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Mechanisms  of adaptation of the albino ra t  p lacenta  to m a t e r n a l  dehydrat ion as a resu l t  of 
r e s t r i c t ion  of the wa te r  intake were  invest igated.  In the dehydrat ion exper iments  nonpreg-  
nant an imals  surv ived  for  6-7 days and pregnant  an imals  fo r  10-11 days.  Compared  with 
the controls ,  the placenta  of the exper imen ta l  an imals  showed cons iderable  thinning of the 
labyrinthine bands,  i nc reased  pe rmeab i l i ty  of the ground substance  of the connective t i s -  
sue and of the endothel ia l - t rophoblas t ic  subs tances ,  and a high ra te  of prote in  synthesis  
in the syncyt iot rophoblas t .  These  changes a r e  evidence of the high adaptive powers  of a 
p rovis iona l  organ such as the placenta .  

Dis turbance  of fe ta l  development  by the action of pathogenic agents (high t e m p e r a t u r e ,  cooling, anoxia, 
x rays ,  drugs,  s tarvat ion)  on pregnant  an imals ,  inducing changes in the newly fo rmed  placenta,  has f r e -  
quently been d i scussed  in the l i t e ra tu re  [1, 3, 5-7]. 

The invest igat ion desc r ibed  below is one of a s e r i e s  to examine the genera l  p rob lem of the m e c h a n i s m s  
of adaptation of the m o t h e r - p l a c e n t a - f e t u s  sy s t em to changes in the externa l  environment .  An env i ronmen-  
ta l  f ac to r  which is ve ry  impor tant  fo r  development  of the embryo  is the wa te r  and salt  balance of the mother .  
This  p rob lem is of g rea t  p rac t i ca l  impor tance  where  man  is concerned fo r  it is connected with the develop- 
ment  of obs te t r i ca l  d i seases  such as the toxemias  of pregnancy.  

The object  of this invest igat ion was to study m e c h a n i s m s  of adaptation of the albino rat  placenta to 
m a t e r n a l  dehydration.  

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

The development  of the chorioal lantoic  p lacenta  of the albino ra t  was studied under  no rma l  conditions 
and during feeding on dry  food only. Noninbred albino ra t s  weighing 180-200 g were  used. The pregnant  
an imals  were  divided into two groups:  1) control ,  rece iv ing  the o rd inary  animal  house diet; 2) an imals  (12) 
with a r e s t r i c t e d  wa te r  intake, receiving only dry  b read  to eat.  

The exper iment  began on the 7th day of pregnancy,  i .e. ,  at the t ime  of placentation.  Nonpregnant ra ts  
were  found to be m o r e  sensi t ive  to dehydrat ion than pregnant;  they died on the 7th day a f t e r  the exper iments  
began. Pregnant  an imals  receiving dry food only died a f t e r  17 days,  i .e. ,  on the 1 0 t h - l l t h  day a f t e r  the 
beginning o g the exper iment .  

The an imals  were  kil led by decapitat ion on the 10th, l l t h ,  12th, 13th, 14th, 15th, 16th, and 17th days 
of pregnancy.  The m a t e r i a l  was fixed in 10% neut ra l  and acid fo rmal in  and in Ca rnoy ' s  mix ture .  Paraff in  
sect ions ,  5-7 p in th ickness ,  were  s ta ined by the usual  his tological  methods,  by the PAS react ion,  and with 
toluidine blue at var ious  pH values ,  and with Ha le ' s  reagent  with the cor responding  controls  for  detect ion 
of mucopo lysaccha r ides .  Sections were  stained fo r  prote ins  with bromphenol  blue, with ninhydrin and 
Schiff 's  reagent ,  and by t e t razon ium coupling; nucleic acids were  studied by staining by B r a c h e t ' s  method.  
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Fig. 1 Fig. 2 

Fig.  1. Area. of labyrinth of albino rat placenta in control  animal at 
17th day of pregnancy; toluidine blue at pH 4.2, 250 • 

Fig. 2. Area  of labyrinth of albino rat placenta at 17th day of p reg -  
nancy. Maternal  dehydration. Toluidine blue 250 • 

EXPERIMENTAL RESULTS 

On the 10th day of development the elements of the future fetal placenta consist of the allantois and 
structures of the trophoblast which are not connected together. The inner surface of the ectoplacental cone 
consists of small, compactly arranged cells of the trophoblast, from which wide bands are formed in the 
direction of the maternal tissues. In the outer layer of the rudimentary placenta the trophoblastic cells 
are large, with branching processes, arranged as a loose network. Comparison of the patterns of develop- 
ment of the placentas of the control  and experimental  animals at this period of pregnancy showed no m o r -  
phological differences.  

F r o m  the l l t h  day of pregnancy a sharp decrease  in the thickness and number  of the trophoblast ic  
elements concerned in the formation of the ehorioallantoic placenta was observed in the experimental  
animals.  The cytotrophoblast  around the large fetal vesse ls  consisted of small,  indefinitely shaped cells 
a r ranged in two or  three layers .  

On the la th  day of pregnancy the differences between the development of the placentas of the exper i -  
mental  and control  animals were more  c lear ly  marked.  In the normal  rats the labyrinth of the placenta 
was present  i n  rudimentary form,  and the zona spongiosa was in the p rocess  of formation.  The bands of 
the labyrinth were wide, and many of the trophoblastic cells were in a state of mitosis .  Fetal  blood ves -  
sels were located inside the bands, and materna l  lacunae outside them. In the experimental  animals no 
c lea r  line could yet be drawn between the zona spongiosa and the labyrinthine zone. MostJ of the fetal part  
of the placenta consisted of materna l  lacunae, and the fetal vesse ls  surrounded by the thin cytotrophoblast  
occupied a relatively small  a rea  compared  with the dilated materna l  lacunae. 

F r o m  the 13th to the 15th days of pregnancy, growth and development of the newly formed s t ruc tures  
took place in the placenta, and by the 17th day in the normal  animals the folded s t ruc ture  of the labyrinth 
was c lear ly  marked,  with its dense network of fetal vesse ls  separated f rom the materna l  lacunae by the 
trophoblast  and by occasional  cells of the cytotrophoblast  (Fig. 1). The trophoblastic cells in the zona 
spongiosa were large and surrounded by extensive islands of cells containing glycogen. 
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In the exper imenta l  animals  the folded s t ruc tu re  of the labyrinth was c l ea r ly  m a r k e d  only in the zone 
surrounding the la rge  fetal  ve s se l s ;  toward  the zona spongiosa the folding diminished,  and mos t  of the 
labyrinth in that a r e a  cons is ted  of m a t e r n a l  lacunae; the fetal  ve s se l s  were  fil led with e ry th rob las t s  and 
surrounded by the thin syncyt io t rophoblas t  (Fig. 2). Opt imal  conditions were  thus provided for  metabol ic  
exchange between the fetus and mothe r .  

The resu l t s  of the h i s tochemica l  t e s t s  for  glycogen in the placenta  of albino ra t s  kept on the no rma l  
an imal  house diet were  in full ag reemen t  with the observa t ions  of Sharov [11]. In the control  an imals  a f t e r  
the 11th day the zones of glycogen-containing cel ls  in the newly fo rmed  ma te rna l  par t  of the placenta  were  
c lea r ly  dist inguishable;  in the exper imenta l  animals ,  so l i ta ry  decidual cel ls  with infrequent,  t iny,  c r i m -  
son granules  were  found in the zona spongiosa.  Not until the 12th to the 14th day of development  were  
smal l  (compared with normal )  a r e a s  of glycogen-containing cel ls  c l ea r ly  dist inguishable in the in te rmedia te  
zone of the placenta .  During the s ame  per iod c r i m s o n  granules  appeared  in the wall  of the fe ta l  placental  
v e s s e l s  of the chorioni~ plate.  Not until  the 15th day of pregz~ancy were  glycogen granules  found in the 
syncyt iot rophoblas t ,  but they were  fewer  than in the control  an imals .  As pregnancy continued, gradual  ac -  
cumulat ion of glycogen took place  in the p lacenta l  labyrinth and in its outer  par t  border ing  on the zona 
spongiosa,  but t he r e  was l ess  of it than in the control .  

Staining the placenta  with buffered solutions of toluidine blue gave the following resu l t s .  F r o m  the 
11th to the 14th days of pregnancy  in both the exper imen ta l  and control  s e r i e s  fi-  and ~ - m e t a c h r o m a t i c  
granules  accumula ted  at pH 3.6-3.8 and, in pa r t i cu la r ,  at pH 4.2-4.4 in the cy toplasm of the giant cel ls ,  in 
the in te rs t i t ia l  subs tance  between them,  in the ground substance  of the connective t i s sue  of the chorionic 
plate ,  and along the course  of the l a r g e r  fe ta l  v e s s e l s .  

With an inc rease  in the duration of pregnancy the p ic ture  changed. Whereas  in the control  s e r i e s  
acid mucopo lysacchar ides  accumula ted  in the p e r i v a s c u l a r  connect ive t i s sue  and the pe rmeab i l i ty  of these  
s t ruc tu r e s  was reduced [10], in the exper imen ta l  an imals  the content of h igh -po lymer  compounds dec rea sed  
and the f i -  and ~ - m e t a c h r o m a s i a  d isappeared;  i .e. ,  the pe rmeab i l i t y  of these  s t ruc tu re s  was increased .  
S imi la r  changes were  revea led  by Ha le ' s  method with the appropr ia te  controls .  

In connection with these  p rob l ems  it was in teres t ing  to study the role  of the albino ra t  p lacenta  in 
p ro te in  me tabo l i sm,  fo r  many  worke r s  have concluded that the placenta  can synthes ize  specif ic  prote in  
components  independently, and these  could poss ib ly  enter  the fe ta l  blood s t r e a m  [2, 5, 8, 12]. 

The synthes is  and content of RNA in the eel1 c o r r e l a t e  with the intensi ty of prote in  synthesis  [4]. 

His tochemica l  analys is  of prote in  subs tances  in the p lacentas  of the exper imen ta l  ra t s  showed that  
the intensi ty of t he i r  staining fo r  pro te in  was slightly less  than in the placentas  of the control  an imals .  
S imi la r  r esu l t s  were  obtained by staining fo r  RNA. 

The dehydrat ion exper imen t s  thus demons t ra t ed  thinning of the labyrinthine bands of the placenta,  
t he reby  ensur ing opt imal  conditions for  metabol ic  exchange between the fetus and mother ;  an i nc rea se  in 
the pe rmeab i l i ty  of the ground subs tance  of the p e r i v a s e u l a r  connective t i ssue ,  and a high intensi ty of syn-  
thes i s  of prote ins  requi red  fo r  the developing embryo  in the syncyt iot rophoblas t .  These  observa t ions  a r e  
evidence of the high adaptive powers  of a provis ional  organ such as the placenta.  
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