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CHANGES IN COMPOSITION OF HEART PROTEINS IN 

EARLY ONTOGENY UNDER NORMAL CONDITIONS AND 

WHEN THE UTERO-PLACENTAL BLOOD FLOW IS REDUCED 

Z. N. Zhakhova and N. A. Tripol'skaya UDC 618.32:547.963"618.36 

The hea r t  of rabbi t  embryos  on the l l t h ,  12th, 14th, 16th, and 18th days of development  was 
studied under no rma l  conditions and when the u te ro-p lacen ta l  blood flow was reduced.  N o r -  
mal ly  the ra t io  weight of h e a r t - w e i g h t  of embryo  is pa r t i cu l a r ly  high in the per iod Of rapid 
development  of the hemodynamic  functional sy s t em e m b r y o - p l a c e n t a - u t e r u s  (12th and 14th 
days),  but l a t e r  the ra t io  fal ls .  The i nc r ea se  in total  ni t rogen in the h e a r t  and changes in the 
re la t ive  propor t ions  of its f rac t ions  as a r e su l t  of an inc rease  in the content of cont rac t i le  
prote ins  and pro te ins  of the St roma,  was pa r t i cu l a r ly  g r ea t  toward the 18th day. Under path-  
ological  conditions the weight of the embryo  and the weight of the hea r t  we re  reduced on all 
days of the exper iments .  The ra t io  weight of h e a r t - w e i g h t  of embryo  toward the 18th day 
indicated the onset  of spontaneous rehabi l i ta t ion as a r e su l t  of a gradual  improvemen t  in the 
u te ro -p lacen ta l  c irculat ion.  However,  the total  ni t rogen content in the hea r t  in all groups in-  
ves t igated remained  the s a m e  as in the control  or  it increased ,  poss ib le  evidence of dehydrat ion 
of the hear t .  Changes in the f rac t iona l  composi t ion  of the hea r t  prote ins  pointed to profound 
b iochemica l  d i s turbances  in the organ which could be one cause  of the d is turbance  of its func- 
t ional s ta te .  

KEY WORDS: embryogenes i s ;  hear t ;  cont rac t i le  prote ins ;  u te ro-p laeen ta l  c i rcula t ion.  

The development  of the hea r t  and, in pa r t i cu la r ,  the fo rmat ion  of its cont rac t i l e  function have a t t r ac ted  
and continue to a t t r ac t  the attention of b iochemis t s  and physiologis ts .  In the access ib le  l i t e r a tu r e  the re  is 
p rac t i ca l ly  no informat ion on the f rac t ional  composi t ion  of the hea r t  prote ins  f rom the t ime when the organ 
begins to function in the embryos  of placental  an imals  under  no rma l  and pathological  conditions. 

The c i rcula t ion  in the u te ro-p lacen ta l  region is cons idered  to be m o r e  than sufficient  to supply the e m -  
bryo with nutr ients  and oxygen [5]. However ,  as the w r i t e r s '  invest igat ions have shown, the re  is a connection 
between the dec r ea s e  in intensi ty of the u te ro -p lacen ta l  c i rcu la t ion  and the development  of the embryo ,  the 
mechan i sm of which is a d i s tu rbance  of the coupled development  of the hemodynamic  functional s y s t e m  of 
e m b r y o - p l a c e n t a - u t e r u s  [1]. The data in this r e spec t  a r e  of cons iderable  in te res t  not only for  age and c o m -  
pa ra t ive  b iochemis t ry ,  but also for  per ina ta l  medicine,  for  an impor tant  p rob lem at the present  t ime  is that  of 
delayed development  of the fetus [3, 6]. 

L a b o r a t o r y  of B iochemis t ry  and L a b o r a t o r y  of Norma l  and Pathological  Physiology,  Inst i tute of Obs te t r i cs  
and Gynecology, Academy of Medical  Sciences of the USSR, Leningrad.  (Presented  by Academic ian  of the 
Academy of Medical Sciences of the USSR V. G. Baranov.)  T rans la t ed  f r o m  Byulleten'  ~kspe r imen t a l ' no i  
Biologii i Meditsiny, Vol. 86, No. 12, pp. 684-687, December ,  1978. Original  a r t i c le  submit ted January  4~ 1978. 
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In the invest igat ion desc r ibed  below the f rac t ional  composi t ion of the hea r t  prote ins  was studied in 
rabbi t  embryos  on the l l t h ,  12th, 14th, 16th, and 18th days of in t rau te r ine  l ife developing e i ther  under n o rma l  
conditions o r  when the u te ro -p lacen ta l  blood flow was reduced.  

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

Exper iments  w e r e  c a r r i e d  out on 902 embryos  f rom the l l t h  to the 18th days of development  inclusive,  
obtained f r o m  130 chinchi l la  rabbi ts  weighing f r o m  2800 to 3500 g. All the an imals  w e r e  pregnant  for  the f i r s t  
t ime.  The  f i r s t  day of p regnancy  was taken to be  the day a f t e r  copulation, which took place  at  the s a m e  t ime  
of day. E m b r y o s  of the exper imen ta l  group developed when the u te ro -p lacen ta l  blood flow was reduced  by 
l igation of about half the b ranches  of the prep lacen ta l  ve s se l s  d i rec t ly  adjacent  to the chorionic  sac of each 
second embryo ,  under  asept ic  conditions, on the 8th day of pregnancy.  The conditions for  r emova l  of the e m -  
bryonic  h e a r t  w e r e  desc r ibed  p rev ious ly  [2]. The total  ni t rogen in the hea r t  was de te rmined  by the m i c r o -  
Kjeldabl method. Cytoplasmic  pro te ins  w e r e  ex t rac ted  f r o m  a homogenate  of the exsanguinated hea r t  in the 
cold with 10 volumes  of 0.03 M phosphate  buffer ,  pI-I 7.4. Af ter  ext rac t ion  of the cy top lasmic  pro te ins ,  con-  
t r ac t i l e  p ro te ins  w e r e  ex t rac ted  f r o m  the res idual  t i s sues .  The f i r s t  ex t rac t ion  was c a r r i e d  out with 10 vo l -  
umes  of Weber t s  solution fo r  18-20 h, the second with 5 volumes of 0.6 M KC1 fo r  15 h. The ex t rac t s  we re  
sepa ra ted  f r o m  the s t r o m a  by ccntr i fugat ion and pooled,  a f t e r  which the n i t rogen of the s t r o m a  was de te rmined .  
Pro te in  in the f rac t ions  was de termined-quant i ta t ive ly  by Lowryts  method,  allowing fo r  the fac t  that  some  r e -  
agents in high concent ra t ions  d i s to r t  the r e su l t s  [4]. 

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

The exper imenta l  r e su l t s  a r e  given in Table  1. The weight of the embryonic  hea r t  in the control  e x p e r -  
iments  ( f rom intact  rabbi ts ) ,  on c o m p a r i s o n  of each group with the next,  showed an a lmos t  twofold inc rease  
f r o m  the l l t h  day until the 18th day, the l a s t  day of observat ion;  the weight of the embryo  inc reased  threefold  
f r o m  the l l t h  to the 12th day, fourfold f r o m  the 12th to the 14th day, and twofold f r o m  the 14th to the 16th and " 
again f r o m  the 16th to the 18th days.  The ra t io  of the weight of the hea r t  to the weight of the embryo  fell  f r o m  
2.26% on the 18th day. This  shows that  the i nc rea se  in the weight of the hea r t  obeys the functional demands of 
the c i rculat ion,  which develop pa r t i cu l a r ly  rapidly  in the e m b r y o - p l a c e n t a  hemodynamic  sy s t em at  the begin-  
ning of i ts  format ion .  

The compos i t ion  of the h e a r t  p ro te ins  in ea r l y  ontogeny also undergoes apprec iab le  changes.  The total 
n i t rogen content  p e r  g r a m  wet weight of h e a r t  t i s sue  inc reased  until the 18th day of development .  The concen-  
t ra t ion  of cont rac t i l e  p ro te ins  a lso  inc reased  to this t ime.  The concentra t ion of cy top lasmic  pro te ins ,  ex-  
p r e s s e d  p e r  g r a m  wet weight of h e a r t  t i s sue ,  inc reased  only a l i t t le  f r o m  the l l t h  to the 12th day, and on all  
subsequent  days  it r ema ined  unchanged. The concentra t ion of prote ins  in the res idue ,  as re f lec ted  in the n i t r o -  
gen level  ( s t romal  pro te ins) ,  i nc reased  a f t e r  ex t rac t ion  of the cy top lasmic  and cont rac t i l e  prote ins  in the pe -  
r iod f rom the 12th to the 18 thdays .  The r e su l t s  a r e  in a g r e e m e n t  with the m o r e  than 18-fold i nc rea se  in the 
weight of the hea r t  during the per iod of observa t ion .  Consequently,  the pro te in  composi t ion  of the rabbi t  e m -  
bryonic  h e a r t  in the ea r ly  s tages  of development  and in the p r o c e s s  of matura t ion  undergoes quant i ta t ive and 
qual i ta t ive changes even under  n o r m a l  conditions. 

Significant changes  were  obse rved  in the hea r t  of embryos  which developed when the u te ro -p lacen ta l  
blood flow was reduced.  Compared  with the control  embryos ,  the weight of the exper imenta l  embryos  was 
reduced a t  all  t imes  of invest igat ion.  The weight  of the h e a r t  by the 12th day (on the 4th day a f t e r  the o p e r -  
ation) was reduced by approx ima te ly  one- th i rd ,  and by the 18th day by approx ima te ly  one-fif th.  However , . the  
total  n i t rogen content,  ca lcula ted pe r  g r a m  wet weight of hea r t  t i ssue ,  by the 12th day remained  the s a m e  as 
in the control  group, whereas  by the 18th day it was inc reased  signif icantly (P < 0.01). By the s a m e  t ime  the re  
was a s ignif icant  i n c r e a s e  in the content of cy top lasmic  pro te ins  (P < 0.05). The content of con t rac t i l e  p r o -  
teins p e r  g r a m  wet weight of h e a r t  t i s sue  in the exper imenta l  embryos  on all days of the exper imen t  was p r a c -  
t ical ly  the s a m e  as in the con t ro l s .  The pro te in  ni t rogen content of the s t r o m a  also cor responded  to the con-  
.trol. These  data indicate  that  changes in the f rac t iona l  composi t ion  of the prote ins  of the embryonic  hea r t  
may  be one cause  of the d i s turbance  of its function. 

The data on the ra t io  between the weight of the hea r t  and the weight  of the embryo  on the 12th and 14th 
days  of development  show that  under pathological  conditions synthes is  of the hea r t  pro te ins  was delayed by a 
l e s s e r  degree  tban synthes is  of  total  body prote ins .  L a t e r  (16th and 18th days) signs of r e c o v e r y  of the embryo  
were  c l ea r l y  defined. By the 14th day of development  its weight  was 46% behind, but on the 18th day only l l %  
behind the control .  This  p r o c e s s  m a y  evidently develop on account  of a gradual  and spontaneous improvemen t  
of the u te ro -p lacen ta l  c i rcula t ion .  
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PORPHYROBILINOGEN BIOSYNTHESIS FROM 

5-AMINOLEVULINIC ACID BY THE 

VISCERA OF ALBINO RATS 

P. N. Lyubehenko, B. N. Gladyshev, 
and V. F. Mostun 

UDC 612.015.36:[547.979.733:547.484.451 

Ability to synthesize porphyrobilinogen (PBG) from 5-aminolevulinic acid (ALA) was determined 
in homogenates of tissues of the lungs, heart, liver, kidneys, spleen, pancreas, and small intes- 
tine of 77 albino rats. All these organs were found to be able to synthesize PBG. Highest ALA 
dehydratase activity was found in the liver tissue, followed in descending order by the kidneys, 
lungs, pancreas, small intestine, heart, and spleen. On the addition of a lead solution to the 
synthesizing system a significant decrease in enzyme activity was observed in the liver tissue, 
but in kidney tissue its activity was unchanged. On the addition of lead and D-penicillarnine 
simultaneously no changes were found in the toxic effect of lead. 

KEY WORDS: porphyrins - synthesis, localization in organs and tissues of rats; lead poisoning. 

The biological role of heme and heme-containing compounds is exceptionally great. Functions such as 
participation in oxygen and electron transport require the presence of heine-containing compounds in every 
cell of the body. Whether porphyrins and heme also are formed in every cell or whether they are transported 
to the cells from the organs which synthesize porphyrins has not yet been finally settled. 

Barta [I] considers that porphyrin is synthesized in the erythroeytes and liver. Idel'son [2] considers 
that porphyrin biosynthesis takes place in all cells of the living organism. There are few reports in the liter- 
ature on the comparative study of the ability of different tissues to synthesize porphyrins. In particular, the 
synthesis of porphyrobilinogen (PBG) from 5-aminolevulinic acid (ALA) by homogenates of various rabbit or- 
gans and also by the liver, kidneys, and Harder's gland of rats [5] has been studied. The results have shown 
that the liver, kidneys, and bone marrow have the highest activity as regards PBG formation from ALA in both 
species of animals. According to the same workers, ALA dehydratase, an enzyme converting ALA into PBG, 
is widely distributed in nature and is evidently present in all cells with aerobic metabolism. 

ALA dehydratase is known to be inactivated by lead; moreover, this action in vivo is abolished by var- 
ious complexones ,  including D-penie i l lamine  (D-PAM) [6-10]. The mechan i sm of the therapeut ic  action of 
D-PAM in lead poisoning is l inked with the "exposure"  of SH groups n e c e s s a r y  fo r  r es to r ing  the act ivi ty  of 
the enzymes ,  and the chelat ing reac t ion  of the compound with lead and its subsequent  el imination.  The study 
of the more  p r e c i s e  m e c h a n i s m  of act ion of D-PAM could be a s s i s t ed  by an invest igat ion of whether  D-PAM 
can in te rac t  with lead in v i t ro ,  but this p rob lem has rece ived  v i r tua l ly  no attention in the l i t e ra tu re .  

M. F. Vlad imirsk i i  Moscow Regional Clinical R e s e a r c h  Insti tute.  (Presen ted  by Academic ian  of the 
Academy of Medical Sciences of the USSR S. S. Debov.) T rans l a t ed  f r o m  Byulteten '  Ekspe r imen ta l ' no i  Biologii 
i Meditsiny, Vol. 86, No. 12, pp. 687-689, December ,  1978. Original a r t i c le  submit ted  October  24, 1977. 
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