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Distribution of vitamin A in various organs of rats in 
relation to the quality and the quantity of dietary proteins* 
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Summary: The influence of the quality and the quantity of dietary proteins on the 
distr ibution of a single massive dose of vitamin A in various organs of growing 
Wistar strain rats has been studied by using casein and bengal gram diets at 20 % 
and 10 % protein levels. The distribution of [3Hl-retinyl acetate in various tissues 
was also investigated in these dietary conditions. The results show that the hepatic 
storage of dietary as well as a single massive dose (20,000 I.U. ) of vitamin A was 
profoundly decreased in the rats fed on bengal gram diets as compared to those fed 
on casein diets. Regardless of hepatic stores, the plasma vitamin A levels were 
comparable in all the groups. Feeding of low quality of protein reduced the tissue 
distr ibution of [3H]-retinyl acetate in control as well as rats given a massive dose of 
vi tamin A. This study suggests that both the poor quality and the inadequate 
quant i ty  of dietary protein are detrimental influences on the vitamin A status of the 
growing rats. 

Zusammenfassu• Es wurde der EinfiuB von Qualit~it und  Quantit~it yon Nah- 
rungsprote inen auf die Verteilung einer einzigen massiven Dosis yon Vitamin A in 
verschiedenen Organen wachsender Wistar-Ratten untersucht.  Die Untersuchun- 
gen wurden mit Casein- und Bengal-Gram-Diaten mit 20 % und 10 % Proteingehalt 
und  auch mit  radioaktiv markiertem Retinylacetat durehgef~hrt. Die Ergebnisse 
zeigen, dab die Leberspeicherung sowohl yon Vitamin A aus der Nahrung als auch 
die einer einzigen starken Vitamin-A-Gabe (20 000 I.U. ) stark herabgesetzt war bei 
Ratten, die nach der Bengal-Gram-Di~t gef/ittert wurden, verglichen mit Ratten, die 
auf Casein-Difit gesetzt waren. Im Gegensatz zur Leberspeicherung ist das Vitamin- 
A-Niveau im Plasma in allen Gruppen vergleichbar. Ffittern niedriger Protein- 
Qualit~it reduzierte die Gewebeverteilung yon [3H]-Retinylacetat sowohl bei Kon- 
trollratten als auch bei solchen, denen eine massive Dosis Vitamin A gegeben 
wurde. Diese Untersuchung lfif3t vermuten, dab sowohl schlechte Qualit~t als auch 
unzureichende Mengen yon Nahrungsproteinen nachteilige Einflfisse auf den Vit- 
amin-A-Zustand wachsender Ratten haben. 
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I n t r o d u c t i o n  

V i t a m i n  A d e f i c i e n c y  is one  of the  m a j o r  a n d  w i d e  s p r e a d  p u b l i c  h e a l t h  
n u t r i t i o n a l  p r o b l e m s .  I t  m o s t l y  t akes  a heavy  toll  of  i n f a n t s  a n d  p r e s c h o o l  
c h i l d r e n  of  t he  s o c i o - e c o n o m i c a l l y  d e p r e s s e d  p o p u l a t i o n  in  m a n y  d e v e l o p -  
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i n g  c o u n t r i e s .  Th i s  d e f i c i e n c y ,  w h e n  s u p e r i m p o s e d  o n  p r o t e i n  e n e r g y  
m a l n u t r i t i o n  ge t s  a g g r a v a t e d  a n d  t h u s  l e a d s  to  h i g h e r  i n c i d e n c e s  o f  m o r -  
t a l i t y  a n d  o c c u l a r  s i g n s  (1). S e v e r a l  s u d i e s  h a v e  s h o w n  t h e  e x i s t e n c e  o f  a 
c l o s e  i n t e r r e l a t i o n s h i p  b e t w e e n  t h e  d i e t a r y  p r o t e i n s  a n d  t h e  v i t a m i n  A 
a b s o r p t i o n  a n d  i ts  m e t a b o l i s m  in a n u m b e r  o f  s p e c i e s  (2-7). I n a d e q u a c y  o f  
t h e  d i e t a r y  p r o t e i n  h a s  b e e n  r e p o r t e d  to  a f f ec t  t h e  h y d r o l y s i s  o f  v i t a m i n  A 
e s t e r  in  t h e  i n t e s t i n e ,  i t s  a b s o r p t i o n ,  h e p a t i c  s to res ,  a n d  t r a n s p o r t  f r o m  t h e  
l i v e r  to  t h e  t a r g e t  t i s s u e s  (3, 8-10). 

A p o s s i b l e  a p p r o a c h  for  t h e  c o n t r o l  a n d  p r e v e n t i o n  o f  v i t a m i n  A def i -  
c i e n c y  w o u l d  b e  t h e  a d m i n i s t r a t i o n  o f  a s i ng l e  m a s s i v e  d o s e  o f  v i t a m i n  A 
in  l i eu  o f  d a i l y  d i e t a r y  i n t ake .  S i n g l e  m a s s i v e  d o s e  o f  v i t a m i n  A h a s  b e e n  
a d v o c a t e d  as  an  e f f ec t i ve  p r o p h y l a c t i c  p u b l i c  h e a l t h  m e a s u r e  (11). B e n g a l  
g r a m  (c i ce r  a r i e t i n u m ) ,  w h i c h  b e l o n g s  to  t h e  o r d e r  l e g u m i n o s a e ,  is  o n e  o f  
t h e  m o s t  c o m m o n l y  c o n s u m e d  p u l s e s  in  I n d i a .  I t  is a s i g n i f i c a n t  s o u r c e  o f  
d i e t a r y  p r o t e i n ,  b u t  is r e l a t i v e l y  d e f i c i e n t  in  a n u m b e r  o f  e s s e n t i a l  a m i n o  
a c i d s .  E f f e c t  o f  d i e t a r y  p r o t e i n s  on  t h e  v i t a m i n  A s t a t u s  o f  r a t s  h a s  l a r g e l y  
b e e n  e v a l u a t e d  in  p a r a m e t e r s  o f  h e p a t i c  s t o r a g e  a n d  p l a s m a  v i t a m i n  A 
l e v e l s  (12, 13). I t  is n o t  y e t  c l e a r  t h a t  h o w  t h e  q u a l i t y  a n d  t h e  q u a n t i t y  o f  
d i e t a r y  p r o t e i n s  a f f ec t  t h e  d i s t r i b u t i o n  o f  v i t a m i n  A in  v a r i o u s  t i s s u e s  o f  
ra t .  I n  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 v a l u a t e  t h e  
i n f l u e n c e  o f  t h e  q u a l i t y  a n d  t h e  q u a n t i t y  o f  d i e t a r y  p r o t e i n s  o n  t h e  d i s -  
t r i b u t i o n  o f  v i t a m i n  A in  v a r i o u s  o r g a n s  o f  ra ts .  

Materia ls  and Methods  

Experimental  animals: 

Male rats of the Wistar strain weighing 40-60 g with moderate  hepat ic  vi tamin A 
stores (15-20 ~g/g liver) from the Inst i tute  mainta ined colony were used in the 
present  study. Rats were housed in individual  cages with raised wire mesh floor. 
Rats were randomly  allocated into four groups on an equal average body weight  
basis. Animals  were fasted overnight prior to feeding the diets shown below: 
Group  I: 20 % casein diet (referred to as C-20), 
Group  II: 20 % bengal  gram diet (referred to as G-20), 
Group  III: 10 % casein diet (referred to as C-10), 
Group  VI" 10 % bengal gram diet (referred to as G-10). 

The composi t ion of the exper imental  diets was the same as descr ibed earlier (5). 
The protein  levels in the exper imenta l  diets were varied at the expence  of potato 
starch. Each diet was iso-caloric. Vitamins and salt mixture  at 0.25 % and 5.0 % level 
and  choline chloride at 0.15 % level were added to the diet. The rats were pair-fed 
these diets for a period of two weeks and water was available all the time. The body 
weights  of the animals were recorded on alternate days. These groups of rats were 
used for the fllowing experiments :  

I Ef fect  o f  dietary proteins on the distribution o f  single massive dose os A 
in different tissues 

On the 14th day of feeding, rats from each of the above groups were further 
subdiv ided  into two groups. To one subgroup (referred to as exper imenta l  group) 
20,000 I.U. of vi tamin A in groundnut  oil/100 g body weight  was given orally in a 
single doses, while the other subgroup (referred to as control  group) received 
vehicle alone. 24 hrs after adminis trat ion of vi tamin A, blood was collected from the 
juglar  vein into heparinized tubes and all rats were kil led by decapitation.  Liver, 
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lungs heart, kidneys, spleen, adrenals, and small intestine were immediately 
removed, rinsed in ice-cold physiological saline, (0.9 % w/v), blotted and processed 
for the isolation of vitamin A. The vitamin A, from the plasma and all tissues was 
extracted with petroleum ether (40-60 ~ (14). Suitable aliquots were taken for the 
estimation of vitamin A according to the method of Neeld and Pearson (15) using 
retinyl acetate as standard. 

I I  Distribution o f  [3H]-retinyl acetate in various organs o f  rats fed different dietary 
proteins 

24 hrs before sacrifice, half of the rats from all the dietary groups were orally given 
20,000 I.U. of vitamin A/100 g body weight. On the 15th day, 3 hrs before sacrifice 
each rat in each group was intraperitonealy injected with [3H]-retinyl acetate (10 ttCi/ 
100 g body weight) in physiological saline containing tween-80 (10 mg/ml). Prior to 
use the 3H-retinyl acetate (specific activity 380 mCi/mg retinyl acetate) was purified 
by column chromatography on 10 % (v/w) water deactivated alumin~ column (14). 
At the time of sacrifice blood was collected from the juglar vein intb heparinized 
tubes. Liver, lungs, heart, kidneys, spleen, adrenals, and small intestine were 
removed and processed for the vitamin A extraction. Suitable aliquots were taken 
into scintillation vials for the determination of [3HI-radioactivity in Kontron MR-300 
liquid scintillation counter using toluene based scintillation cocktail. 

The results were analyzed statistically and the significance of differences was 
calculated using student's ,,t" test. 

R e s u l t s  

B o d y  w e i g h t s  

The g rowth  pat tern shows that even at 20 % protein level, bengal  g ram is 
no t  as good as casein at 20 % protein level in suppor t ing  growth  (Fig. 1). 
The  gain in body  weight  was significantly lower in rats fed on either casein 
or on bengal  g ram diet at 10 % protein level as compared  to those  fed these 
diets at 20 % protein level (Fig. 1). 

D i s t r i b u t i o n  o f  a s i ng l e  m a s s i v e  dose  o f  v i t a m i n  A:  

The effect of  feeding casein and bengal  gram diets at different protein 
levels on the vi tamin A contents  of  plasma and various organs is shown in 
table 1. In  the liver, c o n t e n t s  of vi tamin A were p ro found ly  reduced  in rats 
fed on casein and bengal  gram diets at l0 % protein level as compared  to 
the respect ive  diets at 20 % protein level and the reduct ion was greater  in 
benga l  g ram fed rats as compared  to casein fed rats (Table 1). This was 
evident  for endogenous  vitamin A levels both  in control  rats and in rats 
g iven 20,000 I.U. of vi tamin A (Table 1). Adminis t ra t ion  of a single mass ive  
dose  of  vi tamin A significantly raised the plasma vi tamin A levels in 
benga l  g ram fed rats than in casein fed rats at both  the dietary protein 
levels (Table 1). However,  the plasma vitamin A levels in rats fed on ei ther  
diet  at the l0 % protein level were significantly lower than in rats fed on 
these diets at the 20 % protein level (Table 1). 

Feed ing  of the bengal  gram diets resulted in reduced  vi tamin A levels in 
the small intest ine of  control  as well as of rats given 20,000 I.U. of  v i tamin 
A (Table 1). Regardless  of  the quality of the dietary protein, the" v i tamin A 
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Effect o f  the quality and the quantity of  dietary proteins on the gain in body weight 
o f  rats 

Male growing rats (40-60 g) were pair fed casein and bengal gram diets at 20 % and 
10 % protein levels for a period of two weeks. Values are mean of gain in body 
weight of four rats in each group. C-20:20 % casein diet; G-20:20 % bengal gram 
diet; C-10:10 % casein diet and G-10:10 % bengal gram diet. 

conten ts  of  adrenals were significantly lower  at 10% protein level as 
c o m p a r e d  to 20 % protein level in the control  and in the exper imenta l  rats. 
The vi tamin A contents  of the lungs of  control  rats fed on bengal  g ram 
diets at 20 % and 10 % protein levels were significantly higher  than of  the 
rats fed on casein diet at respective protein levels. In  rats given 20,000 I.U. 
of  v i tamin  A, the lung vi tamin A levels were significantly h igher  in G-20 
and C-10 groups  as compared  to C-20 and G-10 groups  respect ively (Table 
1). No effect of  either the quality or the quant i ty  of dietary proteins was 
observed  in the endogenous  vi tamin A contents  of the heart  in control  rats. 
When  the rats were given 20,000 I.U. of  vi tamin A, the vi tamin A contents  
in the heart  were  significantly increased in rats fed on a low quant i ty  of  the 
dietary protein as compared  to those fed on a high quant i ty  of the dietary 
prote in  (Table 1). In  case of  the kidney,  the vi tamin A levels were compar-  
able in control  rats, but  in rats that  were given 20,000 I.U. of v i tamin  A, 
these  levels were significantly higher  in the group G-20 as compared  to the 
C-20 or the G-10 groups  (Table 1). The vi tamin A contents  of  the spleen 
were  not  affected by either the quali ty or the quant i ty  of dietary proteins 
in the control  as well as in the exper imenta l  rats (Table 1). 
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Table 1. Vitamin A contents of different organs of rats fed casein and bengal gram 
protein diets. 

Tissue 
Vitamin A 

given (I.U.) 

Dietary groups 

C-20 G-20 C-10 G-10 

~g/organ 
Liver  None 93.9+5.4 54.5+4.3 ~ 61.5+2.3 ~ 36.1 +3.8~, d 

20 000 227.7+10.4 188.5+8.5 a 155.5+7.7 r 91.6+6.9 b'd 
Plasma* None 17.6+0.7 17.1+0.9 8.5+1.0 c 9.4+0.8 ~ 

20 000 85.6+2.3 122.5+7.0 a 46.8+4.1 c 72.4-+6.2 b'd 
Small  None 27.4+0.8 16.5+0.7" 21.2+0.7 e 16.9+ 1.4 b 
intestine** 20 000 140.1+9.6 107.9_+8.5 ~ 95.4-+5.5 c 97.3+__6.4 
Adrenals None 7.8+0.7 6 .8_+0 .5  3.1_+0.3 c 5.0-+0.7 

20 000 20.8+1.6 20.2+1.2 11.9_+2.4 ~ 13.3+0.6 d 
Lungs None 15.3_+1.1 22.2+1.2 ~ 8.3+0.2 ~ 11.5+1.1 b'd 

20 000 38.9+1.6 51.8-+2.5 ~ 49.9+2.6 ~ 29.1+1.6 ~'d 
Heart  None 4.8+0.8 3 . 4 - + 0 . 4  5.5+0.5 4.6+0.3 

20 000 7.1+0.9 10.4_+1.2 14.7+1.0 c 18.9+1.5 ~ 
Kidneys None 13.7-+2.4 13.2-+1.5 13.6+1.9 14.0_+1.8 

20 000 20.5+1.8 28.3__+1.2 a 22.9+2.2 19.3_+1.2 d 
Spleen None 2.1-+0.3 2 . 3 - + 0 . 2  2 .7_+0.2  2.5_+0.4 

20 000 7.8+1.3 9.4+0.8 11.0_+1.1 7.9+1.0 

Values are mean + SEM from four rats in each group. 
* Values are expressed as ~g/dl. 
** Values are expressed as ~g/g tissue. 
a, b, c and d show statistically significant values (where P ~< 0.05). 
a = G-20 vs C-20; b = G-10 vs C-10; c = C-10 vs C-20; d = G-10 vs G-20. 

Dis t r i bu t i on  o f  [3H]-retinyl acetate: 

In  c o n t r o l  rats ,  t h e  v i t a m i n  A r a d i o a c t i v i t y  ( D P M / o r g a n  or  d l  p l a s m a )  in 
t h e  l i v e r  a n d  p l a s m a  was  s ign i f i can t ly  h i g h e r  in t he  b e n g a l  gram fed  ra ts  as 
c o m p a r e d  to c a s e i n  fed  rats  (Table  2). W h e n  20,000 I .U. o f  v i t a m i n  A w a s  
g i v e n ,  t h e  r a d i o a c t i v i t y  in t he  l iver  was  s i g n i f i c a n t l y  l o w e r  in ra ts  fed  on  
b e n g a l  g r a m  d ie t s  as c o m p a r e d  to t he  rats  fed  on  c a s e i n  d ie t s  at  b o t h  
d i e t a r y  p r o t e i n  levels .  No  e f fec t  o f  e i t h e r  t h e  q u a l i t y  o r  t he  q u a n t i t y  o f  
d i e t a r y  p r o t e i n s  c o u l d  be  o b s e r v e d  on  t h e  d i s t r i b u t i o n  o f  v i t a m i n  A 
r a d i o a c t i v i t y  in p l a s m a  of  rats  g i v e n  20,000 I.U. o f  v i t a m i n  A (Tab le  2). 

T h e  d i s t r i b u t i o n  o f  v i t a m i n  A r a d i o a c t i v i t y  in sma l l  i n t e s t i n e  o f  c o n t r o l  
ra t s  w a s  l o w e r  in  t h e  g r o u p  G-20 t h a n  in t he  g r o u p  C-20 b u t  h i g h e r  in 
g r o u p s  C-10 a n d  G-10 as c o m p a r e d  to g r o u p s  C-20 a n d  G-20 r e s p e c t i v e l y  
(Tab le  2). I n  t h e  sma l l  i n t e s t i n e  o f  e x p e r i m e n t a l  rats,  t he  r a d i o a c t i v i t y  w a s  
s i g n i f i c a n t l y  r e d u c e d  by  a l ow q u a n t i t y  of  d i e t a ry  p r o t e i n  b u t  it w a s  no t  
i n f l u e n c e d  by  t h e  q u a l i t y  o f  d i e t a ry  p r o t e i n  (Table  2). T h e  q u a l i t y  a n d  t h e  
q u a n t i t y  o f  d i e t a r y  p r o t e i n  d id  no t  s i gn i f i can t ly  a f fec t  t he  d i s t r i b u t i o n  o f  
v i t a m i n  A r a d i o a c t i v i t y  in  ad rena l s  and  l ungs  o f  c o n t r o l  rats.  H o w e v e r ,  in 
ra t s  t h a t  w e r e  g i v e n  20,000 I.U. o f  v i t a m i n  A the  r a d i o a c t i v i t y  was  d e c r e a -  
s e d  in  a d r e n a l s  a n d  i n c r e a s e d  in lungs  by  t h e  l o w  q u a n t i t y  o f  d i e t a r y  
p r o t e i n  (Tab le  2). In  t he  c o n t r o l  e x p e r i m e n t ,  t he  d i s t r i b u t i o n  o f  t h e  
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Table 2. Distribution of [~H]-retinyl acetate in various organs of rats fed casein and 
bengal  gram protein diets. 

Organ 
Vitamin A 

given (I.U.) 

Dietary groups 

C-20 G-20 C-10 G-10 

DPM x 10-3/organ 
Liver None 46.4+3.1 60.1+3.9 a 25.3___4.4 c 31.6+3.5 d 

20 000 879.2_+80.5 483.4-_+45.5 a 202.5_+17.5 c 102.7__15.9 b'd 
Plasma* None 10.4+0.8 32.1+3.8 a 6.5+0.5 c 10.6-+0.3 b'd 

20 000 35.1+2.7 40.9_+2.5 44.0+4.5 36.6-+3.2 
Small None 5.4+0.3 2.8+0.2 a 11.3+0.8 c 9.5+0.5 d 
intestine** 20 000 2 3 . 0 _ + 3 . 2  28.8_+3.0  10.1-+1.1 r 8.3+0.5 d 
Adrenals None 0 .16_+0.01  0.15-+0.01 0.15+__0.02 0.12-+0.01 

20 000 3.7-+0.3 3.5_+0.3 1.2+0.1 c 1.1+_0.1 d 
Lungs  None 1.9+0.2 2.1+0.2 2.1+0.2 1.9_+0.4 

20 000 18.2_+1.1 16.4+2.4 27.3+2.9 c 24.2+2.8 d 
Kidneys None 4.3-+0.3 1.2+0.F 2.8_+0.F 1.9+-0.1 b'd 

20 000 8.4+0.6 6 . 9 - + 0 . 4  7.1+0.3 3.5+-0.2 TM 

Heart None 0.95+0.1 0.90-+0.04 0.84+0.08 0.96+__0.06 
20 000 2.7_+0.3 1.9+0.2 a 1.6+0.2 r 1.8-+0.1 

Spleen None 4.56+0.42 8.15-+0.46" 3.60-+0.28 1.57+0.07 b'd 
20 000 1 .87 -+0 .14  2.61_+0.15 a 1.45_+0.07 0.85+0.04 b'd 

Values are expressed as mean ___ SEM from four rats in each group. 
*Values are expressed as DPM/dl. 
** Values are expressed as DPM/g tissue. 
a, b, c and d show the significant values (where P ~< 0.05) as mentioned in table I. 

r a d i o a c t i v i t y  in  the  k i d n e y s  of  g r o u p s  G-20 a n d  the  G-10 was  l o w e r  t h a n  in  
t h a t  of  g r o u p s  C-20 a n d  C-10 respec t ive ly .  U p o n  a d m i n i s t r a t i o n  of  20,000 
I .U.  of  v i t a m i n  A, the  d i s t r i b u t i o n  of  t he  r a d i o a c t i v i t y  in  t he  k i d n e y s  was  
r e d u c e d  o n l y  in  the  g r o u p  G-10 as c o m p a r e d  to g r o u p s  G-20 a n d  C-10 
(Tab le  2). I n  the  hea r t  of  con t ro l  rats ,  t he  v i t a m i n  A r a d i o a c t i v i t y  d i s t r i bu -  
t i o n  was  n o t  i n f l u e n c e d  b y  the  d i e t a ry  p ro t e i n s ,  whe rea s ,  i n  the  expe r i -  
m e n t a l  ra ts  it  was  i n c r e a s e d  in  the  g roup  C-20 as c o m p a r e d  to g r o u p s  G-20 
a n d  C-10 (Table  2). I n  the  s p l e e n  of con t ro l  as wel l  as in  ra ts  t h a t  w e r e  g i v e n  
20,000 I.U. of  v i t a m i n  A, the  r ad ioac t i v i t y  was  h i g h e r  i n  the  g r o u p  G-20 
t h a n  in  t he  g r o u p  C-20 a n d  lower  in  t he  g r o u p  G-10 t h a n  the  g r o u p s  C-10 
a n d  G-20 (Table  2). 

D i s c u s s i o n  

T h e  o b j e c t i v e  of  the  p r e s e n t  s t u d y  was  to e l u c i d a t e  t he  effect  of  t he  
q u a l i t y  a n d  t he  q u a n t i t y  of  d i e t a ry  p r o t e i n s  o n  the  a b s o r p t i o n  of  d i e t a r y  
v i t a m i n  A f r o m  the  gut ,  i ts  s to rage  in  l iver  a n d  d i s t r i b u t i o n  in  the  ex t ra -  
h e p a t i c  t i s sues .  T h e  r e su l t s  o b t a i n e d  i n d i c a t e  t ha t  b o t h  the  q u a l i t y  a n d  t he  
q u a n t i t y  of  d i e t a ry  p r o t e i n s  have  m u l t i p l e  effects  on  t he se  s teps  of  v i t a m i n  
A m e t a b o l i s m  in  t he  rat. T h e  o b s e r v e d  h i g h e r  g r o w t h  ra te  i n  the  ra ts  fed o n  
c a s e i n  d ie t s  is p r o b a b l y  d u e  to its h i g h e r  c o n t e n t s  of  e s s e n t i a l  a m i n o a c i d s  
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and  the  biological  avai labi l i ty of  these  essent ia l  nutr ients .  Other  worke r s  
have  also repor ted  the  r educed  growht  rates  in the  rats  fed on the  infer ior  
p ro te in  diet  (16). The  decreased  hepat ic  s torage  of  v i t amin  A in rats  fed on 
benga l  g r a m  diets regardless  of  dietary levels could be a t t r ibu ted  to the  
infer ior  qual i ty  of  the  d ie tary  proteins.  The  higher  p l a s m a  v i t amin  A af ter  
oral dos ing  for rats  fed benga l  g ram suggests  tha t  u p t a k e  migh t  be  s lower  
in these  rats. On the  o ther  hand  the major  effect  of  the d ie ta ry  levels  of  
prote in ,  regard less  of  its source,  would appe a r  to be  at the level of  v i t amin  
A absorp t ion ,  s ince low quant i ty  prote in  diets were  associa ted  wi th  
dec rea sed  v i t amin  A contents  of  the intestine,  liver, and p l a sma  af ter  an 
oral  v i t amin  A load (Table 1). Moreover,  the dec reased  p l a sma  levels of  
e n d o g e n o u s  v i t amin  A in the low protein fed rats  c o m p a r e d  to h ighpro te in  
fed ra ts  is un l ike ly  to be  due  to a decreased  release of  v i t amin  A f rom liver 
pe r  se despi te  the  r educed  endogenous  hepat ic  v i t amin  A s tored  in low 
pro te in  fed rats. The  reduced  absorp t ion  of  v i t amin  A and its dec reased  
levels  in the  l iver and  b lood have  been obse rved  by  several  worke r s  in 
e x p e r i m e n t a l  an imals  main ta ined  on inadequa te  d ie ta ry  prote ins  (3, 10, 12, 
13). The  impa i r ed  absorp t ion  has been ascr ibed to the  r educed  intest inal  
v i t a m i n  A hydro lase  act ivi ty in low prote in  fed rats  leading to reduced  
hepa t i c  levels of  v i t amin  A (3, 17). 

The  r educed  accumula t ion  of  v i t amin  A in the ex t ra -hepa t ic  t i ssues  of  
ra ts  fed on benga l  g ram diets as c o m p a r e d  to those  fed on casein  diets  
ref lects  the  nega t ive  effect  of  the poor  qual i ty  p ro te in  on the u p t a k e  
capac i ty  of  the  t a rge t  cell. The details of  the  mechan i sm(s )  of  the  v i t amin  A 
t r a n s p o r t  f rom h o l o s e r u m - R B P  across the  cell m e m b r a n e  of ta rge t  t issue 
are not  prec ise ly  unders tood ,  however ,  the par t ic ipa t ion  of specif ic cell 
su r face  r ecep to r s  has  been  sugges ted  (18, 19). The  role of  cel lular  ret inol  
b ind ing  pro te in  in the intra-cellular t rans loca t ion  of  v i t amin  A has also 
b e e n  r epor t ed  (20). The  resul ts  of the p re sen t  s tudy  on v i t amin  A conten ts  
o f  va r ious  t i ssues  sugges t  that  bo th  the qual i ty  and  the  quan t i ty  of  d ie tary  
p ro te ins  m a y  affect  this process  di f ferent ly  in d i f ferent  t issues and this 
m a y  be  re la ted to effects  ei ther  at the cell surface  r ecep to r  level or at the 
ce l lu la r -RBP level  or both. 

S tud ies  regard ing  the me tabo l i sm  of v i t amin  A in the  cell have  revealed 
tha t  v i t amin  A migh t  be  undergo ing  m a n y  group  subs t i tu t ions  and/or  
add i t ion  react ions  wi th  the p roduc t ion  of  wa te r  soluble  metabol i tes .  There  
are severa l  repor ts  which  demons t r a t e  tha t  the  low qual i ty  and the inade- 
qua te  quan t i ty  of  d ie tary  prote ins  r educe  the  m i x e d  funct ion oxidases  
invo lved  in these  types  of  b io t rans fo rmat ions  resul t ing  in the accumula -  
t ion of  the  pa ren t  c o m p o u n d  (21, 22). The  increased levels of  v i t amin  A 
o b s e r v e d  in cer ta in  t issues in the p resen t  s tudy  (viz. adrenals,  lungs, and  
hear t )  m a y  a l ternat ively  be  ascr ibed  to the  reduced  b io t rans format ion  of  
v i t a m i n  A in these  t issues of  rats  fed on a poor  quali ty protein.  

I t  is c lear  f rom the p resen t  inves t igat ion that  regardless  of  the prec ise  
m e c h a n i s m s  involved,  the  v i t amin  A status  of the animal  is p ro found ly  
in f luenced  and  in different  ways,  by  e i ther  the quali ty or the  quan t i ty  of  
d i e t a ry  pro te ins  consumed .  This has impor t an t  impl ica t ions  as regards  the 
p r o p o s e d  p rophy lac t i c  m e a s u r e  agains t  v i t amin  A deficiency.  S ince  not  
only  such  m e a s u r e s  t ake  accoun t  of the adequacy  of  pro te in  con ten t  in the  
die t  bu t  accoun t  m u s t  also be  t aken  of the quali ty and type  of  the  d ie ta ry  
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p r o t e i n ,  w h i c h  can  i n f l u e n c e  t h e  d y n a m i c s  o f  t h e  v i t a m i n  A s t a tu s  o f  an  
i n d i v i d u a l  e v e n  at s e e m i n g l y  a d e q u a t e  q u a n t i t a t i v e  levels .  

Acknowledgements: We thank Dr. Keith Snell, Department  of Biochemistry, 
Universi ty of Surrey, Guildford, Surrey (England) who critically read this manu- 
script. The vitamin A and [3H]-retinyl acetate were generous gifts from La Roche, 
Bombay  (India) and Hoffman La Roche, Basel (Switzerland) respectively. 

References 

i. World Health Organization (1982) Control of vitamin A deficiency and xeroph- 
thalmia, WHO Teehn Rep Ser No 672 

2. Anderson TA, Hubert FJr, Roubick J, Taylor RE (1962) Influence of protein 
depletion on vitamin A and carotine utilization by vitamin A deficient sheep. J 
Nutr  78:341-347 

3. Deshmukh DS, Malathy P, Ganguly J (1964) Studies on the metabolism of 
vitamin A: Dietary protein content and metabolism of vitamin A. Biochem J 
90:98-104 

4. Faruque O, Walker DM (1970) Vitamin A and protein interrelationship in the 
milk fed lamb. Brit J Nutr 24:11-22 

5. Sharma HS, Goyal KC, Misra UK (1985) A relationship between dietary protein 
and vitamin A metabolism: Studies on cellular triglycerides and cholesterol 
levels of rats. Nutr Rep Internat (USA) 31:1301-1307 

6. Sharma HS, Ghosh P, Shukla RR, Misra UK (1986) In vitro secretion and uptake 
of radioactive vitamin A in rats fed different dietary proteins. Annal Nutr Metab 
In press. 

7. Sharma HS, Goyal KC, Misra UK (1986) Effect of single massive dose of vitamin 
A on hepatic phospholipids of rats fed different dietary proteins. Nutr  Rep 
Internat  (USA) 34:183-188 

8. Rechcigel  M Jr, Berger S, Loosli JK, Williams HH (1962) Dietary protein and 
utilization of vitamin A. J Nutr 76:435--440 

9. Adhikari  HR, Vakil UK, Sreenivasan A (1968) Vitamin A metabolism in protein 
deficiency. Ind J Biochem 5:132-137 

10. Arroyave G (1969) Interrelationship between protein and vitamin A in metabo- 
lism. Am J Clin Nutr 22:1119-1128 

11. Srikantia SG, Reddy V (1970) Effect of a single massive dose of vi tamin A on 
serum and liver levels of vitamin A. Am J Clin Nutr 23:114-118 

12. Zakalama MS, Gabr MK, Marghy SE, Patwardhan VN (1972) Liver vi tamin A in 
protein calorie malnutrition. Am J Clin Nutr 25:412-416 

13. Zakalama MS, Gabr MK, Marghy SE, Patwardhan VN (1973) Serum vitamin A 
in protein calorie malnutrition. Am J Clin Nutr 26:1202-1206 

14. Sundaresan PR, Sundaresan GM (1975) Tissue distribution of retinol and its 
metabolites after administration of double labelled retinol. Biochem J 
152:99-104 

15. Neeld JBJr ,  Pearson WN (1963) Macro- and micro method for the determination 
of  serum vitamin A using triflouroacetic acid. J Nutr 79:454-462 

16. Viviani R, Sachi AM, Lenaz G (1966) Lipid metabolism in fatty liver of lysine 
and threonine deficient rats. J. lipid Res 7:473-478 

17. Adhikari  HR, Vakil UK, Sreenivasan GM (1976) Protein status and turnover  
rates of stored [3H]-retinol in rat liver. Ind J Biochem Biophys 13:278-283 

18. Heller J (1975) Interaction of plasma retinol binding protein with its receptor, 
specific binding of bovine and human RBP to pigment  epithelial cells from 
bovine eyes. J Biol chem 250:3613-3619 



Sharma and Misra, Tissue distribution oY vitamin A in rats 51 

19. Chen CC, Heller  J (1977) Uptake of retinol and retinoic acid from serum retinol 
binding protein by  retinal pigment  epithelial cells. J Biol Chem 252:5216-5221 

20. Smi th  JE, Muto Y, Goodman DS (1975) Tissue dis tr ibut ion and subcel lular  
localization of retinol binding protein in normal and vi tamin A deficient  rats. J 
Lipid  Res 16:318-323 

21. Becking GC (1973) Vitamin A status and hepatic drug metabol ism in rats. Canad 
J Phys Pharmacol  5h6-11 

22. Campbel l  TC, Hayes JR (1976) The effect of quanti ty and quali ty of die tary 
protein on drug metabolism. Fed Proc 35:2470-2474 

Received September  25, 1986 

Authors '  address:  

Hari  S. Sharma, P h . D . ,  Max-Planck-Institut ffir Biophysikal ische Chemie, 
Abte i lung Molekulare Biologie, D-3400 G6ttingen (West Germany); 

Profi U. K. Misra, Depar tment  of Molecular Biology, Burroughs Wellcome 
Research Center, Research Triangle, Park, NC 27709, (USA) 


