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Summary: The effect of maternal vitamin A restriction on the biochemical 
development of the lung in rats has been studied. The vitamin A status of dams has 
been varied by supplying low, medium and adequate amounts of vitamin A (6, 40 
and 100 ~tg retinol/day/kg body weight, respectively) during pregnancy and suck- 
ling. The results demonstrate that the restricted supply of vitamin A to the mother 
affected the growth and development of the lung in parameters of tissue weight, 
DNA and protein levels and their biosynthesis from respective labelled precursors, 
RNA contents, cell number and cell size. 

Zusammenfassung: Der EinfluB einer Beschr~inkung der Vitamin-A-Zufuhr ffir 
das Muttertier auf die biochemische Entwicklung der Lunge des Jungtieres wurde 
bei Ratten untersucht. Der Vitamin-A-Status der Muttertiere wurde durch niedrige, 
mittlere und ad~iquate Gaben von Vitamin A w~ihrend Tr~ichtigkeit und S~iugezeit 
variiert (6, 40 und 100 ~tg Retinolfrag/kg K6rpergewicht). Die Ergebnisse zeigen, daB 
die Beschrfinkung der Vitamin-A-Zufuhr ffir das Muttertier das Wachstum und die 
Entwicklung der Lunge in bezug auf Gewicht, DNA- und Proteingehalt und -bio- 
synthese aus markierten Vorstufen, RNA-Gehalt, ZellgrS/3e und Zellzahl beein- 
flussen. 
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In troduc t ion  

At  bi r th ,  af ter  i n t e r r u p t i o n  of  the  fetal  p l acen ta l  c i rcula t ion ,  the  n e w b o r n  
in fan t  has  to a s s u m e  vi ta l  func t ions  p r ev ious l y  su s t a ined  by  the  mothe r .  
Consequen t l y ,  because  of the  u rgen t  need  to ach ieve  ef fec t ive  gas 
exchange ,  the  lung  is a c ruc ia l  organ  in ear ly  a d a p t a t i o n  to the  
e x t r a u t e r i n e  life. The  lung  in the  e m b r y o  of  ra t  a ppe a r s  as a l a ryngo-  
t r a c h e a l  g roove  in the  fo rm of  an  ou tg rowth  f rom the  foregut  in ea r ly  
ge s t a t i on  (5-7 days)  (1). Pre-  as wel l  as pos tna t a l  d e v e l o p m e n t  of  the  ra t  
l ung  has  been  s t ud i ed  b y  a n u m b e r  of  worke r s  (2-5). Ga in  in we igh t  of  the  
w h o l e  b o d y  or in any  t i s sue  has  been  c o m m o n l y  used  as a m e a s u r e  of  
g r o w t h  and  d e v e l o p m e n t .  Never the less ,  th is  a p p r o a c h  m i g h t  be mis l ead -  
ing, s ince  b o d y  we igh t  m a y  r ise even  in the  a b s e n c e  of growth .  Therefore ,  
DNA,  R N A  and  p ro t e in  levels  of  the  cell  have  been  e m p l o y e d  b y  m a n y  
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w o r k e r s  as  b i o c h e m i c a l  p a r a m e t e r s  o f  n o r m a l  g r o w t h  a n d  d e v e l o p m e n t  o f  
a n y  p a r t i c u l a r  o r g a n  (6-8). Ce l l  n u m b e r  a n d  ce l l  s ize  c a l c u l a t e d  f r o m  t h e  
t i s s u e  w e i g h t  a n d  i ts  D N A  c o n t e n t  h a v e  a l so  b e e n  u s e d  as  p a r a m e t e r s  o f  
g r o w t h  fo r  d e v e l o p i n g  o rgans .  

V i t a m i n  A d e f i c i e n c y  a m o n g  t h e  c h i l d r e n  o f  a n  u n d e r p r i v i l e g e d  p o p u l a -  
t i o n  is q u i t e  p r e v a l e n t  in  m a n y  a r e a s  o f  t h e  w o r l d .  S e v e r a l  s t u d i e s  h a v e  
p r o v i d e d  e v i d e n c e  t h a t  v i t a m i n  A i n f l u e n c e s  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  a n d  d i f f e r e n t i a t i o n  o f  m a m m a l i a n  ce l l s  (9-11). I n  a s t u d y  o n  ra t s ,  
T a k a h a s h i  e t  al. (10) 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  t h e  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  r e d u c e d  l eve l s  o f  D N A ,  
R N A  a n d  p r o t e i n  in  t h e  d e v e l o p i n g  fe tuses .  E a r l i e r  w e  h a v e  r e p o r t e d  t h a t  
m a t e r n a l  v i t a m i n  A r e s t r i c t i o n  i m p a i r s  t h e  a c c u m u l a t i o n  o f  D N A ,  R N A  
a n d  p r o t e i n  in  t h e  w h o l e  f e tus  a n d  l i ve r  in  r a t s  (12, 13). I n  t h e  p r e s e n t  
i n v e s t i g a t i o n ,  w e  s t u d i e d  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  v i t a m i n  
A s u p p l e m e n t a t i o n  to  t h e  m o t h e r ,  on  D N A ,  R N A  a n d  p r o t e i n  c o n t e n t  o f  
t h e  d e v e l o p i n g  fe t a l  l u n g  in  ra ts .  

M a t e r i a l s  and  M e t h o d s  

Chemicals 

Deoxyribonucle ic  acid, r ibonucleic acid and bovine serum albumin were pro- 
curred from M/S Sigma Chemicals Co., St. Louis, Missouri, United States, All other 
chemicals  and reagents used in this s tudy were of analytical  reagent  grade. 

Radioactive chemicals 

3H-leucine (specific activity 12 Ci/mmol) and 3H-thymidine (specific activity 
15.2 mCi/mmol) were obtained from Bhabha Atomic Research Centre, Bombay, 
India. 

Experimental animals 

Wistar strain female rats (160-180g) from the Inst i tu te-maintained colony were 
kep t  on a vi tamin A deficient diet (14) for a per iod of 1 week. The rats were housed 
in individual  cages with free access to water. The liver and p lasma vi tamin A levels 
after 1 week of feeding were assessed as 27.5 + 2.1 ~tg/g and 15.1 _+ 1.6 ~g/dl respec- 
tively. On eighth day of feeding, these females were mated with normal  male rats of  
the  same strain. The period of conception was de termined by the sperm positive 
test  in the  vaginal  smears and this day was taken as day 0 of gestation. The pregnant  
rats  were divided into the following three groups on the basis of vitamin A 
supplementa t ion  and were pair-fed a vi tamin A deficient diet. Group L: Low 
vi tamin A supplementa t ion (6 ~g retinol/day/kg body weight); Group M: Medium 
vi tamin A supplementa t ion (40 ~g retinol/day/kg body weight); Group A: Adequate  
v i tamin A supplementa t ion (100 ~g retinol/day/kg body weight). 

The t rea tment  was continued until  weaning. Three dams from each group, with 
their  litters, were sacrificed on the 20th day of gestation or at birth, 10th or 23rd 
pos tnata l  day (weaning). Three hours before sacrifice each dam and pup from the 
each group were intraperi toneally injected with a sterile saline solution of 3H- 
thymid ine  or 3H-leucine (10 ~Ci/100g body weight) in separate experiments .  The 
pups  were injected through a very fine needle  at tached to mierosyringe. Dams were 
sacrificed by decapi ta t ion and litters were collected surgically at the 20th day of 
gestation. The pups were sacrificed by cervical dislocation and their  lungs were 
quickly  removed,  cleaned, pooled (3-4 tissues in one sample) and processed for the  
isolat ion of DNA, RNA and protein. 
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Isolation of  DNA, RNA and protein 

A l0 % (w/v) homogenate of the tissue in ice-cold distilled water was made, and 
DNA and RNA were extracted according to the method of Munro and Fleck (15). 
Proteins were isolated by 10 % trichloroacetic acid and were delipidized with ethyl 
alcohol:diethyl  ether (2:1, v/v) mixture. DNA was estimated by diphenylamine 
reaction (16), RNA by the orcinol reaction method (17) and proteins were measured 
according to the method of Lowry et al. (18). Suitable aliquots of DNA and protein 
fractions were taken in scintillation vials for radioactivity determination in Kontron 
MR-300 liquid scintillation counter using a dioxane based scintillation cocktail (19). 

R e s u l t s  and D i s c u s s i o n  

Tissue  we igh t  

T h e  l u n g  w e i g h t  i n c r e a s e d  l i nea r ly  w i t h  age u p  to the  10th p o s t n a t a l  da y  
a n d  t h e r e a f t e r  r e a c h e d  a s t a t i o n a r y  v a l u e  in  all t h ree  g r o u p s  (Fig. 1). T h e  
d e v e l o p m e n t a l  p a t t e r n  shows  t h a t  t he  low i n t a k e  of  v i t a m i n  A b y  d a m s  
s i g n i f i c a n t l y  r e d u c e d  the  l u n g  w e i g h t  in  t he  p rogeny ,  as c o m p a r e d  to t h o s e  
r e c e i v i n g  a n  a d e q u a t e  a m o u n t  of v i t a m i n  A d u r i n g  g e s t a t i o n  a n d  s u c k l i n g .  
T h e s e  r e su l t s  d e m o n s t r a t e  t he  n e c e s s i t y  for a n  o p t i m a l  a m o u n t  of v i t a m i n  
A for  t he  g r o w t h  a n d  d e v e l o p m e n t  of  t he  lung .  
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Fig. 1. Ef fect  o f  materna l  v i t a m i n  A rest r ic t ion on lung  t issue we igh t  o f  p u p s  at 
va r ious  per iods o f  deve lopment .  Values are mean + S.E.M. f rom three l i t ters in eaeh 
group. Vertical bars represent the S.E.M. a and b show the statistically significant 
values where p ~< 0.05. a = L vs A; b = L vs M. L = Low vitamin A (6 ~g/day/kg body 
weight) supplemented group; M = Medium vitamin A (40 Ftg/day/kg body weight) 
supplemented group; A = Adequate vi tamin A (100 ~tg/day/kg body weight) supple- 
mented  group. 
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Fig. 2. DNA content  of the developing 
lung in relation to maternal  vitamin A 
status. Details as in Fig. 1. 
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D N A ,  R N A  and protein content  

T h e  D N A  a n d  p r o t e i n  c o n t e n t s  ( m g / o r g a n )  o f  t h e  l u n g  w e r e  f o u n d  to 
i n c r e a s e  l i n e a r l y  w i t h  age  o f  p u p s  in  al l  t h r e e  g r o u p s  (Figs .  2, 4). T h e  
d e v e l o p m e n t a l  p a t t e r n  o f  R N A  w a s  s o m e w h a t  d i f f e r e n t  b e c a u s e  i t  
i n c r e a s e d  f a i r l y  l i n e a r l y  u n t i l  t h e  10th d a y  o f  age  a n d  t h e n  i t  " p l a t e a u e d  
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Fig. 3. RNA content  of the developing o ~ : ,  ;:' 
lung in relation to maternal  vi tamin A -~ B I() 
status. Details as in Fig. 1. A g e  {Doys ) 
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Fig. 4. Protein content of the developing lung in relation to maternal vitamin A 
status. Details as in Fig. 1. 

o f f '  in g roups  L and  A, whe reas  in g roup  M, the  R N A  con ten t  was  fu r the r  
inc reased  af ter  10 days  af ter  b i r th  (Fig. 3). I t  was  obse rved  tha t  the  
m a t e r n a l  v i t amin  A res t r ic t ion p r o f o u n d l y  af fec ted  the  DNA, R N A  and  
p ro t e in  con ten t s  of  the  deve lop ing  lung. The  D N A  con ten t  was  not  sig- 
n i f ican t ly  inf luenced  by  the  ma te rna l  v i t am i n  A res t r ic t ion dur ing  gesta-  
t ion;  however ,  i f  was  s ignif icant ly  dec reased  in g roup  L as c o m p a r e d  to 
g r o u p  A at  day  10 and  23 of  pos tna ta l  age (Fig. 2). The  lung RNA and  
p ro te in  con ten t s  were  s ignif icant ly  r educed  in g roup  L as c o m p a r e d  to 
g roup  A at the  20th day  of  ges ta t ion  and  weaning,  bu t  at the  10th pos tna ta l  
day  only  the  R N A  conten t  was  s ignif icant ly  dec reased  in g roup  L as 
c o m p a r e d  to g roup  A (Figs. 3, 4). These  resul ts  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 ins  in the  deve lop ing  lung. 
T h e  s ignif icant  d i f ferences  obs e rved  in DNA, RNA and pro te in  levels in 
the  lung  dur ing  its pos tna ta l  d e v e l o p m e n t  could poss ib ly  be  asc r ibed  to 
the  d i f fe rences  in fetal  hepat ic  v i t amin  A stores  (20, 21). The  total  v i t a m i n  
A hepa t i c  rese rves  of  p u p s  der ived f rom g roups  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 the  pups  der ived f rom g roup  A, as a c o n s e q u e n c e  of  a 
ve ry  low in take  of  v i t am i n  A t h rough  mi lk  and,  fu r the rmore ,  the  
nonava i lab i l i ty  of  v i t am i n  A f rom the  n ibb l ing  diet, wh ich  was  v i t amin  A 
free. 

Cell n u m b e r  and  cell  s i ze  

To e luc ida te  the  effect  of  m a t e rna l  v i t am i n  A res t r ic t ion on the  develop-  
m e n t a l  pa t t e rn  of  p u l m o n a r y  cells, the  cell n u m b e r  ( n u m b e r  of  nuclei)  and  
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Table 1. Developmenta l  pat tern of rat pulmonary  cells in relation to maternal  
v i tamin A status. 

Per iod Parameter  Dietary groups 

L M A 

20th day of Cell number* 11.13 + 0.84 ~'b 11.45 + 1.32 
(18) (23) 

gestat ion Cell size** 4.85_+ 0.38 ~'b 7.42 + 0.53 

Cell number  57.09 + 9.67 61.62 ___ 6.77 
Birth (18) (20) 

Cell size 2.84+ 0.17 2.59 + 0.08 

10th day Cell number  140.16 + 17.17 a'b 220.65 ___ 29.35 
(11) (15) 

pos tnata l  Cell size 1.43 _ 0.12 1.45 ___ 0.09 

23rd day Cell number  332.09 + 11.12 "'5 379.91 + 21.74 
(6) (10) 

postnata l  Cell size 1.25+ 0.08 1.20_+ 0.08 

15.65 ___ 0.81 
(28) 
7.39 _+_ 0.62 

70.05 -+ 9.84 
(2O) 
2.47 + 0.19 

235.16 +_ 16.13 
(18) 
1.44 + 0.08 

394.35 __. 12.90 
(9) 

1.23 + 0.09 

Values are mean + SEM from the number  of pups shown in parentheses.  
* Cell number  is expressed as number  of nuclei  x 10 -6. 
** Cell size is expressed as weight/nucleus (ng). 
" and b show statist ically significant values (p ~ 0.05). 
" =  L v s A ; b  = L v s M .  

ce l l  s i ze  ( w e i g h t / n u c l e u s )  w e r e  c a l c u l a t e d  a n d  t h e  r e s u l t s  a r e  s h o w n  in  
T a b l e  1. T h e  ce l l  n u m b e r  i n c r e a s e d  a n d  ce l l  s ize  d e c r e a s e d  w i t h  t h e  g r o w t h  
o f  l u n g  ( T a b l e  1). S i m i l a r  o b s e r v a t i o n s  h a v e  a l so  b e e n  r e p o r t e d  b y  o t h e r  
w o r k e r s  (8, 22). I t  is e v i d e n t  f r o m  t h e s e  r e s u l t s  t h a t  t h e  m a t e r n a l  v i t a m i n  A 
r e s t r i c t i o n  s i g n i f i c a n t l y  r e d u c e d  the  ce l l  n u m b e r  in  t h e  l u n g  o f  i ts  p r o g e n y  
a t  t h e  20th  d a y  o f  g e s t a t i o n ,  10th a n d  23rd  p o s t n a t a l  day .  Ce l l  s ize  w a s  
c o m p a r a b l e  in  t h r e e  g r o u p s  a t  a l l  t h e  p e r i o d s  o f  g r o w t h ,  e x c e p t  a t  t h e  20th 
d a y  o f  g e s t a t i o n ,  w h e r e  i t  w a s  s i g n i f i c a n t l y  r e d u c e d  in  t h e  p u p s  f r o m  
g r o u p  L,  as  c o m p a r e d  to  t h o s e  f r o m  g r o u p s  M a n d  A ( T a b l e  1). 

Incorporation o f  labelled precursors into D N A  and protein 

To e v a l u a t e  t h e  i n f l u e n c e  o f  m a t e r n a l  v i t a m i n  A s t a t u s  on  t h e  s y n t h e s i s  
a n d  b r e a k d o w n  o f  D N A  a n d  p r o t e i n  in  l u n g ,  t h e  i n c o r p o r a t i o n  o f  3H- 
t h y m i d i n e  i n to  D N A  a n d  3H- leuc ine  i n t o  p r o t e i n  w a s  s t u d i e d  a n d  t h e  
r e s u l t s  a r e  s h o w n  in  F igs .  5 a n d  6. T h e  d e v e l o p m e n t a l  p a t t e r n  o f  i n c o r p o r a -  
t i o n  o f  t h e s e  p r e c u r s o r s  ( d p m / o r g a n )  i n t o  D N A  a n d  p r o t e i n  w e r e  n e a r l y  
i d e n t i c a l  to  t h a t  o b s e r v e d  for  t h e i r  a m o u n t s .  T h e  r e s u l t s  d e m o n s t r a t e  t h a t  
t h e  l o w  m a t e r n a l  i n t a k e  o f  v i t a m i n  A s i g n i f i c a n t l y  r e d u c e d  D N A  a n d  
p r o t e i n  s y n t h e s i s  ( d p m / o r g a n )  in  t h e  l u n g  d u r i n g  i ts  p re -  a n d  p o s t n a t a l  
d e v e l o p m e n t .  T h e  d e v e l o p m e n t a l  p a t t e r n  o f  t h e  s p e c i f i c  a c t i v i t y  ( d p m / m g  
p r o t e i n )  w h i c h  r e p r e s e n t s  t h e  t u r n o v e r  o f  D N A  in l u n g  w a s  s i m i l a r  to  t h a t  
o f  t h e  d e v e l o p m e n t a l  p a t t e r n  o f  D N A  c o n t e n t ;  h o w e v e r ,  i t  w a s  s ign i f i -  
c a n t l y  r e d u c e d  at  t h e  20th d a y  o f  g e s t a t i o n  a n d  t h e  10th p o s t n a t a l  d a y  in  
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Fig. 5. Incorporation of 3H-thymidine into lung 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 (0 .... 0)  represent the L group; 
(O O) and (�9 .... �9 represent the M group; 
( A - - A )  and (A----A) represent the A group. 
Other details are as described in Fig. 1. 

the pups  obtained from group L, as compared  to those from groups  M and 
A (Fig. 5). Unlike DNA, the tu rnover  of  lung proteins sharply decreased 
unti l  the 10th day of age in all three groups,  and thereafter  it remained  
a lmost  cons tan t  (Fig. 6). This indicates the enhanced  rate of catabol ism 
dur ing  gestat ion and suckling, result ing in the reduced  accumula t ion  of  
prote in  in the developing lung. 

Our results on the biochemical  deve lopment  of  the lung are in agree- 
m e n t  with those of  other  workers  (4, 8); however,  the lung matura t ion  was 
p ro found ly  affected by the low intake of  v i tamin A by the mother .  The 
r educed  levels of DNA, RNA and protein in the lung dur ing deve lopmen t  
of  pups  in group L could be at tr ibuted to reduced  cellular differentiation, 
as reflected by the reduced  cell n u m b e r  (Table 1). These results indicate 
tha t  the g rowth  of  the fetal lung and the metabol i sm of DNA, RNA and 
protein  appear  to be dependen t  on the availability of vi tamin A to the 
dams  dur ing  p regnancy  and suckling. The li terature available on maternal  
v i tamin  A status and fetal malformat ions  arising from it, and the results of  
the present  investigation, provide fur ther  suppor t  for the act ion of  v i tamin  
A in cellular differentiation and growth.  The results also show that  the 
effects of  maternal  vi tamin A deficiency appear  to be reversible and mos t  
of  the aberra ted biochemical  funct ions m a y  be recovered after supplemen-  
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INCORPORATION OF 3H-LEUClNE 
INTO PROTEIN 
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Fig. 6. Incorporat ion of 3H-leucine into lung protein of pups at various periods of 
deve lopment  in relation to maternal  vi tamin A status. Details are as descr ibed in 
Figs. 1 and 5. 

t a t i o n  o f  a d e q u a t e  v i t a m i n  A b e f o r e  t h e  o n s e t  o f  i r r e v e r s i b l e  d a m a g e .  T h e  
m e c h a n i s m  o f  a c t i o n  o f  v i t a m i n  A in p re -  a n d  p o s t n a t a l  d e v e l o p m e n t ,  
t h o u g h ,  is  n o t  y e t  c lear .  I t s  a d e q u a t e  s u p p l y  in  t h e  d i e t  o f  t h e  p r e g n a n t  
m o t h e r  a p p e a r s  to  b e  a " m u s t "  for  t h e  n o r m a l  g r o w t h  a n d  d e v e l o p m e n t  o f  
t h e  l u n g .  
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