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Abstract: Background: The iron could be increased hepatic nuclear DNA damage and mitochondrial

dysfunction. The generation of reactive oxygen species (ROS) can result in reversible and irreversible cell

and tissue damage. This lead to liver injury that accompanied by hepatocellular necrosis and fibrosis.

Materials and methods: Sixty male albino rats were equally divided into 6 groups (10 rats for each). The

rats were kept on standard ration free from iron as control (gp 1), received a single oral dose of 95 mg

of disodium EDTA in drinking water/rat (gp 2), 0.5 or 1.0 gm of ferrous sulfate/kg B wt in the ration

(gps 3 and 4) or simultaneously given 0.5 or 1.0 gm /kg B wt of ferrous sulfate and 95 mg of disodium

EDTA (gps 5 and 6), respectively for 8 weeks. Blood samples were taken and the serum was separated

for biochemical study. Specimens from the liver, Spleen and kidneys were collected and fixed in 10%

buffered neutral formalin solution and then investigated histopathologically. Results: There were a

significant changes in the biochemical parameters in rats received the two doses of iron. The liver and

kidney activities were significant increased besides an increase of the serum, urine and tissue (liver, spleen

and kidney) iron. Malondialdehyde (MDA) as lipid peroxidation product, superoxide dismutase (SOD),

glutathione peroxidase (GPx) and reduced glutathione (GSH) were mildly or severe significantly elevated

according to the dose of the ferrous sulfate. The ratio of MDA/SOD was also diagnostic for

hemochromatosis. The aforementioned lesions were non-significantly changed in the EDTA-treated gps

(5 and 6). The histopathological findings were coincided with our biochemical findings in both iron

overload and treated gps. Hepatocellular necrosis, hemosiderosis, hemorrhages and fibrosis in the liver;

hyperplasia of glomerular tufts, coagulative necrosis and round cells infiltrations in the kidneys; and

lymphocyte depletion and necrosis of the lymphocytes and hemosiderosis in the spleen, in the rats received

the iron. Meanwhile, these changes were milder or completely absent in the rats of gps (5 and 6) which

received the EDTA as iron chelation. Conclusion: It could be concluded that the EDTA is effective in

amelioration the toxic effects of iron-overload that can potentially cause oxidative stress with the formation

of hydroxyl radicals and liver, kidney and splenic damage.
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INTRODUCTION

Iron of organic (heme) or inorganic (non-heme)

origin is a physiologically important element that plays
an essential role in erythropoiesis, oxygen transport,

oxidative energy production and mitochondrial
respiration; but biochemically dangerous.  It is also[1]

required as a cofactor in numerous essential enzymes,
including respiratory enzymes and ribonucleotide

reductase and the enzyme catalyzing the rate-limiting
step in DNA synthesis.  However, iron-overload can[2]

potentiate various forms of liver injury  with oxidative[3]

stress through the formation of hydroxyl radicals  and[4] 

lipid peroxidation.  Increased numbers of bacterial[5 ,6]

infections, reduced polymorphnuclear neutrophil

function, and tissue iron deposition "hemochromatosis"

with hyperpigmentation of the skin were also

reported.[7 ,8]

The iron could be increased hepatic nuclear DNA

damage, mitochondrial dysfunction and decreased
activity of cytochrome-c oxidase. In particular, the

generation of reactive oxygen species (ROS) can result
in reversible and irreversible cell and tissue damage.[9 ,10]

The liver injury is accompanied by enhanced
expression of proinflammatory mediators.  This[11 ,12]

could enhance hepatocellular necrosis and fibrosis.  [13]

Biochemically, the iron-overload revealed an
increase in the liver and kidney function tests, serum

ferritin, total iron binding capacity and transferrin-iron
saturation besides hypotransferritinemia.  These[7 ,14 ,15]

parameters are more sensitive indices for iron status. 
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Iron chelation therapy (ethylene-diamine-tetra-acetic

acid: EDTA) regulates the life cell cycle  and[16 ,17]

involves the use of ligating drugs that avidly bind iron

for the treatment of iron overload disease and cancer.

 EDTA (hexadentate chelators) is a highly[18 ,19 ,20 ,21 ,22]

negatively charged ring-like compound with 4 negative

charges that hold polyvalent metal ions in a highly

stable, water-soluble form.  In general, a preparation[23 ,24]

of EDTA or any antioxidant reduces hypercalcemia of

malignancy in emergency situations.  Oxygen and[25 ,26]

nitrogen donor atoms within ligands are able to bind

tightly with iron  and this is illustrated within the[27]

porphyrin-ring of heme-containing proteins, where Fe-N

bonds anchor the iron center in place.[28 ,29 ,30]

MATERIALS AND METHODS

Experimental Design: This study aimed to investigate

and evaluate the effect of iron overload and iron 

chelation on the liver and kidneys of male albino-rat

obtained from National Research Center, Cairo, Egypt.

Animals: Sixty clinically healthy and matured male

albino rats, 3 months old and 150-170 gm of body

weight were used in this experiment. They were raised

in cages made of galvanized zinc plates and kept under

strict hygienic conditions. The animals were

acclimatized under observations for a month before the

beginning of the experiment and fed on a commercial

standard ration besides fresh water ad labitium. They

were equally divided into 6 groups (10 rats for each).

The rats were kept on standard ration free from iron as

control (gp 1), received a single oral dose of 95 mg of

disodium EDTA in drinking water/rat (gp 2), 0.5 (low)

or 1.0 gm (high) dose of ferrous sulfate/kg B wt in the

ration (gps 3 and 4) or simultaneously given 0.5 or 1.0

gm /kg B wt of ferrous sulfate and 95 mg of disodium

EDTA  (gps  5  and 6),  respectively for 8 weeks

(table 1).

Blood Sampling: Two blood samples were collected

from the retro-orbital sinus of fasting rats 24 hr after

the last dose. The sample was collected in plain

centrifuge tubes and the serum was separated for

measuring the activities of serum aminotransferases

(ALT and AST) according to Reitman and Frankel ,3 1

alkaline phosphatase "ALP" according to Kind and

King , creatinine by Seeling and Wust , blood urea[32] [33]

nitrogen "BUN" by Patton and Crouch  and uric acid[34]

with Fossati .[35]

Various biomarkers of oxidative stress were

measured, namely, lipid peroxidation MDA  according

to Jain and Janero , SOD according Liu , GPx by[36 ,37] [38]

Kumar  and GSH  by ktem .[39] [40]

Assessment of Iron Status: A number of biochemical
tests may be used to measuring the body iron status.
Serum ferritin according to Cox , serum iron[41]

concentration by Andrews , total iron binding capacity[42]

"TIBC" with Andrews  and transferrin saturation (Fe[43]

x 100 /TIBC) indicate the level of iron supply to the
tissues. Elevated serum ferritin and transferrin
saturation are useful as indicators of iron overload

. In healthy subjects, an accurate determination of[15 ,44]

iron status can be made using combined measures of
serum ferritin and transferrin saturation.

In addition to measuring iron status, it is important
to assess the function of the organs particularly
damaged by iron overload measures the tissue (liver
and kidney) irons  besides the urine iron.  The[45 ,46 ,47] [48]

urine was inspirited directly from the urinary bladder
at necropsy. Once the chelation therapy started, it will
also be necessary to monitor for potential side effects
of the iron chelator being used.[49]

All dry chemicals and solvents were obtained from
Sigma Chemicals. 

Statistical Analysis: All obtained data were represented
as mean ±SE. Differences between the mean values
were statistically analyzed by using one-way analysis
of variance (ANOVA) utilizing computerized statistical
program (SPSS). P < 0.05 and P < 0.001 were
considered statistically significant.

Pathological Specimens: At the termination of each
experiment, necropsy was performed and specimens
from the liver, kidneys and spleen were collected and
fixed in 10% neutral buffered formalin solution. Five-
micron thick paraffin sections were prepared and
stained with hematoxylin and eosin (HE), and Prussian
blue stains, and then investigated histopathologically.[50]

The pathologist who carried out such histopathologic
findings had no prior knowledge of the different
experimental groups.

RESULTS AND DISCUSSION

Biochemical Findings: Statistical analysis of
biochemical parameters were illustrated in Tables (2, 3
and 4). Table (2) illustrated the disturbances in the
liver and kidney functions in the gps (2 and 3)
manifested by significant increase in serum AST, ALT,
ALP, BUN and creatinine. Meanwhile, Table (3)
showed the serum and tissue markers of oxidative
stress, which significantly changed with iron overload
and fall rapidly with iron chelation (EDTA). These
markers were MDA, GSH, GPX and SOD. Assessment
of iron status in the serum and tissue were illustrated
in Table (4). These parameters could reflect the serious
effect of iron overload. However, the biochemical
findings returned to the normal values in the gps. (5
and 6).
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Table 1: Animal groups, num bers, treatments and day of sacrifice.

Gps No. of rats                      Drugs Day of sacrifice (8 weeks)

--------------------------------------------------------------------

Ferrous sulfate (gm/ kg B wt) EDTA (95 mg/rat)

1 10 - - 10

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 10 - 95 10

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 10 0.5 - 10

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 10 1.0 - 10

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 10 0.5 0 10

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 10 1.0 0 10

Table 2: Liver and kidney function tests (mean value ± SE).

Gps Liver Function Tests Kidney Function Tests

------------------------------------------------------------------------------ ------------------------------------------------------------------------

ALT (U/L) AST(U/L) ALP(IU/L) Urea (mg/dl) UA(mg/dl) Cr(mg/dl)

1 15.80± 0.76 11.00± 0.89 97.60± 4.06 13.20± 1.04 6.13± 0.41 0.57± 0.04

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 14.40 0.22 10.48± 1.03 100.40± 1.88 11.80± 1.54 6.08± 0.54 0.59± 0.04

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 25.30*± 1.33 23.09*± 1.52 137.00*±5.82 17.23*± 5.82 8.33*± 0.13 0.98*± 0.03

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 54.50*± 2.34 68.20*± 2.27 201.50*± 6.43 28.39*± 1.26 10.59*± 0.63 1.42*± 0.10

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 16.78 # ± 1.24 12.20 # ± 1.38 103.36 # ± 3.21 13.78 # ± 2.24 6.59 # ± 0.53 0.60 # ± 0.05

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 18.25 # ± 2.19 21.59 # ± 0.34 125.91 # ± 5.18 15.00 # ± 0.24 7.02 # ± 0.22 0.64 # ± 0.06

Table 3: Serum and tissue markers of oxidative stress (mean value ± SE).

Gps Serum Tissue

--------------------------------------------- Liver Kidney

------------------------------------------------------ -----------------------------------------------------

M DA GSH GPX SOD M DA GSH GPX SOD M DA GSH GPX SOD

µmol/L M g/dl U/L U/L µmol/gm mg/gm U/gm U/gm µmol/gm mg/gm U/gm U/gm

1 2.38 16.23 0.52 0.86 1.57 46.60 3.50 1.50 1.31 42.20 1.20 0.64

± 0.17 ± 1.30 ± 0.04 ± 0.04 ± 0.03 ± 1.86 ± 0.27 ± 0.69 ± 0.03 ± 1.54 ± 0.10 ± 0.04

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 0.98** 17.20 0.68** 0.98** 1.38 50.08 2.98** 2.01** 1.20 44.50 1.04 0.52

± 0.20 ± 1.10 ± 0.12 ± 0.01 ± 0.02 ± 1.10 ± 0.23 ± 0.32 ± 0.04 ± 1.09 ± 0.02 ± 0.02

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 5.24* 9.22* 0.33* 0.69* 2.14* 31.00* 5.60* 1.20 2.08* 33.50* 3.70* 0.52**

± 0.46 ± 1.22 ± 0.02 ± 0.07 ± 0.11 ± 2.03 ± 0.28 ± 0.18 ± 0.06 ± 1.85 ± 0.26 ± 0.09

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 9.37* 5.65* 0.21* 0.42* 4.33* 17.70* 9.42* 1.00** 3.72* 24.30* 6.70* 0.38*

± 0.64 ± 0.44 ± 0.01 ± 0.03 ± 0.17 ± 1.05 ± 0.62 ± 0.08 ± 1.74 ± 1.74 ± 0.38 ± 0.03

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 3.22 # 14.30# 0.45# 0.80# 1.80# 44.80# 3.60# 1.50 1.50# 40.20# 1.50 0.58

± 1.08 ± 0.64 ± 0.10 ± 0.06 ± 0.03 ± 3.17 ± 0.40 ± 0.06 ± 0.34 ± 1.50 ± 0.08 ± 0.06

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 3.88 # 12.08# 0.42# 0.78# 2.04# 42.00# 4.00# 1.40# 1.90# 38.80# 2.10# 0.52#

± 0.67 ± 0.40 ± 0.07 ± 0.10 ± 0.15 ± 1.06 ± 0.01 ± 0.02 ± 0.60 ± 1.22 ± 0.40 ± 0.03

Table 4: Assessment of iron status in the serum and tissue (mean value ± SE).

Gps Iron TIBCµg/dl TS% S. Ferritin µg/L

-----------------------------------------------------------------------------------------------

                       Tissue

-------------------------------------------------

Serum µmol/L Urine µmol/L Liver µmol/gm Kidney µmol/gm

1 60.40± 3.30 22.10± 2.40 773.10± 40.6 226.20± 17.03 230.20± 5.06 26.23 169.50± 2.46

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 47.29**± 1.72 22.60± 3.00 598.30**± 30.42 190.04**± 24.32 164.20*± 1.83 28.80** 144.32**± 1.60

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 74.20*± 4.30 18.89*± 6.04 928.00*± 47.60 304.60*± 20.31 260.50**± 7.01 28.48** 206.20*± 7.10
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Table 4: Continue

4 117.40*± 6.94 16.20*± 4.62 1578.50*±145.16 386.30*± 23.10 318.80*± 5.42 36.82* 237.30*± 3.89

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 56.30# ± 3.62 23.36# ±2.27 790.57 ± 50.80 240.50# ± 22.78 246.37 ± 2.10 22.85# 192.50# ± 9.46

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 70.00# ± 5.02 27.01# ± 3.40 914.00# ±87.02 278.20# ± 18.80 311.24# ± 4.75 22.49# 210.20# ± 13.01

Each value represents M  ± SE; *P < 0.05 (comparison against the control); **P < 0.01(comparison against the control); P < 0.05 (comparison#

against the toxic control).

Histopathological Findings:

Groups 1 and 2: control and EDTA. The examined

organs (liver, kidneys and spleen) were normal (Figs.

1, 2 and 3).

Groups 3 and 4: daily given 0.5 or 1.0 gm/kg B wt

of ferrous sulfate, respectively.

The liver showed multifocal areas of coagulation

necrosis scattered all over the hepatic tissue. Some of

these areas were presented by homogenous eosinophilic

cords with pyknotic or absent nuclei (Fig. 4). The

incidence of the hepatocyte necrosis increased

thereafter besides an increase of hepatocyte

eosinophilia. Interstitial aggregations of round cells,

hemorrhages, hemosiderosis and activation of apoptosis

were observed. The hemosiderosis was seen in the

macrophages, kupffer cells and the hepatocytes as dark

brown with HE stain and blue in color with Prussian

blue stain (Figs. 5 and 6). Focal replacements of the

periportal areas with fibroblast proliferation and fibrosis

were detected. The latter was infiltrated with numerous

macrophages, siderocytes and lymphocytes (Fig. 7).

The contagious portal areas showed congested blood

vessels, hyperplasia of the lining epithelia of the bile

ducts and infiltrated with lymphocytes and macrophages

(Fig. 8). The hepatic capsule was focally thickened

with edematous fibrous connective tissue. Cloudy

swelling, hydropic degeneration and fatty change were

also observed. The previous lesions were severe in gp

(4) than those described with gp (3) which received the

high dose of ferrous sulfate. The kidneys revealed

cloudy swelling and vacuolations in the lining

epithelium of the renal convoluted tubules besides

coagulative necrosis and hemorrhages (Fig. 9). Irregular

dark brown pigments were detected in the cytoplasm of

some renal epithelium and inside the lumen of the

affected tubules (Fig. 10). Some glomeruli were

hypercellular and surrounded by mononuclears of

macrophages and lymphocytes (Fig. 11). Eosinophilic

hyaline casts were detected inside some renal tubules.

Capsular, perivascular and interstitial edema besides

congested blood vessels were also seen. The spleen

showed depletion and necrosis of the lymphocytes in

the white pulp (Fig. 12). Diffuse hemosiderosis and

proliferation of reticuloendothelial cells were seen in

the red pulp besides numerous megakaryocytes which

showed degenerative-necrotic changes with dark

pyknotic nuclei.

Groups 5 and 6: daily and simultaneously received

ferrous sulfate and EDTA.

The liver showed mild degenerative changes with

few round cell infiltrations in the interstitial tissue and

the portal areas (Fig. 13). The kidneys showed mild

congestion and hemorrhages among the renal tubules.

Few interstitial aggregations of lymphocytes were

observed. Degenerative and regenerative changes were

detected in the epithelial lining of some renal tubules.

The spleen was normal.

Discussion: In the present study, the most prevalent

indicator of chronic iron-overload is the tissue damage

(liver, kidney and spleen) with elevated its activities

which are secondary to the induced oxidative stress.

Such tissue damage included hepatorenal cellular

necrosis, hemosiderosis and fibrosis. When the EDTA

included in the drinking water with ferrous sulfate, this

indicator wasn’t significantly different from the control.

Such results could explain the serious tissue damaging

effects of 0.5 or 1.0 gm/kg B wt of ferrous sulfate

iron-overload  and the chelating effect of the EDTA3

which completely reversed the biochemical and

histopathological changes and improved the liver and

kidney activities.  The EDTA has been shown to bind[17]

iron in the digestive tract, allowing it to pass

harmlessly from these rats through its negative charges

and prevent the hydroxyl radical's formation through

the prevention of the lipid peroxidation by-product and

iron accumulation in the tissues.[23 ,24]

Iron, within the liver and kidneys, is found in

several biochemical forms such as ferritin, hemosiderin,

heme and intracellular low molecular type. Data 

presented confirm the previous observations regarding

the pro-oxidant effects of iron overload in the liver and

kidneys[1 ,4] as shown by the development of a biphasic

oxidative stress response with cellular damage of lipids,

nucleic acids, proteins and carbohydrates. This is

characterized by the increase in protein carboxylation

and reduction in the content of GSH in the liver and

kidneys, probably induced by iron-generated free

radical activity  and lipid peroxidation by-products.[15] [5]

Thereafter, the oxidative stress status induced in the

liver and kidneys by chronic iron-overload is detected

as hepatocellular injury and an increase of liver and

kidney activities.  The aminotransferases (AST and[11 ]

ALT), ALP, BUN, creatinine and uric acid were

significantly increased. Recovery from the chronic iron

http://64.233.183.104/search?q=cache:4UOy4u2KdT8J:captura.uchile.cl/dspace/bitstream/2250/2208/1/Cornejo_P.pdf+Iron+overload+and+chelation+in+rats,+pathology&hl=en&ct=clnk&cd=30
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Plate (I): Control gp. 

Fig. 1: liver with normal sinusoidal and architecture structures. 

Fig. 2: Kidney with normal glomerular and tubular structures.

Fig. 3: Spleen with normal red and white pulp HE x 300. 

Plate (II): iron-overload gps. 

Fig. 4: Liver with focal hepatocellular necrosis HE x 300. 

Fig. 5: Liver with dark brown pigment of hemosiderosis HE x 500.

Fig. 6: Liver with hemosiderosis, stained blue by Prussian blue stain x 300. 

Plate (III): iron-overload gps. 

Fig. 7: Liver with focal fibrosis HE x 500. 

Fig. 8: Liver with portal area containing congested blood vessel and proliferation of bile duct HE x 300. 

Fig. 9: Kidney with focal coagulation necrosis and hemorrhage HE x 300. 

Plate (IV): iron-overload gps.  

Fig. 10: Kidney with dark brown pigment of hemosiderin in the cytoplasm of the renal epithelium besides

hemosiderosis HE x 300. 

Fig. 11: Kidney with proliferation of the glomerular endothelium HE x 500. 

Fig. 12: Spleen with hemosiderosis and degenerated megakaryocytes HE x 300. 

Fig. 13: Liver (EDTA-treated gps) with hydropic degeneration and aggregation of lymphocytes in the portal area

HE x 300.

overload induced liver oxidative stress at 8 weeks

involves the GSH depletion. The latter are controlled

by a variety of factors including oxidative stress

conditions and exposure to heavy metals.  The GSH[8]

biosynthesis and regulation of its expression and

activity is critical for cellular GSH homeostasis.  In[40]

addition, glutathione reductase is an important indicator

of the prevailing redox environment.  Concomitantly[13]

with the attainment of GSH homeostasis at 8 weeks of

chronic iron-overload, liver NOS expression is

upregulated.  In the same way, the NOS exert[25]

hepatoprotective function, as high levels of NO can
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accomplish (i) the scavenging of lipid hydroxyl

radicals, thus inhibiting lipid peroxidation , (ii) the[4]

interaction with iron-centers during iron-catalyzed

processes either by chelation of redox-active iron[2]

and/or reduction of oxoferryl species , thus[1 8 ]

diminishing free radical activity, and (iii) the down

regulation of iron-containing proteins by coordinate

translational regulatory mechanisms , thus decreasing[19]

the susceptibility to oxidative stress . In the liver, the[24]

lipid peroxidation is associated with impairment of

membrane dependent functions of mitochondria and

lysosomes  with reduction of ATP  and DNA[51] [10]

damage with cellular necrosis.[2]

The biochemical markers of oxidative stress (MDA,

GSH, GPX and SOD) were significantly changed with

liver and kidney damage, which is secondary to tissue

iron accumulation . The latter were indicated by serum[7]

ferritin, serum iron concentration, TIBC and transferrin

saturation. They were significantly changed . [41 ,42 ,43 ,52]

The addition of EDTA in the drinking water

largely prevents the iron-overload associated

histopathology. Round cell infiltrations and mild

degenerative changes were observed in the liver;

however, the kidney lesions were mild and represented

by degenerative changes. These lesions in the liver and

kidneys were associated with return the hematological

and biochemical parameters toward the normal levels.

The aforementioned findings were similarly to those

described by.[27]

Finally, it could be concluded that the EDTA is

effective in amelioration of the toxic effect of iron-

overload (0.5 or 1.0 gm/kg B wt) in the male rats that

can potentially cause oxidative stress with the

formation of hydroxyl radicals, and liver, kidney and

splenic damage.
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