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Introduction

Viiainin A (Icficic-iicy has coiisislenlly 
been associated witli a larjfcr accuiiiu- 
lalion  of iron in tissue^ The 
aceiinuilation has been suf»gested to 
ije due to an alteration in cehular 
nu tabohsni of iron, ratiier lh;ui due to 
an excessive abstjrption^. Evidences 
of biolojfical interaction amongst the 
eiieniically related metals ol' transi
tional metal series is well established 
now''^\ The delicienc-y or excess of 
som e m eta l erea tes  secondary 
disorder in the absorijtion, plasma 
and tissue levels and also excretion of 
o th er m eta ls*’ - ''. 'I'here is also 
loossibility that they would undergo 
('ommon m ela ljo lic  jjrocess. High 
intake of zinc is antagonistic to the 
iitili/.ation of cojjper and iron®''* 
Mxcessive intake of zinc can i^roduce 
anaem ia through reducing the 
utilization of co])i:)er. Moreover, zinc 
e;ni compete with iron lor Fe-binding 
sites in tra.nslerrin. Co])])er del'iciency 
leads to anaemia which is iiypo- 
('h)'omic and m icrocytic in nature, 
with a concomitant accumulation of 
u'on in li\a'r and sjjleen ̂ . An 
approjjriate ratio amongst the meials 
is thus ru'cessaiy lor their proper 
uiili/.atior;. Any sort of iuibalaiu'e in. 
the utilization ol'co]);H'r and zinc: may 
eventually ])roduce secondaiy el'lect in 
the utilization of iron. Fioth co|)per 
,uid zinc have already been claimed

to be .‘elated lo tlie metabolism of 
\'itamin A; zinc being related in its 
capacity to mobilize vitamin A  from 
the liver^^'^'^, and copper being 
related in its capacity to facilitate the 
storage of vitamin A in the liver^ 1. 
Moreover, retinol and copper are 
reported to behave similarly in being 
stored preferen tia lly  in liver and 
being carried in blood plasma in 
combination with similar but different
a lpha2 -g lobu lin - 2̂ 'ciilks the defici
ency or excess of one is likely to 
produce change in the metabolism of 
other. L ikew ise there exists the 
possibility that vitam in A  deficiency 
may affect the metabolism of co])per 
and zinc which, in turn, may have 
secondary effect on the balance of 
iron. In view of this assum|)tion. (he 
present experiment was undertaken 
wliere both cellular and intracellular 
distribution of iron, co])per and zinc 
was determined in vitamin A  deficient 
rats and com pared with those o f 
control.

M aterials and M ethods

I'ifteen post weanling rats of Long- 
ICvans strain weighing 75g were made 
deficient in vitamin A by feeding them 
\itaniin A deficient basal diet (Table
i) . Anotlier j^roup of fiftei'.n rats were 
fed control diet containing vitamin A  . 
Conti‘ (;l diet was j)re i)ared  by 
sui)plementing the dificient diet with
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Vitamin A {8000 I.U./kg diet). All rals 
were provided witli water ad libitum. 
This d iela iy regime v/as continued for 
7-\vceks. till the appearance o(' 
vitamin A  del'iciency amongst the rats 
led x'iiamin A deficient diet, as was 
indicated by weight plateau. Arnoimt 
of iron, cop’^er and zinc in the diet 
was kept as usual. Supply of vitamin A 
was the only difference between the 
control and deficient diets. A fter 
de])lclion, rats were sacrificed under 
m ild  ch loro fo rm  an esth es ia  by 
dcca]3itation. Tlie organs and serum 
sam ples were i)reserved in deep 
freeze at-18'C until vitamin A  iron,
(H)ppei' a;ul zinc were analysed, 
liem o g lo b in  was estim ated  by 
collecting bl(30d from tail-ti]) before 
sacrifice. A ll glasswares used in 
])reservation and mineral analysis 
were soaked in IN 1:1 HC1:11N0 3  for 
at least 24 hr and rinsed ten times 
will', glass distilled water.

A n a ly t ic a l m e l h o (1 s - S u b c e 11 u 1 a r 
fractions of liver were separated by 
differential centrifugation after homo
genisation of the tissue^""'. Estimation 
of Fe. Cu and Zn in whole organs as 
vvell as in subcellular fractions of liver 
was accom p lish ed  by atom ic 
absor])tion spectrophotom eter after 
su b jectin g  the sam ples to wet 
digesi.ion w ith 1:4 concen trated  
H C 1 0 4 .H N 0 3  and proper dilution. 
Serum samples were diluted appro
priately (10 times) and aspirated 
d irec tly  into atom ic absorption  
nebulizer for the estimation of Cu and 
Zn in serum Serum iron was 
determined colorim tlrically by using 
orthophenanthroline as chromogenic 
r e a g e n t '® .  Liver vitam in A was 
estimated colorim etrically by using 
TCA^7. Hemoglobin was detemiined

by cyanmethemogiobin method using 
Sigma com m ercia l K it-® . Serum 
vitamin A  was determined by HPLC^^. 
D ifference between the values of 
control and deficient animals was 
determined by Student's t-test^*^.

Results

As depicted in Table 2, rats fed 
vitam in A  deficient diet showed 
significant depletion  (l’ <0.001) of 
serum vitamin A  and liver vitamin A, 
indicating a vitamin A  deficient stale. 
Vitamin A deficient rats also showed 
significantly (P<0.00f) lower values 
for body weight and hem oglob in . as 
c ompared to the control.

Effect of vitam in A  deficiency on 
tissue content of F'e, Cu and Zn is 
described in Table 3.

Effect on iron-Rats fed vitam in A 
deficient diet showed a larger 
dejiosition of iron in liver and s];!een, 
but a lower concentration of iron in 
kidney and serum. While iron content 
of brain remained unaffected by vita 
min A. deficiency.

EITecU on co]jper-Vitamin A  defic'ient 
ra ls showed s ign ifican tly  lusher 
concentration of copper in s( rum. 
V/liile copper content of liver, si)leen, 
kidney and brain was found to r<‘main 
unaffected by vitamin A  deficiency.

Effect on zinc-V itam in A  delicient 
rats were found to have larger store of 
zinc in liver, but lower level of /.inc in 
serum. While concentration of ,;inc in 
spleen, kidney and brain did lu i alter 
significantly as a resull of vii; iiiin A 
deficiency.

Effect of Vitamin A  deficiei.cy on 
subcellu lar d 'istribution of iron,
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cop])er and zinc in liver is depicLed in 
Table 4; and their corresponding 
percent d istribution amongst sub- 
cellular compartments is described in 
Table 5.

Effect on subcellular distribution of 
iron-Subcellular distribution of iron in 
liver was found to be altered as a 
result o f vitamin A  deficiency. Greater 
accumulation of iron was found to be 
attached to debris, cytosol and large 
granules of vitamin A  deficient liver, 
as com pared  to the con tro l. 
Moreover, vitamin A  deficiency was 
fotuid to cause a decrease of iron in 
m icrosomal fraction of liver. In both 
control and deficient liver, pattern of 
iron distribution was found to be in 
the order of - cylosol> debris> large 
g ran u les>  m icrosom es. Percent 
distribution of iron was found to be 
increased in cytosol, but decreased in 
m icrosomal fraction as a result of 
vitamin A  deficiency.

Eilect on subcellular distribution of 
copper-Subcellu lar d istribution  ol 
copper in liver was affected by 
vitam in A  deficiency with its lower 
concentration being attached to 
cytosol and concomitant higher 
concentration being attached to large- 
granules. W hile concentration  in 
debris and microsomes was found to 
remain unaffected. Pattern of copper- 
distribution in vitamin A  deficient 
liver was found to be in the order of- 
debris , la rge-gran u les , cytosol>  
microsomes, as compared to-cytosol 
>debris>large-granules> microsomes 
in control. Proportion of copper was 
found to be increased in large- 
granules, but decreased in cytosol.

Eilect on subcellular distribution of 
zinc-Vitamin A deficiency was found 
to alter the subcellular distribution of 
zinc with its higher concentration 
being attached to debris, cytosol and 
microsomal fraction: zinc concentra
tion in large-granu les rem ain ing 
unaffected. Intracellular distribution 
of zinc in deficient liver was found to 
be in the order of-cytosol> debris> 
large- granu les>  m icrosom es as 
compared to-debris, cytosol>large- 
granu les>m icrosom es in control. 
Proportion of zinc was found to be 
decreased in large-granules as com 
pared to the control.

1. Skimmed milk powder was washed 
with hot ethyl alcohol.

2. Vitamin mixture was premLxed with 
bulk of rice Hour to provide the 
required amounts of vitamins per kg 
diet in 6 percent combination. Vitamin 
A was excluded in vitamin mixture.

3. Control diet was prepared by adding 
vitamin A (8000I.U./kg diet) in 
the form of retinylacetate to the 
deficient diet.

Table 1. Composition of vitamin A 
deficient basal diet^^

Ingredients Percentage

Rice flour 50

Skimmed milk powder 35

Soybean oil
5

Vitamin mixture^^
6

Salt mixture^O 4

5 7
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Table 4. EJfecL of vitamin A deficiency on subcellular dislribulion of iron, copper and y.inc 
in the liver of rats

I3arua & Ahmad : ViLaniin A Dcficicncy

Elements lotal content of elements (ng) in subcellular fractions/g tissue. Mean total
(,ug/g wet.wt.

Dclnis Large granules Microsomes Cyto.sol

Iron:
Control 52.86 ± 5.48^ 30.83 ± 2.16̂ '* 17.35 ± 1.02^ 64.01 ± 5.4 1« 165.05
Deficient 84.02 ± 6.70 ’̂ 52.80 ± 3.08*̂ 1 1 .2 1  ± 0.81*^ 126.57 ± 7.99*> 274.60
Copper:
Control 3.80 + 0.24‘'i 2.73 ± 0.17"‘ 1.60 ± 0.1 1 ^ 5.99 ±0.18^ 14,12
Deficient 3.99 ± 0.11''i 3.91 ± 0.22̂ ^ 1.75± 0.27‘'i 3.75 ± 0.25'J 13.40
Zinc:
Control 9.83 ± 0.82=̂ 6.38 ± 0.31^ 3.90 ±0.183 10.25 ±1.15''' 30.36
Deficient 12.90 ± 1.03*̂ 6.74 ± 0.19^ 5.69+ 0.17t> 15.36 ± 1.05*̂ 40.69

Values depicted in the table are mean + S.D. (n = 15). For each element, values within same 
column bearing different superscripts are significantly different (P< 0.001). Mean total is 
calculated by summing the mean values of individual fractions. Debris-(nuclei, plasma 
membrane, unbroken cell); large granules-(mitochondria and lysosome): microsomes- 
(endoplasmic reticulum, golgi apparatus and ribosomes).

Table 5. EJfecl of vitamin A deficiency on percent distnbulion of iron, copper and zinc 
within subcellular compartments of liver of rats.

Elements

Debris

% Distribution in 

l^arge gratutifcs Microsomes Cytosol

Total

Iron :
Control. 32.03 18.67 10.52 38.78 100
Deficient 30.60 19.23 4.08 46.09 100

Copper:
Control 26.92 19.33 11.33 42.42 100
Deficient 29.78 29.18 13.06 27.98 100

Zinc:
Control 32.37 21.03 12.84 33.76 100
Deficient 31.70 16.57 13.98 37.75 100

Percent distribution was calculated from their mean values. Debris-(nuclei, plasma membrane, 
imbroken cell); large granules-(mitochondria and lysosomes); microsomes-(endoplasmic 
reticulum, golgi apparatus, ribosomes).
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Discussion

Lower level o f hemoglobin and serum 
iron in vitamin A  deficient rats is in 
agreement with sim ilar findings in 
previous stud ies o f v itam in  A  
deficiency^ Accumulation of iron in 
liver and spleen is also consistent 
with sim ilar finding in vitam in A  
deficient rats by Mejia et al^’^ ’ and 
Hodges et al^. Iron accumulation in 
liver and spleen has been attributed 
to an immobilization of iron Irom the 
stores in absence of vitamin A.

Lower level o f iron in k idney of 
vitam in A  deficient rats m ight be 
related to some metabolic specificity 
of kidney towards iron or vitamin A. 
Kidney differs from other organs in 
its capacity to degrade RBP (retinol 
binding protein) after its life span. 
Retinol released from RBP breakdown 
products in kidney is reutilised in the 
body. Due to this capacity, kidney is 
continuously flushed with a supply of 
retinol from R B P^ l. Thus it is most 
likely that during vitam in A  defici
ency when liver vitamin A- storage is 
diminished, kidney-iron is raided off 
for hem atopoiesis with the help ol 
retinol whatever is available from RBP 
breakdown prod-ucts. Depression of 
h em a to p o ies is  a lon g w ith  an 
accumulation of iron in the liver and 
spleen would suggest an impaired 
utilization  o f iron in absence of 
vit amin A.

In the present study, concentration of 
copper in serum increased following 
the deprivation of vitam in A. Since 
keratinization is known to need the 
participation of copper^l^ ^^is higher 
level of copper in serum might be as a 
response to increased demand for 
copper needed for increased keratini

zation during vitam in A  deficiency. 
An inverse re la tionsh ip  betw een  
vitamin A  and copper in serum has 
also b een  reported  in copper 
toxicosis and in copper deficiency^ ̂ . 
Moore et al^ ̂  in their experiment 
w ith  cop p er p o is o n ed  sheep  
demonstrated an inverse correlation 
between retinol and copper in blood, 
but no such relationship was observed 
in liver. It was suggested that in 
copper toxicosis, the capacity of liver 
to mobilize retinol to circulation is 
d isrupted due to the fact that 
excessive demands for the carrier of 
excessive copper in serum are met at 
the expense o f fa ilu re  in the 
production of RBP, resulting in lower 
mobilization of retinol to blood. Owen 
e i  al as cited by Moore et al^ 1 , 
reported an inverse re lationsh ip  
b etw een  cop p er and r e t in o l 
concentration in the blood of kids 
made deprived of copper. It was 
su ggested  tha t an ab n orm a l 
accum ulation o f retinol in b lood 
occured through the in effic ien t 
absorption of retinol by the copper 
deficient liver and pointed to the 
claims that copper may facilitate the 
storage of retinol in liver. 'Though 
copper deficiency is known to lead to 
iron accumulation in the liver,^®’ ^̂  
vitamin A  deficient liver with larger 
accumulation of iron has been found 
to have normal level of copper. Thus 
iron  accu m u la tion  in p resen t 
condition is not through the reduc
tion of copper in the system.

In our present experiment, vitamin A  
deficient rats had a greater storage of 
zinc in the liver with a decrease of 
zinc in serum. Functional interaction 
between vitamin A  and zinc has been 
reported in previous stud ies^^.lS
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Zinc deficiency is known to depress 
serum retinol by d isrupting the 
he])atic synthesis ol' RI3P, the carrier 
protein for retinol. In the present 
study, the situation is different with a 
larger store of zinc in liver and lower 
level of zinc in serum of vitamin A 
deficient rats. Larger store of zinc is 
in agreement with a similar finding of 
a larger accumulation of zinc in the 
liver of vitamin A  depleted chicken 
by Sifri e la j.^ ^ -  Berzin et a l^^  
reported a negative balance of zinc in 
v ita m in  A  d e fic ie n t ch ick en . 
Moreover, they were able to isolate a 
vitam in  A  dependent Zn-b ind ing 
protein (ZnBP) from the ileal mucosa 
of vitam in A  re])leted chicks which 
was absent in vitam in A  deficient 
ones. It was suggested that ZnBP is 
involved in the binding of zinc in the 
ileal mucosa of chick for its proper 
absorption. Likewise lower level of 
zinc in the serum of rats in present 
study m ight be related to an 
impaired absorption of zinc due to 
vitam in A  deficiency. At the same 
time, larger store of zinc in liver 
might be the result of a decreased 
utilization of zinc which was supposed 
to be used up for the mobilization of 
vitamin A  in nomial condition. Thus it 
is most probable that zinc has been 
spared by its decreased turnover in 
absence o f adequate vitam in A  in 
liver. Alternatively vitamin A  might be 
needed for a proper mobilization of 
zinc from liver; and during vitamin A 
deficiency an impaired mobilization 
might liave resulted in its lower 
concentration in serum along with a 
larger accumulation in liver.

Subcellu lar d istribu tion  of iron, 
copper and zinc in liver was rviarkedly

altered by vitam in A  deficiency. 
Highest amount of copper and iron in 
the liver of control rats was found to 
be attached to cytosol with the next 
higher concentration being associated 
with debris. However zinc in debris 
and cytosol was found in comparable 
amounts. In the liver of nomial rat, 
highest concentration of iron, zinc 
and copper is generally associated 
with cytosol, with their next higher 
concentration generally being located 
in debris^'^’^^. Highest concentration 
of the metals in cytosol appears to be 
related to the fact that depository 
p ro te ins  for these m eta ls  are 
synthesized in cytosol.

Thus, accumulation of iron in the liver 
of vitamin A  deficient rats oceured 
primarily in cytosol, debris and large- 
granules, but with a simultaneous shift 
o f iron from  m icrosom es. B igger 
share of debric-iron might be located 
at plasmamembrane and unbroken 
cell mass, since nuclei is not known 
to contain considerable amount of 
iron. I.ysosomal iron load is one of the 
important characteristic of general 
iron loading. In present study, larger 
accumulation of iron in large-granules 
may account for an accumulation in 
lysosom e, since m itochondria is 
known to be protected from excess 
iron during general loading except 
due to abnormality in haem synthesis 
itself26. Due to exogenous loading, 
iron accumulation increases propor
tionately in all cell compertments, 
but endogenous iron loading gives rise 
to different situation with d ispro
portionate load ing, for exam ple 
m ito ch o n d r ia l lo a d in g  d u rin g  
sideroblastic anaemia and lysosomal 
accumulation associated with the 
aging pigment in neurons^^. In view

6 1
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or Lliis concept, it may be inferred 
lhal hepatic iron accumulation under 
the inlluence of vitamin A  deficiency 
is an endogenous process, since the 
accumulation is disproportionate in 
nature. The im balance in the 
matabolism of Fe, Cu and Zn is further 
documented by their decompartmen- 
ta liza tio n  am ongst su b ce llu la r  
partic les. Th is  decom partm enta- 
lization may be due to some alteration 
in the synthesis as well as in the 
distribution of their storage proteins. 
Though functional interpretation of 
such a lte ra tion  in su b ce llu la r 
distribution is not possible in the 
present context, this eventually may 
a ffec t th e ir p roper u tiliza tion . 
Moreover, the iron accumulation 
during vitamin A  deficiency does not 
seem to develop from an antagonism 
from Cu and Zn, though it was 
assumed that iron accum ulation 
might be a disorder secondary to the 
action of vitamin A  deficiency on the 
metabolism of Cu and Zn.

Summary

Cellular and intracellular distribution 
o f iron, copper and zinc was 
determ ined in vitam in A  deficient 
rats. Vitamin A  deficiency caused a 
larger accumulation of iron in liver 
and spleen, and a decrease of iron in 
kidney and serum. Iron concentration 
in brain remained unaffected. Level of 
serum copper increased as a result of 
v ita m in  A  d e fic ien cy . W h ils t 
concentration  o f copper in liver, 
spleen, kidney and brain remained 
unaffected. Vitamin A  deficiency also 
caused a larger store of zinc in liver, 
with a concom itant fall o f zinc in 
serum; whilst zinc concentration in 
spleen, kidney and brain remained

unaffected. Subcellular distribution of 
iron, copper and zinc in liver was 
altered by vitamin A  deficiency. Iron 
content in debris, cytosol and large- 
granules increased, but decreased in 
microsomal fraction as a result of 
vitamin A  deficiency. In both control 
and vitam in A  deficient liver, iron 
distributed itself in the pattern of- 
cytosol> debris> large-granu les>  
m icrosom es. P roportion  o f iron  
decreased  in m icrosom es, but 
increased in cytosol. Likewise, copper 
content decreased in cytosol, but 
increased in large-granules as a result 
of vitamin A  deficiency. In vitamin A 
deficient liver, copper distributed 
itself in the order of- debris, cytosol, 
la rge-granu les>  m icrosom es, as 
compared to cytosol> debris> large- 
granules> m icrosom es in control. 
Proportion of copper increased in 
large-granules and microsomes, but 
decreased in cytosol. Subcellu lar 
distribution of zinc was affected with 
its h igh er con cen tra tion  being 
attached to debris, cytosol and 
microsomes. In vitam in A  deficient 
liver, intracellular distribution of zinc 
was found to be in the order of- 
cytosol>debris>larg-granules> m icro
somes, as com pared  to-cytosol, 
debris> large-granules> microsomes 
in con tro l. P roportion  o f zinc 
decreased in large-granules. Iron 
accum u lation  during v itam in  A  
deficiency does not appear to develop 
due to the interaction of iron with 
copper or zinc.
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