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Summary. The three-dimensional structure of a composite material found in alveolar 
exudate of oxygen poisoned lungs but also present in normal lungs is stereologically analysed. 
I t  is composed of tubules of 450 A diameter which are tightly packed in a quadratic lattice. 
The wall of the tubule is formed by "four-winged" osmiophilic filaments which are located 
in the corners of the quadratic lattice; their interior is made up of a hydrophilic substance 
which contains either a tubule or a filament of moderate electron density. The osmiophilic 
substance of the walls is continuous with associated myelin figures which can be resolved into 
lamellae with a periodicity of 42 ~_ and can thus be considered to be water crystals of phospho- 
lipids. The nature of the content of the tubules, which presumably exerts the formative force 
on the phospholipid lamellae to form tubules, remains undetermined. 

I n  an electron microscope s tudy  on the pu lmonary  pathology of oxygen 
toxici ty  in  the ra t  (KISTLER, CALDWELL and WEIBEL 1965) we observed masses 
of a mater ia l  which aggregated in a peculiar and  very regular lattice in exudate 
formed wi th in  the alveoli. CAMPICHE (1960) had found similar structures to occur 
in  necrotic alveolar epithelial cells of young rats who had been breathing in an 
oxygen enriched atmosphere for the first 6 days of life; he described them as 
"f ingerprint- l ike myel in  figures". POLICAnD et al. (1957) found similar myel in 
figures in  the lung in  in f l ammatory  processes caused by  experimental  application 
of f ine-part iculate  silicate. This might  indicate tha t  these layered masses are 
produced as an effect of various noxae on lung tissue. 

However,  checking through our extensive mater ial  of normal  rat  lungs from 
various sources we observed tha t  identical  layered mater ial  could be found on the 
surface of the alveolar epi thel ium in almost any  normal  lung, though in very 
small amounts .  I n  the following we shall a t t empt  to analyze the three-dimensional  
configurat ion of these peculiar structures.  

Material and Methods 
The material used in this study consisted of rat lung tissue fixed in 8itu by instillation of 

1% OsOa (phosphate buffered at pH 7.4) into the airways of animals anesthetized by an intra- 
peritoneal injection of Pentobarbital. After fixation, the tissue blocks were dehydrated in 
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graded ethanol and embedded in Epon 812 (LUFT 1961). Sections were cut on an LKB-Ultro. 
tome I using a Du Pont diamond knife; our routine sections show a silver interference color 
and are therefore 600--900/~ thick. Section contrast was enhanced by staining with lead 
salts either by REYNOLD'S (1963) or by KAR~OVSXY'S (1961) method. Micrographs were 
obtained in a Philips EM 200 electron microscope operating at 60 or 80 kV. 

The rats used in this study had been derived from various sources; their lungs had been 
collected over a number of years for different projects. The three-dimensional analysis was 
mainly done on large aggregates of this layered material found in alveolar exudate formed 
in rat  lungs after exposure to pure oxygen for up to 3 days (KISTLER, C~DWELL and 
WEIB]~L 1965). 

Results 

1. Description o/ the appearance o/ sectioned material 
on electron micrographs 

Fig.  l shows a large mass  of the  ma te r i a l  to  be descr ibed,  which is fi l l ing a 
niche in  the  a lveolar  surface. I t  is ex te rna l  to  the  a lveolar  epi the l ium.  A t  th is  low 
magni f ica t ion  one can well observe an over-a l l  p a t t e r n  reminiscent  of f inger-pr in ts .  
F o r  a more  ref ined descr ip t ion  of the  p a t t e r n  we have  to  d is t inguish  be tween  four  
regions which are label led  A, B, C and  D on Fig.  1 and  are fur ther  i l lu s t r a t ed  in 
Figs.  2 - -4 .  

I n  region A (Fig. 2) para l le l  bands  of uni form spacing are ou t l ined  b y  an 
in tense ly  osmiophific l ine ; the  repea t ing  per iod  is abou t  450 A. The space be tween  
these  lines appears  f i l led wi th  a less dense ma te r i a l  which forms two g r a y  lines 
s epa ra t ed  f rom each o the r  and  f rom the  osmiophil ic  l ine b y  fine gaps  which are 
l ighter  in appearance .  The th ickness  of bo th  t y p e s  of lines and  the  wid th  of the  
gaps  are  of a p p r o x i m a t e l y  the  same order  of magn i tude  of 75 A. 

I n  region B (Fig. 3) the  para l le l  band ing  is rep laced  b y  a group of da rk  do ts  
a r ranged  in a regu la r  square  la t t ice .  The spacing of the  dots  in bo th  di rect ions  is 
aga in  a b o u t  450 A. A t  closer look these dots  a p p e a r  more like four-sp iked  s ta rs  
wi th  the  t ape r ing  spikes ly ing  in the  square la t t ice .  The square  area  be tween  four  
do t s  conta ins  a somewha t  c ircular  profi le  formed b y  a g r a y  fine. I t s  in te r io r  space 
as well as the  gap  sepa ra t ing  the  circle f rom the  components  of the  osmiophi l ic  
square  la t t ice  are l ighter  in contras t .  

In region C (Fig. 4) a para l le l  band ing  is fo rmed b y  a l t e rna t ing  g r ay  and  l ight  
lines. The r epea t ing  per iod  is abou t  320 A. The d a r k e r  lines of this  p a t t e r n  show 
less con t ras t  t h a n  those  in region A. Bo th  g r ay  and  l ight  bands  are  of a b o u t  the  
same wid th  ( ~  160 A) ; t h e y  arc no t  sha rp ly  del ineated .  

I n  add i t i on  to  these three  regions exhib i t ing  a d i s t inc t  p a t t e r n  we f ind areas  
such as D in Figs.  1 and  4 which a p p e a r  g r ay  wi th  an  ind ica t ion  of fa in t  fuzzy 
s t reak ing  of no a p p a r e n t  regular i ty .  

2. Stereologic analysis o/ the three-dimensional structure o] this material 
The four  p a t t e r n s  descr ibed  were found  on r a n d o m  sections of the  mater ia l .  

They  were fo rmed  b y  p ro jec t ion  of the  sect ion con ten t  onto the  pho tog raph ic  
p la te .  The quest ion m u s t  therefore  be asked,  whe ther  these  d i s t inc t  p a t t e r n s  can 
have  ar isen f rom one and  the  same th ree -d imens iona l  l a t t i ce  which m a y  have  
been sect ioned in d i f ferent  direct ions.  

Of several  possible  hypo the t i c a l  models  on ly  one a p p e a r e d  to  sa t i s fy  al l  
condi t ions ;  i t  is i l l u s t r a t ed  d i a g r a m m a t i c a l l y  in Fig.  5. I t  consists of p r i sma t i c  

27* 
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:Fig. 1. Niche in alveolar wall lined by alveolar epithelium (EP) and containing a large mass of "fingerprint-like 
myelin figures", which exhibits four different patterns A--J) .  Spherical bodies composed of osmiophilie lamellae 

(OB) arc associated with this material. Rat lung after 72 hours exposure to pure Oz. x 21,000 
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Fig. 2. Pat tern  A of 450 ~ spacing of osnfiophilic lines with twn finer gray lines in between. Arrows mark  course 
of photometer tracing of Fig. 7. x 100,000 

Fig. 3. Pattern B of four-spiked stars in square lattice of 450 ~ spacing. Arrows indicate circular profiles in 
squares. • 100,000 

Fig. 4. Patterns A, C and D. Arrows indicate 320 ,~ spacing of gray bands in pattern C. • 100,000 

tubules of about 450 A diameter, which are formed by a strongly osmiophilic 
material and are packed in a square lattice. In the corners of the square lattice 
the osmiophilic material forms "four-winged filaments" whose "wings" are 
connected by fine membranes. The corners of the prismatic tubules are thus 
rounded off. A second smaller tubule lies inside the principal tubule; it is formed 
by a less osmiophilic substance. The diameter of this inner tubule is of the order 
of 250 •. 
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Fig. 6 shows the different patterns 
obtained on electron micrographs if 
this hypothetical model lattice is sec- 
tioned at different angles with a sec- 
tion thickness of 900/i~. 

If  the lattice is cut parallel to the 
(x, y) plane (Fig. 5) the pat tern of 
fourspiked stars is obtained with a 450 A 
spacing in both lattice directions. The 
central tubule appears as circular pro- 
file. This corresponds to the pat tern 
observed in region B (Fig. 3). 

I f  the model is sectioned parallel to 
the (x, z) or to the (y, z) plane a pat- 
tern of parallel banding with a repeat- 
ing period of 450 A results. Considera- 
tions on the density of the different 

Fig, 5. Model of three-dimensionalstruc~ure of " t uba -  c o l n p o n e n t s  revealed that  a line of 
lar myelin figure" maximal contrast would occur at the 

axis of the osmiophilie "fi laments",  
since the "whigs" perpendicular to the section plane would be viewed on edge and 
scatter most electrons. The less dense inner tubule would be recognized as two 
faint lines separated by  a lighter gap. This pat tern was observed in region A 

Fig. 6. Pa t te rns  obtained by sectioning model of Fig. 5 a t  different angles with a section thickness of 900 

(Fig. 2). A photometer  tracing (Fig. 7) of three periods along the axis indicated 
by  arrows in Fig. 2 shows good agreement with the theoretically predicted den- 
sity distribution shown in Fig. 6 for pat tern A. 

I f  the model is sectioned parallel to the z-axis but at an angle of 450 to the two 
other axes the lattice will again be projected as a banded pattern.  The dense lines 
will correspond to the projection of the osmiophilic "fi laments";  however, they 
should be broader, less well defined, and have less contrast than the dark lines 
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in pat tern  A since the four "wings" of the filaments will be inclined to the beam 
axis. The inner tube will not apear as distinct structure on the projected image 
since it is "behind" the dense filaments. The repeating period of this pa t tern  can 
be calculated from the repeating period of the square lattice d to be d ' ~  d �9 V~7. 
With d ---- 450 A it should measure about 320 )i. The pat tern  described for region C 
(Fig. 4) shows all these characteristics. 

40 

Fig. 7. I)ensitometcr tracing of three periods of pa t te rn  A (cf. Fig. 2) 

Sections of the model which form different angles to the x- and y-axis will 
not yield a distinct pat tern  on projection, except for a faint but  irregular streaking. 
This is found in regions of type D (Figs. 1 and 4). A distinct pa t tern  can be seen 
on the projected section if the section plane is parallel to the x- or y-axis but  in- 
clined to the z-axis by  an angle r162 ~ 30% The pat tern  will show rectangles whose 
shorter sides will measure d ~ 450/~. The length of the longer side will be d/cos ~, 
i.e. it may  be up to 20 % larger than d and measure 500--540/~. The contrast  of 
the shorter side should be less than tha t  of the longer side. Such pat terns can also 
be observed. 

The qualitative evaluation of the projection pat terns obtained by  sectioning 
the hypothetical model of Fig. 5 has revealed tha t  these agree very well with the 
pat terns observed in our electron micrographs. A quanti tat ive check consisted 
of comparing the repeating periods d and d' of patterns A and C respectively. 
According to theory we should find d ' : d .  ~ From repeated measurements 
of these periods on different micrographs we find: 

d = 4 5 7 A  (S.E. :~6A)  
d ' = 3 2 5 A  (S.E. ~ 5 A )  

d. V =324 

This good agreement between calculated and measured values of d' serves 
as quanti tat ive proof tha t  the patterns observed on sections are derived from 
a structure which conforms to the model proposed. 
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Fig. 8. Tubular  myelin figure of 380 3~ spacing. Arrows indicate that  the central tubule is replaced by a "filament". 
x 100,000 

As Fig.  1 reveals  different  pa t t e rn s  can be observed on sections of one and 
the  same aggregate  of th is  t u b u l a r  mate r ia l .  This  is the  resul t  of a curved course 
of bundles  of the  p r i smat ic  tubules ,  which can be d i rec t ly  observed in regions 
showing p a t t e r n  A. Such bundles  can spl i t  into different  branches  and also 
form whorls.  

3. Variations in the pattern and association with other materials 

Among  the  different  specimens s tudied  some degree of var ia t ion  in the  p a t t e r n  
was found.  The mos t  s ignif icant  va r ia t ion  concerned a reduct ion  in the  repeat ing  
per iod  d to  380 A while the  geometr ic  proper t ies  of the  observed pa t t e rn s  were 
unchanged.  I n  these  ins tances  i t  was character is t ic  t h a t  the  space be tween  the  
dense images  of the  winged osnfiophilic f i laments  conta ined  only one g ray  line 
ins t ead  of two in p a t t e r n  A, and  a centra l  g ray  dot  ins tead  of a c ircular  profile 
in p a t t e r n  B (Fig. 8). Trans la t ing  these pa t t e rn s  into our model  we would f ind 
the  cent ra l  tubu le  of 250 • d i ame te r  rep laced  b y  a th inner  central  f i lament .  This 
appea r s  to  cause a r educ t ion  in the  d iamete r  of the  pr incipal  tubules.  I n  the  same 
regions some spaces m a y  widen f rom 380 • to  450 ~t and  then  show again  a centra l  
tubu le  ins tead  of the  f i lament .  The two pa t t e rn s  thus  appear  to  be essent ia l ly  
ident ical .  

Fig.  9 shows a sect ion of a s t ruc ture  exhib i t ing  concentr ic  lines which could 
of ten be found associa ted  with  the  ma te r i a l  described.  The repea t ing  per iod was 
a b o u t  270 ~ .  I n  s t ruc tures  of th is  nar row spacing we could never  observe o ther  
p a t t e r n s  t h a n  para l le l  banding.  W e  can therefore  conclude t h a t  these s t ruc tures  
are fo rmed  b y  concentr ic  osmiophil ic  shells s epa ra t ed  by  a less osmiophil ic  space. 
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Fig. 9. Concentric osmiophilie lammellae with 270 ~ spacing form "spherical" structure and are associated with 
dense osmiophilic body (OB). • 100,000 

Fig. 10. High resolution electron micrograph of lamellae of osmiophilic bodies such as in Figs. 1 and 9 show 
42/~. periodicity, x 500,000 
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Osmiophilic lamellae of varying thickness were irregularly arranged to form 
more or less spherical bodies which were always found closely associated with the 
organized materials described so far (Figs. 1~4 ,  9). High resolution electron 
micrographs of such lamellae revealed, that  they were composed of alternating 
light and dark layers with a repeating period of 42 A on the average (Fig. 10). 
This spacing has been related to water crystals of phospholipids (SToECXENIUS 
1959), SO tha t  these lamellae can be regarded as true myelin lamellae. They were 
frequently found to be continuous with the highly osmiophflic components 
(lamellae and four-winged filaments) of the described organized structures. 

Discussion 

Alveolar exudate formed under the conditions of oxygen poisoning contains 
large amounts of a peculiar material which could be shown, upon stereologic 
analysis, to he built of prismatic tubules of about 450 • diameter which are 
closely packed in a quadratic lattice. Their wall consists of a highly osmiophilic 
substance which forms "four-winged filaments" in the corners of the lattice. They 
contain either a secondary smaller tubule or a filament of less osmiophilic nature. 

This material appears to be identical to "finger-print-like" myelin figures 
described by POLICARD et al. (1957) in inf lammatory processes and by CAMelCHE 
(1960). Both authors have related these figures to cellular degeneration caused 
by various agents. I t  may be of particular interest tha t  we have regularly found 
small amounts of this material in normal rat  lungs as well. However, the described 
masses were always located outside of cells; we have never been able to find this 
conspicuous pat tern  in intracellular myelin figures, neither in alveolar epithelial 
cells nor in macrophages. In  oxygen-poisoned rat  lungs we found "degenerating" 
alveolar epithelial cells (cf. KISTLER et al. 1965); however, in their osmiophilic 
granules the spacing of the dense lamellae was irregular and on the average con- 
siderably smaller than 450 A. The same could be said for the lamellated osmio- 
philic inclusions in the macrophages. 

The material described can be considered to represent a particular form of 
myelin figures. I t  is frequently found associated with spherical figures composed 
of concentric osmiophilic lamellae separated by  irregular light spaces (Fig. 1). 
Where these lamellae are oriented normal to the plane of section a fine banding 
with a repeating period of about 42 A can be resolved (Fig. 10) which may  charac- 
terize them as myelin figures formed by  repeating bimolecular leaflets of phos- 
pholipids in a water phase (SToECKENIUS 1959, 1962). Very frequently a continuity 
can be observed between these myelin lamellae and the electron dense layers of 
the two basic lattices described: the 270 A periodicity of concentric shells (Fig.9), 
and the osmiophilic "four-winged" filaments forming the walls of the 450 A 
tubular  lattice. I t  is therefore suggestive tha t  these osmiophilic components 
represent phospholipids as well. 

I t  would thus appear that  the formative force which causes the formation of 
these very distinct "water  crystals" lies in the substance separating the osmio- 
philic layers. At this time nothing can be said about the nature of this substance, 
except that  it seems to be a hydrophilic material, possibly protein or muco- 
polysaccharide (GRo~IOWSKI and BICZYSKOWA 1964), since we can observe that  
the lattice "opens" to the surrounding fluid in the region of these lighter layers 
(Fig. 1). 
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Recen t ly ,  a n u m b e r  of " l a y e r e d "  s t ruc tures  have  been descr ibed  which may ,  
a t  f i rs t  sight,  bea r  some s imi la r i ty  to the  s t ruc tures  descr ibed  here. FRIEDMANI~I 
et  al. (1965) have  found  l a m i n a t e d  cy top lasmic  inclusions in degenera t ing  sensory  
cells of the  h u m a n  inner  ear  in Mdnibre 's  disease;  the  r epea t ing  per iod  of these  
s t ruc tures  was 1000--1500 • and  thus  g rea t ly  exceeds t h a t  of the  s t ruc tu res  
descr ibed  here in spi te  of a cer ta in  s imi la r i ty  of the  p a t t e r n  on sections.  The  
l amina t ed  ma te r i a l  descr ibed  b y  MORALES et  al. (1964) in the  neurons  of the  l a t e r a l  
genicula te  body  is of c lear ly  d i f ferent  na ture .  The per iodic  s t ruc tures  found  b y  
W]~TZS~EIN et  al. (1963) in the  subcommissura l  organ of the  r a t  have  been  found  
b y  stereologie analys is  (ScHwI•K et  al. 1963) to  be genera ted  b y  para l le l  " in  
phase"  a r r angemen t  of t ropocol lagen  molecules;  t h e y  thus  c lear ly  differ  in 
ma te r i a l  and  s t ruc tu re  f rom the  fo rmat ions  descr ibed  here. 

F u r t h e r  expe r imen t a l  ana lys is  will have  to  e lucidate ,  whe the r  these pecul ia r  
f o r m a t i o n s - - w h i c h  are found a b u n d a n t l y  in d iseased lungs b u t  are also p resen t  
in smal l  a m o u n t s  in no rma l  lungs - -  der ive  f rom des t royed  cells or  re la te  to  some 
norma l  cons t i tuen t s  of a l ining layer  ex te rna l  to  a lveolar  epi the l ia l  cells as i t  
was p o s t u l a t e d  to  exis t  by  PATTL~ (1958) and  others  (eft CL~MENTS and  T~r~N]~Y 
1965). 
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