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ABSTRACT

Five hexahydropyridoindoles, namely stobadine, SM1dM9dMl0, SMEl j-ProC2,

SM lM3EC2, a,nd SMelEC2, in the form of mono- or dihydrochloride salts, w€le tested

to act as an H atom donor as rveii as an elechon donor. The H atom donating propefiies

of the substuces were examined by rotational viscometry - an assay based on

hyaluronan fi'ee-radical degradation induced by ascorbate Plus Cu(Il) under aerobic

conditions. For evaluating the electron donor properties of the substances, the standard

ABTS and DPPH decolorization assays were applied
Results of rotational viscometry showed that in time t h and 5 h the most ellleclive

preventive antioxidants were <tohadine and SMF.1i-ProC2- respectively. Thc most

effective chain-breaking antioxidant was recorded to be stobadine. The efficacy of the

substances analyzed by the ABTS assay increased in the order: SMIM3EC2 > stobadine

> SMelEC2 > SMEIi-ProC2 > SM1dM9dM10. Yet, the iatter substance demonstrated a

prooxidative effect on assaying its H atorn donating propefiies The different order of
effectiveness of substances assayed by the DPPH method (SMEli-ProC2 > SMelEC2 >

SM1M3EC2 > SMldMgdM l0 > stobadine) was affected by poor solubility of the

substances, tJre organic salts in pure methanol, which represents a [H*]/[H3O.]-fiee
milieu.

Keywords: ABTS and DPPH decolorization assays, Hyaluronan/Hyaluronic acid, Rotational

viscometry, Weissberger's biogenic oxidative system, Preventjve and chain-breaking

antioxidants

ABRREVIATIoNS

HA, hyaluronan;
RA, rheumatoid arthritis;

'Corresponding author: E-mail address: katarina.valachova@savba sk (K Valachovi)



l6 Kalarina Valachor d, Miiria Bariasovri, Llubica Machovii et al

ROS, reactive oxygen species;
SF, synovial fluid;
WBOS, Weissberger,s biogenic oxjdative svstem.

I.INTRODUCTION

Inflammation of synovial joints is accompanied by a decrease in the viscosity of synoviallluid (SF), jn which hyaluronan (HA, c;lled 
"tro nyrtur*t" acid; Figure l) Js themacromolecular component, which,imparts th" SF ui,.;.;;. ;t hu. b".n hypothesized thatrcacrive orygen species rRost. prorluced by {infirlraled) ner-rrophiis may be responsibie tbri'e degradalion of HA macromolecule, ,.rirhin rh. si ;; Ou,,.ii, ,r,^r,"* lrorn rlreumaroidarthritis (R{) 1'n i'iro studies underrine that ortn" uurio,,r",noluiauat nos, hydroxyr radicals'OH are the most degradative against the IJA chain tll.

OH . (.H,OC oHrro1\-/or Ho7----_/!|_ _,"_ rvH oc' ^
L -o\,,---.-\--o-J--.-',.,-! Ho? L,,_:9o.1-\Vui r --l NH oc u ""-., -o "Ho\-,"N' J;cH3oC bs rnrl - oH

Figure l. Hyaluronan - acid form.

Several , rltro generators of .Ot{ 
radicals investigated, expJoit primarily the systemcomprising hydrogen peroxide and reduce. ransition ;";;il;, mosrly Fe(U) _ the Fenronreactants one fact has however beer criticized on applying i'"'r"n,on,, generator of.oFrradicals, namely that rl.re experiments at which HrO;;;;i"";'i, appiied tike a,,bolus,,arereally rar from pathophysiological conditionr,- *irl.rr-'r.. 

-act.ally 
invorvcd arso ininflammation of synovial joinrs. In vi,o, rhe pr".;.. oi;;..;;;io' ofhyclrogen peroxide as apre-cursor of fufiher ROS should run continually uri .n. ,n'-r,,r,,born,, H2O2 moleculesshould be srepwise converted to .OH 

,uoi.urr. ofl*r,";;r,;;, generarors of hydrogenperoxide and/or hyciroxyr radicals we would tio" ," ""ii"*."lion to the so catedWeissberger's biogenic oxidative systern. WBOS 1ct Scneme t JZ_211.WBOS - condition se/tinEs. Takingin,o u..oun, ilr.-*.U t ro,*n ,r",,nu, in most humantissues' incruding that of sF' the concentrations or ascorbate never exceed the value of 200

:'Xi:lnt:ff::;,li:jYl';T'19'orascorbate '"**^""'l't the wBos to r00 pM is
toa,ewmicrono,.,,roliu,loi.lilh{i::,;i}.i:.1i:::i."ff "l',i;n:;t":;i
without evidence ofconnective tissue disease [10].Yet, as repofted by Naughton er al {r l], the lever ofcopper ions in the SF ultrafirtrates ofRA parients eqLrats 0.12s+0.09s uM. Theretore,.h. 

"p;;;;;;';;0.1 pM of cupric ions (int'e fornr ol e.g. CL.C12l a, the se"ond u*iuli"ln lfr"'iVeOS coutO well modelpathophysiological conditions. Thus,it can U" 
"fui,o.J,n", * "rOrl 

concentration equaling0 r pM along with 100 prM or ascorbate 
"-u 

prop", ,.uing,'"rt"iirllt valuabre to mocler thesituation within SF rluring the earry srage ofacut" p'u," iniu-i.,oiion o t synoviar j oints [ 12],,
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Scheme 1. Chemistry of Weissberger's biogenic oxidative system: Hydro€en peroxide is generated by

"*ia"ii"" "f 
**tU^1e at catalytic aciion ofCu(Il) ions (adapted from [8]) AscH and DHA denote

as!Jr bate anron and dehydroa\.orbale

Under such [Cu(lI)]: [ascorbate] setting, it is evident (ci Scheme 1) that within one single

reaction cycle O.t pmot I-l:Oz is yielded, which by actjon ot'e-g the intermediate Cu(l)-

conpl.* is altered to 0l pmol ol'OH radicalsOne fraction oflhese radicals reacts it? slal'

nascencti with the presenl (target) HA macromolecules' while another fraction is scavenged

by the ascorbate excess according to the reaction

Ascl'{ + 'OIl -' 45s'- + H2O (1)

where Asc'- delotes ascorbyl anion radicals, which disproporlionate immediately, yieiding

ascorbate and DHA.
WBOS utitiD): For testirg the efficiency of a substance in lunction as preventive

antioxidant and/or scavenger of the generated 'OH mdicals (the substance H atom donating

prop".tyl on" should take into account that on applying a potentially "perfectabsolute

inflifritor; of HA degradation induced by the 'oH rarlical' the experinental curve should copy

the gray one (cf. Appendix, Figure 1)

bn tn" 
"ontrury, 

the substance with nil 'OH radical trapping propenies (donor ol no H

atom)shouldyieldacurvewhichsuperimposesthatoftheblackone(cf.Appendix,Figrrrel).
Resuits of measurements of time dependencies on the HA soiution dynamic viscosity falling

within the region betrveen the gray and black curves relate to greater or iower efficiency of

the test substance to act as a preventjve antioxidant. Since the prinary/initiation step of the

HAleactionwith.oHradicalshouldyieldareactiveC-typemacroradical(hereafterdenoted
as A'), under aerobic conditions the A' macroradicals should react with dioxygen yielding a

p..o*fl-ryp" ,,.tu.roradical (hereafter denoted as AOO')

HA + 'OH ,--+ A' + H2O

A'+ O:O --, AOO'

and fie AOO' rnacroraclical immediately stafis the propagation phase of the free-radical chain

l"gradation of HA nacromolecules This fact coulcl however' be exploited for lestijrg



18 Katarina Valachovd, Mdria Baiasovd. Lubica llachov6 et al.

subslances acting as chain-breaking antioxidants. For testing the efficiency ol a substance ir
iinction as a chain-breaking antioxidant and/or a scavenger ofthe propagated Aoo'r.aciicals.
one should take into account that a "pefect/absolute chain-bre:Lker" of the propagation phase
of the free-radical HA degradation shourd resrLrt in an experimentar curve, as represe'ted by
the gray one (ct. Appendix, Figure 2). on the other hand, the substance with nil chain-
breaking propeties (donor of no Fl atom) should yielcl a curve. which superimposes ihat of
the black one (cf. Appendix, Figure 2). Results of time- dependent measurenents ofdynarric
viscosity of the HA solution falling within the region belween the gray and black curves
relate to a greater or lower efficiency of the test substance to act as a chain-breaking
antioxidant.

|---_-_ l

Figure 2a. Time course of EPR spectra ofthe aqueous mixture containing CuCi, (0.I irmol), ascorbic
acid (100 pmol), and spin trapper DMPO (250 mmol) at room temperature - adapred from Soltes e1 d/.
[18].

lr
hllild'/tnitltl[fil0tii

.DMPO-O}I

Irigure 2b lllustrari_ve representation offie time dependences ofrhe integral EpR signals ofAsc'.anion
radical (o) and the 'DMPO-OH adduct (o) - adapred lrom Soltds er a/. [ 8].
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Both spectrophotometric methods, namely the ABTS and DPPH decolorization assays,

cannot be classified as absoiuie methods [13]. By the reduclion action of the test substance,

the color indjcator (ABTS'. or DPPH') is converted to the final compound ABTS or DPPH

according to the reactions

ABTS'* + e' -' ABTS

DPPH' + e- --: DPPH'

(one electron reduction)

(one electron reduction)

By measuring the reaction kinetics, one can classif' the test slrbstance as either last or

slowly acting reductant. Measurements at a pre-selected lime interval aftel the reaction onset

show that the substance reduction property can be coined e.g. as an lcso value. Although borh

assays are still often exploited, their impact is questionable since neither the ABTS'* nor

DppH'lndicator represents any biomolecule, and is not even found in any biological system.

vast amouni of hexahydropyridoindoles wjth different physico-chemical properties have

been synthesized so far [14,16]. Of them, all five deriYatives, namely the dihydrochlorides of

stobadine(1)andSM1dM9dMl0(2)andtlremonohydrochloridesof_SMEli.ProC2(3)'
SMIMSEC2 (4), and SMelEC2 (5) (see Appendix, Figure 3), which undergone

phamacodynami: studies are examined and repofted in this paper from tlle point of view of

thcir H atom don:rtins as well as reductive properties.

2. RESULTS AND DISCUSSION

2.1. Weissberger's Biogenic Oxidative Syste m

Scheme I implicates the statement that e g at the ratio of the reactants

[Cu(ll)]:lascorbatel 
:0.1/100 the reaction cycle will be repeated 1000-times and at 100%

ifn*.i nf all e|:mentary reaction steps the products will be DHA and H2O2 both in the

anount ol 100 pmo). This statemert is naturally incorrect since the product generated, l.e.

hyclrogen peroxide is decomposed yielding 'OH radicals due to the presence of the reaclant

Cu(ll) reduced to Cu(l)-intermediate [17].
Accortling to reactjon (l), however' during the carl,v stage ofthe reaction cycles' there is

a high molar surplus of ascorbate within the system, and thus most of the generated 'OH

railicals rvill be imnediately scavenged and the exclr.tsively detectable "radical product" in the

reaction mixture will be Asc' the ascorbyl anion radicals. This implicit conclusion was

proved by EPR neasurements ofthe aqueous system comprising CuCl, (0 1 pmol)' ascorbic

acid(100pmol),andthespin-trappingagent5,5-dimethyl-1-pyrroline-N-oxide(DMPO;250
mmol) f 18l: During the ltrst appr. 60 min of the reaction of WBOS components' the exclusive

EPR silnal detected was that belonging to ascorbyl anion radical (Asc'; Figure 2a) The
.DMPO-OH addLrct \\,as detectable as late as I h after. the reaction initialion, Le. after

disappearance of the EPR signal of ascorbyl anion radical, pointing to the depletion of

ascorbate in the reaction mixture monitored. Figure 2b shows an explanatory chart of the time

courses ofthe int,:gra1 EPR signals ofAsc'- anion radical and the'DMPO-OH addttct.
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The record illustrates the scans ofthe Asc. anion radical
56 mjn. ln tl.re figure, both the EpR spectrurl of the ascorbvlthe'DMPo-oH aduct are depicted. 

.' -' "'' qJwullrI
evidenced in time from 0.5 to
anion radical Asc' and that of

2.2. Hyaluronan Free_Radical Degradation

As can be deduced t'rom the above mentioned observations (cf. Figures 2a and 2b), byapplying WBOS, .OH 
radicals should be generated uno u-."nu;n time delay, i.e. after the"consul.rption', of a certain antount of ascorbate, which actJ

racticals. yer, in spite of such an expectarr'on, after ascorbic 
".rr 

1tr;,;:liT:n"J ;l?"t:ficontaining copper ions, the degradation of *re uioporymeL ,,-'u.ro,nor""rt., stafts practica'yimmediatelv (ci Appendix, Figures.r.and ,, br;;;;;;";;;. Dynamic viscosity yr. rimerelationship of rhe sorution monitored d"c."are, cr"dr;ii; ;;; the initiar dynamic viscosiry(q) vatue:9.93 mpa.s (corresponding to M.: s;8.7;;";;:.r"u.., in time and in the 5thhour its value equals 6.30 mpa.s (correspondlng to M* = +2j ppu 
1191;To elucidate the above mentioned obr"*uiion, i,;,,.*.J.

under the ."p",i."ntui.onii-tion, u,",r wirhin the ,",;ii;;;i,::""il:i:i:",JiJilt:-;X1
6.5), the HA macromoleculcs f].f_r1ef3l_l are highly i"",r"O ii".. the pK" values of rhe o-grucuronic acirl residues 

"ouu, 1 
,, tzol ir,.. "r,;:i;;;;;i;curonic acids (6.25 mmot)the structurar erements of HA macromolecure nuturutty ro,m'.utts with the (counter)cationsofcopper ions (0'1 pnol) Moreover, as reported [21], hyaluronic acrd binds reversibly cupricions (the binding consranr : 3 0xt0t L/m;l frrD.;:i;i;;;;;iilau" ,o ,t," really high molarrario ol [-coo-]:[cu(t)] = 62 500, the copper 

""rr"* i;'ii"u. li.persed rhroughour the chainof llA macromolecule, ranrJor y. forming a ."fu,iu"fy lO"*0," 0"0",",,"n of Cu(ll)_bondmicronuctei. Under aerobic conditions ti 
" 

pr"_ro.,o"J ini;;;;;;", ofthe HA_Cu(u) complexmay react with ascorbate generating thus ia.sl, t l Orog.n f.ro."i,i", which decomposes andlornrs the highly reactive .OH 
radical. -l he tun"r,'i, ,,2t, ))rr.rai, reactswith the chain of

ll. no 
T":r:T9'ecute, yielding the A. ma*orjic^i ;;;,;;. substance whose rote js rolpreventively) inhibit the generation of 'oH radicars, u"rt oltt"r" .is crose as possibre to themicronucleus of the HA-Cu(II) comple.r. and .lti,.r: O""ornfor.. the molecules of H2O2 torneft components [23r or effectively donates the u,o- u rrJ."rr, morecu]e. In case that thesiven subsrance is an etflcient u uto, oonor, tt,. ;;l;;, ;";;; ;:rn the substance shoutd beinefi'ecrive to re-initiate the reactions' cascade of the f.;;-;;l chain degradation of HAmacromolecules. The latter condition 

.mentioned i. ;"; *.X hlfilled by applying l_glurathio.e iGSlt) ,.7'2425r' rhe endobiotic substance *rr'i"tr oonur", 11 atom really lreery
]]:,-oTq 

, weakJy reacrive glutarhiyl radicat (GS.). ,1,;;; organism, GS. radjcatsrecornbine rapidry to glulathione disurfrde - GSSb t""r"J "i."',,""at."?;irir,*nli*r.""'"r 
'

2'3' The Potency ofSubstances r,2,3,4or 5 to Act as preventive
Antioxidants

On inspecting rhe erperimental,results represented in Figure 3, panel A, one can state thatiiom oll five subsrances tesled substance f ;s ct".r;fraUtfl. u'r.rfly elficienr preventire,antioxidant. In the concentrations used (100, 400, and 1000 pM) substance I inhibited rhe
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free-radical chain degradation of HA macromolecules almost completely (g5.0, g2.2. and
78.1%) during the first hour. Yet even at the high potency of substance 1 to act as a
preventive antioxidant, it was not efficient enough to inhibit the degradation of H.{s (FigLtre
3, panei B). The percentage of tire inhibition of HA degradation at 5 h was practically
independent ol substance 1 concentration used and ranged between the values 21.4 31.3%
(cl. Figure 3, panel B, black line). From the point of view of the potency of the subslances
tested to act as prevenlive antioxidanls, exclusively the action of substance 3 is valuable
enough to be taken into account (cf. Figure 3, panel A): Substance 3, although less effectjve
than I at t h, demonstrated a concentration dependent iniibitory action at 5 h with values ol
23.2,39.4, and up to 53.8% at the concentrations 100, 400, and )000 pM (ct Figure 3, panel
B). The remaining three substances, i.e. 2, 4, and 5, concerning their potency to prevent free-
radical chain degradation of HA macromolecules, were much less effective as compared to
the efficiency of substances I and J. The registered negative values ofthe percentages ofthe
inhibilion of degradation of the HA macromolecules, evidenced markedly on testing the
action ofsubstance 4 (cf. Figure 3, panels A and B, concentrations 100 and 400 pM), indicate
that its mdicai formed within the reaction mixture might, most plausibly, initiate by itself a

cascade of free-radical chain reactjons. According to the above mentioned fac1s. it can be
concluded that substances I and 3 are much more relevant for appJication as preventive
scavengers ofHA degradation induced by WBOS.

l0n

21
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Figlrre 3. Percentage of HA degradation inhibition at I h (panel A) or 5 h (panel B) after the reaction
onset inhibited by the substance tested to lunctjon as a preventive antioxidant.

2.4. Substance 1,2,3.,4 or 5 Potency to Act As Chain-Breaking Antioxidants

Figure 4 shous the percentage ofthe inhibition ofHA degradation at 5 h by the substance

applied into the vessel t h afler the reaction onset. At such an experimental setljng. again

substance I demonstrated the "greatest" efficacy, namely 23.2% at 100 pM. Simu)taneous11,,

the percentage of the inhibition of degradation ol HAs by applying substance I indicales a

weak positive concentration dependency with the value of inhibilion equaling 38.3% at 1000
pM. The elficacy of substance 1 at 1000 pM was slightly exceeded on applying substance 5
(51.6%). The latter substance (5) was the only one, which unambiguously demonstrated a
sjgnificanl concentration-dependent inhibitory action (cl Figule 4, line 5).

3

I
5

4
1
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Figure 4' Percentage ofinhibition ofHA degradation at 5 h artcr the reaclion onset inhibited bv thesubstance tested to function as a chain-breaking antioxidant.

2.5. Reductive Property of Substances 1,,2,3, 4 or 5

A simple order or subslances 1-5 based on the det.rmined values of IC56 recorded inTable i shorvs that the order ofthe efficacy ofthe substances lested b), both ABTS and DppHassays is not identical. while the data obtained by ABTS decolorization assay resurted in theefficacy of the substances in the order: 'r > 1> 5 > 3> z, the order of tbe substancesdeternined by the Dppl{ assay was: 3>5>4>2> l. The most disputable result was the
IC5s valLrs: 122+5.2 pM determined lor stobadine by the Dppll assay.

. The most appropriate explanation is trre fact that both stobadine and substance 2 usecr inthe DPPII assay were dihydrochlorides. Since this urruy n.."rritut., work in an absolutelynon aqueous environment in absolute methanor it is questionable ir ever and ro whatexlent the reduction capabiliry of dihydrochlor.ides (t and Z) or monohydrochlorides (3, 4,and_5) o 1' hexahydropyrido indoles was influenced by thc absence 
"fg- p-,"r., i".-Uy ilrO?10ns.

Due to this fact. it can be stated that for correct determination ofthe IC50 varues ofthesubstalces investigated, the ABTS.assay is more relevant compared to the DppH assay. Thela-tter rnetliod has been already appiied to some pyridoindole derivatives [26], yet a lree baseofthcse substarrccs ua\ u5ed in rhis assar

. 
'l-he resulls of detemining the lC;6 values by the latter assay can be thereloresignificanlly influencecr by inerficient or practica y nil ionization of substances l, 2. J. 4. ancr5 in t.re lH I lH.O l-deficienr milieu. t.,. in non_aqueous nrethanol.
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DPPH assay

29.4+0.85
2, SM1dM9dM10

10.6+0.51
3, SMEIi-PtoC2

2l+l .4:0.8+0.384, SM1M3EC2
16.9.0.61

5, SMe lEC2

Table 1. IC5n values offive hexahydropyridoindoles determined
bv ABTS and DPPH assaYs

Values are means+SEM; n : 4

The range ofthe IC50 values ofsubstances 1' 3' 4, and 5 from 10 8+0 38 to 27 6+0 46 pM

determinedbytheABTSassayindjcatesthatthesestructuralderivativeshavesjmilar
reduction proper.ties against ABTS" cation radical. The most effective reductants of ABTS'*

cation ladical were substances 4 and l Substance 2 can not be included into the set of

etfective reductants for its high lCso value (155+2 2 pM).

A recent detailecl examination showed that substance 2' i e SMldMgdMl0' has to be

tested especially carefully from the viewpoint of i1s reduction properlies This substance in

ifr. p..*t of u h;gh'-oior-.ass hyaluronan clegradalion induced bv ROS in WBOS' showed

a significant pro-o;jdative effect- which was especially evident in fhe concentration of 1000

pM (cf. Figure 5, panels A and B, gray curves)'
'- 

the pr'o-oxlOative effect ob,"*tJ in substance 2 leads implicitely to two conclusions: (i)

substan"" 2 is the least elficien1 reductant of ABTS'* cation radical of the set of

hexahl,dropyridoindoles tested and (ii) although the given substance 2 is an H atom donor' yet

it ",uai.ot'io*.a 
fi.om this substance might be elfective in re-initiating the reaclions cascade

ofthe free-radicai chain degradation oll-1A macromolecules Hor'vever' the latter fact is to be

confirmed by some complementary experimental techniques

l0l0

120 r80 0 60 1?t) 180

Time Iminl

E

FrolIre5'Pro'oxidat'iveetlectofsubstance2onHAdegradationinducedbyWBoS.Thesubstancewas

"i?"J" ,r'" 
"_ia"ri, 

e s\ sr€nr before rhe start ol LIA degradation (A) or after t h (B) in lM
concentrations: 0 (biack curre) and 1000 (gray cune)'
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3. ExpnrulrpxTAl pRocEDURl,lJ

3.1. Biopolymer and Chemicals

The high-molar-mass hyaluronan sa'rple p9710-2A used with a weighl-average of the
molar masses M*:808.7 kDa ani.l polyrnolecularity value M,,A4' = l 63, where the Mn is the
number-average of the po)ymer molar masses, \.vas the product of Lifecore Biomedical Inc.,
Chaska, MN, U.S.A. Analytical purity grade NaCl, CuCl'.2H2O, erhanoi 96%, and methanol
were purchased from Slavus Ltd., Bratislava, Slovakia; L_ascorbic acid and potassium
persulfate (K2s205; p.c. purity, max. 0.001% nitrogen) were the products of Merck KGaA,
Dannstadt, Gennany; 2,2 '-azinobis-(3 -ethylbenzothiazoiine_6_sulfonic acid) (ABTS;
ptu'um >99Yo) was from Fluka, Steinheim, Germany; 2,2_diphenyl_l _picrylhydrazyl (DppHj
were the products of Sigma-Aldrich, steinheim, Germany. The hexahydropyridoindores were
prepared at the Institute ofExperimentar pharmacorogy and roxicology, Bratisrava. srovakia.
Deionized high-purity grade water, with conductivity of i0.055 pS/cm, was produced by
*sing a water purification system ofrhe.ro Scientific TKA, Niederelbert. Germanv.

3.2. Solution s

The HA sample sorutions (2.5 mg/ml) were prepared in the dark at room temperature in
0 I 5 M aqueous NaCi in two steps. First, 4.0 mL of the solvent was added to 20 mg HA, and
3'90 3.85, i.70 or 3.40 mL ofthe solvenl was added after 6 h. Al1 stock sorutions,-including
those ofeach hexahydropyric{oindote (I,2,3,4 or 5; l6 mM), L_ascorbic acid (16 rrM), ani
cupric chloride (16 mM djluted to a l6 pM soJution) were also prepareci in 0.15 M aqueous
NaCl.

3.3. Hyalu ronan Oridative Dcgradatiun

HA degradation was induced by the WBOS comprising L-ascorbic acid (i00 pmol) andcucl2(0'l p'nol) 'r-he proceclure was as folows: a vorume of 50 prl orCuc12 solution (16
pM) was added to the HA solution (7.90 rrL) and after 30 s stirring the reactio'rnixrure was
left to stand lor 7.5 rnin at room temperature. Then 50 4L oft-ascorbic acid sorution (r6
mM) were added 10 the reaction mixture and stirred again for 30 s. The solution mixture (g.0
mL) was then immediately transferred into the viscometer Teflono cup reservoir.

Procedures to investigate the H atom donating propefy ofthe substances (1,2,3,4 or 5)
were as follows:

(r) The solution of cucl2 (r 6 pM) in the volume of 50 pL was added to the HA solution
(7 '85 7 70 or 7 40 mL), which was lert to stand ror 7.5 :rin at room temperature after sti ing
1'or 30 s.'l'hen,50, 200 or 500 pL of the substance solution (16 mM) were added to the
solution mixture and stirred again for 30 s. Finally, 50 pL ofthe L-ascorbic acid solution (16
mM) were added to the solution n,ixture and stirred for 30 s. The reaction nixture (g.0 mL)
was then immediately transferred into the viscometer Teflon@ cup reservoir. By adding the
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substance in time 0 min, l.e. before adding ascorbic acid, we investigated the capability ofthe
substance tested to scavenge 'OH radicais, i. e. to act as a preventive antioxjdant [7,1 8].

(ii) In the second experimenlal setling, a similar procedure as that described in (i) was
applied. However after leaving the solution mixture (7.90, 1.75, or'7.45 mL) lor 7.5 min at
room temperature,50 pL of the L-ascorbic acid solution (16 mM) were added. After I h

stining ofthe reaciion mixture, finally 50, 200 or 500 pL olthe substance solution (16 mM)
were added and stirred lor fufther 30 s. The reaction mixture (8.0 mL) was then immediately
transferred jnlo the viscometer Teflono cup reservoir. By adding the substance t h alter
adnixing ascorbic acid, we investigaled the capabiJit-v ol the substarce tested to scavenge

peroxy-fype radicals, Le. to act as a chain-breaking antioxidant U,25-42,431.

3.4. Rotational Viscometry

The resulting reaction mixture (8.0 mL) was transfened into the Teflon@ cup resewoir of
a Brookheld L\/DV-ll+PRO digital rotational viscometer (Brookfield Engineering Labs.,

lnc,. Middleboro, MA, U.S.A.). The re cording ol viscometer output parameters stafted 2 min
after the experiment onset. The changes of the q values of the reaction mixture were recorded

at 25.0+0.1 'C in 3-min intervals lor up to 5 h. The viscometer Teflon@ spindle rotated at 180

rpnr. /.c. at a shear rale ot 2j /.b s .

3.5. ABTS and DPPH Assays

'l'he standard ABTS decolorization assay was applied as already reporled [44 46].

Briefly, the aclueous solution ol ABTS" cation radical was prepared 24 h before the

measurements at room temperalure as follows: ABTS aqueous stock solution (7 mM) was

mixed wjth K2S2O3 aQueous solution (2.45 mM) in equivolume ratio. The follou,ing day. 1.1

ml, of the resulting solution was diluted with 96% ethanol to the final volume of 50 mL. The

ethanol-aqueous reagent in the volume of 250 pLL was added to 2.5 pL of the ethanolic

solution ol the substances l, 2, 3. 4, or 5. The concentration ol each substance solution was

101-0.808 mM. The light absorbance olthe sanple mixture was recorded at 734 nrn in the 6'r'

rnin alter nixing the reactants. In DPPH decolorization assay, 2,2-diphenyl-I -picrvlhirdrazyI

(1.1 rng) ivas dissolved in 50 mL of distilled methanol to generate DPPH'. The DPPIJ'

radical solution in the volume of225 pL was added to 25 pL ofthe methanolic solution oflhe
substances l, 2, 3, 4, or 5 (in the concentration range of 10 0.078 mM) ancl in the -i0'h min tlte

absorbance olthe sample was measured at 517 nm. All measurements by both assays were

perfbrmed quadmplicately in 96-well Greiner UV-Star microplates (Greiner-B io-One

Cmbl{,Gelnary) by using the Tecan lnfinitc M 200 reader (Tecan AG, ALrstiia). Thc

calculated values oflC56 are expressed as mean+SEN4.

CoNcr-usroN

The primary goal of the modifications of the hexahydropyridoindole chemical shucture

ofstobadine {cis-(-)-2,3,4,2.a,5.9b-hexahl'dro-2,8dimethyl-1-11-pyrido[4.3-b]indole] l27l (an
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enantio'er of the racemic drug carbidine [2g.29]) was to dirninish adver.se hypotensive
etrects of substance l, r.vhich are due to its i1 adrelrolytic activity [30,3]]. since the acutc
toxicity ol substances 2, 3, 4 or 5 has been nruch lower compared to substance r [15].diminishing adverse effects arong with an increasc ofthe antioxidative erficacy ofrhe newlf
synthesized hexahydropyridoindoles woLrrd better meet the craims ror introducing these
prospective drugs i'to crinical practice. However, accorciing to the above presentecr
observations, it is evident that any gain. if any, found on applying substances 2, J, i or 5 did
not exceed remarkably the well established antioxidative pr.operlies ofsubstance 1 [31-3i],
l.e. stobadine - a cardioprotective drLrg [31,34 37].

Stobadine, an amphiphilic substance with pK"r :2.9 and pK.2 :7.2, can lreely reach both
lipoidal and hydrophilic environments in the human organism incrutling those of (synovial)
joints [38]. Du€ to its redox potentia] at neutral pH of +0.58 V, lying between that of
ascorbate (Asc'-, H*/AscH-: +0.282 V) and glutathione (cS.1cS : +0.920 V) [39,40],
stobadine is a really proper reductant and H atom donor.

'l'o avoid inappropriate applications and misinterpretation of the observations resurting
f.on exploiting one single assay, the usage or a "battery" of assays measuring difrerenr
aspects of the behavior of antjoxidants has been recommended (for review see t13]).Although the ABTS and DppH cecolorizatior assays are the most frequently utirized,
dcvelopment of assays where more than one oxidatiye species is present in the reaction
medium simultaneously should be considered inevitable. Eflons towards this direction can be
appreciated by establishing the de.sign of a stanilardized analytical method [,Jr]. wirhin the
latter method, a "cocktail', of ROS H202, .OH. and AllO. aciing practicalll,
simultaneously can be stated. This ROS cocktail damages the probe, Le. the high_molar_mass
hyaluronan, a process rvhich resembles that within the inflamecl (synovial) joints.

Application of the DPPH decororization assay in case of testing the reductive propedies
of salls of organic substances can lead to results whicl.r should be reevaluated in the context of
no'-disociability of these salts in the non-aqueous environment. The ABTS assay, which
operates in a partially aqueous, i.e. ionic nririeu, is most plausibly a proper choice to bl.oaden
the insiglrt into the reductive (antioxiclativc) properties ofsarts oforganic substances.
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APPENDIX

120 180 240
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Figure 1. Time-dependent changes ofdynamic viscosity values ofthe test HA solution (2.5 mg/mL).

The gray cune simulates the situation when no HA degradation occurs and the solution

dynamic viscosity vaiue rises slightJy in time due to the phenomenon called rheopexy.

The black curve (0) represents the real degradation of the biopolymer chains (here

induced by 0.1 pmol Cu(II)p/zis 100 pmol ascorbate).
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Figure 2. Time-dependent changes ofdynamic viscosity values ofth€ test HA solution (2'5 mg/ml)'

The black curve (0) represents the rebl degradation of the biopolymer cl.rains (here

induced by 0.1 pmol Cu(II)p1us 100 pmol ascorbate).
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The gray curve simulates the situation when the degradation oi HAs initiated by thewBos is broken-down (ir rhe 60'r' minute) by addition of a 
lf.ri."iruuroru,. 

"hain_break,ng,,anlioxidarive substance and the solulion dynamic vrscosiry 
";;;;r". srightly in time due tothe phenomenon called rheopexy.
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