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Calcium par t ic ipa tes  in the integrative react ions  of the body [2, 7, 11, 13, 14], including in phospholipid, 
protein, and carbohydrate  metabol ism [1, 5]. Calcium ions in lung t issues regulate the interstit ial  fluid p res -  
sure [9, 12]. The d i scovery  of large numbers  of calcium ions in washings from the bronchi and also in the 
amniotic fluid in the final s tages of formation of the fetus [8, 15] probably indicates their active participation 
in surfactant  formation.  

The aim of this investigation was to study the localization and intensity of accumulation o f  calcium ions 
at the sites of formation of osmiophilic lamel la r  bodies (OLB) and their re lease from type II alveolocytes,  
under both normothermic  and hypothermic conditions, because surfactant formation in the alveoioeytes is in- 
tensified at low tempera tu res  [3, 4]. 

E X P E R I M E N T A L  M E T H O D  

The lungs of 20 chinchilla rabbits  were investigated. Ten rabbits  constituted the control group. The re-  
maining animals  were cooled during a single session in a "Feurton-3101-01" climatic chamber  for 3 h at - 
-30~ Calcium ions were revealed in lung t issue (cardiac lobe) by thee lee t ron-h is toehemiea lmethod  [6, 10], 
after  p re l iminary  perfusion fixation, with a control  to verify absence of ammonium oxalate in the medium. 
Acid mueopolysacchar ides  were detected with ruthenium red, af ter  immersion of the lung t issue in fixative 
{11]. A scanning cytophotometer ,  an improved version of the "Impulse analyzer"  attachment for the UEY-100A 
elec t ron microscope ,  was used for microscanning.  The e lect r ical  signal during scanning (magnification 
(10,000) was led f rom the photomultiplier to a matching amplif ier  and integrator,  where summation of the val- 
ues of optical density took place, the resu l t  being proport ional  to the density of that par t  of the picture being 
analyzed under the electron microscope .  The t rans formed  analog signal was recorded on a "KonsuI-254" 
printer .  Eight gradat ions  of density of the tes t  object (from 0 to 7) were used in the investigation, the back- 
ground of the object corresponding to "7" and the par t  of the specimen with the highest electron density cor -  
responding to "0." To est imate activity of the his tochemical  reaction the overal l  density was calculated over 
the range f rom 0 to 4. For  volume analysis  of the OLB by the dot counting method, a WeibeI 's  grid was used. 

EXPERIMENTAL RESULTS 

Histochemical  react ion products  were found in the form of small round e lect ron-dense granules 12-15 
nm in diameter ,  or  of an a rea  of dust- l ike granular i ty .  Within the alveolar lining the granules  of the histo-  
chemicM react ion for  calcium ions were found in small numbers  in type I alveolocytes. The reaction products  
were ra ther  more  abundant in lung macrophages ,  especial ly  in those regions of the cytoplasm where phago- 
cytos is  was in p rog res s .  The react ion for calcium ions took place most  intensively in the cytoplasm of the 
type II a lveo[ocytes  (Fig. 1). The distribution of granules  of the end products  of the histochemical  reaction for 
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Fig. 1. Reaction for  calcium ions in cytoplasm of type II atveolocytes,  a) End 
product of reaction for calcium ions in type II alveolocytes (AID. Elect ron-dense  
mater ia l  present  as concentration of granules  in cytoplasm, and detectable in OLB 
(12,000 • b) localization of products  of reaction for  calcium in type II alveolo- 
cyte (75,000 • CP) Calcium packets;  OLB) osmiophilic lamel lar  bodies. 

TABLE I. Total Number of Extrusions of 
OLB in Type II Atveolocytes of Rabbit Lungs 
in Normothermia (A) and Hypothermia (B) 
(mean data for i00 cells) 

Parameter A B p 

Number of OLB in one 
type II alveolocyte 

Number of extrusions of 
OLB in one type II 
alveolocyte 

19.0• 

0,2• 

23:2=2,0 

0,4=i=0,06 

0,05 

0,05 

Ca ++ ions was heterogeneous. In some places concentrations of 30 to 40 granules had formed, and around them 
the membrane of the endoplasmic retieulum had begun to fold concentrically. These structural formations at- 
tained a length of 1 At and a thickness of up to 0.1-0o2 At. They were conventionally called ~calcium packets" 
(CP). As a rule they began to form close to the nuclear membrane. In this zone they were small and the re- 
action product for Ca ++ ions was most frequently seen as pale dust-like granules. The increase in the volume 

of CP took place on account of growth around the osmiophllie membranes, in concentric layers one above the 
others. High activity of the histochemical reaction for calcium ions was observed in the newly formed OLB 
(especially in the "nucleus ~ of the formation). The following rule was noted: If the "nucleus" of the OLB lies 
close to its common membrane, calcium oxalate will be present in the form of large electron-dense granules. 
The further from its common membrane the "nucleus ~ of the OLB lies, the smallei ~ the granules of reaction 
product. With an increase in the size of OLB the histochemical reaction products began to be concentrated 
more often beneath the c~176 membrane, forming a distinctive band below the membrane, consisting of small 
calcium granules 40-50 nm thick. Highest activity of the histochemical reaction for calcium ions was found to 
be characteristic of OLB with a volume of over 5/~3 (17.5 conventional units), bodies up to 3 At3 in volume (15.0 
conventional units) were less active, and no reaction product for calcium ions was present in OLB with a vol- 
ume of under 3 At3 (Table 1). The greater the diameter of the body, the wider the band of the histochemiea[ re- 
action for calcium ions. ]V~eanwhile acid glyeosaminoglyeans were discovered in these areas by means of 
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Fig. 2. 
char[des  in cytoplasm of type II alveolocytes,  a) Site of extrusion of OLB into al- 
veolar  lumen (AL), which contains finely granular  product of reaction for calcium 
(55,000 x). b) Fragment  of tubular surfactant (TS), e lec t ron-dense  mater ia l  re-. 
vealed in co rne r s  and in center  of l a t t i ce -squares  (100,000 x); c) la t t ice-squares  
of TS are filled with mucopolysacchar ides  (revealed by ruthenium red, 125,~0 x). 

Distribution of products  of reaction for calcium ions and for mucopolysac-  

Fig. 3. Distribution of granules of end product  of reaction for calcium ions in type 
II a lveolocytes  (AID in hypothermia,  a) Number of OLB labeled with e lec t ron-dense  
mater ia l  in type II alveolocyte is increased (18,000 x); b) increase in number of CP 
with calcium oxalate granules  (75,000 x). N) Nucleus, 

ruthenium red. Not all myelin bodies showed an intense reaction for calcium ions. OLB of different diame- 
te rs  and "ca lc ium-f ree"  OLB were found. The c loser  the OLB to the apical surface of the type II alveolocytes,  
the la rger  its membranes  band consisting of products  of the his tochemical  react ion for Ca ++ ions, especial ly 
at the point of contact with the cell membrane  of the type II alveolcytes (Fig. 2a). 
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TABLE 2. Results  of Scanning Cytophotometry 
of Calcium Ions (in conventional units) in OLB 
of Type II Alveo!ocytes in l~abbit Lungs during 
Normothermia (A) and Hypothermia (B) 

Volume of OLB. p3 Calcium ions 
�9 n B ! Control 

Over 5.0 ] 17,5• 83,3• ,[ 0 
From 3.0 to 5.0 I 15,0§ 16~34• I 0 
Under 3-9 .. -- I , O ~ O . ?  i . 0 

Legend. Density of his tochemical  react ion 
products  for  calcium ions measured  on scan- 
ning cytophotometer  of UI~M-100A electron 
m ic re scope. 

Calcium ions probably bind phospholipids of the cell membrane  and OLD in this area. The OLD, pro-  
jeering above the general  surface of the type tI alveolocyte, lifts the cell membrane,  which is thinner [n this 
area,  after  which it breaks,  and extrusion of the OLB into the lumen of the alveolus takes place. After re lease  
of the OLB from the type II alveolocytes and the formation of tubular surfactant  (TS), the part icipation of cal-  
cium ions in this p rocess  also can be observed. The dust- l ike granules  in the c r o s s  section of TS, the product  
of the histochemical  reaction for  calcium ions, form "cross ing  lines" connecting the phospholipid walls diag- 
onallyin eaohla t t i ee -square  {Fig. 2B). The lattice squares  are filled with acid mucopotysacchar ides ,  c lear ly  
distinguishable with the aid of ruthenium red on e lec t ron-mic roscop ic  analysis,  which was ca r r i ed  out on the 
same mater ia l  (Fig. 2e). The hydroxyl groups of the glyeosaminoglycans evidently interact  s t r ic t ly  regular ly  
with calcium ions to form the cross ing  lines of TS. 

In hypothermia the intensity of formation of OLB, labeled with calcium oxalate, in the type II alve0locytes 
increased {Fig. 3). The number of sites of CP formation and extrusions of OLB became much g r ea t e r  under 
these conditions (Table 1). The quantity of products  of the his tochemlcal  react ion for  calcium in OLD in- 
creased.  Fo r  instance, in bodies with a volume of over  5 p3 the intensity of the react ion was 83.3 conventional 
units (c.u.), for  bodies between 3 and 5 #3 in volume it was 16.34 c.u., and in those under 3 #3 in volume the 
calcium oxalate granules  had a density of under 1 c.u. (Table 2). In the control experiments,  when ammonium 
oxalate was not present  in the incubation medium, no end product  of the react ion was detected. 

Histochemical  demonstrat ion of calcium ions in the r e sp i r a to ry  compar tment  of the rabbit  lung thus 
showed that granules  of the end product of the histochemieal  react ion are mainly located in type II alveolo- 
cytes.  During hypothermia the intensity of the react ion increased.  Calcium ions were found most  c lear ly  at 
sites of formation and extrusion of OLB, and also in si tes of TS formation.  
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