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V工祈吃級J告

Role of HO・1in pulmonary vascular leakage caused by antigen 

challenge in sensitized rats 

J白YX，Sekizawa K， Okinaga S， Lee L， and Sasaki H 

Department of Geriatric Medicine， Tohoku UniversiηSchool of Medicine， 

Sendai 980 1.中'an

Introduction 

Reactive oxygen species (ROS) been increasingly implicated in出epa血ogenesisof a 

variety of diseases and 恒lpO口組tbiologic processes， including inflammatory 

disorders[l，2]. Toxic effects of血eseoxidants，担cluding血esuperoxide and hydroxyl 

radicals and hydrogen peroxide， commonly referred to as oxidative stress， can cause 

白日ulardamage[3，4].百lelung is one m吋ortarget organ for injury by these ROS， 

generated endogenously by加flammatorycells and by exogenous oxidants[5].αle major 

inflammatory lung disease is asthma Asthma is now viewed as a chronic inflammatory 

procωs[6，7]. Edema of the airway wall出 aresult of microvascular leakage， and luminal 

obstruction due to exuded plωma and airway secretions訂eimportant mechanisms of 

asthmatic airway obstruction[8，9]. Recently， much interest hωbeen stimula記dby 

observations that HO-l plays important roles in cellular pro紀ctionagainst oxidant 

injury[10-14]. 0恥rbein and colleagues observed血athemoglobin induced HO-l 

induction plays a key role泊 providingprotection ag厄nstoxidant-mediated endotoxic 

shock and lung injury[l4]. In view of the important functional role of HO-l ag創出t

oxidative lung injury， we employed an established a1lergic asthmatic model of ovalburnirト

sensitized animal to investigate the role of HO-l面 pulmon訂 yvascular leakage caused by 

antigen challenge. 

Materials and methods 

Ovalbumin sensitization 

Animals were sensitized as previously described[15]. AduIt male Sprague-Dawley rats 

weighing 200-300g were injected subcutaneously with 1. Oml of a suspension containing 

1.0mg of ovalbumin (OA) 加 d 200mg of Al(OH)3 加 physiologic sal血e and 

泊traperiton伺 llywith O.5rnl of a Bordetella pe口ussisantigen solution containing 1. Ox109 

organismslml. 

Antigen provocation and measu肥mentofPIP 

Ten to four包endays following active sensitization to OA， rats were anesthesized 

intraperitoneally with pentob紅 ibita1sodium (lOO-120mg/kg， 50mglml saline). A tracheal 



cannula w硲 inser飽dvia a tracheostomy担tothe lumen of the trachea and connected to a 

constant-volume ventilator (Mode1607; ). A tidal volume of 5mllkg釦 da frequency of 90 

breaths/min were used to ventilate the animals. Pulmonary insufflation pressure (PIP) 

W出 measuredby means of a differential pressure transducer (MP45; Validyne 

Engineer加gCo中・ Northridge， CA) connected to a side arm in出eexpiratory limb of the 

ventilation tubing， and was recorded on a pen recorder (REC百-HORIZ-8K;San-ei， 

Tokyo， Japan). To evaluate validation of the methods of meωuring PIP， known 

r回 istanc邸 (fromO. 1 to 1. OcmH2α'm1/s) were connected to血etracheal cannula Linear 

increases in PIP were recorded with increases in resistance. 

Measurement of airway plasma extravasation 

百lemagni加deof vascular permeab出tyw出 qu加 tifiedwith a modification of the method 

described by Saria加 dLundberg[16]， which correlates well with extravasation of 

radiolabeled albumin[ 17]. Evans blue (EB) dye (30mglkg， 30mglml)， dissolved泊 saline

solution， w部恒jectedinωa jugular vein. To de犯rminethe tissue content of EB dye after 

stimulation， the sys也miccirculation was perfused with saline to wash the dye out of the 

vasculature.百leleft ventricle w出血cised，a blunt-ended needle wωinserted into血e

aorta，加d出eventricles were cross-c加nped.Blood w出 expelledfrom the incised right 

atrium at a p町ssureof 100mmH20 until the perfusate was clear (about 200ml泊fused).

百lelungs were出enremoved.百leconnective tissues， v錨 culature，and p訂enchymawere 

gently scraped， and airways were divided into出reecomponents: lower part of the trachea， 

main bronchi， and segmental bronchi.百letissues were blot包ddry and weighed. To 

quantify血e創nountof extravasated EB dye， each tissue sample w鎚 immersed泊 2mlof

100% formamide for 24 hours at 500C to extract the dye， and concentrations of dye泊出e

solutions were determined spectrophotometrically by measuring the absorbance at 620nm 

(220A Spectrophotometer; Hitachi Ltd.， Tokyo， Japan). Tissue con蜘 t(nanograms of 

dye per milligram of wet tissue weight) was calculated from a standard curve of dye 

concentrations ranging from 0.5 to 10uglml. 

Effects of Hb and SnPP on antigen-induced vascular leakage 

Ma1e Sprague酬Dawleyrats， weighing 200-300g， were sensitized to ovalbumin， as 

described above.τ'hese sensitized animals were challenged and subsequently studied after 

10 to 14 days when they weighed 300-420g.百leEB dye (30mglkg) w出 injectedinto a 

jugular vein， followed 1 minute later by intravenously administered ovalbumin (200uglkg， 

200uglml in sal泊e).An泊la1swere divided泊ω血reegroups， control (n=l1)， Hb group 

(n=10)， and SnPP group (n=15). Hb group anima1s received rat hemoglobin (l50mglkg， 

75mglm1 in saline)， which was injected泊ω出er叫凶1ve泊 16hbefore antigen-challenge， 

while in SnPP group， SnPP (50umol/kg) was administered subcutanously 21h before 



組 tigen-challenge.

Drugs 

官lefollowing drugs were used: Evans blue dye， Ovalbumin，rat hemoglobin ( Sigma 

chemical co.)， Al(OH)3' Bordetella pertussis (Wako pu回 chemicalindustries LTD.)， and 

SnPP (Porphyrin products， Inc.). 

Statistical analysis 

Results訂ereported as means+/-SEM. For statistical analysis， we used one-way analysis 

of variance. Significance was accepted at p<0.05. 

Results 

Intravenous 加~ection of ovalbumin (200ug!mg) caused a signific佃 tleakage of EB dye in 

血e住achea(138.7+1・20.0ng!mg)，main bronchi (100.1 +/ー14.1 ng!mg) ， and segmental 

bronchi (47.1+/ー8.1ng!mg).官官 EBdye leakage is highest面白etrachea， followed by 

main bronchi and segmen阻1bronchi. 16h pretrea町lentwith Hb (150mglkg) significantly 

reduced the vascular leakage白血etrachea (pく0.05)by 42.2% and main bronchi 

(pく0.05)by 42.5%， but not in segmental bronchi (p>0.05). In con佐ast，21h pretreatment 

with SnPP (50umol/kg) further po記ntia包dovalbumin-induced vascular leakage in all 

tissues， increωed 31.5%加出etrachea， 36.79もinthe main bronchi and 57.0%担血e

segmental bronchi (Figure 1). 

PIP was without obvious change after ovalbumin challenge泊 allgroups (data not 

shown). 

Discussion 

Our results show出atpretreatment of Hb decreases the pulmon訂yvascular permeab出ty

血atis produad by antigen-challenge， whereas SnPP increωes it Hb is a potent inducer 

ofHO-l，叩dSnPP is a competitive inhibitor of Ho. HO is血era記 limi出genzyme加出e

catabolism of heme molecules. Two isoforms of HO have been charactβrised，出e

constitutive form heme oxygenase-2 and an inducible form heme oxygenぉe-l[18].HO is 

induced not only by the substratβheme but also by a v訂ietyof non-heme inducers such 

as heavy metals， cytokin凶， hormones， endotoxins， sulfhydrgl reagents， and heat 

shock[19-20]. Recent studies suggest血atHO-l plays important roles in cellular 

protection against oxidant injury[1O-14]. Our results suggest血atHO-l is also泊volved担

出epulmon訂yvascular leakage induced by antigen-challenge. 

Several of出einflammatory cells w hich紅ebelieved to participate泊出einflammatory 



r回 ponseof出thmaticairways have been shown to releωe reactive oxygen species after 

activation by a variety of stimuli. Activation of m出 tcells， macrophages[21，22]， 

eosinophils[23]， and neutrophils[24] genera凶 02.'which are rapidly converted to H202 

by superoxide dismutase (SOD).百lesemetabolites may have effects on the various target 

αlls of血eairway. Oxygen radicals cause increased v出 cularpermeab出ty，possibly via a 

direct d創nagingeffect on vascular endothelial cells[25]. Antigen-challenge activates 

eos加ophils. It is likely出atHO-l effects ぉ ascanvenger of oxygen radica1s， 

consequently泊hib出血eincreぉe担 vascularleakage induced by antigen-challenge. 

However， in血epresent study， Hb pre紅白tmentdid not completely泊hibitthe vascular 

leakage if it is referred出at出eEB dye extravasation is lower血an30nglmg tissue担

trachea， main bronchi and segmental bronchi泊 OA-sensitizedanimals without OA 

cha11enge[26]. Hb (75mglkg) pre町eatrnentreduced the vascular leakage of EB dye by 

42.2%泊 trachea， 42.5% in m泊nbronchi.百lIsstudy sugg白 tsthe involvement of HO-l 

加出erat model of increased vascular permeability induced by antigen challenge.αher 

mediators紅ealso significant contributors to increased vascular permeab出tyduring 

加 tigenchallenge[27，28]. 

αle of our previous studies showed血atthe vascular permeab出tyis low in OA-sensitized 

gu面白 pigswithout釦 tigen聞 challenge.百leleakage of EB dye is lower由加 30nglmg

tissue泊血etrachea， main bronchi， and nasa1 mucosa[28]. We found血atintravenous 

injection of ovalbumin (200mglkg) significantly increased the leakage of EB dye 

comp訂edwith saline control in the trachea (41.3+ム8.7nglmg)，main bronchi (56.3+/-

8.8nglmg)， and nasal mucosa (80.1 +/-1 O. Onglmg) in sensitized gu泊eapigs.百leprl岱 ent

study is partly泊 accordwith the previous one. In OA-sensitized rats， antigen-challenge 

(OA 200mglkg， iv) also induced a significant leakage of.EB dye泊白etrachea (138.7+/-

20. Onglmg) ， main bronchi (100. 1+/-10. 1 nglmg) ， and segmenta1 bronchi (47.1+/・

8.1nglmg). But the absolute value of EB dye leakage is much higher泊 rats出組曲at加

guinea pigs. Furthermore， in guinea pigs，出eEB dye leakage is highest in segmenta1 

bronchi， followed by main bronchi and trachea[26]. But our study shows血atit is highest 

加 trachea， followed by main bronchi and segmental bronchi.百出 differencemay be due 

to different species. 

Otterbein et al emphasized a crucial pretreatrnent period for the functiona1 effect of HO-l 

泊ducer[14].百leyobserved血atexper泊lentsin which rats re四 iv泊gsirnultanous 

administration of hemoglobin and a le血aldose of LPS all died within 8 to 10 h， 

comp訂ableto rats receiving a lethal dose of LPS叫one. Additionally， a shorter 

p悶treatrnentperiod (4h) of hemoglobin administration also failed to provide a protection 

ag組nsta le出aldose of LPS. Impo口組ltly，HO enzyme activity was not induced at 4h after 



hernoglobin担dectionin rat lungs. They conclude由atfor protection ag泊nstle血al

endotoxernia， pretreatrnent with hernoglobin to induce HO-l induction before 

adrninistration of a le血aldose of LPS is essential. In the present exper恒len1， we chose a 

16h pretreatrnent because previous reports have observed血at16h aftβr hernoglobin w出

the tirne po加tat which peak HO enzyrne activity is observed加 rattissue[29]. Increased 

HO-l rnRNA induction w邸 highestin血erat lung， followed by he紅1， liver， spleen， and 

kidney 16h after hernoglobin adrninistration. 

Plasrna exudation is a feature of the inflarned airways of as出rnaticsand rnay contribute 

significantly to血epa由ogenesisof asthrna and bronchial hyperresponsiven岱 s.Reduction 

of plasrna leak:age rnay， thus， be useful恒出血rna由erapy.官官 presentstudy shows出at

OA antigen-induced increases in vascular perrneab出句rwere加hibi胞d血 partby 

pretreatrnent of HO鴫 inducer，hernoglobin， and potentiated by pretreatrnent of HO inhibitor， 

SnPP. Thus HO-l rnay playan irnportant role in regula也19allergic reactions. HO-l or 

HO-l inducers rnay be of value in血e紅eatrnentof bronchial asthrna. 
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