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Biometr ic  investigation of the villi of the 7-week chorion (measurement  of the thickness o f  the syu-  
ey t io-  and cytotrophobtast,  the shor tes t  distance f rom the subcytotrophoblast ic membrane  to the outer  wall 
of the blood vessels  and the thickness of the vascu la r  wall of the chorJo.uic villi) provided a basis  for  the 
author to construct  a model of the :,uman placental  b a r r i e r ,  faithfully ref lect ing the quantitative re la t ion-  
ships between its e lements .  

The biomctr lc  analysis  of individual e lements  of the chorionic villi,  and especia l ly  the dimepsions of 
the nucleus, h.3s been the subject of few investigations [2, 4, 5, I0, 11]. Yet the ueed for  a quantitative Study 
of these s t ruc tures  is cviQunt because the i r  morphological  and physiological  p roper t i e s  are  re la ted  to 
c h a n ~ s  in their  size.  

Using resul ts  of previous sys temat ic  morphological  and his tochemical  investigations [3] as the s t a r t -  
Ing point, in the present  investigution we selected for  b iomet r ic  analysis  the chorionic villi ,  whose leTel of 
development i s  that of typical vascular  villi of the f i r s t  third of normal  pregnancy.  

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

Fig. 1. Blometr ic  scheme of human 
placental  b a r r i e r  at the 7th week of 
pregnancy.  A) Syncytiotrophoblast;  
B) cytotrophoblast;  C) connect ive-  
t i ssue par t  of villus; D) blood vesse l  
wall,  I - I ~  Zones of distribution of 
blood vesse l s ,  l~emainder of explana-  
t ion given in Table 1 and text.  

The s t ruc tu re s  of the human placental  b a r r i e r  were  measu red  
by means of B. P. Khvatos" �9 drawing apparatus  [7] on specimens  of 
the 7-week chorion stained with i ron-hematoxyl in .  Al together  114 
villi were  studied and 3451 measuremen t s  made.  rhe  thickness of 
the syncytium the cytotrophoblast ,  the epltl=elial lining of the villi,  
the shor tes t  d~,~tance f rom the subcytotrophobtast ic  membrane  to 
the outer  wall of the blood vesse ls ,  and the thickness or the vascu -  
la r  wall of the chorionic  villi were measured .  

The resu l t s  of s ta t is t ical  analysis  of the ma te r i a l  by the 
methods normal ly  used in b lometry  [6] a re  given in Table  1, 

A scheme of the human placental c a r r i e r  Was compiled f rom 
the a r i thmet ic  mean ".,~:lues (Fig. 1). Stat is t ical ly sigrdficant quan-  
t i tat ive relat ionships  between its e lements  are  re f lec ted  along the 
axis MN. As a m easu re  of the degree  of var ia t ion  in size of the 
s~ructures of the placental  b a r r i e r ,  a coefficient  o.~ var ia t ion  (CV} 
was calculated for  each element  in each vil lus,  and the i r  mean va l -  
ues were  then deterred.ned by the methods of ~ . r t ance  analysis  
(Table 1). 

Statist'.cal analysis  of the resu l t s  revealed  a number  of gene r -  
al princ~.pI3s governing the relat ionships  between tin:- s t ruc tu re s  of 
the hun~an placental  b a r r i e r .  A point wor th  noting {these resu l ta  
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TABLE I .  
Ontogenesis 
m, 

Resul ts  of B iomet r l e  Analysis  of S t ruc tures  of the Placenta l  B a r r i e r  in Ea r ly  Human 

Objer't m e a s u r e d  

Thic lmess  of syncyt ium (ab) 
Thic lmess  of cytot rophoblas t  (bc) 
r h i c l m e s s  of epi thel ial  lining 

of vil lus (ac) 
Distance f rom subepi thel ia l  

membrane  to ou te r  wall  of 
blood v e s s e l s  in zone I (cd) 

Distance f rom subepithel ial  
membrane  to ou te r  wall  of 
blood ves se l s  in zone II (ce) 

Distance f rom subepithel ial  
m e m b r a n e  to outer  wall  of 
blood ves se l s  in zone ILI (cf) 

rh ic lmess  of ves Je l  wall  (fg) 

Size (in conventional units) 

M ~ m  a 

14.2-~0.80 ~5.63 4.1• 
17.5• ~5.65 

30 .0-1 .00  • 

20.5+1.68 

55.6+4.10 

L14.9+8.81 
23.0:~1.43 

Coefficient  of va r ia t ion  (in %) 

~3.65 

• 

~27.90 
~8.00 

Vmi n - Vma x 

6.1 - 3 6 . 0  

1 0 . 2  - 6 2 . 2  

1 6 . 9  - 2 4 . 3  

31.0 -- 78.0 

90.7 - 162.4 
11.3 - 47.5 

M :tin 

23.6• 
28.9 + 1.71 

15.6~1.08 

34.6:~10.15 

15.3~:2.65 

8.2:~1.30 
20.5• 

m 

o" 

--.10.00( 
~:II.85 ] 

�9 7.55 J 

:~ 20.30 I 

Vmt n - Vma x 

8.7 -- 66.6 
7.3 -- 62.9 

2 . 0  - 2 9 . 6  

1 6 . 8  - -  5 9 . 0  

�9 9.15 I 5.3 -- 36.5 

:e4.11 ] 3 . 3  - 14.3 
:~11.00 ) 5.6 - 47.6 

a r e  not given in the table) was that in 44% of cases  the th ickness  of the cytut rophoblas t  on the a v e r a g e  was 
7.2 conventional units g r e a t e r  than the th ickness  of the syncyt ium(m = ~ 0.88, a = +4.15, CV = 57.6%), i n  
26% of cases  there  was no s~T_tificant d i f ference between the i r  s ize,  and in 30% of ca se s  the syncyt ium was  
8 conventional units (m = ~0.70, a = 2.73, CV = 34.~'~0) th icker  than the cytot rophoblas t .  T h e  height of the 
cytotrophoblast  var icd  cons iderably  in diff:~rent pa r t s  of the villi ,  and in 62% of ca se s  i ts  va r iab i l i ty  was 

g r e a t e r  than that of the height of the syncyt ium (in 6% of ca se s  these  values  were  indist inguishable) .  These  
resu l t s  evidently re f lec t  the morphologica l  and physiological  p r o p e r t i e s  distinTuishing the cytotrophoblas t ,  
notably the fact of convers ion  of cytot rophoblas t  into syncyt ium revea led  by var ious  morphologica l  methods 
[ 9 l .  

By lueasur ing  the shor tes t  d is tances  f rom the subcytot rophoblas t ic  m e m b r a n e  to the ou te r  wall  of the 
blooJ vess. la,3 zones of the most  t) 'pical a r r a n g e m e n t  of the blood ve s se l s  in the chorionic vi l lus could be 
distinguished: 19 subcytotrophoblast .c,  ve s s e l s  lying not more  than 30 conventional units away f r o m  the 
chorionic epithelium; II) ve s se l s  of the middle zone lying f rom 30-80 conventiowal units away; IIi) ve s se l s  
of the middle par t  of the villus lying more  than 80 conventional units away f rom the epi thel ium.  According  
to our  findings, 48% of ve s s e l s  at the s tage under  invest igat ion were  in zone II and 37% in zone HI. 

rhe  size of cel ls  is known to be re la ted  to the i r  functional s ta te .  This  was conf i rmed by the p re sen t  
investigation, as  the coeff icients  of var ia t ion  in s ize  of the e l emen t s  studied show ( t ab l e  D.  Compared  with 
all o ther  s t r u c t u r e s  of the human placental  b a r r i e r ,  cons iderable  va r ia t ions  in s ize a r e  fcund in the syn -  
ey t io -  and cytotrophoblast ,  despite  the fact that, accord ing  to morphologica l  and h is tochemtca l  evidence,  
normal ly  functioning villi were  analyzed.  For  the syncyt ium the ra t io  Vmi n : Vmax* is  approx ima te ly  9, 
for  the cytot rophoblas t  6, and for  the other  s t ruc tu re s  f rom 1.5 to 4. t h e  r e su l t s  of h is tochemical  i n v e s '  
t~gaHons show that the epithel ium of the villi, e spec ia l ly  the ~,yncytium, is  e x t r e m e l y  act ive  functionally 
[1, 8] .  

The re su l t s  descr ibed  above a r e  of genera l  biological  in te res t  and may se rve  as  the bas i s  for  quan-  
t i ta t ive a s s e s s m e , , t  of changes taking place  in the s t ruc tu r e s  of the human placental  b a r r i e r  dur ing no rma l  
and pathological  pl~egnancy. 
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