
    
      
        
          
        
      

    


[image: ]



  
    
    
      While every precaution has been taken in the preparation of this book, the publisher assumes no responsibility for errors or omissions, or for damages resulting from the use of the information contained herein.

    
    

    
      ENDOCRINE DISEASES

    

    
      First edition. March 3, 2026.

      Copyright © 2026 Ahmed Ahmed.

    

    
    
      Written by Ahmed Ahmed.

    

    
      10 9 8 7 6 5 4 3 2 1

    

  



	[image: ]

	 
	[image: ]





[image: ]


​DEDICATION

[image: ]





● The main concern of the thesis is drawing the public attention to eradicate as possible, the thyroid hypo- or hyperfunctioning among women in the childbearing age and to compromise as well the undesirable detrimental impacts in the resultingprogeny.

● The adequate functioning of the maternal thyroid gland plays an important role to ensure that the newborns develop normally.

●  Generally, mothers with hypo- or hyper-functioning thyroid glands are at increased risk for newborns defects concomitant with the disturbances induced in the maternal hormonal machinery.

● Thyroid hormones may play an important role in the growth and differentiation of neurons and skeletal tissues. Also, thyroid dysfunction during the brain maturation not only may cause histological and functional alterations, but also may disrupt interneuronalconnections and neuronal integration.

●  Administrations of methimazole (MMI) and exogenous thyroxine (T4) to mothers may cause a number of injurious anomalies in the development of their newborns and may lead to a pathophysiological state.
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Figure 1: Bilobed structure of thyroid gland and the structural formula of its hormones and precursor compounds.


Figure 2: Basic elements in the regulation of thyroid function.
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Figure 3: The basic deiodinase reactions.
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Figure 4: Maternal-fetal thyroid axis.
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Figure 5: Thioureylene (TUL) drugs.



––––––––

[image: ]



Figure 6: Different cases of hyperthyroidism.
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Figure 7: Schematic representation of the possible interactions between the thyroid and GABA systems in vertebrates.




Figure 8: Summary about the experimental schedule.
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Figure 9: Sagittal sections in the thyroid gland of rat newborns showing its size:

-  At the end of the 1st postnatal week in normal (A1), hypothyroid  (B1) and

hyperthyroid newborns (C1).
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-  At the end of the 2nd postnatal week in normal (A2), hypothyroid (B2) and hyperthyroid newborns (C2a & C2b).


-  At the end of the 3rd postnatal week in normal (A3), hypothyroid (B3)   and

hyperthyroid newborns (C3a & C3b).
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(H. & E. stain, X100)
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Figure 10: Sagittal sections in the thyroid gland of rat newborns at the end of the 1st postnatal week in normal (A), hypothyroid (B1-B3) and hyperthyroid newborns (C1 & C2).
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(H. & E. stain, X400)
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Figure 11: Sagittal sections in the thyroid gland of rat newborns at the end of the 2nd postnatal week in normal (A), hypothyroid (B1-B3) and hyperthyroid newborns (C1 & C2).
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(H. & E. stain, X400)
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Figure 12: Sagittal sections in the thyroid gland of rat newborns at the end of the 3rd postnatal week in normal (A), hypothyroid (B1-B3) and hyperthyroid newborns (C1 & C2).
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(H. & E. stain, X400)
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Figure 13: The dorsal morphological structure of the whole brain of white albino rat.
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14: Diagrammatic illustrations of the whole brain of white albino rat.
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Figure 15: Sagittal sections in the cerebellar cortex at the end of the 1st postnatal week in normal (A1, X100 and A2, X400), hypothyroid (B1-B3, X400 and B4, X500) and hyperthyroid rat newborns (C1-C3, X400 and C4, X500). (H. & E. stain)




Figure 16: Sagittal sections in the cerebellar cortex at the end of the 2nd postnatal week in normal (A1, X100 and A2, X400), hypothyroid (B1-B4, X400 and B5, X500) and hyperthyroid rat newborns (C1-C3, X400 and C4, X500).





	[image: ]

	 
	[image: ]





[image: ]


(H. & E. stain)
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Figure 17: Sagittal sections in the cerebellar cortex at the end of the 3rd postnatal week in normal (A1, X100 and A2, X400), hypothyroid (B1-B4, X400 and B5, X500) and hyperthyroid rat newborns (C1-C3, X400 and C4, X500).
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(H. & E. stain)
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Figure 18: Transverse sections in the cerebellar cortex of rat newborns showing the precipitations of neutral mucopolysaccharides (NMP).

-  At the end of the 1st postnatal week in normal (A1), hypothyroid  (B1) and

hyperthyroid newborns (C1).

-  At the end of the 2nd postnatal week in normal (A2), hypothyroid (B2) and hyperthyroid newborns (C2).
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-  At the end of the 3rd postnatal week in normal (A3), hypothyroid (B3) and hyperthyroid newborns (C3).
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(PAS- Stain, X400)
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Figure 19: Sagittal sections in the cerebellar cortex of normal, hypothyroid and hyperthyroid rat newborns, at the end of the 1st postnatal week, showing the following neurons:

- Purkinje cells (A1: Normal; B1: Hypothyroid; C1: Hyperthyroid).

- Stellate cells (A2: Normal; B2: Hypothyroid; C2: Hyperthyroid).

- Basket cells (A3: Normal; B3: Hypothyroid; C3: Hyperthyroid).

- Golgi cells (A4: Normal; B4: Hypothyroid; C4: Hyperthyroid).

- Granule cells (A5: Normal; B5: Hypothyroid; C5: Hyperthyroid).
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(Golgi - copsch stain, X650)
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Figure 20: Sagittal sections in the cerebellar cortex of normal, hypothyroid and hyperthyroid rat newborns, at the end of the 2nd postnatal week,  showing the followingneurons:

- Purkinje cells (A1: Normal; B1: Hypothyroid; C1: Hyperthyroid).

- Stellate cells (A2: Normal; B2: Hypothyroid; C2: Hyperthyroid).

- Basket cells (A3: Normal; B3: Hypothyroid; C3: Hyperthyroid).

- Golgi cells (A4: Normal; B4: Hypothyroid; C4: Hyperthyroid).

- Granule cells (A5: Normal; B5: Hypothyroid; C5: Hyperthyroid).
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(Golgi - copsch stain, X650)
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Figure 21: Sagittal sections in the cerebellar cortex of normal, hypothyroid and hyperthyroid rat newborns, at the end of the 3rd postnatal week, showing the following neurons:

- Purkinje cells (A1: Normal; B1: Hypothyroid; C1: Hyperthyroid).

- Stellate cells (A2: Normal; B2: Hypothyroid; C2: Hyperthyroid).

- Basket cells (A3: Normal; B3: Hypothyroid; C3: Hyperthyroid).

- Golgi cells (A4: Normal; B4: Hypothyroid; C4: Hyperthyroid).

- Granule cells (A5: Normal; B5: Hypothyroid; C5: Hyperthyroid).





	[image: ]

	 
	[image: ]





[image: ]


(Golgi - copsch stain, X650)
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Figure 22: Sagittal sections in the cerebral cortex at the end of the 1st postnatal week in normal (A1, X200 and A2, X500), hypothyroid (B1, X200; B2, X400 and B3, X500) and hyperthyroid rat newborns (C1, X200; C2, X400 and C3, X500).
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(H. & E. stain)
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Figure 23: Sagittal sections in the cerebral cortex at the end of the 2nd postnatal week in normal (A1, X200 and A2, X500), hypothyroid (B1, X200; B2-B4, X400 and B5, X500) and hyperthyroid rat newborns (C1, X200; C2 & C3, X400 and C4 & C5, X500).





	[image: ]

	 
	[image: ]





[image: ]


(H. & E. stain)
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Figure  24:  Sagittal  sections  in  the  cerebral  cortex  at  the  end  of  the 3rd

postnatal week in normal (A1, X200 and A2, X500), hypothyroid (B1,  X200;
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B2-B4, X400 and B5, X500) and hyperthyroid rat newborns (C1, X200; C2 & C3, X400 and C4 & C5, X500).
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(H. & E. stain)
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Figure 25: Transverse sections in the cerebral cortex of rat newborns showing the precipitations of neutral mucopolysaccharides (NMP).

-  At the end of the 1st postnatal week in normal (A1), hypothyroid  (B1) and

hyperthyroid newborns (C1).

-  At the end of the 2nd postnatal week in normal (A2), hypothyroid (B2) and hyperthyroid newborns (C2).

- At the end of the 3rd postnatal week in normal (A3), hypothyroid (B3)   and

hyperthyroid newborns (C3).

(PAS- Stain, X400)
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Figure 26: Sagittal sections in the cerebral cortex showing the pyramidal  and polymorphous cells in different layers at the end of the 1st postnatal  week of normal, hypothyroid and hyperthyroid rat newborns.

-  Pyramidal cells in layer III (A1: Normal; B1: Hypothyroid; C1: Hyperthyroid).

-  Pyramidal cells in layer IV (A2: Normal; B2: Hypothyroid; C2: Hyperthyroid).

-  Pyramidal cells in layer V (A3: Normal; B3: Hypothyroid; C3: Hyperthyroid).
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-  ​Polymorphous cells in layer VI (A4: Normal; B4: Hypothyroid; C4: Hyperthyroid).


(Golgi - copsch stain, X650)
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Figure 27: Sagittal sections in the cerebral cortex showing the pyramidal  and polymorphous cells in different layers at the end of the 2nd postnatal week of normal, hypothyroid and hyperthyroid rat newborns.

-  Pyramidal cells in layer III (A1: Normal; B1: Hypothyroid; C1: Hyperthyroid).

-  Pyramidal cells in layer IV (A2: Normal; B2: Hypothyroid; C2: Hyperthyroid).

-  Pyramidal cells in layer V (A3: Normal; B3: Hypothyroid; C3: Hyperthyroid).

-  Polymorphous cells in layer VI (A4: Normal; B4: Hypothyroid; C4: Hyperthyroid).

(Golgi - copsch stain, X650)
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Figure 28: Sagittal sections in the cerebral cortex showing the pyramidal  and polymorphous cells in different layers at the end of the 3rd postnatal week of normal, hypothyroid and hyperthyroid rat newborns.

-  Pyramidal cells in layer III (A1: Normal; B1: Hypothyroid; C1: Hyperthyroid).

-  Pyramidal cells in layer IV (A2: Normal; B2: Hypothyroid; C2: Hyperthyroid).
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-  ​Pyramidal cells in layer V (A3: Normal; B3: Hypothyroid; C3: Hyperthyroid).


-  Polymorphous cells in layer VI (A4: Normal; B4: Hypothyroid; C4: Hyperthyroid).

(Golgi - copsch stain, X650)
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Figure 29: General sagittal sections in the cerebral cortex showing the pyramidal (PYC) and polymorphous cells (PMC) in different layers (III, IV, V and VI) at the end of the 3rd postnatal week of normal (A), hypothyroid (B1-B4) and hyperthyroid rat newborns (C1-C4).

(Golgi - copsch stain, X650)
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Fig. 30: X-Ray (6 ml ampere and 40 kvolt/0.5 second) examinations showing the general skeletal features of rat newborns.

-  At the end of the 1st postnatal week in normal (A1), hypothyroid (B1)   and

hyperthyroid newborns (C1).

-  At the end of the 2nd postnatal week in normal (A2), hypothyroid (B2) and hyperthyroid newborns (C2).

-  At the end of the 3rd postnatal week in normal (A3), hypothyroid (B3)  and

hyperthyroid newborns (C3).
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Table 64: Two-way analysis of variance (ANOVA) for LP activity in  different brain regions of rat newborns.




Table 65: Effect of thyroid status on polyphenol oxidase (PPO, mU/g)  activity in different brain regions at various postnatal ages of rat newborns.




Table 66: Two-way analysis of variance (ANOVA) for PPO activity in different brain regions of rat newborns.

Table 67: Effect of thyroid status on the lipid peroxidation process (LPO, nmol MDA/100mg/hr) in different brain regions at various postnatal ages of rat newborns.




Table 68: Two-way analysis of variance (ANOVA) for LPO process in different brain regions of rat newborns.
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AIM OF WORK

Many investigators have observed the regulatory role of thyroid hormones (THs) in growth and development of the central nervous system (CNS). However, few of these studies dealt with the relation between histopathological and pathophysiological effects of the maternal methimazole (MMI)- induced hypothyroidism and exogenous thyroxine (T4)- induced hyperthyroidism on thyroid glands and some brain regions of their newborns during the postnatal development. Also, the different interactions between the THs state and brain development are only partially understood. Thus, the present study is designed to give further information about these effects. In adult white albino rats [170-190 gram (g)], the experimental hypothyroidism is induced by 0.02% MMI (weight per volume; w/v) in drinking water while the experimental hyperthyroidism is performed by exogenous T4 [from 50 µ g to 200 µ g/Kg body weight (b. wt.) intragastric administration beside adding 0.002% T4 (w/v) to the drinking water] from gestation day (GD) 1 to lactation day (LD) 21. Both treatments are used to induce a state of hypo- and hyperthyroidism in order to throw some spotlights on the effect of THs on some biological reactions of their newborns at the end of the

1st, 2nd and 3rd postnatal weeks as follows:




	
The histological structures and histopathological changes of the thyroid gland, cerebellar and cerebral cortex, and general gross features as well as the  teratogenic changes are investigated.


	
The current study not only follows the development of different types of neurons  by  Golgi-Copsch  stain  in  cerebellar  and  cerebral  cortex  of   normal
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newborns but also views the effect of both treatments along the duration of the experiment.




	
In addition, the thyroid functions are recorded; 
	In pregnant rats: Serum total thyroxine (TT4) and total triiodothyronine (TT3) concentrations at day 10 during and after the pregnancy are estimated.

	In their newborns: Free thyroxine (FT4), free triiodothyronine (FT3), thyrotropin (TSH) and growth hormone (GH) concentrations at the end of the 1st, 2nd and 3rd postnatal weeks are assessed.





	Furthermore, the effect of postnatal development (the first 3 weeks) and both thyroid states, on the following biochemical parameters, are observed in cerebrum, cerebellum and medulla oblongata of rat newborns:




	THs, monoamines [norepinephrine (NE), epinephrine (E), dopamine (DA) and serotonin (5-HT)], y-aminobutyric acid (GABA) and acetylcholinesterase (AchE) systemsinteractions.

	
THs and enzyme activities interactions including the effect on iodothyronine 5'-monodeiodinase (5'-DI), aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP) activities.


	
THs and adenosinergic (ATPase-enzymes) system interactions concerning the effect on sodium-potassium adenosine 5'-triphosphatase (Na+, K+-ATPase), calcium adenosine 5'-triphosphatase (Ca2+-ATPase) and magnesium adenosine 5'- triphosphatase (Mg2+-ATPase) activities.


	
THs and pro/antioxidant defense systems interactions including the effect on enzymatic antioxidants [glutathione reductase (GSSGR), glutathione-S-transferase (GST),  glutathione  peroxidase  (GPx),  superoxide  dismutase  (SOD),  catalase




[image: ]




(CAT), peroxidase (PO), lactoperoxidase (LP) and polyphenol oxidase (PPO)]  and non-enzymatic antioxidants [vitamin C (ascorbic acid), vitamin E (a- Tocopherol), total thiol (t-SH) and glutathione (GSH)] as well as oxidative stress marker [lipid peroxidation (LPO)].



	Our study also extends to show the relationship between the antioxidant defense enzymes and oxidative stress markers with the pathological changes in all investigated brainregions.
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​REVIEW OF LITERATURE



In the last fifteen years, an increasing number of studies have indicated that thyroid hormones (THs) [thyroxine (T4) and triiodothyronine (T3)] have important physiological functions, not only during brain maturation but also in the adult vertebrate brain (Broedel et al., 2003). Several reports have been published on the essential role of the THs for mammalian and non-mammalian brain development (Bruno et al., 2005; Dong et al., 2005; Zoeller, 2005; Gilbert and Sui, 2006; Hamanna et al., 2006; Koibuchi, 2006; Carageorgiou et al., 2007; Farahvar et al., 2007; Heuer, 2007; Zamoner et al., 2007; Ahmed et al., 2008; Golub, 2008; Hasebe et al., 2008; Leonard, 2008; Visser et al., 2008; Zoeller, 2008). More importantly, the best-defined animal model of thyroid hormone- dependent brain development is the neonatal rat (Legrand, 1986; Schwartz et al., 1997). Probably, the main reason is the interspecies differences in developmental schedules. The rat born with a relatively undeveloped brain and with the thyroid- pituitary-hypothalamic axis not yet fully matured (Oppenheimer and Schwartz, 1997). The sheep, in contrast, is a precocial animal born with a relatively advanced state of brain maturation (Nabil, 2004). Development of the ovine thyroid-pituitary axis is nearly complete at birth (Fisher, 1991). In this sense, brain development in rodents occurs early, relative to human as reported by Ahmed et al. (2008). For example, the rat brain at birth is at the same stage as the human brain at 5-6 months of gestation, and the rat brain at 10 days of postnatal age is equivalent to the human brain at birth (Porterfield and Hendrich, 1993). In fact, Fisher and Polk (1988) and Stein et al. (1991) have extensively discussed the contrasting patterns of development in these species.
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Thyroid gland produces T4 and T3 and these hormones have two predominant functions (DeVito et al., 1999). The first is a critical role in growth and development. One of the clearest examples of the importance of THs in growth and development is the metamorphosis of amphibians, in particular, the metamorphosis of tadpoles into frogs (Kaltenbach, 1966; Dodd and Dodd, 1976). The second major function of THs is to maintain metabolic homeostasis in mammals (Farrell and Braverman, 1995). Furthermore, THs, acting through thyroid hormone receptors (TR) (Moreno et al., 2008), play an important role in amphibian metamorphosis and vertebrate development (Nagasawa et al., 1997). These receptors are expressed in neurons, oligodendrocyte (OC) and astrocyte (AC), the predominant cell types in the brain (Strait et al., 1997; Carre et al., 1998). Taking into account that thyroid hormone exerts specific effects on brain development by regulating gene expression (Zhang and Lazar, 2000).

Furthermore, Hypo- or hyperthyroidism affects the maturation of the central nervous system (CNS) and causes irreversible dysfunction of the brain if not corrected shortly after the birth of both rodents and human (Wong and Leung, 2001). This late effect of neonatal hypo- or hyperthyroidism on the CNS is probably leading to defective neuronal circuit formation (Ahmed et al., 2008). In addition, both hypo- and hyperthyroidism are known to affect directly or indirectly the proliferation, apoptosis and differentiation of several neuronal and glial cell types during the postnatal brain development (Oppenheimer and Schwartz, 1997). Also, Mason et al. (1990) confirmed that THs dysfunction may affect on the characteristics of various neurotransmitter systems.
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​I.) Thyroid hormones and fetal brain development:



When the development of the nervous system is viewed with respect to the influence of THs, three developmental periods were observed as in table 1 (Süha and Çalikoglu, 1999; Ahmed et al., 2008).



​A- Thyroid histology and endocrinology:


The thyroid gland is primarily composed of a single cell type, the thyroid follicular cell (Gorbman and Bern, 1962; Ahmed et al., 2008). These cells form colloid-filled follicles, produce thyroid hormone, store it in the colloid-filled lumen of the follicle and control the release of the hormone from the colloid into the blood stream. Thyroid hormone production starts with the synthesis of thyroglobulin (TG) (Ahmed et al., 2008). The iodothyronines are formed in the thyroid gland from two iodinated tyrosyl residues on the large hormone “precursor”, TG (Taurog, 1996). Then TG is secreted into the colloidal lumen of the follicle where tyrosine residues are iodinated and where it is condensed to produce T3 and T4 (Frieden and Lipner, 1971). T3 and T4 remain covalently bound to thyroglobulin as long as they are stored in the colloid (Wendl et al., 2002), and the bound forms of T3 and T4 are eventually taken up by the follicular cells and proteolytically separated from the thyroglobulin(Ahmed et al., 2008). Then, free T3 and T4 are released and act as THs. Roy and Mugesh (2008) reported that T4 is produced on TG by thyroid peroxidase (TPO)/H2O2/iodide system (IS) and deiodinated to its active form (T3) by iodothyronine deiodinase. The most important iodothyronines are 3,5,3',5'-tetraiodothyronine  (thyroxine; T4), 3,5,3'-triiodothyronine (T3), and 3,3',5'-triiodothyronine (reverse T3; rT3) as in figure 1(Ahmed et al., 2008).
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During development, the thyroid follicular cells derive from the endoderm (Noden, 1991; Walker and Liem, 1994). Thyroid development is classically subdivided into a few distinguishable steps, primarily based on observations in mammals (Wendl et al., 2002). First, a group of cells buds off the floor of the primitive pharynx. Second, these cells reposition dorsocaudally to reach the anterior wall of the trachea. Third, the precursor cells proliferate and fourth, differentiate into thyroid follicular cells (Macchia, 2000). In addition, other cells including neural crest derived C cells, merge with the group of endoderm-derived precursor cells (Manley and Capecchi, 1998). In fact, the length of the gestation period and the degree of neonatal maturity influences the development of the thyroid gland (Ahmed et al., 2008). The animals having short gestation period show a postnatal activity of the thyroid gland (Mitskavitch, 1957). In contrast, the animals having long gestation period as camel (12-13 months), the secretory activity of the thyroid gland begins during the later stages of prenatal development (El-Gharbawy, 1986). Moreover, the effect of age-related changes in thyroid structure and function was observed in rat (Mansour et al., 1985; Rao- Rupanagudi et al., 1992), mice (Hisao et al., 1980), red-winged blackbird (Olson et al., 1999), Guinea pig (Juhl, 1981a & b; Kameda, 1986), cat, dog, horse and adult cow (Tomonari, 1959), rabbit (Nabil, 2004), opossum (Krause and Cutts, 1983), golden hamster (Taniguchi et al., 1990) and human (Donald-Gordon, 2003).

On the other hand, T4 and/or T3 exert a negative feedback effect on pituitary secretion of thyrotropin (TSH) (Scanlon and Toft, 1996) and on the hypothalamic  secretion  of  the  releasing  factor,  thyrotropin-releasing hormone
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(TRH) (Koller et al., 1987; Rondeel et al., 1988) which controls the amount of TSH in the blood. Moreover, as shown in figure 2 (Bogazzi et al., 1997), T3 acts via binding to the thyrotroph nuclear T3 receptor, and T4 mainly acts via its intra- pituitary or intra-hypothalamic conversion to T3, though a direct negative effect of T4 independent from local T3 generation has been reported on TSH þ gene expression. Therefore, the major regulators of TSH production are represented by the inhibitory effects of thyroid hormone (Reichlin and Utiger, 1967) and by the stimulatory action of TRH (Ahmed et al., 2008). Other hormones/factors are also implicated in the complex regulation of TSH-þ gene expression as detailed below in figure 2. The maturation pattern of the hypothalamic-pituitary-thyroid system in premature infants is similar to that of the intrauterine fetus (Fuse et al., 1990). In nearly all vertebrates, synthesis and release of T4 is under the control of the hypothalamohypophysial-thyroid axis (Degitz et al., 2005). The synthesis and secretion of THs depend on the presence of iodine, tyrosine and the maturation of the hypothalamic-pituitary-thyroid axis system (Kirsten, 2000).

As summarized in table 2, THs can be broadly divided into two classes of actions, according to whether the hormone regulates processes in adult life or when the organism is undergoing development (Tata, 2006; Ahmed et al., 2008). B- Deiodination types:

The deiodination process is catalyzed by three deiodinases [I (D1), II (D2), and III (D3)] (Ahmed et al., 2008). The type I deiodinase (D1) catalyzes both outer ring deiodination (ORD) and inner ring deiodination (IRD) (Van der Geyten et al., 1997) while types II deiodinase (D2) and III deiodinase (D3) catalyze  ORD  (Gereben  et  al.,  1999)  and  IRD  (Valverde  et  al., 1993),
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respectively. Three types of membrane-bound cellular deiodinase enzyme  systems in vertebrates produce various iodothyronines; the distribution of deiodinases varies between tissues, and each has a distinct developmental profile (Hulbert, 2000). The characteristics of these types are summarized in table 3 (Ahmed et al., 2008).

In addition, the basic deiodinase reactions are shown in figure 3 (Bianco and Kim, 2006) where the reactions catalyzed by the deiodinases remove iodine moieties (blue spheres) from the phenolic (outer rings) or tyrosil (inner rings) rings of the iodothyronines. These pathways can activate T4 by transforming it into T3 (via D1 or D2) or prevent it from being activated by converting it to the metabolically inactive form, reverse T3 (via D1 or D3) (Ahmed et al., 2008). T2 is an inactive product common to both pathways that is rapidly metabolized by further deiodination. As well, serum thyroid hormone concentrations are  generally low during development, and the contrast between serum and tissue T3 content afforded by the deiodinases is thus particularly critical for developing structures (Galton, 2005; St Germain et al., 2005). Signaling via thyroid hormone is tightly regulated both spatially and temporally via the expression pattern of deiodinases (Bianco and Kim, 2006).



​II- Summary about the thyroid functions in pregnancy and fetus (Table 4) (Ahmed et al., 2008):



Several publications reported that thyroid activity was  increased during the normal pregnancy (Skjoldebrand et al., 1982; Guillaume et al., 1985; Brent, 1999; Fantz et al., 1999; Ahmed et al., 2008). In addition, as suggested by Thilly et al. (1978), Momotani et al. (1986) and Porterfield and Hendrich (1992) there is a positive relationship between maternal and newborns thyroid functions.  Also,
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regarding figure 4, materno-fetal transfer of THs has been demonstrated in early fetal stages (Contempré et al., 1993; Chan and Kilby, 2000) and continues, at least in the case of fetal inability, to produce sufficient thyroid hormone until term (Vulsma et al., 1989).

Pretaining to the normal neurological development, the THs act in the following manner (Porterfield, 1994): a) they increase the rate of neuronal proliferation in the cerebellum (Dussault and Ruel, 1987), b) they act as the "time clock" to end neuronal proliferation and stimulate differentiation (Dussault and Ruel, 1987; Pasquini and Adamo, 1994), c) once neurons are formed, they follow an orderly pattern of migration to the appropriate regions in the brain, particularly, in the cerebral and cerebellar cortex (Süha and Çalikoglu, 1999), d) they stimulate the formation and development of neuronal processes-both axons and dendrites (Klein et al., 1972) and e) development of neuronal processes leads to formation and development of synapses. Additionally, Bernal (2003) and Ahmed et al. (2008) speculated the role of THs on normal brain development (Table 5).



​III.) Hypothyroidism and brain development interactions:



Several reports are listed on the harmful effect of thyroid hormone deficiency during the development (Marchant et al., 1977; Davidson et al., 1978; Sugrue and Druy, 1980; Tamasy et al., 1984; Morreale de Escobar et al., 1985; Calvo et al., 1990; Porterfield and Hendrich, 1993; Bernal and Nunez, 1995; Oppenheimer and Schwartz, 1997; Wong and Leung, 2001; Awad, 2002; Lee et al., 2003; Mookadam et al., 2004; Brown et al., 2005; Farwell et al., 2005; Koibuchi, 2006; Carageorgiou et al., 2007; Stoica et al., 2007; Ahmed et al.,
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2008; Hasebe et al., 2008). Taken together, hypothyroidism can be classified based on its time of onset (congenital or acquired), severity [overt (clinical) or mild (subclinical)], and the degree of endocrine aberration (primary or secondary) (Roberts and Ladenson, 2004). Also, Brown et al. (2005) revealed that the primary hypothyroidism is characterised by reduced free thyroxine (FT4) levels and elevated thyroid stimulating hormone levels.

A group of thioureylene (TUL) drugs (Fig. 5) may cause inhibition of thyroid hormone synthesis as reported by Ahmed et al. (2008). These drugs interfere with the conversion of iodide to iodine and consequently the iodination of tyrosyl groups. The tyrosyl groups are also inhibited from joining to form T3 and T4.

The different models of hypothyroidism recorded a reduction in THs and an elevation of TSH values (Khalil, 1975; Mosier et al., 1977; Dussault and Walker, 1978; Varma et al., 1978; Obrengón et al., 1984b; Ortega et al., 1990; Kaplan, 1994; Awad, 2002; Mookadam et al., 2004; Wémeau et al., 2008).

Another hypothyrodism drugs are summarized in table 6 (Chiovato et al., 1997). Amiodarone-induced hypothyroidism (AIH) is easily treated by L- thyroxine replacement therapy (Martino et al., 2001). In rodents, several neural populations have been shown to be sensitive to hypothyroidism during the pre- and postnatal periods (Koibuchi and Chin, 2000). At day 50, serum concentration of TSH and THs revealed no detectable amounts of T4 and a 10-fold increase in TSH in the hypothyroid rats (0.1% PTU) a reversible antithyroid goitrogen in the litter's drinking water) (Tamasy et al., 1986a). Indeed, this favourable pharmacodynamic  profile  linked  with  excellent  bioavailability following oral
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administration and the ability to fine titrate dosing using sensitive TSH assays has led most endocrinologists to believe that, unlike all other hormones, thyroid hormone replacement is straightforward (Saravanan and Dayan, 2004).

On the other hand, thyroid hormone deficiency during fetal and neonatal periods in rats produces deleterious effects, such as reduced synaptic  connectivity, delayed myelination, disturbed neuronal migration, deranged axonal projections, decreased synaptogenesis and alterations in levels of neurotransmitters (Dussault and Ruel, 1987; Oppenheimer and Schwartz, 1997). In addition, a lack of thyroid hormone in the postnatal period of rats causes an irreversible mental retardation, characterized by a slowing of thoughts and movements accompanied by prolonged latencies of several evoked potentials and slowed electroencephalographic rhythms (Hoffmann and Dietzel, 2004). Darbra  et al. (2003) recorded that hypothyroidism during rat postnatal period, induced by the administration of either MMI or PTU, is known to markedly retard both maturation and development of the nervous system.
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