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Abstract 
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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 hslf 
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 exsanguinate~ 12 hours after treatment. 
The concentration of 17-hydroxycorticosteroids (17-0HCS) in the plasma 
of newborn and three-day-old experimental piglets was reduced 64 and 
36 per cent, respectively, as sgainst 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 the 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 comparative 
physiology end the mechani9lls controlling corticosteroid level in piglets 
during the perinatal period are discussed. 

CoJr.ti.C.06tVlO.uu, ACTH, 6eedbac.k. development, pig. 

Investigations of the pathogenesis of splay leg of newborn pigs have shown that the 
degenerative changes of skeletal muscle are morphologically similar to those seen in 
corticoateroid myopathy (Z e 1 e n a and J i r man 0 v a 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 pregnsncy (T u c 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 eve 1 and 1970). 

Some indication of foetal hyperadrenocortism can be seen in the observation that 
the concentration of 17-hydroxycorticosteroids (17-0RCS) in newborn pigs was several 
times higher on the first day after birth than in older resting pigs (D v 0 f a k 
1967). Although few data sre available on the endocrine changes in pigs during their 
foetal development, the observstions on sdrenal steroids suggest a physiological rise 
of adrenocorticsl function of foetal pigs during the last 15 to 20 days of gestation 
(D v 0 f a k 1972, 1973a; F ~ v r e 1975). 

The level of corticosteroids in the blood plssma of sows at farrowing time is 
substantially lower than in newborn piglets (F l v r e 1975; B r e nne rand 
G u r tIe r 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 (K a u p i 1 et al. 
1972). Examination of foetal monkeys a few days before birth showed that 58 ~~. cent of 
their cortisol was of maternal origin (K itt i n g e r 1974). However, there 'is no 
evidence of transplacental transfer of maternal adrenocorticotrophic hormone (ACTH) in 
man (C 1 eve 1 and 1970) or other ma ... ls. In rats the existence of the autonomous 
hypothalamus-pituitary-adrenocortical axis was described in the last days of foetal 
development (C 0 r b i e rand R 0 f f i 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' An gel 0 et al. 1973). 

157 

The perinatal development of adrenocortical function including the foetal, placental 
and maternal relations varies substantially froa species to species. In pigs the main role 

. in the rise of foetal adrenal mass was sttributed to ACTH secreted by the foetal pituitary 
(D v 0 f a k 1973a). If one adaits 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 .. chanism were absent. 

The negative feedback of corticosteroids snd ACTH lies in that an excess of 
corticosteroids inhibits the secretion of superior ACTH. In the cortisol servoaechanism 
a decrease in free cortisol. on the other hand. results in increased secretion of ACTH 
whereby cortisol level is maintained within a relatively narrow range unless increased 
secretion of adrenocortical hor.ones is included under stressful conditions by hypothalamic 
ACTH-relea.ing f.ctor.As far as is kno~ •• 11 steroids with corticoid activity are .are 
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 ma .... ls in 
which it i. the main glucocorticoid (G a u n t et al. 1965). A remarkably high potency 
in this respect is exhibited by synthetic dexaaethasone which is used in human medicine 
in variously .adified tests for exaaination of the syndromes of adrenocortical hyper­
function. In pigs of 20 kg in body mass pretreatment with dexamethasone at 4 or 8 -a 
cancels the pituitary and adrenocortical response to sa.e stimuli (D 0 n aid et al. 
1968; Coo k et al. 1974). 

The object of the present study wss to confir. or to exclude the possibility of the 
endogeneous production of corticosteroids being suppressed after their exogeneous supply. 

Materlala and Methode 

Large White piglets of 4 litters were e~loyed. Half of the ani .. ls in each litter 
were left untreated to serve as controls. Experimental piglets of two litters (7 ani .. ls) 
were treated with Dex ... thazon SPOFA (9alpha-fluoro-16alpha-.ethylprednisolone) orally 
in a do.e of 0.25 -a within one hour of birth when sll piglets were weighed at 7 p ••• 
Experimental piglets of the other two litters (8 ani .. ls) were treated with two oral doses 
of the .... drug on the 3rd dey after birth at 7 a.a. and 7 p.a. All the experimental 
and control ani .. ls were exsanguinated by decapitation on the following day at 7 a.a. 
The characteristic. of the groups ara given in Table 1. . 

Deterainations were .. de of ectual and relative adrenal and liver mass. eosinophile 
granulocyte count and gluco.e concentration in the blood. 17-hydroxycorticosteroid 
(17-oBCS) concentration in the plas .. and ascorbic acid concentration in the plasma. 
adrenal snd liver. The adrenals were also used for dateraination of the production of 
17-oBCS by adrenal slices in vitro on incubation with ACTH. The methods have been 
described in previous publications (D v 0 f • k 1972. 1973b, 1974). The results are 
tabulated as arithaetic means ± standard deviations and shown graphically as aeans ± 
standard errors.of the means. The significance of the differences of the ..ans was 
assessed by Student's t-test. 

Results 

The administration of dexametha.one 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 gluco.e 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 control. (Table 1). The animal. treated on the third day after birth had a 
Significantly (P < 0.05) higher a.corbic acid concentration in the adrenal and a 
higher relative liver mass as again.t the controls. 

The mo.t prominent changes occurred in the direct criteria of adrenocortical activity. 
The administration of dexamethasone reduced significantly (P < 0.01) the concentration 
of 17-0HCS in the blood plasma and distinctly. though not significantly, the production 
of 17-0HCS 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 17-0HCS 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 17-0HCS 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. 



158 

1,5 
2S 

1.2 .-. 
.&; 20 ,.... -] III 

0.9 E 
1S ~ 8 -- ... 

\I) --
~ 0,6 !l 

10 

~ 
--\I) . 

0 
U ,... ... 5 (),3 . S ,... ... 

0 0 
1 3 1 

Age (days) 

Fil. 1 
Concentration of 17-hydroxycorticoateroids (17-0HCS) in the blood plaBaaand their 
production in vitro by adrenal slices after stiaulation with ACTH in dexa.ethaaone­
-treated (open bars) and control (hatched bara) pillets aled 1 and 3 days. 

Dlscuuion 

The concentration of 17-0HCS in the plasma of control piglets was in keeping with 
the high values recorded in the first days after birth (0 v 0 f '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 17-0HCS by adrenal tissue in vitro. The lower values 

3 

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 (0 v of' 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 (0 v of' 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 17-0HCS in 
the experimental animals. suggests that dexamethasone which is quick to induce 
eosinopoenla (B 1 e n kin sop p and B 1 e. n kin sop p 1967) ceased 
practically to act lZ hours after administration. However. its waning effect was still 
perceptible. giving rise to a mild hyperglycaemla. 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 17-0HCS 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 
(D v 0 f A k 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 experb!ntally also in neonatal 
infants (0 k uno et al. 1912). 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 fran maternal to foetal blood during labour (T e r v i I I a 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 (S c hap i -
r 0 1965; K I epa c and Mil k 0 vii: 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 (D 0 n a I d et al. 1968; Sir e t t and G i b s 1969), but dexamethasone 
does not affect adrenal response to exogenous ACTH (H art et al. 1969). The 
sensitivity to ACTH after such treatment may be even enhanced (B ran s 0 m e 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 adrenocxa-tital activity in neonatal piglets as 
follows: High 17-0HCS 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 
hiosynthesis. 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 17-0HCS 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 
17-0HCS levels may be further increased considerably (D v 0 f A 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 (H I I I and Lon g 0 1980). However, when exposed to protracted and 
repeated action of stressors, sows cannot be expedied to develop a long-term rise in 
adrenocortical hormone level (A b e r I e et al. 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 u I a y et al. 1980). Provided that the feedback 
mechanisms of foetal pigs are functional, which can reasonably be assumed to be so at 
the .. .nd 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 
permanently increased corticosteroid level unlellll a prolonged exogenous supply of 
glucocorticoids was involved. This view ill supported by the finding of reduced actual 
and relative adrenal mallll of both newborn and ten-day-old piglets from sows treated 
with dexamethasone for three days during advanced pregnancy (H ii h nand Kin pel 
1979), since high plasma corticoid level in growing piglets is generally allsociated with 
high relative adrenal mass. 

Inhibice adrenokortik6lnf aktlvity novorolenych eelat dexamethasonem 

Dexamethazon v perorAlnf dAvce 0,25 mg byl podAn polovine selat dvou vrhd behem 
jecine hodiny po narolenf, polovine selat dalifch dvou vrhd dvakdt 3. den livota. Za 12 
hodin byla viechna vykrvena. U pokusnych novorozenych selat byla ve srovnAnf II kontrolami 
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snHena koncintrace plazmatickych 17-hydroxykortikosteroido. (l7-0HCS) 0 64 %, u tfl­
denn1ch 0 36 %. Schopnost produkce 17-0HCS in vitro pH stimulaci s ACTH byla potla­
cena u prvych 0 20 %, u druhych 0 16 %. Oiietrenl dexamethazonem ovlivnilo koncentra­
ci kyseliny askorbove v nadledvine. nepro.kazne zvyiiilo hladinu krevnf gl~kozy a snfii-
10 koncentraci kyseliny askorbove v krevnf plazme i v jAtrech. nepdsobilo na hmotnost 
nadledvin ani nemelo do.sledek na pocet cirkulujfcich eosinofilnich granulocyto.. ProkAza­
nA negativnl zpetnA vazba se snUenfm endogenn1ch kortikosteroido. potvrzuje funkcnl 
zralost systemu hypofyza - nadledviny u novorozenych selat. Je diskutovAno 0 feto­
-maternAln1ch vztaz1ch z hlediska komparativnf fyziologie a 0 mechanismech kontrolujlcich 
hladinu kortikosteroido. v perinaUlnfm udobl vyvoje selat. 

TopMo_eHHe a~peHOKopTHKanbHoA aKTH_HOCTH HOBopo~eHHWX nopoCRT 
JleKCaMeTaSOHOM 

neEcaMeTaSOH nepopanbHoA JlosoA 0,25 Mr JlaBanH nonOBHHe nopocRT JlBYX 
nneMeHHWX rHeSJI B TeqeHHe O~Horo qaca nocne onopoca, nonOBHBe nopocRT 
JlBYX noCneJlYIOIIIHx rBe.SJI JlBa pasa Ba 3 CYTEH _BSBH. Bce OBH CSwnH qepes 1;2 
qaCOB oCSeUEpoBneBw. no cpaBBeHH~ C KOHTponbBWMH rpynnaMH no~onwHwx 
nopocRT CSwna nOHH_eHa KOHueHTpaUHR nnaSMaTHqeCKHX 17-0ECHEOPTHEOCTepoHJlOB 
(17-0HCS) Ha 64 t, Y nopocRT B BospacTe 3 CYTOK - Ba 36 t. CnocoCSBOCTb 
npo~YEUHH 17-0HCS B npoCSHpEe npH cTHMynRUHH C AXTr CSwna y nepBwx _HBOT­
HWX no~aBneHa Ha 20 t, Y BTOpoA rpynnw - Ba 16 t. nO~aqa JleECaMeTaSOBa 
OEasana BnHRHHe Ha KOBueHTpaUH~ aCEopCSHHOBOA EHcnOTW B Ba~nOqeqHOA _enese, 
Hecy.ecTBeBHo YBenHqHnUR ypoBeHb rn~EOSW B KpoBH H nOBHSHnaUb EOBueBTpaUHR 
aXCOpCSHqBOA EHcnOCTH B EPOBRBOA nnaSMe H neqeBH. neEcaMeTaSOB Be OKasan 
BnHRBHR Ba Maccy HaJlnOqeqBWX _enes H Ba qHCneBBOCTb uHpxynHp~Hx 
90SHBotHnbBWX rpaBynoUHTOB. YCTaBOBneBHR OTpHuaTenbBaR oCSpaTBaR CBRSb 
C nOBH_eBHeM 9BJlOreBBWX XOPTHXOCTepoHJlOB nOJITBep~aeT tYBXUHOBanbB~ spe­
nOCTb CHCTeNW rHnotHs - BaJlnOqeqBYe _enesw y BOBopo_JleBBWX nopoCRT. 
ocsc~aeTUR Bonpoc nnOJlOBO-MaTepHBCEHX oTBo_eBHA C TOqEH SpeBHR cpaBBH­
TenbBoA tHsHonor~H H MexaHH9MOB, xOBTponHPYlOlllHx ypoBeBb XOpTHxocTepoH~oB 
B nepHBaTanbBwA nepHOJI pasBHTHR nopocRT. 
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