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Abstract

Dvo#¥ &k M: Inhibition of Adrenocortical Activitu bu Dexa-
methasone in Newbonn Piglets. Acta Vet. Brno, 55,1986:155~161.

Dexamtehasone was given orally to half of the piglets of two
litters in one 0.25 mg dose within one hour of birth and to half
of the piglets of other two litters'in two 0.25 mg doses on the 3rd
day after birth. The remaining animals in each litter served as
controls. All the piglets were exsanguinated 12 hours after treatment.
The concentration of 17-hydroxycorticosteroids (17-OHCS) in the plasma
of newborn and three~day-old experimental piglets was reduced 64 and
36 per cent, respectively, as against the controls. The capacity of
adrenal slices to produce 17-0HCS in vitro on stimulation with
corticotrophin was suppressed in the two groups by 20 and 16 per cent.
The treatment with dexamethasone also affected ascorbic acid
concentration in the adrenal, produced a non-significant increase
in blood glucose, reduced ascorbic acid concentration in the blood
plasma and liver and had no effect on adrenal mass and on thé circulating
eosinophile granulocyte level. The demonstration of negative feedback
and the decrease of endogenous corticosteroids confirmed functional
maturity of the pituitary-adrenal system in newborn piglets. The
foetal-maternal relations are analysed from the viewpoint of conparative
physiology end the mechaniams controlling corticosteroid level in piglets
during the perinatal period are discussed.

Conticostenoids, ACTH, feedback, development, pig.

Investigations of the pathogenesis of splayleg of newborn pigs have shown that the
d rative changes of skeletal muscle are morphologically similar to those seen in
corticoateroid myopathy (Zelend and Jirmanova 1979). A hypothesis
suggested the involvement of a hormonal imbalance, an increased production of corti-
costeroids in foetuses as a result of stressors to which sows are exposed in the last
third of pregnancy (T u & e k et al. 1980). The recent prevalence of this congenital
disease has drawn attention to the question of physiological preconditions for the
development of foetal hyperadrenocortism, the clinical form of which has not been
decsribed (C 1 eveland 1970).

Some indication of foetal hyperadrenocortism can be seen in the observation that
the concentration of 17-hydroxycorticosteroids (17-OHCS) in newborn pigs was several
times higher on the first day after birth than in older resting pigs (D vo ¥ 4 k
1967). Although few data are available on the endocrine changes in pigs during their
foetal development, the observations on adrenal steroids suggest a physiological rise
of adrenocortical function of foetal pigs during the last 15 to 20 days of gestation
(Dvofak 1972, 1973a; Fe vr e 1975).

The level of corticosteroids in the blood plasma of sows at farrowing tine is
subetantially lower than in newborn piglets (F2 vr e 1975 Brenner and
Girtler 1977). In man the reverse is the case: the level of cortisol in the
umbilical plasma is only 20 to 30 per cent of that of the mothers who have their
cortisol concentration several times increased at parturition (Kaup il - et al.
1972). Examination of foetal monkeys a few days before birth showed that 58 ,c. cent of
their cortisol was of maternal origin (K1 t t 1 ng e r 1974). However, there is no
evidence of transplacental transfer of maternal adrenocorticotrophic hormone (ACTH) in
man (Cleveland 1970) or other mammals. In rats the existence of the autonomous
hypothalamus-pituitary-adrenocortical axis was described in the last days of foetal
development (Corbier and Ro f £ 1 1978). Nevertheless, lack or excess of
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maternal corticosteroids in rats in late gestation affects the secretion of ACTH by the
foetal pituitary (D' Ange lo et al. 1973).
The perinatal development of adrenocortical function including the foetal, placental
and maternal relations varies substantially from species to species. In pigs the main role
. in the rise of foetal adrenal mass was attributed to ACTH secreted by the foetal pituitary
(Dvofdk 1973a). If one admits that corticosteroids pass through the placenta of the
sow at an enhanced rate when the animal is in a state of stress, then they should exert
a suppressive effect on the foetal pituitary. Inhibition of ACTH secretion during the
perinatal period would not occur if the negative feedback mechanism were absent.
The negative feedback of corticosteroids and ACTH lies in that an excess of
corticosteroids inhibits the secretion of superior ACTH. In the cortisol servomechanism
a decrease in free cortisol, on the other hand, results in increased secretion of ACTH
vhereby cortisol level is maintained within a relatively narrow range unless increased
secretion of adr rtical hor is included under stressful conditions by hypothalamic
ACTH-releasing factor.As far as is known, all steroids with corticoid activity are more
or less able to inhibit ACTH secretion and thus to cause a reduction in corticosteroid
secretion through feedback action. Cortisol is the major inhibitor in those mammals in
vhich 1t is the main glucocorticoid (G a u n t et al. 1965). A remarkably high potency
in this respect is exhibited by synthetic dexamethasone which is used in human medicine
in variously modified tests for examination of the syndromes of adrenocortical hyper-
function. In pigs of 20 kg in body mass pretreatment with dexamethasone at 4 or 8 mg
cancels the pituitary and adrenocortical response to some stimuli (Donald et al.
1968; C o o k et al. 1974).
The object of the present study was to confirm or to exclude the possibility of the
endogeneous production of corticosteroids being suppressed after their exogeneous supply.

Materials and Methods

Large White piglets of 4 litters were employed. Half of the animals in each litter
were left untreated to serve as controls. Experimental piglets of two litters (7 animals)
were treated with Dexamethazon SPOFA (9alpha-fluoro-l6alpha-methylprednisolone) orally
in a dose of 0.25 mg within one hour of birth when all piglets were weighed at 7 p.m.
Experimental piglets of the other two litters (8 animals) were treated with two oral doses
of the same drug on the 3rd day after birth at 7 a.m. and 7 p.m. All the experimental
and control animals were exsanguinated by decapitation on the following day at 7 a.m.

The characteristics of the groups are given in Table 1. ’

Determinations were made of actual and relative adrenal and liver mass, eosinophile
granulocyte count and glucose concentration in the blood, l7-hydroxycorticosteroid
(17-0HCS) concentration in the plasma and ascorbic acid concentration in the plasma,
adrenal and liver. The adrenals were also used for determination of the production of
17-0HCS by adrenal slices in vitro on incubation with ACTH. The methods have been
described in previous publications (D v o ¥ & k 1972, 1973b, 1974). The results are
tabulated as arithmetic means * standard deviations and shown graphically as means *
standard errors.of the means. The significance of the differences of the means was
assessed by Student's t-test.

Results

The administration of dexamethasone to newborn and three-day-old piglets had no
distinct effect on either their body mass or eosinophile granulocyte count or actual and
relative adrenal mass as determined at 12 and 24 hours of the experiment, respectively.
Blood glucose concentration was non-significantly higher and ascorbic acid concentration
in the plasma and liver were non-significantly lower in the experimental animals than in
the controls (Table 1). The animals treated on the third day after birth had a
significantly (P < 0.05) higher ascorbic acid concentration in the adrenal and a
higher relative liver mass as against the controls.

The most prominent changes occurred in the direct criteria of adrenocortical activity.
The administration of dexamethasone reduced significantly (P < 0.01) the concentration
of 17-OHCS in the blood plasma and distinctly, though not significantly, the production
of 17-OHCS by adrenal slices in vitro on incubation with ACTH (Fig. 1). It is
noteworthy that the suppressive effect made itself felt more in newborn piglets: their
plasma 17-OHCS level was reduced 64 per cent, whereas that of three-day-old piglets
only 36 per cent as against the controls. Similarly, the production of 17-OHCS by
adrenal tissue in vitro was depressed 20 per cent in newborn piglets and 16 per cent in
three-day-old animals as against the controls.
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Fig. 1
Concentration of 17-hydroxycorticosteroids (17-OHCS) in the blood plasma and their
production in vitro by adrenal slices after stimulation with ACTH in dexamethasone-
-treated (open bars) and control (hatched bars) piglets aged 1 and 3 days.

Discussion

The concentration of 17-OHCS in the plasma of control piglets was in keeping with
the high values recorded in the first days after birth (D v o ¥ 4 k- 1967, 1972) and
with its progressive decrease. In the present case it was 33 per cent lower at 3 days
of age than the first day. Concurrently, a somewhat less pronounced decrease was
recorded in the production of 17-OHCS by adrenal tissue in vitro. The lower values
in the experimental piglets than in the controls show quite convincingly that
dexamethasone reduced the production of adrenocortical hormones and their release into
the blood stream. Further evidence of it can be seen in the ascorbic acid level which
decreases in the -adrenal and rises in the blood and possibly also in the liver when
enhanced adrenocortical function is induced with exogenous ACTH or by stress on
starvation (D v o ¥ 4 k 1973b, 1974). The dose of dexamethasone was apparently not
too large and did not act long, for one-day-old piglets did not develop enlargement of
the liver which was found in three-day-old piglets treated with two doses or after
stimulation of the adrenal cortex for two days (D v o ¥ 4 k 1974). There was only a
slight difference between the experimental and control piglets in the count of circulating
eosinophile granulocytes. This, together with the decreased level of plasma 17-OHCS in
the experimental animals, suggests that dexamethasone which is quick to induce
eosinopoenia (Blenkinsopp and Blenkinsopp 1967) ceased
practically to act 12 hours after administration. However, its waning effect was still
perceptible, giving rise to a mild hyperglycaemia. The most important observation is
the finding that the dose of synthetic glucocorticoid employed had a suppressive effect
on the mechanisms controlling cortisol secretion.

The high values of 17-OHCS in the blood of newborn piglets indicate a certain
degree of hypercortisolism as compared with the older animals. A similar state is found
in human medicine in patients with Cushing's disease where, however, hypercorticalism
is manifested clinically, the hyperfunction of the cortex being responsible for impairment

of homeostasis. In piglets this state is, no doubt, physiological and corticosteroid hyper--

secretion can be regarded as an adaptive process. A high degree of maturity of the
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hypothalamus - pituitary-adrenocortical axis in response to stressors has been demonstrated
(Dvo#fak 1973b). Considering their response to suppressive action of dexamethasone,
the piglets aged one and three days can be regarded as qualitatively mature also from

the viewpoint of the feedback control of the hypothalamus-pituitary-adrenocortical system.

The existence of negative feedback was demonstrated experimetally also in neonatal

infants (O k u n o et al. 1972). However, their plasma corticosteroid level differs

from that found in piglets in that it decreases within 1 to 2 days of birth to the level
found in older children. This is obviously the result of suppressive action of cortisol

that is transferred from maternal to foetal blood during labour (Ter villa etal.
1969) and reduces cortical secretion in the newborn. There is also evidence in rats that
the feedback mechanism is functional during foetal and early postnatal life (Schapi -
ro 1965; Klepac and Milko vic 1979) so that perhaps even endogenous
hormones may inhibit stress response by previous action on the neonatal pituitary. Large
doses of dexamethasone may suppress the increase in corticosteroid level in a state of
stress (Donald etal 1968; Sirett and Gib s 1969), but dexamethasone
does not affect adrenal response to exogenous ACTH (H a r t et al. 1969). The
sensitivity to ACTH after such treatment may be even enhanced (Bransome 1968).
In the present study this was apparently not the case in the production activity of
adrenal slices in vitro.

In the light of the contemporary knowledge and of the observations reported here
it seems reasonable to explain the state of adrenocartital activity in neonatal piglets as
follows: High 17-OHCS levels found in the blood plasma of piglets in the days of postnatal
life are not dependent on the dam, but they are the product of endogenous corticosteroid
biosynthesis. Adrenocortical hyperfunction is being prepared in about the last 20 days of
intra-uterine development and apparently plays a role in the initiation of parturition. It
is conditioned by hyperplasia of the cortex and by a high degree of secretion of foetal
ACTH. Feedback mechanisms of the hypothalamus-pituitary-adrenocortical system are
functional and appear particularv sensitive in newborn piglets. Treatment with
dexamethasone can suppress adrenocortical secretion. The high basal level of endogenous
cortisol in the blood apparently suppresses ACTH release more moderately so that except
in the first days after birth the subsequent decrease in resting 17-OHCS concentration
of the blood is relatively slow. This situation is no obstacle to the response of the
hypothalamus-pituitary-adrenocortical system to experimental stressors. When the life
of a neonatal pig is endangered in the first days after birth, the high basal plasma
17-OHCS levels may be further increased considerably (D v o ¥ 4 k 1973b).

With regard to the situation during the last third of intra-uterine development of
pigs, evaluation is not possible in the absence of species-specific data on the development
of foetal-maternal hormonal relations and feedback mechanism. In stressful situations,
mainly of acute character, to which sows are exposed, maternal glucocorticoids can
apparently pass through the placenta by passive diffusion as is the case with the other
steroids (Hill and Lon go 1980). However, when exposed to protracted and
repeated action of stressors, sows cannot be expected to develop a long-term rise in
adrenocortical hormone level (A b e rle etal. 1976) in consequence of the adaptation
of the organism to environmental conditions. The situation may be complicated by
potential differences in the metabolism of foetal and materna. steroids and by the
influences of maternal nutrition on hormonal regulation of foetal development and on
foetal glucocorticoid receptors (M ula y et al. 1980). Provided that the feedback
mechanisms of foetal pigs are functional, which can reasonably be assumed to be so at
the end of their intra-uterine life, then a passively induced rise in their corticosteroid
concentration would suppress their own production and this would not result in a
per tly incr d corticosteroid level unless a prolonged exogenous supply of
glucocorticoids was involved. This view is supported by the finding of reduced actual
and relative adrenal mass of both newborn and ten-day-old piglets from sows treated
with dexamethasone for three days during advanced pregnancy (Hu hn and Kinpel
1979), since high plasma corticoid level in growing piglets is generally associated with
high relative adrenal mass.

Inhibice adrenokortikdlni aktivity novoroszenych selat dexamethazonem

Dexamethazon v peroréilni didvce 0,25 mg byl pod4dn polovin& selat dvou vrhi b&hem
jedné hodiny po narozenf, polovin& selat dal3fich dvou vrhid dvakrat 3. den %ivota. Za 12
hodin byla vSechna vykrvena. U pokusnych novorozenych selat byla ve srovnén{ s kontrolami



160

snifena koncéntrace plazmatickych 17-hydroxykortikosteroidd (17-OHCS) o 64 %, u t¥i-
dennich o 36 %. Schopnost produkce 17-OHCS in vitro p¥i stimulaci s ACTH byla potla-
tena u prvych o 20 %, u druhych o 16 %. OZetfeni dexamethazonem ovlivnilo koncentra-
ci kyseliny askorbové v nadledvin&, neprikazn& zvysilo hladinu krevni glukozy a sniZi-
lo koncentraci kyseliny askorbové v krevni plazmé& i v jitrech, nepisobilo na hmotnost
nadledvin ani nemélo disledek na polet cirkulujicich eosinofilnich granulocytd. Prokéaza-
ni negativni zp&tni vazba se sniienim endogennich kortikosteroidldi potvrzuje funk&ni
zralost systému hypofyza - nadledviny u novorozenych selat. Je diskutovidno o feto-
-maternéilnich vztazich z hlediska komparativni fyziologie a o mechanismech kontrolujicich
hladinu kortikosteroidd v perinatilnim idobi vyvoje selat.

TopMOXeHHEe anpPeHOKOPTHKANbHOR AKTHXHOCTH HOBOPOXNEHHHIX MOPOCAT
nexcaMeTasoHOM

llexcamMeTasoR rnepopansHo# mosoit 0,25 Mr nasanu MNOJOBHHE MNOPOCAT NBYX
nueMeHHHX rHesn B TeYeHHe ONHOr'O Yaca nocle onopoca, MNOJOBHHE MNOPOCAT
OBYX MOCNenywmMX CHeSR ONBA pasa Ha 3 CYTKH XHSHM. Bce OHM Omnn uepes 12
Yacos o6euxpoBlieHs. [0 CPABHEHHM C XOHTPONBLHHMH CPYNNaMH MONOMBHMX
NOpPOCAT OunNla NOHHXEHA KOHUEHTPAUHMS MIASMATHYECKHX 17-OKCHKOPTHKOCTEPOHOOB
(17-OHCS) ma 64 %, y MOpPOCAT B BOSpacTe 3 CyTOK - Ha 36 %. Cnoco6HOCTH
nponyxuuu 17-OHCS B npo6uMpxe nNpH CTHMYAAUMH C AKTI 6una y nepBbix XHBOT-
HeX nomasnesa Ha 20 %, y BTOpoR rpynns - Ha 16 %. llomava nexcaMeTrasoHa
Ooxasana BIHAHHe HAa KOHLUEHTPALHI ACKOPOGHHOBOR KHCIOTH B HaNMOYEYHOR xenese,
HeCYMeCTBEHHO YBEeJHYHIUS YPOBEHb IJKXOSH B KPOBH H MNOEHSHNIAaUb KOHUEHTPAUMS
AKCOPOHYHOR KHCJIOCTH B KPOBAHOR nnasme M neveHH. JlexcaMeTasoH He oxasan
BAHAHMA HA MACCY HANMOWYEYHHX Xejles H Ba YHCIEHHOCTb UHPKYJIHPYORHX
SOSHHOOHNBHHX IPAHYNOLUKTOB. YCTaAHOBNEHHS OTPHUATENbHAR O6paTHAas CBASH
C NMOHHXEHMEM JHIOOreHEHX KOPTHKOCTEPOHOOB NOATBEPXNAeT $yHKUMOHANBHYNO 3pe-
NOCTb CHCTEeMH THNO$HS - HamnoueuHse Xejess y HOBOPOXNEHHHX MOPOCAT.
O6cyxnaeTus BONPOC MAONOBO-MATEPHHCKHX OTHOMEHHA C TOYKH SDEeHHS CpaBHH-
TENbHOR QHSHOJNIOPHH H MEXaHHSMOB, KOHTPOJHPYOMHX yPOBEeHb KOPTHKOCTEPOHOOB
B NepHHaTaNbHHA MEpHON PASBHTHA MOPOCHAT.
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