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SUMMARY



SUMMARY

Birth defects are anatomical abnormalities present at birth. The causes of birth defects are
genetic, environmental and multifactorial inheritance factors. The main objective of the
thesis is to determine the effects of maternal heat stress during rat pregnancy on fetal
axial skeletal development and to explore some of the possible maternal and placental
responses to heat stress.

Experiment one: A group of 40 Wistar pregnant rats were randomly assigned to two
treatment groups, a control group (non-stressed, n = 10) heat at 21°C and a heat-stressed
group kept at 41°C (n = 30) for one hour on day 9 of gestation. The objective of this
experiment is to determine the effect of heat stress on some maternal physiological
parameters. Following an hour of heat stress or sham treatment, blood samples were
collected from orbital vein, allowed to clot, and centrifuged at 3000 r.p.m for 10 minutes
to obtain serum. Serum samples were used for determination of glucose, calcium,
osteocalcin, thyroxin (T4) and tritodothyronine (T3).

Results showed that heat stress caused significant increases in serum glucose and
oseocalcin levels. In addition, serum calcium, T3, and T4 levels were significantly lower
in treated animals than those in control group.

Experiment two: A total of 34 Wistar pregnant rats were randomly assigned to three
treatment groups, a control group (non-stressed, n = 10) kept at 21°C, a heat-stressed
group I kept at 41° C (n = 14), and a heat-stressed group II kept at 42°C (n = 10) for one
hour on day 9 of gestation. The objective of this experiment is to investigate the effect of
heat stress on embryonic bone development and to demonstrate the extreme changes and
severity of skeletal malformations due to temperature.

Results showed that heat stress caused reduction in the implantation, number of live
embryos and fetal and placental weights in comparison to control animals. These effects
were significantly pronounced in the 42°C treatment group. Morphological
malformations were found in fetuses due to heat treatment. Malformations in the upper
and lower jaws and increased incidence of mandibular and maxillary hypoplasia were
observed in heat-treated group as compared to the controls. But in comparison between
41° C and 42° C, the 41° C group showed a higher incidence of maxillary-mandibular

hypoplasia and tongue protrusion. In addition, both experimental groups showed a high



incidence of excencephaly, exopthamia with cataract, facial clefts, and short tails than the
controls.

More skeletal malformations were recorded in experimental animals than in
controls. The control fetuses had well ossified bones of the skull that included the
mandible, premaxilla, maxilla, zygomatic, nasal, frontal, parietal, interparietal, supra-
occipital, exoccipital, temporal, tympanic ring, hyoid, ethmoid, presphenoid,
basisphenoid and basioccipital bones than in the experimental animals. The comparison
between 41° C and 42° C groups showed different responses in terms of skeletal defects.

Also results showed that control vertebral column appeared to have higher ossified
vertebra than experimental groups. In the experimental fetuses, the vertebral arches and
bodies showed decrease in number and poor ossification. The higher the temperature, the
higher was the reduction in number of lumbar, sacral and coccygeal arches and bodies in
experimental groups.

In the control group, ribs, and sternebare appeared normally ossified without any
reduction in number. No instance of fused or hypoplastic ribs was found in control
fetuses. There was lower incidence of hypoplastic ilium, ishchium and pubis in control
fetuses than in experimental rats. In addition, higher development in forelimb skeletons
was observed in the control animals than in the treated ones.

Placentas of the control groups showed lower weight compared with the
experimental groups. The deciduas of experimental group was thicker than that of control
group. There were large areas of hyalinization and lymphatic infiltration. Multinucleated
giant cells were more abundant than those with single nucleus and basophils were
extremely numerous. The glycogen cell clusters were reduced or absent over a large
proportion of the spongy zone. Electron microscopic examination of the placentas
showed a series of degenerative changes in experimental groups higher than those in

control group placentas.
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INTRODUCTION

Birth defects are anatomical abnormalities present at birth. They are often referred to
as congenital anomalies. They also include functional growth retardation disorders and
inborn errors of metabolism all of which are of major clinical significance. Teratology is
the branch of science that deals with the causes, mechanism and manifestation of
congenital abnormality. Historically birth defects have always attracted the attention of lay
persons as well as the scientific community. People have attributed birth defects to divine
retribution, to bad food and maternal alcohol consumption during pregnancy. Once Mendel
proposed his theory of inheritance, every instance of birth defect was attributed to a genetic
defect in either parent. Until 1940, it was generally believed that fetal membranes could
provide protection against teratogenic agents. This belief was changed with time when
these agents were put to serious scrutiny. In 1941, Gregg first documented evidence to
show that rubella virus could induce developmental defects of the fetal eyes, heart and ears
(Gregg, 1941). Lenz (1962) and McBride (1961) observed that maternal consumption of
thalidomide during pregnancy induced malformations of the limbs in human fetuses.
About 7 to 9% of all human cogenital malformations are now known to be caused by drugs,
viruses and other environmental agents (Persaud, 1990 and Thompson et al., 1991). Smith
and his associates found an association between gestational hyperthermia and
myelomeningocele, severe mental deficiency, microphthalmia, midface hypoplasia, distal
limb defects and anomalies of the central nervous system in the offspring (Chance and
Smith, 1978; Smith et al., 1978; Pleet et al., 1981). These finding were similar to those
found in pigs and rats (Edwards et al., 1995). Cogential malformations could be of a single
or multiple and minor or major types.

The causes of birth defects are divided into three groups: (1) genetic, (ii)
environmental and (iii) multifactorial inheritance factors. For most of the congenital
malformations, the exact causes are not known. They are possibly the result of a complex
interaction between genetic and environmental factors. That is, they are of multifactorial
inheritance. Environmental factors, known as teratogenic agents (because of their ability to
induce cogenital malformations) act at critical periods during development. (Moore and
Persaud, 1998). The results of such exposure on fetal development depend on the chemical
or physical nature of the teratogen, the dose, and the genetic make up of the embryo, the
genetic constitution of the mother and the developmental stage at which exposure occurs.

The biochemical nature of the agent determines the rate of absorption of the agent and its



rate of transport from maternal into fetal compartment. Teratogens differ in their ability to
initiate fetal responses. Some teratogens induce cell death, some inhibit cell proliferation
and yet others interfere with cell differentiation, migration and developmental interactions
between tissues. Often teratogens elicit multiple responses of embroyonic tissues. The
teratogenic outcome manifests in fetal abnormalities, intrauterine growth retardation and
functional disorders of the offspring. Teratogenic outcome is also reported to be species-
specific and within a particular species strain differences are known to exist. Teratogenic
exposure at preimplantation period of development generally results in either embryonic
death or produce no effects at all. This is known as the "all or none" response. On the other
hand, exposure to teratogenic agents during organogenesis often results in fetal
malformations (Wilson, 1973).

Of the numerous environmental agents some are proven to be teratogenic to human
embryos; others are suspected to be harmful. There are numerous physical and chemical
agents whose effects on human development are unknown. Maternal hypothermia has been

implicated in human and experimental teratogenesis (see below).

1. Heat Stress

Normal body temperature is maintained by physiological homeostatic mechanisms
unless an environmental condition alters it. It is important to mention here that normal body
temperature exhibits diumal cycles; it rises in the moming to reach its maximum levels in
the afternoon and then falls in the evening (Terai et al., 1985). Hyperthermia is defined as
an elevation of normal body temperature above normal range (Walsh et al., 1998). Heat
shock response is defined as changes in the homoeostasis (Buckiova and Jelinek, 1995) that
involve activation of heat shock protein (HSP) expressing genes (Santoro, 2000). Heat
shock proteins are responsible for rapid adaptation to changed environment (Nishizawa et
al., 1999; Welch and Suhan, 1986 and Frank et al., 1999). For example, the expression of
HSP 70kD occurs in the brain cells only under heat stress (Lee et al., 1992; Quraishi and
Brown, 1995). However, the HSP 90kD is expressed under normal conditions and its
expression is enhanced by heat stress (Lee et al., 1992). Heat shock protein 70kD localizes
at the synapse to provide protection against heat-induced damages (human) (Bechtold et
al,, 2000). Heat shock protein 70kD is also important in protein folding (Diehl and
Schmidt, 1993) and protein undernourishment induces it in the rat (Kawai et al,, 2000).

However, HSP 90kD is bound to inactive form of the glucocorticoid receptor to provide



adaptive response against adverse conditions (rat) (Ali and Vederckis, 1990:;
Vamvakopulos, 1993).

Hyperthermia in laboratory animals induces physiological changes such as increases
heart rate (Hale et al., 1957), cardiac output, oxygen demand, cutaneous blood flow
(Shapiro and Seidman, 1990), ventilation (Gautier, 2000), respiratory alkalosis (rabbit)
(Daghir, 1995), sweating (Sugimoto et al.,, 1996), dehydration (Cortes et al., 2000),
enhanced water consumption, urine production (Belay and Teter, 1993), metabolic rate
(Gautier, 2000), plasma osmolality, glucose, urea, lactate levels (Abdelatif and Modawi,
1994), increased plasma concentrations of adrenocorticotrophic hormone (Siegel et al.,
1979), cortisol (corticosteron), aldosterone, rennin (Finbeg and Berlyne, 1977), growth
hormone and thyroid stimulating hormone (Parkhit and Jonhson, 1969), hepatic enzymes
(Abdelatif and Modawi, 1994) and decreases blood pressure (Whitto et al., 1964), the pH
(Welch, 1992), food consumption (Arjona et al., 1990), ATP levels (Welch et al., 1992),
and plasma concentrations of sodium, magnesium, total calcium and inorganic
phosphorous (Arjona et al., 1990). Furthermore, the physical activity of the animals is also
reduced due to release of B-endorphin from the pituitary under heat stress (Galina et al.,
1982). On the other hand, hyperthermia in humans increases blood pH and decreases blood
CO, tension, peripheral vasodilation and diastolic blood pressure (Smith et al., 1978).

Hypertheremia can be induced in animals either by immersing in hot saline (Editorial,
1978), bacteriological incubator (Kilham and Ferm, 1976), warm air chamber (Kimmel et
al,, 1993a), water bath (Germano et al., 1996) or hot environment (Bell et al., 1989). Heat
stress also can be caused in human by fever (Shaw et al., 1998), use of electric blanket
(Milunsky et al., 1992), sauna (Tikkanen and Heinonen, 1991) or hot tub (Milunsky et al.,
1992) (Table 1).

2. Teratogen Response to Heat Stress

Heat stress has been shown to be a potent teratogen in humans (Edwards, 1986;
Edwards et al., 1995) and in experimental animals such as mice (Webster and Edwards,
1984), rats in vivo (Edwards, 1967; Webster et al., 1985; Germain et al., 1985) and in vitro
(Walsh et al., 1985; Kimmel et al., 1993a), guinea pigs (Upfold et al., 1989; Breen et al.,
1999), hamsters (Kilham and Ferm, 1976), monkeys (Hendrickx et al., 1979) and in
incubating chicken (Edwards et al., 1995).



Following maternal heat exposure, craniofacial defects such as cleft palate, cleft lip,
microcephaly, excencephaly, encephalocele, anencephaly, hydranencephaly, menigocele,
orofacial clefts, microphalmia and maxillary hypoplasia have been observed in rat
(Germain et al., 1985; Webster et al., 1985), mouse (Shiota, 1988), guinea pig (Smith et al.,
1992), hamster (Kilham and Ferm, 1976) and human (Milunsky et al., 1992) fetuses. Limb
defects have been observed in rats (Breen et al., 1999; Cuff et al., 1993), chick (Nilsen,
1969), human (Martinez-Frias et al., 2001) and guinea pig (Edwards et al., 1984) with
temperature ranging from 38.9 to 42.9°C. However, axial skeletal malformations were
specific to the rat (Kimmel et al., 1993b) and mouse (Li et al.,, 1997) when body
temperature was increased by 2.5°C above the normal. Guinea pig is the only species that
has been reported to show kyphosis and scoliosis under maternal heat stress during
gestation (Smith et al., 1992). Cardiovascular defects were seen in chick (42°C) (Nilsen,
1984), human (about 38.9) (Tikkanen and Heinonen, 1991) and guinea pig embryos (about
3°C above normal temperature) (Smith et al., 1992). Rat (Mirkes, 1985; Walsh et al,,
1987), sheep (Bell et al., 1989) and mouse (Shiota and Kayamura, 1989) fetuses were
observed to be growth retarded when maternal temperature reached 40°C or higher. Mouse
and human offspring show leaming disorders due to prenatal maternal heat stress (Smith et
al., 1978; Shiota and Kayamura, 1989). Heat stress causes cell death and disturbance in
cell proliferation, neuronal migration neuroepithelial necrosis, and inhibition of
development in hamsters (Kilham and Ferm, 1976), rats (Breen et al., 1999; Kimmel et al.,
1993a) and mouse embryos (Shiota, 1988). Only heat stressed guinea pig fetuses were
found to have hypoplastic teeth (Edwards, 1972) and branchial arch defects (Smith et al.,
1992). Furthermore, eye defects were observed in heat stressed chick (Nilsen, 1969) and
rat (Webster, 1985). However, only hyperthermic chick embryos were observed to have
spinal cord defects (Nilsen, 1969; Buckiova and Jelinek, 1995).

Elevation of temperature stress at critical stages of embryonic development produces
specific developmental defects that cannot be produced at other stages. In general,
embryogenesis starts from head and progresses to the caudal region and according to the
developmental stage at which heat exposure occurs fetal malformations are found to vary.
That is to say that hyperthermia produces stage-specific malformations.

Craniofacial defects have been observed following maternal hyperthermia on
gestation day (GD) 9 in rat (Germain et al., 1985; Webster et al., 1985), GD 8.5 in mice
(Shiota, 1988), on GD 11-14 in guinea pig (Smith et al., 1992), on GD 8 in hamster



(Kilham and Ferm, 1976) and during the first trimester of human (Milunsky et al., 1992)
pregnancy. In addition, limb defects have been observed in embryos heated on GD 9-11 in
the rat (Breen et al., 1999; Cuff et al., 1993), 1-6 days of incubation in chick (Nilsen,
1969), GD 20-23 in guinea pig (Edwards et al., 1984) and 1-4 month in human pregnancy
(Martinez-Frias et al., 2001) with temperature ranging from 38.9 to 42.9°C. However,
axial skeletal malformations were observed when exposed to maternal heat stress on GD 10
rat (Kimmel et al., 1993b) and GD 8.5 mouse (Li et al., 1997) when body temperature rose
to 2.5°C above normal temperature. Guinea pig fetuses showed kyphosis and scoliosis
under heat stress condition on GD 11-14 (Smith et al., 1992). Cardiovascular defects were
seen in chick when heat stressed on 3" day of incubation (Nilsen, 1984), GD 11-14 in
guinea pig (Smith et al., 1992) and early development embryos in human (Tikkanen and
Heinonen, 1991). Fetuses of rats on GD 9.5 (Mirkes, 1985; Walsh et al., 1987), sheep
between GD 64 to 141 (Bell et al., 1989) and mice GD 12-15 (Shiota and Kayamura, 1989)
that have been heat stressed at 40°C or higher were observed to be growth retarded. On the
other hand, offspring of mouse heat stresses on GD 12-15 and week 4-6 in human show
learning disorders (Smith et al., 1978; Shiota and Kayamura, 1989). Maternal heat stress
applied on GD 8 in hamsters (Kilham and Ferm, 1976), on GD 10 in rats (Breen et al.,
1999; Kimmel et al., 1993a) and on GD 8.5 in mice (Shiota, 1988) resulted in defects of
cell growth and proliferation. Eye defects were observed after heat exposure on day 1-6
incubation in the chick (Nilsen, 1969) and on GD 9-10 in the rat embryos (Webster et al.,
1985). However, spinal cord defect was only observed in chick embryos when heat stress

was applied on day 1-6 of incubation (Nilsen, 1969; Buckiova and Jelinek, 1995).

2. A. Genotype

Genotype play an important role in determining the sensitivity of the critical period
for the induction of specific malformations as it has been shown in animal studies
(Germain et al., 1985). Therefore, the types and severity of malformations depend on the
animal genotype. Furthermore, depending on the genotype the normal body temperature
varies whereas it is 38.5°C in rats, 39°C in guinea pig (Germain et al., 1985) and
approximately 38.3°C for mice (Shiota, 1988). Although there are general similarities in
heat-induced malformations in all species, each species has its own characteristics

(Edwards et al., 1995) and developing brain was the most susceptible to heat. For example,



in all mouse strains neural tube defects, mainly excencephaly were the major teratogenic

effects due to heat stress (Webster et al., 1984).

2. B. Threshold dose of hyperthermia

The threshold dose of hyperthermia is defined as the lowest dose required to produce
a given defect in a significant number of exposed embryos. There is no single or simple
means of quantifying the dose, which is a function of elevation and duration of temperature
(Graham and Edwards, 1998). Edwards et al., (1995) defined the thermal dose as the
amount of heat delivered to an embryo and is a product of the abnormal elevation of
temperature with the duration of elevation. The parameters that determine the teratoenicity
of hyperthermia include temperature elevation, duration of exposure (Rao et al., 1990) and

the number of exposures (Edwards, 1981; Shiota, 1988).

3. Influence of Heat stress on Maternal Hormonal Profile

Many studies reveal the effects of heat stress on maternal body temperature, food and
water consumption, body weight gain and other signs of toxicity but not changes in
hormonal profile such changes might impact on fetal growth and skeletal development
therefore it is important to look at the hormonal profile of heat stressed pregnant animals.

Endocrine system is involved in all aspects of pregnancy, including implantation,
placentation, matermal adaptation, embryonic development and fetal growth and
differentiations (Griffin and Ojeda, 1992). Hormones often work in antagonistic, agonistic
or synergistic ways to precisely control the processes of rapid adaptation of the organism to
such changes in the environment. Regulation of bone development involves hormonal
sensitivity of chondrocyte cells during the process of cell differentiation, replication,
maturation and matrix calcification. Hormones involved in bone developmental processes
include thyroxin (stimulate differentiation and growth of cartilage), 1, 25-hydroxyvitamin
D3 (facilitates maturation and calcification of cartilage), glucocorticoids, androgens
(influence cessation of growth and remodeling), somatomedins and parathyroid hormone-
calcitonin system (Genser, 1986). Genser (1986) stated that maternal circulating hormone
levels during pregnancy and fetal skeletal development maybe related to each other and

could be used as a good indicator of intrauterine development.



3. 1. Tyand T,

The hypothalmo-pituitary-thyroid axis is an important element in body temperature
regulation that contributes to maintaining basal metabolic rate (Oppenheimer, 1979).
Thyroid hormones (Ti and Ti) play an important role in adaptation, to altered
environmental temperature (Bobek et al., 1996) by either reducing or stimulating heat
tolerance (Bowen et al.,, 1985). It is important to mention here that heat stress causes
significant decreases in serum thyroxin (Ty), trilodothyronine (T3) (Horowitz and Meiri.
1985), thyroid stimulating hormone (TSH) in rats (Tal and Sluman, 1975) and plasma
triiodothyronine (T3) in cows (Baccari et al., 1983), chickens (Arjona et al., 1990; Yahav
and Plavnik, 1999) and ewes (Bell et al., 1989). However, cold stress leads to significant
increases 1n serum thyroxin and triiodothyronine levels (Khalil, 2002).

There is a strong relationship between fetal and maternal circulating thyroid
hormones before fetal thyroid gland begins to function. Placenta controls the gradual
development of the fetal hypothalamic-pituitary-thyroid axis by influencing the transfer of
thyroxin from the mother to the fetus during gestation (Vulsman and Kok, 1996). Maternal
thyroid hormones can cross the placenta, therefore, maternal thyroid hormonal deficiency
leads to deficiency of thyroid hormones in fetal tissue that leads to developmental delay
(Baccari et al., 1983; Escobar et al., 1985), disturbance of brain development (Sampson et
al., 2000) and reduction in placental growth (Bell et al., 1989). Changes in fetal thyroid
structure such as accumulation of colloid and flattened of secretary epithelial cells have
also been reported (Andrianakis et al., 1990; Khalil, 2002). Maternal thyroid hormones
during early pregnancy are essential for the development of early fetal brain until the fetus
is completely self-supporting (Vulsman and Kok, 1996; Pop et al., 1999). Pop et al.,
(1999) found that impairment the production of maternal thyroid hormones was associated
with severely impaired neurological development of the offspring. Furthermore, the early
disturbances in neuronal differentiations were not corrected by the onset of fetal thyroid
hormone secretion in rats (Sampson et al., 2000). The hypothyroidism is associated with
abnormalities in structure and function of the skeletal muscles in rats (Janssen et al., 1978)
and in humans (Khaleeli et al., 1983; Lomax and Robertson, 1992).

Thyroid hormones play an important role in bone formation or resorption by acting
in a direct and an indirect way on bone cells in vitro (Allain et al., 1992; Conaway et al.,
1998) or in Vivo (Mundy et al., 1976). Thyroid hormones may act on bone cells either
indirectly by increasing secretion of growth hormone (GH) and in tum insulin-like growth

factor-1 (IGF-1) (Khalil, 2002), or directly by influencing target genes via specific nuclear



receptors which are still not yet understood (Abu et al, 1997). Hyperthyroidism is
characterized by increased bone turnover and resorptive activity (Langdahl et al., 1997).
The effect on bone resorption of the thyroid hormones is dependent on increased cellular
replication, perhaps of osteoclast precursors, or other bone cells involved in the resorptive
process (Conaway et al., 1998). Causes of hypothyroidism status include iodine deficiency
(Hollowell and Hannon, 1997: Glinoer and Delange, 2000), excess of thyroid binding
globulins (Khalil, 2002) or impaired thyroid response to thyroid stimulating hormone
(Tonacchera et al., 2000).

3. 2. Glucocorticoides

Corticosteroids are steroid hormones produced by the cortex of adrenal glands and
include a number of hormones (glucocorticoides) important on the metabolism of glucose
and other organic nutrients (Vander et al., 1994). They promote hydrolysis of muscle
proteins to amino acids and in turn increase the level of glucose when these amino acids
are converted to glucose in the liver. Because of wide distribution of the glucocorticoid
receptors they are able to impact on bone and calcium metabolism (Reid and Fracp, 2000).
Furthermore, heat stress and other forms of stress increase glucocorticoid activity in cells
(Li et al., 2001). In vitro and in vivo studies have revealed the direct actions of
glucocorticoids on the osteoblast cells, in decreasing type I collagen and increasing
collagenase. Additionally, the indirect actions of glucocorticoids are mediated by reducing
activities of growth factors (IGF I and IGF II) and causing reduction in collagen synthesis
(Canalis, 1996). Glucocorticoids also interact with bone metabolism by reducing osteoblast
number and bone matrix synthesis (Reid and Fracp, 2000). Canalis (1996) reported that
the continuous exposure of skeletal tissue to excess amount of cortisol or corticosterone
resulted in osteoporosis. Interleukin-6 (IL-6) i1s produced by osteoblasts, macrophage,
lymphocytes, monocytes and it induces bone resorption (Ishimi et al., 1990, Kalil, 2002).
The stimulation of bone resorption activity is related to the increase of osteoclast activity.
The induction of interleukin-6 (IL-6) receptors in the skeletal cells play a central role in
bone resorption, whereas IL-6 known to induce osteoclast employment (Jilka et al., 1992;
Geisterfer et al.,, 1995; Dovio et al, 2001 a, b). Heat stress produces higher serum
concentrations of interleukin-6 (Chung et al., 1999). The excess level of cortisol has an
inhibitory effect on IL-6 production from osteoblast in vitro (Dovio et al., 2001). High
levels of glucocorticoids are believed to alter bone remodeling by decreasing bone

formation and increasing bone resorption (Swolin-Eide and Ohlsson, 1998)



Devarajan and Benz (2000) found that glucocorticoids decreased renal tubular
calcium reabsorption and led to hypercalciuria. More chronically they interfere with
intestinal  calcium absorption, alter vitamin D metabolism and lead to secondary
hyperparathyroidism (Griffin and Ojeda, 1992). Circulating cortisol is a very sensitive
index of heat stress and an elevated level of cortisol is seen at the onset of excessive heat
stress (Follenius et al., 1982). In addition, significant increases in plasma cortisol level and
urinary excretion of water, sodium, and calcium but not potassium are found after heat

stress. Urinary calcium/magnesium ratio is also significantly elevated (Marya et al., 1987).

3. 3. Parathyroid hormone and Osteocalcin
3. 3. A. Parathyroid hormone

The parathyroid glands are small bodies near the thyroid gland. They secrete
parathyroid hormone (PTH) (Khalil, 2002). Parathyroid hormone plays an important role in
the maintenance of a stable internal environment by sensing changes in concentration of
calcium (Ca'™") ions (Brown et al., 1993). Furthermore, within minutes of a decrease in
calcium, PTH promotes an increase in reabsorption of calcium from distal renal tubules and
release of calcium from the bone (Gundberg et al., 1991). Serum calcium level has a
diurnal rhythms that involve transfer of Ca*™ into the bone, releases of Ca™ from the bone
and then bone resorbing activity (Shinodo and Stern, 1992). Absorption and excretion of
calcium increases during pregnancy whereas bone turmover increases during late pregnancy
in human (Cross et al., 1995). Abnormal regulation of PTH secretion by Ca** plays an
important role in the pathophysiology of hypercalcemia (Cetani et al., 2000). Calcium-
sensing receptor interacts with extracelluar calcium and is expressed in parathyroid cells
and C-cells (Brown, 1999). Down-regulation of calcium sensing receptor plays an
important role in the abnormal secretary and growth patterns of parathyroid gland
(Gogusev et al., 1997).

Some studies suggest that there is no relationship between serum PTH and serum
total calcium (Brent et al., 1988). A recent study has shown that PTH applies its regulatory
effects on calcium homeostasis by stimulating the release of calcium from the skeleton.
Parathyroid hormone stimulates bone resorbtion indirectly by inducing the production of
osteoblastic cell, which recruit and activate the bone-resorbing cell, the osteoclast. More
recently, it has been demonstrated that osteoblast cells in response to PTH produce the
interleukin-6 (IL-6), which potently induces osteoclastogenesis. Thus IL-6 may play a

permissive role in PTH induced bone resorption (Grey et al., 1999).



3. 3. B. Osteocalcin

Osteocalcin (OC) or non-collagenous protein (NCP) is a bone-specific extracellular
matrix protein and it is synthesized only by osteoblasts (Ducy et al., 1996; Brown et al..
1984). It constitutes 25% of the non-collagenous matrix protein of bone (Brown et al..
1984 Delmas et al., 1983). Douglas et al., (1996) reported that serum osteocalcin values
were significantly greater in spring than in autumn. This bone-specific protein
concentration in blood is a direct reflection of osteoblastic activity and bone formation
(Gundberg et al., 1991). It also serves to promote an initial bone response to physiological
stress before the normal hormonal regulations are elicited (Gundberg et al., 1991).
Osteocalcin normaly functions to limit bone formation without impairing bone resorption
or mineralization (Ducy et al., 1996). Cole et al., (1987) suggested that OC measurement
was useful in investigations of bone mineral metabolism during pregnancy. Plasma
osteocalcin levels increased steadily with fetal age during prenatal period (Verhaeghe et al.,
1990).

It 1s important to mention that OC serum concentration is capable of predicting
remodeling rates in postmenopausal osteoporosis (Brown et al., 1984). Serum levels of OC
are used to determine whether age-related bone loss results from increased bone resorption,
decrease in bone formation or both (Delmas et al., 1983). High serum osteocalcin levels
are an index of low skeletal mass. Yasumura et al., (1987) found that there was a
relationship between total body Ca*™ and osteocalcin. In general, the osteoporotic women
had low total body Ca*™ values and high ostocalcin levels.

Matemal circulating 1, 25 (OH) 2D (vitamin D) is an important determinant of fetal
plasma 1, 25 (OH) 2D (vitamin D) in the rat, since both are correlated (Verhaeghe et al.,
1988). Specific vitamin D cytosol binding sites were found in skeleton (ribs and vertebral
bodies) (Nguyen et al., 1987). Although serum levels of osteocalcin were thought to be an
indicator of osteoblastic activity and bone formation, there was little information
concerning the acute effects of changes in calcium or PTH level on circulating
concentration of osteocalcin (Gundberg et al., 1991). However, Cole et al., (1987)
demonstrated that no significant correlations were found between matermal osteocalcin
concentrations and serum phosphorus, alkaline phosphatase (bone biochemical marker), or
parathyroid hormone, but significant negative correlations were found between osteocalcin
and total calcium or total protein in human. Clinical hyperparathyrodism is always
associated with increased serum osteocalcin levels (Price et al.,, 1980). Patricia et al.,

(1988) demonstrated that administration of physiological to low pharmacological dose of
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corticosterone elicited a time and dose dependent decrease in serum ostocalcin in vivo. In
addition, the response to cold exposure also decreased osteocalcin levels. These changes
observed in response to an extremely well defined hormonal system imply an important
role tor corticosteroids in the control of serum osteocalcin level. Bodine et al., (1996)
concluded that vitamin D increased osteocalcin secretion in culture when the cell line is
maintained at 40°C. Furthermore, the cells expressed very low basal levels of alkaline
phosphatase activity in addition to high amount of osteocalcin and enhancement of
parathyroid hormone in response to vitamin Dj. Higher osteocalcin levels in umbilical
venous blood than in umbilical arterial blood suggested that the placenta may be the main
source of osteocalcin in late fetal life (Seki et al., 1993). Uteroplacental blood flow in
infants may result in reduced fetal-placental production of I, 25-dihydroxyvitamin D,
which results in low bone mineral content and low serum osteocalcin values; and fetal
serum parathyroid hormone values may be relatively elevated because of reduced placental

mineral supply (Namgung et al., 1993).
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Table 1. Studies on hyperthermia induced cogenital malformation in experimental animals and humans.

Species | Developmental | Method of heat Temperature Malformations References
stage exposure
Microphthalmia, anencephaly, tails defects,
Rat GD 9-14 Incubator 42.9°C for 40-60min. | limb, toes, palate and body wall anomalies. | Edwards, 1968.
Decrease in head length, disturbance in
number and development of somites, cell Webster et al., 1985;
death, delayed in development of caudal Walsh et al., 1987; Mirkes, 1985
Rat GD9-10 Incubator 42°C for 15-20 min or at | neural tube, microphthalmia, head defect, Cuff et al., 1993; Breen et al..
43.5°C for 15min. encephalocele, maxillary hypoplasia, small | 1999,
eye, branchial bars defect and growth
retardation.
Encephalocele, facial cleft, maxillary
hypoplasia, microphalmia, microphthalmia, | Germian et al., 1985; Walsh et
42°C for 2 or 15 min or microcephaly, gross reduction of the al., 1987; Rao et al., 1990;
Rat GD 9-10 Water bath 43°C for 7.5-8.0 min. forebrain and open neural tubes, neural Germano et al., 1996: Mirkes et
migration disorders, increase mortality and | al., 1997.
cell death (apiptosis).
Brown-Fabro 42°C or 43°C to 10-25
Rat GD 10 scoring system | min Inhibition of development Kimmel et al., 1993a.
(Vitro) ek .
Cuff et al,, 1993; Kimmel et al.,
Rat GD 10 Incubator, warm | 42°C for 5-20 min Axial skeletal malformation and limb 1993b;
air chamber defect. Breen et al., 1999.
Exposed to heat
Rat GD 9.5 then cultured for | 43°C forl3 min. Rostral neural tube defect. Buckiova and Brown, 1999.
12-48hr.
Vertebral transformation, disturbances in -
Mouse GD 8.5 Water bath 42°C for 12.5-15min or cell proliferation, embryonic neuroepithelial | Li et al., 1997; Shiota, 1988.
43°C for 7.5-10min. necrosis, excencephaly, anencephaly,
encephalocele and facial cleft.
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Table 1. Continued.

Growth retardation, reduction in brain size
Mouse GD 12-15 Water bath. 42°Cor43°C for 10 and reduction in learning capacity. Shiota and Kayamura, 1989.
min.
Anophthalmia, anencephaly,
Rat, guinea GD 9-10 Incubator 42°C for 1hr daily. microencephaly, hydranencephaly,
pig hypoplasia of teeth and growth retardation. | Edwards, 1972.
Anterior neural tube defect, kyphosis-
Guinea pig GD 11-14 Incubator 3.4-4.0°C above normal | scoliosis, branchial arch defect and Smith et al., 1992.
temperature. pericardial edema.
Guinea pig Clubfoot, less brain weight, exomphalos
GD 20-23 Incubator 42.6°C -42.9°C for 1h. and hypodactyly. Edwards et al., 1984.
- Disturbance of cell proliferation,
Hamster GD 8 Incubator | 41°C for 1.0-1.25hrs. microcephaly, excenphaly and Kilham and Ferm, 1976.
N 1 encephalocele.
Between day ‘
Sheep 136-141 of Hot environment | 40°C for 9h/d Fetal growth retardation. Bell et al., 1989.
pregnancy 7
Nilsen, 1969; Nilsen, 1984;
Chick GD 1-6 Egg Incubator  39°C to 43°C for 15min-2 | Head, eye, spinal cord and limb and aortic Buckiova et al., 1995.
days or 3 days. arches defects.
Milunsky et al., 1992; Shaw et al.,
Human 1-3 month. Electric blanket. | > 38°C Neural tube defect and orofacial cleft. 1999.
Smith et al., 1978;
Cleft lip and cleft palate, anencephaly, Layde et al., 1980; Milunsky et
Human 1-3 month. Fever > 38.9°C for 2 day mental deficiency, microphthalmia, midface | al., 1992;
hypoplasia, limb deficiencies and Lian et al., 1997;
transformations of axial skeleton. Chambers et al., 1998; Shaw et al.,
1998; Martinez-Frias et al., 2001.
Anterior neural tube defect (Anencephaly), | Halperin and Wilroy et al., 1978;
Human 1-3 month. Sauna 38.9-43°C for 15min Posterior encephalocele, menigocele and Miller et al., 1978; Tikkanen and
cardiovascular malformation. Heinonen, 1991; Milunsky et al.,
1992.




OBJECTIVES

The main objective of the present study is to determine the effects of maternal heat stress
during pregnancy on fetal axial skeletal development and to explore some of the possible
maternal and placental responses that can explain these effects. Thus additional objectives
included evaluation of the possible alterations in maternal hormonal profile due to heat
stress and effects of heat stress on different zones of placental and their relation with fetal

malformation.
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CHAPTER 11

MATERIALS AND METHODS



MATERIALS AND METHODS

I. Materials

The Department of Biology, Faculty of Science and Department of Anatomy Faculty
of Medicine and Health Sciences provided standard laboratory chemicals and equipment
for this study. Enzyme link immunosorbant assay (ELISA) kits for thyroxin and
triiodothyronine were purchased from dbc-Diagnostics Biochemical Canada Inc. (London,
Canada). Osteocalcin EIA (Enzyme immuno-assay) kit was obtained from Biomedical
Technologies Inc. (Massachusses, USA). Glucose commercial determination kit (Lyon,

France), and calcium determination kit were acquired from bioMérieux (Lyon, France).

II. Animals

The Wistar rats used in this study were originally bought from Harlan Olac (England)
and raised in our local animal house facility. Animals were housed in solid—bottom
polypropylene cages containing heat-treated wood chips under conditions of constant
temperature (25%1°C) and humidity (> 60%) and maintained on a 12-hour light dark cycle.
The standard laboratory chow and tap water were provided ad libitiem. Virgin female (200-
250 gm) were mated with males overnight. The following morning vaginal smears were
examined. The day on which sperm were found in the vaginal smear was considered day O

of gestation. Pregnant animals were kept in groups of three per cage.

I1I. Heat-stress Procedure
A total of 74 animals were randomly assigned to three groups: (a) non-stressed
(control, n=20), (b) heat stressed group I (41°C, n = 44) and (c) heat stressed group II

(42°C, n = 10). The heat exposure lasted an hour starting 9.30 a.m on day 9 of gestation.

Experiment |

The effect of heat-stress on maternal physiological parameters was carried out using
40 pregnant rats. Animals were randomly assigned to two treatment groups, control (non-
stressed, n = 10) at 25°C and heat-stressed (41°C, n = 30) groups. Animals were placed in a
polypropylene cage containing heat-treated bedding chips in an incubator at the

forementioned temperature. The temperature of the incubator was monitored continuously.
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Rectal temperature was measured before and after heat stress by using Phillip's
thermometer probe. An increase in body temperature of about 2 degrees was congidered

stress on experimental animals.

Experiments I1

The effect of heat-stress on fetal abnormalities was conducted using the previously
mentioned conditions. However, heat-stressed animals were exposed to 41°C (n = 14) and
42°C (n = 10) to demonstrate the extreme changes and the severity of skeletal
malformations. Maternal animals were observed on gestation day 10 and 11 following heat
exposure for clinical signs of heat stress such as exhaustion, recovery or death, differences

in rectal temperature, food and water intake and changes in body weight.

IV. Maternal Physiological Parameters

Blood sample collection

Immediately after an hour of heat stress or sham treatment, blood samples were
collected from the orbital veins in plain vials under ether anesthesia. The blood samples
were collected from thirty heat stressed (41°C) animals and ten control animals. The blood
was allowed to clot in centrifuge tubes and then centrifuged at 3000 r.p.m for 10 minutes at
room temperature. Fresh serum samples were used for the determination of glucose and
calcium. The rest of the serum was kept in a deep freezer at -85 °C until assayed for

thyroxin, tritodothyronine and osteocalcin.

Glucose Assay

The glucose concentration was determined by glucose oxidase method (Trinder,
1969) by using a commercial kit (bioMérieux, Lyon, France). Standard curve was prepared
as described by manufacturer. 10ul of serum was mixed with the reagent and incubated at
37°C for 10min. Thereafter, glucose concentration was measured as a function of the
release of H,O, using spectrophotometer (Photometer 4010) at 505 nm against reagent
blank. The reagent buffer consisted of phosphate buffer pH 6.5 (225 mmol/l), amino-4-
antipyrine (0.3 mmol/l), phenol (8.Smmol/l), EDTA (5 mmol/l), peroxidase (= 300 U/I) and

glucose oxidase (= 100%).
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Calcium Assay

The serum calcium concentration was determined by colorimetric method (Elveback.
1970). Serum calcium was estimated by using Ca'* determination kit (bioMérieux.
Messorie, USA). Standard curve was prepared as described by the manufacturer. All
glassware used in this assay were washed in IN hydrochloric acid and rinsed in distilled
water as well as disposable laboratory ware. Briefly, SOul of serum was mixed with 2-5ml
of methylthymol blue (80 mg/l) and 8-hydroxyquinolein (200 ml/l) and 2.5
monoethanolamine (200ml/l). The mixture was mixed for | min and the color intensity was
measured at 612 nm using spectrophotometer (Shimadzo, model UV-160A) against reagent

blank. Standard reagent used was 10mg/100ml.

Thyroxine (T,;) Assay

The serum thyroxin concentration was determined by enzyme immunoassay method
(Robins, 1973). Thyroxin level was estimated using ELISA kits dbc-diagnostics
biochemical Canada Inc (London, Canada). Standard curve was prepared as described by
the manufacturer. Sera (25ul) of control and treated rats were pipettes into breakapart
wells. Working T4-Enzyme (200ul) was added to all wells. Wells were then mixed and
incubated for 30 minutes at room temperature (25 °C). After incubation, wells were
decanted, washed three times and blotted on absorbent paper towels. TMB substrate
reagent of (150ul) were added to all wells and incubated for 30 minutes at room
temperature. Reaction was terminated by addition of stopping solution. Absorbance at 450

nm was measured within 20 minutes after adding the stopping solution.

Triiodothyronine (T3) Assay

The serum Triiodothyronine concentration was determined by enzyme immunoassay
method (Robins, 1973). Triiodothyronine level was estimated using ELISA kits dbc-
diagnostics biochemical Canada Inc (London, Canada). Standard curve was prepared as
described by the manufacturer. Sera (25ul) of control and treated rats were pipettes into
breakapart wells. 150ul of the working T3 enzyme conjugate solution were added into
each well. Wells were then mixed and incubated at room temperature for 60 minutes on a
slow-speed shaker. After incubation, wells were decanted, washed three times and blotted
on absorbent paper towels. TMB substrate reagent (150ul) were added to all wells and

incubated for 30 minutes on a slow shaker. Reaction was terminated by addition of
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stopping solution. Absorbance at 450 nm was measured within 20 minutes after adding the

stopping solution.

Osteocalcin Assay

The osteocalcin serum concentration was determined by enzyme immunoassay
method (Gundberg and Weinstein, 1986). Osteocalcin EIA kit was purchased from
biomedical technologies Inc. (Stoughton, USA). Standard curve was prepared as described
by the manufacturer. Microtiter plate was removed from the resealable bag. Diluent buffer
(25puL), standards (25uL), samples (25uL) and controls (25pL) were added to appropriate
wells followed by 100uL osteocalcin antiserum. The entire procedure was completed in 15
minutes then the plate was gently swirled for about 1 minute. Thereafter, the plate was
covered tightly and incubated at 37 °C for 2.5 hours wells were then aspirated completely
and washed 3 times with 0.3ml phosphate buffered saline (PBS). At the end of incubation
time, streptavidin-horseradish peroxidase reagent (100puL) was added to all wells and then
incubated at room temperature for 30 minutes. At this stage sufficient amount of 1: |
mixture of TMB and hydrogen peroxide was made and stored in the dark. After completing
the incubation with streptavidin-horseradish peroxidase the plate was washed three times
with PBS. Substrate (100uL) was added in each well, and then incubated at room
temperature in the dark for 10 minutes. At the end of the incubation period, stop solution

(100 pL) was added to each well and absorbance was measured immediately at 450 nm.

IV. Morphological and Skeletal Studies

Fetus collection and observations

Animals were killed by cervical dislocation on gestation day 20. The uterus was cut
open and number of implantations and resprotions were counted. Fetuses were removed
from the uterus, dried of amniotic fluid and dissected free of their membrane. They were
then weighted, and fixed in 95% ethanol for subsequent examination of external
malformations. Skeletons were stained with Alcian blue (cartilage) Alizarin red-S (bone) as
described by Inouye (Inouye, 1976), and modified in our laboratory. The specimens were
stained with 70% ethanol containing 0.015% alcian blue, 0.005% alizarin red-S and 5%
acetic acid at 37°C for 2-3 days. Then the specimens were cleared through ascending
concentrations of aqueous glycerin in 0.5% KOH and finally stored in 100% glycerin and

examined with a stereomicroscope.
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VI. Histological Studies

Hematoxylin and eosin staining of placenta

Immediately after collection, the placentas were fixed in Gender's fluid (Appendix 1).
Tissues slices were dehydrated in ascending concentrations of ethyl alcohol (70%, 80%.
90%, 100%) by using auto processing machine. They were then cleared in xylene and
infiltrated with paraffin wax (Appendix 2). Sections (7um) were cut and mounted on glass
slides. They were subsequently dewaxed, rehydrate in descending concentrations of ethyl
alcohol and washed in distilled water for Smin. Sections were then stained (Bancroft and
Stevens, 1977) with hematoxylin for Smin then dipped into acid ethanol followed by eosin
staining for 30seconds. Stained slides were dehydrated, cleared, mounted, and dried for

final microscopic examinations.

Best's Carmine stain of placenta

Best's Carmine staining (Gretchen, 1979) was performed to detect the presence or
absence of glycogen granules in the placenta (Appendix 3). Briefly, paraffin sections were
dewaxed, rehydrated, stained with hematoxylin (5min), washed with running water (5Smin),
and placed in Best's carmine working solution (30min, Appendix 4). Slides were then
treated with differential fluid (Appendix 5), dehydrated, cleared and mounted for

microscopic examination.

VII. Electron Microscopic Studies

Placental tissues from rats that were exposed to 41°C, together with sham controls
were processed and fixed in McDowell and Trump fixation with continuous mixing for 1
hour at room temperature and allowed to stand overnight at 4°C. Samples were rinsed in
phosphate buffer (0.IM) and stored at 4°C for further processing. Samples were treated
with buffered 1% osmium tetraoxide for 1 hour at room temperature. Tissues were then
washed with distilled water and dehydrated in ascending concentration of ethanol. Samples
were then placed in two changes of propylene oxide. Thereafter samples were blocked in
Agae 100 resin. Ultrathin sections were cut using diamond knife and examined with Philips

CM10 Electron microscope.
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Statistical Analysis

Statistical analysis for hormone, glucose, osteocalcin, calcium data was carried out
using SPSS (Norusis, 1998), however, all others statistics were done by EPI6 INFO.
Public domain software for epidemiology and disease surveillance (EPI6 INFO, 1996).
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RESULTS



RESULTS

I. Maternal Effects

Pregnant Wistar rats were exposed to heat stress at 41°C or 42°C for one hour on GD
9. The animals whose rectal temperature reached about 2°C or more above normal body
temperature showed signs of toxicity such as exhaustion, decreased water and food
consumption, sweating and diarrhea. They also appeared to be sleepy and less active after
being hyperactive for a few minutes. After 24 hours, water and food consumption rate
became normal. Data of the present study (Table 2) indicate that exposure to 41°C caused
a severe heat stress leading to a significant increase (P < 0.05) in serum glucose (119.78 +
5.90 mg/dl) as compared to the control animals (98.47 + 3.45 mg/dl). In addition, the
serum calcium, T3 and T4 levels were significantly decreased (P < 0.05) in comparison to
the control animals. The control animals had an osteocalcin level of 0.730 £ 0.015 ng/ml.

Heat stress caused a significant increase (P < 0.05) in serum osteocalcin.

II. Fetal Effects

The animals that were subjected to 42°C showed significant reductions in the number
of implantations, number of live embryos, and fetal and placental weights in comparison to
control animals. There was a significant increase in resorption rate, malformations and
growth retardation (Table 3, Figs 1-2). Fetuses at -1SD are -2SD from the mean of the
control weights were regarded as growth retarded. It was observed that about 50% of 42°C

group were at -2SD whereas about 40% of 41°C group were at -2SD level.

1. Morphological Malformations

The tip of the upper jaw was a little anterior to that of the lower jaw in control
fetuses. In maxillary hypoplasia of experimental fetuses the tip of the upper jaw was found
to be behind the tip of the lower jaw (Figs 2B, C). A large number of the experimental
fetuses were found to have their lower jaw hypoplastic (Table 4). In such fetuses with
mandibular hypoplasia, the lower jaw was considerably behind the tip of the upper jaw. In
control fetuses, the ear is located at or above the trans-oral line, which passes along the oral
fissure. But when the ear is located below the trans-oral line, then it is regarded as low set
(Figs 3A). It is important to mention that usually low set ears were also associated with

small size. The incidence of low set microtia increased with increase in temperature.
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The control mandible and maxilla bones were well ossified. The mandible contained
a ramus, body and symphysis menti. The hypoplastic condition of the maxilla and
mandible were possibly the reasons why protrusion of the tongue occurred (Fig 3B). These
results show the correlation between mandiblular and maxillary hypoplasia and tongue
protrusion. The heat stress caused an increase in the incidence of mandibular and maxillary
hypoplasia compared to the controls. But in comparison between 41°C and 42 °C, the
41°C group showed a higher incidence of maxillary-mandibular hypoplasia and tongue
protrusion. Fetuses with excencephaly had the brain protruding outside the skull due to the
absence of the cranial vault (Figs 2B-D, 3B). The protruded brain tissue had degenerated.
Bleeding from the exposed brain resulted in blood stained amniotic fluid. Excencephalic
embryos were growth retarded. Polyhydramnios was common in excencephaly. Both
experimental groups showed a high incidence of excencephaly (Table 4).

The eyes remain closed in normal rat fetuses and open only after birth. The lens of
normal fetuses is transparent. Heat stressed fetuses showed a low incidence of exopthamia
with cataract. Fetuses with facial clefts, especially those with bilateral oblique facial clefts
had cleft of the upper lip (Fig 1C). Facial clefts were sometime found to be associated with
excencephaus. Fetuses of the 41°C group had a higher incidence of facial clefts than those
of the 42°C group. Furthermore, both experimental groups showed a low incidence of cleft
palate. The hyperthermic groups had a higher incidence of short tail than the controls
(Table 4). One of the 42°C group fetuses had a skin appendage attached to the dorsal
aspect of the right hindlimb (Fig 1D).

2. Skeletal Malformations

The Skull Bones
The control rat fetuses had well ossified bones of the skull that included the mandible,

premaxilla, maxilla, zygomatic, nasal, frontal, parietal, interparietal, supra-occipital,
exoccipital, temporal, tympanic ring, hyoid, ethmoid, presphenoid, basisphenoid and
basioccipital bones (Figs 4A, SA, 6A, 7A). No instance of hypoplastic or absent bones was
noticed. The control fetuses showed a normal size of fontanelles and suturel lines (Table 5;

Fig 6A).
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The comparison between 41°C and 42°C groups showed variable responses in terms
of skeletal defects (Figs 4, 5, 6). The control fetuses had well-ossified mandibles. The
remnant of the Meckel's cartilage was only found near the symphysis menti. In contrast, a
large number of the experimental fetuses were found to have the entire Meckel's cartilage
persisting (Fig 5). An increased incidence of hypoplasia of premaxilla, maxilla, parietal
and temporal bones was observed in 41°C group than in 42°C group. However, fetuses of
42°C group showed a higher incidence of hypoplasia of basisphenoid and exococcipital
bones than those of the 41°C group. Fetuses of 42°C group showed a higher percentage of
absent bones such as maxilla, zygmotic, parietal, frontal, interparital, supra-occipital,
exoccipital, temporal, tympanic, hyoid, ethmoid and presphenoid than the 41°C group.

In both experimental groups, the fontanelles and sutural lines were wider, which
indicated poor ossification of the cranial vault bones. On the other hand, the 42°C group

fetuses were more hypoplastic and had only traces of ossification of the cranial vault (Figs

6B-D).

The Vertebral Column

The rat fetal vertebral column normally has 26 presacral vertebral arches and bodies
that are distributed as follows: 7 cervical arches-bodies, 13 thoracic arches-bodies, 6
lumber arches-bodies and variable number of sacral and coccygeal arches-bodies. In our
study the control vertebral column appeared to have well ossified vertebra (Table 6; Figs
9A, 10A, 11A, 15A).

In the experimental fetuses, the vertebral arches and bodies showed decrease in
number and poor ossification (Figs 9B, C; 10B; 11B; 12A, B). Fetuses of 42°C group
showed a higher incidence of hypoplatic cervical vertebral bodies than those of 41°C
group. Also the percentages of absent cervical bodies were higher in 42°C groups than
those in 41°C group. In fetuses of both experimental groups, there were fewer thoracic
arches and bodies compared with those of the control group. The higher the temperature
higher was the reduction in number of lumbar, sacral and coccygeal arches and bodies in
experimental groups. The 42°C group was found to have a higher percentage of agenesis

of sacral arches and bodies compared to those of 41°C and control group.
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The Sternebare and Ribs

Sternum consisted of 6 sternebare in the control fetuses (Fig 13A). They also had
seven pairs of sternal ribs. Control ribs and stemebare appeared norrmally ossified without
any reduction in normal count. No instance of fused or hypoplatic ribs was found in
control fetuses.  The higher the temperature during hyperthermia, the higher was the
incidence of skeletal defects (Table 7, 8; Fig 13). Malformations of ribs appeared usually
in the form of hypoplasia or fusion (Table 7; Figs 13B, C; 14A, B). Hypoplastic ribs were
more frequent in fetuses exposed to 42°C than those exposed to 41°C. However, fused ribs
were increased in 42°C group. On the other hand, sternebare appeared hypoplastic (Fig
13B), split (Fig 13C), absent (Fig 14A), or in misaligned (Fig 14B) forms. Hypoplastic and
split sternebare were more commonly observed in 42°C than in 41°C group (Table 8).

There were no instances of hypoplastic, split and absent sternebare found in control fetuses.

The hip bones

The control hip bones of GD 20 fetuses consisted of ilium, ischium and pubis. These
bones were well ossified and remained united by cartilage (Table 9; Fig 11). There was a
higher incidence of hypoplastic ilium, ishchium and pubis in 42°C group compared with

41°C.

The limb bones

Forelimb skeletons of the control fetuses consisted of normally developed scapula,
humerus, ulna and radius, metacarpals and phalanges (Fig 16A). The hindlimb skeleton
consisted of femur, tibia, fibula, 4-5 metatarsals and a variable number of phalanges (Table
9, 10; Fig 11). Fetuses of 42°C group were observed to have a higher percentage of
hypoplastic femur and tibia than those of 41°C group (Table 9). The 42°C group had a
higher incidence of decreased number of metacarpals and phalanges than those of the 41°C
and control groups (Table 10; Fig 16B). They also showed high incidence of absence of
metacarpals, metatarsals and phalanges compared with 41°C. Tarsal bones were absent in

both control and experiment groups.
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I11. The placenta

The rate placenta consists of two portions: a fetal portion and a maternal portion
(Ross et al., 1989). Histologicllay it comprises three distinct zones. From maternal to fetal
side. they are (1) deciduas basalis, (2) spongy zone and (3) labyrinthine zone (Davis and
Glasser, 1968. Padmanabhan and Al-Zuhair, 1988; Padmanabhan and Al-Zuhair, 1990).
The decidua basalis is found to consist of fibroblast-like cells and parallel bundles of
collagen fibers embedded in a ground substance (Fig. 17A, B). The spongy zone is
composed mainly of three types of cells: basophils, giant cells and glycogen cells (Figs.
17C, D). Clusters of glycogen cells (Fig. 17B; Figs. 18A, B, C) are observed to be
surrounded by a layer of flat trophoblast cells and distributed between others types of cells.
These clusters show a characteristic spongy appearance in H&E preparations (Fig. 17B).
On the other hand, the labyrinthine zone comprises finger-like structures that extend from
the spongy zone up to the fetal surface (Fig 19).

Viewed with an electron microscope, each labyrinth consists of capillaries embedded
in a core of fetal mesenchyme covered with a trichorial membrane. The latter consist of
three layers of trophoblast cells. Layer I is thin, often presents pores and directly faces the
blood in the matemnal sinusoid. Layer Il contains glycogen granules, lipid and some
secretary granules. Layer III adjoins the capillary endothelium and shares with it a
common basal lamina. They contain pinocytic vesicles and a few glycogen granules (Fig
24).

In this study, the placentas of experimental animals had a lighter weight compared
with the control group. In the hyperthermic group of placentas, the decidua were thicker
than that of control group. There were large areas of hyalinization (Fig. 20C) and random
lymphocytic infiltration. However, the spongy zone had high proportion of giant cells (Fig.
20D). Multinucleated giant cells were more abundant than those with single nucleus and
the basophils were extremely numerous. The glycogen cell clusters were obviously
reduced or absent over a large proportion of the basal zone (Figs. 21, 22). The loss of
glycogen cell clusters might have led to the formation of cysts observed in this experiment
(Fig. 22). The 42°C group had more degenerated glycogen cells than those of 41°C group.
The labyrinthine zone showed reduction in thickness with much shorter labyrinths than
those of control group and some parts of it appeared hyalinized (Fig. 23A). The columnar
arrangement of labyrinths was altered and they were found to be either avascular or poorly

vascularised. It was also characterized by the presence of fetal mesenchyme and
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preivascular fibrosis (Figs. 23B, D). Giants cell appeared to have proliferated (Fig. 23C).
The finger-like projections of this zone observed in controls (Fig. 19A, B) were also found
to be altered. On the other hand, perivascular fibrosis was prominent.

Electron microscopic examination of the placentas showed a series of degenerative
changes in experimental group compared with control group placentas. These changes
included the presence of lymphocytic and phagocytic infiltrations, and accumulation of fat
droplet in fetal mesenchymal cells. Fetal preivascular mesenchyme consisted of numerous
of collagen in their matrix. In heat stressed group placentas, the trophoblast of the

labyrinths had plenty of glycogen accumulations.
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Fig 1 Rat fetuses of gestation day (GD) 20 A Control B and D: 42°C/1hr on GD
9, C 41°C/lhr on GD 9 Observe the short tail (arrow 1in B), growth retardation (B.
C), oblique facial clefts involving the upper lips (C) and encephalocele (D) in heat

stressed fetuses Fetus D presents a caudal appendage (arrow in D).






Fig 2 Anterior view of heat-stressed fetuses with edema, mandibular and maxillary
hypoplasia and microtia Note also mandibular and maxillary hypoplasia (B, C),
excencephaly (B, C, D) and growth retardation (D) Microtia is present n B, C. In the
excencephalic fetuses, the exposed haemorrhogic brain tissue has degenerated. [A, C

42°C/1hr on GD 9; B, D: 41°C/1hr on GD 9]






Fig 3 Lateral view of rat fetuses of gestation day (GD) 20. A: Growth retarded heat
stressed fetus with microtia. In the excencephaly fetus (B), observe the facial cleft

(arrow) and protrusion of the tongue. [A: 42°C/1hr on GD 9; B: 41°C/Ihr on GD 9].
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Fig 4 Lateral view of skull bones of rat fetuses of gestation day (GD) 20. A: Control
tetus showing well ossified skull bones. B: Heat stressed (42°C/lhr on GD 9) fetus
whose skull bones are poorly ossitied. Also the Meckle’s cartilage 1s persistent. In
exencephalic heat stressed (41°C/l1hr on GD 9) fetus (C), maxillary hypoplasia is seen
very well. Skull bones are poorly ossified. The nasal, frontal, parietal (Pa) and

interparietal (IP) bones are absent. [SO: supra-occipital].
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Fig S Mandibles of rat fetuses of gestation day (GD) 20. A: The control fetus shows
properly ossified body and ramus. In the heat stressed fetus (B) (42°C/1hr on GD 9)

the mandible is remarkally hypoplastic and the entire Meckel’s cartilage is persisting.
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Fig. 6 Skulls of rat fetuses of gestation day (GD) 20. A: The control fetus shows
normal size of fontanelles and sutural lines. In the heat stressed (B: 41°C/1hr on GD
9, C, D 42°C/1hr on GD 9) fetuses, the skulls are hypoplastic (B, C, D), sutures and
fontanelles are wide (arrow in B, D) indicating poor ossification of the bones of the
cranial vault. Fetus C shows only traces of ossification of the cranial vault. [Fon

fontanelle, Pa: Parietal bone, IP: inter-parietal bone, SO: supra-occipital bone].
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Fig 7 Basicrania of rat fetuses of gestation day (GD) 20. A: Control: The
presphenoid (Ps), basisphenoid (Bs) and basioccipital (Bo) bones are well ossitied. In
heat stressed (41°C/lhr on GD 9) fetuses, the presphenoid is spht into two haves
(arrow In B) or sphit and hypoplastic (arrow in C) and the basisphenoid is hypoplastic.
The ethmoid 1s absent in C. A median longitudinal cartilaginous bar (cartilage) in C
indicates the unossitied precursor of the median bones. Also observe the gross

reduction in anteroposterior and transuser diameters of the basicranium (B)
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Fig 8 Basicrania of rat fetuses ot gestation day (GD) 20. A: In heat stressed tetuses
[A 41°C/lhr on GD 9, B, C: 42°C/1hr on GD 9] observe that the cramal vaults i1s
missing and basicranial bones are crowded (A), hypoplastic (arrow in B), the
Meckel's cartilage is persisting (arrow in B, C) and the tympanic ring is absent (A, C)

Fetus A 1s an exencephalic one.







Fig 9 Lateral view of the skulls and cervical region of rat fetuses of gestation day
(GD) 20 A Control Observe the well-ossitied skull bones and cervical vertebral
arches (C1-C7) B, C The heat stressed (41°C/lhr on GD 9) fetuses show
hypoplastic skull bones and cervical arches Note that the ossification of the arches

are interrupted as indicated by the presence of cartilage (blue in B and C).







Fig 10 Rat fetuses of gestation day (GD) 20. A: The control fetus shows 6
vertebral bodies (arrow) and 7 arches in the cervical region, which are normally

ossitied B: The heat stressed (41°C/lhr on GD 9) fetus has 7 cervical hypoplastic

arches, the corresponding bodies (arrow) are unossified.







Fig 11 Dorsal view of fetal rat skeleton of gestation day (GD) 20 stained with
alizarin red—S and alcian blue A The control fetus shows good ossification of the
vertebrae of lumbosacral segments, pelvic girdle and the bones of the hindimb. B
The heat stressed (41°C/1hr on GD 9) tetus shows poor ossification of the vertebrae

of lumbosacral segments, pelvic girdle and the hindlimb.
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Fig 12 Dorsal view of fetal rat skeleton of gestation day (GD) 20 stained with
alizarin red-S and alcian blue. A: The coccygeal segment shows 2 ossitied bodies
and arches (arrow in A). Fetus B, exposed to a higher temperature (42°C/1hr on GD

9) is extremely growth retarded and shows a virtual lack of ossification
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Fig. 13 Skeleton of the ventral chest wall of rat fetuses of gestation day (GD) 20
stained with alizarin red-S and alcian blue. A: Control. The sternum has 6 sternebrae
with 7 pairs of ribs attached to it. In tetus B, there are only 4 poorly ossified
sternebrae, ribs S, 6, 7 on the right side are fused (arrow), ribs 4, 5 of the left side are
tused at their sternal end (arrow) and rb 6 1s absent. Clavicales (CL) are short and
hypoplastic (B, C). In fetus C, the sternebrae are poorly ossified and remain unfused
(arrow In C), thus forming a "split-sternum". The rib 8 (R in C) is close to xiphoid
process (arrow in C). m: malaligned sternebrae, h: hemisternebra. [B, C: 41°C/1hr on

GD 9]







Fig 14 Skeleton of the ventral chest wall of rat fetuses of gestation day (GD) 20
stained with alizarin red-S and alcian blue. In these heat stressed fetuses [A: 42°C/lhr
on GD 9; B: 41°C/1hr on GD 9], the sternal bars are split and unossified (A) or poorly
ossified (B). Fetus B has poorly ossified ribs on both sides and 4 sternebrae which are
hypoplastic, malaligend and split (short arrow). Xiphoid process is also split (B) (long

arrow)
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Fig 15 Dorsal view of the lower thoracic and lumber segments of the axial skeleton
of rat fetuses of gestation day (GD) 20. A: The control fetus shows very well ossified
thoraco-lumber segment. B: Observe in the heat stressed (41°C/1hr on GD 9) fetus

the 13" rib is wavy.
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Fig 16 Forelimb skeletons of rat fetuses of gestation day (GD) 20 stained with
alizarin red-S and alcian blue. A: Control. B: Heat stressed (42°C/1hr on GD 9)

tetus showing poorly ossitied scapula, ulna and radius.
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Fig 17 Sections of control rat placentae of gestation day 20. A, B: Note the three
zones of the placenta: the deciduas basalis (DB), basal zone (BZ) and labyrinthine
zone (LZ). The deciduas basalis comprises fibroblast like cells (FB in C) and collagen
fibres The basal zone presents giant cells (GC in C, D) and basophils (BA in C). A,
10X, B, 20X, C-D, 40X







Fig 18 Placentae of control rat fetuses of gestation day (GD) 20 stained with Best's
carmine Observe the glycogen (Glc) cells, that are abundant in the basal zone and

appear red in color (A, B, C). A, 10X; B, 20X; C, 40X






Fig 19 Sections of placentae of rat fetuses of gestation day (GD) 20 A: Section of a
control placenta showing the labyrinthine zone (LZ) with finger like labyrinths with
intervening matemal sinusoid (MS). The fetal capillaries (FC) are separated from the MS

by three layers of trophoblast (B) PB placental barrier
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Fig 20 Sections of heat stressed (41°C/1hr on GD 9) placnetae of rat fetuses of
gestation day (GD) 20 A, B. Section of deciduas basalis (DB), basal zone (BZ) and
labyrinthine zone (LZ) The decidua basalis 1s hyalininzed (C), the basal zone

appears vacuolated (B) and the giant cells have proliferated (GC in D) A, 10X, B,
20X, C-D, 40X






Fig. 21 Placentae of rat fetuses of gestation day (GD) 20 stained with Best's
carmine. The sections of the heat stressed (41°C/lhr on GD 9) group show carmine
positive glycogen (Glc) cells which are tewer in number than those of the control in

the basal zone (A, B, C). A 10X; B, 20X; C, 40X.






Fig 22 Placentae of rat fetuses of gestation day (GD) 20 stained with Best's
carmine The animals were subjected to a higher temperature (42°C/lhr on GD 9)
The sections show glycogen (Glc) cells which are tewer in number than those ot the
control (Fig 23) and appear megenda red in color in the basal zone (A, B, C). A

10X, B, 20X; C, 40X
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Fig 23 Sections of placentae of rat tetuses ot gestation day (GD) 20. A: Heat
stressed (41°C/1hr on GD 9) section showing partly hyalinized labyrinthine zone (A,
(), perivascular mesenchyme (B) that contributes to thickening of the placental
barrier. Distortion of the cytoarchitecture and paucity of vascular development in the
labyrinthine zone are obvious in D. Note also the presence of abundant giant cells in

the basal zone n C. A-D, 40X. [A: 41°C/lhr on GD 9; B, C: 42°C/1hr on GD 9].
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Fig. 24,  Electron micrographs of the placentas of rat a fetuses of gestaton day (GD)
20 showing the placental barrier in the labyrintine zone. A: Control, B:
Expenmental.  The fetal capillary blood 1s separated from the matemal
sinusold (MS) by the barrier composed of the trichonal membrane and the
capillary wall  The trichonal membrane consists of three trophoblast layers:
layer I, 0 and @I (B). Note the numerous tight junctions between layer II
and [I. Layer 1 contains numerous pinocytic vesicles and shares a common
basal lamma (BL) with the capillary endothellum (END in A and B) Obsenve
the relatve reduction 1 number of pinocytic vesicles in  layer I, the
presence of numerous electron dense granules in layer 0O and fibnnoid
substance of in the penpheral cytoplasm of layer [I. Bar = 400 am
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Table 2. Effect of heat stress [41°C/1hr, (GD) 9] on serum levels (mean £ S.E) of glucose, calcium, osteocalcin and T3 and T; hormones in

rats.
Grou f rat Glucose Calcium Osteocalcin Thyroxin (T3) - ) ‘
ps of rats (mg/dl) (mg/dl) (ng/ml) (ng/ml) Triiodothyronin (T4)
(ng/ml)
Control (10) 98.471 + 3.45 10.107 £ 0.13 0.730t 0.01 2.768 + 0.18 7.138 £ 0.36
Heat stress (30) 119.789 + 5.90 8.515+ 0.13 0.790 + 0.017 1.426 + 0.05 5.790 + 0.22°

* Significant (P< 0.05) compared with corresponding control one.
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Table 3. Effects of maternal heat stress (41°C and 42 °C/1hr, GD 9) on the fetuses and placentae of rats on day 20 of gestation.

Treatment | Number of Implantations Resorptions Alive Fetal weight Placenta weight *Growth retardation (%)
animals (mean £SD) (mean £SD) (mean £SD) (mean £SD) (mean £SD) (-=1SD) (-2SD)
Sham 10 Se® 3 1.0+0 94+20 3423 +0.53 46+0.6 8 (8.5%) 1(1.1%)
41°C 14 8.6+ 18 3.8+3.0 6.7+28" | 2212053 49+18 30(32.3%)"  36(38.7%)
ARG 10 7.6+26 000 74£25 21.1 2066 37+09"7

19(25.3%)  37(49.3%)"

Percentages based on all living fetuses weighing 1SD or 2SD lesser than the control means.
" Significant (P < 0.05) compared with corresponding control one.
" Highly Significant (P < 0.001) compared with corresponding control one.
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Table 4. Incidence (%) of congenital malformations due to maternal heat stress (41°C and 41°C/1hr) on day 9 of gestation in rats.

0% Mandible/maxill E.\'cenc.ephaly E,\'opt.halmm Low set [Facial Clef't Sh(?rt Tongue
Treatment | embryos P with with Ny loft il tail o
observed ypopias hemorrhage cataract. - i patate protruding

Sham 30 10 0 0 33 0 0 6.6 0
41°C 44 15.9 13.6 22 6.8 9.0 22 9.0 9.0

\

—
42°C 30 30.0° 10.0 33 16.6 33 33 20.0 6.6

|

" Significant (P < 0.05) compared with corresponding control one.
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Table 5. Skeletal abnormalities (%) due to maternal heat stress (41°C and 42 °C/Thr, GD 9 ) in rat fetuses of G 20: Skull.

o

Control (%) n=30 41°C (%) n=32 42 °C (%) n=35

Bones NOOS';?;;;'(:Y Hypoplastic |, pcent Noosrs?ll';;l(liy Hypoplastic | Absent No(;;?f]i:l(lly Hypoplastic | Absent
Mandible 30 (100) 0 0 2(6.2) 27(84.3) 3(9.3) 7(20) 28(80) 0
Premaxilla 30 (100) 0 0 1219 28(87.5) 3(9.3) 6(20) 26(74.2) | 3(8.5)
Maxilla 30 (100) 0 0 1(3.1) 31(96.8) 0 6(20) 24(71.1) 20T
Zygomatic 30 (100) 0 0 9(28.1) 22(68.7) 1(3.1) 7(23.3) 25(71.4) 2(5.7)
Nasal 30 (100) 0 0 5(15.6) 24(75) 3(9.3) 6(20) 26(74.2) 2)(5.7)
Frontal 30 (100) 0 0 6(18.7) 24(75) 2(6.2) 6(20) 26(74.2) 3(8.5)
Parietal 30 (100) 0 0 4(12.5) 26(81.2) 2(6.2) 5(16.6) 25(71.4) 5(14.2)
Inter parietal 30 (100) 0 0 6(18.7) 25(78.1) 1(3.1) 7(20) 26(74.2) 2(5.7)
Supra- 30 (100) 0 0 8(25) 21(65.6) 3(9.3) 7(23.3) 24(68.5) | 4(11.4)
occipital
Exoccipital 30 (100) 0 0 7(21.8) 23(71.8) 2(6.2) 4(13.3) 27(77.1) 3(8.5)
Temporal 30 (100) 0 0 4(12.5) 27(84.3) 1(3.1) 5(14.2) 27(77.1) 3(8.5)
Tympanic 30 (100) 0 0 5(15.6) 27(84.3) 0 4(13.3) 29(82.8) 2(5.7)
ring
Hyoid 30 (100) 0 0 4(12.5) 27(84.3) 1(3.1) 2(6.6) 29(82.8) 4(11.4)
Ethmoid 30 (100) 0 0 5(15.6) 27(84.3) 0 2(6.6) 29(82.8) 5(14.2)
Presphenoid 30 (100) 0 0 4(12.5) 27(84.3) 0 4(13.3) 29(82.8) 2(6.6)
Basisphenoid 30 (100) 0 0 9(28.1) 23(71.8) 0 6(20) 29(82.8) 0
Basioccipital 30 (100) 0 0 9(28.1) 23(71.8) 0 5(16.6) 30(85.7) 0
Fontanelles Normal 0 0 0 Wider(100) 0 0 Wider(100) 0
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Table 6. Vertebral malformations (%) induced by maternal heat stress (41°C and 42 °C/1hr, GD 9) on fetuses of gestation day 20.

Control n= 30 41°C n=32 42 °C n=35
N Arches Bodies - Arches Bodies Arches Bodies
_ 1-6 1(3.3) 1(3.3) 12(37.5) 2(6.2) 26(74.2) 9(25.7)
Region 7 29(96.6) 29(96.6) 20(62.5) 7(21.8) 9(25.7) 6(17.1)
Hypoplastic 0 0 0 18(56.2) 0 22(62.8)
Agenesis 0 0 0 5(15.6) 0 20(57.1)
| 12 1(3.3) 1(3.3) 3(9.3) 3(9.3) 6(17.1) 6(17.1)
| Thoracic 13 29(96) 29(96) 27(84.3) 27(84.3) 29(82.8) 29(82.8)
14 0 0 0 0 0 0
1-5 0 0 2(6.2) 2(6.2) 3(8.5) 3(8.5)
Lumbar 6 30(100) 30(100) 29(90.6) 29(90.6) 31(88.5) 31(88.5)
7 0 0 13.1) 1(3.1) 1(2.8) 1(2.8)
Agenesis 0 0 3(9.3) 5(15.6) 7(20) 12(34.2)
Sacral 1-6 29(96) 29(96) 27(84.3) 27(84.3) 26(74.2) 20(57.1)
7 1(3.3) 1(3.3) 2(6.2) 0 2(7.5) 3(8.5)
Agenesis 0 0 16(50) 4(12.5) 18(51.4) 16(45.7)
Coccygeal 1-4 18(60) 18(60) 15(46.8) 27(84.3) 16(45.7) 19(54.2)
5-8 12(40) 12(40) 1(3.1) 13.1) 1(2.8) 0

Numerals in parentheses are percentages.
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Table 7. Effect of maternal heat stress (41°C and 42°C/1hr, GD 9) on the development of ribs in rat fetuses of GI) 20.

Control (%) n=30

41°C (%) n=32

42 °C (%) n=35

Ribs
Right Left Right Left Right Left
13 30(100) 30(100) 28(87.5) 28(87.5) 27(717.1) 27(77.1)
10-12 0 0 4(12.5) 4(12.5) 8(22.8) 8(22.8)
Fusion 0 0 2(6.2) 2(6.2) 3(8.5) 3(8.5)
Hypoplasia 0 0 6(18.75) 6(18.75) 17(48.5) 17(48.5)




—
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Table 8. Sternal malformation induced by maternal heat stress (41°C and 42°C/1hr, G 9) in rat fetuses of GI) 20.

Sternebrae Control (%) n=30 41°C (%) n=32 42 °C (%) n=35
7 0 1(3.1) 2(5.7)
6 30(100) 13(40.6) 10(28.5)
4-5 0 17(53.1) 19(54.2)
Hypoplasia 0 10(31.2) 12(34.2)
Agenesis 0 1(3.1) 4(11.4)
Split . 0 4(12.5) 6(17.1)




8¢

Table 9. Effect of maternal heat stress (41°C and 42 °C/Thr, GD 9) on limbs bones of rat fetuses of gestation day 20.

Control (%) n=30 41°C (%) n=32 42 °C (%) n=35
Bones Normally | Hypoplastic . Normally e .= Normally . )
ossified Agenesis ossified Hypoplastic| Agenesis ossified Hypoplastic Agenesis

[lium 30 (100) 0 0 6(18.7) 26(81.2) 0 5(16.6) 30(85.7) 0
Ishchium 30 (100) 0 0 7(21.8) 25(78.1) 0 6(20) 29(82.8) 0

Pubis 30 (100) 0 0 8(25) 24(75) 0 8(26.6) 27(77.1) 0

Femur 30 (100) 0 0 10(31.2) 22(68.7) 0 9(30) 26(74.2) 0

Tibia 30 (100) 0 0 10(31.2) 22(68.7) 0 9(30) 26(74.2) 0

Fibula 30(100) 0 0 5(15.6) 27(84.3) 0 5(16.6) 30(85.7) 0




6S

Table 10. Effect of maternal heat stress (41°C and 42°C/1hr, GD 9Y) on the bones of the forepaw and hindpaw on day gestation 2().

42 °C (%) n=35

Bones Number Control (%) n=30 41°C (%) n=32
Agenesis 0 2(6.2) 7(20)
Metacarpals 3 3(10) 7(21.8) 12(34.2)
4 27(90) 23(71.8) 16(45.7)
Agenesis 0 3(9.3) 5(14.2)
Metatarsals 3 0 4(12.5) 2(5.7)
4 27(90) 25(78.1) 27(77.1)
S 3(10) 0 1(2.8)
Tarsals 1 0 0 0
Agenesis 0 27(84.3) 34(97.1)
Phalanges (Forelimb) I-5 5(16.6) 3(15.6) 1(2.8)
6-10 14(46.6) 1(3:113 0
11-12 11(36.6) 0 0
Agenesis 0 32(100) 35(100)
Phalanges (Hindlimb) 1-5 8(26.6) 0 0
6-10 22(73.3) 0 0
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DISCUSSION

1. Maternal Toxicity

In the present experiments maternal exposure to hyperthermia in a temperature
controlled incubator was found to be very effective in raising the core body temperature. In
many species including the rats there appears to be a threshold elevation capable of causing
birth defects. This elevation is approximately 2.0-2.5°C above the normal temperature of
that species. The threshold duration at a temperature elevation 2.0-2.5°C appears to be
about lhr (Germain et al., 1985; Kimmel et al., 1993a; Graham and Edwards, 1998).
Maternal body weight gain showed reduction under heat stress because they consumed less
food and water. In the present study, heat stressed mothers showed signs of sweating and
exhaustion, and reduced physical activities. These signs and symptoms were very much
similar to those reported by other investigators (Galina et al., 1982; Sugimoto et al., 1996:
Cortes et al., 2000). Such effects could be interpreted as resulting from heat-induced skin
vasodilation, increased ventilation rate and a decrease in ATP levels (Welch, 1992; Shapiro
and Seidman, 1990; Gautier, 2000). The reduction in physical activity of the animals
observed was possibly due to release of B-endorphin from the pituitary under heat stress
condition (Galina et al., 1982).

Additionally a significant increase in serum level of glucose was observed in our heat
stressed animals. A similar response was observed by Follenius et al., (1982) and Swolin-
Eide and Ohlsson (1998) and explained as being a consequence of increased glucocorticoid
secretion in pregnancy and in hyperthermic status. We did not estimate the glucocorticoids
in these animals however; heat and other forms of stress are known to increase
glucocorticoids secretion (Li et al., 2001). Glucocorticoids play a significant role in
eliciting the adaptive mechanism of the organism adaptation against to stressful factors
including hyperthermia by stimulating gluconeogenesis and because of their permissive
actions on other hormones. In general, glucocorticoids, growth hormone, thyroid hormones
and insulin-like growth factors have permissive action on development. In addition, high
levels of glucocorticoids are believed to alter bone remodeling by decreasing bone
formation and increasing bone resorption (Swolin-Eide and Ohlsson, 1998). Devarajan and
Benz (2000) reported that glucocoriticoids decrease renal tubular calcium reabsorption

leading to hypercalciuria. More chronically they interfere with intestinal calcium
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absorption, alter vitamin D metabolism and lead to secondary hyperparathyroidism (Griffin
and Ojeda. 1992). These findings agree with our results.

Many studies reported that hyperthermia caused significant decreases in serum
thyroxin (Ts), triiodothyronine (T3) (Horowitz and Meiri, 1985), thyroid stimulating
hormone (TSH) (Tal and Sluman, 1975) in rats and reduction in plasma triiodothyronine
(T3) in cows (Baccari et al., 1983), chicken (Arjona et al., 1990; Yahav and Plavnik, 1999)
and ewes (Bell et al., 1989). The results of these studies agree well with our findings in
term of decreased levels of T3 and T4 in pregnant rats. Heat stress has been reported to
lower the growth rates and thyroid function (Baccari et al., 1983). There was an inverse
relationship between observed rectal temperature and growth rate. Maternal thyroid
hormones are known to cross the placental barrier and influence fetal brain growth and
development (Moore and Persaud, 1998) until such time when the fetus become self
supporting by producing its own thyroild hormone. In the mouse embryos, the thyroid
gland starts to function between embryonic day (ED) 15 to ED 17 (Kaufman and Bard.
1999). The fetal development in the rat is behind that of the mouse by about two days.
Therefore, by deduction it can be assumed that the rat embryo starts producing thyroid
hormones between ED 17 to ED 19. Maternal thyroid hormones during early pregnancy
are essential for the development of fetal brain development until the fetal thyroid begins to
function (Vulsman and Kok, 1996; Pop et al., 1999). They ensure a normal myelination by
stimulating myelin gene (Rodriguez-Pena, 1999). These hormones are also important in
craniofacial and eye development. Therefore, a series of defects might arise due to a loss
of thyroid actions involved in anterior-posterior development of the head and face and the
loss of thyroid dependent signals for cell differentiation, migration, and proliferation
(Gamborino et al.,, 2001). Impairment of maternal thyroid hormone production is
associated with severely impaired neurological development of the offspring (Pop et al.,
1999) and abnormalities in structure and function of skeletal muscle (Janssen et al., 1978).
This may explain the neural tube and skeletal defects that were observed in our studies. The
present experiments showed a significant increase in serum osteocalcin level. Osteocalcin
is a bone-specific protein. Its concentration in blood is reported to be a direct reflection of
osteoblastic activity and bone formation (Gundberg et al., 1991). It also serves to promote
an initial bone response to physiological stress before the normal hormonal regulations are
elicited (Gundberg et al. 1991). Further more, a negative relationship between osteocalcin
and total body calcium has also been reported (Delmas et al., 1983; Yasumure et al., 1987).

This could explain the poor skeletal ossification that were observed in the present study.
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I1. Teratognic Qutcome

Fetal teratogenicity can be manifested in (1) fetal death, (2) intrauterine growth
retardation, or (3) malformations (Wilson, 1973). In hyperthermia studies exposure of
mammalian embryos to hyperthermia to result in fetal malformations while more severe

exposure results in embryonic or fetal death followed by resorption (Graham and Edwards,
1998).

l. Fetal death

The changes in the number of implantation were not significant in our experiments.
This 1s understandable because, in the rat implantation occurs from GD 5 through GD 7
(Hebel and Stromberg, 1986). However, there were interlitter variations in embryonic

resorption in response to maternal heat exposure.
2. Intrauterine growth retardation

The experimental groups showed a high incidence of growth retardation compared
with the control group. In our experiments the amount of heat applied on animals was not
enough to affect fetal life and placental weight but it was strong enough to induce
intrauterine growth retardation. Growth retardation in our experiment was measured as an
expression of the standard deviation (SD) of control mean fetal body weight. Those fetuses
that weighed one or two SD less than the mean of the controls were regarded as growth
retarded. Both 41°C and 42°C groups had a large number of fetuses at -2SD level but the
42°C group had a larger of -2SD fetuses. This means that growth retardation was a dose
dependent response. Heat stress is known to causes disturbances of somite development,
cell proliferation and differentiation, to denature enzymes, proteins and DNA
fragmentation. Such changes might lead to cell death and finally inhibition of growth
(Walsh et al., 1987; Breen et al., 1999; Germian et al., 1985; Rao et al., 1990; Germano et
al., 1996; Mirkes et al., 1997; Edwards, 1972). A large number of the experimental fetuses
were found to have their upper and lower jaw hypoplastic. The hypoplastic condition of
the maxilla and mandible were possibly the reasons why protrusion of the tongue occurred.
In control fetuses the mandibles contained a ramus and a body and they were connected at

the symphysis menti. The remnant of the Meckel's cartilage was only found near the
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symphysis menti. In contrast, a large number of the experimental fetuses were found to
have the entire Meckel's cartilage persisting. The 42°C group showed a twofold increase
in the incidence of persistent Meckel's cartilage compared to the 41°C group.
Hyperthermia was observed to slow down the rate of the ossification process. This was
evidenced by the presence of poorly ossified bones or only the presence of cartilage in
some cases. There were two cases of exophthalmia associated with excencephaly; one in
the 41°C and other on in the 42°C groups. The bones of the skull base and those of the
orbit are hypoplastic and malformed in excencephaly fetuses. The small size of orbit is
possibly the reason why the eye protrudes in such fetuses. The hyperthermic groups had a
higher incidence of short tail than the controls which could be due to disturbance in somite
development in hyperthermic groups. Such defects in the tail and eye were demonstrated
by many studies (Breen et al., 1999; Edwards, 1968). Eye and brain defects were reported
in hyperthermia studies reported by Arora et al., (1979) in vivo and by Mirkes (1985) in
vitro. Variations in skeletal system have been reported in experimental animals due to heat
stress by Cuff et al., (1993), Kimmel et al., (1993b) and Breen et al., (1999). Vertebral
abnormalities were reported by Li et al., (1997) and Shiota (1988). Ours is possibly the
first study that looked at the entire developing skeleton in hyperthermia experiments.

The control rat fetuses had well ossified bones of the skull that included the mandible,
premaxilla, maxilla, zygomatic, nasal, frontal, parietal, interparietal, supra-occipital,
exoccipital, temporal, tympanic ring, hyoid, ethmoid, presphenoid, basisphenoid and
basioccipital bones. Fontanelles and suturel lines were appropriate for gestational age. But
in contrast, in the experimental groups these bones were hypoplastic. The fontanelles and
suturel lines were wide apart. This gives an indication of the slow process of development
or delay in ossification. This effect was more extensive and severer in the higher
temperature group. Furthermore, a higher incidence of hypoplasia of the ilium, ishchium
and pubis and long bones of hindlimb was observed in the 42°C group than in the 41°C

group. This is an indication of dose dependent fetal teratogenicity.
3. Malformations

The excencephalic embryos were found to have various other malformations of the
craniofacial region and axial skeleton. Many of excencephaly fetuses had facial clefts.
Fetuses with facial clefts, especially those with bilateral oblique facial clefts had cleft of the

upper lip. Fetuses of the 41°C group had a higher incidence of facial clefts than those of the

63



42°C group. Furthermore, both experimental groups showed a low incidence of cleft
palate. The early development of the neural plate occurs at the 8" to 9" day which becomes
neural fold at the 9" to 10™ day of gestation around which neural crest is formed
(Adelmann, 1925; Baker et al., 1980). The pathogenic mechanism of neural tube defect
may increase failure of the neural tube closure during the embryonic period (Von
Recklinghausen, 1886) and/or reopening of the closed neural tube due to accumulation of
cerbrospinal fluid (Morganis, 1769). One of the 42°C group fetuses had a skin appendage
attached to the dorsal aspect of the right hindlimb. The mechanism of this anomaly is not
known. The series of midline defects such as failure of neural tube closure, median facial
clefs, cleft lip ect., indicate that hyperthermia affects the developmental of midline
structures. The neural plate is neurectodermal in origin. The palatal shelves and the lip
primordial are of bilateral origin. The neural crest is known to make a significant
contribution to these structures. The results of our experiment indicate that hyperthermia
preferentially affects the neural crest development.

The absence of skull vault was obvious in all exencephalic cases. The basicranial
bones were hypoplastic. The basioccipital was more posteriorly placed than in normal
fetuses. This position narrowed the foramen magnum. In anencephalics fetuses, absence of
cranial vault exposes the brain tissue to the aberasive effects of the amniotic fluid. The
damaged tissue tends to grow irregularly. This results in significant reduction in size and
poor organization of the components of the basicranium. For example, the supraoccipital
develops in two halves that subsequently fuse together. Non-fusion of the suproccipital
centers possibly indicate retarded ossification. Fritz and Hess (1970), considered a dumb
bell shaped supraoccipital as incomplete ossification. Ariyuki et al., (1980) provides a
better scale for determining the extent of ossification of this bone which closely reflects the
level of ossification of the skull as a whole. In the present study most of the experimental
fetuses had only reached stage 2 of Ariyuki et al., (1980). Neural crest cells contribute to
the bones of the face and most of the cranial vault. This is another evidence of neural crest
involvement in hyperthermia-induced malformations in rat fetuses. The vertebral column
and ribs are derived from paraxial mesoderm especially sclerotoms (Sadler, 2000). Further
more disturbances in HOX gene expression due to heat stress at a critical period of
development can induce axial skeletal malformations (Li et al., 1997).

The present study revealed the presence of 7 cervical, 13 thoracic and 6 lumbar

vertebrae in the control. A large number of fetuses of heat stressed mothers had a fewer
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number of ossified vertebrae. The higher the temperatures the higher was the decrease in
cervical, thoracic, lumber, sacral and coccygeal arches and bodies. There was also an
increased tendency to have a decreased number of sternebare with maternal heat elevation.
Sternebare are of bilateral origin. The sternal primordial slowly comes close to each other
and fuse to form the sternal bar. Heat stress causes failure of fusion of sternal primordia
resulting in hemisternebare. Malalignment of the primordia results in malpositioning of the
sternbrae.  Reduction in number of ribs and sternebare indicate an early disturbance in
somite formation. Smith et al., (1978), Kimmel et al., (1993b) and Breen et al., (1999)

pointed to such skeletal anomalies in their heat stressed animal embryos.
[11. Placenta

The placenta 1s the organ through which respiratory gases, nutrients, water and
metabolic waste products are transported between the maternal and fetal systems. It is also
involved in immune function, hormone production, and several metabolic processes and
control of the fetal physiology, growth and development. Placenta in rats is considered
hemochorial since the chorion i1s bathed in maternal blood. It is first represented by the
visceral yolk sac alone until gestation day 11.5 at which point in time a structurally and
functionally complex placenta is formed (Jollie, 1964; Davies and Glasser, 1968). Clinical
studies on matermal hyperthermia have focused attention largely on the fetal outcome.
Arora et al., (1979) found extensive thickening of the decidua basalis of their rat fetuses
maternally exposed to heat from GD 6-10. In our study animals were exposed to heat
stress for one hour on GD 9 to 41°C or 42°C. This treatment resulted in significant
reduction in placental weight in addition to intrauterine fetal growth retardation and several
malformations. The decidual thickening, hyalinization and lymphocytic infiltration
observed in this study were similar to those reported by Arora et al., (1979). They related
these changes to lasting inflammatory response of the maternal portion of the placenta to
hyperthermia. Giant cell proliferation of the spongy zone was found to be a regular feature
of all experimental placentas. These cells have two important functions, namely
phagocytosis, and steroid hormone production. The areas where glycogen cells were
found to be degenerated contained phagocytes. Polymormhonuclear leucocytes and platelet
aggregations were also found in these sites. One of the most remarkable features of the
hyperthermia group placentas was the reduction in number and degeneration of glycogen

cells as judged by the Best’s carmine test. Reduction of glycogen cells could have lead to
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poor energy and impaired fetal growth as observed in this study. Light microscopic
examination revealed altered labyrinthine architecture, poor vascularisation, perivascular
fibrosis and persistence of fetal mesenchyme. All these changes pointed toward reduction
in placental functional capacity. The EM revealed some more important details.

Layer III of the trichorial membrane had fewer plasma membrane infoldings (Fig.24 )
suggesting a reduction in its surface area and hence reduced placental function. These cells
had less prominent pinocytic vesicles and glycogen in comparison to the controls. There
were obvious pores in layer I through which layer Il cytoplasm projected into the maternal
sinusoid. The abundance of smooth endoplasmic reticulum and tubular mitochondria in the
trophongiosal cells was suggestive of steroid hormone production. Remarkably they also
stored lots of glycogen. This glycogen accumulation could be due to reduction its transport
to the fetal compartment or a hightened glycogen metabolism within these cells. The
glycogen containing cells also possessed an abundance of clear vacuoles, and smooth
endoplasmic reticulum (SER). An interesting aspect of the morphology of such cells was
the presence of electron dense material in a tubular network that was in the proximity of
rough endoplasmic reticulum (rER). The nature and functions of this material was not
determined in this study. The persistent fetal mesenchyme was found to have produced a
lot of collagen and thus supporting our light microscopic observation of perivascular
fibrosis. Heat—treated ewes were shown to have a greater placental concentration of
protein containing hydroxyproline and glycine suggesting a greater collagen content. Our
study has provided a mormphological basis for increased collagen in perivascular
mesenchyme. The trophoblasts of the labyrinths also produced a fibrinoid substance which
appeared to be secreted into the maternal sinusoid. Fibrinoid accumulation in the
labyrinths together with the reduced placental weight in the experimental group,
perivascular fibrosis, and the presence of cysts in the spongy zone might have contributed
to a further reduction in placental function. Maternal heat has been shown to cause an
increase in uterine blood flow, a reduction in placental weight, and a reduction in placental
glucose transfer capacity without substantially changing umbilical blood flow, or fetal
glucose uptake in the ewe (Bell et al., 1989; Thureen et al., 1992; Adrianakis and walker
1994). It is worth mentioning here that heat was applied to rats on GD 9, well before a
functional placenta was in place and yet a multitude of microscopic and ultrastructural
changes occurred that persisted to term. Heat shock has been shown to affect cell cycle and
apoptosis leading to decreased number of cells (Gericke et al., 1989; Early et al., 1991). In

heat shock, the transcriptional and translational mechanisms of the cell are affected by
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preferential induction of heat shock proteins. Therefore Gericke et al., (1989) hypothesized
that such phenomenon in embryos could lead to the absence of essential gene products at
critical stages of development. Absence or excess of developmentally meaningful genes
could result in abnormal development of both the embryo and the placenta. Abnormalities
in placental structure and function could secondarily limit fetal growth as noted in the

present study.

CONCLUSION

Heat stress (41°C and 42°C/lhr) on gestation day 9 was shown to be a potent
teratogenic in pregnant rats. Results showed the adverse effects of heat on both maternal
and fetal sides.

Pregnant rats whose rectal temperature reached about 2°C or more above normal
body temperature showed signs of toxicity such as exhaustion, decreased water and food
consumption, sweating, and diarrhea. In addition, significant increases in serum glucose
and osteocalcin as well as decreases in serum calcium, T3 and Ty levels were observed.

Moreover, heat stress resulted in reductions in number of fetal implantations, number
of live embryos, and fetal and placental weights. Heat stress also increased in fetal
resorption rate, skeletal malformations, and growth retardation which could be due to
alteration in embryo gene function. Furthermore, light and electron microscopic
examination of placenta showed a series of degenerative changes in experimental group as

compared with control.

67



CHAPTER V

REFERENCES



REFERENCES

Abdelatif A. M. and Modawi S. M. (1994). Effects of hyperthermia on blood
constituents in the domestic rabbit (Lepus cuniculus). Journal of Thermal Biology,
19:357-363.

Abu E. O, Bord S, Horner A., Chatterjee V. K., Compston J. E. (1997).
The expression of thyroid hormone receptors in human bone. Bone, 21: 137-142.

Adelmann H. B. (1925). The development of neural folds and cranial ganglia of the rat.
Journal of Comparative Neurology, 39: 119-171.

Ali M. and Vedeckis W. V. (1990). Heat shock-induced loss of the glucocorticoid
receptor protein in cultured cells. Receptor, 1: 121-132.

Allain T. J., Chambers T. J., Flanagan A. M. and McGregor A. M. (1992). Tri-
1odothyronine stimulates rat osteoclastic bone resorption by an indirect effect. Journal of
Endocrinology, 133: 327-331.

Andrianakis P. and Walker D. (1994). Effect of hyperthermia on uterine andumbilical
blood flows in pregnant sheep. Experimental Physiology, 79: 1-13.

Andrianakis P, Stephenson R. G. A and Walker D. W. (1990). Effect of hyperthermia on
thyroid structure in the late gestation fetal lamb. Biology of Neonate, 57: 224-230.

Ariyuki F., Higaki K., and Yasuda M. (1980). Staging of ossification in the
supraoccipital bone in preterm rat fetuses. Congenital Anomalies, 20: 375-381.

Arjona A. A. Denbow D. M. and Weaver W. D. (1990). Neonatally-induced
thermotolerance: physiological responses. Comparative Biochemistry and Physiology,
95: 393-399.

Arora K. L, Cohen B. J and Beaudoin A. R. (1979). Fetal and placental responses to
artificially induced hyperthermia in rats. Teratology, 19: 251-260.

Baccari F., Johnson H. K. and Hahn L. (1983). Environmental heat effects on growth,
plasma, T3 postheat compensatory effects on Holstein Calves. Proceedings of the Society
for Experimental Biology and Medicine, 173: 312-318.

Baker H. J., Lindsey J. R., Weisbroth S. H. (1980). In: The Laboratory Rat (Beaudoin
A.R., 76), Embryology and Teratology.

Bancroft J. D. and Stevens A. (1977). Theory and Practice of Histological Techniques.
Hurchill Llivingstonee Edinburgh London and New Yourk.195.

Bechtold D. A., Rush S. J. and Brown I. R. (2000). Localization of the heat-shock
protein Hsp70 to the synapse following hyperthermic stress in the brain. Journal of
Neurochemistry, 74: 641-646.

68



Belay T. and Teter R. G. (1993). Broiler water balance and thermobalance during
thermoneutral and high ambient temperature exposure. Poultry Science, 72: 116-124.

Bell A. W., McBride B. W., Slepetis R, Early R. J. and Currie W. B. (1989). Chronic
heat stress and prenatal development in sheep: I. conceptus growth and maternal plasma
hormone and metabolites. Journal of Animal Science, 67:3289-3299.

Bobek S.. Sechman A., Wieczorek E., Fortuna W., Koziec K. and Niezgoda J. (1996).
Response of heat stressed chickens to exogenous reverse tritodothyronine (rT-3). Journal
of veterinary medicine series A, 43: 521-530.

Bodine P. V. N,, Vernon S. K. and Komm B. (1996). Establishment and hormonal
regulation of a conditionally transformed preosteocytic cell line from adult human bone.
Endocrinology, 137: 4592-4604.

Bowen S. J., Washburn K. W. and Huston T. M. (1985). Thyroid and adrenal response to
heat stress in chickens and quail differing in heat tolerance. Poultry Science, 64: 149-154.

Breen J. G., Claggett T. W, Kimmel G. L. and Kimmel C. A. (1999). Heat shock
during rat embryo development in vitro results in decreased mitosis and abundant cell
death. Reproductive Toxicology, 13: 31-39.

Brent G. A., Leboff M. S., Seely E. W., Conlin P. R. and Brown E. M. (1988).
Relationship between the concentrations and rate of change of calcium and serum intact
parathyroid home levels in normal humans. Journal Clinical Endocrinology, 67: 944-
990,

Brown E. M. (1999). Physiology and pathophysiology of the extracellular calcium-
sensing receptor. Excerpta Medica, 238-252.

Brown E. M., Gamba G., Riccardi M., Butters R., Kifor O., Adam S., Hediger M. A.,
Lytton J. and Hebert S. (1993). Cloning and characterization of extracellular Ca®*-
sensing receptor from bovine parathyroid. Nature, 366: 575-579.

Brown J. P, Malaval J., Chapuy M. C., Delmas P. D., Edouard C. and Meunier P. J.
(1984).  Serum bone GLA-protein: A specific marker for bone formation in
postmenopausal osteoporosis. Lancet, 1: 1091.

Buckiovd D. and Jelinek. (1995). Heat Shock Protein and Teratogenesis. Reproductive
Toxicology, 9: 501-511.

Buckiovd D. and Brown N. A. (1999). Mechanism of hyperthermia effects on CNS
development: Rostral gene expression domains remain, despite severe head truncation;
and the hindbrain/otocyst relationship is altered. Teratology, 59: 139-147.

Canalis E. (1996). Mechanisms of glucocorticoid action in bone: implications to

glucocorticoids-induced  osteoporosis. Journal of Clinical Endocrinology and
Metabolism, 344-347.

69



Cetani F., Picone A, cerrai P., Vignali E., Borsari S., Pardi E., Viacava P., Naccarato A.
G., Miccoli P., Kifor O., Brown E. M., Pinchera A. and Marcocci C. (2000). Parathyroid
expression of calcium-sensing receptor protein and in Vivo parathyroid hormone-Ca™" set
point in-patients with primary hyperparathyroidism. Journal of Clinical Endocrinology
and Metabolism, 85: 4789-4794.

Chambers C. D., Johnson K. A., Dick L. M., Felix R. J. and Jones K. L. (1998). Maternal
fever and birth outcome: A prospective study. Teratology, 58:251-257.

Chance P. F. and Smith D. W. (1978). Hyperthermia and meningomyelocele and
anencephaly. Lancet, 1: 769-770.

Chung N. K., Shabbir M., Lim C. L. (1999). Cytokine levels in patients with previous
heatstroke under heat stress. Militarily Medicine, 164 : 306-310.

Cole D. E. C., Gundberg C. M., Stirk L. J., Atkinson S. A., Hanleys D. A., Ayer L. M.
and Baldwin L. S. (1987). Changing osteocalcin concentrations during pregnancy and

lactation: Implications for maternal mineral metabolism. Jowrnal of Clincial
Endocrinologv and Metabolism, 65: 290-294.

Conaway H. H., Ransjo M., Lemer U. H. (1998). Prostaglandin-independent stimulation
of bone resorption in mouse calvariae and in isolated rat osteoclasts by thyroid hormones
(T4, and T3). Proceedings of the Society for Experimental Biology and Medicine, 217:
153-161.

Cortés A., Miranda E., Rosenmann M. and Rau J. R. (2000). Thermal biology of the
fossorial rodent Crenomys fulvus from the Atacama desert, north Chile. Journal of
Thermal Biology, 25: 425-430.

Cross N. A. Hillman L. S., Allen S. H,, Krause G. F. and Vieira N. (1995). Calcium
homeostasis and bone metabolism during pregnancy, lactation, and postweaning a
longitudinal study. American Journal Clinical Nutrition, 61: 514-523.

Cuff J. M., Kimmel G. L., Kimmel C. A., Heredia D. J., Tudor N. and Chen J. (1993).
Relationship between abnormal somite development and axial skeletal detects in rat
following heat exposure. Teratology, 48: 259-266.

Daghir N. J. (1995). Poultry Production in Hot Climates, C. A. B. International,
Cambridge, UK.

Dareste C. (1877). Researches sur la production artficielle des monstrrusites,ou essais de
tertogenie experimentale. Reinwald, Paris.

Davis J. and Glasser S. R . (1968). Placental changes in rats after fetectomy. Acta
Anatomy 69:542-608.

Delmas P. D., Stenner D., Wahner H. W., Mann K. G. and Riggs B. L. (1983). Increase
in serum bone y- caboxyglutamic acid protein with aging in women. Journal Clinical
Investigation, 71: 1316-1321.

70



Devarajan P. and Benz E. J. (2000). Translational regulation of Na-K-ATPase subunit
mRNAs by glucocorticoids. American Journal Physiology renal physiology, 279: 1132-
1138.

Diehl E. E and Schmidt T. J. (1993). Heat shock protein 70 is associated in
substoichiometric amounts with the rat hepatic glucocorticoid receptor. Biochemistry, 32
: 13510-13515.

Douglas A. S.. Miller M. H., Reid D. M., Hutchison J. D., Porter R. W. and Robins S. P.
(1996). Seasonal differences in biochemical parameters of bone remodelling. Journal
Clinical Pathology, 49: 284-289.

Dovio A., Masera R. G., Sartori M. L, Racca S., Angeli A. (2001a). Autocrine up-
regulation of glucocorticoid receptors by interleukin-6 in human osteoblast-like cells.
Calcif Tissue Int, 69: 293-308.

Dovio A., Sartor1 M. L., Masera R. G,, Racca S., Angeli A. (2001b). Inhibitory effect of
physiological concentrations of cortisol but not estradiol on interleukin (IL)-6 production

by human osteoblast-like cell lines with different constitutive IL-6 expression. Cytokine,
Jul 7; 15 : 47-52.

Ducy P., Desbois C., Boyce B., Pinero G., Story B., Dunstan C., Smith E., Bonadio J,
Goldstein S., Gundberg C., Bradley A. and Karsenty G. (1996). Increases bone
formation in osteocalcin deficient mice. Nature, 382: 448-452.

Early R. J., McBride B. W, Vatnick [. and Bell A. W. (1991). Chronic heat stress on
prenatal development in sheep: II. Placental cellularity and metabolism. Journal of
Animal Science, 69: 3610-3616.

Editorial (1978). Hyperthermia and the neural tube. Lancet, 2: 560-561.

Edwards M. J., Shiota K., Smith M. S. R,, and Walsh.D. A. (1995). Hyperthermia and
birth defects. Reproductive Toxicology, 9: 411-425.

Edwards M. J. (1968). Congenital malformations in the rat following induced
hyperthermia during gestation. Teratology, 1:173-175.

Edwards M. J. (1967). Congenital defects in guinea pigs following induced hyperthermia
during gestation. Arch Pathology, 84:42-48.

Edwards M. J. (1972). Influenza, hyperthermia and congenital malformation. Lancet, 1:
326,

Edwards M. J. (1981). Clinical disorders of fetal brain development: defects due to
hyperthermia. In: Fetal brain disorder-recent approaches to the problem of mental
deficiency. B.S. Hetzel and R.M. Smith, Elsevier/North Holland Biomedical Press,

Amsterdam, pp. 335-364.

Edwards M. J. (1986). Hyperthermia as: a teratogen: A review of experimental studies
and their clinical significance. Teratogenesis Carcinog Mutagen, 6: 563-582.

71



Edwards M. J., Gray C. H. and Beatson J. (1984). Retardation of brain growth by

hyperthermia: Effect of varying intervals between successive exposure. Teratology,
29:305-312.

Elveback L. R. (1968). Journal of American Medicine, 98, 331.

EPI6 INFO. (1996). Public domain software for epidermiology and disease surveillance.
version 6.01, Atlanta, Georgia, CDC, Epidemiology program Office.

Escobar M. D., Pastor R., Obregon M. J. and Escobar D. R. F. (1985). Effects of
maternal hypothyroidium on the weight and thyroid hormone content of rat embryonic

tissues, before and after onset of fetal thyroid function. Endocrinology, Nov, 117: 890-
900.

Finberg J. P. M. and Berlyne G. M. (1977). Modification of renin and aldosterone
response to heat by acclimatization in man. Journal of Applied Physiology, 42 : 554-558.

Follenius M., Brandenberger G., Oyono S. and Candas V. (1982). Cortisol as a
sensitive index of heat-intolerance. Physiology Behavior, 29: 509-513.

Frank R. S., Stephen M., Massa and Swanson R. A. (1999). Heat shock protein
protection. Trend Neuroscience, 22: 97-99.

Fritz H. and Hess R. (1970). Ossification of the rat and mouse skeleton in the perinatal
period. Tearatology, 3:331-338.

Galina Z. H,, Sutherl C. J. and Amit Z. (1982). Effects of heat stress on behavior and the
pituitary adrenal axis in rats. Pharmacology Biochemistry and Behavior, 19:251-256.

Gamborino M. J, Sevilla-Romero E., Munoz A., Hemandez-Yago J., Renau-Piqueras
J. and Pinazo-Duran M. D. (2001). Role of thyroid hormone in craniofacial and eye
development using a rat model. Ophthalmic Research, 33: 283-291.

Gautier H. (2000). Body temperature regulation in the rat. Journal of Thermal Biology,
25: 273-279.

Geisterfer M., Richards C. D. and Gauldie J. (1995). Cytokines oncostatin M and
interleukin I regulate the expression of the IL-6 receptor. Cytokine, 7: 503-509.

Genser F. (1986). Textbook of Histology: The Skeletal Tissue.. Munksgaard Lea &
Febiger, Philadelphia, Pp. 247.

Gericke G. S., Hofmeyr G. J., Labura H and Isaacs H. (1989). Does heat damage
fetuses? Medical Hypotheses, 29:275-278.

Germain M. A., Webster W. S. and Edwards M. J. (1985). Hyperthermia as a teratogen:
Parameters determining hyperthermia-induced head defects in the rat. Teratology, 31:
265-272.

T2



Germano 1. M., Zhang Y. F., Sperber E. F and Moshe S. (1996). Neuronal migration

disorders increase susceptibility to hyperthermia-induced Seizures in developing rats.
Epilepsia, 37 : 902-910.

Glinoer D. and Delange F. (2000). The potential repercussions of maternal, fetal, and
neonatal hypothyroxinemia on the progeny. Thyroid, 10: 871-877.

Gogusev J., Duchambon P. and Hory B. (1997). Depressed expression of calcium
receptor in parathyroid gland tissue of patients with hyperparathroidism. Kidney
International, 51: 328-336.

Graham J. M. and Edwards M. J. (1998). Teratogen update: Gestational Effects of
Maternal Hyperthermia Due to Febrile Illnesses and Resultant Patterns of Defects in
Humans. Teratology, 58: 209-221.

Gregg N. M. (1941). Cogenital cataract following German measles in mothers.
Translation Opthathal. Soc. Aust., 3: 35-39.

Gretchen L. H. (1979). Animal Tissue Techniques. W. H. Freeman and Company, San
Francisco. 4™ edition.

Grey A., Mitnick M. A, Masiukiewicz U,, Sun B. H,, Rudkoff S,, Jilka R. L., Manolagas
S. C. and Insogna K. (1999). A role for interleukin-6 in parathyroid hormone-induced
bone resorption in vivo. Endocrinology, 140 : 4683-4690.

Griffin J. E. and Ojeda S. R. (1992). Textbook of Endocrine Physiology, v i ed., Oxford
University Press. BioMed Verlag Worthsee, Birgit Hebel, Federal Republic of Germany.

Gundberg C., Grant F. D., Conlin P. R,, Chen C. J., Brown E. M., Johnson P. J. and
Leboff M. S. (1991). Acute changes in serum osteocalcin during induced hypocalcemia
in humans. Journal of Clinical Endocrinology and Metabolism, 72: 438-443.

Gundberg C. M. and Weinstein R. S. (1986). Multiple immunoreactive forms of
osteocalcin in uremic serum. Journal of Clinical Investigation, 77: 1762-1767.

Hale H. B., Sayers G, Sydnor K. L., Sweat M. L. and Fossan D. V. (1957). Blood
adrenocorticotrophic hormone and plasma corticosteronids in men exposed to adverse
environmental conditions. Journal of Clinical Endocrinology and Metabolism, 1642-
1646.

Halperin L. R. and Wilroy R. S. (1978). Maternal hyperthermia and neural tube defects.
Lancet, 2: 212-213.

Hebel R. and Stromberg M. W. (1986). Anatomy and embryology of the laboratory rat.
Springer Verlag, New York, Pp 60.

Hendrickx A. G., Stone G. W, Henrickson R. V. and Matayoshi K. (1979). Teratogenic
effects of hyperthermia in the bonnet monkey (Macaca radiata). Teratology, 19:
177-182.

73



Hollowell J. G. and Hannon W. H. (1997). Teratogen update: iodine deficiency, a
community teratogen. Teratology, 55: 385-405.

Horowitz M. and Meiri U. (1985). Thermoregulatory activity in the rat: effects of
hypohydration, hypovolemia and hypertonieity and their interaction with short term heat
acclimation. Comparative Biochemistry and Physiology, 82: 577-582.

Inouye M. (1976). Differential staining of cartilage and bone in fetal mouse skeleton by
alcian blue and alizarin red S. Congential Anomalies, 16: 171-173.

Ishimi Y., Miyaura C., Jin C. H., Akatsu T., Abe E., Nakamura Y., Yamaguchi A,
Yoshiki S., Matsuda T., Hirano T. (1990). IL-6 is produced by osteoblasts and induces
bone resorption. Journal of Immunology, 145: 3297-3303.

Janssen J. W., Hardeveld C. V. and Kassenaar A. A. H. (1978). Evidence for a different
response of red and white skeletal muscle of the rat in different thyroid states. Acta
Endocrinologyv, 87: 768-7175.

Jilka R. L., Hangoc G. and Girasole G. (1992). Increased osteoclast development after
estrogen loss: mediation by interleukin-6. Science, 257: 88-91.

Jollie W. P. (1964). Fine structural changes in placental labyrinth of the
rat with increasing gestational age. Journal of Ultrastructure Research, 10: 27-47.

Kaufman M. H and Bard J. B. L., (1999). The Anatomical Basis of Mouse Development.
Academic Press, NewYork, P. 165.

Kawai T., Teshima S., Kusumoto K., Kawahara T., Kondo D., Kishi K. and Rokutan K.
(2000). A non-toxic heat shock protein 70 inducer, geranylgeranyl-acetone, restores the
heat shock response in gastric mucosa of protein-malnourished rats. Journal of Labratory
Clinical Medicine, 136: 138.

Khaleeli A. A., Griffith D. G. and Edwards R. H. T. (1983). The clinical presentation of
hypothyroid myopathy and its relationship to abnormalities in structure and function of

skeletal muscle. Clinical Endocrinology, 19: 365-376.

Khalil M. H. (2002). Endocrinology. Al-Ain bookshop, 3" edition, Pp152.

Kilham L. and Ferm V. H. (1976). Excencephaly in fetal hamsters following exposure to
hyperthermia. Teratology, 14: 323-326.

Kimmel G. L., Cuff J. M., Kimmel C. A., Heredia D. J., Tudor N. and Silverman P. M.
(1993a). Embryonic development in vitro following short-duration exposure to heat.
Teratology, 47: 243-251.

Kimmel G. L., Cuff J. M., Kimmel C. A., Heredia D. J., Tudor N., Silverman P. M., Chen
J. (1993b). Skeletal development following heat exposure in the rat Teratology, 47.
229-242.

74



Langdahl B. L., Loft A. G., Moller N., Weeke J., Eriksen E. F., Mosekilde L., Charles P.
(1997). Is skeletal responsiveness to thyroid hormone altered in primary osteoporosis or
following estrogen replacement therapy? Journal of Bone Mineral Researches. 12: 78-88.

Layde, P. M., Edmonds L. D, and Erickson J. D. (1980). Maternal fever and neural
tube defects. Teratology, 21: 105-108.

Lee W., Liu H.,, Pan D. H,, Jou T. and Lai Y. (1992). Cell survival and heat-shock
protein synthesis of normal and malignant rat brain cells during and after hyperthermia.
Journal of Thermal Biology, 17: 33-41.

Lenz R.J. (1962). Thalidomide and cogenital abnormalities. Lancet, 1: 1219-1223.

Li P, Chao Y., Chan S. H. and Chan J. Y. H. (2001). Potentiation of baroreceptor reflex
response by heat shock protein 70 in nucleus tractus solitarii confers cardiovascular
protection during heatstroke. Circulation, 103: 2114-2119.

Li Z. L., Chisaka O., Koseki H., Akasaka T., Ishibashi M. and Shiota K. (1997). Heat
shock induced homeotic transformations of the axial skeleton and associated shifts of
HOX gene expression domains in mouse embryos. Reproductive Toxicology, 11 : 761-
770.

Lian J. B., Carne D. L. and Glimcher M. J. (1997). Bone and serum concentrations of
osteocalcin as a function of 1,25-dihydroxyvitamin D3 circulating levels in bone
disorders in rat. Endocrinology, 120: 2123-2130.

Lomax R. B. and Robertson W. R. (1992). The effects of hypo-and hyperthyroidism on
fibre composition and mitochondrial enzyme activities in rat skeletal muscle. Journal of
Endocrinology, 133: 357-380.

Martinez-Frias M. L., Mazario G. M. L., Caldas F. C., Gallego M. P., Bermejo E. and
Pinilla E.R. (2001). High matemnal fever during gestation and severe congenital limb
disruptions. American Journal of Medical Genetics, 98: 201-203.

Marya R. K., Sood S., Lal H., Sharma A. and Saini A. S. (1987). Effect of acute
environmental heat stress on urinary water and electrolyte excretion in the rat. Indian
Journal Physiology and Pharmacology, 32: 126-131.

Miller P., Smith D. W., and Shepard T. H. (1978). Matemal hyperthermia as a possible
cause of anencephaly. Lancet, 1: 519-521.

Milunsky A., Ulcickas M., Rothman K. J., Willett W., Jickss and Jick H. (1992).
Maternal heat exposure and neural tube defects. Journal of American Medical
Association, 268: 882-885.

Mirkes P. E. (1985). Effects of acute exposures to elevated temperatures on rat embryo
growth and development in vitro. Teratology, 32: 259-66.

75



Mirkes P. E., Cornel L. M., Park H. W. and Cunningham M. L. (1997). Induction of
thermotolerance in early postimplantation rat embryos is associated with increased
ressistance to hyperthermia-induced apoptosis. Teratology, 56:210-219.

Moore K. L and Persaud T. V. N. (1998). Before we are born. In: Essentials of
Embryology and Birth Defects. 5™ ed. Pub: WB Saunders Company, Philadelphia, pp.
433-438.

Morganis J. B. (1769). The seats and causers of diseases investigated by anatomy, Vol.
3. Transl. Benjamin Alexander, Pub: Miller and T. Candell, London.

Mundy G. R., Shapiro J. L., Bandelin J. G., Canalis E. M. and Raisz L. (1976). Direct
stimulation of bone resorption by thyroid hormones. The Journal of Clinical
Investigation, 58: 529-534.

Namgung R., Tsang R. C., Specker B. L., Sierra R. I., Ho M. L. (1993). Reduced serum
osteocalcin and 1, 25-dihydroxyvitamin D concentrations and low bone mineral content

in small for gestational age infants: evidence of decreased bone formation rates. Journal
of Pediatrics, 122: 269-75.

Nguyen M., Guillozo H., Garabedian M. and Balsan S. (1987). Lung as a possible
additional target organ for vitamin D during fetal life in the rat. Biology of the Neonate,
52: 232-240.

Nilsen N. O. (1969). Teratogenic effects of hyperthermia in chick embryos. In:
Teratology. A. Bertelli and L. Donati, eds. Excerpta Medica Foundation International
Congress Series No. 173, Amsterdam, pp. 102-107.

Nilsen N. O. (1984). Vascular abnormalities due to hyperthermia in chick embryos.
Teratology, 30: 237-251.

Nishizawa M., Giviziez P. E. N., FerroJ. A., Ferro M. I. T. and Macari M. (1999). Effect
of heat stress or lipopolysaccharide (E. coli) injection on HSP70 levels in the liver and
brain of adrenalectomized rats. Journal of Thermal Biology, 24: 429-432.

Norusis M. J. (1998). SPSS Inc. SPSS/PC + for Windows, base system and advanced
statistic users guide, window version 1 1. Chicago, Illinois.

Oppenheimer J. H. (1979). Thyroid hormone action at the cellular level. Science, 203:
971-979.

Padmanabhan R. (1986). The effect of cadmium on placental structure and its
relation to fetal malformations in the mouse. Z mikrosk anat Forsch 100: 419-427.

Padmanabhan R. and AL-Zuhair A. G. H. (1988). Histological changes of the placenta in

diabetes induced by maternal administration of streptozotocin in the rat. Congenital
Anomalies, 28: 1-15.

76



Padmanabhan R. and AL-Zuhair A. G. H. (1990). Ultrastructsral studies on the placentae

of streptozotocin induced maternal diabetes in the rat. Z mikrosk anat Forsch, 104 : S212-
230.

Parkhit M. R. and Johnson H. D. (1969). Growth hormone releasing activity in the

hypothalamus of rats subjected to prolonged heat stress. Endocrinology, 130:
843-847.

Patricia E. P., Grindeland R. E., Shakes D. C., Holton E. R. and Cann C. E. (1988).
Circulating osteocalcin in rats is inversely responsive to changes in corticosterone.
American Journal of Physiology, 254: 828-833.

Persaud T. V. N. (1990). Environmental Causes of Human Birth Defects. Springfield,
Charles C Thomas.

Pleet H., Graham J. M. and Smith D. W. (1981). Central nervous system and facial
defects associated with maternal hyperthermia at four to 14 weeks gestation. Pediatrics,
67: 785-789.

Pop V. J., Kuijpens J. L., Baar A. L. V., Verkerk G.,, Sons M. M. V_, Vijlder J. J. D.,
Vulsma T., Wiersinga W. M., Drexhage H. A. and Vader H. L. (1999). Low maternal
free thyroxine concentrations during early pregnancy are associated with impaired
psychomotor development in infancy. Clinical Endocrinology, 50: 149-155.

Price P. A., Parthemore J. G. and Deftos L. J. (1980). New biochemical marker for bone
metabolism. Journal Clinical Investigation, 66: 878-883.

Quraishi H. and Brown I. R. (1995). Expression of heat shock protein 90 (hsp90) in
neural and nonneural tissues of the control and hyperthermic rabbit. Experimental Cell

Research, 219 : 358-363.

Rao G. S., Abraham V., Fink B. A., Margulies N. and Ziskin M. C. (1990). Biochemical
changes in the developing rat central nervous system due to hyperthermia. Teratology,
41:327-332.

Reid 1. R. and Fracp. (2000). Glucocorticoid-induced osteoporosis. Practice and
Research, 14 : 279-298.

Robins J. (1973). Metabolism, 22: 1021.

Rodriguez-Pena A. (1999). Oligodendrocyte development and thyroid hormone. Journal
of Neurobiology, 40 : 497-512.

Ross M. H., Reith E. J. and Romerll L. J. (1989). Histology: A text and atlas, 2“d, A
waverly company, Hong Kong.

Sadler T. W. (2000). Langman’s Medical Embryology, 8™ ed., Library of Congress
Cataloging in Publication Data. Philadelphia, Pennsylvania, USA.

77



Sampson D., Pickard M. R., Sinha A., Evans I. M., Leonard A. J. and Ekins R. P. (2000).
Maternal thyroid status regulates the expression of neuronal and astrocytic cytoskeletal
proteins in the fetal brain. Journal of Endocrinology, 167:439-445.

Santoro M. G. (2000). Heat shock factors and the control of the stress response.
Biochemical Pharmacology, 59 (1): 55-63.

Seki K., Makimura N., Mitsui C., Nagata L (1993). Osteocalcin levels in maternal and
cord blood. Obstet Gvnecol, 81(2): 189-190.

Shapiro Y and Seidman D. S. (1990). Field and clinical observations of exertional heat
stroke patients. Medicine and Science in Sports and Exercise, 22 : 6-14.

Shaw G. M., Nelson V., Todoroff K., Wasserman C. R. and Neuter R. R. (1999).
Maternal periconceptional use of electric bed-heating devices and risk for neural tube
defects and orofacial clefts. Teratology, 60:124-129.

Shaw G. M., Todoroff K., Velie E. M. and Lammer E. J. (1998). Maternal illness.
including fever, and medication use as risk factors for neural tube defects. Teratologyv, 75:
1-7.

Shinodo H. and Stern P. H. (1992). Diurnal rhythms in Ca transfer into bone, Ca release
from bone, and bone resorbing activity in serum of rat. The American Journal
Physiology, 262: R 235-R240.

Shiota K. and Kayamura T. (1989). Effects of prenatal heat stress on postnatal growth,
behaviour and learning capacity in mice. Biology of Neonate, 56: 6-14.

Shiota K. (1988). Induction of neural tube defects and skeletal malformations in mice
following brief hyperthermia in utero. Biology of Neonate, 53: 86-97.

Siegel R. A., Feldman S., Conforti N., David M. B. and Chowers 1. (1979). PRL and
ACTH secretion following acute heat exposure, in intact and in hypothalamic
deafferentated male rats. Brain research, 178: 459-466.

Smith C., Upfold J., Edwards M. and Smith M. (1992). Neural tube and other
developmental anomalies in the guinea pig following maternal hyperthermia during early
neural tube development. Teratogenesis Carcinogensis and Mutagenesis, 12 : 1-9.

Smith D. W., Clarren S. K., Harvey M. A. S. (1978). Hyperthermia as a possible
teratogenic agent. Journal of Pediatric, 92: 877-883.

Sugimoto N., Shido O. and Sakurada S. (1996). Thermoregulatory responses of rats
acclimated to heat given daily at a fixed time. Journal Applied Physiology, 78: 1720-
1724.

Swolin-Eide D. and Ohlsson C. (1998). Effects of cortisol on the expression of

interleukin-6 and interleukin-1 beta in human osteoblast-like cells. Journal of
Endocrinology, Jan; 156: 107-114.

78



Tal E. and Sulman F. G. (1975). Dehydroepiandrosterone-induced thyrotrophin release
during heat stress in rats. Journal of Endocrinology, 67: 99-103.

Terai Y., Asayama M., Ogawa T., Sugenoya J. and Miyagawa T. (1985). Circadian
variation of preferred environmental temperature and body temperature. Journal of
Thermal Biology, 10: 151-156.

Thompson M. W., Mcinnes R. R., Willard H.F. (1991). Genetics in Medicine, 5" ed.
Thompson and Thompson, Philadelphia, WB Saunders.

Thureen P. J., Trembler K. A., Meschia G., Makowsky E. L. and Wickening R. B.
(1992). Placental glucose transport in heat-induced fetal growth retardation.
American Journal of Physiology, 263-R578-585.

Tikkanen J. and Heinonen O.P. (1991). Matemal hyperthermia during pregnancy and
cardiovascular malformations in the off-spring. European Journal of Epidemiology.
7:628-635.

Tonacchera M., Agretti P., Pinchera A., Rosellini V., Perri A., Collecchi P., Vit P. and
Chiovato L. (2000). Congenital Hypothyroidism with Impaired Thyroid Response to
Thyrotropin (TSH) and Absent Circulating Thyroglobulin: Evidence for a New
Inactivating Mutation of the TSH Receptor Gene. The Journal of Clinical Endocrinology
& Metabolism, 85: 1001-1008.

Trinder P. (1969). Determination of glucose in blood using glucose oxidase with an
alternative oxygen acceptor. Annual Clinical Biochemistry, 6, 24.

Upfold J. B., Smith M. S. R. and Edwards M. J. (1989). Quantitative study of the
effects of maternal hyperthermia on cell death and proliferation in the guinea pig brain on
day 21 of pregnancy. Teratology 39: 173-179.

Vamvakopoulos N. O. (1993). Tissue-specific expression of heat shock proteins 70 and
90: potential implication for differential sensitivity of tissues to glucocorticoids.
Molecular Cell Endocrinology, 98: 49-54.

Vander A. J., Sherman J. H. and Luciano D. S. (1994). Human Physiology: The
Mechanisms of Body Function, 6™ ed.

Verhaeghe J., Thomasset M., Assche V., Andre F. and Bouillon R. (1990). Osteocalcin is
vitamin D-dependent during the perinatal period in the rat. Journal of Developmental
Physiology, 14:311-317.

Verhaeghe J., Thomasset M., Brehier A., Assche V., Andre F. and Bouillon R. (1988).
1,25 (OH),D3 and Ca-binding protein in fetal rats: relationship to maternal vitamin D
status. American Journal of Physiology, 254: 505-512.

Von Recklinghausen F. (1886). Untersuchungen uber spina bifida. Virchows Arch,,
Pathological Anatomy, 105: 243-373.

79



Vulsman T. and Kok J. H. (1996). Prematurity-associated neurologig and developmental
abnormalities and neonatal thyroid function. The New England Journal of Medicine, 28:
857-858.

Walsh D. A., Klein N. W. and Edward M. J. (1987). Heat shock and thermotolerance
during early rat embryo development. Teratology, 36: 181-191.

Walsh D. A., Hightower L. E., Klein N. W. and Edwards M. J. (1985). The induction of
heat shock proteins during early mammalian development. Heat shock, Cold Spring
Harbor Laboratory Symposium 2: 92 (abst).

Walsh D. A., Li K., Wu Y. and Nagata K. (1997). Heat-shock gene expression and the

role of hsps during neural plate induction and early mammalian CNS development. Cell
Molecular Life Science., 53:198-211.

Walsh D., Zhu X., Grantham J., Taylor R., Inouye M. and Edwards M. J. (1998). Heat
shock proteins in normal and stresses mammalian embryonic development. Congenital
Anomalies, 38: 9-23.

Webster W. S. and Edwards M. J. (1984). Hyperthermia and the induction of neural
tube defects in mice. Teratology, 29: 417-425.

Webster W. S., Germain M. A. and Edwards M. J. (1985). The induction of
microphthalmia, encephalocele and other head defects following hyperthermia during the
gastrulation process in the rat. Teratology, 31: 73-82.

Welch W. and Suhan J. P. (1986). Cellular and biochemical events in mammalian cells
during and after recover from physiological stress. Journal of Cell Biology, 103: 2035-
2052.

Welch W. J. (1992). Mammalian stress response: cell physiology, structure/function of
stress protein and implications for medicine and disease. Physiological Reviews, 72:
1063-1081.

Whittow G. C., Sturkie P. D. and Stein G. (1964). Cardiovascular changes associated
with thermal polypnea in the chicken. American Journal Physiology, 702: 1349-1353.

Wilson J. G (1973). Environment and Birth Defects. Academic Press, New York.

Yahav S. and Plavnik 1 (1999). Effect of early age thermal conditioning and food
restriction on performance and thermotolerance of male broiler chickens. British Poultry
Science, 40: 120-126.

Yasumura S., Aloia J. F., Gundberg C. M., Yen J., Vaswani A. N., Yuen K., Monte A. F.,
Ellis K. J. and Cohn S. H. (1987). Serum osteocalcin and total body calcium in normal
pre- and postmenopausal women and postmenopausal osteoporotic patients. Journal of
Clinical Endocrinology and Metabolism, 64 (4): 681-685.

80



APPENDIX



)

APPENDIX

Gender’s fluid:

Formaldehyde (40%) Sml

Alcoholic picric acid
(1gm of picric acid in 100 ml of 95% ethanol) 80 ml
add 5Sml of acetic acid before use

Hematoxyline and eosin staining of placenta:

1.

~

Dewax in xylene for 2 minutes each (two changes).

Dehydrate as following:

- Keep 100 % ethanol for I min.

- Keep 100% ethanol for I min.

- Transfer to 95% ethanol for 1 min.

- Transfer to 70% ethanol for 1min.

- Leave the slides in distilled water for S min.

Stain with Hematoxylin and Eosin for 4 min.
Leave in the running tap water for 5 min.
Transfer to acid ethanol.

Stain with Eosin for 30 sec.

Dehydrate as following:

- Keepin 70% ethanol for 15 sec.

- Keep in 95% ethanol for 15 sec.

- Transfer to 100% ethanol for 1 min.

- Leave in 100% ethanol for I min.

Clear with two changes of xylene, 2 min. for each.

Mounting.



N

Best Carmine test:

I. Deparaffinize for 3 minutes each. ( two change)

2. Transfer in 100% ethanol for 3 minutes each. (two change)
3.  Dip 2 times in 70% alcohol.

4.  Dip 15 umes in distilled water.

5. Stain in hematoxylin dye for 5 minutes.

6. Wash in running tap water for 5 minutes.

7. Keep in best carmine working solution for 30 minutes.

8.  Treat with differentiating fluid for 5 minutes.

9. Rinse quickly in 80% alcohol.

10. Dehydrate, clear, and mount.

Working solution:

Carmine stock solution 30.0 ml
Ammonium hydroxide 25.0 ml
Methyl alcohol 25.0 ml

Differentiating fluid:
Absolute ethyl alcohol 16.0 ml
Methyl alcohol 8.50 ml

Distilled water 20.0 ml



ARABIC SUMMARY



oadldl

Gy ge (8 eSS ganllods Clad Sl die sl gl Auas 1T Sl 5T s kS
Sl sall ) il Slgal 5 ) adl dlgayl 586 st g8 Al oda e o yall Baae Ay
Nie Fag$ g e S 5B VE Al jaleda 8 Cadil AaSU Al Sleall Heds e
Al sde b ) il Ciand Cdall Sl A ) suall Ca e s cJaaall (e a il a0l
Aa 0 ) J i e i 905 8 o ) e 550 ¥l Ae peaddl e gane )
s il andl a4 T B (Unbiall el e ds ja Yo ga die 5 ke 94 5ia
adadiud Gual Giall Gt dggiedaa AL die ddaia gl Jiaes aad § Sl sl e

Sl siase M ALY sl Jama 8 g 5dig sl (51 )3 5 pasS g ) 550 58 Sl e &
Ul s (ol 20545 e g (pldaad) (359 90) OIS (S g1 g s Sl 5 5 S gLl
O s B335l ) )5 5 OaaeS gl g pa SV Aas B g sies Galiddl elie (f aay Al
S gl 5l s g¥) g oS slall Gl e 8 2 sl 53050 N ALaYL S
Ll s g

Aa,08) die gl g Ciin e Lie Vi )L TE e Gl Al de paadd U
(Uabaal Aiel) Bygiadin ) YO die G g 5 yde ghgiada Y dedydey Ay
aagdhboall Dl pe 0l Al 5 iaY abal JSel 5 sl sd sl JSIN Ganil
Sl gl ) AlaY U Aandall (35 duadl Ball dae g du jridl sl e 6 oaladdl ellis
& Sl (g il oy el A aaanll pllic) o Ll LSl g aglgd el S SN
At Al 03a e cingdl S 5 el abiell JI clilee A0 e Jay Laa (& el
Luakiel Sla o 505 A jo g O il 038 Aaf e o)) pall dlgal) i -liad ga
Bl as p e ildel
3N 5 Sl pgaall Cuatilpianil Aldlaal Dle gandl (e Aandall Slipe Curaa ol
e A9 e g sian g all sleaYU Alabaddl Sl gl 3 AenZd) O e pasidll Jo
Azl Ay 45 e il ypacial



3aaal) dau a2 laY) Azala
Lladl Sl yall Salas
Al piealba gali

Oiad) B alall gai o o ) al) algay) 80

aalUall pe Aatiae Alla
Al o lasall Bl e aeluna b 5

Slall a gle Me,@\géwxjgue
ddadall dau adl &l Hla¥) dxala e)&d\‘\g&s

(\‘\‘\V)

2 alad) da o o J paad) cldhial Ylasiod
(Al 2 5le)

pastall A el & jlaY) Axala

YooY —)_.3\41 Qitised By Shrieen
) Lol coansns OEESEINN]S
UAEU i 14:17:19
Q% A O vliced +04|00|




	United Arab Emirates University
	Scholarworks@UAEU
	5-2002

	Effect of Environmental Heat Stress on Embryonic Bone Development
	Noura Musaed Al-Menhali
	Recommended Citation


	0000
	0004
	0005
	0006
	0008
	0010
	0012
	0014
	0016
	0018
	0020
	0022
	0024
	0026
	0028
	0030
	0032
	0034
	0036
	0038
	0040
	0042
	0044
	0046
	0048
	0050
	0052
	0054
	0056
	0058
	0060
	0062
	0064
	0066
	0068
	0070
	0072
	0074
	0076
	0078
	0080
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124
	0125
	0126
	0127
	0128
	0129
	0130
	0132
	0134
	0136
	0138
	0140
	0142
	0144
	0146
	0148
	0150
	0152
	0154
	0156
	0158
	0160
	0162
	0164
	0166
	0168
	0170
	0172
	0174
	0176
	0178
	0180
	0182
	0184
	0186
	0188
	0190
	0192
	0194
	0196
	0198
	0200
	0202
	0205

		2016-11-13T14:17:19+0400
	Shrieen




