f j%&

R T

B T TRy kG st N o

R R R SR S R

R Bl A 3 S A S o

seey

et

LR IR T AT A, T TR 2

e

AD-785 804

EFFECTS OF HYPOXIC STRESS ON SURVIVAL
TIMES OF MICE INFECTED WITH EITHER
'STAPHYLOCOCCUS AUREUS' OR 'KLEBSIELLA
PNEUMONIAE'

Richard I. Walker, et al

Naval Medical Research Unit Number 2

Prepared for:

National Naval Medical Center
Armed Forces Radiobiology Research Institute
Aerospace Research Laboratories

June 1974

DiSTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfieid Va., 22151




P

A

EO

e

7

N

R P S R ARy derncos o o pomsccoat iR

UNCLASSIFIED

SECURITY CLASNMFICATION OF THIS PAGE (Bhon Date Entered)

-- - ) AFAD WSTRUCTIONS
REPORY DOCUMERTAYION PAGE BEFORE COMPLE™NG FORM
ST TS IR 3. GOVT ACCESSION RO 3. RECIMIENT'S CATALGC IMBER
NAMRU-2= TR 510 @ % . ? 8 g
4 TITLE {ans Sdtigfo) 3. TYPE OF REPORT & PERIOD-COVERED
EFFECTS OF HYPOXIC STRESS ON SURVIVAL TIMES OF MICH
INFECTED WiTH E1THER STAPHYLOCOCCUS AUREUS OR TECHNICAL REPORT ,
8. PERFORMING ORSG. REPORT NURBER
KLEBSIELLA PHEUMONIAE
k7. AuTHOR(a) B. CONTRACT OR GRANT NUMDER(a)

R, i, WaLker, A, £, New, anc 4,-C. Wang

" ECT, TASK
9. PERFORRING DRGANIZATION NAME AND AUDRESS 7 19. ::gg%AwOE&Easr?T"m%Q&”
U. 8. NavaL MeEcicaL Researck Uit No, 2
Box 1%, APO San Francisco 96263

11, CONTROLLING OFFICE NAME AND ADDRESS 2. REFORT DAYE
CoMmaNS ING OFF (CER

NavaL MepicaL RESEARCH AND DEVELOPMENT COMMAND (N Nuuae%’%up'més'——’"__—_’

NaTionAL Naval Mepican CEnTERr, Brrucapa, MD 30mb
[ToRGHTTORING AGENCY HARE & KOORESS(I! Ailieront lrom Contolling Office) | 5. SECURITY CLASS. fof fhis por)

UNCLASS IF IED

{8a. DECL ASSIFICATION/DOUNGRADING
SCMEDULE

16. DISYRIBUTION STATYEMENRY (of thiv Report)

OisvrRiBUTION OF THI® DOCUME'NT I3 UNLIMITED

17. DISTRIBUTION SYATEMENT (of the abstract enterad in Biock 20, if dilferent trom Report)

Reproduced by

6. SUPPLEMENTARY NOTES |mégll%\w£1':l OTI\E:CS’E fg\?@i’

U S Department of Commercs
Springfield VA 22151
PUBLISHED IN SoUTHEAST ASIAN J, Trok, MED. Pua, Huts, 5(2): 190-196, June 1974

12, KEY WORDS (Continue on reveres side il neceasary and identily by block number)

Hypox 14
STAPH AUREUS

KLEBSIELLA PNEUMONIAE

Mice

20. ABSTRACT (Continue on sevarae alde If necessary snd (dentify by block number)

COMPARATIVE 3TUDIES OF THE EFFECT OF NYPOXIC STRE3S ON INFECTION WITH GRAM POSITIV
OR GRAM NEGATIVE BACYERIA WERE CONDUCTED, SURVIVAL TIMES OF MICE INFECTED WITH
ELTHER _5_. AUREUS OR !_(_. DNEUMONIAE WERE SIGNIFICANTLY EXTINDED BY TREATMENT WiTH
1“ OXYGEN BEQUN IMMED IATELY POST INFECTION, ULclLAYED TREATMENT WAS INEFFECTIVE,
Hypox 1A INDUCED 8Y 0.6 ATM, WAS DETRIMENTAL IN TREATMENT OF INFECTED MICE,

THIS LATTER TREATMENT HAD NO EFFECY Oit BACTERIAL COUNTS IN ORGANS OF INFEATED MICE
TREATHENT WITH 10’ OXYGEN DID, HOWEVTR, INCREASE NUMBERS & : L

0D S, ur3 ( UNCLASSIFIED

SECURITY CLASSIFICAYION OF THIS PAGE tiian Dais Entered)




UNCLASSIFIED.

SECURITY CLASSIFICATION OF THIS PAGE(T NG Date Buicred)

‘

g IN. LUNGS AND LUVERS OF INFECTED MICE, NO EFFECT OF THIS TREATMENT ON BACTERIAL
counTs wWAS JEEN IN MICE CHALLENGED WiTN Ko PNEUNONIAE., MICE WITH DIFFUSE TYRD
HAEMOGLOBIN WERE FOUND TO BE MORE RESISTANY TO BOTH INFECTIONS THAN ANIKALS WiTH
. THE SINGLE TYPE HAEMOGLOBIN, THUS, UNDER SOME CIRCUMSTANCES, HYPOXIA CAN

) FROLONG BURVIVAL TIMES OF MICE INFECTED WITH S. AUREUS OR K, PNEUMONIAt, AP
PARENTLY THROUGH EFFECTS ON HOST METABOLISM,

et g e e

UNCLASSIFIED

SECUNITY CLARKIFICATION OF YHIB PAGE(NA Data Kntered)

-—
-




Reprinted from

THE SOUTHEAST ASIAN JOURNAL
OF TROPICAL MEDICINE AND PUBLIC HEALTH

Vol. 5 No.2 June 1974

~ -

OFFICIAL PUBLICATION OF THE SEAMEQ
CENTRAL COORDINATING BOARD FOR .
TROPICAL MEDICINE AND PUBLIC HEALTH -~ .
v

BN

T T— i . _ s s Jv..’u,_-w.-.,.,,.w»“t. vt e




o

RO O U DR T

R R RN LA

EFFECTS OF HYPOXIC STRESS ON SURVIVAL TIMES OF MICE
INFECTED WITH EITHER STAPHYLOCOCCUS AUREUS OR
KLEBSIELLA PNEUMONIAE

RICHARD 1. WALKERY, ALBERT E. NEwW** and WEN-CHING WANG**¥

¥Naval Medica! R 3search Unit No. 2, Taipei, Taiwan and Immunology Division, Experimental
Pathology Depa/tment, Armed Forces Radiobiology Research Institute, Defense Nuclear
Agency, Bethesda, Maryland 20014, U.S.A. ** Veterinary Medicine Division, 6570 Aerospace
Medical Research Laboratory, Wright-Patterson AFB, Ohio 45433, US.A. *** Aerospace
Biomedical Center, Air Force General Hospital, P.O. Box 8037, Taipei, Taiwau,

INTRODUCTION

The host-microbial relationship may be
modified by hypoxia arising naturally or
under laboratory circumstances. Particular
attention has been directed toward effects of
hyperoxia and nypoxia on established in-
fections (Schmidt, 1969: Schmidt and Ball,
1970; Angrick et al, 1971). Since tissuc
hypoxia may be a major result ot circulatory
impairment associated with severe bacterial
infection (Sicgel o af, 1967; Duft et al.,
1969; Rhoden et al, 1969), attempts have
been made to alleviate this deficit through
treatment with supplementary oxygenation.

~(Blair ¢ al, 1964: Barnwell e al., 1966),
With acrobic microorganisms this approach -

is often ineffective.

In contrast, swrvival times may be pro-
longsd if the host animal is subjected to
hypoxic stress.  For exaniple, mice infected
with Staphylecoceus aureus have beon reported
to demonstrate significantly profonged survi-
val times following treatment with hypoxic
stress initiatad by Q.0 atm. or 109 oxygen

" This study was suf red !,hi’diigﬁ funds p’mvidcd )
by the Buresu of Medicine and Surgery, Navy

Department,

The restinch deseribed in this tepost involved

artipats  nwintained i animal care facilities fully
aceredired by the American Aswociation for Acics
ditation of Laborstory Animal Care. -

- The opinions and asséstions contained berein are
ttost of e authors and are not (o be consrued as

officinl o a8 reflocting the views of the Navy Depan.
ment or the Navat S':‘u’viw at lasg, y
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(Barnwell et al, 1966). This treatment
should contribute to tissue hypexia originat-
ing from infection, so the bencficial eflect
derived must be a result of alteration of
metabolic activitics which are of more im-
mediate importance to survivas,

Few attempts have been made to analyze
mechanisms by which hypoxic stress may
affect the infection process, Investigations

“of *"*3 type can provide an understanding of

some of the effects of hypoxic stress as well as
the importance of certain metabolic events

-associated with infection. The following

study was undertaken to determine the
effcets of hypoxic steess on survival times of
mice infected with 8. aureus or - Klebsiolla
prewronise. ' A

MATERIALS AND METHODS

- Tnfectini 2 8. awrous and K. prournonige from

I8 hour Brain Heurt Infusion broth culiures
were washed and resuspendod in saline at a
concentraticn f 109 viable cells per ml.

- Random-bred female Swiss mice ten weeks of
uge {25-30 gm) were inoculated intsaperiton-

cally with § e.mm of the bacterial suspension.

- Such Jarge doses are not tethal when the cels

are killed before inoculation and host res
ponses to the live cell injections msemble

- those associated with nuore natural infections.

 Teewtamat : Immediately following inecula-
_tion, mice weie ither exposed to 20%
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HyPoxiC STRESS AND BACTERIAL INFECTION

oxygen (room air) or to 109 oxygen in a
4-liter chamber through which oxygen-
nitrogen from a tank of premixed gas was fed
‘Fig. 1). Flow rate was adjusted to approxi-
mately 0.5 kg/cm/min and temperature
inside the bottle was the same as room
temperature.

Y

vig, |—Premixed 10, oxygen was passed through a
water trap into 4 liter boitles in which mice
wer contained.

Simutated altitude was achioved in a 6-man
cylindrical altitude chamber 12 feet in length
and 8 feet in diameter.  The ascending rate
of the chamber was 2000 fest per minute
until it reached 450 mmHg (approximately
13,500 feet) or 0.6 standayd atmosphere,
Ventilation of the chambor was continued
- through the course of the expariments.
Control mice were leld inmmediately outside
the chamber.
outside the chamber were identical, -

Survival time from infection untit death
was recarded for mice in cach of the expori.
mental groups and siguificaunce of the wiwan

was determined for the first 0%, of the wice

10 die.

Bactedolople exambmation: Organs removed

- Trom infected mive wers homogenized in
sterile sating, serially diluted, and plawd on
Brain Heart Infusion plates.  Cullures were
Quantitated after 18 hours, ,
Haemoplobln analysis: Blood was obiained

* from each moust by retvoorbilal bleeding and
allowed to clot.  Hacwioglobin types were

Vol. § Ne. 2 Juse BN
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Tamgeratures  inside ond

determined by vertical starch ‘gel electro-
phoresis using minor modifications of the
Smithies procedure (Bi~ckwell and Huang,
1965).

Statistical analysis : Significance of differ-
ences in surviva! times was determined by a
't test.

RESULTS

Mouse survival studies

Treatment with 109, oxygen immediately
after inoculation with S. gureus or K. pneir
monige was a significant factor in extending
survival times when compared to those of
cont:l mice breathing room air (Table 1)
In contrast, hypoxic stress initiated by reduc-
cd pressure (0.6 atm.) was not only ineffective
in extending survival times of mice infected
with either organism but actually shortened
survival times., When treatment with 109
oxygen was delayed 150 minutes after inocu-
lation ofinice with 8. aureus or K. prevmeniae
no significant alteration of survival tim: was
obtained {Table 2). Experiments with she
Smith strain of 3. awrens gave resulis identical
to those oblained with tho Giorgio straia.

. Eifects of byposta 0u crgan buctea) cousts

Quantitation of 8, aureus and A, preusio

“wiae in host tissue afler inoculation was

condusted in order to detect possible antis
bacterial ‘activity of hypoxie siwss, € e
parison of plute counts demtonstrated no
difference in numbers of vieble organisms in
fungs or livers of mice infected with K.
piaeumaonive nnd expossd to 10%; oxygen or
rormal room air (Table 3)  Pulmwnavy

~and hepatic tissue of mive eaposid to the
samg conditions and infioted with 8. aurens,

however, was more heavily invided following
hypoxic trestruent.  Freatnwent with 0.6
atin. had no appreciable cifect oa bacterad

counls.
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HYPOXIC STRESS AND BACTERIAL INFECTION

Table 2

Effect of delayed treatment® with 109 G, on survival times of mice infected with

Klebs:ella pneumomae or Staphylococcus aureus.

s. aureus K pneumoniae
MSTS0# 20% 02 10/., O; 2}21/00, 10% Oz -
721834211 2202427.2 27484657  272.0+39.2
No. Mice 20 19

*Treatment with hypoxic strcss begun 150 minutes followmg ng inoculation of mice witn n 109 viable organisms.
**Mean survival time (in minutes) for first 50% of the mice to die. Expressed as meant standard deviation,

Table 3

Bat.temu invasion® of livers and lungs of mwe exposed to hypoxxc stress

pneumwuae S aureus
20“0 0; 10% 03 20%03 10 /, 03
Liver l.4x 103 2x 108 1 Ox 107 l lx 10“
~ Lung 2.4x 108 37><10a 154108 9.0x 100

*Organismsimg hmnugemte obtained from aver age of viable couats of live,, or lungs from thice mice, S&milnr

muits wre obtained in mpcdted experimenis.

Relatioushlp of haemoglobin type to suscep-

tibility to lafectix

The clectrophoretic paiterns of haemoglo-

 bins for all mice tested fell- into two principal
- groups, single and diffuse, as described by

- previous workers (Schmnide and Ball, 1970);
" - the mitce with the single hacineglobiu patters
cornistituted 'npp"m\imatcly three-fourthy of

those tested, Both wajor haemoglobin groups
could be subdivided electrophoretically,
(Fig. 2), but, as a result of prelimingy studies,

wire only reganded s two groups on ;he

* basis of supvival,  Unteeated mice withthe
difuse b ogiobin  patiertn  were more
resistant to infection with 8. awrens oy K.
preimonies than tiose with the single patters

{Tablc 4).. Mice with cither single or diffuse

haentoglobin types vesponded to the  bene-

* ficiad eifec . of 109 oxygen ucmnwm afw'
infection with S, carews, -

val, & No. 2 M ioN

. 4F&2~E¥m§rapmmﬁcmtwmufumw

DISCUSSION .

mare resalt of infection, hyposde stress can,

il begin Betore infection i well estabtished;

affect: lethal events which wormally occcur

e iy i s Al
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Although tissue hypoxia may e an ultie
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Table 4
Relahonsh:p of haemoglobm typc and survxval tnmc“ followmg bactenal mfectnon

K. pneumomae
Smgle Type Dxﬂ‘use Type
254 4+54.9 299 6i60 0“

Survival Time
No. Samples 51

*Mecan survival time (in minutes) + standard deviation.

6 aureu.s'
Smgle Type Dnﬂ‘use Type

21. 6+104 248.7+17.5¢
45

**Siganiticantly different from sitigle type haemogiobin survival value (p < 0.05).

dependent regulation of enzyme activity has
been nreviously reported (Berry, 1971) and
could influence host survival by increasing
pools of certain esscntial enzymes. The
relativesy short time span of the experiments
in our study makes actual enzyme synthesis
unlikely. Activation of certain pre-existing
enzymos and alteration of metabolic or

physiologic processes normally present would

be a more probible occurrence.

The fact that 10% oxygen is cquivalent to

the hypoxic stress of a 5000 ft greater altitude
- than 0.6 atm. .may be responsible for the
differcnice obsesved in effect on survival times.
Provious investigations with S. aureds (Bara-
well er al, 1966) demonstrated. that pro- -

longed host-survival times couid be obtained
with cither degree of hypoxie steess and that
their effects wors additive. In an attempt to
explain this discrepancy. the Smith sirain

- of 8, aurews used in these investigations and
- the Giorgio strain reported fiere were com-
- pased in a ropeated set o) saivival axpetinents

using 0% oxygen and 0.6 ati, 43 tecatments.
Identical  results supporting  our  previous

“ubservations were abtained with both stvaius

of 8. aurous. This leaves the passibility that
differences o mwouse strains. used could
acoount for-variation jn vese'ts oblained,

Spevific adaptation to hyposiv streis could
prepare the host for infection:inducd hypo-
Cxda (ki er al, 1976; Finch and Lenfant.

1902), . For thiis teason fucters which regulate
194

haemoglobin affinity for oxygen were con-
sidered. A protective role for haemoglobin
oxygen affinity during infection was indi-
cated by the correlation between haemoglo-
bin type and syrvival time of untreated mice
following bacterial challenge, Physiologic
studics of the two hagmoglobin types should
be considered to determine if their oxygen
affinities are significantly different. A change
of one amino acid in the molecule could
affect the allosteriv response of the haemoglo-
hin molccwle to oxygen loading and other
ligands (Finch and Lenfant, 1972). Other
traits genetically associated with haemoglobin

could also Be responsibie for the enhanced -

© resistance (o infeetion.  IXsta in preparation,
- hawaver, will show that gt least part of the

;efi‘a‘,i of hypoxic aeawwat in infected ankinals

is through partind retardation of 2, "xdxp}tm.-

' -phaglyms'w dapkmﬂ. This depletion is

 knownr o oeeur during septic shoek (Oski

Ceboal, 1970) and its retardation would 3
- promote delivery of oxygan to host tissuc,

-(Eaton @i of, 1970; Baumani o al,, 1971).

Enhanced phogoeytic activity has beea
Csipgested a6 2 possible explanation for the
beireficial effects of hypoxic wealment on

- infection {Schmidt aud Ball, 1970). Alters-

tons of bucterial numbers, however, do not
seern-to aecount For effecte on survival times
veported heve.  Togreased siumbers of staphy-
lcoeel tn tssues of ritive trested with 0%
uxygen ray be more importaat in profonged,

sublethal ntections.  This vould explain why

- Vol § No. 2 Jowe 1998




HyPOX(C STRESS AND BACTERIAL INFECTION

hypoxia has been reported to adversely aftect
the healing rate of staphylococcal lesions
{Ball and Schmidt, 1971). Failure to find a
similar phenomenon dvuring infection with
K. pneumoniae indicates that specific charac-
teristics of the bacteria must also be consi-
dered. Clearance of staphyloccoci has been
reported to be inhibited by hypoxia, but the
same treatment had no effect on removal of
Proteus mirabilis from mouse lungs (Schmidt,
1969).

It can be concluded that artificially induced
hypoxiu, of suflicient degrec begun before
infection is well cstablished, can prolong
survival times of mice intected with S
aureus or KA. pneumonige, appareatly through
effects on host metabolism, '

SUMMARY

Comparative studies of the effcet of hypo-
xic styess on infection with gram positive or
gram negative  bhacteria were  conducted.
Supvival times of wice infeeted with either

S\ aureus O K. preumonige were significantly

extendad by treatment with 10% oxvgen
begun immedintely past nfection. - Delayed
treatment was inelfective. Hyposia indueed
by 0.6 atm, was deteimental in trestwment of

© nlected wice. Tids latter treatwent had no

effect on bactevial counss in organs of ins

fevied mice.  Treatimgot with 0% oxygen

did, howewer, increase numbers of S, aureis
i lungs and divers of infevted mive. No
Ceflect of dhis treatwient on Bacterial counts
©was seen ia mive challenged with K. peoursos
aiae,  Mice with Jiffuse type haemaglobin
were found to be more resistant (v both
miections than ani..als with the single type
twemoglobin,  Thus, under some crcums
staneds, hyposta can profong survival tinws
of mice infected with 8. aureus o & pireumo-
wige. apparenily through cficets on host
_mictabolism.
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