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Abstract  

The aim of this study is to investigate the deferoxamine effect on rat fetal bone formation and on 

certain regulating genes expression that play a vital key role in bone formation. Sixty albino adult 

female rats three months old with average weight 170-200g were employed in this study. The rats 

were distributed randomly in to two groups. Control group (n=30) receiving 0.3ml ip physiological 

saline and deferoxamine methane intra peritoneal daily at a dose of 100 mg/kg throughout the 

pregnancy from the first day of pregnancy until last day of pregnancy. Skeleton samples and staining 

were done on sixty fetuses were chosen from each group at 20 days of pregnancy as well as liver 

samples from mothers and their fetuses for studying gene expression of Msx1 and Cx43. The results 

showed that many variations in certain bone formation and development markers were recorded as 

well as there was downregulation of studied genes. In conclusion, the study found that deferoxamine 

affect negatively on certain bone development markers and on gene expression of Msx1 and Cx43 

represented as downregulation.   

 Keywords:  deferoxamine, fetal bone development, gene expression, Msx1, Cx43 

 

 

 تأثير الديفيروكسامين على تكوين عظام الجنين وعلى بعض الجينات المنظمة

 علي سعيد الجلبي         عبير أسماعيل ذنون
 فرع الفسلجة والكيمياء الحياتية والأدوية, كلية الطب البيطري, جامعة الموصل

  abeersomaedie@gmail.comالمؤلف المسؤول 

 

 الخلاصة

على تكوين عظام الجنين لدى الجرذان وعلى بعض الجينات  الهدف من هذه الدراسة هو التحري عن تأثير ديفيروكسامين

 200-170وزن المنظمة التي تلعب دورًا رئيسيًا حيويًا في تكوين العظام. تم استخدام ستين جرذا بالغا بعمر ثلاثة أشهر ومتوسط 

ً إلى مجموعتين. مجموعة السيطرة ) مل من محلول الملح  0.3( حقنت 30غرام في هذه الدراسة. وزعت الجرذان عشوائيا

مجم / كغم طول فترة الحمل من اليوم الأول  100الفسيولوجي وومجموعة الديفيروكسامين ميثان حقنت داخل الخلب يوميًا بجرعة 

للحمل حتى آخر يوم من الحمل. تم اختيار عينات الهيكل العظمي وصبغها بصبغة الأليزارين الحمراء والأليشيان الزرقاء على ستين 

و  Msx1يوما من الحمل فضلا عن جمع عينات الكبد من الأمهات وأجنتها لدراسة التعبير الجيني لـ  20ا من كل مجموعة في جنين

Cx43 أظهرت النتائج أنه تم تسجيل العديد من الاختلافات في تكوين عظام معينة وعلامات التطور بالإضافة إلى انخفاض تنظيم .

دت الدراسة أن الديفيروكسامين يؤثر سلبًا على بعض علامات نمو العظام وعلى التعبير الجيني الجينات المدروسة. في الختام, وج

 .الذي يمثله انخفاض التنظيم Cx43و  Msx1لـ 

 

 Msx1  ,Cx43ديفيروكسامين , نمو عظام الجنين , التعبير الجيني , الكلمات المفتاحية: 
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Introduction  

The importance of calcium in building 

the skeleton of the fetus increases day after day 

as pregnancy progresses, the placenta plays a 

vital role in transporting huge quantities of 

calcium to build fetal skeleton rapidly (1). At 

the time of organogenesis starting until end of 

gestation period, maternal bone resorption and 

development are both expanded (2). On other 

hand, evidence from studies conducted in both 

humans and rats suggests that iron is necessary 

for balanced bone metabolism, and moderate 

to severe dietary iron deficiency in rats results 

in altered bone morphology and 

microarchitecture, decreased density and 

strength in femurs and vertebrae, and increased 

urinary bone turnover markers (3,4). 

Deferoxamine (DFO) which is an iron chelator 

has been successfully used for the treatment of 

acute iron poisoning and chronic iron overload 

(5). The use of the DFO in pregnant 

thalassemia women with iron overload has 

been generally avoided due to fear of its 

potential teratogenicity (6). However, due to 

uncertainty of its safety for the developing 

fetus, it has generally been restrained during 

pregnancy and because of the concern over its 

teratogenic potential. Although there is an 

inadequacy of information regarding the 

maternal and embryo/fetal toxicity of DFO, 

only minor developmental effects represented 

as retardation of bone ossification, vertebral 

aplasia, bifurcation, and fusion of ribs were 

seen following DFO administration during 

pregnancy (7,8).  

Daily DFO, more than the dose as long 

term exposure, could be related to bone 

abnormalities (9) and reduced bone formation 

and resorption maybe due to iron chelation 

(10). One of the developmental toxicity studies 

is the study of a substance-induced prenatal 

growth retardation as an outcome of a 

reduction of average fetal body weight (11). 

The relationship between body weight at term 

and extent of ossification of the fetal skeleton 

has not been extensively investigated and the 

spongy, incompletely, and poorly ossified 

bones as well as unossified ossification centers 

have also been taken as indicators of delayed 

ossification of the fetal skeleton. Therefore, the 

purpose of this study is to investigate the 

deferoxamine effect on rat fetal bone 

formation and on certain regulating genes 

expression that play a vital key role in bone 

formation. 

Material and methods     

Animals and experimental design 

Sixty albino adult female rats three 

months old with average weight 170-200g 

were employed in this study. The rats were 

distributed randomly in to two groups. Control 

group (n=30) receiving 0.3ml ip physiological 

saline and (deferoxamine methane, 

NOVARTIS-Switzerland,) intra peritoneal 

daily at a dose of 100 mg / kg throughout the 

pregnancy from the first day of pregnancy until 

last day of pregnancy. Rats were placed in 

plastic cages under appropriate environmental 

conditions in terms of temperature (24 ± 1 ° C), 

humidity (60 ± 10%). Ventilation, adequate 

lighting, and water and feed were provided to 

them freely throughout the experiment period. 

At the end of the treatment for each group fetal 

samples for skeleton staining, and liver 

samples were collected for gene expression of 

Msx1 and Cx43 and kept at -80° C. 

Skeleton sampling and staining  

Sixty fetuses were chosen from each 

group at 20 days of pregnancy from mothers. 

Fetuses were removed by cesarean section 

after euthanized the animals. Fetuses were 

fixed with ethanol 95% up to 7 days in 

preparation for the skeletal staining process 

(12,13) according to following protocol.   

Fixation process; the skin of the rat 

fetuses was carefully removed and eviscerated 

completely after fixation with 95% ethanol for 

7 days at room temperature, and then left in 

ethanol for an additional two weeks. Then the 

fetuses were transferred to one-liter plastic 

containers containing pure acetone to be rid of 

the adipose tissue from the fetuses and kept for 

24 hours at room temperature. 

 

 Staining process; in this step, the stain 

was prepared as follows: Prepared 0.1% of 

Alizarin red-S in 95% ethanol by dissolving 

250 mg of stain in 250 ml 95% ethanol. 

Prepared 0.3% of Alcian blue in 70% ethanol 

by dissolving 750 mg of stain in 250 ml (70% 
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ethanol) plus 250 ml ice acetic acid, after 

which 0.1% Alizarin red-S stain was added to 

0.3% Alcian blue and the final volume was 

completed to 5 liters of 70% ethanol. For the 

staining of the fetuses, the fetuses were 

transferred from the acetone container to other 

containers containing the mixture of the two 

stains and placed in the incubator at 40° C for 

one week. After which the fetuses were 

washed from the stain with tape water until all 

the stain was removed from the body. The 

fetuses and the process took 3-5 hours 

according to the amount of saturated pigment 

in the body of the embryo. Then fetuses were 

transferred to the final stage of the staining 

process, which is the process of digestion and 

visible the skeleton.  

Digestion and clearing process; in this 

step, the fetuses were transferred to a container 

containing 2% KOH solution for 48 h. Then, 

the fetuses were placed in a 20% aqueous 

solution of 1% KOH glycerol and left until the 

skeleton was clearly visible. The skeletal 

samples were transferred to other plastic 

containers containing 1: 1 glycerol: 95% 

ethanol solution for 24 hours at room 

temperature. The skeletons were passed 

through two concentrations of a glycerol 

solution - ethanol, 50% and 80%, for one week 

and for each concentration. The skeletons were 

then transferred to other container containing 

100% pure glycerin. The skeletons were 

examined under a stereo-microscope and 

images of the various parts of the skeleton 

were taken by the camera attached to the 

microscope. 

Detection of Msx1 and Cx43 mRNA 

expression using semi-quantitative PCR  

RT-qPCR protocol  

Liver samples that kept at -80° C were 

used to extract RNA using an RNA extraction 

kit (RNA General Extraction Kit, Genome, 

USA). According to the kit instructions. 

Transcription of RNA to cDNA was done by 

using a special kit to transcribe the RNA into 

DNA (wizScript RT FDmix (dT20), south 

korea) where, the Rt FDmix tube was placed 

on the PCR tube rack of the PCR polymerase 

chain, and 5µg of the extracted RNA was 

added to each tube and added to it. 20µl of 

RNase-free water. The tubes were placed in the 

Thermal cycler according to the instructions 

for the kit used and as follows: 25ºc /10 min, 

42ºc /30 min, 85ºc /5 min, and 4ºc /hold. The 

cDNA samples are ready for the last stage of 

gene expression measurement and the samples 

were stored at -20 ° C for qPCR. 

Gene expression analysis for Msx1 and 

Cx43 was performed according to the 

following sequence Msx1; F: 5'-

GCCTGCACCCTACGCAAGCA-3' R:5'-

AGCAGGCGGCAACATTGGCT-3'.Cx43; F: 

5'-TCCTTTGACTTCAGCCTCCAAGGAG-

3' 

R: 5'-GCAGACGTTTTCGCAGCCAGG-3'. 

(14). Real-time PCR was performed to analyze 

the gene expression using a BIO-RAD CFX96 

system and SYBR green method using 

FastStart Universal SYBR Green Master (Rox) 

kit (Roche's diagnostics GmbH, Germany). 

Relative gene expression was determined by 

relative qPCR by the use of the comparative 

CT method. RT-qPCR reaction in all samples 

was conducted in the total reaction mixture 

volume of 25 μl as follows: 12.5 μl FastStart 

Universal SYBR Green Master (Rox), 1 μl 

forward primer (20 pmol/μl), 1 μl Reverse 

primer (20 pmol/μl), 2 μl cDNA and 8.5 μl 

sterile water. The thermal cycling conditions 

for qPCR were an initial denaturation for three 

minutes at 95 oC, followed by 35 cycles of 

annealing 95 oC for one minute, and 60 oC for 

one minute, and extension at 72 oC for one 

minute. The Bio-Rad CFX Manager 

3.1.1517.823 software was used to analyze the 

relative quantitative PCR, and values obtained 

from each sample were normalized to glucose-

6-phosphate dehydrogenase expression F: 5'-

GGCTCTCTGCTCCTCCCTGTTCTA-3' R: 

5'-TGCCGTTGAACTTGCCGTGG-3'. 

(Integrated DNA technologies, Singapore).  

 

Statistical analysis 

All data were expressed as mean ± S.E, 

independent t-test was employed for 

determining the significant variation between 

studied groups. Whereas, the Chi-square test 

was employed for determining the significant 

variation among studied variations by using 

spss software v. 23. and P-value 0.05 was 

considered significant. 
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Results 

Effect of DFO injection during pregnancy 

on fetal bone formation 

Intrauterine exposure to DFO up to 20 

days during pregnancy revealed a significant 

variation in fetal bone formation characterized 

by clear variations in the degree of 

mineralization, ossification, bone 

development, and bone fragmentation as well 

as other markers.  

Loss of mineralization, the percentage 

of loss of mineralization in head and thorax 

region showed significant increase in bones of 

DFO fetuses group compare to control fetuses' 

bones at P-values 0.018 and 0.013, 

respectively. Despite the elevation of loss of 

mineralization % in pelvic and limbs' bones of 

DFO fetuses' bones with respect to control 

fetuses' bones, but still non-significant and P-

values 0.091 and 0.268 respectively. (Figure 1)  

  

Figure 1: Effect of DFO on mineralization degree in fetal bones 

 

Development delayed, the percentage of delayed bone development exhibited significant 

elevation of head bones in DFO fetuses' group compare to control group (P-value 0.027). Whereas, 

the elevation of the rate of the development delay in limbs bones was non-significant (P-value 0.093). 

Figure 2 

 

 

 

 

 

 

 

 

Figure 2: Effect of DFO on the rate of bone development delay of fetuses' bones 
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Bone fragmentation was recorded in the bones of the pelvis and limbs and significantly higher 

in the bones of DFO fetuses' group compared to control fetuses (P-value 0.000). Whilst, the head 

bone s did not show any variation in the rate of bone fragmentation between studied groups (P-value 

0.651). Figure 3   

 

Figure 3: Effect of DFO on bone fragmentation rate in fetal bones 

 

Soft plate development data revealed significant increase in soft plate development of 

fetuses' head bones belongs to DFO fetuses group compared to control fetuses' head bones (P-value 

0.017). Figure 4 

 

 

 

 

 

 

 

Figure 4: Effect of DFO on soft plate development in fetal head bones 

 

Distinct proximal epiphyseal plate non-differentiation was recorded in 18% of the fetuses of 

the DFO group compared to that of the 0% undifferentiated distinct proximal epiphyseal plate of the 

fetuses of the control group. This percentage is considered significantly high at the P-value 0.000. 

Figure 5 
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Figure 5: Effect of DFO on distinct proximal epiphyseal plate differentiation in fetal bones 

 

Conformation of long bones showed well conformation of fetal long bones and exhibited no 

significant variations between studied groups regarding the percentage of non-conforming of the 

long bones in the limbs despite their height in DFO group (P-value 0.088). Figure 6 

 

 

 

 

 

 

 

Figure 6: Effect of DFO on conformation of long bones in fetal bones 

 

Osteochondral lines development in fetal bones, the statistical analysis of the percentage of 

non-development of the osteochondral lines of the thorax bones resulted in a significant increase in 

the fetuses' bones of the DFO stressed group compared to control fetuses bones (P-value 0.002). 

While, no differences were recorded for this criterion of the bones of the pelvis and limbs between 

the fetuses of all groups (P-value 0.165, 0.579 respectively). Figure 7 
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Figure 7: Effect of DFO on osteochondral lines development in fetal bones 

 

Crookedness/Malformation/Tortuous, the percentage of crookedness/malformation/tortuous 

were significantly higher in some thorax bones reaching 18% in the thorax bones of the DFO stressed 

group than in the fetuses of the control group 3% at P-value 0.001. No significant difference was 

recorded for the same criterion in the limbs' bones between the fetuses' bones of studied groups P-

value 0.708. Figure 8 

Figure 8: Effect of DFO on crookedness/malformation/tortuous in fetal bones 

Absence of bones, examination of the fetuses of the DFO stressed group resulted in a 

significant increase in the percentage of bone loss compared to the fetuses of the control group of the 

head bones (P-value 0.043). Whereas no significant differences were recorded for the thorax bones 

between the fetuses' bones of all groups (P-value 0.651). Figure 9 
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Figure 9: Effect of DFO on absence of bones in fetal bones 

 

Curving of the bones, statistical analysis using chi-square test did not result in any significant 

differences in the percentage of curving bones of the thorax and limbs between the fetuses' bones of 

the studied groups (P-value 0.297 and 0.249) respectively. Figure 10 

 

 

Figure 10: Effect of DFO on curving of the bones in fetal bones 
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Figure 11: Effect of DFO on Cx43 gene expression in both pregnant rats and fetuses 

 

 

 

 

 

 

 

 

 

 

Figure 12: Scheme showing gene expression of Cx43 from cDNA isolated from fetuses and mothers 

of experimental rats. The green line represents the gene expression of the mothers of the control 

group. The black line represents the gene expression of the mothers of the DFO group. The blue line 

represents gene expression of control group fetuses. The red line represents the gene expression of 

the fetuses of the DFO group 
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Figure 13: Effect of DFO on Msx1 gene expression in both pregnant rats and fetuses 

 

 

 

 

 

 

 

 

 

Figure 14: Scheme showing gene expression of Msx1from cDNA isolated from fetuses and 

mothers of experimental rats. The green line represents the gene expression of the mothers of the 

control group. The black line represents the gene expression of the mothers of the DFO group. The 

blue line represents gene expression of control group fetuses. The red line represents the gene 

expression of the fetuses of the DFO group 

Discussion  
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critical in the formation of the skeleton as well 

as the organogenesis that are exposed to many 
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The current study has demonstrated 
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indirect effect of desferal on the induction of 

oxidative stress because of its interference with 

the level of oxygen in the fetal tissues as a 

result of desferal interaction on iron 

metabolism (17). The reason for these changes 

may be attributed to the enzymatic activity 

associated with the growth and development of 

the embryos and its increased influence on the 

metabolic processes in the placenta. This is due 

to the imbalance of oxygen levels in the 

placental tissue, which results in an excessive 

increase in the synthesis and production of free 

radicals (18). It is known that placental 

hypoxia is closely related to the conversion of 

the enzyme xanthine dehydrogenase into 

xanthine oxidase, the main source and 

important in the generation of cytotoxic free 

superoxide radicals (19). This supports our 

hypothesis that the lack of oxygen resulting 

from the oxidation of iron in cytosol and its 

conversion from the Fe+2 to the Fe+3 that 

negatively affects the transport of oxygen to 

the placental cells (20). As a result of the 

increase in free hydroxyl radicals by an amount 

greater than the capacity of cell defenses from 

antioxidants transforming the placental 

environment into an oxidizing environment 

not conducive to the growth and development 

of embryos (21). Other reason for the changes 

in the growth and development of bones may 

be attributed to the defect in the level of IGF-

1, which is important in converting cartilage 

cells into osteons and contributing to the 

mineralization process (22). Where (23) 

pointed to the vital and critical role of IGF-1 in 

regulating the growth of embryos and the 

formation of different tissues during the 

embryonic stage and the postpartum stage 

through the ability of this factor to promote 

division, migration and survival of cells in 

addition to protein synthesis. A study done by 

(24) showed that postnatal growth and survival 

rates in newborns with mutations in IGF-1 

suffer from delayed bone growth and 

development. This support our hypothesis that 

oxidative stress caused inhibition of IGF-1, 

which in turn led to a defect in the processes of 

ossification and the transformation of cartilage 

into bone. This may be due to its interference 

with the genes responsible for building and 

developing bone and cartilage naturally, for 

example Cx43 and Msx1 who have an active 

role in the growth and development of bones.  

In normal bone growth, calcification of 

the cartilage matrix is associated with a 

specific stage in the development of 

chondrocytes, and with the progression of the 

primitive bone marrow that is involved in 

removing the chondrocytes and replacing them 

with bone (25). In this stage the chondrocytes 

enlarge and the cytoplasm disintegrates, and 

the enlargement of the chondrocytes and the 

enlargement of their gaps in the cartilage 

matrix gradually reduces the thin, irregular and 

permeable septum, after which the remaining 

hyaline matrix is calcified (26). These parts 

will be colored red and blue by the Alizarin red 

(bone stain) and Alcian blue (cartilage stain) 

according to the degree of mineralization and 

ossification of the skeleton (27). The lack of 

oxygen plays an important role in the 

differentiation and normal growth of bone 

cells, as the lack of oxygen negatively affects 

the growth and differentiation of bone cells by 

activating the extracellular signal-regulated 

kinases and mitogen-activated protein 

(ERK1/2 MAPK) pathway. This pathway 

transports the MAPK into the nucleus, causing 

the reduction of the gene expression 

responsible for the ossification process. The 

reason for the variation in the mineralization 

and ossification is attributed to the increased 

phosphorylation of ERK1/2 MAPK that 

contribute to the differentiation of bone cells 

under hypoxic conditions (28). This supports 

our hypothesis that DFO caused a lack of 

oxygen in the bone tissue of the fetuses and 

that the lack of oxygen inhibited the 

ossification process through the 

aforementioned pathway. The other reason for 

the low ossification rate may also be attributed 

to the direct interaction of the excessive 

formation of free radicals, and the low level 

and efficiency of antioxidants. This in turn 

increases the inhibition of bone deposition 

when primary ossification centers form during 

embryonic development through the 

interaction with the processes of bone 

mineralization and the intensity of the bone 

turnover processes, thus directly affecting the 

formation and development of the fetus' 

skeleton. 
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There are many genes that have a 

distinct role in the process of regulating bone 

formation through the process of regulating 

mineral deposition in bone tissue during the 

period of skeletal formation, for example the 

Cx43 and Msx1 genes. Msx1 is known as a 

homeodomain transcription factors that encode 

genes is a much needed for the development of 

the cranial, limb and nervous system. The 

genes of the Msx family have been classified 

as regulatory proteins, and their responsibility 

is in-vitro, in-vivo, and transcription inhibitors. 

This is evident in the phenotypic abnormalities 

that appear in rats, mice and humans because 

this gene is vital and essential in the normal 

formation of the cranial organs, and the limbs 

(29). In the development of vertebrate 

embryos, the gene expression of Msx1 and 

Msx2 is strongly observed in the developing 

craniofacial areas in an overlapping manner. 

This indicates the role of Msx genes in 

craniofacial development (30). The 

downregulation of the Msx1 gene during the 

growth of mouse embryos resulted in 

decreased hyoid bone and cranial neural-crest 

derivatives that were identified by the lack of 

calcified tissue in different parts of the fetal 

skull and this is consistent with what was 

reported (31). (32), reported that the gene 

expression of Msx1 in both osteoblast and 

osteoclast cells and that differentiation of 

periosteoclasts is associated with 

downregulation of Msx1, while in the endo-

skeletal, it is associated with both 

differentiated osteoblasts and osteoclasts via 

expression Genetic for homeoprotein. In 

previous studies that support the current 

results, they were proved that the main factor 

in the formation of the cranial skeleton is Msx1 

and that any changes in gene expression or 

mutations lead to defects in the growth of teeth 

and delayed growth. In addition to that 

abnormalities in the teeth and cranial bones 

and cleft palate (33-35). This is demonstrated 

by our current study of high cleft palate, as 

well as delayed bone growth in fetuses. 

Connexin 43 (Cx43) is the most 

abundant gene from the connexin family of 

proteins in bone and is expressed in 

osteoclasts, osteoblasts, and osteocytes (36, 

37). The Cx43 gene is called a gap junction 

protein, forming a channel called a gap 

junction channel that facilitates 

communication between adjacent cells in bone 

as well as in other tissues. gap junction protein 

channel is formed by the fusion or coupling of 

two channels of this protein (Cx43) on the 

membranes of the opposite cells to allow direct 

exchange (38). Cx43 contributes to peak bone 

mass in addition to the cortical modeling of 

long bones and the maintenance of bone 

quality. Cx43 also contributes in a variety of 

ways to the bone’s response to hormonal and 

mechanical signals (39). (40), noted that the 

Cx43 protects the bone cells from oxidative 

stress damage and that the decrease in its gene 

expression causes the overproduction of ROS, 

which in turn increases the rate of programmed 

death of these cells. The other reason is 

osteocytes are affected by oxidative stress may 

be attributed to the stress of endoplasmic 

reticulum, which plays an important role in the 

gene expression of Cx43 (41). These evidences 

also support our findings about role of Cx43 in 

regulating bone formation and development.  

Conclusion 

The study concludes that pregnant rats' 

model exposed to DFO during pregnancy were 

affected negatively on fetal bone formation 

and developments through clear variations in 

the degree of mineralization, ossification, bone 

fragmentation, cleft palate development and 

other studied bone development markers. 

Furthermore, the DFO affect in direct and clear 

manner on gene expression, although it is 

insignificant Msx1 and Cx43 genes showed 

downregulation expression in both pregnant 

rats and their fetuses.  

Acknowledgments   

The authors were deeply thanks faculty 

of Veterinary College and department of 

Physiology, Biochemistry & Pharmacology 

for authenticate the research project, 

generously support it and provide all the 

necessary requirements for its implementation. 

Conflict of interest 

The authors have no conflicts of 

interest. 

References 

1.  Hacker AN, Fung EB, King JC. Role of 

calcium during pregnancy: maternal and 

fetal needs. Nutrition Reviews. 2012 Jul 



Kufa Journal For Veterinary Medical Sciences               Vol. (12)           No. (1)               2021 
 

13 
 

1;70(7):397–409.  

2.  Hellmeyer L, Ziller V, Anderer G, 

Ossendorf A, Schmidt S, Hadji P. 

Biochemical markers of bone turnover 

during pregnancy: A longitudinal study. 

Experimental and Clinical 

Endocrinology and Diabetes. 2006 

Oct;114(9):506–10.  

3.  Medeiros DM, Plattner A, Jennings D, 

Stoecker B. Bone morphology, strength 

and density are compromised in iron-

deficient rats and exacerbated by 

calcium restriction. Journal of Nutrition. 

2002 Oct 1;132(10):3135–41.  

4.  Katsumata S, Katsumata-Tsuboi R, 

Uehara M, Suzuki K. Severe Iron 

Deficiency Decreases Both Bone 

Formation and Bone Resorption in Rats. 

The Journal of Nutrition. 2009 Feb 

1;139(2):238–43.  

5.  Domingo JL. Developmental toxicity of 

metal chelating agents. Vol. 12, 

Reproductive Toxicology. 1998. p. 

499–510.  

6.  Singer ST, Vichinsky EP. 

Deferoxamine treatment during 

pregnancy: Is it harmful? American 

Journal of Hematology. 1999 Jan 

1;60(1):24–6.  

7.  Khoury S, Odeh M, Oettinger M. 

Deferoxamine treatment for acute iron 

intoxication in pregnancy. Acta 

Obstetricia et Gynecologica 

Scandinavica. 1995;74(9):756–7.  

8.  Blanc P, Hryhorczuk D, Danel I. 

Deferoxamine Treatment of Acute Iron 

Intoxication in Pregnancy. Obstetrics & 

Gynecology. 1984 Sep 

1;64(Supplement):12S-14S.  

9.  ORIGA R, FIUMANA E, 

GAMBERINI MR, ARMARI S, 

MOTTES M, SANGALLI A, et al. 

Osteoporosis in β-Thalassemia: Clinical 

and Genetic Aspects. Annals of the New 

York Academy of Sciences. 2005 Nov 

1;1054(1):451–6.  

10.  Messer JG, Cooney PT, Kipp DE. Iron 

chelator deferoxamine alters iron-

regulatory genes and proteins and 

suppresses osteoblast phenotype in fetal 

rat calvaria cells. Bone. 2010 May 

1;46(5):1408–15.  

11.  Aliverti V, Bonanomi L, Giavini E, 

Leone VG, Mariani L. The extent of 

fetal ossification as an index of delayed 

development in teratogenic studies on 

the rat. Teratology. 1979;20(2):237–42.  

12.  Ovchinnikov D. Alcian blue/alizarin red 

staining of cartilage and bone in mouse. 

Cold Spring Harbor Protocols. 

2009;4(3):5170–2.  

13.  Nagy A, Gertsenstein M, Vintersten K, 

Behringer R. Alcian blue staining of the 

mouse fetal cartilaginous skeleton. Cold 

Spring Harbor Protocols. 

2009;4(3):5169–71.  

14.  Ashraf El-Sayed, Hoda S.Badr, Rania 

Yehia, Salem M. Salem AMK. Effects 

of thirty minute mobile phone 

irradiation on morphological and 

physiological parameters and gene 

expression in pregnant rats and their 

fetuses. African Journal of 

Biotechnology. 2011;10(26):19670–80.  

15.  Strong RM. The order, time, and rate of 

ossification of the albino rat (Mus 

norvegicus albinus) skeleton. American 

Journal of Anatomy. 1925 Nov 

1;36(2):313–55.  

16.  Chen JM. Studies on The 

Morphogenesis Of The Mouse Sternum 

I. Normal Embryonic Development. 

Journal of anatomy. 1952;86(Pt 4):373.  

17.  Zeinivand, M., Nahavandi, A., & Zare 

M. Deferoxamine regulates 

neuroinflammation and oxidative stress 

in rats with diabetes-induced cognitive 

dysfunction. Inflammopharmacology. 

2020;28(2):575–83.  

18.  Duhig K, Chappell LC, Shennan AH. 

Oxidative stress in pregnancy and 

reproduction. Obstetric medicine. 2016 

Sep 8;9(3):113–6.  



Kufa Journal For Veterinary Medical Sciences               Vol. (12)           No. (1)               2021 
 

14 
 

19.  Poston L, Igosheva N, Mistry HD, Seed 

PT, Shennan AH, Rana S, et al. Role of 

oxidative stress and antioxidant 

supplementation in pregnancy 

disorders. American Journal of Clinical 

Nutrition. 2011;94(6):1980–5.  

20.  Burton GJ, Jauniaux E. Oxidative stress. 

Best Practice and Research: Clinical 

Obstetrics and Gynaecology. 

2011;25(3):287–99.  

21.  McGarry T, Biniecka M, Veale DJ, 

Fearon U. Hypoxia, oxidative stress and 

inflammation. Vol. 125, Free Radical 

Biology and Medicine. Elsevier Inc.; 

2018. p. 15–24.  

22.  Setia S, Sridhar MG. Cha noes in 

GH/IGF-1 axis in intrauterine growth 

retardation: Consequences of fetal 

programming? [Internet]. Vol. 41, 

Hormone and Metabolic Research. © 

Georg Thieme Verlag KG Stuttgart · 

New York; 2009 [cited 2020 Oct 20]. p. 

791–8. Available from: 

http://www.thieme-

connect.de/DOI/DOI?10.1055/s-0029-

1231026 

23.  Yin W, Park JI, Loeser RF. Oxidative 

stress inhibits insulin-like growth 

factor-I induction of chondrocyte 

proteoglycan synthesis through 

differential regulation of 

phosphatidylinositol 3-kinase-Akt and 

MEK-ERK MAPK signaling pathways. 

Journal of Biological Chemistry 

[Internet]. 2009 Nov 13 [cited 2020 Oct 

22];284(46):31972–81. Available from: 

http://www.jbc.org/ 

24.  Baker J, Liu JP, Robertson EJ, 

Efstratiadis A. Role of insulin-like 

growth factors in embryonic and 

postnatal growth. Cell. 1993 Oct 

8;75(1):73–82.  

25.  McLean FC, Bloom W. Calcification 

and ossification. Calcification in normal 

growing bone. The Anatomical Record. 

1940 Nov 1;78(3):333–59.  

26.  Yasui N, Sato M, Ochi T, Kimura T, 

Kawahata H, Kitamura Y, et al. Three 

Modes of Ossification during 

Distraction Osteogenesis in the Rat. The 

Journal of Bone and Joint Surgery 

British volume. 1997 Sep 1;79-

B(5):824–30.  

27.  Nagy A, Gertsenstein M, Vintersten K, 

Behringer R. Alcian Blue Staining of 

the Mouse Fetal Cartilaginous Skeleton. 

Cold Spring Harbor Protocols. 2009 

Mar 1;2009(3):pdb.prot5169-

pdb.prot5169.  

28.  Wang Y, Li J, Wang Y, Lei L, Jiang C, 

An S, et al. Effects of hypoxia on 

osteogenic differentiation of rat bone 

marrow mesenchymal stem cells. 

Molecular and Cellular Biochemistry. 

2012 Dec 25;362(1–2):25–33.  

29.  Alappat S, Zhang ZY, Chen YP. Msx 

homeobox gene family and craniofacial 

development. Vol. 13, Cell Research. 

Nature Publishing Group; 2003. p. 429–

42.  

30.  Nassif A, Senussi I, Meary F, Loiodice 

S, Hotton D, Robert B, et al. Msx1 role 

in craniofacial bone morphogenesis. 

Bone. 2014 Sep;66:96–104.  

31.  Winograd J, Reilly MP, Roe R, Lutz J, 

Laughner E, Xu X, et al. Perinatal 

lethality and multiple craniofacial 

malformations in MSX2 transgenic 

mice. Human Molecular Genetics. 1997 

Mar 1;6(3):369–79.  

32.  Orestes-Cardoso S, Nefussi JR, Lezot F, 

Oboeuf M, Pereira M, Mesbah M, et al. 

Msx1 is a regulator of bone formation 

during development and postnatal 

growth: In vivo investigations in a 

transgenic mouse model. Connective 

Tissue Research. 2002;43(2–3):153–60.  

33.  Van Den Boogaard MJH, Dorland M, 

Beemer FA, Van Amstel HKP. MSX1 

mutation is associated with orofacial 

clefting and tooth agenesis in humans. 

Nature Genetics. 2000 Apr;24(4):342–

3.  

34.  Vastardis H, Karimbux N, Guthua SW, 



Kufa Journal For Veterinary Medical Sciences               Vol. (12)           No. (1)               2021 
 

15 
 

Seidman JG, Seidman CE. A human 

MSX1 homeodomain missense 

mutation causes selective tooth 

agenesis. Nature Genetics. 1996 

Aug;13(4):417–21.  

35.  Lidral AC, Reising BC. The role of 

MSX1 in human tooth agenesis. Journal 

of Dental Research. 2002 Apr 

13;81(4):274–8.  

36.  Civitelli R, Beyer EC, Warlow PM, 

Robertson AJ, Geist ST, Steinberg TH. 

Connexin43 mediates direct 

intercellular communication in human 

osteoblastic cell networks. Journal of 

Clinical Investigation. 1993 May 

1;91(5):1888–96.  

37.  Ilvesaro J, Väänänen K, Tuukkanen J. 

Bone-Resorbing Osteoclasts Contain 

Gap-Junctional Connexin-43. Journal of 

Bone and Mineral Research. 2010 Feb 

18;15(5):919–26.  

38.  Stains JP, Civitelli R. Connexins in the 

skeleton. Vol. 50, Seminars in Cell and 

Developmental Biology. Academic 

Press; 2016. p. 31–9.  

39.  Civitelli R, Donahue HJ. Connexins in 

skeletal biology. In: Connexins: A 

Guide. Humana Press Inc.; 2009. p. 

371–86.  

40.  Kar R, Riquelme MA, Werner S, Jiang 

JX. Connexin 43 channels protect 

osteocytes against oxidative stress-

induced cell death. Journal of Bone and 

Mineral Research. 2013 

Jul;28(7):1611–21.  

41.  Shi L, Shi G, Li T, Luo Y, Chen D, Miao 

J, et al. The endoplasmic reticulum 

stress response participates in connexin 

43-mediated ossification of the 

posterior longitudinal ligament 

[Internet]. Vol. 11, Am J Transl Res. 

2019 [cited 2020 Oct 23]. Available 

from: www.ajtr.org 

 


