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Tissue-specific modulation of rat glucocorticoid receptor binding activity by melatonin 
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Abstract. The effect of melatonin and 2-Iodomelatonin on nuclear and cytosolic glucocorticoid receptors in the 
brain, pituitary, thymus and liver has been examined. The results indicate that both melatonin and 2-Iodomela- 
tonin administration is associated with marked changes in the density and the affinity of cytosolic and nuclear 
forms of glucocorticoid receptors. These observations are discussed in the context of  a possible involvement of  
pineal melatonin in the mechanisms regulating the behaviour and metabolism of steroid receptors. 
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Glucocorticoids, acting via intracellular receptors, play 
an important role in maintaining the internal milieu and 
are used for a wide range of  therapeutic purposes. Upon 
binding to a cognate hormonal ligand, the glucocorti- 
cold receptors (GR) associate with specific D N A  se- 
quences, termed glucocorticoid response elements 
(GRE), and regulate specific gene expression 1. The 
molelcular mechanisms for signal transduction and 
transcriptional regulation by the reactor remain to be 
determined, but it is apparent that the receptor interacts 
with the hormone, D N A  and non-receptor protein fac- 
tors. It is thus of  the utmost importance to elucidate the 
factors and mechanisms regulating glucocorticoid re- 
ceptor (GR) expression if the physiological and thera- 
peutic actions of  glucocorticoids are to be completely 
understood. 
Previously, we have shown that chronic melatonin treat- 
ment differentially affects the activity of  glucocorticoid 
receptors in the brain, pituitary and thymus 2 4. The 
influence of the hormone was apparent when the steroid 
environment was subject to variation: the properties of  
glucocorticoid receptors were affected only in the pres- 
ence of  normal and increased systemic corticosterone 
concentrations, and not in adrenalectomized animals 5. 
However, the biological significance of  the effect of  
melatonin, and the mechanism by which it affects the 
receptors, remain obscure. The aim of  the present study 
was to investigate the effect of  endogenous melatonin 
and its synthetic analogue 2-Iodomelatonin on gluco- 
corticoid receptors in two brain regions (hippocampus 
and hypothalamus), pituitary, thymus gland and liver. 
To define more clearly the mechanism of melatonin 
action both the cytosolic and nuclear forms of  glucocor- 
ticoid receptors were analyzed. 

Materials and methods 
Adult male Wistar rats weighing 160-180 g were used. 
The animals were housed in groups of  ten under con- 

trolled illumination (LD 14:10 h), with free access to 
standard lab chow and tap water. After 4 weeks of  
adaptation animals were divided into separate groups as 
follows: (a) controls; (b) melatonin treated; and (c) 
2-Iodomelatonin treated. Hormonal treatment was pro- 
vided for 6 days according to the following schedule: 
melatonin and 2-Iodomelatonin were dissolved in a 
minimal volume of  ethanol, diluted in saline and ap- 
plied once daily in doses of  100 lag/kg b.wt and 10 lag/ 
kgb.wt  respectively. The hormones were injected 
subcutaneously 4 h before the onset of  darkness. Sub- 
jects of  the corresponding control group received daily 
saline injections. 
After 6 days of  treatment the rats were sacrified and the 
hippocampus, hypothalamus, pituitary, thymus gland 
and liver were rapidly removed and stored at - 8 0  ~ 
until use. At the time of  an assay the frozen tissues were 
thawed and homogenized with a Ultra-Turax homoge- 
nizer in 10mM Tris-HC1 buffer, pH7.4,  containing 
0.25 M sucrose and 10% glycerol. The nuclei were pel- 
leted at 800 g, washed and resuspended in the same 
buffer containing additionally l mM EDTA, 2 m M  
EGTA, 0.1 mM DTT, 1 mM MgSO4 and 1 mM CaCI2. 
The initial supernatants were recentrifuged at 105,000 g 
for 1 hour at 4 ~ in the same buffer containing addi- 
tionally 0 .1mM DTT, l mM EDTA and 10mM 
sodium molybdate, and the high-speed cytosol col- 
lected. The nuclear and cytosolic protein contents were 
determine& ~ and adjusted to 3.0 4.0 mg/ml. 
Unoccupied nuclear glucocorticoid receptors were as- 
sayed by incubating 200 lal nuclear suspension with 
50 lal 3H-corticosterone in graduated concentrations 
(1 .0-4 .0nM) for 2 h  at 4~ The nuclei were then 
separated at 800 g, washed three times with ice-cold 
buffer and the pellet was extracted with ethanol. The 
unoccupied cytosol receptors were determined by the 
methods previously described. 6,7 In summary, 100 lal 
cytosol was incubated with serial dilutions of 3H-corti- 
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cos terone  (0.5 20 nM) at 4 ~C for 2 h and then sepa- 

ra ted with 500 btl dext ran-coated  charcoal  at 800 g. 

Non-specif ic  b inding of  both receptor  analyses was car- 

ried out  in the presence o f  a 500-fold excess o f  unla- 

belled cor t icos terone  and a 100-fold excess of  R U  38486 

( R o u s s e l - U C L A F ,  France).  The  E B D A / L I G A N D  pro-  

gram was applied for initial da ta  analysis o f  the results 

f rom satura t ion exper iments  and subsequent  ma themat -  

ical selection o f  the appropr ia te  model  s:). The results 

were analyzed for differences by analysis of  covariances.  

Results and discussion 

In earl ier  work  we showed that  g lucocort icoid  receptors 

in the brain and thymus gland are affected by exoge- 

nously  applied mela tonin ,  which indicated that  the 

steroid receptor  system is one o f  the probable  target  

sites o f  mela tonin  act ion 2 4. The  results o f  the present  

invest igat ion indicate that  daily adminis t ra t ion  of  mela-  

tonin  for six consecut ive days considerably  affected the 

b iochemical  propert ies  o f  g lucocor t icoid  receptors in all 

tissues studied ( table 1, fig. 1 and 2). Scatchard analyses 

of  unoccupied  cytosol  and nuclear  receptors showed 

significant differences in the binding activity o f  receptor  

forms.  The adminis t ra t ion  o f  mela tonin  was associated 

with dramat ic  changes in the density and the affinity o f  

the cytosolic and nuclear  componen t s  o f  glucocort icoid  

receptors.  T rea tmen t  with the po ten t  mela tonin  ana- 

logue 2-10domelatonin dupl icated the effect of  mela-  

tonin in all cases. 2 - Iodomela ton in  was active when 

adminis tered in a dose 10-fold less than that  of  mela-  

tonin,  which is in accordance  with the previous findings 
concerning its activity m ~2. 

The  influence of  mela ton in  on the g lucocor t icoid  recep- 

tors was not  equal  in the different target  tissues. This  

led us to divide the tissues into three groups based on 

the results f rom the in vi t ro  binding studies o f  cytosol  

and nuclear  receptor  dis t r ibut ion after mela ton in  ad- 

minis t ra t ion  (see table 1).  In the first g roup were the 

hypo tha lamus  and pitui tary,  in which the apparen t  de- 

crease in the affinity and increase in the capaci ty  o f  

cytosol  receptors were associated with an increase in the 

affinity and decrease in the capaci ty  o f  nuclear  receptor  

molecules.  The  h ippocampus  represented the second 

group,  where the effect o f  mela ton in  was the same on 

both  the nuclear  and cytosol ic  receptors  and was re- 

stricted only to an increase in the Kd  constant .  The  

effect o f  mela ton in  on steroid receptors in the thymus 

and liver was opposi te  to that  observed in the hypotha-  

lamus and pitui tary,  and therefore  these tissues were 

character ized as a third g roup  in the present  study. The  

biological  significance o f  the da ta  repor ted  herein re- 

main unclear,  but  the observat ions  by o ther  authors,  

that  mela ton in  alters the activity o f  es t rogen and andro-  

gen receptor  systems as well ~3 16 suggest that  the steroid 

receptor  superfamily is a p robab le  target  of  mela ton in  

action. 

Table 1. Biochemical characteristics of cytosolic and nuclear glucocorticoid receptors in ditferent tissues after treatment with melatonin 
and 2-1odomelalonin. Kd (nM) dissociation constant; Bmax (fmol/mg protein) number of binding sites; each group represents the 
results of two independent determinations. *p < 0.05 vs control group. 

Treatment Cytosolic binding Nuclear binding 
Group Kd Bmax Kd Bmax 

Group 1 H37~othalamus 
Vehicle 8.8 + 3 16.5 § 5.8 27.3 + 6 60.3 + I 1 
Melatonin 24.9 + 2* 51 .I .. 9.5* 17.5 .. 6 17.2 + 5* 
2-1odomelatonin 16.2 + 5* 48.2 + 10.2" 2.2 .. 1" 8.3 .. 3* 

Pituita~ 3' 
Vehicle 2.2 + 1 7.2 + 3.4 131 + 25 53.4 + 14 
Melatonin 11.4 + 7* 22.3 + 9.6 62.8 + 9* 38.4 + 15 
2-1odomelatonin 10.5 + 3* 16.6 + 4.5 41.6 + 9* 17.7 + 6* 

Group It Hippocampus 
Vehicle 4.8 + 1.4 17.2 + 6.1 8.8 + 2 8.6 + 3 
Melatonin 12.3 + 3.4* 17.2 + 5.3 31.1 + 8* 18.3 .. 6* 
2-Iodomelatonin 8.6 .. 2* 19.7 + 4.2 15.2 + 4* 7.1 + 4 

Group IH Thymus 
Vehicle 196 + 86 175 + 43 6.7 + 2 17.1 + 7 
Melatonin 31.4 + 12' 36.2 + 8* 18.2 .. 5* 3.4 .. 1" 
2-1odomelatonin 48.8 -- 21 * 49.5 .. 12" 15.4 .. 7 7.3 ,, 4 

Hepar 
Vehicle 214 + 87 220 + 66 4.3 .. 2 2.8 .. 3 
Melatonin 96.6 .. 33* 72.3 + 23* 10.9 ,, 3* 6.8 .. 4 
2-Iodomelatonin 120 .. 54* 84.8 .. 43* 8.8 .. 2* 4.8 -- 2 
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Figure h Graphical representation of the changes in the biochem- 
ical properties of cytosolic glucocorticoid receptors following 
melatonin and 2-Iodomelatonin treatments. Hyp hypothalamus; 
Pit--pituitary; Hipp--hippocampus; Thym--thymus. 
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Figure 2. Graphical representation of the changes in the biochem- 
ical properties of nuclear glucocorticoid receptors following mela- 
tonin and 2-Iodomelatonin treatments. Hyp hypothalamus; 
Pit--pituitary; Hipp hippocampus; Thym thymus. 

Our finding that the biochemical properties of a major 
steroid hormone receptor may be affected by another 
hormone under supraphysiological conditions may 
provide further insight into the factors and mechanisms 
regulating the behaviour and metabolism of these recep- 
tor proteins. The mode of melatonin action remains 
obscure and subject to speculation, but there are, it 
would seem, at least three possible mechanisms to ex- 
plain this action: (1) Melatonin could influence net 
accumulation of GR by altering GR gene expression or 
subsequent m R N A  processing. (2) It could act directly 
on the GR to induce conformational changes, activating 
or inhibiting otherwise discrete functional domains. (3) 
It could promote the synthesis of intermediate factors 
which in turn induce modification of GR binding activ- 
ity. On the other hand, the alteration of GR activity by 
melatonin may also have important  therapeutic and 
biochemical implications and further studies should 

clarify this issue. 
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