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USU Ptojo<1 Numb..: Nll.Co:l 

·-l'lorp .. o: To ""omine !be effects ofubiquinol (redno<d fonn ofCoonzymc QIO) ln leukoc)'IC!, 
lung!, diophrsgm, 111>11 microcireulotion following hemorrhagic ohock (liS). 

Dalp: Experimtntal. 

Mt!Udo: Allcslbe!i..ed rots wete bloclto induce HS by removing 40% of !be blood volume'"'" 
60 tninutes. The rots wet< resuscitated with blood ond loe!otocl R.lngcr'a ao!UIIon, with or without 
ubiquino~ ond monitored for 120 minuleo. Lunp Olld di"!'broitu wore cxcisoclll!>d ban-mod fur 
hydrosen pcro><i<k (H,O,) oonccntration onilapop1osi• anal)"'i'- lcukoo)'leo were analyud for 
mitocholldrial~ruperoxlde (O:t} 01 baseline, ond of sboct, onill20 mh>ul .. fullow!q Ouid 
"''"'"lta1lon. In onother set of e><periments, leukocyte adhuenoe ond OIAII cell dO&f'llulation 
(MCD) "'"'obtained. v .. ,ulor penneabillLy was ..,essed and reac11ve •~nen opedto (ROS) In 
the ..,ulor wallo were determined. 

Sample: Spnogue Dowley male rats were W!ed ond nmdomly •nlgnod to !he control or 
oxporimonW groupll. There w= 10 rats po:r groop ln..d! IICI ofexperimemo. 

All&lyW' Ststbtlcal slgnlficanta wuo defined 111 a p ,; O.OS. V arloW! typeo of IIOII]lllmle!rlo 
olOII&u .. were Wlcd. 

111tdblp: Mltoohond:lalloukoo)'le 0, ~In tho O<Jntroll!fOUII!noreasodand tboro wu , 30% riso 
otlheend oflh= experimont. ., com~ to ublqulnol group. SlmHarly, tun~ and diaphragro 
apapl<lOis In tbe colllrol group"""' signlficontly hlaher. Diaphragmatic H,o, in the <011trol i'OUP 
Wid also signifiamtly !!Wior thaD !he ul>iqiDnoJ gr;rup. There were olgnlfioant dilfue!IC<s ln 
leukocyte odhc:tJIOC,. 1he MCD Index, vuculor permeobH<Iy and mlcroclrculatlon ROS 
procluo1lon ~n th¢00<1trollll>ll1he ublqulnol groopo. 

Jmpllu.dons to. MIIUory lf•....,ll' Ublqulnolls a safe and easily odmlni•tored OUpplemoo! that 
~ oollulardomage ond I<pOrfu!ior> lnjnry following HS. Anenuotin11 dom"i" to or
with tho.,. ofubiq,ulnol foii<Jw!ng HS could bo nood In military P'""'IJIIIel. 
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Prino!pol"""otl- (Pier<o, .fv,OI, Dooun) 
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\ll;ll Proj<e> Number: NII.Ql2 

l'iillfOlm r .... nlo Adrl<umonl ofSp<dllc AI.,. of the Studr or Proje<t 

Flndlllp relat<d to <a<b opt<ilie &Ia, ,. .. rdJ or oludJ' que.sdo••• ondlor bnH>fllesls: 

We bave romplel<d dolO oollect!OD 1m all brJ!oth..., roLued to AIM #I and AIM il2. 

Below lo llle de9<riptioo oflllo «>mpleted achl<vemtzll of our specifio almo 1m lhls lllant 

AJMn: Ta <mJIWlelke'<ff<d <ifOJ(l}~ lit /tNkeqttf, llltlrtnt> all.d 1111 d&ylo- a o 

au I utdftH/m,...n/l.agk """"* (HS). 

Rr?tlt<b Hvuolh..U '-' Ad..t.bolerl"l lntravenono (IV) CoQIO dooreu .. leuko<yte 

"'ltocllondrlo reocf!YO o~Y&U opoda (R.OS) follo,.lnl HS. 

In !he 1 .. 112 months since our Year 2onnual proife!> upm!, W< oon>pleted !he 

moasurernents 0<1 ~do production In Jeok<>oyto mitochondrla to enrnlno lhc effects of 

lntravenouo (IV) ubiquinol (reduo<d funn of CO<liZJ'IDO QIO) in a hemorrhagic oboekral model, 

A •YJKIIISl> oflhe metbod i. ""fullowo: monociOJial ontit>odi., CD4~ WOJO uoed to idCIII!fY 

lmkoe)'!CO In tbe whole blood and MitoSOI Red rtagent to deteot Ollp<J<Ilrido ptOduetion in !he 

milodwndrio. Ao Jq>Orted In !he flrsl onnual fq)Olt,""' o4justed tho JllOio<ol to dofiooL lhe 

M1Lo~ Red JeagonlOI!eutl' mlnules before oblainiDg •""lil"'- Thf• ollowt>d tbe re.oi<ntto 

warm to room tempcntm.. To PfCOC""' Its reoct!vity, wo pr<parcd a new MiloSox Red reagent 

working solution from tho •tocli: 118111ple rlJirt before W< obailned somploo ol bo .. lino, llhock, end 

-period.. Wo goled 10,000 CD45 posld"" coil• (lellkocyles) and oolleeled dala o.n 

lcuk.oo)'IO mitochondrial suporaxl.le by rn.uurin; "'""" Jluoroaoo.n< intenoily (MFI) ofM!IOSOlL 

""'" 
tU discussed in annual repo<t Yoor2, F!i'W I dioplo.)'J exampleo of flow cytomotry 

reoulta ofloukoo)'IO mlt<>cbondrlal ouporoxido pJOduoiion 01 baooJme, obook. IIIld fluid 

reouscitatlo• w!lh or w!lhoul ublquinol. In thls tomplo,lho MFI~nona.ed oflorhemonl>oa\c 

' 



USU l'rnjm Nmilior. Nt t -CO> 

adminisuotioo ofN ubiquinol befure reperfusion of the blood "'ld lRPJe"Oiltod tho ln=a.c in 

TrtatiDentwltb llbtqu!Dol 

Trealmontwtthvutllblqulnlll 

Fi;:ure 1. Example• of flow cytometry rosullS of louka<yt• mitochondrl.ol superoxlde production 

01 booeline, shook, ond fluid re>UScltatlon with ru without ubiqult>ol. 

Toblo 1 dlsplays MF!s ofMitoSox R<d 01 baselino, fullowinll bomorrbagic shock ond 

fllrid <COUJC:llotion with orwfthoulllllrninisteriJ !V ub[qulnol. 

T•ble I. Meao fluorescent intonslly ofMitoSox .m 01 !moline. shock, and without or with 

ublqulnoltroa!menl 

Sll$33~ ........... ~ 51511:r.o"ru::r~· t 
~ " . _.., ....... - .... ........... -~ 

6593.0 .0)77.8 649!.1 ± 26S.8 

• 



;;;;;;;;;;;;;;;; "" mean± standard <mlr of mean, n: !0. 

Ao shown In Tallie \, leulcocYIO mltoohomJrlal ouperoxlde lev<ls in both groups (oonlrol 

""· ubiquinol) ot baseline were <ODlJ'Al'!lble (5653.,: :106.2 va. S617.5 ± 242.3, Tt'!'<ctivd¥)· 

Fol!owin~ 60-minuto hmlmrhagic shock, loulmcyte lllitocborulrial ruperoxldc production 

!ncieascd slgnifioantly from b .. cline In both tbo oootrol (6.193.0 ~ 371.2) ond ubiqulnol (649l.l 

~ 26.1.8) groups. WitOOutodruinisteting IV ubiquinol durhlg lluld =u.cllatinn in tbo oon1rol 

group, superoxldo productlo.n oontlnuod to lncreoso IUld there was 30% of elcvadon allhe ond of 

experlmont, .. oompared to baseline. In ""'"""'~ oupero•idol<velo <eduoed in tho ublqolnol 

group after 120-minutz> fluid resuscillllion period. lhe level was= low<rthao lho booelioe 

lOYd. lbc dil'krenco in .upc:roxidc piO<luctionat tbo end aflluid reswclllllon belv=n the two 

groups was statistical! y si~f!C81lt (p < 0.001). 

Tho dotalndlcatod that odministaring IV ubiquinol following h<mmrhagio shock 

liw:ilitued tbo d-. in tho prn<lnotion of superoxido (one of tbo major ~ oxygen :iJlOCies 

(ROS)) in tbo mll<l<:hondria. s;gnificont reductio~! in ROS ~on in o hemont..&io lhoc:l< 

event oould potenlial!y altonuate rq>erl\l;!!on injury indllced by fluid re.uscltatkm . 

Rq••rxh Hwo!hub lb• Admlnb!crlllg IV CoQlO redoo .. ln.; hydi'OJtn perw.lde ood 

apopt<Jolo following HS. 

We have completed alllho c•po:rimenls ~elated to IV CoQIO admirri'ltrelio:n ond lUll& 

OpOplolri• following homrnrlmgio !~book wilb a OOIIlplo .m:. oflO raiSIn ...ro group. We nsed 

fluomooenl microocopy to determine nt>O\ear ap0ptosis.3 In thooe ""porlmonts, N CoQIO 

oignificandy deCfeBS<d lhe ,.., per¢<111 of lung apoptosis !OUowing bemo:rrhagio shock and 

fluid remscitatloa. 'I'hese datil w.m published in ~lmontol Physiology, which showed ihat 

, 



Pm<lpolla>atf-(J'i<r<O,/u<l, Ooncn) Ustl p,jl<l N11m1K<: Nll.COl 

raiO IRIII<>d wltb nbiqldnol bad oignifiemtly "'"' op<I!IIOiio mtclei. (p < 0.001) tlwt lhe cot~tr<>lo In 

the lungs (6.0,. 0.7% versus 39.2 * !.!%) (Fia""' 2~ Th ... findin!!o "•gges>lhat admlnistoring 

N ublqulool durlnR nuld """"'lto!ion fuUowlng ro.millute hernorrlu!gic Jhoct ~ llllljl 

illjury measured by poroenl llllljl ~·· 
Flgo .. 2. Moan pCIClnllun(! apop~<~>U. fullowing 60-millute bemonhogic shock and Ould 

·-
! -··· r •. -
i·
!· 

.,.,:, ... 
• • illl'ifit•otlydiffcrent froon co!ltr<ll (p < 0-05). Mcm ± SEM, n • lD por group. 

Rnearsh liyngtb,.lo 1., A.dmlll.ltl<rln& IV CoQIO m ..... dlopbrqm hydrog<o poruido 

.... ~ opopt01b toUowloc liB. 

All dna colloclkm fur this 'J)f<ific ~~ ..,.,. """'!'l<led with 1 0 experiments in 

oach ifOill> (tho cDDII"Ol and ublqulnoli'Oups). Tho""" 1J"eOied with ublqulnol bad oi&nJ/IcontJy 

Jess opopto1ic nucloi (p < 0.001) !ban tho coo!rolo in tho diaphragm (4.7 0. 0.5% velllll! J0.6 * 
2.4%). Tho Mann-WbUney U !<Ill obowcd !hat tho mtan differenco In diophnam apoptoslo 

brnoocn lhe \wo iJOUPO wm oignifico•tly diiTere.ot (p<: 0.001). !o Clberwords, odmilllsterini IV 

8 fbllo.,lu#"henM>h:q;ie iboeLs:'g 1•., ul) dutcooed dlophm:>nopo"'"sl.• ~) o::"'r' 

!lm., (lloe F!Jtlf< l below). 0... ftom this set ofuporimenu lndice.teo lhaladminlsterini.IV 

ublqWnol signiflcanUy attenumo diaphragm ~p<ptosl.o foUowlDg 60-minutes ~e lhock 

and fluid r<ouscltotion. Thooe findiop wtrt simibr wllh !bose ob>OYV<d in lllllf! ~p<prosla. 

• 
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moooit>.tion with or without ublquiool. 

= 
A. de>CJibed !IJ detail !IJ our fim annual I<port, we wet< uno.bk 10.,.. the!aoor•••nnlng 

c)'IOmele< u plonned lo meuure hydtoaen peJOXIde conoen!ratlon !IJ tbe diaphnlgm d,. toil 

altcmat!Ye way 10 achlove IIllo goo!, whkb iii luor =fm:al micm"""J!Y. In brie~ we did 1101 

chBn&e ""Y of our metho<is (used dihydroHuomoc!IJ dioo<Wo (HFhmro-DA) 10 d<tocl hydrogen 

peroxide)' bul only tho inslrumenl (from lase! scann!n~ cytconeler 10 lllo luor oonfooal 

mioroo<:t!pe) 10 moawre h)rdr<liCII peroxide. Slnoa !hen, we continued coUoboration with \be 

oonfucal microocopy expert ill the Livo lmagina Core Loborat"'y and hove successfully 

oompl.md olllho OJ<ptrlmena r<lalod lo diaphlogn~ hydroaen peroxide prodlldlon and oblained 

all tho images using aNlkon TE 2000-U invene<l lbreo-1 .. .., confooal ml=1100po ~~~m. We 

m"" Mcromgmb V 7 l 6 wf1wm w q!l!!!!tify!he 'Ytr'M nuor."""""' int<nsitr ofHflllo<:I)A 

fuml all tho lluOJ<!S<oru:e image.o. Tho bllher llUOio..,.nce lnterult)i meuureme.ora, lhe gm11<r 

concentnrtloo ofhydroaen peroxide 'll'llll in tbo diapbngm. Theoo data""' unchan~ from lhe 

data prell<llted in tho ...,.nd onnual reyorl and.,, illustnled bolow. Figure 4 di!ployJ oxomplos 

0 



USU PrnjO<tNuml= Nil-all 

ofdloplrrogm somplo!mogeo eapt1rm1 by • confocal mlcro"""P" following bemo:rrha~ shoo~ 

lll!d fluid reousoitali<m with ond wilhout ubiquinnl (shown in Yeu I annual report). 

Control Ublo•laol 

Fij:ure 4. H)ldr•F" peroxide furmal!on in rat diaphragms fullowin; 60 minute> of hemorrhagio 

obo<t ond fluid re;su>eitation with&. wilhout nbiquinol A. B. C reprosem im3geo ofarat 

diapl>nigm or.Oied without ubiquinol (A: Confocal brtglrt field, B; Confocal flUO<ni:em Image, 

C: M<tged brighl field ond fluo"""""' ima~e•). D, E. F repm>:nl image• of a rn1 diopbngm 

lreated with ublquhlol (D: Clmfuool brlghl fl<ld, B: Confo<.al fluor<~~«nl ima~ F: Merged 

brlgbt 6eld ond fluorescent irnO&O"J. 

The differences in diaphragm bydroi\Oflpcroxlde bolwe"" tho two gwup> we"' likewise 

tested using tho Msnn·Whllncy U. S!atisfiool sisnilloaocc"""' doflnod .. p,; 0.0~. Our data 

oho ~d tb .. th· \JF' qfHOu= n• to"'" • •rol 8wtjl O'.'ll + soos) u• •i(!Difio•RIIJI•••·•·------

than~ rimes higher !han In the ubiquinolllJ"Oup (4.193 ± JJJ, p < 0.001) (Figur< 5). The 1lnd!ng. 

ouagntlhaladmjnjsteriog IV nblqulnol following hornorrll~ oOOd 0811 reduce hydrogen 

peroxtde ptoduction in lbo<llapbntgm. 

• 



USU/'roj<C~NIImbor:N!!-012 

Fi~lll"o!. Diaphragm mean fluoreoc:ent intenoi!y of hydrogen pe;ooide io tho C<111ttolmd 

ublquir>ol group. 

• • !ignlfiWdly different from amtrol (p < O.OS~ M...,± SEM, n- 8. 

Ill oonoluo\on, all tho experiments rolll!ed to AIM -1 111>11 Ulo threo hypo!bttea ougge.t 

lha1 TV CoQ l 0 redueell tho production of ROS (superoxide and hydrogen peroxide) 01>d 

ott<:nua~e>oelluu 111fury............:! by opopm!s 1:1 tho Ions Md dlaphrogm following 

homollhagio shock and Ouid n=scitalion. These dau lu.ve boon publisbod 1:1 /!)!p<rlm<ntal 

Plryriol"'f)).' 

AIM 1.2: r~ aur~n. llr• iff•ct of CoQ.l~ m nr. m~aoca.lllollmr .. 4 lffll-.u. for HS. 

Rn,.r<h llynoobtslolo: Admlllhl<rln&IV CoQlO doo:m1101 leuko<j'te odheraooo t'oll"""'& HS. 

All of tho <><perimento on ]eukocyto O<lhuenc< followlnjj hemorrllaalo shock and tluiil 

""'"""'tu!oo haw b<Eb em!l!m:..u: Jh the >tud),ltutwyw adiMULCE In dte mlu&heulai!Uil wu 

measured on a !00-jUil !<lli(ll of '"'"'""!do venule Jllr 01!0 mi"""' every 10 minutes lhrougbout 

tho O><perin>ont. and reoorded on a d!Jltal >!doe =<mlc:r. Loukocy!co odh<mlce"""' dofinod a 

tho numbe< ofa<lhered loukoo)'loo in lho vtmllelhal rmminod JIAtionoJy fOT Ionge: than 10 

" 



oe<t111do. Fipe 6 (os shown In lhc occond OIIIIDid report) iliUO!roW! lho number of\eukoc)'IC 

adherent In m...m<rio mierocin:ulntion during 60 minulel ofhemonbaal<: shock ond fullowi"i 

tluld re0\l$cltntion with orwilhwl odmlniste<iJla.!V ublqulooL 

"" 
•• 
••• 

j·· 
l 

.. 
•• 
•• 
•• I 

J 
Flpro 6, Mom leol::o')'IC odholenoe dudna 60-mimlle 11<1nonbaal< lho<k Olld fullowlns ftuid 

remscitntion with ot without CoQ 10. 

All ooon In Fi!IU"' 6, leukocyte adherence a1 bo .. llne was minimal and oomparable 

between the control and ublqolno!groups. Durlng the 61)-mllllll< hOIIlOI'l'haRlolhoclr. perio<l, lhe 

number> or odhetent !oul:oo)'l<• iD both group• grodwdly incieosed fro<n bmlino. H(IWIOVel', 

!eukoo)'l< odhereru:es in the can1rol group oontimted to in<:ra>o mmrkedly ofter tluid 

.......,ilalion withou! ~na ubiqllil>o!. In OOlllrUI. lho lren<l of~Dcr<ase<lleukocyle 

- during hemorrbaiic she'k iD the ublquinol group reveroed after odministerillll IV 

ubiquiool o1ong with fluid reous<ltarlon. l'llrthmnare, ublqulnol administratio.o >lifrillcan~y 

reduood !euko<yte odberenoo 10 basollna lo'e!. Tho leul<o<)'IC adh=noe after fluid resuscitation 

miozocit<mlotion following hemotthagio shook ond oiler fluid re<usdtntion. 



R"'""'Jbpotii<Jb ~b: Admlnbtorlftg IV CoQIU deereues m••• ccll de&nnu .. IIOII 

foiiiiWID~HS. 

Since lho IOS\11111\1111 repor1, !he experiments related 10 masl cal degramdotion have beao 

completed. Tho deve< ofma>t cell dqranulation was """"'"rod by lhe 11plllke extern of 

rulhenlw:n TCd (an Inorganic dye !hoi con Slain degranulated milS\ coU•) by most cell& at tho end 

ofbemonbaglc !hock and fluid reouscltotlon. N. basellno, im"i"" often intact m""t oelll 

lllnllundi"!! the 100-)H'I mesenteric Yonulo wore obtained for ea~:h experimenl At the end of 

To quanti!"J' the deg= ofmul oell dearonulation. all the imago•""'"' lim dlgldzed 

grayocales and aubooquontly phose ln>erted. The relotlve lighllni..Wty of eaohmastml within 

the fiold of view""" meamred. Tho dogroc of mOM cell activation wu aawed by calculoting 

!he ratio ofexperimentaiiO basdirto Ugh! intenoitioo. Flgurt 7 •how. exampleo ofmaslcoll 

images that_.., di~zed gray~ and phase in=ted. 

BrlgiU Fldd 

Gray Sale-1'11 ... lftve>"led 

FIK"" 7. Example ofbrls~Jtliold and giO)' Bcalo- pbasolnverted mut oeU images. 

" 



A high., most cell d<i'""ulation Index (Hlio of~lal to oootrollijht inlenslllt!) 

indiauco a bi~er dcgn:o ofmm oell degnmulatlon. Ourdm •howod !hot most oe]l 

degnmllatlon irule:<ln !he coottol grmtp (1.02 .< 0.01) was •ignlfioontly higher than !lull in tho 

ublqu!Dolgn>Ut~ (1.36.: 0.01, p < O.OS) (Fiaure 8). This rug;eslo lhot mast ooU <l<~ulation in 

tho onimals <r<at<d with ubiquinol following homorrll!;lo shook wu.<igoifooantly less. 

CoOTespondllll! with dam on Joulrocyte odherenoo, the&e <leta indleat< thai odminislerill!! IV 

ubiquinol docreas., mkroclroulatlon lntlOIMilOllon., ..JleoLCd by leuko<yle adhoruu:e ondJMSI. 

.. u degronu!lllion. 

Flpn a. Masl ocll degranulorlon indo< l>olw<:en lhe oontrol ond ublqoinol grOIIpO. 

,_ ....... __. ...... 

c..ato u,.....at•<l 

J!tuar<h Hrn<U~£!1, 101 A<lmtnbterlng lV CoQIO ti«rH,.. voHulor Jl<l"ID .. bllllf 

foU""In& HS. 

After ""' completed lho dom coUootion fur leLikooyte odl>om= lind mast <ell 

degranulation,""' otanod tho e><perlmen!! reJ.ted to vssciiiBr pemOOobiUcy in miowclrou!otion. 

We bavc rorulucted oll oflbo experiment< forlhh S<l, with ann ofsl• for each group (oontm~ 

ub!quinol}. To ~ '"""'!"' pumeobility,""' hllcotW FITC-laboled bovine olburnin (50 

mglkg) via femoral artery conrmlatioo 30 mi:lutes before eJ<amining rneoo:nterlo mkrocixulatlon. 

Uolnil on intenolfied chargo-ooupled devloe (ICCO) comera, Ouoreooenoe intensity offiTC

Iobelod olbumin""" reconlod ot on e.dto.tioo -vtJcn&th of 4m-490 run and on emissino 

" 



!1SUhoJe<:l)fumbct:NJl.al2 

...,. .. longth of '20 run. The dunltloo ofesch ~ .eoo..thla wu Los• than l' """>''dI in 

a givonarca. The fluore>c<nce lnteMity in tho sol.octt<l >'alulc ond tho runoUlldlnguea woo 

~The Yli><Ulor permeo\nlity ind.._ wu oal<uloted as tho ratio of extm'Uculorto 

intrrvasttllar fluomcenc:• in intansltiu. A hll:hor level ofl"MCCI!or pelMOilbility indox indlcat., 

on !ncr< ... in •O!CU!or permeability. f1iure 9 demonstrate~ vucular pe:meabl.lity \maicl of 

,...,nterlc ,..nul .. 01 b.,.L;no. obook, ! hour, and 2 boo.ln pos1 fluid ...uadtatioo with and 

without ublquiD<ll. Ao _,.In tho f~ 01 buclit>o, vucular permeability....,. relarlvelow ond 

intrrvu:nlar fi...-oe intanslty wu l!luch bi]!hor (brii!Jlo:r) thon extn.Yli><Ulor fl= · "'""' 

in1<floi1y. 

l-llour l'u01 
FJ.ld KooaO<ltolloo 

UblquiDol 

l'tpn 9. y...,Jor pameobility ~ ofmooenJerio vcnuloo lllbu<lh>c, shock, I hour, ond 2 

houn P"" fluid rcomocillldon wid> ond without tJblqulooL 

" 



C<>rreoponding wilb olbcrlnllommotory "'P""'"" (leokooyte odh<rente aod nwtccn 

d<i"'"u!atlon} 10 hemorrhagk obool: ond !-hour flllld "'ouoo!IOiion, tho e><traVUOulor 

lluoro=cc intensicy •W1td ln<:r<asinj: as vuculor petmecbility inl:rtaocd, oliowiniJieakas< of 

flU<>'""=<:O lnl=!ty oontlnutd 10 ri,., i•dica!loa hial>er V<Scular pennelbll!ty, Table 2 

Slllllttlarlzeo vascular penneobilitr iiid<><. ookulottd "tho ralio of oxtravucularto !he 

iolravurular FITe-.ibumln ll'"""""""'e interu;ity. 

Tobie 1 Vuo:ularperm<abllity iDd"" 111 b.,ellne, otter homonbagio thock, lastly I and 2 hours 

ofter lreat<I\Oilt with ot wlthoul ubiquil\ol, 

~ 

-Time 
~ 

~ - I Ublqwlno! (..-6) 
~ 

I 
C...trol (11"'6) 

Baril•• o.os"' 0.02 0.(19.l.0.Ul 

1-- -s•odt 0.11"' 0.1)6 O.lhO.ro. 

- "0.36"' 0.08 Q.38"' 0.09 !Hour l'oll,-,..-1 

I O.l-Uo.OT -
llloun root Treotftltllt O.SHO.OS 

L__ 
~ •• -• • . . 

(p ~ O.Ql}. 

The grealel' !he vasculor petrneablllty to FITC-albumln, !he h!iher is !he vuouiar 

ubiquino! llr<"''" ""'"' >lmllAr ond rdotlvely low. Allor 1 bonr ofbemortbaalo shock, the 

vosculor penneability inda inoteased to 0.17"' 0.06 in tbo controll""''' and O.lS"' 0.00 in tbo 

ublqulnol ifllup re;spe<llvoly, lndicatlna "" in=aso hi vuculor permeabl!lty. The tliffuenoes In 

" 



vu;ulor JlOOIIOOl>ilily index between the eonttol ODd ubiqllinol groupo at hemorrhtlgic llhod 

_,no! sUUl•lkally oignilioont{p ~ Q.IIS). Similor !UIIlll W<I"O obset\'ed at 1 hour alkr 

trealmal! ill bo1lt tho oontrol and ubiquinol giOUpO ao tho vosc:ulm pennc:obiUty ~ 

contlrwod til incre""e olgnliicontly relalivt ~baseline (0.36± 0.08 vs. 0.38: 0Jl9, rapectlvoly~ 

Admhlisttatl<>n ofublqulnol oignilicantly r<dut:o•<llho Inc,..... In ,..cu~ar permeability ot 2 hours 

oflertreatmom to 0.34 ~ 0.02, whloh was signifiewly 1 .. , than tho 0011tro1 group (054 ± 0.05) 

(p<O.Ol). 

RtHon:l] lln>otheob ld: Admlnbterldg IV CoQl 0 do<naoM ml<""""'oulor R08 ]""" 

foUowlqHS. 

Tho <xperlmenU for tbio bypolhHio r<loted to mkrovO"'"I"' R0S production following 

homorrhaglo obock W<re oomplot.. We uood tho oxldonl-..,..;tivo prcbo oal!od 

dib)'drolhodamino (DHR) til moaoore R0S lovelo wlthln meoontmc -.,leo by usiDJ an 

llltom£food chu~ed dovlcc (JCCD) ....,. ... ~ oflho DHR n~ wm 

modo fur brlef\nteml.lo {l.c.,- IS """'""') tD """ld HRb!-lnduoed •ctlvarlon of tho probe. Th< 

fluo=e<nce inlensl\y wao oneaoured d!lring playbacl of vidoolap<o by using imap onalys!s 

ooftwaro (NIH lrnail• 1.62). Tho fluomt0<t1t lntemlty o!llf!Ol• wer< lllOIIsUIOd In fiv. edjw;:ont 

circlco o>fS-~m dlamcler ololljl tho vonulaJ wall. lbeoe liuorosotnl inlenslcy signol• W<I'O 

rvctiiJed to oblo!n • olnglo eollmot< for lluoo--=t llignol durin& oacl> exporlmenlal period 

(baseline, obooL; mwl oiler fluid resusclw!ml). 

l'lal>rt 10. EllecU ofubiquinol on DHRflucm:ooenoe intemllty In lhc .,....,tmc 
mi<rocir<ulotlon fol~bclllOrillaiJc ohock and nuld Jellllllcilatioo. Fluo:cscent lntensfty of 

DI!Rat buellno, shoot, lllld l<l, 50, !10, and 12(1 minl>tes ollcr fluid rem~~~:itatlon In the control 

ond ubiquinol group~ 

" 
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A! ...., in Figure above, DHR Ouo,...,..oelntmoicy along lho vmulorwall ODd 

pcrivu<ular olt<o wu minhrud o1 bue!lne {Figure lOA~ A&: \-boor homorrhq!o !hock, there 

was olighUy Increased DHR n"""'"""""" iotenslty alooalhe ve~~ula: W<ll, but not at pcrlvasoular 

tiW (Flpro lOB). During tho fim lmurofaoldltSUScltation, •lgolficantly 1ncr ... e4 DHR 

lluote""""'" Intensity wu ..,;cealllo at porivuculor sites {Figure IOC snd !OD~ This !nmd 

=linued after 90 miDutea 11\lld "'suocitarion with mo>r.lmurn om(IUIII of DHR 0-

DHR flwrr.,oenoc intensity Ill all '"'" otigbtly olb:rlbowa llu!d tem&dt>!lon (F~ !OF). Tho 

01mllllat!ve dotaofROS loffio eotimated by DHR duorcocenc< lntooslty at baseline, HS, ~0-mi>l, 

QO..min, 90-mln. ond 120-min aft<tllllid f<SU8cl!alion In tho control and oblquinol groups""' 

dlspla)'td In tAble 3. 

Tal>lol. Tho flllcm:oo= illlensity al bll!dlne, bo~ llhDd, 30, 60, 90. and 120 mlt111tn 

Tliiio -r 
___ _l_ __ _j 

DuoUno 

" 
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- -- ' 90 Ml•ut., Po•! Treatment 

UO-PootTrutmtml 

(p<Q,Ol). 

,,. 

USU Projo:! HwoO..... HI I-= 

'" 
fj4 - -

,. 
-'-

'" 
is~ .. 

The DllR 8ucreoeenoe lnterui~., ol hemonbaglc obook ond ... ry 30 mlnllleS ofler floid 

lftiiSCitaliot> were oxpressod n:!atlvelo N!dlno volno (100%), Tho ROS lov<l! in lho CllJIIrl)[ 

810UP <i&nifi<:Rilily inor.uod 00111pat<>d lo buolino following fluid~ (p < 0.01). Tho 

ROS l<vels in the ublqulnol group 01 2 boon a&r fluid =cilation olso algnllicantly inci<ued 

1o \S9"' 3S% ofboaolino (p < 0.01); bowtver, II wu sl&niftcantly IOSii than lhe conlrolllf<lup 

04)"' 47%) (p < 0.01). The data ill<lic•IM tlllll adminlsterllljl N ub!quino! along Wlih fluid 

reBU>citatioo a&r a l>cmortbailc shock <Yei!I docrt4std ml~lar ROS prodnc!IOIL Th!o 

could potonrlally r<duco ml<l'<>Cireulodon lojury caused by '""'"fusion ofl<t hemmrllltgic shoot. 

In eoncluslon. all the ""perimottb ttllll<d 1o AIM #2 and the fou: llypotheoot ouaost tlllll 

N CoQlO r<><lucu lotkooyt< adhemlco, rrwt ctll d~ vasoui8tpenneabiUty, ond RDS 

lcvelo in~ followlna b<lnottflo&lo shock ond fluid teSUscitariot!. Those <lola have 

boon acctpltd !Otpubl!oorion in Pkysfo/Ofil«<l 1/epmu.' 

I 

R·htJopohlp ofctt.......,Uindjn~o to gtrY!mu . .llaoO~~----------------

" 



IJSU l'n>jO<I- Nll-<;OZ 

Tbono ""'"oignllieantly 1 ... leucocyte mltocbondrlal 0,- 111111 diapbragJd H,o,ln !he 

uhiqulnollhal> !he eontro]KfOup. Nndel of !he diophra&no aod lunp _., mearured uslns 

Roo== mioro""'!'Y. ApopiMio w.. redocod lD lbo rato lrtOted with ublqulnol. Th.,, 

rd\ilts OUJ!gest !hat ublqulnol mo.y be proi<Ctive o.pin organ injuzy caused fiom hcmorrboglo 

Mock. ~dative ....... cmn be <looreasod in DUliiUOilll di ""''"' with antioxidtint~ 

Antiaxidllnl oro Pf<O<nlln variouo OOIDpOIInl1s and exhibillbo possibility to dm-• tho 

danlagina olfeot< ofisohemi......,perlllsion Injury fullowin& bemorrhail<: shook ""d ~uld 

"'suscit.olion. 1~ Ubi<juinol Is tho on~)' llplikoluble ontio:ddlllll s)'l"he<lzM eJidogenous!y." 

Ublqulnol J<du= ROS and .,sim ln outing dtc prolan gndienl needed fm tho 

T<j)bo!plm~lotlon of ADP to A Tl' ln tho mitDohondrio! eloctJon tnmport ohaln.1~11 Ublqulnol 

<U!Iaillo tho mombnme polelltial and sta!ri'i"'"• ponneobilily tnumtion pom~ln tho mitDchondria, 

u wellu CDlllrob ap<llliOOio aotivation." Aoyagl (1984) induced I bourofhcmorrhagio sb""k 

fullowlnit lllc ldutinlotrotion of ubiquinone md found that the urinary aod cardi11< olllpUIS ln 

oonlnes sil?'ifioantl)' recoveml btlter than tho oontrol dog~." In anolher otudf, ublquin""" did 

not offoot coogulotlon aod rupp:esoed librlnolysis followini hornonbaglo ohcok." Yomada 

(1990) Induced hemorrhagic shook 60 milllllea following tho adminimation with ubiqninono In • 

dog model 11 AirwayprtaO.no ~deoreuod, IUIIJI compllanoe ~plasma p)'JUVBie, 

oatecllolamineo, bisbmi110, ond laclate l<.ob were reduced. Sinoe ""'"" O!ndieo, our 

investiptillllJI hove been tho only ~d otudl<> ofuhiquinol on !he ~1alionofROS or 

effect• on lbo opop~<>~b followlna !IS 01\d nuld ......,..ltotlon. 

Earlier-., suggested UW CoQJO il ""antioxidant iiMllved wilh lbo miiDI:hondrlo! 

ATP ~ lhese stodi"" ore •upported by our fin<1ir1F. C.llul.ar h)lpoxia io ])lOdoccd from 

bemorrhoal• iho<:k ond • oucodo of events b lnlti- whlcllloado"' lho ,m.,, oflnflommatol)' 



USU !'roj"" Nllmbet: NII-C02 

C)'l<ll:ileo, r<duoed mliOOhoodrial A TP productlDII, and !ni:J<=d o,-, H,O, and Olf 

Jm>duttlon." Relense of oytok:in .. from tho l>ohomlo gut 01\1<11 lhc clr-culodon of tho li8J<1llaturo 

vlalhc me!"ttt<ric I)'II!ph ll)"llem following resuociiO!Ion ond roperfusiotl, Priming 111>11 mignlion 

of neutroplnlo lo tho ho:art, kldneyo ond ]tmgll ....log diroer. local Cj'1<ltl>Xic illJozy by lbo rd....., 

ofpro-ln!lornnuto mediate,. IIOd ROS.Ii}'poxl< CCJiditio .. oauso an inc"""" in cardiac 

miiOObo:ldrla ROS (K<Jhmnumo Cl al., 2011). Slmi!orty, our resulls obowed thai homonhog!c 

ohocl: lndoced bypcldaand tho p!<>Quction ofROS,Ihi• was Ill08:n=l by using Mltoi!OX 

Red."·" Admlnlstorln]l uhlqulnol post homotrlloglc ohoclr. dec"""""' mi100hoodrial o,- eosuiog 

tho ~on of mitochondrlal momlnane inl<grity IIOd ole<:tron lrlin8ped chain COIIlplox 

octivity. Cillular apoptoo!s In reperfullionilljury """""' from tho 1'lloaoc ofROS and 

iofll!m1nlllory modlot<n. C<llulor <»<rll"" ~' \Ohen blood flow"""""' foiJowin& fluid 

re<UJdUllon, CAUSing ., increa>c In IWltblno dohydrogenoso produclion, ruul~ng in tho lnaeue 

oro,- and H,o, )l10ductlon." 

In oorii\Udy, we used blood and !..wed Ringer oolution to restore blood o .... , tm. wao 

fOllowed by ode= ... ofbypoxlo cells and Ibis lni:ru:i<d free radical produc:tlon thotoould 

dlt!!lllgO pr<>tdn!l, DNA. and plasma membtaneo. All !ncreuo in toukooyt< mito<hondr!al. o,

and H,_O, oon=tnrlion in tho diaphraglll e«mred at 120 minul"' after fluid .. SU!cltarloo 

withoul usingohlqulnol. Loworlev<ls oro,- and H,O:t w= o ruultoftho ... vcnp:~ ROS !hat 

""""""" wbon ubiquinol"""" used. Reacllve oxygen~ llCiiVII!ed phll~ memedi....., 

ofopoprotk and nocrotlc org., h\jory."The genontion oro,- is pm!llibly • -..It oflbo 

lnvolvemom of leukocyte mitocboDdrla." In our orudy,lbo MPl ofMitoSOX Rod using 

ubiqulnol olillificantly deoreascd 120 Jllinutco fotlowln~ bcrn<>:thqlc oltotk. tho MFl wilhool 

usilll! ublqu!nol oolllinued to Increase. Tho Jllldy suggestlhalubirprinal ,.,.._.,.lcukocyt< 
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nlifllof>ondrial Q,- ""'"" ~ wa3 fotllld 1bat 0,- dtMaz:d following ftuid lW u•cjt&tion in the 

ubiqulno! group compared with the cootrol group. The oxidant, HA io invol•cd in !bo 

ph~gy and s!gnalin~ of cello. In ono rtudy Jb!Jowlng homonbag!c shock, dopiiiiliD< 

d=eased !bo level ofii;O, in lll1diopbmgmlt. 1 ltl aim#], the coiiC:elllration ofll;o, in the 

diaphragm:!'"""' rlgnifu:~~nUy less in the lllllmalolbat wuo odminiswcd ublqulno~ when 

oompored with the control group. Di~dc ROS cotl!d poosiblr be det:reUOd ifubiquino! 

loused pos!-homorrhogic shock beti>I< resU!Iciltttion with fluid, contractile llmotlon would 

reco= and re!plratory hnpelrmont t!sk d=ease. It is well known lhat Ill= b o OOITclatitm with 

i .. r:z·ej ROS ODd opopiOO!s.,. Organ d""""" ond apoptosls IIJ'e osooc!aled with hemonhagio 

Bhock and injury from ~ Apoptosio io dooreasod Jbllowllll! antioxidant odminl-tlon 

In an anima!Jwnonboglc shock tnr>doL ll Hydrogen pemxide produotlon ooneopondcd Wl'lh tho 

re<luction ofantioxidon,. in opoptoti< ooll.a." in lito loh: otages ofbomnnbagio shock, pOfl 

ll).poxlc-n:pe:iuolon, raised lo.ols ofROS in "'ll""' """"'damage IC lho nlitoohondria 1bat oan 

1...t Ill apoptoois ond result in orpn damage and ""'ntuallrlidl= It wu ccmcludcd by 

Kolamunne ot aL (201 I) 1bat • higltet 0,-~ ,. .. the c:auso of cell delllh ofter notlclna o 

dooroase ofO,- in hypoxlc cardlac IIIyObluts. Our aim #I findinp"'""' sln>i!or to Kolamunno 

In that there was not a siiJ1iftc81lt inoreasc in tile ublqulnol group furpreoonoe oro,- In tho 

ml!oobondrla, with a corresponding !ow pere<nt o.pop!O<la. In addition, it"""' fotmd that tbO ll!e 

ofublquinol P"' rwuscltadon re<l•Jccd dlapbtagm and l""iapoptosjs, 111ggo.ting ubiqulnollw 

lltltioxidanl propmies. Tho OIIOIIUAtloJI of apoptools oct!votion result! from a dt<:reaso in ROS. 

The data for aim N! su;a:c<~ ublquinol may .,.ofu! u o oupplcmen1allrellllnent fur 

~ oho<k and teSU~citatloo injury due 10 tho followin!l: A Jedw:tioo ofl<uCO<yte 0,- in 



lh< witochandria, a del:reue in H,O, concentrmion !n !be dl~gm. ond reduced hmg 111111 

diaphragm apoptcols. 

AIM Ill: T4 <mltlbte/M (ff•r:ti1;{C<J(ll0 110 1.\e -~"' •IFWmMI/tJT HS. 

Tho odlnlnlfli'Odon of ubiquinol following hallorrlloi:k obock and fluid ,..usoitlllino bas 

U.. followln~ effects on mesenteric '"'nulta: leukocyte odhor<nco JC<luction, mast cell 

&gronulafum llltemdtlon, ond !<10e111 tho vasculor permeability ond ROS level lncR:a>os. 

Tho belOilOOI>elwe<n pro-odhesl"" and bydrod)'n!lfllo di5pe!sal foroeo ore the 

&tuwbdna f'oclors affecting leut<>O)'Ie adhereru:e 10 tho vennlor wall. Th,.. oro a variety of pn> 

tnflommotory mediotru• that aro pro adhesive fo= oucllas activ!tting foc<or (PAF), hiS!Zmino, 

platelets, ond kW<ctrleneo which ore invulvtd in colls of tho ondothdlum and leol:.ooy!e 

~ otimulatingmlling and adbesion of !he lellkooytes.14 Activated endothelial cells caused 

fiwn • .wed kvtl of RDS and oontrlbute to """"orlption-dependent odbosion mokwlo 

S)'l>lboril ond ""PJ=Iion. "-"An antl-adlleol"" forcolo tho movement of blood flow, whloh 

propololeukocyt<:o around tho endotboliolsnrface. Venular wall sboar,.,. is the estimation 

repr0;1"'dng the leukooyte ~- e8DOo!l from tho bJdn><lynawle di:iptnol foroo 

~ a1 the veaool wall. Durb>& 1>0 done thr<nlihou! the OJ<perhnen,. were !here "'IY 

olgnlficanl dit&rmc<o between the control and ubiqulnol groups fur shear rat.. Tho dilf<reru: .. 

bclweellll>e p>UpS for adherent Jeukooyt<l misJ>! be tho res~~l! &1: pro-adltosi"" foiCe dilfenmcos. 

Reactive <IXJ'~"" sped<> rodu<!lon In tho mloroclrculation &1: tho ''""'"n!Uy oco:un liom 

thtontiwddon~ ubiqulnol,therefole tho tn~n>t:ription-dependel!l adheoion molecnle oymhesio ond 

.. ~maybe inhibited. Platolet octiwrin11 fOetor (PAP) and toukotrioneo are impmWU 

inflammatory m<dlato"' lila! ba.,.. cntelol ""''lopmo:nl function In mlcrovaso:ullll inflammatory 

"'"~""'"" to hemozrltagio obock 111>11 fluid IUDSci!otirut induocd iot:hemin-reperfwrion." 



Adhorenco ofloukoo)'leo oti<nuloted by the,.] .. ,. ofPAF abo lncreo>ed leuko<:yte superoxide 

production," suporoxfde dismuta>o >IOpO PAF genermd adhorm<:o ofloukocylea." In 0111 

ltuily, we fmmd that administerinG uhlquinol prior to flllid nmdcilotion may reduce PAF 

•nduce<lleukocyto.cn.,,.,_ by lowering lovell ofR.OS. In addition. ubiqu!ooiii!O)' deoreose 

owt oo:ll dqrarml<lion postl:Wmlnutto of fluid "'suscitation. Yorio .. inflllllliiiiitel)' medloton 

O.e, ,..,,.,,,;, kinoge....., hl;tamlne, tryptase, phosphollpo.m, <to.)""' rei.....:! dllrln~,.... 

O<ill degtw llllff<m ao well as strengthen tho lnflamllllltOfy mponseo In tho microc:in:ulaliml." 

R<pcd\lsion injury that0<0\11'! post~ sbnd ond troatmont with fluid 

tePJscilotion con be mlnlmlzed by hindering degnmuialion oftbo mast ooiiL A mul cell 

•tabUizer by tho nomc of ernmolyn ODd tho antioxidant known aollpolo ocld wu d<tec;te<! to 

blool de~ ofmul coli<, th .. deereosini ROS, vuoular permeability, and odherenco of 

loukn<yte>." Blood flow =d docreued he~obin ooOO<ntratlon Wllll mMt likely lhe • ..,.. of 

mooenterlc bypo<io. O!ber otudieslndleate<! that lfhomeotWio doe! not occur bc!ween R.OS 

ond nilri<: oxide, mast cell degnnuialion ""'l' be initiated and on in=osed adheol011 of 

loukocyteo to lhe ondotheli='""m our otudleo, it II paaibk that ublqu!nol ia ,..pom:ible fbr 

de<Jeasi"'l R.OS lev<lll ond degranullli0<1 oflllll( cello. Co..,......,le '" olh.e! studies, lsohemi•· 

tepe>fosion ll1imulalcd vasculor petlnUbllity to FITC-albwnln In tho control group.,_.. Varied 

FITC-olb\llnin pattems oe<:rucd along tho vtllUlo ..all!, sug<OIIng lo:ol<oi!< In !be vuculature 

fullowinll bemorrhllgl< obook and llnld ......,;lotion. 

Histamine and aerotonin lnfl"'"'"otory mediotor O<liYOI!oft and '-'UCUIM endotheiW 

growth f4ctoJ {VEOf) oauoc tlw\aU ln the vasculor ulltalli'IIO\Ute ODd illcf<ue permcablll!y." 

Changes in !be ""'oulorlnltirlty oocur from tho lnvol'l'<m01\l ofROS." Rto.cll'l'< o>cygeo Spo<les 

.,. 110ovenged by ubiquinol, whoo thia bzppeoa -...oulor permoahility;, dm 'I'd by o """"'""" 
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f<>r lbo first two expo:~mo:nU.Ibo rwltch f>lled 10 ,.,...m,J!y ahemm 10 lho fluoreooenoo 

came:ra. w~ solwd lhU problel!l by oblaining usiotmoe from a I11i<:ro3copy '!"'<ia!isl from tho 

!moalns Center at UniversiiJ' ofKansao Modica! etnw. Ho k:8ted the mlo<OSCOpo and found o 

WliJ' in lrllicl>,.. could rwltch tbo ..,.,,.. m"""ol!y, Therefore, wo were oble 10 visualize lho 

......w .. by cotelillly owltchlni tho camoras monuoUy fur oach microdn:ulatlon exporlment. The 

rcoult:l wm not oll'eclod by thio prob1em. 

ldenticyill!! lho opllmal OOIICOMO~on of FITC-lol>o'od bovine U!<>CI for IWrla1 hl,loorion 

wu ohaUenglng. Atlbo beginning. o bighor =•"lllrlllion afFlTC-Iabo~ boviDo o!bmnin wao 

uood and lbe inttavu<:u!ar Jl~ intonlily was too brightmd caused liD ll1llllmalio doll off 

by tho fl~~<~:~ .. cenoo camera. Wo 1<sted dilfem>l oonocntratlon< 10 obtain bon,. n..,......,.,. 

OOIIIIVII>etween infravascular and extravosculor sp•= lllld bad fu1md !hal SO mglkg is on 

IIJlP10IIrla!e doso. Slnco: lhen, wo have boea .....,.,sfully obtalnlnl! quality of fl~Ul:csoo:noo hnogc 

to evo!UAI< ,....,Jar pam·obi!iiJ'. 

Dllrinl! tho ps<>< '" of oonvmma and aoa!yo:lna tmogeo from lbo lim tcw """' .,.u 

do£1311Woticm expe:hn.Ollts, we fuuM !bat the- Kalo-phuo b>vemd imagoa wm too datk to 

delect ony Hl!ht inl<nsity. We ""'"'tilted with microc!rculo!ion opeclalln Dr. Wood and he 

-ltd ....,bing offlho ouper-~od ntthenlum T<d oolullon on rnesontuy prior to recordini 

IIIUigeo. Sin<o we k:8ted and oppliod thio metho<IIO wuh off e•owlvc ruthon!um red solution 

c..mng lho mesonlely, wo haw boon ablo m trlOIISUfO lighl intotlolty ofmast..Uto evaluate its 

-
With "'"'""'"'permeability Sll.>dloo flwao difficult on ""'"'days to find mesenterio lltot 

had oufficionlllow or did 1>01 baw hllitrc:atiOJIJI. To oven:nmo tbaoo diffioullles, we spent m<llO 

rime searching the various venulos and !tso!lle1imoo requbod up to on hour or loogeJ to find an 

• 



adoqUM¢ veo110L Thus, odding additional tlmo fur ~l!!i for "'nules..,!o!ed \U wllb 

overoomins lh!o obotoclo. 

Tho rn.,lor obmdos with the ROS oxperimm1o"""' pe>fixmil13 tbeso uperimont! in the 

dark aad r=emboriog to add addi~onal DHR to lhc'l<otlle to Olllltii'C lbele"""' ad'"l.UIIC dyo !or 

ROS mou=moniS. Wo OVO!'CAin< these obstacl" by uslnll timers to rememborto add the DHR 

oolulionaad usfua ourSlnort phones with lloshllghtl to o..W with dota t=dlng aad to vl.!ua!l"" 

our calboltrs""""' noedod. 

l.lllllloitons: 

Theuo ""'three ~or limilati""" ofdilit >lllllr· First, U...o finding ore Ill rats Sl>d would 

not bo genorolioable to hunums. Thus, Ibm will n<ed to be tranalatlonal studieo In hum.,. 

boforothi• cao be implemonled inpnttloe. Tho =end limita!lon is tho use oflrnra .. nouo (IV) 

ub.iquinol inhlllllll!lS. In Europe, Japan and Chino ublqulnollo available In an IV fonn. H~. 

in tho U.S., it Is eurrently not owlloblo to live IV ond rhore wouldued to bo appnwal before 

usfua ubiquinol in lhl• furmulodon. Tho third limilatitmio the requiromenl for lnunodialt 

meoruremonl ofO,- \Uing o flow cytometer. This requires ,..uwlion of the il>slrumenl and the 

tirno a•ailoblo to 1M tho mnplo, whioh i.s 1!01 alwa)-o peulblo. 

Co~duo\011: 

The OllJD!IIolod ox.,.,rlmcnts <doted to AIM ~ I •uuests tho! admlnisl<:rina; IV CoQJO 

followins btmorrhoilo ohock Sl>d duriog Ould re>uscilation hos slgni6oont oif6ctl on reducing 

lho production of reoclive O")'g<n opecles OIY<hoieo pe:oxlde and """"""ide) ill the \UI!g. 

dl~ ond mhoobnndria ill louko<yteo. In lllldillo<!. IV CoQ 1 Q oiit>lficanlly r<>duo .. odiWor 

~ti!Y (meuured by percent ohpoptosis) in lbo vital 0£1!""" such" lho lung> anddlaphro;m. 

Ourml<r<><:!wulatlon dolo for AIM il2 oho i""""'"'< that lllldioglV CoQIO to tho fluid 

" 
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rcswcllat!<m regimen followl!q; hemo,m.gic shD<k off<Oiivdy ~..,. ... , leukoi:y>e odher<ru:o, 

most ooll deim>uJotion, VIL.,,,Iorpmncabilily, and m!Ciovasculor ROS. 'J'hh •oggeots !bot 

oddltl,s lV CoQlO could subital!dally reduc< microcb<ulotlon lnl!amma!lon orul injury lhHI 

"""""wftb. nporfudOII!rliury. Therefore, odmlnlst<rina CoQlO following~ sho<k 

moy holp PJ"e"Otttoellulor damage caused by hemo:thoa!< lhoet lhHI o&o leo& to tboOigllll 

failure. The <Iota fur AlM •1 ha"' boon ._...runym.,..,; •• ted in p=en~atlons and publiobed 

tn Expu""'""" P/u<llology. Tho tlllbl fur AIM #2 bow b<>on ouccea1illly dl5<emi1111tod in 

prese!llotion! and hwe I>= occopted fur p<lblica!km in P/uJIIologlca/ /UpfRU. • 

• 
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S!gntneanot orstu<IJ' o~l'rojo<f R .. ullll to Mflltuy Nnslng 

Mally military pononn<! In 1ho rt>C<nl Ope:rationa In Iraq and Afghanimm bavc oxpalonood 

hom<mhagio oboot." Wilh moS! h~!oted dea""' oorurrlni 6 holli'S pos!·I'IJury, ~ 

<hould bo a priority fur military nurses to <S!ablish an efficlc:nL mode of treatmenlln order to 

impr<>'o'< suffivlllra!e> omons war-tighlt:r• Md olhe: opc-lllo!IO.I pelW1111d. Military and clvlllan 

pei>OOild need m;eo:eh cv!dence 10 buolhe!J pnocdoc rdoted 10 ,......,ltlllon llioroo>Y In 

bemonhasio •hock potiems. Sin<e resuscitmon Ollllr<lllllt in cellulor Injury and multiple "'1l"" 

thl!ure, it ;, ....nliaiiO dolemdno tbc Op!lmaJ. mode of treatment !ballinllllll""l!, dioplwgm, and 

mi<nv .. oulaturc oellulor dall!oac. Wilh U.S. carualtioo ori&inotln1 in Iraq and Af~ there 

loa renewed......., ofuri"noy to find lhe b<s! method ofrocove!)' fur mili!MJI pe"""""'l futlowlng 

bemorrbaglo evoniS. WhUe ounent practloeo arc !ir...vlng,lhey may oo! alwayo rutoro110rmal 

cellular and oqpm function. 

Tho ,.llllllll limn this >tudy oro oignlli•om 10 tnilltary ~lURing boeauoolhe 6•dl•v >how a 

do<nase in otllu!ar daina¥ and Ofil'll dam"&" "' ,. .. wed by l~ pr<oenoe In the blood, 

lq and dlophrai"l apop!osi•, ond diaphragm hydrogen perol<ide ""'"""1tra6on. In addition, tho 

d"""'i< to the mlcrocireu!Mion., OICOSUttd by loukocyte adlleronoo, mast «ll degranuilllon, 

vosculor permeab!l!cy, and reactivo o>cygon specie• pesenc:e all irnprovod with lhe oddltion of the 

supplement ubiqulnol to lhe bemontagio lihoc.t. tnmm""l proll><o!. Tho resWto oupport previous 

01oggrstlona ofub!o,uinol beiq. o free radioal scavcJ1i<1, odooreaso In oxida!lvc <tn:u lha! ;, 

produced ful!owlns hemorrl:>agio shock. Ow experimenlll that wer< 001\duotod with an llllmal 

models puts militocy JUining OllO-OI<p clooor to beginnins tnnalslloliO.I prooesse> m the field, 

possibly lnol'ellri"i the survival fur the woonded warriors. Tbe re.ullll oflhose Cllp<rimcnlllhavo 

lhe potenllal to chan3c praotlco by J)l'o>ldln& knowlod~ nec<!ed fru mearur:i"i potion! outoomeo 
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experiondng froe radieol dsmage following • ~c evmt. Oi:lc IIIUdy es•,tn.,d facto!. lhat 

o.llbctlhe hemltb one of oprntional pc1SOllllOl tbet experionoe he~c shock. Tho I<oults of 

lhio >tlldf indlclte ublquinol can bo used aporentlal trcatrncnt fm hemorrhaalc shock and leod 10 

impruvin(! boaltb outoom" for those we """' for tbet bavo life lhl<alenlng OOJdilions, mulling in 

l>oltttoon: for tho war-fil!hle:r. 

Tho re.Wtolndieate thot CoQIO""" be • chomloal adjlltiCI 10 currtnt rewacitation 

treatments tbetlrnl)' ultim!l<ly 'Milk to mluco tho damaglnil dl'ects ofl/S and resuscitatioo. Tho 

r<sult>oftbb ltlldy revW tbetu.ingo blood tw for tbopre"""""" of!atkoC)'Io:i nmy act u o 

blomarket for olridallw """"' doring homorrhaiic sbock, and tho admlnlstratlon ofubiqulnd, 

added to tho pnnoc:ol to d«= tho o!ddotlve ,,.... and OC<IOtllpanyinS collulitr damag< ODd organ 

deitth. Tho pooolb~ily of <educing oel!ulitr ltljt>zy """prnl<mg life and pnllllOI< hcallh oftto.um.o. 

patients, military and clvlllm. For tnilitsry Jlllllld, l>cmonhag£o ollodt oocun in many !if,.. 

tbroatonlng sltua!l0111. lh"""" optlmoi!DOdooflhmpy forhemonhagio .OOCk "'= O!!Obtiohod, 

!Udl., tho oddlrlon ofubiquinol, It wottld allow tnililllry nurses to provldo oon: tbet b mort 

efficlC!II for the warrior and olhe:r mili"'1 pe:rs"""ol. 

Mlti"'1 ruus:in~ o!inieol proct!oe could .....,fit from the resul" oflhosc atudleo ohotdd tho 

guid<lliiCs f'o: h<:uoilltltagic sbc>cl tuUS<itation inoJudeo tho addition of CoQ 1 0 us«! to p:event 

IIILilriplc orp1 damoge by ,Jo....,ing oxidative slral. OUr data OXj)&l'ldo tho body of tm1itary

relevant oclonrlfio knowledge and ul!lmalely lmptove lhe ability to provld< proptt and blsb-

ljllall\y COlt foropomtioo•l P""""""' ~,,m., fmm hL'IIlmm•gl• sbg<k 1 •!llf tho rr•u!q of 

mtr study indiCIIte !hot caring for ollenttl!!l<d to""'"""'" could lead to imp<Ovlllg hemltb 

outconiCO for""'"" wo"""' for tbalore ln llfo ~ oituotioru, resulting in better <aro for 

lh<WIII"fighter. 
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Choq• I~ cu.kol Pnctlco, Lo&<ltn~lp, Monopmoo.t, Ed•ootloo, hllq, ood/or 

MUitory DoctrlM !hot Raul!ed from Shdy or l'ro/"1 

N""" to dolo. 
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