat aorta.
Abbreviation: Superoxide anion radica®, ; Hydroxyl radical:*OH

INTRODUCTION

Among other tissues, reactive oxygen species (RlaBlage also the vessels. Maugeri et al.
(2009), have suggested that processes which aetmacrophages in the vessel wall are
responsible for systemic and local vascular injorgnifestationsLocal inflammation and
respiratory burst of polymorphonuclear leukocyteMNLs) result inprogression of vessel
damage. While restin@MNLs generate nitric oxide, their activation in the amfimatory
process as well as in response to arachidonic atidrbol myristate acetate, N-formyl-
methionyl-leucyl-phenylalanine (FMLP), or the calwi ionophore Agig; mimics the
inflammation-induced burst of PMNLs. The burst ®RLs leads to production and release

of superoxide anion radicglO,®-) and subsequently derived ROS: hydrogen peroxide

(H,0,), singlet oxygen, hydroxyl radicat@QH) and hypochlorous acid (Babior, et al., 1976;

Bauer and Bauer, 1999; Bauer, et al.,, 2008¢idana, et al., 2011). ROS generated in
respiratory burst of PMNLs may remain inside théscer be released from them to the
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extracellular space (J&nova, et al., 2006; No$aet al., 2009). They diffuse to the vessel
wall and damage the surrounding tissues. Endotiaktthe first injured local target of ROS
produced by PMNLs and this is at least in part sesjble for the development of altered
vessel resistance (Akopov, et al., 1992; Baueal.eP011a; b; Csaki, et al., 1991; Tsao, et al.,
1992) and consequently for cardiovascular detdrmra

Our recent findings (Bauer, et al., 2011a; b) ssgdkat the primarily activated
PMNLs-released ROS was;0 It by itself or after transformation to peroxyniérican
contract the aorta, similarly as can other ROSuaing HO..

The aim of the present study was to compare thectsffof natural and synthetic
antioxidants on isolated FMLP-activated peritorfesINLs-induced contraction of the large
conduit artery (rat thoracic aorta).

MATERIALS AND METHODS
The experimental procedures were conform to thel&tor the Care and Use of Laboratory
Animals (State Veterinary and Food Administratiohtbe Slovak Republic) and were
approved by the Animal Care and Use Committee at listitute of Experimental
Pharmacology and Toxicology of the SAS (IEPT SAS] by the State Veterinary and Food
Administration of the Slovak Republic by Ro-1779221, 2010. The guinea-pigs and rats
used in the study were purchased from the breestmigpn of the IEPT SAS Dobra Voda.
The animals were killed by cervical dislocation axdanguination.
Chemicals: Acetylcholine (Ach), glycogen, N-formyl-L-methighL-leucyl-L-phenylalanine
(FMLP), percoll, phenylephrine (PhE), sodium d#rdribasic dehydrate, xanthine (X),
xanthine oxidase (XO), curcumine, arbutin and rasm@acid were all from Sigma and
Sigma-Aldrich Chemie (Germany), trypan blue fromké (Switzerland), FeSOH,O, and
the other chemicals were of p.a. purity purchasechfLachema Brno (Czech Republic).
Stobadine and SMelEC2 were synthesized in the I&ERS, Bratislava (Slovak Republic),
the water mentha villosa extract was prepared @& Diepartment of Pharmacognosy and
Botany (DphgBo), Faculty of Pharmacy, Comenius drsity, Bratislava, Slovak Republic
(FPh-CU). Mentha x villosaHuds. {amiaceag was collected at flowering time in The
Garden of Medical Plants, FPh-CU. The plants wereddat 32-35°C. Voucher specimen
was deposited at the DPhgBo FPh-CU. Chromatogragthicdards were purchased from
Extrasynthese (France). Standards of free radiesse obtained from Sigma-Aldrich
(Germany). Water infusion of dried leavesMénthaxvillosa(20g) was prepared according
to Czecho-Slovak Pharmacopoei, etlition. The infusions were lyophilized; the yields
10.32%.
Solutions: Phosphate buffer saline APBA) contained (in mM): NaCl 136, KCI 2.6,
NaoHPO, 8.0, KH,PO, 1.5, pH 7.4; phosphate buffer saline BBB): NaCl 136, KCI 2.6,
NaHPO, 8.0, KH,PO, 1.5, CaC} 0.6, MgC}h 0.5 and glucose 5.6, pH 7.4; and the
physiological salt solutiorASS: NaCl 112.0, KCI 5.0, KEPO, 1.0, MgSQ 1.2, CaCi 2.5,
NaHCQ; 25.0 and glucose 11, pH 7.4. The high potassiupoldezing salt solutionSS
was the same @SSwith the only difference that the concentrationk@| was increased
with equimolar reduction of NaCl concentration thig@ve 100mM of KCI.

H.O, (0.01- 1mM) was added as pure chemicak Qvas generated by 0.1mM
xanthine (X) with 0.11U/ml xanthine oxidase (XO)aca ‘OH was produced by 0.1mM
FeSQ with 0.15mM HO,. Stock solutions of stobadine, SMelEC2, arbutiantina villosa
extract and rosmarinic acid were in redistilledevand curcumine in redistilled water+0.3ul
1IN NaOH/ml.

I solation and Preparation of PMNLs: PMNLs were isolated from the peritoneal exudate of
male Trick guinea-pigs (450-600g; body weight).ekfintraperitoneal injection of 20ml of
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1.2% glycogen in 0.9% NaCl, the animals were saexf within 14 to 16h. The abdomen
was gently massaged after injection of 20ml of O#i%odium citrate in 0.867% NaCl into
the peritoneal cavity and the peritoneal exudate eadlected and filtrated. All the following
procedures were performed at 4°C. Cell suspensidheoperitoneal exudate wagashed
with PBA and centrifuged for 90s at 2500rpm. Erythrocytesemremoved by hypotonic
treatment. The PMNLs pellets were resuspendedBA and 2ml of their suspension was
layered on the discontinuous density gradient otdéte(1.5ml of 1.095g/ml and 1.5ml of
1.077g/ml). After centrifugation on the Percoll diy gradient for 10 min at 2500rpm,
PMNLs were collected from the interface and washéti PBA and centrifuged two times
for 90s at 2000rpm. The PMNLs re-suspende®BA were counted using Coulter Counter
Electronics (England), their viability was assessethg trypan blue and the activity was
confirmed also by the ability of ROS production @49 et al., 2002). FMLP-induced
oxidative burst of PMNLs was measured by lumindhkamced chemiluminiscence in 1ml

samples containing 200ul isolated PMNLs 6@1&]), 20ul luminol (final concentration:
5uM), 770ulPBB and 10ul FMLP (final concentration: 0.1uM) (Bauet, al., 2011a;
Drabikova, et al., 2007). PMNLs stored RBA stock solutions at 4°C were used for
experiments within the following 2-5hours.

The low chemiluminescence, recorded on the basis lwhinol-enhanced
chemiluminiscence, of native isolated PMNLs indéchthat the isolation procedure was
gentle enough to prevent activation and damagkeeoisblated PMNLs. Upon their activation
by introduction of FMLP, a significant "respirato(gxidative) burst" developed, evidenced
by increase of chemiluminiscence (Bauer, et all,12).

Preparation of Rat Thoracic Aorta and Experimental Protocol: The thoracic aorta removed
from male Wistar rats (250-300g; body weight) wasnersed irPSS Adherent tissues were
removed and 2mm long rings were cut. Care was taketo damage the endothelium.

The rings were mounted between two platinum hodks. tissue chamber contained
PSS, bubbled with a mixture of 95%.,@nd 5% CQ(pH=7.4) at 37°C (Sotnikova, et al.,
1994). The rings were stretched passively to theng tension of 20mN and were allowed to
equilibrate for 1hour. During this period of tinleSSwas repeatedly replaced and the tension
was readjusted to 20mN. The isometric tension weasrded using a strain gauge transducer
(Experimentria, Hungary).

After the equilibration period, the control contiao was induced bipSS The rings
were washed 3times witRSSduring 30minutes until the tension reached initialues.
Then PhE in the concentration of 0.3uM was applicthe plateau of the contraction, the
effect of FMLP (1uM) and PMNLs (£0nl) was recorded. The same protocol was repeated
in the presence of the antioxidant tested. Based pogliminary experiments, the
preincubation period with pyridoindoles was 8misutnd with the natural antioxidants
20minutes. In a different set of experiments, tbataction was induced bpSSand the
effect of HO, (0.01-1mM), 'OH (0.1mM FeS@0.15mM HO,) and Q" (0.1mM
X/0.11U/ml XO) was evaluated. At the end of thep@sse to ROS, responses to ACh in the
cumulative concentrations of 0.01-10uM were testech measure of endothelial function.
The same protocol was repeated in the presencetiok@lants. The antioxidants were used
in concentrations which in the preliminary expenmsereduced the effect of activated
PMNLs by more than 50%.

Analysis of Data: All values are given as MeanzSEM of at least 5-peginents. The
statistical significance of differences between nsea&as established by Studerttst and
the values of at leaf0.05 were considered statistically significant.

The mechanical responses are expressed generglgr@ntages of theSSor PhE-
induced contraction measured at the beginning di eaperiment.
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RESULTS
The effect of activated PMNLs was studied on Ph&cpntracted tissues. For these studies
PhE in the concentration of @8l was selected because it elevated the basal teosithe
rat aortic rings with the highest invariability @4) of that evoked bipSS FMLP did not
affect the PhE-elevated tension. Injection of PMNhsthe presence of FMLP however
markedly and monophasically increased the PhE-sdJaasal tension of the rat aortic rings
(Table 1).

Development of PhE-induced contraction was delaged its amplitude was not
altered by SMelEC2 and wasduced by stobadine. Both pyridoindoles (Tableetiuced
the amplitude of contraction evoked by activated\R8! significantly.

Natural antioxidants: arbutin, mentha villosa estraosmarinic acid and curcumine
did not affect the development and the amplitudBltE-induced contraction of the rat aortal
rings (Table 2).

Similarly as in theDSSprecontracted tissues, in tissues precontractefdhy (Table
3) X/XO evoked biphasic alteration of the tensioglgxation-contraction). While the mentha
villosa extract did not change significantly théeefs of X/XO, SMelEC2 reduced the effect
of xanthine but the final muscle tension reached/XO did not differ from the control.

The amplitude of relaxation induced by acetylch®lonDSSpretreated aortal rings
was significantly attenuated by,8, and *OH. However, it wasameliorated or remained
unaltered byO,*- generated by X/XO and FMLP-activated PMNLs preserthe bathing
fluid. Except the tissues which were markedly rethbby the ROS studied, the level of
relaxation in the presence of ROS and ACh failece&zh the control level (Table 4).

Under control conditions, ACh reduced also the Rlégrated muscle tension in a
concentration-dependent manner. Under elevatedlentestsion by activated PMNLs and in
the presence of curcumine, not only the amplitubd@&®©h-induced relaxation but also the
reached relaxation level was enhanced (Table 5).

DISCUSSION
PMNLs are considered to be central cells of acofiammation. These cells most rapidly
reach the site of injury or infection and liberatdgimicrobial proteins, proteases and produce
ROS (both intra-and extracellularly). ROS mighteaffnot only the resistance size arteries,
but as we described recently (Bauer, et al., 20l also in isolated large conduit artery (rat
aortal rings) FMLP-activated PMNLs markedly raiskd PhE-elevated muscle tension. The
elimination of activated PMNLs-induced contractioas well as reduction of FMLP-
activated PMNLs-induced chemiluminescence by supeéeodismutase suggest thay®- is
the primarily released ROS from activated PMNLsjolmay eventually be transformed to
other ROS (Bauer, et al., 2011a).

ROS are supposed to contribute significantly teussdamage, including that of the
endothelium and smooth muscle (Bauer, et al., 20blaCompounds with antiradical
activity may prove beneficial as they help to resliube concentration of ROS. Earlier
experiments with the synthetic pyridoindole compbustobadine (withaj-adrenolytic
activity) and its derivative SMelEC2 (withooteaningfula;-adrenolytic activityyevealed a
broad spectrum of their antioxidant and scavengutiyities Stolc, et al., 2010 Stobadine

was found to decrea$®,®- generation (Drabikova, et al., 2007Mhere was no difference

between the antioxidant effect of stobadine and BMZ in our studyexcept the range of
effective concentrations which was by one orderelofer SMelEC2, similarly as in the case
of their neuroprotective action (Stolc, et al., @00 he intensity of the antioxidant effect of
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pyridoindoles in the present study was comparabtbat in ischemia/reperfusion (Broskova
and Knezl, 2011; Gasparova, et al., 2011; Nosl'etval., 2010).

Plant derived phenolics represent a good sourcenabfiral antioxidants. Their
pharmacological actions stem mainly from their fradical scavenging and metal chelating
properties, as well as from their effects on ceghaling pathways and on gene expression.
Some of them (arbutin, mentha villosa extract, rasnic acid and curcumine) which inhibit
ROS production due to their interaction with pr@assinvolved in activation of neutrophil
oxidative burst (reduced luminol enhanced chemihissence) (Jatnova, et al., 2007;
Nosdova, et al., 2010) were included in our experimentssignificant amount of arbutin
was detected iArbutus unedpspecies from thEricaceaefamily. Quantitative analyses and
investigation of antioxidant activity of the herhdathe dried ethanolic extract of its leafs
showed high scavenging activity (Takebayashi, e28l10). These findings indicate that the
antioxidant activity of arbutin may have been remible for the reduction of contraction
elicited by activated PMNLs in our experiments. étth on molar bases was roughly by one
order less effective in this respect than the pyndoles.

Mentha x villosaHuds. (amiaceag is an aromatic herb widely used in folk
medicine. The essential oil of the herb and itsamapnstituent rotundifolone (piperitenone
oxide) has a wide range of pharmacological acésit{Guedes, et al., 2004; Lahlou, et al.,
2001). The water extract dflentha x villosareduced the intestinal chemiluminiscence in
ischemia/reperfusion tissues (Nbeé@a, et al., 2010). In our experiments the menihasa
extract in concentration used reduced the activRtddliLs-induced contraction significantly
more effectively as pyridoindoles and arbutin.

Rosmarinic acid is commonly found in species of #eraginaceaeand the
subfamily Nepetoideae (LamiaceadRosmarinic acid spontaneously penetrates membrane
to inhibit lipid peroxidation (Fadel, 2011). It atiuated HO.-induced cell injury by its
antioxidant activity (Gao, et al.,, 2005) and redudhe intestinal chemiluminiscence in
ischemia/reperfusion tissues (Nbs#a, et al., 2010). As we presumed, rosmarinic acid
exhibited almost the same potency in reducing tteated PMNLs-induced contraction as
had the mentha villosa extract.

Curcumine is a natural antioxidant with scavengaegvity (Weber, et al., 2005).
Reduced formation of ROS in PMNLs may representht@romechanism involved in the
proresolving activity of curcumine (Jénova, et al., 2011; Sharma, et al., 2005). Moreove
curcumine was found to decrease phosphorylaticdhekignaling enzyme protein kinase C
(PKC), namely of its two isoforms PK@nd PKG, (Jarginova, et al., 2009). Since these iso
forms directly participate in the activation of theutrophil NADPH oxidase (Fontayne, et
al., 2002), their inhibition could result in reddcexidant formation and may explain the
decreased chemiluminescence observed in the peesgincurcumine (Jamova, et al.,
2011). These mechanisms may be responsible algbdaeduction of the PMNLs-induced
contraction of the aorta in our study, in which fesand curcumine roughly equipotent with
the mentha villosa extract and rosmarinic acid.

CONCLUSION
Application of antioxidants has been accepted tvgmt damage and promote health. Not
only synthetic (in our case pyridoindoles) but atedural supplements containing arbutin,
mentha villosa extract, rosmarinic acid and curawemnight exert beneficial effects.
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Table-1: Effect of activated PMNLs on 0.8@M phenylephrine-induced contraction of
isolated rat aorta in the absence drpresence of stobadine or SMelEC2.

Substance applied| Time Contraction amplitude in % of DSS-induced
(min) contraction (Mean + S.E.M.)
Control Stobadine SMelEC2
10pM 50uM
-8 0 0 0
Phenylephrine 0.3ul 0 0 0 0
2 50.0+5.7 ND ND
3 71.0+7.6 ND ND
8 74.0+6.5 21.3+2.8 52.0+5.7
16 ND 35.6 +3.8 75.0 + 8.6
FMLP 0.1uM 20 78.0+7.9 ND ND
FMLP 0.1uM 25 ND 30.2+4.6 71.0+10.8
PMNLs 1G/ml 30 76.0+9.0 29.4+4.4 72.0+11.5
31 97.0+8.0 ND ND
35 117.0+9.5 ND ND
38 ND 51.3 +5.5 88.2 + 3.8
44 ND 38.1+6.5 89.4+27
47 ND 454 +6.4 90.0+1.5
50 112.0+12.5 43.0+6.% 91.0 + 2.6¢
e n=5-10

°P<0.01 compared to control effect of phenylephrivies0.01 compared to control effect of PMNLSs.
FMLP: N-formyl-L-methionyl-L-leucyl-L-phenylalanind®MNLs: Polymorphonuclear leukocytes,

ND: not determined.

Table-2: Effect of synthetic and natural substancesn the contraction amplitude evoked by ativated
PMNLs of 0.g8M phenylephrine-precontracted isolated rat aorta.

Drug tested Concentration Contraction amplitude induced by 16/ml
of drugs PMNLs in % of phenylephrine—induced
contraction (Mean =+ S.E.M.)

Control 0 48.2+4.9
Stobadine 10uM 21.2 +3.1*
SMelEC2 50uM 18.5+2.9*
Arbutin 50uM 12.4 + 2.4*
Curcumine 5uM 8.3+0.7*
Rosmarinic acid 50uM 8.2+0.1*
Mentha villosa extract 13ug/l 43+1.7*

Table-3: Effect of X/XO on phenylephrine-induced catraction of isolated rat aorta in the absence and

n=>5-7
*P<0.01 compared to control.

presence of SMelEC2 (ad1) and mentha villosa extract (13g/ml).

Substance applied Responses in % of phenylephrine-induced contraction
(Mean £ S.E.M.)
Control SMelEC2 Mentha villosa extract
Phenylephrine 0.3uM 100.0+0 100.0+0 100.0+0
+ X 10uM 105.8£6.7 73.4 +6.6* 125.8£18.1
+X0O 0.11U/ml - relaxation 62.3+10.4 58.3+4.0 745+11.3
+X0O 0.11U/ml - contraction 1504 +£9.4 147.2+£11.7 167.0+£14.4

n=>5-7
*P<0.01 compared to control.

X — xanthine, XO — xanthine oxidase.
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Table-4: Effect of reactive oxygen species on acéthioline-induced relaxation of
DSS-precontracted isolated rat aorta.

Substance applied Responses in % oDSS-induced contraction
(Mean + S.E.M.)
DSS DSS+Ach DSS+tROS | DSS+ROS+Ach
H,0,0.1mM 100+0 | 68.2+3.1° | 60.2+6.0° 46.2 £ 2.5*
FeSQ 0.15mM/H0,0.1mM 100+0 | 62.2+5.4° 96.1+25 78.6 £ 6.2**
X 10puM/X0O 0.1 1U/ml 100+0 | 70.7+2.5° | 121.9+6.6° 78.8+ 2.1
FMLP 0.1uM/PMNLs 18ml 100+0 | 76.1+2.4° | 116.3+5.2* 926+1.3

* n=57

+  °P<0.05; °°P<0.01 compared tBSS, * P<0.05; **P<0.01 compared to reduction amplitude by Ach
without ROS treatment

* Ach - acetylcholine (10puM), X — xanthine, XO — Xaine oxidase, FMLP — N-formyl-L-methionyl-
leucyl- L-phenylalanine, PMNLSs — polymorphulear leukocytes.

Table-5: Effect of curcumine on acetylcholine-indued relaxation of phenylephrine-precontracted
isolated rat aorta in the presenas activated PMNLs.

Substance applied Responses in % 0DSS-induced contraction
(Mean £ S.E.M.)

Control Curcumin (5uM)

Phenylephrine 0.3uM 72.0+4.9 78.2+5.1

FMLP 1uM + PMNLs 18ml ND 87.7+6.8

+ Acetylcholine 0.1uM 70.0+6.8 84.0+6.8

+ Acetylcholine 1uM 528+ 7.4 39.8 + 7.4°*

+ Acetylcholine 10uM 38.5+3.6°¢ 23.1 +3.6°*

e n=5-7

+  °P<0.05; ®°P<0.01 compared to phenylephrin®<0.01 compared to acetylcholine-induced reduction
amplitude without treatment by FMLP/PMNLs and aurine.

*  FMLP - N-formyl-L-methionyl-L-leucyl-L-phenylalani& PMNLs — polymorphonuclear leukocytes.
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