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1)lree years ago!, ·1 had cOJDJ;llênced work on this thesis.. The ex
periments inc1uded in this resear,cb· wer~ '~arried out in the 
McGill University Surgieal Clinic at the ,Montreal General Hospital. 

The area of res~arch in this thesis evo~ved around the efficiency 
of the a1veolar macrophages as" pr~JIlary antibacterial defenses. 
A variety of experiments were performed to test such an immune 
mechanism. f ; 

" 1 

The preli~inary results on the·effect of splenectomy ànd splenie 
auto-implantation on alveolar m~crophages were prese~ted at the. 
15th Annual meeting of the Assçciation of Academie Surgery 
(Chicago, 111.. N,ov. 1981). The .,tomplete work was 1ater presented 
at the American College of Surgeons, Co~mittee on Trauma, 62nd 
~nua1 meeting (Washington, D.C., March 1982). At this latter 
aeeting, during the residents' paper competition, the paper won 
an award. The full paper was publish~d in the Journal of Tra~ma 
23:7-12, 1983. 

In June of 1982, the results of the study on pu1monary bacterial 
clear~nce and. alveolar mac~ophage function in septic shock lung 
were presented at the Shock- Society 5th Annual meeting (Stowe, . 

, Vermont, June 1982). 

In October of 198" the effects of starva(Îon and refeeding on 
a1veolar macrophagr function was se1ected as one of the finalist 
papers to compete for the Cecile Lebmah Mayer Award, and was 
presented at the 48th Annua1 Scientific Assemb1y of the Ame~ican 
Col1ege of Chest Physicians. 

The results of the work on the effect of ateleetasis and re-
expansion of the 1ung on alveolar macrophage function was presented 
at tbe 14th World Congress on Diseases of the Chest (Toronto, 
Ont., October 1982). 

The results on the effect of Methylprednisolone on the lung host 
defe,nses was included in a study wbich was presented in the 
Transplantation Section of the 68th Annua! Clinical Congress of 
the American Col1ege-of Surgeons (Chicago, Ill., October 1982). ~ 
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The paper w~s pub~ished in"Surgieal Forum 33:338, 1982 ahd was 
, 

quoted in What' s New in Surgery. both at the lIeeting and in the 
Bulletin of the American Colle~e of Surgeons (January 19&3)\ 

Dr. Ray Chiu, .y~roj~êt dire~tor's influence and input on 
this study and me is beyond acknowledgement. 1 consider my
self one of the fev fortunate ~o be t~ught and advised by him 

\ . 
du~inl the execution of this ~o~k. His experience as a mentor 
and researcheréwhich he had kindly shared vith me"has reshaped 
ay surgica1 interest and led-ae to seek academic roots for ay 

surgieal pract\ice. 1 will Il ever be indebted to hi •• ~ 

br. David Mulder formulàted the basic plans for the~e studies 
and made possible the execution of this whole"project.' OYer 
the 1ast three years, these studies seemed like his own child~ 

1 

Even tbough his~busy schedule kept him at times avay. his 
direction, and encouragement and overall advice certainly 
matured this work. 1 am thankful for his support. 

Dr. A. Hope McAr~le" spent considerable tiae providing valuable 
advice on the performance of biochemical assays used in this 
study. Dr. Emil Skamene gave ma~y helpful suggestions }n 
relation to thé experimental method~. 1 vould iike to thank 
both o~f them. 

n 

The technical assistance of Ms. Daniêle Richer who spent .. ny 
hours with me during the performance of the neck aching phalO
cytic assays and Maureen Smith in providing excellent operating 
,room facilities are deeply appreciated. ,) 

1 would finally like to thank Mrs. Emma Lisi for the considerable 
aMount of energy and time spent in prèparing and typing tbis 
thesis. 

•• '~ tJ 

Hani Shennib 
16.5.83 

Montreal, Que. 
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ABSTRACT 

, . 

The baiic mechanisms underlying suseeptibilitf to"lung infection ........ ~ 

in certain clinical states, frequently compli,cated with~pulmonary 
infections;rema1ns uncertain. In this,study, a thorQug~ review 
of pUl,monar' immune functions was \1ndertaken. The raIe played 
by the alveolar macrophage in maintenance of immune competenc~ 
was emp'has ~zed. 

Alveolar macrophage funetions were examined after establishing ., 
models of respiratory distress syndrome, lung atelectasis, 

~ 

starvation, administration of-pharmacological doses of cortico-.. 
steroids, and sp,l,enectomy; the latter condition recagnize'd to 
predispo~e to pneumonia and overwhelming fatal bacteremia. 

Broncho-alveolar lavage~cells were analyzed and alveolar macro
phages were examined with particular interest in ·their aorpho
IOlieal and functional charaeters. Methods for studying their 
phagoeytic and" bactericidal acttvities were developed._ 

Alveola~ macrQphage dysfunction was identified in septic, .hock 
~UDIS and in atelect,ie luag sepents. 'Mechanie~l expansion of 
the.,lUn&s and supply of oxYien resulted iO fUllctioD!l recovery 
of thes. cells. 

'Splenectoay result.d in a,., bac~.ri.l .peeies &ad type speclEic 
alteration of alveolar .. cropha._ phaJOCytic ability. ,-tOJ8ftOUs 
splenic peritoneal iapl .... tation reversecl this .. cropus- 4y.
function. 

Starvation depre.s.a alveolar aacrophale phalocytic aetivity ... 
r.feedial was .slociated vith a delay in their recovery~ Fiaal1, • 
• bort-tera hi,h jose corticoateroids did Dot affect the .. cro
Phales up to • dose of 30 -a/kg body weight for 48 hours. 

These studies will not only help.under~taDa the etiolo&y of tUDI 
susèeptibility to infection under 5i~itar_clinical cir~t.aces, 
but will 5ulaest basic concepts in its prevention. 

• f , 
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Les mécanismes de base prfdisposant Al' infection pulmonaire 
dans èertains états cliniques fréquemment compliquês par de ' 
tels'infections demeurrent inconnus. Dans cette étude, une 
rèvision compl~t~ des fonctions immunitaires pulmonaire a ~tê 
conduite. Le rOle jouE par le macrophage alvEolaire dans la 
Jqaintenance de cet êtat immunitaire a 'surtout été considéré. 

, " 
Les fonctions du macrophage alvéolaire ont' ét~ étudiés apr~s 
avoir établi des mod~les pour le syndrome de détresse respiratorie. 
a[lt6lectasïe pulin~aire. jeOne, administration de doses pharmaco
log igues de corticos~éroides et splénectomie; cette dernière 
condition étant recobn~e pour son association 'fréquente avec les 
pneumonies et bactériémies fatales. 

Des cellules de lavafe broncho-alvéolaire ont été étudiées et 
les .. çrophages alvéolair06 furent examinés avec un int6rèt . . .-

particulier quant A leurs caract~res morphologigues et 
fonctionnels. Des méthodes permettant d'étudier leurs activités 
pha.ocytiques et bactéricides fur~nt développées. 

~ 

Un .. lfoBetionne.ent du.aacropha.e alv60laire a été identifi' 
dans les pouaons de choc septique et dans les segaents pul_onaire 
at.lectasiques. L'expansion .6cuique do' ces- pouaons. de _a. , 
que l'JfPort d'oxy.~ne r'sulta en le'recouvreaent fonctionnel 
de. ces -cellules • 

.. 10ft l'a,e de l' iadl yida. la spl~ctoai. r'sul tat eD 1'.1 t'ra tion 

.. l'aldtit' pha,ocytaire du ucroplulae, cette fODetioR 'tant 

.pkifique poUl' cha.. e.pke et type \le bact'ri's., L' ia,lantation 
plrit ... l. cie -fra_t. Spl'Dique auto, ... reDv~rsa cet-te ,Iis-
foactioa du '-.cropIlaJe. . t ~ , 

~ 

Le j'ua. d1lliaua 1 t activit' phaaëtcytique du NCropha,. alv'oiaire 
.t -l' .pport ."tri ticmael fut ... bdf l ·ua cl.l.i-...... t ,1 leur 
rIc~ratioD.· 'i .. l1 .... t. l· ... ini.~r.~iOD 1 COUl't-ter.e •• 

qorticost'roi •• Il' affecta p~s les aacrop~aes. et ce jusqu'a 
.. 40.é cie 30 -,/ke de poids corporel, pDqr une p6riode de 48 lin. 

-Ces 'tudes I!e vont pas s.ul .... t aid.r.,fl,Qant l' la COllpr6h~siOD '.
de l 'ttiololie de la susceptibj,lit6 pul_Onaire l l' infec:tiolt-etl . ~ 

des circonstances 'cliniques .iailaires. Mis perwettroat .'eJlYi.apT 
ctes concept. de base qunt l sa pr'veatiOil. ' 

1 
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1. 
-LU8G SUSCEPTIIILITY TO INFECTION IN THE SURGIC~ PATIENT 

Tllere is no doubt that the aere adaissioD of suraieal patients 
to the ho,pita! Tenders the. 5u5ceptibie to infection (155). 

Ho~pitals, frequently eontaininl threatening reservoirs of patho
,_nie .ierohes, render its population at 'a, hiaher rist of infection 
than that of the community at large. 

At the Center for Disesse Control. an adjusted rate of aIl types 
of nosoeoaial infections was 3.5\ (304). The lover respiratory 
tract was found to be involved in 15\ of nOloeo.lal infections in 
.0 NNIS H05plta15(1I). In another study vith siai!Ar results (304), 
'S~, of nosotoaial lover respiratory tract infections were caused by 
a.rObic JT"-De,.tiv~ bacil!i. The latter findinl was .aain de~n
s,rated in the study done at the St. Vincent Hospital and Medical 
Center (1975). where ar .. -nelative bacilli such as Eschericbia coli, 
~leb.iella pneu.onia and Pseudoaoaas aeru,iDOs. vere the c~n 
patlio.ens in nosoeoaial re~piratory tract infections (155·). 

la tb. intensi.e care units. th_ iDeid.ace of-lower respiratory . 
tract infect!. is ana -.cb Iliper. il "tailed "Alysis o.~ .. 
tateDSi •• ~car. uait exPert_ce vith pa ___ la at the "th Isra.l 
IIospi tal iD Bosto. s ...... tut in A 30 IIOBth ,.riod. 151 epis"s 

of pIleullDaiA occur!,ed ..... 7~1 ,ati_ts "ltte. to th. lat •• l" 
ca ... UIlit. aD 1.cicl.*c~ of ZI.6' (472)" 

It 1. DOW cIo_tN tlt.at DOlocoalaJ, .. ___ ta i. piiMril"a proltl • 
• _ o:a the -.lical set'Yic... A report f.,. t" Ce.ter for Di ..... 

: ~lItrol (1971) i.-'icated tut tu rat. of .osocc.ial ,..~la. 
on tlle _clie.l ... sul'.ieal seryic.. ..... el1aoSt i"'ticil. tllat 
is, "t". •• - 75 to .~ pel' 10.000 -p.tint. tiachar"l (15). la H

ot_r aulysla '" weaze1 et al 'f~ t. Uainrslty of Yir,181a. . -, 
ta. .. ~ .. t (1.14) of patteau wIlo .... 1 .... aosocaeial. palMaa.." . 
W.Uou _ ·tJaeir •• erala sur,ieal Hrricn .ze ..... tllat (O.") 

of pati •• ts '* tu Melleal •• rYices (_). Perbaps tlae fact tllat 
• 1er.. .....1' of .ur,ical--patlnts .... 1"10 sur.a'Y" ... of t .... 

. wJao cio 15' will "ft1op post-operati.e pullloaary co.plicatiOlll (3ft) • 

• ttri .... t.. larply ia ulatalaina t" iacide.ce of iaf~tion 111 th 
" .. ita1i'" pati_ts at such reporte. lev.ls • . 

• --- --------- ---------------

1 

1 
1 
1 

\ 
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SOURCE AJII) CIlAltNEL OF INFECTION IN THE SURGICAL PATIENT , 

Iahal" Bacteria 

The pul.anàry alveolar surface vith soa. 90 .- exposed ta tfie 
environaent i5 vulnerable to injury by aIl .... er of aitborn 

• a.ents ( 60). The surlical patients br nature of their il1De •• 
and its· .. na •• aent are not infrequèntly expose. to otherwis. . -
unusual sources of infection; these adi to the ordinary Way. 
of exposure to p.tholenic organisa in the patients in .... r.l. , 
Oropharyn,eal Inhabitants 

It is believe. that ~st bacter!.l pD.u.DDias are u.ually due 
to the aspiration of .icro-orlan~s~s tbat .. ke up oropha.,â ••• l 
flora ( 133). Pcrups the work of JoU,nson et al pr ••• nts a 

• '" tl \ 

%. 

IIOS't convincinl eyidence of this theory. S~Ud,iaa,·th. relation-
ship bet.een colonization of the orop~rynx and the de •• lop •• at 
Qf 'pàeuaonia in his aedic.l intensive c.re pati.nts. tbef sbov" 

1 that-95 patieat. (45') bec:_ coloais" vitla Ir .. -.... ti .. 'Hcilli., 
~ and that %6 de •• loped Ira-aelati •• pà.uaoaia. Out of tIae lett81'. 

• 
'. 

ZZ vere alr.ady -c!,loniaecl vith d;re S_ o-:_i.... na •• tutly 
4eao.strated th.t Z], of cOloni&ed patieata .... 1 .... DOsocoalal 
~spiratory tract 'i.fectioa ia c ....... 1SOll Ut'oal, si Of tJae _
colonized pati •• ts (m) • 

V_tilatory Sumrt Epi,.., 
• 

) , 

s.Yere outbr.ats of .r .. -..... t4.Ye Ncl1Uq,.. . s.:ta -_Metal" 
vith, th. use of coata.iaat" .... llaer ..... iwocally ...... tr.t •• d.. iaportuce of recopiaial suc, _rc~ • ., i*fect-iOO. Epideaics 
bf pneUllOala c...... .,. n"'.iella, pne ... t.... 's ... 401lO.e. aeruliao •• 
aM, s.rratia _rcesceas lia •• beea fOUll'd to result frOlÎ cOftt .. in.tioa 

Il ,_ -

of ult .... oaic ad resenoir .ebulization equipaellt -{ 185, 397. 4Oa. 
1 • 

.. iaarl .t al ~.trat •• a relationship betveen pathological 
·eYi ... ct of aecrotiziDI pneu.onia at autopsy and th. use' of'nebulizer 
~rapy (~); Pierce and co-authors reported.that aerosol res.r-

, . 
,voir. were frequently. extensively·conta.inated vith Aerobic Iraa
.... tiye rods and tbat the routine rinsing of nebulizers vith acetic 

-acid had led to a decline in the incidence of aecrotizin. lr.a~ -
a •• ative bacillary pneuaon!. n~ticed ~t. au tops, (366). 

l, 

1 
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3. 

It i •• fortUflate tlaat vitla' the ••• r ..... of the ha,.rd. of 
extriasic coataaiaatioa of YeAtilatory support equipaent error • 
... br.aks iD "cODt .. ia.ti~n procedures persiste 

AsRiratiOD 
", 

\ 

Aspiration as a ,possible c.use of bacterial' .vailabil'ity in the 
lua,. is evident,by tr.cial the leatale of sensitive asriers . -

SUC~ as Ev .. s blue and radio-isotope into the lover respiratory 
tract... Of interest i5 the findina that 69\ of 61 patients vith 
tracheo.taies ( 79) .nd 40\ of 100 patients wi th endotracheal 
-tubes in place USa) do .spirate; and perMps aore in,terestin. 
i. tk. ob.ervation by Huxley et ai which shows that even norasl 
voluat .. r. (45') aspirate vhile in \a deep sleep (229). 

Sac" prevalenee of a leakaae phenoaenon whea cons~dered to,ether 
~th the fact ihat bacteri. are not eUltiyabie fra. the Doraal 

L tua,.. [~). reflect. the ~f'fiei.ncy of the aechanis.s br vhieh 
. cl.araac. of th.~ iIlvadia •• iero-orlanis.s i. perfo1'Jl~d. 'It 

-

• 

..... r. ~hat it ia not the qu_Iity an~ quantity of the bacterial 
taoculua per se that det.raines the outco.e of aDy aspiration. 
Pactof' rel.t" to the .-ount. coaposition and ~haracters' of ·the 
aspirat. fr ..... tly deteradne the fate of the pathogeD host inter-
reactio. (-1113): ,.j 

• 
,,;. , 

Pro. f .. aicrobioloaical point of view. bacterial pneu.onias differ 
strlkiD.ly aecordin. to vhether a~piration has occurred within or . 
outai" th~ hO,spital; the 'causative organisa in each of the cases 
reflects the oropb~ryngeal inhabitants. While ~t is the strepto
coccus pDeuaonia which prevales as an inhabitant of the oropharynx 

, , 
~ the co.aunity acquired pneumonia patients (526). it is the graa-
.el.tive bacilli which are frequently isplated and found to be
respoll5ible for nosocoaial pneumonias ( 237). 

oilldeed. it seea;; that the hilb frequency of nosoco.ial pneuao,nias 
due to gram-negative bacilli is but a probablé reflection of the 
increased prev.lence of such orlani •• s as oropharyngeal, inhabitahts 
in hospitalized patients. 
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ID the ca..unitr in leneral.- a~out 25' only of Doraal pèrsons 
~rbor cr .. -nelative baeilli in their oropharynx at any given 
tt.e (231), whi1e 40 to 70\ have streptococcus pneuaoniae (526). 

The alteration of oropharyngeal flora no~ieed when the patient 
i. hospit.l~ze4. in itself, seeas to he very aueh deterained br 
the state of the patiènt hiaself. In an extensive analysi~ by 
Johanson and his eo:workers, the prevalenc~ of graa-negative. 

" 

bacilli in the oropharYDgèal flôra was found'to eorrelate directly 
vith the se~erity of the underlying illness. but no correlation 
va. detee~ed vith the typ~ of therapy. vhether this was inhalàtion 
tberapy, antibioties or others. nor vith the duration of stay of 

, r 

tbe patient ~n the hospital (237). In agreeaent vith this, 
MacKowiak et al'rep~rted a signifieantly hi.her prevalenee of 

" ' ar .. -ne.ative baci1li in the pharyngeal flora of alcoholics and 
4iabeties co~ared vith that of normal controls. In an atte~t 
to ide~tify the origin and mechanism of ;lteration in. the baeterial 
flora of ~h~ respira tory trac~ ob5erved in the hospitalized patients, 
Atherton and White vere able to trace the colonization 9f the 
respiratory.tract in intub.ted or tracheosto.ized patients to 
.a.tric overgrowtb (> 105/ml) of tbese organisms when ileus';as 
pre.ent ( 17). 

Distant Focu~, 

If a distant focus of infection exists. the risk of developina . . 
, paeuaonia i5 certainly present. This beco.es more obVious when 

the distant infection is,-that of -. rall-negative baci.lli and' fs 
'\ •• so,~iated ~ith bactere..da, such as in E. c~li pneWlonia durinl 

pyelonephritis or pseudo.onas pneuaonia in patients vith serious 
burn wound- sepsi~ ( 133)'. 

With the recognition of tbe strona lint bet.een sepsis and pul-
80nary failure," the reaote effects of a distant infection, par
ticularly abdo.ina! sepsis. bec ... obvious." Eisaan et al studied 
42 patients'recolnized as haviR. ~ltiple organ failure (havina 
sianifieant failure of two or aore eritical organ syste.s includinc 

l ,.~ 

lungs, kidneys. liver, blood clottin. syst .. and .astro-intestinal 
tract), bacterial.sepsis was present"in 29. aIl of.which exeept 7 
vere of intra-ab4011inal location ( 13fD. 

, ' 
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THE HOST DEFENSBS IN THE SURGICAL PATIBNT 

lu the critically injured patient in spite of the progres$ in 
.. , (J 

knowledle of bio.edieal. supportive and anti-microbial manage-
•• ut, infection still stands ds the resilient major factor, 
uintainina' the survival rates in \,those patients lolho develop 
bace.reaia at the status quo figures. The cause of late death 
id" Juch cases is usually proaressivè organ failure (423). 

- .." ....,.~ t. 
'tr . 

~st resistance to sepsis in patients after severe aultiple 
trauaa, burn injury~ or major'surgical procedures is of gr.at 
clinical importance. The deterioration of host resistance in 
th •• e patients if not indirectly responsible for death, is a 
.. jor etioloaical factor in the hiah aorbidity encountered in 

1 such conditions. 

leview of literature to this date suggèsts that followina a 
. sublethal shock. the reticuloendothelial system undergOes 
phasic changes characterized by an early phagocytic depression 

)' .ad subsequent period of reeovery which is the~ followed by 

transient stimulation (11.12.250.421.422' ). However, when 
shock is severe and Irreversible, there i~ a progressive de
torioration of the reticuloendothelial system. 

t 
Altura et al deaoDstrated a statistical correlation between 
r.covory of the reticuloendothelial s~ste. and the survival 

h 

rates after acute hemorrhage (12). In his experiment, ani.als 
that failed to manifest an early tendeney towards reeovery of 
its reticuloendothelial functions progressively deteriorated 
and died. 

l· 

Saba et al (317) de.onstrated that patients who did Dot survive 
trawu hact a persistent hWlOral opsonic defect: Those vho 
restored their .plas.. opsonie c2 S& glycoprotein levels in a 
fe ... days went into stabilization of thelr clinical condition 
and ~ecoverY9 even though the extent of their in jury at the' 
onset vas indistinguishable fro. that of the non-survivors. 
while iapairaent of the reticul,,?endothel:ia~ pha.ocytic activity 

, . .... ~ 
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hal been weil observed with different types of trauma, addi-
tional deterioration of host defenses can further be expected 
by the occurrence of sepsis itself (423). 

Whi'!e lIluch of the researCh done to explain the high suscepti
bility to infection jn the traumatized patient is directed to
wards examining the systemic host defenses, little""is known on lb, 

" .. 
the effect of trauma and sepsis on local cellurar defenses of • 
different tissues. The local cellular immune response of the , , . 'l 
lung in trauma and sepsis ,bas been, efther neglected or arbitrarily 
presumeg to be of a similar nature to that of the other non-
specifie cellular immune response. ~ 

Of the fpw studies in this area i5 that of Grogan et al in' . . 
which sublethal sbock induced by tumbling Tabblts in a modified 
Hoble Collip drum had ~ depressing effect on the bac~ericidal ,. 
aetivity of the alveçIar macrophages. However, this depr~ssion 

" 

" was transient and was not associated with a similar cbange in 
the phagocytic activity (188). When the same group s:tudi~d th~ 
sa.e effect on tats~ an~ increasè in both the phagocytic and 
bactericidal activity was noticed one hour fol1owing trauma . , ~ 

followed by a graduaI return to baseline activity in 24 ho~rs. 
Another report by Gudewicz et al working on their favorite 
auinea pig model demonstrated an opposite effect of shock on 
the bactericid~l activity of the alveolar macrophages (192). 
This discrepancy in the response of the alveolar macrophage to 
.xp~rimental trauma and shock may be ex~ained by the variation' 
in both the animal speci;s and the experiaental design used in 
their experiments. 

Studying the effect of blunt trauaa OD the host defonses. 
Christou et al detected an abnoraality of polymorpbonuclear 
'leuko~yte cheaotaxis and adherenc~ithin 2 hours of in jury. 
The depression in tbe neutrophi l che.ataxis was. found 'to be 

- due to circulatina blood factors of JaOlecular weights dis-' 
tributed in at least 5 compart.onts rangiDI fr~ 800~ to > 
400.000 daltons (90). ID a previously dated study. Me.kins 

l' 

1 
1 
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and co-workers used skin testirtg with 5 standard réea11 antigens 
1 

to assess ~he effect of trauma oh cellular immunity. They ob-
C) servçd ~hat those patients ~ho responded to less than 2 antigens 

had a significantly higher rate of sepsis and mortality. When 
they examined the chemotactic funetion of the neutrophils, they 

) 

- , 

found it tO.be significan~ly lower than normal in the severely, 
traumati~ed pàtients and h~d 
their patients (317). ' 

. . 
retûrned to normal wlth recovery of 

SinCe recr~itment of poiymorphonuclear,beukocytes is essential 
t~ the lung host defense against inYading~pathogens, 'it seems 
logical that such an observation of depressed recruitment rnay 
play ,a Tole·în lncreasing the ris~ of 1ung infection early in . '\ 
the pO$t-traumatic periode 1t may al 50 be suggested that a delay 

- . 
in the recov~ry of polymorphonuclear leukocyte_function _ay_ 

, potenti~te the development of .• progressive lung lesion, such 
11 _~ 

as in the sh~ck lung. 

ADULT RESPIRATORY DISTRESS SYNDROME 

The .ost sever, impact of trauma and sepsis on the pul.oDary 
system 1s its failure manifested clinically as the Adult Re
spiratory Distress Syndrome CARDS). Fulton et al (157) emphasized 
the significance of ~epsis 1n the etio10gy and progress of ARDS. 
Studying 44 patients who d~veloped post-traumatic pulmonary 
failure,'he noted tha~ ~epsis singled other factors~such as ,hock 
or massive fluid therapy in remaining a strong correlate to such 
failure.' He also reported that in 45\ of those patients with 
post-traumatic pulmonary failure, the lung was the primary site 
of infection and in lflnotber 40\. lung inf~ction was secondat'y to 
intra~abdominal sepsis. ,Finally. it was noted that the critical 
tiae where a septic àpex was often reached was .the third to-f~fth 
4ay after in~ury which was also the time that p~monary failure 
frequently manifests. A signifieant correlation between post-

..) ~ ,,-
trauaatic pulmonary insufficiency and hemorrhagic shock in the 
absence of sepsis was never found (157). 

Experimentally. using a cecal ligation model of intra-abdoainal 
sepsi!. Clowes et al produced put.onary insufficiency in one of 

/ 

"', 

. ' 

" 

, 
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th.ir dOIs (9%). , 

8. 

, _lIft4or~iJlI the i.portance- ôf sepsis in its assoc~.tion vith AIlDS. 
~.lto and his co-workers (490) deaonstrated that sepsis vas present 
iD 1" of tbeir post-trauaatie pulmonary insufficiency P4tients. 

• • " 1. 
ana Horovitz et al added that thoracic in jury as weIl as sepsis 

, . 
-- 'wère •• jor factors ~in the cause of post:-traumati.c pu 1110nat y in-
~ 

sufficiency in their aroup of patients (2'15). _ 

,Por a period of time, the inerease in the lung,water cOntent 
secondary to a crystalloid load observed in the AkDS patients 

fi " 

ris thought:to be responsible for its developlllent. Havever, 
titis was noted to ~ a trusient phen01len~n and in the ab,ence 
of sepsis, no pati~nt receiving massive fluid loads re~ed 

.•• sisted re;piration' for more than 4 ~ays (151). 
> - • 

, 

Th. effect of bacteyeaia on the luna vascular permeability wa •. 
. • tùcli~d.· by Bri,h .. and co-workers who deve,lopeA an exce~lent ~del 

~ Il f , • 

,for ftudyin, peraeability edema. The slow intravenous infusion of 
10'-10' P~eudo.oDaslaerulinosa Orlanisas suspended in 100-500 al 

of saline' o~r '30 ta 90 _inutes resulted in an inereased pul.anary 
y.scular perMe.bility to protein in_sheep. However, the influx of 
f~u14 and protein, a result~f tHe infusion of such a dose of 

',..u4o.ona. aeru.inosa, was associated with an increased ~le.ra~e 
- ,~1. tUllI l~hatics. They_also noted tbat 2 of.~ infused sheep 

cil_ of pulaonary edella an~ anqther which was tilled 'lat 6 .~ours 
.- afier Pseu40aouas infusion had distinètly elevated lun, water c.DJl-' 

'tat. (10). Whl1. the authors eaphasized that their IIOdel ~as tittt 
of • rev.rsibl~ aeabrane leaka,. and bec.us. of the variation in 
the lo, of bacteria infused, it _ay be poss~ble to .petulate that 
tâa •• sh •• p wki~h developed q aarked edé .. and died vere the one. 
'~ch had a lar.er dos. of the bacteri.l infusion, resultina i~ A. 

exte.sive lURa ... brane daaa,e, the .... defect observed in ARDS. 

lecently, Crocker et al demonstrated that continuous infusion 
o~ Pseudo.onas aoru,inosa into pigs causes dose-dependent pul-

-

~ry failure (19l~13~). When a bacterial infusion identical 
ta the one ~hich induced pulmonary failure in pigs was infusecl 
lft~o dO,s, they were unable to p~oduce a siaiJar effect (100). 

.. 

, 

1 
1 
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Sinee thi. ftn41nl was a •• ociat" vith a ... i ... reteatioa of 
becteria in the 111ft" of" the pli' coapared t~ lliaiJlal rethtiOil 
in the tun,s of the dOIS. tbey cOliclucled tut both lune clearaace 

- -

01 blood borne orlanis~ and bactere.i~-induced pul~fta~ f.ilu~ 
vere host depe~dent, a conclusion vhich viII st.ply continue th. 
arauaent in the literature in searchin, for the ri&bt ani •• 1 8Od.l • 

... 
, . 

Hovaver, the fact that araa-ne,ative bactere.ia .. y produce ARDS 
, ' 

i. eyident by the c1inical observation of Kaplan et al (251) who: 
identified 20 cases ---of ARDS in 86 patients lIith 'ra-•••• tive 
bactereai_. 
, ' 

Whi!e aany iAye.tiaators ha.e, l'epeateclly deIIoastratecl tUt cir
cul.tin, bacteria are~predoai~eDtly (60 to 90') cl •• rel by t" 
liver and spl.en vith .ini .. l or do cl.arance br ~he luaa (3~. 
204,309.405. 40'~) -: Crocter et al obse~.d· a relatively c01lsiaJlt 
low pulmo~ry ~earan~e rate of 20\ of eirculatiD, bacteri. ta 
th~ do,s and aD lnitisllY hillier'pu~aonary clearance (56 to 63\) 
fo110wed' by a iSec:\ine- te> 35-\ clearaDce in pilS duriDI • 6 ·boar " 
periad of Pseudo~na5 aeruainosa infusion. ~es. findin,. 

. iftdieate a .peêies variatioD ib the ·ability of the tUDls to cl .. .,. 
circulatin. bacteria. 

Althouah it _ay be-fea.ible 1:0 coaclude t&at the clearance ability 
of the liver bd spleen i~ • teIleetioa of its uc'rOpha.e 'Ulo- ' 
c:ytic function (420), ,such an assuapti"oll could Dot be justifie4 
i~the ca.e of.the lunl ~hich doe. Dot cOD.ti~ute a .. jar part of 
~be reticuloendothe1ial 51ste. and h •• ·• relat[v.ly ... ller ~r 
of .. c~oph_les co-,ared ~ô the liver and spleen. 

Due- to the multiplicity of factors which-dete~iDe the ~t . , 
of'cl~arance of a circulatinl particul.te by the ~I.or any .-
other orlU, it 15 difficult- to conclucle that Pha.ocyto.is by . 
the .anonuclear cells' i_ the solè cl •• ri .... chani... Other . -

deterainiJlI f'ctors .. y inc1uel. the aaoUnt~~ :nature aBcl' propert:i •• 
of th! circulatin, particulate. the lenerat state of th. ani .. 1 
ex .. in.ct and the anato.ic. heaodynaale anël cellular charecteTiz.tioa 
of •• ch of the clearina oraans (3l,7~.100.20A.309,40S,420.42l). 

') J tI -

, . . 
th ••• chan1sa: by whidl" the bactetiwr dg.ges -the _~branes and. ., 
p-roduces ... brane leaJeaJe edema' whièlt aay pro,ress :further, to , 

.-

, 
: 1 

! 
1 



, ,. --_._-_ .. -.---

• 

10. 

resul~ in re.pir.tory lasufficiency ls not yet clear. 

çg.pl~t-Induced Pulaonary Leukosta.sls 
, 1 

A cardinal histolo,lcal feature of eArly ARDS 15 the plullin, of 
pul.oaary .icrovascul.ture vith ,ranulocytes (429). This event 
5-...4 to be associated vith activation of the fiEth coaple .. nt. 
the lat~r in itself occurrins vith severe trauaa. gr .. -negative 
bact.r~ia. acute p~creatiti5 and other patholPlical states which 
., induce ARDS (2Sl) • 

• 
lecently. Jacob et al de.onstrated that brief bolus infusion of 
CS. in avake sheep in whicb pul.anary l~h efflux vas harvested 
rapidly produced proteinaceGUS pu~.an.ry.ede .. as .ell as pul.onary 
..".I"t .. si~n aDd hypo~_i. (ARDS).· When the ani .. ls vere rendered , . 
a.raaulocytic. they vithstood c~l ... nt challenge vithout pul.onary .. 
..... d .. elopinl. indicatinl the ~ortance of the aranulocytes in 
the ..chani .. of endothelial injury (231). The {.ct that such a 

~iDàtion of CS. ~na IranUI0CYtes~ould produce ~cytotoxic effect 
.. s' dellOnstr.ted, in a culture of uabi~c.l veiD endotbelial cells. 
CSa .. s de.oD.tr.~.d to wort bath by prd.otina .ranulôcyte adherence . . 
a4 its stt.llatiOll to produe:e toxie: oxy, ... radie:les. Tbe addition 
of oxy.en detoxifyinl enzyaes to tlle e:Ul ture prevented CSa iDduc:ecl 
.. dotbe~ial ~Î. (427). 

, , 

,la b1.an, prolOD,ecl circulation of CS. vas "tect" IL the p1as. 

of .re th .. 30 reeeutly stuclied pat.iee.ts vith AI.DS (%31). ln 9 

patie.ts, e:ircul~~inl CSa ,ppea~e. at least 6 hours prior to tne 
cIiaieaI detectioa of pul.onary dysfunetioa (SOS). 

, 

~reo~er. the e:oas~tion of OP'ODtD~ in leukostasis ~~result . .. 
in tbe cripplia, of· the reticuloeaaothelial phaaocytie: abilit1. 
be:reasin, the susceptibility of tu patift1lt to ... ariety of . 
stresses. salta postutated that'~ if tlut retlcul~theli.l .. y.t_ 
failure co~.xl.ts vith an exe:e.siye,elevation-in the blood 1 ... Î . 

of po~~iaIIY pha,oëytizabl. partieulate .. ~er. a p~loa." 1'8-

tution of .uch sultstance. ia the bloo4 aad .. acc_tute. pulaoa.ary 
aM peripheral e:irculatory .1~lizatiOft _y 'rHult (423), t .... ..w-
:Lnl to the burelea ia_ecl .., CS.' activat" leukocyte ........ t ... 
th~-,~ lUD.1 enclot_li..... ..' ' " . 
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Pulmonary Edema ' 
J i'" 

Beçause bacterial pneumonia often compli~àtes pu1monary congestive . , -; 

states l 114,316), lung edema fluid was thought to predispose the 
lung to infection by depressing its defense mechanisms and/or Dy 
provi~g a nourish~ng medium for bacterial prolifefation C 27~. 

Inducing pulmonary edema in mice with graded doses of purified 
a-naphthyl thiourea CANTU), and in rats by surgical constriction 
of the abdominal aorta, LaForce and his co-workers demonstrated . -
a diminished pulmonary clearance of radio-Iabelled Staphylococcus 

\ 

aureus 4 hours afters its aeros91ization. This depression of 
lung bacterial clearance was found to be directly related to the 
amo~nt of accumulating intra-pulmonary fluide They were also able 
to d~monstra~e that the in vitro phagocytic activity of alveolar 
~acrophages against Staphylococcus albus had decreased significantly 
in the· pulmonar,y edematous animaIs ( 278). 

However, Harris et al presentéd evidence that proteinaceous intra
alveolar fluid, as in that induce~ by a-naphthyl ~hiourea, does 

• > " not impair cle~rance as previously tbought t but in fact t May e'n-
hance the clearance of certain bacterial species (202)~ 

Whether~pulmonary sepsis proceeds or follows the,onset of pulmonàry 
, . 

edema seems 'to vary from one clin.icai condition. to another. A 
proper understanding of the type and pathophysiologic progression 
of pulmonary eaema. is af most importance in iden~ify.ing w~e~ and 
bow alteratiQns in lung immune r,esponses occur if-any. , 

There is no doubt that our- un4erstanding of the mechanisms of' the 
dévelopment of,pul~onary edema has broadened, signifi~antly in the 
last decade. , In typical cardiog~nic pulmonary edema 9 recrui tment , ). 

of the capillary bed as weIl as an increase in the connective 
forces resuit in an increase in flux per unit surface area t6~. 

142). ln the non-cardiogenic, type of pulmonary edema~ 'impairment.' 
of the normal 0 Ilolecular ~ieving ,f~ncti~n of the ~ndotbelial m"m- . 
brane results in flooding of the' interstitium with oncotlc active 
proteins (67, 495). 

.r 
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Carlson et al ( dl) analysed the pulmonary edema fluid in 37 
patients with fulminant pulmonary edema. He noted that in 22 

of these patients multiple causes of edema were implicated in 
each case. These included shock, aspiration, bacteremia, near 
drowning, coagulopathy drug overdose and pulrnonary embolism; 
left ventricular failure was also a contributing factor in sorne 
of )'Kese patients. Tbe data also suggested that when a high 
clntent of protein is found in the edema fluid. the pulmonary 
microvascular membrane would probably be darnaged and the edema 
should be expected to be more severe. Hence, permeability edema 
has been identified experimentally by an increase in the lung 
lymph flow or lung water content which should contain plasma 
proteins at concentrations higher than expected ( 70.495~ 

As the water capacitance of the lung always exceeds its normal 
l 

water content, considerable increase in the extra-vascular lung 
water can occur before flooding of the alveoli would result in 
disturbance of respiratory gas exchange (46n. During this period, 
detection of !uch edema would allow early and aggressive therapy 
before the appeaTance-of significant tlinical symptoms. 

Gorin et al described a non-invasive method for estimating trans
vascular protein flux in the lungs of experimental animaIs and 
recent ly in normal man (270). T-his method is based on the aeasure
ment of the net trans-vascular flux of (11'ln) transferrin in the 
lungs using an externally placed scintillation detection unit. Of 
interest in this study is the finding that the pul.onary trans
capillary escape rate was found to be two-fold greater than the 
trans-capillary escape rate for the vascular bed as a whole in 9 

no~al h~an volunteers. indicating a greater porosity of the ex
changing ~essels in the lung than that for the average aicro
vessel in the body. 

ASPIRATION PNEUMONIA 
! 

In 1946, Mendelson described a syndrome in which aspiration of 
stomach contents during obstetric anaesthesia resulted in .cute 
respiratory failure ( 319). A;Lthouah this syndroae carri •• a 
high JDortali ty rate ( 15', _27). the exten't of long claaaae appears 



( 

( 

13. 

to relate to the amount and the acidity ~ the aspirated fluid 
( 27). Those who survive the period of respiratory failure are 
at an increascc1 risk of subsequent pulmonary infection ( 15, 527). 

Shellito and Murphy (4~ investigated the effect of experi.ental 
acid aspiration on lung cellular iRmune functions in rabbits. 
They found that the aspirating animaIs alveolar macrophage against 
yeast vas not affected, and that their adherence to glass had 
decreased. This adherence defect was reversed by the administration 
of corticosteroids. an empirical treatment frequently used in the 
treatment of such clinical conditions. Although it is difficult 
to determine the clinical implications of these findings. they 

. presented a good model for inducing experimental aspiration pneu
monia. 

THE DIABETIC PATIENT 

The association between diabetes mellitus and infection re .. ins 
part of the clinical lore ( 8) in spite of the recognition by 
a few critical reviewers that the presumed cause and effect 
relationship between diabetes and inf~ction is difficult to 
support vith objective and controlled observations (254). R.e-

• gardless of the question of the susceptibility to infection, 
there is little doubt that the presence of an infection in the 
diabetic _ay have aore d~leterious consequences than if present 
in a non-diabetie (112). 

The fact that 1 to 10\ of the leneral population depending upon 
age •• y be diahetics ('12) presents the surgeon vith a persistent 
challenge of successfully preparing for and carrying out surlicsl 
procedures in these patients vi th aini_al .orbi(li t'y. In addi tiOD. 
the surgeon is frequently required to deal vith th~ir infections. 

Phycoaycosis is the only infection reasonably believed to have. 
bigher incid&Dce of occurrence in the diabetic patients. While. 
sasller but definite percentale (lO-20\) of patients vith the 
pul_onary and disse.inated fo~s of this infection vere foUDd to 
bave diabetes aellitus, 801 of tho~e who have the rhi~oceiebral 
fon had diâbetes (477). An extellsive body of investigatioJ1S, in 
the area of tbe host i..une respœses in the diabetie: has yielded , 
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valid inforaation. However, these investigations share certain 
characteristics vith the blind man's assessaent of the,elephant: 
Wh.t you find a.y de pend upon which part you feel. 

Currently. available evidence provides no support 'for a deficiency 
in the B-cell function intrinsic to the diabetic state ( 8,139 ). 

Studies on circulating T-Iymphocytes rèvealed contradictory re
sults; whi)e MacCuish et al found no difference between the per
eentage of T-lymphocytes in the blood of ~ormals and diabetics 
(30~. Eliashivet al demonstrated a significantly lower per
centage in diabetics compared tO,non-diabetic controls, being 
34\ and 71\ respectively {1~. Back in 1933. Moen and Reimann 
ex .. ining the delayed type hypersensitivity function of the 
cellular i .. unity found that 44' of 6S patients with~diabetes 
had a positive skin test of a l:lOOO,dilution of old tuberculin 
cOllpar:ed to 24\ of 6S coR.tral non-diabetic patients (328). On 

the other hand. a report fra. Mahaoud et al shows a poor cellular 
response as &vident by a dia~nished pulaenary granuloma foraation 
in response to Schistosoaal ova injection in di.betic aice (305). 

Berten and Sheraan studied the in vivo ability of the reticulo
endothelial syste. to clear circulatina radia-iodinated aicro
allre.ated.albuain in nor.aal and diabetic patients. They foUD4 
no difference in the uptate between both groups ( 34). Drac~ 

et al had a sliahtly differant opinion about the phagocytic 
ability of the 8Ononuelear phagocytes. They exa.ined in detail 
tla. in yitro pha,ocytj.e---function of peritoneal .. croph •• es aaainst 
pa-..ococci in Donal and alloxan induced diabetie rats.' 'ne. they 
used autologous serua as an opsonÏD. DOIl-diabetic rat _cropu •• s 
showed an ayera.e 77\ phagocytosis ta c:a.p.risOll to ollly 41' pllalO
eytosis by diabetic .. cropha,es. 

Ho_ver. they coftcluded th~t th. oItserY" ~ect __ tut of t.Ile 

se~ and not the ucropha ••• as 'it vas correc:tecl ." ul .. _1IIa1 . . 
sena rather t~ an autoloaous di.Mtic ........ la da. lllier,.-.. 
bacteria~ suspeDsi'On. Final11. tMy _re 41. to ..... st'ratè • 
deerea.e in the actual J.,Dtriasic p.r~tq...l -.cra .... le-~lc 
aetivity in diabetic rat~ vIa_ ~Iae blood su •• ~ leyeis vere .s Iû." 
as .100-900 - .. , eJ"}. . ~ 



\ 

lS. 
While the previously described experiment~ have controv,rsial 
res\ll ts and May not necessarily reflect on the ,local lung host 
status. they present excellent models for the study of the 
èffects of diabetes on the phagocytic functions which can be 
further applied to that of the alveolar macrophage. 

Comparing the phagocytic func~ion of PMN from untreated hyper
glycemic non-ketotic uninfected diabetics with that of controls. 
Bagdade et al demonstrated a depressed activity in the diabetics 
which correlated with the levels of glucose in their blood (24). 

-
When the effeçt of.hyperosmolality on PMN functions was examined. 
a tremendous decrease from 100\ to 32\ of their phagocytic activity 
resul ted from the ,elevation of the glucose concentration froID l' 
to l2.S\ (88). This indicates a possible harmful effect of high 
levels of solutes. such as ure a 'and glucose on the ability of the 
host to de fend itself. 

When the lung cleafance of bacteria was examined by the intra
bronchial inoculation ~f type 2S pneumococci in the diabetic 
rats. this was associated vith a area~er rate of pneuaococcal 
proli~eration when coapared to control. Interestin,ly, this 
observed bacterial proliferation was not associated W"hean 
t.paired infl ... atory response (129); which May see. how 
contradictory ta the finding by Ainsworth and Allison wbere 
iapaired .ppearance.of polyaorphonuclear leu~ocytes exis~ed in' 
ear cha_bers applied over burn injuries of hyperllyceaic and 
hyperos.olar rabbits (3 ). 

In vitro, PMN che.ataXis in diabetic patients has frequeatly 
bean reported to be depressed (66 .335.372 )., Howe •• r. tlais 
iapairaent .. y not be respcmsibl. ail its OVD for trae del-T" '" 
.ppearance of PMN in the infl .... tory site a. diabetes is 
c_0Il1y coaplicat.~ by .4dfti_l YalCu'lar ... circulatory.o: 
defects. 

l't is tJ'\le tut tJae COliplicatiOllS' "'Jell ...... f'~t acC:~&Jli-(' , . . 
.at of di.Mt... wIll c_tl ... to proyWe tifEiC1dti.. iD ascer-' 
taiaiq t~t th S1ISC4IPti.~11ty tO lafeC~j_ ..... f.tive la- . 

• 0 

, . 
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aune funetioR observed in the diabetie patient is'purely in-
trinsic to the diabetie state. M~aDvhile, and until this 
arguaent is settled, it remains iaport'ant to be aware of any 

such defects wh~ch are detected in the whole syndroae of 
diabetes and its.complications. 

MALIGNANCy. TRANSPLANTATION & IMMUNOSUPPRESSIVE THERAPY 

The S1steaie Defenses 

16. 

"-l. 1-Organ transplantation as a .adali~y for the therapy of orlan 
failure is now an accepted procedure. The current success of 1 

organ transplantation depends on good surgieal tec~ique, good 
fi> ' 

histoeoapatability antigen (HLA) aatehing of donor and recipient 
and good immunosuppressive therapy to prevent graft rejection. 
In the abseneè of such rejeetion, the degree of restoration of 
fun~tion and overall health ean be quite reaarkable (138). H~

ev!r. prolonged i .. unosuppressive therapy frequ~ntly results in 
bac:terial and fungal infections· which _y be fatal (,208l. 

It has beèn found that 81' of patients who died.after renal 
transplantation had $iJDifiean~ pulaonary infection. AlI of 
those patients vere on prednisone aDd azat~ioprine therapy. 
and aIl but tvo vere receivina actiDoaycin 'c'.. Funat. ·yarious 

Cl..- , 

or .ixed bacteria and cyto...alovirus .ere the f~equent patho-
,ens (208J. 

ID an excellent and detail.d report .y Elfeabein .. cl Saral ( 131. . \ 

the susceptibili~y to infection fol1ovinl~boae .. rro. tr ... -
pl&fttation (INT) was divi&ed iato .. early period of aplasia 
Which lasts a •• r a .onth •. follo." by a post-aplasia qeriod 
duria, which recoyery of tlte i_ .,.t_ take. place; tlM 
latter periOd vas further aivi'" 1ft~o •• rly aad late recowery 
periods. ..{ch ..... or _,i.s 3 _üs .fter JIIIT. ID the peri" 

... t ..... 1968 aM 1976. th,,. repG1"t" • 31\ i.Jlci~ce aD" 20' ' 

.urtality rate froa bact.ri.l .... fua •• l iDfections in the 'irst 
) _ _dl. fOllowl" -.r. M'of wliie. wre 'Caused, by bacterial .. cl 

10' br' ' •• i. ". "acutte" or ... i ... .,st frequeDtly eacouater" 
_re- ........... ~ .. nataosa (whicll _cl • 95' IIOrtality, rate if 

\ 

• 

( 

-'J. __ 
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baetere.ia ~as deteeted). II~bsi,lla pneuaoni. (6$'~aortality~. 
Sscherichia coli (50' mortaiity) and Staphylococcus au~eus'(15' 

) aortality); Candida'species .ccounted for 80' of-the fatal fun,i. , , 

• 

". 

lafections and asparigillus speeies for 20\. Sine. the year 
1976. their incidence of infection dropped to 13l and t~ aor- , 
tality ~ate· dropped to 4\. They émphasi~ed the rple ·of"iranulo
cyte transfusion. deconta.ination and isolation procedures.and 
appropriate use of antibiotics in the reduction of luch rates. 

, ' . 
They al 50 deaonstrated that one of the .. jor and potentially 
drastic co.plications in the early recovery perlod vas the 

/' ' 

developaent of inter$tit~al pneuaonia vh~h frequentIy prolres.es 
to respiratory failure and death. 

\ 

It appeared that the underlying disease ( .. l~ or aneaia) 
did,not affect the incidence of the interstitial paeuaonia. but 
the preparat!ve regiaen used prior to transplantation did. 
Patients w6o-received total body irradiation in addition to 

~ 

," ~, 

ehe.otherapy had a hiaher incidence (70') than those reeeivi .. 
ch.-otherapy alone C37\) C 138). In an ODÛaYOr to explaiD th!. 
sU5ceptibility to infection. Elfenbein et al (lJl) exaaiDed 
both celluia'r aad huaoral i .. me re.ponse. in their post-IM'I', 1 

patients. They noted a _asurablo 1 ... 18. clefiei .. cy after .,. . 
tut iaproves "ith tiae to.ards nbrUI, but _1 tal&je op to 2 
y •• rs before its c~leto recoastitution. They al.o'BOt" that 
lia. kinotiès' of evolutio,n ·lor •• ch i_me fuac:ti01l as cliff.reat 
&ad that sa.. funetions vere aoraalOor ae.rly so aS •• rly a. 
tlleir first ... sureaent fOllo"ina IMT. They Ilot... for n..,le. 
t"t the MlF production by the patient cells ia yitro .a. a. 

, 
Yi80rOUS as by aor.al cells a. ..rlr as the firat ~nth after 
tlte ,trnspI,Aatatioa. ,JIoweyer,"t'he ",~rtiOD of T cel~vas 
~_r tua I\o~l ... the in yivo i ..... respoue. of both the 
T .... cell ... re iapaire4.., duria. t_ first "3 IIORths after traD.-
,pl_tati_." .. 

Ja ~1aeJ' stU4ly. IlfenbeiR and Parrish (131) looted at SOlie 

," lÈs, IDe funetioas iJl vitro which tlaey felt ta be .ore rel.Y&at 
te tlae aatiaicrobial defense .chanis .. in yivo. They fcÎuDcl 
~t the nOD-~ tiller ce11s "lch participet. ia.aatibody 

a 
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...... ent c.llular cytotoxicity .. ~. coftsistently present as 
•• 1'11 a. o •• .aath after .ll0tenic IMT. 'They a1so foua4 that 

II • 

~ •• MLC i .. unized T kil 1er eells ver. present as .arly as one 
... th after al1o,Inie !MT and t~.t Con-A indueible aon-specifie . / ~ 

T suppressc;r cells vere present as larly as 1 1/2 .onths after 
allolanic BMT. Furtha~re, .fter hiJh dose chronie anti ••• 

\ . 
erxposure in vivo~ it app •• red tlult T belper funetion "as present 

, as .arly as 1-2 .oaths after allolenic BMT, as Dot only laN but 
, -

a1so laG antibodie. vere .. de to HLA antil,ns (froa aultiple 
-transfusions) and to cyto.egalovirùs (CMV interstitial pneuaonia). 
The study was concluded by t~ postulation that althou,h the , 
i .. une systea app.ars ".akened iD,leneral, it .. y be .anipulate4 
or stiaul.ted under appropriate conditions to perfora .ore 8ffec
tiyely (1

0
38). 

~ l , 

,Tbe LUR' Defenses 
.. 

De a,arkad i1lcrease in t.factious coaplicationl particularly , 
pD~ni. accoapanyinl tbe iDcreasi.,ly aggressl'te use of :: 
è_cer ch.aotherapy il vell docUllented ( 55,226,408 ). Althouah . , 
interstiti.l, pneuaonia and fibrosis without definite identifi-
cation of a causative organism have beert reported to occur in 
patients receiving various chemotherapeutic regimens (408), t" striking similarity in the pathology of interstitial pneu-

, 
... 1. caused by pneuaocystitis carinii and cytomegalovirul 
sua, •• ts • co_on pathogenesis (225.408.446 ). 

Most of the literature on 't11e direct relation betveen i_uno
.uppressive therapy and lung susceptibility to infection i5 
.... d on the observations obtained in animal experi.ents. 
'Peaninaton described an animal .odel in which drug induced 
de'.ct. in the pulmonary host defense could be monitored. 
Pollowinl the subjection of guinea pilS to cyclophosphaaide 
(15 -I/kg) plus cortisone acetate (100 mg/kg) daiiy for 7 
days. he examined the nuaber of the alveolar macrophages. 
tkeir Adherence and phagocytic activity against latex paT
ticles. He also'tested the ani .. ll· response to 5kin seA-

'" . ~ 

.iti%ation and obtained peripheral 'blood differential leuto-. 
cyte counts. Six veeks after the ~nization'of 6 guine • ...,. 

l 
1 

1 

.. 
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pl.s with Freund'. adjuvent. after which they aIl bec •• e r~-
'" ) , ~ 

ac~iYe to 5 tubeTculin units·of PPD aiv'n intra-deraally.- the 
.. biaIs 1Iere subjected to the indicated therapy for one weet • 

. .... 0 the ani_aIs were retested fo-r resctivity ta ·intra-deraal 
• 

PPD on the day of coatpletion of the reaillen. they aIl failed 
to respond. However. this dis.pp~aranc1 of del.yed type hyper
seasitivity lasted only.fortone week. When the alveolar ascro
ph.~es were examined. he found that there vas no chanle in their 
percental'e in the broncho-alveolar. lavage nor was there anr sil
nifieant ,~ifference -in their viabi1ity, ability to phalocytize 
or adhere ta plasti~ surfaces. However. he reported that both 
t~ leukocyte count and the absolute alveolar ~acrQph.le counts 
.are significantly deéreased and concluded that this .. y be the 
cOJltributing factor in the increased 'incidence of pneuaonia in 
patients underloing iuunosuppressive therapy (369). . " , . 

ID another experiment. Pennington e08pared the cellular re.pon.e 
of animaIs treat~d with either cortisone acetate. cyelophosph .. ide 

i 

or both to an'endotraeheal challeuge of Pseudo.onas aeru,ino.a. 
-- - ~ ~~ > 

He noted that baeterial clearance fro. the bronçho-alveolsr co.-
partaent was inhfbi te4 onl,Y in ani_aIs treated wi tli bath cyclo
phosphs.ide and cortisone. He also demonstrated that combined . 
t~erapy alone deereased both alveolar macroph~ge number and the 
dellvery of polymorphonuclear Ieukocytes ta the chailenged lunl 
e 368). A further study indicated that the administration of 
.1ther drug significantly inhibited the biosynthesis of the -'cond 
snel fourth eomponent of complement by the al veolar macrophage (370)6. , 

Not to preclude early inhibitory effects of these drugs on extra
pul.onary complement synthesis. the impact of such a decrease in 
syntAesis is al.ost certainly greater at sitéS such as broneho
.lveolar flui~ where minimal aeéumulation of fluid-phase oeeurs 
(395). 

Corticosteroids 
., 

Corticosteroids are the .ost co .. only iaplicated etiolo,ic factor 
in the d~velo~nt di opportunistic pulaonary infections. par
ticuIar,ly Pneuaocystis carinii (401. Ruber -and co-worlters aero-
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.011ze4 radio-labelled (.I~ St.phylococcus aureus into tpe 
~ . 

tUAIS of c6ntrol and .. thylprednisolone acetate pretreated 
" .ic.. Obtainina viable co~ts fro. the lun,s of the challeD,ed 

aDl .. 15 6 houra after exposurt, to bacteria, they detecteo a 
tllree-Iold depre.sion in clearance only at a hiah dose of SO . 
• ,/k, whell aiven acute'ly (2 to 14 hr.). A sianifieRnt.. depression' ' 
of intra-pulaonary clearance, w.s a1so detected when lllethyl
predoisolone acetate (5 _g/kl dail7) and azathioprine~(S -a/kl 
,4ai1y) vere .. -aiven separately \over 4 veeks (2-20). _ They a1so 
Doted that the alveolar .. ero~haaes of ateroid-treated aniaal~ 
.,.'re 'paeked vith .larae. elect:l;"on . .;aense a.abrane-bound osaiopJrilic 
inclusions indicatina an ultr.structural de-Irrangeaent. 

, 

. . 
Very recently. Gudeviez studied ~he effect of cortisone therapy 
Oll the pha,ocytie 'funetion and 'lucose aetabolisa OEL' auinea plg. ... 
.~olar .. crophaaes. The ani.als whieh ~ere treated vith 100 
.. /ka of cortisone acetate for 7 days developed a profound leuko
eytosis. ly.phocytopenia· and aonoeytopenia _ in' th.ir peripheral 

" blood,- and their alveolar aacrophales vhich vere obtained b.y lun, 
... hinas showed a 401 decrease in their nuaber and a signifie.nt 
"crease in its in vitro phagocytic aetivity alainst Pseudo.onas 
.. ru,inosa. This depression in the alveolar macrophagé phalO-

/. qUe ability of }èortieosteroid treated animais was associated 
vith an ~nhibit~ sti.ulation in glucose oxidation ~oraally 
OCcurrift, vith macrophage phagocytosi$, as vell as a depression 
la the ••• brane transport of 2-deoxy Ilucose ( 191). 

u ~ 

Contrary to these findfnls. Hunninahake and Fauci reported-an 
i.cTe.~. in ~e alveolar aacropha,e harvest folloving the adain
istrRtion of exactly the similar kind and regimen of steroids 
tG the sa_e species of aniaals (221). Hovever. the difference 
ta the number of lavaged cells can be based ~n the differences 
la the techniques used to oti~ai~ the pulmonary alveolar macro-

. pII.,ès. 

Aaother 5tudy br Do.by and Wh:tcoab ( 124) J;aonstrated that in 
contrast to the .arked deerease in -the percentage of T lyçho-' 
cytes in the' peripher.l blood of st.roid tre.ted aniaals. there 

1 
! 

1 

f 

1 
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"1 no siaaificaat cl.crease in the percent •• e of T l,-phocytes . 
tn-the broncho-alveolar ceïl population. However, the absolute 

" auaber of-T lyaphocytes in the.broncho:alveolar cell population 
va. depressed, indicatina tl\at the e ffact of corti'costeroids on 

- . 
T ly.phocytes aay be the sa.e throughout the body. This study 
a1so deaonstrated that neitheT the pul.onary alveolar _acrophage 
auaber nor' the Fe ~eceptor activ~ty of these celis vere affected 

. by the corficosteroid aàinist'ration in the guinea pigs. Because 
Pa.ninlton (361) had previous1y deaonstratad that the adainis-

~ , 

tration of co'rticosteroids and cyc:lnphosphallide had no effect on 
the non-Pc receptor aediated phalocytic activity by the alveolar 
.. cropha,es. Doaby and Whitcoab concluded tha~ corticosteroids 

-
~ppare~tly'had no effect on the alveolar aacrophage pha,ocytic 

• EUJlction. . . 

IJlterestinaly. t~t while Hu1lllinlhak. aad huei obsen'tRI tha~ 
aeither in, vitro .or in vivo hydrocorti.one (100 .,/ka for 7 
ar.) hac1 an" effect on PlIA ~nducad or antiboc1y-dep~d.nt cellular 
cytotoxi4;ity of the alveolar , .. eropu,es. cortisone aee~at... the 
.. ,o-pr ..... tion which ÎiV&s~~t.ine~ el.vations of pl .... 
eortiso~ 'levels si.ilaT ~o tbos. found for a brief period after 
the iatraveaous injection if hYdrocorti.~ne,'caused a .. rte. de
crea.e in- the cytotoxic affector fwaction of the alveolar uero-

-..J> 1 

pha,e (227):- This ob •• n'atioD indicates a clifference iD the 
\ ' 

ho't cellular delense re.ponse to differeat t~pes of eortico-
s~eroids and raises,the que.tion vhether the intravenou.ly u.ect 
types of corticosteroids ('--;1- ... thylprednisolofte and hr4ro- _ 
cor~i~one), which ~re the oae. co..only usecl in e .. rlency settin._ 
rather tban the c~rtisoDe acetate whicb -vas us.d by G .... iCI., 

..u1cl have a slallar àepte •• ive effect oa the alveolar·-.cropha •• 
phalocytic functlon. 

la anerther experiMnt. the suppr ••.••• Idl1er c.ll fUftCtl_ of t ... • 
alveolar macropha •• s fra. steroid t~eated ani_ais vas fdURd to he 
related t~ an intrinsi~ defact in killinl of bound tar.et cells 
_iDce the defect vas overcoae by increa5inl the den5ity of ant!
boGies and PRA on the tar.et ce Ils (221). 

• ï 
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Voisin et al exa.ined the effect of suspending alveo1ar'macro
phages in a aedium'containing different concentrations of bec1o
aethazone dipropionate. a corticosteroid used topica11y in 
ast~atics. At 24 hours. they demonstrated a depression of 
~he bactericida1 activity agains! Staphylococcus aureus. on1y 

J 

at a concentration above 50 mg per 100 million cel1s~ However, 
the funlicidal [ctivity against Candida a1bicans did not change 
at si.ilar concentrations. This led to the conclusion that 
patients u~ing corticosteroids in an inhalation fora .ay becoae ~ 

.ore sus~ep~ible to lung bacterial infections:(492) and presents 
another exeaple of diversity in th~ response of the alveolar 
aacrophage to diffèrent antilen~ stimulants. 

Nethotrexate 

Sieger looked at the effect of ptoloD[led aetho'trexate treat.ent 
on the nuaber and funetions of rabbit alveolar .. cropha,8s. 

) -, 
G!vin, bis anuals a dose of 2.3-a&lltg aethqtrexate twiee ~eltly 

\ 
ï 

for 'a period of 1 ta 9 aonths. qe Doted a decre.se in the ~u.b.rs ) 

·c) 
"" 

of alv.olar .. erophages per gr .. wet .lung weigbt wblch vas ex-
17~ - .... 

tT ••• lr .. rke~ at the 'end of the 9 aonths. The ~act that neither 
leukopenia nor- IIOJlocytopeni'a had occurred su.gested that the .. 
4efeot va, Dot that of a toxie bon ... arrov. When the bactericlc1al 
actiyity Qf the alveolar aacropha,es fro. the aethotrexate tr •• t .. ·· 
.. 1 .. 15 va," assesseCl in vitro _Rainst Staphyl~c.ocC.US .ureus ad . . 

<.. Psiuclo.ouas a.rulluosa. ~ it showed a depression 6 ..,nths after the 
bitiatlon of-ueat .. ent (446). 

... ~ 

IlUlNS 

·sèpsis ~oDtiDU~~ to be a .. jor li'- thréat .. i., c ... 1ic~i .. iD 
p.tieats vitla ext ... i.e the1'Ml ia:J\Iq, (t).. Whl1. 'acterealaïs, .

,COUJ'IterH in 15' of ail Dosocoaial iafectlO1U. It. laci4eac: •• , 
ri .•• to areater tban 50\ la patients lfJ th •• yere "'111 iIljury (5). 

\ ~ - if ....' 

~st aIl the expressions 'of thfL i ... ne r.sponses that have bee. 
st_lecl .how i •• i1'llent. cel1 aediated' t_unity beinl .. st coà- " 
".lst .. ~ly ~cl profouDclly 'suppressecl UIOng these respoas., (5.336). 

..... baps the ... t iater,!t.ti~. deYelo~nt in the ".rst"'i"!lf 

• : :.: .• ~. ~ '.. 1'" u\ •• 
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the mechanism of such immunosuppression is the reporting of 
the emergence of a suppress~ T cell and perhaps a suppressor 
monocyte population in the post-trauma tic period and after 
major thermal inju~ies (?60). Keeling et al s~udying the 

1 

restoration of normal immune responses ~n the burn-trauma 
patient and recognizing the ~mergence of suppressor T cell 
system following major burns, cautioned against the use of 
agents which stimulate immunologically competent cells without 
further recognizing its modulatory effect. He described an 
in vitro method for assessing the effect of mod_ulators on" 
peripheral lymphocyte response to antigen stimulation (260). 

23. 

cAdded to the various cellular and humoral immune dérangements. 
thore is substantial_evidence that vascular leuko;tasis occurs 
in major burn patiebts in a manner similaT to the one previously 
d&scribed in the post-trauma tic ARDS. ETikson et al observed 
rhe changes in the mesenteric micro-vasculature before and after 
a cli'stant full thickness cutaneous burn in rats. H~ calculated 
the number of WBCs sticking. then a.igrating fro. the vascular 
coàpartment during a 6 hour period as'many as O~Sl x lO'/ka. 
He concluded that this mechanisa of_consuaption of granulocytes 
can deplete the body stor6s and Dy expl.ain the defi:rease in body 
tranulocytes seen" following .. jor theraal traa-a (143). 

ANESTHESIA 

Post-operative pull10nary infections are known to .occur _re 
coaaonly after the use of inhalation anesthesià .hen coapared 
to spinal an.sthesia (359). This bas been attributed lenerally 
to aspiration. retention of broncho-pulaonary secretions and 

Qccasionally to contaainatea equi~nt. The aae of the patient. 
the t!p~ of suraery perfo~ed and the duration of anesth8st 
have been found -to be contributory fac.tors ( 325». ' 

, ~ ,',' 

Naaew.du and LaForce studied the effect of halothane anesthesia 
n lUD, clearance of aerosoli~.cl Staphylococc:us aure~ la aiee - ..-.-' ~ 

and the in vitre. cil~ary itOtility Of· t1'ach •• l .pitheliua. TIIey _ 
fouad a si-pif1cantly ,re.ter pere .. 'aae of Yiâle bac;'.rla b 

\ 
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~e lungs ~f the mice that had been anesthetized (41.8-43.1\) 
when compared to controls (29.3\). They. however, found no 

24. 

or minimal effect on the ciliary activity "hen up to 3\ halo
thane anesthesia was used, and only at 4 to 5\ halothane 
anesthesia for a long, .period were they able to notice a dra
matie effect. Sinee in clinical praetice" 4 .0\ halothane 
concentrations are rarely briefly used for induction. they 
concluded that at the usual concentrations of halothane, 
minimal depression of ciliary activity is expected and is 
revers ible after termination of the exposure. They also con
cluded from an ultrastructural point of view based on the 
observation of dis,torted micro-tubules of the halothane exposed 
alveolar macrophages and from the substantial evidence of the 
diminished bacterial clearance detected in the lungs of thë 
halothane exposed mice that the alveolar macrophage phagofytie 
and bactéricidal activity were depressed. 1hey theorized that 

~ 

the mechanism behind this was the depressive effect of halotbane 
on the oxidative phosphorylation of the aerobe-dependent alveolar 
macroph,age (307). 

Howcver. a study by Goldstein et al failed to' conclude a de
pressive effect of halothane on the alveolar aacrophage. in 
eontrary to that observed when aet"hoxyfluranè and eyclopropane 
vere used ( 17~). ( 

Studying the effect of local anesthetics used in bronchoscopy 
on the human 'lveolar macrophage, Roide! et al sprayed a 
.. xi.ua of 7 al of 4\ lidocaine in the upper airways and 
pou~ed up to 30 .1 of 1\ lidocaine through the ioner channel 
of the bronchoscope resul ting in a "easurable level of lido
caine uniforaly present in the broncho-alveolar lava,ge returns. 
The .ean concentration of lidc:>caine detected in the l1uid re ... 
covered from the initial ~O .~ injected into 8 subj~ts was 
s.s IIM. In this study. they found that lidocaîne in a con- ' 
centl"aliol~ of 16 ,lIN. or tetracain'e in a concentration of 2 lIN 

Clecreased both oxjr&en 'coP.SUllpt ion and superoxide- anion rele~~e 
, oi 

by the alveolar macrophage by 67\., This e~'fect vas found to 
he reversible sinee washing the cells in Hank buffered saline 

.~ 

solution CHBSS) vas fb110wed by r.,cov,ry of thefr no~l aèta-

ü 

1;1 
i 
i 
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bollc functions. The site of effect of cationic anesth'etics 
on the alveolar macrophage. described in their experiment. was 
thought tp be in part the cell membrane, a conclusion based on 
the striking morphological chan~es in the surface me~Drane of 
alveolar macrophages incubated with tetracaine when compared to 
control (fJ2). 

OXYGEN TOXICITY 

Normobarie Oxygen 

Although oxygen therapy has been of clear b.enefit in many clinical 
settings. it also carries a risk of tissue damage. AlI the tissues 
of the body can be injured by sufficiently ~gh oxygen concentra
tions. but the 1ung is exposed directly to the highest partial 

pressure of inspired oxygen. The precise concentration of oxygen J 1: 

that would be toxic is determined by many factors in the exposed \~ 
person, including his age, nutrition, endocrine status and previous 
exposure to oxygen or other oxidants (91.340). 1 

Singer et al showed that 21 to 44 hours of 100% oxygen at sea 
leve1 supplied fo1lowing open he art surgery had no detectable 
physiologie alteration (452). On the other hand, Barber'et al 
(26) found increases in wasted ventilation and in arterio-venous 
shunting in patients with irreversible brain damage after 40 
hours of 100\ oxygen for 25 hours at sea level, and Ca~roe et 
al (96) found a decrease-d vital capaci ty in persons exposed to 
100\ oxygen for lS hours at se~ level. r ~ 
Sackner et al (425) found tracheitis and:, decreued velocity of 

1 

tracheal clearance of mucus in normal men exposed to 90 to 95' 
oxygen for 6 hours; and Nash et al (348) f~und that pathologie 
changes in patients treated with ventilation for several days' 
eorre1a~ed directIy with the co~ntration of oxygen adminis
tration. 

J ' 

Although many of these studies appear controv.ersial to each· 
other, a possible conclusion is that although an earIy tracheitis 
prob~bly develops in human beings, they can toler.t. 100' o~Ylen 
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,.at sea level for 24 to 48 hours wi~h little If any serious 

tissue injury and that pulmonary damage occurs from longer 

periods of exposure. The safe level of inspired oxygen is 

not known and may vary individually, but we know that less 

than 50\ oxygen can be tolerated for a longer period of tlme 

without deleterious effects (31). 

The pathology of oxygen toxlClty is non-speclflc and consists 

of ate1ectasis, edema, alveolar hemorrhage, Inflammation, 

fibrin deposition and thIckening and hyallnization of alveo1ar 

membranes ( 91.371). Capillary membrane leakage edema occurs 

in exper imen tal an ima 1 s (246) and the pulmona ry surfac tant i s 

altered increasing the chances for ateiectasis. Type 1 alveolar 

1ining cells are also injured early, and bronchiolar and tracheal 

ciliated cells can be damaged by 80 to 100\ oxygen (373). 

Where the alveolar macrophage stands from a11 this, and what 

its contribution may be in the pathological process i5 not 

clear. Oxygen in vivo appears to increase tpe number of 

macrophages in sections of rat lung, but may not increase 

the number of cells obtainable from a standard lung lavage 
procedure (151,340 ). Exposure of animaIs to 100\ oxygen 

significantly decrea~ bacterial clearance from their lungs 
(221). However, the in vitro phagocytic activi~y of alveolar 

macrophages from oxygen exposed animaIs did not differ from 

normal (33}), which suggests a rather different aechanis. 

for the observed diminished lung clearance of bacteria. 

Of in~erest in this area is the suggestions that the oxygen 

superoxide radicles produced by the actively phagocytizing 

alveolar macrophage May contribute ta. the pathology of lung 

damage in hyperoxia ( 340.426). However, this requîTes to be 
~ 

furtber examined. The toxic ~ffect of oxygen on 50.e of the 

lung cells is believed ta be cbunteracted by.the production 

-of superoxide disautase enzyme: (448~. spec~; and age dif-
/ 

ference's see. to effect the cel~E-- ~nse to excessive 
oxygen. For exaaple. while neonatal, rat aacrophages produce 

superoxide dis.utase in response to hyperoxia in vivo and in 

, 

J 
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vitro, adult rats do not (116). On the other hand, mature 
.iee show an increase in the superoxide dismutase in response 
to high oxygen levels in vitro ( 38~. 

27. 

Deneke and Fanburg (117) concluded that compounds that increase 

cellular respiration or the produc~ion of oxygen free radicals 
are likely to potentiate oxygen toxicity through an unknown 
mechanism. Dismutase (antabuse) was found to increase oxygen 
foxicity iB rats at levels similar to those considered thera
peutjJ in man. In probably a similar manner, hyperthyroidism 
and temperature elevation may put a patient receiving oxygen 
at similar risks. 

Certainly, a logic approach to the problem of oxygen cyto
toxicity would seem to be through administrating an anti
oxident. though alpha-tochopherol and ascorbate did not offer 
proteet ion in non-defie ient ani.als ( 117). 

VENTILATION AND PERFUSION 

~ul.onary eabolisa. cardio-pul.onary bypass and various lov flov 
states .ay interf~re with lung alveolat perfusion. In the ab
sence of œdequate ventilation. diainished alveolar perfusion aay 
rasult in rapid biache.ieat and structural deterioration of the 
luna ( 327). Modry and Chiu dellOnstrated that the lung can main
tain its bio-energetic levels for 5 hours in the lact of pul.onaTy 
artery perfusion ( 32n. However. they indicated that vith longer 
periods of p~fusion interruption. the lun~ is not adequately 
protected by ventilation (284.326). The deterior.tion observed 
in the ~apillary endothelial integrity.~tolether vith the upset 
of ATP/ADP ratio within lunl parenchyaa and the •• rked .ito
chondrial de-arr.n.e~n~ noticed when the bronchus vas ~cluded • 
.. y have its severe iapact on the alveolar .. cropba,e vhich is 
hiahly dependent on t~e process of oxidative phosphorylation. 
Hovever. this reaains a speculatioa which requires exaaiuatioll. 

1 

NUTRITIONAL DlSOlDERS 

Law et: al cleIIonstrated tut the la yin ,".1 in yitro i. L'" 

1 

1 
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functions mediated by T lymphocytes vere iapaired in protein
calorie malnutrition and that nutritional repletion of these 
patients using total parentral nutrition produced significant 
improvement in their T lymphocyte function (284.285). Hovever. 
since malnutrition is frequently associated with other patho
logieal states sueh as auto-immune and malignant diseases, it 
remains diffiçult to establish a cause effect relationship 
between nutritional disorders and immunoparesis. 

Haffejee et al evaluated the nutritional status of IS negro 
patients suffering from unresectable carcinoma of the Mid 
thoraeic esophagus before and after palliative pulsion in
tubation. AlI the patients were shown to be in negitive 
nitrogen balance and to have a compromised non-specific 
cellular ~une response. When correction of protein-calorie 
.alnut~ion and achievement of positive nitrogen balance 
vere obtained. there vas an associated increase in the ab
solute lymphocyte count and T lymphocyte response to PHA. 
They concluded that because an i.prov~.ent ~n i .. unological 
reactivity had oceurred vithout an atteapt at therapeutic 
reduction in the tuaor bulk. the observed diainished cellular 
response vas due to the iapaired nutritional status (177). 

Protein-calorie aalnutrttion continues to be frequently en
eountered in our surgieal patients. Many studies hav shown 
that infeetious diseases contribute ta the nut~itianal dete
rioTation in protein-calorie malnutrition and that aalnutrition. 
in turn. alters hQst defense ~chanis8S agalpst infectloas 
agents (440). Seri.shaw described this cyclic inter-action 
between infectious disease5 and .alnutrition as being "syaergistic" 
~39). The .. jor' i.pact of protein-calorie malnutrition has been 
identified to affect the T lyaphoçytes. the coaple.ent 5yst ... 
and very aodestly, the intra-cellular bactericidal activity of 
polyworphonuclear leukocyt~s and the B cells function (419). 

Doualas and Schopfer deaonstrated no~l phalocytosis of latex 
and antibody coated erythrocytes by .aDocytes derived from 
children vith .cute Iwashiork in the Ivory Coast (126)~ 

-
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Ib_skar .. looked at the aorphololY and the bactericidal capacity 
o~ peripheral blood aonocytes fro. Il chi14ren with protein
calorie .. lnutTition. He reported no effect of Juch disease on 
the IIOnocytes (11). 

~ ~ 
leusch et al who developed a rat aodel of prote in-calorie .. 1-
nutrition studied both the cellular and hu.oral i..une functions 
in these aniaa1s. They found no defects in the che.otactic 
or bactericidal activity of peritoneal .. crophages fra. protein 
deficient ani .. ls, althoul~ phagocytosis .ssociated oxygen con
su.ption and hexose aonophosphate shunt activity were depressed 
(214). However. the _uthors noted a _arked iapairaent of huaoral 
cheaotactic factors generated in the peritoneal cavity by the in
jection of ,lycolen as weIl as an alteration of the heat labile 
serua opsonins requi~ed for proper pha,ocytosis of Staphylococcus 
_ure us , Escheric~ia coli. Sa1.onell_ typhiauriua and Salaonella 
enteritidis • 

.u.COHOI, ABUSE 
, 

104.y alcoholis. _ffliets approxi .. tely 9 ail1ion citizens in 
the United States with .1aost si_i1ar prevalent,filures through-~ 
out the western world ( 363) • With. a hilaier incidence of _1'
bi.ity in these patients, a hi,her nuaber i. expeeted.to·pres.nt 
to the surgeon. Perhaps the aost alaraina factor that increase. . - . 
the .orbidity and aortallty rates of a1coholisa Is their sus-
ceptibility to infection. The etiol01Y of spch susceptibility 
se~ coaplex. ~ertainly their lile style. eXposure to bacteria. 
nutritional disturbance and trauaa attribute to this. la additioa • . 
the direct taxie consequeDce. of a1cobol exeeas OD the cellular 
anel haoral host t_ma deleasa. have beea repeatedly report.ct 

("3) • 
• 

Olle of the first obserYatloas on tlta advers. associatioa betveea 
alcolaol abu •• , aacI infectioa is tut 1ty Beajaaia Rash iD 1715 ..., 
DOt" a susc.ilib~lity to t~rculosi. in ,al~hol abus.rs. OsIer 
iD 1905 ~portlel that alcolaoli ... aS tH .st poièllt predisposial 
f.~t.r to lobar pu...,.ia. Jlaay reports show tbt hact.riaJ 
pa .... ni.s- oce;ur wi th aD iJlcr •• sH *»rbiditT ia alcollol tes ( •• 

\ 
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213.330.375.430 ). Hovever. in spite of the higher incidence 
of .. jor coaptications to such infections in these patients 
(19,235.375), alcoholis. does not appear to ~ncrease the .or
tality rates sianificantly (330.363 ). 

30. 

Undoubtedly. the primary event in a~cohol abuse related pul
.anary infections is aore frequent aspiration. vith or vithout 
yoaiting. This increase in the inoculua of bacteria is not 
assoclated v-i th a siailar increase in the clearance rates ( 363). 
Cou,h reflexe •• aucociliary ( 281) and cellular (160) clearance 
.echanis.s ~ere aIl reported to be depressed. 

DeNeo and Anderson noted a defect in the leukocyte che.otaxis 
in cirrhotic alcoholics (115). A similar depression in the 
cheaotactic ability of alveolar aacrophages was reportecl by 
Guarneri and Laurenzi (19Q. Green and Green suggested that 
alcohol inaestion selectively inhibits the alveolar.macrophage 
killin. ability a~ioving an enhanced growth of a sin,le patho
aenic bacterial species in-the alveolar ca.part.ent (184). 

, 

PNBUNOCYSTIS CARUU 1 PIIJDI)IIIA 

P. cariaii pneu.onitis accurs alaost 'xclusi.aly in the coa
proaised host. bein, aD infaat. chi1d or adulte The dialDosil 
_of p~ carinii ,.eu.onitis is an 1a4icatioa of the prelence .o~ 
_ t.aune deficiency state. Malipancy, i_mo-c1eficiency. 
_trIti_al c1isorders ... others ail precli."s. to pulllOna~ 
iDfectioa J 407) •. Sur •• oas .y IJe require. to face IUC~ • 

probl .. ta two .. ys; the first i. that vithout the avarene.1 
of the possible occurr~c. of P. cariaii ~.UIlOftitis in their. 
laa .... 1Ipprelsed patints. a sipificat _rtality &ad .nidltJ' 
_, result (223.230._ ). Sec:oad is tu 'Act tut in spite of 
tu ~.lop ••• t of _y •• ro1oaical t •• t. for. tli.e t.tecti_ of 
sucJa i11 ... s •• fiait •• oposl. requir •• the cIeIIoutr.t~ of 
t .... cauati •• or, .. t_ la tM ü ...... 1_, a prOÇ .... r. "icla.~ 
..... i.,.. -- opeIl 1_ .. 1..-,. (l'f-._.4I1.511 ). 

'.J 
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SPLmœcTOMY 

The sple.n con.id.red by the Greels an iapedt.eat to the per
fora&nce of athletes. vas often subjecte. to splenecto., by 
ho~"~tons in an effort to iaprove perforaance. Galen thou,ht 
the spleen a source of black bile and .eIancholy. Its functions 
have re.ained poorly understo~d. Its clea~ance ability toward. 
particu'late anti,ens as weIl as injul"ed or old cells is now 
fairly understood. It coaprises about 25\ of 'the total body 
lyaphoid a.55 and is an i_uno-coapetent o~lan·. 

Likhite roviewed in detail the i .. unoloaical functions of the 
spleen and the effeet of its re.oval. It bas been found that 
reaoval of the spleen has little effect on the net funetional 
potential of antibody production. althoulh it has boen estab
lilhed t~ be a .. jor source of a~tibody production. Huaoral 
i.aune responses followina subcutan,ous adainiltration of 
soluble antiaeR in splenecto.iied individuals were found to ' 
he Ror.aal. However, pri.ary intravenous adainiltration of 
particulate anti,en (i.e., Rh-positiv. RICa to a lb-ne.atiYe. 
recipient) evoked little~ if any. huaoral i.aune re.ponse (~). 

Two decades elap.ed before the question of whether spl.D.ct~ 
, iacreases susceptibility to infection wa. answered. Evidence 
c ... in 'a Jush of articles and case reports. and t..8diately 
interest arew to"explain ~he .. chani •• of 1..o.e dy.fuaction 
which .. y ~as.oclated vith reaoval of the spleen. 

Althoulb .ost infections are actually haDaiea'ftoraal1y·i. 
, spl ... ctoaize,d or coa,.nitally aspl •• ie patients. t .... ~rsoa. 
are proB. to ov.~lalna .. d of te. faUl septic_la (121). 
S~reptococcus pneu.oaia. ..r. foued to be r.spoasibl. for ap
p1'OXiu't.ly 50' oE the iafectioas. ... .. 11u. iDfl_sae. 
St",ylococeus aureus, ,rou, A St~ .. tococcUa ... ":t ••• ria 

· ... ialitld •• wre iavolv •• ia the r ... !.! •• S" ('21.125.141 l. 
It i. tater.sti_, to r.a. that the .. jority (75\) of 'th ••• 
i.f~l.... (total iacldeac •• 5' to .,) tat. plac. withia ~ 
,...l's_at:ter spl~ (.al. Ait ...... it is re .. at"ly l'e
port" tl8ftt f.l.l_t ......... 1. _l'. fn.-tly oc:curs la 

, 

1 

\ 
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c'114rea spleaect .. t&ed,for .uc~ .i ........ Tlala •••• ia or 
idiopathie t.roaaboc,topenic purpur'a. ~r' iD cOIl •• nitall, aspl,aie 
or .. tckl. c.l1 autoaplelleet_isecl ehi14r.n (294), .plenectoai&ed 

.du1t. are ,laer •• sl.aly beial reporté4 to d.yelop such infections 
( 38!1). Eraklis et .1 note4 the iIIportance of the presence of • . 
priaaryde~ectiYe reticuloeD4othelial syste. iD the splenecto.iae • 

. la41viduals.r Of 467 cases re.ie .. d, those wi~h a pri .. ary dise.se 
iRyolvin, th.ir reticuloeado,thellal .yste. (Gaucher 1 s di.e.se, . , 

po~t.l hypertension, Th.l ..... i. &ad Wiskott-Aldrieh Srndro .. ) 
vere the .ost susceptible ta bacterial infection followiu, 
splenectOll)' (141 ). 

1 

Radiotherapy to th. spl.en .. as to ha .. an .ffect si.flar to 
that of splenecta.,. Gla •• ~I~.t al 4eaoDst~te4 that resi.tance 
to iafection CaB he si,.lficadtly t.p&!red alter irradiation to 
the left upper abdoaen sueh as ia froque.tly used for the tr •• t
.ent of _lipaneies (.11u tuaor. aeuroblastOllll ... Hod.kill' s 
dis.a •• ) (165). Irradiatioa to the .,l.en la rats vas fouad to 
resul~ in hl,her .ortalit, wh.n t". S,,....acocci .. r. i.
oeul.ted iDtr.-p.:,ltoa •• lly, vile. c".h4 to th aort.1ity la 
'lail.rlr iaoCula,ted acm-lrra41ate4 cOIl,.,trol. (165). 

MaluJOai et al ...... tr.t.. tlaat li,atio. 0'1 ~1ae sple.ie .• rtery 
4id Dot i.cr .... _Tt.lity ia~.t. c .. ll ..... vitll type 2- Strep.to-
coccus ,. .... l.e, "1~. total "-.rt.r~ali&.tio. of the .pl_ 
result"" la .. ~cr ..... WJrt.llty 1I'0Il ,....,coccal chail ••••. 
tut i. silûlar to \lI&t •••• lter -,jl_ect_ (301). ,This sua- . 

~ ... t" ~t .. anerlal co "le.ti. of tIMI .pl ... i. reCluire4 
~f.r its ,roper ~ r •• poas., ... that lt. abil1ty to flltr~te 

elrculatla, partiele. II&J .. t" .Jor. roi. la lU .'il1~y to 
coatrol tafectiaa. 

St .... l.. la experiMatal •• i~l. .. .. yerlfl" tu priaary iapor-, 
t.ace ot the .ple •• in cl •• !i., .. d_t ... appi •• cellul.r .ntl' .... 
S,l ... cto.laed eal .. 1 .... eOD,e.itally a.pleaie alee ver. f0ua4 
to .ntlf.et deiecti" production of W.WlOllo1Juli.s 'Uell a. laJt 
... laG. "tut .. , paralle1 thê lB.fflel.nt t"yau5-"1I. _rrow 
SJaeT,la •• erY" ia ~h •• e anillal. ('28). 
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Th. latra-va.cula~ clear.nce of .e .. itited, autololOUS erythro
cyt •• la l'lin ... ,tas h ... shown tllat .fter spl .. ectollY there is 
•• iaportant def.ct ln the clearance of 19G-coated erytbrocytes, 
• ..f.ct that c.n be corrected b7 increasinl the -.-ount of llC 
u •• d to sensitize the erythrocytes (152). 

Io~.rt et al noted an i.,airaent of intra-vascul.r clearaBee 
of PD~u.oCOCCU5 type 3 follovinl splenecto., (57). Th. iDtra-

l ' 

venou., adainistration of pneuaococci in splenecto.!zed aaiaals 
r.sulted in defieient intra-vascular clearance and incr •• sed 
aortality. as coapared vith èlearance and.aortality in éODtrols 
uaderloinl a sh .. operation (57,216,514 ). 

Ho... et al studied the opsonic requir .. ents for the intTa
••• cular clearance of pneu.ococci in luine. pil' .ad of .en
.iti, •• erythrocytes in h~n beinls .fter spleneeto.y. They 
.. re .ble to correct the post-splenecto-r t.pair.ent in clear
aac. of ibjlct.d pneu.ococci by t..uDiz.tion of the an~ls. 
Thi. i~rov ... nt ... _thoulht-to be due to the noticed in-
cn ••• (Il hepatic seque.tratlon of «nlaDisas. A siailar 
fi_l.1 ~s ~ote. vith the 114 s ••• it,ize. eryt~rocy~es', _ieh 
required a four-fold iacr •• se in .ensitizinl antibody for ~ 
.lpificant iaprov..eat in clearaDce to occur. ThiS7-a~.O .. S 

rel.ted to an incr ..... hepatic sequestration in the spleDee
t .. !,e" patients' ( 216) • 

....... et al stu4i.d the rates of re80val of paeuaocoeëi f1'oa
tlle bIOCMl __ .tre_ in noraal ancl spl,nectoaize4 luinea pi .. aDtl 
the ext .. t',of Itl _patic .. cl .pleDie .eque.tration. A relation
.111, .a. ob •• necl ~t .. _ the virulence of .. euaocoCeu. .4 t_ 
extent 01 its clearance by th •.• pl .... In .... r.l. it ... foued 
,kat while the liver is able to cl •• r 1 ••• virulent p.eu.ococel. 
l~. l .. ~ility to cl •• r virul.at type •••• ca.pensated by the 
...... tr.tloll of the •• yirulent type. in the .p1e.n. • •• DY'" 
::.::: .pl~.ft bence induee ••• ef.e~ la the J c1.àTaace of Ylrul .. t 

cocci' IrOll th. bloocl (74). . 

«( : .Ii"ar .t al "1IOft.tr.ted that the op.onie activity of •• l'a froa ' . , 

yO~1 rats obtainecl 5 4ays'after splenectoay di4 IlOt ch .... as 
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, 
,e.l".t .by a aotWal in vitro phaaocytosi, of pneuaoc()Çci type 
3 by poly1MJrphoDUCleal' leu~ocytes. Howev,r. when the s.ru. 
opsonic ActiYity ~as test.d 3 montbs fOltowlnl splenec~o.Yl 
•· .. fiel.ney in suppOrtïna phagocytosiS in vitro'wes not.d 
C4l?_ This dafieieney was attributed to a defect of serua 
.acl Ilot of neutrop~ils since the addition of noraal serua instead 
of splenecto.ized rat~serua to tbe baci~riaMphalocyte suspen
sion ~ad resulted in a noraal phalocytic actiYity of the splen
eetoaized rat polyaorpho~uelear leukoeytes. 

Detection of'sueh serum defieieney stiaulated the study of 
b~th'specific and non-specifi~ serua i..unollobulins in the 
elefieient spltneetoaized. In 'addition to the observation 
that' the "level of IrM (whicb i5 diou,h,t: to be IIOre superior • ~,,"I 

in it. baeteric~dal and opsonie properties than IgG) vas 
lov in yO~1 ehildren (416). it wa. found that spleneeto.tzecl 
ehildren had even sianifiçantly lover levels of serua liN 
ca.pared to noraal c~ildren. The asplenie chil4ren vere .1so 
fouad to have. 4efici.ncy in serua ~pneuaococcal .. ntibodies 
(41) • · -

_ l " ...' 

Splenecto.izecl ,patients- .are al_o found 1 exhibit del\yed. 
aacrophal. -obilizatioft as weIl as sub-op iaal leyels of .. 
op.onins and cytophi1ie antlbodies (294). . t 

Th. tetrapeptide (l-threonyl-L-lysyl-L-prolyl-L-arainine) 
tuftsin. tbe funetional UJlit of the carrier aol.cul"~ l."ko-

.tiftln~ wa. fOURd to-si.u1ate aIl the knOWD biololie.1 ae
tiYitias of Iraaulocyte. aud .oftoDuel.ar phalOCjteS. the-' 
pha.ocytic, piaoeytic a. vell as the aotility and bacteri
ci"l activity. 

1 

LeDkokinin. a l.uk~phiii~ ~-.lobuli' fraction whicb bi •• ' 
.,,- specifie.lly t~' blood J1leutrophils relul tin, in the stiaul.tioD 

of their phalocytie activity. require. that tuftsin be cleared 
, , 

fr .. it to he utilized by the cell, if pha,ocytic stiaulation 
1 •• ~t •• (482). The leukokinin thea beeo.es inactive. i. 
....... replace4'by frash tuftstD carryinl leukokinin which 

·1 

, 

, . 
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bind to the free cell receptor to _.ke available further 
~uantities,of tuftsin and effect further stimulation of 
pha,ocytosi5. In sucb a manner~ the phagocytes maintain 

! ; 

in a state of continuous stimulation ( 342) • The tetrapeptlde 
tuftsin 15 present in the heavy chain of leukokinin as part 
of the Fc ,portion. For the complete release of tuftsin fro •. 
leukokinin. it is first cleaved at the arginylglutamyl bond 
bra splenic enzyme. tuf~sin endocarboxy peptidase. to pro
duce leukokinin-S with a free carboxyl end of tuftsin. The 
s~cond cleavage takes place after l~ukokinin-S binds to the 
pha,oeytic cells and 1s induced tbrougb t~ effect of the 
.ë.brane enzyme leukokininase (342). In the absence of • 
functional spleen. tuftsin eannot be eleaved at its earboxy 
terminal ar,inine. Consequently, leukokininase is incapable 
of releasing a free tetrapeptide even if it could cleave 
tuftsin at the second site of clea~age, the threonine •• 'DO
peptide bond (341 ). Thus, while a nonaal tuft,~~ exists ln 
the leu~okinin of such ~ases, it cannot be relessed. a nec-

, e 

essary step in order to exercise it5 full function. 

3S. 

Deflcfeney in leukokinin was observed in dogs (345) &Dd rats 
(295) fo~~owinl expeti.ental spleneetcay. Patients vith 
.lckle cell aneaia or *ylo,enous leuteaia in whoa spl •• ie 
functlo~ has been curtained~nd exhi~ aehi.h ~te of severe 
infections vere found to show,an ab.enc. of tuftsin ac~ivity, 
(97.346 ). Assay of tuftsin level in pcst-elective-splenectoay 
patient·s revealed e virtual ab.ence' of any activity (97.343). . 

Spfrer et al us~d ,the aore àccurate radio-i..unoassay t~ COR

fln this fact (415). The serna levels .\of tufnin iD '20 cas.s-: 
of eleetive spleaectoMy (118 n,laI-Il were silDific .. tly:lo .. ~ 
the iD. 3S nonal subjects (255. 71 nà/~l-l)·. 

Lon, afte,r spleneeto.y. DO defieieDcy in any of the l'al ... lt. 
,lao.phocellulose fractions CI-IV) (343T. cOllpl_nt c ....... 't. 

, -
-3 and 5 as we~l as various i..unolo,ical cOIIpO •• nts of l'-a ... 
~ (34tt)' were found. Only leukokiain-S ~ to he "fecti •• -
.... cOIl.equently. it was not .surpl'isin. that Do .... 1 .. d spl~
to.lzed subject. present si.ilar tetrapeptide'yield •• lu •• ta 

l' 
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th"ir 't-alobulin analysis ( 342). In another study. subjects 
who ha4 experienced rupture of the spleen which vas treated 
by splenectoay 'app~ared to have leukokinin-S with normal 
tuftsin levels (97). This ~as thought to be the r.esult of 
iaplantation and growth of vafious proportions of spilled 
splenie tissue in the peritoneal cavity. 

36. 

,Downey et al-exa.ined the immune funetions af 22 splen6~toaized 
patients of an aae range 12 to 63 years old, 4 years after the 
re.oval 9f ~heir spleen. A significant increase in the nuaber 
of per~pheral blood lyaphocyt~s and a decrease 4in the level of 
IJM were noticed. The l~hocyte response to phytohellOalllU1:inin 
in splenecto.ized patients was a1so found.~o be depressed (128). 
These observations sugaest that aberrations in cellular and 
huaoral i .. unity are persistent and involve adults as weIl as 

yOURa children. However, Baker et al de.onstrated an early 
.. cropha,e dependent hypo-respoD$iveness to phytoheaoa'llntinin 
in ~rauaatized asplenic patients which returned to 94\ of norw.l 
in 2S days ( 1~. sUllestin. "that in vitro responsiveness of 
lr-Phocytes and aacropha.es .. y not nécessariiy recover siailarly. 

Cha.dry et al -deaonstrated an increased pulaonary retentioD of 
particulate .at~eJL after splenectollY (87). lovacs et al further 
studied pul.onary sequestration of circulating lJ1I-lipid e.ulsioa 
followina splenectollY. A < defect in the p~l.,n.ry aac'ropha._ 
fuactloD was arbitrarily beld responsible for this d~f~. The 
incr.ase in the pulaonary retention of 1.1I-lipid e.ulsion ob-

•• rved in the splenectoaiz~d rats tay havè been due to aany 
factor. other than a pulaonary .acropha,. delect; the lact tbat 

./ 

r.-oval of tbe spl.eft decreases,the 'circulation potential for 
such partic~lat.s "y, iD itse1f, b~ ~spOnsibl. for.tbi. defect. 
On the.o,ther \aDd. the, i.cr •••• d put.oaary ret.DtioD .. , t.iicate 
an increase rather titan' a "decre .. e iD pul __ ry .. cro ..... pIlalO-

::: .. :P::k:~ .uai .. -~ .. Chutt .. behiM' 'the iIlcre .. ~ ~: 
siltuc. of 'Ple .. et~ ale. to Ll.ter-1a IIOaOCytOS •• _s la .. 

fectioD. They aeted 'th.t aIt ... '" phaaocyto.is. b.1 Ntialo-
- __ ~ -u-

,. 
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endothelial cells of test particles ( 51 Cr-Iabeled sheep erythro
cytes) i5 the same in splenectomlzed and control mice 9 a 24 hour 
exposure to Listerià which failed ta influence phagocytic activity 
of normal mice. greatly enhanced the blood clearance and liver 
uptake of the test particles in splenectomized mice (454). The 
increased anti-listerial re~istance in splenectomized mice vas 
noticed ta decrease with time following splenectomy and to be no 
longer demonstrable 10-12 weeks pos.t-splenectomy (453). With 

, "'" 
tbese observations. it was possible to suggest the existance of 
a cell pool in the spleen responsible for the control of macro
phage activity. which disappears vith spl~nectomy to be slowly 
rep;aced f~om another source. A hypothesis that was m~ant to 
suggest the presence of a cell population. if analogous with 
other similar models of suppressor celIs, would likely originate 

,in the thymus. and if operative in the previously noted expe~i
aen~ would represent. the first known instance of a suppressive 
influence of lymphocytes on mononuclear phagocyte production or 
activation (454). 

It seeaed logica! with the immunologieal deficits observed in 
tbe post-splenectoay patients to consider spleoic preservation 
ift the manageaent of trauaatic ioju~ to tbe spleen. Moreover. 
an interest grew i~ boosting up of sy$teaic i .. une re5pons~s in 
splenectoaized individuals by specifie i .. unization or by per
forain, autololOUS splenie iaplantation. However. reports. fr~ 
tbe liteFature are .ost confusin, in this .. tter. 

Weiss et al studied the blood bacterial clearance rates in 
splenectoalzed. shaa operated and subcutaneously splenie auto
i8planted rats. Bacterial counts fro. the blood. liver and 
lua,.sa.ples of splenectoaized rats as well_ as those fra. th. 
splenectoaized and "auto-transplan-ted rats vere sipificaatly 
8UCh hi.her tb.n those of control rats. sUlle.tin, that the 
presence of a 5 .. 11 piece of auto-transpl.ated spleen in the, 
splenectoaiped rats had no protective-.ffect in cl.artna 
pneu.ococcal bacter .. ia. and in facto .. y ~Ye resul~ in 
t.peded bacterial clearance. since the a.an c'Ufts iD thi~ 
,roup vere aa'rkedly bi.ber ths" tbe spln.etoanad I1"GUP (Ml. 

( 1 
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This finding of a lack of a protective effect of auto-trans
plantation in rats was al50 dt:monstrated by Schwartz (437) 

and by ~iteside et al (518), who demonstrated that 4 weeks 
following splenectomy and auto-transplantation, the rats 
had a survival rate comparable to that of the splenectomized 
rats when both groups were challenged with an intra-peritoneal 
injection of type 2 Streptococcus pneumoniae. 

Tesluk and Thomas suggested that the dose of the bacterial 
inoculum may be a critical factor in the variation of i .. une 
response obtained in different experimental modelso Contrary 
to the rack of protection of auto-transplants observed as 
previously stated, they were able to detect an improvement ~ 
in the sùrvival rates following intravenous inoculation of 

38. 

type 2 Streptococcus pneumoniae in,auto-implanted splenectoaized 
rats (481) 0- However, this improvement was only partial and did 
Dot compare to the complete protection observed in another re
port (296) when as_aller number of bacterial inoculua was used. 

Dickeraan et al studied the effect of exposure ta an aerosolized 
suspension of type 3 Streptococcus pneuaooiae on splenecto.ized 
.ice who had either aIl or half of their splenic tissue cut up 
and re-iaplanted into the abdoainal cavity 8 weeks prior to 
bacterial challenie. They detera~ned tha~ both groups had a 
.artality rate siailar ta that fro_ a~~haa control group and 
silnificantly lover tban that of a splenectoaized control IroUP 
( 12Z. This study showed a protective effect of spl.enic auto
iaplants when bacteria are presented through the respiratory 
system and aay. indeed. suggest that the fai~u!e of .ost in
vestigators to deaonstrate that splenic i~lants in ani .. ls 
CaR protect against pneuaococcal infectioa aight be r~lated to , 
the intravenous route of bacterial challen,e used in these 
studies. 

Since pneuaococcal in'fections i~ hUII&Ds are acquired via the 
respiratory tract (75), atteapt to study the pToble. of pneu.o
çoccal infections in splenecto.ize4 individuals .. st 
consider the Tol.e of the lunl host defenses in the clearuce of 
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such organisms. and whether splenectomy may affect the local 
, 

cellular and humoral immune responses in the fung. 

Stein-Streilein et al demonstrated that the presence of the 

spleen was not necessary for a specifie antibody forming 

39. 

cell response in the pulmonary draining lymph nodes. However, 

an enhaneement of the local response was noticed to oceur if 
the animaIs were systemieal1y immunized and. therefore. demon

strated active participation of the spleen in the specifie 

immune response. A finding which supports the hypothesis that. 

although a local response may occur in the pulmonary draining 

lymph nodes in the absence of a spleen or asplenic response. 

the presence of a systemic or splenic response appears to be 

important for the enhancement of local specifie 19M forming 
cell response. This observation may also suggest that the 

immune defenses involved in the 10wer respiratory tract may 

differ from those in the upper respiratory tract and other 

mucosally lined organs in that the response of the spleen to 

antigen affects the local response to that antigen ~471). 
1 
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CHAPTER II 

PULNONARY HOST DEFENSES 

THE ALVEOLAR MACROPHAGE 



PULMONAR) HOST DEfENSES 

The lung Immune response lS cTlt1cal t6 us defense against 

potentlally harmful antlgenic Invader'5. The amount and kind 

of antlgen presented to the lung IS usually determined by the 

extent of escape of such ant l~en from the resp 1 ratory trac t 

or systent-1t defenses. 

To understand the IMmunologlcal derangements pertinent to the 

pathogenesls of lung dlseases. thorough exaainatlon of both 

humoral and cellular Immune functions 15 e5sential. However, 

the clearance of 1nhaled partlculate aaterials fro. the res

plratory tract 15 not entlrely dependent on such responses. 

Aerodynamics 

40. 

When cons1de:~ng the flow of aIr through the respiratory systea. 

lt has been found that fIltratlon co .. ences at the vibrissae 

wUhln the nares. the aIr stream after WhlCh changes direction 

so 5harply at the na50pharynx lmpacting inhaled partitles on 

the poster ior wa Il of the pharyru (JS4). The ai r t.hen enters 

the trachea containing only fe"" particles,larger than 10 to 15 ua 

WhlCh Will l.pact _ainly at the carina or within on·e or tvo 

branchIal divlsions (333). For particles in the site range of 

S.O to 0.2 um. sedimentatlon aS a result of gravitat.ional forces 

ln lung regions of low fIow 15 pTobably t.'he JaOst iaportaDt detera

lnant of depo51tion from approximately t.he fif~h broBchial diyi-
" 

Slons to the tenll.lnal lung unlts (433). 

The sudden opening of the glottis which occurs duriDI couahin, 

results in a drop of tracheal and .. jor byoachial pressures wi~h 

an increase ln the aore distal transbronchial pressure .... 

aarked augaentation of flow rates t.hr.uahout ~he broDchial tree. 

Ross et, al noted that the linear velGCi~y of air fl'ow duria, 

co~ahini May reach valu~s which appro.ch 15' of the speed of 
sound (411. Tbis high velocity of air flo. aS50~iate4 vith 

narrOliing of luaen propels t.he au:cus pl •• cOll~ainiRa the leatina 
particulates toward the aouth. 

.. 

1 , 

1 
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Mucociliary Mechanisas 

Particles deposited betveen the posteYior two-thirds of the nasal 

cavity and the nasopharynx and from the larynx to the terminal 

bronchioles. land on airways lined by mucus-covered ciliated epi

thelium. and are removed by means of the mucociliary transport 

Ilechan iSlIls ( 354). 

Mucus glands and goblet cells abound in the major airways. How

ever. at the level of the terminal bronchioles. very few goblet 

ce Ils are seen in normal man ( 354). Goblet ce 11 and mucosal

gland secretions joïn the moving layer of mucus while still 

attached ta thè mouths of their secretor cells. tethering the 

.ucus blanket5 but ea5ily overco.ed by the ciliary action under 

Doraal circuastances. The mucus blan'ket, ever lIoving upwards 

at a rate of about 2 ca per minute ( 499). was found to consist 

of tvo funct ional layers. the superfic ial iF 1 layer of which 

provides an i8pOTtant barrieT to biologie agents because of the 

presence of i..unoglobulïns. such as secretory IgA. and lysozy.e 

that provide a hilh delree of bacteri~idal activity. 

ln the ci1iated aucosa of the respiratory tract. each cell 

acco.aodates approxi .. tely 200 cilia. 5 ~ long and 0.3 ~ • . 
in diaaeter. each ciliu. has an u1trastructure consistinl of ./ 

tllO central aicrotubules. the /unctiOD of which is thOU'hti:/ 

be clo-ordin.tive, and nine paired peripheral .icrotubule-s v ich 

are "contractile" derivin. their enercy fro. adenosine tri os

phate (499). The coaplex ciliary beat i50bserved to result 

fra. the slidin. of the paired peripheral fila.erits across one 

another. first on one side of the ciliUII and then on the other. 

Bronchial Secretions 

Relatively littl. is tDowa about tlle syathesis ucl seeretiOD oE 

i..unollobulins iD the lover respiratory tract. a .. chanis. which 

ai.bt contribute to the reaional anti-bacterial activity. Le.~d 

and Cantey studied i..unOllobulin syntbesis and secyetioe in the 

rabbit t s lover respiratory tract. botta in the DotWal .. cl after 

il\Eection vith Diplococcus pneUlaOlli.e or List"ria _oeytoaeaes. 

\ 
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They found tbat noraal and infected lower respiratory t~act 
secretions contained IgA and IgG and that the ratio of the 
first to the second differed with the type of organisa used. 
However, the normal respiratory tract produced smal1 quantities 
of i .. unoglobulin Most of which was IgG (195). This came to 
be contradictory to expectation.s since IgA was thought to be 
the aajor immunoglobulin in rabbit lower respiratoTY tract, 
and the predominant imm~oglobulin in severa! external secre
tions of _any mammalian species. However. there is evidence 
that .1gA-containing cel1s. in human bronchial mucosa are equal 
to or exceed other 19-containing ce11s (310. 48V. 

Tbere is support to be!ieve that secretory IgA is preferentially 
secreted onto .ucous membranes. Although aore IgG than 19A vas 
synthesized in the rabbit's lower respiratory tract and serua 
laG levels vere 50 tîmes t~ose of IgA. the concentration of IgA 
was greater than that of IgG in lover respiratory secretions 
( 195) • 

Wbichever the i_unoglobul in co.pone'nt present do.inantly in the 
lover respiratory tract. it is their aotl-bacterial role eitber 
by lys in. the .icro-organisa secondary to coaple.ent fixation or 
by functioninl as an opsonin that deteraines their i..une activity 
and not its aillutination {2~. Reynolds and Thompson studied 
tbe opsonic properties of i .. une rabbit bronchial secretions. 
lIA and IgG antibodies separated from the. were assessed in vitro 
for their ability to enhance phagocytosis and lntra-cellular 
killina of Pseudo.onas aeruginosa by alveolar âacr6phales. They 
found that laC vas aore superior as an opsonin than lIA. and 
that laG whether isolated from bronchial fluid or seru.. perfo~ 
siailarly reprdina their opsonie functioD (~). How.ver. the 
opsoni~.tion of Pseudoaonas a.rulinosa and it5 phalocytosis br 
alyeolar .. cropha,es in the presence of i..wme I,G .as found to 
be .ore 5uperior than that in the presence of DOD-ia.une laC
These findinls sua.est tbat I,G .ay be the princip!e opsonia in 
the nonui respiratory secretions s"ince cOllpl •• ents and laN are 
present in on1y .inute &8OUllts (]gI): 

Warr et al coapared selected proteias recovered froa 36 h •• lthy 

! 
1 
• 
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non-smokers and 19 healthy cigarette smokers. They noted no 
quantitative differences between the two groups in i .. uno
globulin A. al antitrypsin. B2 globulin. transferrin or 
albumin content. However. the IgG content of bronchial 
fluids from saokers was found to be twice as high as that 
from non-smokers. indicating either the selective sti.ulation 
of local bronchial immunoglobulin production or the selec~ive 
exudation of plasma immunoglobulin into alveolar spaces in 
response ta inhaled cigarette smoke (5~). 

FinalIy. in the matter of bronchial secretions. an assortaent 

43. 

~~. of b io - regula tory molecules have been ident ified in ttdtOr tissue 
extracts and in lung washouts. These have the capability of 
regulating immune responses which may allow tumors or patholenic 

, organisms to escape n011llal i'JIJJlunologic control (329). atohagheghpour 
et al demonstrated that non-cytotoxic aqueous extracts of esophageal 

J 

tuaors inhibited the spontaneous uptake of H-th~idine by huaan 
peripheral blood mononuclear cells. It also inhibited aitogen
and antigen-induced mononuclear cell blastolenesis. aitolenesis 
and labelled thyaidine uptake (3~. One cannot avôid thinking 
of the possibility of a siailar aechanis. functioning in the tungs 
in relation to the susceptibility to infection in patients vith 
bronchogenic carcino_a. 

Role of Complements 

In a reeent investigation of the t.aunololical alterations asso~ 
ciated with pneuaococcal pneuaonia •• a depression of co.pleaent 
coaponents was found i'7 aIl patients dying of their disease (114). 

No casual r~tion between compleaent depression and infectiQn 
could be made. since coaplea.nt levels before the occurrence of 
infection were not availahle. Cs deficiency had ~en reported 
to have an increased incidence of bacterial respiratory iafectiaa. 
however. because the nuaber of reported cases was ... 11. such 
cause and effect rèlat~on rnained uncOllfi~d (9.25 ). 

Diseases associated vith depressed C08pI .. eat factors. suc. as 
syst .. ic lUPliS e.rythe .. tosis au sickl*-cell 4i ..... haYe • 

hiah incidence of ".cteri.l inf.ctin ......... ti •• tlw iIIportaace 

... 
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of the co.pleaent 5yste. in the defense alainst bacteria (241. 
) . 

Gross et al studied the effect of coapleaent dep1etion by cobra 
venoa factor on the aiee 1una clearance of tour,different bacteria 
species. Four hours after aerosolization vith 5treptococcus 
pneuaoniae. co-,lement-depleted aniaals had cleared on1y 75\ of 
the initial nuaber of orlanis.s. wbereas controls cleared 91\. 
Aerosolizationtwith Pseudo.onas aeruginosa resulted in a two-
fold areater grovth of organis.s in the coaple.ent-depleted 
ani .. ls (446\ of original deposition) as co.pared to the saline
treated controls (211\ of original deposition). Cleatadte of 

~lebsiella pneu.oniae and Staphylococcus aureus vere si.ilar in 
coapleaent-depleted ani_aIs and saline-treated controls (189). 

Indeed. these experiaents sUllest that hypoco.ple.enteneaia pre
disposes to bacterial pneuaonia and .. y explain the increased 
susceptibility to pulaonary infections in patients ha.inl iapaired 
coapl .. ent acti-vity. 

Ni.haus et al deaonstr.ted thal-' opsonic fibroaec:tia deficienc:y 
c:an exallerate the increase in lUBI vascular peraeabillty induced 
durinl Pseudo.onas aerulinosa bactereaia (356). 

'ronc:hus-Associated Ly!phoid Tissue tBALT) 

Anatoaically oraanized lr-Phoid tissue in direc:t coatact vith 
the respir.tory 8Ucosa of bronchi was fouad to coasist of 
follic:les containinl saal1 and aediu. sized lyaphocyte •• but . . 
lackinl capsules, ,erainal centers aad plas .. c:.ll. tTiPic.l of 
lyaph'nodes (39). These lyaphoid nodules a~. sc:attere4 alpna 
the aucosal surface of larae and .edi08 sized bronchi aDd ~re 
coac.n~rat.d at points of bifurc:a~ion. BALT bears a·r •• ~lance 
:0 that of~eyer's patc:hes and ~tber lut-.ssociated l~hol~ 
tissue (GALT). It is .... ·of pla ... cells aDd l~yt.s of 
vbich 20\ bear a surfac: ... rk.r'for T-cells. Alth~u" SJeClfic 
aatibody-forain. cells do not sen ta appear alter "local il' L mi
zatioD. SUII_stia. ~hat BALT lacts '-cells that are suffici .. tlr 
diff.reatiated to synthesize i~.lo"ul1a (_4Ca. it has .... - ~ 

.~-
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de.onstrated that BALT eells .ay repopulate theri.ai .. a propria 
of both ,ut and lung aucosa vith liA, produedng cells after 
lethal irradiation of recipient ania_ls (39). indicating that 
BALT is coaposed of B-cell precursors ~f IgA-producing celis 
and raises t~e possibility that" BALT serves as a cellular 
reservoir for i .. unocytes cQntributing to the .ucosal clearing 
syste. in the respiratory tract (245). 

Lbcal Cellular I .. une Defense 

ln the lung, the alveolar _acrophage i. considered the aost 
iapor~t cellular defense eleaent; its functions see. to 
ad.pt to varyin, degrees pf slo.ly occurrinl chanses in the 
alveolar .icro-environaent. However, sudden alterations in 

"-

sucb an environ.ent _ay bave d~riaental effects on alveolar 
ft) lIacrophage functions (361). Alveolar aacrophages seea to 

~ 

play an i.portant role in both induction and abonion of l _.~ 

disease in the luna_ the next part of this thesis i. devoied 
to the basic study of the .lveolar .. cropha.e. 

THE ALYBOLAR IlACIIOPHAG& (MI) . 

Orilia and, ~iaetlcs 

It is •• reed t~t alveolar -.crop ... ~s like other tiss" "cro
pha,es. ari.e fr .. bone _rrGV "ri." bloocl _oocyte. (487) .. 

This theoTY was basecl on stud!es of ~yt. -iaflUx elu.ri.1 ~~ 
i.Et.~,!",atory respoD~e (~3). &lUI "" •. tlter a .iIIilar population 
ori.in would be obtained uader restia, coaditioas r ... iDs contro· 
versiai (60). 

10 .... et ai propos" a .ultica-.par~t .... 1 for the kinetics 
of the alv.olar .. croplta, ••••• re the clirect precursol' for 
these cells il the .. cropha.~·of the 1una iat.r,tittal c..,art
MIlt- vIlleh is cleriv" f~ the ,.ripheral blo"Ôcl __ ocyte (61. 
62) • 

n. al.eolar .. eropa..., .. face. e.staat -tllr.at of ....... ex-

• 
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ce •• ive particulate exposure which requires a rapid and .. ssive 
cellular response. This was thou,ht to require a lung cell 
population vith J potential of reproduction. The in vitro and 
in vivo proliferative capability of aurine puI.onar,Y aacropha.es. 
both the alveolar and interstitial f i5 ~well e5tablished (145, 

349,462 ) • The need of the peripheral aonocytes to adapt to i ts 
new environaent, its enzymatic and metabolie characteristics whieh 
are different than those of iuterstitial aacrophages (6Q) and the 
i .. ediate aYailability of the later cells render them a favorable 
source for effective rapid replenishaent of the alveolar .. cro-
pha,e population. .... 

In support of tbe reseue attitude by interstitial .acropba.es 
vhea free alveolar .scropha.es are required in de .. nd conditions 
vas the observation by Bo.den and M~on (60) that in so.e 
viral pneuaonias proliferation of interstitisl cells is a doa
i.aftt f~ature, and that in aranuloaatous cODditions such as 
sarcoidosis, tuberculosis and silicosis as weIl as in experi-
... tally iaduced Iranuloaas induced br the injection of freund 
adjuvent proliferation "of lnterstl t~al cells is accoapanied by 
an e,fflux of free aIveol.r aacropha.es. Also of interest in 
this are a is the obs.rvation that leut .. ia patients with no 
circulatinl 8Oaocytes are capable of aaintainiua • noraal papula
tin of alveol.r u!=rophases (172)., 

1ft tlle steady state, AMs are deyelop.cl frOII 15' of the bloocl 
lIOIlOCytes. their 'irect precursors. These cells le.ve the 
circulatioD to •• ttle in the IUll, (54). The.... tut1lOYer 
U... for MI in lIiee .. cl rats va. c:alcul.tett to be 27 days 
C 54",167.441 ) • 

In ..... , evi4eDce oE ... urtcnr 01'1.1a. of AlI va. d_ •• tnt" 
b, the fluore.ceat Y bocIy .'talala. of .lyeolar .. rop...... la 

boa. _rl"cnt tr .... plaDt .. reclpi_ts. 1. tnasplaat. fr. f_1. 
doaors to _le r~lpi .. t. t tller. _. • .t ...... raac:. of .cre
pIta ... cORtalai .. tbe y. body (S-). la tu •• experl~t. uadeT" 

tH c0a41tlou of .,.. un .. t ........ l .. tatl ... tlle .st -..c1'O-...... _ft replac" ta .1 ••• tIaaa 1.. ..... -
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Hockina and Golde vere able to de.onstrate that human alyeolar 
.acropha~es are capable of scheduled DHA synthesis; the tri
tiated thymidine labelling index of normal human AM ranged fro • 

• 
0.35 to 1.25\, sUlgesting that only a small fraction o~ th. . \ 

cell population 'was replicating (169.172,209 ). 

Macrophages _ay carry genetic defect _arkers when such .. rkers 
BTe present in the bone .arrow precursor cells. Indeed. 8lveolar 
aacrophages .. y be a product of a neoplastic clone. Chronic 
.yelogenous leukeaia patients vith positive ~hiladelphia chro.o-
soaes had the urker cbroaosoae on their aacrophages 068 l. l' 

Feaa!e patients heterozygous' for glucose-6-phosphate dehydro-
( genase enzyae posse,sed .acrophages vi th only a sinile- ozyae' 

type and therefore, clonely derived fro. the neoplastic pro
genator (148). 

Developaent in the LUD,S 

In the rats whioh bave a aestatioD period of 22 .ays. DO .aCTO

" phag.s can be detect'.d in the deyelopina .lmy. before day 20. 
\' , 
~At thi. staa., interstitial cells show predo.inant .yathesis of 
DMA. a .itotie activ~ty which coineides vith the iaiti.l a".ar
anc. of .. crophages in tbe priaitive alveoli. These Eetal .. ero
pbaJes .re not fully .ature. vith fev pseudopod1a and .,,1se 
cytopla.aic lysoz.,.... They .ls~ show poor phaaocytic potential 
toward. avail.ble o •• iophili~ 1 ... llar bodies rel.as" by TJpe 2 
cell. in the fluid ~ill.d .1Ye~lar .acs (80). In buRa •• , fuac
tianal i ... turity of newborD aGnonoclear phagocyt.s 1s e.id •• t 
iD • lover cbeaotaetic response of the peripberal aoaocytes ( 513) • 

~ 

lB tb. "t.8diate post-•• tal JteTiod, • dr_tic laer .... in the' 
~ 

au.ber of alyeolar .. crophage •• ".ar. to be •• sociated vlth 
hip .itotie rate ef iater.ti.tiar e.ll. __ .ev a1y.01i .... lop 
( 122,123). 

NDrp~olo.ic .. d tuaetlo.al .. turation gradually iDC~"' •• vit' 
... in the al veolar Meropha,e.. la rabati ta, the ncterie),"l 
actiYity of ... 4u~t leY81 is r •• e .... by t" fourt" _1 (353'). 

" 
1 
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The findings of a poorly developed. gradually maturing AM' 
a_y exp1ain the higher susceptibility ta pulmonary infections 
in newborns. It was suggested by Bowden and Adamson that the 
functional maturation and the increase in number of alveolar 
macrophages after birth are innate adaptiv,e responses to the 
sudden change from a sterile intra-uterine environment to thé 
external milieu of ambient air (60). 

Harvest 

Many investigators noted that microscopie exaaination of AMs 
in lung sections provide a restricted view and on1y a frag
Ilentary insight of' their aorphololY (60). Funt:tional studies 
wer.e 'ret even more difficul t. 

1. 
Myrvik et al in 1961 descr,ibed a technique to procure AMs froa, 
rabbits by washing the lungs (34~. Sinee then. broncho-pul
aonary lavage as a aethod of obt_ining free ANs for the. study 
of aorphologyt .etabolis. and function becaae widely used. 
Brain et al de.onstrated the sup.riority of usinl pul.onary ~,.J 
layale" for the study of ANs by notinl that a yield of 3-15 x 

. 10· cells/,. of lun, .ay be obtained by thi5 aethod in eilht 
.. __ lian species (65). 

In huaans. AN$ are harv •• ted by perforainl subse ..... t.l. 
broncho-fib6rscopic. saline. pul.onary lava,e (95.111.170. 
315'). Sucb. procedure would require the patients to liye 
an inforaed corisent. Prospectively. ln patient suff.rin. 
particularly fro. recurrent chest infectioas. broacbial 
c.rcino .. and pulaonary fibrosis. it pre •• ats a .. tbod oE 
col1ect~DI lUOI cell sa.ples for ass.ssln, thé local cellular 
re.ponse. Tbe inforaation ebtained would b. poteàtlally 
Yaluable in aana,lu. th. patients on iadiyidual ba.es. la 

.the patients vith recurreat 1ua8 infections ... in t~e absence 
of • systeaic l .. u •• defect. _valuation of the tuaa loc.l, 
i une Euactions would be of .ost brportaaee ta the __ ._t 

of the,e patients,_ ln p.-~tients vith broacJa1aI', carel .... . 
Itl'ODCho.copy i5 frequn,tl perforMCl. OIIta:1ai. b .... cbo-

. " , 

" . 

1 
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alveolar cells for the study of the local natural killing 
ability of ~he alveolar macrophages, may enable us ta explain 
individual variations in their responses ta both the tuaor 

49. 

and its therapy. Such studies would ultimately help to iden
tif Y pa~ients whose host response can be stimulated, and would 
allow standard treatment the greatest chance of success (~S). 

Technique of Broncho-alveolar Lavage 

Many authors described the use of the fiberoptic bronchoscope 
transnasally ~o perfora broncho-pulmonar.y lavage. After the 
respiratory tract is anesthetized vith a local anesthetic, the 
tip of the bronchoscope is passed into a dependent branchus 
and the lavage performed with the patient in tbe upright posi-

~ ft 

t ion (10.381.504 ) . 

In the aethod described by Cole et al. bronchoscopy vas per
forwed under local Anesthesia, the patients heina preaedicated 
vith oanopan 10-15 ... and atropine 0.6 _ .. and aiven oXYlen 
by • nasal cat~eter throughout tbe bronchoscopy. Pollowina 
inspection. the bronchoscope vas iapacted usual1y in • s .... nt 
or a aore peripheral bronchus af the lover lobe sea-&nts. It 
is then beld in place by the assistant. Usiua a hand held 
syrinle9 60 al of sterile 0.9' saline corrected' to pH 7.0 15 

" 

'injected while the patient inhales very slovly to tot.l lun. 
capacity and thea quietly exhales to functioDal residual capacity. 
A total of lZO-110 81 is injected. The tip of the ~roDchoscope 
is th.n vithdr.vn 1-2 ca and aspirat-ioD co_nced while th. 
pat.ien,t br.at.h. quietly vit.hin n01'll&1 tidal ranle. In arder 
to obtatn a lavai •• ..,le of lOO-ISO 81, a total of 100 ta 
500 81 of saline Wa~ injected (95). HoveveT. uales$ the s..,le 
retrley~d 15 to be used for an extensive cellular aad bio-
ch .. ical analyses, i~ 15 cone.ivahle to obtala a sufficient 
cellular yield for functional studies froa a 8UCh'saaller 
-la.a,e s .. ple. Tbe hiabest cell, yie1d obtaiaed iD their 
•• rie. (1.4 x 10') 15 that f~ a •• althy,ci.arettè .~k.r. 
tM lovest yiel4 ... 2"x 10' obtaiaetl fre. a • __ SIIOJEer (H. . ' 

381.SOt ) • 
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Morbidity of BrQncho-a1veolar Lavale 

Out of 120 patients that had pulmonary lavage. 3 developed 
acute respiratory distress which lasted for one minute after 
i.-ediate termination of the lavage procedure and removal of 
the fiberoptic bronchoscope. Three more patients developed 
syncope durirg or iamedi~tely folloving the procedure and 
recovered rapidly aft~r removal of the bronchoscope and lyina 
fIat. except one patient who required 2.4 mg. atropine I.V. 
Eight of the 42 patients developed fever and 6 of these had 
rad.iologic shadowing in ,thei r lungs. However. 5 of the fevers 
and 4 of the shadovings w~~ in natients who previously had 
rècurrent pul.onary infections and responded rapid1y to anti
bioties and physiotherapy (9~. In another series Il of 100 
Dorasl volunteers who vere subjected to broncho-pulmonary 
lavaee. no difficulties or co.plications vere encountered. 

It appears that this procedure is tolerated weIl by .ost 
• 

patients and that the potential rist included acute respiratory 
distress. vasova,al syncope. fever. pua.Qnary infiltration. and 
vocal cord daaage. It i. associated vith a aean fall of Pa 0a 

of 3.0 IPa (ZZ.7 _ HI) 'vhich re .. in:. reduced for 120 .inutes. 
and which .. tes routine oxYaen supple.ent during the procedure 
rec~Dded (95). Bronchoscopie lavale for the previous reasOR 
vas co~tra-indicated in the re.piratory or cardiac risk patients. 

Ce11 Separation 

Tbe .-._1ian IUDI cODtains over .0 diff.rent types of cells 
(19) • On1 Y vi th the pro.re.s in the teclùaiques 'of isolat: ion . 
and charaetertz.~ioD of each. cell type will pDeuaololY advance. 
Al thoulh ... y of the pulaonary fUACtioD5 are thou.ht to be 
uaderstood. the use of isolated perfused lUDI. IUDI slices &bd . 

lubee11ular f;actions in the pres.uee of diverse heteroleDous 
ce11 populations liaits the Interpretation of .. ny·studies (Z •• ). 

Althou,h di(ficulty is usuel1,. encouatered in cell isolatioa 
tee"'iqu ... (311)., it pre.nt. the ÙYuta.e of workiaJ ia • 



SI. 

·cont rolled and chemically def ined medIum in the absence of 

other cell types. Cell isolation can be obtained by tissue . 
dissociation requiring incubation of the tissues in a medium. 

its enzymatic digestion and the use of mechanIcal shear to 

clean tight junctions (496). lt is now evident that these 

techniques could not pass without frequently affecting cellular 

function. Another manner for cell isolation is using different 

cell separation procedures. In summary. thIS includes the use 
of physical methods, the most common of which are the gradient 

centrifugation. unit gravit y and centrifugaI elutriation. aIl 

of which sediment celis depending upon its size and density 

(76,110.313,324,496 ). The use of electrophoresis. flow micro-

fluorimetry. affinity columns. selective destructions and 
primary cultures is dependent upon the characters of cells to 

be separated and the type of study to be performed. The 

equation for velocity sedImentation of an unchanged spherical 
particle is presented below -

Uni t Gravi ty 

where: 

Structur, 

v .. d x 
dt 

(P cell ... P m,ed.). 

v - velocity of sedimentation (cm/sec). 

x • vertical position (cm). 
t = t ime (sec). 

r - spherical radius (ca). 

P cell - density of cell (g/e.S ), 

P .ed • density ~ ~ea~ (g/ca2 ). 
1 

Tl - fluid yiscosity (p/ca/sec). 

The predominant aorpho1olieal ~eature of lavaged ANs is their 

hetero.enei ty (50). Their size ~ries fro. IS to 50 ",. in 

dia.eter (209) with a variable nucleus to cytoplasa ratio. 
This, however. is ca.aonly about 1:3. 

1 
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In the Giemsa-stained preparatlon, the cytoplasm ap~ears gray, 
" and planlshed with dark blue granules and cytoplasmic vacuoules. 

As any other mononuclear phagocyte, lt contains abundant amounts 

of non-speclflc esterase and is positlvely stalned with the 

periodic acid-$chlff technlc. The variatIons ln structure and 

~ize are largely dependent upon the age of the cell, Its activity, 

and phagocytic content (60). Whlle immature non-working cells 

have smooth endoplasmic reticulum, those Involved ln phagocytic 

activlty show an increase ln rough endoplasmic reticulum. 

Alveolar macrophages viewecl under the scannlng electron mIcroscope 

(SEM) show typical ruffled membranes and pleomorphic cell shapes. 

Of these, in a monolayer two dIstinct types of cells were detected, 

fIat aAd round cells. Both cells maintained adherency to cover 

slips. but the fIat cells were spread with thin extended periphery. 

In the non-smoker, 55\ of AMs are fIat and 45% are rounded (111). 

When both types of cells (fIat and rounded) were allowed to phego

cytlze Iron particles WhlCh could be seen within cells using a 

back-scatter mode of the SEM, the fIat cells were 4 times more 

efficIent as phagocytes compared to the round cells (111). 

The heterogeneity of the AM population is thus an expression of 

its activlty. Following phagocytosis, the intra-cellular acid 

phosphatase activity moves from its exclusiv~ly perinuclear 

location to a more general distribution throughout the cytoplasm 

(60). Alveolar macrophages may occasionally be multi-nucleated, 

and frequently show a prominent nucleus. Free ribosomes, weIl 

deveJoped golgi apparatus, mitochondria and glycogen are easily 

detected (203.308 ). Occasionally, cells may be highly vaculated 

with a foamy cytoplasm. However, lipids are normally scarce and 

can be detected by oil red 0 stain (209). 

Since AMs are normally aerobic. Voisin et al attempted to study 

the AM in an environment similar to that in the lung. He main

tained the cells on a filt~r which would allow the macrophage 

to obtain nutrients by capillary action while their exposed sur

face was facing air with an optimal 0a content (491). These 

macrophages were noted to be ratheT rounded in difference to 
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those put on glass (2Riü1 In a dlfferent fixation procedure 

the surface of AMs fac~ng the aIr ",as found ta be smooth. ""hile 

that ln contact wlth the alveolar surface had spa·ad pseudo

podla ( 273). 

Effects of 01 Change 

In the lungs, local envIronmental -:-hange~ lB?' and dlses<;,e 

( 183.282) May alter Its ablllTv To (lear bacterla 

Acute hypoxla has been shown to decrease net bacterla] Jung 

clearance of 5taphylococcus aureu~ and Staph epldermldls 

but not of proteus mlrablllS 1183 This decrease if' net 

bacterlal lung clearance ln the presence of seute hypOXIB 

was attrlbuted ta alteratlon of ln 51tu kllling a functlon 

attrlbuted to the hlghly D, dependent alveolsr matrophage 

In another experlment by HarrIs et al the clearance of Staph 

aureU5. Klehslella pneumonla and Eco]' was found to be Impalred 

ln the presence of hypOX18. ",hIle streptococcus pneumonla was 

cleared normally under the saae hypoxlC condlt Ion Thev postu-

lated that ln contrary to the pTe-Vlously used bacteT18. the 

clearance of streptococcus pneWlon18 was oxygen IndFpendent (201 

\. 

Goldsteln et al studled the effect of exposure to :- S ppm of 

ozone for 5 houTs on the lysosoaal enzymes and lntra-cellular 

hll ing of ANs engaged ln phagocytos 1 s of 5taph. aUTeus ( i 73) 

He found a diminlshed rate of bscteTlal (lesTance demonstrated 

by decTeased IngestIon. Increased lntra and eX~Ta-cellular 

mIcTo-colonizatlon by staphylococel and an ahsence of enzywae 

actlvity in the _acrophages containing hacteTlal mIcro-colonIes 

He observed that the absence of enzyJle aet Ivlty oecuTred only 
of, 

ln macrophages sub~ected to the dual lnsul t of ozone exposure 

and Ingested bacter13. but d1d not oceuT ln _ac rophages Wl ~hout 

lngested bacteria WhlCh sUilest a relatlonshlp betwe-en lmpau

ment in the hacterlCldal capacIty and the cellular actIVltles .... 
of the lysosoBal enzyaes. 

) 
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~}o-energet IC DlfferenL es 

Whlle phagocytos15 by the mononuclear phagocytes and neutrophlls 

15 accompanled br an Increased reSplratory activity and hexose 

monophosphate ~hun! actlvlty. alveolar macrophages falI to show 

a slmllar Increase ln thelT oxygen consumptlon (21,253,254,413 J. 

ln contrast ta other tIssue macrophages. the alvealar macrophages 

operate ln an aerobll atmosphere (POl '\ -.,00 torr). whereas perI

toneal macrophages develop and functlon ln a rela!lvely anaeroblc 

en\'lro-nment (PO, -, S tC>Tr) (449). Under normal restlng condItIons. 

A.Ms have a relatlve!> hlgh 0. consumptlon as compared ta perItoneal 

macrophages 1362.449 1 HIs_chemlcallv. the AMs were shawn ta 

have hlgher SUCllnll dehydrogenase and cytochrome oXldase actlvltles 

(10,) and theu mltochondrla ""ere found to be greater ln both numbeT 

and SI:e wlth more dense crlstae than perItoneal macrophages (255). 

WhlCh emphaslZes the dependence of the AM on aeroblc metabollsm. 

:;;'lmon et al demons! rated that changes ln the amblent oxygen tenSIon 

alter enzyme actl\'ltv ln the cultivated macrophage. He suggested '\ 

tha! a hlgh 0, ten~-lon ln the lung may act on precursor cells to 

PToduce hlgh aC!lvltles of oXldatlve phosphorylation enzymes and 

10- aLtlvltles of glvcolytlC enzymes. and that OpposIte effects 

ma\' OC( ur ln the other tIssue macrophages (449 J. He then vent 

fOTward to hypotheslze some pathophySlologlC ImplIcatIons of hlS 

observatIons Acute hypox18 WIll depress O~ dependent energy 

prOVISIon ln the AM and slgnlflcantly decrease energy dependent 

AM functlon le g phagoCytoslS and plnocytoslSJ. Wlth more 

chronlC hypOXl8. de~reased molecular 0, would alter A~ energy 

metabcllSm~enZymes resultlng ln a .ore favorahle pattern for 

energ~ proflS;lon ln the dlseased lung (4.9). 

Funetlons 

i 11 PhagocytoslS 

·~The f -<-!t~t Ve..6C'l.tP.{.«('1! cl. P-I.n('cut06-<.1I·' 

"1 flrst observed tins phenoaenon ID May. 1859. ln a speClaen of 

thetls fl.brIs. WhlCh l had In)ected VIth an a~ueous suspenSIon , 



of fIne IndIgo partlc1es ln connectlon Wlth a study of the 

vascu1ar system. When 1 put the fI" vessels runnlng ln the 

transparent subcutaneous tIssues of a 100se f1ap on the 

anImal's back under the mIcroscope. 1 was more than a 1lttl-e 

surprlsed, a few hours 1ater to find the co1or1ess blood 

cells filled wlth fIne indIgo particles. These IndIgo psrt

Ic1es had penetrated the blood cells. sometlmes only a few, 

but sometlmes ln large numbers. and had formed ag~regates, 

malnly around the Sllghtly oval nucleus" (193). 

Haecke'Y (1862) 

1 n hl s boo k "D 1 e Ra d 1 0 1 a re n .. 

55. 

A century ago, MetchnIkoff was t~e first to describe the macro

phage and the miC rophage. He recognl zed that phagocytes not 

only serve as scavengers. but a1so play an important raIe ln 

the hast defense agalnst mIcro-organIsas and Cha_ploned the 

c~,use of phagocl~oslS as the basis of survival against pyogenlc 

InfectIon 

One day ln MeSSIna, MetchnIKoff vas qUletly alone at hoae at 

hlS mIcroscope. recovering from trauaatic polltical experiences 

that had led to hlS decision to leave hiS post at the University 

of Odessa ln Russla. He vas worklng at hiS re-search "vith 

paSSIon" ln hiS new and beautifui enVIrOJUlent. His faally had 

gone to the Circus to see sorne perfo~in~ apes. He sat watching 

the mobIle wanderlng cells ln a starfish larva. which was beaut

Ifully transparent and had long been a favorite experlaental 

abJect ln hlS studles. The ldea struck his. that aoblle cells. 

WhlCh ~eTe able to InJest ~Olld particles. could serve to defend 

thA. organlsm ag81nst "noXlous Intruders". In grest excite.ent. 

he"~\'e 1 oped hi 5 S lmp le expeTlaent: t.o place a thorn und~r the 

skin of the larV8 to see whether the wanderlng cells would 

aobillze around 1t5 tip at. the point of ln jury. After a rest-

less night. hiS ~xpect8tlons were fully realized. "Thls experience 

ser\"ed as the basls of the phaaocyt.ic tbeory. to the develo.,.ent 

of WhlCh l consecrated the next ZS years of .,. 1 i feH . 

Netclmikoff (3Z ) 



a) Recoin 1 t Ion 

Having arrlved at the Inflamed or Invaded sIte, the macrophage 

must recognlze what to attack. This remarkable selectivity is 

believed to be determlned by the surface characters of the ob

Ject" to be Ingested. Although the stimulus on the surfaces of 

certaIn partlcles that trigger engulfment IS stIll enlgaatic 

wlth subtle chemlcal features. the field has been extensively 

explored and the recognitIon of the foie of antlbodles and 

opsonlns are clear to an extent. 

b) Opsonlc Requirements 

The reallzation that humoral factors and phagocytes co-operate 

lS a concept WhlCh was popularlzed by George Bernard Shaw ln 

the Doctor's Dlle_a "The phagocytes won't eat the rllcrobes 

unless the mIcrobes are nlcely buttered for thea. WeIl. the 

patIent manufactures the butter for hI.self aIl Tight; but .y 

discovery IS that the manufacture of that butter. vhich 1 calI 

opsonln. goes on ln the systea by ups and dovns ...... There 

lS at bottom only one genuinely 5cientific treataent for aIl 

dlseases. and that 15 to sti.uIate the phagocytes". 

The only antibodies to be found opsonically actlve are those 

56. 

of the claS5 IgG (474). and of these the subclas5 l,G 1 and I,G, 
are the specles that ectuaIIy participLte ln the process of 

opsonlzatlon (Z22). The expression of IIG opsonic activity 

req~lres that both Its Fc and Fab portions be intact. The 

s.all a_ount of thls type of opsonin present in noraal serua 

can be augaented by the subjeetion of the orlanisa to hyper

l_unlzation (382,529 ). 

Whlle opsonlns of the I.G ,roup are he.t stable. another Iroup 

of heat labIle opsonins i5 entirely attributed to eoaple.ent 

protelns. A quantity of laC vhich "r~e iDSufficient as an 

opsonln .. y react vith bacteria. resultinl in the activation 

of the he.olytic eo.pleaent proteiD Cl. C. and C,. aact.ria 

on thelT ovn or in the presence of 1.G can also aetivate the 

properdin systea. The latter 5YSt .. will then pro.ote the 

1 
l 
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deposition of aD opsonically active fragaent of Cs on the 

surface of the aie robe (163.240.~O.476 ). 

C! which is present ln very minute a.ounts in the serum, and 

is structurally siailar ta Cs' May contribute ta the opsonic 

power of fresh serum (462). However. IgG and actlvated Cs 

are the aost effective opsonins of seru. (474). 

Following opsonization. the ingestion of IgG or complement 

coated particles by aacrophages proceeds by first the attach

ment of these particles to specific receptors on the phago

cytic meabrane followed by its interiorization. a process 

which i5 regulated not only by the distributIon of 19G or 

coapleaent on the particle's surface. but also by the avail

ability of aembrane receptors for these ligands on the surface 

of the phagocytic cells (322). 

57. 

Neasurina the ingestion rates of particles by quantItative 

aethods have ylelded aany findinas in relation to the receptor

partlcle blnding. Antib~ies directed against the plasaa aea
brane of phagocytes have altered the iDgestion rates of opsonized 

and unopsonized particles (213). In vitro. aacrophages continue 

to respond to antibody coated particles. while Cs opsonized 

particles .. y cease to proyoke a siailar response ( ). And 

whlle C, .ctivates the .. xi .. } ingestion rates without increasin, 

tbe affinity of particles for the receptor (475). I~G opsonized 

particles increase both the aaxi .. l in.estion rate .nd the affiDity 

of tbe particles for the receptors (473). 

Macrophaaes aDd neutrophils show differeDces in their behavior 

towards Cs and IIG coated particles. While aacropha.es respond 

ta aoTe liJhtly opsoni~ed particles. neutrophils require the 

presence of a larJer a.Gunt of opsonins (474). 

ln addition. there are qualitative and quantitative differences 

in the requireaents for optt.al inae.tion of particle~ vbich 
relate not only to the type of tbe or.aais.. but a1so to the 

type of the phapcyte. Hof et al cOllp&r~ the op.nie réquire

aents for uptake pt radio-label!" Staphylococcus aureus or 
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Streptococcus pneu.oniae Type 7 by hU8aD .lveolar aacrophages 
or neutrophils. Alveolar aacropn.ges readily phagocytized S. 

aureus organisas pre-opsonized vith l' albuain. serU8. or 
heated coaple.ent deplete seru.; wher~as optiaal uptake of 
S. aureus by neutrophils occurred only vith unhe .. ed coaple.ent 
replete serua of 2.5\ concentration. In contrast. the uptake 
of S. pneu.oniae by alveolar aacrophages or neutrophils re
quired high concentrations (more than 40\) of unheated serua 
( 210) . 

Murphey et al deaonstrated that noraal rabblt serua was a 

satisfactory opsonin for the phagocytosis of Staphylococcus 
aureus. but not fOT Pseudoaonas aeruginosa by rabbit alveolar 
.. crophaaes. They also noted that an intact alternative 
coaple.ent pathway enhanced phagocytosis when the concentration 
of staphylococcal i .. une serua was lovered to 0.3\ •• hile at 
a concentration of 10\. an intact alternative co~leaent path
vay was not required. On the other hand, phalocytosis of 

Pseudoaonas aeruainosa was enhanced s~anificantly by either 
the classic or the alternative coapleaent path.ay when the 
concentration of pseudoaonas i..une serua vas lovered to l' 
(318). This study iaplicates tbe iI.portaDce of ca.pl ... nt 
in enhancina phaaocytosis by the alveolar aaCropha,es wben 
antibody concentrations are lov. a situatioD vbich .. y be 
the case in vivo. 

An observation by Bloo. dating back to 1927 (48) that -.ntibody 
coated avian erythrocytes clustered about .. cropha.es like 
the petaIs of a daisy. 1s now used to ideDtify 1-' and coa
pleaent receptors on the surf.ce of .. cropba.es. Th. character
istic fora.tion of rosettes by erythrocytes co.ted vith IJG 
aclecules or to which opsonic fr ..... t of C, bas beea affixed • 
.. y paraI leI tho.e of antibody and co.pl ... at actiyated anti
bodies ( 414). 

Harasen and Jeska studied the pres_ce of 1 .... 116 and c.
pl ... nt reeeptors on porcine alveolar -.cropha,e. uala. tb. 
previously _tiOlled principl.. Approat_tely M'of cite 

j 

1 
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alveolar aacrophages foraed rO&ettes vith IgG coated sheep 
erythrocytes and 23\ foraed rosettes vith complèment ceated 

'" sheep erythrocytes. In addition. while IgG was capable of 
aediating both attachment of and endocytosls of the target 
celIs, complement in the ab~ence of IgG mediated attachaent 
only ( 200). 

c) Events in Particle InaestioD 

When the macrophage eneounters a tasty partiele. it extends 
pseudopodia to surround and engulf it. These pseudopodia 
characteristically have no phase-dense organelles and lack 
definable structure. In electron micrographs. they are 
frequently coaposed of overlapping 5-7 na (actin) filaaent 

S9. 

( 206). The filuents in the advancing pseudopod first appear 
rando.ly oriented. Vith further advanc •• ent. they beco.e 
paraI leI to the long axis of the pseudopod and .ore densely 
packed. 

Next, tbe granules .ove to fuse vith the foraed phalo.o.e at 
the p~a5.a ••• brane. releasiul their enzyaatlc contents into 
vbat is nov called the phs,oIysoso.e and delranulation of 
contents is initiated. 

There i 5 no que,stion that cOlltractile proteins control the 
.. cropha,e .oveaents in pha.ocytosis. Hartwig et al purified 
actin •• yosin", actin bindinl protein (ABP) and a calciUII
dependent actin reaulator protein (eDAR) fra. rabbit Iuft' 
.. cropha.es. Usina the contractile behavio·r of eTUde extract 
as a .ad.l. it was possible tq .. ke those purified proteins 
b.have si.ilarly. ft vas a1.0 found tbat ail contractile 
processes perforaecl by the ucropha ••• re proceeded by tbe 
establishaent of cytoplasaic riaidity ,radients vhich are 
possibly lenerated by the cross 1intinl of actin fila.ent 
b7 ABP. and tb.t free calci~ controls this rilidity. and 
finally. tbat a 51id18, actin fil-.eDt .. chanis. deY.lops 
the sheArin, force of .ov ... nt vhicb ia its.lf is autoaated 
by IIYosiD (201). 
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d) Cre lie Nucleotides and Pha,oso.e-Lysosoae Fusion 
1 

Polloving the ingestion of particles by the aacroph.ge. the 
lys050.e5 fuse vith the ph.gosoaes and a blend of enzy.es i5 

set to delrade th!. partiele. Hovever. in vitro studies have 
shown that several patholen speeie, are able to survive and 
aultiply inside the aaerophage within tbe phagosoaes by either 
inbibiting phagosoae-lysosoae fusion or anotber aeebanisa. 
These organisas inelude Mycobaeteriua tube!culosis (16). Toxo
plasaa londii (302). Mierobacteriua aieroti (242) and Chlaaydia 
speeles (154). This farlure of phaaoso.e-Iysosoa" fusion ean 
be reversed by coating the organisas vitb antibody prior to 
ingestion (154). 

The failure of phagoso.e-lysosoae fusion vas believed to be 
induced by an increase in cyclic adenosine 3'-5' aonophosphate 
(cyclie AMP) in infected .. crophages ( 302J. the extent of 
fusion being dependent on the balance bet_een opposing effects 
of eyclic AMP - a fusion inhibitor and eyclic GMP - a fusion 
proaoter. Hovever. when exolenous eycl1c ftueleotides vere 
introdueed into ph_aosoaes via positive1y charged l1poso.es. 
no effect was detected on fusion (lO2) .. 

\ (Z) Cheaotaxis 

Cheaotaxis 15 defiaed by Zi,aond .s a hias in tbe ~y..-nt of 
a eell or orlanisa a10DI the axis of a ch .. ieal aradient vhicb 
results frGa sa.e para .. ter of the loca.otion. 0 .. ,_, the speed 
of aoveaent and/or tbe frequency. _pitwle or diTection of 
turns. altorin, as a function of tbe direction of locoaotlon 
in the aradient (533). Cheaotaxis i5 of particular interest 
in the analysis of the aechanis.s behind the cODar.,ation of 
pba.ocyte~ at the site of an infl .... tory r.spons •. 

The inter.ction betwe.n .iero-oraanisas and bost tissue has 
b.en DOwn for uay years to cause the ~,".l'atioft of ch_otacttc 
factors either direct!y or by th. acti.atioa of ca.pl .... t • 
factors with t'- subsequent r.l .... ' of proteiD fra ... ats vitb 



( 
( 

che.otactic activity (465). The generation of complement 
fr.,.ents in the cleavage of C, and generation of CJa by 
plasain along the early contact phase of the intrinsic 
system of blood coagulation is also thought to lead to the 
production of chemotactic factors (38). 

Che.ical substances in their environment May influence the 
locomotion of cells in at least two ways: by determining 
the speed of movement (chemokinesi5) and by determining the . 
direction of movement (chemotaxis) (261). 

61. 

Chemokinetic reactions May be determined by the nature of the 
substratum on which cells move. Wilkson and Al1an.observed 
that if a surface (micropore fil ter or glass) i5 coated with 
albumin and then washed. chemokinetic locomotion of neutrophil5 
on the albumin coated surface is still observed. even though the 
fluid phase is albumin free. They concluded that albumin May 
Act as a chemokinetic agent by providing a suitable substratum 
for cell movement. whereas uncoated filters or glass do not 
(521). In a later study, the sa_e au~hors prèsented evidence 
of si.ilar chemokinetic effects of albuain and IgG on huaan 
blood monocytes (522). Gallin et al aonitored the meabrane 
potential changes in cultured guinea pig and huaan macrophages 
during exposure to che.otactic factors usina direct intra
cellular recording techniques. Cultured aacrophages exhibited 
spontaneous aeabrane hyper-polarization associated with an in
crease in aeabrane permeability to potassiua. Exposure to endo
toxin activated seru.. partially purified Csa. and cheaotactically 
active synthetic N-Foraylaethionyl peptides resulted in a pro
lon.ed aeabrane hyper-polarization soaetiae5 preceded by a 
s .. ller depolarization. This cheaoattractant-obtained hyper
pol.rization was siailarly produced when the calciua ionophore 
A23117 wa5 used (158). Froa thi~ study. it was cODcluded that 
cHanles in aeabrane potential are early events in aacropha.e 
activation by cheaotactic factors. 

tnyadin. alero-orlanisas .. y lead to the .eneratioa of factors 
which are eitber pri .. rily ch.aot.ctic or by actiYatinl~'.ru. 

~ 

1 

1 
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complements. This complement activation can occur by a 
specifie reaction in which bacterial antigen-antibody com
plex activates the hemolytic complement components Cl. C~ 

and resulting in the consequent activation of C, and Cs 
both with chemotactic activities (463). The generation of 

C,a and Csa in the absence of specifie antibodies or in 
response to antibodies of certain subclass specificities 
can OCCUT by activating i the incompletely defined alternate 
complement pathway OT properdin system (428). Ward et al 
noted that non-specifie proteases released from bacteria or 
damaged tissues can attack Cs and Cs directly to yield C,a 
and Cs a (503). 

A protein released by aggregating platelets was observed to 
generate a chemotactic factor from C&a (5Q7). Kallikrein 
and Plasminogen activators were also found to contain chemo
tactic powers (248), indicating that intrinsic reactions in 
serum have the capacity to produce chemoattractants. In 
addition, macrophages, lymphocytes and neutrophils in the 
absence of serum were found ta be able to release their own 
chemotactic factors ( 10,108). 

Massive complement activation occurs intra-vascularly in 
several situations, sucb as in gram-negative septic sbock. 
pneumococcal bacteremias, acute pancreatitis and SLE (232). 
Bower et al hypothesized that granulocytes whicb are uni
foraI y filled with activated complement in such situations 
would not be able to perceive any further activated com
plement messages in their environment and would be, thereby, 
essentially "paralysed". The in vitro exposure of granulo-. 
cytes to activated co.plement. indeed, resulted in their 
failuré to respond to cbe.oattractants in cha.bers ( S3>. 

Ward observed that alveolar aacrophages respond poorly to 
.iarational stiauli in in-vitro cbe.otactic assay systems 
(502 ). This observation was later supported by Dauber and 
Daniele who stressed that the poor respon$~ to certain serua 
de~ived cheaotaxins vas not sufficient evidence to sUIgest 

62. 
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that the alveolar .acrophage lacked the potential to respond 

cheaotacti~ally (106~ They also hypothesized that the variation 
in the response of guinea pig alveolar macrophages may be 
attributed to .e~abolic alterations. In facto they ~howed 

that with optimal P0 2 concentrations. alveolar macrophages 

responded to chemotactic formylmethionyl peptides. 

Shwartz et al using different protein concentratlons and 

separate molecular weight fractions of adult rhesus monkey 

lung lining lavage presented evidence of the latter having 

a chemotactic effect on alveolar macTophages. This chemo

tactic effect was directly related to the concentratlon of 
proteins in the lavage fluid and was maximal in the molecular 

weight fraction below 5.000 daltons (445). 

Kemp et al (263) demonstrated that human IgA. but not IgG 
precipitate. inhibited both chemokinesis and chemotaxis of 

human neutrophils and monocytes and since IgA does not activate 

complement by the classical pathway (521). it does not produce 

chemotactic factors from serum (2an) and does not opsonize 
bacteria or cells (525.534). which suggests that IgA may dampen 

down potentially damaging inflammatory responses at mucosal 
surfaces (219). 

Pierce et al. using histological techniques. quantified the 
a.ount of polyaorphonuclear leukocyte infiltration into the 

bronchi and alveoli 4 hours after an aerosol inoculation of 
aice with bacteria. They deaon5trated that (leb51ella pneuaonia 

or Escherichia coli aerosol inoculation significantly increased 

the poly.orphonuclear leukocyte infiltration. while 5taphylococcus 
aureus did not. indicating that the cellular response varies 

according to the organisa used (263). Rylander and ~ssociates 

supported this interpretation by notina that the nuaber of 
polyaorphonuclear leukocytes. but not aacrophages a_ong free 

lung cells, obtained by lavage of guinee pilS. increased after 
aerosol exposure of E. coli or K. pneuaoniae. but not after 
exposure to Bacillus subtilis (419). 

Hunnin~hake et al deaonstrated that auiDea pig alveolar .. crophages 
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involved in phaaocytizina heat killed 5taphylococcus aureus 

aenerated a che.otactic factor which attracts monocytes, but 
.are preferentially neutrophils (2?p). Dauber and DanIele 
recently detected a chemotactic factor ln the medium of gUlnea 

pig lung macrophage cultures. This factor manlfested maximum 

che.otactic effeet on neutrophils and least effect on lung 
macrophages. Lyaphocytes also responded to this factor which 

suggests that alveolar m~crophages secrete chemoattractants 
with abilitles to initiate both acute and chronic inflammatory 

reaetions by direeting the influx of neutrophils, macrophages 

and lymphocytes (107). 

(3} Intra-cellular Bactericidal Function 

In the mononuclear phagocytes, anti-microbial events are either 

oxygen dependent or Independent. Oxygen, i5 partlally reduced 
in the cells to yleld intermediates, namely, the superoxide 

anion. hydrogen peroxide and hydroxy radicals. and the inter

action between those species may lead to the production of 
excided oxygen (singlet oxygen). Oxygen independent meehanisms 

are attributed to the fall in intra-phagosomal pH and the re
lease of lysozy.e, laetoferrin. and cationic proteins into the 

phagolysosomes (267). 

a) Myeloperoxidase 

The ayeloperoxidase-mediated systea contributes significantly 

te the anti-microbial activity of polymorphonuclear leukocytes. 

peripheral blood monocytes and recently recruited exudate macro

phages. Folloving phagocytosis,. myeloperoxidase is discharged 

into the phagosoae where it interact5 with H2 0 2 produced by 

either the phagocyte or as part of the microbial metabolism in 
what i5 considered a suicidaI a~te.pt. The phagocytosis induced 

n 
respira tory burst does not necessarily reflect an increased 

intra-cellular killing activity by the phagocytes and it is of 

interest that ayeloperoxidase deficient polymorphonuclear leuko
cyt~s have a aarkedly iapaired microbicidal activity even in the 
presence of an increased respiratory b~rst (267). 

---



65. 

b) Superoxide AnIon 

The morphological. functional and metabollc manIfestatIons of 

activation ln ellclted or infectlon-actlvated macrophages are 

accompanied by an enhanced superoxlde anIon release when 

phagocytosis or membrane perturbatIon occurs. Johnston et al 

demonstrated an enhanced superoxlde anIon response when macro~ 

phages were exposed ln vitro to proteolysls or subJected to 

certain components of mICro-organlsms. They concluded that 

whether lnduced ln VIVO by lymphokInes. enzymes from other 

phagocytic cells. or microblal products. such prlmlng of macro

phages could accentuate thelr oXldatlve response to Invadlng 

mlcro-organlsms or mallgnant cells (239). 

c) Hydrogen Perox1de 

Our understand1ng of the ~chanlsms of hydrogen peroxlde release 

by mononuclear phagocytes 1S stIll fragmentary. 

Stud1es wlth alveolar macrophage have given results in variance 

wlth those of blood monocytes and peritoneal macrophages. While 

the latter produce considerable amounts of hydrogen peroxlde, 

extremely low levels of hydrogen peroxlde~re released during 

phagocytoslS by the alveolar macrophages in rats and rabbits 

(42,498). SImon et al postulated that these cells WhlCh are 

acc11mated to an oxygen-rich environment May have peroxide

detoxifying mechanisms which would allow minimal HaoJ escape 

from the phagocytic vacuoles into the extra-cellular milieu 

(44~). 

The process of phagocytosis by macrophages lS associated with 

dramatic changes of oxidative metabolism. Widely, it is accep~ed 

that the biological significance of the respiratory burst IS 

that of providing a mixture of reactive compounds which can kill 

the micro-Qrganism whether lt is Intra-cellular or extra-cellular. 

Rossi et al studied the respiratory burst of rabbit alveolar 

macrophage. In normal cells, this was associated with the formation 

of superoxide anion and hydrogen peroxide. However, these inter-



medlates were not released oWlng to the hlgh efflclency of 

an lntra-cellular mechanlsm for their transformatIon and 

degradatlon. When alveolar macrophages were actlvated by 

BCG. a greater resplratory burst was accompanled by a change 

ln the equllibrium between syntheslS and degradatlon of the 

Intermedlates. resultlng ln the ~xtra-cellular release of 

hlgh amounts of such Intermedlates when phagocytoslS was 

1 nIt 1 a t ed ( 412) . 

Oren et al reported that alveolar macrophages exhlblt sub

stantlally higher oxygen consumptlon than perItoneal macro

phages. and whlle phagocytoslS by perItoneal macrophages. 
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WhlCh is provlded by gIycolYSIS. 15 not Impalred by anaerobloSlS 

or by cyanlde treatment. alveolar macrophage phagocytlc actlvlty 

15 dependend on oXldatlve energy metabollsm and lS decreased by 

anaeroblos19 and cyanlde treatment ( 361). These dlfferences ln 

metabollc responses are only a part of the end of line dlffer

entlatlon ln the functlons of mononuclear phagocytes as they 

settle ln thelr new environments whether it is perItoneal. 

alveolar or other. 

Axllne et al studied the effect of acute and chronlc ln vItro 

hypoxla on alveolar macrophage phagocytlc functions. When the 

phagocytes were malntalned under chronlc anaeroblosis (96 hours). 

thelr phagocytlc functlon only reached approximately half the 

maxImal value achieved by cells cultivated aerobically. They 

also provided evidence supportingthe role of molecular oxygen 

as a metabollc regulator when the glycolytic capacity was found 

to exhlblt marked reclprocal changes ln response to changes in 

the oxygen concentratIon of the medium (20). 

e) Controversy in Methods of StudYlng lntra-cellular KIlling 

Study of lntra-cellular killing of micro-organisms by macrophages 

can be approached in two main ways. The first is microbiological 

where kllling by phagocytic cells is estimated from the decrease 

in the number of VIable. cell associated. bacteria during in-
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superoxlde anion and hvdrogen refe';I Ide QUT Ing 'hf' m~1:abollC 

burst aSC;Ol lated wlth phagoCYt()~15 15 u"'ed a<' ar ',d.ree! 

measure nf the bal terllidal capaCl~\ li ftH' pha~ ,fIC ,-f'll~ 

( 267). However, lnt rd (elllJlar kIl .. Ing 1 tself 1" not elue 1-

dated becdllse the metabolH burq 1<' measured durlng the 

contlnuous IngestIon of the mllro-organl~m 

LelJh et al modlfled the usuaJ mlCroblolngllal method bv 

allowlng pre-opsonlzed mlcro-organlsms to be lngestt-~ for 

a very short tlme, then c,eparat Ing the unlngested hacterla 

from the phagocytes wlth thelr Lontalned Inge<;ted bSLtena 

hy dlfferent laI centnfugatlon. followed by perfonnlng 

vIable counts on the cultured phagocvtll cells The de 

cre as e l n the n um ber 0 f v 1 a b 1 e ln t ra - cel 1 u 1 a r ha ete rIa 

determlned ln relatIon to tlme represents the lntra-cellular 

kIlllng (28~) However, thlS method carrled the dlsadvantage 

that. If vlahle counts obtalned are low. It 15 not posslble 

ta know whether thlS would be a reflectlon of low phagocytic 

.;actIVlt. or a hlgh lntra-cellular kllllng ablllty. 

f) Extra-cellular Requirements for lntra-cellular KIllIng 

lt was found that a11 catalase-posltive mlcro-organisms studied 

CStaphylococcus aureus, Staphylococcus epidermidis and Escherichia 

COll) requlred extra-cellular serum ta be effectively killed 

intra-cellularly by human monocytes, and almost no killlng was 

'" observed' ln the absence of serum, On the other hand, the killing 

of ~talase-negative mlcro-organlsms (Streptococcus pneumoniae, 

Streptococcus py~genes and Streptococcus faecalis) did not neces

sltate the presence of serum, and the stimulation by serum proved 

to be addltional to the killing obtained in its absence ( 289). 
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1 omp 1 emen t 

,*e r e <; hown 

al~( ": lmulate ~he :ntra-ce.luid· ~ll J Ing of Staph~lo(occu" 

;.. decrt>a5-e Ir. the number cd ,b receptors after ~reat-

men' _,f the mOnOcYTe" wlth pronBse or antl-monocyte seruJ!' cor

reld'ed ,,"th a decrea<.e ln tht> Infra-cellular kl1l1ng of C,taphylo-

, f) l '_ ..J ~ ;l urt' u " 1 n d l car 1 n g ~ h a t 1 J b rt~ l t> P t 0 r l n ter a c t Ion s ~ l mu lat e s 

lntra el: ~la, j.; .lllng 'f the~e mlcro-organIsms (290J 

'4 SecretLJP f-un(tlon~ -- -- -' 

~_E.nz:yme Release and Supero~lde AnIon Product Ion 

Onh retentIy has the secretory functl0ns of the pulmonarv macro

phages recelved attent Ion. It has been suggested that proteases 

secreted by macrophages may play a raIe in the lyslS of collagen 
J 

and the remodelling of scars (464). ThIS Idea 15 based upon the 

knowledge that whereas the unstimulated or qUlescent macrophage 

IS concerned prlmanly wlth phagocytoslS and endogenous dIgestIon, 

the actlVated macrophage. Identtfled morphologically as an epl

thellold cel1. is capable of exogenous secretion. Proof of the 

postulate 1S not at hand however. and the question is further 

compllcated by the functlonal duality of the fibroblast as 

secretor and degrader of collagen and by the lack of sultable 

markers which will dlstinguish fibroblasts and macrophages with

ln the general population of pulmonary interstitial cells ( 60). 

The pulmonary macrophage has been implicated in the pathogenesis 

of emphysema by its ability to secrete proteolytic enzymes. 

Enzyma t le sec ret ion by the mac rophage usually fa llows sorne form 

of extrlnS1C stimulus and since cigarette smoking is a dominant 
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fa<..Tor :r) the t'Tlo:og} of emphys-e_a. tht' re5ponse of the mai r~ 

phagt' te !ObacC0 smokt' has attracted con!-lQ.4rable Intere~t 

~lthough ~lgnlfl(ant morphological changc5 ~ave been observ~a 

ln the al\'eolar lItal rn phage5 of .. moker~. lt5 func!lOn ~lgnl·lcan(t' 

l~' not known . 71 

The macrophages Whllh are adaptt"d t{, ~lgaret!c smolong _a, 

lndeed nt' Invoh'ed ln the desTructIon of termInal 81rVavs 

and aIr sacs wlth thelr secretoT\ pote'ntlal "".proteases wl'th 

elastll-l:ke actlvlt\' haH!'! been deaonstrated ln macrophagt's 

from varlous SItes 

WhIte et al reported that an unstlmulated alveolar macrophage 

produces more elastase than an actlvated perItoneal cell and 

that ln smokers, thlS enzyDlt' actlvlty lS greatly enhanced (517). 

On the other hand. the enthuslasD for a macrophage raIe ln 

destructIve dlseases of the lung dld not obscure the protectlve 

Tale of thlS cell. The macrophages are known ta blnd and In

corporate neutrophll derlved elastase (80). phagocytoslS of 

elastase rlch neutrophils and the neutrallzatlon of thelT 

enzymes ln the lungs of smokers May. ln fact. be more i.portant 

than the postulated role of the macrophage as a dlgester of 

elastlc fibers (4n, 

Recently. thlS concept was confirmed by the work of White et 

al who demonstrated that Alpha-Z-macroglobulin. one of the major 

protease inhibitors which insignificantly crosses endothellal 

barriers is secreted 10cally in the alveoli of smokers by the 

alveo~ar macrophage (515). In rats, it was shown that alveolar 

macrophages were able to secrete Alpha-l-proteinase inhibitor. 
~ 

which suggests that the accumulations of these cells at sites 

of damage in the smoker's lung represent an effort to protect 

the a1veoli against proteolytic attack (516). 

Alpha anti-trypsin (93) was aI 50 identified in human pulmonary 

alveolar macrophage. Its activity was found to be elevated in 

pulmonary alveolar macrophages obtained from smokers, and in 

one patient with severe homozygous a-anti-trypsin deficiency, 
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Selectl\e 'ele8~e of Ivsosomal en::ym(:'<, br a1veolar macrophages 

was notlced to oelur dUTlng the proces5 of phagOtvtlzlng :vmosan 

pa!"'::c les and ""hlle smo~ers' a1veolar macrophages were shown to 

secrete elastase ln VItro. non-slaokers' cells released no detect

able elastolytlc secretIons ln response to a phagoeytlc stIDlulus 

(404, Thus. It seems that the lngestlon of particulates ln 

tobaeco smoke br the alveolar macrophage may lead to the release 

of proteolytlc enzymes lnto the bronchlo-alveolar s~ces. 

Many other enzymes have been detected ln alveolaT macrophage 

secretIons, platelet actlvatlng factor. B-glucuronldase. neutral 

proteases and posslbly slow reactlng substance of anaphylaxis 

(SRS-A) 22.33.243). Superoxide anIon productIon by alveolar 

macrophages have been previously mentioned and Its role ln the 

etlology of many lung dlseases 15 cUTrently the 5ubJect of 

Interest of many researchers. 

Durlng the last few yeaTs, immunoglobulln5 of the E class have 

been shown to blnd to rat. baboon and human mononuclear phago

cytes, Tesultlng ln theiT actIvation and converSIon into cyto

tOXIC effectoT cells ( 243). Rat monoclonal IgE protein ~~ able 

to bind to the macrophage membrane withln 15 minutes (120) and 

to lnduce selective release of lysosomal enzymes after subsequent 

addltlon of anti-lgE antlbody (119). 

The role of immunoglobulln E ln the activatiçn of human alveolar 

macrophages and the induction of their secretion have been further 

endorsed by the flnding that the specifie release of lysosomal 

B-glucuronidase and neutral proteases was successively obtained 

when alveolar macrophages were incubated with IgE and then with 

anti-lgE. When IgE opsonized zymosan was added to IgE incubated 

cells. superoxide anion 0l generation was optained. Finally, 

when al veola r macrophages were cul ture<l w/ijh serum from patients 

allergie to house dust or to grass pOllén, and then with the 

specifie allergen, the cells were found to reIease B-glucuronidase 
(243 ) • 
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An Interestlng analogy can be drawn br the syste. prevlo~sly 

descrlbed and the posslblilty of Induclng .. st cell degranu

Iatlon ln the lung by the same stl.ulating agents. I.e .• antl
liE or speclfic allergens (365). Alveolar _acrophages _.y be 

considered as a second cell populatIon lnvolved ln lamedlate 

hyper-sensltivlty together wlth mast cells (243). 

Cb) SecretIon of Chemotactants 

Co.ple.ent co.ponents have been repoTted to be synthesized by 

macrophages and their monocyte precursors by several Investi

gators. Peritoneal _acTophages synthesize the thitd and fourth 

co.ponents of complement (470). Huaan monocytes in a longtena 

pri_ary culture syntheslze and secrete the second co.ponent of 
co.ple.ent (134). 

Kazmierowski et al observed that foiiowing bToncho-alveolar 

lavage of a primate lung. the population of polymorphonuclear 

leukocytes Increased from an inItial 0\ at the onset of lavage 

to fOTm 4S to 90\ of the cellular contents in the lavage fluid 

4 hours later. To explain the ingress of the polymorphonuclear 

leukocytes. the lavage fluid was tested for the presence of 

chemotactant factors. Two components were identified, a larger 

component with an estimated molecular of 15,000 daltons was 

chemotactic for both polymorphonuclear leukocytes and mono

nuclear phagocytes. Because this component was inactivated 

with anti-serum against the fifth component of complement, 

Tesistant to heat and unaffected by anti-serum against CJ , 

this factor was considered analogous to the cleavage product 

of the fifth component of complement, Csa. The other component 

identified was chemotactic to polymorphonuolear leukocytes only 

with a smaller molecular weight of 5,000 daltons, a heat labile 

character. These chemotactic factors were also found to be 

secreted by alveolar macrophages in vitro when stimulated by 

phagocytosis of opsonized Staphylococcus albus.or by attachment 
to a glass surface ( 256) • 

A study taken by Hunninghake et al delineated further the role 

of the alveolar macrophage as a secretor of cheaotaxin in the 



( 

72 . 

• odulatlon of acute pul.onary Inflamaatlon when they deaonstrated 

that the generatlon of a che.otactic factor with preferential 

actlvlty fOT neutrophlls by guinea plg alveolar aacrophages fol

lowed the lntra-tracheal ln)ection of heat kll1ed Staphylococcus 

aureus ln V1\"O OT the phagocytosis of the salle bacterla in vItr.ü 
( 228) . 

Recently, Dauber and Daniele demonstrated ~at chemotaxins secreted 

by guines pig lung macrophages attracts neutrophils. as weil as 

peripheral blood monocytes. peritoneal macrophages and lyaphocytes 

deTlved from tracho-bronchiai lyllph nodes (107). 

c) Chemlcal Hodulators and Other Active Substances 

ln cultures, lIany kinds of substances have been identified as 

products of macrophages. However. it is not known whether 
'" alveolar macrophages produce several or aIl substances at the 

same time. TransferTln (469) and transcobalamine II (386) 

were shown to be produced in macrophages. After endotoxin 
and phagocytic stimulation, aIl kinds of mononuclear phagocytes 

~ release endogenous pyTogens (18.56). However. this response is . , 
only detected in vivo. Angiotensin converting enzyme has been 

recen~ly reported to be secreted by mononuclear phagocytes in 

culture, specially after exposure to dexamethasone (153). The 

clinical implication of angiotensin converting enzyme in the 

lungs is still uncertaln. The prospect that hypertension of 

"renin excess type" might respond to inhibition of the converting 
enzyme has stimulated a search for an immunologie approach for 

treating high blood pressure. 

Colony stimulating factor (CSF), a glycoprotein with a molecular 

weight of 70,000 daltons, which acts on the mononuclear phagocyte 

and granulocyte precursors, was found to be produced by hum an 

alveolar macrophages in vitro ( 171). This may suggest that 

alveolar macrophages have the potential to release factors which 
can stimulate the production of phagocytic cells by the bone 

marrow, which may then migrate to the lungs as rapid deployment 

forces. 

... 
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Another substance which IS probably released by macrophages at 
the sIte of infla .. atlon is the factor increasing .onocytopolesis 
(FIN). This factor can enhance the proliferation of pro.onocytes 

and .onoblasts. However, the possibility of its production by 

cells other than macrophages at the site of inflamaation has not 
been coapletely ruled out (488). 

Prostaglandins are produced by mouse and human aononuclear phago
cytes (275). Endotoxins and phagocytosis enhances its secretion 

in vitro. Further, prostaglandins were found to inhibit pro
liferatlon of precursor cells of the granulocyte and the .ono

nue lear phagocyte series ( 276) . 

Arginase vas found to be relea5ed from activated macrophages both 
in vitro and in vivo. This deprives the medium fro. arginine, 

thus interfering with the growth of other ce115, e.-g., tUllor 

cel! s (102,276). 

Interferon ~as been shown to be syntheslzed and released by non
infected macrophages. When macrophages are virus infected. it5 
production is increased (461 ). Fibroblasts as weIl as endotheliai 
ce11 proliferation has been induced by factors secreted by stimu

lated macrophages (288,380 ). 

Thus, it seems obviou5 that the alveolar macrophage can be a 
potent secretor and that this function can affect Many systems 
in the body. However, most of the lnterest ln itl secretory 
function was directed towards examining the role which~alveolar 
macrophages have in interaction with lymphocytes. 

(S) Removal of Obsolete Surfactant 

The alveolar macrophages reside in the alvepli within a lining 
layer of surfactant whic~ filIs the irregularities of the alveolar 
surface and lowers the $~rface tension between the air and the 

tissues. Surfactant," primarily a phospholipid in composition. is 
produced by Type II epithelial cells of the alveoli in intra-
cell ula r organelles. called lamellar bodies (164). However. only 

recently was the mechanism of its clearance from the lungs under-

"'--
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stood. Naimark (347) adllinistered labelled palmitate. a pre
cursor of dipalmitoyl 1ecithin, one of the predominant com
ponents of surfactant, intravenously into rats and ana1yzed 
it5 uptake and subsequent fate in the lung. He found that 
the labelled precursor is first taken by the lung tissue. 
presuaably by the Type II alveolar (epithe1ial) celis during 
the synthesis of surfactant. It is then released into the 
alveoli and appears in lhe surface lining layer, and at a 
significantIy later time the label appears in the alveolar 
aacrophages. 

Using different aethods, Geiger and colleagues studied the 
clearance of aerosolized dipaimitoyi lecithin (DPL) from the 
1ung. The cellular distribution of tritium-Iabelled DPL was 
followed with frozen section autoradiography at intervals 
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after administration of the aerosol. The label was immediately 
taken up by the lung tissues, but was lost progressively from 
the Type 1 alveolar (epithelial) cells, to appear in the liver, 
spleen, kidney, blood and urine. However, it was retained by 

the Type II alveolar epithelial cells, and increased in amount 
in macrophages at the same time. The authors concluded that 
DPL is rapidly absorbed by the Type 1 cells and transferred to 
the blood and lymph (161). Some technical problems arose with 
his method, in that only 3\ of the labelled DPL reached the 
terminal air space. Furthermore, the half-life of radio
activity was approximately 3 hours, so that synthetic surfactant 
was cleared from the alveoli significantly more rapidly than 
normal surfactant in vivo. The impact of these fact~rs on the 
results is difficult to assess. 

Sheishi et al presented evidenc~ of a different sort concerning 
the turnover of surfactant. Using antibodies prepared against 
a specifie protein of surface active material lavaged from normal 
rabbit lungs and conjugating fragments of the antibody ta horse
radish peroxidase, the authors were able to localize a protein 
component of surfactant in the lung by means of the Graham and 
Karnovsky cytochemical test for peroxidase. They found local
izatian in the alveolar Uning material. in "the cough endoplasaic 
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retieulum. gOlgl eomplex and multi-vesrcular and lamel1ar bodIes 

of the Type Il alveolar (epithel~l) cells. They also detected 
localization ln surface pinocytie vesicles of Type 1 alveolar 

epithelial cells. Finally. they found dense a~cumulations of 
the protein in the secondary lySosomes of alveolar macrophages. 

indieating its apparent relatlon to the clearance .echanism of 
that surfactant component (478). 

Macrophage Lymphocyte Interaction 
fT' 

The macrophage has an important role in both the afferent and 

efferent limbs of the immune response. The afferent functions 

were found to be dependent on the close anato.ical proximity 
which occurs between macrophages and lymphocytes in the lyapho

reticular tissue (113). Sell (443) summarized the possible 

mechanisms of funetional cellular interaction between B-cell. 
T-cell and macrophages. The antigen i5 bound to or near the 
surface of the macrophage or IS inaested by the macrophage, 

then degraded mostly and a small part containing antigen deter-, 

minants i5 then relea5ed. The antigen may be modified by the 
macrophage to become more immunogenic, complexed to low molecular 
weight RNA or it may induce formation of a specific messenger ~, 

RNA. The term "antigen focusing" has now become popular in de-

scribing the role of the macrophage in relation to the lympho-
cyte. Walker noted that macrophages may present functional 
heterogeneity and that different groups may have considerably 
different functions (498). 

The modification of the antigen presented to the T and B cells 

by the macrophages allows a suitable response, by possibly 
altering its concentration, presenting a multi-valent form, 

or merely by providing a rigid substrate (82). 

Pierce and Kapp demonstr,ated that under certain circumstances 

macrophages May eliminate tolerQgenic antigen, preventing the 
occurrence of immunologieal tolerance (376). 

. 
On the efferent si4e of the immune response, the interaction 

between antigen and sensitized T-,cells at the site of an 
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InflammatIon results in the release of lymphokInes WhlCh attract 

monocytes. i_obillze them at the site of InflammatIon and Induce 

their maturatIon. These mature actlvated macrophages are non

specifically more actIve ln the phagocytoslS and kllling of 
bacterla (131). 

Macrophages also perform tumorlCldal functl0ns, however. how 

this is done IS not clear yet. Mature. stimulated or actlvated 

macrophages can kIlt tumor cells non-specifically, and macro

phages armed with specific cytocidal factors produced by T

lymphocytes can kili tumor cells specifically. Soluble medl

ators. possibly lysosomal in origin May be involved (82). The 

observed phagocytosis of tumor cells by macrophages is not 

known whether to occur bef0re or after,,4>-tumor cells are killed 

(7). In addition, macrophages are present in consIderable 

numbers in Many tumors and the progression of such tumors is 

thought to be inversely related to thelr macrophage content (8l). 

Macrophages take up. process and present the antigen to pre

committed but inactive T-lymphocytes. which are there by 
triggered to proliferation (410). However, Rosenthal and 

Shevach demonstrated that not aIl macrophages are capable of 

stimulating antigen specific T-lymphocytes (40Y). It is 

hypothesized that T-lymphocytes. in order to b~come stimu1ated. 
must recognize not only a fragment of the protein antigen. but 

in addition. must recognize major histocompatibility complex 

determinants of the macrophage that presents the antigen ~4S). 

It has always been considered that the T-lymphocyte must get 

into close physical contact with macrophages for the activation 

~o take place. Nonetheless. supernate factors from cultures 

of antigen-pulsed maçrophages were demonstrated to be of impor

tance in macrophage-dep~dent T-lymphocyte activation. Farr et 

al noted that the interaction of immune T-cells and macrophages 

require direct physical contact and that separation of these 

cells by a membrane impermeable to cells prevented the production 

of these mediators (14~. 

Genetic analysis revealed that the lymphocytes and macrophages 

.... 
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must share reglons of genetle homology fOT lnteraction to 

OCCUT, a suh-reglon of the majoT histocompatlbIllty complex. 

the 1 region, helng the one responsihle fOT such restrlctlon 

(113). The 1 reglon has been known for qultc a whlle to 

determine the ablilty of dlfferent mouse stTalns to respond 

to various antigens (268). 

Rosenwasser et al noted that ln contrary to the gUInea plg 

macrophages WhlCh are genetlcally restTlcted in thelT inter

action vith lymphocytes. mouse was found to have both a 

genetically restTlcted and a non-genetlcally restrleted 

macrophage functlon. The former appears to Tequire direct 

physical contact, the latter to be available VIa a soluble 

supernatant factor (410). 

In a reciprocal fashion. a number of macrophage funetions 

.ay be modified by interaction with immune T-cells and the 

appropriate antigen. Followlng such interaction in vitro, 

macrophages were shown ta increase their metabollc activlty 

(473), bacteriostatic and tumoricidal activity (45,300). 

An increase in macrophage secretory actlvity was also noticeable 

fo1lowing its interaction with T-Iymphocytes and an appropriate 

antigen. The secretion of lysozyme, plasm1nogen activator, 

elastase and collagenase were aIl found to be significantly 

increased (486). 

BelIer et al noted that macrophages re1ease a number of lympho

regulatory Molecules in cultures containing imm~e T-cells and 

normal macrophages (29). 

Rosenwasser et al confirmed that macrophages are required for 

antigen-specific T-cell activation. In a macrophage-dependent, 

antigen-specific. in vitro, murine, T-Iymphocyte-pro1iferation 

assay, they were able to show that T-Iymphocytes depleted from 

adherent cells do not respond when challenged in vitro with the 

immunizing antigen, and that this phenomenon can be reversed by 

adding macrophage-rich peritoneal exudate (410). 

Enhancement of microbicidal and tumoricidal properties of mono-
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nuclear phagocytes can be Induced ln vitro by exposlng Immuno-

10glCallv act Ivated or Inflammatory macrophages to elther \ lable 

sensltlzed lymphocytes and antlgen or the supernatant fluld from 

thls Interact Ion. In both cases. soluble lymphocyte product "

(lymphokines) reqUlre the presence of T-cells for thelr genera

t Ion (.)39) 

In some systems. unellclted macrophages from normal mlce can be 

Induced after 48-72 hours of lymphokIne treatment to dlsplay ln 

vItro sorne of the propertles of ln VIVO actlvated cells. A 

constant stImulus such as da1Iy exposure to fresh lymphokIne 

se e m S t 0 ben e ces s a r yIn the sel n s tan ces toma 1 n t a 1 n the cel 1 

actIvation process. Wlthdrawal of such stlmulus would result 

in decllne of the macrophage level of actIvatIon over 24-48 

hOUTS (339). 

Hormone Receptors on Alveolar M~crophages 

The flrst step ln the blologlcal actlvity of hormones 15 the 

Interaction with thelr specIfie receptors in virtually every 

target tissue. Hormones blnd to receptors of macrophages ln 

a specifIe Interaction, the afflnlty of WhlCh eorrelates wlth 

thelr blologlcal effeets. In vivo, evaluation of hormone 

receptors IS Influenced by many factors of which the rate of 

hormone metabolism and the plasma protein transport mechanlsm 

are of mos! importance. 

The currently held concept of glueocortieoid mechanism of 

action on macrophages is that it permeates the cells by free 

diffusion and then combines with high affinity protein re

ceptors in the cytoplasm. A temperature dependenl activation 

of this hormone receptor complex takes place. Finally, the 

later complex enters the nucleus where it binds to chromatin 

acceptor sites (511,512). The glucocorticoid receptor which 

is normally taken up into the nucleus. in the presence of 

glucocorticoids. remains in the nucleus. Once steroids are 

removed from the medium. dissociation of the glucocorticoid 

receptor complex occurs and the original receptors recycle 

into the cytoplasm (510). Rousseau et al noted that this 
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relYlllng doe'" nut req\llre R:-iA or proteln synth(,sl'" 141'») 

Schwart:: et al observed that monolytes ratht"T than lympholyte", 

were the Insulln-hlndlng cplls of the perlpheral blood mono-

nuclear "e11 prepdratl0n<; (1~8) In th15 matter. In"1l11n 

blndln~ to monocyte .... "et'm.;; to "how negatlve lo-operatlvlty 

where the afflnltv of the re(eptor" 1'5 hq~h when unollupled. 

hut decreasec; sharply when ()lCUpancy Increa<;es. oWlng ta 

SIte-sIte InteractIons that acceJerate the rate of diSSOcIatIon 

of 1 n 5 u lin f rom 1 t <; r e ( e p t l) r" 0 r t 0 the 1 n ter a c t Ion of t wo 

classes of receptoTs wlth dlfft"rent afflnlty 

In an excellent reVlew by Werb. she suggested that lt IS pOSSIble 

that the functlon of thlS negatlve co-operatlvlty is to provlde a 

homeostatlC mechanlsm buffeflng acute elevatlons ln hormone COII 

centratlons She observed that ln contrast to Iflsulw receptors. 

glu c 0 cor t 1 Cln d r e cep t 0 r S b e h a ve a sas 1 n g 1 e c 1 a s 5 0 f mol ecu 1 e s 

obeYlng the law of mass actIon and showlng no negatlve co-opera

tlvay ln blndlng hormone. and that cortIsol and progesterone 

compete for receptor blndInR WhlCh suggests that thelr relatIve 

concent rat Ions ln blologlcal flulds may determlne thel r eventual 

effect on macrophages (r,r0). The fact that progesterone and 

cortexolone, substances that 50metlmes act as antl-glucocortlcolds 

compete for receptors (510). may theoretlcally present a pOSSIble 

method for blocklng untoward effects of cort lcosterold treatment. 

Mononuclear phagocytes from human, rabblt and mouse were found 

to contain 4,000 to 9,000 glucocorticold binding sites per ceII, 

with dISSOCIation constants of 1-8 nmol/L (Sll,512). Although 

monocytes and resldent macrophages have hlgher concentrations 

(sites/mg protein) of receptors than other cells of smaller size 

(510), differences in the number of glucocorticoid receptors do 

not necessarily correlate with differences in response to steroids 

( 458) . 
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EXPERIMEi\'1'AL 

Airn 

The aim of this study was to examine the Iung cellular i .. une 

responses in some surgical conditions w~ch are thought to be 

associated with a high lung susceptibility to infection. An 

ellphas is vas put on the role of the alveGoIar _crophAge since 

it is con.idered the most illportant eleaent in the hast lunC 
defenses. The following candit ions were induced experiMntally 
in an imals : 

'. Sept1C sbock luna 
Starvation 

Luna atelectasis 
Spienecto.y 

1. 

2. 
3. 

4. 
s. Use of pharaacololical closes of corticosteroitb, 

On exa.~ning the previous .odels. several questiOlls vere raisecl. 
How does the alveolar aacrophage fuactioll acier suc. suraicall)" 

relevant conditions? Could tllere he aB alteratlO8 ia it. _ti

bacterial responses which .. y resul t in lUBI .lIsceptibiltty to 
infection? On the other hand. couW there be a cla .... iD alYeOl ... 

_acrophaae functioD whic~ aay be etiolo.ic in the pa~le .. sis oE 
respiratory dysfonction? These questions vere put priol' to cc.-. 
aenc ing our s tudy • A fev IIOre vere raise. in clue of fi_iqs 
obtained further in the prolress of .ork. Its place s ... t. 

fit on description of each experi.nt in the next part. 

Technically. ve had to st.rt by choosing the optiaal _t!IlO4S of 

detecting phase related defects in the aechanlSJ1 of 'bacterial 

clearance. Chemotaxis. attac~nt. phaaoeytosis. aad iatra-, 
cellular bacterial ki'11iug vere to be ex .. inecl .ach s.p .... t.'1l. 

- ,/ 

The value of sing1inl phase rel.ted defects is of obvious ia-

porta~ce in understanding the cause and effect rel.tiôn of t.he 

studiè~ diseases. 

Further)tore. we aodified eleaents of the Jlethocls used. t.o cre.te 

resembtance to what: ma~ occur in clinicat stafes. For eJ: ... le~-

the target cells used in -OUT pb.aaocyt-ic assays vere dt ....... fT_ 

/ 
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Pseudoaonas aeruginasa in the luna atelectasis .ad septic shock 
lung experiaents to streptococcus pnewaonia in the splenectOllY 
study. 

Early Observations 

18itially. atte.,~s 'vere .. de to asseS5 th. diff.rellt techniques 
for study of the chewaotaotie and phaloc)'tic functioas of the 

harv\sted alveolar .acropha.es. 

Sena opsonie requir ... nts vere Cl'lQ.titated for rat an. pil 
alveolar .. crophate pha,ocytic ability. a,aiast psewto.o_s 

aerulinosa ad strept:ococcus pneuIIOIlia. .. fouad that the 

_xi_1 opsoDie effect of both pil ad .. at S.11IIl weTe ex.rtect 

ia senœ eODceDtratiOlls betveell 10-Z5'. W. also founcl tut 

ia reneral. aJ.,.veolar aacropba.es pha,ocytlze Psauclo1louas 
aeru,tuos • .ore .fficie .. tly thaa the, do pn~cocci. 

Autolo,ous fresb serua obtaillecl froa aither pi,s or rats _s 
pool.cI aad froza .. at -3S·C to be usecl vith iD a .et. Dari., 
'liais per1od. DO cJaaaae ia its op.oaie actiYity cout,cl be'.tact". 

OUr expert.llce vith t.he c .... tactic ass.ys _s ratlaer .. succe •• -
fut. .... Ife us" tlte Ioyclea c.....,.r •• ft had aither obtainetl 

a ~ .. kabl. c"~tactic r.spo~se or oD1y a aiftbaal ODe to the 
s_ ch...,-attractaats under a suilar experillental s.ttiD, •. ' 
.. attributecl this to a cli.cr.pancy ia the tllickness aacl the 

size of tlle pores. We had usecl enclotoxiD activated serua ancl , 
N-Fol'lly~thiODyl peptides as ehellO-attractants for our assays. 

- , 
ID the •• arQse wells. the proble. vas that of reading and inter-.. 
pretinl ~ur findin,s. While the.siœof the wells vas st~dariz~cI. 
that of the interface betveen the .gerose and the plate vas not • ...-'. - .... '\, , \. -, _~ ~~. c., # . • 

The iI.plieations of differenees "in the si%t! of ihis·'SlJàC. on .. 
cell ailra~ion 15 obvious. To 4eej.de upon lIhiell was the le-.ding .• 

cell -when aeasu-ring the' distànce of .i,gr .. ti~n was .notller probl~. 
. -

In the experiaents thus presented in th-e 'folloldna pages. ve will - . 

be looking pri_arily a~ the JDOt'phol9tiéal .. çftaracteTs as weIl a5 . ~. ~ 

the viability, phagocytic' and baeteTietdal functions of tbe alveolar-
macrophages. 

" 

) 
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A total of 28 Yorkshi~e s~ines and 616 Sprague Dawley rats of 
either sex vere used. The methods and materials as weil as 
t'he results and conclusions will be ciescribed and discussed 
sepa~ately in each of the studies. 
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ABSTRACT 

PULMOHARY BActERIAL CLEARANCE AND 
ALVEOLAR MACROPHAGE FUNCTION IN SEPTIC SHOCK LONG 
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The association between the pu1monary bacterial clearance and 
th~ develoDment of septic shock lun, h,d been demonstrated in 
porcine and canine experimental models. In order ta elucidate 
the ro1e of pulmonary reticuloendothelial system in bacteria1 
clearance, the funetions of alveolar mac!ophage (AM) obtained 
by bronehopulmonary lavage vere studied. Five piglets vere 
inftised i.v. with Pseudoaonal aeruginosa labelled vith aethyl 
_3H thymidine at 3-6xlO' CFU/kg/ain. Septie shock and ARDS 

developed within one hour and' pigs died in 2-3'hours. Pul
aonary bacterial clearance vas 93\ iniifal1y, and progressivelr 

, . 
deereased to 29\, as PaOa decreased and lun, vater increased. 
The nu.ber'of bacteria in the seriaI lung biopsy speci .. ns 
increased steadily althoulh the distribution vas not h~ ... ou •• 
DifferentiaI centTifugations. repeated vashinls and SciDtillatloa 
countings ~t the lavale fluid showed that in vivo AN pba,ocytosls 
.a. nil~n spite of the abüa4ant bacterl. fOURd in th. 1 ..... 
fluid. Rovever, when the se AIls vere tes ted in yi tro iD the 
pres~Jlce of opti .. l cOIlCentrations of op.onin ancl ozy.en, tlleil' 

'phalocytic capability va •• 011 preservod and not sipificaJltly -
different froa the controls. It' i. concluded that the lunls 

. cl.ar bacteria not: pr1.arily .y AM uptake. but" rather by aechaa
ieal ·1.a~l. lato the pul_nary .pace. The &pp'arent dysfuJlctioll 

(, 
ln yivo 1. Dot iatriasic .... litely to b. caused by the alcro-
... lTo ... nt.l f.ctors. 

, a 

o 

Cll.lcal stuclles uYe ~e ... t"ly> sboa tut 'acterial ..... 1. 
is the .ast- consistent factor a .. ociat" vith .dult re.pi~.tory 
.1 •• a.e syndro .. ,C 157.25-0 •• 90 ). Crocker et al _O~.IOl reé •• tly 
~a.tTated th.t contiauous Intra.eRous lafusion of Ps~ •• 
.. rullDOsa ia pi,. proclûc~ .... ....,. .... t put.mary failure. 
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~ile the.mechanis. by which sep~is, with primary focus in 
the lungs or elsewhere, May produce pu1monary failur'e remains '. 
unclear t there is evidenee of i.pair~él"systemie hast 
defenses in septieemia (11,12,250,421,422,423) which 
sugges~ a failure in the' local lung immune responses 

immune 
" may 

as weIl. 

Usina a porcine experimental model which has some similarity 
to _an, the developaent of ARDS was found to be associated 
vith hilh 'lung cle~rance ra~es of circu1ating bacteria tOI ). 
On the other hand, in Jhe dOIS, the 1ungs neither c1eared 
elrculatinl bacteria effi~i.ntly nor developed respiratQry 
failure (1001 • 

.. studied the role tbe pulaonary reticuloendothelial syste • 

.. , play in tbe clearance of circulatinl baeteria in a pil 
~l. The effeets of the continuous infusion of an ARDS-

, 

induciftl dose of Ps. aerutinosa on the alveolar .~rophale 
"'IOC~ic aetivity in vivo was éxamined. The effects of 
alteria, tbe opsonic and aerobie environm~nts in a eontrolled 
in vitro state 08 the AM phagocytic function was a150 assessed. 

Pl •• ccm.4itio.ed pillets of vel,hts betvee. 12 .. 16 ka vere" 
studl". Bach ani .. 1 va. liabt1y anesthetized vith intra
Yeaous pentobarbita1 30 •• /ka- An endotracheal tube vas 
latroduced and the ani_al lept breathina on rooa air usinl 
an Ohio Harvard Vo1uae Respirator at a tidal vo1u.e of IS 
al/ka and respiratory rat~ of 14/.in. An arterial 1ine vas 
ia.erted throuah the fe.oral artery and a Swan-Ganz catheter 
piaced via tbe fe.oral vein. 

"cterial Preparation 

P.eud~nas aerulinos. (H.C.T.C. l0662-Bnalaad) .ere i .. ~1at" 
to &Tov overnilht in tryptl~ ... -oy broth coataiain, 0.0' .ci/al 
( .. thyl-I H) labell" thyaidiDe (specifie activity 71.l-10.Y 
ca/aol - NEN. BastOIl ....... ) at 37·C. Labelled bacteria _re 
thee ce.trifi, .. at 2000 1 for IS .iautes at .·C ••• shed and 
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" . 
resuspended in normal salipe to rield a final bacterial con-
centration of l-3.5xI0· colony forming units (CFU)/ml by plate 
colony counts. 

,Adainistration of Bacteria 

After two hours of baseline measurements in the lightly anes
thetized pigs, the bacteria which were.reconstructed in 500 ml 
of saline vere infused intravenously at a rate of 3-6xlO' 
CFU/ka/min until death of the animais (2 1/2-3 bours). 

Parameters Monitored '., 

SeriaI meàsurements vere done of arterial blood pressure, pul- ~ 
aonary artery pressure, pul.onary wedae pressure, pulmonary 
v.scular resistance, cardiac output (u$ing the thermal ~lution 
technique), arterial blood gases and arterial blood pH. Differ
entiaI white cell counts, hemoglobin, hematocrit and platele~ 
counts vere also taken serially. 

Lun, Clearance of Circulating Bacteria & Lung Baeterial Contents 
• 

The a_ount of bacteria cleared in the lungs from each pulmonary 
circulation at different intervals vas examined by obtaining 
s.rial blood s .. »les siaultaneously drawn from tbe pulmonary 
artery (PA) and the 80rta (A). Lung bacterial clearance vas. 
calculated as {IOO (DPMpA-DPMA)/DPMpA} where DPMpA and DPMA 
rapresent disintegrations per minute obtained by cQunting 0.1 .1 
of trested (12) blood sa.ples fro. PA and A respectively in • 
scintillation systea. 

At 1/2 hour intervals. o.e heai-thor.x •• s opene. throu.h the 
1 

fourth intercostal space and lual bJopsie. vere taken fro. the 
upper •• idile and lover lobe., •••• 11 as fro. anterior and 
posterior se,.enta. Th. content of viable bacteria in tbe Iua,_ 
Ciftcludial its bloodl .. s a ••••• ea by culturinl IUDI • ..,18. OB 

blood .,sr, plate. for 24 hour.. ",-

.. 

• 

"", 
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Patbological Bxamination 

Lung water contents Were estimat~d from biopsi~d lung tissues 
u$ing the method of Pearce, Yama~ita and Beazell (366). The 
results were expressed as percent Iung weight of wa~er and as 
a ratio of extravascular Iung water ta dry weight of bloodless 
lung (QWL/qdL) (70). Measuring the hemogiobin cqncentr~tion 
in the blood and lung samples and assuming the Qemoglobin con-~ 
centration and water content of blood at the time of biopsy to 

" " 

be equal to that of residual lungblood (70 )~ the wet weight 
of bloodless lung was obtained by subtracting the residual 
blood weight from the total wet Iung weight, and t~e dry lung 
veight equalled the wet weight of bIoodiess lung minus extra
vascular lung water. 

The lungs vere examined grossly at 1/2 bour intervals and the 
tissue biopsies examined under light âicroseopy. 

\ 

Harvest of Alveolar Macrophaaes -

At 1/2 hour intervals. bronchoalveolar lavage was'perfo~d 
using a size J4 polyethylene tube introduced vith the aid of' 
a rigid Jackson bronchoscope into the lover lobes. The tube 
.as vedged distally and aliquots of 10 cc PBS vere injected 
and suctioned using a triple-vay stopcock to a total of 50 al. 
The returning lavage fluid ranged betveen-40-44 al. 

HaDdlin. of Lav3ged Cells 

The bronchoa~veolar lavage fluid vas collec~ in polypropylene 
tubes (Corning. 50 al centrifuae tubes). which vere kept on iee. 
The sa.ple, was then strained throulh laUZe to reaove aueus. 
I ... diately. total cel! eounts were done using turk blood dilutia, 
fluid (Anachemia Che.ieals J.ts •. Montreal, P.Q.) in an iaproved 
Heubauer heaocytoaeter, and differential cclI counts vere per
foraed usina a Diff Quik stai~ set (Harleco Dif! Quik, Dade 
Dia,nostics, Aguada. Puerto Rico, U.S.A.). Alpha-naphthyl acetate 
•• terase stain (Si,.a, St. Louis, NO.) was also used to confira 
tbe ident i ty of the alveolar ucrophales. Trypan blue exclu·sio. 
test (Grand Island BiolOliea! Co •• Grand Island. N.Y.) vas ca~ried 

1-

1. 
r 
i 



__ alllea ...... ___ .I· __ .,...""r"'_ .. ________ ~ __ _ 

( 

87. 

out to às~ess the viability of the alveo1aT macrophages 
1 

in the 
! 

samp1e. The total number bf" viable alveolar macrophages in the 
retrieved bronchoalveolar lavage sample was ealculated and the 
macrophages were then centrifuged for 15 minutes at a speed of 
400 g at 4°C, and the sedimented celis were resuspended in New-

1 

man and Tytell serumless medium (Gibco Laboratories. Grand 
Island. N.Y.) to yield a ce~l distribution of 2xI0 6 /ml. 

In Vivo Adherence and Phagoeytosis 
f 

0.1 of the AM suspension containing 2xl0 5 cells was added to 
10 ml of aqueous counting scintillant CACS. Amersh~m. Arlington 
~ts •• Ill.) in a triplicate of plastic scintillation vials 
(Fisher) and counted for 10' cminutes in a liquid sc intillation 
counter (ISOCAP/300. SeaTre Analytic. Des Plaines. 111.). 
Counts per minute (CPM) from the liquid scintillation were 
converted to deteriorations per minute (DPM) using a recently 
corrected efficiency curve. The counts wOüld represent the 
total number of AM associated baeteria, both adherent and 
phalocyt i z ed. 

The ceIIs ~ere then vashed usinl pas and cen~rifuged thrice 
at 160 g for 5 minutes to detach aIl adherent bacteria,as 
confirmed by microseopy, and the counts vere repeated in the 
s.ae ~anneT. The latter would refleet the aetual in vivo 
phaBocytosis. / 

Controlled In Vitro Phagocytosis 
, 

Tritiua labelled bacteria vere fir.t op.~ized for 1/2 bour 
vith 10\ fresb nOT1l81 plg sertlll in a sutina vater bath at 
17·C. Using a aodifieation of the technique described by 

Verhoef et al ( 4891. froll eaeb alveolar aacrophage .sallple 
to be tested, 0.1 ml containing 2xl0 5 AM cells was added 
to 1 ml of opsonized labelled bacterial suspension con
t.ininl approxi_ately 2xt0 7 bacteria in t~o identica1 tri-

o \ d pllcate polypropylene tubes 02x75 _. Falcon. Oxnar " Calif.) 
, 

The tubes vere then incub8ted in a shakinl~ater bath in Zl' 
oxYaen environaent at 31°C for 60 .inutes. 
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Following this, the first triplicate of tubes (A) was centri
fUled at 160 g for 5 minutes at 4°C, bringing dOWD_only the 
alveolar macrophages together with the phagocytized bacteria 
within the$e cells. The cells were then washed in PBS and 
centrifuged aga in , at the same speed,- two addi tional times to '" 
remove any adherent non-phagocytized bacteria. The second 
identical triplicate' (B) was centrifuged once at a high ~peed 

,of 2000 g for 15 minutes to bring down aIl the bacteria (intra 
and extracellular). The pellets in both triplicates were then 
resuspended in 1 ml of PBS and shaken vigorou'sly (Deluxe Mixer. 
S8220, Scientific Products, Evans ton , Ill.), 0.9 ml of,the 
suspension in each tube of both triplicates was then solubilized 
in 10 ml of aqueous scintillant and counted in a Beta counter. 
as previously described. An average DPM value was obta'ined 
from the first and $econd triplicates and the phagocytic index 
was calculated as follows: 

Pha.ocytic ,Index • 

• 

.. 
St.tistic. 

DPM fra. first triplicate (A) 

DPM fro. second triplicate (B) 
x 100 

COURts fro. Cell Associated Bacterial Pellets 
----~--------------------------------------~X 10 COURts fro. Total Bacterial Pellets 

J 
1 

n. results .r.. pr .... t." .s .... :tsar aacl c ..... r.ct to those of the 

baseline control 0.1 •• st"'ftt·'-t-~st. or pair" t-t •• ts vith!. 
the Iroup. 

" , 

USULTS , 

I.V. infusion over 2 bours of live ~ct.ri. result" ia the 
4,Yelop.en~ of hypodyna.ic septic sbock. AlI the pilS died 
~tween 2 ll2 and 3 hours post-infusion. 1'Ile c~rdi.c output 
dropped from a aean baseline readin, of 175.6~4 •• to 68t1.3 

alI_in/kg in 2 1/2 hours (P<O.OOI) (Fiaure 1). The pul .... ry 
artery pressure rose sianificantly fro. a .. an of Il.6t.2 ..ua 
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baseline to 35.6±4.~/mmHg.in 1/2 hour and remained hi,h throuah 
the rest of th~experiment (Figure 2). This was associated vith 
an increase in the pulmonary vascular resistance from 3.4±.2 
woods unit! (mmHg/L) baseline value to l5.3±3ô4 woods units in 
1/2 hour (P<O.02) (Figure 2), a~ inctease of 447\ of control 
·measurement~ The aortic grterial pressure. however, re_aiaed 
insrgnifi~antly change4 until the second hdu~ aft~r initiation 
of b,cteria1 infusion when it dropped fro. a baseline value of 
108.8±6.1.~g to 69.4±6.3 JUlHg at '2 hours (P<O.Ol) (Pigure 1). 

. -
T~e arteria1 P~2 dropped fro. a ~~~n of 91.6±2 .-Hg prior to 
bacteria! infusion to 5S.9±.2 -"g in 1/2 hour, and. continued 
to deteriorate, reaching a level of ~3.l±~O in 2 hoOTS po.t
infusion (P<O.OOl), (Figure 1), indicatin, the on.et aDd pro-
,ress of respiratory fai1ure • 

. 
Gross and Microscopie Luna Chanps 

Durin, the first hous of b4,etl!rial iAfusiOll. the lunp ...... n. 
J 

to be axpaa4iAa proportionally, fUlly, aad .. lntained a aor..al 
pink surface. However. Dn biopsy, .. rked froth oozed off the 
eut .. actions vith evidenee of progressive intra-alveolar and 

" . 
interstitial edema. In the fol!ow~g period. petchiaes, pro-
,res.iv.ly appeared over the surface of the whole lung vith 
Üterstitial hemorrhages manlfested in the eut sections. TIte •• 
chaD.es. however. were aore prominent at the postetior depe~t 
ar.as. In the ffnal 1/2 to 1 hour of the experi.ent. the 
po.terior segaents showed dark purplish coloration with the 
•• Yel~nt of consolidation and apparent atelectasis • 

Microscopie Findin,s . t 

CODae5t.ive at.electasis vas ia ... riably pr.s_t iD the po ••• .,.I01' 
..... nts of t.he lunas. Maü.od. thicke8lDI of the alveolar _Ils 
vith infilttation of both bacteria.and leukocytes in the iater-. . 
st.itiua consistent. vith t.he typical pict.ure of aeptie ARDS vas 
evidebt. Jact.eria and leukocytes vere also pl"OIIinently pre .... t
in the luna vasculaT c~partaeDt. 
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DuriDI the f4rst 1/2 bour.of b.c~erial infusion, t~e lung vater 
".". 1 ~ 

,.c_teat •• s Ilo'tlc:ed to have sip1fican1:ly- incroased~,froa 72.1:1:2.6' 
of' wt IUIII veipt at 0 hoUl'S to 7';9±1.6\. at" 1/2 hO.UT post-

~ , 
ia*'asioD '(P<O.Ol).' In 2 hours, the lung vatel" ha~ inc·rea.sed to J 

'12.6:1:.1\ of ~et luna weigbt (P<0.001) vith 5iinificantiy~hilher4 
... ter content iD the posterior lung sepents capared to the .. 
ant.rio~ .~ .... ts (85.4~1' ,vet lung weight in poster~or segaent; , 
Il.3i.'' Wet IUDI.weight.in anterior segment) (P<O.02) (Pigure 4).' 
ne QlfL/qclL iDCreas~ signifieantly to i60" Qf ''Control YaJu~s in 

, 

O8e "ur and to 200t of control in 2 hours of bàcteri&l"infusion , 
- (PC',. 001) (P~JUr •. 5). 

r 

At t~. initiatioa of ~.cte~~.l infusion, th~-1un.s c:le~re~ ~_ 
'2.5\ of. the circul.tir.ra baèt.ria. .lth tiae .. the -ele.rance 
of "cteria br the luacs decre.sé4 prolr.s~iyèIX to rea~h 
.21.8\ .t 2 llouJ:s (P<O. 001) (Plpre 6):! 

Lypc •• ct6rial Coatent 
~ , .J J 

... Onr ta. periocl of eoatiauou. iatrav.nous bacterial iafus-ion, 
~ , (\ q: .... 

tbe 1 .... s • ...a to ac~l.t. prOlre$sive'~ounts-of baetet~à 
(2.6t:.'xI0· CPU/ .. I1llla tissue at 1/2 hour .post-in-fùsion; ~' 

11.':t •• llÇ10· eFU/ .. 'ipal tissue ,ai 2 hours) 't~. ,The . 
posterior 1ua,' s ..... ts show.d .• siJBificantly hilh~cteTial 
coat .. t th .. tlae ... t.rior sepents when th~5e ver~ ex"taed at 
2 J.ours post-mEui .... (POst.rlor s .... nts;· 1,7:f:4xl0', CPU/p, 
1_ ti .... ; .. terior • __ ts 1.6:1:.Sx10· CPU/p 'lun, tiSSU,) 

('c8.'02) CPi .... 7). . " . 

" 
1 " 

'Be Het l.cr..... over the -fi1st 2houts of t.he experUaeJlt fro. 
,i \ 

• -.. of 32.1tl.1 At· 0 'hours ~,~O 36,.9±2.4~at 2 hours" (P<O.OOI) " 

('i.,r. 3). The platelt!t n_~er prolressivélW dCtCre-aS'ecl fna a 
.... of 2.~~8x10s ai 0 hours .to 1.6t.3xl0 5 at -2 hour$ (Figure 3). 
The total w\ite cell counts pr9.ressively deteriorated froA a 
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.... llae ..... 1" of Z3t4.7xl0· to S.6~ZXIO' at Z heurs ('<0.02). 
('!pre 3). "'y.r. tlli.-4ec1" •••• ,.ff~t" th. pol,.,rpho
tulCl .. r l-..ocyt ••• re thu it did th. IJllPhocytu---as re-

~fleet .. by the pl'O.re •• ive lacr •••• ia the perc.at ••• of 11 CM-
, . 

cyt •• la the tot.l white cell couat (Z3.3~4.6' .t 0 heurs tG 

67.3~3." .t 2 hour.). (Fiaure 3). The •• cli •• la both the 
pel,.orphoaucl •• r leukocyte aad platélèt au8b.rs '''T r.flect 
• co .... ti. de,.ct ••• r •• ult of it •• nusiy •• apositi_ ' 
ia the lua, v •• cul.ture ••• ob.erved .iero.copie.lly. 

No siaaificaat dhaDae iD tbe \~ot.l c.ll yi.14 OR broac ... l ... 1ar 
~aq,. at diffef"!Dt tme. of t" .xper~t _s aotie~ ça "'n 
3~1.6xI07; 2 bours 1.2~4xlO~) (Fiaura 9). The r.tio of alyeolàT .-croph.... in tha l.va.e cell populatioD r ... i~ed UDchan ..... 
... 11 (0 hours 13:'!:3'. 2 hours ?9:t3.S\) {P'iaure 9}". The alveola .. . .; 

-.cropha, •• rétained ~heir viability as deterained by Trypan 
blue .xclusioft throughout the periad of the experiaont (0 hour. 
'l.'~l.a\; 2 hours 80tZ.7\), (Filure 9). ~ 

la Yivo and In Vitro Pha,ocKtosis 

AlthoUlh ~ increase in both the nu.ber of b.cteria contai.ad 
la the lun.s and i ts adherence to ANs "a. ob.orY" (.Aer_ee: 
.t~14.3 DPM/2xl0 s AM cell 4t 1/2 hours; 294.3t35 DPM/ZxlO s at 
Z 112 bours). (P<O _,Ot). (figure 8). a tack of actual pha • .o

cyto.is of" the bacter-ia was noticed. 23.9±S.8 DPM/2xlO· cells 
, , 

.t 0 'hours. 22.1t7.8 at 2 1/2 hours). both representina nil 
" " 't. 

becterial count, as a background couat of upto 28 DPM vas 
eacoÙDtered (PlIUre 8). Howevor. when the lavage cells were 
... hed and iDéubated in vitro under an optiaal 0a concentratioa 
of 21\ and usina 10' fresh DOnla1 pia serua as an op50l1in. the 
ANS sbowed a noraal ~Iocytic re.poas. (pb •• ocytlc index at 
o hours 42,3t7.". 2 1/2 hours 31-7t9.3\). (Fi.ure 9). 

DISCUSSION 
. 

Hypod~aaic septic .bock ... AIlS .re r.,roducible in pia- by 
, tlle cODtinuous lafusioa of , ............ ena,illo".. U.illl •• cb 

li 
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a aodel. ve found that the bacterial clearing ability of the 
lunl 15 not unifora. and differed a_ong various lobes. Al
though 92-63\ of bacterial circulating through lungs were 
cle'ared in the first 1 1/2 hours. the pulmonary bacterial 

clearance decreases ta anly ZR.S' at 2 hours. 

The lack of intracel1ular phagocyti~ed bacteria in thè alv~plar 
•• crophagcs harvested From such animaIs, in spite of the pro-. 
Iressiv~ le3k~g~ of circul~ting hacterla into the alveolar 
spaces and :,t.~; aôh".:'TPnre ~J~' dF' 'd'·pob1.T macrophages. indicate~ 

that som""ho:, t hr"C N,'- ,i')îiP~ <"t/' j1'1:::11yc:ir of th!' in ~li.vo phago
cytosis. 'rF'::'"- !'ii'.rl !';'lg" . nC;~f'~~1 ~:hat thf'\pulmonaïr clf>arance 
of tiircu13t ;~ng ':-'''\:'1'','''].1 ):1 Î·hi~. wûdcl lS Hot dtH, primllrily to 

an activ~ upt:1kc hy the pulmonary reticulo-endotheljal systea. 

but rather duc t0 theil' letlKagc and t."ntrapment in the potentia! 
pulmonary spac~$. 

In our study. wc fou~d a marked granulocyte aggregation in the 
pulmonary intravascular compartment concomitant with the pro
gressive depletion of polymorphonuclear leukocytes in thé peri
pberal circuiation. Thi5, as suggested previously 098.232 L, 
ln the presence of bactcri~. mey Tosult in the alteration of 
aembrane permeability. permitting the l~akage of circulating 

bacteria into the pulmonBry interstitium and alveolar spaces. 

Tbe decreased pulmonary bacterial clearance observed Inter in 
the eour~e of sepsis could be due ta the development of a sig

nifiesnt intrapulmonary shunting. or simply a saturation effect. 
~, 
~" 

Tbe failure of in fivo glvcola, macrophage phagocytosis May be 

partially explained on the basis of decreased alveolsr oxygen 
~ , 

and/or opsonin depletion. secondary to chaotic complement 

activation in the intravascular compartment. which results 
, 

in leakage into the alveolar JPaces of fluids which are com-
'plement depleted. Althougn~J did not quantitate the levels 
of complements in the bronchoalveolar lavage fluids 9 the ~e
pletion of complements. and therefore. the chemotactic effect 

_ay be suggested by the failure of granulocyte migration into 
tbe alveolar compartments as noted by the preservation of the 
same cell population ratios in the bronchoalveolar lavage fluid. 

'. 

.4 



'..,~.r _1 __ ' ____ ~._. ". * 

( 

, 
IOZ. 

in spite of ~he progressively increase~presence of IraauIo
cytes in the Iung vasculature. 

ln the in vitro studies of alveolar macrophage functions. 
optimal environmental conditions can be provided by ad
justing the oxygen and opsonic requirements. As .ent::\oned 
•• rIfer. the ,alveolar mac~ophages retaineâ their viability 
throughout the period of bact~Tcmiil, hut \'Ïere unable to 
phagocytize in vivo~ Washing th(' alveoJar macrophages in 
vitro with a buffered solution' !md pr0\-idinp, it with an 
optimal oxygen and opsonic f'n u ;Tônl'1Cnt Tcsulted in the re
storation of their phagocytiç capability. This suggests 
tbat the\ alveolar macrophage,phagoc)'~ic failure in vivo was , 
not due to an intrinsic macrophage dysfunction, but was 
related to an altered micro-environment under such a patho
physiologie state. 

The clearance of ci.rcu~ating bacteria 'and particles are often 
throught to be performed by the reticulo-endothelial systea. 
While this May be true in the liver and spleen. this a.y not 
.lway~ be the case in the lungs. 

While some studies have shown that other ceIIs in the IUDa. 
such as typés 2 and 1. alveolar epithelium are capable of 
retaining cireulating particles. and this contribute to its 
clearance. others have desc~ibed many factoT$ that .at play 
• rQle in the pulmonary clearance (70.100.204,405.420,424, ). 
~These include the nature of circulating materiaI, it cir
~ul~ting loaa, and obviously of importance. 'the state of tbe 
lung itself. 

We conclude that the pul.onary clearance of organisas .·froa the 
circulation in this porcine septic lung .adel is due to a 
aechanical failure associated with the ae.brane defect and 
leakage. and is not primarily accomplished by an actLve uptake 
by the pulmonary reticulo-endothelium. Lack of in vivo phago
cytosis by the alveolar macrophage is not due to an intrinsic 
dysfunction of the AM. b~t 1s likely to be related to the ia
paired micro-environment involvin& inadequate opsonins and/or 
oxygen present'. 
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Dl!PRESSION AND DELAYED RECOYERY O.F ALVBOLM " 

"ClIO_GE FUN(:TloN ~ ON STARVATloN MD rfs IlEYDSAL 
, . 

" 

.AU1'ycI 

The . 'luqs are particularly Yuln'eraf;tle to i.fectt01l 1. tlle .t ...... 
patients. We studied th~ hypothesis that starYàtioa .., tDduce ' 
alveolar _eropha,e (AM) dysfunction '-in rats. 

, '" 

'Pulaonary AM phaloeytic actiYity·decreas.~ signlflcaDtly alter ODe 

_lé of starvatïon' '(49.1\ of no ..... l). and r ... ined 10. after the 
aniaals had been refea for, one veek (47.6\).' even thouJh the weilht 

. and ab.olute blood l,.,h~cy.te c~unts ha~ beeo .. nor.al (97 •• '). 
• j , Br tb. third veek. alY.o~ar .. crophage phagocytie actiYity returae. 

to no~l. I~ contrast, the intra-cellular killinl of phaaocytized 
baçt,eria l'e_tned normal vith starvation. Elect~.icroscOPiC . . 
studies revealed poor pseudopodia and less phagolysosoae foraatioa 

, . -
ta AM$ harvested from starved rats and challenged with Ps. aeru-
'Iinosa. which were consistent with our functional findings. Star-

, vatio~~electively depresses. AM.p~a~ocytic .activity rendering . 
lun.s aore susceptible to infection. The delay in recovery .. y 

prolonl t~is lusceptibility e~en though oth~r i .. une functioas 
.. y be normal. 

INTRODUCTION 

Inforaation from World H.altb O~ganization~ition and l.-unolocr 
Centers indicates that ~wo thirds of the w rld ~ population suffeTs 
from Inadequate nutrition (440). Infecti n in these groups (442) 
vas found to contribute markedly to their morbidity and aortality 
(439.440). In addition. Many patients develop nutritional qefi
eiencies by nature or consequence of their il1ne55. These patients 
are frequently recognized to be prone to infect40n (284.285). 

Bronchopn~umonias areyamong the Most coamonly encountered infectioas 
, in the malnourished (*). 

I .. une incompetence in the nutritionally deprived vas found to 
affect thymus derived (T) lywpbocytes (479). the ca.pl .... t syst~. 

(**) and tbe polymorphonuclear leukocytes (**). 
. .4 

* Goodhart, R.S., Shils. M.E. (ed.), Modern nutrition on healtb aad 
disease. pp. 709, (6th edition). Lea Febri-nger. Philadelphia. 197 •• 

** Chandra. R •• Nutritional assessaent-present status. future 
directions & prospects. Report, Znd' Ross Conference on Medical 
Research. Levenson. S.M. ,(ed.) .. ' pp.111-113. Coluabus. ~hio" 19.1: 
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Ga •••• s.ant of th. 1IC»8OD~ 1e.'I' ,ha,ocyte .ystea. ~euscb et 
al (264) cletecte. no 'ch_le in the -elaellOtactic Or, bac~.ricidal . 
fuactioDS of peritoneal .acropha,es fra. Tat •. SU~Jècted to 
protein calorie .alnutrition. Bha~kar .. ex .. iDed p.ripheral 
aoaocytes of children sufferina froa severe protein-energy .. 1-
.utrit~oB and found that the aonocytes bactericidal capacity 
ia the.e children va. un.Itered (31). Doualas and Schopfer , , 

~strat~d Dora.l pha,ocytosis by aonocytes obtained fro. . 
chil~ren vith &Cute kwashiorkor (lZ6)". 

1 

These studies su.aest that the ~nonuele~r phagocyte syste. 
..... toaaintain its noraal ~ functioas in protein 

, . 
·calorie .. lnutritioa. Hawever. since differeDt resident· 
ti.sue .. cropha,es v~rY in their eharacterizatioD,and .'ta
bolic ct ... nd's frOli one site to another (449.498). such' a 1;&Jt-

clu.~n c~ot ~e ~ertaiDed .ithout further aSSéss~ent of 
, . 

other .. cropha.es. Although infections in .. lnourished 
.'...... ' ., 

pat~.Dts se .. frequently to invol~e tbe IUBa ( * ). no atteap~s .1-.8 Hera. _cte to stuay the effeët of n~tritional -chaD.es 011 

the alveolar ~.crophales: In the following experuents. 'Ife . 
ex .. iaed the effects of total starvation on the alveolar 
aacTopha,es' pha'ocytic .n~·b.c~ericidal activity. 

• "TElIAL & METHODS 

s~ ITOUpS of Spra,ue Dawley rats obtained froa Canadi" lreed! •• 
- 'aras (Montreal. Canada) vere used. The first group .as starved 

for one veet al10wing on1y vatel" intaké. Tbe second group vas 
starved as preyious for one week and then a~lowed aceess to ad 
lib of rat chov for ~notber veek. The third group 'lias starved 
for one veet and then refed ad 1 ib of rat chav for thr«::,e. weeks •. ', 
The other three groups were al10ved acceS5 ta ad lib rat chov 
<' , #' 

throu,hout the period of ~he experi~nt ana vere used as siaul-
'1 ~. ~ • 

taa.ous contro,ls to the previous groups. Six attillals fr~ each 
.roup vere used to obtain alveolar .. cropha,es. as described be-
10v. 

- . 
LabelliA. ~f' bac~eri •• harvest and .... lin. of the alTeolar 
~rophales and pha.ocytic aa4 bacterici4a1 assar- vere ao.e 
a. previously described. " 

~, 

.. 

" 
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Iàcterici4al Actlvity 

i 
.les. ,. 

facteria were incubat,ed ~ith alv~ol.r .. cropha"S.~~D the 

• pbaaocytic .ssay for one· bour. Fol1ovi.' this.. l' IICI aenta-
, '-- ' 

.ycin' sensi-disc (Becto~, Dickîns9D' and Co., ~~s~i~sa~la. 
ODtario) va-s added to the macrophage bacterial suspensions . . 
for 1/2?hobr ·to allow ~or killina of a1l extr.-cellul~t bact~ri •• . ' 

,The tubes were then subjected t~ r~peated centrifu.ation and' 
"uhing .s in GrouP. (A) in the, phag'ocytie' ·.ss.aY. Tbe' ucro
phales were then resuspended in 1 ml of distilled vat&r. after 
vhich 3 .. ·glass b2:a' ·w~ added and stirred vigorously for 
30 seconds in a ~yor ex mixture to disrupt cell walls and re
lease prev~ously p alocytiz~d bacte:ria. 100 111 of-·this solu
tion was then t.ken to determine the viability by platini on 
n~trient blood agar. After, 18 hours of incubation at 37·C. 
the CFU were counted. The intra-cellular bactericidal activity 

, ~a's th~n estf'llated using the equat1.on below: 

, lntra-cellular Bactericidal Activity -

, l 
1 , 

. , *} . i-
NO. TOTAL pHAGOCYTIZED BAcTBRlA - NO.\yIABLB PHAGOCYTIZED BACTDIA Il 

, NO. TOTAL PHA:G~~TIZ,ED ~C'l:BRIA 

* ' NO. OF' PHAGOCYTIZ!D BACTERIA AS .cONVERTED -PIUI( DN TO CPU 
·.t'NO. OF, COLONY PORMING UNITS IN· GBNTAMYCIN'TRBÂTED SUSPENSION 

~ The results are recorded as .ean~SEM and were co.pared to thos. of 
, si.ultaneous ~ontrols usina Student's test. The use of st.Dltaaeous 
cont~ols i~ $uch an. ~~say"~as 'foond to be essential to 8li.inate 
possible intrà-l.~oratory differences. 

, Electron Microscopie Study , 

. Alveolar .acrophaaes,vére incubated vith opsonize4 bacteria for 
~ hour in the saae ~cr9phage/bacteria ratio described in the . , 

'phalocytic assay. < The aacrophage bacte~i.l suspensions vere .ix" . 
50-50 with 2' buffered glutaraldehyde and centrifuged At. 2000 rpa 
for lS minutes. The sediment 
tetroxide. dehydrated through 

w.s then post fixed in os.iua 
alcohols and eabedded in epon. 

"\~ 
"':,. 
"'\ 

\ 
, ~ 1 
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'Alin sections.\were $talnecl with uranyl acetate and lead citrate 
1 loy.ultrastructural studies. 

" USULTS ;: • 
Jody •• ipt 

One veek starvation resulted in a declane in body weight ~o 81\ 
~ 

of pre-starvation weights. Th~5 was a5sociated vith clinical 
.. nifestations of .alnutrition such as émaciation, 105s of hair. 

\ 

leth,rgy and.decrease in bo~y·temperature. Refeeding the starved 
rats resulted in a progressive improvement of their weights 
,reachin, 151 \ of pre-stan'ation valu~5 within 3 weeks of ré-
feeding_ ' 

Ge Counts' 1 

.-" 
, " 

Peripheral blood absolnte' lyaphocyt~ counts decreased fro. a 
" 

.. an of 5675%342 control pre-~tarvation valu~ to 1754±528 . ' 

(P<O.OOl) after one week of starvation~ HoweY~r, vithin one 
o 

veek of refeeding. th, _bsolute lymphocytè counts reached 'a 
__ p of 5727±IS6 (101' ',of prè.starvation ~alu.~) "lnd re~ained, 
within control values (S624±442 at 3 weeks pôst-feedipg)_ 

o 

. , 
Alv!ol,r ,," .. Olba •• Yield . , 

• '... 0 • 

The tot.l'alveolar .acTd.Phal~ yeild fro. th~ ,tarved rats was 
lasiaaiflcaatly hi,her t~aD ihat of the contrql rats (l.ï8±4xlO~ 
one ~ •• k starvation; 1.72±.2x18'~one weet'ad li~ fe.d). When 
ref •• din,'.as initiate4 for bne weet, othe refed~ ,reviously 
s~.rv.d rats yield.. an iDSianificant1y hiaher alveolar "CTO

..... couat in th.ir broncho-alveolar lavase as coapar.ed to the 
~. . 

. "'lib fed siaultaneous cORtrols (4.6t.1xlO' re.fed·rats; 3.3t~Sxl0· 

1 
Il 

ë .. trol).' \ • 

o 

Mf. Pllyocytiè Ac~i.itl .. 

Oae veek staTVation r-eJul tecl in a significant decrease \n the AM . c' 
, 

pha,ocytic activity to 49.1\ or the si.u1taneous control values 
~ ,} Q , 
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(Phagocytic index: 7.8S~0.43; starved 3.86±0.16) (P<O.OOl). 

When rats starved for one week were fed ad lib rat chow for 
one week, their AM phagocytic activity remained significantly 
low (47.6\ of simultaneous control) (Phagocytic index: control 
23.l±1.66i starved 11±.6lS) (P<O.OO1) (Figure 10). When the 
~ls from rats that were starved forone week anà then fed ad 
lib for three weeks were examined for their phagocytic activity, 
they ~p6wed a phagocytic index which was similar to that of the 
simul(aneous control rats (control 8.2±.39; starved 3 weeks re
fed S±.57) (Figure 10). 

Bactericidal Activity 

Al-f bac ter ic ida 1 aet i vi ty from starved rats was co.parable to that 
of the simultaneous controls, both being able to kill 100\ of 
the phagocytized bacteria. AMs from rats ~ich were starved for 
one week and then refed for oneweek were able to kill 80.6±0.74' 
of the phagocytized bacteria. a figure insignificantly different 
from that oi simultaneous ad lib fed rats (82.2±0.84\). After 
three weeks of reteeding starved rats. their AMs bactericidal 
activity was again si.ilar to that of the simultaneous control 
group, both ki lling 100' of the phag,ocytized bacteria (Figure 10). 

E. M. Findinls 

Alveolar macrophages from normal rats showed active pseudopodia 
formation with different stages of phagoso.e foraation and 
phagolysosome fusion vith marked progression of degradation. 
Their nuclei appeared actively segaented frequently with multiple 
nucleo1i (Figure 11). On the other hand. alveolar aacrophages 
from starved rats had very minimal pseudopodia wJth no evident 
cell membrane activitYt a. low, nu.ber of phagolysosoaes and aito
chondria and inactive nuclei. Multiple dense o$aiophilic vacuoles 
'were also noticed (Figure 12). 

DISCUSSION 

In our. 'experiment. we were .. bIe to detect a defec:t in the alveol.r . 
macrophage's ability to phagocytize bacteria when the rats vere 
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starv" for o.e week. This .epr.ssed phalOcytic activi~y occurred 
without a cODcoaitant èh .... iD the bactericid&l activity. 

Tb. ,hacocytic. activity haviR, decrea.ed vould result in less 
bact.ria to be killed ,ln the ph.aoly.oso ... of the pbaloc1~i~in, _____ _ 
.. eropb.,.s. Tb. decrease in the àlv~lar .. cropha,es pha,ocytic 
activity seeas to persj.st for soa. ti.e, in spite of th an.tals 
havin, reiained a noraal total lyaphocyte count and an incr~a.e 

iD,tbe ani.als veiaht to pre-starvation values. This delay in 
the recovery of the alveolar "4\;!opha,e·phalocyti'c a<:tivity .. y 
be of t.pGrtance if such findift.~ cao h •• xtrapolated to patient •• 
"ile other i..unolo,ical functioD' recover ea~ly after repleaish
"Dt of-patients, lt .. y require a lon,er period for the local 
lu., cellular responses to recuperate. The inten.ity of chaa •• s 

\ ' 
in the pba,ocytic activity .ay dot he apparent in the peripheral 
IIOnocytes (1261. as it is in the alveolar _cropha,es whieh are 
.ore efficient scaven.er cells • 

• 
la rats. the .. an turnover rate of alveolar .. cropha, •• i. about 
tllr •• w .. ~s (441), vhic~ s.... to ...... t tut tb .ffect of 
atarvation on the re.ideat alveol.r aaeroPhaje ... y he irr.ver.ibl~ 
aad,that only when th. whole aacropba.e c.ll populatlO;R la the 
Il111's bave chaD,.d wou!d the ca.pl*te rec~.J'1 .of tie phapcytic 
actlYity bec~ app.reat. Howe.er ... "ve'aot .tt .... ~ ... to st." . . 
~ specifie •• chaDi.. hy "~ch .tarwatioa directly affect. alveolar 
.. e~.e fuactioD. 

1a the autritioaal ......... t 0* patl •• t •• yeriable tests hev, 
..... us" to i".tlly clefieieacte. to tu 1lOIl-.pecific i I&olo.te' 
... f .... s. ,The.e teKS allo. us to recopize patients vith .us
c .. tibi.lity te i.f.ctloa. WIlilJ1 IJIIPhocyte counts au.d- cutanaous 
"lay •• ~r .... it{vity to r(c.l1 an-tigen .. y Sete_ sillple to . 
.. yfO~ ... are bot. frequently reduced in under-nourished sub
Ject. ( .. ). t"ir .lteration and retum to noraa! .. y not 
MC,"s.rilY iacllcate a p~rallel iaproveaent of the lun. cellula~ 
i ZR' re.ponse.. Our data reyeals the necessity for further 
......... t of the eff.ct. of nutritionai chaDles GD pulllOury 
i fuactioa •• 

\ 
. ", 

, ",IR 
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TRI l'FIC!' O' ATBL8CTAS'IS AND RE-BPANSIOII , 
OF THE LUI' ON ALVI!OLAIl MACROPHAGE FUltCTI. . . 

"ri-opetative and post-trauaatic ~t.lectasis ~r.~ssociàted 
vith an increasecl risk of lUllI 'afection. 'The viprous, use 
of chast physiotherapy has result" in • decreasad .. nUit y 

in'the atel.ctic patients. Althou,b the .. chanisa of such 
susceptiblliti and its reversai is still-anclear. it Is pre· 
suaea that alteration'of the aicro-environaent iD the lual , 
precipitates the occurrence of inf6ction and its preyention. 
~ sterility of ~e lual alv~li is .. iataiaed by the ability 
of tlae lUaI ~e syst .. to overco .. the pathol.nic and pro- . 

, . 
1if.rativ. po.ers of the or,fDisas escapin. ~chanical cle.rane,. 
~. role of a possible AM dysfunction in the precipitation of ' 
iàfectioD in the at.lectic luna se,.ents was exaained. The 

, .ffect 4f re-a4Justinl the 8lveolar .afropha,e aicro-enviroa
... t iD vivo by re-exp.nelina, the ~telectic se,.ant wit~_ .. -
~ic.l v.atilatio. and increasina the alveolar oxy,en t~i .. 
"'.,.,.i .. 100' 0XYleD was also ex .. ined. 

f ' 

~ f 

Six co~.itioned .. 1~ Yorkshire swine (Group 1) wetahla. 14-15 k, .. Te 
J 

... stlaeti2:ed as previously described. Throulh a .idl11 •• cel'Yicai 
1Dcision. the trachea was exposed and as_ail left laterai ~ 

tactsiOD vas _ade in it to alloy the insertion of • double 
l ... n balloon catheter into the trache,a. The tip of the , 
catheter vas then guided using an or.lly introduced Jackson 

..... ;~ .-
l stralJht bronchoscope into th.~ right uppeT lobe bronchus arul 

t"n further pushed until tt ved.ed (Fi,.14). This would allow . , 

.tel~tasis of a saal1 seaaent of the Iung vith aini .. l effect 
- _ the rest of the luna ·parts (Fijl ... \ll'). The fact that the yOURI 

svine have a riaht upper bronchus which branches directly froa 
the· trachea iaaediately prior to its division allovs for easy 
..nipulation of the catheter into the desired site. The proxi
.. 1 end of the catheter exited throu.h the neck iacisioa. 

.. 
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Broncho-alveolar làvage was perforaed a~'0.2.4.6 and 24 hours. 
Al1qyots ~f 5 ml phosphate buffer saline were inje~ted and 
i .. edi.tely suctioned 'through a triple way stopcock placed at 
the proximal end of the occluding catheter. 40 m~ were always 
injected into the collapsed segment with a return of 3S-~O al 

,of the injected solu~ion. Lavage specimens we~e immediately , ' 

placed on ice. 

-
In another group of an~mals (group 2) (n-3) , having induced 
atelè~tasis as previously described, the RUL was re-expanded 
by r~moving the ballooJ catheter at 6 hours post-occlusion and . 

" supplying it with 100\ oxygen with the use of intermittent . 
o 

.. ndatory ventilation nt a rate of 16/m. a zero endexpiratory 
pressure and a tidal volume of 300-350 ml for 4 hours. Broncho-

v 
alveolar washouts were done at 0 hours prior to collapse. 6 
bours following Tight upper bronch~s occlusio~ and 4 hours after 

'~ re-expansion of the RUt in a similar fashion to the first groùp. 

The alveolàr lavage cells were then couhted. The alveolar 
.. crophage population was identified by its .orphology and 
non-specific-esterase activity and its viability assessed by 
trypan blue exclusion as described previously. 

The alveolar macrophage phagocytic and bactericidal assays 
vere then done in vitro using Pseudomonas aeruginosa as target 
cells. Results are presented as œeantSEM. Comparison was done 
usina student and paired t-tests. 

RESULTS & DISCUSSION 

Occlusion of the right upper bronchus with the resultant col
lapse of the right upper lobe (RUL) resulted in a signifiéant 
increase in the phagocytic activity of the alveolar phagocytic 
population to 142.3\ of normal (cont. 21.3±3.6/post. collaps~ 

, 30.3±3.3) (P<O.OI) (FigurelS) (Table I) in 2 hours. The fact 
that the percentage of AM in the bro~ho-alveolar washout had 
remained the .same (95.5 ±1.l \ at OH; ~2. 3" at 2H) (Table 1 ) (Fig. 16) 
suggests that the abserved increase in the phagocytic activity 
is thBt of the alveolar macrophage itself and not due to an 
associated polymorphonuclear leukocyte phagocytosis. 

r 
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. . la t" fOllowbq llours of .telect.si.. th. -".ocytic aetivity 
, . 

of t .... rODC'O-.l~l.T .. shout cell populatioft rapid1y .nd 
sipificaat1T •• teriorate. to re.ch 39\ of tbe cORtrol pre
coll., •• yalue. (coat. 2l.3t3.6/po.t. collap.e 8.3tl~a) 
(·P<O.Ol) .t 2~ bours po.t-collap •• (Piaur.l5) (Table 1 J) • 

r 
Burin, ~hil period and vith the prolressive i~flux of poly-
~rphoDucl •• r leukocytes. th. p.rc.nta,. of AMs in the .~- r 

al.eolar •• shout cell popul.tion d.cr •••• d"sipifie.ntly fr,. 
a control pr.-coll~pse valu. of 95.S~1.l\ tg 37.St3.'\ ('<0.01) 
at 6 bours post-col laps. .nd the. incr •• sed .oderately to oaly 
67 ta. 2' ('<0. OS) at 24 hours fTahle 1) (,Pia_ °16) • Sinee the cCJI!!IIPUi
ia phaaocytic activity.as done usina a'const.nt AM nu.b.r of 
2 x 10·. the cletHioration in'-the pha.ocytic activity could 
80t he du. to a .ecr •• se in the nuaber of AMs in the tested 
saapJ.es. rhe observecl' incre.se in the nu.l»er of as.ociated 

) , 
polyaorpbonuclear leukocyt •• sUllests that i~ _ay have play84 
a' role in .uch cleterior.tion of AM phalocytic activity. Ho.; ) 

o ever, the intr.7~e11ut.r kiltinl of p~alocytized bacteri. re-
.. ined al~st noraal throulhout the period of collapse. iniicatina 
tbat the ";or proc •• s .~fected i5 ~he phagocytic uptake of 
'seudoaona. aerulino.a and not its eventual killinge 

In the second part of the experiment. the reversaI of"atelecta.is 
(~ .6 hour,' after its initiation by ~e.oving the occluding balloon· 

catheter, and usina intermittent mandatory vêntilation with 100\ 
.. oxygen for 4 hours ~esulted in a signifieant increase in the 

percenta •• of ANs in the broncho-alveolar lavage (44.7t2~9' 

6 hours after atelectasis/8St2.9\ 4 hours followiqg re-expansion. 
~ P<O.Ol) (Ta~le Il (Figure 16~ This change indicates either th~ 

rapid disappearance of the influxed polymorphonuclear leukocytes 
or t~e appearance of recently recruited mononuclear phagocytes. 
This was a1so ,associated with the return of AM phagocytic index 
to almost normal values' 94\ (cont. 23.8tl.4/reversal of atelectasis " 

22.4fZ.S • P<O.OS) (Fia.1Sl (Table 1). 

, 
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COMMENTS 

In the lungs, local environmental changes (182?282) and disease 
, 

(18~.28n may alter its a~ility to clear bacteria. 

Acuta hypoxia bas been shown to decrease net bacterial l~ng 
clearance of Staphyloc~ccus aureus and Staph. ep'idermidjs. 
but nat of "Proteus mirabilis (183,18~. This observàtion while 
indicating a definite effect of,oxygen changes on the lung 
bacterial clearance mechanism, suggests that the lung host 
defe~s vary according to the species of bacteria to which 
it i~ ~xposed to. Such v~iations were also nQticed by Harris , .. 
et al who' showed a decrease in lung clearance of S~aph. ·aureus, 
Klebsiella pneumonia and E. coli. but .not of Streptococcus 
penumonia when hypoxia is induced (201). 

It wa~ suggested ~hat an alteration in the alveolar'mtcrophage 
pha~~cytic activity May be r,esponsible for such changes 'in 

1 • • 

lung bacterial crearance. This hypothes1s relates to the fact 
that alveolar macrophages. in contrast to other mononuélear 
phagocytes, .operate only under' aerobic atmospheres ~62,449 ). 

From previous review of the 1 i terat"tlre, it ~eems o.bvious that ' 
the surgical patient is subject to a higher risk of infection. 
Peri-operative and post-trauma tic pulmonary atelectasis are 

~ ., r 

thought to predispose to 'such susceptibility. 
• 1 

In this-experiment, we were able to detect a time related 
" alteration" in tbe AM pnaiocyt.ic ,f'{ffiction' when atelèctasis was 

" 

induced by occluding the RUL bronchus. The initial· ~ncrease 
in the AM phagocytic' activi ty at 2 hours followed by a pro
gressive decrease up to 24 hours post-atelectasis reflects 
the initial po~ential of the 'AM to ôvercome mild ,~n~iro~ental 
thanges in the a~veoli. which seems t~en to give,way when the 
~d~terioration of the alve~r environ~ent status progresses 
under the effect ofQateleétasls. ~ These chan,es w!re noted to 
occur even though AMs vere put in opti~al in vitro p~agocytiè 

<=L condition. indlcatfng the develôp~ent of a cellular defect 

J 

! • "l.... . . . ..... ,. ~., 
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seeondary to the envIronmental changes. 

When atelectasis was interfered with as early as 6 hours fol

lowing the occlusion of the ~irway, by clearing the later 

and providing assisted mechanical vent i.Jatlon to assure ex

pansion of th~ collapsed segments. together with the use of 
100\ oxygen, the observed AM phagocytle defeet was reversed. 

Although the environmental changes that oeeur in the atelectic 

lung segments are not confined to that of a decreased oxygen 

tension, the reversaI of sueh a defeet with the aTrest of the 

progressIve pathologieal changes is of most importance in the 

traumatic and post-operative patient who is prone to airway 

plugg.ing. The supply of oxygen and meehanieal respiratory 
assistance may play a bigger role tban just providing optimal 
blood gas leveis. 

The observed influx of polymorphonuclear leukocytes in the 
'" atelectie segments may play an iaportant role in the develop-

ment of alveolar macrophage dysfunction. The decrease in 

the ratio of polymorphonuclear leukocytes in broncho-alveolar 

lavages on reversaI of atelectasis vas certainly associated 

with improvement of alv~lar macrophage phagocytic aetivity. 

• l / 

'-

t 
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ABSTMCT 

THE MODULA16RY ROLE OF THE SPLEEN 
ON ALVEOLAR MACROPHAGE FUNCTION 

122. 

The effeet of spleneetomy on the ability of young and adult 
rat alveolar macrophages to phagoeytize Pneumoeoeei, Types 3 
and 14 and Pseudo.onas aeruginosa was studied. Young animaIs 
show a signifieant (15\) deerease in the phagoeytosis of 
pneumoeoecï type 14, 4 wee1cs after spleneetomy. This de
pression inereales to 30\ in 6 wee1cs time. Sueh depression 
is also noted when young spleneetoaized rat alveolar maero-

, phages are challenged with Pseudo.onas aeruginosa, but not 
with type 3 pneuaoeoeci 6 wee1cs post-spleneetomy. tbree months 
following spleneetoay in young animais, the grown rats seem to 
regain their noraal pbagoeytie aetivity against pneumoeoeei 
type 14. Adult rats also show no Alteration in their phago
eytie activity against type 3 pneuaococei. Autotransplantation 
of the spleen had a protective effect on the phagocytosis of 
type 14 pnewaocoeei. and an insigpificant effect on that of 

• type 3. 

This study postulates a .aGuI.tory role of the spleen on alveolar 
aacropha.e functiqn. SplenectOll)' _y cause the iapairaent of 
local lover respiratory t..une funetion. "King thea vulnerable 
to specifie bacterial inyasion. Such splenic aodulatQry effect 
on alveolar .. erophage phaJocytic function seeas to be age and 
antigen specifie. 

1 NTROQUCTIOH 

Splenectoaized p.tients are susceptible to overwhelaina and fatal 
bac:tereaia of tdlich JIIleu.ococci are respoas ible for approxi_tely 
50\ of cases "SI.12S.141). The aajority of these infêctions take 
place vi~hin 2 weeks. after spleDect~ 083.491 J. Splenectoaized 
individuals. yo~.r thaa 2 y.ars o~ "., .. ete fouad to be àt. 
,reater ri st thaD' t~,se 01.1.1' .thaa 5 years .of ... 0.41.140.497). How

ever. such infections -uy &150 occurjia splnectOllized adul ts 
(.117) • 
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In infants. other than neonates and children. the pneuaococcus 
was found to be a frequent inhabitant of the respiratory tract 
and the ~ost common bacterial cause of pneumonia and bactereaia 
(269;. The meehanism of its invasion is not fully understood. 
and the further inerease in its invasiveness in splenecto.ized 
animaIs is also not clear. ", 

Studies in experimental animaIs have verified the priaary ia
portance of the spleen in clearing and trapping cellular antilens 
(216,234.292.434,514). A relationship was observed betveen the type. 
vi~ulence of the pneumoeoccus and the extent of its clearance by the 
spleen (74). The hu.oral immune functions of the spleen have also 
been extensively studied (28.41.294.334 ). The route. dose and 
time of antigen administration seem to be iaportapt factors in 
determining the spleen aodulated imaune responses (122.294). 

A1though pneumococcal infections are usually acquired via the 
respiratory tract (75). studies have not considered the role 
of the lung host defense in the clearance of these orlanis.s 
in asplenic animaIs. 

The alveolar aacropha.e. a resi4ent end stage ao.oaUklear pha,o
eyte. is àn important coaponent of the IUDJ host defense. Its 
phagocytic function Dot only eli.inates iDYadinl OrlaDis.s. but 
also provides antigenic deterainants ta the l~hocytes which 
further enhances local cellular and hu.or i.-une responses. - . 
We have exaained the role ~f a possible alyeolar aacrop .... (~ 
dysfunction in the increased 5usceptibility to iafection in 
splenecta.ized ani_aIs. -' 

MATERIALS AND METHODS 

Bacteria and its Labelin. 

Types 3. 14 pneWlococci were ob'tainN fna th _ric .. type 

culture collection (Roctville. MarrlaD4) ... reeoastitute. iD 
trypticase say broth. Every 4 weeb the pae..acocc:i _~ 
passaled in rats to .. iDtain it5 viruleace ... capsulatioa. 
The bacteria ~,re .. intained on blood •• ar plàt.~ at .-C. 

; 
• . 
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Pseudoaonas aeruainos. (N.C.T.C. 10662-Ea.land) vere recon
structed in trypticase soy br~th. 

On the day prior to phagocytic Assay. the bae~eria vere inocu
lated to grov overn~ght (18 hours) in 10 41 of pepton vater 

~containing 0.8 .ci of~ (Methyl -'H) tabeled thyaidine Cspecifie 
activity .78.1-80.3 ci,/_ol - NEN. Boston, Mass.) at. 37°C. 

Labeled bacteria vere then centrifuled at 2000 a for IS ai~utes 
at 4-C, vashed and resuspended in phosphate buffered saline PBS 
to yield a final bacterÎal concentration of 1-3.5 x 10' colony , 
forain, units {CFUJ/al as confiraed by plate eolony counts. 
0.1 al of the final bacteria suspension vas counted in a liquld 
scintillation systea for 10 ainutes to obtain a correlation 
between the counts of bacteria (epu) obtaiDed by the plates 

"1 

and their radio-active counts • 
. 

Splenect!!Y and Autol.plantation 

<1 

Spraaue-Davley rats obtained fra. Canadiaa Ireedial 'aras 
(Montreal. Canacla) vere used. la the '"youaa .. iu1s" &rOup. 

the aniaals vere receatlr ve .. " vith .. illts of 10-95 ,raas. 
In the ".dul t" &TOUp. the .ei,,-t5 alvays e~c"'.d 350 IrAIIS. 

The .antaals vere liahtly aaestbetize4 vith intra-p_ritoa.a~ 
adamistr.tion of 30 .. /ka soeli .. pentob.rltital. Throup a - , 

aidliae lacisioD. the spl.en vas .xaaia.d· .... ith.r r.-oyed 
iD 'the splenectOlly, l~oUP (Splx). reduced J,ack into the aWOliiDal 
cqity ia the shall oparated lropu (Coat.). or excisecl and 1/4 
of it wrappecl in the OIIfttua vith silk sutur •• in the auto
ÜIplanteci ,roup (AutoiJlplut.). n.. a.,..,.i •• l wall .as closed 
in 2. layers of cataut aai sillt. la .acli experiJlerat •• aiat.ua 

• 
of 6 ani_15 in .acll aroup .s us". Olle .roup of 'Ma operated 
.. mal! vas prepar" ia e&eh exper~.t as the sï.ultlaeou.s - <1 

co.trol .... Tbe ·rats •• re house4 la •• ly_iz" steel ca,es at • 
, . 

coaRant t,.,.rature of 22- to ZS-C ..... ra alI_ci fr .. access 
to pruî ... ciao. aact _ter. _y, .. mal ~c •• Itowed sips of 
infecticm or deyiatioa fre. aOl'IIal .1'OIftIl _ ~lilli .. t" fra. " 

- l 

the st_y-. The uaals vere diy'idé4i iate- 1. ....... (Table 1). 

--_. ~-- "--

\ 
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Group 1 coatai." YOUAI ani .. ls sabj.ct.cI to ei~her sh .. 
operatiOft~7 spl •• écto., or autoiaplaatation. Its AM phalo
éytic activity vas .x .. in.d a,ainst type 14 pn.uaococci 4 
vnks after the proc.dure. Groups II anel III had ei ther 

125. 

shaa op.ration. splenectoay as in Group 1. bu~ vere ex .. ined 
6 .. ets after the proc.dure. Group IV cons!sts of youna 
ani .. ls subj.cted to'either sh .. ~ration or splenectoay . 
and its AM pha.ocytic activity vas ex .. ined aaainst type' 
p •• u.ococci 4 ••• ks after the procedure. Group V vas siailar 
to the previous aroups. but containe4 a sub-aroup of auto
illplanted aniaals in addition. Group VI vas young anl .. ls 
subject,d eith.r to spleaeetoay or sh .. op.ration and ex .. lned 
6 •• eks later for the AM p.a.ocytic activity a.ainst type 3 

paeuaococci. Group VII vas siailar te Group VI. but ex .. ined 
a.aiast Pseud~aas aerullaosa. 

Group VIII was aaiaals vhich vere sabj.ct" to either spl.n.ct.., 
\ 

or sbaa operation in in~.ney. but vere ezaatn.d ~or th.ir ~ 
"'Iocytic activity 3.onths l.ter •• fter they Ire~ into·adult
hoo.l. Group IX .a. adult rats vhic:ll'w.re either splenectoaized 
or sball oper.ted'. to be euain..,. for tb.ir »f pb.loeytic .ctivity 
6 ... ts foll0.iDI the proceiure. ,iaally. Group·X'w •• noraal 
rats which .ere .xeai." for th.ir AN phalocytic aetiTity .,ainst. 
~". 14 pa.UIIOcocci s,.su ••• rua opscmiD fr.,. .i:th.r control 
C .... oper.tedl or .pleaectoaiz" eaiaals 6 ... ks followinl the . -
SIO'lic.l i.t.rvntion.. At tlte ... of the experill.ats. .11 the 
rat.· •• r. subjected ta lap.rota.y &ad the1r .bdoaiaal caTiti •• 
.. re •••• ss.d. for pos.ibl. spl_.,i •• 

Ba~ •• t of Alveol.r !!crophaa •• 

Ota the ~Y ia4lic.tecl. tJae rats" Vfte .... tlletla.. a. pr .. iously. 
nroup • tr ... y.rs. c.nie.l lacist.. tlaetrac'" ... expos" 
.... cUUlul.tH usiD •• s1Z8--14 l'tMicut (aél1lOOtl .... ic.l I ..... tri ... 
St. Louis. Mo.). na. c_l .... HC1IrH la ,l,ce with ,1il~tU •• 

C-- _i • 3-".7 stop cack ... fi ... to lts.... '~"-pul_-ry 
1a.a.. va. ;'rfONH .. ,. t_ ir..-t.. iaj.cti_ of 5 .1 .11~t. 
of PIS'" its ....... _t .lt .. ..-I •• te .... ~ of 51 111 

..J 
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total; This procedure resulted usually ln ~e retriev.l of 
45-49 .1 of the otilinal illjel:t •• flul"d. Aay ... ,le which -
s60vad evidence of contàaination with red·blood cellS was 
dise.rded. In a siailar aanner. thos. s.-ples which later 
proved to contain polyaorphonuclear 1.utocytes~iD an uausual 
nuaber vere excluded fra. the study. , 

o' 

The retrieved broneho-alveolar lavaae fluid vas collected in 
polyPropylene tubes (Comin., SO al centrltu.e tubes) whlch 
vere kep~ on iee. Tbe • .aple va5 then strained throuih ,auze 

1 . 

to re.ove' aucu's. I_ediately, total ce'll. counts vere don. 
usina turt blood dil~tiDa f~uid (Anacheaia Cheaicals Ltd., 
MOntreal, P.Q.) in an ~aproved Neubauer heaocytoaeter, and 
differential cell COURts vere perforaed usinl a DifrQuik 
Staln Set (Harleco Diff Quit, Dade Diacnostics, Aauada, 
Puerto Rico, U.5.A.l_, CI-Nap~thyl Acetate esterase stajn 
(Si ... , St. Louis. Mo.) .as also used,to confira the identity 
of the a,lveolar .. crophales'. Trypan blue excluslOB test' 
(Grand Island Biololical Co., Grand Island, N.Y.) .as carri" 
out to ascertain the viability of tbe:alveolar .. cropba, •• ta 
tlae .&apte. The total _Ullb.r of viable 81veolar ucropha.es 
ia' the retrieved broacho-alyeolar l8 .. a,. s..,le _. calculatH 
... the UCl'ophale ••• re the. cfttrifu'e4 ,for 15 atautes At. a -
., ••• of 400 • at 4·C .. ~ the ."iMD~ •• cells •• 1'. re.u.pe .... 
ta Ne.a .... Tytoll •• MI •• 5 .. dlua (Gi'bco taboratorie., Gr'" 
Island, .~Y.) to yi.ld a c.1l di.tribution of 2 x lO-/al. 

'-

AlI Pbapcrtic: As.ay 

-.ct.ria .ere lirat o,._la'" ,fer 1/2 ...... vith 10' fre ••• __ 1 
rat •• T1*,ia ~ .... kiac _t.r batll at J7·C ... , .... à MtliflC.ti~ 
of tM tec:lIIlique "sert ... lt, Vel'laoef et al (4.'). Pna each 
alYeOlar aacraplla._ .... 1. to ... tut", 1.1 .1 cOIIuiaiq 2 JI: II' 

, ' 

_ cell. n. ..... to 1 iiI of the op5o.ia" lab.led' suspeDslon 
·'coataiat .. about 2 x 107 bact.ria in t.o ideatical triplicat. 

PoI1Propyl_. tub.s (12 x 75 _. Falcon, Oxnard. Calif.). The 
t ...... re the. lacubated in a shakinl vater bath at 37·C for 
.. ~ut... Pellowlal thi,. th. firlt triplicate of tubes (A) 
... ceatrif .... et 160 1 for 5;ainute. at .·C, brinai ...... oaly 

\ 
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~e alveolar ..erOp~.e. vith it. cODtai.~ pb •• ocyti ... bacteri •• 
ne cell ... re tla ....... d: .~n PIS .. d ce.trifu,H a,ain two addi
tianal ti... to r .. ove any adherent non-plaelocytized bâcteri •• 
The •• coad identicel triplication CI) vas centrifu.ed once at a 
hi.h speed of 2000 , for lS ainutes to brin, down aIl the bac terra 
Cintra and extr.-tellularJ. The pellets ia bot~ triplicate. ~.r~ 
then. re.uspènded in 1 al of PIS and shaken viaorously (Deluxe 
Nix.r~ ,51220. Scientific Products. Bvanston. Ill.). 0.9.1 of 
the suspension in e.ch tube of bath triplicates va, the. solu-

o 

bilized ~n plastic scintillation vials (Pisher) _acb coataiain. 
10 ~l of aqueous countinl scintillant CACS. ~ersb ... Arlinlton 
Hts •• 111.) and counted for 10 at'nutes in a liquid sciatl1latioa 
counter (ISOCAP/300. Searle Analytlc Co •• Des Plaine •• Ill.). 
Counts per alaute (ePM) froa tbe liquld scintillation couater 
vere cOftverted ta deterioratioDS per ainute (DPM) usinl a recently 
corrected'efficiency curve. An avera,e DPM yalue vas obtaiae. 
frua the first and second triplicates and tbe phalocytic index 
.a. calcul.ted as follows: 

.... PIOII FIRST TRIPLlCATB (A) 
Phalocytic I."x · D'A'Ibi SltbNb tllPLICATE (B) 

~ 

'~ 

X 100 

\ • CGUlfTS 'ROM CELL ASSOCIATED BACTBIlIAL PBLtITI 1 10 
0b01T PION tOTAL J'tTBRtAt PELLETS 

The re .. lts a.,.. rKCjr4ecJ in Table 2 as .eantSEM and vere cOilpare. 
tG tlao •• of st.Ult_ous control.usi .. Student's t-test. T1M u. 
of si.ult ... qps co.trois in such an ,assay.wa. found to be essential 
to .liainate po.sible iatra-labor.tory differences. 

IlSULTS 

Alveolilr ucropules of spl.uectOllized ani_ls shontl • siptificat: 
15\ tl.cr •• se in their ability to pha.ocytize pneu.ococci type 14 
coapared ta sb .. controls • veeks followin. surlery. (Group 1: 
Control Il.62±0.71/Splx 9.83tO.19, P<0.05) (Filure 17). Six veeks 
post-splenectoay, a 30\ ~ecrease in the phalocytic activity .,Ainst 
pneuaococci type 14 .as observed (Groùp II: Control lZ.ltl.6/ 
Splx a.3iO.5. P<0.05). (Group III: Control I .. O±O.S/Splx 5.7tO.I •. _ 

J' 
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·P<0.05) (Filure 17). Such alteration in the p~a,ocytic index 
of Splx 'AM .as 'foun~ to represent a deer.a.e in bacteria1 up-

.... 1 

tate of 8 x 10' CFU per l x lOs AM (Table 3) when DPM wer.' 
correlated to CFU. . . 

When young rats' AM pha.ocytic aetivity alainst type 14 pneuao~ 
cocci was coaparea usina as op'sonins serua fro. either splenec
to.lzed ani .. ls or sh .. operated ani .. ls 6 weets followina 
luraery (Group X), an. insianifieant difference was noted (Control 

" 5.7tO.7/Splx 4.7tO.8), (Fiaure 19), indicatina a cellular rather 
than huaoral defect. 

Three .onths followina splenectoay in youn, ani .. l., and as 
th ••• rats arew ta .dult size, th.lr AMs reaained their nor.al 
ab~lity to pha,ocyti%e pneuaococci t~,. 14 .(Group VIII: Control 
6.4t.4/Splx 6.'6t.2) (Fiaure 18). 

. , 

ANS fro. sp1enectoaize4 yOUR. ani .. ls show.d.no, chan,e in thfir 
,ba.ocytic activity alainst type 3 pneuaococci at 4 •• e~. (GrdUp IY: 
Coatrol l6.7±1.28/Splx l6.lt.33), (Group V: Codtrol 19.56il.14/ 
Splx 11.8It.4) (Fiaure. 17 anel la) a.d 6 •• eks (Group VI: Control 

. 19. l'±O. '~/Splx 19. '4'tO .,36) aft'r .p~eD ... cto.y' (F~IÙ. la). 

ANS froa SPlenectoail •• 'Y.OUDI ani .. 1. S\OWed a sisniflcant Z5' 
~re •• e·in their abilit; to PhaaOCyti~~\p.eud~.onas a.rullao •• 
ca.pared 'to cofttrols 6 waek. fOllowlDa ,sur.ery (Group VII: 
Coatrol 6.67±0.41/Splx S~3±.l7. P<O.OS) (Fiaure 18). 

A4ult ani .. l. shoved no chanle in their AM phaaocytic activlty .Ia. chal1ellied wi th type 3 pneuaococci 6 veeks followinc suraery 
(GrOYP IX: Control lO.66±0.S8/Splx IO.6l±.48) (Fiaure 19). 

o 

Alveolar .acrophales obtained fro. autoiaplanted yOUD, rats had 
• silDificantly hiaher phalocytic' ~ctivity aaainst type 14 paeuao~ 
cocci when coapared lto that of splenectoaized rats (P<O.OOl). with 
the pha.ocytic index reachina that of control ani.als 4 weeks after 
splenect01ly and autoiaplantation (Group 1: Control Il.62±0.,7ll 
Splx 9.83tO.19/Autoiaplant 12.27±O.27) Fiaures 17 and 19). Auto
iapl.ntation had an ~nsilDiflcant effect on the pha,ocytosis of 
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1 

type 3 pneumoe~eei.(Group V: Control 19.56±1.14/Splx 18.S9tO.4/ 
a~i.plant ~8~61±O.4) (Figure 18). 

In the autoimplanted groups, on1y in 13 of 18 .nimals were 
obvious autoimplanted splenic tissues detected in the abdo.inal 
eavity. Histologieal examination of these implanted tissues 4 
veeks followina the procedure revealed a normal general splenic 
arc:hitectu're vith an equai distribution of white and red pulps. 
aood~vascularization, an~ occasional areas of granulation. tissue 
foraation, necrosis and cyst formation. In the splenectoaized 
non-autoi.pl~ted rats, no eviden~e of splenosis vas deteeted. 

DISCUSSION 
"-

The ocCurrence of pneuaoeoceal infection i5 frequently associated 
with two i.portant obserVations. First is the eonco .. itant viral 
infection or body' chillina ('400, 5()1). The second is that althouah 
certain types of pneu.oeoeei are frequently found in the respiratory 
tract of healthy individuals, other types were often responsible for . 
the pneuaococeal disease. In reeent: reports. althoup type 3 pa ... -
coccus was frequently'found in the upper'respiratory tract of healthy 
children (127,180,26., itvas rarely isolatad fra. the blood and , 

c.rebro-spinal fluid of children vith pneu.ococcal di~ase (7S.~i 
233.269). While three out of five r.cent lave.tiaations showed that 
type 14 ,as the principal cause of the lny.sive diseas~ its preseDce 
as aD inhabitaat o~ th.· r.spiratory tract of heaithy children and 
adults vas UDCO-.on (269). These st~i.s sUllest tkat the host i.
.uae d.feases .. y re.pons diff.re.tly to these two different type. 
of paeUliococci. ~il. host. clefellS •• would resis.t' one type of pne~

coccus. they could fail vith the otheT. 

For 1101". 'tlum a deca" DOW. ·.ple.eet_ize. ëllilc1re.·· are GOWD to be , 
..... nsceptibl. t~ ewervJaelaiD, paeuaoc:occal s.p.i.~ ~. iac:apac
it1 of the spleaectaai: .. patient. to .... t aD Adequate protective 

- j n.,.... 15 t_ ..... t to ... acter-ial .peel •• ~fic: (74,IZ5.l41) 

... -,. ia ·'fact. by t,p. specific as _11. 

( ; "st of the stutie. 011 tille i' Golopea. c:IIaa... Ùl spl-.:tOlÙz" 
_'-1. wn' 'il'ec'ted to'tu abi1ity ~f tlle •• _1_1. to cl .. r eir-
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cUlatin, pneuaococci (S7~74.S14) without aucb attention being 
paid to the .echanisa of priaary invasion of such organis. from 
their frequent site of inhabitation into the circulation. 

In our experiaents, we were able to identify a defect in tbe 
local respiratory systea host defense, na.ely, the alveolar 
aacrophages' ability to pbagocytize bacteri. after the animaIs 
vere subjected to splenèctoay. This defect was noticed to be 
bacterial species. type specific, ta aanifest in tbe younger 
aniaals. and to.disappear with tbe further aaturation of the 
aniaals (Fig. 20) a finding which aay explain in part the bigher 
5usceptibility of splenectoai~ed infants and young patients 
coapared to spieaectoaized adults (140,141.497), although the latter 
vere still found to be relatiyely at a risk of post-splenectoay 
infection "ben coapared to the popul.ation at large (l:87,2?1.361.403). 

The observed failure of the splenectoaized rat alveolar aacrophages 
,) 

to _naPlf type 14 pneuaOcocci as efficiently as it did in type 3 

paeuaocoéci r~iDs unexplained. and inde~ ... y present a aodel 
of hov the alteration of the i .. uae functioa as by splenectoay "7 
p~te the occurrence of one type of bacterial igvasion ratbeT 
than another .. 

The decr •• sed pha.oc~ic activity of splenectoaized rat alvèol.r 
-.ero"" .... y r.sult in .D iDcr,. .. d ,ay.ilabili~y of the rapdilT 
proliferatinl pae.-ococci ta iD.a" the c.ireulation. The AM- dys-

-fuactioa would-.l,o alter the loc.l specifie ly.phocyte response 
to the pn.u.oc~ce~s by deforria. it5 ~upp~y of p8eu.oc~ccal a~tilen. 
det.rainants ••• eatually ~.sulti .. in • r.duced lua. t.aun~ response. 
This"7 partially eXplain the fr-,uentlYrbbsetwed pheno .. non of 
oyertfhelaiD, ,.....,cocc.l bacter_i.a vith ainilÏal lafl_tory lUBa 
sillls (43.1,".1~). ,-. 

TM fact tllat AN ·fr. spleaect_is" ~ls vere uaabw to ph •• o
cytise Ps. .erul.1Dos.. .. or_i ... hicla is Dot frequently obseryed 

, to ... the pat-a- in the ;'i'st-.pl .. eètc.y sepsis. iDdièates tut 
the AM clysfuactioD .y DOt be clirec:tly to ~ paeUIIOCoccus .10De • 
ad tut per.... the exposure to ... t_. &Yaila'ili ty of OD.. kiad 

o~ or~_ or ... tlter are botb 1. tIle e.eatual 
" 
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determinatlon 0f the frequency with wh1ch a bacteriua becomes 

responsible for post-splenectomy sepS1S. 

Our observation that there was no slgniflcant difference in the 

opsonic activlty of serum from splenectomized aniaals as coapared 

to that from controls suggest that the failure ln AM phagocytic 

activity detected ln splenectomlzed animaIs is not due to a 
deficlency of circulating factors; but 1S rather a cellular 
defect. 

The mechan1sm of the modulatory effect of spleen on AM reaains 
uncertain. The decreased phagocytic activity of the AN is not 

a generalized phenoaenon as it affects specific species and 

types of bacteria, suggesting only a partial change in the 

characterlzatlon of AM which occurs when splenecto~ is per
formed. Whether such change affects a part or the vhole of 

the AM population could not be determined from our experiaent. 

One can only speculate that such changes of the AM function aay 
be induced by 1) an effect of the spleen on the h~poetic 

system responsible for th~ pToduction of aononuclear ph~locytes. 
which disappears with splenectoay. to be functionally replaced 

by an alternative tissue, or Z) by an early in life production 

of a part of the AM precursor aononuclear phagocyte population 

by the spleen, a function which would gradually be replaced by 
the bone marrow in the grown ani_aIs, or 3) by the presence of 
a splenic cell pool responsible for specific stu.ulatioD or 
suppression of certain AM funetions. 

In the auto-iaplant experi_ents, we chose to exaaiDe wbether 
auto-iaplanting part of the spleen eould reverse the depressed 
alveolar macrophage funetion. We selected the durat.ion of • 

we~ks pos~-splenectoay for AM assess.ent, siace we were able to 

cbnfir. the previously described observation !bat ~his period 

of tiae is sufficient for coaplete splenic reconstruction C.,o). 
In our experillents, auto-Ùlplantation of the s,le .. resul ted iD 'fi 
the preservation af the AM phalocytic actiyity ... iast ~-

~occi type 14 and an insiJDificaDt ~.e iD its .c~iyi~y aaaÜDst 

pneuaococci type 3 (Fia. 21). iadicati ... protectiye rote of 
such a procedure. 
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The failure of .ost investiga~ors ~o de.onstra~e the protec~ive 

effec~s of i.plan~s in ani.als against pneuaococcal infection 

.ight be related ~o the intrav~nous route of bacterial challenge 

used in these studies which circu.vented ~he lung host defenses. 

o 
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The Ett.ct of Spi • .., AutoJmplantation on Rat Alveolar Macrophage Phagocytic Activity 
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THE EfFECT OF sHbRT-TERM PHARMACOLOGlCAL DOSE 
Of METHYLPREDNISOLONE ON ALVEOLAR MACROPHAGE FUNCTION . 

, , 

The use of pharaaco10lica1 40ses of corticost~roids in tbe .. na,.-
•• ft~ of sept~ shock and ARDS patients has been aaininl inereasinl' , 
support (435). Benefits obtained by the ear1y use of different 
r.,iaes of hilh dos~ synthetic corticosteroids have been docua~ted 
(435,456). However, because the use of corticosteroids on a lonl
tera basis is associated vith detri.enta1 effects on the host 
i.-une 'defenses. a si.i1ar effect vas anticipated when usina 
phar.acololical doses in th~ acute .ana~ement of already jeopar
dized tra~tic patients (208,22~. S~ch an iapairaent in host 
ia.une respon~es, if oecurs, would render these critical patients 
fur~her susceptible to arave infections. 

I,n the lungs, the lonlteJ'll use of dif.ferent corticosteroids re
sult.ed in a decre.se in both lUDI .bility to clear bacteria l174} 

(220) .nd alveolar _crophale phalocytic activity. 

III ~be fOl'lovinl expert.ent. ve exaained the effect of usinl 
phar.aeololic.l doses of ~thylprednisolone for short t.~ 
on alveolaT .. crophale function. 

~ 

."TERIAL & MEJBOD 

Four Iroups of Spr.~ Da.1ey rats (n-6 each) .eilbial ZSO .. 
• ach vere studied. The firal ,roUf (~I.)·va~ subjeete4 to 
iatra-.. scular injection of SoI ... dro1 CMethylprecIDls01oae)' 
(Upjohn) in a dose of 30, .. /kl/deY in 3 divided 40s •• for.Z 
days. The second ,roup (NP •• ) .as ,iveK sé -./ka/day in 3 

.i.l48d dos.s for 2 days. The third and fourth ,roups .era 
,i •• a Doraa1 saline injections aad served as .iault ... ous 
cODtrols. Four hours fol~ovia'i the last dose. the r~ts ver. 

..... . 
.... t'hetiz.d by illtra-"rltonea1 i~ection of 30 .. /ka of 
..... to1 fo11owinl -'ich they ver. s~ject.d to broncho
.lv~lar 1.v.... . 

Al"Noiar .. crop ...... fn.' 1.".i. ftul •• 1'. ü&tifi". c ........ 
( t"'i~ vi"·i~ity ........... tIlei ...... ..,.!ic ... INacUricW.l 
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activity ex .. ine. in vitro a.aiust P •. a.ruainosa as pr.viausly , 
clesc:ribed. 

UsuLIS 

The total AM cell yield in the broncho-aly.olar la.a.. flui. fro. 
control and st.roid traatèc1 rats v •• slallar (coat roi 3.4t.3 l' 10'; 
Mt(,,) S~6t.6.x 10') (con~rol 3.9t.2 x 10'; MP(I~) 3.8±.6 x 10') 
(Figure 22). The nu.ber of 81veolar .. cropha,es in ail the ,roup. 
rea8ined aore than 96\ of total cell count. 

Tbe pha,ocytic activity of alveolar .. cro,ha,es froa rats recei~inl 
Methylprednfsolone 30 al/ka/day for 2 days decreasad to l" of con
t~ol values (Fiaure 22). Howev.er. when the phasocytic activity of 
alv.olar .. eropha,es frsa rats receivin. Methylprednisolone 50 .. , 

ka/clay for 2 days was assessect. a sianificant decreas. to 43.~' of 
cODtrol values vas noticed (P<O.OOI) (Flaure 22). In ali ,roûps. 
controls aDd steroid treated, no differeDce in the iDtra-ce11ular 
baetericidal activity vas noticed. 

Electron aicro.copy axaainat~on of alyeolar 8aCropba,e. challea.e. 
vith opsoaized P. aeru,inosa reyeal" that whi1e alveolar ~ro
pha,e. of eoàtrol and NP,. treatecl rats bacI active pseudopodia 
foraatioD. abundaDt or,an.lles aDd active auclei. tho •• fro • 

. 111'" treatM rats showed siaas of cytotoxicity, vith clease, 0_0-
phillie inclusion bodies an4 poor ps.udopodia fo~tioD (PlJUTe 23)~ . . 

DISCUSSION 

Trauaa and 5ep~i. .., prolre.. to a sta.e of co.pTOai •• J ha.o
~dynaaic •• 4 respiratory .tate. a.ceatly. th. us. of ~co: 
lo.ieal cio... of cort'icosteroi", la tu ac;ute _ •• _at of 
.uell critical cOlMlitioa. have _tai ... sei_tific _rit. (453.456) , 
IIIP!O .... nt of both ullOCl.yuaic.'" .... piratolT fuDctlou .... 
Md doc_ated., . fIowyer. the ........ ffect of 10D.t .... 

eDrt~co.t.~oicl adii.i.~r.ti.. ... ,ral'" .... lc~ of siall ... 
t RloUlocOlJPr_ls. QCcul'rt .... witll "'rt-tn'll ~1'IIIICol .. lc.l 
corticosteroi. tre.~t. 

l " 

",',,--... ... 
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Pseudoaonas .erulinosa is frequently encountered·.s a pathogen 
in polt-trauaatic prieuaonia and septic shock 'lunl (490). Assess
ae*t of the host defense aechanis. would be,aore purposeful if 
ai.ed towards patholenic orlanis.s associated vith these clinical 
states. 

,1 , 

In this study, the adalnistration of Mefhylprednisolone parentrally 
in a 40se or 30 .,/kl/day divided q8h for 48 hpurs resulted in in
sianificant alteration in the ability of·alyeoiar .acrophales to 

, 

pha.ocytize or kill a chaIlengin, dose of Pseudo.onas aeru,inosa. 
However. when the rats vere aiyen Methylprednisolone in a dose 
of 50 al/kl/day divided q8h for 48 hours. the alveolar aacropha.es . . 
pha,oeytic aetivity deereased si,nificantly to less than 50\ of 
noraal. This decrease in ·the alveolar aacrophale pha.ocytic 
a~tivity was not associated vith an alt~ra,ion in its bactericidal 
activity. Electron microscopie exaaination of alyeolar .. cropha.es 
fra. the later Iroup SUllested the occurrence of cytotoxic chanl8S. 
The apparent preservatiqn of intra-cellular"killinl .bility~ .. y 
be explained by the fact that the decrease in the phalocytic eapa
bility would re.ult in less Dua~.rs of iutra-cellular bacteria 
requiriul less bacteri~ld.l aetivity. 

Recent l, , Gudewicez show.d, that luinea pi.s treated fOT 7, days l 

vith lOG .. /ka/day of cortisone acetate had a decr.ase in both 
the nuaber o~ th. alveolar r .. erophaaes and its phalocy~~c 

", • 0 , 

activlty (198). On th. other haac1. HuDain .... t. aacl 'a-.ci 
r.port~ an increase i~ the al~.olar .. crophal. ha~e~t fol
~O.iIll the adaj.aistration of exa.ctly th;e ... e dose ... 1' .. tae 

of c.ortisone ac.tate (227). In our, study. we vere uaal:!le to 
"t.ct .. y ch.... in the n ..... r of al.eola,T' acropha ••• · ha1'-

" . 
... t"'by brODcho-.al~eol.r la.a, ..... Me'hyl'1''''i,ol''.'''' 

- \ 

ada18i.tered up to SI .. /k,/day for 2 "Y' • 

.. il. studie. ,pr .... t coatr"lctia, 're.pou.e. iD .1.eo\ar 
_cropb .. fuactiou GD t .... a.i.i.trati_ of .1ffernt ..... 
... te.~. of corticost.1'oi" (124), it ..... that t" tfpe 
of conieNterai

t 
..... -y deterat.. .. ,.. accuiDIIS die ' 

......... of tb.·. yeolar _en' ....... for. villIe .,~I'oeoni_ ' . 
• Ilo ... DO .Ifeet PlIA 1 ...... O~ _tibody ....... t cellular. 
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eytotoxieity. cortisone Acetate. the depo-preparation caused 
a •• rked deer •• se in the eytotoxic effector funetion of alveolar 
.. cropha.es (227). 

Corticosteroids bind to aaerophage receptors in a specifie 
Interaction. the affinity of which correlates vith their 
bioloaieal effec~s (509,Sll.S12). The rate of horaone ae~a
bolis.. its plas •• protéin transport .echanisa and pre
adainistr.tion receptor load (514) are i.pGrtant el •• ents in 
definin. the eventuat response of .acropbages to the adainis
tered corticosteroid. OUr findinas SUlaested that the use of 
pharaacological doses of MethylprednisoloDe'in doses of 
30 al/ka/day or less for 48 hours is unlikely to cause an 
Alteration in the ability of alveola~ aacrophages to pha,o
eytize and kiii bacteria'. Increasing the adainistered dose 
to 50 .I/k./day .. y result in a sianificant depressioD ~f 
their phalocytic activity renderin.the lUB,S 80re susceptible 
te infection. 

.. 

'. ...' 
. . 
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PERSPECTIVE 

In this laboratory, progression of our understanding in the 
Jo 

handlina of these cel!s and its examination resulted in the 
accu.ulation of significant data. We now have evidence to 
suaaest that nutritiona!. pharmacoloaical and operative manip
ulation •• y alter alveolar .acroppage anti-bacterial function 
and render the lung susceptible to infection. 

Thè surgeon can no longer ignore the cellular alterations 
which •• y occur in the lung of trau.atic. post-operative. 
i..uno-suppressant •• alnour~shed or splenectoaized patients. 
Broadenina the su~on's understandina oI the risks en
c'ount-ered in each of the previous situations would not only 
allow hi. to recognite the area at fault. but would afford 
hia/ber the opportunity to prevent' and treat it with reason
able basic knovledge. 

In addition. our laboratory bas developed an additioaal ex-
~ 

perience in unde~lo.ing investiaative procedures to assess 
alveolar _cropbaae function. wbich we are DOW adyaneina to 
our critically ill suraieal patients .. 

,Initial reports fro. tbis' laboratory indic.te that Alterations 
in the Iranulocyte/.ononuclear cel1 ratios in the bTODCho-, 
alveolar vash-outs fro. our trauaa patients .. y be use" as 
early indic.tors for the developaent or i-,roy.-ent of 
respiratory insufficieney. 

Study of alveolar .. crophage anti-bacteri.l fuaction .. y also 
he of use in recopiiifti the critical patients no .... e 1 .... 0-

coepr~sed and at risk of pneu.oni~ and overwbel.in. sèpsis. 
AD _c:dotal e~le is th.t of p.tint A and B. botb vith 
.. ltipl. trauaa. iaclu4in. tlae c:hest. ia OItr Surlieal Inte ... ive 
Ctr. Vait. PatièDt. A $Jaowecl .. AM pha,ocytie acti,Yity three 
li •• higber tllan that of patient 8. 'ati_t A _s 'taken off 
tbe v~tilator the ne~t day, while patieat l's vital 51lfts and 
respir&tory function dèt.rlo~at" ~.res5iy.ly .~ die. thr.~ 
.ys tater frOll ovenrhelai.., .... 1. vith _ltipl. ora- failure,s. 
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Alve,olar macrophage functions may not only be used as in
dicators of avid luag immune efficiency. but their .aturi~ 
and accessibility through broncho-alveolar lavage allows 
us to examine an important immune system in our bodies, the 
.ononuclear-phagocytic system. 

Finally, our techniques have now been iaproved to use the 
Coulter counter to quantitate the lavage cells and spectro
photoaetry to standarize bacterial counts in the phagocytic 
855ays. 
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