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The clinical :importance of pulnonaty infection in the. post­

operative' or traurnatized surgical patient is well koown. 

• \ 1 ... 

LikEWi~1 its close association with multiple organ failuçe 

is becaning inc.reasingly kn::Mn. In arder to examine' seme Qf 
r 

the etiologies, we designeda 'nodel which 'fNOUld reflect a 

<Xlliton clinical problan t:h::>ught to prediSJ:Xlse the lung ta 

infections, that is, atelectasls. This necessitated a. t:h::>rough 

review of the lung ~e.fense systans ~ particularly, the local 

lung ~ldgy. In our experiments, we fouM tœt œ.cterial 1 
, , 

cl~ce . in the atelectatic lung 1 was depressed versus the 

cxmtrol. By cannulation of the right lynpha:tic duct, we 

dero~trated that infecti~'and ,~telectasis crea.ted a high 

pez:meabili ty~. Our lTOzPrologi~ and fl.ln::tion studies of 

the alveolar macbha~e r~ed ït is .~~y adaPtab~e 
to the relative ~ of collapsErl. airways. We fo\m:l that 

. . 
alveolar macrophages fran the ate1ectatic .1ung had depressed 

~taxis, but ~eased phag:x:;ytosis arxl baèter.icidal capacity. 

The resdits ïrnplicate a méchanical: change rather tlian ~ , 

cellUlar, ~logic one as p:r:ilœry reason for decreased 

l:ecterial clearance. 

-We examine and discuss the ~ial aspeèts of setting up a 
. , , 

laboratOry far these fuzx:tional studies. .-' 
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L'importance c~inique des infections pulmonaireS-chez les 
l "" 

patients en ~tat post-opêratoire est bien co~;ûe. De m~e, 

son· association avec i!lsuffisance de multiples organes est 

reconnue de plus en plus. "Afin d'étudier ces phenom~nes, 

nous avons dev~lopp~ un mod~le que repres~nterait un pro-' 

bl~me clinique commun reconnu pour 'prêdisposer les poumons . 
aux inJections, c'est-~-dire, atelectosie. Ceci a n~cessité 

Il 

une revue compl~te des syst~mes de défense des poumons et 
, 

particulH!rement l'irmnunologie pulmonaire locale. Lors de 

nos expérie~ces, nous avons constaté que l'élimination 

bactérienne dans les ppumons até1ectotiques était diminuée, 

lorsque comparée a un contrOle normal. En cannulant, le 

canal lymphatique droit, nou~ ayons démontré que l'infeoti~ 

et l~atel~ctosie provoquaient un oed~me pulmonaire non-
<. , 

cardiog~ne. Nos études morphologique et physiologiques 

des macrophages alvéolaires ont révélé que ceux-ci sont unique­

ment adaptables a la carence relative d'oxyg~ne dans les' voies 

respiratoires effondrées. Nous avons démontré que la motilité 

des macrophages alvéolaires retrouvés dans les poumons at~lect-

otiques était diminuée mais leur acti vi té phagocytique et bac-
< ) 

" 

téricide était augmentée. Les'résultats obtenùs tendent a 
, " 

montrer que la dimunution de l'él~ination bacté~ienne provient , 
plus d'une modification mfoanique que cellulaire ,ou immunolo~' 

gique. Nous examinons et discutons les· aspects techniquee de 

la mise sur pied d'un laboratoi~e pour ce~ études functionelles. 
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PERSPECTIVE 

They (bacteria) will im{ade and replicate if 
. given the chance, and sorne ~ them will get 

into OUl;" deepest tissues and set forth in the 
blood, but i t i8 our response to their presence 
that makes the d~ase. Our arsenals for 
fighting off bacteria are so 'powerful, and 
involve so many different defense mechanisms, 
that we arè in. more danger from them than from 
the invaders. We live in the midst of explosive 
devices; we are mined (172) • 

. 
~hese words apply to normal individuals in normal situations; 

but surgica1 ~atients are not normar nor' is, the situation. 
, 

Indeed, as we learn more about the effécts of any of man 1 s. 

interventions on man, '"normal" seems rarer and more distant. 

And nowhere is this more true than in the lung. 

) , 

The lung is a -unique "internaI" organ, wi th the greatest 

exposure to the external environment. We discover~ with 

• 11 • 
inc~easing .regular~ty that the environrnent conta~ns large 

nwnbers of microbes, large -numbers of particles of inorganic 

and organic plant material; and industrial wastes ei ther in 

gas or solid states. 

It ia. surprising there is not more morbidity and ,mortality 

in the no~al individual who is constantly bombar!led ·by,· these 

6 particles, breathing ~n average of 29,000 times a day for a 

total exchange of rough1y 20,160,000 mIs of air. An estimated 
j 

10-·20,000 mic.roorganiàms are inhaled per day in a~ ave~age' 
, . 

man of which the majori ty are airborne bacteria and fungi ( 88). 
'1, 

.1 
~'l 
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unfortunately, we are now discovering,that even normal 
i 

respiratory systems are greatly affected in numèrous 

si tua tions. The debili taotion and lethali ty of sorne of 

these substances, particularl.y microbes, is even greater 

in the irnrnunocompromised persan, or in pers ons whose 

defenses are altered by sorne interIVention.· 
\ . 

j 

The congeni tally affl,iC'Eëd; tne malnou:r:ished, the traumatized 

aIl are at higher risk for respiratory disease that could be 
f 

, 1 

fatal. For surgeons, the latter two are ofl particular' 

interest as the two are often combined in a patient who ls 

unable to take adequate nourishment, and who must undergo . 
surgical intervention for a life-threatening disease process. 

Even the patient wi th less urgent diseases that require 

elective surgical intervention have insults and q.lterations 

on their respiratory system that can have led / to se.rious 

complications, In these groups, our interes't is often 
-

focused on the antimicrobial capabili ty of the upper' and. 

l.ower respira tory tract for good reason. 

A recent study from Louisville (50) places the magnitude 

of the problem in perspective, as they examined the causes 

of post-traumatic pulmonary in~ufficiency in man. Their 

study involved 399 patients admitted to their surgical 
~ ~ '", .. ' . ~ 

sc::rvice w~th\ân ill.nes~ ,or injury involving abdomt'nal dise:se, 

fl.ail ,che~euroloqic in jury, dr long bone fr~cture with 
"'-

severity ranginq from appendicitis ta multiple gunshot wounds 



'm' 

'l' . . / 
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and ruptured aortic aneurysms. Patient charts were reviewed 

and a statisti~al analysis'was made of the association of 

post-traumatic pulmonary insufficiency wi th the illnesses. 

They found that 44 or 11% developed respiratory failure,' as 
~ . 

defl,.n'ed 'by severely impaired pa02 and the l),eed for p'rolonged' 
t . 

venti1atory assistance. As weIl, 90 or· 25% requ~red ' 
.." 

meehanieal ventilation assistance wi th endotraéheal intubation: 

and virtually aIl 399 patients reeeived some forro of respiratop'y 

therapy in the form of oxygeh therapy. The mortality raté for 
" ( ,~ ~ 

patients with post-traumatic pulmonat:y insufficieney was 50%. 

There was a clear association of sepsis, hypovolemic shoek 

and massive fluid therapy with insuffieiency, but sepsis was 

the most common single factor associated with pulmonary 

insufficiency. Indeed, o~er '90% o.f these patients were septic. 
6 

In this study, although the primary septic foeus was extra-.... 
pulmonary in 55%'ressentially aIl the patients with pulmonary 

nsufficiency eveqtually developed pneumonie infiltrates with 
~ . 

pathogenio· orga~~sms recoverable from their sputa. In fact, 

~entual1y succumbed as a result of the respira tory 

tiçns. The authors tender two mechan~sms 'for the 

localization of infection in the lungs~ First, there was . 

a gro~p of patients (45%) with a pr~mary pneumonïc septic 
J 

foeus, jexacerbated by 1un9 in jury 'as weIl as intubation" 
; 

which removed an e,ffective cough reflex;- and second, li!-
-. 

remote septic focus seede4- th.e 1ung during filtration of 

the systemic circulation forming septie embol,i in· the other 
/ 

9rouP (50%). 
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/ 
~his study epitomizes the consequences of a relatively 

new concept, and that is "multiple organ fallure", in 

which it appE!ars tpat pulmonary insufficiency (or adult 

! -respiratary distress, syndrome, or shock lung) may re7< 
1 ~, .,:'" 

px:e.s'ent the final cpmmon pathway. A martality rate ,Of 
. ,~ 

"59\- :Ls adequa te prbof of i ts clinical importance. 'The 
1,\ 

study alsa epitamizes the curren~ concept and understanding 

o'f the disease process ~hose pathogenesis is J still not 

weIl understood, and contains many important gaps, 

particularly at the cellular level. 

. , 
The clinical importance as well as the gaps as incentives, 

we focused our attention on a common clinical observation 

that collapsed or atelectatic lungs, for whatever reasons, 

is a,\: greatly increased r isk for infections, excluding 

ventilation comp~ications. As weIl, there appears ~o be a 

strong relationshipObetween pulmonary edema, from either 

heart failure,or the so-called "shock lung", and depressed 

antimicrobial capacity. This depressed s,ta te goes' far 
~. 

beyond the general association with a chronic and debilitating 

state such as congestive heart failure. Of course, there ie, 

in aIl of this, the "chicken-or-the-egg phenomenon"; that 

may in real'i ty be a rnc>ot point. The consequenc~s of infection 

and overhydration motivates our aggressivé use of :Dlow bottles,' . ' 

chest physio, and early ambulation in the surglcal pati~nt, 

and,also the judicious titration of intravenous fluids fQr 
'.,. 

1 adequate, not over, hydration. Other toals we have at ou~/ 

~isposal are ventilatory assistance, calorie and protein 
1 

, 

! .. 
1 
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replacement using parenteral hyperali entation, and of 

course, an assortrnent of pharmacologie 
~ , 

agents to kil! 

microbes and remove fluid from the int avasCular space. 
, '. / 

, 
Inherent in these elinical observations beHefs .i5 ' 

the,question whether ateleetasis and pulm nary edema do, 
. \ 

in fact, predispose the lung to microbial'infectioni and 

even larger questions as to possible patho hysiology. 

This includes sorne firm knowledge of'anato ical defenses 

,of the upper respira~ory tract, and sorne no -so-firm 

knowledge of the tluid dynamics in the lung 

infant knowledge of the local immunologie s 

lung. 

and sorne 

in the , 

We, therefore, se~ out to'develop both a model and a 

laboratory capable of investigating sorne of these physio­

logie and immunologie questions. We will diseuss the ,. 
developrnent~l aspect of this work, literature revj,ew 

of these subjects, and pitfalls that we encountered in 

tests and i~terpretation - the latter again reflecting 

the 'early state of the art. Likewise, we will stress 

the ongoing na-ture of this work and foeus on several 'areas 

that we ~hink are key to' a greater understanding of loeal 

'" ,lung immunology-;----' 

We elected to ~implify the functional measurement of anti­

microbial activ!ty to be the sarne as baeterial clearance, a 

reproducible testing method whose assumption is valld for 
, 

.most of the common pathogens. The rate of baeterial 

....". 

\ r 
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clearance fram the lung ls ~u9ht ta depend on four 

factors: the rate of,phagocytosis, the,pulmonary alvaolar 

macrophage intracellular'kîlling, the physical removal 

of bacteria by mucociliary function, and the rate of ' 

bacterial mul tiplica tian (80 ) • '" Our study, theiefore, 
, 

began looking 'lat these and other variables, after first 
, 

lé 
establishing whether our original question was valid, ,~, 

) r .! : 

does atelectasis predispose ta bacterial infections? ~/' , 
1 

'~o fully examine this problem, a model had to b~ developed 

that satisfied SOrne important criteria. It must utilize 

an animal as close to the hum~n as is feasible, have 

variables imposed that are extreme enough ta provide us 

with clear-cut repraducible data, and have a control built 

in at all 

enough to 

changes ~t 

J 

stages. ,Flnally, the model must be flexible 
1 < 

a:l,low input vaiiàtion to obtain data of Any 
, """'-If.\. 

'ï' ,. 
the sttucbûral, cellular and metabolic levels. 

, ' 
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FILTRATION AND DETOXIFICATION / 
Disease usually results from inconclusive 
negotiations for symbiosis, an overstepping 
,of the 1ine by one side or the other, a _ 
biologie misinterpretation of borders (172). 

/ <' 

The body has developed'a formidable arsenal for defending 

itself from ~athogens, bacteria, fungi, viruses, and protozoans 
/ " It 

for a very goOO reason- they outnumber us. In fact, it is 

estimated that approximately 1014 bacteria inhibit our gastro~ 

intestinal tract~ predominantly our large bowel although there 

are estimated to be only 1013 cells in our entire body. As a , 

reflection ot the bacterial influence on our development, our 

mit~hdndria are thought now to have evolved from bacteria 
j 

rather than from our own cel15. 

In general, we live in a symbiotic relationship with infection 

being the exception rather than the rule. OUr body over the 

years developed an array of defënses which have been arbitrarily 

divided into local, or those that prevept invasion by the 

micr~bes; and systemic, those that are activated after the 

infection has taken place. In the examination' of the immunology 

of the lung, we will iocus on the local defense capabilities, 

that is, the preventive defense actions prior to actual tissue 

invasion of the pathogens. 

AIRWAY FILTRATION: 

Air filtration b~ the respiratory system i8 an important 

defense mechanism of the lung gainst ~nhaled toxins and 
-\~ 

:;_(' J' 

pathoçfèh,~ 'l'he contact are a at risk i8 80 \to 90 matera 
.-' \ 

1 
l 
''''': 
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squared, the alVoeoli surface area, . and represents an area 
~ 

of contact between the body} and. external environment that 

is 40 times greate~ than the surface aréa of skin., A very 

fine review by Newh~~se, as weli as several~ther studies 

provides the basis for this séction review ( 30,42,46,128). 

The removal of particulate and gaseous materials occurs in 

the'naso-pharynx in the normal individual. Nasal hairs and 

mucus trap many of the inhaled particulate matter. Gases that 
\ 

are primarily absorbed are the hig~ly soluble, such as ozone, 

arnmonia, and sulphur dioxide. Impaction of any "escaped" 
1 

par tic le may then occur in the lower naso-pharynx where an 

acute right angle i5 made, allowing inertial impaction 

.' against strategically placed lymphoid tissue~ like the tonsils 

or adenoids. 

In the mauth, the tissues af the naso-pharynx and oro-pharynx 

are protected by the physical barrier of the mucous epithelium, 

and by ~pproximately a liter production of saliva per day, 
" • 1 1 ~~ , 

which in itself has a mechanica.!t':"6Ieansing action. Likewise, 
! ~ !P 

saliva contains lysCizyme, tha't is capable of splitting the 

linkage in bacterial cell wallsi and as weIl saliva contains 

a secretory immunoglobulin IGA which in itself is capable of 

neutralizing viruses and preventing adhesion of bacteria. 

-' 
The rare larger particles that reach the c9~yna'o~ the first 

two branchial divisions are removed after;/impaction at this , 

level. Particles'. 2 ta 5 micJ;on size are cleared by 

sedimentation. This results from grpvitational force in 

r 

\ 
l' 
1 

t 
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the slow laminar flow area of the lung t that ia, the 15 

.to the 23rd bronchial generation, where the sudden expansion 

in relative airway cross-s~ctional area accounts for re­

duction it;, flow. 

For even smaller pftrticles, .1 micron size, Brownian Movement 

faci1itates extraction by impaction on mucous'surfaces which 

may take place at any levei in the lung. This particle size 

is very importanh~p~demiologically as these tend not to 
'7 ~ 

settle on the ground or external surface areas, and therefore, 

are the most commonly inhaled. 

Size and sh1ape of particles help dictate the level or extent 
ô 

of invasion. Asbestos fibers, for examp1e, lalthough up to 

300 microns in length are very narrow, 1-2 microns in width, 

and are therefore found in the alveoli far dis~al, by aligning 

themsel ves parallel to the direction of the airway (128) • 
. ' 

Bronchoconstriètion in the airways, either physiologie or 

pathologie, may prevent distal alveoli exposure. One reflex 

is vagally mediated for s~th muscl~ contraction," which may 

be stimulated by both mechanical and immunologie factors. 

The constriction causes increased air resistance, but little 

change in pulmonary compliance so that the number of venti~~â 
, 

units remains stable, in contrast to airways pathologically ) 

involved inhsay COPO, which does cause V/Qcchanges. St.udiés ,t 
/ 

of coa1 miners who are cigarette smokers, has demonst~ated 

that alveoli distal t~~~~gments of bronchiti~ are "protected" 
~j ":/ 

from pneumoconiosis 'j 128, 42 ). 

u. 
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AIRWAY CLEARANCE: 

Once material ha$ been inspired o~ aspirated, the mucociliary 

system is vital to adequate particulate clearance from lunq 
-

segments, .but often adversely affected for iatrogenic reasons. 

'The system begins with~~ production of the mucopolysaccharide 

by the goblet or mucous secreting glands in the large aï~ways. 
_~ • ,1 

d 

When ~nfecte?, the mucus ~ends to lose elasticity, to gecome 

tenacious, causing inspissated plugs thought to be one of the 

mechanisms in the formation of atelectasis post-operatively. 

The mucus itse1f contains.immunoglobulins, particularly 

secretory IgA as weIl' as lysosoma1 enzymes (12). Mechanica1ly, 

the mucus provides a 7 micron layer throughout the upper airways, 
..... 1 1 ___ 

~thereby humidifying ir.spired air, and at the sarne time preventing 

water lOBs. Areas such as where intubati~ is performed, have 
; " 

interruption of this membrane with inflammation and activation 

of the complement cascade in the particular denuded'area. 

The cilia are an integral portion of the system providing 

transportation for the layer of mucus which acts as a rug or 

escalator for particle rernoval. The cilia are made up of 

microtubu1es that beat at between ~,OOO and 1,500 cycles a 

minute, utilizing the oxidative-phosphory1ation pathways 

for energy. Their activity is felt similar to cardiac 

contractility; in fact, it has been shown, that digitalis 

improves the cilia function in hypoxic cats' (128). Velocity 

ih the small airways ia l to 2 mm per minute, and in large 

airways 5, ta 20 mm per minute - viftually aIl material 

d'eposited on normal ciliated epithelium is removed in less 

. . 

----------

1 
1 , 
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than 24 houts. Substances known to be toxic for cilia are: 
, 

oxygen in high concentrations, cigarette smoke, sulphur 

dioxide, pentobarbitol (in sheep), alcohol, and various 

viral infections. Also, a recently described syndrome called 

Cartagener's Syndrome has absent cilia function, as weIl as 

hypomotilityof spermatozoa with infertillty (42,105,128). 

The mucociliary system may have congenital, metabolic, and 

toxic malfunctioning effects; and two recent studies now 

implicate age and iatrogenic care. Puchelle examined the 

effect of age and bronchial mucociliary clearance using 
.. 

radioiabled resin washoût curves in 19 healthy, non-smok~ng 

male subjects, ages 21 to 69 (140). She found the clearance 

rate significantly lower in older subjects, particularly 

greater than 53 years. ao",e"er," the large inter and intra-

indiv~dual coefficients of variation led the author to conclude 

that factors other than age may aiso have an effect on clear­

ance. Another recent study found that tracheo-bronchial 

suctioning in sheep depliess·ed mucous transport (105). The 

histologie effects were varying degrees of mucosal denudation 

and edema 6f" the lamina propria with extravasationfof red 

blood celis and dense infiltration of polys/and lymphocytes. 

ImportantlYI three types of catheters were examined in this 

p~ocess, Bard side-hole, the Aero-flow and the Tri-flow 

catheters; and found to cause varying extent of in jury. 
~.)' 

The Aero-flow'was superior to the Tri-fIow, which was 
v e 

superior to th~ Bard side-hole, because of the observation 
1 

that'tips designed to minimize mucosal contact'were the 
\ 

\ .- \ 

, . 
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least injurious to mucociliary function, presumably by 

the least interrupti9n and denudement of mu~sa. 

, 
\ 

. 
J 

The'.cough clearance mechanism provides a rapid, 'complete 

exit for particu1ate aggregatio'ns, especially those re--

\ 

\ 
\ 

splting from the mucociliary pathway. Coughing essentially 
, '\ 
results from the development of intra-pleural pressure 

\ 

\ 
grea~er than 100 mm of Hg, causing narrowing of the cross-

sectional area of large airways with ~_corresponding 

increase in transit velocity, as rapid as 85% th,e spet;!d 

of sound! In disease èntities such as bronchitis, 
.' 

emphysema, or cystic fibrosis, or in intubation, this 

mechanism is severe1y impeded (128,42 ). 

Other anatomical points of interest are the pulmonary 
\ 

arteries that branch direct1y with the airways as far 

as the respiratory bronchioles, and supply blood to the 

capi11ary networks of the terminal respiratory unit. 

- 'The close structural relationship of the arter~es and 

airways in which collapse of one causes decreased 
, 1 

circulation, allows maintenance of a proper ventilation-
, 

perfusion balance of the terminal respiratory units (or -

a1ve91i). 

INTRAVASCULAR FILTRATION AND DETOXIFlCATION: 

Filtration and detoxification in the lung can also be 

thought of as occurring on the intravascu1ar side~ as 

weIl as the endobronchia1 side as we have discussed. 

, 
! 
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Although a r.elatively new concept, ongoing research in 
) 

this area has begun to provide substantial information 

about the clearance of drugs and biodegradable substances. 

Clearance of intravascular microbes by the reticu10endo­

the1iai system in th~ lung is of current intêrest in 

several centers; 'and shou1d be a very rewarping area of 

investigation. 

. With a blood vessel sufface arèa of 70 to BO metera square" 
... , "':i,~ 1- / 

.' """~ J 1" 

the pu1monary 9apillary ~ bed i~\ the largest -Tn the bodyr'"·and 
~J,. ""', _ 

likewfSe, unique in re~eiving the entire cardiac output at 

any. given instant. The 1ung parenchy~~, .. utilizes on1y 1 to 
-{ .. 

2% of the total oxygen requirement of the body i~der to 
/ 

maintain itse1f. Although the normal intravascu1ar blood. 

volume of 60 ml. transits the 1ung in less ~han one second, 

the surface area is so enormous that there is ample opportunity 

for important filtration and transaction to occ~r\(2,46,l28 ). 
. r 

'DRUG REGULATION: 
\ 

In Most conditions and in the normal portal system absorption, 

the liver acts as the primary site of detoxification of lipid 

soluble compounds to inactive excretab1e water soluble cata­

bo1ites. But there a1so exists a gut-liver-Iung axis, known 
1 • 

by garlic eaters for years, by which the gastro-intestinally 

absorbed agents as weIl as the ho~one gastrin are inactivated 

(46). Normally, the liver protects the lungs from the portal 

system contents with as ~u~h as 90% ~these compounds 

metabolized in that organ. 

" 

l ' 
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The 1iver and the lung have a'similar detoxification system 

organized into 6 components invo1ving various cytochromes 

(2,168 . .---). Beth) systems are micresomally located, capable , 
of induction, f,unction non-specifically and have sirnilar 

) -
protetn tissue substrate concentrations a9tivities. However, 

there are sorne kinetic differences. The hepatic system is 

induc~d by a wide variety of drugs, 'such as, phenob~rbita1, 

while the Eulmonary enzymes are primari1y induced by carcino-

genic polycycli~hydrocarbons found ,in large ~ounts in 

cigarettes. The po1ycyclic hydrocarbons inhaled in cigarette , -

smoke may induce conversion by the pulmonary mixed,oxidase 
\ 

sys~em to reactiv~ epoxides which in itself May be ina~equately 

c'1eared after reaching a critical 1e'lel and are therefo~,felt 
, 

to he carcinogenic also. The lung has a glucurona1 transfetase 

system only 2 to 3% that of the,hepatic system, but its role ~ 
in detoxification is on1y;beginning to he understood. In 

diseases of the li'ler such as cirrhosis, rnetastatic disease 

or whennew previously "unseen" drugs are poorly metabolized 

in the hepatic microsomal system, the lung loses this protection.-

, 1 

With the introduction of each new ingestible drug, the micro- ~ 

somal conversion system at the I~~~r>}evel ls tested as these 

are absorbed from the portal system. New or unrecognized 

substances may not be effec~ive1y detpxified within the liver 

system which has not deve1ope~ sufficient machinerYi and 

therefore, a large overflow will be se en within the lung. 

One drug which has heen i~creasingly identified with the 

induction of pulmon,ary fi?rosis in humans is tha t of bleomycin. 
'\ 

) 
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This is dealt ~itli inPhan' s pap~r (136) in which he 

, 
demonstrated the production of pulmonary fibrosis in 

1 

15. 

rats after only 2 weeks of administration of bleomyci~ 

with a concomitant increase in the rate of collagen 

synthesis being noted. No doubt with an increased 

'awareness of the problem, more information in this area 

will be forthcoming. 

HORMONE CAPACITOR: - " 

The lung is capable of regulating the arterial level of 
1 H. 

locally active hormones; acting as a capacjtor for endogenous 

and exogenous lipophilic amines, and of ac~ing as an endocrine 

organ helping to mediate anaphylaxis systemicàlly. Perfused 

rat lungs rapidly concentrate exogenoùs lipophilic amines, a 

list of compounds which i5 quite ~xtensive and involves such 
> 

widely used substances as chlorpromazine, propranolol, morphine, 

tetrahydrocannabinol from marihuana, imipramine,'amphetamine, 

methadone and chlorcyclizine ( 2). However, except for, 

methadone, these drugs are not significantly metabolized 

within the lung, bUt rather may be acutely concentrated, 

stored and then selectively released over a period of time. 

/ 

The topic of non-respiratory lung function ~beit in i~s . 
relative infancy is a fascinating one, with the implicarion 

1 

that the lung acts as a major ,homeostatic endocrine organ 
--; 

over and above its primaI dut y of oxygenation, and recent 
/ 

r~le of detoxification. The lung distinguishes between 
\ 

local an~ circulating hormones by seiectively filterinq 
1 

and degrading certai~ hormones while,allowing unaffected 

1 
1 

l' 
1 
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transit of structur~lly very similar compounds. An example 

of this is the almost complete uptake and degradation of 

norepinephrine and dopamine in distinction tG tot'al in-:' 

differerri;"ê ta epinephrine vasopressin and histamine which -
) 

censequently have-equal concentrations in both arterial 

and venous blood ( 2 ). Serotonin that may escape degra~tion 

in the liver is degrad~d by about 70% in one passage t .. 

the lung (46 )i and only wh en massive amounts are 
, , 

by a c~oinoid tumor, for example, i.s this dOubJe 
• 1 J 

whelmed allowing the well-known symptomatology. The overflow 

of locally produc1d hormones bradykinin, SRS, and other vaso­

a~tive substances into the general circulation, account for 

the systemic manifestations of anaphylaxis, which it appears 

the lung can modulate, as a capacitor. Normally, this onLy 
\ 

occurs with the proper mechanical and chemical" stimulation. 

Locally actiye hormones, that is, hormones whose arterial 

J' concentrations are determined in ,the lung, are bradykinin, 

prostaglandin and angiotensin I. The kinins which are potent 

vasodilator&, increasi'ng vascular permeability represent a ... ' 

group of polypeptides that have been .associated with pulmonary 

edema formation, anaphylaxis, and hypovolemic and septic shock., 

The lungs are exquisitely tuned to degrade as weIl as generate 

kinins (4~,168). The half-life of bradykinin in the blood ~s 
• 'l' ... ;-... 

app~oximately 17 S;c9~S or much less than in one circulation 
< • 

, ' 

time. Caveolae at the pulmonary capillary endothelial surface 

ls believed to be ~he site of' in~ctivatio~'by an enzyme which 

acts as a dipeptidylc~rbo~ypeptidase cleaving the C-ter~ina1 

dipeptide • 

) 

\) 

1 
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This may ,in fact, be the same enzyme\; as in the hydro­

lyzation of angiotensin l to angiotensin II, the formation 

of which occurs when renin released from the kidney acts 

on the :plasrna alpha-2 globulin to forrn decapeptide. ang10-

tensin f.' This conversion to the active octapeptide II 
• provides an, enzyme which is 40 times more potent as a 

1 

pressor than is nd~epinephrine. Recently, it has been 

shown that the. conversion,of-angiotensin l to angiotensin II 

is depressed significantly by conditions of hypoxia in dogs 

(168) • ' Be, showed that the conversion went from a baseline 

of 72% to that of 6% in, one passage through the lung 

circUla~iop. He and his workers showed likewise a prompt 

return of the normal conversion levei with the return of 

oxygen tensions. 

PROSTAGLANDIN MEDIATION: 

Changes in pulmonary blood and air flow ean be modulated Qy 

nervous, system,ie, and local immunologie reactions. Much of 

thè work of mediating the se intra and extra-pulmonary changes 
~I 

are prostaglandins. ~hese are a family of polyunsaturated 

" fatty scids, aIl containing a 20-carbon backbone (prostanoic 

acid). In effect, the lung is the rnost important body organ 

for production and degradation of prostaglandins. 

As a ge~eral rule, the prostaglandins of the E series are 
, 

the dilators and the F series constrictors of bronéhioles 
-

and pulmqnary vaseulature, with sorne anomalies. Normally, 

60 to 90\ of the prostaglandins are inactivated in one pass 

, 
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through the lung, but this inactivation is impaire? 

experirnentally with the administration of endotoxin 

which radically decreases the inactivation, particula~ly 

the PGE-l which is the patent va4dilator (46,113 ). 

Also, PGE-l appears to, have a more prolonged effect 

, than does its eounterpart, the' PGF-2 alpha. ,Activation 

and synthesis is not completely known, but 'i.s thought ta 

oçeur at the mieroso~al fraction o,f the tissue homogenate 

involving lS-hydrp~y p~ostaglandin dehydrogenase, or 
.. 

lS-PGDH, . activ~ty as weIl as an ,inter-converting enzyme 

pre~ent within the lung tiss~e. In general, PGF-2 alpha 
1 

" 

which app~ars to diiec~ pulmonary blood flow locally is 

present in high concentrations within the parenchyma and 

conversely PGE-2 is present in high concentrations within 

the airways. 

Factors which stimulat~ production of prostaglandins are 

anaphylaxis which has been studied in vivo in the guinea 
-

pig, as weIl as hypoxia, :edema, vitamin-C deficiency and 

sorne non-specifie stimuli (ll~. Steroids result in a 

redùction of prostaglandin ~roduction and these may aet 

by decreasing the SUPPl~ of~available substrate from the 

cell membrane phospbolipids by stabilizing the membrane (89 ) • 

\ 

Prostaglandins rnay function by their effect on cyclic'AMP, 

particularly the PGE variety whieh has been shown to increase . , 

eyelic AMP. Indornethacini on the other hand, ùecreases thls 

) 1 
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effect in the normal situ?-tion, but not in asthma attacks. 

Aspirin and indomèthacin are known ta inhibitprastaglanÇlin 

synthesis·. Of importance is the relative balance for 

providing an equilibrium between the dilatory effect of 

PGE and the constrictive action of PGFs, the end product 

being proper tone and perfusion of the airways. 

, 
Prostaglandin and thrornboxane released from the Iung . 

hav:e variable half-lives, due t~ variable inactivation 

the lS-PGDH (135). Bath prostaglandins, particularly the 
1 

PGF-2 alp~a va~iety and thrornbox&ne have prolonged effects 
1 

during anaphylaxis. It now appears that the administration 

of high levels of oxygen for prolonged periods of time 

(72 hours) can significantly inhibit the function of lS-PGDH. 
/ 

This was examined in guinea pig lungs by Crutchley (32 ), 

and he found that 83% inhibition took place after 100% 02 for 

72 hours. The resultant effect is a relative' prolongation of 

the anaphylactic condition. 

, 

Hsueh (89) and his group have demonstrated that both peritoneal 

and alveolar macrophages are capable under stimulation of 

prostaglandin synthesis. Mouse peritoneal macrophages produced 

PGE-2 over a 9P minute period when stimulated by zymosan. He 

demonstrated th~t the addîtion of indomethacin completely 

blocks their pro~uction. Utilizing zymosan-stimulated rabbit 

alveolar macrophages, he demdnstra~ed the production of a 

mixture of prostaglandins, PGE-2; 0-2, F-2 alpha and 6-keto-

0/\ 
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F-l alpha. The addition of cytochalasin-B in conjunction 
! (: r 
t 

1 
1 

with zymosan further increased the total prostaglandin 

production, possibly by activ~tion of phospholipase, but 

by itself did not have an effect on prostaglandin synthesis. 
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)bst me.ningococci have the sense te stay out on the 
surface, in the rhinophaIynx. ruring epidemics, 
Ws is where they are to be found :in the majori ty 
of the oost population, and it generally goes welle 
It is onf.y in the unaccountable minority, the "cases" 
that' the Une is crossed, and then there is the devil 
te pay on both sides, but lTOst of all for the 

. meningococci. (172) 

In minutes after invasion, bacterium whieb bas penetrated the filtration 

IœChanisms and reached the alveoli, triggers off an appropria te( sometimes 

~riate, "iJllrurx,ùo;tié response. This response is sensitive to th.e 

type of ba.cteria, the soluble mediators secreted by and for the 

participants, and the overall state of hea1th. The goal of the woole 
) -

process is to incapacitate the organisms to prevel).t than fran becaning 

pathogenic, and then ta rerove then. 

l1mg clearance or a reflectian of the percentage microbes ranaining 

a;fter instillation over a period of time is dependant on In31'lY factors 

as po.i.ilted out earlier. They are: phagocytosis by the macrophage 

wlùch re:jllires "adequate nmd::lers and viabillty, alveolar bronchial 

transport mechani.sms, the type of organisms, and :in vivo solubillty, 

if any, of the particles, cough uechanism, and clearance lynpha.tics. 

) 

The cl~ance of aerosollzed non-soluble, rx:m-toxic substances f:r:an, 

the lung, 'WIëlS studied l:!f Kavet jmd Brain and found t:o have a biphasic 

clearance pattern (lO~. That is, the first [:hase was' rapi~ and the 

clearance took place in less thàn 24 heurs and was l.arqely influenced 

by the mx;oc:iliary clearance. The technique utilized sodiun iodinê 

scintillation ctyStals or magnet1c dust which proVide noIl-mvasi ve 

----~ - -- -- >-- - ---- -~ ~ ~ --~--"" 
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sensitive tragnett::metérs wi th weasuranents. The second phase took 

place over a 2 te 10 week period or longer, and had aven greater 
- , 

mvolverœnt of the pulrconazy alveolar macrophage ingestion for 

clearance frcm the 1ung. 
( 

~ technique of m::a.sUring intra-pu1m:::mary bacœrial clearance or 
1 

Jd.lling is the technique that we anployed in our w::Jrk. It was first 

·used ~ Iaurenzi, Bernan, and Kass in 1970 in which inhaled aerol:PUzed 

1 bact.eri~ was fol.lowed for clearance by serial sacrificing and 00100y 

foJ;mi.ng unit quantification. Green and Kass later studied the killing 
c 

and the physical clear~ ~imu1tana:>usly using p-32 labeled staph. 
,--

Aureus and Proteus Mirabilis (67). They found at 4 murs that 80 to 

85% of the radioactivity in the lung Wcl5 present. - HC1NeVer, only 8.7% 

of the Staph. Aureus ~d 23.4% of the Proteus Mirabilis remained 

fran the 0 mur level. So they concluded that the disapPear'ance of 

the co1any forming uni ts may better he accotmted for by the intra­

pul.m:ma:ry killing rather tha.n the physical raroval. per se .. 

The alveolar macrophage represents the first line of intra-pulJrona.r;y 
, . 

defense that meets the bacterial invasion and in their work, Green 

arii Kass (67 ) counted intra and extra-cellular Staph. Aureus bacteria 

that was ingested by the pulnomuy alveolar nacrophages. They roted 
1 

that ingestion always preœded the decrease or diminution of the colony 

fonning units, agail:l iJrplying the intra-pultronary killing rœchanism 

as prinaJ:y, and again with the pulnnna.ry alvoolar macrophage in the 

central position. 

~ In minutes afœ:r invasion oflbactE~rium, alveolar macrq>ha.ges are capable 
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of intercepting their entry in the lUl'l9, by resp:>nding ta as weiî, as 
, /' . . ) , 

synthesizing charçtactic factors.' el aoorated mth by the baetêrium and 
~ l 

',' 

the phagocytes. Indeed, a 100g lavage fran a nonnal "unst.iI;lliated" 

individuai cantains: 47% T cells, 19% B cells, and 34% "null" or 

Iining cells ( 80)" reflecting the important surveillance role of the 

P~nary alveolar rrac:rophage. As we shall see frcrn our study results, 

the alveolar macrophage, _ when st.iIm.tlated can respond by increasing 

both n\Jllbers and virulence. The ability to make such a response, 

particularly with presensitization, indicate the alveolar macrophage 

is ~ in str~nq mth the surveillance and the augmented 

portions of the .irmalnologiè systan •. 

i 
The interaction of -the various <XX!iJOIlents of Ill!lg imnunology, 

systemic and particularly local, Iends further ciedence to the -

alveolar ma.crophage's role as co-ordinator or "condÛctor" of the 

local defense and c).earance, at the sarre time as performing its 

own mllti various ft.mctions. 

L~S, Iike wasPs, are genetically programœd 
for exploration, Olt each of them ~ te he pennitted 
a different, -solitaJ:y idea. 'J1;l6.!i roam through the 
tissues, sensing and rronitorip9f~ Sinçe there are 50 
many of thEm, t.heY can make cD+lective guesses at 
a.l.nost anything antigenie on the surface of the Earth, 
but they nust do their work one notion at a t.iIœ. 
They carry specifie infonnation in their surface 
rooept.ors, presented in thè fOIm of a question: is 
there, anywheœ out there, Itrf particular nolecu1ar .. 
oonfiguration? (172) . 

-origin and Kinetics: 

'1be macrophages of various oryans in the body derive fran progenitors 

in ~ bone JilarrcM, and this is true of the pulJrcna.ry alveplar rœ.crophaqe, 

J 

iJ 
i 
1 

,) 

_",_IIiIW_"_IOi'_--··~-*"'~""~·~ -~~"-t-''''''''' __ ~ _____ ~'''~~~ ____ ~ _______ ''''''-'''''''''''''' _____ '''''P •• 'Ii. l -",#rli"l'7r_~1\l ~, 

- -- -- ----- -- - ----" ---- ~ - ~- ~ ___ o. " • ___ --... ----

, 



, J 
-~ 

J 

(henceforth referred te I~S "AM"). In fact, AM' s are end-stage phagocytes 
, 

derived frcm bJo precursor sources - an unccmn.ittec1 pleuri-potential 
- . --

hematopoietic stem œll capable of differenting into e:rythroid, 

granulocytic, or megakaryocytic celllines; and a cœmitted differentiated 

precursor. This latter oeU Une exists intra-p.ùnonary and can renew 

itself as we11 as mat:ul:J inte functional e1eme.nts (80). , 

Evidence for this intra-pulnonaz:y source is research in which syngeneic 

mice were divided into three groups: wipie'body, ~lvis, and chest 
/ - . 
irradiated (62). The lung lavage fran only the wlDle body radiated 

mice revealed deficient number~ of alveolar m:icrqphages, in distinction 
. 

to the other preparations, clearly indicating the replacement potentials 

of either a b:me rnarr0\7 or intra-pu1m:IDary source. 

The develoPnent period fran lx>ne rnar:row te lung is about 100 days, as 
" , 

sb:::Mri by whole body radiation and oone ma.rrc7tT transplantation in opposite 

sexes. After transplantation, the donor~~igin oeil, ,é!-S evidenced t;r 

appropriate kaJ:yotype, alnost ccnplete1y replaces the AM population 

by 100 days (80,61 ). In effect, there is a nulti-a::npa,rtrœnt Irodè1 

to the evolutioh .. oone l'I\a.rX'CM stem ce11, ta ci:rculating blood nonocyte, 

ta .1nterstitial œIl, and finally ta AM. 
. -

It appears that the AM 

develops its unique metabolic characteristics during the interstitial 

phase. 

The pullronal:y alveolar macrophage i5 unique anong nononuclear phagccytes 

with differences ,that largely result fran ~ at the air-tissue 

- interface. This location results ~ their direct ~e ta inhaled 

micro-organi.àlœ as well as toxins including cigarette sm::lke and air 

/ 

, 

1 
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pollutants, therefore, functioning as the primary defense system in 

, the Itmg irn:nunology. The a~obic enviroment bas particu1ar1y led 

ta met:a.OOlic characteristics unique to the AM, and these will he 

j 

discussed in the section on "Phagocytosis", as the ~ are intr1nsically 

related. Suffice it ta point oût at this time, that the AM is unique1.y 
1 

capablè of utilizing both ~erobic..;and anaerobic tretaOOlic pathways (167). 

(See FigUre XXXI \) • 

Alveolar nacrophages fran the various nmmalian species are structurally 

fair1y similar, the hunan AM is l'X) exdêption in this regard. Through 

light microscopy, the h~'AM has a diarneter that ranges froiil-lD-SO 

microns, with a mean of 25 microns, the cells oontain irregular nuclei, 

,largè arroonts of cytoplasm, with a nucleus te cytoplasm ratio variable 

but cxmoc>nly 1:3, and very pmninent vacuoles. The cytoplasrnic inclusion 

l:x:xü.es stain for acid prosph'itase and this property was used te better 

define the _1ysosa:nal contents of the AM (62). (See Figure xx) • 

AltOOugh the' ultrastructure of the AM varies sc:rcv:!What acoording te the 

phase of cellular ac~vity, electronmicrosoopy generally sbJws freguent 

nucleoli, as \'JeU as cytoplasmic organelles, S\X!h as well-developed 

Golgi aB?iU'ati, mitocmndria, and' endoplasmic reticulum of the rough 

type. The mat striking ultrastructural feature of the 1IM 1s an 
1 

. ab.mdanœ of . cytoplasmic incluSions having an elect:ron-dense matrix, 

and correspond. tX> the areas of acid plnsphatase stain. These inclusions 

are fOlmd ta oontain cathepsins, lysoZj'lœS, B-Gl~idases, B-galacto­

sidasest "aryl-sulfatase, acid ri1:xmulease, and plxlspb:Jlipases - all , 

'1 associat:ed with 'lysosanal functicn, and ~l in greater corx:entration 
) . 



r· 
1 

( 

Î 

l ' 
l ' 
, 

f 
" 

...... ___ ... - .... --__ --.,......4._~ 

• t:ha.tl the peritoneal mac:::ropœL(j,e. Peripherally, pseudofXJdia are 

praninent, and in this ,case presunably about ta engulf a pneurococcal 

bacteriun (62, 80 ) • (See Figure XX) 

The alveolar macrophage surface oontains receptors for the crystallizable 

fragrœnt, that ia, the, Fe CCI'C'IpOnent of IgG and the third ~nent:- of 

cx;mpleœnt. These.Fe reœptDrs appea.r ta he lirportant for particle 

attacl1nent and ingestion by the AMs; and can increase in nurnber as weil 

as size lm.der in vitro stimulation by Freund's Adjuvant f~ exanple 

( 80). Rabbits treated with BCG produced .AMs with nore catplaœnt 

1 and IGG reœptors and with an increased reeep"tor affinity. These 

changes are felt te correlate with the enhanced ca.pability of macrophages 

tD ingest opsonized micro-organisns. 

J 

-Iooal. RfŒlication: 

In vitro proliferative capacity is functionally very :inportant far 
1 

replenisment of the AM, in the steady state; and ~ssilily' ever1lIOre 

, inp)rtant when under stress. An extensive s'tudy of kinetics ~ 

reported l?i van Ord AlbIas and OJlleagues studying AMs in miœ "'~fter 

injection of tritiated thymidine ( 13). The derived laheHngl index 

i8 used as a rneasurenent of [NA srnthesis and proliferation by the 

AM in this case. The highest value in the ] abel j ng index in lx>th the 

ÀM and the blood ncmcyte PJPUl.ation ooincided at approximately 60 

bourse Another group was ccrtpared after total b:Jdy irradiation wi th 

hindlinb bene marrcM shielding. In this œse, the number of J\Ms went 

up in the first 24 murs and anly gradually fell, while the blood 

lIDtJOCY1:eS nœœr ~el1 rapid1y. These findings indicate a local 

produ::ticn of the ]l.M under stimulation, but l'X)t in ,t:Qe steady < state. 

1 
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The percentage of loca1ly produced macrophag~ ls estirnated at around 

10%, and nay therefbre he significant only under severely stressed and 

" , 
ccrnpranised conditions. 

Finally, Alhlas had calculated the numbers in the turn-over process 

in AM kinetics, sh:Ming that 15% of the blood xrorocyt:es that leave , , 

the circulation bea:Jne AMs. Through labeling metrods, he disoovered 

an influx of 1.43 x 105 cel1::> lnto the lungs in a 48 mur period, 

resulting in ,a mean turn-o~ time of 27 days for AMs (13). 

I.ocal, as lIlell as in vitro, replication of AMs has been studied 

further using cloning nethods for nacrophage granulocyte progenitor \ 

œll~ in a semi.-solid condition,tredium (14). lntta-luminal a1veolar 

macrophages were found to proliferate in both steady state conditions ' 

as well as in periods of pulrronary stress. In this study, rat lungs , 

exp:>sed ta ozone showed a 600% increase in the colony formation of 

Nots aver the oontrols, which was ooted by day 1 after the insul t, 

, with a decline te the oontrol leve1 by 7 days. This time periOl3 is 

similar to that in Alblas 1 work with the largest increase dem::mstrated 

in vivo lOcal proliferation under steady' sta~ cx:mditions. Tœrefore, 

local proliferàtion is alm:Jst probably bnly inportant in the stressed 

and c::x::It'pt'CIted indi vidual as bas been' pointed out. 

, 
-Rétrleval: 1 

/ " 
In 1961, it first became practical/OO study the AM after Myrvik described 

a technique to rsIOVe ratl:>i.t J\Ms t lung _shings (80). Prior te this, 

and even after, the ease of retr'eval fran the peritoneal œvity of small 

labol;a.tory animals provided! E\IlP ls on the study of perîtoneal 

~~ ..... _ ......... --....-.-~-::-- _._- -"- - .. ~(-.,. ..... "-'"---~------+-----_._------_ . .-.--."-_ .. ~.----.... ~..,..,~ ~ --
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macrophages. The abUi ty te obt:ai.n a large en::>ugn AM sanple by ----

endchronchial lavage has been enhanœd l..afgely by laboratory-

1 technique. 

, 
In nan, the ability te obtain and study AMs, essentially the only 

human tissue rnacrophàge readily available for stwy, has paralleled 

the develo:t;nent and use of the fiberoptic bronchosoope. Nonnally, 
/ 

the broncbcope is ~ed into the right lower lobe bronchus, and 

the ~t washed with 300 ml of nomal saline in 50 ml aliquots 
<> 

( 60, 11) usually half is retrieved, and the remainder i5 readily 

absorbed. Cœplicatfons' that can occur in thé hurœn are tlx>se of any 

brOIlCOOSOOPY, vocal ex>rd damàge, atelectasis, pleurronitis, and fever -

all élt a low incidence. 

Qùy recently, is i t - learned that cationic local anaesthetics, the 

bNo oost camon being lidocaine and tetr~caine, often used in awake -

broncl'œcq>ies, have profound, longterm effects on AM in vitro 'functiOJil 

( 83). The authors found that these anaesthetics caused a decrease 
. 

in oxygen rons'lmption by as nuch as 67 txi 74%, and the:{ al50 dsronstrated, 

through sœnning electronmicroscopy, a marked alteration of the surface 

rcenbranes of the oe1ls 50 treated. This infODl1ation bas led, as in . 
, 

the· snell animal retrieval, te washlng the ceUs W'ell ta rid them of 

the effects. 

Utilizing a FhysioJ..ogic resp::œe of 11MB, that !S, adherel]œ te surfaces 
.J 

of tubes am containers on cx>ntact, a technique for achieving high 

yields in laborato:ry animals, such as guinea pigs, mice, and rats bas 

gained recent popularity. The a.dhe:rent cells, which would othetwise 

~ - >- --'0- ---.~.~~_ •• ~~---_._" 'ft_"_tl_~'j_ ........ _----~-_ ... A~ ..... _.,.. ./. ~ ......... _..- __ ." "'_ 
..--_____ ... _ .... ~ ____ ~ __ "_~_._ .... A_ 
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be precluded fran furthe:r studies, are washed in ligno::ai.ne, causing 

10ss of adherence, and thereby retrieved. The cells are' then washed 

in ligoocaine-free culture meditml and placed in ron-adhering plastic 

containers. The autror found no longterm effects on in vitro function 

stOOies ( 85). ~ . 

. ·Aoother nethod to obtain a p1:lI'ified .AM sanple frou hurrans utilizes 
/ 

cell profile diameters (36 ). With the knowledge that macrophages 

.rèœntly œcruited fran the pool of blood ~s into the lung, 

are sanewhat srnaller than longer-teInt lung 'residents, one group of 

investigators was able ta obtain individUal sanples of free lung, 

ceUs with unbiased cell distribution. This was done sirrply by 

examin.ing cell pellicles obtained by broncmpulm::mary lavage. under 

light microsoopy and xœasuring a ceU profile diameter ~ Arensen used 

volumetrie analysis of blood ~s te daoonstrate a ttoIpb:>logic 

he~ogeneity; for which he 'HaS able to rcake functional correlates 

4) •. 

~H~ei!-I: 

Clearly, al). ll'COOCyteS are net the same, With blc:x:ld nonocytes and 

nao:ophages, peritoneal, and alveolar. nacrophages deriving differenœs 

fran funations and organ specificities. MeUret studied the above' 

. hunan cell types characteriz.ing thèir proliferative indices by 
1 

tritiated ~dine labeling in vitro (11.). He also deteIrnined 
\ ' 

bacteriostatic capability by the macrophage's ability ta block mA 

\ syntheàis of proliferating E Coli after pha.gocytosis. :In oost cases, 

the proliferative acti.vity of these blood Itr.:lOOCytes and macrophages 

fran pleural effusionS am. ascites was less than 1%. However, 
I~ 

·1 
1 
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macrophages fran patients with ne:lplastic diseases exhibited higher 

indices rang:lng between 4 and 9.6%; specifically in cases of breast 

carci.naIa, ovarian carcincma, s~, and lung cancer in descending 
1 

arder. The stimulation, he feIt, was secondary te lynplx:>kihes. 

\ 

In oontràSt, alveolar macrophages fran these cancer Jtients had totally 

10st their proliferative potential wlùle at the saIne time maint:ain.ing 
" , i 

a hi.gher bacteriostatic potential, a fact he ascribes te ~ relatively 

oore sophisticated a:I.veolar ma~. One w::>ul.d he hard-pressed 

to explain the differenœ on t:œ .AM' s unique dependanœ on oxygen ,as 

levels of 25 Inn of Hg tension, fel t ta be adEqUate for IX>nrel funCtion, 
~.' , 

were maintained. 

l ' 
WOrk with the skin IrBcrophage, part.:icularly by'the Chinese, bas aicled 

" l , 
in the deveJqntent; of techniques te derronstrate pulnonary alveolar 

nacrophage replication as weIl as the tissue and peritoneal type. 

Using the metb:>d of skin blister fcmnation by intra-dennal cantharidin 
1 

injection, a group fran Peking obtains large quanti ties of macrophages 

fran the blister for study (25). '!'he incorJ;xlration of tritiated 

thymidine bas disproven the earlier cxmcept that mac.ropha.ges of aU 

types \<o1&e tenninal cells in', the G-zero phase and capable of little, 

if any, inoorporation. Recent lite.rature iId.uiing this study indicates, 
1 

that peritoneal, tissue, and alveolar cells dem::mstrate cellular re-
l 

plication èUP\ INA synthesis as reflected b.Y' ~ ~tion 

(25,62 ). ' 

HOcking am QJld sb:Med this repliœ.tion ability in the recent AM in 
1 

vivo and vitro, using the radi.œutographic techniques of' tritiated 

" 

1 
1 

________ .:::- ~;-----::~-_ ,-, -~-_ -::: _-'-'" . .,..,.,. ______ --.i:II----'_....I 



• 

( 

, 
f »/ 

'" . 
4 1 

c 

• 

() 

. 
_ • ~~ ~ ''''_ ~ __ ........ _ ........ 'w .......... '" ,,,,",,,,", ~~ ... ~ _~_ 

31. 

t;hymidine laheling ( 14 
l 

). They sl'v:':Med that in patients with 

acute leukania under intensive charotherapy, the alveolar macrophage 

uptake of thytt!idine was greatly increased presœab1y to 'axnpensa.te 

-. --__ for periods of prolonged norocyt:openi.a fran oone narrow suppression. 

t;;' 

A unj,que sub-population of Iœcrophages fran nouse spleen am bene 

rœrt'ow has ~ identified by examining CCl'Iplement receptors (14~. 

It'was found that by utilizing the binding am pha~sis measuranents 

of coated (Ig'M) and uncœ.ted sŒep erythrœytes, the process was 

facilitated by c:oating with mt:h sub-fOpulations. This des~iption 

of cx:mplenent receptors for the two call groups is further reflection 

of the heterogeneous nature and capabili ty of the macrophage. 

" -Pulm:?nary Alveolar Proteioosis: 
,) 

The interaction of surfactant with AMs is a close one that càn be both 

helpful by creation of a microbicidal environnent (see phagocytosis), 

or detrliœntal by the over-préxfu::ttion of surfactant, the 'principle 

ingredient of which is dipalmitDyl lecithin. New tb:>ught te be prcx1uced . ' 

by the Type 2 alveolar œil, surfactant can be over-produced. or 

1nadequately cleared caus:ing severe depression of antimicrobial 

capabilities,of the AM. This affect is separate fran the ventilatx:u:y 

benefits of ~actant which appear te play a IOle in the etiology of 

neonatal respiratory distress syndrane, oxygen toxicity, atelectasis, 

and radiation pnamonitis (75). 

In 1958, FDsen first descr:ibeci a disease state fran over-production 

or inadequa.te clearance of surfactant, ah~ called it pul.Jronal:y 
, . , 

alveolar ptOteinosis as the air spaoes were filled with lipoprot:e.ina.ceous 
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material ( 60, 96 ). Patients suffering ~ ~s oondition 

/. 
• • > 

have a much greater inc~dence of carplicated.puhronary infections 

than normal ïndividuals, particuJ.arly the exotic varieties, with 

Nocardiosis the rrost cx:mtDn. 

Q:)ld feels that over-production by the pneunocyte is the primary 

event in the pa t:.rogenesis wi th the secondaxy a :flmctianal defect 
\ 

in the AMs attendant te engulfiœnt of large aroounts of lipid material. 

àn electrorunicrosropy, the rracrophages oontain the SaJœ type of 
1 

, lamellar material as surfactant with a marked depletion of lysoscmal 

enzymes (60). 

fi 
In vitro testing on nacrophages fran patients with this clis~se, 

deIronstrate depressed bactericidal function. Utilizing Staph. AureUs 

organièms in culture, it was disoovered that .phagocytic capability 
;r 

of the AM was signif1cantly decreased at 2:$ 3 murs p:>st-~, 
as reflected by increases in the viable organisms (75). The defect" 

\ 

did oot appear ta he intrinsic ta the AM which functions nonnally 

.imnedi~te1y after entering the alveolus, lAlt a "gluttinq" on the 

surfactant which inhibits phaçpcytosis of foreign bodies. In Gold's 

lr.lOrlt, the }.Ms in this c:xmdition derronstrated defectiVè adherenœ to 
-. 

glass, defective chE!TOtaxis, and 00 defect in phagocytosis in the 

first 00ur. ;rt soould he noted that blood nondcytes in these patients 

show none of the defects of the M-t, as expected ( 60). 

cne extrapolation of this oohcepblëll defect on AMi is in œses'of . 
p.1l.rronary edema SE!CX)ndary to the leaky capillaries or low pressure 

type. It is Jaom that pul.ttonary edana œuses depressed baeterial 

, 
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clearance fran the lung (see section on pulItQnary edem:l) and one 

possible rnE!Chanism is the over-ingestion of extravasated proteins 

by the AM. This may be particularly lnportant in cases of septic 

sOOck, burn and/or chenical pulnonary damage, in which protein 

losses can be very great. l hasten ta add Ws i5 only !Ùl hyp:>thesis 
, 

at this' tirne7 and we intend to pursue this in tœ' clinical situation 
.' 1 

by exami.ning AM's function and ultrastructure. 

The trea:t:ment of ~tients with pulnonary alveolar proteioosis is, in 

fact, broncoopuJm:mary lavage and renDvaI of as ttVJ.Ch lipid maœrial 

as possible. One anci11a:ry' benefit i5 an a~te supply of AMs for 

study in this condition. The 'technique has been used for about 10 
.J 

yea.rs with very good SlJCCess - 1x>th tanporary aDJ longteJ:m. A à:>ub1e-

lumen endObronchial catheter isolates the two lungs for anaesthesia, 

with ventilation and oxygenation through Olle channel and lavage through 

. the other using buffered ootmal. saline at body te:rperature. After 

ventilation with 100%( 02 for ~tely lÔ minutes, the. denit.rogenized 

lung may then be filled by saline solution equal te its o::::rnplete :E'R: 

as the 02 is absorbed. Lavage qan he repea~ e:;tœl to TV to a total 

of 20 liters, raroving lipid-rich material in the effluent. This 

technique, used largely by Cbld, has been mx1ified for use with astbnatics , 
, 

wb::> may have inspissated plugs with a reduct.ian in the aroount of lavage 

fluid used at any given session limi:œd ta approxiIœ.tely 500 ml (77 ). 

-'l\Jncr Cy!:otoxicity: 

The' role that the AM may have in anti-tmlOr inmmity is in the process of 

definition, and certainly is at a very early stage. 0 It has been sh:Iwn 

that AMs fran ~oe pretreated. with the iImunoadjuvant Coryne Bacteriun 
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Parvtll\ are cytotoxic for syngeneic t\m:>r cells (80). This finding' 

nay have .iIrplications for the evolution of nooplasms, certainly tOOse 

'arising in the respiratory tract. 

More extensive work has been done with the tissue macrophage 

particularly };)y the Pek:i.ng group. (25 ) • They obtained T cells 

for' study by blister formation using cantharidin, a cousin to 

so-called 5panish Fly; and~ did 50 in patients with confinnErl 

neoplasms of which there ~e 48 œses including 33 of esophageal 

carcirana. There was a oon-specific cytotoxic reaction wi th b«> 

hunan rra.lignant cell lines wi th rracrophages taken fran these 

patients. They then atte:tpted te alter the clinica1 courses of 
! 

patients wi th squarcous œll ca of the tongue by weekly local, 
\ 

peri-tum:Jr injections of this blister fluid oontaining high levels 

of T cells. After severa! weeks of treatrnent, they did net specify, 

the tunor was ex:cised and c:œpared with turcr biopsies ~ore 

instituting injections. In S\It1'IIaI:y, tum::>r cell degeneration and 
, , 

invasion by giant cells was netedi as well, in one œse, carplete 

~ssion of t:uzror was reported. 

The abili ty te nanipulate this cyt.otoxic response li shtMr\ by using 

lipopolysaccharide (LPS),I a portion of the enCbtoxin, to stimulate' 

hunan nacrophages f.ran blood m:mocyt:es (23). TW::> adl1erent hunan 

tum:>r ceU lines, .~:i.nœa of the breast and of the colon, kept 

in culture, were exposed to ll?S-stinulated macrophages which were 

stronqly cytotoxic. Tc test the stilwla:tion, pol~, ~ ta 
, ! 

fran a stable trolecular CC'lTplex wi th the lipid-A regian of IPS, 

/ 
1 
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abolished the stimulated cytotoxicity when added. Clinical 

use of BCG in melanoma therapy, although not yet clearly 

effieacious, presurnably functions by the same mechanism, as 

a non-specifie stimulator. The phrase "non:-specific stimulator" 

probably belies a rather more complex process involving 

antibodies, blocking anti-tumors, and T-~elper cells which 

will be discussed in the section on interaction-orchestration. 

-Antibiotic uptake: 

With greater understanding of the macrophage system, there 
./ 

ls an interest in the antibiotic uptake by alveolar macrophages. 

This May be clinically important with organisms which are 

capable of intra-cellular survival and they are not uncommon. 

They include not only the pasteurella that we utilized in our 

study, but also Vaccinia, Mycobaeteriurn, Brucella, Salmonella, 
/ . 

Listeria monocytogenes, Histoplasma, Candida, Cryptococcus, 
, 

Blastomyces, Toxoplasma, Plasmodium, Trypanosoma and Leishmania. 

They aIl have various techniques to escape from the phago- 1 

lysozome. Vaccinia virus escapes after it i8 uncoated by the 

lyso80mal enzymes. Trypanosomes escape from the vacuole and 

'replicate in the extra-vacuolar spaee. Chl.amydia, Mycobacteriurn, 

and Toxoplasma modi~y the vacuole and block fusio~,with the 

lysosomal granules"thereby avoiding digestiv~ e~zymes (88). 
i , 

ln any ~ase, although antibioties j~Y not dïrectly pertain to 

aIl of these, it is certainly of i terest and pertains to the 

patient who is on longter~ antibiotics, such as fo~ chronic 

bronchitis. 

The uptake of 14 commonly used antibiotics was ex~ined by 

1 
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radio-labeling technique in rabbit alveolar macrophages 

(98). It was found that, the uptake of clindamycin was 

the greatest and the most rapid with a cellular to extra-

cellular level equal to 50 by 30 minutes. Ethambutal 

with a ratio of 7: anp 2 erythromycin preparations with 

ratios greater than 20. were aIl markedly accumulated by 

the macrophages. Ethambutal, erythromycin and clindamycin 
" , 

uptakes by. the macrophages were shown to be .dependant upon 

the oxidative metabqlic processes just as' any other phago­

cytic ingestion pracess • 
. ' 

These findings and certainly more to come will help to guide 

us in the proper utilization of antibiotics in patients who 

have severe acute or chronic disease states. These include 

patients with chronic bronchitis with COPD, patients who 

have been subjected to thermal injuries, who are on immuno-

suppressive drugs, who have longterm debilitating diseases, 

who· have been subjected to lengthy anaesthetics ·and 

operations, and finally,- the patient who is nutritionally 

deficient. 

Meakins' has shawn that the ~utritionally and debilitated 

patient has gaod correlation with an anergi~ cellular response. 

This state can often be reversed with proper administration 

of hyper-alimentation (27). This depressed CM! has also been 

shown in the patients subjected and suffering from Kwashiokor 
) 

with profound protein-calorie malnutritio~. 

Antiobiotics are indeed important, but they will never cure 

1 
! 
1 

J 



( 

c 

() 

37. 

absolutely ~ only the host defenses are capable of that. 

They can, however, be used effectively and judiciously to 

hold the number of bacteria down until'such time as the 
C· 

host defenses can respond effectively. 

-Exit Pathways: 

It is not known which specifie route, if indeed any one in 

particular, is used to remove the "spent" AMs; after either 

phagocytosis or cell death. Current feeling appears to 

lean toward the mucociliary clearance. However, wtiat ot~er 

pathways are available when this ç1earance is obstructed 

by an endo-traeheal tub~, injured by the toxins that we 

have discussed, or severely tampered with'as in our study? 
1 

The effeet may be particularly important if intra-cellular 

killing is depressed or defective and viable microbes are 

not removed from the lung. We examined this problern in our 

study and model design. 

AlbIas' radioautographic work in mice showed that most of 

the macrophages left the alveali in the airways via the 

mucociliary pathway. However, he also speculated that a 

significant number may leave the interstjtium by way of the 

lymphatic channels and travel 10cal1y to the bronchus 

associated lymphoid tissue (such ~s seen in Figure ~Ij~ 

ls from our pig studies). From Balt, ~he macrophages may 
exit via b100d vess~ls or enter the airways at the level of 

the terminal bronchi even earlier. The study was unable to 

provide any additional evidence to support these speculations. 

i 
,1 

1 
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He did however conclude that there are no significant 

AM sub-populations that have unique or differing kinetics 

and therefore, entrance/exit pathways (13 ). 

THE ORCHESTRA: 

When the connection is made, and a particular 
lymphocyte with a particular receptor is 
brought into the presence of ,the particular 
antigen, one of th~ greate~t 'smail spectacles 
in nature occurs. The cell enlarges, begins 
making new DNA at a g~eat rate, and turns 
into what i5 termed, appropriately a blast. 
It then begins dividing, replicating itself 
into a new colony of identical cells, aIl 
labe1ed with the same receptor, primed with 
the same question. The new cluster i5 a 
memory, nothing less (172). 

The creation of this memory, in the form of antibodies, 

involves co-ordinated interaction between the vari~~ 

members-of the immunologie "orchestra". This is composed 

of polymorphonuclear ce1ls, opsonins, and'complement 

factors, and co-ordinated by messages in the fo~ of J 

, soluble Mediators. Occupying a .1œy position is the AM 
1 • 

for first 1ine pulmonary defense, and in large part 

conducting the p~oper intérdigitatio~ of the orchestral 

components to produce the memory - antibodies. 

-Soluble Mediators: 

Much of the interaction between the two effector arms 

of the immunologie system is c070rdinated by soluble 

Mediators produced by one or the other cel1, and essentia1 

for proper processing of antigens as' weIl as pathogens. 

\ 

1 
) 
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Moore and Myrvik dernonstrated that antigen stimulated 
'" ,;t, 

T lymphocytes, particularly under aerospl route~:~release 

sOI~~le mediator~ or lymphokines into ,the local lung 
" , 

tissue~,I" The normal resident alveolar macropha~e p~ovides 

the first line of cell-medi ted irnrnunity by responding 

to these factors. 

Analysis of seriaI specim~ns of bronchopulmonary lavage 

fluid, during antigenic stimulation, revealeqvan increasfng 

~ellular content secondary to a polymorphonuclear leukocyte 
1 

influx (80). This led to the eventual discovery of two 

components with chemotactic activity. The larger (molecular 

weight 15,000 Daltons) i5 chemotactic for bath m9nonuclear 

and polymorphonuclear cells, and it i5 felt that thi5 is 

the activated portion of the fifth component of complement 

or C5a. The smaller factor ,(less than 5,000 Daltons) is 

chemotactic for only polymorphonuclear cells (92). Using 

stimulated and unstimulated guinea prg AMa, Hunninghake 

demonstrated that this neutrophil chemotactic factor was 

produced by the AM in vitro and in vivo. He showed that 

stimulation by Staph. Aureus, zymosan, and IGG immune 

complexes induced factor production. This was via the 

alternative/complement pathway as a result of the AM . \ 

responding through association and fixation of the C3b 

to the particle surface (51,92 ). The factor was 

characterized more specifically as measuring from 400 ta 

600 Daltons, and as being antigenically and physically 

distinct from C5a. / 
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It is now known that the human AM can produce at least 

two neutrophil chemotactic factors, one being C5a. Using 

cell culture techniques and agarose wells to quantify, 

a dose-response relationship has been demonstrated between 

the chemotactic activity of the factor and the number of 

monocytic cells in the weIl culture itself (115,175). 

PHA, con-A, PWM'and sepharose protein A aIl failed to· 

activate mononuclear cells to produce this factor. Rather, 

the factor could be produced through the stimulation of 

lipopolysaccharide or the anti-beta-2 microglobulin serum, 

as weIl as BCG, zymosan and endotoxin (contains lipopoly-

saccharide) (122). 

These substances also activa~~ the human AM to produce a 

glycoprotein that is a colony-stimulating substance, capable 

of inducing stem cell replication of both granulocyte and 

monocy.t,e series (39 )1 ~ This would imply a rather significant 
- '" 

distant control of lung cellular cdntent by the secreting AM. 

1; 

/ 

/~iscovery of increasing numbers and specificities of these 

soluble factors, has forced retirement of the general term 

"lymphocyte activating factor", because factors May in fact 

act on different target populations. To date, factors that 

are thought produced by the macrophage are: genetically 

related factor (GRF), thymocyte ~itogenic protein (TMP), 
.; 

T-cell activating factor (TAF), thymocyte differebtiating 

factor (TDF), and B-cell activating factor (BAF) (39). ' 

These'elaborated f~ctors focus attention on the co-ordinating 
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activities ~f t e macrophage. Phagocytosis by the AM 

is an importan stimulant of factor rel~ase, a_s- shown 

by a recent s~dy on rats (138). It was the phagocytosis 

of the Staph. Aureus and not the enterotoxin or non-

specifie st' ulation which caused the appropria te 

stimula tion. 

This year, for the first time, it was shown that human 

AM can pr duce a chemotactic factor selective for T-

lymphocy es ( 91 ). The lung AM from patients with 

sarcoidj is secreted more monocyte chemotactic factor 

than di~ blood T-lymphocytes from the same patients. 

The ~cdumulation of the monocytes in the formation of 

lung granulomas may be mediated by the local productiow 

of this chemotactic factor • 

Finally, during viral infections of the lung, the AM may 

be an important defense, by virtue of its factor secretions. 
\' 

In the rabbit, recent work has found that pulmonary viral 

infections cause the AM to produce interferon ( 1). While 

being non-specifie, it is known to be an important anti-

viral substance. 

-Po1ymorphonuclear Cells: 
t\ 

The pulmonary alveolar macrophage albeit central, i8 not 

the only phagocytic cell involved with lung defense. The 

polymorph or PMN is Icapable of phag~cytosis, an~iS certainly 

prominent in host defense throughout the rest of the body. 

Any deficit in either poly or neutrophil leads to a marked 

r 
1 
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susceptibility to infe~tion. 

PMNs are also produced in, the bone marrow'I but hav,e a 

much greater turnover rate than the macrophage with a 

half-life of approximately 6-7 hours. In fact, an 

estimated 120 billion are normally produced each day -

equal to the number of erythrocytes produced. In 
. . J 

/ 

response to the characteristics of the microbial invader, 

1 particularly its cell wall, the numbers of PMNs in the 

lung may va;y widely. As we noted earlier the PMNs are 

normally less than half the number of the AMs on a normal 

lung lavage ('94 ). 

, 
The uptake and phagocytosis of bacteria by the PMN'and the 

AM is facilitated by opsonins.- Fusion is completed by 
1 

binding the FAB receptor to the antibody and the FC receptor 
( 

to the pha$ocytic celle 

-Opsonins and Complement: 
i 

Simultaneous with chemotaxis, serum opsonins attach them-
/ 

selvès to bacterial surfaces. and help to phagocytize the 

micro-organism. The need for opsonic aid varies with 

bacterial typé, particularly the cell wall. 

The best characterizea are antibody and complement, but 

other serum proteins may also have this function. Of 
Jo 

antibody classes, only IgG is opsonically active and IG-l 

and IG-3 are the sub-classes that participat~. For 
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participation, the FAB and Fe fragments, that is, the 

intact molecule is required. 

) , 
The complement system, part 9f the humoral arm, is activated 

by theantigen-antibody complexes in ~he so called classic 

pathway forming the chemotactic pep~ides C3a, C5a. However, 

C3 itself may be activated by bacterial or fungal mucopoly-

saccharide, ur by elaborated proteases in the alternative 

pathway, bypassing th~ Cl, C2, and C4 positions. Of 

import to our study, the alternative pathway, the classic 

pathway and aIl the-cornponents of complement are required 

for the full bactericidal properties of serum against gram 

negative bacteria. Also, activation of the classic or 

·alternative pathway through C3 is essentiJI for the enhance-

ment of phagocytosis in smooth pneurnococci. (43 1 94,106,118) 

) 
The problern of complement absence is cause for recurrent 

pneurnonias, as it is vital for adequate phagocytosis of 

certain types of bacteria. A clinical study involving 23 

pediatrie patients with recur~ent pneumonias revealed a 

deficit in the complement chain at the select absence of 

C2, shown} by chemilurnlnesce.nce and iIl'lX@l~~OPhoresis.(14l) 

1 

The chemilurninescence te~hnique bri~fly is from~~_ 

product of opsonized bacteria adequately phagocytized 

with the production of highly react'ive oxygen intermedfates. 

These intermediates, sueh as superoxide anion, 'cherni­

lurninesce on scintillation counting. When the sera from 

the patient with the absent C2 ls exposed to,Staph. Aureue 
} 

, 
artd to E Coli in the absence of any serum replacement, a 

r 
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j 

defective killinq of the Staph. Aureus by the po\yrnorpho-
1 

nuclear cells was shown. Therefore, C2 was ~denttfied 

as an integral component for the adequate bacter~1dal 
, 1 

v 
1 control of Staph. Aureus, but not of E Coli. 

-Microbial Interaction: 

Both humoral as weIl as cell mediated immunity are 

constantly under the synergistic or inhibitory influence 

of various microbes and their by-products, which 

correspondingly, may prevent or promote invasion by a 

s~condary pathogen. 
/ 

Alterations of humoral immunity can be broùght about by 
c 

organisms which inhibit the production of antibodies, 

'directly.or indirectly, stimulate production of sensitizinq 

antibodies, or induce blocking antibodies. Known agents 

for this are the influenza virus in the mouse with th~ 

blocking"antigen provided by either Strep pneumoniae or 

e~dotoxin; while in the rabbit Neisseria Meningitides 

stimulates blocking antibodies (109). ,Also in the mou$e, >. 

non-specifie stimulation of interferon production by 
. 

erythrocytes, Con-A, phytohemmaglutini~, and lipopoly-

saccharide causes a suppression in the humoral syste~ 

( 73 ) • The mechanism. for this suppression is not under­

stood at present~ but several theories are infection of . . 
B-lymphocytes themselves, 'or competitive inhibition of 

the host's non-committed antibody producing cella by the 

microbe itself. l 
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T~e concept of blocking antibodies may have very 

significant clinical as weIl as experimental implications, 

particularly with respect to proper vaccination. For 

example, live attenuated polio virus given enterally may 
! 

not produce.effective levels of antibodiès because a pre­, 
existing enteraI viral infection may serve to block ' 

antibody formation. The Third World ~ediatric population 

ï1:f"~a carrier of many common enteroviruses and therefoie, at 

high risk for failure of proper immunization, with 

devastating consequences. This phenomenon aiso explains 

patients with chronic bronchitis or other low­

grade respiratory infections may not réspond properly to 

aerosolized pneumococcal vaccine. The common forro of 

this vaccine is called "Pneumovax" and administration is 

1ntraVerousIy. 
• / 

Work with immune complex pn~umonitis has revealed that 

blockade of peripheral lymphocytes can prevent the 

disease, another example of the ipterdependance of the 

two systems. Shanker demonstrated induction of ~une 

complex pneumonitis in rabbits given Con-A, through 

polyclonal activation of T-lymphocytes in the lung' ( 153) • 

The resultant necrotizing destruction of the pulmonary 

parenchyroa was prevented in rabbits pretreated with 

intravenous choler~ toxin. The toxin effect was to raise 

levels of CAMP in peripheral lYm~hocytes and therefore, 
" . ;" . -

inhibiting t~eir in vitro proli~erative response to Con-A. 

A further ramification of this study was to decomplement 

, ! 
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the animals with purified cobra venom factor, which 

likewise prevented t,he immune complex inj ury. 

-The mechanism by which microbe, impair cellular immunty 

18 thougl).t to occur in a number of' way's., One important 

concept is that micro-organisms al1er surface receptqrs 
/ 

of either macrophages or 1 ymph6 cy tes so that they fail 

to respond to ant.igens as well as lymphokines and other 
.If 

chemotactic factors. CMI may 1ikewise be 'suppressed 

indirectly by microbe secretion of mediator substances, 

such as interferon in the case of viral infections which 

may act as a b10ck at ~e glycolytic pathway. +n patients 

with secondary syphilis, a circulating inhibitor chalone 

has been identified which acts to depress CMI •. Finally, 

patients with a marked leukocytosis have a re1atively 
1 

1 

greater incidence of anergr, suggesting that the leukocyte 

may mediate a suppressor agent as weIl. The latter 

situation has been observed co-existent wi th infections 

of herpes labialis and other pyogenic infections (100,109 ). 

Clinical studies which help to document these inhlbitory 

relationships 15 early work from Harvard and N. Y,_ U. (9,73 ) . 
In th~ first, 'influenza patients were, found ta be susceptible 

to secondary pyogenic pneumonias. In the study from Bellevue, 

the records of 9,7 TB patients were examined, between the 

years 1930 and 1941. During this time, 8 definite and 10 

probable cases of reactivation of latent TB'or exaccerbation 

of the disease process deve10ped as a consequence of pyogenic 

____ 1. ____ _ 
~~._'-_._~~~~~~~~~ _____ .. , .• __ • __ .w_." ~ --...~, ...... -_ ......... -

=:;;;;;;;;;;;:;;;====-==.=============-=:=:=:::~-- .. _-- ._-



1 

. , 
1 i 

, r 

\ ., 

( 

c 

-\ 

(J 

-. - . ~ --- -'-_. --------

. 47. 

pneumonia. The most common isolated pathogen was 

pneumococcus. 

Experimental work in the area of pulmonary infections 

has disputed the earlier concepts from the 1950's, that 

it was the induction of pulmonary edema and cellular 

debris from the primary infection that provided a 

suitable culture medium for a secondary infection·to 

take hold. Jacob and Green recently examined the effects 

on bacterial clearance of pre-infecting mouse lungs with 

Sendai Virus ( 95). They measured the rate of clearance 

of inhal~d staphylcocci from bath consolidated and non~ 

cpnsolidated lung areas, and reported finding no difference. 

indicating no effect by local viral" infection. However, 

. examination of their data indicated bacterial multiplication 

only took place in-the consolidated areas, which they 

interpreted as "bacterial migration" to the areas. A more 

correct conclusion might be that the infection influenced 

mechanical clearance faculties and/or local T and B cell 

'function. 

Correspondingly, there are numer6us instances experimentally 

and clinically, where interactions enhance CMI. An increased 

resistance to Herpes Simplex virus follows BCG stimulation 

of macrophages in rabbitsi and similarly, Cqtyne Bacterium 
1; . 

ParvUIq inocu;Lation stimulates cell mediated anti-turnor 
-' 

cytotoxicity in mice as we saw. Clinical application of 

, 
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this CM! enhancement 15 the use of BCG scarification ïn 

patients with certain levels of malignant melanoma (84,109 ). 

-Antibody Formation: 

The need for adequa te numbers and function of monocytes 

is presupposed to aid in the processing of antigen into 
1 

antibodies bot~ in the lung and in the peripheral circulation. 

Recent work would ~eem to confirm this (121). The induced 

B-cell proliferation to antibody secreting cells was measured 

in rabbits, after dep1eting the peripheral blood of mononuclear 

eells, and stimulating them with Con-A and PHA. Generation 

of plasma ceIIs as reflected by lmmunofluorescence and 

specifi~-p1ague-f9rming ce11s, continued virtua1ly unchecked. 

However, when monocytes were added to the depleted cultures, 

maximum or optimal- response was recorded, indicating an 

interdependance in irnrnunoglobulin formation. 

Al though secretory IgA immunoglobulin is in general more 

prevalent in bronchial lavage fluid than is say IgG, the 

content and relative amounts are capable ofehanging 
-

aecording to specifie disease~$ta~es. A question which 
9 _. --

focuses on ah ,important-~oncept, is do aerosolized ~ntigenic 

complexes stimulate influx of immunoglobulins into lunq by the 

h~oral arm, or are they produced loc~lly? The answer appears 

to he both. IgG is predominate in peripheral bl~~t 
_J 

adequate lung levels are needed to'aid opsonization of certain 

microbes (14~. Even in normal subjects the ~hronèhial lavage 

fluid is relatively enriched compared to peripheral blood, 
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for both IgA and IgG secreting cells (106). Human 

bronchopulmonary lavage fluids normally contain IgA, 

both l1-s and 7-s varietYi IgG; somewhat lower levels 
'-. . 
of IgE; and only oeeasionally detectable IgM. After 

administration of antigens systemically, and particularCl.y 
~f 

via the upper respira::tory, tract, specifie IgG and IgA 
.- 1"" 

can be detected. Presurnabl,y this is as a result of local 
_? <1. 

production by resident B-lymphocytes. The pneumococcal 

vaccine administered via the aipway demonstrates the 

clinical relevance of this fact ( BQ). 

-Immunologie Autonomy: , 

Local and systemic immunity fallowing antigen deposition 

in the lung is incompletely understood, but increasingly, 

studies reveal that the 1ung responds with localized 
, 

regional lymph node processing and antibody production, 

at times quite independant from the rest of the body. 

It has been shown that after parenteral irnrnunization witp 

Ps~udomonas, the IgG agglutinative antibody wa~ present 

in bronchial secretions which was thought derived from the 

intravascular pool of IgG by diffusion into t~e respiratory 

fluids. In contrast, after intranasal vaccination of 

Pseudomonas, the antibody activity was detected in both 
j 

secretory IgA and IgG fractions of bronchial secretions.(l43) 

The immune secretory IgA had an inhibitory effect on the 
, 

growth of lag-phase Pseudomonas organisms which was specifie , 

for the immunizing,~eroty~. In contrast, IgG and the 

~onchial secretions did not have this inhibitory effect. 



( 

1 

1 i 

, 

50. 

Fina11y, IgM and the complement components were noticeably 

absent from the bronchial se~retions, aIl of which indicates 

that the immune milieu of the normal lung is quite different 

from that of serum. 

-
Selective lymph node drainage in the lung is indicated by 

recent work with sheep red b100d cells which were instilled 

into the right or left apical and the right or left' 
l , 

diaphragma tic lung lobes of 16 dogs (12 ). The animaIs 

were sacrificed 5 days after immunization and suspensions 

were made from individual lung associated lymph nodes and 

the spleen, and the results expressed as plaque-formin9 

cells (PFC). The highest levels of PFC corresponded to the 

lyrnph nodes on the same side of the lung that received 

antigen. The response in the spleen was minimal, regardless 

of "the lobe irnrnunized. The number of IgM PFC was consistently 

higher in the immunized airway than the control with peak 

responses 7 to 12 days after antigen exposure. 

The time period of 7-12 days to process antibodies is 

commensurate with that quoted in rare work do ne on the , 
pig respiratory tract. As well, the immunoglobulin 

distribution in various portions of the respira'tory 

tract, implies a selectivity or specificity of function. 

In it, the part~cipants examined the upper respiratory 

tract of the pig and using the immunoperoxidase technique, 

demonstrated the presence of predominantly IgA, along with 

IgG and IgM ( 17). The IgA was firet identified at the 6th 
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td 7th day and was highest,at 4 weeks of age with the 

morphology of plasma cells weIl developed. IgG was greater 

than IgM in the lung and in the nasal mucosa, whereas IgM 

was greater than IgG in the trachea. and the bronchus. 

Clinical studies exarnining the non-AM irnmunology of the 

lun;Jrs performed in two groups of patien.~s -- one with 

idiOpitic pulmonary fibrosis (IPF), and the other with 

chronic hypersensitivity pneurnonitis (CHF). Lavage fluid 

from the lungs of patients with IPF revealed inflammatory 

and eosinophilic ~esponses and a significant elevation of 

the IgG fraction. With corticosteroids, the inflammatory 
,. -

cefls diminished but the eosinophils remained (144). Fluid 

from patients with CHP aiso had eosinophils and elevated 

levels of IgG, but in contrast contained elevated IgM, fewer 

inflammatory cells, and a s.trikingly increased number of 

lymphocytes over the patients with IPF. Also, t~e high ratio 

of T ta B lymphocytes found in ,CHP compared to peripheral 

blood would again indicate that the T cells-may be sequestered 

in the affected pulmonary areas and pulmonary tissues. 

Portions of the lung ~unology, there~ore, appear to function 

partially independant of the systernic humoral and ge11-

mediated immune systems ( 77). 

In an extension of the above wor~, this group made a 

significant observation about the validity of the lavage 

fluid analysis. 1 

,. They compared the bronchoalveolar lavage tech_nique with 
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open lung biopsy and cell extraction from the biopsy 

material in 21 symptomatic patients with progressive 

pulmonary fibrosis (77). In this study, patients 
1-

",!,ere followed by closed lung needle biopsies as well 

as examination by bronchopulmonary lavage fluid 

aspirant. 

In this study, there was li tUe clinical correlation in 

", 

the scores of the ceU types that were observed in the 

alveolar spaces and alveolar walls, nor in the differential 

or total cell count obtained by biopsy. However, there was 

good cor,:;-elation between differential counts obtained from 
-

lung lavage, so that it would appear that lavage itself 

more accurately reflects the cellulari ty of the peripheral 
, ' 

portions of lungs mot Sffected by overt bronchial disease. 

Likewise, sterqid responsiveness of the underlying pathology 

correlated weIl with the percentage of lymphocytes found in 

the extrac,tion samples. With steroids, there was an associated 

fall in the percentage of the macrophages, and none in the 

numbers of neutrophils or eosinophils. There waS, however, 

a trend towards increased numbers of lymphocytes in the lung 

washed in those patients who did respond to steroid treatment • 

In follow-up studies, the cases having predominant' lymphocytes 

in the lung lavage fluid continued to fare we~l. The other 

cases with predominant neutrophils or eosinophils showed a 

less lasting response to the steroids and often deteriorated 

back to the original pathology. 

The relative easè of the lavage technique and "the tccuracy 
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of the fluid cellular examination should certainly provide 

incentive for more utilhation in the management of respira tory 

disease. Especially important i5 the relatively non-invasive 

quali ty versus a needle biopsy, which besides having increà.sed 

associated morbidi ty may not be as helpful as the lavage 

examina tion. 

TOXIe SUBST~CES: 

-Environment: 

Environmental and industrial hazards have become the focus 

of attention in the last 10 years, partieularly in the 

- aftermath of such tragedies as the poly vinyl chloride 

(plast:ies) ~orkers and Love Canal. Even better recognized 

lS that exposure to asbestos (insulation industry) and to 

silic;a (coal minera), can produee loealized as well as 

extensive lun~.!"lnjury. This probably oceurs by auto1ysis 

of normal tissue with extruded 1ysosomal enzymes: from 

activatéd macrophages. That the process can be active and 

ongoing for years after the last exposure has on1y recently 

been 1earned • 

. 
Schulyer and col1eagues exarnined the bX:,onchopu1monary lavage 

from patients known to have had complicated si1icosi5, with 

a last exposure to silica 1-12 YEilars prior (151). The 

sarnp1es were compared wi th 10 normal subj ects who were 

matched in other respects, aIl were cigarette smokers. No' 

dif ference was shown in ei ther the number, or functional 
~. 

studies of Uiê macrophages. Bowever, there was a significélntly 
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increased number of Type-2 pneumocytes present; representing 1 

a Type-2 cell hyperplasia. The authors conclude that this 

is indirect evidence for continued stirnu1atory presence of 

a biologica1ly active ma teria1 years after exposure wi th 

presurnably adequate" phagocytosis by the macrophages. 

Other causes of this type of hyperp1asia of the g'ranu1ar 

pneurnocyte are such stimuli as oxygen, viruses, nitrogen 
• 

dioxide, carbon tetrachloride, and radiation (144,151). 

However, regression is immediate and complete after removal 
• 

of any of these stimuli. One facet of the disease s11icosis, 

which the authors failed to note, is the obstructive lymph-

angitis which occurs. This rnigh:t account for the poor 

clearance of a biological1y active material, in spite of 

adequate phagocytic level and function. 

As is obvious, the distribution of any inhaled substances 
) 

throughout the respiratory tract depends on the size of the 

particu1ate substance as weIl as on the solubility if a 

gaseous substance is involved. As we have seen, asbestos, 

for example, al though 300 microns in length, ia able to 

reach the alveeli by virtue of i ts ability te. align itself 

longitudinally in the airways. On the other hand, water 

soluble gases, such as sulphur dioxide can be absorbed.in 

the nasopharynx, and in aIl probabili ty do not reach as far 

as the alveoli~' In contrast, the relatively insoluble . 
gases, such as ozone and nitrogen dioxide may re~ch the' 

al veol i and thui3 expose the macrophages to direct toxie 
J 

effects. Ozone is known to enhànce the susceptibility to 

1 
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respira tory infection by reducing phagocytic bactericidal 

capability of the macrophages. As well, nitrog~n dioxide 

can cause depression of in vitro macrophage phagocytic 

antibacterial studies (80,46,128 ). 

trace elements such as cadmium, nickel, manganese, chromiurn 

and vanadium are toxic to the maèr~phages over prolonged 

--------------exposu~~. The injury is shown ta be a result of uncoupling 

of phospharylation4 'with inhibition of oxygen consumption, 

sa important to the alveolar macrophage (80). 

Iron oxide, inherently a non-toxie parti~le, when inspired 

is capable of producing extensive damage to the normal 

lung tissue, through abnormal, non-specifie stimulation 

, of the macrophàges. Grant showed that in rabbits (66) 

a 3 hour inhalation of submicron iron oxide was sufficient 

to cause longterm affects on the macrophages. ~avagé 

revealed their number and quantity of hydrolase enzymes 

significantly increased. 

-Smoke Inhalation: 

For the surgical burn patients, respiratory complications 

,are not uncommon', and probably have multiple etiologic 

factors as we shall see in the discussions on trauma and 

ARDS. One direct effect of inspired smoke i5 on the 
1 • surfactant activity, and this was recently exam1ned in 

dogs. A standard dose of smoke, wood'and k~rosene, was 
~ 

delivered at 370C to mongrel dogs (130). They wer~ 
" 

monitored for'pulmonary and systemic hemodynamics, 
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respiratory mechanics and surface tension area curves, 

aIl as an indication of the surfactant activity. After 

the smoke exposure, dense, non-segmental atelectasis 

de,veloped with a fali in pa02. Surfactant reduction 

was significant, enough to cause an increase in the 

.. _ .. _----- ---

minimum surface tension from 7 to 22 dynes per centimeter. 

~ By placing a fil ter (ilf .1 micron, pore size between the 

smok~ source and the endotracheal tube, complete physiologie 

protection and preservation of surfactant was demonstrated. 

In und~rstanding the pathpphysiology of dense atelectasis, 

it is felt that loss of adequate surface tension levels 

provided by the-surfactant in alveoii increase the driv~ng 

pressure required for. the capillary cirulation within the 

lung itself~ As a reflection, the pulmonary vascular 

resistance increases, therefore, the surfactant influences 

the flow and resistance in alveolar capillaries by changing 

the surface tension, at the same time as preventing alveoli 

collapse for ventilation (31,130 ).- Surfactant inactivation, , > 

the mechanism.of which is as yet unknown, may be one of 

the first effects of smoke eXp'osure ~nd the consequences 

of this make the lung vu~nerable'to additional insults. 
j, 

In particular, the surfactant 10ss might explain why victims 

of smoke inhalation are 50 vulnerable to respiratory com­

plications, and especially 50 if they have thermal burns 

as weIl. 

• 
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-Cigaret!e Smoke: 

'Chronic obstructive pulmonary disease (COPD) is a very 

debilitating and widespread problem that has developed 

essentially over the past fifty years - cornmensura-te 

with the popularization of cigarette smoking. It is now 
) 

evidentth~t the AM is instrumental in the production of 

COPD in this circumstance; and is best summarized simply 

as a stimulation imbalance. 

Cigarette smokers, as weIl as chronically exposed non-

smokers to a lesser degree, show similar changes in .. ~ 

morphology and behaviour. Sorne of these changes ar~ the 

AMs become larger and more numerous as shown by broncho­

,pulmonary lav~e differentials 'C 61·). The smoker AM is 
'. ,; 

a very activated one with a greater metabQlic rate, 

reflected .1>y an increase in glucose utilization, and 

'hydrogen pe:r:oxide production without stimulation of the 

HMl?-shunt. 

Ultrastructural changes that take place are that the 

surface membranes of AMs from smokers are more convoluted 

possessing more lamellae pseudopodia, as weIl, -there are 

increased inclusion bodies that characteristically contain 

kaolinite crystal particles. Transmission EM hat also 

shown these particles in ma~ijuana smokers and non-smokers 

exposed. (167). Hinman ,!lsed insoluble elastin 1abe1ed with 
} 

tritiated thymidine to show that smokers' AMs secrete S 
. / 

tirnes more lysosornal enzymes than did non-smokers ( 79 ) • 

1 , 
1 
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There was not ohly a. consistently higher cel! yield in 

smokers, but a higher percentage of macrophages than 

lymphocytes which i5 reversed in the non-smoker. 

~,More specifically, the AM ls in a pivotal position between 

proteolytic enzymes and their inhibi tors. Elas tase leveis 

are markedly higher in the smoker than non-smoker, and this 

enzyme group is very important in creating Copo, when not 

held in check. The anti-proteolytic enzyme, alpha-l­

ântitrypsin is largely stored in the AM. However, in the 

smoker AM, this inhibi tor is found depleted apd rather, a 

relatively high concentration of proteolytic and elastoIy1ic 

enzymes collect within the AM. The result of this "unchecked 

stimulation" i5 autolysis of normal lung parenchyma, with 

the acinar and. panacinar changes so characteristic of 

emphysema ( 167,19,80 ). 

... 
Anoth~r recently discovered specifie effect of cigarette 

smoke that predispose smokers to increased rates of ~ulmonary 

'15' "" __ r infection is on the complem~nt system •. Patients with COPD 

have 16wer C3 and C4 levels thail normals as was shown by 

a group from the Mayo Clinic (119). Serum concentrations 

of C3, CS were made on subjects with a forced expiratory 

volume in one second less than 70% P7èU,Gt:e4" and compared 
. ~ 

to matc:hed pairs for age, sex and occupation. Significantly; 

lower blood levels of C3, C4 were found in COPD patients, 

and there was a significant correlation between the level 

" and such symptomatology as coughing. The authors could not 

--* -~"------- ---------
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differentiate between a depressed production rate or an 

increased consurnption rate causing the low C3, C4 1evels. 

Airway effects of cigarette smoking can be the severely 

restrictive - obstructive disfase of COPD, or as we now 

are learning, subclinical but significant abnormalities. 

Indeed, even non-smokers, chronically exposed to cigarette 

smoke èither at home or in the work environment,'show 

significant airway changes, Twenty-one hundred middle­

age non-smoker subjects were studied (181), and "passive ... 
smokers", regardless of sex, exhibited lower forced mid 

and end-expira tory flow rates than did non-smoker controis. 

Even more ~ignificantIy, their values were not significantly 
/ 

dlfferent from those ~f light srnokers. 
/ 

/ 

For severe COPD, t~re may be a compensa tory mechanism 

to ~prove ventilation in the form of collateral ventilation. 

At this point, collateral ventilation ls largely a theoretical 

concept, although sorne interesting research in this area i5 

on90in9. The concept i5 one explanation how occluded al~eoli 

and bronchioles can be supplied with sorne extra-anatomie' 

oxygenation. In the normal supine' individual, the high, 

collateral resistance minimizes collateral air flow through 

what anatomiste calI the Pores of Cohn at the alveoli leve1, 

and the Ducts of Lambert at the terminal bronchiole. When 

per~pheral airways become obstructed or obliterated in 
, 

emphysema or other COPD conditions, collateral channels 

.ay provide for a more even distribution of ventilation. 
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The compensa tory mechanlsm represents one more way in 

which the lung can theoretically attempt to maintain 
"~( 

VïQ balance; theoretical because no significant beneficial 

effepts have been shown ellnically, and it remains 

tif entirely experimental (30,42 ) • 

A final "voluntar~" toxie inha~ant among humans is marijuana. 

The effect of marijuana inhalation, not THe or tetrahydro-

cannabino!, ls mentioned largely because of the frequent 

use - roughly 50 million people in North America a10ne, 

have been estimated to be sporadic users and a lesser number 

regular consumers. 
1 

With a question before courts of 

legalization of fssesSion 

weIl esca1ate. ~The effect 

of smalt amounts, this May 

of marijuana has been examined 

in rat~, who were exposed to extracts of purified THe, 

to the marijuana smoke itself, to a placebo, and a final 

group were untreated. They then were exposed to aerosolized 

Staph. Aureus with quantification of intrapu1monary bacterial 
J 

growth made through the pourwplate technique (90 ). There 

was a decrease in antibacteria1 capability which was dose­

dependant, and was effective1y a reflection of bacterial 
1 

clearance. However, in the study, there was no in vitro 

examinatton of macrophage or polymorphonuclear functions. 

The decrease in antibacterlal capability was only with 

association of the whole marijuana smoke and did not come 

about with animaIs treated with the THC smoke extract itself. 

The theory that has been put forth by Green and his co-

----_ ... _--,---- ..---:...---- --- - -- --.-...~-.-- -~- - ~ - ... --- ' 
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workers (67 ) suggests that oxidants in the gas phase of 

the marijuana, as weIl as tobacco smoke, alter the activity 

of' certain sulfhydryl containing enzymes in the macrophage 

and depress the energy producing pathways required for 

phagocytosis. One other consideration that must be kept 

in mind with respect to the toxic effect of smoke inhalation 

is the depression of mucociliary response which has been 

dernonstrated certainly with tobacco smoke. 

-Gases: 

Halothane is not often thought of as a toxic substance 

capable of depressing antibacterial lung function. That 

it May be and does is demonstrated in Manawandu's work 

exposing anaesthetized mice to radiolabeled Staph. Aureus 

(Ill). Lung tissue cultures revealed decreasing clearance 

with increased halothane levels; and particularly decreasing 

.ciliary activity as measured by radioactive washout, with 

levels of 3% and higher. Commonly, a level of 4 or 5% 
., 

halothane is used during the induction phase of anaesthesia. , 

The deficit appeared reversible, with a dose-dependant 

duration requiring up to 48-72 hours. Halothane is known 

to depress oxidative-phosphorylation which both the macro­

phage and the cil'ia utilize for energy, and this might be 

the basis for the deficits. 

Hyperoxia in the neonate is associated with hyaline membrane 

disease, as i5 prolonged hyperoxia with a variant in the 

adulte The effects on mucociliary function have been dis-
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cussed, but it now also appears that the alveo1ar macrophages 

are adversely affected as weIl. The interaction of ambient 

oxygen tensions and macrophage maturation rate, as measuz:1led , 
by superoxide dysmutase activity, was e~~mined by Simon and 

, ' 

co-workers (157), using mouse alveolar\tissue cultures. 

In hyperoxic conditions, that ls a P02 of approximately 

640 mmHg for 24 hours, there was a significant increase 

in dysmutase activity, reflecting an increased maturation 

rate over normoxic conditions, where enzyme values were 

half. Hypoxic conditions with a P02 of about;t'15 rnmHg 

produced a significant decrease in the dysmutase activity 

as compared to controls, but only after 168 hours exposure. 

This delay in measurable in jury, might weIl reflect the 

compensatory facility of the alveolar macrophage to provide 

energy, at least for the short-term anaerobically (16 ). 

-Drugs: 

Carmustine, or BCNU, used in treatment of malignant gliomas 

is shown to cause pulmonary toxicity in 20% of users in a 

recent study ( 5 ). Pulmonary interstitial fibrosis ls 

aiso reported in rats treated with systemic BeNU ( 8 ), and 

both reactions are dose-dependant. Predisposing factors 

for development are a history of lung disease (p~rticularly 

! pack cigarette smoker a day) , length of treatment, and 

finaIly, total dose per square meter. 

The effect of Iongterm corticosteroid therapy on monocyte 
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chemotaxis in humans was examined recently. It showed 

that macrophages from patients on steroids show a normal 

random movement and a normal respon~e to chemotaxis or 

chemotactic factors (169). When predniso10ne was added 
• 

in vitro, these monocytes did not suppress in the same 

manner as did monocytes or alveolar macrophages taken 

from 5 normal subjects. He theorized that the depression 

by as much as 48% of the chemotactic response by the so 

called normal monocytes was altered_in the patients' 

monocytes on longterm,steroids because of a receptor 

change. He a1so demonstrated monocytopenia 4 ta 6 hours 

after steroids were given, but with a retUrn to normal at 

24 hours. This raisès the question as to whether people 

pn longterm steroids, say people with Crohn's disease, 

as weIl as patients ~ith sarcoidosis, may reach a plateau 

effect and get no furthêr benefit from steroid therapy •. 

-Trauma: 

Physical trauma, either surgical, or burns, or extensive 

or penetrating body injury has had a relatively smail amount 

of study with respect to the effects on the immunologie 

capabilities of the organs. One person who has worked 

extensively in this area i8 Saba who studied the effects 

of Noble COllip drum trauma on the reticuloendothelial 

function of rats (100). He showed that both hepatic RE 

phagocytosis and plasma opsonic activit~ were depressed 
, 

by as much as 50% for as long as 6 hours after the trauma. 

Likewise, the plasma opsonin levei declined, in direct 
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relat~onship to the degree of' trauma. Interestingly, he 
-~-~ 

has characterized this opsonin as an alpha-2 globulin 

designated as a surface binding globuline He has been 

able to replenish the RE system when he returns this 

purified opsanic protein to animaIs after operation; and 

even in several cases, he has shown the effectiveness in 

humans in the form of thé alpha-2 opsonic glycoprotein 

(68,100 ). 

f 

Hurnan b100d monocyte cultures can synthesize and secrete 
-

plasma protein fibronectin normally concentratedin 

connective tissues ( 3 ). This high molecular weight 

protein has been shawn ta promote clearance of micro-
-~ 

particulate fibrin and denatured collagen or gelatin 

from body fluids. Although the clinical relevan~e of 

this work from Fin1and published this year is not known, 

its sirnilarity to the glycoprotein, identified by Saba 

and co-workers is very obvious. Both proteins, poth 

ubïquitous, and both-aré involved in clean-up rather than 

immunologie functions per se. 
1 

Trinkle and his colleagues exarnined pulmonary bacterial 

clearance in dog lungs after reproducible contusion 

formation (146). His model for contusion is tne firing 

of a 22-cal blank agains~ a quarter which is ,placed on 

the chest wà1l in the same location. Staph. Aureue and 

K1ebsiella Pneurnoniae in concéntrations of 108 and 109 
" 

respective1y were instilled throqgh a B~rd Respirator, 
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in a manner ~imilar ~o our experiment. Dogs were divided 

into four groups: contusion alone; contusion plus hemorrhagic 

shock; contusion plus overhydration with Ringers Lactate; 

and contusion plus IV corticosteroids in pharmacologie 

doses. Lung tissue in the areas of contusion and non-

contusion was sampled at 4 hours, homogenized and cultured 

to quantify residual viable bacteria. 

Bacterial clearance was not affected by·contusion alone. 

However, any of the three other factors in conjunction 

with contusion, resulted in significantly depressed 
1 

bacterial clearance. The study did not provide data on 

the eifect of these manipulato . , non-contused areas. 

Clinical implications are,enormou one considers 

\ 

l' 

tha t one or more of these and ensuing . 
care of the very sick. 

-Adult Respiratory Distress Syndrome: 

The final cornrnon pathway that many disease states manifest 
/ 

and resulting in the clinical and laboratory picture of 

ARDS, now has SOrne basis in pathophysiology. Entities such 
.' 

as shock, transfusion reaction, hemodialysis, severe trauma, 

acute pancreatitis, purtscher's Syndrome, and even rnyocardial 

infarction aIl show pulmonary leukostasis on close exarnination 

( 94 ). The mechanism appears to be macrophage stimulation 

with production of the activated portion of CS to CSa. 

Experimentally, CSa has been found to produce ARDS or 

shock lung in and of itself after prolonged c~rculation. 

,1 
,0 • 
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On~ interesting finding is thatwith increased exposure 

ta CSa, the polyrnorphonuclear cells become unresponsive 

to the chemotactic action. This could account for the 

variant time periods involved in the production of ARDS, 

as well as variants in severity (21,48,68,70,8.2 ). 

Macrophages appear to have a central role in Othis process. 

In vitro studies involving cultures of endothelial cells 

from human umbilical veins when'exposed to activ~ed com­

plement and granulocytes release toxic oxygen species, 

superoxide anion and hydrogen peroxide (94). Both are 

produced by macrophages in normal phagocytic oxidative 

phosphorylation, and, both cause substantial endothelial 

damage, as shown by the addition of oxygen'detoxifying 

enzymes, superoxide/dysmutase and catalase which prevented 

the damage (68,82 ). 

complement activation via the âlternative pathway also takes 

place when contact is made with sorne lipopolysaccharides, 

importantly the endotoxins; as well as silicone polyrners in 

m7mbrane' oxygena tors used for extra-corporeal perfusion. 

Fountain and co-workers ,( 48) demonstrated a non-specifie 

stimulator of the alternative pathway like zymosan to be 

capable of producing these sarne effects. In sheep and rabbit 

preparations so treated, he demonstrated a signific~nt fall 

in arterial P02 and a marked rise in,pulmonary vascular 

resistance. ~ More specifically, in hemodialysi"s, plasma 

contact with-the cellophane membrane of the dialyzer results 
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in complement activation by the alternative pathway. 

Laboratory animaIs in Jacob's work, so treated, have' 

a significant leukopenia with sequestration of neutro-

phils and monocytes in lung microvasculature, resulting 

in increased lymph flo\'l as weIl as respira'tory abnormalities •. 

. Chronic hemodialysis treatments, although undeniably 

essential, represent a hazard to the respiratory system 

by this repeated plugging of the microvasculature. 

As an extension of their leukocyte agg~egation work, 

Jacob and colleagues (94 ), examined the effects of 

corticosteroids on this action. A dose of 30 ml per 

kg prevented the in~vitro aggregation of leukocytes, 

as weIl 'as the production of harmful superoxides. 

He~orrhagic shock and the massive fluid infusion (whether 

colloid ~r crystalloid) attendant for resuscitation, is 

commonly associated with acute respiratory failure or 

the so called i1'shock lupgn. Recent evidence shows that 

injuries sust~ined at the lung level result not only from 

the resuscitation period, but from the hemorrhage itself, 

even relatively small amounts. Connel describes the 

development in the canine lung of ultrastructural lesions . 
during hemorrhagic shock (31 ). Platelet and leukocyte 

aggregati~n.is the earliest changes preceding shock, 

such that even blood loss too little to cause chant;es 

in systemic blood pressure, cause aggregations which 

occlude microvasculature in the lung., The occlusion 

is most evid~nt dur!ng shock, and 'the resulting gross , 
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pulmonary~hemorrhages and fine structural changes can 

be demonstrated by electronmicroscopy. 

During the study. screen filtration pres~ure-was used as 

a measure of blood flow pressures thro~·a screen, which 

is known te accurately reflect the ameunt of aggregated 

platelets and leukocytes, as weIl as debris present in 

the blood. The formation of lung les.ions was time dependant 
-

requiring up to,one hour for endothelial damage. Further, 

reinfusion of shed blood following hypotension increased 

se~erity of the lung 1esions. Reinfusion injury was largely 

negated if dacron wool filters were used to presumably 

extract the microemboli. ' 

This observed and proposed pathophysioloqy correlates weIl 

with several other workers the first of whom, Gerdin, 

demonstrated a markedly delayed clearance of fibrin from 

the rat lung after acute hemorrhage (57). More specifically, 

a decre~se in fibrinolysis appears to be the main cause of 

decreased removal of these thrornhin induced fibrin deposits. 

A condary, but important factor, is inadequate perfusion, 

;at least, certain areas of the lung. 

------~ 
The so called 

-----.................. 
reperfusion in~ which 

---~ 
has been described 

sometimes following shock, pulmônary embolectomy, and pro­

longed cardiopulmonary b~pass (particularly earlier) is 

examined by Modry and co-workers' (ug). The study was, 

performed on dogs and focused on bioenergetic, metabolic, 

f <1' 
\ 
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and ultrastructural changes in prolonged total bypass. 
,,' 

Ventilated lung tissue was ~ound to tolerate up to 5 

hours absence of pulmonary artery perfusion without 

significant damage. However, 24 hour interruption 

resulted in significant decrease in ATP and glycogen, 

and inprease in lactate. Reperfusion of these lungs 

caused even more pronounced biochemical and ultra-

structural deterioration -as weIl as frank hemorrhagic 

pulmonary edema. 

1 

The interaction between severe res~iratory faiture and 

pulmonary systemic hemodynamics was\exarnined in 30 patients 

undergoing therapy for failure of d' verse causes. (l84) \'lith 

time, the pulmonary vascular resistarce progressively' 

decreased in survivors, whereas the ~onverse was true with 
. \ 

non-survivors. Three-féld elevationj of mean pulmonary 

artery pressure above normal at equi aIent cardiac indices 

reflected, they feIt, a large reduct'on in the vascular 

cross sectional area in"the lung. P ssihle causes of this 

effect are: active vasoconstriction, decreased lung volume, 

increased interstitial pressure, end t~elial ceil edema, 

~use microexnboli, and finally" ~i rovascular obliteration 

by fibrosis or extravascular hemorrh The author hastened 

to point out that the numerical resu ts do not define the 

anatornical position of the vascular either 

~apillary, arterial, or venouse The common finding in 

severe respiratory failure of a larg ventilation-perfusion 

abnormality (V/Q) or effective shunt ia certainly in keeping 
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with the proposed pàthophysiology. 

PHAGOCYTOSIS: 

The phagocytes won't eat 'the microbes unless 
the microbes are nicely buttered for thern. 
Well, the patient manufactures the butter 
for himself alright; but my discovery is that 
the manufacturer of that butter, which l call 
opsonin', goes on in the system by ups and 
down5 ••• There is at bottom only one 
genuinely scientific treatment for all diseases, 
and that i5 to stimulate the phagocytes. 

George Bernard/Shaw 

'The business of alveolar macrophages is phagocytosis and a 

thorough understanding of that process is necessary as a 
-

background. As far back as Metchnikoff, nearly a\~entury 

ago, this concept of phagocytic cells wa5 put forth and it 

was with sorne mysticisrn that George Bernard Shaw in the 

Doctor's Dilemma popularized the concept. 

Along with the AMs, we know the neutrophils are also involved 

in phagocytosis, but there are major differences between the 

two cells. Unlike th~ polymorphonucleocyte, the macrophage 

has a mûch longer generation time, of 19 to 25 hours and a 

circulation time of 30 to 100 hours, as we have seen from 

Alblas! ~tudies for example. In distinction t6 the neutro-------
1 

phil, there is n?'" large re~ervo,ir of cells in the b~ne 

marrow, but with inflammatory conditions requiring phago­

cytosis, the pr~ction rate increases markedly, mediated 

by the soluble chernotactic factors that we have discussed. 

During the maturation from the blood monocyte ta the tissue 

1 

'1 
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leve'l, the morphology of the monocyte is altered depending 

on the tissue to which they are targeted. The AM, therefore, 

represents a relatively sophisticated phagocytic cell after 

proliferation from the circulating monocyte. 

The process of phagocytosis of necessit~ involves 4 stagest 

that is, chemotaxis, opsonization or recognition and attach-

ment, ingestion, and intracellular killing. Chemotaxis, 
" 

we know, is principally brought about by microbes which 

activate complement" in ser.,um producing C3a and çSa, and 

the release of mediators. The action of chemotaxis is 

energy dependant involving actin, myosin and ATPase both 

in granulocytes as well as monocytes, The recognition of r ~ 
the microbes is facilitated by the opsonins which l have 

mentioned, IgG and C3 being the most important, and ingestion 

takes place by a manner of pseudopodia-fusion around the 

distal side of the partic1e. This itse1f is energy dependant, 

with actin-myosin being identified in the microtubular 

formation of the pseudopodia. The fusion in turn forms a 

phagocytic vesicle or a pha~osome whose lining ls actua11y 

from the inverted plasma membrane. In the process of 

, identifying the microbes, opsonins are' needed, particu1ar1y 

when defending against encapsu1~ted bacterium, such as 

Pneumococci, Pseudqmohas, and streptococci (13,61,108,167) 

Prior viral infection suppresses intrapu1monary bacterial 

killing by the AM by causing a def~ct in the phagolysosome 

fusion demonstrated by fluorescein microscopy (96). lUce 
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were gi~en sublethal doses of Sendai Virus, after which 

progressive inhibition of the phagolysosome fusiori was 

. demonstrated reaching a low at 7 days when only 13 +;- 3% 

of the phagocytic cells fused, as compared to the un­

infected controls· of 97 +/- 3%. After the 7th day, there 

was progressive incremental increase in the fusion capability. 

The author, Jacob, feels that the primary defect is a 

functional one, as the number of AMs increased 10 to SOO-fold 

during the infection. It i8 the suppression of fusion that 
1 

preven~s the hydrolytic and lysosomal enzymes from coming 

into contact with the ingested organism or foreign body 

itself. 

After extensive endocytosis, the phago8omes lose their 

large surface infoldings, as demonstrated by ultrastructural 

examinations (see Figure ~ However, the macrophage, in 

distinction to the neutrophil with its shorter half-life, 

is capable of replenishing ~ts surface membrane receptors 

as weIl as its ltsoso:mal enzymes. The microbicidal process 

then takes place after thorough ingesti~n through the 

pinocytotic release of the lysosomal enzymes in merging 
" 

the primary and secondary granules with the phagosomes • 
'1 ,i.... ) • l ' 0-
,'J %~-

These vesicles èngagein degranulation and microbicidal 

activity. 
/ 

This action produces hydrogen peroxide by'way of a auper­

oxide anion which in itself may react vith already forme4 
1 ... \ / 

-hydrogen peroxide to fora react.ive hydroxyl radiele •• 

This whole process is an extr ... l~ rapid oné after in9 •• t~on. 

1 1 
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Because the outer surface of the plasma membrane has 

become the inner surface of the phagosome, the content 

of hydrogen peroxide and other intermediates builds 

up rapidly without injury to the surrounding tissue 
l ' 

or organ itself. Hydrogen peroxide is capable of 

killing bacteria, fungi and viruses by itself, and as 

weIl, the myeloperoxidase and halide ions enhance its 

abil! ty to ki:t,l. 

The capac!ty of the organ ta detoxi~y the hydrogen 

peroxide is provided by catalase which combines ta 

form water, which i8 one check and balance that is 

provided for thls "lethal machine". "Enzymes that 

degrade superoxide, such as the superoxide ~ysmutase 

are contained by cer"tain microbes,' in J?articular, 

aeropes contain abundant amounts of dysmutase 'and . 

the~efore, are large~y insensitive to the superoxide 

intermediatès. However, this dysm~tase facilitates 

tge production o,f the hydragen peroxide which in itself 

la even more letbal: than the intermediates, so that this 

is a moot point. The acidity of the phagocytic vacuole, 

wi th a pH of 3 to 4.5, possibly secondary to the' lactate 
" 

accumulation, is in itself bacteriostatic at best and 

bactericidàl most probably. The low pH encourages 
/ 

formation of the hydrogen ~eroxide as welle 

• In cQntrast to the lS. to 20-fold 1ncr,aaae in PMN oxygen " 
1 

conaumption durin;.phagocytosia; the AM underg08s.only a 
, . 

, 
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minimal respiratory burst as it were. The AM has the in 

vitro capabi1ity to function both through the oxidative 

phosphorylation pathway, as well as by the hexose-

monophosphate shunt with increased glucose oxidation. 

The ability of the AM to uti1ize both pathways is 

probab1y a response to the changing oxygenation of aIl 

portions of the lung. FigureXXXIU isasummary of these 

metabolic pathways that importantly produce microbicida1 

enzymes in the process. The production may be mediated 

by NADPH oxidase, representing a possible link between 

respiration and activation of the HMP ihunt (80,128,167) • 

The hexosemonophosphate shunt activity can be demonstrated 

by the measurernent of Carbon-14 labeled gluçose conversion 

to C02. Under normal aerobic conditions, this HMP shunt 

activity is only rninima1ly elevated in the AM. Under 

anaerohic conditions, however, the AM shows in vitro 

inhibition of phagocytosis, in distinction to the peritoneal 

macrophages and PMNs in which there i8 no suppression. 

Phagocytosis +s likewise suppre8sed in these latter cells 

when the glycolytic inhibitora iodoacetate and sodium 

fluoride are added (157). In the rat lung macrophage, 

aerobic predominance iB reflected by the high levels of cyto­

chrome oxidase and low lavela of pyruvate kinase enzymesl 

while conversely, the peritoneal macrophage con tains high 

levela of pyruvate kinase and phosphofructokinase~, a 

reflection of its anaerobie predominance. Intereatingly, 

the AM. when incubated in an anarobie environ •• nt, changed 

, 
1 
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. 
to an enzymatic pattern similar to the peritoneal macrophage, 

dernonstrating a rneasure af adaptabili ty that ls unique (167). 

Ta date, the studies have been sparse in the area of metabolisrn 

and ultrastructural changes with no good correlation. As 

weIl, most of the literature in this area is fram·~tudies 

on the peritoneal macrophage, for reasons that have been 

mentioned earlier. 

Besides serving a mechanieal function in the lung, surfactant 

is now known to be intimately involved with the bactericidal 

acti~ity of the alveolar macrophage. In faet, 25 years aga, 

Macklin proposed just such a relationship between the AM 

and surfactant on the basis of morphologie observations 

(80,44 ) • Precursor labeling for the prineiple compone,nt 

iof surfactant, dipalmitoyl 'leeithin, hast established the 

Type-2 alveolar cell as the primary site for synthesis. 

The AM, as part of the normal stead~ state system a's weIl 

as during activated phagocytosis, is essentialfor surfactant 

processing, containing the neeessary hydrolytic énzymès to 

degrade this lipopolysaccharide. Work in the rabbit model 

has shown in vivo envelopment of the AM by surfactant; and" 

when stimulated (the AM utilizes the lipoproteinc';lceous materia! 

to produce' hydrogen peroxide, thus creating a bactericidal 

enV'ironment (44 ) '. 

1 

Lavage fluid obtained from smOkers containe more AMe than 

'non-amokera, but aignificantly 1.8. surfactant ( ••• toxic 
• 
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substances). Whether this fact helps account for the 

reportedly higher incidence of,respiratory infections 

suffered by cigarette smokers would seem only 10gica1, 

although as yet unproven. Significantly, it has been 

shown that atelectasis per se does not result in the de-

creased production or quantity of pulmonary surfactant 

( 44 ) • 

Disorders of monocyte phagocytosis ,is divided into primar~ 

and secondary. The disorders of the primary group can be 

divided into four functions: production and maintenance; 

locomotion, chemotaxis, and ingestion; degranulation; an~ 

peroxide production (88,167 ).' Disorders, in antibody and 

complement systems deprive the macrophage of much needed 

opsonins and chemotactic factors, as we have seen. 

Listed by function, these disorders are: 
~ 

Production: bone marrow dysgenesis, bone'marrow 

ablation secondary to acute leukemia, 

aplasia, fibrosis. 

Locomotion/ 
Ingestion: Actin dysfunction, chronic mucocutaneous 

Oegranula tion: 

candidiasis by serum inhibition of chemo­

taxis, Chediak-Higashi syndrome. 

chronic granulomatous disease with 

decreased NADH oxidsse, 02 consumption, 

'and degranulation;, Chediak-Hiqashi syndrome. 

Seconc:iary disorders of the macrophage oan be arbitrarily 

diviàed into two - Trauma secondary and Oi.ea8e lecondary: 

, 

l, 
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A. Trauma -
Burn/operation: 

Burn/Trauma: 

Burn: 

Operation: 

B. Oisease<·States -
Production: 

Locomotion: 

Ingestion: 

Peroxide: 

77. 

chemotaxis depressed 

ingestion increased. 

opsonization depressed 

Microbic~dal depressed 

RE System depressed 

Acquired neutropenias and marrow 

ablation secondary to toxine, 

sepsis, drugs: hypersplenism. 

Infections, protein, calorie 

deficiency, diab etes- cortico­

sterpids, rheumat9id arthritis, 

malignancy, myeloma, uremia, 

cirrhosis, sarcoidosis, leprosy, 

Hodgkin' S, .• 

Infecti9n, diabetes, decreased ' 

opsonins 1 and 

None known. 

• 
In general, secondary phagooytic èlisorders are not due to 

just one defeot, but a number that may all be interre1ated 

by malnutrition or preceding i11n.88 for example (80,81,88,167,138) 

r, 
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-Bacteria: 

When we sense lipopolysaccharide, we are li~ely 
to' turn on every defénse at our disposal; we 
will bomb, defoliate, blockade, seal off, and 
destroy aIl the tissues in the area. Leukocytes 
become more actively phagocytic, release 
lysosomal enzymesi turn sticky, and aggregate 
together in dense masses, occluding capillaries 
and shutting off the blood supply. Complement 
is switched on at the right pdint in its sequence 
to re1ease chemotactic signals, ca11ing in 
leukocytes from everywhere. (172) 

During our work, we examined two bacteria in particular -

Streptococcus Pneumoniae and E Coli. Both are relatively 
1 • 

strong B-cel1 stimulators, a behaviour which is'related 

to the structural components of the bacteriae, pàrticularly, 

polysaccharide. 

-Escherichia Coli: 

E ,Coli is an enteric organisrn that is from the large, 

heterogeneous group of gram negative, non-sporeforming 
• r 

rods whicl:Î normally dwell in the intestinal tract. They 

possess complex lipopolysaccharides in the cell walls 

which are known as endotoxins. As we have seen, endotoxin 
1 

can activate the alternative pathway of complement cascades. 

The coliforms are classified by a complex antigenic 

structure - by heat-stable somatic O-antigens, by heat­

iahile capsular X-antigens, and by flagellar a-antigens. 
1 

Thè E Coli are typed according to the K-antigen of the 
l , 

polysaccharides covaX:ing the somatic antigen (21,76,97 , ) . 
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Streptococcus Pneumoniae are gram positive diplococci, . 

( -, 
arranged in chains- and wi th a polysaccharide capsule 

that permits e'asy typing. Typically lancet-shaped, the 

diploQocci, with age, rapidly becornes gram negative and 

spontaneous1y lyses. 

-- ._~--- - ~----~- -_. --~ 

)r "," ~ 1 t.,.: 

o 

The capsular polysaccharide i6 immuno1ogically distinct 

for more than 85 types, providing anti~ènicity and 

stimulating 8-ce1.1 proliferation. The somatic portion 

contains an M p~otein characteristic for each type and 

a C carbohydrate c~rnon to ali Pneumococci. 

Types 1 to 8 and 18 are responsible in adults for around 

80% of cases of pneumococcal pneumonia, and for more than 
~ 

50% of aIl fatal pneumococcal bactéremia. The virulence 

of the organism is a function of the capsule which prevents 

or delays encapsulation in phagocytosis. The normal 

respiratory mucosa 'must pqssess great' n~tural resistancè 

to the Pneurnococcus, as 40-70% of humans are carriers of 

the bacteria. pneumococèal pneurnonias aecount for about 
D 

80% Qf aIl bacterial pneumoriias in the general human 

population (6,97 ) • 

The problem of 9ap~ulation of bacterium'and the need for 

complement fixation has been studled by 2 groups. And, 

it was found" that the encapsulated E èoli required anti-.. 
,'l., , 

cQncavalin A or antico~ A ',ntibody for the peritone~l mouse 

maorophage to p~agocytize. Con A alone was adéquate fo~ 

--"-
,,',' 
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the non-e~capsulated variety of E Coli. Polymorphonuclear 

cells likewise required the anticon 1\ antibody to 1 ~l:tago-
, \ 

'" j 

cytize as weIl as the presence of complement factQ-f: 
'1 

~ / 
// 

The author points out that the, K-antig~'~;~ or( K-l notably, 

is the capsular serotype which endows a ;d~gr~e of virulence 
'1' - ~ ---=--' -,-~ 

on the bacteria by Prro~iding the capsule. This capsule in 

the absence of antibody locks complement fixation to the 
, , 

bacterial surface probably by masking surface components, 

such as lipopolysaccharides which normally are capable of 

activating complè'ment (81,82 ). 

The relative need for opsonins and complement 'fixation of 

various microbes ié probably the main causative factor 
, , 

for an Influx of cells, particularly B-cell lymphocytes • . 
- - / 

It is the capsule of bbth E Coli and Pneumococcus. that 

ultimately dictates this,respo~se. 

Immunoglobulin synthesis within the lung,' that is, the 

local plasma ce~l production of IgA predominantly, aloRg 
, • l ' 

with IgG, was' studied in the rabbit respiratory tract (72 ). 

The avèrage IgA : IgG ratio was \ 2. 5 in both normal animaIs 
\ 

as .well as animaIs infected. with'\Listeria Monocytoqenes 
'1 ' ;.,:- , 

and Pneumococc~s. tnterestingly, the animaIs infected 

with Pneumococcus had sera containing IgG class anti~dy, 
• 

but no IqA antibodY1 whereas anly IgA w\ls faund in the 

secretions fram t;:he lower resP1ratory tract. This i~ in 
, " 

diètiric,tion te the animale whi~h .. ré infected by Liateria -

who had IqG 01 ••• w1tbin tbe •• l'I, but hà4 ~th liA ',and 190 

- < 
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in the ·secretions. Perhaps the difference in local 

production was as a result' of, the persistance of the 

polysaccharide from ,Pneumococcus remaining after~he 

clinical in~ection, although this was not shown in 

follow-up. For Listetia, the specifie antibody pro­

duction was registered by the 11 th day, and for Pneumo .. 

coccus, by the 8th day. 

The importance of complement' varies wi th respect to the 

microbe under consideration. The compl~ent, of course, 

enhances macrophage phagocytosis of the bacterial pathogen. 

A study by Murphy (124), examined the interaction between 

antibody and complement in phagocytosis by rabbit alveolar 

macrophages of Staphyloccal Aureus and Pseudomonas 
, 

Aeruginosa. They found that if the antibody concentration 
1 

was low in the animal, then the complement concentration 

became vitally important. ~Normal rabbit serum was a 

satisfactory opsonin for Staph. Aureua, but was not one 
, 

for Pseudomonas. Also, the former waa opsonized by both 

the ~lassical and the alternative pathways. 

When concentrations of, ps~udomonas immune ser~ were 

lowered, ei ther the classic or the alternative pathways 
, ' 

would signif icantly enhanpe phaqocytosis of pseud~mon.j1'.s.' 

They showed that the alternative 'complement pathway was 

less effioient than the olass;c pathway, but for phago-
) , ' , 

oytizing ,encapllulated bao.terium wit~ polysaoçharide, this 

patllway appears effect;i va in' vivo. This co~plemant 1 

1 ) au 

.' 1 

1 1 
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pathway may be activated di.r:ect.ly by plant or bacterial 

cell wall polysaccharides o.r endotoxins, as weIl as 

aggreg~ted immunoglobulins. One drawback of. the technique 
, .' 

utilized in the study was the assumption that the uptake 

of radioactive labeled bacteria which they used~.w~a=s~r~e~-______________ ~ __ , 
- ..... ~---- - ~---- -----

presen~ative of phagocytosis and not immune adherence as 

well. 
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PULMONARY LYMPHATICS 

ANA'l'OMY: 

Historieally, the first description of pulmonary lymphatics 

was made by Rudbeck in 1653 and later in 16'75 was }Il.erttioned 

in the Pharmaceutica Rationalis of Willis (149). Since 

that time, there have been many contributions to the urtder-

standing, but significantly, Wywodzew in 1865 observed 

that in dogs and horses, lyrnphatic capillaries were present 

in the wall of the saccule alveolares. 

A hundred years later, in 1947, Miller divided the lymphatic 

system of the lung into 4 groups, the peribronchial, the 

periarterial, the perivenous, and the pleural vessels. He 

emphasized that no l~phatic capillaries oceur distal to the 

alveolar ducts, i.e~, in the wall, of the alveoli themse1ves. 

Although there has bee~ sorne fine, tuning of this concept, 

it still holds, the major point being that they are aIl 

interconnected. Direction of f10w i8 also important for 

the classification. Lymph flow in the bron'chial lymphatics 

and the periarterif!il lymphatics is towards the interior of 

the 1ungs, while direction of the f10w in the perivenous 

1ymp~atics i8 towa,rd the hilus, as indicated anatomically 
.. 

by the posi tion of the valves (133,149). 

In 1979, an ,anatomical study of pu~onary lymp'batics was 

pub1ished by a group fro~ Japan, in which they,confirmed 
, 1 ~ 

the classification into 2 $~stems and 4 ~roups, that ia, 
" ,It, • / 

the 2 ay.tem. were interstitial and parenchymal. The 

,,'. 
ï~ 
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~ften cited 1ack of lymphatics in the interalveolar septqm 

d db b h 1 . \ d' was emonstrate y ot e ectronm~croscopy an 11ght 
~-----. 

histology. The absence of lymphatics at the septal level 

is functionally replaced by the extravascular fluid path­

ways transporting fluid and proteins to the adjacent 

"juxtaalveolar lymphatics"; these provide the most peri-

pheral part of the respirator,y tract with a pathway system 

( 133> • 

TRANSVASCULAR PLUIn FLUX: 

In the last 5 years, there ha~ been a great dea1 of work 

in attempting to identify the location for the transvascular 

movement of fluids in the production of ~~lmonar; edema. 
. p~ -~ 

~o standa~d types of pulmonary edema are high pressure 

ederna secondary to acute left ventricular failure, and high 

permeability edema associated, for example, with septic 

conditions. As we achieve better techniques at examining 

this tr,ansvascular flux, '-Ile have a greater understanding. 

Studies on the dog lung by continuous weight recording of 

the intact lung, éstablished a pulmonary eapillary filtration 

coefficient. From incr~ases in the 6apill~ry hydrostatic 

pressures, a critical value (PC) was reached beyond which , . 
the lymph flow constant' (J-l) was overtaxed, and the lobes' 

conti~ued to gain weight at a more rapid rate. The mathe­

matically derived PC critica1 ls equal to J-1 max over,KT. 
o " 

This ratio repr'esents a pressure differential _cross the 
. 

capill~y membrane capable of causing max~um filtration. 
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Changes are a1so occurring in the two compartment theory 

which was adhere<! to for a long time, but with the advent 

of radiolabeled solutes, this concept was found inadequate. 
l 

Now, besides intravascular and intra:-alveo1ar, there ls a 
, ,/1 

2..> , 

recognized interstitial fluid space. Staub bas to be 

considered a main force in this area of pulmonary lymphatics 
• 

in which he bas been working' for years. Early on, bis . , 
.... 111 

lymph fistula mode'ls, using firet dogs, then sheep, allowed 

good correlation between scintillation scans and measured 

flow. 

Measuring RISA uptake from the lung lobe of the d09, he 

fowlld the permeabili ty coefficient was more accurate when 

a tlird compartment, the interstitium, was added to the, 

alveolar and plasma fluid compartment model (163,164 ) • 
\' 

The interstitium appears to fill by hulk flow thrpugh low "­

resistant cbaltnels from the alveolus Along hydrostatic 

pressure gradients. In a possible sequence of edèIDa 
, 

formation,· itlterstitlal edama. precedes alveolar floo'ding. 

As the interstitium fills with ,fluid and protein, thè 

interstitial hydrostatic pressure 1ncreases until it 

eqûa1s or excedes the pressure in' the airway. At that 

point., fluid and protein leak retrograde back into the 

-amall airways and alveoli, at that, PQinë;'refleo.t;i.~ the 

PC ~ri ticl1 as mentioned il) the piior atudy. ~e, \f~ll , 

\, 

, '., .. 
di.cus.' the •• concepts mOre in the section on' P\11~nàry 

e4 ...... ' 

. ' 
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For years, rese~rchers_ have pursued the concept of 

transitional vessels, as the site of transvascular fluid 

movement via the "pore system". Macklin and Permutt 
f ... '" 

over 2~ years ago tendered the idea of intra-alveolar 

and a1veolar vessels: When examining blood volume, they 

,considered the puimonary vessels to act as if composed, 

of 2 compartments. One that expands'\ wi th a rise in lung 
r 

volume and the other that is gradually compress.ed during 
<r 

the same maneuver (129,179 ) • ~ 

~ 

This 1ine of investigation led to the mo~e recent discoveries 

by Nicolaysen that the site of exchange does i~deed appear' 

'to be in tr-ansitional vessels that behave as ,both alveolar 

and extra-alveo1ar. He demonstrated this by examining 

isolated p~asma-:perfused rabbit 1ungs which werrept . 

comp1ete1y in zone 1 condition; that is, the alveolar 

pressure was greater than the vascular pressure at al1 

levels in the 1ung (129). A decrease in pleural prespure 

at constant alveolar and vascular pressures resulted in 

an increased rate of filtration ana a decreased rate of 
~ 

re-absorption. On t~e other hand/'an increase in the 

a1veolar pressure at constant pleural and vascu1ar pressures 

led to a decreased rate of filtration or an lncrea~ed rate 
o '\ 

of absorption. The loca1ization of the fransitional vessels 
\ " 

ls consistent with the so called "corner vessels n at the 

alvedlar, septal,junctions. Here, the vesseis are known to 
J 

remain open in the zone 1 lungs as shown by rap.td-fr~ezing 

technique. Anatomically, these vessels are distinct from 

) ) 

.... ! 

... r 
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a1veo!ar septa1 capillaries which close at.equivalent 

a1veolar pressures. 

The examination of edema formation in the lung has beên . 
advanced by radio-isôtopic investigation that has utilized 

~, 

the 3 compartment concept. For example, Staub not only 

correlatedl'-1ymph and protein ana1ysie with scintillation 

transvasc~lar prote in flux, but he selectively labeled the 

involved spaces. Albumin l 131 which is diffusab1e, is 

followed for'wash ib or out presum~b1y capable of transiting 

the pores, and 51-Chromium tagged erythrocytes non-diffusable 

and the~efore Wil~t as a re1ative1y stable Qackground 

label (64,165 ). 

A group from Oxford cannulated the right lymphatic duct 

in a dog, and correla ted rapid exchange of the radio1abe1ed 

albumin between the plasma and th~ interstitial space (139). 

This eannulation in the dog's right lyrnphatic duct had a 

mean flow OÇ;~8 ml per hour with a baseline lymph : plasma 

protein ratio of 3.4 to 5.9, noting that the measurements 
J' 0 

were taken a t the sarne transpulmonary pressure to "avoid any 

variation. Two points that the, group makes are that an ------

arbitrarily postu!ated 2 comp~r~ent mod~l was unsatisfactory 

for c41culations of transcapillary albumin flux if the size 

of the interstitial space varied. In fact, this size does 

seem to vary and therefore, the 3 compartment mode[ is more 

physiological1y valide Secondly, they pointed out that the 

presence of a chast wall in man and close-chested animals 

• 1 
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precludes the direct application of this m~thod because . 
of interference. However, the ~roup hastened to add 

that tsotopes, with. ernissiort of gamma ~ays 9f 2 dif!erent 

energies, suC!h as l 123 may be used to study theJdeep 
, , 

organs in the future. 

-Alveola~,Absorption: 

The effect oÏ absorption of material from a1veoli into the 

s'ystem is increé.singly re.cognized as an important physio­

logie action with sign1ficant c11n1cal irnplic~ti~ns. 

Certainly the study that we have made involving the intro-, 
. -----duction of aerosolized microbes has to have sorne under-

standing of this process. The possibl~ exchange rnechanism 

~as di~covered in one study as the pulrnonary b1ood. The 

absorption-of~albumin from the aiveoli of anaesthetized 

dogs was evaluated by radio-isotope, after cannulating 

the thoracic and/or the right lymphatic ducts (117). 

.' 
Albumin absorption vas 7 to Il times g:teater by the t>lood than-by 

the lymphatics, and/ tjle-rate limiting step in tbe removâl 

of prote in was from the alveoli interstitial space rather 
. 

than passage through the alveoli epithelium. Although 

the latter did demonstrate lymphatic rernoval of the 
" 

alveoli albumin, i t- represented only minor amounts in 

terms of t~e total absorption. The ca1culated derived 
/ ~-

ratio of regional blood uptake to the lyrnphatic uptake 

was 10.7 to 1 or with a relative efficiency expressed 

as 37 to 1. 
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Absorpt,lon of the intact protein molecul~ albumin radio­

labeled with l 131 has been shown in the intact dog lung 

from alveolus to the vaseular eompartment. This" 

demonstra tion of. in tact antigen'ic protein partieles 

absorption has sorne physiologie importance as ~ ke­

presents a conservation of solutes thay' may escipe .into 

t~ air spaces. This may also ,represent an important 

mechanism for allergie reactions in the \.lung as ~ell as 

the formula.tion of antibodies (10 ). 

Finally, the transalveolar uptake and utili~Of 
aerosolized glucose is interesting from a metabolic 

as well as absorption point of view. Comparisons were 

made of the production of Carbon-14 labeled C02 

,incorporation into t~e lung lipid"material. The mainte­

nance of high energy phosphate levels in lung tissue 

confirmed that the' substrate could bè utilized from the 

airway side ôf the isolated rabbit lung ( 78 ) • 

PULMONARY EDEMA: 

-Introduction :' 

Pulmonary edema may repr~sent the final eommon pathway in 

respira tory failure from many different etiologies not the 
':: ' 

ieast of which from our point of view i8 the .intropuction 

of bacteriwn. In fact,' the patient who is proven to be 

septic with positive blood cultures and who does not have 

SOrne pulmonary complication, auch as edema or even shoct 

ia uncommon. Besides the specifie organism, the handling 

J 
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of resuscitation, the underlying cardiac or 'pulmonary 

disease, as weIl as overall nutritional statua become 

r~levant in managing this patient. Cognizant' of the 

fact tha~ our work primarily c.ent~rs. on the effects of 

bacterial infusion into relati vély no~al lungs,. the 

interaction bètween m~ny factors in the fo~ation of 

pulmonary edema led us to review the subj'ect 1 both in 

th~ experimental and in the clinical li terat'ure. 

There are two basic types of pulmona~y edem~ the 

p~lmonary capillary hydrostatic pressure edema or so 

called "high pressure", and altered permeability edema .. ' 
~. 

or "low pressure". As weIl, there is a smaii sub-

group classified as "Iymphatic fail~e~. Of the high 

pressure type edema, the most éommon is the cardiaa br 

left ven'tricular failure model. Non-cardiac causes a,re 

the occlusive diseases 'with leslons'located within the 

pulmonary veins and venules, and sometimes seen on l po~~­

mor.ten,t. Fluid overload iri resuscitation also repre~ents 

~type of high pressure edema. A third group-îs that of 

lymph4tic insu~ficiency and major causes that are known, 

sflicosis and carcinomatosis, both result in chronic 

obstruction of lymphatics predisposing to pulmonary ede~. 
1 , 'b 

Our IIlAin interest for the ~urposes of our studies, however, 
to ~'\. 
iS~,~e second major type of p~lmonary edema from aitered 

permea~iIity, to .t~ ;ranscapillary fluid flux that we 

discussed ear Uf~r • 

~ 
j. 

_____ -::-+-' .-... _O' ••• ~. ____ ._"-._.-::::-::::"-::;::::=====--____ _ 
~-=- ---------. ---- .--- _-. .. ----



(, 

o 

- • _ ....... _~_~·_~ _____ ..I .. w ____ ..-Mf' . ' 

92. 

-Lymphatic Cannulation: 

Much of the knowledge abput pu1rnonary edema has been 

gathered, as we have seen, from the non-invasive techniques 
/ 

of ~adio-isotope labeling and solute transcapillary flux. 

Functional studies, utilizing lymphatic cannulation, howeyer, 

were' nee.,ded to make in vivo correlation wi th the var i<>us 

states of pu:lmonary edema.· 
, " 

Thé development of lymphatic cannulation began with the 

early work of Drihker (1940' s), who emphasized the right 
\ 

lymphatic duct' in making valid studies of "most of: the 

lung ~iuids (149). Since then, Staub and h'is group from 

San Francis~o, have deyeloped a sophisticated chronic 
\-

1ymph fistula technique. From this and other work, the 

right lymphatic system does .seern pref~rable to examine 

for a number of reasons. 

After the bronchopulmonary nodes, Staub's group demonstrated 

that aIl efferent lymph vessels of the lung, excep~ for~ the 

lymphatlcs of the 1eft api~al area, drain' into the right· 

lymphatic duct ( 54,177, l'78 ). The left apical area drains~ 

into' the thoracic duot. In fact, beçause ,this was largely 

ignored wi th studies, on the thoracio duct in the past, . 

particul'arly in orinker f s earlier work', his data has to he 

considered inconclusive. Lymph in t~e right lymphatic 

duot is mixed with pulmonary and pleural as weIl. as péri­

cardial, and right upper extremity lymph, as shawn by 

radio-isotope methods. 



( 

93. 

J 

vreim and Okuda developed a zreth:x'l of cannulating the" 
1 

1 

rtght lymphatic duct using the cephalic vei~ as a land-
1 

mark, a modificition of_which we used in" our pig studies 
\ . , 

( 177 ). In another paper by ~he~, they' shewed tha t ,in-

dogs, lung lymph to the thoracic duct and-te the right 
; 

~ymphatic was divid~d 50% to orie and 50% to the other 

(133). They demenstrated this using si~ultan1ous 

cannulation, ligating the thoracic duct aqove the-diaphragm 
~ ''''1 , 

an~ inducing alloxan pulrnonary. edema. ,lI?~evert, the right 

lymphatic duct was shown to be more acburate in that 8 

of 8 dogs had increases in the right lymphatic duct flow 

with the pulmonary edema, while only 4 of 8 had increases 

in the thoracic duct. Again, they cannulated the right 

lymphatic via the cervical: lymphatic from the ne,ck. 

Geels study confirms that the right lymphatic duct did 
: 

indeed increase in lymphatic flow by greater increments 

averaging s~xtY-fOl~ i~creases, while the thoracic duct 

had only thirtY-fol~\increases when a fluid challenge 

equivalent to 30% of la dog 1 5 body weight was given ( 54 ) • 
, \ 

They used -the technique of Vreim and Okuda, cannu1ating" 

the right lymphat'ic dlct. 
) 

" / 

The present so called "Staub preparation" is the chronic 

lymph fistula in the sheep which is placed in the right 

bau date mediastinal lymph node efferent, and involves 

a thoracotomy. A combination of this model with ra'dio-

" isotope studies provides us wi th functional information 

on flu~d.and solute flow in the compartments of the lung. 

~-------,--_. ------w. Wt'_.JII!~ ~ , 
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j 

One suc~ Btudy serves to illustrate this/and provides us 

with sorne basic figures. ! , 

A Sitaub preparation was used to measure pulmonary 

lymphatic flow, lyrnphatic to p,lasma protein 
\ 

ratio', using radio· .... labeled albumin as a washout technique. 

In one preparation, Pseudomonas Aeruginosa bacterium was 

infused intravenously to-create the increased permea~ility 

type pulmonary edema;~n-d-±ft another, a left. atrial balloon 

was placed and inflated to cause 'high pres$ure edema. The 

~ean results,are the following: measurements of the micro-

vascular pressure in cm of water, lymph flow in ml per hour, 
, 

1ymph to plasma protein\rat~o and tracer equilibration 

expressed as half-life in hours was ;10.7, 5.3, .87 and 2.9 , 

respectively for controls, high pressure edema,was 25.4, 
, 

16.1, 0.63 and 2.2 respectively; and finally,-increased 

permeabili ty was ~2. 9, 37.3, 0.77 and 0.7 respectively •. 

Understanding the pathophysiology, the hi9h lymph ·to plasma 

pro1;ein ratio for the controis is a refiection of the 

important raIe the 1ympha~ics perform in retrievihg and 

returning proteins to the gen~ral circulation (45,114,176 ). 

We will examine the specifie effects of bacteria on the 
" 

formation of pulmonary edema in a later sect16n (see Sepsis). 

-LYrophatic Reserve: 

'l'he concept of high or low pressure edema May have les s 
J 

clinical relevance than the concept of· "lymphatic pump 

failure-. The transcapi11ary f'luid and protein bala~ce 
1 " 

\ j 
18 one _of constant exchange in ,both normal and abno~alj' , 

, 1 
, 1 

. ' 
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situations with the rate lirniting step lyrnpha,tic rernoval 
, 

of fluids and protein solutes. This solute retrieval and 

return to the systemic circula~ion rn~t have the largest 
') 

consequences for the formation of clin1cally evident 

pulrnonary ederna. The concept of the lymphatic pump in 
j 

combination with the interstitial matrix preventing ederna 

formation in normal as weIl as abnormal situations implies 

a reserve capability when the system i6 taxed - a safety 

factor'as it were. 

The interstitial,pulmonary space, in effect,' rep~esents 

an important reservoir located so'that it allows the 

accumulation of fluid ànd protein at a site that is remote 
. \ 

from the primary gas exchanging sites in the lung (21,G5 ). 
/ ' 

The interstitium itse1f is composed of co11agen, rnucopo1y-

saccharides and other structural macrornolecules which are 

link~d~by cov~ient, electrostatic, and hydrog~n bonds as 

weil a~ by,mechani6al tie~. This 3-dirnensi~al m~trix 

",--'/{'rovid~s a sponge-li~e space bet~een parenchymal. cells 

for the containrnen~ of the solvent and the solute molecules. ' 
. \ (, ' 

Any increase in interstitial pressure leads to an increase 

in lymphatic flow rate a110wing ~or~ rapid rernoval of bath. 
" 1 • \ ' 

wate:t;' and protein .. :(rorn the int~rstitiuin. ' 

A major factor in the compensatory-power of the vessels to 
\ . 

prevent edema, i8 the sensitivity of the ly~phatic pump'to 

changes in in~erstitialpressures or vOlum~~;~~;oge~è \.. ,1\ 
re~ponse o~ cofl.trol of" pumping i5 de~endan'f: on the bea\. 

" , 

, . 

, \ 
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frequency and stroke volume both of which are variably 

graded in proportion to the degree of stretch of the 

lyrnph vessel itself. Pressure dissipation by the lymph 

pump minimizes fluid accumulation in the interstitiurn 

when capillary pressures rise. 

Brigham in a norma~ sheep preparation showed that with 

, interstitia1 pressure. rises of as much as 10 mm rnercury, 
• 

there is no chang;in measured lymphatic flow. In this 
• 

case, he ca1culated t~at the sum of interstitial matrix 

and oncotic pres~ures changed by 10 mm rnercury to keep 

a balanced steady state. If, however, the lymph f10w 

increased in response to small Increments of the inter-
. ) 

stitia1 f1uid, the SUIn of the two interstitia~ forces 

may change by only 5 mm mercury. (21) 

The second important facet of lympha~ic compensat~n is 

the protein "washout" from the interstitial matrix by an 

increased efflux and dilutional effect, reducing inter­

stitial oncotic pressure. When fluid accurnulates in the ) 
, , 

interstitium, the oncotic pressure falls by simple dilution 

bécause a greater portion of thé intérstitia1 water is now 

available for Jproteins ta be more diffusely distributed. (65) 

Accord:i,ng to the individual situation, tpe rnatrix may 'in 
, 

fact vary-in being soft or firm, absorptive or non-absorptive. 

The interstitium tends to be generally compli~nt in areas, 
c 

auch as the 1ung, where an increase in interstitial pressure 
\ 
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would cause a severe dysfunétion. Steric hinderance • 
\ 

may also cause the matrix to inhibit or discourage the 

entrance of plasma proteins. 
'II/IJIf 

In summary, the margins of safety are.provided by 1) 

myogenic compensation which is sensitive to the increased 
\ 

pulmonary capillary resistance as weIl as the decreased 

capiIIary surface area, 2) ~o the intersti~ial compensation 

secondary to increased intersti~ial fluid pressure and 

dilution of the interstitial pressure, and 3) the lymphatic 
. 
compensation with an increase in fluid r,emoval and a washout 

of the intersti tial protein (21,147 ) • 

The concept that pulmonary lymphatics have inherent safety 
o J 

f~ctors is a comforting one. In reality, however, there 

are numerous cli~ical situations or conditions that appear 

to overwhelm this faculty of lymphatic fluid and ,protein, \ 

removal. For practical purposes, the lYmphatiC(' reserve 

cannot be externally manipulated other than to keep a 

hi~hly compliant lung 1 to increase Jthe reservoir. Treatrnent, 
1 

at this time, must contipue to focus on the underlying 

disease process. 

-Taxie lnhalants: 
1 

Toxi~ inhalants are known etiologic f~ét6rs for the high 
\ 

permeability type of pulmonary edema. 'These in~lude, for 

examples, phosgene gasesl nitrogen oxide which is found 

with silo-filler's disease; and paraquat which is used in 

.-/ 
J 
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marijuanâ spraying in Mexico and ls so injurious to marijuana 

smokers. The irrhalants have a direct effect on the alveolar 

and éndothe1ial ce1ls ( 147). ~ 

Two inhalants which we have discussed with regard to macrophage 

and cilia effects are cigarette smoking and oxygene The 

~l"eolar capillary membrane essentially consists' of the 

epithelial layer, the endotheli~~ __ .tayer, and the intersti.tia1 
, -

sp~ce, as we have seen. Up to 90% of the· resistance to the 

transcapillary flux and diffupion of hydrophilic molecules 
i,'} 

is in the epithelia1 or the a1veo1ar portion, which is 
1 

consistent with the work of Taylor and others (170,179' ) • 

Barly changes in al veol~r permeabiifty can be demon~tra ted 

with the use of tecl}netium-labeled albumin in cigarette 

smokers (99). Less than a pack7"a";'day smokers had an increased 
\ 

é;l.1veolar diffusion rate versus that of the non-smoker; this 

measurable abnormality may be a pr~disposing factor for 
, \' if 

pulmonary edema deve1opment. 

Pulmonary oxygen ~ici ty àppearsto be as a resul t of high 

.,. concentrations causing peroxidation ~f unsatura~ed fatty 

acj.ds in cell membranes and further cytotoxic effects thrQugh 

,. f'Fee radical damage. A study performed on staub-prepared. 

lambs breathing 100% oxygen for 5 days dernonstrated t,hat 
\ 

lymph flow doubled, protein flow increased by l~l', and as 

well, radioactive tracers showed an increase in pulmonary 

microvascul~r perme~bili ty (20). ,There was a1so an increase 
l ' 

in pulmOnary vascular resistance over the 5' day period of 

, . 

-
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oxygen therapy, a ~inding that appears -to he' an almost 
>\ 

uniforml:Y consistent one with pûlmonary dysfunction of 

many 'differil\9 e'tiologies. Q 

The possible hyperoxic injury to the Type-2 alveolat j' 
P!leumocyte cou-td 'âlso lredispose to pulmonary edema by 

the diminishment in surfactant. Surfactant Is prohably 

better known for i ts surface fusion effects than as a 

, . 

previously discussed bacterieidal substrate (see Phagocytosis). 

'" 

The action of alveolar surface tension effect ls to create 1 \ 

a vector :of force into the alveolus wherever the alveolar 
f 

surface is conven. For this reason, intra-alveolar edema 
( 

tehds to deVEÜop 'at the corners. Likewise, it is for this 
/ 

(~eason that the surfac~t, action mo~~ equitably distributing 

the ten~>ion over the entire surface, helps to prevent cOl+apse, 

and formation of edema. 

-Illness and Complication: 
;' 

Illnesses and. complications secondary to their treatment can 

cause high and. low pressure edema and ~ey include :the 

---following • 

. 
Pulmonary embolism causes a release of vasoactive substançes' 

resulting in an increase 'in capillary permeahiLi ty. 
1 
serotonin 

- 1. . 
is' released in the largest q,uantities, thûs' produeing pulmonary 

venous constrietion with large secort.dary fluid tra'nsuda tion~ 
~ ~ 

Cardiopulmonary bypass has multiple factors including neuro­

. genic as well as micro-embali wi th the release of toxie 

~ . 
1 

/ 
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substances. Metabolic deprivation during long cardio-
1 

pulmonary bypass must also be considered ,as a possible 

etiology (1l9). A type of Ole or di~se intravascular 

coagulation may play a role in these and other situations, 

as it has been shown to cause diffusé endothelial damage. 

As weIl a~ extracorporeal circulation, Ole can be secondary 

to immune complex diseases, eclampsia, amniotic or prostatic 
, 

fluid embolus, and from sepsis and enQotoxemia. 

Aspiration pneumoIÙtis, in the_ obtunded incapacitated 

patient, causes permeability pulmonary edema. Anima~ 
1 

studies show that after instillation of a~idic solutions 

with pH varying from 1.5 to 4.5, a p~ of 1.5 to 2.5 
ft- ~ 

showed the most s'ignificant ederna changes comp:red to 
) 

tnose of the other groups (58,59 ). ,Pretreatmentewith 

steroids in the quantity of 30 mg of prednisolone per , . 
ki10gram body weight revealed no benefit with a pH less 

than· or equa-b,to 2.5 in preventing a1veolar epithelial 
r 0 

permeabi1i ty. This was studied using the' transcapillary' 
) , 

solutes album.i.n which measures 3S angstroms and dextran 

• 

which measuresilOO angstroms in diameter. In ~~lS 

eIther' preireilted 30 minutes prior .or 30. minu~ a;ttor, 

there was no improvement or decrease in~resultant permeabiiity. 

L~~tly, acute 1eft heart fail"ure in comprbmlseCl cardiac 
• 

patients by over~hydration is the most.common cause of 

hi'gh pres sure pul~onary edema. 
r:-

Thankfu11y, this type is 

probab1y the most amenable to ~reatment. 

.' . 
• 
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1 
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-High Velocity Blood Flow: 

staub recently described high linear velocity in pulmonary 

. blood flow as an additional etiology of permeability edema 

(l64)~ The effect i~ secondary to in jury of the micro-
1 " 

vascular endothelium. He cites recent reports of humans 

who develope acute pulmonary edema after exertion in high 

altitude in whom the ri~ht pulmonary artery wa~ found to be 

congenitally absent. The ramification of this concept is 

not just"high altitude or neurogenic edema, but also to 

the more common problem of m~~tiple pulmonary or micro- ----
embali. Loca1ized edema may develop in are~s of perfused 

lung that wou1d receive relatively more blood flow from a 
~ 

shunting effect. 

lin an experiment to follow this up, he and his co11eagues 

resected aIl but the lower lobe of sheep and obta~ned an 
1 

increase in interstitial edema with a protein content 

consistent with high pressure edema in the remaining 

",' intersti tial spaces. This has fairly obvious clinical 

significance for the post-operative management of the 

pneumonectomy patient. The remaining lung tissue must 

therefore rapidly acçommodate a greatly increased amount 

ofr bloOQ. 

-M!scellaneous: " 

Other causes of high permeability edema are mentioned 

briefly and include the fo1lowing (21,56,147 ). 
- 1 

High altitude type edema, the Andeans calI it ·Siroche·, 

-e 

1 
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to date has no good explanation although a neurogenic 

etiology is possible, secondary to the imbalance of 

alpha and-beta-adrenergic aqtivity produced by an 

increase in CSF pressure. Also, hypervolemia secondary 

to relative hypoxia with transient intravascular 
-< .1 

coagulation is suggested. Herbin overdose is again 

possibly a neurogenic etiology as post-mortem cerebral 

edema is found in a large percentage of addicts' with 

both enteral and parenteral administration. 

The release of vasoactive substances, such as histamine, 

serotonin, kinines, prostaglandin all result in an 

i~creased permeability of the bronchial venules. These 

are, of course, mostly invdlved with the anaphylactic 

situation and endogenously controlled in the lung as 
/ 

we discussed in the section on hormone capacitance 

and prostagla'ndin mediation. The causes of this release 

may also be a non-reagin reaction like hypersensitivity 

pneumonitis, seen in medical conditions, such as Systemic 

Lupus erythematosis, Gaod Pasture'sDisease, and a1so 

with sensitization to 1euk~ytes secondary to multiple 

transfusions. This ~ast situation of shock lung evolving 
~~ 

from massive in jury and hemorrhagic shock with massive 

resuscitation including transfusion i6 not uncommon in 

surgical care and management. This topic will be covered 

in the section on Hemorrhagic Shock. 
) 

, -Prost.glandin Mediatio~ 

The interaction of the opposite effects of prostaglandins 

_..:........-...:.---------_._---_ ......... ~ --.--~--"---~-~_ ...... _- ............ 
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may be of paramount import~?ce iit"the development of 

fluid and protein imbal~nc~s within the lung, as we have 

se~n in an earlier section. For example, the depressed 

inactivation of prostaglandins demonstrated in the rat 

after being given endotoxin has significant implications 

for the pulmonary picture in gram negative sepsis. (97) 

Of clinical interest is the fact that her~tofore t~e . 
hemodynamic response 'to positive pres~ure ventilation 

has been attributed to a decrease in venous return. 

By pretreating animaIs with aspirin, it is possible 

to partially avert the anticipated decline in systemic 

blood pressure (32,4à,13S,1l3). Aspirin, of course, 

acetylates cyclo-oxygenase and is a weIl recognized 

inhibitor of prostaglandin' synthesis activity. 

AnimaIs pretreated with aspirin showed a significant 

reduction in embolus-induced pulmonary vasoconstriction. 

The embolized guinea pig lungs released high concentration 

of prostaglandins and rabbit aorta contracting substance 

which has since been identified as thromboxin. Finally, 

increased prostaglandin release has been detected in 

edematous lungs further implicating the substances in 

the cause and effect of ARDS. 

f 
Paretti and his group studied a patient with congenital 

deficiency of cyclo-oxygenase and found that low dos~ 

aspirin was· more effective than high dose at inhibiting 

) / 
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.. 
the production of thromboxin A, a potent inducer'of 

platelet aggregation. At higher doses while it did 

inactivate thromboxin A2, it likewise reduced the 

vascular concentration of the anti-aggregatory prosta-

cyclin PGI-2, thus producing a thrombotic tenden~y (135). 

Prostaglandin balance was also implicated in another animal 

study in which the clinicai picture of ARDS was created by 

infusion into sheep of activated serum incubated with zymosan 

(~ ). The production of a reia ti ve leukopenia and pulInonary 

leukostasis, with resultant increase in pulmonary vascular 

resistance and decrease in pulmonary atterial oxygen are 
'\. 1 

typical findings with ARDS. When the animaIs ~ere pretreated 

with sulfinpyrazone, a known prostaglandin blocker, the 

pulmonary effects were prevented. There was no evidence 

of a direct pulmonary vasodilator effect, nor was complement 

activation effected, and lastly, there was no change'~n 

platelet number or response to ADP to account for ~he 

beneficial effects of sulfinpyrazone. Therefor"J the 

benefits were !eIt to be secondary to the drug's effect ,. 
, as a prostaglandin blocker. 

) .'~ 

-Diagnostic Techniques: 

The clinical interest in the formation of pulmonary edema 

has led to the development of ,quantification techniques 

that might in the future be applied to the human situation. 

The first 19 the measurement of lung density utilizing a 

beam of gamma rays to quantitate lung water by comparison 
\ 

to previously established lung density readings for normal 

• 
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and abnormal situations. The technique uttlizes the 
, 

transthoracic gamma ray cobalt-57 ànd has béen confirmed 

by dog experiments ,ta accurately r~flect the water 

changes within the lung during acute pulmona~y.edema 

(53,156 ). This technique certainly has promise for 

the clinica1 application as it is non-ifivasive and 

appears ta 'be a relatively accurate technique if good 

controls are first established. 

Another method slightlymore saphisticated and one which 
, 

is not clinically applicable at the current time involves 

enzymatic tracers (158). The tracers which are peroxidatic 

are I.V. infusions of varying size molecules which function 

as probe rnolecules for vascular permeability. The-author, 

Simionescu, discusses the complexities taking into account 

mo1ecular weight, peroxidase activity, molecular charge, 

toxicities involved, cross-linking with tissue and the 

optimal pH and temperature. Thrée major prablerns are 

identified wi th the 'technique before i t can be used in 

c1inica1 situations, and they are: 1) the need for 

quantitation, 2) the need for tracers with dimensions less 

than 20 AngstraDs and 3) the need for tracers which are 

more physiologie and frequent inhabitants of plasma and 

interstitial fluide SA that,to date, this technique can 

only be considered experirnental, and although appealing 

from a molecular point of view, is largely superceded by 

radio-label~d solutes. 

A group from the Intensive Care Unit at the San Francisco 

-------....,...--------,------'---~'-------$.-.-
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General Hospital recently developed a bedside bechnique 

• 
to measure extravascular lung water in following patients 

1 

who suffered from pulmonary edema, ,particularly' those with 

adult respiratory distress syndrome (107). The technique 

involves the utilization of thermal-green dye double 

indicator dilution technique, and requires aS-French 

femoral artery catheter with attached thermistor, and 

either a CVP or PA éatheter. The lung water is calcul~ted 
" 

as a,product of the thermocardiac output and the difference 
l ' 

i~ the mean transit times between thermal and the dye 
~. 

curves. The results correlated weIl with any autopsy 

findings of lung water as weIl as such clinical parameters 

as the ches~X-ray, the Paq2, the PA wedge, and the 

pulmonary compliance. 

The examination and classification of pulmonary edema in 

-----clinical situations, as to high or low pressure types, has 

confirmed the experimental concepts of transvascular flux. 
t· .... 

Patients with left ventricular failure or in whom volume 

overload was a primary cause of edema were compared to ,}. 

patients who exhibited the high permeability edema (24) ... 
, 

P~tient~ in this latter group had suffered from shoc~ 

aspiration, bacteremia, near drowning, coagulopathies, 

drug overdoses and pulmonary emboli as weIl as smoke 

inhalation. lt was found that the edema fluid to plasma 

colloid osmotic pressure ratio for the multiple ca~se 

(or high pe~eability group), was significantly higher 

than the left ventricular failure group with a mean of 
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0.91 versus 0.51. 
1 

As we;l, the group with the high 

permeability edema had normal pulmonary wedge pressure 

measure~ent~'As long as the 'plasma colloid osmotic 

pressure was maintained with colloid replacement, the 

rapid transvascular fluid flux continued primarily due 

to the increased filtration at the alveolar capillary 

membrane due to its p~rmeability. On the other hand, 

when pulmonary edema deveLops from high pressure, the; 
, 

membrane remains an effective barrier ,to proteins, 

particularly the larger ones such as globulins. This 

was confirmed by a relatively lower and more stable 

colloid lymph to plasma ratio (56). 

The other side of the spectrum, the h~gh pressure type 

~dema, was examined in several clinical ,populations and 

the findings confirmed the transudation theory initially 
\ 

elaborated by Guyton. That is, the fluid began to 

\ransude into the lungs when the left atrial pressure 

was increased to greater than 25 mm ~ercury if the plasma 

protein concentrations were normal. If the protein 

concentrations were reduced to half through plasmapheresis 

or hemorrhagic shock with a replacement of non-coll~idal 

substance,$1 the transudation began at Il mm mercury (123,166> '. 

This showed that the seve~ity of pulmonary edema was ~~o­

portional to the gradient be~ween the plasma co11oid osmotic 

pressure and the-~tic p~essure in the pulmonary edema 

formation. 

, 1 . , 

j 

} 
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1 
ln 1 another recent report, 2~~_ratients /with aeute myoeardial ;~ ":' ",~ 

infaretion, 14 of whorn~ devèloped pulmonary edema, were f\ ',)._ .... : 
studied (33). To predict the high risk of pürmonary edema, 

the gradient of the pulmonary wed~ pressure to colloid 

osmotic pressure was less than or equal to 9 mm Hg. This 

ratio was utilized in the c1inica1 management an~ therapy 

in patients after the onset of high pressure edema, in this 

1 

.' 

case secondary to acute left ventricular failure. The 

concept is essentially a clinica~ extripolation of Starling's 

forces that ~yt6n and others elaborated. 

-Sepsis: 
.t 

As we have seen from the c1inica1 study by Fulton and Jones 

:( 50~ ), sepsis is the single most eommon etiologic factor in 
\ 

post-traumatic rnortqlity. As part of the mult!Ele organ 
.~ , -

failure pulmonary sepsis, considered for years "the old 

man's friend", has a very high 1etha1ity. The mechanical 

diffusion barrier in the a1veo1i with edema f1uid is the 

most obvious 1ethal meehanism. Depending on the type of 
"'-

bacteria, systemic circulat~ry collapse may oceur as weIl 

as the lung effects. Death, if it oeeurs,. has a multi-

faetorial etiology. 

• J 

Organisms vary as to their 1esser or greater pulmonary edema 
! 

potential, with gram negative baeteria a standard to which 

comparisons are made. Thé hemodynamic and pulmonary effects 

of infusing live E Coli intravenously as eompared to purified 

endotoxin into dog and monkey demonstrated that live E Coli 

was more effective' in eliciting a damaging effect on the 

1,' 

1 
1. 
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/ 

,lung '154'). This was reflected by an increased pulmonary .' ,~ 

,capillary 'pressure; of 10' mm mercury with the live bacteria 
..' " 'J - • ' ,\ 

versus .7.4 mm mercu~Yr, ,150r the endotoxl.n studies, and as 
1 

weIl, the fQ~er exhibited a greater decrease in surfactant 

production. Histologically widespread alveolar and endo­

thelial cellular damage with florid edema and hemorrhage 

into the alveoli as 'weIl as endothelial disruption, was 

greater with the E ColL 

J 

Moss and his'colleagues from Chicago also exarnined the 

efféct of gram-nega,ti ve bacteremia on the~tiology of 

pulmonaryederna (145). Studying the live b~boon, they 
1 

exarnined the interaction between sepsis a19ne,' infusinq 

live E Coli intravenously at 2.7 to 5.4 ~ 109 organisms 

per hour, plasrnaph~resis alone, and plasmaphe~esis and 
, . 

sepsis'together 'as the Eo~sible etiologies of pulmonary 

edema. The effect of plasmapheresing t~e animaIs was 

to deërease their effective colloid osmotic pressure 

significantly. 

The coîloid osmotic pressure decreased by 47% ~ith plasma­

pheresis along, 60%'by plasmapheresis and sepsis, and 32% 

by sepsis aione. The wet-to-dry lung weight ratios on aIl 

3 groups were similar with no signi~icant ,differences 

shown and during the experiment, the pulmonary artery 
1 

wedge pressure gradient remained the sarne in aIl groups. 

The concluslon in this study was that E Coli sepsis alone 

does not account for the formation of pulmonary edema l 
) 

"; , -' 

------
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but is pa~t of a cumulative effect with other factors, 

sudh as malnutrftion, previous lung, or cardiac in jury. 

In some slightly more sophisticated w;ork, Brigham and " 

Weim compared-high and low Rressure (high permeability) 
) 

edema using a Staub sheep preparation. The high pressure 
------ . 

variety was created by mechanicallY c~using left atrial 

outflow obstruction using a 1eft atrial balloon, and the 

high permeabi1ity type by intravenous infusions of 

histamine, Pseudomonas bacteria, and E Coli endotoxin 

it~J.f. (22) 

These microbes were infused at a rate of 0.2 to 1.33 
/ ----

o micrograms per kilogram oyer a 30 minute period, and 

the animaIs followed for 6 to 8 hours. Three ~ransport 

coefficients were required to characterize the prQperties 
- 1. 

of the ~ involving filtration, reflection and 
1 

permeability coefficients. 

'/' 

. Assumptions that were developed by Staub 1 s early ~rk 

and used in this study are that a significant fraction 

of the protein fluid an~ tracer molecules move through 

the sarne pore structure. That the capillary membrane 

unpergoes passive transport due to a- hydrostatic con~ 

centration gradient. That the interstitium has con- -

centrations of 
) 

solutes ).dentical to concentrati~ns in 

the lymph draining the interstitium and that this ls 
/ 

drained by-non-sieving lymph ducts (163 ) • 1 

,,...,, 

, 1 

) 

-~' •• '.J ----- ""'.!--I .. ~~ -
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In contrast to Moss's work, he found that E Coli endotoxin 

caused ùhe greatest increase in lymph flow rate (30 to 45 ml 

per hour), as weIl as the highest protein content. Analysis 

of 8 protein fractions revealed that the endotoxin caused 

a much rreater relative clearance of the ~arge~ fractions 

~~than did the ot4er substances. In contrast to the increased 

pressure pU1mona~ edema; the edema induce<;l Py histamine, 

pseudomonas, and endotoxin aIl resulted in an increased , 

permeability to the proteins o1:molecular radius 35.5 to 

96 /angstroms, and the greatest being with endotoxin (22 ). 

Th~se findings are aal consistent with A 3-compartment~ 

model. 

Fifteen-patients.with cardiac (high pressure) and·15 

patients with septic edema (high permeability) were 

examined using radio-isotope technique (76).' The 

transvascular wa'shout in the 1ung was shown using 2 

radio-labeled solutes - albumin with a molecQlar weight 

of 69,000 and DTPA with a molecular ,weight of 500. 
1 )) ~-.-

Patients were studied over ~ 4 hour period by scintillation 

countet1 and additionally, pulmonary capillary wedge 

pressure and co1loid osmotic pressure gradient were 

obtained. The findings are that septic type ede~a causes 

a greater movement of both small and large molecular 
, J 

weight solutes from the blood into the pu1monary edema 

fluld than does the cardiac-edema. The information is 
~ 

} 

significant as good olinioal correlation with already 

a~oepted concepts, 

/ 
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The depressant effect ot-pUlmonary edema, Any typê, on 

lung antibacter~al capability was first rloted in 1934 

in a'study we have cited from Belleyue Hospital. In a 

series of 86 cases ofsecondary Pneumococcal pneurnonia, 

the MOSt eommon Antecedent disease, excluding alcoholism 

and respiratory infection, was found to be congestive 

heart failure •. Laforce in the early 1970's examined 

mouse and rat lungs for this effect aft~r inducing 

pulmonary edema of both types; using ANTU (alpha-napthyl­

thiourea) in mice and surgi~al {onstriction of abdominal 

aorta in rats (104). 

Four hours after aerosolization with radiq-phosphorus 
J 

tagged Staph. Aureus, the lunqs were homogenized, and 
"' ,..,,h-pt:' .:i 

culturedl"" În both models resulting in the pulmonary .... 
\ 

edema situation, there was a decrease in the.anti- .• 

bacterial activity as measured bYTetained viable 

organJsms as weIl as measuréd radioactive level. 

Significantly, the dysfunction \was relative to the 

amount1of intrapulmonary fluid accumulated and quantified. 

~ypoxia does not appear a factor as exposure to &6% 
, 

oxygen did not reverse this impairment. Possible theories 
" 

are an i'nterference wi th surface interaction between the 
' . . , 

phagocyte and the microbe, ~nd the Alteration of p~lmonary 

surfactant with the pulmonary edema. In the ensuing 8 

years, deve19pment and addition of an in vitro bactericidal 

test of the pulmonary macrophage, performed after the AN~U 

production of edema spowed a definite functional defact. 

./1 
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-Hernor,rhagic Shock: 
• J " 

The formation of high perrneability edems with the so called 
, . 

shock lung ha s, etiologies' with the underly~~rfusion 

insult, as weIl as the type and method of resuscitation 

that ensues. The syndro~e·that often becomes evideht in 

patients who 'recei,ve greater than 8-10 units of banked 

j blold might also be called transfusion lung, as we have 

J 

earlier mentîonèd • 

• 

'~tor: that have bee:,n il1crim;nated with transfusion 

re~~s causi~~_a picture of shock lu~g are multi.l~~, 
but there are currently two dominant factors. The first 

is related to the infusion af microemboli within the 

stored banked blood; and the second to p1atelet aggregation 

within the +ung beds, as weIl as a leukocyte sensitization, 
/ . 

causing a complement activated reaction within the 1ung 

beds after multiple transfusions. This information is 
j 

fro~ work ~one in rat 1ungs after bleeding 25\ total body. 

weight and then replacing shed blood 'i~ equivalent ~ounts 

(U,147 ) e. 

The conceP,t of hemorrhage induced lymphatic fa1lure is 

,examineq by another group as the most important .etiology 
1[\ 

for pulmonary edema. Using the lymph fistula technique 
, ' 

\ 

ln sheep, Mali~ demonstrated that the net transvascular 

pro te in flux actually decreased during the period of 
. /~ 

hemorrhagic shock, but that putmcnary edema àeveloped 

(~O). Therefcre, he concludes that the edema ,>Was net 

due to an increase in the lujng vascular enélothelial 

j 

1 
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permeability, but more 1ikely due to hemorrhage-induced 

lymphatic "failure n
• .. 

The endothe1ial cell represents approximately 30% of the 
11 -

! 
total extravascular tissue rnass within the lung and may 

represent an important site f~r acèumukati~n ra~er than 

the interstitial space. Unlike the interstitial space, 

the endothelial space is not drained by lymphatic"effluents. 

Finally, swelling, which ls noted in tbe endothelial cells, 

may in fact be ~he basis of a rise in the pulmonary vascular 
• . ' 

resistance pressure which we have noted is assocrated with 
J 

many situations of respira tory failure. 

, 
-.Peep: 

Any discussion of the concept of pulmonary edema particularly 

in the clinical situation has to include a brief discussion 
'. 

of the effects~ if any, of positive end expi:r:atory pressure 

ventilation or PEEP. Three separate studies examined the 

effectiveness of up to 10 cm of water on non-cardiac 

pulmonary edema in animal models. Hopewell found that 

the measurement of pulmonary extravascular water as measured 

by wet-to-dry lung weights in dogs was not significantly 

different with or without the 10 cm of PEEP. He initiated 

pulmonary edema using alloxan (86). 

~taub e~fectively found the sarne result with E Coli induced 
! 

edema; that positive pressure did not change the trans-

vascular lung fluid balance. The unchanged filtra~n rate 

,,' 1 
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with and without PEEP i5 explained by the redistribution 

of pressures. The rise in pulmonary vascular pressure 

from PEEP is blanced.by an equal rise in the peri­

microvascular interstitial fluid pressure (163). 

In a final paper 1 Bredenberg and Webb examin~d dogs in 

whom they stu,died the high pressure type of pulmonary ) 
1 

edema created ~Y 1eft atrial balloon. PEEP in this 

condi tion did not effect lung lymph flow 1 but it did 
-' ' 

increase effective lung volume, as well as pleural 

pressure and pulmonary vadcular pressure. Any effect 

in raising the pa02 that it may have is probably related 

to the effective increase in the gas exchanging alveoli 

~ 

-Colleid versus Crystalloid: 
\ 

The controversy ef whether ta utili.ze colloid or (crystalloid 

in the resuscitation- of the shockpatient, i5 hotly debated 

in surgical specialties. In Staub prepared sheep: before, 

during, and after hemorrhagic shock, the affects of changes 

in plasma oncotie pressure on t(e pulmonary t~ansvascular 
, .,.,.' 

/ 

fluid filtration was stud'iéd ( 37). Fifty percent of the 
\ 

blood volume was lost over a 3 hour peried, in unanaesthetized 

sheep. Resuscitatio~' was with either shed blC?od or R'inger' s 

lactate sufficient to increase the left atrial pres~ure and 

the cardiae output to a baseline level. 

Lymph f10w increased by 115 to 120% in bath situations, 

1 • 
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/ 

utilizinq' either Ringer' s lactate or shed bleod. Plasma 

oncotic pressure decreased by 50% wi th Ringer t s lactate 

infusion and increased with b100d to a gradient less than 

4 mm than blood. The compensa tory mechanisrn appears to 

be a similar decrease in t;te interstitial oncotic pressure 

to keep the gradient in a steady state. Therefore, the 

effective transvascular flow ls unchanged. Situatigns 

where the compensa tory ability i5 absent because of 

"lymphatic failure" or ninterstitial saturation" is where 

pulmonary edema or the 50 called shock lung picture can 

easily develop secondary te transfusions (37,38 ) • 
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EXPERIMENTAL 
j 

INTRODUCTION: -

In basic research, everything is just the 
opposite.' What you need at the outset is a 
high degree of uncertaintYi otherwise, it 

117. 

isn' t likely to he an important problern. You 
start with an incornplete roster of facts, 
characterized by their arnbiguity; often the 
problem consists of discovering the connections 
between unrelated pieces' of information (172). 

The motivation to study lung immunology is based on its 

enormous clinical significance, as has been stressed through-

oùt the review seotions. Oaily a physician in clinical 

~ , is faced with just the problems we have discussed. 
; 

Not uncommonly, one has the realization that much is unknown 

about the lung, particularly with respect to local immunology. 
j 

The field is as large, as it is interesting, a~d we therefore 

chose to focus our attention on the single variable of 

atelectasis and its effects, if any, on bacterial clearance, 

lymphatics,' and a11 mediated immunity. At the outset, we 

enurnerated the model characteristics, particularly sûnplicity 

and reproducibility for which we would look during our 

review. 

-Study Objectives: 

Thé first question we asked~ was does atelectasis in fact 

impair bacteria~ clearance as compared to normal, well­

aerated lung tissue in an otherwise similar condition? 
,;; 

If the answer was positive', we then wished to examine 

tsevéral possible etiologies~ The first was Any resultant 

.. _._.-----L., .. ____ . ___ ..., .. ._.-- .-
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dysfunction of the alveolar macrophage whose importance 

in coordinating local lung irnmunology has been weIl 
. 

supported by the 1iterature. The second was the concept 

of exit pathways available to the lung, allowing rapid 

and unhindered rernoval of ingested and partially ingested 

bacteria. These pathways take the form of lymphatics, 

blood, and mucociliary. 

The capability of testing the AM (CMI) function was devel~ped 

in our laboratory during the study period. This necessi·tated 
" a-thorough review of the current l~terature, as weIl as more 

than a little trial and error in developing our techniques. 

Recognizing the importance of the subject, our laboratory 

i5 actively continuing research in this area of lung 

immunology. 

METHODS AND MATE RIALS : 

-Model Preparation: 

Twenty-five conditioned Yorkshire swine of both sexes were 

used, weighing approximately 16-25 kg. AnimaIs were fasted 

on the night before surgery, and were eliminated from study 

if they had been on antibiotics for Any reason, or showed 
! 

signs of infection, particularly respira tory. They were 

anaesthetized by intravenous injection of sodium pento-

barbital (30 mg/kg); and additiona1 amounts Were administered 

as needed during the procedure. 

An endotracheal tube was p1aced after an initial broncho-

) 
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. pulmonary lavage, and the animal ventilated on a Harvard 

volume respirator wi th 21% oxygen and a tidal volumé of 

15 ml/kg. At no time was a general anaesthetic adrninistered. 

Prepara tory surgery required a 2-3 hour period of ventilation. 

A number la PE tube was introduced into the rignt pulmonary 

lymphatic duct using the technique of Vreim and Okuda 

mentioned earlier. Lymphatic tributaries into the ampulla 

was ligated as needed by the small Weck clips. Tubing was 

connected ta a tuberculin syringe which intermitt~ntly 

required a 0.1 ml flush of heparinized saline to maintain 

patency. ~he wound was closed te accommodate tubing and 

adaptor for overnight monitoring. 
) 

AlI animaIs received a total of le5s than 1,000 ml of 

Ringer's lactate intraveneusly over the 24 hour period. 

-Base1ine Measurements: 

Flqure l i5 the worksheet we devel,oped on each animal 

experiment, and it contains the samples and measurements 

that we obtained. In the first 8 experiments, we obtained 

these at baseline or 0 hour, and hour1y up to 6 heurs. 

For the final 17 experiments, we obtained 0 hour and 24 

hour samples and measurements. 

J1 
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PICU ________________________ Kg~ ____________ SEX~ __________ ~DATE __ ~----. 

PROCEDURE :.-.-___ ....;XRAY? _____ ---._---.:TlME,BEGAN ________ E.NDEl> ____ f 

MICROBIOLOGY: 

ORGANISM QU~~TITY -------------------
lŒTHOD GlVEN 

CULTURES LYMPHOH 
~---------------

OH R ________ L~ ____ _ 24H ---------------
24H RL '--_________ LL"--__ _ 

RU _________ LU. ___ _ 

BLOOD OH 

24H 

, TRACHEA OH 

24H 

HISTOLOGY: LUNG R: OH 24H 1 (248 ) 

L: OH 248 (248 ) 

LYMPa O~ 

24H 

OBSERVATIONS: 

MACROPHAGES 

OH R: NUMBER MORPHOLOGY 

CHEMOTAXIS FHAGOCYTOS1S 

L: NUMBER MORPHOLOGY 

CHEMOTAXIS PR..-\GOCY'IOS 1S § Ji 
.~ 

~.~ 

24H R: NUMBER l'IORPHOLOGY 

CHEMOTAXIS PHAGOCYTOSIS -

BAC'XERICIDAL J 

L: NUMBER MORPHOLOGY . 

ClIEMOTAXIS PIUGOCYTOSrS 

BACTERICmAl. . 
j 

OBSERVATIONS: , 

Ln1PH - PROCEDURE FLOW RA'XE OH-6H 
24-26 H 

PRO'IEIN SERUM PRO'XIIN . 

Figure I: Worksheet used on each 24 hour exper~ment. 
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-Bronchopulmonary Lava2e: 

Bronchopulmonary lavage was perforrned using the Jackson 

straight bronchoscope to lavage and aspirate 25 cc of 

normal saline into the right lower lobe. Specimen was 

retrieved in sputum sample trap and immediately trans-

ferred to a polypropylene tube and placed on ice. In 

the inital 8 experirnents, samples obtained from both 

lungs did not vary significantly, and in the final 

experiments the assumption was, made that the one specimen 

from a normal animal represented a bilateral baseline. 

The lavage specimens were routinely examined by light 

\"':p'-istology and occasionally (4 animaIs) by electron-., , 
l, • 

'ml.croscopy. Cell differentials were done on aU specimens 

as part of the preparation for AM function testing which 

we will discuss in a la ter section • 

-Lymph Flow: 

The ly.mph flow over a 3-4 hour period was measured and flow 
1 

\ 

expressed as ml/ho Specimens were routinely obtained for 

light histology using a hematoxylin and eosin (H and E) stain 

and a Geimsa stain to observe cellular content and morphology. 

A specimen was likewise sUbmitteQ for culture, and for total 

pro,tein placed on ice immediately. 

One animal was pretreated for 24 hours with 100 mg indo­

methacin suppository B.I.D. as part of our interest in 
. \ 

prostaglandin balance and flûid/protein transudation. 

This 1ine of investigation was , of course, preliminary 

and may warrant further work. 
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-Blood Anatysis: 

'Aseptically, blood was taken simultaneously as lymph 
1 

from the right eKternal jugular.' Samples were routinely 

submit~ed for total protei~after being cooled, and for 

cultures as weIl. 

-Tissue Anal 

Alung was obtained by aseptic percu taneous 

needle biopsy of the left lower lobe. The specimen was 

submitted for qualitative culture analysis. Bilateral 

mini-thoracotomies ~ere performed again in the first 8 

experiments, and quantitative culture results of the bilateral 

tissue samples·consistantly revea1ed no growth for the 
1 

specifie bacteria to be instilled. Therefore, the single 

needle biopsy obtained the sarne information with less trauma 

to the ~horax. Post-biopsy chest X-ray did not reveal any 

&ignificant pneumothoraces. Tissue specimens at 24-hours 

were obtained through bilateral thoracotomies before sacrifice 

of the animal, and were quantitatively cultured. Samples 
. 

were also examined histologically using an H and E stain •. --

/ , 

After baseline proced~res are çompleted, the animal is 

transferr~d to a modified Mark IV respirator for aerosolized 

infusion qf 10 oc of; 108 bacterium (see Fig. II). The jet 

nebulizer atomizes the solution, which is delivered at a 

pressure setting of 30-35 ~nd under 5 cm of H20 PEEP. The 

inoculation requires less than an hour; after which th,e animlal 

is removed from the respirator if able or supported te~porarily 

on the volume respirator. The exh~lation wa~er was sterilized 

J 
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bacteria under 5 cm PEEP. L~Ph fistula is completed. 

".... 
~ , 

." 

.... 
N 
W 

\ 

l 

! 

1 

·1 

----------------.... ~ '--

r 
i 
f-

1 
~ . 

i 
i , 

t 
1 -



: - 'f~ t. " ........ ~~ .. ,~ -<___. __ ~~"_~"_"""'~I<-"" .... _ .. -..., ____ ....--~ __ ;----~_. _._ ....... I._ .. _ .. __ .. ____ • _______ ;-., ___ hllJf_.~._ .... , .... 1d_J 1/: '"'" 

t 
~; 

',' 
~ . . ' ... 
% 
," , 

i ( 
~ ,: 

1 

124. 

with the addition of' an antiseptic solurion to reduce the 

number of viable exhaled bacteria. ,-
/ 

In 3 final experiments, the AM fu~ction was examined with 

collapse,only without infection. 
/ 

':'Colla:ese: 

JJ 

Collapse of the lung was achieved by 2 techniques for the 

first 8 experiments, after which one was used exclusively~ 
j 

'1 

The first and primary technique involves the. introduction 

of 2 Swan-Ganz balloon catheters in tandem endObronChial~\ 
into the right main bronchus or into the right apical 

, 

bronchus if the anfmal weigh~d less than 20 kg '(Figure III). 

The balloons were inflated with quick-dry epoxy to 
1 

prevent Any deflation over the 24 hour periode Catheters 
! 

were modified to exit the trachea in the neck to avoid 

damage by mastication. 

The second technique to collapse the right lung was by the 

introductlon of air under 40 mm Hg to create a right pneumo-

thorax (Figure IV). A '18- gauge needle was placed per­

cutaneously with a p~essure bulb to introduce'the air. 
1 

Col1apse was cond~cted undèr fluoroscopic control, as weIl, 

and post-chest~-ray~ were taken to confirm the co11apse. 

AnimaIs were removed from Any ventilatory assistance when 
) 

awake antl returned to an overnight holding cage with a'low 

dose morphine ,drip (10 mg in 1 liter) runhing. 

Il 
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by instil.ling air under 40-45 mm ,Hg. 
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At 24 hours, the animal was returned to the operaUng 

theater and a repèat of the base!ine measurements and 

tissue/fluid samples were take!n prior to sacrifice. 

, , 

-Mlcrobiology: / 

Four separate bacteria were utilized in our study, the 
1 

first 3 discarded over the iqitial 6 experiments. The 

C?rganism uti1;i,zed in the 1ast 16 experiment~ was 
-

Streptococcus pneumoniae (or pneurnoçoccus), Type III. 

The other bacteria examined were in order: Pasteurella 

for the first 2, e.Qjogenous E Coli in the next 2, and 

S taphy lococcus Aureus the next 2. Pneumococcus Type I 

was used in 1 experiment. AlI bacteria were prepared 

overnight in TSB culture medium to a concentration tha"t 
1 

, B J 
was verified of 10 organisms per ml. 

The bacterial quantitation technique utilized for lung 

tissue is as follows: 

-Bacterial Quanti taUon: 

/ 

1- Containers are" preweighed 
lII'it 

and hold a known weight 1 

of TSB culture mediwn. 
\ / 

2- Lung tissue 1s added, and/-the container i6 reweighed. 
\ 

3- The tissue is ground usirtg a "Polytron" homogenizer, 

4~ - the suspension ls diluted according ta ~ viable 

count method as established by Miles and Mizron 

(see below). 

) 

s- A viable count is performed and the number of organisms 

per gram weight of tissue is calculated. 

1 ~ -

Il 
,1 

" 

1 

1 
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-Viable Count: 

1- Tenfo1d dilutions of 10-1 to 10-5 or 

(0.5 ml plus 4.5 ml of TSB) are maâe. 

2- Three blood agar plates are dried for 1 hour 

at 37°C. 

3- The plates are divided into 6 sections, and 

1 drop (1/50 mIr of each dilution is placed 

onto each segment (0 to 10-5>. The spécimens 

are tested in triplicate. 

4- Specimens a~e then incubated at 370 C for 18 

hours and segments are read with 20 to 200 

counts/segment. The cou nt is averaged from 

3 plates. 

-Alveolar Macrophage Tests: 

The 'lavage specimens are transferred immediately to the 

lab in chilled polypropylene tubes, and the AM are collected 

in the following procedures. A cell count and differential 

is performed as the initial step in the process. 

, . 
-Technique for tOtal and differential cell count: 

1 

1- For total cell count use hemocytometer and express 

the count as cells per ml. 

2- For differential cell count, 0.1 ml of cell suépension 

was cytocentrifuged at 1,500 RPMs for 5 minutes and 

allowed to dry. It was then stained with Diff-quik 

Ci (Harleco), a Wright's stain. 

3- One hundred cells were counted under oil immersion . -) 
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and the percentage of macrophages was made. 

~- The cell suspension was centrifuged, noting 

the volume at 1,500 RPMs for 10 minutes and 

the pellet was resuspended in ,the medium with 

10% fetal calf serum in order to have a final 

concentration of 2 x 106 macrophages per cc. 

5- cell suspensions are kept on ice at, aIl times. 

-Chemotaxis: 

Chemotactic factors were experimented with throughout the 

study to obtain the optimum responses. We utilized mainly, , \ 

8 experiments, endotoxin-activated- serum, and in 4 

experiments the tripeptides --n-formly methionyl alanine 

and n-formly methionyl phenylalanine. 

-
-Chemotaxis Assay: 

1- AlI assays are,run in triplicate using RPMI 

medium 1640 and 20 millimolars of Hepes Buffer 

as diluent (1ower chamber of the Blindwell chamber). 

~2- The lower chambers were prepared using 200 ml with 

3-

4-

a) control chambers with medium alone and 

b) to the lower chambers, each dilution of the 
,~ 

chemotactic factor in the medium was added. 
\ . 

A membrane or' filter with pore size 5 microns madE}- ~ 

/ . 
by Neuroprobe Corp. (Bethseda, Md.) is then applied 

to the chamber and the chamber is incubated at 39°C 

with C02. 

200 microliters of 2 x 106 macrophages per ml 
1\ 

suspension ia pipetted into the Dulbecco's medium 

?!l' 
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and 10% fetaL calf serum, thus providing 506,000 

macrophages in the upper chamber. 

5- This solution is then incubated at 370C with C02 

for 4 hours. After incubation, the membranes 

are removed carefully and placed upside down on a 

slide, to dry and stain them with Diff-quik. Under 

immersion oil, the macrophages per 20 fields were 

counted. 

-Phagocytosis: 

As in the chemotaxis technique, we made modifications during 

the study. In particular,J{ we utilized a tube system made 

of polypropylene (Falcan 12 x 75 mm cap), in place of the 

weIl system; that will be discussed in a later section. 

In the initial 3 exper~ments, we utilized the latex bead 

technique, but quickl~ discarded it in favor of the less 

subjective, more accurate radio-isotope method. 

-Phagocytosis Assay: 

1- 500,000 macrophages in 1 ml Oulbecco's medium and 

10% fetal calf se~~re added to 16 mm culture 

wells (Tissue Culture Cluster 24, Costar) and 

incubated 2 to 3 hours at 37°C with 5% C02 in 
1 

moist air. 

2- The macrophage mono-layer iB washed with l ml medium 

and 10% fetal calf serum 2 to 3 times to remove non-

adherent cells. 

3- 0.5 ml of chromium 51-EAIgG in medium of 10% fetal 

ca'l1.f seruin is then added and the mixture incuba ted 
.. 

_____ -- ·.,· .. ,',·+,-···-_, __________ ~.JI _________________ _..~, 
• 
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l hour at 37°c with 5% C02 in moist air, then 

washed 3 ta 4 times with VBs-gel buffer. The 

pellet is resuspended in 25 ml of medium and 10% 

fetal calf serum is added. 

4- The specimen is washed with VBS-gel buffer (isotonic 

veronal buffered saline with 0.1% gelatin, 0.001 

molar Mg and 0.0001 molar Ca ), to which is 

added 0.5 ml of lysing buffer for 60 seconds until 

aIl non-phagocytized erythrocytes Ea are lysed. , 

The macrophage mono-layer is washed twice wi th . 

1 ml of VBS':"gel. 

,,5~ Finally, 0.6 ml of sodium dodecyl sulphate 0.5\ 

i8 added and a'0.5 ml sample i8 counted ip ~he 

ga~a-counter, the total count being 0.5 ml of 

SI-Cr-EAIgG and a percentage of phagocytosis. 

j 
The chromium tagged mixture' is made by mixing l ml erythrocyte 

of concentration l x 109 cells per ml with 0.5 ml of rabbit 

anti-Forsmann antisera and 0.1 ml of 51-Cr. 

-Intrace1lular Bactericida1 Assay: 

For 5 of these tests, we used the in vivo'cultur~ medium 
" 

containing Pneumococcus Type III as a phagocytizabl'e bacteria. 

In J other experiments, we utilized in vitro l exposure to 

both E Coli and Staphylcoccus Aureus. 

achieved satisfactory results. 

-Technique: 

Both techniques 

1- Fo1lowing a suitable culture period, the mono-rayer 

, , 
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i6 rinsed and transferred to a medium containing 

---a bacteria1 specifie antibody ina~tivating the 

extracellular organism, but not penetrating the 

phagocyte membranes. 

2- The mono-layer is then washed several times with 

normal saline to remove aIl non-adherent cells. 

3- Culture was then made of this eleansed mono-layer. 

4- The mono-layer was exposed to hypotonie sterile 

water with the freeze~thaw technique using dry 

iee for 45 seconds, to lys~the macrophages to 

release the intracellular organisms. 

5- This was then cu1tured and the comparison between 

the initial and the second cultures revealed the 
• 

percentagé: of viable organisms remaining, or-in 

other words, the bactericidal capabi1ity of that 

macrophage system. 

-Electron Microscopy: 

The centrifuged pellet from the lavage aspirate is fixed in 

glutaraldehyde for 2 hours and rinsed in phosphate buffer. 
~ 

Specimen is th en placed in osmium tetroxide ~or,l hour with 

gràded acetone 25%, 75%, 95% and absolute. Following this, 

it ia embedded with 50-50 acetone an,d epon embedding media, 

and the thin sections are th en stained with uranyl acetate 

and lead citrate for 10 minutes each. 

.. _-----_ ....... 
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RESULTS 

If an experiment turns out precisely as predicted, this 
can be very nice, but it is on1y a great event if at 
the same time it 1s a surprise. You can measure the 

o quality of the work by the intensity of astonishment. 
This surprise can be because it did turn out as predicted 
(in sorne lines of research, 1 percent is accepted as a 
high yield), or it can be confounded because the 
prediction was wrong and samething tota11y expected 
turned up, changing the look of the problem and requiring 
a new ki nd of protoco1. Either way 1 you win (17 ~. 

-Model: 

Aerosolized bacteria with PEEP evenly distributed the inoculating 

bacteria throughout al1 lung fields, part1cular right and left. 

This was established by tissue cultures. 

Collapse of the~lung w~s complete using the modified balloon catheter 

technique. Figures V-VIII are representative photomicrographs of 

the changes the col1apse (and infection) incurred with comparison 

~to the non-collapsed site. 'These examples are taken from the same 

animal who underwent a 24 hour experiment. 

Figure V is lung tissue at baseline, obtained through a needle biopsy. 

Figure VI 1s taken from the non-collapsed site at 24 hours. Although 

1t shows alveo1i septa1 wall thickening'secondary 'to inf1ammation~ 

the architecture) 1s ea511y recognizable and ~ moderate n~~er of 

alveol1 are vent11ated. -
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Normal baseline lung tissue taken ~1th 

needle biopsy. 
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Figure VI: c , non-collapsed lung at ~4 ,hours 

after al inoculation. 
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In contrast is Figure VII whi5h is taken from the 1ung è011apsed 
\ 

by endobronchial obstruction at 24 hours. This demonstrates almost 

total col1apse. particular1y the close-up of the bronchioles in 

Figure VIII are collapsed and cOlmlensurate wlth a very severe 

atelectasis. The cellular infiltrate in the collapsed lung at . \ 

24 hours is prominent1y polymorphonuclear and consistent with an 

early frank pneumonia. 

The second manner of collapse by creating a pneumothorax was 

effective _at aChieving similar results to above. '_ Figure IX 

15 an example of the chest X-ray of an animal with a right pneumo­

,thorax. induced as described earlier. One can appreciate good 

collapse of the lung parenchyma, however. this also demonstrates 
1 

a marked 5hift of the cardiac shadow into the left chest under a 
~ 

tension mechanism. The shift ;5 oarticularly prominent in the 

pig with loose mediastinal attachments~ and resulted in severe 

hemodynamic compromise. In order to cause sufficient parenchymal 

collapse, at least 40 mm Hg pressure had to be placed in the ., 

right hemithorax, causing too great a shi ft. Therefore, this 

technique was' abandone4 after experimentation in the early animal' 

models. 

- '. 
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Figure VII: 
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lung tissue at 24 hours after bacteria 
i' 
1 

instilled and lung'collapsed byendobronchial 

balloon. Inflammatory cell content consistent 

with an early frank pneumonia. 
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J 
Higher photomicrograph of collapsed, 

infected lung at 24 hours. Showing 

col1apse of terminal bronchioles as 

well as alveoli, consistent with a 

severe ~telectasis. 
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Figure IX:. J 
Chest X-ray of pig after creation of a 

right pneumothorax. Note marked shift 

.. of cardiac silhouette into ,left hemithorax. 
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MICROBlOlOGY: 
, 

-Batterial Clearance: 
\ 

Bacteria1 clearance in this case is tHe simultaneous comparison 

between the collapsed and the non-collapsed lung tissue of viable 

remaining bacterial inoculum, in this case Pneumococcus. The 

right lung collapse is constant throughout the experiment, as is 

the left lung as control. Batteriai growth is ~xpressed in powers 

of ten . 

.. "'6 Hour: 

Results from the 0-6 hour experiments (see Table 1) revealed that 

the collapsed lung had greater bacterial growth than the control. 

and therefore, a relatively decreased clearanée function. Figure X 
, -' 

expresses the ~sults as a difference (in powe~~ of 10) between 

collapsed and the non-col1apsed here listed as control and re-
1 

presenting the baseline. The 3 and 6 haur results are approaching 

• 

signifieance with the Student's Pai't-ed t-test -(2 tan), of 0.05 - .• 10 •. 
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TABLE 1 BACTERIAL CLE -.... 

(j RIGHt LUNG (COLLAPSEO) LEFT LUNG {CONTROL} 
# 

" '" 

, H. 6.2 X 103 , "1.2 x 10l 

1 1. 7 X 106 0 
1 x 104 ' 0 

4 . 
2.,5 x 10 10 /. 
1.3 x 102 0 

2 tI. 1.7 x 104 2.3 X 104 

5 x 106 2.3 x 106 

3 X 104 6 x 103 

3.5 X 104 3 x 104 

_. 1.3 x. ~O~ 5.2 X 102 . 

3 H. * 3.3 X 104 6.3-x 103 

9.;5 x 107 3.7 x 103 

1 ~2 x 106 .. 
1.2 x 102 

," 

'1 C, 
,~ 1.5 li 106 7 x 102' 

3.4 x 102 1.7 x 102 

8 l,X 103 
~. 

2.2 x 103 4 H. 
6.3 x ld5 1.7 x 107 

8 x 105 .3 x 102 

1.5 x 104 4 x 105 
1.2 x 102 7.9 x 101 

• 
~ 

5 H. 5.1 x·l02 7.6 x 103 , .. 
4 x 103 3.2 x 10~ 
5 'X 106 .1 Xl 103 

1.2 x 1~2 1.9 x 102 

;' 
6 H. ." 2 .. 7 X -103 8.1 x 102 

3.2 X 107 ( 1.2 x 106 

6 x 1~ 2 x 103- 1 
' ~ .. --

2 X 10 . 2 X 104 

1.7 ,.. 102 ,- ) 
2 x 10~ ,. 

0 * P 0.05 .... O~ 10 
4' " .' , • .. ! 

• 
1 

, . / 1 
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i 
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COLLAPSEO LUNG BACTERIAL GROWTH 

vs NON":COLLAPSED 
N=5 

P: 0.05-0.10 

p: 0.05-0.10 
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HOURS , 
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lung ttssue bacterial clearance collapsed versus non-collapsed. 
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Note decreased clearance in collapsed lung. 
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-24 Hour: 

Bacterial clearance results from the overnight experiments are listed 

numerically in Table 2 and graphica11y ,in Figure XI where theyare 

again expressed "as the difference between the collapsed and non-

co11apsed or control lungs. There;5 almost uniform depression of 

bacteria1 clèarance capacity in the col1apsed lung. The results, 
1 

hoWever. were not statistically significant by Student's P.aired 

t-test (2 11ail). 

, 

TABLE 2: 24 HOUg BACTERIAL CLEARANCE 

RIGHT LUNG ~COLLAPSgo} 
,\ 

LEFT LUNG ( CONTROL) 

4.7x 105 1.2 x 104 

3 x 104 2.2 x 104 

l x 105 1 x 102 

a 0 

8.5 x 106 1.3 x 104 

1 x 101 0 

6 x 103 1.5 x 104 

0 0 

2 x 103 2 x 102 

6- x 104 3 x 103 

1.1 x 103 0 

1 

1 

,1 

1 
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COLLAPSED LUNG BACTERIAL GROWTH 

vs NON-COLLAPSED 

par gram 10 2 

tissue 

Figure XI: 

CONTROLI--~~~~~--------~~~LL~~~--

24 hours 

Lung tissue bacterial clearance at 24 hours 

comparing collapsed to the non-collapsed or 

control. Decreased clearance capabi1ity is , , 

evi dent ; n the coll apsed 1 ung. 
\ 
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,-Exi t Pathway: 

Th~ cultures taken of blood and lymph revealed that each was positive 

for the i nocul ati ng organi sm OYi 2 occasions. However,; nteres ti n91y, 
" 

they were not from simultan~ous experiments. Blood was positive for , 

Pasteurella onc~ and Pneumococcus Illon another occasion. The lymph 

cultures, on the ather hand, bath times grew out Pneumococcus Type II l . 

Figure XIV is one of these lymph samples taken at 24 hours that had a 

positive Pneumococcal culture. A total of 9 lymphatic and 9 blood 

cultures were taken ; n the course of 9 separate experiments. 

PULMONARV LYMPHATICS: 

-Microbiology: 

Culture resu1ts see Microbiology. 

-Lymph Flow: 

Flow as measured in the right lymphatic duct at ba.seline time period 

over 3 hours and at 24 hours over 3 hours are tabulated in Figure XII. 
\ 

Flow rates uniformly increased over the 24 hours from less than 2 ml/hour 

to as much as 25 ml/hour with infeetTon and col1apse. All infected 

lungs were lnoculated'with Pneumacoccus Type III bacteria. Two 

experiments wlth cal1apse alone, without infection, (solid line) 

are tabulated and show generally less increase in flow rate as compared 

to the tombination of infection/collapse. Fi na lly, the animal pre-
----------~' 

treated with indomethacin is included (alternating symbols), and 

1t increased as much as the combination experiments. All increases 

were statistically sfgnif1cant with P value less than 0.01. 

'. ' li U III •. ' 
,_~~._ .. _._.o.....-~_ ......... a-....:........~ __ ~_~J 
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L YMPH FISTULA 

flow-rate 

24 ! 

20 

10 

6 

2 

Oh 24 h 

P< 0.01 

--i-!" Collapsed infected 

-- Collapsed non-infected 

_. -. - Indomethacin 

\ 

Figure xiI: LYR\ph flow rate f'rom right lym!)hatic 'duct 
-' cannulation measured at 1) and 24 hours. .. 
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-lymph: Plasma Protein Ratio: 
... 

147. 

Figure XIII contains the results of the lymph: plasma protein 

measured at baseline and at 24 hours. It shows that the ratio 

consistently increased when the lung was infected, all with 

Pneumococcus Type III, and collapsed. P value was less than 

0.01. 

In marked contrast is the lymph: plasma protein decrease with 

either 24 hour pretreated 

wfthout infection. 

-Histology: 

with indomethacin or col1apse alone 

Figure XIV is the Geimsa stain of lymph taken from an infected, 

collapsed experiment at 24 hours. Thts lymphatic specimen likewise 

was cultured positive for the Pneumococcus Type III used as inoculum. 
) 

The specimen is representative of the 24 hour lymph effluent in the. 

other experiments and is remarkable for its mixed cellular content. 
, 

T~ere are a prominent number of RBC, here many are crenated due to 

artifact, in contrast ta the usuallarge numbers of lymphocytes in 

normal efferent lymphe A number of AMs are prominent in the specimen 

(arrows), as are probable plasma cells or early AMs (open arrow). 

./ 

Al VEOlAR MACROPHAGE FUNCTION: 
. ' 

-Morphology - Light Histology: 

Figures XV-XVIII ,are photom1crographs 0&.. the bronchopulmonary lavage 

fluid taken from the same animal at basel1ne and at 24 hours from the 
J , • 

collapsed and non-collapsedlung. Figure XV 1s a Hright's sta1n of the 

o hour specimen and contains normal appear1ng AM (o!len arrows). as well 

as a clump of plasma cells and lymphocytes (closed arrow). 

: ) 
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L YMPH:PlASMA PROTEIN 

.- ....... ~-- ... .. .., ,.",.-.-.-._l1li ........... ---. . ~ - --­
",.- --- ---. -- ---... .- ----... -

o h 24 h 

---- Collapsed infected P < 0.01 
-_. Collapsed, on-infected 

- ._.- Indomethaci 

Figure XIII: protein ratio 
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Figure XIV: Specimen 24 hour 1ymph from coll apsed. i nfected 
1 

lung. Note prominent background of RBCs, and as ,', 

well AMs (c1osed arrows) and plasma or early 

AMs (open a rrow) . 

• 



150. 

(. 

", , 

1 

1. 

• Figure XV: BaseHne bronchopulmonary lavage specimen . , , 
" 

Open arrows are ~s 'a~ci the ~losed is a grQ,up - ~~ 
• , 

of plasma cell~ and lymphàcy~s", 
l ' 
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151. 

Fi gure XVI ;s a photomi crograph of the lavage specimen taken from 

the control infected (non-collapsed) lung at 24 hours. The bacteria1 

inocu1um was Pneumococcus TyJfè III. There;5 a distinct lack' of 

B-cell response in this specimen as denoted by the relative absence 

of po1ymorphonucleàr cells in comparisen te Figure XVII from the 

. col1apsed lung. The control AMs aopear to be nonnal in cytohistologi'c 

morpho1ogy . 

Figur:e XVI: Bronchopulmonary lavage from infected 

control, non-collapsed lung at 24 hours. 
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. 
Figure XVII 1s a photomicrograph of the bronchopulmonary lavage at 

24 hours from the col1apsed infected lung, from the same animal as 

in preceding. Specifically, the specimen contains a prominent­

infiltration of polymorphonuclear cells. The AMs include numerous 

cytoplasmic vacuolations. but by lilght histology do not appear to 

be abnormal and to vary from the control. Figure XVIII 1s a clump 

of a group of AM from thts specimen and evident is the normal cyto­

histologie architecture we have described earlier (see Macrophages). 
l;- / v 1 

Vacuolization in the cytoplasm 1s very marked in this photomicro-
1 

graphe 

" Figure XVII: Bronchopulmonary lavage specimen fram 

collapsed lung at 24 haurs. Note promfnent 

B-cell as wel1 as T-cell responses ta infection 

and collapse. 
. . j tDLO~~~~/~TW61 
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153. 

Higher powe~' photom;crograph of thé ~4 

hour collaps~d.infected lavage. Note 
\ . 

1 

the numèrous cytoplasmic'vacuolizations 
.. 

'(arrow)· evi~en~ at this power. . . 
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-U1trastructure - E1ectronmicroscopy: 

The fo11owing series Qf e1ectronmicrographs, figures XIX-XXII:. are 

taken of the lavage samples from one animal at 0 hour non-infected, 

and 24 hour i nfected c<;l11apsed and non-co llapsed. The specifi c 
l,' -1!' 

areas and ultrastructùre changes, particularly in the AM, are 

meant ta be representative of the other experiments. EM was not 

routinely done, and in fact, was on1y perfonned in 2 experiments. 

Figure XIX represents a baseline control at a power low enough ta 

ap,preciate the interaction of the AM (open arrow) with the neutr.o­

phil (closed arrows). As we discussed in the review section on the 

AH, the clumping action 'by the granulocytes about the AM is at 

_ least ,in part mediated by chemotactic factors; and represents Inormal 

behavi our and functi on . 

~ 

Baseline AM ultrastruc,ture is examined at higher power in figure XX. 

Evident at thi s power are the elaborate and 'well developed organelle 

systems in the cytoplasm, particularly the mitochond'ria and free 
... 

ri bosomes. Absent i s the cytop 1 asmi c i nc 1 usi on bodi es as we 11 as a i 

prominent pseudopodia formation. An old phagosome is present in the ) 

upper porti on of the AM. 1 
• 
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/ 

Photoelectrônmfcr~ihe baSel ine lavage 

cellular contents, including the AM (open irrow) 

et the center, surrounded by granuJocytes (dark 
J 

arrows). This represents' nonnal ·~c'tfyity 
\ 

(Mag. x 4.()I)O). 
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Figure XX:' 
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, " 

The AM at base1ine contains wel1 formed 

organelles in the cytoplasm. in pa~ticular 

the mitochondria (arrow) and the free 

ribosomes "dusting ll throughout. Large 

arrow indicates an older phagosome. 

(Mag. x 11.601). 
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Figure XXI: 

157. 

...... 
~'.. .., .. ,,. 

AM ultrastructure fram 24 hour infected 

control~ (non-col1apsed) lung. Note large 

nucleus and well formed'organelle systems. 

Pseudopod1a 15 marked with an arrow. 

,(Mag. x 11.600). 
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158. 

, 
Figure XXI 15 an AM at 24 hours after infectiQn from the non-

co11ap5ed or control lung. A prominent nucleolus 15 present 

as well as a well maintained organelle support system in the 

cytoplasm. Free ribosomes are noted throughout, as well as 

pseudopodia formation. 

In contrast to the above, th~ AM from the infected collapsed 1ung 

at 24 ho urs contains a large amount of cytoplasmic or lysosomal . 

inclusion bodies (arrow). In fact, endocytosis is in progress 1n 

." 
\ .... 

the area to the right of the arrow. Although the cell sti11 contains. 

'some m1tochondria, their size and numbers are limited, and,the cyto­

plasm 1s largely replaced by lysosomal enzyme inclusion, part1cularly 

in the area of endocytosi5 - pinocytosis. 
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.~ 

AM ultrastructure fr6m infected co11apsed lung 

at 24 heurs, has large amounts of lysosemal inclusions. 

Pseudopodia are a1so prominent; while the support 

organelles, i.e., the mitochondria. Golgi apparatus, .. 
are much less numerous and well preserved than in 

controls. (Mag. x 11,600). 
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AM CELL COUNT AND DIFFERENTIAL: 

-AM Numbers: 

Table 3 contains the total AM cell count per ml of lavage fluid 

at 6 hours, calculated by the technique previously mentioned. The 

results show that there is a drop in AM numbers in the col1apsed 

infected relative to the control lung at this time. These findings 

are included in figure XXIII as well. 

TABLE 3: AM CELL COUNT AT'O AND 6 HOURS 

The infected collapsed versus the eontrol 

(per ml lavage fluid) 

o Hour 

6.2 x 106 

8 x lD5 

5 x 106 -

6.2'x 106 

6 Hours 

Right (Col1apsed} 

3.9 x 105 

3.S"x 105 

1.4 x 106 

3.9 x 105 

(p 0.05 - 0.10) 

Left (Non-collapsed) 

2.1 x 10~ 
1.0 x la 

5.1 x 106 

6.8 x 105 

'. 
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---, 
The AM numbers for the 24 hour co11apsed infected specimens are 

tabulated in table 4 and graphically il1ustrate in figure XXIII 

which is a composite of the 6 and 24 hour results. 

TABLE 4: Number AMs - Infected col1apsed versus non-collaesed 

lung at 24 hours. 

(per ml) 

Right (Col1apsed) 

3.5 x al 06 

8 x 106 

1.8 x' 107 

3.1 x 107 

1.1 x 107 

1.8 x 107 

9.6 x 105 

2.3 x 107 

1. 7 x 106 

(P 0.05 .. 0.10) 

....... ....,.... .. ,.....-r" -~ .. "" ... ~ __ ----............... "'--"---.........-. .. 

J 

left (Non-col1apsed) 
1.0 x 106 ) ( 

4 x 106 (1 

4.7 x 106 

2.5" x 107 

1.0 x 107 

2.9 x 107 

1.8 x 106 

1.3 x 107 ~ 
5.7 x 104 
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162. 

ALVEOLAR MACROPHAGES COLLAPSED LUNG 

vs NON-COLLAPSED 

288 

P- 0.05-0. 1 0 

6 hours 24 hours 

Figure XXIII: Alveorar macrophages numbers per ml lavage in 
infected collapsed versus non-collapsed at 6 

,and 24 haurs. riote relative decrease at 6 haurs 
and subsequent increase at 24 hours. 

.' 



1 
1 

l , 

;-
" i 

o 

163. 

The AM numbers for the grou~·of non-infected col1apsed experiments 

~ are contai ned in Table 5. Of sorne interest 15 the fact that there 

see!ltlS ta' be no trend towards an i ncreased number in the coll aps.ed, 

in fact, 2 of the 3 are lower. 

, 
TABLE 5: 

(per ml) 

AM NUMBERS FROM NON-INFECT~D COllAPSE VERSUS NON-COlLAPSED 

,Right (collapsed only) 

8.1 x 106 

2.3 x 107 

7.2 x 106 

. , 

-Ce11 Differentia1 Lavage Fluid: 

1 nfec,ted-Co 11 aps ed: 
c 

Left (non-collapsed). 

1.8 x 107 

1.3 x 107 

1.6 x 107 

The percentage of AMs in the lavage specim~n i5 calcùlated as noted 

in methods; and 15 assessed for the infected col1ap5ed experiments 

(again Pneumococcus wa~ used as inoculum). The results are'tabu1ated 

in figure XXIV, where it demonstrates that over 24 hours~ the AM % 

decr~ases in 5 of 7 from baseline, regard1ess·of'manipulation. Also 

svident 1s the fact that'fn 5 of 7, the AM % in the collapsed 1ung 

is less than that in the control, approaching significance at ~ 

.0.05 - 0.10. 
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% MACROPHAGES 

INFECTED: COLLAPSEO vs NON-COLLAPSEO 

100 • Collapsed N=7 

75 

50 

25 

o 

Â Non-collapsed , 
p - 0.05-0.10 

L..J 
o 24 

'--' o 24 

Figure XXIV: 

L..-J 
o 24 

L-..J 
,Q 24 
hours 

L-J 
o 24 

L.....J 
o 24 

The ~ercentage alveolar.macrophages: 

Infected-col1apsed versus non-col1aosed _ 

over,24 hours. 
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% MACROPHAGES 

NON-INFECTEO: 

COLL~PSED vs NON-COLLAPSED 

-Collapsed 

75 
A Non-collapsed 

N=3 

50 

% 

25 

165. 

. \ 

/ 

.. l......J l......J 
o 24 0 24 

o 

hours 

L...J 
o 24 

. 
Figure XXV: % alveolar macrophages non-infected collapsed 

versus,control . 

. 
-Non-infected-Collapsed: 

Figure XXV contains the results from A~ cell differential in lavage 

specimens in non-infected collapsed only experiments. This shows 
. 

the same general trend with a decreased % of AMs in the col1a~sed 

alone compared ta the control in 2 of 3. The results are included 

to list all results, but thesmallnumbers in this series obviously 

cannot support any specifie conc.lusions', 
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CHEMOTAXIS: 24 hour~ 
/ 

COLLAPSED v.s NON-COLLAPSED 

lOO 100 

Chemotaxis results from A~s in i~fected collapsed 

lung versus the control at 24 hours, expressed as . , 
% cHfference. 

ALVEOlAR MACROPHAGE FUNCTION: 

~Chemotaxis: 

AM chemotaxis results for the' infected col1apsed lùng as comp?red­

by percentage ta the control'lung are demonstrated in figure XXVI. 
r,l. 

They indicate a depressed chemotaxis in the colla~sed ~~s. The 

chemotactic factor used was endotoxin-activated serum. The results 

are nct statistically significant. 
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PHAGOCYTOSIS: 24 hours 

COLLAPSED vs NON-COL~APSED 

400 
p: 0.05-0.10 

100 

CONTROL~~~--~~----~------

Figure XXVII: Phagocytosis fo~'A~s from infected col1apsed lung 

• versus non-co11apsed infected (control) at 24 hours 

as 'S di fference. t 

PHAGOCYTOSlS: 

-Infected-Co11apsed: 

Phagocytos1s results are tabu1ated in figure XXVII where the AM 

phagocytosi~ from the 1nfected col1apsed 1ung 1s compared as a 

percentage ta the control lung. Results approach statistical 

significance with P 0.05 - 0.10. 
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P,HA~OCYTOSIS - NON-INFECTED 

COLLAPSED VS NON-COLLAPSED 
TUBES 

4% 

+ 

CONTROL ....... -

-

( 1 

", / 
Figure XXVIII: Phagocytosis for Jl~s from non-infected collapsed 

lung versus non-col1a~sed at 24 hours. 

-Non-infected col1apsed: 

Figure XXVIII shows that the AM phagocytosis did not seem effected, 

e1ther pos1tive1y or negative1y, by co11a95e without infection. 

Indeed, the results betweén the 2 groups eS5ential1y did not vary. 
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-Well-Tube Controvér5Y: 

The results of util1~fng both the usual 16 mm polystytene culture 

well and a 12 x 75 ~ poly~ropy1ene tube for s1multaneous te~ting 

of AM phagocytosis 15 seen in figure XXIX. The polypropylene 1s 

a subs tance ta whi ch macrophages cannat adhere. -The tes ti ng procedure 

which 1s e5spntially the s~ was performed on a single broncho­

pulmonary lavage specimen in 10 separate exper1ments.. Clearly, 

the u~e of the tube yielded signif1cantly greater phagocytos1s 
- . 

-activ1ty than the we11s. p.c 0.001. 

-Bactericidal ASsay: 

B,acter1cidal assay was perfonned on 24 hour 1nfected collap-sed AM 

specimens and compared ta the non-col1apsed ~s. Figure XXX 15 the 

results tabulated as percenta~e d1fference. They demonstrate that 

the AMà fram the collapsed infected side have. in fact, ltDrE! bactericidal 
1 

or intracel1ular killing activity than do those from the control side. 
( 

Results are statistically s1gnificant at P < 0.05. 
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Figure XXIX: Phagoeytos1s performed with the same technique exchanging the routine 
polystxrene wel1, with a polypropylene tube. $Decimens were from the 24 hour 
in1ected cQllaosed lungs. 
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BACTERICIDAL ASSAY: 24 hours 

COLLAPSED vs NON-COLLAPSED 

INFECTED 

. 

--- ----- ----

Fig~re xxx: Bactericid,al (intrac~llular killing) capacity of AAs 

J 1 

from infécted collaosed lung versus control at 24 hours. 

The capacity 1s significantly increased in the col1apsed 

lung specimens relative to the latter. 
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DISCUSSION 

-Model Design: 

Our resul ts show that the di stri bution of aeros-6î i zed bacteri a is 

even throughout al1 lobes. Trinkle, who first used this method, 

obtained the same even distribution results (146). 

The techniques of performing a percutaneous lung bi'Opsy and of 

cannulati ng the r1ght \ lymphati c duct through the neck were used 

to cause the least disruption of respiratory mechanics. As, we 

discussed, the act of ventilation ftself effects the lymph flow 

and a spl1nted chest wall motion secondary to a thor<acotomy would 

cause signi ficant i nterference. 

An original objective to investigate the importance of the mucociliary 

clearance had to be abandoned. By compar1ng bacterial clearance 

rates in the endobronchial collapse to the pneumothorax collapse, 

we had hoped to answer this question. However, the severe hemo­

dynami c compromi se whi ch ensued fram an adequate pneumothorax made 

the technique prohibitive. We certainly recognize the drawbacks 1n 
" 

not examfning th1s important clearance pathway. Âlthough 5uch a 
) 

deficlency remains cl1nical1y relevant, as patients intubated for 
• 

surgery or supporte~ for respfratory failure, have lost the1r muco­

ci11ary clearance capability. 

MIÇROBIOLOGY: 

.. Baater1al Clearanse: 

FroM our data ft would appelr thlt the collapsed lung. under the 
!~ , 

conditions of our ."periment. h.s'a'deereased bacteri.l clèlr.nc. 
, t" 
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capacity. This impairment was evident from the first hour to the,' 

24t~ and would imply that the dysfunction was immediately and 

IIpermenantly" induced. 

Since this technique of measuring bacterial clearance has been in 
9 

use,'a large effort has been made ta discover the most important 

mechanisms. S~l (167) feels that the net rate of bacterial clearance 

fram the lung 15 dependant on: rate of phagocyiosis, bacterial killing', 

physical removal, and lastly bact~rlal multip,11cation. He as does 

Kavet (102) believes that the two most important factors are the first 

2, and that clear~nce per se is very secondary. 

We have found on the contrary that the bacterial clearance has decreased 

in the collapsed lung, in spite of the fact that phaqocytosis and 

bactericidal k111ing were increased. Therefore, we looked at the concept 

of "exit patltwayslI, available to the lung. 

Also, our f1ndings of decreased ,bacterial clearance are at variance 

with Trinkle and his group (146) who found that contusion alone; caused 

by external chest trauma, did not cause a depressed bacterial clearance. 

USing essential1y the same infusion technique, they induced contusion 

by f1r.ing a 22-cal blank agafnst· a quarterplaced .on the chest wall. 
, 

Although th,re 1s à clear sfmilarity to our study, two important , . 

distinctions must be made. First, in our study, bacteri~ were 1nstilled 

. as a single strain. to obv1ate any effects of competitive inhibition 

or facilitation. And second" our coll0pse of the lung parenchyma was 
, 

cons1derably more extensive anp prolonged. Thus possibly account1ng 

'for the .c .... sed cle.rance .ff.cts .1th coll.pt. Ilona. in our work.' 

, 
•• 
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BLOOD: 

From our review work, intravascular exposure to bacteria, either 

system; cally or at Ure lung level, probably provides a very important 

pathway to and from the lung RE system. On the other hand, bacteria 

administered into the a1veoli in sufficient quantities may a1so _" 

utilize this pathway. The consequen~es of introducing bacteria into 

the blood stream at the relàtively slow rate that must occur, because 

of the rapid blood flow t might indeed be very beneficial as a 

IIdilution" effect. 

- It is well known that intact proteins, albumin in particular, can 

be absorbed intact across the air tissue interface (Bensch, Staub, Vaughan, 

Lymphology). Indeed, Vaughan showed as we saw in our review that 

pulmonary blood --absarbs 11 times the album1'n than does pu1monary lymph 

from the alveoli. Figure XXXI is a possible 'exp1an~tion for this, 

, demonstrating the proximity of the alveolus on the left ta the pulmonary 

capillary endothelium as shown in this EM. 

Our res'ults were 2/9 blood cùltures positive and therefore, no definite 

conclusion can be drawn. The site of sampl ing may be importallt to 

detect the lQw leve1s of bacterium as 1 polnted out above. A more 

appropriate site for sampling the blood as a pu1monary clearance . , 

mechani sm woul d be the 1 eft heart. We el ected nof to pursue thi s, 

,a 1 though future work in thi s area mi ght very fruitful. It hO 

doubtfùl that the external jugular blood was contaminated by efferent 
'i)' 

lymphati cs. as the lymph specimens were not s imul taneous ly posJ ti~e. 

\ 
\, 

l '. 

. , , 
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Electronmicrograph of the alveolo-.cap111ary junct1on; -

EP i 5 a type 1 pneumocyte, and i s separa ted from the . 
pUlmonary cap111ary endothe 11 um by the basement 

membrene' (BM.). (From Stoss1167,). 
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LYMPH: '-
Van Ord Alblas (13 ) theori zed that 2 major exit pathways ex; st 

in the lung - airways and mucociliary~ and lymphatics. lThe latter 

1$ processed by bronchus associated lymphoid ti S$ue (BAL T) as seen 

in figure XXXII and taken from one of the ,animals. From here, the 

bacteria within AMs may be ,removed into airways at a higher level, 

or by efferent lymphatics. As we have seen the lymph in the infected 

collapsed situation,contained AMs, the possibility exists that 

bacteria 50 removed was viable or "escaped" ta be recoverable b.r 

culture. We would .have'to conc1ude as in the case of the blood, , , , 

that both may serve as significant exit pathways~' although certainly 

in the case of the lymphatics, our data would not strongly support. 

this. 

MUCOCILIARY: 

On balance, by ~ process of deduction, we feel that the mucoclliary 

elearance 15 'very important for bàctt.r1al clearance. Indeed, it might . , 
be the main reason for the depressed bacterial clearance. l'he sallie' 

conclusicih may, therefore, be val1d part1cularly for atelectasis '", , ' . 

where tenninal a1rways, as well as alveol1 collapse. 

.. 
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" 

'. 
Bronchus associated lymphoid tissue or BALT • 

, 
Tissue was removed fram a pig at the. comp1etion 

of a 24 hour experiment. 
\ Jo, 
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PULMONARY LYMPHATICS: 

-Infected-Col1apsed: 

The significant increasesjin. lymphatic flow rate as well -as the lymph 

ta plasma protein ratio i response to the infection collapse, 

characterize the tranSUdatjon as high penneability edema. As we 

have seen, Brigham and Sta b obta1ned the same results with intravenous 

E Coli. In Brigham's stud \,- the lymph flow increased in th1s manner 

5 times the base1ine value \ (21). Byaerosoli)ed introduction, 
\ 
1 

we obta1ned even greater inCfieases of up to 10 times the baselfne 
1 

values. 

\ 
It would appear that penrieabi~ity response May reflect the opsonization 

, \ ! 
needs of the bacteria - part14ularly those encapsulated, as in this' 

1 ~ 

ca:e. ~n our work, we !O~d trat the inoculation of Strep Pn~umon1ae 

and E Coli both caused a r pid\ influx of polymorphonuclear cells as 
. . 

well as a s,t1mulation of the m crophage." This increase which we noted, 

particu1arly in the lungs whic were collapsed over the non-collapsed 
\ l " 

S1re.. maY ,aga1n represent the nf1ux of opsonins ma1nty 1'n the form of 

c~plement .. Why there 1s an' lfcrease in opsonic requirement on the 
1 • 

C~l1apSed side 1s unexplail1ed: Goldstein (62 ) theorizes that t~ere 

1S a crltical phagocyte to bacteria ratio, after whlch the release of 
l ' 

. 1 1 

soluble factors by the AM cause an influx of PMNs and complement factors. 

and a resultant fncrease in penneabf,lity. This may be one factor. 
1 

Hof (81,82 ) examined ~he opsonfc requirements of Stapb. Aureu! and 

Strep Pneumonlae and found that alveolar macrophages engulfed greater 

thefl 90S of the 5taph. Aureus which was pre-opsonized in 1% album1n 

.that had bltn h84ttcl to destroy. complement. Indeed. he showed that 

" 
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\ 

the small amounts of protein normally found in the alveolar space . 
, ~ 

wQuld be suitable opsonins for alveolar macrophage for Staph. 

Aureus. However, in the case of Strep Pneumoniae, he found, as we 

did, that the alveolar macro-pnagewas unélble to effectlVely phago­

cytize the microbe without complement. We will refer to this in 

the section on phagocytos1s . 

. 
There 1s increased cellular-content of the et'ferent lymph, as we have 

seen, in ~he/fanm of RBCs, neutrophl1s, and AMs, the numbers of wh1ch 

are not normally. present. T-lymphocytes, on the other hand, are. 

This picture is again consistent with an increased permeabi11ty 1n , > 

the alveolo-capillary membrane with a promineqt hemorrhag1c component. 

As early as 1942, Drinker and Warren (149) described this hemorrhagic 

component to the efferent lymph in a sfmilar situation. 

AL VEOLAR MACROPHAGES: 

-Morphol09Y: ' 
/ 

By 11ght histology, the collapsed~lung AM specimens showed increased 

vacuolizations. This finding corresponded to the 8M work that identffied 

increases in lysosomal ir1clusions and an 1ncreas.e 1n the pseudopodia. 

In essence. the AM from the 1nfected cal1apsed lung 1s h1stologically 

more pr1med for endocytos1s, in a type of overdrive as 1t were. 

Indeed~ at 24 hours, this "AM lacks a grea~ deal of support organelles 

1n the fonn of m1tochondria and endoplasmic ret1culum. as we saw on 
, ' 

the EH. 

. Conspicuous by.nùmber 1n the 1nfected coll.psed specimen Ire the poly" 
/' 

, .,.-phonu~ 181.. tell s. Tbair pre.encI' the .. e. i ft lIUCh ,"eter ...... 
• '1 l " 
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than the control spedmen, are a reflection of the opsonic needs 

that we discussed above. Indeed, many of the works we reviewed 

support this view that the extracellular Pneumocoecus, with the. 

specifie capsular polysaccharide, required opsonization a~d 

phagoeytosis by PMNs as well as AMs (72,81 ). 

-Cell Count and Differential: 

The-rebound in n~mbers of AMs from 6 to 24 hours implies a replenish­

ment source. Many workers, notably Golde and Alblas, have attempted 

to put a time as well as source ta this. From our review, replacement 

from both circulating monocytes as well as local lung replication is 

possible within this time period, although too short for a bone 

marrow source. 

The d1fferent1al of the lavage specimen from the infected collapsed 

lungs showed a decrease 1n % relative to the other cells in the fluide 

The total absolute number was greater than the control number. This 

1s again consistent with the influx of neutroph1ls, and immunoglobulinsi 

such as '19G ta act as opson1 ns - all 1 n response to inst111ed bacteria. 

Of'1nterest, 1s the fact that the AM from the non-infected collapsed 

d1d not increase 1n number over the control. One can conclude t~at 
~ . 

the lack of bacterial stimulation 15 the reason. Also, the differential 

.% of AMs d1d not vary cons1stently as was the case with lavage from 

the infected col1apsed lung~ 

The .ffects of collapse alon. and'1n part1cular. pretreatment w1th 
. / 

fndoMthlc1n whU. deserving of note in our Nstllts. any conctus'ohs 
, . 

. , 

, .. 
1 
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drawn would be unwarranted. Of interest are the clinical implications 
'" 1 

for controlling fluid transudation throügh prostaglandin manipulation. 

Certainly, the area warrants further complete investigation. 
J 

Harmsen's study on pig AMs ( 74) revealed that the differentials 

for the normals or controls were 54% alveolar macrophage. 24% 

lymphocytes and 22% heterophil'i c ce 11 s. T -gondi i -1 nf~cted \ias 62%, 

33% and 5% respectively and the Freund's Adjuvant stimulated greater " 

than 85% alveolar macrophage production. These cell differentials 

are somewhat higher than our find'ings, where we f~und an average in 

our controls of 38.91% of macrophages and in our infected col1apsed 
.>In 

lung segment of 33.5% and non-cotlapsed 45.98%. 

ALVEOlAR MACROPHAGE FUNCTION: 

·Chemotaxis: 

/ 

The relative depressed chemotaxis with the AM from the collapsed as' 

opposed to the non-collapsed lung 1s not incompatible with the metabo'ic 

byproducts. See figure XXXIII: The intermed1ates of a superox1de 
" 

anion, in abundance,'is known to be a chemotactic depressant factor. 

Unquest1ona bly, the AM from the col1apsed side i. more active as measured 
:0 

by histology, and by function studies. consequently, its intermed1ates 

may be in ·relatively greater concentration than the other side. 

Also. high leve1s of the chemotatt1c factor CSa cause a _epressfon . 
in AM chemotax1s over a period of e~posure as we revfewed earl1er. 
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PHAGOCYTOSIS 

.3 

'P~ 
~, 1. PEROXIDATION OF UNlArUMTED 

~ 1 FAm AClDI ' 
~ , 2. ? MICROIIICIDAL ACTIVlry 

'\ 
----... H202~ .. _ ' 

NADP.+ "QSH "' 
, ,( '\ "20 + 112 O2 

61=: ::,~= 

NADfIH/ GSSG / H20 

/ 
NAD'H Sb 

O2 OXIDASE • OZ-

i· 
HMPS 

1 --

• 

Figure XXXIII: D1àgram of the metabol1c energy . ~ 
, , 

- . 1 
ptthWay$ Iva11able to the AM 

(frOID StossT). 
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Technical problems with testing inc1udes 2 main areas - ch'emotactic 

factor choiee and fil ter system. Both refleet the problems with 

utiliz:ing previous data, much of which is drawn from the peritoneal 
:il 

or ether speci es macrophage experi ence. 
~ 1 

. We experimented with tripeptides with which Dauber ( 35) reported 

very gaod results 1n guinea pig alveo1ar macrophages. He showed 

that they were more effective than bacteria1 ehemotaètic factor which 

was more effective than lymphocyte derived chemotactic factor which 

was more effective ~han endotoxic activated guinea pig serum. He 

used n-fonnyl meth10nyl alanine t n-fonnyl methionyl phenylalanine: 

(both showed stimulation for migration of p~r1toneal maàophages and 

~lveolar macrophage results wére variable. However, the peptide 

n-fonnyl methfonyl phenylalanine sHowed specifie orientation ta the 
. 

direction of migration of macrophages in vitro which the author took 

as indicating as truly chemotactic. 

We attempted te reproduce these findings with the exact. same peptides 

and we used them at all reasonable dilution strengths, however. we 

were total1y unable to demonstrat& super10rity of these ~hJmotactic 
, - ( 

factors over endotox1n-activated serum. One explana.ti on, of course, 

........ ~.:'Î~l1S speci~S ~ifference. Another one is that these authors did not . ' -
make the distinction in their st;udy between chemokinesis and chemotaxis. 

and that this could explain why they bath had variable responses and 

had orientation that might \l!el1 have been fortu1,tous. ,Other ,explanatfons 

are their- techniques in collect1ng the macrophagesrf"fom the per1toneum 

and from the lung,and the manner of handl1ng wh1ch certa1nly select out 
1 c 
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, 
, , 

sub-populationsthat might be distinctly responsive to various ... 
.. factors. 

" 
Present literature on macrophage "function ~nd in vitro testing, has 

a bas;s in work on the peritoneal w~croPhage, most pr~bably because 

1t 1s so reàdily available, particularly with the mouse. Technically, 
. " . fl 

they are certainly more easily retrieved. This presented some 
, '. 
; . 

problems in interpreting and formulating the data for setting up 

our laboratory during the year to examine the alveolar macrophage. , . 
Dohlman's work (40) in which he examined the in vitro migration of 

~ . 
both ra'bbit alveolar and peritoneal macrophages qUant'itat~d chemotaxis by 

agarose well assay. He compared them under the stimulation of 

rabbit serum, trypti~ fragments of the CS and peijtièie which we 

utilized and 1 referred to earlfer as formyl methionyl phenylalanine 

leucine. Throughout,_!rre peritoneal macrophàge exhibited gr~ater 

ch~otaxis than the alveolar. As wel1, chemokinesis was much greater 

). 

by factors of 2 to 300 than was the~hemotaxis measurement, particularly 
\ / 

in the alveo1ar macr:ophage. 

ln essence then, the heterogenei~y of the monoéytes, a concept thàt 

we explored 1n our review, has to be kept in mind when relating testing 

information between d1fferent monocyte subgroups. 

Further techr1ical changes arE! utilizing an agarose plate system whic'tr~~ 
\, -

we-are currently transferrjng to." This el1minates mechanical barriers 

that the pores ma}' have to the s.omewhat 1 arger (than per_i.toneal) AMs. 
, 

Comb1n1ng this gel filtration technique with the use of 1ung li_ning 
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ma~erial,or the cell'free mate~l may improve 9ur results to 

the significant levels. SGlhwartz (152) showed very good ~ung linin9 
. 

influencepn AM chemotaxis. , 

A fùt~re test which certaiJlly l'ooks simpler and which' we may 

endeavour to utilize is that camparable to our phagocytosis 

test, that is Ilsin~ Cr labeled radfoassay. Gallin (52 ) . 
• 

demonstrates this as a time-saving technique with a great variability, 

in range and capable of being easily standardized. Heushowed 

that the radiation from'the chromium did not influence chemotaxfs. 

PHAGOCYTOSIS: 
") 

The unique capacity of the AM t~Tunction by both aerobic and 
/ 

anaerobic pathways (figure XXXIII) are probably the basis for its 

fncreased phagocytos1s under relatively hypoxic conditions. As 

well, the increased phagocytosis in thè AM from the infected 
" 

collapsed might be a reflection of the increased opsonins available 

for phagocytosis. This 1s aga;n compatible with the observed 
t ~ 

cellular and histologie changes. 

• 
l ' • 

Hanmsen's pig AM work showed thefF phagocytosfs levels were very 

compa,tfb1e with ours. They found in the nonma1s that they had a 
~ \,.. 

phagocytosis 1evel of 21%, of the1r FCA of' 20% and of their T-gondii 

of 19% and that only sheep red blood~ells opsonized with IgG were 

capable of being endocytized or phagocytized. rhe addition of 
. 

complement enhanced the number of the phagocytized particles by 
) " 

Q approxfmately 50%. likewise, he demonstrated that, there are Fe 
. / 

and c9mplement recep~ors on thl alveolar macrophage and thfl 90% 
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. of the porcine 'a1yeolar macrophages havé IgG r~c~p~ors. This ,is' 

.similar to the guinea pig, the rabbit, and the uman. Certainly, 

the Phago~yte-opsoni n iritera~tio~ could accountlfor ,the relati~e 
increase. , 

~ . 

-' ! \ l . A" " ' 

O~e important feature t~at distinguishes matrophages from other . , . 
cells, and which somet'imes becomes an impedim~9t to their study, " .. 
is adherence. The macrophage strongly'adheres to most surfaces" 

particularly glass, t~ form 50 cal1ed mono~layer~, this, in 

distinctipn to lymphocytes. This feature helps' to obtain the cells ~ 

from the lavag; aspirate! on the one hand,-but on the ot~er;/may 

exclude adhered cells from proper inclusi~ in certain in vitro 

tests. This is particularly true of phagocytosis,'and we examined 

the -inh'erent difficulties and inaccuracies with' previous testing 

protocols in our resear~h by,the tube-well interchange. The 

increase in phagocytosis % with the tube, we feel, reflects ~he 

effects of adherenee, and gives a more aeçurate result, th~n 

utilizing the well system. 
1 

BACTERICIDAL: 
" 

A "surpri se" ffnding for us was the significantly increased bacterict"dal ... -, 

capac1ty in the AM from the 1nf~cted collapsed ver$us the control. 

This particularly, as, the bacterial cleàrance was depressed 1n th1s 
-ç 

group. 

\ 

From the morphologie, funct1ona~ features of these very stimulat~d 

AMs, 1t would reasonably Ifol1ow that this function because of the 
/ - , ' 

in~rèased hydrogen peroxide fonm~tion (figure XXXIII) would b~ 
, \ 
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1ncreased. However, this 1s counter to the l1teratur'e- as we 
J 

-. i 
have pOinted out. th~t a defect ,in pulmonary intracellular kil1ing 

1 
\ is more important than clearance (Stossl) pathways. This finding 
\ , ~ 

aga1n, mitigates for· the ,importance of the~e pathways. oart; cularly 
, . 

mucocili ary. The obstructive compMent of atelectasi s might, ' . , 

therefore, accouqt for the decreased bacterial clearance more than 

an AM effect as they are apparently 50 metabol1cally adaptable. 

We a1so noted the technical point that our, in vivo bacterial challenge 

~could be effectjvely used in this test, in place of the usual 1n 
-l " ~ 

vitro test bacterht ,: ~esu1ts from both were compatible, and- perhaps 
) ~ -," ~ 1 

, greater experimenta,l'ut'ilization will be made of this test in -instances 

of localized pu1mQnary 

, \\ 
infections. 
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