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Background: Hepcidin is a liver-derived regulatory protein playing a crucial 

role in iron metabolism. It is established that gender differences exist 

regarding iron storage . However, the effects of sex steroid hormones on iron 

homeostasis are not completely understood. 

Objective: Assessing changes in iron status, serum hepcidin & IL6 in an 

experimental model of induced menopause, and evaluating modulations 

induced by different exercise intensities. 

Design: Forty adult female Wistar albino rats were utilized. They were 

divided into four equal groups. Group 1: non ovariectomized sham operated 

sedentary group (SHAM/sG). Group 2:ovariectomized sedentary group 

(OVX/sG). Group 3: ovariectomized moderately trained (adaptive) exercise 

group (OVX/ MEG).Group 4: ovariectomized strenuously trained exercise 

group (OVX/ SEG). Serum hepcidin, IL6& different parameters assaying 

iron status were assessed. 

Results: The present study demonstrated that hepcidin and IL6 were 

significantly elevated  in OVX/sG versus SHAM/sG. These elevations were 

associated with significant decreases in the parameters assaying iron status. 

Following moderate training for 10 weeks, both hepcidin and IL6 were 

significantly decreased compared to OVX/sG with significant increases in 

the parameters assaying iron status. However, following strenuous training 

for 10 weeks a more significant increase in serum hepcidin and IL6 compared 

to their levels in OVX/sG with worsening in the parameters assaying iron 

status were detected. 

Conclusion: Experimentally induced menopause was associated with 

elevated serum hepcidin and IL6 and deteriorated iron status, which were 

nearly reversed back to pre-ovariectomized values after moderately adaptive 

but not strenuous exercise 
 

Copy Right, IJAR, 2015,. All rights reserved 

 

 

INTRODUCTION  
Hepcidin is a 25-amino acid peptide hormone synthesized by hepatocytes. It is involved in iron homeostasis through 

binding with the iron exporter ferroportin and induction of its internalization and degradation (Nemethet al., 2004). 

Ferroportin is expressed on the basolateral membrane of enterocytes, in hepatocytes, and in macrophages. Hepcidin-

mediated degradation of ferroportin prevents iron uptake from the intestine as well as release of stored iron from 

macrophages, thus decreasing the available iron (Nemeth and Ganz, 2009). It may also reduce intestinal iron 

absorption through ubiquitin dependent proteasome degradation of the divalent metal transporter 1 (DMT1) on the 

luminal enterocytes membrane (Brasse-Lagnel et al., 2011).Hepcidin is primarily expressed in the liver and its 
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transcription can be up-regulated by iron overload, inflammation, infection and elevated IL-6, IL-1α, & IL-1β 

(Wessling-Resnick ,2010). On the other hand, it is down-regulated by anemia & hypoxia (Krijtet al., 2010). Iron 

regulates hepcidin expression primarily through the bone morphogenic protein/hemojuvelin (BMP/HJV) pathway, 

while infection and pro-inflammatory cytokines such as interleukin-6 (IL-6) increase hepcidin transcription mainly 

through the Janus kinase/ signal transducers and activators of transcription (JAK/STAT) pathway (Zhang and 

Rovin, 2010). 

Also, many recent studies hypothesized that both hepcidin transcription and concentration are altered in 

response to physical activity and exercise, which in turn affects iron metabolism. Different exercise regimens could 

induce variable changes in hepcidin levels and subsequently modify iron homeostasis(Sim et al., 2013). 

Regarding the regulation of hepatic hepcidin expression by sex steroid hormones; Harrison-Findik (2010) reported 

the presence of gender variations in the body iron content. Also, Bachman (2010) stated that testosterone could be 

participating in iron metabolism via decreasing hepatic hepcidin transcription as administration of testosterone was 

found to decrease serum hepcidin concentrations in men. Moreover the study conducted by Luque-Ramirez (2011) 

demonstrated that women with polycystic ovary syndrome showed increased testosterone levels & reduced serum 

hepcidin levels. 

On the other hand, the interaction of estrogen with iron at systemic level has been long suspected (Jian et al., 

2009.). As the most common diseases affecting women's health in the post-menopausal life, e.g. osteoporosis and 

breast cancer are closely related to alternations of endogenous estrogen and variations in serum iron levels (Huang, 

2008;Eckard et al., 2010; Gabriel and Domchek, 2010; Yanget al., 2010). 

The direct drive linking estrogen with iron homeostasis is limited. As, there are a conflicting data regarding 

the direct effects of the female sex hormones on hepcidin level and iron metabolism   

Ikeda et al (2012) found that estrogen- deficient conditions after ovariectomy resulted in augmented iron 

absorption in the duodenum because of the down regulation of hepcidin in the liver which contributed to increased 

body iron storage. 

While, on contrary other studies suggested that elevated levels of estrogen manipulate iron homeostasis. For 

instance, ovariectomy results in decreased serum iron, iron binding capacity, and iron response protein-1 binding 

activity (MattaceRasoet al., 2009). In addition, the use of oral contraceptives in humans (Campesiet al., 2012), and 

estrogen treatment in ovariectomized mice (Ulas and Cay, 2011) were both associated with increased levels of 

serum iron and total iron-binding capacity. 

The intensity and duration differences in physical exercise result in various reactions of hematologic parameters and 

iron status. Most researchers investigated the acute effect of a period of physical activity on the iron status while few 

researchers investigated the effects of a prolonged training period (adaptation to training) especially on menopausal 

females (Shabkhiz et al., 2009). 

In face of this controversy, the role of female sex hormones in the regulation of iron homeostasis and the 

involvement of this disturbed iron homeostasis in the pathogenesis of the most prevalent post-menopausal diseases. 

The present work was carried out to assess serum hepcidin, IL-6 levels and their influence on iron status in an 

experimental model of induced menopause; Moreover, evaluating the modulatory effect of different intensities of 

training exercise programs on serum hepcidin, IL-6 levels and iron status aiming to minimize /or attenuate the 

possible existing post- menopausal iron imbalance was performed. 

 

Materials and methods 
Animals 

Forty adult female Wistar albino rats weighing 200-240g and aged 14 weeks old, supplied from faculty of Veterinary 

Medicine, Zagazig University, were enrolled in the present study. Rats were housed in stainless steel rodent cages 

under environmentally controlled conditions and were allowed one week for acclimatization at room temperature (23  

± 2°C), with a 12 hour dark / light cycle before beginning the experimental work. During the acclimatization period 

and throughout the study period, rats were kept in the animal unit of the physiology department, faculty of Medicine, 

Zagazig University. They were fed the standard commercial rodent chow and had free access to water. All surgical 

procedures and protocols used were approved by the Zagazig University Ethical Committee and were conducted in 

accordance with National Institutes of Health Guidelines for the Care and Use of Laboratory Animals. 

Experimental design: 

After one week of acclimatization, rats were randomly divided into: four equal groups (n = 10, for each).Group1: 

non ovariectomized Sham-operated sedentary group (SHAM/sG).Group2: ovariectomized sedentary group 

(OVX/sG). Group3: Ovariectomized moderately trained (adaptive) exercise group (OVX/ MEG). Group4: 

Ovariectomized strenuously trained exercise group (OVX/SEG). 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20X%5Bauth%5D
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Oophorectomy procedure: 

At the onset of the study, OVX rats were bilaterally ovariectomized under anesthesia (ketamine, 100 mg/kg; 

xylazine, 5 mg/kg i.p., purchased from Sigma Chemicals) and, L-shaped incision was made on either side of the 

abdominal wall. The ovaries were dissected and removed. The surgical wound was sutured and waterproof plaster 

was applied. A single dose of Penicillin (100.000 units) was given to these rats to prevent infection, and allowed to 

recover from surgery. The SHAM animals were subjected to the same general surgical procedure as OVX groups; 

except that the ovaries were not excised (Ganaraja et al., 2004). The exercise was initiated one week after recovery 

from ovariectomy (Souza al., 2007). 

Exercise regimen: 

Swimming was selected as our exercise regimen as it belongs to the natural behavior of rodents. In addition 

swimming is less stressful and can avoid foot injury, which may generate an unexpected iron reaction to exercise 

(Souza et al, 2007). 
Sedentary groups: remained sedentary in a pool filled with water to a depth of 5cm, when the exercise rat groups 

swam in swimming  pool (130cm×90cm×70cm) filled with water to a depth of 50cm (Brasse-Lagnelet al.,2011), 

the water temperature was maintained at 32±1c. 

-Moderately trained exercise group: The rats were initially acclimatized to the exercise of swimming for longer 

duration from about 15 minutes on the first day to 2 hours by the third week. Then, they swam 2 hours/day for the 

remainder of the 10 weeks (Elhaimeur et al., 2003).  

-Strenuously trained exercise group: The rats followed the same above exercise program, but they were trained to 

swim with different loads. The loads were increased by 1% from the 2
nd

 week to the 10
th

 week. Lead pieces 

(different from 2 to 10% of rats
, 
body weight) were attached to the tails as loads, so their leg movements were not 

limited (Dawson, and Horvath 1970;Elhaimeur. et al., 2003) 

Blood samples 

 Blood was collected following 10 weeks of swimming. The rats were fasted for 16 h before blood 

sampling. The rats were anesthetized with 0.4% pentobarbitol sodium (1ml/100 g body weight), and were sacrificed 

by decapitation 36 h after the last exercise (Liu et al., 2011). Blood samples were drawn into three eppendorf tubes, 

one with ethylenediamine tetra acetic acid (EDTA, K2
)
 as an anticoagulant, while the other two with serum 

separator. 

Assessment of serum iron status  

 -The blood samples with an anticoagulant were taken for hemoglobin concentration (Hb), hematocrit value (PCV), 

and mean corpuscular hemoglobin (MCH), using an automatic blood analyzer (Coulter LH 750 Hematology 

Analyzer). 

-The other two tubes with serum separator were centrifuged within 2 hours for 15 min at 5000 rpm/min.at 4 C and 

the supernatant was collected and frozen at –70 
0
C in iron free tubes (Liu et al., 2006). Serum samples were assayed 

later for: 

- Serum Iron (SI), total iron binding capacity (TIBC), and transferrin saturation % (TS). All were determined by 

using commercially available kits, and according to the method described by Burits and Ashwood, 1999.
 

- Serum ferritin (SF) and  serum soluble transferrin receptor (sTfR) were assayed using commercial rat enzyme 

linked immunosorbent assay (ELISA) kits (R&D systems, Minneapolis, MN, USA), with an intra-assay coefficient 

of variation of 4% and interssay coefficient of variation of 10% (Berenshtein, et al.,2002, Davis et al., 2008). 

Assessment of serum hepcidin and interlukine 6: 

Serum levels of hepcidin and IL6 were quantified by applying; rat serum hepcidin ELISA kit (USCN life Co., 

Houston, TX, USA) & rat serum IL6ELISA kit (R&D Systems, Inc., Minneapolis, MN) and according to 

manufacturer's instruction. 

 All pervious parameters were measured by using commercial kits  

Statistical methods 

Statistical methods used in this study for analysis of data were, according to the statistical analysis, SPSS released 

10.0 program for Windows (SPSS Inc. Chicago, IL, USA). All data were expressed as mean (SD (Standard 

Deviation). Analysis of variance (one way ANOVA of F test): Used for comparison of means of more than two 

groups. The correlation between serum hepcidin with IL6 as well as parameter assaying iron status were tested with 

spearman rank correlation .All data were considered statistically significant if P<0.05 

Results  
-Hepcidin, iron status and IL6 in the OVX groups:- 

The conducted results revealed significant elevation in serum Hepcidin and IL6 in the OVXsedentary group 

compared to their levels in the non OVX rats (p<0.05 & p<0.01  respectively). The elevations in Hepcidin and IL6 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ganaraja%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15122050
http://www.ncbi.nlm.nih.gov/pubmed?term=Dawson%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=4939286
http://www.ncbi.nlm.nih.gov/pubmed?term=Horvath%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=4939286
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were associated with changes in the iron status, which was represented by significant decreases in Si (p<0.05), Hb 

(p<0.05), PCV (p<0.05), MCH (p<0.05), Tsat (%) (p<0.05) & SF saturation (p<0.01), as well as significant 

increases in TIBC and sTfR in (p<0.05 & p<0.01 respectively) (Tables 1& 2). 

  

Table (1): iron status in sham operated sedentary group (SHAM/sG),ovariectomizedsedentary group 

(OVX/sG),ovariectomized moderately trained exercise group (OVX/ MEG), and ovariectomized strenuously 

trained exercise group (OVX/ SEG) (n=10/ group). 

Parameters SHAM/sG 

 

OVX/sG 

 

OVX/MEG 

 

OVX/SEG 

 

 

Hb (g/d) 

 

14.02±2.14 11.74 ± 2.38
a
 13.91 ±3.62

b
 

 

9.57 ± 2.14
aab

 

PCV (%) 

 

43.8 ±  9.12 36.3 ± 10.17
 a
 42.63± 7.19

b
 

 

29.8 ± 6.39
aab

 

MCH (pg) 

 

18.53± 4.74 

 

14.74 ±3.93
 a
 18.136 ± 4.86

b
 11.50 ± 3.27

aab
 

SI (µg/dl) 

 

190.43± 45.16 154.46 ±41.49
 a
 188.35±49.57

b
 121.54 ± 33.90

aab
 

TIBC (µg/dl) 

 

601.9 ± 94.09 681.20 ±103.03
 a
 602.8 ±59.27

b
 750.6 ±  90.38

aa b
 

Tsat (%) 

 

29.52±7.72 21.02±6.7
 a
 28.56 ±9.28

b
 5.54 ± 1.44

aaabbb
 

SF (ng/ml) 

 

40.62 ±10.21 28.0± 8.8
aa

 39.22 ±9.44
b
 52.83 ±10.62

aabbb
 

sTfR (ng/ml) 4.34±1.22 6.91 ±1.55
aa

 5.02±1.33
b
 8.44 ± 2.75

aabbb
 

Values are means± slandered deviation ( x ± SD). Least significant difference (LSD) among values was analyzed 

by one way ANOVA, when the Interaction was significant (P<0.05).
a
P<0.05, 

aa
 P<0.01&

aaa
 P<0.001 versus 

SHAM/sG group and). 
b
P<0.05, 

bbb
P<0.001versus OVX/sG 

 

-Hepcidin, iron status and IL6 in the OVX exercised groups:- 

As regards, the OVX rats that  followed moderately trained exercise for 10 weeks, both serum levels of 

hepcidin, and IL6were nearly improved back to the pre-ovariectomized values with non-significant differences 

between their mean values after exercise and mean values in the SHAM/sG (P >0.05 for both). 

  

 
 

Figure (1): Spearman, s correlation between serum 

Hepcidin level (ng/ml) and Hb concentration(g/dL) (r= 

-0.574, P<0.05) in theovariectomized sedentary group 

(OVX/sG) n=10. 

 
 

Figure (2): Spearman, s correlation between serum 

Hepcidin level (ng/ml) and MCH (g/dL) (r=-0.660, 

P<0.01) in theovariectomized sedentary group 

(OVX/sG) n=10. 

Also, these decreasesin hepcidin and IL6 were accompanied by a correction in the disturbed iron status. As 

,there were non-significant changes between almost  all parameters assaying  iron status after 10 weeks of  moderate 

exercise versus non-ovariectomized  sedentary group (P >0.05 for all) (Table 1&2 ). 
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Figure (3): Spearman, s correlation between 

serum Hepcidin level (ng/ml) and serum ferritin 

(SF) g/dL (r=-0.440,P<0.05) in theovariectomized 

sedentary group (OVX/sG) n=10. 

 
 

Figure (4): Spearman, s correlation between 

serum Hepcidin level (ng/ml) and transferrin 

saturation % (Tsat%)(r=-0.690,P<0.01) in 

theovariectomized sedentary group (OVX/sG) 

n=10. 
However, in the ovariectomized rats that followed strenuously trained exercise for the same period, both 

hepcidin and IL6 were significantly higher than their estimated levels in OVX/sG (p<0.05& p<0.01 respectively), 

and the iron status had further significant deterioration than its values in the OVX/sG. As, Serum iron, Hb, MCH, 

PCV, and Tsat (%) were significantly decreased when compared to their values in OVX /SG (p<0.05 for all & 

p<0.001 for Tsat).In addition, these decreases in the previous parameters were paralleled with significant increases 

in TIBS and sTfR (p<0.001 for both) (Table 1&2)... 

 
Figure (5): Spearman, s correlation between 

serum Hepcidin level (ng/ml) and serum soluble 

transferrin receptor (sTfR)concentration ng/ml 

(r=0.745,P<0.001) in the ovariectomized 

sedentary group (OVX/sG) n=10. 

 
Figure (6): Spearman, s correlation between 

serum Hepcidin level (ng/ml) and Total iron 

binding capacity(TIBC)µg/dL (r=0.656,P<0.01) 

in the ovariectomized sedentary group (OVX/sG) 

n=10. 

The significant increase in SF value of OVX/SEG versus SF of both SHAM/sG& OVX/sG may be 

explained by the presence of the other factor affecting SF level rather than the change in the serum iron level e.g. 

acute phase reactant associated with this type of exercise. 

 

Table (2): Serum hepcidin  and IL6 levels in in sham operated sedentary group (SHAM/sG), ovariectomized 

sedentary group (OVX/sG), ovariectomized moderately trained exercise group (OVX/ MEG), and 

ovariectomized strenuously trained exercise group (OVX/ SEG) (n=10/ group). 

 

Parameters SHAM/sG OVX/sG OVX/MEG OVX/SEG 

Hepcidin (ng/ml) 161.28 ±42.07 203.30±39.80
 a
 166.61 ±53.65

b
 236.24± 45.69

aab
 

 

IL6 (pg/ml) 21.18± 4.95 31.08± 6.99
aa

 

 

22.09±3.22 41.51± 9.52
aaabb

 

Values are means± slandered deviation ( x ± SD). Least significant difference (LSD) among values was analyzed 

by one way ANOVA, when the Interaction was significant (P<0.05).
a
P<0.05, 

aa
P<0.01&

aaa
P<0.001 versus 

SHAM/sG group and). 
b
P<0.05,

bb
P<0.01versus OVX/sG 
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-The correlation between hepcidin and iron status parameters and IL6.   

Spearman
,
 s correlation was used to evaluate any correlations between hepcidin, and IL6as well as indicators of iron 

status in the studied groups. There were negative correlations between serum hepcidin level and Hb; MCH; SF and 

Tsat%in the OVX sedentary group.  Moreover, there were positive correlation between serum hepcidin level and 

TIBC&sTfR in the same group (Figures1-6). 

Also, hepcidin levels were positively correlated with serum IL6 levels in both OVX sedentary and OVX strenuously 

exercised groups (Figures7&8). 

 
Figure (7): Spearman, s correlation between 

serum Hepcidin level (ng/ml) and serum IL-6 

level (pg/ml) (r=0.630, P<0.01) in the 

ovariectomized sedentary group (OVX/sG) 

n=10. 

 
Figure (8): Spearman, s correlation between 

serum Hepcidin level (ng/ml) and serum IL-6 

(pg/ml) level (r= 0.772, P<0.001) in 

ovariectomized strenuously trained exercise 

group (OVX/ SEG)n=10. 

 

Discussion 
Iron is an essential element for humans, being involved in oxygen transport, energy metabolism and DNA 

synthesis. Iron homeostasis is tightly governed by the hepcidin–ferroportin axis, of which hepcidin is the master 

regulator (Nemeth and Ganz,2009). Excess iron is associated with various diseases, including cancer breast and 

osteoporosis, which are closely related to alternation in the endogenous estrogen (Huang, 2008; Jianetal., 2009.). 

The regulation of hepcidin by female sex hormones has not yet been decided. So,the conducted work established a 

model of female sex hormone deficiency induced by ovariectomy to verify the biological effect of female sex 

hormones on iron metabolism. 

Unlike animals, the serum iron may be elevated after ovariectomy or in the early stage of the menopausal 

period in humans, due to the cessation of menstrual bleeding.This is usually followed by reducing serum iron 

induced by increased iron demand in the subsequent periods of the menopause as a result of decreased physical 

activity. So, there are different factors influencing iron levels in humans, and masking the proper effect of female sex 

hormones on iron metabolism. 

However, the female rats do not experience menstrual bleeding. So, the only regulatory mechanism 

affecting iron metabolism after ovariectomy is expected to be through a deficiency in female sex hormones 

governing iron -hepcidin axis (Borràs, 1998). 

In the present study, serum hepcidin and IL6 were significantly elevated in ovariectomized sedentary rats 

compared to the control sham operated group. These elevations were accompanied by a significant reduction in 

different iron parameters. 

In concordance with the present findings, the previous clinical studies conducted by Casabellataet 

al.,(2007) detected time-dependent increase of iron stores in oral contraceptive female users compared to non-

users,and Galesloot et al.,(2011)&Itkonen et al.,(2011) who demonstrated  that serum hepcidin levels were lower in 

women than in men. Moreover, the pre-menopausal women had lower serum hepcidin concentrations than 

postmenopausal women. 

On the other hand, the experimental studies reported that hepatic hepcidin MRNA is inhibited in mice by 

nanomolar concentrations of E2, which is physiologically or pharmacologically relevant to young women at the 

preovulatory phase or those taking contraceptives (Schiavon et al., 1988). Furthermore, Qing Yanget al.,(2012) 

discovered an estrogen response element (ERE) in the promoter region of the hepcidin gene of murine models. They 

postulated that estrogen greatly contributes to iron homeostasis by regulating hepatic hepcidin expression directly 

through a functional ERE in the hepcidin gene promoter. Whereas, binding of estrogen to this site in the murine 

hepcidin gene was reported to down-regulate hepcidin transcription and increased iron release. This effect can be 

reversed by the addition of estrogen antagonists (ICI 182780). 
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Also, it was proved that the elevation in estrogen levels was associated with suppressed production of IL-6 

and other inflammatory cytokines that induce hepcidin synthesis (Hamad M1.and Awadallah, 2013). 

But in controversy to the conducted results, the study carried by Ikeda et al., (2012) reported that 17ß-

estradiol (E2) increased the expression of hepcidin mRNA in mice hepatic G (HepG2) cells in a concentration-

dependent manner. In vitro. E2-induced hepatic hepcidin up-regulation which was not inhibited by ICI 182720, an 

inhibitor of the estrogen receptor, instead, hepcidin expression was increased by ICI 182720. The discrepancy 

between the results of our study and that of the previous study could be explained by species difference and 

differences in the experimental models (in vivo versus in vitro). 

Therefore, from the interplay between the present results and the previously mentioned studies, we can 

suggest that the female sex hormones have the potential to directly reduce hepcidin synthesis through affection of 

hepcidin gene expression and/ or inhibition of the pro inflammatory cytokine IL6.  

Hence, these effects appear to increase the serum iron level compensating for its loss during the 

reproductive period in humans. 

As regard the modulatory effect of different exercise intensities on the changes in serum hepcidin level and 

consequently on iron status after ovariectomy, our results detected that 10 weeks of moderately trained exercise 

decreased the elevation in serum hepcidin and improved the iron status observed in the ovariectomized sedentary 

group. However, strenuous exercise for the same duration induced a further significant increase in hepcidin level as 

well as adding more worsening in the iron status than the ovariectomized sedentary group.  

Also,the results revealed a positive correlation between the changes in the serum hepcidin and the changes 

in the serum IL6 of that exercised groups. 

In agreement with these findings, the results obtained from pervious sport researches performed by Mettler 

and Zimmermann, (2010) demonstrated that excess body iron may be common in male recreational marathon 

runners. Furthermore, Shabkhiz et al., (2009) stated that moderate continuous aerobic training for 12 weeks can 

increase serum iron and hematological parameters in female rats after menopause  

Also, Liu et al., (2006) detected that moderate physical exercise could promote a physio-adaptation to 

exercise. As, they detected that 10 weeks of moderate physical exercise in female rats decreased expression of 

hepcidine mRNA and increased the expression of divalent metal transporter 1 (DMT1) and iron exporter ferroportin 

(FPN1). DMT1 in the apical membrane of the enterocyte increased iron absorption, and FPN1 in the basolateral 

membrane increased iron transfer to the circulation. The net results were increased serum iron level, improvement in 

iron status and development of adaptation to exercise.  

However, in contrary to the present results, Troadec et al.,(2009) found that submaximal cycling exercise 

e.g. low intensity exercise did not significantly change serum iron, and serum or urinary hepcidin levels in healthy 

untrained individuals. In addition, Bourqueet al.,(1997) demonstrated that participation in 12 weeks of moderate-

intensity endurance exercise training ; walking/running or cycling was not associated with changes in measured iron 

status in healthy, previously untrained women with normal iron stores 

The differences between the conducted results and the last studies may be explained by differences in the 

species and/or the difference in the applicable exercise programs, whence the type, duration and training. 

On the other aspect, in concordance with present results many studies carried on animals and human 

detected increases in serum hepcidin level  and decreased in iron levels after  strenuous exercise (Banzet et al., 

2012; Auersperger et al.,2012;Antosiewicz et al., 2013). Moreover, Liu et al., (2011) demonstrated that an 

increase in hepatic hepcidin expression after strenuous exercise was associated with decreased expression of FPN1 

at the enterocytes of exercise group compared with control group which ultimately blocked the release of iron from 

them. 

Whereas, Helge et al., (2003) recognized that contracting skeletal muscle may synthesize and release IL6 

into the interstitium as well as into the systemic circulation in response to the bouts of exercise. Also,Bergfors et 

al
.
., (2005) found that the exercise-induced IL6 response was dependent on the intensity and magnitude of exercise. 

As, the strenuous exercise which involves several large muscle groups leads to dramatic increases in plasma IL6. 

However, moderate trained exercise reduces plasma IL6 production that appears as a character of normal training 

adaptation (Fischer, 2006). So, the modulation of IL6 synthesis by different exercise programs intensities may be 

involved in the alternations of hepcidin transcription and subsequently its serum levels associated with these 

physical activities. 

Conclusion 

Experimentally induced menopause was associated with elevated serum hepcidin and IL6 and deteriorated iron 

status, which were nearly reversed back to pre-ovariectomized values after moderately adaptive but not strenuous 

exercise. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Hamad%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24211145
http://www.ncbi.nlm.nih.gov/pubmed?term=Awadallah%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24211145
http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/article/pii/S0008874913001007
http://www.ncbi.nlm.nih.gov/pubmed?term=Fischer%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=17201070


ISSN 2320-5407                              International Journal of Advanced Research (2015), Volume 3, Issue 1, 749-757 

 

756 

 

Reference 
Antosiewicz J., Jan J. Kaczor, KatarzynaKasprowicz, RadosławLaskowski, SylwesterKujach, 

MarcinLuszczyk,ŁukaszRadziminski, EwaZiemann(2013): Repeated “all out” interval exercise causes an 

increase in serum hepcidin concentration in both trained and untrained men.CellularImmunologyVolume 283, Issues 

1–2, Pages 12–17 

Auersperger I., Knap B, Jerin A, Blagus R, Lainscak M, Skitek M, Skof B.( 2012):The effects of 8 weeks of 

endurance running on hepcidin concentrations, inflammatory parameters, and iron status in female runners. Int J 

Sport NutrExercMetab. 22(1):55-63. 

Bachman E, Feng R, Travison T, Li M, Olbina G, et al. (2010) :Testosterone suppresses hepcidin in men: a 

potential mechanism for testosterone-induced erythrocytosis. J ClinEndocrinolMetab 95: 4743–4747. 

Banzet S, Sanchez H, Chapot R, Bigard X, Vaulont S, Koulmann N.(2012):Interleukin-6contributes to 

hepcidinmRNAincrease in response to exercise. Cytokine. 58(2):158-61. 

Berenshtein E, VaismanB,Goldberg-Langerman C, KitrosskyN,Konijn AM, Chevion M(2002):.Roles of 

ferritin and iron in ischemic preconditioning of the heart.Mol Cell Biochem. May-Jun;234-235(1-2):283-92. 

Bergfors M., Barnekow-Bergkvist M, Kalezic N, Lyskov E and Eriksson JW(2005):Short-term effects of 

repetitive arm work and dynamic exercise on glucose metabolism and insulin sensitivity. 

ActaPhysiologicaScandinavica 183: 345-356. 

Borràs M. (1998): Hormone dependency of splenic iron stores in the rat: effect of oestrogens on the recuperation of 

reserves in ferrodeficient subjects. Lab Anim 32:290–297. 

Bourque,S.P., Pate R.R.and J.D. Branch,( 1997): Twelve weeks of endurance exercise training doesnot affect iron 

statues measures in women, J. Am. Diet Assoc, Oct., 97(10): 1116-1121. 

Brasse-Lagnel C, Karim Z, Letteron P, Bekri S, Bado A, et al.(2011): Intestinal DMT1 cotransporter is down-

regulated by hepcidin via proteasome internalization and degradation. Gastroenterology 140(4): 1261–71. 

Burits CA and Ashwood ER (1999): Methods for the determination of serum iron, iron binding capacity, and 

transferrin saturation. Tietz Textbook of Clinical Chemistry, 3
rd

 ed. AACC, Chapter 46; 1701-1703. 

Campesi I, Sanna M, Zinellu A, et al. (2012): Oral contraceptives modify DNA methylation and monocyte-

derived macrophage function. Biol Sex Differ; 3:4 

Casabellata G, Di Santolo M, Banfi G, Stel G, Gonano F, Cauci S. (2007):Evaluation of iron deficiency in 

young women in relation to oral contraceptive use. Contraception 76:200–207 

Davis, M.C., Zautra, A.J., Younger, J., Motivala, S.J., Attrep,J., & Irwin, M.R. (2008). Chronic stress and 

regulation ofcellular markers of inflammation in rheumatoid arthritis:Implications for fatigue. Brain, Behavior, and 

Immunity,22(1), 24–32. 

Dawson CA, and Horvath SM.(1970):Swimming in small laboratory animals. Med Sci Sports;2(2):51-78. 

Eckard J, Dai J, Wu J, Jian J, Yang Q, Chen H, Costa M, Frenkel K, Huang X. (2010): Effects of cellular iron 

deficiency on the formation of vascular endothelial growth factor and angiogenesis. Iron deficiency and 

angiogenesis. Cancer Cell Int10:28. 

Elhaimeur F.,Courderot-Masuyer C., NicodL,Bobillier-Chaumont S.,Robin S., Richert L.,Berthelot A. (2003): 

Effect of exercise training on liver antioxidant status of deoxycorticosterone acetate salt induced hypertensive rats. 

Can J Physiol Pharmacol.;81(5):469-75. 

Fischer CP.( 2006):Interleukin-6 in acute exercise and training: what is the biological relevance? ExercImmunol 

Rev.; 12:6-33. 

Gabriel CA, Domchek SM.(2010): Breast cancer in young women. Breast Cancer Res12:212. 

Galesloot TE, Vermeulen SH, Geurts-Moespot AJ, Klaver SM, Kroot JJ, et al.(2011): Serum hepcidin: 

reference ranges and biochemical correlates in the general population. Blood 117: e218–225. 
Ganaraja B,Pavithran P,Ghosh S.( 2004):Effect of estrogen on plasma ceruloplasmin level in rats exposed to 

acute stress. Indian J Med Sci.58(4):150-4. 

Hamad M1.and AwadallahS(2013):Estrogen-dependent changes in serum iron levels as a translator of the 

adverse effects of estrogen during infection: a conceptual framework. Med hyposesis 81(6):1130-4.). 

Harrison-Findik DD (2010): Gender-related variations in iron metabolism and liver diseases. World J Hepatol 

27;2(8):302-10.  

Helge JW, Stallknecht B, Pedersen BK, Galbo H, Kiens B and Richter EA.( 2003): The effect of graded 

exercise on IL-6 release and glucose uptake in human skeletal muscle. J Physiol 546: 299-305. 

Huang X (2008):.Does iron have a role in breast cancer? Lancet Oncol.9(8). 

http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/article/pii/S0008874913001007
http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/article/pii/S0008874913001007
http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/article/pii/S0008874913001007
http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/article/pii/S0008874913001007
http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/article/pii/S0008874913001007
http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/article/pii/S0008874913001007
http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/article/pii/S0008874913001007
http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/article/pii/S0008874913001007
http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/journal/00088749
http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/journal/00088749
http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/journal/00088749
http://www.sciencedirect.com.ezproxy.zu.edu.eg:81/science/journal/00088749
http://www.ncbi.nlm.nih.gov/pubmed?term=Auersperger%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22248501
http://www.ncbi.nlm.nih.gov/pubmed?term=Knap%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22248501
http://www.ncbi.nlm.nih.gov/pubmed?term=Jerin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22248501
http://www.ncbi.nlm.nih.gov/pubmed?term=Blagus%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22248501
http://www.ncbi.nlm.nih.gov/pubmed?term=Lainscak%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22248501
http://www.ncbi.nlm.nih.gov/pubmed?term=Skitek%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22248501
http://www.ncbi.nlm.nih.gov/pubmed?term=Skof%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22248501
http://www.ncbi.nlm.nih.gov/pubmed/22248501
http://www.ncbi.nlm.nih.gov/pubmed/22248501
http://www.ncbi.nlm.nih.gov/pubmed/22248501
http://www.ncbi.nlm.nih.gov/pubmed?term=Banzet%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22326661
http://www.ncbi.nlm.nih.gov/pubmed?term=Sanchez%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22326661
http://www.ncbi.nlm.nih.gov/pubmed?term=Chapot%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22326661
http://www.ncbi.nlm.nih.gov/pubmed?term=Bigard%20X%5BAuthor%5D&cauthor=true&cauthor_uid=22326661
http://www.ncbi.nlm.nih.gov/pubmed?term=Vaulont%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22326661
http://www.ncbi.nlm.nih.gov/pubmed?term=Koulmann%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22326661
http://www.ncbi.nlm.nih.gov/pubmed?term=Berenshtein%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12162445
http://www.ncbi.nlm.nih.gov/pubmed?term=Vaisman%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12162445
http://www.ncbi.nlm.nih.gov/pubmed?term=Goldberg-Langerman%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12162445
http://www.ncbi.nlm.nih.gov/pubmed?term=Kitrossky%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12162445
http://www.ncbi.nlm.nih.gov/pubmed?term=Konijn%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=12162445
http://www.ncbi.nlm.nih.gov/pubmed?term=Chevion%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12162445
http://www.ncbi.nlm.nih.gov/pubmed/?term=molecullar+cell+biochm+234-235%3A283-292
http://www.ncbi.nlm.nih.gov/pubmed?term=Dawson%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=4939286
http://www.ncbi.nlm.nih.gov/pubmed?term=Horvath%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=4939286
http://www.ncbi.nlm.nih.gov/pubmed/?term=sci+sport+2%3A51-78%2C1970
http://www.ncbi.nlm.nih.gov/pubmed?term=Elha%C3%AFmeur%20F%5BAuthor%5D&cauthor=true&cauthor_uid=12774853
http://www.ncbi.nlm.nih.gov/pubmed?term=Courderot-Masuyer%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12774853
http://www.ncbi.nlm.nih.gov/pubmed?term=Nicod%20L%5BAuthor%5D&cauthor=true&cauthor_uid=12774853
http://www.ncbi.nlm.nih.gov/pubmed?term=Bobillier-Chaumont%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12774853
http://www.ncbi.nlm.nih.gov/pubmed?term=Robin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12774853
http://www.ncbi.nlm.nih.gov/pubmed?term=Richert%20L%5BAuthor%5D&cauthor=true&cauthor_uid=12774853
http://www.ncbi.nlm.nih.gov/pubmed?term=Berthelot%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12774853
http://www.ncbi.nlm.nih.gov/pubmed/?term=can+j+physiolgy+pharmacol+81%3A469-475
http://www.ncbi.nlm.nih.gov/pubmed?term=Fischer%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=17201070
http://www.ncbi.nlm.nih.gov/pubmed/17201070
http://www.ncbi.nlm.nih.gov/pubmed/17201070
http://www.ncbi.nlm.nih.gov/pubmed/17201070
http://www.ncbi.nlm.nih.gov/pubmed?term=Ganaraja%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15122050
http://www.ncbi.nlm.nih.gov/pubmed?term=Pavithran%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15122050
http://www.ncbi.nlm.nih.gov/pubmed?term=Ghosh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15122050
http://www.ncbi.nlm.nih.gov/pubmed/15122050
http://www.ncbi.nlm.nih.gov/pubmed?term=Hamad%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24211145
http://www.ncbi.nlm.nih.gov/pubmed?term=Awadallah%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24211145
http://www.ncbi.nlm.nih.gov/pubmed?term=Harrison-Findik%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=21161013
http://www.ncbi.nlm.nih.gov/pubmed/21161013
http://www.ncbi.nlm.nih.gov/pubmed/21161013
http://www.ncbi.nlm.nih.gov/pubmed/21161013
http://www.ncbi.nlm.nih.gov/pubmed?term=Huang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=18672216
http://www.ncbi.nlm.nih.gov/pubmed/18672216


ISSN 2320-5407                              International Journal of Advanced Research (2015), Volume 3, Issue 1, 749-757 

 

757 

 

Ikeda Y1,Tajima S,Izawa-Ishizawa Y, KihiraY,IshizawaK,Tomita S,T suchiyaK,Tamaki T(2012):Estrogen 

regulates hepcidin expression via GPR30-BMP6-dependent signaling in hepatocytes. PLoS One.;7(7):e40465. doi: 

10.1371/journal.pone. 

Itkonen O, Parkkinen J, Stenman UH, Hamalainen E (2011):Preanalyticalfactors and reference intervals for 

serum hepcidin LC-MS/MS method. ClinChimActa. 

Jian J, Pelle E, Huang X.( 2009.): Iron and menopause: does increased iron affect the health of postmenopausal 

women? Antioxid Redox Signal 11:2939–2943. 

Krijt J, Jonasova A, Neuwirtova R, Necas E (2010): Effect of erythropoietin on hepcidin expression in 

hemojuvelin-mutant mice. Blood Cells Mol Dis 44(4):257–61. 

Liu, Y.Q., Duan, X.L., Chang, Y.Z., Wang, H.T., &Qian, Z.M. (2006).:Molecular analysis of increased iron 

status in moderately exercised rats. Molecular and Cellular Biochemistry,282(1-2), 117–123. 

Liu YQ,ChangYZ,ZhaoB,Wang HT, Duan X(2011):Does hepatic hepcidin play an important role in exercise-

associated anemia in rats? Int J Sport NutrExercMetab. Feb;21(1):19-26. 

Luque-Ramirez M, Alvarez-Blasco F, Alpanes M, Escobar-Morreale HF (2011):Role of decreased circulating 

hepcidin concentrations in the iron excess of women with the polycystic ovary syndrome. J ClinEndocrinolMetab 

96: 846–852. 

MattaceRaso G, Irace C, Esposito E, et al.( 2009): Ovariectomy and estrogen treatment modulate iron metabolism 

in rat adipose tissue. BiochemPharmacol; 78:1001–7. 

Mettler S, Zimmermann MB(2010).:Iron excess in recreational marathon runners. Eur J ClinNutr. 64(5) 490. 

Nemeth E, Tuttle MS, Powelson J, Vaughn MB, Donovan A, et al. (2004):Hepcidin regulates cellular iron efflux 

by binding to ferroportin and inducing its internalization. Science. 306(5704): 2090. 

Nemeth E, Ganz T (2009): The role of hepcidin in iron metabolism. Acta.Haematol.122(2–3): 78–86. 

Qing Yang, JinlongJian, Stuart Katz, Steven B. Abramson, and Xi Huang (2012):17β-Estradiol Inhibits Iron 

Hormone Hepcidin Through an Estrogen Responsive Element Half-Site Endocrinology.; 153(7): 3170–3178. 

Schiavon R, Benavides S, Oropeza G, Garza-Flores J, Recio R, Díaz-Sanchez V, Pérez-Palacios G. 1988: 

Serum estrogens and ovulation return in chronic users of a once-a-month injectable contraceptive. 

Contraception 37:591–598. 

Shabkhiz F., Dabidi V., Roshan S., Mehmandoust and InanlouZ(2009):The Effect of 12 Weeks of Continuous 

Aerobic Training on Hematological Parameters in Old Female Rats. World Journal of Sport Sciences 2 (4): 254-260, 

Sim M1, Dawson B, Landers G.,Trinder D, Peeling P ( 2013):Iron Regulation in Athletes: Exploring the 

Menstrual Cycle and Effects of Different Exercise Modalities on Hepcidin Production. Int J Sport NutrExercMetab. 

13. 

Souza SB,FluesK,Paulini J, MostardaC,RodriguesB,Souza LE, IrigoyenMC,De Angelis K.( 2007): Role of 

Exercise Training in Cardiovascular Autonomic Dysfunction and Mortality in Diabetic Ovariectomized  rats. 

Hypertension; 50(4):786-91. 

Troadec MB, Lainé F, Daniel V, Rochcongar P, Ropert M, Cabillic F, Perrin M, Morcet J, Loréal O, Olbina 

G, Westerman M, Nemeth E, Ganz T, Brissot P.Y(2009):Daily regulation of serum and urinary hepcidin is 

not influenced by submaximal cycling exercise in humans with normal iron metabolism. Eur J Appl Physiol. 

106(3):435-43.  

Ulas M, Cay M.( 2011): Effects of 17b-estradiol and vitamin E treatments on blood trace element and antioxidant 

enzyme levels in ovariectomized rats. Biol Trace Elem Res; 139:347–55. 

Wessling-Resnick M (2010): Iron homeostasis and the inflammatory response.Annu Rev Nutr 30: 105–22. 

Yang Q, Jian J, Abramson SB, Huang X. (2011.): Inhibitory effects of iron on bone morphogenetic protein 2-

induced osteoblastogenesis. J Bone Miner Res 26:1188–1196. 

Zhang X. and Rovin B H. (2010):Hepcidin Expression by Human Monocytes in Response to Adhesion and Pro-

Inflammatory Cytokines.Biochim Biophys Acta. Dec 2010; 1800 (12): 1262–1267. 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ikeda%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22792339
http://www.ncbi.nlm.nih.gov/pubmed?term=Tajima%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22792339
http://www.ncbi.nlm.nih.gov/pubmed?term=Izawa-Ishizawa%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22792339
http://www.ncbi.nlm.nih.gov/pubmed?term=Kihira%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22792339
http://www.ncbi.nlm.nih.gov/pubmed?term=Ishizawa%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22792339
http://www.ncbi.nlm.nih.gov/pubmed?term=Tomita%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22792339
http://www.ncbi.nlm.nih.gov/pubmed?term=Tsuchiya%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22792339
http://www.ncbi.nlm.nih.gov/pubmed?term=Tamaki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22792339
http://www.ncbi.nlm.nih.gov/pubmed/?term=Estrogen+Regulates+Hepcidin+Expression+via+GPR30-+BMP6-Dependent+Signaling+in+Hepatocytes
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20YQ%5BAuthor%5D&cauthor=true&cauthor_uid=21411831
http://www.ncbi.nlm.nih.gov/pubmed?term=Chang%20YZ%5BAuthor%5D&cauthor=true&cauthor_uid=21411831
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhao%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21411831
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20HT%5BAuthor%5D&cauthor=true&cauthor_uid=21411831
http://www.ncbi.nlm.nih.gov/pubmed?term=Duan%20XL%5BAuthor%5D&cauthor=true&cauthor_uid=21411831
http://www.ncbi.nlm.nih.gov/pubmed/?term=Does+Hepatic+Hepcidin+Play+an+Important+Role+in+Exercise-Associated+Anemia+in+Rats%3F
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20Q%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jian%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Katz%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abramson%20SB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20X%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Sim%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24225901
http://www.ncbi.nlm.nih.gov/pubmed?term=Dawson%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24225901
http://www.ncbi.nlm.nih.gov/pubmed?term=Landers%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24225901
http://www.ncbi.nlm.nih.gov/pubmed?term=Trinder%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24225901
http://www.ncbi.nlm.nih.gov/pubmed?term=Peeling%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24225901
http://www.ncbi.nlm.nih.gov/pubmed/24225901
http://www.ncbi.nlm.nih.gov/pubmed?term=Souza%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=17664387
http://www.ncbi.nlm.nih.gov/pubmed?term=Flues%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17664387
http://www.ncbi.nlm.nih.gov/pubmed?term=Paulini%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17664387
http://www.ncbi.nlm.nih.gov/pubmed?term=Mostarda%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17664387
http://www.ncbi.nlm.nih.gov/pubmed?term=Rodrigues%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17664387
http://www.ncbi.nlm.nih.gov/pubmed?term=Souza%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=17664387
http://www.ncbi.nlm.nih.gov/pubmed?term=Irigoyen%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=17664387
http://www.ncbi.nlm.nih.gov/pubmed?term=De%20Angelis%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17664387
http://www.ncbi.nlm.nih.gov/pubmed?term=Troadec%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=19306018
http://www.ncbi.nlm.nih.gov/pubmed?term=Lain%C3%A9%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19306018
http://www.ncbi.nlm.nih.gov/pubmed?term=Daniel%20V%5BAuthor%5D&cauthor=true&cauthor_uid=19306018
http://www.ncbi.nlm.nih.gov/pubmed?term=Rochcongar%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19306018
http://www.ncbi.nlm.nih.gov/pubmed?term=Ropert%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19306018
http://www.ncbi.nlm.nih.gov/pubmed?term=Cabillic%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19306018
http://www.ncbi.nlm.nih.gov/pubmed?term=Perrin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19306018
http://www.ncbi.nlm.nih.gov/pubmed?term=Morcet%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19306018
http://www.ncbi.nlm.nih.gov/pubmed?term=Lor%C3%A9al%20O%5BAuthor%5D&cauthor=true&cauthor_uid=19306018
http://www.ncbi.nlm.nih.gov/pubmed?term=Olbina%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19306018
http://www.ncbi.nlm.nih.gov/pubmed?term=Olbina%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19306018
http://www.ncbi.nlm.nih.gov/pubmed?term=Olbina%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19306018
http://www.ncbi.nlm.nih.gov/pubmed?term=Westerman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19306018
http://www.ncbi.nlm.nih.gov/pubmed?term=Nemeth%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19306018
http://www.ncbi.nlm.nih.gov/pubmed?term=Ganz%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19306018
http://www.ncbi.nlm.nih.gov/pubmed?term=Brissot%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19306018
http://www.ncbi.nlm.nih.gov/pubmed/19306018
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20X%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rovin%20BH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20801192

