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Time course of nitric oxide _synthases and oxidative 
stress in ovine sepsis 
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B~ckgroun<I: Previous stuoie~ re•taledthe important role~ of diifeC1:111isoforms ofnia-ic 
oxide S).-nlhlltics (NOS) D-'14 Qctcrrninanl.! of oxidative .51rc&5 in the pathoph)'Siolcey of 
cardiopulmonary derangements in sepsis. 1hc!reby-ctTerina poitn!ially new ir~aanent 
oprioru suth il5 iJJhibition of NOS or innibition of re;iciive niirogcn specie$ and 
poly(ADP-ribose) polymerase. When considering possible treatment stmegi~. 
however, ii is crucial to identify the time chnnses of the expression of the palhogcnic 
fKclors that arc involv•d in 1he pa1hophy:iology of sepsis. The prcse111 study WflS 
conducted to deu:rmine the time course of cndolhdi~! NOS (e:NOS), ncurornil NOS 
(nNOS), inducible NOS (iNOS), 3•nitrotyrosine (l-NT). and poly(ADP-rib.>sc) 
(PAR) in lung li.$Suc U!ing an ~ta.blishc:d model of avine scp,is. 
Mothods: Twenty-four s~p wcr~ insuumented for chronic study. >.l'lc:r inhalation of 
41 br,:aths of cotton .1moke. live P1. c•rJs/no,a was instiUed into both lungs. Sheep 
wert =riflccd at 4, a, 12, 18, and 24 h after induction of sepsis (n=4 per eroup), 
Mditio~I four sheep received shilm injury and were sacrificod uftcr 24 h. 
Resolt.s: In ill! shaep, PaO,IFiO, ratio wll! below 200 al 18 h, indicating acute 
mpitflLOry disuc5,1 Syndrome (ARDS). Lung weMo-dry weight nitio, an inaiC111or 
of lung wa-rer content, swt.cd to iru:ttuc 4 h aftet injury ~nd re.:u:bed a peak at24 h. 
Expression of eNOS was incrt;i&cd between 4 and I 8 h after injwy (p<O.OS), l'l:llching 
a pok at 12 h. Exprcb"!iion of iNOS was inere ... cd bt:tween 8 and 18 h (Jl<0.05), 
peaking also 3t IZ h. T~c changC$ were a~socillltd with n rise in phi:mia mtrile/ 
nitrate l~els (p<O.OS} Expression of nNOS ,t;d not inctcase 1hroiighou1 the ·study. 
Expression of 3-NT, a stable marker of pcroxynitrite, w95 increased betwt:CII 4 ud 
12 h (p<O.OS). pe\ldng Al 8 il. Expression of PAR started lo irlcn:asc 4 h af'..er injuiy 
{p<O.u5), pcolcing lllso at 8 h. 
Conclusion: The increased cxpte$sion of eNOS i.nd iNOS WI\S ossociatcd wirh 

incre.'\$1:s in both 3.niuol)'rosine ;ud PAR e>eprcssion. The time chnn_ges of oxidative 
stre& con-elntcd wilh lite euly dcve!opmtnt of .<IJU)S and j)u(monary edema in !his 
model. 
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Oxidative Clamage is the biochemical mechanism of 
cellular injury In choline deficiency. 
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Oitidativc damage is the pathogenic; meehMism involved in the dcvclopmcnl of 
t~e lesions indui:ed by cbolinc-deficiancy (CD). It produo,:g oxidutive damage in 
hvcr, heart. k1dll(y and brain by lipid pcrol<idation. docreaso of 1111ti0Xidants, a.'\d 
COO$umplion of tissue alpha-10,opherol. Wc:unlinu Wistar tllafc 1111! wen divided 
into two groups: One group fed a choline-dcficit:nt diet (Cl)); and the other fed a 
c~oline-o-upplcmemcd diet as control (CS). Liver. he3r1. b:~in 11Dd ,oth kidneys were 
remo~ed for oxidative damaso dctomiinationa: 1hiobarbituric reactive sQbi.tance~ 
(TB/\RS). and tcrt•blll}'I hydropc:roxidc initiattd chemilumine,cencc (CL-BOOH). 
nn4 hi~1opeiholo3i<:al nnalysis. The hi!topatholo5iCIII study showed: hepatic 
~Slc~tom (fin.I day), r,:nal necrosis (fiftll cby), and heart necrosis (se•nmh dliy). 
;n '."~s homo~cnlllc5, TBARS inero&SBd by 3~ •,r, in her (1hird day. ;,<0.05); 80 
~ m .k,dnc~ (th~rd day, p<0.05); more than JOO 'Y• in heart {fifth day, p•-:0.01), .md 
70% rn bruin (sixth ~y. p<O.OS). OxidMive s1ress rcachtj o)'Jtemic signifiCllllCO in 
CD ~~c 4-times, incn:nsed plasma level$ of TBARS with a t
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m•x1~ effect) ot2.8 days were obstrv:d. The normal ro1t plazmu level ( ! S microM) 
Wll.5 1nc,~11Sed by 200% ;it tl\c thil'd day {p<'.0.02), 400% at the fifth day (~0.04) 
r.nd 3?<J"." at !he s1Xth day (p<0.05). CL-B()(JH was incn:ased .it the sixih day by 
45% ID liver (p<O,OS), 83!1. in kidney (p< 0 .01), 50% in hcert ond 114% in brain 
(p,-0.05 rei;~t1vcly). TBARS is the e,ulicst sign of the pathogenic :!feet of CD. 
follo1>cd b~ t~c :ne~t in CL-800H. meaning doerc:iscd 1iBue Jc,·et, of lipid 
soluble anc10x1~1$, 1.c. endogenous alpha-iocophcrol, and by :he histopathologiCIII 
damnge. In lho hvcr, lhc morphoiogical dam•ga is previous to Iha lipicl peroxidalion 
•nd the _co!'lsump110~ o~ endogc:no~ anl1oxidants, tn kidney :ind h~n, i~deed. lipid 
pcrox_1d_a11on a"? oXJd~uve damage = prccoding the necrosis. Theie results i11dil;ate 
lhe.t l~p1d ~r~XJdati?n plays _a ~ic in tht pathogcnc:si.s of CD. Oxidative dllltlagc in 
hvcr 1s associated wit"_ hop~uc hpid metabolism, snd may be affcctin,l th~ absorption 
i.nd trans~~ methanmns of ~lplla-t=pherol in this organ. TBARS is ~ early 
marker ot lipid J)troxide.tion in pla~11 Lnd 11ssues. 
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Aspirin-triggered llpoxin A4 differentially modulates HO~ 
1 expression and NADPH oxidase activity in endothelial 
cells: Implications in pro-oxidative. proinflammatory 

processes. 
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Lipo~ias (LX) and aspirin-trig~ered LX (ATI.) 11IC eicosanoids sern:rntcd during 
inflammation via lrlll\Scclluhu biosynthc~ 1'0UICS0 which have emerged as mediators of 
key oven!$ in cndosenou.s llllti-inllcrnmation e.n4 re.olution. Wt hive reported lhut an 
11S;>irin-tri2,een:d lipoxio A. Qnalo~ (ATI..• I) induCl:.l the txprcs!ion heme oxnceruisc I 
(HO·l l in endotheJ:c,I cells (EC), an inducible cnzymo: closely n:Wed with the rCJOlutiOII 
phnac of inllammntion. Th~ process requires 4e nDY(> protein synthesis via LXA. rceeptor. 
Moreover. ATL· 1-trigsercd HO-! expression inhibiled VCAM .nd S0 sclcctin ~xpm$$ion 
induced by proinilarun-toiy cy1DlcinC$, w~t ma)I I~ to an efficient impainneol of 
lcukocyt"-¢ndothe!iu:n inlc:roctfons during th,: Ol'ISctllfir.flrunmlllica. Thc:sc dala ihowed, 
forthc firsl time, the conver1,.,,oce ot'thc~ t\~o pillur1 ofrc:;olutioa oflnllwnmation. 
Moro recently, we observed llllltA11.-1 also impair! IWS generation by EC,a phc11<>mcno11 
,1oscly r,:lsttd to pro-oxidllnt. prointlan,matory ;ind pro-thrllmbotic c111diov-.iscu!Jlr 
conditions, such ;u h)pc:rtcnsion. athermclerillis, ~ hca.'1 faUure. Pn:-t~tmel'II of EC 
'Nilh ATL-1 (I • JOO nM) complete!) blocked RO::: production triggert.d by different 
a~enLS, as a.sc!$ed by dihydrortiodaminc 123 1111d hydrncthidinc. Furthermore, AiL-1 
inhibited the phosphcrylation lnll tml$locano11 of tile ~ospliinic NAD(P)fi olli~ 
>llbunit p4 7- to the cell mcmbt'illlC as W1:ll as NAO(P)H oxidase nclivhy. ATL-1 
lll:nunent nl,io impi1ircd the rcdox-:scnsitiw ae1iv.ti.:in of the 1r.inacrip1ioo factor N~·­
knppaB, ~ critic:ul step in ~vents &$Sociated to inftammatory and vascid;,r pa1hologies. 
Th<: involvement of dislinCI protein kinnscs/phospb!Wlses in cltis phcromc:non 9'e undet 
inve:scigation. 
W• believe lhnt ll better und,m,1n.~di11g of Atl.. ability IQ modula1C II.OS-sensitive 
pr~,cs. interfering with two paJhy,;ays closely rcl&led to the nw~kDBllce of cellular 
redo)( homCO)tasi!, may load to ;he dcvelopmenc of ne.w strategic, in order IO conlrol 
1he redox irnb~luncs =ociatcd with scver.i.J patholc,gic;i! 6itu.etions 11S:SOCiaiell witli :i 

proinilDmlll~tory, pro-oodativc compcll<'nl 
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Oxldatlve stress. Pulmonary Toxicity and Progressive 
Fibrosis Induced bV Exposure to single-Walled carbon 

1 fl O j % E1 3 Nanotubes 
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NDnotechnology is a wt growing field wi1h ancrgine deveiOpment of modem 
materio.ls for cla,tronics ~nd infonnJ11ion 1echnoll)8)' mdwaries, cosmetics, IH::ilth and 
medicine :ind in a v11rie:y of manQf11ctured go,xls. Si11glc:-Wallcd Carbon NanoM,e1 
(SWC'!'-l'l) with unique physicQ-<;hemical, electron,i: and mcchanic:d propertie, 
arc novel m:i1crials of iechnological impot1arice. Pulmonary exposun: to SWCNT 
rcve~led toxicily within lhc n1ngc of doses rc:lev•nt to exposure limi~ established 
by regul~tory agencies for fine siic: car'oon pan1cles. In C57BU6 mice exposed tc 
SWCNT, pulmonal'} 1oxici1y WI.S U$0Cin1ed with a llosc;lepcndent augmenlation of 
biomark•rs of cell injul)' and oxidative stresi; quantified by cell counu, total protein, 
Jactutc dehydrogcnase ancJ g-gf111amyl1™1Speptic!11Se acliv1ticJ, redu:;"! levd of 
GSH, lutnl an1ioxi<lant rei;erv~ alcng with 1hc: accumuiacion Qf lipicl pcroitidation 
producis found in bronchonlvl!Olsr lavage (BAL) ilui,I and in the lung. Markers ot' 
pulmonary cyt01oxicity corr.::;pondc:d tO tlD'ly dcvclo11ment of acu1e inftammllion, 
col!ngen ncciimulation. and progn:ssi•e fibrosis. In mice maintained on viumin E 
dtficitnt diet, SWCNT significantly enhanced collil!!tn deposition u compucd to 
the vitamin E sufficienl group. Overo1:l, 011rdnla Su.llllesl thatpharyngCIII ~plration of 
SWC1'1T clici1ed n robust acute inflammatory re~ponsc with euly on~t ot progresaive 
pulmonary fibr~i! whoJe txprassion and seventy was ass0cia1e4 wiih the i"lensity 
of oxidative ~tress in lhe lung of the ~xpo.~ed CS70L,6 mice. Acknowlcdgtments: 
supported by NJOSH OH008282, NORA 92700'1. 
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