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● Development of the CNS are extremely sensitive to heat stress (40 ± 1°C); this may lead, in turn, to some harmful effect on the histological structures and neurons formation of the rat newborns. Also, after stopping the exposure to high temperature still has partially delayed the degree of neurogenesis and enzyme activities.

● Egress of free radicals from inside cell to outside through the membrane due to exposure of the rat newborns to the high temperature, and these release reflect the pathological changes in the different regions of central nervous system (CNS) and the reverse is true.

● Heat stress caused a disturbance in the secretion and turnover of the monoamine contents in the CNS and in the synthesis, release of the cholinesterase activity and the cholinergic functions.
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Fig. 1: The dorsal  morphological  structure  of  the  whole  brain  of albino rat.

Fig. 2:  Sagittal sections in the cerebellar cortex.





	[image: ]

	 
	[image: ]





[image: ]


(H. & E. stain)
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Fig. 3: Sagittal sections in the cerebellar cortex at 7 days old in normal  (a, X200 and d, X500) and treated rats (b, X125; c, X500 and e, X400).
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(H. & E. stain)
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Fig. 4: Sagittal sections in the cerebellar cortex at 14  days  old  in  normal (a, X125 and f, X500) and treated rats (b & e, X400; c & d, X125 and g & h, X500).
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(H. & E. stain)
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Fig. 5: Sagittal sections in the cerebellar cortex at 21 days old in normal (a, X125 and d, X500) and treated rats (b & c, X125; e, X400 and f & g, X500).
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(H. & E. stain)
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Fig. 6: Sagittal sections in the cerebellar cortex at 28  days  old  in  normal (a, X125 and e, X500) and treated rats (b, X125 and c, d & f, X500).
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(H. & E. stain)
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Fig. 7: Transverse sections in the cerebellar cortex at 7 days old  in normal (a) and treated rats (b), and at 14 days old in normal (c) and treated ones (d).





	[image: ]

	 
	[image: ]





[image: ]


(Toludine- blue stain, X 1000)
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Fig. 8: Transverse sections in the cerebellar cortex at 21 days old in normal and treated rats (a & b, X1000), and at 28 days  old in normal and treated ones (c & d, X500).
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(Toludine- blue stain)
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Fig. 9: Transverse sections in the cerebellar cortex at 7 days old in normal (a) and treated rats (b) and at 14 days old in normal (c) and treated ones (d), showing carbohydrate precipitations (CP).
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(PAS- Stain, X400)
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Fig. 10: Transverse sections in the cerebellar cortex at 21 days old in normal (a) and treated rats (b) and at 28 days old in normal (c) and treated ones (d), showing carbohydrate precipitations (CP).
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(PAS- Stain, X400)
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Fig. 11: Sagittal sections in the cerebellar cortex of normal and treated rats at 7 days old, showing the following neurons:

-  Purkinje cells (A1: Normal ;  A2: Treated)

-  Stellate cells (B1: Normal ;  B2: Treated)

-  Basket cells (C1: Normal ; C2: Treated)

-  Golgi cells (D1: Normal ;  D2: Treated)

-  Granule cells (E1: Normal ;  E2: Treated)

(Golgi - copsch stain, X 600)
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Fig. 12: Sagittal sections in the cerebellar cortex of normal and treated rats at 14 days old, showing the following neurons:

-  Purkinje cells (A1: Normal ;  A2: Treated)

-  Stellate cells (B1: Normal ;  B2: Treated)

-  Basket cells (C1: Normal ; C2: Treated)

-  Golgi cells (D1: Normal ;  D2: Treated)

-  Granule cells (E1: Normal ;  E2: Treated)

(Golgi - copsch stain, X 600)

Fig. 13: Sagittal sections in the cerebellar cortex of normal and treated rats at 21 days old, showing the following neurons:

-  Purkinje cells (A1: Normal ;  A2: Treated)

-  Stellate cells (B1: Normal ;  B2: Treated)

-  Basket cells (C1: Normal ; C2: Treated)

-  Golgi cells (D1: Normal ;  D2: Treated)

-  Granule cells (E1: Normal ;  E2: Treated)

(Golgi - copsch stain, X 600)

Fig. 14: Sagittal sections in the cerebellar cortex of normal and treated rats at 28 days old, showing the following neurons:

-  Purkinje cells (A1: Normal ;  A2: Treated)

-  Stellate cells (B1: Normal ;  B2: Treated)

-  Basket cells (C1: Normal ; C2: Treated)

-  Golgi cells (D1: Normal ;  D2: Treated)

-  Granule cells (E1: Normal ;  E2: Treated)

(Golgi - copsch stain, X 600)

Fig. 15: Sagittal sections in the cerebral cortex at 7 days old in normal  (a, X125) and treated rats (b, X100), showing the pyramidal cells of normal (c, X500)  and treated  rats  (d, X400 and e, X500).

(H. & E.)

Fig. 16: Sagittal sections in the cerebral cortex at 14 days old in normal (a, X125) and treated rats (b, X100), showing the pyramidal cells of normal (d, X500) and treated rats (c, X400 and e, X500).

(H. & E.)

Fig. 17: Sagittal sections in the cerebral cortex at 21 days old in normal (a, X125) and treated rats (b, X125), showing the pyramidal cells  of normal (c, X600) and treated rats (d, X500 and e, X400).

(H. & E.)

Fig. 18: Sagittal sections in the cerebral cortex at 28 days old in normal (a, X125) and treated rats (b, X150), showing the pyramidal cells  of normal (c, X600) and treated rats (d, X500).
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(H. & E.)
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Fig. 19: Transverse sections in the cerebral cortex at 7 days  old  in normal and treated rats (a  & b, X500), and at 14 days  old in normal and treated ones (c & d, X1000).
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(Toludine- blue stain X 1000)
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Fig. 20: Transverse sections in the cerebral cortex at 21 days old in normal (a) and treated rats (b), and at 28 days old in normal (c) and treated ones (d).
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(Toludine- blue stain, X 1000)

Fig. 21: Transverse sections in the cerebral cortex at 7 days  old  in normal (a) and treated rats (b), and at 14 days old in normal (c) and treated ones (d), showing carbohydrate precipitations (CP).

(PAS- Stain, X 400)

Fig. 22: Transverse sections in the cerebral cortex at 21 days old in normal (a) and treated rats (b), and at 28 days old in normal (c) and treated ones (d), showing carbohydrate precipitations (CP).
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(PAS- Stain, X 400)

[image: ]





Fig. 23: Sagittal sections in the cerebral hemisphere showing the pyramidal and polymorphous cells in the different layers of cerebral cortex at 7 days old normal and treated rat:

-  Pyramidal cells in layer 3 (A1: Normal; A2: Treated)

-  Pyramidal cells in layer 4 (B1: Normal; B2: Treated)

-  Pyramidal cells in layer 5 (C1: Normal; C2: Treated)

-  Polymorphous cells in layer 6 (D1: Normal; D2: Treated)





	[image: ]

	 
	[image: ]





[image: ]


(Golgi - copsch stain, X 600)
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Fig. 24: Sagittal sections in the cerebral hemisphere showing the pyramidal and polymorphous cells in the different layers of cerebral cortex at 14 days old normal and treated rat:

-  Pyramidal cells in layer 3 (A1: Normal; A2: Treated)

-  Pyramidal cells in layer 4 (B1: Normal; B2: Treated)

-  Pyramidal cells in layer 5 (C1: Normal; C2: Treated)

-  Polymorphous cells in layer 6 (D1: Normal; D2: Treated) (Golgi - copsch stain, X 600)

Fig. 25: Sagittal sections in the cerebral hemisphere showing the pyramidal and polymorphous cells in the different layers of cerebral cortex at 21 days old normal and treated rat:

-  Pyramidal cells in layer 3 (A1: Normal; A2: Treated)

-  Pyramidal cells in layer 4 (B1: Normal; B2: Treated)

-  Pyramidal cells in layer 5 (C1: Normal; C2: Treated)

-  Polymorphous cells in layer 6 (D1: Normal; D2: Treated) (Golgi - copsch stain, X 600)

Fig. 26: Sagittal sections in the cerebral hemisphere showing the pyramidal and polymorphous cells in the different layers of cerebral cortex at 28 days old normal and treated rat:

-  Pyramidal cells in layer 3 (A1: Normal; A2: Treated)

-  Pyramidal cells in layer 4 (B1: Normal; B2: Treated)

-  Pyramidal cells in layer 5 (C1: Normal; C2: Treated)
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-  Polymorphous cells in layer 6 (D1: Normal; D2: Treated)

(Golgi - copsch stain, X 600)

Fig. 27: Transverse sections in the cervical region of spinal cord at  7  days old in normal (a, X50 and d, X500) and treated rats (b, X50 and c & e, X500).

(H. & E.)

Fig. 28: Transverse sections in the cervical region of spinal cord at 14 days old in normal (a, X100 and c, X500) and treated rats (b, X150 and d & e, X500).
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(H. & E.)
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Fig. 29: Transverse sections in the cervical region of spinal cord at 21 days old in normal (a, X100 and c, X500)  and  treated  rats (b, X125 and d & e, X500).
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(H. & E.)

[image: ]





Fig. 30: Transverse sections in the cervical region of spinal cord at 28 days old in normal (a, X125 and c, X500)  and  treated  rats (b & e, X125; d, X500 and f, X400).

(H. & E.)

Fig. 31: Transverse sections in the cervical region of the spinal cord at 7 days old in normal (a, X1000) and treated rats  (b,  X  500), and at 14 days old in normal and treated ones (c &  d, X1000).
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(Toludine- blue stain)
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Fig. 32: Transverse sections in the cervical region of the spinal cord at  21 days old in normal (a) and treated rats (b),  and at  28 days old in normal (c) and treated ones (d).
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(Toludine- blue stain, X 1000)
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Fig. 33: Transverse sections in the cervical region of the spinal cord at 7 days old in normal (a) and treated rats (b)  and at  14  days old in normal (c) and treated ones (d), showing carbohydrate precipitations (CP).
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(PAS- Stain, X 400)
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Fig. 34: Transverse sections in the cervical region of the spinal cord at  21 days old in normal (a) and treated rats (b) and at 28 days old in normal (c) and treated ones (d), showing carbohydrate precipitations (CP).
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(PAS- Stain, X 400)
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Fig. 35: Transverse sections in the cervical region of the spinal cord at 7 days old in normal and treated rats showing the following cells:

-  Motoneuron cells (A1: Normal; A2:  Treated)

-  Astrocyte cells (B1: Normal; B2: Treated) (Golgi - copsch stain, X 500)
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Fig. 36:  Transverse sections in the cervical region of the spinal cord at
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14 days old in normal and treated rats showing the following cells:

-  Motoneuron cells (A1: Normal; A2: Treated)
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-  Astrocyte cells (B1: Normal; B2: Treated) (Golgi - copsch stain, X 500)
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Fig. 37: Transverse sections in the  cervical region of  the spinal cord at
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21 days old in normal and treated rats showing the following cells:

-  Motoneuron cells (A1: Normal; A2: Treated)

-  Astrocyte cells (B1: Normal; B2: Treated) (Golgi - copsch stain, X 500)
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Fig. 38: Transverse sections in the cervical region of the spinal cord at
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28 days old in normal and treated rats showing the following cells:

-  Motoneuron cells (A1: Normal; A2: Treated)

-  Astrocyte cells (B1: Normal; B2: Treated) (Golgi - copsch stain, X 500)




Fig. 39: Transverse sections in the lumbar region of spinal cord at  7  days old in normal (a, X50 and c, X500) and treated rats (b, X50 and d, X400).
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(H. & E.)
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Fig. 40: Transverse sections in the lumbar region of spinal cord at 14 days old in normal (a, X125 and c, X500)  and  treated  rats (b, X125; d, X400 and e, X500).

(H. & E.)

Fig. 41: Transverse sections in the lumbar region of spinal cord at 21 days old in normal (a, X125 and c, X500)  and  treated  rats (b, X125 and d & e, X500).
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(H. & E.)
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Fig. 42: Transverse sections in the lumbar region of spinal cord at 28 days old in normal (a, X125 and c, X500)  and  treated  rats (b, X125 and d, X500).
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(H. & E.)
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Fig. 43: Transverse sections in the lumbar region of the spinal cord at 7 days old in normal (a) and treated rats (b),  and at  14  days old in normal (c) and treated ones (d).
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(Toludine- blue stain, X 1000)
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Fig. 44: Transverse sections in the lumbar region of the spinal cord at  21 days old in normal (a) and treated rats (b) and at 28 days old in normal (c) and treated ones (d).
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(Toludine- blue stain, X 1000)
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Fig. 45: Transverse sections in the lumbar region of the spinal cord at 7 days old in normal (a) and treated rats (b)  and at  14  days old in normal (c) and treated ones (d), showing carbohydrate precipitations (CP).
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(PAS- Stain, X 400)
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Fig. 46: Transverse sections  in the lumbar region of  the spinal cord at  21 days old in normal (a) and treated rats (b) and at 28 days old in normal (c) and treated ones (d), showing carbohydrate precipitations (CP).
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(PAS- Stain, X 400)
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Fig. 47: Transverse sections in the lumbar region of the spinal cord at 7 days old in normal and treated rats showing the following cells:

-  Motoneuron cells (A1: Normal; A2: Treated)

-  Astrocyte cells (B1: Normal; B2: Treated) (Golgi - copsch stain, X 500)

Fig. 48: Transverse sections in the lumbar region of the spinal cord at 14 days old in normal and treated rats showing the following cells:

-  Motoneuron cells (A1: Normal; A2: Treated)

-  Astrocyte cells (B1: Normal; B2: Treated) (Golgi - copsch stain, X 500)

Fig. 49: Transverse sections in the  lumbar  region of  the spinal  cord at 21 days old in normal and treated rats showing the following cells:

-  Motoneuron cells (A1: Normal; A2: Treated)

-  Astrocyte cells (B1: Normal; B2: Treated) (Golgi - copsch stain, X 500)

Fig. 50: Transverse sections in the lumbar region of the spinal cord at 28 days old in normal and treated rats showing the following cells:

-  Motoneuron cells (A1: Normal; A2: Treated)

-  Astrocyte cells (B1: Normal; B2: Treated) (Golgi - copsch stain, X 500)
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Table (23): Effect of age, high temperature exposure and subsequent withdrawal on the catalase (CAT) enzyme activity (K/100).

Table (24): Two-way analysis of variance (ANOVA) for catalase activity after temperature exposure in different brain areas and spinal  cord of rat newborns.

Table (25): Effect of age, high temperature exposure and subsequent withdrawal on the lipid peroxidation (LPO) concentration (nmol MDA/100mgm/hr).

Table (26): Two-way analysis of variance (ANOVA) for  lipid peroxidation concentration after  temperature  exposure  in different brain areas and spinal cord of rat newborns.
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1. AIM OF THE WORK


All parts of the nervous system are connected together and no parts of it is probably ever capable of reaction without affecting and being affected by various other parts; it is a system never absolutely at rest (Zehr and Stien, 1999). Therefore, the aim of this thesis based on the histological and biochemical studies on the different regions of the CNS in the newborns of white albino rats.



	The first part of this study revealed that;



	The histological structures of the cerebellar cortex, cerebral cortex, cervical and lumbar regions of the spinal cord during the development between ages 7 and 28 days old.

	The effect of heat stress (40 ± 1 °C) for 2 hours daily on rat newborns to show the histopathological changes in all examined CNS regions.



	Not only follows the distribution of Nissl granules and  the  precipitation  of  carbohydrates  in   all
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investigated CNS regions but also follows the effect of heat stress on them.



	The different types of the neurons in all examined regions and noticing the effect of heat stress on their development.


	
The second part of this thesis including the effect  of heat stress on the following biochemical parameters in the cerebral hemisphere, cerebellum, medulla oblongata and the whole spinal cord:



	
Monoamine  concentrations;  norepinepherine (NE), epinephrine (E), dopamine (DA) and serotonin (5-HT).



	Enzyme activities including; cholinestrase (chE), aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP).


	
Also, glutathione (GSH) levels, total thiol status, Lipid peroxidation (LPO) and glutathione- reductase (GSSGR) and catalase (CAT) activities were measured in this thesis to assess the   changes
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in the balance between pro-oxidant and anti- oxidant systems between investigated CNS  regions.



	The relationship between the antioxidant defense enzymes and oxidative stress markers with the pathological changes in the investigated CNS regions was also depicted.
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2.  REVIEW OF LITERATURE


2.1.  The Central Nervous System:




The central nervous system is a specialized epithelium containing various types of cell assemblies organized to perform neural functions (Kelly et al., 1984). Two principal types of cells are present in the nervous system. Firstly, the functional unit which is the nerve cells or neurons; these cells are specialized  in receiving and conducting information. Secondly, cells those play the supporting role in the nervous tissue which are the neuroglia (glia) (Ross and Reith, 1985). Clearly, epigenetic factor must play an important role since the complexity of the nervous system can not be fully determined by the relatively limited amount of information present in the genome (Westerga and Gramsbergen, 1993).




Temperature is one of the most encountered stressful factors in the environment. The response of an organism to temperature can involve practically all of the organ systems of its body. Hyperthermia is thought to  be a teratogenic in  many animal   species
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and also in humans. Sasaki et al. (1995) recorded that hyperthermia caused by sauna, hot tub, or fever during the early stages of pregnancy is related to an increased risk for neural tube defects. Layde et al. (1980) proposed that hyperthermia in the pregnant woman is associated with neural tube defects (NTDs) in her offspring. Also, maternal hyperthermia in early pregnancy can cause neural tube defects in man, especially anencephaly Shiota (1982). Moreover, Milunsky et al. (1992) found that exposure to heat in the form of hot tub, sauna, or fever in the first  trimester of woman pregnancy, was associated with an increased risk for neural tube defects.




A general relationship between time and temperature for thermal death is given by Dickson and Calderwood (1980) for in vivo, in vitro and some clinical studies. An important point in Dickson’s presentation is that below about 40 °C there was virtually no effect of temperature on organisms, but above that point less exposure duration is required  with rise in temperature to cause an effect.
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A definite destructive degeneration after local ultrasound hyperthermia on normal dog brain was recorded by Lyons et al. (1986). In addition, Harris et al. (1962) and Britt et al. (1984) showed focal haemorrhages after hyperthermia. At the same time, hyperthermia is reported to be a teratogenic in human (Smith, 1982 and Shepard, 1982) as well as in experimental animals including primates (Edwards, 1981). The retrospecture human studies have a related hyperthermia to both neural tube and head defects (Ladye et al., 1980; Fisher & Smith,  1981  and Spragett & Fraser, 1982).




Exposure of embryos experimentally elevated temperature during organogenesis has long been known to be embryotoxic (Johnson et al., 1975; Hutchinson & Bowler, 1984; Edwards, 1986 and Upfold et al., 1989). On the other hand, when hypothermia occurs in rodents in vivo, the central nervous system was particularly sensitive to damage (Webster & Edwards, 1984; Finnell et al., 1986 and Shiota, 1988). Furthermore, in vitro exposure of rat embryos led to malformations, such as microcephaly,
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microphthalmia and pericardial oedema (Cockroft & New, 1975&1978; Mirkes, 1985 and Walsh et al., 1987). In contrast to the effect of a toxic exposure, a non teratogenic heat pretreatment has been shown to protect rat embryos in vitro against the damaging effects of a subsequent hypothermic  exposure  (Mirkes, 1987 and Walsh et al., 1987).




In burn injuries, Arturson (1980) reported that the pathophysiology is characterized by an inflammatory reaction leading to oedema formation. He attributed these perturbations to increased microvascular permeability, vasodilation  and increased extravascular osmotic activity. In addition to endothelial breaks, hyperthermia also induced inter- endothelial gaps which represent obvious pathways  for egress of macromolecules (Grotte, 1956).




Edwards et al. (1974) mentioned that in the control embryonic brains of guinea pig, about 3.0% of nuclei was damaged and the proportion was increased to 86 % one hour after heat exposure and  progressively  decreased  to  30  %  at  24  hour where
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much of the nuclear debris has disappeared and mitotic activity appeared to be proceeding briskly.

Hyperthermia at critical stages during  embryonic development causes several developmental abnormalities (Edwards, 1986) including defects of  the central nervous system. Busto et al. (1987) found that the neocortical damage was evident in the hyperthermic ischemic animals and infraction  occurred in the cortex, thalamus, cerebellum and substantia nigra.




The range of defects induced by hyperthermia in experimental animals includes: anencephaly/ exencephaly, encephalocele (Webster & Edwards, 1984 and Cawdell-Smith et al., 1992),  microencephaly (Edwards, 1969; Edwards et al., 1984 and Upfold et al., 1989), microphthalmia, talipes, arthrogryposis, abdominal wall defects and limb reduction defects (Edwards, 1986). Such defects have been induced by heat in a variety of mammals, including guinea pigs, hamsters, rats, mice, rabbits, sheep, pigs, monkeys and humans (Edwards, 1986). The central nervous system defects appear to  be the
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