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Table 3. Effects of vitamin A deficiency on liver cytosolic glutathionc 
peroxidases and reductase 

Control Deficient 

Total glutathione 
peroxidase a 64.0 + 4.0 50.3 _+ 3.9" 

Selenium-dependent 
glutathione peroxidase" 45.1 _+_ 3.5 32.7 + 3.6* 

Glutathione reductase a 26.5 + t.7 24.3 4__ 1.2 

Results are quoted as mean + SEM." nmoles NADPH oxidized per mg 
cytosolic protein per rain. * p<0.05. 

vitamin A does not contribute to protection against 
microsomal lipid peroxidation. 
Thus the dietary intake of a single vitamin not only af- 
fects its own accumulation in the liver but also the 
bioavailability and storage of other vitamins. The effi- 
ciency of cell defence systems against oxidative stress 
probably depends upon the interaction between the anti- 
electrophilic compounds of the diet. 
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Using the same experimental design, Siddik et al. 12 and 
de Waziers and Albrecht 13 showed that liver vitamin A 
level began to decline soon after the animals were main- 
tained on a vitamin A-free diet. In the present study 
retinol and retinyl palmitate were undetectable in the 
livers of deficient rats. interestingly, vitamin A deficiency 
led to a marked increase in c~-tocopherol (+  69 %). Pre- 
viously Bieri et al. 14, t5 reported that retinoids lower 
intestinal absorption of ~-tocopherol. Recently Weiser et 
al. 16 showed in broiler chickens that increasing vitamin 
A doses reduce ~-tocopherol levels in plasma and liver. 
Tom et al. 6, t 7 found an increased LP in liver and lung 
microsomes. Under our conditions, such an effect was 
not observed (table 2). This apparent discrepancy could 
originate fi'om differences in the experimental proce- 
dures; the mode of administration of the vitamin, the 
duration of the deprivation, the extent of contamination 
of cell fractions by free iron. In the present study, despite 
the lower activities of both glutathione peroxidases 
(table 3), ( - 2 1 %  and 28%, for total and seleno 
enzyme respectively) the large increase in ~-tocopherol 
hepatic stores can prevent peroxidation breakdown of 
microsomal lipids. One other possible explanation is that 
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Summary. A diet containing 18-20 mg iron/kg to young weaned rats for 8 weeks altered the metabolism of gamma- 
aminobutyric acid and glutamate in the central nervous system without affecting blood hemoglobin. Subsequent 
rehabilitation with 390 mg iron/kg diet for 2 weeks normalized these changes. 
Key words. Latent iron deficiency; brain; GABA; glutamate; enzymes; rehabilitation. 

Dietary iron deficiency progresses in a sequence of three 
overlapping stages. In the first two stages iron stores and 
transport iron concentrations are depleted and the last 
stage occurs with diminished production of iron proteins 
that serve known physiological functions~. The early 

stage of iron deficiency is known as latent iron deficiency 
and the manifest or last stage is called anemia. Iron 
deficiency is well known to produce a variety of biologi- 
cal dysfunctions and of particular interest to us is its 
effects on the central nervous system which may be asso- 
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ciated with behavioral  disorders 2, a. Severe i ron deficien- 
cy has been repor ted to produce al terat ions in brain neu- 
ro t ransmit ter  metabol ism 4'5, however, such studies 
related to latent  iron deficiency are meagre inspite of  
considerable evidence showing a variety of  metabolic  dis- 
orders 6, 7 following this form of  milder deficiency. Re- 
cently, we have shown that  the latent  iron deficiency can 
induce al terat ions in 5-hydroxytryptamine (5-HT)8 and 
dopamine  (DA) metabol ism in brain (unpublished data).  
This points  clearly to a need of  further unders tanding in 
this direction. The present communicat ion deals with the 
investigation of  gamma-aminobutyr ic  acid (GABA)  and 
glutamate  metabol i sm in the brain of  growing rats fed a 
marginal ly iron-deficient diet so as to unders tand the role 
of  these amino acid neurotransmit ters  in latent iron defi- 
ciency. Rehabi l i ta t ion studies were also performed to 
find out  whether the changes produced by marginal  i ron 
deficiency are reversible or  not. 
Animal and dietary treatment. Weaning (3-week-old) fe- 
male albino rats of  C F strain were randomly  divided 
into two groups, one received iron-deficient and the other 
iron-sufficient diet. Iron-deficient diet which contained 
skimmed milk, 50 % ; lactose 30 % ; po ta to  starch, 10 % ; 
g roundnut  oil, 5 %;  salt mixture 9 (iron-free) 4 % ,  and 
vitamin mixture lo 1%,  measured 18-20  mg/kg diet. 
Iron-sufficient diet was added with FeSO4 - 7 H 2 0  so as 
to contain 390 mg i ron/kg diet. Rats  were kept  in plastic 
cages under  s tandard  condit ions and were given food and 
tap water  ad libitum. After  8 weeks rats from both the 
groups were sacrificed by decapi ta t ion and after collect- 
ing blood,  bra in  and liver were taken out. Some brains 
were divided into forebrain and hindbrain.  While hind- 
brain contained cerebellum, pons and medulla,  the rest of  
the bra in  was designated as forebrain.  Tissues were 
rinsed in chilled saline, blot ted on W h a t m a n  filter paper ,  
weighed and stored at - 20 ~ 
Rehabi l i ta t ion studies were performed by mainta ining 
the weaned female rats on iron-deficient diet for 8 weeks 
and then on iron-sufficient diet for 2 weeks. A control  
group was provided with iron-sufficient diet for 
10 weeks. I ron  contamina t ion  was avoided by using plas- 
tic, stainless steel or acid washed glassware. 

Biochemical methods. After  extract ion u from brain tis- 
sue, the est imations l z of  G A B A  and glutamate were 
done by chromatographic  procedure.  Activities of  brain 
glutamate dehydrogenase ( G D H ,  E.C. 1.4.1.2), glutamic 
acid decarboxylase (GAD,  E.C. 4.1.1.15), G A B A -  
t ransaminase (GABA-T,  E.C. 2.6.1.19), glutaminase I 
(E.C. 3.5.1.2), and g lu taminase I I  (E.C. 2.6.1.15) were 
studied by the method of  Raja lakshmi  et al. 13, 14. Brain 
and liver non-heme iron were determined spectrophoto-  
metrically 15. Blood packed cell volume (PCV) 16 and 
hemoglobin  17, brain D N A  18, and protein 19 were also 
determined.  
Results and discussion. The results of  reduced brain and 
liver non-berne iron (table 1) wi thout  any change in 
hemoglobin  and PCV suggest that  early (latent) iron de- 
ficiency has been produced by feeding 18 20 mg iron/kg 
diet to weaned rats for 8 weeks. However,  the deficiency 
did not  alter body and organ (brain and liver) weights, 
brain D N A  and protein. Decrease in liver non-berne iron 
is in cor robora t ion  with earlier reports  2~ that  2 5 -  
35 mg (or lower) i ron/kg diet can reduce tissue non-berne 
iron. The irreversible decrease in brain non-heine iron 
may  very well be correlated with the slow turnover  rate 
of  iron compounds  in this organ 23. Considerable but  
reversible reductions in glutamate,  G A B A  contents and 
G D H ,  G A D  and G A B A - T  activities were observed after 
8 weeks of  iron deficiency in both  the parts of  the brain 
(table 2). Activities of  glutaminase I and II  remained un- 
affected by latent i ron deficiency. 
The normal izat ion of  all the parameters  without  affect- 
ing brain non-heine iron following iron rehabil i tat ion 
indicated an indirect role of  i ron deficiency in the regula- 
t ion of  amino acid concentrat ions and the activities of  
G A BA -shun t  enzymes in experimental  animals. The 
mechanism(s) by which iron deficiency produced re- 
versible decrease in the enzyme activities is not  under- 
s tood,  at present,  however, a role of  pyridoxin and/or  
zinc, which are known to alter in i ron deficiency 24-28, 
may  be of  significance owing to their repor ted involve- 
ment  in the regulat ion of  G A BA -shun t  enzymes. De- 
clined pyr idoxin levels in iron deficiency may restrict the 
availabil i ty of  cofactor  pyr idoxal  phosphate  required for 

Table 1. Effect of latent iron deficiency for 8 weeks and subsequent rehabilitation for 2 weeks on brain weight, protein, DNA, non-heine iron and 
hepatic non-heme iron in young rats 

8 weeks 10 weeks 
Parameters Control Iron- Control Iron- 

deficient rehabilitated 

Brain 
Weight (g) 1.63 _+ 0.04 1.57 + 0.06 1.68 • 0.08 1.71 ___ 0.06 
Protein (rag/g) 169 _+ 6.8 161 _ 7.4 174 _+ 8.2 170 _+ 9.1 
DNA (mg/brain) 4.01 _+ 0.88 3.76 _ 0.72 4.14 _+ 0.91 3.83 _+ 0.82 
Non-heme iron (I-tg/g) 7.01 _+ 0.20 5.61 _+ 0.17"* 7.21 _+ 0.21 5.91 _+ 0.16" 

Liver 
Non-heme iron (gg/g) 135 + 9.1 38 + 2.9** 138 _ 85 88 + 5.2* 

Values represent mean + SEM for five rats in each group. The significance of difference between two groups was evaluated by using Student's t-test, 
** p < 0.001, * p < 0.01. Control = 390 mg iron/kg diet; iron-deficient = 18 20 mg iron/kg diet; iron-rehabilitated = iron-deficient diet for 8 weeks 
+ control diet for 2 weeks. 
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Table 2. Effect of latent iron deficiency for 8 weeks and subsequent rehabilitation lbr 2 weeks on GABA, glutamate contents and on the activities of 
GDH, GAD and GABA-T in fore- and hindbrain of young rats 

8 weeks 10 weeks 
Parameters Brain part Control Iron- Control Iron- 

deficient rehabilitated 

GABA ~ Forebrain 3.41 • 0.180 2.20 • 0.116"** 3.30 • 0.134 3.41 • 0.141 
Hindbrain 2.01 • 0.122 1.40 _+ 0.085** 2.11 • 0.112 2.10 • 0.116 

Glutamate a Forebrain 12.29 • 0.78 9.49 • 0.58* 12.10 • 0.62 10.89 • 0.42 
Hindbrain 10.20 • 0.56 8.61 • 0.40* 9.91 • 0.49 9.40 • 0.51 

GDH b Forebrain 19.59 • 1.10 13~60 • 0.71 ** 18.53 _+ 0.93 17.81 • 0.98 
Hindbrain 17.21 • 0.80 11.83 • 1.00"* 16.61 • 0.70 18.02 • 0.81 

GAD * Forebrain 4.60 • 0.181 3.61 • 0.140"* 4.73 • 0.178 4.91 _+ 0.17i 
Hindbrain 3.73 • 0.143 2.60 • 0.090*** 3.82 • 0.161 3.66 • 0.116 

GABA-T d Forebrain 7.31 • 0.384 5.00 • 0.192 *** 7.07 • 0.241 7.58 _+ 0.282 
Hindbrain 9.50 • 0.246 7.2I • 0.232*** 9.60 • 0.170 9.51 • 0.318 

Values represent mean +_ SEM for five rats in each group. The significance of difference between two groups was evaluated by using Student's t-test. 
*** p < 0.001, ** p < 0.01, * p < 0.05; ~ gmoles/g, b nmoles NADH oxidized/min/mg protein, c nmoles GABA formed/min/mg protein, d nmoles 
glutamate formed/min/mg protein. Control - 390 mg iron/kg diet; iron-deficient = 18 20 mg iron/kg diet; iron-rehabilitated - iron-deficient diet 
for 8 weeks + control diet for 2 weeks. 

GAD and GABA-T activities 29. Zinc has been reported 
to regulate concentrations of GABA by inhibiting both 
GABA synthesizing as well as degrading enzymes 3o. In 
the absence of any alteration in the activities of glutamin- 
ase I and II, it appears that the reduced levels of gluta- 
mate may be a consequence of the GDH inhibition. 
It may be concluded that the marginal iron deficiency 
may produce alterations in the metabolism of these ami- 
no acid neurotransmitters, which may be recovered by 
subsequent rehabilitation. 
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