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Abstract: Iron deficiency anemia is the most common type of anemia related to malnutrition world wide. It 
represents a major problem in developing countries, especially in Egypt. The aim of this study was carried out to 
elucidate the effect of  different types of oral iron therapy (used for the treatment of iron deficiency anemia) on some 
hormones and minerals in anemic rats. Forty weanling male Sprague-Dawley rats divided into 4 groups (10 rats 
each), G1; control group as negative control G2; anemic rats as positive control., G3; anemic rats receiving iron 
chelating amino acids (IDA+ICAA, 40 mg Fe/kg), G4; anemic rats receiving ferrous sulphate (IDA+FeSO4, 40 mg 
Fe/kg). Anemia was induced through feeding iron deficient diet (3-5 mg Fe/kg). At the end of the experiment, 
plasma, kidney and  liver were used for determination of blood indices, tT3, tT4,  Cu, Ca, Fe and  MDA. Induction 
of iron in the diet improves body weight but still significantly lower than control group. Rats fed iron deficient diet 
had a significant lower Hb level, Hct value, RBCs count than normal controls. tT3 and tT4 levels of anemic rats 
were significantly lower than normal control (-15.16 & -30.59 % respectively). Treatment with ICAA gives better 
result than inorganic FeSO4. tT3/tT4 ratio was significantly higher in all treated groups than normal control group. A 
significant inverse correlation was found between tT3/tT4 ratio and liver Fe in  anemic rats. Treatment of IDA rats 
with ICAA improves lipid peroxidation. Cu level of IDA group was significantly higher than normal control group, 
treatment with ICAA or FeSO4 returning Cu level to near normal. The plasma Ca level of ICAA treated groups was 
significantly higher than IDA groups. Plasma level of Fe or Fe/Cu ratio of IDA is significantly lower than normal 
control group, it reach less than half (58.3% decrease, P < 0.0001).  A significant direct correlation was found 
between Ca level and kidney Fe in iron deficient anemia rats treated with iron chelating amino acids therapy. In 
Conclusion, the high bioavailability, easily tolerated doses of ferrous iron amino acid chelate allow lower doses to be 
used in IDA treatment than inorganic iron salts. [Journal of American Science 2010;6(6):109-118]. (ISSN: 1545-
1003).  
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1. Introduction 

 
Iron deficiency anemia is the most prevalent 

nutritional deficiency worldwide and it is often 
associated with some trace elements change (iron, 
zinc, copper). It is a major public health problem with 
adverse consequences, especially for women and 
children. Globally, iron deficiency affects over 2 
billion people, mainly young women and children are 
iron-deficient (WHO/UNICEF/UNU, 2001). Anemia 
affects one-quarter of the world's population and is 
concentrated in preschool-aged children and women, 
making it a global public health problem (McLean et 
al., 2009). An estimated 39% of preschool children 
are anemic. Over 90% of affected individuals live in 
developing countries. The main cause of iron 
deficiency is the low iron bioavailability of the diet. 
The consequences of iron deficiency are many and 
serious, affecting not only individuals health but also 

the development of societies and countries. The 
distinction between "iron deficiency" and "anemia" is 
important. They often go hand in hand, but people 
can be iron deficient without being anemic. Iron 
deficiency is a depletion of iron stores while anemia 
refers to the depletion of iron in the red blood cells. 
Only 50% of anemia is caused by iron deficiency, the 
remainder is caused by vitamin A, B12, folate 
deficiencies, malaria, HIV, other infectious diseases, 
sickle cell disease and other inherited anemia (Yip, 
1994). Tradition treatment of iron deficiency anemia 
include treatment with ferrous iron as ferrous sulfate 
(FeSO4)  which is much better absorbed than ferric 
iron e.g. ferric citrate (Davidsson et al., 2000), but it 
is known to produce intestinal side effects such as 
constipation, nausea, and bloating. Other forms of 
iron supplements as iron amino acid chelate are 
readily absorbed and less likely to cause intestinal 
side effects. Amino acids are ideal, good chelators or 
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readily absorbed and less likely to cause intestinal 
side effects. Amino acids are ideal, good chelators or 
ligands from both chemical and nutritional points of 
view. The body is efficient at absorbing amino acids 
and dipeptide. Iron amino acid chelate has been 
shown to have an increased bioavailability and 
reduced irritability over inorganic sources of iron 
(Pineda et al., 1994).  

 
Studies in animals and humans have shown 

that iron deficiency anemia (IDA) impairs thyroid 
metabolism that associated with lower plasma thyroid 
hormone concentrations in rodents and, in some 
studies, in humans. Oxidant stress has been shown to 
play an important role in the pathogenesis of IDA and 
there are association between lymphocyte DNA 
damage, total antioxidant capacity and the degree of 
anemia in patients with IDA (Aslan et al., 2006). 
Amino acid–Fe(II)–chelator complexes exhibit strong 
antioxidant activity. Iron amino acid chelate is said  
to have more rapid effect with less GIT side effects 
so we tried to see if ICAA has more beneficial effects 
than the traditional iron therapy. The aim of this 
study was carried out to elucidate the effect of  
different types of oral iron therapy (used for the 
treatment of iron deficiency anemia) on some 
hormones and minerals in anemic rats. 

 
2. Materials and Methods  

 
Approval of the experimental protocol had 

been taken from the research ethics committee of 
General Organization of Teaching Hospitals and 
Institutes (GOTHI), Cairo, Egypt. 

Four types of diet were prepared:  
• Standard diet ( iron sufficient diet, ISD, 40 

mg/kg diet): according to the AIN-93G 
formulation (Reeves et al. 1993 and 
National Research Council Committee on 
Animal Nutrition, 1978).  

• Iron deficient diet (IDD): standard diet 
without Fe in the mineral mixture (Fe 3-5 
mg/kg diet as assessed by atomic absorption 
Unicam). 

• Standard diet supplemented with Fe 
chelating amino acids (ICAA, 40 mg/kg 
diet) supplied by Nerhadou  international. 

• Standard diet supplemented with Fe in the 
form of dietary FeSO4 (40 mg/ kg).  

 
Some modifications were done as: menadione 

was used instead of phylloquinone; corn starch 
instead of sucrose; corn starch instead of cellulose 
(cellulose was omitted as a fiber source because of its 
variable iron content) as recommended by the 
American Institute of Nutrition, 1980. The iron 

content of all diets at baseline was confirmed by 
atomic absorption analysis. Rats were given free 
access to food and deionized water.  

Forty weanling male Sprague-Dawley rats 
weighing 68 - 86 g were purchased from the breeding 
unit of the Egyptian organization for biological 
products and vaccines (Helwan, Egypt). They were 
obtained at 21 day of age and housed individually in 
stainless steel cages. They were fed on standard diet 
for 10 days before experiments began (adaptation 
period). Thirty rats of them will be anemic by 
introducing basal diet without Fe source (iron 
deficient, ID, 3-5 mg Fe/kg) for 21 days. The animals 
were divided into 4 groups consisting of 10 rats each 
and were maintained as follows: Group 1 (control 
group); rats fed on basal diets. Group 2 (IDA; iron 
deficient anemia); anemic rats, it will be sacrificed 
acting as positive control. Group 3 (IDA+ICAA; iron 
deficient anemia treated with iron chelating amino 
acids therapy); rats fed basal diet containing ICAA as 
the only source of Fe for treatment. Group 4 
(IDA+FeSO4, iron deficient anemia treated with 
dietary FeSO4); anemic rats treated with conventional 
iron therapy (rats fed basal diet containing dietary Fe 
as the only source of Fe for treatment). 

At the end of the experimental period (6 
weeks), rats were fasted over night before sacrificing, 
blood was collected, centrifuged; serum was stored at 
- 20°C until analysis. Part of the blood is collected on 
tubes coated with EDTA for hemoglobin (Hb) and 
hematocrite (Hct) determination. Some hormones as 
tT3 and  tT4, some minerals as Fe, Cu and Ca were 
determined. After sacrificing, liver and kidney were 
removed, washed with saline. Parts of liver and 
kidney each alone were homogenized in 1.15% KCl 
and used for malonedialdehyde (MDA) 
determination. Another part of each liver and kidney 
were kept for Fe determination.   
 
Biochemical Analysis: 

Hemoglobin was measured using the 
cyanomethaemoglobin method using Randox kits, 
Randox: Laboratories, USA (Dacie and Lewis, 1975). 
Hematocrite was measured by centrifugation of blood 
collected into heparinized microcapillary tubes no. 
563 supplied by Bio Merieux (Mciniory, 1954). 
Hematocrite was calculated using the equation: Hct = 
length of red cell column (mm) / length of total 
column (mm). Red blood cells count (RBCs) was 
counted manually (Monica, 2004). Mean cell 
hemoglobin concentration (MCHC) was calculated 
using the equation: MCHC = [ (Hb*100) / Hct].  
Mean cell hemoglobin (MCH) was calculated using 
the equation: MCHC = [ (Hb*10) / RBC].  Mean red 
cell volume (MCV) was calculated using the 
equation: MCV = [ (Hct*10) / RBC]. 
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Plasma, liver and kidney MDA were used as 
marker of (in vivo) lipid peroxidation and measured 
according to the method of Yoshioka et al., 1979. 
Plasma iron and total iron binding capacity, (TIBC) 
were determined colorimetrically using SGM kits 
according to the methods of  Ruutu, 1975,  Ceriotti 
and Ceriotti, 1980 respectively.  Nearly all the 
binding capacity is due to transferrin. For standards, 
iron, copper and calcium reference solutions (1g 
Fe/L, Ca/L, 1g Cu/L; Merck KGaA, Darmstadt, 
Germany) were used. A control serum sample (Iron, 
copper and calcium /Seriscann ® normal) Control, 
QCA, Amposta, Spain), was included in the analysis 
of the plasma iron, TIBC, copper and calcium 
determinations to verify accuracy of measurements. 
Liver and kidney non-heme iron was measured 
colorimetrically after acid digestion of tissues 
(Torrance and Bothwell, 1980). Calcium was 
measured according to the method of Moorehead   
and Biggs 1974 using QCA kits (Quimica Clinica 
Aplicada S. A., Amposta/Spain). Copper was 
measured using Greiner kits (Greiner Diagnostic G 
mbH-Unter Gereuth 10- Bahlingen-Germany) 
according to the method of Abe et al., 1989. Total 
triiodothyronine (tT3) and  total thyroxine (tT4) were 
determined according to the method of Chopra 
(1977) and Chopra et al. (1971) respectively. using  
monobind, INC, Costa Mesa, CA 92627 (USA), 
AccuBind  ELISA  microwells, 125-300 and 225-
300.   

 
Statistical analysis: 

 
All results were expressed as the mean ±SD. 

Statistical analysis was performed with statistical 
package for the social science for windows (SPSS, 
version 13.0, Chicago, IL, USA). The data were 
analyzed by one-way analysis of variance (ANOVA). 
To compare the difference among the groups, post 
hoc testing was performed by the Bonferroni test. 

Pearson’s correlation analysis was used to determine 
the correlation among the parameters assessed. The 
p- value < 0.05 was considered statistically 
significant (Dawson and Trapp, 2001).   
 
3. Results  

 
The body weight of the experimental rats at 

the beginning showed no significant differences. 
Anemic rats showed significant decrease in body 
weight compared with normal control group. The 
mean body weight of anemic rats at the end of the 
study was 62% of normal rats. Induction of iron in 
the diet improves body weight but still significantly 
lower than control group (table 1) being more 
pronounced in groups receiving iron chelating amino 
acids. Mean body weight of ICAA treated rats was 
93, 96 % of that of normal control rats. Daily food 
intake were significantly lower in anemic rats than 
normal control or  treated groups.  

 
Rats fed the iron deficient diet had a 

significant lower blood Hb concentration, Hct value, 
RBC count than normal controls (table 2). Red blood 
indices showed that MCHC of ICAA treated group 
was significantly higher than normal control or IDA 
groups. MCH and MCV of IDA group were 
significantly higher than normal control. The 
reticulocyte count of normal control (expressed as a 
percentage of the total number of RBC) was about 
twice as high as in IDA rats as in controls (P < 
0.0001). It is believed that most of the Fe in plasma 
comes from continuous recycling of heme from 
senescent RBC through the reticuloendothelial 
system (Knutson and Wessling-Resnick 2003). In 
general treatment with ICAA improves level of IDA 
to normal or near normal better, faster than traditional 
treatment. 

 
 

 
 

    Table 1. Initial and final body weight,  body weight gain and  daily food intake in the different experimental   
                  studied groups  (Means ± SD) 
 

Experimental groups Parameters 
         1            2        3             4 

IBW (gm) 
IBW2 (gm)  
FBW (gm)   
BWG (gm)        
Food intake(gm/day)        

74.3 ± 4.75 
127.3 ± 8.05 
195.4 ± 12.27 
68.30 ± 9.97 
17.19 ± 2.09 

   75.6 ± 5.52 
         ----- 
   121.3 ± 10.08 a 
   45.7 ± 6.00 a,c,d 
   10.82 ± 1.01 a,c,d 

75.1 ± 5.64 
128 ± 7.04 a 
191.2 ± 12.04 a,b,d 
 63.2±7.27 a,b,d 
15.6 ± 0.79 a,b,d 

    74.7 ± 5.93 
    126.2 ± 8.49 a 
    187.80 ± 13.97 a,b,c 
    61.60 ± 8.34 a,b,c 
    13.97 ± 0.80 a,b,c 

 
  IBW: Initial Body weight; IBW2: Initial Body weight after adaptation period,  FBW:  Final Body weight;; BWG:  
 Body Weight Gain;   ap < 0.0001 Vs. Group (1),  bp < 0.0001 Vs. Group (2), cp < 0.0001 Vs. Group (3), dp < 0.0001 
Vs .Group (4), 
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Table 3  revealed that levels of  tT3 and tT4 
in anemic rats were significantly lower than normal 
control (-15.16% and -30.59% respectively). 
Treatment with ICAA gives better result then 
inorganic FeSO4.  tT3/tT4 ratio was significantly 
higher in all treated groups than control group. An 
inverse correlation was found between  tT3/tT4  ratio 
and liver Fe in anemic rats (r = – 0.663, P = 0.037) 
(Fig. 1). Also, there was a positive correlation 
between tT3/tT4 ratio and plasma Ca in ICAA treated 
group ( r = 0.662,  P = 0.037) (Fig. 2). 

 
Table 4 showed the level of MDA in 

plasma, liver and kidney. They showed significant 
decrease than normal control group. Treatment of 
IDA rats with ICAA improves lipid peroxidation 
even exceed level of the normal control group 

 
Table 5 showed the levels of Cu, Ca, and Fe 

in normal, IDA and treated groups. The level of Cu in 
IDA group was significantly higher than normal 
control group, treatment with ICAA or FeSO4 
returning Cu level to near normal. Both types of 

treatment gives the same effects with no significant 
difference. No statistically significant changes of  
plasma Ca level between iron deficient rats and 
normal control animals; on the other hand, the level 
of  Ca in ICAA treated groups were significantly 
higher than IDA groups (P <0.05). Both treatments 
for IDA showed no statistically significant changes 
when compared with normal control group. The 
plasma levels of Fe and  Fe/Cu ratio of IDA were 
significantly lower than normal control group, it 
reach less than half (58.3% decrease, P <0.0001).  A 
positive correlation was found between plasma Ca 
and kidney Fe in ICAA treated group ( r = 0.743, P = 
0.014)  (Fig. 3).  

 
Table  6  showed the levels of non-heme 

iron in liver and kidney, TIBC and transferrin 
saturation in the studied groups. Plasma, liver and 
kidney Fe and transferrin were significantly lower. 
than control group. Treatment with ICAA or FeSO4 
improves these parameters, being more pronounced 
in groups treated with ICAA. 

 
Table 2.  Biological profile in the different experimental studied groups 

 
Experimental groups Parameters 

1           2            3  4 
Hb (g/dl) 
Hct (%) 
MCHC (g/dl) 
MCH (Pg) 
MCV (fl) 
RBC (x106/µl) 

13.49 ± 0.68 
42.02 ± 2.08 
32.11± 0.85 
19.39 ± 1.01 
60.47 ± 4.31 
6.98 ± 0.60 

9.29 ± 0.69 a, c,d 
29.06 ± 2.46 a,c,d 
32.01 ± 0.68c 
23.57 ± 1.12 a,c,d 
73.62 ± 2.46a,c,d 
3.95 ± 0.34 a,c,d 

12.56 ± 0.94 b,d 
38.17 ± 3.15 a,b,d 
32.94 ± 0.80 a,b 
19.68 ± 0.93 b,d 
59.76 ± 2.72 b,d 
6.40 ± 0.61  a,b,d 

     11.08 ± 0.79 a,b,c 
     34.18 ± 2.73 a,b,c 
     32.43 ± 0.55 
     18.36 ± 1.62 b,c 
     56.65 ± 5.11 b 
     6.06 ± 0.53 a,b,c 

                            
                ap < 0.0001 Vs. Group (1),  bp < 0.0001 Vs. Group (2), cp < 0.0001 Vs. Group (3), dp < 0.0001 Vs. Group (4),   

 
 

Table 3.  Plasma total triiodothyronine (tT3); total thyroxine (tT4) and tT3/tT4 ratio in the studied groups 
 

Experimental groups Parameters 
1 2 3  4 

tT3 (ng/L) 
tT4 (µg/L) 
tT3/tT4 ratio 

  4.40 ± 0.44 
  0.44 ± 0.085 
  10.27 ± 0.71 

      3.74 ± 0.32 a,c,d 
      0.31 ± 0.04 a,c,d 
     12.34 ± 1.73 a 

   5.02 ± 0.44 a,b 
   0.37 ± 0.04a,b,d 
  13.74 ± 1.63 a 

         4.61 ± 0.24 d 
         0.34 ± 0.03 a,b 
         13.87 ± 1.68 a 

          

            ap < 0.0001 Vs. Group (1),  bp < 0.0001 Vs. Group (2), cp < 0.0001 Vs. Group (3), dp < 0.0001 Vs. Group (4).  

  
Table 4.  Plasma, liver and kidney  MDA in experimental studied groups 

 
Experimental groups Parameters 

1 2 3  4 
55.97 ± 4.29 a,c 69.85 ± 3.46 a,b,d 58.17 ± 2.90 c 
40.78 ± 3.74 a,c,d 67.56 ± 4.28 a,b,d 58.67 ± 2.70 b,c 

Plasma MDA (nmol/L) 
Liver  MDA (nmol/g) 
Kidney MDA (nmol/g) 

61.27 ± 4.10 
60.44 ± 3.95 

184.27 ± 18.95 157.81 ± 14.08 a,c,d 236.45 ± 11.59 a,b 219.99 ± 23.66 a,b                

          ap < 0.0001 Vs. Group (1),  bp < 0.0001 Vs. Group (2), cp < 0.0001 Vs. Group (3), dp < 0.0001 Vs. Group (4).  
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Table 5.   Plasma levels of Cu, Ca, Fe and Fe/Cu ratio in the studied groups. 
 

Experimental groups Parameters 
1 2 3  4 

Cu (µg/dl) 
Ca ( mg/dl) 
Fe (µg/dl) 
Fe/Cu ratio 

   36.28 ± 4.17 
   8.72 ± 0.57 
   158.12 ± 19.03 
   4.40 ± 0.66 

    55.57 ± 6.37 a,c,d 
    8.51± 0.46 c 
    65.27 ± 7.88 a,c,,d 
   1.19 ± 0.22 a,c,d 

      39.47 ± 2.19 b 
      8.90 ± 0.35 b 
      150.26 ± 19.10 b,d 
      3.78 ± 0.53 a,,b 

        40.99 ± 2.45 b 
        8.61± 0.43 
        135.08 ± 8.66 b 
        3.45 ± 0.26 a,b           

           ap < 0.0001 Vs. Group (1),  bp < 0.0001 Vs. Group (2), cp < 0.0001 Vs. Group (3), dp < 0.0001 Vs. Group (4).   
 
 

Table 6.  Iron status in plasma, liver and kidney in the studied groups 
 

Experimental groups Parameters 
         1           2             3  4 

Plasma Fe  (µg/dl) 
Liver Fe (µg/g) 
Kidney Fe (µg/g) 
TIBC (µg/dl) 
Transferin Sat (%) 

158.12 ± 19.03 
104.27 ± 12.56 
139.79 ± 11.16 
309.03 ± 27.07 
51.14 ± 4.02 

65.27 ± 7.88 a,c,,d 
79.11 ± 10.29 a,c,d 
85.76 ± 8.42 a,c,d 
442.09 ± 16.72 a,c,d 
14.76 ± 1.60 a,c,d 

150.26 ± 19.10 b,d 
97.04 ± 7.48 b,d  
114.25 ± 8.38 a,b,d 
292.21 ± 45.06 b,d 
51.66 ± 2.70 b,d 

    135.08 ± 8.66 b 
    91.84 ± 5.17 a,b 
    106.19 ± 4.48 a,b 
    300.91± 27.03 b 
    45.07 ± 3.18 a,b,c 

          

           ap < 0.0001 Vs. Group (1),  bp < 0.0001 Vs. Group (2), cp < 0.0001 Vs. Group (3), dp < 0.0001 Vs. Group (4). 
 
 

4. Discussion 

 
All iron supplements are not the same. 

Ferrous iron (e.g. ferrous sulfate) is much better 
absorbed than ferric iron (e.g. ferric citrate) 
(Davidsson et al., 2000). The most common form of 
iron supplement is ferrous sulfate, but it is known to 
produce intestinal side effects such as constipation, 
nausea, and bloating in many users (Hansen, 1994). 
Some forms of ferrous sulfate are enteric-coated to 
delay tablet dissolving and prevent some side effects, 
but enteric-coated iron may not absorb as well as iron 
from standard supplements (Rickettes, 1993). Other 
forms of iron supplements, such as ferrous fumarate, 
ferrous gluconate, and iron glycine amino acid 
chelate (Fox et al., 1998) are readily absorbed and 
less likely to cause intestinal side effects. In order to 
overcome the problems (side effects) created from 
using tradition treatment of anemia, we tried to use 
iron chelated amino acids. Iron amino acid chelate 
with the iron in the ferrous state to develop an 
organic mineral delivery system that is negatively 
charged which is believed to overcome the  problems. 
The ferrous form of iron amino acid chelate belongs 
to the class of bicyclic chelates where each respective 
amino acid bonds the same iron atom through its 
carboxyl oxygen and α-amino groups. This iron 
amino acid chelate has been shown to have an 
increased bioavailability and reduced irritability over 
inorganic sources of iron (Pineda et al., 1994).  

 

Ferrous iron is the form that is mostly used 
for correction of iron deficiency. About 3–5% of the 
iron present in alimentary canal in ferrous form is 
absorbed. Acidic milieu facilitates the absorption by 
keeping iron in the ferrous form. Ferrous iron is a 
central pro-oxidant that propagates free radical 
reactions through Fenton chemistry both locally in 
the gastrointestinal tract and systemically. An excess 
of pro-oxidants over antioxidants results in oxidative 
stress (Kurtoglu et al., 2003). 

In this study, the primary cause of anemia 
was feeding iron deficient diet for a long period (3 
weeks). Anemia is considered as one of the most 
common index of nutritional deficiency worldwide 
and is caused by iron deficiency store or iron 
deficiency erythropoiesis (Lin et al., 2003). Several 
authors have reported that IDA is mainly caused by 
some food constituents that may contribute to 
inhibition of iron absorption, hence contribute to the 
high prevalence of ID, and IDA  (Lin et al., 2003).    

 
The highly significant differences in blood 

indices response (increase of Hb level, Hct, MCHC, 
MCH, RBC count, returning to near normal level 
especially when using ICAA) could be explained by 
the  increased  assimilation  by  chelation   process  as   
indicated by Burns (2002). Forbes and Erdman 
(1983) found that increased assimilation by as much 
as 300%. It seems that the effect of the ingested doses 
of ICAA were enough to stimulate iron absorption in 
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experimental rat groups with highly significant 
increase.  Insufficient  body  stores  of  iron  lead  to a 
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Fig. 1: Correlation between tT3/tT4 ratio and liver 
iron in Iron Deficient Anemia (IDA) rats (r = – 0.663, 
P = 0.037) 
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Fig. 2: Correlation between tT3/tT4 ratio and plasma 
Ca in Iron Deficient Anemia rats treated with Iron 
Chelating Amino Acids therapy) (IDA+ICAA) (r = 
0.662, P = 0.037) 
 
 
depleted RBC mass which, in turn, leads to a 
decreased hemoglobin concentration (hypochromia) 
and decreased oxygen-carrying capacity of the blood 
which agree with Campos et al. (1998). Also this 
decrease seems to indicate that the organism is unable 
to maintain haemoglobin levels, as it cannot obtain 
iron from its reserves without endangering the 
activity of the iron-dependent enzymatic mechanisms 
as Campos et al.(1998)  stated. Such mechanisms are 
essential to the organism, although, as reported by 
Beutler (1988) some of these enzymes would already 
be depleted. 

In our study, plasma tT4 and tT3 
concentrations were significantly lower in Fe-
deficient rats than controls which are in agreement 
with Chen et al. (1983),  Martinez-Torres et al. 
(1984),  Beard et al. (1990),  Zimmermann and 
KÖhrle (2002). The decrease in tT3 and tT4 
concentration of IDA reach 15.16%, 30.59% 
respectively when compared with normal control 
group.  The two initial steps of thyroid hormone 
synthesis are catalyzed by thyroperoxidases (heme–
containing thyroid peroxidase) and are dependent on 
iron. Studies in human and animals have shown that 
iron deficiency impairs thyroid metabolism, lower 
thyroperoxidase activity and interfere with the 
synthesis of thyroid hormones. Hess et al. (2002) 
have shown that thyroid peroxidase activity is 
significantly reduced in iron deficiency anemia. In 
rats, iron deficiency decreases plasma thyroid 
hormone concentration, impairs peripheral 
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Fig. 3: Correlation between plasma Ca and kidney Fe 
in Iron Deficient Anemia rats treated with Iron 
Chelating Amino Acids therapy) (IDA+ICAA) (r = 
0.743, P = 0.014) 
 
conversion of T4 to T3 (Dillman et al., 1980), 
reduces the activity of hepatic thyroxine 5'- 
deiodinase, which catalyzes the conversion of T4 to 
T3, and blunts the thyrotropin (TSH) response to 
thyrotropin releasing hormone, TRH, (Beard et 
al.,1998 and Hess et al., 2002). These reasons might 
be the reason for the significantly decreased level of 
T3, T4 found in the present study. These results are in 
agreement with the previous studies. The T3 levels in 
IDA rats were only 85% of those in the control 
group. 

 
In biological systems, the steady-state level 

of lipid peroxidation is often assessed by the 
measurement of lipid peroxidation breakdown 
products such as malondialdehyde, MDA (Draper 
and Hadley 1990 and Janero, 1990). Increased lipid 
peroxidation in IDA rats identifies adverse effect of 
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iron deficiency and further emphasizes the need for 
preventing and correcting it. Lipid peroxidation is 
initiated by reactive oxygen species, and also 
stimulated by iron ions (Braughler et al., 1986), 
which can catalyze the formation of te hydroxyl 
radical and accelerate the decomposition of lipid 
hydroperoxides (Davies and Slater 1987). Despite 
extensive literature on iron and lipid peroxidation, 
few studies have investigated the effects of oral iron 
supplements on lipid peroxidation. In our study, 
results showed that iron deficiency anemia is 
associated with decrease in lipid peroxidation which 
is indicated by significant decrease in liver and 
kidney MDA and slight decrease in plasma MDA 
which are in agreement with Rao and Jagadeesan 
(1996). Our study disagree with Sundaram et al. 
(2007) who found an elevated level of MDA in 
anemic patients and a significant decrease in MDA 
after treatment. Kurtoglu et al. (2003) observed a 
significant decrease of oxidative stress in IDA 
patients. Also Aslan et al. (2006) and DȂaz-Castro et 
al. (2008) has reported that thiobarbytric acid reactive 
substances (TBARs) production was similar in liver 
cytosols from iron deficiency anemia and control rats 
(IDA did not affect lipid peroxidation in rats), 
suggesting that hepatic antioxidant capacity is normal 
or there is enough compensatory capacity to keep 
antioxidant defenses high, probably due to the 
adequate antioxidant enzyme activities as glutathione 
peroxidase, Catalase and glutathione reductase. 

 
The source of iron is either from food supply 

(heme) or free iron from other sources. Both kinds of 
iron are processed by the gut (stomach and intestine) 
where they are converted to a form of iron readily 
used by the body. Finally, the iron winds up in the 
intestinal epithelial cells, ready for export to red 
blood cells, muscle tissue and organs. It has to get out 
of the gut into the blood stream, but this is 
particularly difficult because the so-called 
"hydrophobic" intestinal membrane wants to reject 
the charged iron molecule. Fe is absorbed from the 
intestinal lumen into the circulation through a series 
of steps beginning with uptake into the enterocyte by 
the apical membrane transporter DMT1 "divalent 
metal transporter 1" (Gunshin et al., 1997). This step 
requires Fe in the reduced state which is carried out 
by a reductase, duodenal cytochrome b, located in the 
enterocyte apical membrane (McKie et al., 2001). 
The Fe taken into the cell likely equilibrates with 
various Fe pools. Fe is exported from the enterocyte 
to the circulation by the basolateral membrane 
transporter, ferroportin (McKie et al., 2000) which 
apparently can transport Fe only in the oxidized state. 
To accomplish this, a Cu-dependent ferroxidase 
protein, hephaestin (Hp) (Vulpe et al., 1999), in the 

intestinal enterocytes, is thought to oxidize Fe2 to Fe3 
and may act as a helper molecule forming a complex 
with a yet unknown transport protein where it allows 
iron to make its way through the membrane (Vulpe et 
al., 1999). Fe3 is then transported into the circulation 
and is bound to apotransferrin .  

 
Many factors affect absorption of minerals 

and one of the most important ones is the interaction 
of one mineral with another to the extent that 
absorption and utilization are reduced or enhanced. 
There are nutrients which need to be present for iron 
absorption as B12, folic acid, vitamin C, vitamin A, 
copper, calcium, manganese,  molybdenum and other 
of the B complex vitamins. According to Ebihara and 
Okano (1995), sufficient iron is absorbed via the 
large intestine for recovery from IDA.  In this study 
IDA rats showed significant decrease in plasma Fe 
concentration when compared with the control group 
and after iron therapy, mean Fe level increase which 
agree with Sundaram et al. (2007). Results of this 
study shows that there is a significant decrease in the 
concentration of iron in the liver and serum; and this 
confirms the findings of Milne et al. (1990) who 
stated that in nutritional IDA all the reserves of iron 
in the organism were first depleted before 
hemoglobin levels were drastically affected, and this 
differ from hemolytic anemia which does not deplete 
the organism's reserves of iron in such a generalized 
manner (Flanagan et al., 1980  and Kalpalathika et 
al., 1991).  

 
The study showed increased level of Cu in 

IDA rats when compared with the control normal 
group which agree with GÃrgÃze et al. (2006) and 
Yokoi et al. (1991) and disagree with Van et al. 
(2006).  

 
Our results demonstrated a non significant 

change in Ca level of IDA rats when compared with 
the control normal group which disagree with Yokoi 
et al. (1991). Little information is available on the 
influence of the development of IDA on the 
metabolism of calcium. Campos et al., 1998 found 
that the digestive utilization of calcium was higher in  
IDA than in the control animals. The greater 
absorption of calcium might also be due to the 
phenomenon described by Hill and Matrone (1970) 
who showed that the deficiency of a divalent cation, 
such as iron, in the intestinal region produces an 
increase in the absorption of other divalent cations 
such as calcium. These interactions, which have been 
studied by Cook et al. (1992).  Hallberg et al.  (1991) 
showed that when dietary calcium content increases, 
the absorption of iron falls; in our study, the 
administration of an iron-deficient diet led to an 
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increase in calcium absorption, accompanied by a 
parallel increase in the absorption of phosphorus and 
magnesium. In this study our results for IDA rats also 
agree with Campos et al. (1998). Hallberg et al. 
(1991) speculated that calcium and iron might 
competitively bind to one or more substances that are 
important in the transcellular absorptive pathway, 
resulting in the inhibitory effect of calcium on iron 
absorption. Actually in rats some duodenal and 
intestinal proteins such as mobilferrin and calreticulin 
have affinity for both calcium and iron (Conrad et al., 
1993).  

This research describes an effective dietary 
intervention for the treatment of iron deficiency 
anemia through specific ferrous iron amino acid 
chelate. Due to its high bioavailability, relatively 
small, easily tolerated doses may be administered. 
The high bioavailability of iron as the ferrous amino 
acid chelate allows lower doses of iron on a daily 
basis than would be expected to allow repletion of 
iron stores if supplied as an inorganic iron salt.  
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