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A m o r p h o m e t r i c  method of studying the s t ruc tu re s  of the lungs is sugges ted  and has been 
tes ted  on 400 albino r a t s .  The n e c e s s a r y  fo rmulas  for  the volume and d i ame te r  of the 
alveoli ,  the n u m b e r  of alveoli  in the lung, the total  a r e a  of the a lveo la r  su r face ,  the volume 
of a i r  in the whole lung, and so on, a re  given. The proposed  method of mathemat ica l  anal -  
ys is  is s imple  and can be r ecommended  for  the study of age changes and pathological  
changes in the lungs of exper imenta l  an imals .  

The introduction of m o r p h o m e t r i c  methods into scientif ic  r e s e a r c h  widens the scope of analysis  based  
on the quantitative a s s e s s m e n t  of information regard ing  the s tate  of the s t ruc tu r e s  of an organ  under no rma l  
and pathological  condit ions.  In pa r t i cu l a r ,  the re  is cons iderable  in te res t  in the m o r p h o m e t r i c  study of the 
lungs,  the object  mos t  f requent ly  used in exper imenta l  r e s e a r c h  and a t t ract ing the attention of the patholo-  
gist .  

The method of ma themat ica l  analys is  of changes in the lung s t ruc tu re s  of exper imenta l  an imals  t es ted  
by the w r i t e r s  on the r e su l t s  of morphome t r i c  studies of 400 noninbred albino ra t s  incorpora tes  a number  
of h i s tomet r i c  approaches  published prev ious ly  [1, 2, 4, 7-9, 11]. Unlike methods of f ixation of the lungs 
sugges ted  e a r l i e r  [5, 6, 10], the method of f ixation of the lungs with 10% formal in  used by the w r i t e r s  is 
s imple  and re l iab le .  "Cor rec t ion  fac tors  for  f ixation shr inkage"  given by Weibel [12] fo r  the human lungs 
differ  negligibly f r o m  the corresponding fac to r s  obtained in the p re sen t  invest igat ions.  P r e p a r a t i o n  of the 
organ  for  h i s tomet ry  includes determinat ion of the volume of the fL'<ed lung, weighing, p rocess ing  of the 
p ieces  of lung t i ssue  and staining the histological  sect ions .  The h i s tomet r i c  method of study of the lungs,  
based  pa r t l y  on Weibe l ' s  r ecommenda t ions  [11], and adapted for  p rac t i ca l  pu rposes ,  is desc r ibed  below. 

The ra t io  between the volumes of the a i r  pa s sages  and of the r e s p i r a t o r y  pa r t  of the lung is m e a s u r e d  
in histological  sect ions wi th  the light mic roscope  by means  of Avtandtlov 's  ocular  measur ing  gr id  [3]. This 
s tage includes photography of a known a r e a  on randomly  chosen histological  sec t ions  and also of r a n d o m  
a r e a s  of the r e s p i r a t o r y  pa r t  of the lung, in accordance  with St rukov 's  concept of "biological  a rea"  [8]. His-  
t ome t r i c  analysis  of the s t ruc tu r e s  of the "biological  a r e a s "  of the lung cons is t s  of accura te  counting of the 
number  of alveoli  found, with allowance for  the i r  d iamete r ,  and determinat ion of the a r e a  that they occupy 
on s eve ra l  photographic pla tes  (up to 10). On the bas i s  of the resu l t s  obtained the in t roductory  p a r a m e t e r s  
of h i s tome t ry  of the lung can be obtained: K a is the total number  of alveoli  and S a is the total  a r e a  of the 
alveoli .  Close attention is r equ i red  when these p a r a m e t e r s  of the lung are  de te rmined  for  the in fo rmat ive -  
ness  of the work  as a whole depends on this s tep.  

The next s tage in the h i s tome t r i c  investigations is de terminat ion  of the number  of a lveol i  and the to-  
tal a r e a  of the a lveo la r  sur face  in the lung of the exper imenta l  animal ,  for  which the following data a re  
found. 

1. The number  of a lveol i  pe r  m m  2 of histological  sect ion (11) by  the equation n =Ka/Snx,  where  Snx 
is the a r e a  of c r o s s  sect ion of the lung t i ssue  photographed on the p la tes .  
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Fig. i. Fig. 2. 

Fig. 1. Model of ma themat ica l  analogue of l/4 acinus of the lung of a 
noninbred albino r a t  aged 210 days:  XVI (1) t e rmina l  bronchiole  of the 
XVI o r d e r  of bronchi ;  XVII (2) r e s p i r a t o r y  bronchiole  of the XVII o r d e r  
of bronchi ;  XVIH (3) r e s p i r a t o r y  bronchiole  of the XVIII o r d e r  of b ron-  
chi, a lveo la r  passage  of the f i r s t  o rde r ;  XIX (4) r e s p i r a t o r y  bronchiole  
of the XIX o r d e r  of bronchi ,  a lveo la r  pas sage  of the second o rde r .  A .S . )  
a lveo la r  sac  fo rm ed  by t e rmina l  a lveol i  of the r e s p i r a t o r y  brenchiole  of 
the XIX o rde r .  Scale.  1 m m  to 5 /~. 

Fig. 2. Model of cy l inder  of r e s p i r a t o r y  bronchiole  with a lveo lh  A) 
a lveo l a r  passage  (cylinder of passage  dist inguished by broken  line). 
A1, 2, 3, 4, 5 ) Alve~ B) The s imp le s t  model  of an alveolus with a smooth  
sur face  consis t ing of 5/6 of a sphere .  It is c h a r a c t e r i z e d  by one m e a s u r e -  
ment  - the mean  d i am e t e r  of the a lveolus .  

2. The wmean a r e a  of c r o s s  sect ion" of an alveolus (S), obtained by  r a n d o m  sect ion in any direct ion,  
using the equation ~ = S a / K  a. 

3. The apparen t  volume of the alveolus (Va) is found by the equation Va = ~ "S 2/3, where  ~ is a 
d imens ion less  coeff icient  depending on the configurat ion,  and fo r  a lveol i  is taken to be 1.55. To obtain the 
volume of an alveolus of the lung (Va', Va ") of a typical  group of an imals ,  a m a t h e m a t i c a l  analogue of an 
acinus (Fig. 1) with alveol i  having different  degrees  of t runcat ion of the i r  inlet must  be c rea ted .  F o r  this 
purpose  the following equations a re  used: 

a) Va' =Trh2 [R- (1 /3 )  h], where  h is the depth of the a lveolus ,  or  

b) Va=(4/3)~h3(5/6), where  the volume of a t rue  alveolus is 5 /6  of the volume of a sphere .  

4. The d i ame te r  of a mean alveolus by the equation: D m . a = ~ ( V a  .6)/7r~ 

5. The vo lumet r ic  f rac t ion  (p) of the given t issue component  and, in pa r t i cu la r ,  of alveoli  in h i s to-  
logical  sect ions of the lung which give a two-dimensional  image of the th ree -d imens iona l  s y s t e m  of r a n -  
domly dis t r ibuted t i ssue  s t r u c t u r e s ,  by the equation p =n . ~ / S  n. 

6. The number  of alveoli  in 1 m m  3 lung t i ssue  (Na) by the equation N a =n3/2/fiV~p. 
7. The number  of a lveol i  in the whole lung (NAT) of a pa r t i cu la r  exper imenta l  animal  is found by the 

equation NAT =N a �9 ~VLS, where  ~VLS is 90% of the  total  volume of the his tological  p r epa ra t ion  of the lung. 

8. The total  a r e a  of the a ]veolar  sur face  (SAT } through the t issue s t ruc tu re s  of whose a i r -b lood  
b a r r i e r  the p roce s s  of gas  exchange takes place is found by the equation 
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" 8 /' pa~VL ~2/3 
SAT = 1VAT" a ~ A T  j ~' 

where 5a  is the mean coefficient of configuration,  with a value of 4.87, de te rmined  by the use of models  con-  
s ider ing only one geomet r i ca l  p rope r ty  of the a lveolus ,  namely,  the ra t io  s u r f a c e / v o l u m e .  The p a r a m e t e r  

V L is 90% of the total volume of the native lung. The resu l t s  of de terminat ion of the total a r e a  of the a l -  
veo la r  sur face  by the g e o m e t r i c  method and by the method of the "mean  chord length" and by l inea r  m e a -  
su remen t s  on a model of the alveolus were  found to agree  sa t i s fac to r i ly  in e v e r y  case .  

To de termine  the volume of a i r  in the lung of the exper imenta l  animal  the volumes of the suggested 
model of a ma themat ica l  analogue of the cyl inders  of a bronchus (Fig. 2) must  be calculated s e p a r a t e l y  for  
each  segment  and for  the whole o rde r  of bronchi  in the lung as a whole by the equation V w =R2h. The total  
volume of a i r  in all b ranches  of the bronchi  and bronchioles  forming the "conductive zone," in the a lveo la r  
pas sages  forming the " t r ans i to ry  zone," and also in the alveoli  of the r e s p i r a t o r y  zone co r respond  to the 
volume of a i r  found in the whole lung. 

Differences in the s t ruc tu re  of the lung assoc ia ted  with age or  with pathological  changes can be dif- 
fe rent ia ted  p r e c i s e l y  by means  of this m o r p h o m e t r i c  method when used in p rac t ica l  r e s e a r c h .  
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