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Summary: The effect of restricted vitamin A supply to the mother on the bio- 
chemical development of the heart in rats has been studied. The vi tamin A status of 
female rats was varied by supplying low, medium and adequate amounts  (6, 40,100 
~g retinol/day/kg body weight respectively) of vi tamin A during pregnancy and 
suckling. The vitamin A status of the mother caused an alteration in the develop- 
mental pattern of fetal heart in parameters of tissue weight, DNA, RNA and protein 
contents and the biosynthesis of DNA and protein from [3H]-thymidine and [3H]- 
leucine respectively. A dose-dependent effect of vi tamin A on the metabolism of 
DNA, RNA and protein was observed in the developing rat hearts. Hence, emphasis 
should be given to the adequate availability of vi tamin A to dams for the normal 
growth and development of fetal organs. 

Zusammenfassung: Die Auswirkung einer beschr~inkten Vitamin-A-Zufuhr bei 
tr~ichtigen Ratten auf die biochemische Entwicklung des fetalen Herzens wurde 
untersucht. Der Vitamin-A-Status der weiblichen Ratten wurde durch Angebot von 
geringen, mittleren und hohen Mengen an Vitamin A w~hrend Tr~ichtigkeit und  
S~iugeperiode ver~indert (6,40 und 100 ~g Retinol/Tag/kg Kbrpergewicht). Der Vit- 
amin-A-Status der Muttertiere verursachte eine Verfinderung in der Entwicklung 
des fetalen Herzens in bezug auf Gewebegewicht, DNA-, RNA- und Proteingehalt  
sowie der Biosynthese von DNA und Proteinen aus jeweils [3H]-Thymidin und [3H]- 
Leucin. In den sich entwickelnden Rattenherzen wurde eine dosisabh~ingige Wir- 
kung von Vitamin A auf den DNA-, RNA- sowie den Proteinstoffwechsel beobach- 
tet. Eine angemessene Versorgung der Muttertiere mit  Vitamin A ist entscheidend 
ffir die normale Entwicklung fetaler Organe. 
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Introduction 

I t  is wel l  d o c u m e n t e d  tha t  v i t a m i n  A is the  e s s e n t i a l  m i c r o n u t r i e n t  for 
r e p r o d u c t i o n ,  n o r m a l  fetal  g rowth ,  b i o c h e m i c a l  d i f f e r e n t i a t i o n  a n d  
d e v e l o p m e n t  of m a m m a l i a n  cells (1-4). S t u d i e s  h a v e  s h o w n  tha t  s eve re ly  
v i t a m i n  A de f i c i en t  f ema le  rats  fail to c o n c e i v e  a n d  m i l d l y  de f i c i e n t  
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f e m a l e s  c o n c e i v e  b u t  u s u a l l y  a b o r t  or  r e s o r b  t h e  f e t u s  in  l a t e r  g e s t a t i o n .  I n  
t h e s e  c i r c u m s t a n c e s  m a l f o r m e d  f e t u s e s  a n d  p u p s  a r e  p r o d u c e d  (1, 2). 

N o  i n f o r m a t i o n  is a v a i l a b l e  as  y e t  r e g a r d i n g  t h e  e f f ec t  o f  m a t e r n a l  
v i t a m i n  A d e f i c i e n c y  on  t h e  b i o c h e m i c a l  d e v e l o p m e n t  o f  t h e  hea r t .  H o w -  
ever ,  T a k a h a s h i  e t  a l  (2) h a v e  r e p o r t e d  t h a t  t h e  f e e d i n g  o f  a v i t a m i n  A 
d e f i c i e n t  d i e t  to  r e t i n o i c  a c i d  s u p p l e m e n t e d  d a m s  r e s u l t e d  in  t h e  f a i l u r e  o f  
t h e s e  ra t s  to  p r o d u c e  l ive  a n d  v i a b l e  o f f sp r ing .  N o r m a l l y  t h e  g r o w t h  a n d  
b i o c h e m i c a l  d e v e l o p m e n t  of  o r g a n s  in  r a t s  h a s  b e e n  s t u d i e d  b y  e m p l o y i n g  
D N A ,  R N A  a n d  p r o t e i n  p a r a m e t e r s  (5, 6). S i n c e  a t o t a l  v i t a m i n  A def i -  
c i e n c y  m o d e l  c a n n o t  b e  u s e d  to  s t u d y  t h e  g r o w t h  a n d  d e v e l o p m e n t  o f  
f e tu s  for  o b v i o u s  r e a s o n s ,  in  t h e  p r e s e n t  s t u d y  t h e r e f o r e ,  w e  h a v e  a t t e m p t -  
e d  to e l u c i d a t e  t h e  e f fec t s  o f  low,  m e d i u m  a n d  a d e q u a t e  s u p p l y  o f  v i t a m i n  
A to t h e  v i t a m i n  A d e p r i v e d  p r e g n a n t  ra t s ,  o n  t h e  D N A ,  R N A  a n d  p r o t e i n  
c o n t e n t s  a n d  t h e  b i o s y n t h e s i s  o f  D N A  f rom [3H] - thymid ine  a n d  p r o t e i n  
f r o m  [3H]-leucine r e s p e c t i v e l y ,  in  t h e  d e v e l o p i n g  h e a r t s  o f  ra t s .  

Materials and Methods 
Female  Wistar strain rats (160-180 g) were kept  on a vi tamin A deficient diet (7) for 

1 week. After 1 week of feeding the diet, the liver and plasma vitamin A levels were 
27.5 + 2.1 ~tg/g and 15.1 ___ 1.6 ug/dl respectively. These females were mated with male 
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Fig. 1. Effect of maternal  vitamin A restriction on the heart  t issue weight of pups at 
various periods of development.  Values are mean + S.E.M. from three litters in each 
group. Vertical bars represent  S.E.M. a and b show statistically significant values 
where p -< 0.05. a = L vs A; b = L vs M. L = Low vitamin A (6 I+g/day/kg body weight) 
supplemented  group; M = Medium vi tamin A (40 ~tg/day/kg body weight) sup- 
plemented group; A = Adequate  vitamin A (100 ~tg/day/kg body weight) sup- 
plemented group. 
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Fig. 2 DNA contents of the developing heart in relation to the maternal vitamin A 
status. Details as in Fig. 1. 

Wistar strain rats. The period of conception was determined by the sperm positive 
test in the vaginal smears and this day was referred to as zero day of gestation. The 
pregnant rats were divided into three groups and pair-fed a vitamin A deficient diet 
with varying amounts of vitamin A supplementation: Group L: Low vitamin A (6 ~tg 
retinol/day/kg body weight); Group M: Medium vitamin A (40 ~tg retinol/day/kg 
body weight); Group A: Adequate vitamin A (100 ~g retinol/day/kg body weight). 

Three female rats with their litters from each group were sacrificed on the 20th 
day of gestation, or at birth, 10th and 23rd day of postnatal age (weaning). 3 h before 
sacrifice at the 20th day of gestation, each dam and at birth, day 10 and 23 of 
postnatal age each pup from each group were intraperitoneally injected (10 ~tCi/ 
i00 g body weight) with a saline solution of [~I-I]-thymidine (specific act. 15.2 mCi/ 
retool) or [3H]-leucine (specific act. 12 Ci/mmol) in separate experiments.  Rats were 
sacrificed by decapitation and litters were collected surgically at the 20th day of 
gestation. The pups were sacrificed by cervical dislocation and their hearts were 
removed, cleaned, pooled (usually 3-4 in one sample) and processed for the isola- 
tion (8) and estimation of DNA, RNA and protein (9-11). Suitable aliquots of DNA 
and protein fractions were used for radioactivity determination in a Kontron MR- 
300 liquid scintillation counter. 

Results and Discussion 

Tissue weight  

T h e  h e a r t  w e i g h t  i n c r e a s e d  fa i r ly  l i nea r ly  w i t h  age  o f  t h e  pups .  H o w e v e r ,  
the  t i s sue  w e i g h t  was  s i g n i f i c a n t l y  r e d u c e d  a t  d a y  10 a n d  23 o f  p o s t n a t a l  
age in p u p s  f r o m  g r o u p  L a n d  M as c o m p a r e d  to t h o s e  f r o m  t h e  g r o u p  A 
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Fig. 3. Developmental pattern of RNA in the heart of pups in relation to the 
maternal vitamin A status. Details as in Fig. 1. 

(Fig. 1). No s i gn i f i c an t  d i f f e r ence  in  the  hea r t  w e i g h t  was  o b s e r v e d  d u r i n g  
ges t a t i on  a n d  s u c k l i n g  pe r iods  a m o n g  the  t h r e e  g r o u p s  as the  d e m a n d  of 
v i t a m i n  A for hea r t  d e v e l o p m e n t  is b e i n g  m e t  t h r o u g h  the  p l a c e n t a  a n d  
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Fig. 4. Protein content of the developing heart in relation to the maternal vitamin A 
status. Details as in Fig. 1. 
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Fig. 5. Incorporation of [3H]-thymidine into the heart DNA of pups at various 
periods of development in relation to maternal vitamin A status. Total activity is 
expressed as DPM/organ and the specific activity as DPM/mg DNA. ( 0 - - 0 )  and 
(O-..Q) represent the L group; ( � 9  and (O...�9 represent the M group; 
(A--A)  and (A... A) represent the A group. Other details are as described in Fig. 1. 

maternal  milk respectively. These results indicate an opt imal  r equ i rement  
of vi tamin A for the normal  postnatal  deve lopment  of  the heart. 

DNA,  R N A  and protein contents  

Developmenta l  pat terns of DNA, RNA and protein in the heart  showed  
nearly linear increase in their  contents  with the age of  the pups  until  the 
23rd day of  postnatal  deve lopment  in all three groups  (Figs. 2-4). DNA 
content  of the heart  was significantly reduced  on the 20th day of  gestat ion 
and 23rd day of postnatal  age of pups  in group L as compared  to g roupA 
(Fig. 2). Maternal vi tamin A restriction did not  significantly affect the RNA 
and total protein contents  of the heart  dur ing gestation; however ,  they  
were significantly reduced  in the heart  of pups  from group L as compared  
to group A at day 10 and 23 of  postnatal  age (Figs. 3, 4). The reduced  levels 
of DNA, RNA and protein in the heart  of  pups  f rom group L are ascr ibed 
to the low maternal  vi tamin A intake. 

Incorporation o f  labelled precursors into D N A  and protein 

The decreased amoun t  of  DNA, RNA and protein in the heart  of  pups  of  
group L at various periods of deve lopment  could  be due either to the 
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Fig. 6. Incorporation of [3HJ-leucine into the heart protein of pups at various periods 
of development in relation to maternal vitamin A status. Details are same as 
described in Fig. 1 and 5. 

decreased  anabol i sm,  increased  ca tabo l i sm or both.  To evalua te  these  
possibili t ies,  the incorpora t ion  of  [3H]-thymidine into D N A  and [3H]- 
leucine into prote in  of  the deve lop ing  fetal hear t  were  s tudied and  resul ts  
are shown  in Figs. 5 and 6. The  pa t t e rn  of  synthes is  (DPM/organ)  of  D N A  
and pro te in  was  near ly  ident ical  to tha t  obs e rved  for their  amounts .  The  
tu rnover  of  D N A  (DPM/mg DNA) was p ro found ly  r educed  in p u p s  of 
g roup  L as c o m p a r e d  to g roups  M and A at all per iods  of  pos tna ta l  growth.  
However ,  the t u rnove r  (DPM/mg protein)  of  pro te ins  in the deve lop ing  
hear t  showed  m a x i m u m  value in g roups  M and A at b i r th  wi th  a dec rease  
dur ing suckl ing  and  showed  a p la teau  af ter  day  10 pos tna ta l ly  (Figs. 5, 6). 
The decrease  in the  specif ic act ivi ty  (DPM/mg protein)  in the hear t  of  p u p s  
in group  L m a y  be  a t t r ibu ted  to the  r educed  cell prol i fera t ion and  
enhanced  ca tabo l i sm of protein,  cu lmina t ing  in the  r educed  accumula t i on  
of pro te in  in the  heart .  

These  resul ts  thus  show the v i t amin  A d e p e n d e n t  m e t a b o l i s m  of DNA, 
RNA and pro te in  in the deve lop ing  heart .  The  var ia t ions  no ted  in DNA, 
RNA and pro te in  levels of  the hear t  dur ing  pos tna ta l  d e v e l o p m e n t  are 
l ikely to be due to the  di f ferences  in fetal hepa t ic  v i t amin  A reserves  (12). 
The reserves  of  v i t amin  A in the  livers of  p u p s  der ived f rom groups  L and  
M were  r e m a r k a b l y  low as c o m p a r e d  to those  f rom g roup  A, due  to the low 
mate rna l  v i t amin  A status  and/or  low availabi l i ty of  v i t amin  A th rough  
mi lk  and fur ther  non-avai labi l i ty  of  it in the diet. 

Our  resul ts  s t rongly  sugges t  tha t  the  low avai labi l i ty  of v i t amin  A dur ing  
the  d e v e l o p m e n t  of  the  fetus m a r k e d l y  affects  the different iat ion,  develop-  
m e n t  and  ma tu ra t ion  process  in the  rat  hear t  and  hence  its exp res s ion  of 
b iochemica l  funct ions  in the  later  life, which  m a y  be revers ib le  or i rrevers-  
ible. 
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