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By means  of a method of two-way perfus ion of the isola ted human placenta  the t r a n s p o r t  of 
urea  f r o m  the fetal  to the mate rna l  placental  c i rcula t ion  and the t r a n s p o r t  of amino acids in 
the opposite direct ion were  studied. Exper iments  showed that  the method provides  for suf -  
f iciently complete  per fus ion  of the intervi l lous space  and c r ea t e s  sui table  conditions for  the 
study of placental  t r anspor t .  If  the amino ni t rogen concentrat ions in the two c i r cu la to ry  s y s -  
t ems  a re  equal,  its concentrat ion in the fetal  c i rcula t ion  r i s e s  in the course  of the exper iment .  
On the addition of an amino acid to the ma te rna l  c i rculat ion,  this inc rease  develops to a g r ea t e r  
degree.  The r e su l t s  of these  exper imen t s  conf i rm the view that  amino acids a re  " sec re t ed"  by 
t rophoblas t  cells into the fetal  circulat ion.  
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Techniques for  the s tudy of the human placenta  in vivo a r e  l imi ted  and for  that r e a s o n  methods of 
studying the isolated,  surviving placenta  a re  of g rea t  impor tance  as a second bes t  solution. These  methods,  
of course ,  r eproduce  to a g r ea t e r  or l e s s e r  degree  the na tura l  conditions of the placental  circulat ion.  

A technique developed prev ious ly ,  by means  of which two-way per fus ion  of the st trvtving human p l a -  
centa can be undertaken,  was used. F i r s t  exper ience  with the method showed that it ensures  per fus ion  of 
the intervi l lous space  [1]. However ,  it was not known how complete  this per fus ion  was or whether  the con- 
dttions c rea ted  for  the study of p lacenta l  t r a n s p o r t  were  close to physiological .  

It was the re fo re  decided to make a more  detai led study of the t r a n s p o r t  of m a t e r i a l s  to the p lacenta  
and, in pa r t i cu l a r ,  to study the t r a n s p o r t  of u rea  f r o m  the fetal  p lacental  c i rcula t ion  into the ma te rna l  c i r -  
culation and the t r anspo r t  of amino acids in the opposite direct ion.  

EXPERIMENTAL METHOD 

Two-way per fus ion  of the p lacenta  immedia te ly  a f te r  b i r th  was c a r r i e d  out with a mixture  of Hanks '  
solution and gelatinol (1 : 1) with the addition of p lacenta l  blood and g l u c o s e .  A pulsat ing flow of fluid (85 
bea t s /min )  with a veloci ty  of 500-600 m l / m i n  was maintained in the ma te rna l  c i rcula t ion while the p r e s s u r e  
in the cavity of the uterus was 40-60 m m  Hg. Fluid c i rcu la ted  in the fetal  c i rcula t ion as a pulsat ing flow 
(140 bea t s /min )  with a veloci ty  of 27 m l / m i n  and a mean p r e s s u r e  of 117 m m  Hg. Constancy of t e m p e r a t u r e  
(37 ~- 0.5~ and pH (mean 7.28) was maintained during the exper imen t s .  The sodium and p o t a s s i u m  concen-  
t ra t ion  in the med ium was de te rmined  with the F P L - 1  f lame photometer .  The values were  174 m e q / l i t e r  
(165-181 meq / l i t e r )  for sodium and 5.8 m e q / l i t e r  (3.6-8.1 meq / l i t e r )  for  po tass ium.  The glucose concen-  
t ra t ion  in the med ium also was de te rmined  by the method of Somogyi and Nelson. The initial glucose con- 
centra t ion (mean 98 mg %) fel l  gradual ly  tn the course  of the exper iment ,  re f lec t ing  the utilization of glu- 
cose by the placental  cel ls .  Urea  was de te rmined  by Conway's  microdif fus ion u rease  method, and the amino 
ni t rogen concentrat ion was de te rmined  by Szen t t rma l ' s  method [2] in Zhakhova 's  modification. Samples of 
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Fig. 1. Changes in mean percentage concentrat ion of urea in fetal and maternal  c t r -  
culat[ons during perfusion of placenta:  1) normal ,  2) toxemia.  Abscissa ,  t ime (in 
min); ordinate,  urea concentration (in % of initial value). 

Fig. 2. Changes in mean percentage concentrat ion of amino nitrogen during perfusion 
of placenta:  f) fetal, m) maternal  circulation. Continuous lines) experiments  with ad- 
dition of glycine, broken lines) experiments without glycine. Abscissa ,  t ime (in rain); 
ordinate,  concentrat ion of amino ni trogen (in % of initial value). 

fluid for testing were taken before the circulat ion s tar ted ,  15 rain later ,  and thereaf ter  every  30 rain for 
135 min of the experiment.  

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

In experiments  on 34 placentas the t ranspor t  of urea was studied f r o m  the fetal circulation into the 
maternal  circulation. In the control  experiment  the urea concentration in the fetal circulation ranged be-  
tween 5 and 12 mg % and in the maternal  circulat ion between 6 and 14 mg %; its level remained  vir tually 
unchanged during perfus ion. 

The remaining  experiments  were ca r r i ed  out with the addition of urea to the fetal circulat ion (0.5 
g l i ter  perfus ion fluid) on 21 placentas f rom women with uncomplicated pregnancies .  The original urea 
concentrat ion in these exper iments  averaged 53.1 =~ 1.7 mg % in the fetal and 7.0 �9 0,5 mg % in the maternal  
circulation. After perfusion for 15 rain the urea concentrat ion in the fetal circulat ion was significantly 
lowered (46.2 �9 1.3 mg %; P <  0.01); the decrease  continued later  (by 7.1-9.8 mg % compared  with the initial 
value). The increase in the mean urea  concentrat ion in the maternal  circulat ion after  perfusion for 15 rain 
(9.1 =~ 0.9 mg %; P=0.05)  also was significant, and later  the concentration continued to r i se  gradually (by 
3.9-4.4 mg % compared with the initial value). However, the decrease  in the urea concentration in the fetal 
circulation in absolute t e rms  was 1.5-2.3 times smal le r  than the increase in its concentration in the ma te r -  
nal circulation.  

During two-way perfusion of normal  placentas,  the concentrat ion gradEeat of urea created on both 
sides of the placental membrane  thus determines both its t ranspor t  f rom the fetal to the maternal  c i rcu la-  
tion and also, evidently, some retention of urine in the placental t issues in the case of a gradient of the 
magnitude studied. Urea t ranspor t  did not follow an identical course in all the experiments ,  and in Fig. 1, 
which shows the dynamics of t ranspor t ,  [t was expressed  as the mean percentage  change in the urea con- 
centration, caIculated f rom the percentage of changes in each experiment.  

Twelve placentas f rom women with pregnancy complicated by late toxemia,  running a mild course ,  
also were studied. No significant differences f rom normal  were found either in the absolute values of the 
urea concentration or in the dynamics of the mean percentage of the changes in its concentration (Fig. 1). 
Similar experiments  on 20 placentas f rom women with an uncomplicated pregnancy were ca r r i ed  out in o r -  
der to study the t r anspor t  of amino acids f rom the maternal  circulation to the fetal. In these experiments 
the initial concentration of amino acids in both circulat ions was the same:  mean 12.9 =~ 1.7 nag %. In 12 
control experiments ,  by contrast  with those to study urea t ranspor t ,  if the concentrations of the amino acids 
on both sides of the placental membrane were the same,  their  concentrat ion in the fetal circulation rose  in 
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the course of the experiment.  The mean concentration of amino nitrogen in the maternal circulation rose  
by 4.5% 15 min after the beginning of perfusion,  and later  it exceeded the initial value by 4.9-6.2 mg %. 
However, this increase  was not s ta t is t ical ly  significant at any period during the 135 rain of perfusion (P > 
0.05). The concentration rose  in only nine of 12 experiments  and the increase was different in different ex- 
per iments .  The results  are therefore  shown in Fig. 2 as curves reflect ing the dynamics of the mean p e r -  
centage change in the amino nitrogen concentration, taking all the experiments  into account. During perfu-  
sion the mean percentage of changes was 140-160 relat ive to the initial amino nitrogen level in the perfusion 
fluid. An increase in the amino ni t rogen concentration in the fetal circulation was observed in all 12 ex- 
per iments .  During the f i rs t  75 rain of perfusion its mean value was 0.3-4.5 mg % and it was not s tat is t ical ly 
significant (P > 0.05), although in individual experiments the increase  during this period was considerable 
namely by 2.2-4.2 t imes.  Meanwhile, at the end of perfusion the concentration of amino nitrogen in the fetal 
circulation [a absolute t e rms  rose  significantly, to 21.6 =~ 2.9 mg % (P =0.001). It will be clear  f rom Fig. 2 
that the concentration of amino nitrogen in the fetal circulation rose  in the course of the f i rs t  15 rain of p e r -  
fusion to 113~ of its initial level, and by the end of the experiment to 170-190%. 

These experiments showed that if the amino nitrogen concentration was the same on both sides of the 
placental membrane,  the perfusion fluid became enriched with amino acids;  the p rocess  took place more  
rapidly and to a significant degree on the fetal si'de. 

In the remaining eight experiments  an amino acid was added to the maternal  circulation (1.5 g glycine 
to 1500 ml perfusion fluid). The original amino nitrogen concentration in the fluid was 38.3 * 3.7 mg %. La-  
ter  an increase in the concentration was observed in only five of eight experiments;  however, the changes 
were slight, on the average by 1-3.5 mg %, and they were not significant (P=0.05).  In all experiments the 
concentration rose  on average by only 11-14%. The initial amino nitrogen concentration in the fetal c i rcu-  
lation was 8.9 =~ 2.3 mg %. A subsequent increase  in concentrat ion was observed in all experiments ,  and in 
absolute terms the increase averaged 1.9 mg % after 15 min and 13.8 mg % after 135 min of perfusion. The 
increase  compared with the initial concentration was highly significant (P = 0.01) after perfusion for 75 rain. 
The dynamics of t ranspor t  is i l lustrated in Fig. 2, which c lear ly  shows the rapid increase in concentration 
of amino nitrogen in the fetal circulation of the perfused placentas.  In individual experiments the concen- 
t rat ion rose  very considerably,  by 5.8-7.9 t imes.  

By creat ing concentration gradients of the substances used for testing, in a physiological direction, 
the p rocesses  of t ransplacental  t ranspor t  of these substances can be quantified. Differences between urea 
and a - a m i n o  acids were observed already in the control experiments with perfusion of the placentas.  If  the 
urea concentration was the same in both placental c irculat ions,  no t ranspor t  f rom the fetal to the maternal  
circulation took place. Under the same initial conditions the concentrat ion of amino acids in the fetal c i r -  
culation invariably increased,  by a greater  or l e s se r  degree.  This confirms the view that the "secret ion" 
of amino acids by the cells of the trophoblast  into the fetal circulat ion is one factor in the mechanism of 
t ranspor t  of amino acids f rom mother to fetus [3]. 

The use of the method of two-way perfusion of the human placenta showed that it ensures  sufficiently 
complete perfusion of the intervillous space of the placenta and creates  the conditions required in order  to 

study placental t ranspor t .  
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