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Abstract: Problem statement: Living in high altitude areas results in chronigpbxia, which induces
complex metabolic and endocrine adaptations. Theietistudy investigated the endocrine responses
of male Westar rats chronically exposed to highituale-induced hypoxia in Abha City, in
Southwestern Saudi ArabiApproach: The rats were separated in to 2 groups of 10 Tdts. first
group was kept at an altitude of 600 m above seal ie the King Saud University animal house in
Riyadh City and designated the low altitude grotn® second group of rats was transferred to the
King Khalid University animal house in Abha Cityhigh is 2800 m height above sea level and was
designated the high altitude group. All rats wepeded under the same laboratory conditions and fed
the same diet. Blood samples were collected froth gooups of animals 45 days after transferring the
high altitude group to Abha CityResults. The data revealed that the rats transferred tohitie
altitude area had significant decreases in seruymolth Stimulating Hormone (TSH) and testosterone
levels and significant increases in the levels efum cortisol, free Triiodothyronine (T3) and free
Thyroxin (T4) compared to rats kept at low altitu@enclusion: The current study demonstrates that
rats chronically exposed to high altitude hypoxiperienced alternations in various hormones. These
findings will contribute to a better understandiofyhuman endocrine and metabolic physiology in
hypoxic conditions.
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INTRODUCTION adaptations are limited and conflicting
(Krishnamacharyet al., 2003). Additionally, though
The health effects of high altitude-induced hypoxi exposure to high altitude adversely affects male
has long been considered important because a largeproduction in both humans and animals (Monge,
number of people live at high altitudes and mamem  1943; Abelson, 1976), the mechanisms responsible fo
like to visit such areas for trekking, climbingathletic  these affects are not well understood and relatifet
training. The composition of the air stays the sdmae  studies have examined how high altitude impacts the
the total barometric pressure falls as altitudedases. concentration of reproductive hormones. Abha City,
As a result, the partial pressure of oxygen deeieasd located in Southwestern Saudi Arabia, is at aruaki
a state of hypoxia occurs (Michiels, 2004). Certainof 2800 m above sea level (Climate Atlas of Saudi
biochemical, physiological and microanatomical Arabia, 1988)and, to the best of our knowledge, no
responses occur during acclimatization and adaptati study has been conducted to investigate the eéfect
to chronic hypoxia of high altitude (Wartlal., 1989). Abha’s altitude on hormone levels. Therefore, the a
Therefore, the adaptive processes that occur porsge  of the present study is to investigate the effeftthe
to hypoxia indicate complex modifications in the altitude of Abha city on the serum concentration of
homeostatic steady state of endocrine and metabolithyroid hormones, cortisalnd testosterone in male rats.
functions (Michiels, 2004).
Altitude exposure is known to stimulate the MATERIALSAND METHODS
neuroendocrine systems as part of the acute hypoxic
and chronic  adaptive acclimatization  procesdAreas of the study (Fig. 1): The study was carried out
(Asano et al., 1997).Indeed, the response to high at areas of high and low altitude in different et in
altitude has been intensely investigated in terrhis othe Kingdom of Saudi Arabia between January and
energy utilization (Westerterp and Kayser, 2006;February 2010. The high altitude area was in thaA
Hamad and Travis, 2008t data regarding endocrine region, specifically, Abha city, the capital citf Aseer
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province (population = 352,303) (Central DepartmeniThe rats were separated into 2 groups of 10 tedpiv

of Statistic and Information, 2004) which is lodhte  altitude group and the high altitude group. The low
the Aseer mountains and has an altitude of 280@altitude group was kept at King Saud Universitynaali
3150 m above sea level. It has the lowest meanainnuhouse in Riyadh City and the high altitude groupswa
temperature of any of the Southern urban areaswa | transferred to the animal house at the Medical Sicab
atmospheric oxygen pressure and a high annuakbthinf King Khalid University in Abha City. Both groups vee
with rain falling mainly in winter and spring (Clme ~ Maintained in polypropylene cages of standard
Atlas of Saudi Arabia, 1988). The low altitude areadimensions at a temperature of 25+1°C, had a stenda
selected was Riyadh, the capital of Saudi Arablichy 12 D day/night cycle and were housed in groups of 5
is located in the center of Saudi Arabia at lattud '31S Per cage (326x16 cm). All procedures were

o : o : performed in agreement with the Principles of
38.24° North and longitude 43.46 Ea$t and ”Sﬂuat_) aboratory Animal Care, advocated by the National
600 m above sea level. Essential geographic

information for each city, such as temperature, d U f Laborat Animal blished by th
humidity and altitude, were collected from the teth ilr;tionglelngtitutisoor?l—?erglth.mma S, published by the

meteorological organizations. Environmental data on Forty-five days after the high altitude group \eed

these areas are shown in Table 1. at Abha City, both groups of rats were anaesthibtize
. . _ using ether. A blood sample was taken directly ftom
Rats and experimental design: (Fig. 2): Twenty adult  peart and placed in plain tubes where they wecavetl
male Wistar rats (200-250 g) were used for theq giot at room temperature. Samples were cenifuag
experiments with the approval of the Ethical Cortesit 45 rpm for 10 min to obtain serum for determining
in the Department of Physiology at the King Khalid Thyroid  Stimulating  Hormone  (TSH), free

University Medical School (Abha, Saudi Arabia). All Tyigqothyronine (T3), free Thyroxin (T4), cortisahd
animals were bred and maintained in the animaléaiis  (ogtosterone levels using specific, commercialbilable

King Saud University in Riyadh, College of Phaawy.

ociety of Medical Research and the Guide for theeC

ELISA kits according to the manufacture’s instrons.

= Statistical analysiss Data analysis. Results were
peae, expressed as the mean value +SD. Statistical
% RA i differences between groups were assessed using the
IoROAN e ¢ ' SPSS software, version 16 and a Student's t-test.
Tank : gy Values of p<0.05 were considered significantly
= Pz, different (95% Confidence interval).
2Birmydah ot SAEAN
GYPT ".3. Aach .:::._:.M *oATAR ol Frrm .
1 ?,ﬁ i * -,u.munu : To Abha, Asir Area | e
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Fig. 1: Map of Saudi Arabia showing the locationed  —7T7 77— “ToToToTo

cities used in the current study (red arrows) Fig. 2: Schematic of the experimental procedure

Table 1: Environmental data on the high and lowdaoitthe study

Highland Lowland Table 2: The levels of Free T3 (FT3), Free T4 (Faayl Thyroid-
Data (Abha) (Riyadh) Stimulating Hormone (TSH) in the Low Altitude (LAnd
Altitude (meters) 2800-3150 600 High Altitude (HA) groups of rats
Barometric pressure (mm Hg) 550-590 711 Group  FT3 (pmol [}) FT4 (pmol [ TSH (ulUmL™)
Atmospheric Qtension (mm Hg) 110-120 145 LA 2.33+0.090 8.69+1.33 0.281+0.037
Relative humidity (%) 20-30 15-50 HA 3.42+0.691* 26.98+1.23* 0.027+0.048*
Summer temperature (shade) (°C) 16-28 2545 Values are given as mean * SD for each group. *Lid& are
Winter temperature (shade) (°C) 5-15 10-25  gatistically significant, p<0.05 HA rats were coangd with LA rats
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Table 3: Blood levels of testosterone and cortisghe Low Altitude gland secretes two separate amino acid iodine-bound
(LA) and High Altitude (HA) groups of rats thyroid hormones known as T3 and T4 (thyroxine),

30“‘) 3Tg;:%5t3€5rg”e (ng ). (;oit;‘l'z(rggo' L) both of which are also found in a free form and are

HA 12040 489* 33 3643 98 important in the regulation of general metabolism,

Values are given as mean = SD. *: Values are sty significant, growth and tissue differentiation, as well as gene
p<0.05. LA rats were compared with HA rats expression (Braverman and Utiger, 2000). Thyrotrepi

Releasing Hormone (TRH), secreted from the

RESULTS hypothalamus, stimulates the anterior pituitary to

release thyrotropin, which is also known as TSH

Hormone levels in the high and low altitude rat(Braverman and Utiger, 2000).
groups are shown in Table 2 and 3. The influence of hypoxia on thyroid activity in

Chronic exposure to high altitude lead to ahumans and animals has been studied by several
significant decrease in TSH and a significant imseein  investigators (Mordegt al., 1983; Hornbein, 1962;
the levels of free T3 and free T4 in the serum caregp Moncloa et al., 1965) and most have reported a
to animals maintained at low altitude (Table 2).reduction in thyroid activity. Surks (1966ported an
Additionally, there was also a significant incredee increase in the concentration of free thyroxine in
serum cortisol and a significant decrease in téstose  humans due to altitude exposure; this was reflected
levels in rats kept at high altitude compared tonafs  the elevation of basal oxygen consumption. Several

housed at the lower altitude (Table 3). investigators (Mordeset al., 1983; Hornbein, 1962;
Moncloa et al., 1965) have also claimed that hypoxia
DISCUSSION influences the metabolism of iodine in the thyraid

various stages. A low TSH level in the blood ofsrat

The results presented in this study demonstraie th exposed to 250-280 mm Hg pressure for 2-3 weeks was
rats transferred and maintained in a facility atigh  reported by Gordost al. (1943).
altitude develop significant hormonal changes Furthermore, a previous study in subjects who had
compared to animals kept at a low altitude. These short-term stay at extremely high altitude while
changes included a significant decrease in TSH andlimbing mountain Everest reported an increasetal t
testosterone levels and a significant increasehm t T4 and T3 concentrations associated with an inereas
levels of serum cortisol, free T3 and free T4 corada TSH levels (Mordest al., 1983). However, it has been
to rats maintained at low altitude. All rats werubed reported that significant elevations in free T4elevcan
under the same laboratory conditions and were Hed t occur after 3 weeks at 4300 m without any change in
same diet; thus, the observed hormonal changes weileSH levels (Barnholét al., 2006). Our present findings,
not due to dietary factorsr to adaptive evolutionary recorded after 45 days at a high altitude, 2800 m,
changes (Golstein-Golairet al., 1970). Furthermore, demonstrated that TSH significantly decreased vitele
racial factors were eliminated as this study wasedio T4 and free T3 levels increased. An increase imoftly
rats rather than humans and all animals were botdn a hormones has been explained as a response to bypoxi
bred in the same facility. Thus, the factor thapears  stress (Sawhney and Malhotra, 1991; Betsal., 1995)
to be at study in this situation is environmentallyor, alternatively, as a function of alterations time
derived. There are distinct differences betweenemalregulation of thyrotrophin via decreased TSH séanet
and female rats with regard to TSH, T3 and T4 kvel (Mordes et al., 1983). The Hypothalamic-Pituitary-
and, of course, testosterone. TSH and T3 are grasen Thyroid (HPT) axis is physiologically important for
higher concentrations in female rats than in mats,r regulating body growth and development, in partcul
T4 occurs in a higher concentration in male ragmtin ~ development of the brain and energy-metabolism-
female rats and cycling female rats have a cyclebalance and expenditure (Tameatyal., 1986). TSH
associated biorhythm for TSH (Campbetllal., 1977).  and the thyroid hormone axis are influenced by sdve
Therefore, to eliminate any sex-related differenees  factors; they are controlled by the hypothalamic
only used male rats. To minimize the diurnal vésiat Thyrotropin Releasing Hormone (TRH), a crucial
of hormone levels, all of the samples were colédéte regulator of the HPT axis. Hypoxia, as an non-stres
the morning around 10:00 am. factor, altered HPT function (Tamasy al., 1986).

Thyroid hormone mediates the release thyroxine td-ollowing exposure to high altitude, decreaseddiuyr
the peripheral tissues in response to perturbationinction has been observed in animals (Heath and
induced by the external environment, chemicals andVilliams, 1977). Hypoxia (10% £ suppresses TRH
drugs and a variety of disease processes. TheithyromRNA expression in the paraventricular nucleushef t
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rat hypothalamus both sub-acutely and chronicallfBangham and Sacherer, 1980; Godoy, 1984; Wiley,
(Hirookaet al., 1978) and this may explain the decreasel998). Data in the literature are mainly concermnith
in TSH seen in our study. Additionally, somatostati only female fertility and there is less information
suppresses TRH release (Du, 1998; Hiroekaal., regarding male fertility. A decrease in salivary
1978; Tapia-Arancibiat al., 1984) and it may play an testosterone was found in men native to areas at an
important role in inhibiting TRH, thereby decreagin altitude of 3600 m, i.e., 12,000 ft., compared with
TSH levels (Hirookaet al., 1978; Tapia-Arancibiat al., lowlanders (Bealkt al., 1992). In pathology cases, high
1984). plasma concentrations of Luteinizing Hormone (Lid),
Furthermore, large individual variability has beenassociation with low testosterone, were found in
observed in the changes in cortisol and testostetioat ~ patients with chronic  obstructive lung dise
occur under conditions of physical exertion (Sutibal., (Gow et al., 1987). Moreover, the decrease in
1973; Fryet al., 1991) Testosterone is a steroid hormone testosterone and its precursors in the spermaiticarel
produced and secreted by the Leydig cells in tetese in the testicular tissue of elderly men may berdwsult
and has both anabolic and anti-catabolic effects owf an impaired oxygen supply (Pirlke al., 1980). In
muscle tissues (Suttcat al., 1973; Voleket al., 1997). male animals, prolonged hypoxic exposure may lead t
Cortisol is a steroid hormone released by the adrena degeneration of the testes and azoospermia (Eckes
cortex that has catabolic effects on muscle tissue$976). It has been previously demonstrated that mal
(Adlercreutzet al., 1986). During conditions of stress, rates respond to hypobaric hypoxia with cardioviascu
such as intense training, cortisol and testostel@ene@ changes similar to those exhibited in humans irh-hig
been reported to change significantly (Volek al., altitude conditions, validating the use of an ahimadel
1997; Adlercreutzt al., 1986). Hypoxia is known to to study the physiological adaptations to hypobaric
modify cortisol release, although its effects dapen  hypoxia (Richaletet al., 1992; Germaclet al., 2002;
the experimental conditions. However, resting pkasm Farias et al., 2005). Also, exposure of male rats to
cortisol concentrations have been reported torease  hypobaric hypoxia has been shown to promote a
(Moncloaet al., 1968; Humpeleet al., 1980)or remain  reduction in testicular mass, deterioration of rigtigal
unchanged (Sutton, 1977), in humans exposed t@ acutells, increase in the interstitial space, damag¢he
hypoxia. During physical exercise at altitude, oder  germinal epithelium and an increase in the senoife
simulated hypoxia, the plasma cortisol response watibule lumen. Furthermore, loss of spermatogeniis ce
greater than at sea level (Richalet al., 1989). and a strong metabolic stress response in thete cel
Moreover, it has been recorded that were observed (Gosney, 1984; Richatedl., 1992)
Adrenocorticotropin (ACTH) increases in high altitu In our current study, we found a significant
in people at rest and during exercise (Richatetl.,  decrease in serum testosterone levels in rats espios
1989). This result may reflect a reduction in adten hypobaric hypoxia for a period of 45 days compared
sensitivity to ACTH in people exposed to hypoxiarO animals kept at a lower altitude. Mayfield (1980)
results show that hypoxia has stimulatory actions o €xplained that the neuroendocrine effects of steees
cortisol secretion. Hypoxia acts as an externasspr Mediated by the hypothalamus. Corticotrophin-
and increases sympathetic tone, suggesting thaxigsp Releasing Hormone (CRH) neurons, present in
causes a shift in the sympatho-vagal nerve interaet ~ NyPOthalamus, summate a large variety of neurondl a
rest toward sympathetic dominance. This sympathetiformonal signals that arise in various regions hef t
activation may results in an increase in ACTH, wahic nervous system. This = specific hypothalamic

X . . neurohormone eventually either stimulates or inkibi
stimulates the secretion of cortisol by the adreytahd L
(Richaletet al., 1989). hypophyseal activity in response to stress. Knéb)

Given that a decrease in gonadal hormones h roposed that stressors generally induce depresdion

) . ; e hypothalamic-pituitary-testis system, which is
often been reported during exposure to high akitud mediat)(la% by the pactiva)t/ion of t%e hypothalamic-

(Vaerneset al., 1984; Bastet al., 1997) and plasma jyitary-adrenocortical system, resulting in a éese
testosterone has been implicated as a hormonalemark;, plasma LH and testosterone levels. CRH indues t
of fatigue (Hackneyet al., 1988), we set out to study release of endogenous opioids from the hypothalamus
the effects of prolonged hypoxia exposure on serumhich, along with corticosteroids, suppresses the
testosterone levels in rats. Moreover, a decrease kecretion of hypothalamic Gonadotrophin-Releasing
fertility among people exposed to altitude, patdy  Hormone (GNRH). Suppression of the secretion of
for newcomers, has been described (EcKe®(6). GNRH leads to reduced secretion of LH and FSH from
Among the many factors, hypoxia may play a role inthe pituitary, which in turn causes a decreasehm t
this impairment of fertility, but this is controwal testosterone level and in spermatogenesis.
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In response to hypoxic stress, Orr and Mann (1992) REFERENCES
found that restraint stress caused increases in the
plasma level of glucocorticoids and decreases & thAbelson, A.E., 1976 Altitude and fertility. Hum. @i,
testosterone level without any effect on the LHelev 48: 83-92. http://www.jstor.org/pss/678983
He suggested that the increase in the plasma tvel Adlercreutz, H., M. Harkonen, K. Kuoppasglm
glucocorticoids act, via glucocorticoid receptora o H. Nveri and |. Huhtaniemst al., 1986. Effect of
testicular interstitial cells, to suppress the itegar training on plasma anabolic and catabolic steroid
response to gonadotropins. Findings reported bei@iv hormones and their response during physical
and Redei (1994) supported the primary role of g?ifézea Int. J. Sports Med., 7: 27-28. PMID:
glucocort|_<:0|ds in str_ess-lnduced inhibition qf the Asano, K., R.S. Mazzeo, R.E. McCullough, E.E. Wolfe
reproductive function in rats. Moreover, there ®wn

) i o . and J.T. Reeves, 1997. Relation of sympathetic
_ampl_e ewdenc_e demonstrating that _Nltr_|c Oxide (NO) activation to ventilation in man at 4300 m altitude
impairs steroid hormone synthesis in nearly all

. S o Aviat Space. Environ. Med., 68: 104-110. PMID:
steroidogenic tissues, most probably by binding the  gi550g5

heme in the cytochrome P450 enzymes or by forminggangham, C.R. and J.M. Sacherer, 1980. Fertility of

nitrosothiol on cysteine residues adjacent to taméda Nepalese Sherpas at moderate altitudes:
(Panesar, 2000). It has been shown that treatmfent 0 Ccomparison with high-altitude data. Ann. Hum.
rats with a precursor of NO (nitrite) in their dting Biol., 7: 323-330. DOI:

water for 4 weeks lowered the circulating levels of 10.1080/03014468000004391

corticosterone and testosterone (Panesar and ChaBarnholt, K.E., A.R. Hoffman, P.B. Rock, S.R. Muza
2000). The activity of the hepatic cytochrome P450 and F.C.S. Braunet al., 2006. Endocrine
enzymes, which metabolizes compounds including responses to acute and chronic high-altitude

steroids, was impaired at high altitude, again apsh
due to NO (Jurgenet al., 2002). Although, currently,
there are no reported human studies implicatingeis
and nitrite ions in lowering steroid hormones, &hée

exposure (4300 m): Modulating effects of caloric
restriction.  Am. J. Physiol., Endocrinol.
Metabolism, 290: E1078-E1088.
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certainly much discussion regarding environmentaBasu, M., K. Pal, R. Prasad, A.S. Malhotra, K.8oR

nitrates (and nitrites) and their role as endocrine

disrupters (Pelley, 2003).

CONCLUSION
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The current study demonstrated that rats expased t
chronic hypobaric hypoxia at an altitude of 2800 m
displayed a significant decrease in TSH and
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PMID: 9354184

Prasadd a
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endocrine and metabolic physiology in hypoxic
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