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External respiration, the exchange of gages in the lungs

with absorpticon of oxygen in the pulwonary cireculation and elimigagﬁqn;

of carbon dloxide in the expired air, is dependent in part on lstadt

!oespillaries In the walls of the mlrxonary alveoli.

The hlq&ﬁ.inzthe alveolnr cuplllaviss is separsted Irom the

. alveolar air by the vaseular endothelius, the alveolar epithelius,

and thelr baseménﬁ7meMﬁranaai Borzallys only paseous exchange ogcurs
soross this zesbrane. 2lferations in pulmonary cirewlation, anoxin,
various roxious agents znd pathologliesnl changes in the pulmonary
yarangnagg vay breck the alveelar capiliary barrler oy increase the
perneability end 20 lead to the ascumulstion of fiuild, slectrocyins,
Plasma proteins and formed elowenda of the blood in the pulmonsry

alveoll,

Accumalation of eyythroceytes in the slveolsr spaces isg
aoted in e varisty of pathological conditions, and here, as elscwhere,
the extravasated evythrocytes sro known o undergo realdoun with
the foruation of herosiderin and heratoidin, However, experizental
studies of the zechanisms of eryihwocytic desivuctbn in the lung
are few. In the present work gxpﬁrim@nhﬂ have boen degipned Yo

allow obgervation of the seguence of pvents taking place when




Lsalogous and autologous blood is introduced into the tracheobronchial
tree of the rat. Particular éttention has been directed to |
1) the rate and mode of breakdown of erythrocytes
in th;'alvaolia”

ii) thé_ratelof el}minat1on from the lung of the various
pr¢ducts_of erythrocytic destruction, particularly.
hemosiderin. ‘ _ _v o

111) the effect on the pulmonary parenchyma of the presence

of blood in the alveolar spaces.
An attempt has been made to correlate certain of the changes
‘observed in these experimental studies to those occurring in humans

following intra-alveolar haemorfhage of various etiology.'
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‘Cantarow deseribes the formation and structure of hemoglobin

' as followss:
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Hemoglobin is a conjugation of protein, globin and four
j‘molen:n:x:has of heme., Heme is responsible for the colour and oxygens

f carrying properties of hemoglobin; Bach globin molecule consists of

ST

{a peptide unit which may be further subdivided into pairs. Heme is

L e

a type of porphyrin (protoporphyrin) to which is attached an atom of
iron in ferrous form (ferro-protoporphyrin). The difference between

i the hemoglobin molecules of various animal specles resides in the
difference between and sequence of the aminoacid molecules. Porphyrin
f is a cyclic tetrapyrole linked by a methyne (-CH®=) bridge to form a

; large ring structure. Porphyrin containg wany side chains attached %o
the carbbn atom in the pyrole ving. OCnly protoporphyrin III is noreslly
found in nature; Two other histologically important porphyrins are
uroporphyrin and copéoporphyrin. Protoporphyrins are able to form

| complexes with iron to forﬁ hene, Ingramlg believes the formula of
protoporphyrin to be:- ’

CH=CH

2

CH CH

i)

! N.. Fe _.N
’ i N\ CH, - CH
N ,

| . CH ci

- CCOCH

2

.H2 - CH2 - Co0H




Ingertion of’an atom of ferrous iron into protopor?h&rin I1I

forns heme, Heme coupled with globin forme hemoglobin.

Gver all Froduction and degtruction of hemoglobin

(modified from Cantarow).

Amino Acid Pool = Glycine Succinate
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In the catabolisn of henoglobln, the scleoule tresks down indo
irony globin am protoporplyrin. The ifron ol globin ave roeubilized
for synthesis of hemoglobin, and protoporphyrin produces the blle |
plgvent. “ |

15 )
Granlek states the gite of the destruction of the orythrowyte

©¥ hemoglobin molecule appears to beo ik Lhe phagooytes resulting in the

digestlion of the globin, roleage of iron froz heme and conversion of bhe
ving porphyrin to upen chain tetrapyrole (bilirubin)e. Reserve of iven
iz to be f.‘wum in the liver, spleen, tone marvow snd olsowhere. One pard
of the iron reserve ls very cosily mobilised (labile iron pool) Wt e
preszter part ig held in & legs mobile stade. Ivon ig atored chiefly in
vhe ferritin form. The ferritin molecule consists of & cenbral huelens
of high Iron content surrounded Ly a shell of protein. The aalefm‘qn
nicroscope ghows that the iron 1s held in six wicelles of foryic
bydroxide arranged at the corner of a regular cotahedron. Ferritin iz
not detectible with iron stoins beesuse it 18 seatbered toc diffusely in
the m&llg. 37

Shorr found that fevritin is s strong vasodilatator watepisl
atd an antidiuvetic. Ferpitin lsz s mizture of molecules of warying iron |
content igﬁ in presuxmalbly vayying stetes of agzrogation. &cms&ihg Loy
¥imdrote the tern hesosiderin refers %o olusters of iron vigidle with
the light =icroscope. among these elusters ferritin wolecules and obher
substancesy not yot defined, ave been chserved by eleciron nierosoopy.

The tepm hematoldin refers to the orystals within the phagocyies.
They are chemically identienl with the bile pigments.




\ 10 m:»mmim: the cahamcwris c.ifm of hevogiderin & helééhséam
i Gook  sglater i&hai: aamai&m vary in size from five to 20 mlorons An
; t’siamwm Eamai&@rin bag o deep yellow colour reseubling aahra. Gramies
have gharp oulline and ape angular. It is axtmml; roglstant 1o eclvents
| an? acids ove the only chemical which altecks it, It is inscluble in
§ elkalf, Digestion of the tigsue with csustic soda provides the best
! neang of cbtazinimg} a pure guspension of hewosiderin. "e??i‘ﬁh potaasiws
| #orvoryanide and hydrochlordc acid 1t stains derk blue. Iron bocomes
| pore Sively fixeé with passage of time. The pigment consiste of a
Lorvie lwﬁrate with t‘.hé formlayr Peyty(2Hat) probahly axismng in the
hody in c_o"mimting wit_;h argmﬁg watter. It iz p@oLahly & gpeelal
variety of fervic hydvoxije. The gramules of hewosiderin have a defe
Inite physical sﬁm&%m and are not an irregulay particle of a houow
geneoue ohsuicsl ompound. |

Homosliderin gramties in & way resesble evythroeytes, since
the plgwent may be Yemoved leaving substrate o strome intaet, The
plgment conteing & awall asount of caleius and phosphate in addition
0 ivon. With the ordinery light hemosiderin hag no typloal absorpe
tion spectprus bub with ullraviolet light o secondary fluworvescence ig
ohgeyved., The spectrusm of the ycrphyrin 1z zwt seen in the conpoment
of the honosiderin,

fheldon gives gim following aceount of herofuseln. It is
a yellowlish=biroun gmaaﬁ and it ccours in o gmaller and finey grain
than hemosiderin, It 12z rogistant %o soid but sffected by rlkali and
hydrogen peroxide. It iz ivon-fPoe. In the progess of Irenidown of
hemoglobin hemofusein is formed firsht, changing lster on into
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herzogiderin with the lapse of tive, Hemofusein gives a negative
stain for the fat and ivon. Beveral methods of staining ave pro=
posed by various investigators and their usefulness denied by others
becavse 1% is mot ceriain that they were dealing with the same pigment,




The %atnry of the @bmm’h&m and iﬂ‘zwtﬂﬁigﬂﬁiﬁﬂ af m
trealiioun of erythrocytes storts with vircmwﬂ ‘ohgsrvation in
1847, In that year ho observed and degoribed hematoddin in $igmuey
gl he tlﬁ:om,at thet 1% formed within and also outaide Gi' eelld, '
tanghans in 1869, studied the question m@rimanwlly in azzm.m |
and degeribed phagocytosis of ewthmayt&zg e abgorved the i‘wm%&an

| of homatoldin crystels in fowl. Cohmbetnm in 1877 expronsed tho view
that hesstoldin in formed i‘g*m free hetoglobln withont the aid of
| ecellular elezents. Ouincke 1n 1884, injonted dogts blced into doge

subcutansously anl observed the tolring uwp of erythroaytos by oollulay

phagooytes and the fopmaiion of hezosiderine He thought that vhen

| homoglobin Giffuges out from tho cells & Pigzent (Bomatoldtn) ta
froduoed and eryetallizes, In 1858 Houmann  ceme to the conclugion

| Wt Living cells form hemcsidupin oither fron sryiroayics <o

. hezoglobing amd formetion of hematoldin sepresents a chemical provess

of Gesgtruction of egyﬁwawtéa independent of Living cull activity,
Skrzeosita  in 1887 amd 1885 gupported Meunsnn's view and

stated that hesosiderin is forsed owly in a conparadively Large

exfsmvgémﬁimn of blood, apart from the influencs of the Living oull.

1
© Hueck in 1912, care to a gimilsr conslusion,

An entively g&w light was thrown on the mublect by the

| observations of Rich | in 192425 uaing tlasue culture. Iy this
 mothod he showed that erythrocybes added to cultures were taxen up
by mepoderzal eellzy thal they undepwont disintegration within their

gells and thet theve apposred intracellular eryatalline beastoldin both

in rhonboldal form and as neodles. The arystals gave n typlesl Gmelin

| rosobions Cramilar hesosldetin oiso appeared as & Pesiduein the cell,
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lio crystals vere forzed outside cells before the time of their |
eryatalliization within cells. Nich divided pigments derived fyonm
henoglobin into two ag:gism ‘&) iron uggtaming and  B) iron froe,

Hile end Young and Mulr and Niven, to investizate hematoidin
forzation, injected fresh homologous blood or & 607 solution of honge
lcgous hewoglobin in galine subeutancously into rats, oice and rabbits, |
Tissues wers exavined microgccplcally after various lengths of time.
Thelr conclusions weres

1) 1In rice and rats the forsation of the gramior and
crystelline pigrent from erythrocytes, ingeeteé subcutansously, is
intraceliviar.

2) Phagooytosis of erythrooytes iz followed by the forsation
of hemogiderin within 2% hours and henceiderin formation zoes on undil
all of the erythwooytes are digposed of,

3} The formation of hematoldin is first seon in the seventh
day. Orystals of hematoldin give the Guelin reaction as for the bile
plgmant,

4} Changes foliowing injection of hewoglobin are identiosnl
with the changes alfter injvetion of Liood.

5) Yo formation of ghamular or crystalline plgments is
obgerved outgide of the oclls,

6) 1In rabbite, formation of hematoidin 1s not observed.

7) Hewmosiderin when first formed containg bilirﬁbin
constituents end at certain times and under cortain conditions there
occurs a change wherely irvon is discharged from the sell and bilirubin
18 sel free, thereafter crystallizing as hammmm. According o
ulr and Fiven hemosiderin does not represent a definite conpound bub
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merely a devrivative of hewmoglobin which gives the iron rPenction.

Tron may be in vericus conditions of combination end 1s present in
varicus proportions. The hesabtoldin eplifes off fros iron-reseblng
plgment. |

Py

¥egarey | experinentally prodused hemcziderosis of the lung.
e drew blogd frox the inferior wena eava of rabts and injected &6

i intratrscheally fnto other rats. Bither fresh mzﬁm@d Tleod o

heparinized blood was used. The blood was introdused through the

| larynz into the trachea, using o hlunbed nesdle attached to & syringe.
| In ons set of experiments he gave o single lutratraches]l lnjection and
| milled the animals at verious intopvels up Bo ih deys, In othsr groups

of animals he gave ropested Injections of blood and killed the sniusls
after severanl injeoticns. The animals recsiving & single injeetlon of
blood showed hemosiderin asfter two days ord homabtoliln efbey one woelte
The animels peeeiving mitiple endotrachesl injection of blocd shoved
grouping of pigment-containing macrophages in the reglon of the alveolay
duets.

et e e AT
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PART IV

Rets of both sexes of the Sprague-Dowloy strain weiphing
300 to K00 grams were divided into 20 experimental ‘é‘mnps, each
group consisting of six test and thrwe conbtrol! aniuals. The grouds
were mubeyad one to twenty. In the test animsls lsolopous (op
sutalogus) blood was introduced by a cathotor into the trachea op
inte a bropehus, as desoribod holow. Control animals received norsal
galine injected in the save fashion. Anioals weve itled at periods
ef from 12 hours to b4 days, and gope anisals died a% vevious pericds
after the intrapolmonsyy isjection. Animnle 4n 19 groups recoived
a gingle injeetion of tleocd. 4nimals fn ome group (Croup 20)
received muitiple injectionsa.
Gporative Proosdire, The abdomen, chest and undevesurface of the pech

ol the rots were cavelully olippered, The skin vwes ¢lesnged with §07
sleohol. Most of the gprotps wero amnpestheliped Ly injecting intrae
peritonenlly, sodium pentothsl, Some groups were cnaesthetized vAth
gther,

Hlood was drawn ssepitically fros the heart of a val Liphily
anacathetized with ethor. The Llosd wae inmediately placed in s
nepurinized tubs, Jome of the rats died a few simutss laber of maasive
pericardisl Bleeding, but the majority of donor vats eurvived, The
blood of ong st in each group was used for oll supericental rats in
the sapme group. If the donor rat dledy 2 vat added o the group
raseived intrapulponary odd in 1ts gtosd. Thmeg the wajority of
rats recoived isologens blood tut 1P the donoy rab garvived this
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animal received autologous blood. = The time lapse between the
preparation of the blood and the injection into the lungs varied
from 10 minutes to two hours.

| Intrapulmonsry blood wag adminisbered as follows. After
anaesthesia a widline longitudinal incision was made in the gkin and %
subcutaneous tissue, the incision measuring about %wn centimeters in
length and starting a little above the gtermm, Aft@r sepurating the
skin end_subcuténeous tisgue, the muscle of the neck covering the
trachea was bluntly dissected. A longitudinzl ineision wes made in
the traches about five millimecters in length. The heparinized blood
vas drawn into & syringe. & polyehtylene tube having a bore of
approxinetely one millimeter was attached to the needle of the
syeinge., This was introduced through the tracheal opening and with
gentle movement it was pushed down. The tube entered into s bronchus
of a lobe, ususlly one of the lower lobes, At this tine 0.2 milli-
liters of blood were injected and the tube withdrawn. The edges of
the slkin wournd were brought together by the forceps and clamped with
a Ho. 18 metalliec clamp, Host of the animals went through the
operatlon uneventfully, but sone developed dyspnea and a few died
of asphyxia, After varying periods of time, {as shown in the tahlé),
the rats were sacrificed in a tightly closed chloroformecontaining
Jar. Afterlxémoval of the rat from the chloroform jar the thorax
and abdonmen were opened, The thoracic organs wvré removed en bloce
and fixed in 105 buffered formalin, | |

In‘Grcup 20 several injections were givah.in~tha game

animal by a different method, With thﬂ aid of a speculun inserted
through the rat's mouth the larynx wse visualized and a polyeothylens
tube was introduced into it. The catheter was pushed intoc the




it sy TRy
S I T

woties st o
2RSS KRy sty

£y

dArnET
ZEER

VL

trachea Cniy. Through the tuben@;Q‘éilliliters of blood were injected.
The respiratory movement of the rats drew blood into the bronchi., To
each ralt was given "hihé injections, one every third day, agd the
animals were sacrifice& 20 days after the last injection. ‘~

Contral animals rocelived 0.2 milliliters of norm;l saline.
The rest of the grocedure including preparetion, anaesthesxa, time
interval hetween.operation and aacriflee, fixation of tissue and

staining methods, was identical to that used in the experlmental animals.

After Tixation for 24 hours, multiple blocks were taken from
the lungs, including particularly lobes seen tc contain hlood. After
paraffin embedding sections were stained as follows: hematoxylin~-

; phlax%ng and saffron, Gomori method for iron, amidoblack method for
2 2 .

ﬁemoglébin, Gmelin method for hematoidin, Wilder's reticulum stain.
In addition some slides were stained by the Pericdie aci&ischiﬁf method
and some were stained for elastic fibres by Weigertt's method,




Bats in the sane map gonerally showed leglons wvihich vere
groosly amd sicroscopically siailar.

Twelve hours after the introduciion of the Dleod inte the lung,
usurlly one of the lower lobes, the injected area is dark reddish brown
in ¢olour and pubbery in consietenty, The overlying pleura is smcoth.
Ihe aves is relotlively well delinestad end varies i size with the assount
of blood retained in the lung alter injeobion., For the ususl injected o

dosey 0.2 wlillliters of blood, the aven measures approximetely 7 x 5 x 3
: sillizeterg. The lesion ouls with slizht resistancs to revesl a honoe
gonous davk reddish-lrown lustveless tissue, During the next 12 hours
the grosg appenrsnce of the lesion doss not change gignificantly. At
36 to 48 nouwrs the lesion shows 1ittle further change. The overlying
geToss i3 lustreleses and ot the junotion of the blocdecontaining end
sersted arsas of the lungy there i3 o nayrow zone of hyperania. 1In
the next three days the only significant change 1s & mild iightening
of thw colovr of the leslon. AL the £ifth day the losion 13 less flrs
and the lLightening of the poloup of tho Mocdecontaining ares iz more
propounced. The junction between the solid and cersted ares bLocose
lesae distingd. |

Betwwon the sixth and the tenth day the colour ghanges frow
reddliah trown So Light Mrown. The consistency of the tissue becones
lese fire and the injocted srea Liends Into the adjacent seraied ares.
After the btenth day the colour continues to lipghten. 4t about the lhth

T
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doy 1t is QLfficUlt to Alstinguish the injected sres of the lung
and its gonglistency is ayp@axig&taly gloilar {o the wninjected areas,.
(The chenges awe 1llustrated in Fizures 1 to 10).

fn the rats pecelved ﬁultiyla 1axratraanﬁa1'inaéatisms the
grogs findings ave quite differsmts The lungs are yellow snd mottled
pale Laroun. Thasé'nhangas sre present more oy lesg in all lobes. The
congletency is not algnificantly different from the lung of the control
geoup. The sut surfaces aro aleo yellowlsh and mobtled brown.

4 iﬁa%%;%ﬁ&g5&§§§§%i%§i§§%§§é%ﬁﬁiﬁﬁiﬁ,s4- | |
.. A% the 12th hour after the inbtroduction of the blood into the
lungsy wieroscople sections from the injected lobe show the alveolis
alveolayr duets and smell bronchi fo be impacted with evythvooytes. The
nejorlty of erythrogytes ave intast and swell defined but gowe ave
soudged and have a gealloped border.
Fhe fopeation of hemogliobin erystsle is scen in verious fields.
The orystals sve widely spresd, suall amﬁ needleo=-like and mot lsrzer
then the dianeter of an alveolus. They ave rondosly dlatrivoted in
the warious areasg. The alvecll wileh 4id not recelve the injected
vlood and sre loosted distal to ﬁ&e'areas of the injectlona contain
edema £luide The alveolar septs sve congested and widensd and the
capiliarlies in the alweolar walls are pagked with svythrocytos.
Ceaasionally & few polymorphopuciesr leukooytes are seen in the
alvesli, Irnggatains f5il %o show henosiderin, Tho smidoblack stain
for hemoglobin is positive. The erythroeytes and nemoglobin crysials
are biaish»bl&ak‘ The Goelin test for hesatoldin iz negebive.
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At 2% hours after injection seodions of the injected areas
of the lungs roveal portions to bde izpached with the aryﬁhraaytﬁg
heuonglobln cryotala, p@l;marpﬁsmmmlear leukoeoyies and maarap“ag@%
{rigupe 11), The denoity and proporbion of those olonenda vary in the

diffevent aveas of the injected lobe. Almoad one third of the slveslsr

gentent ia ea&p@aw& apparently of intect aﬂg@hroayﬁaa, one third
srudged erytiwooytes and ore third hoemoglobin eryeisis. Gonerallyy
the auount of erythrocybes and hemoglovin evystsls have an inverse
relationship. The roahdown of the érythroecyles 13 nove odvanced

in the zlveoli containing a moderste numbor of then and is glowey

in the alveoli tightly packed with eryilivecybes. The hewoglobin
a@yatal# ape logated in the slveolls alveolsr ducits and ocoasiopnlly
in the lumena of small bronchi. The grest mojority of the erysials
vary Iren tue to 12 sicrons in width and from eight &o 192 nicvons
in length. e colour of the crystals is generally red in sechions
gtalned with hemstoxylin, phiexine and caffyon. The mmaller aryetals
are pove hovogenouvsy dengser and derker. The lorger onos ars paley
atd less homogencus and their cenizsl parts are reddisheyellow. She
ghrpe of the erystals is usually rectangular, oocasionslly fosifers
and rarely dissond shaped. Doth ends of the crystels sre usually
indented and each ond looks like the end of & hvoken dry stieclk,
However, some ¢wryetsls have relaﬁivaly srooth ende. The susher of
srystals varies greatly in the varigus avess. From one to & dozen
zay be present in one glveolus and in $he sawe alveolus crysbals of
variouy slzeg and shapes nay be 2085, When there iz more thap

one erystal in an alveolus the long axis of eagh crosses the other,
Secasionnlily they 1ie parallel like s bunch of watchwstickz. The
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! dispersed chrevatin. Some of the muclel are vesieulor snd conteln ome

Wi

- sany of thom are formed bofore the mscrophnpes appoar in conwideralle

oootrred at this tlse and slveolsar walls sre widened ongd gongested. The

i7

formation of hewpglobin wryatals ag geen under *Eha rloroscope Es:wms

o be as follows, The rod 3‘:3.%&% cells becone snudged with an frvopllay
and hazy border and sobe bedone arvanged into o atraisht 'ts::»ms:z;.a" The
eoils then seew to fuse togethar. Progreassively, thie fused column of |
erytirvooyles bocoves & distinet hproglobin erystal. It appears thad ;
onge o ewoglobln eryetal is Sorwed 1% does not incroase in width s

Durther inoresses im length rmay ccewr, The Preconee of mLQTORGLes
doss not geex neceasary for fovmation of heroglobin grystals boosuns

musbers, Crystals see: to fors sarlier in alvecii moderatoly packed

with erytheooytes, In the dlvesll densely paoked with grythrooyten the

hemoglobln cvystals appear lator but aye Lavger and zope ikl i1kl 0N
Further changes in the other structures of the lung have

interlobular septa and the perilronciisl gonmeative Bispuon are edenatous.
There is & counsiderable Infiltwation of these sreas with polyserpho-
mwloar loubosybes, which ave slgo present in the oiveslsr walls and
in the alveolsy spaces. About 297 of nuclested cells ssen in cnoh
high power field are polymevphomuelenr lewknoytes. Alsost all of the
kolyuoerphomeloar Leukooyies seny irdaot, | e zoderatly packesd slveoll
contein relatively core mlm@ry:wmﬂmr levkonytes than the alveoli
which are densely packed with erythrooytes, |

The sajority of the alveocll contaln a few mmpimsea. in thig
early phase they appesy in clogse comboot with the slveolsr walls, Tach
magrophage had o relatively ovoid muclens conbndning finsly ozl uwnifoprudy

oy nore red muslecli. The miber of mmovophages i ssoh alveolus ig




approximetely in lnverse relationship %:b the pumber of polyzorphos
nuclear leukoayten. The The eytoplasw of mest of the macriphages is

| pele pink and pearly putlined. Oome macmphagea aews wall munﬂ&ﬁ,

wsll 6emeam and t}w:ir cybaplaxm is courgely gram:lar. ?he
granules masm up to about half t‘m aiszeter of & at w;-ythmny’ka
ard are ;}im,i!l solour, The gramules seem to bte the engulfed ;gmﬂieiaa

| af erythraé;rtés.' The iron stzin shows early hewnesiderin i’cma‘bi&ii.
In each high power field there sre a few macrophages with hujsh

| s'x*anv.lea in thcaiz* cytapmam They are premed to be mmpha_g;ea

| which also contaln coarse particles of eryihrocytes, No extras
tellular hemosiderin is seem. The hemogilobin crystals are negative

with Gowori's iron stain., The smidoblack stain is positive For

hemoglobin #rystal.s, erythroeytes and thelr frazmenta.

At 36 hours (Pige. 12y 17, 18, 19) after the injection of

_the klocd ascctions of the injected aves reveal further treskdown of
| exythrocytes. At this tiwe only about 108 of the erythrocybes remain
- intget. Hewoglobin crystals of all sizes are prmant within the

alveolly alveolar ducte and bronchioles. Gowe of the epystels are

| swrrounded by polymorphonuciesy loukooyies. The gmlymmphamalaar

leukooytes do not seen to have ineressed inm nusders in the lagt 12
wurs but they appesr in the centre of the alve’clig vhere the hepow
globin crystels are wmore mumerous. Seme polyzorphomuslest leukocybes
ghow degenmﬁiw changes. The mgw’@hagi&s are furthey increased in
$ize and nuwbers. In many .i‘iema they now outmmber | the polymrphice
nuelear leukooytes. Verious munbers of mitotiec figures are moted.

{ %he proportion of macrophages conbaining eryihrooytes bms increased,

Cecasional ﬁacmpﬁmges contain a whole and apparently iatac‘t aryEhrooyte.
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- The megothelial cells of the pleurs covering the fuvolved srea ave

enlarged angd ymmimnt. Iron staine ghow an inoresged nw‘rxar ok
hesogiderin containing meorophages and slgeo an inevesse in the
asount of heposiderin Within individusl macrophages. Tho antdobiack
stain iz positive and the Ouelin test negetive. The hilar lysplold
tizsue 1g hyperplostie but the iron stain dees not reveal hetxogiderin
in any of these colls, |

At the ¥5th hour (Pizs. 13, Lby 15, 16, 20, 22 and 23) the
homoglobin crystals ave bresking down in most of the avess. AppTowe
ivately 60 per cent are in the process of tveaking down and in 10
per cent of the area they sre so divided inte oinute frégmn‘%;s that
they can havrdly be recognized as hesoglobin crystals. about 30 per
sent of the crystals secn intact. Most of the polysmoyphomsclesr
leukooytes show degenorative ahanges. The nnolesy fragoents of
polycorphonuclear lowkooylies are froquently mized with the fraguents
of troken-doun heoglobin erystals, ilmost all of thw erythroeybes
are turped into bempglobin eryetals ar ave phagooytosed by the
suerophages. Tho masrophages sve forther increased in sime and
ruzber and many of them ave In niitosis., The muelol of the saeraphuges
are from two to five times lavger than erythrocytes and many of the
nmuelel condudn one to fouwr nuoleold, The fraguents of bompglobin
crystals are belng faken up by the mwerophages. Approzimately GG
per cent of the mecrophages centalng within their eyboplass, fragnents
of hemeglobin crystalsy Dr¥agvents of arythrooytes and neovotic polite
sopphonucleny leukecrbes. The ivon steln shows a further inorease of
the hemosiderin pigwment in the merozﬁwgw at thls tibe. 7The Omelin
test 1s negative. The anidetlack stain 18 positive bubt it shows s

quantitative deorease In hamoglobin either avorphous or in erystal form,
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Sixty hours after the injection of the blood inte the lung
(Fig. 21) nearly all of the hamoglobin crystsls are broken down amd have

1 been yhagccy‘homd, c*cc&:sicmallx an intacst hemoglobin ms’tam Bay ve
i geens The p@ly%aryu@gunlear levkooytes arve dimimiﬁhgd in mmbers 2o
'many‘ﬁﬁnw aqgenﬁration and necrogis. The waarophages are gtill in-

ereasing quantilatively. skout 80 per cont of the mucleated cells

1 peen dn eaeh field are pow mecrophages. Ihey avre elther disceste &?‘

forn small elustara. There are significant musbers of mitoses.

{ Cecaslonally a salbinueleated giant oell is.ée&n,' The fron staln showe

a further increase of hewosiderin in the macrophsges. The perilbronchial
an&»ﬁeﬁi&stinml 1ymphoid tissue aeems.hyperp&astia\bu$.dnas not econtain

' hemosiﬁerin. @he anidoblack gtain ls faintxy positive and the Cmalin

test is negative. | |

On the third day after the injection of the bloods there is
a still further inorease in the mmber of macrophages. The polysorphoe
muclear leukocytes, erythrocytes and hemoglebin oyystals heve practicaily
disappeared. The Iron stain shows a further increaze in h@mosiﬁerin.
the apldoblack stain does not vevesl hemoglobin in the lesional tiseus
{execept in srythrocyies in blood vessels),

on the fourth day the majority df the maerophages contaln
hemosiderin, but in vorying ascuntgs In the hematoxylin, phloxine apd
gaffron sbain the cyboplasm of mah&nwacraphagea are more or lessg
rowmish in eolour and thege gells resesble the siﬁereghages of bhe

| Iwan lung. ?he twown pignent cantaina hepogiderin aﬁd gtains pmsitively

for irom. ALl of the mecrophagea are in comtact with the alveolar wells

§ or with each other, Hone appear "lgege” in the aszolﬁr 8puCes, At thls
F tine alwest a1l of the alveoli in the injected ares are inpacted with
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sacropingses. .
Ut the £i0th day (Figs. 2% and 37) it seomn thad there iz no
farther increase in macrophage musbers. Yob thore ig an increase ip the
pereantage of sacrophapes containing hovosidorin and MIDoroUe THOPow
phages asen wore hoavily leden with plpmont.. i’}mm iz gow no fopthey
wﬂ.@lemw ol mﬂcﬁfw@m@i&m of nagropbages. Up bo the Sourth day the
Filpunary tiasue in the fnvolved area ig conpletoly sonselidated b
now the mmmgés begin to bo semarated 1y euply spuces s ?‘cam'sz:
pany seem to *ile frect in tw alvecli. '

on the sixth day (Fig. 36) after the injeetion of lieod into
the lungy one con detect ne further incrosse in hewosiderinecontuinisg
watrophages. For the first tise the OGmelin test boconse positive
in scattored avcas. With this peactlon s yellewlshegreen dust betomsd
vigible for a fov secomds, or actunl erystals zsy Ye seen, Thie
substance 1s hesstoldin whichy chemicalliy, iz ldentical with bitivubdn.
In seotions stained with hesatoxylin, phlowine and gaffyony hematoidin
particles cannot be distinguiehed anidst lyownish grarmles of hesesideriy
within the macrophages., Howsver; with the Comorl technique for iven,
anorphous and  orystalline reterial of goldensyeliow to pale brown

colouration iz apparent in addition o ihs bluewstaining hesosideris
geamiles. Ihis nalerisl nay perhapn be hewvatolding 43 appoared m
meovophaces in sechiong oul at 5 spsce of tizes nicronag fvou ami.ipm
giving the positive Guelin test. Crysials vary 1n gize and chape bub
are nostly polygonsl amd are ipansluesnt. They ore m@mnw Ainteitabed
in the cells end were not soen In an extrsesllulay Em‘-;atime

A% the soventh day (Fig. 28) there is z fwrther incresss of
srystals thought to be hesaloldin within the opboploos of individual

i
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paorophages and alse in each ficld thore sre zore puecroiheges Torwing

} nematoldine. The pusber of the meorophages has ﬁ@a‘:wwezﬁ ard apuces

E
i
t

botyeen mmphams soen for the flvet time on the aixsh duyy are

becozling largar.

Fros the eighth to ‘337& "’m@m} Gy (Flge. 25, 26; &7
295 31y 325 33y 3%y 35, 38 and 39) two najor changes ocour in the

| tiesuss There i contimwed slow diminution in the mmber of wacrophopse |
| and a relative incrouse of what I presuse to be hamatoldin erystals.

There are ¢luaps w: hemmidwm»mﬁamma ratrophages detached fron

| ths alveclor walla, and "iying free* within the lumens of the alveoli.
! Algo sggregations of similar mmphages BB mmnﬁ in the alveeloy
! ducts vhere they open inte ronchloles and within ths lunoens of the

Yronchicles. ':’«m alveckar lusens, chwoled with cslls in eariicr stages,

| now resppear and becoue wore and vore prosinent. AL about two veeks
| after the injention, the mmevophoges appear for the most part as if

attached to the mi}, ei’” the gﬁ,mli and oMy & Dow avre **ﬁ':me“ within

| alvoolar speces. oot of them wa’z:airx more hossholdln than hewoziderin

Hithin the ﬁhﬁm’x woels (Figos 305 40y ¥, apd B4) the
clesvance ol the m.am,gmgﬁs “‘mn‘: the Yong eonblmuss and ob the end
of thig perlod tm‘: psrenciya of the lung has reburned almost to the
morual state. However, still the tiseus ie studded with macrophages

. in contset with alveolar walls,

oy e Ye——m = e e
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: in the zate which recelved multiple intretracheal

l injections (Fige, 42 and 43) the change in the lungs was different
Tron that ceewrring in snisels meteiving a single injectlon into

| & Iobes There was a diffuse and w424 Infiltraticn of all lobes by

| naerophiages. The vajority of the alvesli contain s fow nacrorbases
apparently attached to their walls. Hosomiderin and bewmatoldin was

| present in alundance in wost of the macrophiages. The gomeral pattern
of the lung wes unchanged and the shape of the alvecli wos well pro-
served, Ho polymorphonuclear leukocytes, hemoplobin orystals or
Ankinealveclsy erythrooytes were goed,

B b 7

The Lungs of the comirol groups, grossly, o not show aiy
significant pathological changes, Oone of the lunge of the centrol
groupsy sacrificed after 12 and it hmm*émm moyr pinkisy than m’a@ﬁ;-
#leroseoploally, sone of the geotlons token zfter 12 and 2% hours
after injestion of the normal ssline reveal a =ild congestion of the
mpﬂlwmé of the lung, Howevers mest of the contrel sections wrs
unrenavkalle, Cenerally the Jowori iron glains the amidoblack stein
. fop homoglobin snd the Guelin tests were nogative, Howevery in
| oecaszional seotions soattered racvophagoe gave a powitive rascetion
| for iron.
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As shown in the tabley ¢ach sest group eonglisted aﬁ' rine
,3 m‘aw six of which recoived intrepulmonsry injeation of blood and

: three of which received normal saline, In 10 of the 20 groups soms
rats died durlng the experiment (one rat in each of eight groups, w@ j‘
| ¥ata in oach of five proups and three Pats in each of thvee groups).

At autopsy these animale revealed severe bilateval tronchopnetonia,
often with pelreonary shacoss Sorastion and gomebires with evidenos of
crganization of the inflammatory proocess. Approximetely 20 per cent

F of thoge antmals swrwivipg to the end of the teat perlod ghowed

g bronchopneuronia of roderate intensity. Deecause of the cozplicmted

.' sicgoucople ploture in which Ivonchopnsusonic changes wore pixed

with changes attpibutabile to resetion to injected Wood, these

andmals were mot gtudled intensivolys. Heorophsze veectlon ang
erythrooytic hvoakdown appeaved t0 be irvegulsy and it ig ny impwession
that olearance of the lung from plegocytes was. pebarded or halied.
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Alter g simple intrabronehial injection of 0;2 pilliliters

{of disclogous blood, the E&lmd»céntminm{s aren of the lung grossly
{resenbles a pulmonary infarct. Kierosecopically hemoglobin erystals

are geen og early as 12 hours and they rapldly ilooreazse quantitatively
rcaching a peak about 36 heours after injection of the blocod. By the

end of the third day alwmost sll of the hemoglobin eryatala have baen

| phagocytized by nocrophages. 4 polymorphomuclesr leuwkoeytic infiltration
i

sof the involved lung is concurrent with the hemoglobin erystal formation,

H

g?hg,pﬁlymarphmnnclear leuwkooytes becure degenerated snd are algo

épﬁmgecytizad by macrophages. The macropheges appsay in the pulmonery
%alvmoli gsometines botween 12 and 2% hours after Injection of blood

| and they are a vain facter in the clesvanco of the injected erythro-
Ecytes from the lung and the formation of the various substances

§aygaars in the cytoplesn of the macrophsges agpraximataly'2h~haurs
Eaf%@r'ths intrabronchial injection of blood:, The quantity of the
heposiderin in the wacrophages rapidly inorecses and in the meantine

%jac&icn of blood. “Free" zacrophages containing blood pigment appesr on

the £ifth day in the alveolar ducts, bronchloles and lavger btronehi, and
?’tnay are pregsent in diminishing nustera until the end of the experinent.
-gﬁ@prmximataly three vesks after injection of blood the parenchyns of

;.
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the lung has returned to normal, save for the prééence of scattered
plgnent-illed macrophages.'

In caseg of multipla intratraaheal 1n39ctians of blood, the

pulaconary reaction and the process of the breakdown of the hemaglobin
is egsentlally sim lar to that taking plaee when a gingle intrabrenehial

injection of blood is given. However, in cases of ALY
injection, the pu&mcnary reaction is diffuse and all 10bes are pro-
§ portionately 1nyolved.

Control animals recaiving intrapulmongry injections of normal
| galine show no,éﬁ;monary gbnnrmality exeaph for the fact that cccasional
hexosidern fielé'§Acrophagan, closely applied to alveolar walls océﬁ??cé
I in sore gectlons of the lungs of some animals.

A muzber of asnimals developed bronchopneuronias of these soue
died during the test perisd. Some survived to the end of the experiment,
| The preéence of btronchepneuconia altersd considerably and seswed to

§ retard the sequence of events ocourring following introduction of blood
g inte the lungs.

| MOTE: These observations are shown on e graph. fee PART X.
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PARY VI

When erythrocytes gain entrance into the alveoli of the lung
they are taken up_hygmacrophagas and hemosgiderin is formed with resulﬁ-
ant hezosiderosis of pulmonary tissue, In patholggical states
erythroeytes may gain entrance intoc the alveoli when the pniﬁduary
circulation is disturbed or the pulmonary tissue diseased. 4 simple
Gassification of cauées of pwlmonary herosiderosis based on standard
text-book accounts {(142,3) follows:

I -~ PBecondary pulmonary hemcalderosls
1 -~ Following passive venous congestlon
a) brown induration of lung
b} hypostatic congestion of lung
2 « Following pulronary embolism and infarctilon
3 « Following pulmonary arierlcsclerosis
L « Pollowing pulronary arteriovencus fistule
ITI - Primary (Pidiopathic®) pulmonary hemoslderosis
gs ocours in two main types
This is always associated with

hyperﬁensi&n in the pulmenary ¢ircult. Ihe cause
of the inerease of the pressure in the lungs is
usually zitral stencsis but emphysesa, long
gtanding cardiac failure, aortiec insufflciency,
pleural adhesionz, marked diminution in the lung
volume, silicosls, some types of congenltal heart

disease are among the pathological conditions which
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may be assooimted with pulwonary hypertension. The lunge ave byown,
indurated and difficulat to cut, Under the uievoscopss dilated,
toptuons, mmgeated ind thiekened alwenlar eapiilarice may w sem. .
The wmost characﬁarlamc £inding is the presemco of nany :zaempm‘,aa 1&:&1@31
with hemeaiderin gmnules, These are the sowealled “heart Cailure cells®,
b} Hypostatic cencestion, This io s very common sondition. In a '
minor degree it my b found in almost every autopsy. It is ehametw» '
ized by aemu.l&mm cf bloud 1n the lower and posterior paris of the
lung. This is due to velaxation of the vegsaly and wesknegs of the
hsartts adtion, The pasterior poriion of the lung pay sppear sonsolidetod
ie it }.asts pore than a few days dlapedegis of the erythrocyies cgours.
gl rmen prhelise and infaretl Ary physiesl ssgs which enters the
systenle venous n‘:irmxlmmm £ it has a dlaszeler of nore than about
20 mimm, may b opught in the pulconary vesgels, Mogt ¢componly this
physical mass ig an onbolug coming from thrombotlc material fovmed in
the veins of the leg lmt olusps of bacteria, tumour collsy faty air
and smniotic £ludd behave in a ginllisr way. Forsally, the pavenchyms of
the lung iz supplied with & doudble ciremiation (bronchinl sod pulsonary).
For the developsent of an infarct in the lung, prior digturbaness of
beth eiveulations are vequired, Thus; in assooiztion with pulmonary
arterial chstmuction, concosmitant cardiae failure is necessary for
the produstion of pulsonavy infarection. If the infareh develops
capillary welly in the aves of the infarotion cannot vetain the
erythrooytes and bloed enters the alveoll, The part of the lung which
has lopt its cireuletion bedones nectoric and 1g evenbually replaced
by herosiderin-laden scar %issue. Ewen though the heard is not in
failurey intre-alveclar hemorrhage may still develop, Shls ig due
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;;tm the . disturbance of cireulation distal to the blocked areay back
éipressure within the capill&ries and relative anoxia of tissue.

.g Hicroscopically, in cases of pu*manary infaretion, necrosis of fhe
iialveolar wall does exlst, 1In the absenee of an infarct, the alveoli

ffcantain erythrocytes but the alveolar walls are viable. Because the '

;jparenchyma of the lung in th&s area 1s not necrotic phagocytosis of the

Tgcauses of the secondary type is increase of the blood pressure within

igtha palmonary artery and its branches. ﬂhny of the diseases of the |
; parenchymn of the l;fL
% pressure 1n ths 1ungs.ﬁ The primary type (‘ayerzats disease) is

Z characterized by dyspnea cyanosis, polycythemia and @iffuse pulmonary
. arteriolosclerosis with or without associated pulmonary fibresis.

Produces a shunt and shcrt circuit
i of blobd;, The shunt facilitates transmission of the arterial pressure
into the pulmonary veln and consequently an 1nsrease in eapillary.

{ pressure, gso that alveolar herorrhage occurs.

: According to Harrison idiopatnic pnlmonary hemosiderosis is a

f relatively uncommon pulmonary disease that results from recurrent

{ hemorrhage into the lung. The etiology of the hemorrhages are known.
: 1

7
i1 Ceelen in 1931 described the pathological findings in twe children with

L3
the disease which, in 19#8, was gélled by'wyllie idiopathic pulmonary

£ hemosiderosis. By 1958, Branson was able tc colleet from the literature

| 93'cases, 56 in children under 16 years of age and 37 in adults.

and the valves of the heart may 1ncrease bloo& |
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. & fow hours to several fdays and subside siowly, There follows a

-geseond or third decades of 1ife but the disease is seen at all ages

31

According to Branson the patient &g usually pale and hecoptysis,
peraistent cough and dyspmes are common elinieal findings. An
inter@itﬁanx_fvvsr way be present. The acute synptoms last from

synpton-free interval except for general weakness and pallor,

Thia £ree intepQQL pay last fyron awvef&l'wweks'ta geveral sonthg.
Howevsr, acut&ﬁéxacsrbatiens sre repeated after variousvlanatha\afff}:
tine, Phyaic&izfindings‘may bo. scanty. In some cases hepabode
Plenoregaly anﬁ,jéunﬁiae pay oecur and signa of pulwonasry filrosis
and gor pulronale with eyanosiz, orthopnea snd clubbing of the
fingers,may'&péﬁar. Latoratory investigation shows hyperchromic
wicrocytic anmordia, The hemoglobin level cheracteristieslly lles

in the range fr¢m 2 gramg to 7 graws per cent., The bode marrow ig
mormal or may”showmnwythraiﬁ hyperplasia, The gerun Ivon ig lew

and the iron binding capacity of the sevum is high. The erythrocyte
sount is usumlly in the vieimity of 2 to 3 million per cubic millimeterd
The wost significent laboratory finding is the presence of hemoniferin
laden macrophages in the spubtux or in gastric aspivations.

The sealority of 2dult sages are cliinleally dlagnosed dqupring the

and in both sexes. In approximstely tweoethirds of fh@ cases the
first chest X-ray shows the dlsease. The typical pattern of the
lesion is desoribed as "diffuse fine grainy® or "ground glass
infiltrate® or “fine stippling”, The leslon is rost promipent in
the hilar areas and baséa of the Lungs, The greatest infilirstion
cgours during c¢linicel exascerbatiocns anﬁ‘thare iz partisl cr
complete clearing in intervals between attacks, The ¢lse of the
conselidations varies from & Lew millimeters to two or three
centimeters in dianetew, S";?L}.ﬂ:anlz has sentioned the Lfollowing in

—e
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the differentisl disgnosic of Idiopathic pilvonary henosideresliss
willary tuberculowls, sarcoidesis, yuvwsoconiosis, lyuphangitis
saroinonatosa and eollagen discases invelving the lung. Gocasiomally
sitral sterceis producss olinicals radivlogicel und pathologieal
findings very simllar to those of idiopathic pltomery hemosiderosis,
Fllman hos deseribed two cages of milronary hemosiderosis in patients
unown Yo have had oitrsl stencsis for soveral yesrs. The cheah Xersy
shiwed a silisry patiern in the lung. Ab mumwm despite the prosonce
of nany hemosiderin-Tilled macropheges in both lungs, thers wes mindsmal
fibrosis. This author concluded that chronic pulsmenary congestion and
hemogidercels do not alweys produce a pulmomsry fitrosis or lrown
induration. |

Regarding the grogoosis of the disesse in & serles of 3b oases
repoyted by Drangsony 13 were salive abt the end of 10 years alter the
clinical diagnosis. “The longest durntion of the disease was in the
mi;glmﬁmngof 20 yeavrs and the shoyrtest was 18 nontha, The

patient uwounlly dies of intercurrent pulscnary infection,

Wyllie descrided ihe pathologicsl findings in idiopathlc pmv:smary
henogiderosis as followss Bost of the alveoll contalsn adezatous

19id or passes of pignentelsden pnorophages or ovythrogyton as ﬁé&. N

regult of & move resent henovrhage.  The slveolsr walls are thickened
from increase in reticulun apd collagen and the slveolar duots show
Wyportrophied snooth suscle bundleg. The elagtie Lilwes have
couplebely dissppesred fyor the walle of wany alveoll, In olher

aress they show varying degrees of degeneration. Thoy ave often torn,
fitrillated or appesr a3 pluzps stareshaped bodics. Tue intraseilular
septa are moderstoly thick and formed by edemstous loose conneciive
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tissue with namerous distended capillaries. Seall and mediun siged
vessgels are algo ¢longated and sﬁret»hed in appearance and they show
£ib rillation and disrupblon of el astﬁa fitres in their walls, with
foreign body gient ¢sll reactions .about them. The bronchopulmonary
superior and inferior trachechbronchisl lymph nodes show simus N
eaﬁarrh and the presence in the pexipheral and central a&nnsas af .
hemosi&erinrladen macrcpnages, Some fbreign body type giant cells thn
degenerated ironrbdaﬁsﬁ clastic fibres are found in the s&nuses. The
other organs do not roveal significant pathological change.

Concerning the pﬁﬁhngenesis of idiopathic pulmama#y,hemosiéerasis
there are several hypcthggea.

1. FHancekievill %elieveg thet the primary change nay be
degeneration of the clastie tiassues of the lung. The
m&j@fity of investigators consider these changes to be
the effect and not the cause of the disecase. The degree
of elastic change is proportionsl to the duration of the
illness. _ 4

2e Staineraginzroduned4the consept of autowsensiiigation in
this disease. He thinks that the perrmeability of the
pulmonary capillaries is altered by an antigen-antibedy
resction. BHe congiders thet the spleon has a role in auto-
gensitization as a member of the reticulo-endothelisl systen
The lung reacts ne & shock orga

3., TFerguson ot allssuggest that the intrapulzonary heworrhage
stems from the ahastomosis present between branches of
milropary arberial and tronchial arterisl tree. Following
the elevaied pressure in the pulmonary arteries, these

vessels become congested, varicose and widened simllar
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to the varices in portal hypertension. .
Lendrum:et gi 22‘?3bel1eve diapedaois of erythrocytes .

to be due to congestion between the branches of the .
pulmonary and the. bronchial arterial tree. "‘hey th_nk o
that marked pulmonary hypertenéion must exist as in |
cases of mitral stenosis and other types of heert disease.'o
Herzogl?belleves the essential change in the disease to . l‘
be a proliferation or hyperplasia of capillarv S lwl
argyrophllic fibrils. He demonstrated nnmerous tortuous

or sinuous capillary proliferations, about which there

was apéabnormal increase in argyrophilic retioulum.

Propst showed an increage in acid mucopolysaocharides in

the wall of the small blood vessels in the inlra-alveolar
oePQa, thougnt to cause weakening of elastic flbres.
According to him, as the result of this, vascular dilatation

and bleeding by diapedesgis occurs. He compares idiopathio

nulmonary hemosiderosis to senile elastosis and states
that it may be a form of arachnodactyly, |
The.hematologic‘pattern is that of e recurrenf loss of
blood inlthe ebsence of external hemorrhege,'essooiated
with an.lncreese of hemopoeisls. Some cases in the acute
stage have cold agglutinines. Wyllie et.al suggest
agglutinins represent a secondary antibody response to

a destroyed erythrocyte.




"PART VI1
DIBCUSSION
o The gross and mieroscopic ‘changes occurring in the lungs of
;%rats following intrabronchial and intratracheal injections of blood

g'seams,to depend in part on the following.
{ volume of 0,2 milliliters of isologous or autologous blood but the eaact

Bach rat reeaived 2 megsured

'g amcunt of blood reaehing the 1ung retained there is not known. . It seemed
| that in intrabronchial injections that ‘the major portion of the blood
% reached one lobe of the lung but sone may have teen dispersed more S
§ widely in%o other lobes and some may have escaped from the lung entirely.
g Furthermore, in somg.instances, the voluze of inxra-alveolar bleod may
9 have exoceeded thé'ﬁblﬁma of injected blood due te intrapulmonary
| bleeding resulting from trauma during catheterization, In most of the
| animalé'ﬁacrifieed 12 and 24 hours after intrabronchial injection of
blocd,_approximately»one third of the volume of a lower lobe of the lung
. was occupied by the Mlcod. If a lobe of the lung contained blood up to
one third of its volﬁﬁeAthe process of the breakdown of erythrocybes
was reiatively uniforn throughout the blood-containing area., In cases
in whiéh more than about one third of the lobe contained blood the
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variocus stages of~erythrocytie and removal took place in & more

SRR TN R

irregular manner,

2. Ilme, In the majority of the animals aboul three weeks were
necessary for breskdown of the injected erythrocytes and almost complete
clearance of the produCts of blood cell disintegration from the lung.
Eoueve?, gcattered pigment-filled macrophages‘were still présent even
three weelts after the injection.

3. Superizposed Bronghopneumonia., Superimposed bronchopneumonia

appeared to hinder the macrophage response, phagocytosis and diginte-
gration of erythrocytes. ¥When in repair following inflammation fibroszis
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takas place, hemosidarinpcontaining macrophages remain in the fibkrotie

2011&3.

parenchyma of the rat 1ung'seeﬁé‘te be able to rid itéalf faster from

the same mmount of blood if it is relabively uniformly distrituted in

the lung. This situation Yakes place when blood is injected inteae
tracheally., The. wespiratcry novement of the lung draws the blood 1nta
the alveoli and ﬁhe blcoﬂ is uniformly dlstributed thruughcut the lahes.
If an equsl amount of blood is acoumilabed in one lobe more time is.
required for the clearance of the injected blood, This is the case_'fﬁ -
even vhen the blood iz introduced into a lobe through intrabronchial
cathetorization.

For the sake of systematic consideration of pathological
changes taking place in pulmenary tissues in this sxperinent hemoglobin
erystal formatlon, poiyﬁcrphnnuslear leukocytiec inflltration, macrayhage
activity, hewosiﬂerin and other pigment formation and changes baking
place in the pulmenary parenchyma will be considered eeparately. The
relevance of the éxpérimenial findings to certain protlems related o

human pulmonary hewmogiderosis will also be discussed.
: Generally the injected

erythrocytes fors hemoglobin crystals but some® the red bleod cells ave
rhagooytozed as'sudh or after degeneration and fragwentation without
hewoglobin erystal formation, The formation of hemoglobin erystals

does not seem to require the presence of polysorphonuclear leukocytes

or macrophages. The crystals Legin to form in the centve of the al veoll
when no other cells exnept eryithrogcytes are preseni. The crystals form
in the lumens of bronehi, asg well as in alveoli, It ssems that the
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foruation of hemcglobin erystels ig & pﬁy&:&emmcal rather than a
bologlesl resetiens The hemoglobin eryebels do not provoke mere

'- renction than intact or degeneveted erythrooyies, Ohege within the

. oytoplass of the ﬁﬂmﬁwmsg the intast and degenerated erythrooytes
znd the h@mglahm -ms%ms ave treated and procsssed in an idenblasl

£ manner.

Zolvzorpipmucieas Zagliooytes. Thece ave first to app@s.}.' in |
‘f;; x-eaponm to the m&s@m of mtram&mmv bloacd. Wr; the m*t!arm

| oytea and the hmoglabin erystale are not phagocytosed by the poly=

sorphomicloar leuvkoeytes. In ordinary cages the polymorphormucloar

| leukoeytes heemm'awx*atm and are later phagocyioped by mmmﬂ.

In eages where there are histelopical evidences of infeshion, the

polyrovphonuslesy Mukeay‘baﬁ varkedly increass ﬂwrxt'maﬁw..:f and

betone the dominant eell in the tissues,

; : : Thepe are & punder of hypotheses about the

srigin of the wmpmma wiilel appear in the alveolil of the lung, bat

mﬁf ¢ proven d@i’inite,,.y. The possible origin of alml&r mm;;hages

a]ra 'f} Fonooytes Lron thgkairmtmg bicod pass x’:‘m'mh the alvecler

wall and enter the alvecli., 2 Histiocybic oells of the inkerstitial

tiggae and pxﬂ.tremry sep%g are the origin of the mtiﬂa«-fza}.wulﬁr macroriages

2) The 1ldving opithelial <dells of tho slweoll are abis io become |

ymgacﬁie gelly, 3?) | Hrtrapaloonnyy z-"et;im:wméﬂmu&l ezlls and 30

pulnonary vasculay endothelivem are the origin of intra=@veclar nonrollnzos.
The sacrophagey whatever its origin, is the zowt inportant cell

in pulrenary phagooytosis of erythrogyries and their products. Seotlons

tuiten from the injeoted avea of the lung, afier various interwsls of

tive show the appesvance of nacropbages between 12 and 24 howrs after the

ia,jwtien of bloofl,. The macrophages aggrogate around the hemogledbin o

e
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erystales. Latery hemoglobin crystals lose their shape ang hecone
fragmented, In the meantime in the cyteplasm of the macrophages
fraguents of the hemoglobin crystals appear. From these observations
it sgeeme possible that ihe aactophages have some role in causing
fragoentation af‘hemoglabin cryglals prior to phagocytoaia.

I : In and e Hemogiderla appesrs

in the aytopiasm af the macraphages % %e 7 hours after they have taken
up the hemoglobin erystals and appreximately 2% hours after injection
of blood into ths 1ung. Gomori's iron resction shows formabion of thﬁ
hemosiderin enly in the maeraphagea which contain frapments of
hemoglobin erystals or erythrocytes. Probably the ensymatic activity
of some intra eytmplaam structure of the macrophgfes is responsible fbr
the breakdown of the hemoglobin into 1ts moeity. The hemosiderin 13
one of the products of the hreskdown. In the earlier stages of its
formation hemosidefin, &8 geen with Gomori's iren.reaction, appears
as & faintly bluish and diffuse substance in the oytoplase of the
nmacrophages. With the peasage of time, the amount of hemosiderin
within the macrophages increases and the hemoglderin forms coarse, dark :
blue and irregular clumps. No extracsllular formetion of hemosiderin
ig observed. It does not seom that hemosiderin is transferred fronm

the macropheges to other cells, From the observations made on the
phagocytes it seems that, if the asount of hermoglobin ¢rystals taken
up by the macrophages ig within the 1imit of the functiomal capacity
of the enzymatic system of the macrophages, the breakdown of the
engulfod subflanee. goes on. Ag a resulty various clements including
hematoldin are formed. _ |

Cne may apeculate that when the macrophage 1s loaded beyond
its capacity to handle the substance which it has enguifed the intra~




| cellular breakdown of hemoglobin slows down and later on ceases.

% As seen with the light microseope, there are macrophages in the lumen of

% the alveoll, alveolar duct and bronchioles with no visible attachment

{ to adjacent structures. The majority of these macrcphages'have a

Z oytoplasm packed with hemogiderin and zometimes with hematoidin or a

?3 nixture of bothe - Fbssibly they ave the overloaded macrophages, whieh ave
| detached from the alveolar wall and become wandering phagocytes in

§ the alveoli and alveolar dueka,

ronar arel ! 1o I did not. ﬁiﬁd any pathological
changes in the- stroma of the lung and Wilder's reﬁimgjnm sbaing periodic-
acid-Schif? stain and Welgert's elastic tissue stain élsa did not revesl
abnormalities. I_believﬂ that the blood per se has no p&rticularly
permanent harmful effect on the perenchyns of the lung and within
certain limits the lung is able to clear itself completely in about
three weeks without sequela., In cases in which there was superimpoged
bronchopneusonis, as mentioned above, the whole process of Gestruction
of blood and clearance of it from the lung is interfered with.

opary Ivwphold Idssue. The peribronchial and mediasiinsl
lymphold tissue of the lung becomes hyperplaatic from the first day of
the experiment and remeins so until abouf the 20th day by which time

the lung has almost been cleared of injected blood, At mo time are
hermeslderin-containing macrophages gseen in the lymph nodes.. tccasicnally
a slight amount of irom-positive material is seen free in the lymphoid
tisgue but a similar observation is made in control groups. This would
seen to indicate that, ordinarilys the lymphailc gystem does not take
part in clearing hemosiderin-containing nacrophages from the lung.
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Hempglobin orystal. £ormuoa waa A, atrii:ins featm:a in the :mngs el tlm
rats, occurring. as surly as 12 hoprs. ai‘i'&er ’Z’-he m&#ﬁtim ai' tlood and.
disappeaping by i;he @r&ﬁ ef the. thiz'd Aayy ; 4
, I knowy is. Rob. mewﬂe& fmlz.owing pmmamy hemmwlmga :m mm nop

have 1.obseyved in m sona. 1509 autapaieaa mgax'e‘y mﬁed Imaeglabi.&
erystal formation. m tim lunaa af mta remivmg intmtrwhm .’méectim |
of klood but. did m% &isma %hia fmam in hig. payer.

ORI cabviqm #ﬁ.ft’erenw hetmen the aimatinn in these. experimnts
and :m Bost. aqndﬂ';m of. pulmmy hemm'haga in imman snb;wm:a is that
'f.' in the ex ‘__\,‘.imntaz, amms ma smlmemm pwamwﬂa and. atat«ns of: the
PUlBOnAry: cirmxl&hicm A8 m’eaumbly mrmal yriar to the entry. af blood

| into. tha pmﬁozmry alveol:h In most mtea of intmpu!,manaw hemorrhage -
ring. An bunans this 15 not ey ebberrations. of puluonazy blood. flow or
' altera%em of lung, pavenchyns or both antedating and frequently bearing
a causal: relationship fo $he intra-alveolsr homorvhage. . The possibility
wagt be consideredy therefores that lack of hemoglobin crystal Sormetion
in.van is due o, $he: fack that in.wost. conditlons in which pulkenary |
§ honorshage gocurs a pathological process presexists la the lung which

may in some way.interfers with the. famatimafths orystale. . Howeyer,

i when hepo

»»»»»»

ff edtustiton, o, nore. slogely, peprodused, and. pulnonary
|| trom closed. chest. injury alsp provides an exazple of intra-slveclar

i heporrhage into prévieusly ‘healthy lungs. In neither of these
eanditiona m nema@cbm m-yataL famatim b@en mted. It 1‘5 troe
that. the crystals ip rats are evwscent, rot appearing wntil 12 hours
after entry of blmd into the lungs and dissppeering by the end of the
third day., NKevertheless, it appears iikely that they would have been

eqntmicn nmaalmﬂg
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cbserved and recorded in sove humans cases did they occur,

It &eems.pbﬂsible that & specles difference'in the structure |

of the hewoglobin molecule way‘explain the ceciwrencs of hemoglobin
crystal fbrmationkinﬁintra-alveelar blood in pats ang thelr absence
in mean. Further ﬁbmk iz obviougly required to éolvé this problemn,

In pr&mary #nd secondary pulmenary'h&masiderosis in man
aggrezations of hemosiderinpladen maeraphages in the alveolar duets
have aroused specglatian. lendrun believed these to be aceounted for
by hemorrhage from“véxices at sites of bronchopulumonary annstoncses
in the mucosa of %érﬁinal dronchioles, He further postulated that
goluble iron reached adjacent pulmonary strosza produﬂing damage and
rezetive changes leading to 1ymphaﬁic obsiruction, which "tended to |
perpetuate the acoumulation® of hamua derin. Magery however, on the
bagis of his experimental work was ;i ﬁhe oplnion that foecal macraphage
aggregations could follow diffuse hemorrhage and were not necessarily
the regult of focallhémorrhage frem dilated anastomases in btronchiolar
walis, He discusaed possible wechanisms to explain,the macrophage

aggregations but diﬁ not come forward with a definite hypothesis.

The presenx wvrk canrir“a that of Magarey, that aronchialar
pural varlces rasnlting from cardia¢ failure are UNNeCeSLsTY fcr-the
ocewrrence of fceal manrephaga aggreg«tions, gince there is no resson
to believe that thg,previqusly healtng experimental animals had
bronehiolar varices;} Likewise there was no evidence of lymphatile
blockage.  . ‘

In oy oﬁinion focal macrophage aggregations can be explained
on the basls that sinee an alveolar duct drains many alvecli it may

e
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he

- congtitute & "bottle neck® for hemosiderin-filled cells, proceeding.

from alveoli, Huch a "bottle neck" is relieved when the cells fimally
reaeh_braﬁghiolaa u&th ciliatea epithmliu;, thus explaining the abssnce
of & aceurnilations in alr passages of larger calibre. .

In auman‘ynlmonary hemosiderosis ogcurring in,states of

‘chironie heart dis@ase fibrous thickening of a;vaular walls about

secumilations oeaurs‘ Londrum considers this and other stromal. ahangas
{Gegeneration of ela&tiea FY3 s retieulum, gvanulawu formation) to be due

to the presence of”irQn emanating from aa~;ntra-alvaolar‘sourae, Ho

guch changes were chserved in the lungs of the rads used in this experi-

ment, even in thcse,réceiving several intrapulaonery injectioﬁs of
bBlood. However, tﬁé'ﬂbsence of intersiitial changes uay well be related
to the timevfactér bécausm the longest aurétion of 1ife followling
instillation of blocd in these experizents was 4% days.
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PART VIII

MMATTY

Izologous and auitclogons blood was introduced inho the lungs of rats
by ‘bronchial eatheterization. The sequence of events that taok place
after 2 gingle injeetion may be summarized as follows:

1.

2,

3

£rythracytes packed in siveoli began to show &egeneraﬁive
changes at sbout 12 hours, and at this uime fmrmation of
hemnglobin exystals also begane The erythro¢ytas seamed

%0 £use inte columng out of uﬁieh erygials app@areﬁ. Crystal
fermatian.reaehsd a peak at appraxiaately 36 haurs. ?ragw

,mentatien of crystals commenae& at about 2% hours an&

phagocytosia of freguented crygtais began %o orcur at ﬁhis
time. By the end of the third day almost sll erystals had
undergons phagocytosisg.

A transient polymorphonuclear leukocytic infiltrate appeared
betveen the 12th hour and the end of the third day, by which
time the polymorphomuclear leukocytes had degenerated and
undergone phagoeyiosis by macrophages.

Macreophages dominated the celiwlar response to injeeteﬁ
intra~alveclar eryhhrocyteé. They were present in recongnizable
munbers at 24 hours, were at a rumeriesl peak by the £ifth day
ang progressively decreaged thereafter. After three weeks
only secatiered macrophages repained. The macrophages engulied
degencrated erythrocytes, fragmented hemoglobin crygtals and
degenerated polynorphonucliear letkocvies.

e T T T




b, Heposiderin was Tirst d@&onstrataﬂ within.magrayhages\'
at 2# hours after the injection of blood, Hemosiderin
increased in quangtity prcgraasivaly as hemoglcbinwcnntaining

‘g By the fifth cr ,
gixth day the magority of aaeropﬂages vere h&avily 1aﬁea .
_ with hemosiderin granuled,

5. A pigm¢n£ considered to be nsﬁatﬁiﬁin.was demonstrable
within macrophages fron the sixth day after the injeetion
of blood., '

6. Three weeks after the injectlon of blood in the lungs

were grossly normal and showed no mieroscopic atnorsality

material decreased within macro hag

gave for the presence of scattered pigment-contalining
sacrophages.
4 number of rats developed bronchopneumania. This inteiered cone
siderably with the segquence of changes described above and in general
seemed to retard them.
In rats receiving wultiple intrtrachesl injections of blood, killed
bl days after the fivst and 20 days after the last injectlon, 21l lobes
of both lungs contained geatiered aggregations of pigmentefilled |
zacrophages but otherwise were normal,
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Figure I~ Lung. I2 hours after intratracheal injection
of blood intc the right lower lobe.
The blood-filled area is sharply demarcated and
dark reddish-brown. The overlying plura is dulled.

PTG,
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Figure 2- Lung. 24 hours
zfter intratracheal injection
of blooé into the left lower

lobe,




Figure 3- Lung. 48 hours after intratracheal injection
of ®lood into the right lower lobe.

-Figure 4- Lung. 3 days
after intratracheal injec-
tion of tlood into right
love. The colour of the
hlood~-filled area is slight-
ly lighter than the corres-
vonding area in previous
photograghs.

9
i




rigure 5- Lung. 4 days after
intratracheal injection of -
bvlood into the right lower
lobve. The blood-filled area is
less sharply demarcated and
less dark in colour.

Figure 6- Lung. 5 days after
intratracheal injection of
blood into the right lower
lobe. The blood-filled area is
of a iLight brown colour.




- Figure 7- Lung. 7 days after
intratracheal injection of
hlood into the right lcwer
lobe. The blood-~filled area is
now a light yellcowish brown
and undistinctly demercated
from the surrocunding tissue.

. Figure &~ Iung. 9 days after
intratrachezl injection of -
hlood into the lower lobe of
left lung. A light greenishe-
yellow zone can he made out
at the lower left of the
photogragh.
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Figure 9~ Lung. JI2 days after
intratracheal injection of
blood into the left lower
lobe. An area at the lower
‘left of the photograph is
faintly yellowish and repre-
sents the arez which contained
blood. . -

Figure I0- Lung. I4 days after
intratrachezl injection of
blood into the left lower lobe.
Scarcely any colour difference
can be perceived to differen-
tiate the area which received
blcod (at the lower left of the
photograph) from the remainder .
of the pulmonary tissue.
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Figure II- Lung. 24 hours after injection of blood.
Alveoli contain intact and degenerating erythrocytes.
Haemoglobin crystals are seen a2t centre and upper left
cf the microphotograph. ‘
Eaematoxylin-phloxine-saffren. x 290

Figure I2- Iung. 36 hours after injection of blood.
Faemoglorin crystals of varicus sizes and shapes are very
numerous. There is an infiltration of pulmonary tissue with

macrophages and polymorphonuclears.
Faematoxylin-phloxine-saffron, X I30




Figure I3- Lung. 48 hours after injecticn of blood.
Almost a2ll the injected erythrocytes have been transformed

into hemoglobin crystals. There is a polymorphonuclear and
macrophagic accumulation.

Faematoxylin-phloxine~saffron. x 90

K Pigure I4- ILung. 48 hours after injection of blood.
| Note crystals present in the lumen of a bronchiole.
| Haematoxylin-phloxine~saffron. x I20
| |
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Figure IS- ILung. 4€ hours after injection of blood,
lfacrophages are very numerous. Note cell in mitosis in
lower left corner of microphotograph. Hemoglobin crystals
are fragmentory and the fragments are being taken up by
macrophages. ‘

Feematoxylin-phloxine-saffron., x 350

Figure I6- Lung. 48 hours after injection of blood.

Break down and phagocytosis of hemoglobin crystals is
shown. Breazk down of polymorphonuclear leukocytes is also
seen.,

Haematoxylin-phloxine-saffron, x 3I0




fFigure I7- Iung. 36 hours after injection of blood.
Femoglobin crystals are bluish-black when stained with
Amidoblack. x 90

Flgure I8~ Lung. 36 hours after injection of blood.
Femoglohin crystals are seen., Reticulum is faintly visible
but it does not show pathological changes.

Wilder reticulum stain, x I30




Figure I9~ Lung. 36 hours after injection of blood.
A macrophage contains phagocitized erythrocytes and fragment

ocf hemoglobin crystals,
Haematoxylin-phloxine-saffron. x IISC

Figure 20~ Lung. 48 hours after injection of blood.
inother macrophage containing phagocitized material.
BHaematoxylin~phloxine-saffron, xIIOO
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Figure 2I- Iung. 60 hours after injection of blood.
Yacrophages are surrounding a partially fragmented hemoglo-
tin crystal. Some cells contain phagocytized crystallin
vrarticles.

Faematoxylin-phloxine-saffron. x 950

Figure 22- ILung. 48 hours after injection of blood.
Yacrophages in contact with hemoglobin crystals.
Haematoxylin-phloxine-saffron. x 850
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Tigure 23~ Lung. 48 hours after injection of blood.

Jacrophages appear to be phagocytizing hemoglobin crystals
causing them to fragment. At the bottom of the microphoto-
graph there is a macrophage loaded with crystallin material.

Haematoxylin-phloxine-saffron.,. x II50

Figure 24- Lung. 5 days after injeétion of blood.

Hemosiderin~-containing macrophages are shown as blue dots.
Gomorits ircen reaction. x 50
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Fizure 25- Lung. I0 days after injection of blood.
Henosiderin-containing macrophzges show dlue cytoplasmic
granules.

Gomorils iron reaction. x 90

PFigure 26~ Lung. I2 days after injection of dlood.
Hemosiderin zranules in macrophages are rusty-brown in

colour.
Feematoxylin-phloxine~saffron., x I50
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Figure 27~ Lung. IZ days after injection of blood.
¥acrophagzes containing hemosiderin granules wnhich are
rusty-brown in colour.

Haematoxylin-phloxine-saffron. x 205

Figure 28~ Lung. 7 days after injection of blood.
Browniszsh staining of cytoplasm of macrophages due to
hemosicderin granules.

Haematoxylin-phloxine~saffron. x 750
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f Figure 29- Lung, I4 days after injection of Ylood.

; The hemosiderin filled macrophages shown tobe attached to
: the alveoclar wall,
Hzematoxylin-phloxine~-saffron. x I050

§ Flgure 30- ILung. I6 days after injection of blood.
, Femosiderin containing macropvhages are free in alveolar
% spyace.

Haematoxylin-phloxine~saffron. x 750
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Figure 3T~ Iung. I4 days after injection of ®lood.
A macrophage in the centre of the microphotograpn contai-

ning yellowish-brown hematoidin crystals. Dark blue granules
are hemosiderin. In the three other macrophages smaller amounts
of hematoidin shown as hazy sreenish areas,

Gomori's iron reaction. x I000-

Figure 32- Lung. I2 days after injection of Dblood.
Macrophages containing crystalline hematoidin.
Gomorisfs iron reaction. x 900

.




- Iunz. & days after injection of blood.

Figure 33

A macrophage containing a small quantity of amorphous
hematoidin is shown in centre of microphotogzraph.
Gomori's iron reaction. x 9I0

Figure 34=- ILung. I0 days after injection of blood.
Yacrophage containing crystallin hematoidin.
Gomori's iron reaction. x 950
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FPigure 35- ILung. I0 days after injection of blood.
Yacrophages containing crystalloid hematoidin.
Gomori's iron reaction. x €80

T

Figure 36~ ILung. 6 days after injection of bdlood.

o

Hemosicderin containing mecrophages are seen within the

lumen of a small bronchus.

Gomorifts iron reaction. x IIO
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Figure 37~ ILung. 5 days after injection of blood.

An alveolar duct opening from a bronchiole.
Hemosiderin containing macrophages are present in the
mouth of bronchiole.

Gomori's iron reaction. x 240

Figure 38~ Lung. I0 days after injection of blood.
Hemosiderin-filled macrophages are present on the bronchial

gpithelium.
Gomori's iron reaction. x IB0
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Figure 39- Lung. I0 days after injection of blood.
Two macrophages containing hemosiderin lie on the bronchial
mucosa. The cell at the top of the microphotograph also con-

tains yellow hematoidin crystals.

Gomorits iron reaction. x 7I0

Figure 40~ Lung. 20 days after injection of blood.
The parenchyma is unremarkable save for the presence of
occasional scattered hemosiderin.containing macrophages.

Haematoxylin-phloxine~saifron.

x 220
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Figure 4I- Lung. 20 days after injection of dlood.
Femosiderin-filled macrophages cling to alveolar wall.

One macrophage at the left of the microphotograph is loose
in alveclar space.

Zomori's iron reaction. x 220

Tigure 42~ ITung. The rat received 8 injections of blood
intratracheally every third day and was killed 20 days after

last injection. Ths cellular areas are conposed of macrophages

containing brown hue.
Haematoxylin-pnloxine- saffron. x 75
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figure 43~ Lung. From same animal as in figure 42 showing
ne same area approximately. The clumping of hemosiderin
illed macrophages are clearly seen.
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Figure 44~ ILung. I8 days after injection of bloaod.

The microphotograph shows absence of pathological change
in elastic fibers,

Weigert's elastic stain., x I60




