ROLE OF OXYGEN-FREE RADICALS ON THE MOTILITY
OF RAT ILEUM
EFFECTS OF XANTHINE PLUS XANTHINE OXIDASE

Nas. fzadi Meod'., K. Prasad® and Nar. Fadi Mood3

1y Department of Texwology, Noor Hespital, Isfahan Universicy of Medical Sciences, [slahan, Lran

27 Drepartment of Fhysiology, College of Mudicine, University of Saskatchowan, Saskatoon, Sask

chewaniTH (W,

31 Department of pathology, Mirza Keochakkhan Hespital, Tehran University of Medical Sciences, Tehrin, [ran

Abstract

characterize the offecty of aridents generated by vanthine (X

- The major objective af the preveat sbedy was to

pliey vatwthine oxidase (XO) on Golated rod Sewme mofilfite. T
effecty af three comcentrotions of XD e the asal fene of She
rat e preparation were sudied for 20 mivutfes. Develaped
feqpdany were mreasnred inomgiang Sasees aad fen expresved gy
Alee effecty wf 2K
roncentration of XX i the prevence and absesce of superoside

percentage  of  Faseline  temsion, LT
alivedorve, cetolkee, mennded, Toaidine, amd deferosamine were
eviheted., The reselty were papressed oy mean £ 58 Xanthine
plias xanthine pxidase produced reloceten of Hewn, Superaxide
divenubesy (o supreroxide anfor melabolizer) il colickise o
hvelvegen perovide veavesger| G med protees Heun from effects
of XiXNEY suppesting that nedther superovide anien mer Tyvdregen
poreride involve i XIXO-indeead  pelavation of  denm The
resplte of Mx stuly swggest et Rpdrogen perexide formed
exteacellliorly By NXNO may enfer She colls amd interact with
frfracelinler ivon o foem o Righly reactive oxidsed, Ao
rudical. The  fimding  that two pewerful Rpdrocel vadival

(MTL and  mannited
pratection against NXO-feduced  relpration af Hewn

sewevengers,  dimetfivlthioren offered
ANEECS

Sormation of vdrocdd radical within the ceills, Preteenfnvent with

deferaxamine, o potent iron chelator, redueed e velaxation of

Henn, indicating St Fyvdvaxy! vadical plays oo fmportant role
i mredisaioy the NXO-induced relaxcation af dewm. In clelition,
e ability of evapesousty administered  fastioine foo reduee
relvation anotler

seppests Mt singled saygen i CEYEER

derivative wlich iv responsible for relaxalion of flewiem-ipiced
By XX,
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INTRODUCTION

Several diseases mo Lhe  gastrointestinal tract are
characterized by the formation of oxypen-free radicals,

e sehenia and reperfusion (1) and inflammaion (2]
The main soorce of oxvgen radical formation in the
case ol dschemia and reperfusion s santhine Ox
which, combined with accomulation hypoxanthine, leads
try substantal superoxide anion (023 formation upon
reperfusion (2).

Hydrosyl radicals ("0 generated from OF2 by
Haber-Welss or Fenton-type reaction have also been

mmplicated  as wowie prodocts formed by the
xanthineanthine  oxidase system (33 However, the

formation of fydroxy! radical from superoxide amon
and hydrogen peroside requires e presence of iron.
Superoxide anion and xanthine oxicdase reaction have
heen shown 1o caese release of ron from ferrtn (4.5

Singlet oxygen []LJQJ moanother oxygen derivalive
which has also been suggested as o toxe agent that can
be o peperated  [rom 072 in xnthinesxanthine
viddase svstem (iG]

The most velnerable region of the gastrointestinal
wiall in ischemiwreperfusion  and  inlammation s

muocusi (10 Howewer, changes in the intestinal matibty

1he

Feve been reported s a conseguence of milanmation
(7). which implies thal axygen free radicals can disturb
the smocth muscle function,

A
shudy was o cstablish which osvgen Dree racicals are
generited by the MmO System I‘l;-.- using  differem
antioxiclants, and o establish whether these oxveen free
proviuge Myl

the cffects ol XX on
I_h_l.! F]ru.\'um:x: a7 ."\LIl.'fCI'I.ZIK.-l'.lL'
dismurtase, calalase, dimethylthiceres aod mannital, and

rding 1o the above stadies, the wm of Lthis

calinal 1y
Heum

ahsence  af

rudicals
Therefore,

changes  in i
smoth
muscls an

histidine  were  evaloated.  Alsoe o lnd whether
intraceliulir ron plays o roele i XA0-ndueed changes

i ilewm motility, the effcet of X0K0 m the presence
and absence of deferoxamine, an ieon chelatar, wis
evaluated.




MATERIALS AND METHODS
Measurement  of  tension  and  functional
experiments on isolated rat ileum:

The experiments were condocted on solatcd rat
deum suspended w100 ml argan bath containing
Krebs-linger solution, Male Wistar raes (200-250 ¢)
intra-peritoneal injection of
pentobarbtul sedmm (00 mghke) The abdomen was
opeed, @ length of ilewn was removed and placed in a
dish containme cold Krebs.Ringer solution (200, The
mesentery was tiimmed away and 15-20 cm strips
were cul from the length ol deum. Afler rinsing the
contents ol strips, one end of the strip was ted oo
10 mil argan bath
filled with Krebs-Ringer solution, while the other end
wis attached 10 a Grass FT-03 foree dsplacement
transducer attached o a Grass polvgraph recorder for
recording  responscs  (eontmaction oro relaxation)  of
muscle strips, The solution in the bath was maintained
at 370 and constantly bubbled with o mixlure of 95%
Oy and 3% COgo All samples were allowed 10
couilibeate for 6l nuinutes @1 o resting tension of L0 g
and were washed ar 15 minutes intervals, Acetyvicholine
(0.5 mgimly, which produces o sub mazimal contragtion
of fleum, was used in all experiments oy assess the
vinhility of 1he preparations. The response of e
prepuralions o acelylcholine was recorded  for 3
minutes and 1the preparations were wished at 5 minute
miervals until the tension reached the resting level, In
the functienael experments, X000 amd s effecs on the
it ileum were monilored Toro@ telal period of 20
minutes, Adter this treatment the proparations wers
wished every 5 minutes untl the lension reached the

wore anesthetized with a

slamless sieel wire stirred up at the

resting level, Subsequemly, acciylcholne was added to
thee organ bath and recorded for 3
minuies, I oanother  experiment,  antiosidunts
adoled 200 mumutes prior 1o e addition of X0 with
the cxeeption of SO0 and catalase which were added 3
o acdditon of 20500 Peveloped tensans
were measurad momeime tssuees and then expressed as
perecntage of baseline tension, AL solutions made m
Krebs-Ringer  baffer  seletion,  and 00105 ml of
sodutions were wdded 1o Lhe bath o elicil responses

rl\‘.hr.-: BN BT L Y

W

minutes i

Generation of oxyveen-free radicals:

munthine 20 and xanching oxidase (X000 were used
tey generate 072 (83 Superosile anion is progoegd
the Tollaing

Kanthine

[y
reschion ;
+ 2032 = 20072 + 2MH4 +
X0
concemtritions of X and X0 used in
lermedd TR, 2% and 42X as follows

uric agic
Ihe threc
Thuse studios wert

i
I.Jl.

(IR -mant e and  xanthine  oxidase

(L2 imiy

10 mkd)
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(2X)xanthine (20 mM) and xanthine  owidase
(LOAUmIy;

(4X)-xanthine (40 mM) and  xanthine oxidase
(10Tl

Solutions of xunthine wers made in Krebs-Tinger
solution and 0.1 to (k4 ml of the solution was added in
the organ bath to elicit responses, Xanthine
wis obtuined from the Sigma Chemical Company as o
suspension from milk (01 Wimg protein) which was
added  dircetly into the bath containing  the  ileum
SENIMENTS,

axiclitse

Protocal
Sioproup of animals were used Tor this study. Six
animals were examined for each groups,

Groap L

The ettects of thres concentrations {1, 2and 4X) of
XAXO on the basal tone of the fleam preparation were
studisd [or 20 minules.

Group II:

The effects of 2X concentration of X0 were
imvestigated in the presence and absence of SO0, 501D
{100 Uiiml) was added to the organ bath contiuning the
ileum tssues 3 mioutes prior o the addition of 20,
The effects were monitored for 20 minutes.

Group [T1:

Tiv wssess the role of hpdeogen peroxide in the
response induced by X0, catalse was used, Calalse
(00 1ml) was added 10 the bath 3 nunutes beiore
addition of X2, The effects were monitored for 20
minules.

Group IV:

The effects of 2X concentration of X0 o
prosence and  absence ol wirnos
dimerhylthicurea and mannicel on the basal e were
evaluated Tor 200 minutes. These scavengers were added
1o the hath 20 punutes belore addition of X0

1 the

concenteations ol

Group ¥:

T esaluate the role of iron m the XX 0smnduoed
relaxation, the iron chelator deleroxamine was used.
The effects of 2X concentration of  XRO o the
presence and wbsence of deleroxamine (30 apd 100
by were iovestigated Tor o period of 20 minotes,
[eferosamine was added to the bach 20 minutes befoare
acdddition of XX,

Gronp ¥z

The elfects of XX0 in the presenee and absence of
histiding were exanuned loc 20 nunutes, Histdine ¢ 100
and 200 md) was added o the organ bath 20 miues
prior 1o addition of X0
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Fig. 1. ElTects of varions concentrations of xanthine plus
wanthie oxidase (1x, 2x, and 42 on basal tone of ileom
preparations.

Fesulis are expressed as mean = 5B

PP DS conmparison ol values an duflersal Unmes wath
respect B ovalues al "0 ume within groups.
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STATISTICAL ANALYSIS

The resulls were expressed as mean = standard
error (=50 The data were analyeed by owo-say
analysis of variance (ANOVAY using repeated measures
fosllovsrdd Ty the test of least significant differenee {1.513)
(Y1 For comparison within the  proups,  one-way
ANOWVA was used. A P ovalue of <0005 was considered
sl licant,

RESULTS

Effects of X/XO on Heum Preparations
The summany of resulls of the three concentralions

of  XXO are shown in Figure | Xanthipe  plus
mnthine  oxwlase  produced  relaxation of o ddeum
prepacations, The response of fssue 100 exogenous

addiion of X0 was o hiphasic, with an ol
relaxation occurrng at approimately 1 nunate followed
by @ second  relaxation maxamum at 200 minutes.
Rulaxation was  concentration-dependent up o 2X
concentration of 32000 the relaxaton with 49X was
smatler than with the 2X concentration, The resting
lension returned o baseline after repeated  washing,
and the time requared for dleum sirips o fully ceturm
haseline was roaghly 1530 minules post exposure o
hERAS]
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Fig. 2. Effcos of scetyleholine {Ach, 005 gpimly in absenos o
presence of three concentrations of xanthine plus santhinge
agidase (XX on baszal tension of fewm pregaration,

Ruesnlis are exprossed as 5 change from maximal Ach
response laken as 1005

P 05, camparison of values affer exposurs (o

warisus concentrations of X000 with respect (o values belore

exposure to X0 within groups,

Experiments were alse conducted 1o delermine
whether the responses 1o acetvlcholine {Ach)y  were
affected by the presence of 2000 The comractihe
response 10 Ach (005 mgml) was lested belore and
alter treatment of tissues wih XX0. The results of
ACh  response  in anil e
coneentrations of XX0 are summuarized in Fgure 2
The responses to Ach Tollowing X0 exposare were
ereater for 1X, and 2X; and smaller in magnitude Tor
4X than the initial ACHh contraction.

absepce presenve of

Effect  of  superoxide  dismutase 1!
KX O-indueed relaxation of ilenm :
The pretreatment with 30D did pot prevent the

relaxing effect of X0 (Figure 3.

Effect of catalase on XXO-induced relaxation
of ileum

The lension developed nothe presence of ctalse
was not significantly different from that developed i its
absence (Figure 3)



Effect of superoxide dismutase plus catalase
on XX indoced relaxation

There ne o significant difference in
K O-ndueed relaxation of ileum n the absenoe or
presence of 5010+ CAT [Figore 3],
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Fig, 3, Flfces of 2% copcentration of xanhing plus santhine
cridase (2/XN0) i absence ar presence of 100 Uil
superoxide dismutase (3O13), 500 Ll catalase (UCAT), and
SO0 (100 Uanly + CAT (300 Uml) an ileum preparations.
Hesults are exprossod as mean = 5B
L LR | X r_'n::||11E:|a:ri}.|,:||| af values at different limes with

respect oo values at 07 fime within groups.

Effect of dimethylthiourea on X/ XO-indueed
relaxation of ileum

High concentrations of DMTU were used hecause
the site of  hydrosyl radical generation was not clear,
and hydrosy] radical had high reactivity, reacling with
malecules within o 14 Ao ranges noa period of less than
0-6 seconds. Therefore, for an "0OH scvenger 1o be
elfective, it must be present in concentrations so that i
will comprise a o signilicant proportion of the total
molezules. The effcets of 2X concentration of X/X0 o
the absence and presence of Lo mgml DMTU arc
summarized o Figure 4. The results showed  that
pretreatment with [IMTU the initial wnd
second maximum relaxation, Also in the presence ol
DMTU, the tmelrame of peak lension was similar to
controls (XX 0O), DMTU alone produced small
relaxation which was maximal 2t 15 minutes afler which
remained comstant during 40 nunules of reatment.

rectucel
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Fig. 4. Effects 2X concentrations of xanthine plous xanthine
cidase (MO o absence ar presence of dimethyltkioure
(DMTUY on ileum preparalions.

Hesulls are expressad as mean & S0
sl different fimes with

=P = 005, comparison of val
respect 1o values st 07 time wathin groups,
B .05, X0 we DMTLU (L6 mgiml) + XXKO0
a o= 005, DMTL vs DMTU + XX0

Fifect of mannitol  on XXO-induced
relaxation of ileum

Tov further ascertain the role of hydrosyl radical in
MO Anduced relaxation of ileum, another scavenger
of hydrosel radical, mannitol, was studied. Figere 5
summarizes the effects of 2X concentration of X/X0O
on rat ileam i the absence and presence of manninol
rElmM).

Mennitol by itself produced small conlraction afler
5 minutes which remained constanl during 40 minutes
of  treatment. There wus @ difference
between control (2UX0Y and mannitol treated groups
(MO +X7X00). These resulls sugpest that the relaxation
is medited throegh the hydroxyl racdical.

significant
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Fig. 5 Elfects of 2X concentrations of santhine s xantliine
eidase (O] in absenee or presence of mannital (MO an
ileum preparstions,

Hesultz are expressed as mesn + SE

* P o= 005,
respecl Lo values at 0" tine within groups,

B (003, MO v MO (B0 kY 4 X0
a P s MO v MO+ X0

comparison af values at different times with

Lffeet  of deferoxamine on X/XO-induced
relaxation of ilenm

To wssess whether intracellular iron plivs @ robe in
relaxation-nduced by MXO, the  ron chelalor
deferomamine  wus  used.  The  ellecls  of 22X
coneentration of X/X0 in the absenoe and presence of
deteronamine are summarized in Figure 6,

Deferoxnmine significantly reduced the relaxation
induced by X7XO,  and  this  effect was
coneentration-dependent, Deferoming alone
produced  small  contraction of  rissues during  the
skperimentsThe response of tissues 10 ACH belore and
dfter treatment of tissues with deferoxamine were not
sigmificantly ditferent, which meant that deferoxamine ai
these concentrations did ot have damaging effect on
fleum. In the presence of deferoxamine {50 i ileam
tensien was not significantly  different from control
groups (XK the first 10 minules, however, the
tension was significantly different at 15 and 20 minutes.
Pretreatment with deferoxamine (100 mM Y reduced the
relaxation at all times significantly. This finding suggests
that hydrowyl radieal is involved inothe  relaation
incluaced by XK.
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Fig, . Bffects of 25 concentrations af ganthine [l xanthine
amtdizse (UMY in alsence or presence of two coneentrations
of deferoxamine (DEF) on ilewm Preparations,

Huesults are expressed as mean =+ S

P 03, comparison of values at different times with
respect foovalues at 0" time within groups.

+ 0o 008, XWO vs DEF [(FumM} + X0 or DEEF
(LM mbdy = X0

IEffect  of  histidine XX C-indueed
relaxation of ileum

The vifects of xanthine plus xanthing oxidase in the
absence and presence of two concentrations af hstidine
on ileum preparations are summarized in Iigure 7.

Xanthine plus xanthine cxidase produced relaxation
al ileum as expected. Histidine alone did not have
damaging effect on tssue, beeause the response of
tissue 1o ACh before and after treatment with histidine
wis  not siginificantly  different. Prefreatment  with
hislicine significantly reduced the relaxation-induced vy
MO, and this redection was congentration-dependanl.
Pretreatment with 100 and 200mM histidine reduced
the imilial and secomnd maximum relsation. These
resulls suggest  thao ! Os also plays a role in
RO -induced relavation

i
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Fig, 7. Effcers of 2X concentrations of xanthine plus xanthine
nxidase (XSXO) in abgence or presence ol two
concentrations of histidine (HI5) ondleum preparations

Froaults sre expressed as mean = 50

* P o 005, comparison of values at different times with
respoet toovaloes al "0 tme within growps.

+ T oe 005, XKD we HIS (100 mb) + XXK0 or

HIS (200 mM) + XKO

DISCUSSION

Xunthine and xanthine oxidase have been used by
cther  investigators (o generate  reactive oxygen
metabolites (ROMs) (5,12)

The  concentrations  of  XXO o osed in this
investigation  were  formulated  based  on the
concentrations used by other investigators (8,1Z), The
results show that 1X, 2X and 4X concentrations of
MO produced relaxation of ileom. A coneentration of
2X xanthine plus xanthine oxidase resulted o maximal
relaxant effect. Concentration of 4X elicited a responsc
that was smaller than 2X concentration. Ooge woulkd
have expecied greater relaxalion with 42X concentraton
of X/X0L This unexpected finding could be due 1o
several reasons, Firsty, the higher concentrations of
WX through the production of high amounts of
oxyeen free radicals may inhibe the cycloosygenase
enzyme with the loss of production of prostaglanding,
undd henee reduced relaxation, Secondly, 0 s possible
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that there is destruction of xanthine oxidase activily by
wxygen [ree radicals (OFRs).

A smaller response with 43X concentration of X/X0
could also be due 1o high levels of OFR prodoction,
which may damage the luminal epithelium or o the
underlying ilewm smoalh muscle, The cytotoxic effects
of reactive oxygen metabolites are well documented
(13,14,15). Xanthinefanthine oxidase have been shown
tr have dircet cyvtotoxic effects on cullured  gasirc
mucosal cells (16, Xanthine oxidase iself has been
shown o alter myofibrillar sulfbwdnyl content and
ATPase  activity in witre (17} Therefore,  higher
concentration of XXO may be aliering the contractile
apparatus of the ileum smooth muscle, resulting in a
smaller response.

It may also be thal the non-enzymatic sources of
antioxidants {Vit-E, Vit-C and SB-carotene) are depleted
in the presence of high concentrations of OFRs
penerated by 4X concentration of X0, So, increased
cviotoxic effects on smooth muscle could be due 1o
decreased  antiowidant  reserve, Osudants have heen
shown 100 inactivate antioxidant defense systems For
cxample, II‘EUZ ar a combination of 072 and J[zllJ?_.
can inactivate CuZn-50D (18). In addition, 072 can
converl catalase 10 inactive derivatives {1990 Therelore,
such changes may decrease the response produced Ty
43 coneentration of X0,

Tir investigate  the toxic effect of X0, the
influence of the X/X0O on ACh-induced contraction of
rat fleam was studied, Acetvlcholine-induced
contraclion was greater in IX and 2X concentrations of
MM O-treated  groops than in control o groups
PwithoulXX0). There is evidence thal suggests 1he
cohancement ol contractile activiey of smooth muscle
which is chronically exposed 10 HaOg in vive (200, They
reported that hyper responsiveness of the ainways 1o
ACh may  he  related e epithelial  dvsfunction.
Theretors, the increased sensitivity of ileum smooth
muoscle o ACh could be due 1o damage of the
gpithelinmn.

Although 1X and 22X coneentrations of  X/X0O
increased  the  sensitivity of  dleum 1o Ach, 4x
concentralion of X0 reduced muscle responsiveness
te Ach, It is possible that the biologic activity of Ach
couald be destroved by oxidation vie 4% concentration of
MUMO maght damage the cell membrane and aller the
coupling of the muscarinie receplor o ils clfector

system. Similar findings  were  reported by osome
investigators who found that precreatment of guinea pig
leam with ogidants reduced the subsequent contractile
response to carbachol (21}

Another  explanation  for  reduced  contractile

respunses to Ach with 4x concentration of X0 may
invalve miracellular damage by oxicdants as proposed by
Croldhater and co-workers (22) They investigated the
eiteals of exopenous free radicals on electromechanical
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function and metabolism in isclated rabbin and guinea

pig wventricle, and  found  that  free radieals may
contribute o clectrophysiologic  abnormalities and
contractile  dysfunclion by iohibiling  gheolysis and

uxidutiee phosphorylation.

The resulis showed that XXO induced relaxation
al dleum does poloappear 1o be medialed through
superowle armon since 500 which metabolizes O 1o
100 cold not abolish the relaxation

The protective eifcet of 50D against oadant injury
hass been questioned by some investigalors because Lhey
il nor fined S0 10 he protective {230 Yagoda and
cu-swiorkers (23] have  heen shown thal o some
commerical preparations of 5001 were contaminated
with  enchoxin, Another possibility of 500 were
continmnated with endotoxin, Another possibhility. cxists
that the inability of superoxide dismutase o reduce the
A0 - mcloced relaxation may be resull fron o failore
ol sndocylosis, which s required before it can
protect against Moy - mduced injury (24).

The kwck of effect of 5CHY 1o prevent the relaxant
elfect of MO could also be due 1o the fact that
superonide dismuotase melabolizes O 5w Ha(dy {25)
The  amount of B30, produced  wnder  these
circumstances may be sullcient 1o incduce relagation of
feam. In thes ivestigation,  however, XX 0O-induced
relasation does ol appear 1o be medicated through

hydrogen peroxwde sinee catalase could not redoce the
J = L

1A

relaxation ol ilewm. One possibility is that peneration of

Flothy emeeeded  the caladvie capacity ol catalase,
Ancther possibility s that B0, crosses the cell
membrane and produces hvdrossyd radicals swhich may
P responsible Tor relaxation of ileum.

The results showed that nether 0% 5 nor 11,05 s
responsible dor relaxation of fleum. Howewer, 1F there 15
msullcient enamatic profeciion, these e species, can
interact via the Flaber-Weiss reaction o generate highly
reactive ntermedites, the most important of these
Being the hyvdrosyl radical (260 Superoxide anion does
not directly react with 1505 bul rather donates an
electron Lo transition metal which then reduces HoO-
o forrm "0 as following:

].'Il:j-l I ,:]?'-l e ]."‘._"i- s “?.

Fed*+ + 1100 = Fed+ + 01 + “0H

Mot 0% + Hytdy = Oy + OH- + *0OH

Therefore, it s possible that hydrogyl radicals are
penerated, The resulls sugpest that XXO-mdeced
reluxation of  teum mechated  through hydrosyl
radical, sinee two powaertul vilrosyl radical scavengers,
dimuethylthaoures and manmitel, reduced The relasation

uf dleun.

Is

formatiom of byudrosyl radical from
hydrogen peroswle reguires e

Fhoaever, the

superoxide  and

presence of ransition metal ions, the most significam of

i

The results of
with  the  ron

this sty
chetator

which are iron jons (14
muicite  that - pretreatimen

(]

deleroxamine  provided  sigroficant protection
MXOQ-indoced  relaxation. This fnding indicates that
iron 8 mvolved n XMO0-mediated relixation of feum
ws o result of its participation in the Haber-Weiss
reaction.

Aorole for o intracellular dren and ntracellular
formution of the hydrosg? radicals has been implicated
in some studies (27,28,29). Repine and co-workers (273
showed  that with increasing the  concentration  of
intracellular iron of  Staphylococcus  aureus,  their
susceptibility o kiling by Ho(k enhanced. Similarly,
Kuietys and co-workers (29) reported that deferoxanine
protected the endothelial cells from the oytotoxic elfects
al the bypoxanthingfkanthine cxidase reaction mxlure
or Ho5. Furthermore, Gannon and co-workers {28

PDemonstrated that pretreatment of the endothelial
ells with deferoxamine, an iron chelatar, presented
neutrophil-mediated injury.

Protection by deferoxamine has also been shown in

several  studics. Deferoxamine at appropriate
concentration afforded protection HERITE

O induesd mtestinal injury (15 Deferoxamine has
alsn been shown to bt protective  agains
ischemiafreperfusion -induced pasiric wlegration {300,

There are seme coneerns regarding the use of
deferoxamine, becawse  deferoxamine, besides of s
iron-chelating effecl 1t has the capacity to react wilth
superoxide  to form a  relatively mitromicy;
howvever, the reaction ol deferoxaming with O%2 s very
sl (310, Deteroxamine  has  alse hvdroxylradicals
suavenging property. However, to form 2011 which
then might react with deferoxamine, iron in the ferrous
oxilation  state s needed, Deferoxamine  strongly
promotes  the oxidaion of  the i, thus
maintiinmg iron mothe ferric state and inhibiting its
reaction with H202.

The results of this  study that in the
prosence of histdine, a singlet oxvgen -;W]-;j.x‘ta':x-‘u:lﬁgm'.
MK O-indueed relaxation was significantly reduced, The
protective wllect il bisticline
coneentration-dependent and  was comparable 1o
classical free radical scavengers such as mannitol,These
resulls sugpeest thal singlet oaypen may be another
covpen-derived metholite {in addition 1o "0 radicaly
imvilbved in 3RO-nduced relaxation.

Singlet oavpen can be generated from seperoxide
anicn m the X0 system (6, DS high reachvily can
dumage  bpids  and constiluents of  biologesl
membranes, and can inactivate cnzymes, cause 1NA
damage and oxidation of mitochondrial components
[32.33).

[ the literature, there is no stady on the effects of
smglel oxyzen onodleunt howewsr, somie investigalors
studicd the cffects of l{};,_ in ather tissues (32,347,
Smelel oxypen has been shown 1o produce a negative
inclrope ellect on solated papillary muscle (32 34,

slahle

ferrous

indicate

W



Singlet amypen decived Trom activiled neutrophils has
alsnr heen  implicated  in cavsing myocardial - and
peripheral wscular depressioni 32),

In summary, resells indicate that oxvgen derived
melabolites generated by A0 produce a relaxation cf
ritt ileum. “The reluxant cifect of X0 was blocked by
DML mannitol;, and  histidine, suggesting that the
relaxation s mediated through bydeoxyl radical and
singlet oxygen generated by XKL Prereatment with
deferogamine, o potenl iron cheltor, reduced  the
relixation of ileam,  indicating  that  iron plavs an
important rake  mo mediating the X O-mduced
relaxation of ileum. The partial protection offered by
the antioxicdants wsed ino this stedy indicare some
posstilities. [0 may be that the ellecl s not medialed by
the hydrowyl radical, but by oan intermediate, higher
oxidation state of iron (Fefty or ferryl species formed
by the Fenton reaction (353 This fereyl  species is a
potent hydrosyl-like oxidant and could readily lead 1o
cylotoxicity, Another rpossibadlity is that hydrosyl radical
has been formed ar places inaccessible 100 scavengers,
where ron can promote the generation ol hydrosg]
radical. Thecompartmentalization of the defense svsiem
reliive 1o the site of oxidanl attack may alsa be an
impartant tissue, where even cfficient antioxidants are
poweriess Ly defend the cell, if the oxidant is penerared
ar @ site where it can interact with 1ts target betore
being depradaed.
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