
Steroid Binding at ~ -~~Opio id"Receptors 
T.-P. Su et al. reported that several ste- 

roids, especially progesterone, can competi- 
tively inhibit the in vitro binding of 
[ 3 ~ ] ( + ) ~ ~ ~ - 1 ~ , 0 4 7[(+) N-allylnormeta-
wcine] and of [3~]haloperidol to u-
"opioid" receptors on membranes from 
guinea pig forebrain and splenocytes (1). 
Some of these steroids that are active at the 
u receptor have also been reported to pre- 
vent the formation of granulomas in rats (2). 
This led Su et al. to propose a new link 
between the endocrine, nervous, and im- 
mune systems and to conclude that u sites 
could "mediate some aspects of steriod- 
induced mental disturbances and alterations 
in immune functions" (1). Although we do 
not question the experimental observations 
of Su et al., and their conclusions appear to 
be consistent with developments in the field 
of psychoneuroimmunology (3), several cru- 
cial factors need to be clarified. 

1) Contrary to the suggestion of Su et al. 
(I), the psychotomimetic and other behav- 
ioral actions of (+)SKF-10,047 and other 

progesterone4in serum (nM)  

Fig. 1.  Linear relation bcnvecn total progesterone 
in CSF (ordinate) and in pcriphcral vcnous serum 
(abscissa). The relation was statistically highly 
significant: P < 0.001 (y = 0.18 + 0.02 t 
0.003). Total (free plus protein-bound) proges- 
terone was measured by specific radioim-
munoassay (39) in matchcd scruln and CSF sam- 
ples from 25 patients with intact blood-CSF 
barriers (12). (Inset)An cxtrapolation to maximal 
serum levels of total progesteronc, as would be 
seen in the last trimester of normal human pre- 
gancy (14). In all thcse patients the serum levels of 
steroids, as well as those of albumin, immuno- 
globulin G, sex hormonc binding globulin, and 
corticosteronc binding globulin wcrc within thc 
normal range rcportcd prcviously by us (12, 40) 
or othcrs (14, 41). Similar valucs for CSF proges- 
terone have been reported (41) and corrcspond to 
thosc in human saliva (42). 
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dextrorotatory benwmorphans, like those 
of phencyclidine (PCP) and ketamine, are 
more likely to be mediated by blockade of 
the N-methyl D-aspartate receptor (NMDA) 
(which binds PCP) than by the UH receptor 
(4-11). However, none of these steriods 
displaced [  3 ~from brain membranes ] ~ ~ ~ 
(1). 

2) We have analyzed the differential per- 
meabilities of the blood-cerebrospinal fluid 
(CSF) barrier for various classes of blood- 
borne substances (12). The concentrations 
of progesterone in the CSF were only -2% 
of the total serum concentrations (corre-
sponding to a slope of 0.02 in Fig. l ) ,  a 
value that agrees with the calculated and 
measured unbound (that is, free) fraction in 
serum (13). It is generally accepted that only 
the unbound steroid concentration is of 
biological relevance (14) because only free 
steroids can, due to their lipophilicity, pass 
through the membrane of steroid target cells 
or endothelial cells of the blood-CSF (or 
blood-brain) barrier (15) to reach the central 
nervous system. Thus, although the total 
serum levels of progesterone can reach 
=400 nM in late pregnancy, as noted by Su 
et al. (I), the free senun concentration, 
which corresponds to the total CSF concen- 
tration [extrapolated to be =8 nM (Fig. 1, 
inset)], would barely suffice (16) to occupy 
UH sites on peripheral splenocytes or on 
neuronal cells in the brain: the apparent 
inhibitory constant ( K i )of progesterone was 
376 nM for UH sites on splenocytes and 268 
nM for UH..sites on brain membranes ( 1). 

3) The finding that progesterone' his- 
placed [ 3 ~ ]  but( + )SKF- 10,047 not 
['HIPCP suggests specificity, that is, the 
selectivity of the steriod for the uH site 
relative to the PCP site on the NMDA 
receptor. However, recent studies (17-23) 
have reported similar phenomena, from 
which we infer that at micromolar concen- 
trations many steroids can modulate in vitro 
postsynaptic membrane-bound neurotrans- 
mitter receptors or presynaptic neurotrans- 
mitter uptake mechanisms. Figure 2 illus- 
trates an example from our experience with 
the use of various binding modulators [ste- 
roids, cations, guanosine triphosphate 
(GTP) analogs, drugs] to "probe" structural 
differences between UH and PCP sites on 
NMDA receptors and I*, and 6 opioid recep- 
tors, respectively (24). Such chemically and 
functionally diverse substances as the dopa- 
mine D2 receptor agonist 2-bromo-a-ergo- 

cryptine, the steroids 17a- and 17P-estra- 
diol, and cations can inhibit the binding 
of the y-o ioid receptor-selective ligand!r 3 ~ ]  Ala ,~ e ~ h e ~ ,- enkephalin[D - ~ l ~ - o l ~ ]  
(DAGO) to rat brain membanes. In all but 
one of the diverse examples mentioned 
above, a single and specific mechanism can 
not explain the particular selective activity or 
receptor specificity exhibited by a steroid 
(17-22). A notable exception is the interac- 
tion with nanomolar affinity and structural 
stereo specificity, of certain progestins with 
the y-aminobutyric acid A (GABA*) recep- 
tor (23). This effect explains the sedative and 
hypnotic property of many steroids, particu- 
larly progesterone congeners (25). Other- 
wise, however, a likely common denomina- 
tor for relative nonspecific actions of ste- 
roids might be their lipid solubility: ex-
changes between steroid and membrane- 
embedded cholesterol or other mechanisms 
might lead to membrane perturbations such 
as alterations in membrane fluidity, which in 
turn might aftfect receptor affinity (26). In 
any event, binding inhibition assays should 
be cautiously interpreted (27). Recently, the 
inability to distinguish between various 
types of receptor interaction on the basis of 
inhibition of equilibrium binding alone has 
been pointed out (28). Demonstration of 
[3~]progesteronebinding as well as of the 
reciprocal displaceability by unlabeled 
(+)SKF-10,047 (or the other uH-selective 
ligands haloperidol, 3-PPP, and DTG) 
would be required to demonstrate that pro- 
gesterone acts as a competitive inhibitor of 
(+)SKF-10,047 at the uH receptor (29-33). 
Finally, if progesterone interacts with UH 

sites, its agonist and antagonist properties 
should be assessed. 

4) The in vitro a-inhibitory activity of 
the steroids on splenocytes (1) appears diffi- 
cult to reconcile with their in vivo granulo- 
ma formation-inhibiting activity (2). The 
lymphocytic population within uH receptor- 
containing splenocytes belongs predomi- 
nantly to the B lineage, whereas that of 
xenograph-elicited granulomas belongs 
mainly to the T lineage (34). Even though 
there are also UH receptors on peripheral 
blood lymphocytes (33,  which are mainly T 
cells (34), several lines of evidence speak 
against the hypothesis put forward by Su et 
al. (1). First, the fact that dexamethasone 
(which is a potent glucocorticoid agonist) 
and corticosterone were active, while andro- 
gens and estrogens were not (2), suggests 
that the inhibition of granulomas was medi- 
ated through glucocorticoid receptors (2), 
which are present in all cell lineages of the 
immune system (36). Second, the fact that 
the three "anti-inflammatory" steroids cited 
in (1) were progesterone, 11-desoxycortico-
sterone. and corticosterone is consistent 

TECHNICAL COMMENTS 1635 



Fig. 2. Influence of var-
ious li ands [naloxonc,B[n-Ala ,Me~he~,Gl~-ol']-

cnkephalin (DAGO), [o-
Ma2, u-Leus]enkephalin 
(DADL), [n-penicilla-
mine2, v-pcnicillamine5]-
cnkcphalin (l)PDP)], 
drugs, steroids, mono-
and divalent cations 011 

binding of the p. opioid-
sclcctivc ligand ['HI-
DAGO (0.5 nM) brain 

Nalox. 
0 DAGO
* DADL 
o DPDP 
+ Bromo. 

17a-E, 
17P-E, 

A Ni2+ 
A ~ n "  

A Mg2+ 
Na' 

b CS' 

membranes (1  mg of -11 -9 -7 -5 -3 -1 
protein per assay tube). Log inhibitor ( M )  

These binding asays arc 
described elsewhcrc (24), but were similar to those given by Su et al. ( I ) .  Similar results wcrc obtained 
W ~ C I Ithe 6-opioid selective [3H]DADLwas used, except that the rank order of the opioid ligands was 
reversed. Only Mn2+and ~ g ' +ions discriminated between and 6 sites: the binding of the 6-sclcctivc 
ligands ['HIDADL and r3H]D1'DP was enhanced by 1 r n ~Mn2' and Mg2+ (24),whereas that of the 
p.-selective ligand [3H]DAG0 was inhibitcd (as shown). All of thcsc cations also suppressed the 
binding of the a ligands [3H]SKF-10,047, [3H]haloperidol, [3H]3-PPP ((+)3-[3-l~ydroxyphenyl]-N-
(1:propyl)piperidinc) and, to a greater extent, the PCP ligands ['HIPCP and [3H]TCP (1-[l-(2-
th~c~~yl)cyclohcxyI]piperidine).As observed by others (43), 17a-cstradiol was the most potent steroid 
so far found in displacing p. and 6 ligands. Less potent or not inhibitory at all wcre all other steroids 
tested. The rank order at a fixed concentration of 100 p.M (the upper level of stcroid solubilityin assay) 
was 11-dcsoxycorticosteronc2 11-desoxycortisol2 prednisolone 2 4-androstene 2 androsterone 2 

aldostcronc 2 testosterone 2 17a-l~ydroxyprogcstero~~e2 5a-dihydrotcstostcronc 2 dcxanlethasone 
2 dehydroepiandrostcrone 2 progesterone 2 danazol 2 digoxin, whereby the binding inhibition 
found with 11-desoxycorticostcronewas only ~ 2 5 % .The same pattern was seen when a nonselective 
opiate agonist like [3H]etorphineor an opiate antagonist like ['H]naloxonc was used. In all these assays 
100 p.M phenol, I - or n-tyrosinc, (-)- or (+)-isoproterenol wcre without cffcct. That l7a-estradiol 
was ten times more potent than 17p-estradiol or 17a-ethinylestradiol points to the greater importance 
of the stercoconfigurationof the C17 moiety of the steroid 1)-ring (17a-hydroxyl group) as co~npared 
with the aromatic character of the stcroid A ring for interaction with the opioid receptors or their 
surrounding lipid environment, respectively. Nalox., naloxone. Rromo., 2-bromo-a-crgocrppti~~e. 

with their direct biosynthetic relationship 
and hence with their similar structural prop-
erties (they are all C21 steroids). Finally, the 
fact that the glucocorticoid receptor has 
considerable affinity for all three of these 
steroids (36) makes it likely that progester-
one can efticiently substitute for corticoste-
rone, the major glucocorticoid hor~nonein 
the rat (36), which is consistent with the 
concept that antinflammaton~actions are 
mediated by glucocorticoid receptors rather 
than by UH sites. Nonetheless, sites on 
lymphocytes might be implicated in possible 
alterations of immune functions under con-
ditions of drug abuse (37). Likewise, can 
toxic concentrations of exogenously admin-
istered steroids produce psychiatric disor-
ders (3X)? 

In conclusion, we agree that endocrine, 
nervous, and immune systems are function-
ally linked and that progesterone and other 
steroids can act to communicate among 
these systems. However, when one consid-
ers that steroids have an "affinity" for U H  

sites two orders of magnitude below their 
biologically active concentrations in any 
extracellular aqueous compartment of the 
body, the involvement of UH receptors and 
the specific role attributed to th& (1) in 
this link seems questionable. 
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Kr~snorlse: Schwarz et a / .  write that psv- ,. 
chotomimetic and other behavioral actions 
of u opioids, including d-N-allylnormetazo- 
cine (d-SKF-10,047), are more likely medi- 
ated by phencyclidine (PCP) receptors than 
by u receptors. While some behavioral re- 
sponses to dextrorotatory benzomorphans 
are mediated through PCP and other recep- 
tors, others appear to be linked specifically 
to a receptors. For example, rats trained to 
discriminate d-pentamcine show d-pentazo- 
cine-appropriate responses to other u li-
gands in 100% of trials, but they generalize 
to PCP in only 50% of trials ( I ) .  In this 
paradigm, PCP shows about only one-tenth 
the potency of d-SKF-10,047. Activation of 
Ale mesolimbic dopamine neurons by d- 
SKF-10,047 is blocked by rimca7mle (Z),a 
selective ligand with negligible potency at 
PCP receptors (3). Furthermore, at least 
seven potential antipsychotic agents that 
were efficacious in the preclinical tests share 
the ability to bind with high affinity to u 
receptors (4). These drugs have negligible 
affinity at PCP receptors (4). Finally, drug- 
induced locomotor- stimulation, which i s  
selectively antagonized by putative a antag-
onists such as haloperidol, BMY-14,802, 
and rimcazole, apl&ars to be mediated 
through central activation of u receptors (5).  

Schwarz rlt al .  argue that concentrations of 
progesterone (extrapolated to be about 8 
nM) in cerebrospinal fluid (CSF) would be 
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