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Protective Role of Silymarin and Deferoxamine Against Iron Dextran‑induced Renal 
Iron Deposition in Male Rats
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ABSTRACT

Background: Kidney iron deposition (KID) is caused by iron 
overload that is observed in kidney diseases and anemia. The protective 
effects of  deferoxamine (DF) and silymarin (SM) were studied against 
iron overload‑induced KID in rat model.
Methods: Rats received iron dextran (200 mg/kg) for a period of  
4 weeks every other day, but at the beginning of  week 3, they also were 
subjected to a 2‑week (every other day) treatment with vehicle (group 2, 
positive control), SM (200 mg/kg; group 3), DF (50 mg/kg; group 4), 
SM (400 mg/kg; group 5), and combination of  SM and DF (200 and 
50 mg/kg, respectively; group 6). Group 1, as the negative control, 
received saline alone during the study. The levels of  serum creatinine (Cr), 
blood urea nitrogen (BUN), iron, ferritin, and nitrite were determined, 
and the kidney was removed for histopathological investigations.
Results: Before treatment, the serum levels of  iron and ferritin in all 
iron dextran receiver groups were significantly higher than those of  the 
negative control group (P < 0.05). However, the serum levels of  BUN, 
Cr, and nitrite were not different between the groups. No statistical 
differences were detected in kidney weight and the serum levels of  
BUN, Cr, iron, ferritin, and nitrite after 2 weeks of  treatment with SM, 
DF, or combination of  both. The SM and DF treatments reduced the 
intensity of  the KID, but only in the SM (200 mg/kg) group, a significant 
reduction in KID was observed (P < 0.05).
Conclusion: It seems that SM is a nephroprotectant agent against KID 
in acute iron overload animal models.
Keywords: Deferoxamine, iron overload, kidney iron deposition, 
silymarin

INTRODUCTION
Iron overload disturbs many physiological functions and 

provides iron deposition in different organs including kidney. 
Kidney iron deposition (KID) has been observed in patients with 
kidney diseases,[1] sickle cell disease,[2] and aplastic anemia.[3,4] 
KID has been also developed in experimental animals for different 
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research purposes.[5‑8] Under some conditions, the 
KID may not disturb the renal function,[7] but iron 
overload potentially could enhance the formation 
of  hydroxyl radical, which promote organ 
damaging including tubular damage.[8,9]

It has been reported that nitric oxide protected the 
rats’ kidney from iron‑induced nephrotoxicity,[10,11] 
and sesame oil is nephroprotectant against 
iron‑induced injury in mice.[12]

Clinically, thalassemic patients usually struggle 
with iron overload and deferoxamine (DF) as an 
iron chelator is the most common drug to prevent 
increasing of the iron level in plasma or specific organs 
tissues in patients[13‑15] and experimental animals.[16,17]

Silymarin (SM), as an antioxidant agent, 
is derived from the herb milk thistle (Silybum 
marianum) and potentially has the ability to chelate 
iron.[18‑21] The antioxidant effect of  SM in the 
renal ischemia/reperfusion injury[22,23] and renal 
toxicity[24,25] has been investigated before.

Iron overload in particular diseases such 
as thalassemia is a continuous process. The 
patients are usually treated by DF, but due to 
the administration procedure, it is a subject of  
complaints from the patients and their relatives. To 
simulate this process, we designed an iron overload 
model, which consisted of  two phases. In phase 1, 
iron overload was induced by administration of  
iron dextran and in phase 2, iron overload was 
continued and the protective role of  SM, DF, or 
combination of  both against KID was studied.

METHODS

Animals
Thirty‑six adult male Wistar rats (Animal 

Centre, Ahvaz University of  Medical Sciences, 
Ahvaz, Iran) with the mean weight of  201  ± 4 g 
were used. The rats were individually housed at 
a temperature of  23‑25°C. Rats had free access to 
water and chow. The experimental procedures were 
in advance approved by the Isfahan University of  
Medical Sciences Ethics Committee.

Experimental protocol
The animals were randomly divided into six 

experimental groups as follows:
Group 1 (n  =  6, negative control group): The 

animal received vehicle (0.5 mL of  saline) every 
other day during the 4 weeks of  study.

Group 2 (n  =  6, positive control group): 
The animals received iron dextran (Vifor Inc., 
Switzerland) 200 mg/kg every other day during 
the 4 weeks of  study. They also received vehicle 
during weeks 3 and 4. The dose of  iron dextran for 
overloading was selected based on other studies.[7,10,16]

Groups 3 to 6: The animals in these groups 
had regimen the same as group 2, except that 
they received SM (200 mg/kg, orally by feeding 
tube, group 3), DF (50 mg/kg, i.p., group 4), 
SM (400 mg/kg, orally, group 5), and combination 
of  SM and DF (200 mg/kg, orally and 50 mg/kg, 
i.p., group 6) instead of vehicle. The dose of  SM 
and DF was selected based on other studies.[16]

Blood samples were obtained 2 weeks after 
overloading (before treatment) and 4 weeks after 
overloading (end of  the experiment; after treatment). 
The serum samples were separated to measure 
the parameters. Then, the rats were anesthetized 
and sacrificed. The kidneys were removed and 
weighted immediately, and were prepared for 
histopathological procedures.

Measurements
The levels of serum creatinine (Cr), blood urea 

nitrogen (BUN), and iron were determined using 
quantitative diagnostic kits (Pars Azmoon, Iran). 
The serum level of nitrite [stable nitric oxide (NO) 
metabolite] was measured using a colorimetric 
ELISA kit (Promega Corporation, USA) that involves 
the Griess reaction. The serum level of ferritin was 
measured using enzyme immunoassay ELISA kit for 
rat (Immunology Consultants Laboratory Inc., USA).

Histopathological procedures
The removed kidneys were fixed in 10% neutral 

formalin solution and embedded in paraffin for 
staining to examine iron deposition in the kidney. The 
tissue was also subjected to hematoxylin and eosin 
staining to examine the tissue damage. The KID was 
evaluated by two independent pathologists who were 
totally blind to the study. On the basis of the intensity 
of KID and tissue damage, the kidney tissue damage 
score (KTDS) was graded from 1 to 5, while score 0 
was assigned to normal kidney tissue without damage 
and iron deposition. This scoring was modified by our 
pathologists based on study by Senturk et al.[22]

Statistical analysis
Data are expressed as mean  ±  standard error 

of  the mean. The after treatment serum levels of  
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BUN, Cr, iron, nitrite, and ferritin were compared 
between the groups using univariate analysis 
of  variance (ANOVA) and before treatment 
parameters as covariate. The one‑way ANOVA 
was applied to compare the KTDS between the 
groups. The statistical P ≤ 0.05 was considered as 
significant.

RESULTS

Before treatment (baseline data)
Effect of iron overload on serum levels of BUN, Cr, iron, 
ferritin, and nitrite

The serum levels of  iron and ferritin were 
increased in all iron dextran receiver groups and the 
levels were significantly different from the values 
obtained for the negative control group (P < 0.05). 
However, no statistically significant differences in 
serum levels of  BUN, Cr, and nitrite were observed 
between the groups [Table 1]. These data supported 
that iron overload have no effect on BUN and Cr as 
kidney function biomarkers.

After treatment
The effect of SM and DF accompanied with iron 
overload on serum levels of BUN, Cr, iron, ferritin, and 
nitrite

The data indicated that SM200, DF + SM200, 
and SM400 had no significant effects on serum levels 
of  BUN, Cr, iron, ferritin, and nitrite [Figure 1]. 
With regard to the serum levels of  BUN and Cr, 
it seems that there was no renal dysfunction, but 
based on  histological investigations there was 
iron deposition in the kidney tissue of  groups 2 to 
6 [Figure 2].

The kidneys from all animals in the negative 
control group (group 1) were free of  iron deposition 
with 0 score, and significant differences were 

observed between this negative control group and 
others groups (P  <  0.05). The lower intensity of  
KID and damage in group 3, which was treated 
by SM (200 mg/kg) revealed the lower KTDS, and 
group 3 was significantly different from the positive 
control group in this regard (P < 0.05). However, 
no statistical difference in KTDS was detected 
between the positive control group on the one hand 
and groups 4‑6 on the other hand [Figure 3].

DISCUSSION
The main objective of  this study was to 

investigate the protective role of  SM and DF 
against deposition of  iron in an iron overload rat 
model. Our finding indicated that SM at the dose 
of  200 mg/kg reduced the KID. Iron is required 
for metabolic processes in the kidney, but iron 
overload enhances hydroxyl radical formation, 
resulting tubular damage[8,9] and may disturb 
physiological function of  the cellular environment 
of  the kidney.[26] Clinically, thalassemic patients 
are the best example of  iron overload, and usually 
they use DF as an iron chelator. However, renal 
dysfunction is one of  the side effects of  iron 
overload in these patients. SM as an antioxidant 
agent is also an iron chelator.[18‑20]

In the study, iron overload was induced by 
iron dextran, which is a safe agent,[27,28] but due to 
formation of  oxidative stress, it may damage the 
organs.[29] Serum levels of  both iron and ferritin 
increased significantly after 2 weeks of  iron 
overload [Table 1]. This expected finding supported 
the process of  overloading. Iron deposition was 
detected in the kidney tissue via pathological 
investigations. However, based on the serum levels 
of  BUN and Cr, no renal dysfunction occurred. 
This may be attributed to the lower potency of  
iron dextran in enhancing the oxidative stress and 

Table 1: Serum levels of BUN, Cr, iron, ferritin, and nitrite in six groups of experiment 2 weeks after iron overload (before 
treatment). Iron dextran receiver groups were significantly different from the negative control group in this respect (P < 0.05)

Groups BUN (mg/dL) Cr (mg/dL) Iron (mg/dL) Ferritin (µg/mL) Nitrite (µmole/L)
1. (Saline) 28.50±0.80 0.45±0.020 135.30±21.40 0.76±0.120 31.20±7.20
2. (Iron) 28.30±1.30 0.43±0.020 585.30±143.50* 38.40±16.0* 30.80±3.90
3. (Iron+SM200) 24.40±1.80 0.43±0.020 597±106.20* 21.70±4.55* 20.50±3.10
4. (Iron+DF) 24.60±1.90 0.47±0.020 451.0±133.40* 27.10±11.90* 27.50±2.60
5. (Iron+M400) 25.50±1.0 0.46±0.020 698.20±38.30* 31.20±10.0* 24.90±5.90
6. (Iron+DF+SM) 25.70± 1.30 0.47±0.020 618.20±153.30* 46.70±14.60* 26.90±2.00

*Significantly different from group 1 (P<0.05), DF=Deferoxamine, SM=Silymarin, BUN=Blood urea nitrogen
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Figure 2: The kidney weight per 100 g of body weight and kidney pathology score (KTDS), which corresponds to KID after 2 
weeks of treatment with SM (200 mg/kg; group 3), DF (50 mg/kg; group 4), SM (400 mg/kg; group 5), and combination of SM 
and DF (200 and 50 mg/kg, respectively; group 6) compared with the positive control group (group 2). The star (*) indicates 
significant difference from the positive control group (group 2) (P < 0.05). The group 1 is not shown in the figure because the 
treated groups (groups 3 to 6) were compared with group 2 (positive control group) only

Figure 1: The serum levels of BUN, Cr, iron, ferritin, and nitrite after 2 weeks of treatment with SM (200 mg/kg; group 3), 
DF (50 mg/kg; group 4), SM (400 mg/kg; group 5), and combination of SM and DF (200 and 50 mg/kg, respectively; group 
6) compared with the positive control group (group 2). No significant differences were detected among treatment and control 
groups. The group 1 is not shown in the figure because the treated groups (groups 3 to 6) were compared with group 2 (positive 
control group) only
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location of  iron deposition in the kidney that does 
not disturb the regular renal function.[7] There is 
also little evidence available that accumulated iron 
via polynuclear iron complexes participate in free 
radical reactions to disturb the functions of  various 
organ.[30] However, a dose of  600 mg/kg iron dextran 
for 24 h increased the serum level of  urea and Cr.[10]

High iron stores may disturb endothelial function 
in patients,[31,32] and iron chelators may improve the 
endothelial function.[33,34] In this study, we measured 
NO metabolite (nitrite) as a marker of  endothelial 
function; however, no change in nitrite level was 
observed. It is reported that chronic iron overload 
enhances inducible NO synthase expression in 
some organ;[35] however, our model was an acute 
iron overloading model, and it seems for such acute 
model iron‑induced endothelial dysfunction may 
not achieve.

The data obtained in our study indicated that SM, 
DF, or combination of  both did not demonstrate an 
iron chelation effect in reducing the iron serum level. 
The reduction of  the serum level of  iron by SM in a 
different iron overload model was reported before.[16] 

In this model, SM (200 mg/kg) was administrated 
accompanied with iron dextran for 2 weeks, but the 
usage dose of  iron dextran was half  of  our usage dose. 
SM also used as iron chelator,[18,20] protective agent 
against gentamicin‑induced nephrotoxicity,[36] or 
treatment of  liver diseases.[37] It seems that our model 
and the high usage dose of  iron dextran (200 mg/kg) 
was suitable to obtain a KID animal model, but 
possibly the dose of  iron dextran was high enough to 
saturate the iron and ferritin capacities, so SM, DF, 
or combination of  both were not enough potentiate 
to reduce the saturated level of  iron and ferritin in 
animal serum. On the contrary, the histopathological 
data revealed that SM (200 mg/kg) alone reduced 
the KID significantly. This finding supports 
the antioxidant effects of  SM similar to other 
experimental models.[22‑25] DF also has antioxidant 
effect in rat kidneys,[38] and it reduced the KID in our 
study nonsignificantly. Future studies are needed to 
compare the antioxidant potency of  SM and DF. In 
our iron overload model, coadministration of  SM 
and DF did not protect the kidney tissue from iron 
deposition, possibly due to pharmacokinetic agents’ 
interactions, and finally our findings demonstrated 
unexpected results that KID obtained from the treated 
animals with 200 mg/kg of  SM was less than KID 
obtained from treated animals with 400 mg/kg of  SM. 
The reason may relate to the dose of  antioxidants. 
The effect of  some flavonoids antioxidant such as 
galangin in fructose‑fed‑induced renal damage was 
dose‑dependent, and the lower dose provide a better 
protection effect for renal damage,[39] so possibly the 
SM as a flavonoids at the dose of  200 mg/kg was 
more effective than the higher dose.

CONCLUSION
SM is an effective antioxidant to reduce the KID 

in an iron overload model. Our finding demonstrated 
that SM with the dose of  200 mg/kg potentially 
was more protective than DF against KID. This 
observation need to be verified in serial experimental 
studies with different intensity of  iron overload.
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Figure 3: The sample images of kidney tissue stained with 
Persian blue to examine iron deposition in the kidney of six 
experimental groups; a= Vehicle, b= Fe, c= SM200+Fe: d: 
DF50+Fe, e= SM400+Fe, f=SM200+DF50+Fe. ‘a’ received 
vehicle during the study, and the groups 2 to 6 received iron 
dextran for a period of 4 weeks but during weeks 3 and 4, 
they were treated by vehicle (b; positive control group), SM 
(200 mg/kg; c), DF (50 mg/kg; d), SM (400 mg/kg; e), and 
combination of SM and DF (200 and 50 mg/kg, respectively; 
f), respectively. The arrows show Fe deposition in the tissue. 
Lower Fe deposition was observed in group 3 (SM200)
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