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Abstract Mechanisms underlying sex-related diffefptoduction
ences in adaptation to high altitude were investigated Qy
assessing the turnover of dopamine and noradrenalinSéveral studies have shown gender-related differences in
structures of the chemoafferent pathway, i.e. carottte susceptibility to hypoxia in humans [1] and in various
body and brainstem noradrenergic cell groupg, @, species including swine [19], mouse [32] and rat [23].
Ag, A, to which chemosensory fibres project). The influFhe mortality rates and the pathophysiological processes
ence of gender was assessed in male and female det®loped during exposure to hypoxia, i.e. polycythae-
reared at an altitude of 3600 m, whereas the influencengif, pulmonary hypertension, right ventricular hypertro-
endogenous sex hormones was evaluated by castrafhy. and hypoxaemia, are less marked in females than in
Haematocrit, red blood cell count and plasma erythropatales. Female sex hormones are thought to contribute to
etin levels were lower in females than in males (—5%e higher resistance of females to hypoxia because they
—15%, —53%, respectively). Dopamine and noradrenalicen suppress the polycythaemic and cardiopulmonary re-
turnover were higher in female structures (carotid bodypponses to long-term hypoxic exposure in rats [23]. The
+51%; Ay +140%; A: +54%; A +27%). Dopamine mechanisms underlying the facilitatory effects of ovarian
and noradrenaline turnover in carotid body and braisteroids on adaptation to hypoxia have not been elucidat-
stem cell groups were differently affected by castratiogd. The ovarian steroids are potent ventilatory stimulants
i.e. enhanced by orchidectomy (carotid body: +134980] and it is possible that they reduce erythropoeitin
A, +120%; A: +69%; As: +67%) but inhibited by ovar- (EPO) production by improving tissue oxygenation. More
iectomy (carotid body: —33%;,A—92%). Orchidectomy recently, Hannhart et al. [10] found that the female hor-
elicited a reduction in haematocrit (—10%), haemoglohimone progesterone, particularly when combined with
concentration (—8%) and red blood cell count (-24%estrogen, raises ventilation and hypoxic ventilatory re-
whereas haematological status remained unaltered affginsiveness by a combination of peripheral (carotid
ovariectomy. Therefore, both gender and endogenous Isedy) and unidentified central sites of action.
steroids may control catecholamine activity differently in The carotid body chemosensory afferents terminate
structures involved in the chemoafferent pathway, thwithin the nucleus tractus solitarius (NTS), caudal to the
providing a neurochemical basis for sex-related diffesbex, in a discrete region that contains noradrenergic neu-
ences in adaptation to hypoxia. rons belonging to the caudal portion of thec&ll group

[13, 31]. The noradrenergic,AMeurons are adjacent to
Key words Carotid body - Chemoreceptor pathway - the dorsal respiratory group. In addition, noradrenergic
Nucleus tractus solitarius - Noradrenergic brainstem celeurons located in the ventrolateral medulla, an area that
groups - Dopamine - Polycythaemia - Acclimatization is reciprocally connected with the NTS, constitute the A
to altitude: cell group and are intricate with neurons of the ventral
respiratory group. The neural activity of both cell groups
can be altered by exposure to hypoxia [27, 29, 31]. Other
J.M. Pequignot[(]) - B. Semporé - J. Pequignot - R. Favier medullary noradrenergic cell groups, the locus coeruleus
e et Scintiue, (A9 and A in the pons medula are reciprocally connect
Université Claude Bernard Lyon |, Laboratoire de Physiologie, €d With the NTS and are also affected by carotid chemo-
8 Avenue Rockefeller, F-69373 Lyon Cedex 08, France receptor stimulation [9, 31]. At least during long-term ex-
H. Spielvogel - E. Caceres - A. Rodriguez posure to moderate hypoxia, the changes in neural activi-
Instituto Boliviano de Biologia de Altura, Casilla 717, ty within brainstem noradrenergic cell groups are depen-
La Paz, Bolivii: dent on intact chemoafferents [31].
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The medullary noradrenergic regions play a key rafe calamus scriptorius [31].Tissue samples were placed ipl100
in integrating a variety of reflex inputs and participate ff 0-4 M (punches) or 0.1 M (carotid bodies) perchloric acid con-

: : ; ining 2.7 mM ethylenediaminetetraacetic acid (EDTA). In punch
the regulation of sympathetic outflow, arousal, respira amples, the excess perchloric acid was removed by addition of

ry, cardiovascular and neuroendocrine functions. A rjgy of 6.4 M potassium formiate to the supernatant. Catechola-
in ventilatory acclimatization to hypoxia has been asines were assayed by high-performance liquid chromatography
signed to catecholamines released from the carotid bgdypled with electrochemical detection [31].

; a-Methyl-para-tyrosined-MPT, Sigma, St Quentin Fallavier,
and medullary cell groups [29, 35] as neurotransmlttg%nce)’ injected twice intraperitoneally at a dose of 250 m§ kg

involved in the modulation of peripheral arterial chem@-ang 2'h before sacrifice, allowed determination of catecholamine
sensitivity, integration of chemosensory inputs and regurover by blocking catecholamine biosynthesis. Each experi-
lation of the central respiratory rhythm-generating netental group{=25) was divided into two subgroups, one receiv-

i g a-MPT and the other receiving the corresponding volume of
work [3, 6, 12, 33]. It is thus reasonable to hypothes icle alone (0.9% NacCl), and the catecholamine (DA and NE in

that bralnstem_ noradrer_lallne -containing neurons are @/ carotid body, NE in the brainstem cell groups) content in these
of a network involved in the chemoreflex responses gups measured. After injection @fMPT, the level of catechola-
hypoxia. mines decreased exponentially. After semiexponential linear re-
The brainstem noradrenergic cell groups contain o@gession, the rate of decrease of the catecholamine content was de-
nined and was then multiplied by the respective mean amine
trogen receptors and_, thus, are targe_ts for female_sex tent of saline-treated rats in order to obtain the turnover rate
mones [11]. Accordingly, one possible mechanism )
which female sex hormones alter hypoxic ventilatory re- Catecholamine content and turnover are specific markers of the
sponsiveness could involve changes in the neural actigigjecholaminergic systems and the conditions of punching remov-

; i ~in At ; and carotid body dissection correspond to a dissection by ex-
of peripheral and central structures participating in t@éss, including all catecholamine-synthesizing cells of the struc-

chemoafferent pathway. The first aim of this study Wgge "Thus, the expression of catecholamine turnover per structure
to evaluate the putative influence of gender on the chimore descriptive of the absolute value of monoamine activity in

moreflex pathway in rats exposed to chronic hypoxieatecholaminergic tissues, which is independent of surrounding
For this purpose, we compared the catecholamine (d 1-catecholaminergic tissue punched out together with the brain-

- S o . tem cell groups or that belonging to the carotid body organ. On
mine: DA, noradrenaline: NE) activity of the carotid ch he other hand, the total protein content and structure mass can

moreceptors and brainstem noradrenergic cell groypstuate unspecifically in physiological conditions. Accordingly,
(A;, A, As; and A locus coeruleus) in males and fethe expression of the catecholamine activity per structure is more

males. Secondly, we evaluated the influence of endo @e_quate than expression of results per milligram of protein or
millﬁ

; ; gram of tissue, in order to avoid artefactual variations of the
nous sex steroid removal by castration on catechola cholamine turnover following modifications of total protein

activity in those organs. The study was performed usiggels in the structure.
adult, intact and neutered male and female rats chroni-

cally exposed to high altitude from birth. )
Haematological status

Using the blood obtained by exsanguination, the haematocrit (Hct)
Materials and methods was measured by a microtechniqgue method. The haemoglobin
concentration, [Hb], was determined by using a kit (525A-Sigma),
the red blood cell (RBC) count was evaluated using standard Tho-
ma pipettes and Hayem'’s solution as the diluting fluid. Plasma
O concentration was determined by radioimmunoassay with a
andard kit (Biomérieux, France).

Animal care

The study was carried out at the Instituto Boliviano de Biologia
Altura (La Paz, Bolivia; mean altitude=3600 m; #8.7 kPa or
500 mmHg). Sprague-Dawley rats, bred at altitude for at least four
generations, were housed in a climatized room (24 + 1°C) Wmé?atistics
12-h light—dark cycle and allowed free access to food and water.

All experiments were carried out in accordance with the ethic,
principles laid down by the French (Ministére de I'Agriculture
and EU Council Directives for care of laboratory animals. A tot
of 100 rats (50 females and 50 males) were submitted to the ex
imental protocol. They were reared in La Paz without any tre
ment until weaning (3 weeks of age). At this age, males and
males were segregated and half of them (25 males and 25 fem
were castrated under halothane (2% i) &haesthesia.

II the values reported are means + SEM. For statistical compari-
ns of group means, a two-way ANOVA was used followed by a
t-hoc test (Protected Least Significant Difference of Fisher).
he level of significance was set at 5%. The turnover rates of cate-
iolamines were compared using Dunnett's test for the compari-
ﬁ? of several means to the corresponding values for one set of

rol conditions.

Determination of catecholamine turnover Results

Rats were sacrificed by cervical dislocation at 12 weeks of agr(]e{

The carotid bodies and the brain were rapidly removed, frozen' luence of gender

liquid nitrogen and stored at —80°C. The brainstem was cut into

serial frontal slices 48@m in thickness. The noradrenergic cellThe catecholaminergic activity in carotid body, as as-

groups A, A,, As and A; were punched out according to the dis
section proczedu?e described by Soulier et al. [31]. In order to sesessed by NE ([NE}) and DA ([DAlo) turnover, was

rate the area receiving chemosensory inputs from the areae@niﬁcantly higher in female than in male rats ([N§] .
which barosensory fibres project [13], the el group was divid- +333%; [DA}ro: +51%); Table 1). A higher noradrenergic
ed into two portions, respectively caudahghand rostral (Ag) to  activity was also evident in the,&ell group (caudal and
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Table 1 Noradrenaline
(INE] 1) and dopamine

(IDA] o) turnover in the carotid
body and noradrenergic brain-

stem cell groups in male and
female intact rats. Results are
means+SEM from 12 animals
in each group.A,c Caudal A
subsetA, rostral A, subset;

* Significantly different from
intact male:

Table 2 Haematological pa-
rameters in male and female
rats either intact or castrated.
Results are means+SEM. No.
of animals inparentheseqHc
Haematocrit[Hb] haemoglo-
bin concentrationRBCred
blood cell countEPOplasma
erythropoietin leve’,

Table 3 [NE]yg and [DA}g in

the carotid body and noradren-

ergic brainstem cell groups in

male and female castrated rats.
Results are means+SEM from

12 animals in each groupA4-
caudal A subsetA,grostral A,
subset}

* Significantly different from
intact animals (data shown in
Table 1); ** significantly dif-
ferent from orchidectomized
males

rostral portions — A and Ay +140%, and +83%, re-
spectively) and in other brainstem cell groups, (As:

Intact females

structure - hr1)

Carotid body 25.4+4.4
Noradrenergic brainstem cell groups:

we
o g1 W
+ 1+ I+
SO 0o
5 FEN

58.0+0.7 (24)
18.1+0.4 (24)
11.2+0.55 (24)
10.4+2.0 (12)

[Hb] (g - dD)
EPO (mU’- miY)

[DAlto  [NElo [DA] 1o
(pmol - structuré - hrl)
42.4+3.7 110.0+19.5* 64.2+12.8*
- 2.4+0.2* -
- 2.240.3* -
- 2.0+0.1* -
- 1.9+0.2* -
- 3.810.4 -

Orchidectomized Inntact Ovariectomized
males females females
52.2+0.7** (22) 54.9+1.7* (22) 54.7+0.8* (22)
16.7+0.2** (22) 17.4+0.7 (21) 17.2+0.2 (22)

8.47+0.11** (22) 9.52+0.49* (20) 8.70+0.16* (22)
10.4+1.4 (10) 4.9+0.8* (12) 6.1+1.0*** (10)

* Significantly different from intact males, ** significantly different from intact counterparts; *** sig-
nificantly different from orchidectomized maias

Orchidectomized

Ovariectomized
females

(pmolo- structuré - hl)

[DAlto  [NE]ro [DA] 1o
(pmol - structurd - hr1)

Carotid body 50.7+9.1*
Noradrenergic brainstem cell groups:

99.3+8.3%0* ** 42.9%5.4%, **

As compared to orchidectomized rats, ovariectomized
rats displayed various kinds of neurochemical altera-

+54% and +27%, respectively) but not in the locus cod¢iens. Firstly, castration had an opposite effect in females

uleus (A) (Table 1).

and males in structures primarily implicated in the che-

The haematological status of female rats was distimebafferent pathway, i.e. the carotid body and the caudal
from that of males. Thus, Hct, RBC and plasma EPE subset (Ao). In these structures, ovariectomy inhibit-
levels were significantly lower in females than in malexi the catecholamine turnover ([NE] —100%, and
(5%, —15% and —53%, respectively, female rats ver§D#\] ;o: —33% in the carotid body; [NEJ: —92% in

male rats; Table 2).

Influence of castration

A, Table 3, Fig. 1). In contrast, ovariectomized females
displayed a higher rate of NE turnover than the intact fe-
males in the Acell group (+68%). Finally, ovariectomy
failed to alter [NE}y in the rostral A subset (Ag), the
A, and A cell groups (Table 3, Fig. 1). The catechol-

As a whole, orchidectomy induced a marked increaseaimine turnover in several structures, including the carot-
the catecholamine turnover in the carotid body ([NE] id body, the caudal Asubset, the Aand A; cell groups,
+100%; [DAlo: +134%; Table 1), in the Anoradrener- was significantly lower in ovariectomized females than
gic cell group (Ac +120%; Ag +125%) within the in orchidectomized males ([NE]: —-100%, [DAl:
NTS, and in the A A brainstem cell groups (+69% and-57% in the carotid body; [NE}: —91%, —32%, and
+67%, respectively; Table 3, Fig. 1). Similar but insignit44% in A, A; and A, respectively; ovariectomized

icant changes were noted fog able 3, Fig. 1).

females versus orchidectomized males; Table 3).
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Carotid Body esis because sex differences in EPO levels were noted.

Because ovarian steroids are potent chemosensory stimu-

NE DA lants, we hypothesized that sex-related differences in ac-
150 climatization to hypoxia could be related to alterations of
3 1004 the chemoreceptor pathway leading to enhanced ventila-
E tory responsiveness [10] and subsequent improved tissue
g oxygenation. Our study demonstrates that in areas in-
£ o volved in the chemoafferent circuitry the rate of cate-
) L cholamine turnover, an index of neuronal activity, dif-
E -0 i fered between male and female rats living under condi-
© -100 1 P tions of chronic hypoxia. Castration modified the cate-
& cholaminergic activity in the two groups, thereby show-

-150 - _ _ :
ing that gonadal steroids may control the catecholamine

metabolism in the carotid body and in central areas inte-
150 1 grating chemosensory inputs.
Sex-related differences in catecholamine distribution
and release have long been described to occur either un-
der basal conditions or in response to acute stress [4, 7,
B Male 18]. Noticeably, the present data were obtained under
O Female stimulation of the chemoreflex pathway by chronic hyp-
oxia, a situation expected to enhance neural differences
that could be not detected under basal normoxic condi-
tions. Indeed, although sex hormones are able to alter
resting ventilation, it has been previously reported that
no gender-related differences in ventilation could be evi-
denced under normoxic conditions [34]. The stimulus
employed here was chronic hypoxia and not acute hyp-
oxia because the primary aim was to look for adaptive
mechanisms involved in the hypoxia-induced polycytha-
emia that develops under long-term exposure.

NE Ovarian steroids can modulate noradrenergic and do-
paminergic neurotransmission in the central nervous
system by altering the catecholamine biosynthesis and

-50 - thereby the amount of neurotransmitter available for re-

Ei o . lease [7, 24]. Gonadal steroids are able to modify the ac-

ig. 1 Castration-induced changes in turnover rate of dopamlﬂ\e/it f . hvd | h limiti

(DA) and noradrenalineNE) in the carotid body, and dfE in UVIty Of tyrosine hyaroxylase, the rate-limiting enzyme

brainstem noradrenergic cell groups, (subdivided into caudal in catecholamine biosynthesis, and this effect may be

and rostral subsets, respectivélye andAye, A;, As andAg, locus  manifest at the gene level [24, 26]. A further mechanism
coeruleus) in male and female rats. Data are expressed as % Vgfislved in modulation of catecholamine release lies in

Uons above or below e level ofntact maleand emale at2 <0 capacity of oestrogen to nfibit the extraneuronal up-

different from intact animals take of catecholamines and their catabolism by catechol-

O-methyl-transferase [18]. In all but a few studies, the
central influence of sex steroids was investigated in hy-
Orchidectomy was characterized by a significant deethalamic nuclei and pathways. However, a report by
crease in Hct (-10%), [Hb] (-8%) and RBC (—24%iaw et al. [16] indicated that orchidectomy or oestrogen
without any change in plasma EPO levels. All haematoeatment in castrated males can modify the expression
logical parameters remained unaltered after ovariectonfytyrosine hydroxylase at the gene level in noradrener-

(Table 2). gic cell groups of the brainstem. The present studies con-

firm and extend the latter findings by showing gender-re-

lated differences in NE turnover in these central discrete

100 A

% change from intact

% change from intact

Discussion areas and in the carotid bodies. The influence of sex hor-
mones on catecholamine metabolism has been related to
Neurochemical studies their action on specific receptors. Many catecholaminer-

gic neurons are targets for ovarian sex steroids, in partic-
Long-term or chronic hypoxia induces haematologicalar in the NTS (A cell group), the caudal ventrolateral
changes, the magnitudes of which are related to genaedulla (A) and the pons medulla {fand Ag) [11].
[23]. The female rats born and reared in La Paz (3600 $pecific receptors for testosterone are also located in
developed a lesser polycythaemia than did their mat@st brainstem noradrenergic cell groups except for the
counterparts, probably due in part to a lower erythropéi; and A, noradrenergic cell bodies [11]. However, the
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androgen metabolite B7oestradiol formed within brain ciated with oestrogen, acts at a combination of peripheral
cells may be one active agent in these areas. (carotid body) and central sites to raise the hypoxic ven-
In order to define the respective influence of male afithtory responsiveness. There is mounting evidence that
female sex hormones, the rats were neutered and, cledg,A; cell group seems to be involved in respiratory reg-
removal of hormone production by orchidectomy aHation. A, is adjacent to the dorsal respiratory group and
ovariectomy elicited distinct alterations of the catechdl-neuromodulatory role in control of ventilation has been
amine turnover in the carotid body and discrete brai@ssigned to Aneurons through the depressant effect of
stem areas. The overall effect of orchidectomy was Bf release on the firing activity of brainstem respiratory
enhanced catecholaminergic activity, suggesting that tegurons [3]. Accordingly, stimulation of catecholamine-
tosterone can inhibit the neuronal activity in every regi@entaining cells located in the carotid bodies and in the
examined here. On the other hand, ovariectomy pfsojection site of chemosensory afferents within the NTS
duced distinct neurochemical responses that differed edght participate in modulation of the effects of ovarian
cording to the structure. The influence of ovariectonggeroids on breathing [10]. Noticeably, studies from our
was restricted to certain noradrenergic cell groups. laboratory and others have indicated that the gradual rise
contrast to orchidectomy, ovariectomy inhibited the caté-ventilation observed under long-term hypoxia was as-
cholamine turnover in structures involved in the primagpciated with increased catecholamine metabolism in the
chemoafferent pathway, i.e. the carotid body and the ca@rotid body and in the NTS [22, 25, 30]. Given that cat-
dal portion of the A cell group, the site to which theecholamines both at the carotid body and the brainstem
chemosensory afferents project [13, 31]. On the otHevel have been recognized as potent neuromodulators of
hand, ovariectomy stimulated the catecholamine activitgripheral chemosensitivity and central ventilatory con-
in the locus coeruleus ghand did not produce signifi-trol [3, 8], it remains to be determined whether the gen-
cant changes in the rostra), Bubset, the Aand A cell der-related and castration-induced changes in catechol-
groups. Thus, compared to that of androgens, the regi@mine activity within key structures of the chemoafferent
al specificity of the influence of ovarian steroids on sonpa@thway are associated with modifications of ventilatory
structures of the chemoreceptor circuitry is noticeablf€sponsiveness to hypoxia.
suggesting that there are sex-related differences in thd’ronounced neural differences between ovariectomi-
neural mechanisms that are involved in the integrationzefd females and orchidectomized males persisted long
chemosensory inputs and in the regulation of physiologfter castration, suggesting that the sexual dimorphism
cal adaptations to hypoxia. may be partly independent of the hormonal milieu. The
Progesterone can act directly on the carotid bodydata point out the possibility of structural differences in
raise ventilatory responsiveness to hypoxia, independeatiult male and female neurons, which could be responsi-
ly of descending central neural influences [10]. Consigle for gender-related differences in respiratory control
tent with this finding, ovariectomy inhibited, in the caindependently of the circulating levels of gonadal hor-
rotid body, the turnover of DA and NE, two major neurgnones [34]. In fact, the development of sex-specific neu-
transmitters involved in regulation of peripheral arterigdnal properties may take place early at the embryonic
chemosensitivity [8]. Afferent fibres of the carotid chestage independently of sex differences in the steroid en-
moreceptors terminate primarily within the commissurgironment [26]. Later, during the neonatal life, a period
and medial subnuclei, a discrete area located caudag¢ritical for neural development, sex steroids could have
the obex within the NTS that agrees well with the caudgderted modulatory, permanent influences on the organi-
A, subset [13, 31]. Neurons located in this region intgation of central neural structures that control respiration
grate primary afferent signals from the carotid chemoi@, 18].
ceptor fibres [13, 21]. Here, ovariectomy inhibited selec-
tively the activity of noradrenergic neurons in the caudal
A, subset, whereas NE activity was unaffected in th&ematological studies
rostral A,. Previous studies from our laboratory support
a functional subdivision of noradrenergic neurons withihhas been noted for some time that sexually mature fe-
the NTS. The caudal Asubset is indeed selectively afmales of various species have lower [Hb] and Hct values
fected by carotid chemosensory inputs, whereas the egmpared to males. This gender-related difference in
tral part of A is affected by pharmacological handling ofiaematological status has been attributed to the role of
arterial blood pressure [27-29, 31]. In this context, t&x hormones in the regulation of EPO production by the
ovariectomy-induced alterations of noradrenergic actikidney [14]. Thus, administration of testosterone stimu-
ty in the caudal Aportion might be consecutive to stimlates renal EPO production [17], whereas oestrogens in-
ulation of primary chemosensory afferents rather thanhiit erythropoiesis [5]. The role of sex hormones in the
a direct effect of female steroids on NTS neurons. Thiigematopoietic responsiveness during hypoxic acclimati-
the present neurochemical data provide evidence thation has recently been re-evaluated in rats [23] and it
ovarian steroids can alter the neural activity of the chias concluded that the male sex hormones play no role
moafferent pathway, both at the peripheral and centiralthe development of excessive polycythaemia, whereas
levels. This finding provides a neural basis to the stuthe female sex hormones suppressed both the poly-
by Hannhart et al. [10] showing that progesterone, assgthaemic and cardiopulmonary responses in vivo during
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chronic hypoxia [23]. It is not known, however, if th&afarences

sex-related haematopoietic response to hypoxia subsides

or vanishes in mammals born and living at high altitudeL. Arias-Stella J (1971) Chronic mountain sickness: pathology
Her61 female rats d|sp|ayed |Ower Hct’ RBC and plasmaand definition. In: Porter RJ, Knlght J (eds) ngh altitude

; physiology: cardiac and respiratory aspects. Churchill Living-
EPO level as compared to males. In order to dellneatestonl Edinburgh, pp 3140

whether the gender-related difference in haematologicgll gayliss DA, Millhorn DE (1992) Central neural mechanisms
status is related to endogenous sex hormone plasma levef progesterone action: application to the respiratory system. J
els or not, we examined both males and females afterApp! Physiol 73:393-404

prepubertal castration. It was found that orchidectomy: Bianchi AL, Denavit-Saubié M, Champagnat J (1995) Central
control of breathing in mammals: neuronal circuitry, mem-

reduced Hct, [Hb] and RBC without any change in plas- yrane properties, and neurotransmitters. Physiol Rev 75:1—45
ma EPO level, whereas ovariectomy remained ineffective bu X-J, Riemersma RA, Dart A (1995) Cardiovascular protec-

in altering the haematological status of female rats. tion by oestrogen is partly mediated through modulation of au-
These data are in contrast to those reported by Ou et [tonomic nervous function. Cardiovasc Res 30:161-165

. Dukes PP, Goldwasser E (1961) Inhibition of erythropoiesis
[23], who reported that the rat haematopoietic respon €py estrogens. Endocrinolog)(/ 69:2)1_29 ythrop

to hypoxia was not modified by orchidectomy or ens. Errchidi S, Hilaire G, Monteau R (1990) Permanent release of
hanced by ovariectomy. The discrepancies among thenoradrenaline modulates respiratory frequency in the newborn

studies may be attributable to differences among therat: anin vitro study. J Physiol (Lond) 429:492-510

; ; ; ; Etgen AM, Ungar S, Petitti N (1993) Estradiol and progester-
study designs. Firstly, in the present study, castration Wasone modulation of norepinephrine neurotransmission: implica-

performed before puberty whereas the rats from Ou et al.tions for the regulation of female reproductive behavior. J
[23] were sexually mature with normal circulating sex Neuroendocrinol 4:255-271 _ _
hormones before castration and the sex hormones mé&yGonzalez C, Almaraz L, Obeso A, Rigual R (1994) Carotid

; ; ; i ody chemoreceptors: from natural stimuli to sensory dis-
have already influenced, or contributed in defining, the charges. Physiol Rev 74:829-898

haematological status of the rats. Secondly, the role §fyenet PG, Koshiya N, Huangfu D, Verberne AJM, Riley TA
sex hormones in adaptation to hypoxia was evaluated Us{1993) Central respiratory control of A5 and A6 pontine nor-
ing a hypoxia-susceptible strain of rats (Hilltop strain) adrenergic neurons. Am J Physiol 264:R1035-R1044

25 whireas we o 2 Spiague Daviey s inat e anT &, Pckr I ool s (580 el f estoger.
velops only moderate haematological responses to hyp-, hy%ogia. 3 Appl Physiol 8810001015 PULTESP

oxia_. Thirdly, in the present study, our rat strain hao_l livad. Heritage AS, Stumpf WE, Sar M, Grant LD (198H)¢Dihy-
at high altitude for several generations and endocrine ad-drotestosterone in catecholamine neurons of rat brainstem:

aptation to life-long altitude exposure may have oc- combined localization by autoradiography and formaldehyde-

; jnduced fluorescence. J Comp Neurol 200: 289-307
curred, whereas Ou et al. [23] examined the sex hormqa.éHilaire G, Monteau R, Errchidi S (1989) Possible modulation

influence during altitude acclimatization. Surprisingly, ~ of the medullary respiratory rhythm generator by the noradren-
we found haematological alterations in orchidectomized ergic A; area: anin vitro study in the newborn. Brain Res
rats in the absence of plasma EPO changes. This would85:325-332 o L
suggest that endogenous sex male hormones can aﬁ%(ilgousley GD, Sinclair JD (1988) Localization by kainic acid

L - sions of neurons transmitting the carotid chemoreceptor
erythropoiesis independently of EPO. In this respect, an-stimyius for respiration in rat. J Physiol (Lond) 406:99-114

drogenic steroids have been shown to enhance the prakf-jelkmann W (1992) Erythropoietin: structure, control of pro-
eration of erythrocytic progenitors [14]. Even though duction, and function. Physiol Rev 72:449-489
ovarian steroids have been claimed to inhibit erythropéﬁ- Jepson JH, Lowenstein L (1967) Inhibition of the stem cell ac-

. - tion of erythropoietin by estradiol valerate and the protective
esis both at the kidney [20] and bone marrow level [15], effect of 17a-hydroxyprogesterone caproate and testosterone

ovariectomy did not produce a significant alteration in propionate. Endocrinology 80: 430-434
haematological status. The gender-related differencel@Liaw J-J, HE J-R, Hartman RD, Barraclough CA (1992)
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