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A lm ost as old as histopathology itse lf are our endeavours to ascertain the  
behaviour of the organism towards bacteria and towards corpuscular elem ents  
o f a corresponding size.

As to inorganic substances, the m ajority o f studies are concerned w ith  
industrial injuries, but a great number of experim ents have been m ade w ith  
a view  to gaining information about the capacity o f the organism to phagocytize  
m atter foreign to it.

The lung, an abundantly vascularized organ which is rich in m acrophages 
and in direct contact with the outside world, has proved to be em inently su it
able for investigations o f this kind ; last but not least because of the elective  
function it  fulfills whenever corpuscular elem ents penetrate the organism.

Research workers have been faced for a long tim e with a number o f ever  
recurring questions to which no unanimous reassuring answers have y e t  been  
forthcom ing. In w hat manner do differently sized granules of certain su b stan 
ces pass into the organism through the lung, and vice versa? Is the storage o f  
particles in  the lung, and their elim ination by it, affected differently according  
to  their intravenous or intratracheal introduction to the organism? Is it  the  
lung where the extraneous substance and the organism meet for the first tim e, 
and w hat is the organism’s first reaction to the encounter?

N ot only are the answers given to these questions not unanim ous, but 
^Frequently they  are contradictory. U ndoubtedly, th is is in part due to  differ
ences in the substances studied and the experim ental conditions applied. The 
chem ical diversity of the dyes and the differences in  the size of the corpuscles 
assert them selves the more, the later the changes they  cause come to be exam ined. 
B y  occluding vessels, the larger corpuscular elem ents alter parenchymal perm e
ability at an early stage ; chemical agents induce more or less grave lesions in 
organs ; even intratracheally given saline dam ages epithelial cells in the respira
tory  tract by causing vacuoles to arise.

One of us ( F o d o r ) has been engaged for a number of years in experim ents  
concerned w ith the aetiology o f syphilitic m esaortitis and arteriosclerosis. In 
one experim ental series iron particles as Spirochaeta models, were injected intra- 1
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venously . They differed in size from the coarse particles of reduced iron (10 to  
30 /X and more in  diam eter) to such granules in m uch more uniform com positions, 
o f which the finest measured as little in diam eter as 200 A. Dogs w eighing from  
5 to  8 kg were used as test animals, and were given considerable quantities  
(from 0,20 to 1,0 g) o f iron in  each experim ent. In  a simple suspension, the iron 
w as injected into th e  jugular or femoral ve in . U tilising the m agnetic field  of an 
ophtalm ologie m agnet, it  was endeavoured in  one group of animals, in the first  
24 hours after the injection , to cause the d ifferently sized iron particles to follow  
a certain course and to accumulate at certain sites in the organism. I t  is only 
for the sake of com pleteness that we report th is attem pt, since after a few  
m onths the storage conditions of the corpuscles were found to be the same in  
the organism irrespectively of whether a m agnetic field had been applied or not.

Lasting for several weeks or m onths, these experiments furnished reliable 
inform ation concerning the sites and m ode o f storage ; in sections prepared 
from  the organs o f  anim als killed writh chloroform , the iron accum ulations and 
the changes consequent upon them were d istin ctly  recognisable.

Refraining from  a detailed discussion o f the results of these experim ents, 
the striking feature, nevertheless, merits m ention ing that despite the relatively  
grave organic lesions the dogs gained w eight considerably during the introduction  
o f iron, and that, apart from the vascular changes expected, iron accum ulation  
w as the most m arked in  cells belonging to  the reticulohistiocytic system  (RH) 
or performing facu ltative RH function. E q u ally  conspicuous w as the partici
pation  of the lym ph paths in the transportation o f iron (Fig. 1 B) ; especially  
replete with iron particles were the pulm onary iym phatics. Further conspicuous 
phenom ena were the thickening of the alveolar septa (Fig. 1 A), the accum ulation  
o f iron in  the basal layer o f the pleura (F ig. 1 C), the saturation w ith  it  o f  the 
K upffer cells (Fig. I E ) ,  its  presence in the glom eruli of the kidney (Fig. IF )  
and, finally , the fact th a t while the proxim al tubules contained hardly any iron, 
th e  peripheral ones were crowded with iron particles. The splenic parenchym a, 
too, contained m any such granules.

H aving encountered no similar find ings in  the literature it  w as deem ed  
im portant to continue the investigation o f som e of these phenomena, first o f  
all b y  w ay of acute experim ents.

Methods

The animals used in our experiments were divided into groups of six, each containing 
four albino mice of an average weight of 20 g, and tw o guinea pigs of 250 to' 300 g, originating 
from  the same laboratory  strains. A magnetic iron alloy containing 28 per cent nickel, and 
composed of m inute particles of the same size and  n a tu re , was selected as the best medium 
to  be followed up and dem onstrated  in the organism, and to  study the la tte r’s storing, elim i
nating , and other functions. This medium was reduced to  powder, and particles of submicro- 
scopic size to  10 /X were used for the mice, and of 10 to  20 /x for guinea pigs. They were in tro 
duced partly  in tratracheally , and partly  intravenously. W hen administered intratracheally* 
th e  to ta l dosage am ounted to  about 1 mg/kg which was given to the animals either in  a dry
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Fig. 1. Iron particles in dogs in protracted experim ents

A. in alveolar cells,
B. 1) in the pulm onary lym phatic vessel; 2) perivascular s to rage; interstitial 

thickening,
C. subpleurally accum ulated phagocytes ; thickened pleura,
D. in giant cells,
E. in the liver,
F. in the kidney (Prussian-blue stain)

1*
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s tä t e  or suspended in  0,1 m l of physiological saline ; when adm inistered intravenously, the 
t  o ta l was about 12,5 m g/kg and  given in 0,1 ml of physiological saline. While the smaller 
p a rtic le s  passed through th e  pulm onary  capillaries unobstructedly, th e  larger ones stuck there 
a n d  formed clots. By cu tting  th e  medulla oblongata in ether anaesthesia, a group of six 
an im als was each killed and autopsied im m ediately, after 1, 2, 3, 5, 8, 10, 15, 20, 60 m inutes, 
an d  24, 48, 72, and 120 hours, respectively. Fixing was effected by  m eans of formalin and 
M axim ov’s fluid. In  one p a r t  o f the animals the fixing fluid was in troduced through the trachea, 
reexpanding the lung in  a cham ber of negative pressure. In  the earlier experim ents (prolonged 
ones carried out in dogs), th e  Prussian-blue reaction had been used, b u t as in  the organism, 
particu la rly  in the lungs, of some anim als iron can be dem onstrated to  be presen t even if none 
is introduced from w ithout, the  procedure was no t held to  be sufficiently  conclusive for the 
p re sen t purposes. The use o f a powerful m agnet appeared to be m uch m ore suitable: the 
s ta in ed  and freshly covered histological sections were firs t studied in detail, then  placed in a 
m agnetic  field, thus forcing th e  iron  particles to cluster from w herever th ey  happened to be. 
T he  separation of granules of various origin microscopically observable in  certa in  cells of healthy 
an im als , refers to the m acrophages of the lung: they  failed to  react to  m agnetic force. The 
sections were stained w ith  haem atoxylin-eosin and V an Gieson’s sta in  ; th e  results obtained 
fro m  a staining w ith Prussian-blue were taken into account only in connection w ith the pro
longed  experiments m ade on dogs.

In that series o f experim ents in which iron was introduced by means of 
in travenous injections, th e  following observations were m ade.

Particles betw een 5 and 15 /л in  size usually stuck in  the capillaries and 
precapillaries o f the pu'm onary circulation. Piling up, th ey  formed emboli 
w h ich  remained in  the lu n g  for days, even m onths, and gave rise to early patho
lo g ica l lesions. The vascular and alveolar walls became h igh ly  permeable. As 
ea r ly  as two m inutes after the injection occasional detached macrophages 
cou ld  be observed on the epithelium  of the bronchioles. On the introduction of 
0,1 m l o f the substance, in  the primary and secondary bronchial branches 
th e  particles larger than  5 /x became visible outside the cells, not later than 
5 m inutes after the in jection . The smaller particles filled up the macrophages.

For days the 1 to 5 u  particles moved freely in the pulm onary and system 
ic  circulation. Hardly any o f them  were phagocyted by polynuclear leucocytes 
during the first few m inutes, but thereafter phagocytosis began, to reach its 
p eak  at the 15th m inute.

Following the path  o f  the circulating particles, some o f them  were observed 
to  p ass through the vessel w alls as early as the 90th second after their introduc
tio n , and to distribute even ly  over the lungs, in  contradiction to  the findings 
o f  other authors.

H aving reached the lung, some of the particles passed through the alveolar 
w alls and escaped to the outside world through the bronchi (F ig . 2C). Others 
b eg a n  to be stored up w ith  alm ost incredible rapidity, two m inutes after injection, 
principally  in the septal cells and in the h istiocytes of thecapillary walls and the 
w alls o f  the bronchial arteries (Fig. 2 B ). This process took the first 10 to 20 
m in u tes to complete. So arranged, the particles remained visible for several days.

After the 5th m inute proliferation o f the m ésothélial cells o f the pleura 
se t  in .

A s from the 15th m inute the particles, and a little  later the phagocytes 
load ed  with them, began to  escape through the visceral pleura as well.
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Fig. 2. Sections after intravenous injection
A. 1 to 2 m inutes after injection : fine iron particles in macrophages above the 

vessels,
B. 10 m inutes after injection : iron particles conglom erated in septal cells,
C. 5 m inutes after injection : phagocytes loaded w ith particles on broncliiolar 

epithelium ,
D. 72 hours after injection : particles in renal glomeruli and around Bowman’s 

capsule. (In the mouse)
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In the first 24 to 48 hours there were as yet a few particles in  the regional 
lym ph nodes, encountered m ostly around the vessels.

Elim ination by and storage in  the kidney, liver, biliary tract, and the 
other organs, appeared negligible during the first 48 hours. The earliest to begin 
storage was the spleen where the particles were chiefly arranged extrafollicularly.

In 72 hours the macrophages passed through the walls o f the sm aller veins, 
and thereafter probably disintegrated since they could no longer be found in 
th e  system ic circulation. Around the veins phagocytes loaded w ith  particles 
w ere encountered. After 4 to 5 days, perm anent foci formed in  the shape of 
sm all, reactive, perivascular nodules, in  which the heavily loaded macrophages 
w ere surrounded b y  proliferating connective tissue cells.

These observations show the organism  to possess an exceedingly swift 
and extensive disposition for m obilisation, and the lungs, which are not only 
th e  earliest but also the m ost potential storer of extraneous corpuscles, to play 
a decisive role in the process. This role o f  the lungs is but a transitory one since, 
counteracting the purposeful mechanism o f storage, a minor part o f  the phago
cy tes  returns the foreign m atter to the circulation.

It was found that the m echanism  at p lay in the case o f an intratracheal 
introduction of the iron particles is more or less identical w ith th a t observed in 
connection  with injections.

The coarser granules, though not in  large amounts, invaded the lungs 
w ith in  the first 15 m inutes, and very soon produced an irritation there which 
gave rise to cell proliferation and a fix in g  o f the particles. Only a few  o f them 
passed  from the lungs to the circulation, but only after some tim e, and if  the 
dose o f iron introduced through the trachea was large.

The fine granules, on the other hand, invaded the lungs in  great masses 
w ith in  the first 15 m inutes. They were seen temporarily in alm ost every alveolar 
cell (F ig. ЗА ). A t first they  were scattered, but later clustered in  some cells 
for transitional storage. Accum ulation was again most marked in  the perivascu
lar and subpleural macrophages (Fig. 3 B ) . The alveolar walls tak ing up smaller 
quantities displayed early desquam ation and an outward tw ist. Som e perivas
cular macrophages were seen to pass through the vessel walls and break up in 
th e  circulation, but their number was m uch less than in the case o f intravenous 
in jection  (Fig. 3 C). After the lapse o f a few  hours a fair am ount o f iron was 
fou n d  to accumulate tem porarily in  the septal cells.

After 72 hours very m any perivascular and peribronchial foci were encoun
tered  consisting o f cells capable of fix in g  particles.

Apparently, we have again failed in  establishing whether or not endothelial 
cells possessed a phagocyting capacity. The majority of the particles reaching 
th e  lungs from w ithout find their w ay in to  the alveolar cells, w hich, however, 
are cast off very soon. Some of the particles temporarily accum ulate in  the newly 
form ed epithelial cells and interstitial m acrophages. A further considerable part
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Fig. 3. Sections after in tratracheal adm inistration

A. 2 minutes after treatm en t : iron particles phagocyted by alveolar cells,
B. 5 minutes after trea tm en t : particles conglomerated in pericytes in vessel lum en,
C. 10 minutes after treatm en t : numerous iron corpuscles in the middle of pul

monary vein, and macrophages penetrating through vessel wall,
D. 48 hours after trea tm en t : free and phagocyted particles in the blood of the aorta
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reaches the circulation w ith ou t being phagocyted, and these, too , are first 
sto red  on the huge surface o f the lung.

Summing up the differences betw een the storage of in travenously  and 
in tratracheally  adm inistered particles, the follow ing can be said. In itia lly , most 
o f  th e  iron given intravenously is taken up b y  the septal cells, and m ost of that 
in trod u ced  intratracheally, b y  the alveolar cells.

Later, particles g iven  intravenously are taken up by the alveolar cells, 
and intratracheally adm inistered ones b y  the septal cells as well, for in  this 
la tte r  phase part of the corpuscles introduced through the trachea reaches the 
circu lation  and it is from there that the septal cells elim inate them .

Sum m ary

Using the magnetic field and histochemical m ethods, the role of the lungs has been s tu 
d ied  in  storing and elim inating m etal particles in troduced into the anim al organism  in tra 
venously  and intratracheally, respectively. Particu larly  interesting are the observations made 
w ith  particles from submicroscopic to  5 /л in diam eter.

N o t later than two m inutes after the in troduction  of the “ foreign” substance, the pu l
m o n ary  cells take up the extraneous particles from the  blood path  and the alveoli. The lungs 
are  th e  firs t among the organs no t only to take up b u t also tem porarily to store, by  m eans 
o f th e ir  septal and alveolar cells, th e  inorganic corpuscles introduced into the organism . E lim ina
tio n  of th e  “ foreign” substance through the air passages begins through the in term ediary  
o f th e  pulm onary macrophages, b u t they  appear to  act as intermediaries in the opposite direc
tio n  as well. This vitious circle is partly  remedied by  the reactive granulom ata w hich form 
in  a few days and store up the particles. A t the beginning, storage, too, occurs chiefly in the 
lungs. U nder the conditions of th e  experiments described the particles were being transported  
in  th e  early phase through th e  blood vessels and no t the lym phatics.
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Р А Н Н Я Я  РЕ А К Ц И Я  О РГА Н И ЗМ А  НА В Н Е С ЕН И Е  Н Е О РГ А Н И Ч Е С К И Х  ЧАСТИЦ

И. Ф О Д О Р  и  г. мишкович

А вторам  удал ось  м агнитны м  и гистохим ическим  сп особам и  и ссл ед о в а н и я  сдел ать  
у стан ов л ен и я  относительно н ак оп л я ю щ ей  и вы деляю щ ей р о л ей  л е гк и х  п утем  вн утр и вен 
ного и и н тр атр ахеал ь н ого  введен и я  м етал лич ески х частиц , величин ой от су б м и к р оск оп и 
ческой д о  5  м икронов, в ор ган и зм  подопы тны х ж ивотны х.

К л етк и  л егк и х  осваи ваю т частицы  ж ел еза  из р у с л а  крови, и и з ал ь в еол  у ж е  п о  
истечении д в у х  м инут п осл е в в еден и я  «инородного» вещ ества. Л егк и е  не т ол ь к о  у св аи 
ваю т, но и врем енно н ак оп л я ю т с пом ощ ью  септальны х и а л ь в еол я р н ы х к л еток  внесенны е  
в ор ган и зм  неорганич еск ие частицы . Д еятель н ость ю  м ак роф агов  л е гк и х  нач ин ается  
вы деление «инородны х» вещ еств ч ер ез ды хательны е п ути , но к а ж ется , что он и  осущ ест
вляю т и посредничество п р о т и в о п о л о ж н о го  н ап равл ен и я . П орочны й к р уг ум еньш ается  
обр азую щ и м и ся  в течение н еск о л ь к и х  дней  реактивны м и гр ан ул ом ам и , которы е н ак оп
л яю т частицы . В начале н ак оп л ен и е, главны м образом , о сущ еств л я ется  т а к ж е  легким и. 
П ри д а н н ы х  эксп ери м ен тальн ы х у с л о в и я х  тран сп орт  о сущ еств л я ется  в р ан н ей  стадии  
ч ер ез к р овен осн ы е сосуды  и не ч ер ез лим ф атические пути .

RÉACTION PRÉCOCE D E L’ORGANISME, APRÈS INTRODUCTION D E GRA NU LES
ANORGANIQUES

I . F O D O R  e t  G. M IS K O V IT S

Nous avons pu faire des constatations concernant le rôle accum ulateur et secréteur 
du poumon, en in troduisant par la trachée et par voie in traveneuse des granules métalliques 
dans l’organisme d’anim aux d’expérience. Nous nous somiYies servis de m éthodes histochi- 
miques e t magnétiques pour ces études. La grandeur des granules métalliques varia it du sub
microscopique à 5 m icrons.
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Les cellules pulm onaires incorporent dès la deuxième m inute après in troduction  de la 
substance  «étrangère» les granules de fer, des vaisseaux sanguins et des alvéoles. De tous les 
o rganes, c’est le poumon qui le prem ier, non seulement p rend en charge, mais aussi accumule 
provisoirem ent les granules anorganiques introduits dans l’organisme à l’aide de ses cellules 
sep ta le s  et alvéolaires. C’est avec la participation des macrophages pulmonaires, que commence 
la  secrétion des substances «étrangères» par les voies aériennes, mais il semble, qu ’un processus 
in term édiaire  en sens inverse a it lieu également. Le cercle vicieux est relenti par les granulomes 
réac tifs , qui se forment en quelques jours et qui accum ulent les granules. Au début, cette accu
m u la tio n  se fait surtout par le poum on. Dans les conditions expérimentales données, dans la 
p h ase  précoce, le transport se fa it p a r les vaisseaux sanguins et non par les vaisseaux lym pha
tiq u es .

D r . Gusztáv M i s k o v i t s , Budapest, X II ., D iósárok 1 /c ,  H ungary.
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