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The effect of  l ong - t e rm  glucocort icoid t he rapy  for  systemic diseases on glucocort icoid receptor  (GR) 
content  and  on basal  and  A C T H - s t i m u l a t e d  levels of  p l a sma  and  sal ivary cortisol,  170t-hydroxy- 
progesterone,  andros tenedione ,  11/~-hydroxyandrostenedione,  DHEA, its sulfate and  sex ho rmo n e -  
b inding globulin (SHBG), as well as on basal levels of  aldosterone,  was invest igated in a group of  
24 ch i ldren  t r ea t ed  with prednisone  for  at  least 8 months .  The the rapy  was i n t e r r u p t e d  24 h before 
the ACTH test and  before p l a sma  and  saliva sampling.  The control  group consisted of  21 hea l thy  
chi ldren  of  cor responding  age and  sex. The pat ients  were divided into two subgroups  with n o r m a l  
and  s u b n o r m a l  basal cor t isolemia,  they  also differed in their  response to ACTH. The GR levels in 
pa t ien t  groups were indis t inguishable  f r o m  those found in controls.  No corre la t ion  was found  
between GR content  and  basal  levels of  the above steroids or their  response to ACTH. The best 
marke r s ,  apa r t  f r o m  basal cor t isolemia,  for evaluat ion of  the degree of  suppression of  adrena l  
func t ion  appea red  to be the response of  sal ivary (but not  of  p lasma)  cortisol and  17~-hydroxy- 
proges terone  to ACTH. Surpr is ingly ,  s ignif icantly lower levels of  SHBG levels, which rose mar k ed ly  
af ter  ACTH, were found  in all the pat ients .  
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INTRODUCTION 

Since the introduction of glucocorticoids into the 
therapy of non-endocrine diseases it has become clear 
that these steroids considerably affect endogenous 
adrenal [1, 2] and gonadal [3] steroidogenesis, as well 
as blunt the responsiveness of the steroidogenic glands 
to central stimuli [4]. 

A compromise has been sought between the 
undoubted benefit of glucocorticoid treatment and 
its undesirable side-effects on endocrine balance. 
Various treatment regimens have been suggested in 
order to sustain regeneration of the hypothalamo- 
pituitary-adrenal axis (HPA). The beneficial effect of 
an alternate glucocorticoid therapy has been repeatedly 
demonstrated [5, 6]. The patients differed according to 
whether hypothalamo-pituitary function (as reflected 
by ACTH secretion) or adrenal production was 
recovered first, indicating that there may be different 
degrees of affect on HPA function [7]. 
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Later, with a better understanding of the molecular 
mechanism of steroid hormone action, the question 
emerged of the possible up- or down-regulation of 
glucocorticoid receptors (GR) by their cognate ligands 
[8]. While a convincing body of experimental evidence 
was obtained to show that glucocorticoids do, indeed, 
down-regulate their own receptors, the clinical studies 
addressing this issue were not so unequivocal. Thus, 
down-regulation of GR by both natural and synthetic 
glucocorticoids was demonstrated in cultured cells and 
in experimental animals [9], and, more recently, follow- 
ing the disclosure and cloning of the GR gene, on the 
level of m-RNA of this gene, as well [10-12]. 

Contradictory data concerning the eventual down- 
regulation of GR in humans under various patho- 
physiological conditions have recently been summar- 
ized [9]. In their study Pardes et al. [9] demonstrated 
the down-regulation of GR in mononuclear lympho- 
cytes in 9 adult patients receiving glucocorticoid 
therapy for systemic diseases, but not in patients with 
Cushing's Syndrome. 

The problem of the impact of long-term gluco- 
corticoid therapy on endocrine balance is of particular 



82 R. Hampl et al. 

i m p o r t a n c e  for  ch i ld r en  suffer ing f rom sys temic  
diseases  (e.g. r h e u m a t o i d  a r thr i t i s ,  b ronch i a l  as thma,  
var ious  chron ic  n e p h r o p a t h i e s  or  sys temic  lupus  e ry-  
thematosus ) ,  who  are  c o n d e m n e d  to l i fe long t r ea tmen t .  
In  th is  s t u d y  wi th  c h i l d r e n  rece iv ing  l o n g - t e r m  p r e d -  
n isone  t h e r a p y  for  the  a b o v e - m e n t i o n e d  sys temic  
diseases  we a t t e m p t e d  to  show how this  t r e a t m e n t  
inf luences ad rena l  s te ro id  p r o d u c t i o n ,  its r e spons ive -  
ness to A C T H  and  the G R  content .  As  concerns  the  
lat ter ,  the  fo l lowing  ques t ions  were  addressed :  Does  
the  l o n g - t e r m  g lucocor t i co id  t h e r a p y  inf luence the  
levels o f  p e r i p h e r a l  receptors?  D o  G R  levels cor re la te  
wi th  basa l  levels o f  the  r e l evan t  ad rena l  s teroids?  Is 
the re  a r e l a t ionsh ip  be tween  G R  con ten t  and  r e spon -  
s iveness  o f  the  ad rena l  cor tex  to A C T H  s t imulus?  H o w  
does  l o n g - t e r m  g lucocor t i co id  t r e a t m e n t  affect some 
o f  the  r egu la to ry  m e c h a n i s m s  invo lved  in s te ro id  

b iosyn thes i s?  
A p a r t  f rom G R  and  se lec ted  s te ro ids  o f  p r e d o m i -  

nan t ly  ad rena l  or ig in ,  sex h o r m o n e - b i n d i n g  g lobu l in  
( S H B G )  was also fo l lowed  up ,  w i th  r ega rd  to its 
poss ib le  role  as one  o f  the  l inks be tween  h o r m o n a l  
s te ro ids  and  d iabe t ic  r isk factors  [13]. 

E X P E R I M E N T A L  

Patients  

In  total ,  24 ch i ld r en  and  adolescen ts ,  15 females  aged  
3 to 20 (mean  12.0) years  and  9 boys  aged 6 to 16 (mean  
11.0) years  were  inves t iga ted .  T h i s  g r o u p  was com-  

posed  o f  16 subjec ts  w i th  juveni le  ch ron ic  a r th r i t i s  ( the 
po lya r t i cu l a r  form) ,  4 ch i ld ren  wi th  ch ron ic  n e p h r o t i c  
s y n d r o m e ,  2 pa t ien t s  w i th  b ronch ia l  as thma,  1 gi r l  
wi th  sys temic  lupus  e r y t h e m a t o s u s  and  1 gir l  wi th  
ch ron ic  hepat i t i s .  T h e  bas ic  c l in ical  da ta  o f  the  pa t ien t s  
is shown in T a b l e  1. T h e  ch i ld ren  rece ived  ora l ly  
0 . 0 4 - 1 . 4 m g / k g  pe r  day  o f  p r e d n i s o n e  for 8 -204  
m o n t h s  (see T a b l e  1). T h e  t h e r a p y  was i n t e r r u p t e d  
2 4 h  before  the  A C T H  tes t  and  b lood  and  sal iva 
sampl ing .  

Controls 

T h e  con t ro l  g r o u p  cons i s t ed  o f  21 hea l thy  ch i ld ren ,  
10 gir ls  aged  6 to 17 (mean  10.9) years  and  11 boys  aged 
7 to 17 (mean  11.8) years .  N o n e  o f  t h e m  had  a med ica l  
h i s to ry  o f  g lucocor t i co id  the rapy .  In  each case, the  
pa ren t s  gave the i r  i n f o r m e d  consent  to the  test .  

A C T H  test and sample collection 

T h e  ch i ld ren  rece ived  0.25 m g  o f  S y n a c t h e n  (Ciba ,  
Swi tze r l and)  i.v. at 8 a .m. Pe r i phe ra l  venous  b l o o d  was 
col lec ted  before  ( sample  0), and  30 and  60 min  af ter  the  
in ject ion.  At  t ime  0, b l o o d  was taken  d i rec t ly  in to  a 
s ter i le  so lu t ion  o f  hepa r ine  in saline (1 vol  pe r  5 vol  
of  b lood)  and  used  i m m e d i a t e l y  for  sepa ra t ion  of  l ym-  
phocy tes  for  d e t e r m i n a t i o n  o f  g lucocor t i co id  r ecep to r  
conten t .  P l a sma  was s to red  f rozen  in a l iquots  at - 20°C 
unt i l  ana lyzed .  

Sal iva  was col lec ted  in d i sposab le  p las t ic  tubes  wi th  
funne ls  at the  same t imes  as b lood ,  and  was s to red  as 

Table 1. Basic clinical data on the patients together with individual values of GR content and basal cortisol 
levels 

Duration of 
Pauent Last dosage treatment GR Corusol 

No Sex Age Diagnosis (mg/kg, day) (months) (sites/cell) (nmol/l) Group a 

1 M 8 Nephrouc Sy. 1.40 32 5041 38 0 I 
2 F 14 Nephrotic Sy. 0.58 97 4531 276 II 
3 F 16 Bronchial asthma 0 17 41 6821 233 II 
4 M 16 Bronchial asthma 0.22 65 16107 17.3 I 
5 F 16 JCA 0.27 43 5444 103 I 
6 M 9 Nephrotlc Sy 0 22 19 10356 311 II 
7 F 9 Nephrot~c Sy. 0.40 43 6544 347 II 
8 F 7 JCA 0 90 52 4098 241 II 
9 F 10 JCA 0.18 48 5880 301 II 

10 F 20 JCA 0 14 204 6119 288 II 
11 F 9 Chronic hepatius 0.60 60 6203 112 I 
12 M 11 JCA 0.25 120 6959 299 II 
13 F 3 JCA 0 43 8 5684 185 II 
14 M 6 JCA 0 46 35 6033 363 II 
15 M 13 JCA 0.36 36 7358 333 II 
16 M 12 JCA 1.00 108 12449 115 I 
17 M 15 JCA 0 16 63 - -  587 II 
18 F 12 SLE 0.23 8 5236 89 1 I 
19 F 8 JCA 0.23 72 7577 387 II 
20 F 8 JCA 0.05 48 7459 300 II 
21 F 16 JCA 0 13 84 6512 334 II 
22 F 15 JCA 0 05 96 7008 33.5 I 
23 F 17 JCA 0 04 48 7702 106 I 
24 M 9 JCA 0 12 38 11660 107 I 

JCA, }uvemle chromc arthrms, SLE, systemic lupus erythematosus. 
aGroups I and II, patients with basal cortisolemla below and within 

respectwely 
the range of normal levels (135-605 nmol/l), 
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above.  P r i o r  to analys is  the  samples  were  t hawed ,  

c en t r i f uged  and  the  c lear  s u p e r n a t a n t  was taken  for  the  
assay.  

Analytical methods 

All  s t e ro id  h o r m o n e s  were  d e t e r m i n e d  b y  rad io -  
i m m u n o a s s a y  us ing  an t i se ra  p r e p a r e d  in the  a u t h o r s '  
l abora to ry .  P l a sma  and  sa l ivary  cor t i so l  were  de te r -  
m i n e d  b y  the  n o n - e x t r a c t i o n  m e t h o d  o f  RoUeri  et al. 
[14] mod i f i ed  by  Bi~ikovfi et al. [15]. A n d r o s t e n e d i o n e  
and  1 l f l - h y d r o x y a n d r o s t e n e d i o n e  were  d e t e r m i n e d  by  
the  m e t h o d  o f  Pu tz  et al. [16, 17], 17~t -hydroxypro-  
ges te rone  acco rd ing  to H u b l  et al. [18] b u t  us ing  
3H- labe led  t racer  [19], a ldos t e rone  acco rd ing  to the  
m e t h o d  o f  Jove t t  et al. [20] mod i f i ed  by  Pu tz  et al. [21], 
and  d e h y d r o e p i a n d r o s t e r o n e  and  its sulfate  b y  the  
m e t h o d  o f  D v o r a k  et al. [22]. Sex h o r m o n e - b i n d i n g  
g l o b u l i n  ( S H B G )  was m e a s u r e d  by  a n o n - c o m p e t i t i v e  
i m m u n o r a d i o m e t r i c  assay us ing  commerc i a l  kits  
p u r c h a s e d  f rom O r i o n  Diagnos t i c s  (F in land) .  

G R s  in p e r i p h e r a l  l y m p h o c y t e s  were  m e a s u r e d  b y  
the  s ing l e -po in t  assay based  on  the  d e t e r m i n a t i o n  o f  
specific d e x a m e t h a s o n e  b i n d i n g ,  r e q u i r i n g  no  m o r e  
than  10 ml  o f  f resh  b lood  [23]. 

Statistical analysis 

Analys i s  o f  va r iance  was used  for  s ta t is t ical  eva lu-  
a t ion  o f  the  d i f ferences  be tween  the  g roups  o f  subjec ts ,  
u s ing  Scheffe ' s  m e t h o d  o f  cont ras ts .  T h e  s ignif icance o f  
the  effect o f  A C T H  on the levels o f  se lec ted  h o r m o n e s  

was d e t e r m i n e d  by  us ing  bo th  p a i r e d  and  u n p a i r e d  
S t u d e n t ' s  t - t e s t s .  L i n e a r  r eg ress ion  and  cor re la t ion  

were  ca lcu la ted  b y  the  m e t h o d  o f  least  squares .  

RESULTS 

The effect of long-term prednisone therapy on the basal 
hormone levels and on G R  content 

T h e  m e a n  basal  cor t i so l  level + S D  in all the  pa t ien t s  
was 233 + 137nmol /1  in c o m p a r i s o n  wi th  338 + 119 
nmol  in the  hea l thy  ch i ld ren ,  i.e. sti l l  w i th in  the  r ange  
o f  n o r m a l  values  r e p o r t e d  bJy the  a u t h o r s '  l a b o r a t o r y  
(135-605 nmol/1). 

T h e  pa t ien t s  were  d iv ide d  into  two s u b g r o u p s  wi th  
basal  co r t i so lemia  be low the  range  o f  n o r m a l  levels 
( G r o u p  I)  and  w i th in  it ( G r o u p  I I ) .  T h e  s ta t is t ical  
eva lua t ion  o f  the  da ta  showed  tha t  be long ing  to one o f  
these  g roups  d id  no t  d e p e n d  on the  t r e a t m e n t  reg ime ,  
i.e. on the  dose  or  d u r a t i o n  o f  the  the rapy .  

T h e  m e a n  basa l  levels + S D  o f  G R s  in p e r i p h e r a l  
l ymphoc y t e s ,  o f  p l a s m a  and  sa l ivary  cor t i so l ,  and  o f  
o t h e r  h o r m o n e s  o f  in te res t  i n c l u d i n g  S H B G  in the  
g roups  of  pa t ien t s  and  con t ro l s  are s u m m a r i z e d  in 
T a b l e  2, a long  wi th  the  s ta t is t ical  eva lua t ion  o f  the  
di f ferences  be tween  the  g roups .  

I n d i v i d u a l  values  o f  basal  co r t i so lemia  and  o f  G R  
are shown in T a b l e  1, a long  wi th  re levan t  c l inical  
data.  

N o  s ignif icant  d i f ferences  were  f o u n d  be tw een  the  
g roups  in the  g lucocor t i co id  recep tors .  Basal  levels o f  

Table 2. Mean basal levels + SD and range of selected hormones and of GRs in peripheral lymphocytes 
in children receiving long-term prednisone therapy and in healthy controls, along with statistical evaluatzon 

of the differences between the groups. 

Sigmficance 
Parameter of d~fferences 
(unit) Group I (n) Group II (n) Controls (n) I/C II/C I/II 

GR 8483 + 3883 (9) 6566 5- 1494 (14) 7397 + 1132 (21) NS NS NS 
(Sites/cell) (5041 - 16107) (4098 - 10356) (4560 - 9701) 

Plasma corfisol 80.1 _ 38.9 (9) 319 + 90.6 (15) 338 + 119 (21) ** NS ** 
(nmol/l) (17.3 - 115) (185 - 587) (157 - 592) 

Salivary cortisol 7.31 + 4.80 (9) 19.2 + 11 2 (15) 14.5 + 4.67 (9) NS NS * 
(nmol/l) (2.35 - 17.0) (5 01 - 49 0) (9.75 - 22.8) 

17ct-OH-P 1.51 + 0 82 (8) 3.36 + 2.06 (15) 4.06 + 1.32 (15) ** NS NS 
(rtmol/l) (0 22 - 2 90) (0.70 - 13.3) (2.00 - 6.11) 

ADION 1.20 5- 0 73 (9) 1.57 5- 1.13 (15) 2.45 + 1.96 (12) NS NS NS 
(nmol/1) (0.34 - 2.16) (0.10 - 3.40) (0.10 - 6.27) 

1 lfl-OH-ADION 5.81 5- 4.77 (6) 7.96 5- 5.06 (10) 5 71 + 2.65 (9) NS NS NS 
(nmol/l) (0.73 - 13.7) (1 88 - 16 1) (2.38 - 10.2) 

Aldosterone 0.141 5- 0.102 (9) 0.188 5- 0.106 (13) 0 124 5- 0.114 (17) NS NS NS 
(nmol/l) (0 01 - 0.22) (0.077 - 0.39) (0 031 - 0.35) 

DHEA-S 0 73 + 0.91 (9) 0.87 5- 1 01 (15) 1 75 5- 2.25 (12) NS NS NS 
(/tmol/l) (0.049 - 2.40) (0.026 - 3.10) (0.12 - 5.10) 

DHEA 13.0+12.1 (8) 14.65-15.4 (15) 4 5 7 + 2 8 7  (5) * * NS 
(nmol/1) (1.15 - 30.2) (2.00 - 64.0) (11 7 - 80.7) 

SHBG 17.6 5- 6.03 (7) 29.8 5- 10.8 (12) 56 0 5- 29.3 (19) ** * NS 
(nmol/l) (7 52 - 24.9) (13.8 - 42.7) (16.6 - 108) 

Group I, patients with subnormal basal cortlsolerma, II, patmnts with normal cortisolerma, controls (C), healthy 
subjects. 

*Slgmficant at 95% level, **significant at 99% level; NS, not sigmficant 
GRs, glucocorticoid receptors; 17~-OH-P, 17~t-hydroxyprogesterone; ADION, androstenedione, 1 lfl-OH-ADION, 

1 lfl-hydroxyandrostenedione; DHEA-S, dehydroepiandrosterone sulphate; DHEA, unconjugated dehydroepi- 
androsterone; SHBG, sex hormone-binding globuhn. 
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Table 3. Sigmficance of the differences between basal and maximal A C T H  stimulated 
levels of 5 hormonal steroids and S H B G  in patients and controls 

Group I Group II Controls 

Hormone Single Paired Single Paired Single Paired 

Plasma cortisol 0 0128 0 0397 0.0001 0.0000 0.0000 0.0000 
Salivary cortlsol NS NS 0.0072 0.0041 0.0000 0.0001 
17~ -Hydroxyprogesterone NS NS 0 0036 0.0016 0.0001 0.0006 
Androstenedlone NS NS 0.0475 NS NS 0 0298 
11fl -Hydroxyandrostenedlone NS NS NS 0.0108 0.0003 0.0005 
SHBG 0 0034 0.0003 0.0101 0.0018 NS NS 

P values obtained from single and paired t-test are given. NS, not significant 

17~-hydroxyprogesterone significantly lower than in 
the control subjects were only found in Group I. 
Decreased levels of dehydroepiandrosterone, but not 
of its sulfate, were found in both groups of patients. 
Surprisingly, plasma levels of SHBG significantly 
lower than in the controls were also found in both 
groups of patients. 

The effect of  long-term prednisone therapy on responsive - 
ness to A C T H  

Altogether, only plasma cortisol was increased 
significantly after ACTH in all the groups, as 
confirmed by both simple and paired t-tests (see 
Table 3). Salivary cortisol, plasma 17~-hydroxy- 
progesterone, androstenedione and its l l/~-hydroxy- 
derivative were significantly elevated in controls and 
in patients with normal basal cortisolemia (Group II), 
but not in the children with subnormal basal cortisol 
levels (Group I). No significant differences were 
found between basal and ACTH stimulated levels 
of dehydroepiandrosterone and its sulfate in all the 
groups. 

On the other hand, a significant rise of SHBG after 
ACTH was found in both groups of patients, with the 
maximum reached as early as 30min after ACTH 
administration. 

The effect of ACTH on the rise of cortisol, 17~- 
hydroxyprogesterone and SHBG is shown in Figs 1-3. 

The values of the maximum rise of plasma levels of 
cortisol, androstenedione and 1 lfl-hydroxyandrostene- 
dione after ACTH did not differ significantly between 
the groups, contrary to salivary cortisol, where signifi- 
cantly lowered values were found in the patients 
(Table 4). Significantly lower values of plasma 17~- 
hydroxyprogesterone were found in Group I only. 

Correlation analysis 

To find out whether any relationship existed between 
GR content and the hormones under study, the values 
of GR in both groups of patients and in controls were 
correlated with basal, as well as with ACTH stimulated 
levels of the above hormones and SHBG. No signifi- 
cant correlation was found in any group, nor did GR 
correlate with the response to ACTH, as expressed by 
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Fig. 1. Mean plasma and salivary cortisol  levels before and af ter  ACTH st imulat ion in patients and controls. 
Group I, patients with subnormal basal cortisolemia; Group H, patients with normal basal cort isolemia.  
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and a f t e r  A C T H  s t i m u l a t i o n  i n  patients and c o n t r o l s .  T h e  

symbols a n d  g r o u p s  a r e  t h e  s a m e  as  in  Fig.  1. 

the maximum increments of the ACTH-responsive 
hormones. 

Further, the corresponding basal and maximum 
ACTH-stimulated levels of steroid hormones studied 
and of SHBG in each group were correlated with each 
other. An extract of the results is given in Table 5, 
showing the correlation coefficients for the selected 
pairs of hormones, where, at least in one instance, a 
correlation at a 99% level of significance or higher does 
occur. 

No correlation was found between either basal 
or stimulated levels of the above mentioned steroid 
hormones, on the one hand, and aldosterone, dehydro- 
epiandrosterone, its sulfate and SHBG, on the other. 
Basal levels of DHEA correlated with its sulfate in 
Group I only. 
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Fig.  3. M e a n  p l a s m a  S H B G  leve ls  b e f o r e  a n d  a f t e r  A C T H  
administration in  p a t i e n t s  a n d  c o n t r o l s .  T h e  s y m b o l s  a n d  

g r o u p s  a r e  t h e  s a m e  as  in  Fig.  1. 

Nor was any correlation obtained between the 
above data and either the last dose or duration of the 
prednisone treatment. 

DISCUSSION 

The decrease of GR content as early as after 1 week 
of treatment with various glucocorticoids, which still 
persisted 1 week after discontinuation of the therapy, 
was first reported in healthy volunteers by Schlechte 
et al. [24]. In a similar experiment, Shipman et al. 
[25] demonstrated an even more rapid fall of GR in 
normal subjects given exogenous dexamethasone. More 
recently, levels of GR slightly but nevertheless signifi- 
cantly lower than in the control group were found in 
adult patients (n = 9) receiving prolonged glucocorti- 
coid therapy for systemic diseases [9]. 

Our results on children with systemic diseases 
treated for a long time with prednisone (mean duration 
of the therapy was 52 months, the shortest duration was 
8 months) did not confirm the findings mentioned 
above. GR levels in these patients were indistinguish- 
able from those found in healthy children of the same 
age, regardless of the severity of suppression of the 
adrenal function as demonstrated by basal cortisol 
production. 

No relationship was revealed between GR content 
and production of the steroids studied or their respon- 
siveness to ACTH. These findings do not support the 
concept of simple down-regulation of GR by corticoids 
and indicate that "GR control in humans may be a 
more complex phenomenon than that expected from 
animal and cell-culture studies" (Pardes et al. [9]). 

The fact that years of therapy with glucocorticoids 
did not irreversibly affect the binding capacity of GR in 
the periphery may be considered encouraging, though 
it should be kept in mind that GR binding need not 
reflect the ability to respond to glucocorticoid treat- 
ment, as demonstrated by the indistinguishable GR 
content in corticoid-sensitive and -resistant patients 
with bronchial asthma [26]. 

From these results it is evident that other parameters 
should be followed to assess the degree of affect of the 
HPA function. The first marker of the extent of adrenal 
suppression appeared to be basal cortisolemia, accord- 
ing to which the patients could be divided into two 
subgroups. 

Children with subnormal cortisolemia (Group I) 
also had significantly lower levels of 17~-hydroxypro- 
gesterone and DHEA (see Table 2) and they differed 
considerably in their response to ACTH. Although 
in all but one patient of this group a distinct rise 
of plasma cortisol occurred by more than 100%, 
their salivary cortisol and 17~-hydroxyprogesterone 
responses were low and insignificant (see Figs 1 and 2 
and Tables 3 and 4). 

On the whole, closer mutual correlation of the 
adrenal steroids studied was found after ACTH 
stimulation, being more apparent in Group I patients 
(Table 5). 
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Table 4. Maximal rise (mean 5- SD and range) of plasma and salivary cortuol, 
androstenedione, l l [l-hydroxyandrostenedione, 17ct-hydroxyprogesterone (in 
nmol /l) and S H B G  after A C T H  in patients and controls along with statistical 

evaluation of the differences between the groups 

Hormone  Group  I Group II Controls 

Slgmficance 
of differences 

I/C II/C I / I I  

Plasma 248 + 323 345 5- 205 369 + 135 NS  N S  NS  
cortlsol (0 - 818) (101 - 766) (132 - 609) 

Sahvary 14.5 5- 29.4 16.7 + 19.5 47 2 + 17 5 * * NS  
cortlsol (0 - 82.8) (0 - 53.9) (20 2 - 74 0) 

17~-OH-P 1 77 5- 2.67 4 48 + 4 11 6.59 + 5.45 ** NS  NS  
(0 - 7.80) (0.20 - 13.7) (1 3 - 10 1) 

A D I O N  1.15 ± 1.69 1 05 5- 1 41 1.52 _ 1 53 NS  N S  NS  
( 0  - 4.33) (0 - 5 07) (0 - 6.90) 

1 l f l -OH-  8.54 ___ 7 96 5.92 _+ 2.90 8 83 __+ 4 98 NS  NS  N S  
A D I O N  (0 - 22 5) (0 - 10 5) (3 90 - 15.6) 

S H B G  1 0 . 3 + 3 1 3  142_+11.2  0 7 1 + 4 6 7  NS  ** NS 
(5.80 - 14.3) ( 0 - 4 0 8 )  ( - 8 . 4 -  11.0) 

b 

*Significant at 95% level; **significant at 99% level; 
For abbreviations see legend to Table  2. 

NS,  not  significant. 

A new and surprising finding was the significantly 
lowered levels of SHBG in the patients when compared 
with healthy subjects. In all the patients, in contrast 
to the controls, an increase of SHBG occurred after 
ACTH administration, with the maximum at the 
30th min (Fig. 3). This rise was highly significant 
as confirmed by both a simple and paired t-test 
(Table 3). 

So far, controversial results were obtained concern- 
ing the effect of glucocorticoids and ACTH on SHBG. 
Both a decrease [27, 28] and an increase [29] of this 
protein following dexamethasone were reported. 
No effect or decrease of SHBG was described after 
ACTH administration to healthy children, depending 
on whether a short- or long-test protocol was used 
[30]. This was not the case for our patients receiving 

long-term glucocorticoid therapy, where markedly 
suppressed endogenous ACTH production may be 
anticipated. Our results suggest the possibility of a 
direct stimulatory effect of ACTH on SHBG, not 
mediated by glucocorticoids, and they require further 
elucidation. 

C O N C L U S I O N  

The following conclusions may be drawn from this 
study: 

- -Not  even long-term glucocorticoid therapy seems 
to affect the levels of GR, as measured by a binding 
assay. 

Table 5. Correlation between selected basal and maximal A C T H  stimulated hormone levels 
in patients and controls. Coe.Oic,ents of correlation (r) for corresponding number of pints (n) 

are given 

Correlated Group  I Group  II Controls 
hormone pairs r (n) r (n) r (n) 

Plasma/sahvary Basal NS  NS  NS  
cortlsol A C T H  0.908*** (9) 0.853*** (14) 0.912"** (9) 

Plasma cortlsol/ Basal NS  NS  N S  
17a -OH-P  A C T H  0 952*** (8) NS  0.503* (15) 

Plasma cortlsol/ Basal NS  N S  NS  
A D I O N  A C T H  0 950*** (8) NS  N S  

Salivary cortlsol/ Basal NS  N S  NS  
17~-OH-P A C T H  0.974*** (8) NS  NS  

Salivary corusol/  Basal NS  NS  NS  
A D I O N  A C T H  0 898** (8) N S  0 923* (5) 

Salivary cortlsol/ Basal NS  0.901"** (9) NS  
1 l f l - O H - A D I O N  A C T H  0 736* (8) 0 955*** (8) NS  

17a-OH-P/  Basal NS  NS  N S  
A D I O N  A C T H  0 932*** (8) NS  N S  

A D I O N /  Basal NS  NS  NS  
1 1 B - O H - A D I O N  A C T H  0.971"* (5) 0 844* (6) 0 880* (6) 

D H E A - S / D H E A  Basal 0 968** (6) NS  0 889* *(5) 

*, *% ***Slgmficant  at 95, 99 and 99 9% level, respectively 
For abbreviations see Table 2. 
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- - T h e  GR binding does not correlate with basal 
levels or the ACTH response of the main adrenal 
steroids. 

- - T h e  best markers of the degree of suppression of 
the adrenal steroid production appeared to be basal 
cortisolemia, the response of salivary (but not of 
plasma) cortisol and the response of plasma 17ct- 
hydroxyprogesterone, respectively, to ACTH. 

--Significantly decreased basal levels of SHBG, 
which were elevated after ACTH, were found in 
the patients under long-term glucocorticoid 
therapy in contrast to the controls. This suggests 
the possibility of a direct effect of ACTH on 
SHBG. 

Acknowledgement--This study was supported by Grant No. 0001-3 
from the Internal Grant Agency of the Ministry of Health of the 
Czech Republic. 

REFERENCES 

1. Axelrod L.: Glucocortlcoid therapy. Medwme 65 (1976) 39--65. 
2. Swartz S. L. and Dluhy R G.: Corticosterolds Clinical pharma- 

cology and therapeuUc use (review). Drugs 16 (1978) 238-255. 
3. McAdams M. R., White R. H. and Chipps B. E.: Reduction of 

serum testosterone levels during chronic glucocorticoid therapy. 
Ann. Int. Med 104 (1986) 648--651. 

4. Beris P., Burger A., Favre L., Riondel A. and Mlescher P. A.: 
Adrenocortical responsiveness after discontmuous corticosteroid 
therapy. Khn. IVschr. 64 (1986) 70-75. 

5. Schurmeyer T. H., Tsokos G C., Avgerlnos P. C., Baloro J. E., 
D'Agata R., Loriaux D. L. and Chrousos G. P :  Pituitary- 
adrenal responsiveness to corticotropm releasmg hormone in 
patients receiving chronic and alternate day glucocorticold 
therapy 07. Chn Endocr Metab 61 (1985) 22-27. 

6. Avgermos P C., Cutler G. B., Jr, Tsokos G. C., Gold P. D., 
Feuillan P., Gallucci W. T., Pillemer S. R., Lonaux D. L. and 
Chrousos G P.: Dissociation between cortisol and adrenal 
androgen secreuon in patients receiving alternate day prednisone 
therapy. 07 Clin. Endocr. Metab. 65 (1987) 24-29 

7. Hamson B. D. W., Rees L. H., Cayton R. M and Nabarro 
J D.N.  Recovery of hypothalamo-pitultary-adrenal function in 
asthmatics whose oral steroids have been stopped or reduced 
Clin. Endocr. 17 (1982) 109-118 

8. Svec F. Glucocortlcoid receptor regulation. Life Scz. 36 (1985) 
2359-2366 

9. Pardes E., DeYampey J. E W., Moses D. F and DeNicola 
A. F Regulation of glucocorucoid receptors m human mono- 
nuclear cells: effects of glucocortmoid treatment, Cushing's 
disease and ketoconazole. J. Steroid Btochem Molec. Biol. 39 
(1991) 233-238 

10. Okret S ,  Poelllnger L., Dong Y. and Gustafsson J. A.: Down 
regulation of glucocorticoid receptor mRNA by glucocorticold 
hormones and recognition by the receptor of a specific binding 
sequence within a receptor cDNA clone Proc. Natn Acad Scz. 
U S.A. 83 (1986) 5899-5903. 

11. Kalinyak J E., Dorin R. I ,  Hoffman A. and Perlman A J.: 
Tissue-specific regulation of glucocorticold receptor mRNA by 
dexamethasone. J Btol Chem 262 (1987) 10441-10444. 

12. Rosewicz S ,  McDonald A. R., Maddux B. A., Goldfine I. D., 
Mmsfeld R L and Logsdon C. D : Mechanism by glucocorti- 
cold receptor down-regulation by glucocorticoids. 07 Bwl  Chem 
263 (1988) 2581-2584. 

13. Haffner S. M., Dunn J. F. and Katz M. S.: Relationship of sex 
hormone-binding globulin to lipid, lipoprotein, glucose and 
msuhn concentrations m post menopausal women. Metabolism 
41 (1992) 278--284. 

14. Rolleri E., Zannino M., Orlandim S. and Malvano R.: Direct 
radloimmunoassay of plasma cortisol. Clin. Chtm. Acta 86 (1978) 
109-120. 

15 Bi~ikovfi M ,  Hampl R., Putz Z. and Stfirka L.. Comparison of 
isotope and non-isotope variant of direct cortisol immunoassay. 
In Advances of Stertnd Analysts '87 (Edited by S. Gor6g). 
Akaddmlai Kiad6, Budapest (1988) pp. 101-106. 

16 Putz Z., Hampl R., Vafiuga A., Velemfnsk# J. and Stfirka L.: 
A selecuve radioimmunoassay of androstenedione m plasma and 
saliva 07 Chn. Chem. Chn. Bzochem. 20 (1982) 761-764. 

17. Putz Z ,  Hampl R ,  Veleminsk# J., Kreze A., ~ulcovfi J. and 
Sttirka L.: Radlolmmunoassay of llfl-hydroxyandrostenedlone 
m laboratory diagnostics of selective endocrine disorders. 07. Chn. 
Chem. Chn Bwchem. 25 (1987) 723-727. 

18 Hubl W ,  F6her T., Rohde W., Dorner G., Taubert H. and 
Freymann E. Enzyme immunoassay of 17~-hydroxyprogester- 
one in plasma, rmcrofilter paper blood and saliva of newborns, 
children and patients with congenital adrenal hyperplasia En- 
dokrmologte 79 (1982) 165-172 / 

19. Dvo~fik P., Mare§ J., ~ulcovfi J., FIampl R., Sttirka L., Kobilkovfi 
J. and ~i~,kovsk# V.: Radloimmunoassay of 17~-hydroxypro- 
gesterone for diagnosis of congenital adrenal hyperplasia. In The 
Use of RIA  m Obstetrics and Gynecology, IV. R IA  Sympostum, 
Olomouc (1983) pp. 288-294. 

20. Jovett T. P ,  Smith E. and Salter J. H :  Production and 
characterization of highly specific antibodies to aldosterone. 
07 Steroid Bwchem. 6 (1975) 1415-1419. 

21. Putz Z., Hampl R., Veleminsk# J. and Stfirka L .  Radiolmmuno- 
assay of aldosterone and its plasma and urine levels (in Czech). 
Gas. L~k. ~esk 120 (1981) 724-728 

22. Dvo~Lk P., Hampl R ,  Macek M., Chrpovfi M ,  Burlankov~ J. 
and St~irka L.' Free dehydroepiandrosterone and testosterone m 
human ammotic fluid and predicuon of gonadal sex. Endocr. Exp. 
14 (1980) 59--65. 

23. Lap~ik O., Hampl R. and Bl~ikovtt M.: Single-point estamation 
of glucocorticold receptors m lymphocytes of normal subjects 
and of children under long-term glucocorticoid treatment 
Endocr Regul 26 (1992) 41-45 

24. Schlechte J. A ,  Gmsberg B. H and Sherman S M.: Regulation 
of the glucocorticoid receptor in human lymphocytes. 07 Steroid 
Biochem. 16 (1982) 69-74 

25. Shipman G. F., Bloomfield C D., Gall-Peczalska K. J., Munck 
A U and Smith K. A : Glucocorticolds and lymphocytes. III  
Effect of glucocortlcoid administration on lymphocyte gluco- 
corucoid receptors. Blood 61 (1983) 1086-1090. 

26. Lane S. L and Lee T H.: Glucocortlcold receptor character- 
lstics In monocytes of patients with cortlcoid-resistant bronchial 
asthma Am. Rev. Resp. Dzs. 143 (1991) 1020-1024 

27. Stanczyk F. Z., Petra P. H., Senner J W and Novy M J.: 
Effect of dexamethasone treatment on sex steroid-binding pro- 
tein, cortmosteroid-bmdmg globuhn, and steroid hormones in 
cycling rhesus macaques Am 07. Obstet. Gynec 151 (1985) 
464-470. 

28. Blake R E., Rajguru S., Nolan G. H. and Ahluwaha B. S 
Dexamethasone suppresses sex-hormone binding globulin Fert 
Sterd. 49 (1988) 66-70. 

29 Cunnmgham S K., Loughhn T ,  Culhton M. and McKenna 
T. J.: The relatlonslup between sex steroids and sex-hormone- 
binding globulin m plasma in physiological and pathological 
conditions. Ann. Clin. Bwchem 22 (1985) 489-497. 

30. Forest M. G., Lecoq A., David M. and Pugeat M.' Effect of 
human chorionlc gonadotropin, androgens, adrenocorticotropin 
hormone, dexamethasone and hyperprolactmenua on plasma 
sex steroid-binding protein Ann. N Y Acad. Scz U S.A 538 
(1988) 214-234. 


