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INTRODUCTION (Barnwell el al., 1966). This treatment
should contribute to tissue hypoxia originat-

The host-microbial relationship may be ing from infection, so the beneficial effect
modified by hypoxia arising naturally or derived must be a result of alteration of
under h~boratory circumstances. Particular metabolic activities which are of more im-
attention has been directed toward effects of mediate importance to survivai.

hypeoxi an 'nyoxi onestalised fl' Few attempts have been made to analyze
fections (Schmidt, 1969: Schmidt and Ball,. ehnssb hchhpxcsrs a

1970 Anric elal. 197). inc tisue affect the infection process. Investigations
hypoxia may b- a major result of' circulatory o"~ yoci rvd nudrtnigo
impairment associatcd with severe bacterial[ oeo h fet fhyoi tesa ela

ineto See ea,16 ufc ). the importance of vertain metabolic events
:1969; Rhoden et al, 1969), attempts have aseac ihifcin h olwn
been madc to alleviate this deficit through study was undertaken to determine the
treatment with supplementary oxygenation. c~eso tpxcs~so uvvltmso
(Blair o al., 1964.- Barnwell o al,, 1%) mice infected with . aui'cu or A'ikbsCeI4

Withaeroic icrorga ism s approach
is often ineffective.

In contrast. suirvival times mnay be pro. MATERIALS AND METHODS
longed if tht host animal is subjected to
hypoxic stress, Io eapmieifetd InfeCt" . -turcus aid K. pneuwmiae front

with 8tqpby1(xt 'ws .wscs have been reported IS hour !Brain iHeart Infusion broth cultures
to demonstrate siginiantly prolonged survi- were washcd and resuspenided i sulitic at a
Val times following tIC31l14wt with hyjpoxiec oneta~) O ibeclsprnl
suress initiated by 0.4 41ir or 10% oxygen Random-bred fenale Swiss imicL tela weeks

This study was su 1rd through rtnds prov'Ided we(53 m)wr nclte nrprtby ihe IRurtau of Mtdirs nd Sugey tu cathy Willi I v.mm of the bacterial susponsion.
)oparmenl.Such large does wre viot lethal when the cmils

The rQ-s -re kseribcd in this tejorl I kle before inoculation and host res-
aniou~ts owintsincd Ini otninl care fadiliks rUlly
acerediired by the Amerin Aswoiatio for Aic.~ pollsca to the live tell injetions rescirblo
diao t 4fLhmrtory An'miai Cart, thseasociaed With fiore natural itifectioris.

ibe opinions and Assertion Montaine hereinar
thofi of the authors and ate ntot to be onmtue T5 Wei Ota Irnnodiattly following inocula-
OW41A or the NivaI SO*VtSX 0t WV. ton. tak Wev Jit" exposed t 0
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Hyroxic STRESS AND BDACTEIAL INFECTION
oxygen (room air) or to 10% oxygen in a determined by vertical starch *gel electro-
4-liter chamber through which oxygen- phoresis using minor modifications of the
nitrogen from a tank of prenmixed gas was fed Smithies, procedure (1?zvkwell and Huang,
Fig. 1). Flow rate was adjusted to approxi- 1965).

matey 0. kg/m! un ad teperaure Statistical Anaysis: Significance of differ-
insie te bo'tl wasthesameas oom ences in surival times was determined by a

temiperature. ttet

RESULTS

1 - Mouse survival studies

I Treatment with 10% oxygen immediately
after inoculation with S. aureus or K. pneit-
inoniae was a significant factor in extending

chamer 2 fet i legth survival times. hen toretn wthot of%

the eperii~nt, t A moe obeadthn rom ir (be 4

-i.g.I Pe iixd1%yenws pssdthrouq ncntat yoxcsrs iiitdb r - ftc
atrv~a tm rap int it oe intwic eh ia nhottsueatr iouato a

iuicmctied dprsue0. aimot nt. so~e t only elctior
ine etend in hp touv ti mes of. umic nary

Simuettinio latedliuew s ciedin e-a withe o cih oransdbl ancvtually sote

qan8fet in aeter, h asenin rate~b oxygen ws delae 150l minvusarinod
of tw~ie ca alst Bo was 20bt"apr inte lto hyo ii tete. ett withS.ares r pnw0.6

uni tach oe by0 oenifritg (approimgately t. i no significant alterat on of-ria bwras
11%)~c ft dor .6 tandardi atmphere, cobtinc se2.Epeiet ihtl

Vetlto No tilwe chme a1oniud Sih9taii fS oru aersut dniathrogh he our4. f te t thsc olaiwd iththeGiogio511diI
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Hypoxic STSSa AM)D BACTERIAL INFECTION

Table 2

Effect of delayed treatment* with 10 % 02 on survival times of mice infected with
Kiebsiella pneumoniae or Slaphylococcus aureus.

- S. aureus K. pneumonlae -

MSS*20% 02 10% 02 20% 02 10%02

218.3±21.1 220.2±27.2 274.8±65.7 272.0±39.2

No. Mice 20 19
*Treatment with bypoxic stress begun 150 minutes following Inoculation of mice wvitn 109 viable organism.

**Mean survival time (in minutes) for first 50% of the mice to die. Expressed as mneant standard deviation.

Table 3I
B~acterial invaision* of livers and lungs of mice exposed to hypoxic stress.

AK. pwwIoidae S. aureus

20%02 10)%02 20%02 .I0%02

Liver 1.4 x104 1.2X 103 7,Ox 107  1.1 X10 8*

*Lung 2.4x 108 3.7x10 8  4.5 A 106 9.0X 106 *
*Orpinisnis !01 holoate obtainied from avetrage of viable couWat of llw-.. or tuna front three ueo Similart

results were obtahite in ropeated esprlints.

Rdatoahp of hsetiaoIoba type to sutscV-
tibnty to httecl-3

Titoefectrophorelic patterns of haernoglo- I
bills f~or all mice tcsted fell, into two Prineipdt
groups, single and dlffw e -astksribcd by .__

1wevious workers (Sehitildt antI UAIL 1970).
fh ive V it theS in hatitlogibin I toren
those teacd. wbot maijor haemiitobilt Aroufps
could be subdivided cleciroptmeicifly,
(lFig. 2). but, as a rc~ull orprolimillaky Studies, F42tnttsVikvu.
Uwtre only regardeol w; two groups on fte
bais of SutvivWd, U~ntre~ated oice with thL
dlipfiso W~ Xwobinl Pattefn Wore 111(w VISCtJSION
recMI lt to OIC:fmlion with S. a"reus o.r, K.

mmiul~e thil those whhth riiig tc a Although 644wu ttpxatay ea lF
Ifae 4).- NicV With 6111Wr sinfll or dilrus tt;reu 1"V T infi hypoxik uts cat),
lu -tcrnuiibita types rt espui to the tec-c if bcet Wdow intl~ion 4 tU .j esbbl ishti.
ficiadt ffccLi of 10% OYPI tattncan AJRr Utfcct tlw Motu 'W"i~ torawly occur

* iulectoa with S. awetr aw ws. 1 1 t~w iakA" tCuCIICC. Aldu&ud.J"I
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Table 4

Relationship of haemoglobin type and survival timc* following bacterial infection.

K, pneumoniae S. aureus

Single Type Diffuse Type Single Type Diffuse Type

Survival Time 254.4154.9 299.6±60.0** 221.6±10.4 248.7±17.5**
No. Samples 51 45

*Mean survival time (in miutes) + standard deviation.
**Significantly different from single type haemoglobin survival value (p 0.05).

dependent regulation of enzyme activity has haemoglobin alfinity for oxygen were con-
been previously reported (Berry, 1971) and sidered. A protective role for haemoglobin
could influence host survival by increasing oxygen affinity during infection was indi-
pools of certain essential enzymes. The cated by the correlation between haemoglo-
relativc,y short time span of the experiments bin type and survival time of untreated mice
in our study makes actual enzyme synthesis following bacterial challenge, Physiologic
unlikely. Activation of certain pre-existing studies of the two laemoglobin types should
enzymes and alteration of metabolic or be considered to determine if their oxygen
physiologic processes normally present would affinities are significantly differet. A change
be a more probable occurrence. of one amino acid in the molecule couldairect the allosteric response of the hacatoglo-The fact that 10% oxygen is equivalent to bin molecule to oxygen touding and other

the hypoxic stress of a 5000 ft greater altitude ligands (Fitcl and Lenfant. 1972). Other
than 0.6 atm,. may be responsible for thc traits genetive!ty associated with homoglobin
.difl'eretice obsc-vcd in efect onl survival times, could also W. rsPOnibW.a for the enhaned
Previous invstigationlls ith S wUPOs (Uair-esista!I tO hit&4iOn Nta in prepaation.
well ot a/., 19M) demonstrated. that pro- however, will show that utt least part of the
longed. bust-survival times could be obtained cihe l'hyoic WA:wt in) inkctedaul
with either degre of hypoxie stress and that is thrug) patW retadation of 2. 3hdito'-
their effCts were additive. In an attempt to .hoglyonge depltio" h o•
explin this diserelicy, the Smith srah lkown xo occur during septic shock (Uki
.-of 5, atse in hes e invetIgatons alnd et at.. 1970), ansd its retardatiol Would

the Giorgio strait) reported hore woer com- promote delivry of oxygen to hoMl tissueo
pared in a ifpeated set i &,tvivll expe illts (Eaton ael t, 1970; aunlanl ,t at, 1971).
tUiig 10% oxygen and 0,6 ati, as tratments.
Ideotical rsu!tN supporting our preveou, Eluaicd plgocywiu activily hs bWCe
obs-rvations were obtained with Wth sstai u. .' p i sible explaltion or t he
of' S. as s.- This leaves the posi .biliy that benhe elthts of hy x'i ttiint *nt

difiren cs inl moue strains. utd oud hfectioi (dNidt and Hall, 190). Altera-
account for variation in rostts 'obiansI. tions of baitrial num rs. howtvr, do not

WCem to account for tff'c. otn t mval timc.
Speiflc adaptation to hypoxe ariea could repored liet. increased wbsll of *taph y-

i..." ..: prtpaft, & holt for inlkchoiu-vnduwx hypo-, 1"c~ .t .:ut .l Iil ~ it 0
,i. t~ki' et at, 1970; linch and Lenfant. ouxygen ty be nore iiportaiwt in prolonged. .

1972).: EorI" takf.actm i which ulatc. subthat infioio. Tltis vold explaiwby
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11166. 4i11s than aol als Willi the moinc type in seile shiock. siphg G)Wes'. (Visa.,
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m~i.hylvxi' can prolontg wurvivi1 tinte- EA.%ov. J.W,. Ilutv'its.GRJs
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