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Abstract  

Our laboratory has previously shown that intracerebroventricular (i.c.v.) administration of/3-endorphin suppresses brain and 
liver ornithine decarboxylase activity (ODC; a growth regulatory enzyme) in preweanling rats. This investigation examined, in 
6-day-old rats, the relative participation of brain /~-, 3- and ~-opioid receptors in /3-endorphin's ODC effects, by comparing 
tissue ODC responses to /3-endorphin given alone i.c.v, and in the presence of D-Phe-Cys-Tyr-D-Trp-Orn-Thr-Pen-Thr-NH 2 
(CTOP; /z-opioid receptor antagonist), N,N-diallyl-Tyr-Aib-Aib-Phe-Leu-OH (ICI-174,864; ~-opioid receptor antagonist) or 
/3-endorphin-(1-27) (e-opioid receptor antagonist). Administration of 0.5/~g of/3-endorphin alone significantly decreased brain 
and liver ODC activity 4 h after injection, and the effect was completely blocked by coinjection of CFOP (0.075 ~g) but not by 
ICI-174,864 (0.75 or 3.75 ~g) or /3-endorphin-(1-27) (3.75 or 7.5 /zg). The blockade of endogenous opioid:opioid receptor 
interactions by either CTOP (at doses > 0.075 /zg) or ICI-174,864 alone was accompanied by increased levels of basal ODC 
activity. The results obtained demonstrate that i.c.v. /3-endorphin downregulates ODC expression in central as well as in 
peripheral tissues by interacting with brain /~-opioid receptors, but not with 3- or ~-opioid receptors or/~/8-opioid receptor 
complexes. Also, they indicate that endogenous opioid systems have a tonic inhibitory influence on ODC activity which is 
mediated, at least in part, by/~- and tS-opioid receptors. 
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1. I n t r o d u c t i o n  

Ornithine decarboxylase (ODC; E.C. 4.1.1.17) cat- 
alyzes the rate-limiting step in the synthesis of the 
polyamines putrescine, spermidine and spermine (Pegg 
and Williams-Ashman, 1968), which are essential for 
normal cellular growth, multiplication and differentia- 
tion (Heby, 1981; Pegg and McCann, 1982; Slotkin and 
Bartolome, 1986). Due to its extremely short half-life 
(10-20 min), ODC activity is susceptible to rapid and 
profound change. Each tissue has a characteristic ODC 
ontogenetic pattern, and perturbations of these pat- 
terns are invariably associated with subsequent alter- 
ations in tissue maturation a n d / o r  function (Slotkin, 
1979). 

* Corresponding author. Tel. (1) (919) 684-5187, fax (1) (919) 
681-8609. 

Elsevier Science B.V. 
SSDI 0 0 1 4 - 2 9 9 9 ( 9 5 ) 0 0 3 5 8 - 4  

We have shown that intracerebral administration of 
fl-endorphin produces a marked decrease in ODC ac- 
tivity throughout the body in preweanling, but not 
adult rats (Bartolome et al., 1986, 1991; Greer  et al., 
1991). These and other findings (Bartolome et al., 
1991, 1994) support the hypothesis that endogenous 
central nervous system (CNS) /3-endorphin plays an 
important role in controlling postnatal development, in 
part, by downregulating tissue ODC expression. 

Although fl-endorphin has been known for two 
decades, the opioid receptor type(s) through which this 
potent  endogenous opioid peptide acts to elicit its 
physiological functions is still not well established. At 
least three distinct types of opioid receptors are pres- 
ent in the mammalian brain, i.e. IZ-, 8- and K-opioid 
receptors (Martin, 1984; Chang, 1984; Simon, 1987; 
Goldstein and Naidu, 1989). According to ligand-re- 
ceptor binding studies in brain membrane prepara- 
t ions,/3-endorphin has about equal affinity for both ~- 
and 8-opioid receptors, but negligible affinity for r -  
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opioid receptors (Akil et al., 1981; Paterson et al., 
1983). The rat vas deferens contains a distinct type of 
opioid receptor designated e-opioid receptor, which is 
highly selective for/3-endorphin (Lemaire et al., 1978; 
Schulz et al., 1981; Garz6n et al., 1985), and increasing 
evidence now indicates that e-opioid receptors also are 
present in the brain of many species, including the rat 
(Johnson et al., 1982; Chang et al., 1984; Nock et al., 
1993). 

Evidence to suggest the involvement of opioid re- 
ceptors in opioid's actions is nearly always drawn from 
experiments using naloxone or naltrexone. While most 
actions of /3-endorphin are na loxone-and/or  naltrex- 
one-reversible (indicating the participation of /z- or 
6-opioid receptors), other studies have reported biolog- 
ical effects of this peptide which are not blocked by 
these potent opioid antagonists (indicating that they 
are not mediated by Iz- or/~-opioid receptors) (Haynes, 
1985; Shahabi et al., 1990). Previously, we have found 
that naloxone completely blocks the inhibitory effect of 
/3-endorphin on brain ODC activity when coinjected 
i.c.v, into rat pups, but does not prevent the peptide 
from inhibiting liver ODC activity (Bartolome et al., 
1986). Identical results were obtained in rats pups 
given naloxone s.c. instead of i.c.v. (Bartolome et al., 
1991). These observations imply that CNS /3-en- 
dorphin's control of ODC activity may occur via inter- 
actions with centrally located tz- or 8-opioid receptors 
(naloxone-sensitive), with putative brain e-opioid re- 
ceptors (poorly blocked by naloxone), or perhaps 
through non-opioid-mediated mechanisms. 

The current studies were undertaken to identify, in 
6-day-old rats, the precise opioid receptor type(s) 
through which CNS/3-endorphin acts to regulate ODC 
expression in central and peripheral tissues. More 
specifically, by using selective opioid receptor antago- 
nists this investigation assessed the relative contribu- 
tion of brain tz-, 8- and e-opioid receptors in the 
decreases in brain and liver ODC activity produced by 
intracerebroventricular (i.c.v.) administration of fl-en- 
dorphin. The liver was selected as a peripheral tissue, 
because hepatic ODC is highly sensitive to changes in 
CNS fl-endorphin function (Bartolome et al., 1986). 

ter. To prevent the induction of stress caused by expo- 
sure to a novel environment, all animals were moved 
from the vivarium to the experimental room the evening 
before experimentation. To minimize maternal care- 
taking differences, pups from all litters were random- 
ized and redistributed to the nursing mothers at this 
time. In addition, on the experimental day, pups from 
different treatment groups were assigned to each dam. 
All animals were killed at about the same time of the 
day to eliminate circadian influences on the variables 
under investigation. At 6 days of age, rat pups were 
injected i.c.v, with 0.5/zg of fl-endorphin (dissolved in 
10 #l  of saline) alone, together with selected opioid 
receptor antagonists or with saline, and animals were 
killed by decapitation 4 h later. Intracerebroventricular 
injections were performed according to the technique 
of Haley and McCormick (1957). Experiments were 
replicated at least once to verify reproducibility. 

2.2. Ornithine decarboxylase activity 

The brains and livers were quickly dissected, weighed 
and homogenized (Polytron) in 19 vols. (w/v)  of ice- 
cold 10 mM Tris-HC1 (pH 7.2), and ODC activity was 
determined in the 26 000 × g at 20 rain supernatant as 
previously reported (Bartolome et al., 1991). Essen- 
tially, the incubation medium contained 0.9 ml of su- 
pernatant and final concentrations of 1.8 mM dithio- 
threitol, 50 ~ M  pyridoxal-5'-phosphate and 4.8 /.~M 
L-[1-14C]ornithine in a total volume of 1 ml. Vials were 
capped with serum stoppers (into which plastic center 
wells containing paper filter wicks were suspended), 
and incubated 30 rain at 37°C. The reaction was stopped 
with 0.5 ml of 10% trichloroacetic acid, and the X4CO2 
evolved was trapped with 0.2 ml of hyamine hydroxide 
(injected into the paper wicks) during a second 30-min 
incubation. Center wells were removed, placed in scin- 
tillation fluid and counted for radioactivity. Decarboxy- 
lation not attributable to ODC was determined by 
running a parallel incubation in the presence of 5 mM 
a-difluoromethylornithine, a specific, irreversible in- 
hibitor of ODC activity (Metcalf et al., 1978). ODC 
activity is expressed as nmol of 14C02 evolved/g of 
tissue weight /h .  

2. Materials and methods 2.3. Drugs and reagents 

2.1. A n i m a l  treatments 

Lactating Sprague-Dawley female rats with 3-or 4 
day-old litters (10 pups per litter; Charles River Labo- 
ratories, Raleigh, NC, USA) were shipped by climate- 
controlled truck, housed in breeding cages in a vivar- 
ium maintained at 22°C with a 12-h light-dark cycle, 
and were allowed free access to food (Purina Lab 
Chow, Ralston-Purina, St. Louis, MO, USA) and wa- 

L-[1-14C]Ornithine m o n o h y d r o c h l o r i d e  (57.2 
mCi /mmol )  was obtained from DuPont  NEN (Boston, 
MA,  USA),  /3-endorphin ( /3-1ipotropin-(61-91) 
human), fl-endorphin-(1-27) human, [N-MePhe3,D - 
Pro4]morphiceptin (PL017) and D-Phe-Cys-Tyr-D-Trp- 
Orn-Thr-Pen-Thr-NH z (CTOP) from Peninsula Labo- 
ratories (Belmont, CA, USA), N,N-diallyl-Tyr-Aib- 
Aib-Phe-Leu-OH (ICI-174,864) from Cambridge Re- 
search Biochemicals (Wilmington, DE, USA), naloxone 
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hydrochloride from Sigma Chemical Corp. (St. Louis, 
M0,  USA), and hyamine hydroxide (scintillation grade) 
from Research Products International (Mount Pros- 
pect, IL, USA). All reagents were analytical grade. 

2.4. Statistical analysis 

Statistical comparisons utilized one-or two-way anal- 
ysis of variance (ANOVA; data log-transformed when- 
ever variance was heterogeneous), followed by Stu- 
dent-Newman-Keuls or Dunnett's tests for multiple 
comparisons, where appropriate. Significance was ac- 
cepted at the level of P < 0.05. Probability at the level 
of P < 0.055 was also noted. 

3. Results 

To establish whether CNS /3-endorphin-induced 
suppression of tissue ODC activity is mediated by 
/~-opioid receptors, 6-day-old rat pups were injected 
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i.c.v, with /3-endorphin, D-Phe-Cys-Tyr-D-Trp-Orn- 
Thr-Pen-Thr-NH 2 (CTOP), a potent and highly selec- 
tive /~-opioid receptor antagonist (Gulya et al., 1986; 
Hawkins et al., 1989), or the combination of the two, 
and brain and liver ODC activity were measured 4 h 
after injection. It has been reported that 1.0 /.~g of 
CTOP given i.c.v, blocks fl-endorphin-induced increase 
of dopamine release in the nucleus acumbens (Spana- 
gel et al., 1990) and reinforcing (Bals-Kubik et al., 
1990) and antitransit effects of the peptide (Shook et 
al., 1988). We administered 0.075/xg of CTOP instead, 
because in preliminary studies (Fig. 1) we found that 
higher doses increased basal tissue ODC levels by 
themselves, which could confound interpretation of the 
results obtained. As shown in Fig. 2, i.c.v, administra- 
tion of 0.5 /xg of fl-endorphin significantly decreased 
brain and liver ODC activity. More importantly, coin- 
jection of 0.075 /zg of CTOP (a dose which did not 
affect basal ODC activity when given alone) with/3-en- 
dorphin effectively prevented /3-endorphin from in- 
hibiting both brain (F(1,40) = 5.25; P < 0.05) and liver 
(F(1,43) = 4.82; P < 0.05) ODC activity. 
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To test whether substances known to activate /z- 
opioid receptors other than fl-endorphin also are able 
to lower tissue ODC activity, we injected i.c.v. [N- 
MePhe3,D-Pro4]morphiceptin (PL017), a selective ~- 
opioid receptor agonist (Chang et al., 1983), to a sepa- 
rate group of rat pups, and measured brain and liver 
ODC activity. Similarly to fl-endorphin, administration 
of a relatively small dose of PL017 (0.05 /zg) signifi- 
cantly decreased ODC activity and, as was the case for 
fl-endorphin, coinjection of CTOP (0.075 Izg) with 
PL017 completely blocked the effect in the brain 
(F(1 ,43)=3.9 ;  P < 0 . 0 5 5 )  as well as in the liver 
(F(1,43) = 5.06; P < 0.05) (Fig. 3). 

There  is some evidence indicating that /3-endorphin 
may produce certain opioid responses by interacting 
with a /x/8-opioid receptor complex in the CNS 
(Schoffelmeer et al., 1988; Bals-Kubik et al., 1990). 
Thus, to find out whether 8-opioid receptors may also 
be involved in fl-endorphin's ODC actions we assessed 
the effect of N,N-diallyl-Tyr-Aib-Aib-Phe-Leu-OH 
(ICI-174,864), a highly selective 8-opioid receptor an- 
tagonist (Cotton et al., 1984; Cowan et al., 1985) on 
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fl-endorphin-induced inhibition of ODC activity. As 
depicted in Fig. 4, i.c.v, administration of fl-endorphin 
together with 0.75 /zg of ICI-174,864, a dose that has 
been shown to block 8-opioid receptor-mediated ef- 
fects of fl-endorphin (Tseng et al., 1985; Gulya et al., 
1986), or even a dose 5 times higher did not prevent 
fl-endorphin from suppressing ODC activity. On the 
other hand, similar to CTOP, when either dose of 
ICI-174,864 was given alone a marked increase in basal 
ODC levels was obtained in the liver (Fig. 4). This 
ICI-174,864-induced increase of hepatic ODC levels 
was effectively inhibited by fl-endorphin. 

Finally, to account for the possibility that centrally 
located e-opioid receptors may contribute to /3-en- 
dorphin-induced inhibition of tissue ODC expression, 
we administered the peptide i.c.v, together with 3.75 or 
7.5 /zg of /3-endorphin-(1-27), a putative e-opioid re- 
ceptor antagonist (Hammonds et al., 1984) and mea- 
sured ODC activity. These doses of/3-endorphin-(1-27) 
have been reported to block opioid responses in ro- 
dents evoked by i.c.v, doses of fl-endorphin equivalent 



J.V. Bartolome et al. / European Journal o f  Pharmacology 284 (1995) 43-50 47 

O 

e~ 

O 

0.6 

0.4 

0.2 

0.0 

L I V E R  

S a l  B E  - -  B E  - -  B E  + + 
3.75 3.75 7.5 7.5 

BE-(1-27) 

Fig. 5. Effect of f l -endorphin-(1-27)  (BE-(1-27); 3.75 or 7.5 ~g,  
i.c.v.) on fl-endorphin-(BE; 0.5 /xg, i.c.v.) induced decrease of liver 
ODC activity. Data  represent  the  means_+ S.E.M. of 11-28 individ- 
ual determinat ions  per  group. * P < 0.05 vs. saline (Sal) group (Stu- 
dent-Newman-Keuls) .  

to that used in the current studies (Suh et al., 1988). 
The liver was used as a target tissue for these addi- 
tional experiments because hepatic ODC is far more 
sensitive to i.c.v. /3-endorphin, compared to the brain. 
As shown in Fig. 5, coinjection of/3-endorphin-(1-27) 
with /3-endorphin did not affect /3-endorphin's ability 
to inhibit liver ODC activity. In contrast to CTOP and 
ICI-174,864, administration of /3-endorphin-(1-27) 
alone had no overall effect on basal liver ODC levels. 

4. Discussion 

In this investigation, we have utilized selective opi- 
oid receptor antagonists to identify, in the brain, the 
specific opioid receptor type(s) through which i.c.v. 
administered /3-endorphin acts to decrease brain and 
liver ODC activity. It was found that the highly selec- 
tive/z-opioid receptor antagonist CTOP (Gulya et al., 
1986; Hawkins et al., 1989) completely prevented/3-en- 
dorphin from inhibiting brain and liver ODC activity 
when coinjected i.c.v, into 6-day-old rat pups. This 
finding strongly suggest that /3-endorphin's ODC ef- 
fects are mediated by /x-opioid receptors. Also, they 
are in line with reports showing CTOP to effectively 
antagonize other effects of supraspinally administered 
/3-endorphin, including analgesia (Smith et al., 1992), 
inhibition of gastrointestinal transit (Shook et al., 1988) 
and electrically evoked release of [3H]NE from neocor- 
tical slices (Schoffelmeer et al., 1991). 

It is noteworthy that, while the dose of CTOP (0.075 
p.g) used in the above experiments did not significantly 

alter basal tissue ODC levels when given alone, admin- 
istration of higher doses (0.15-7.5 /xg) produced a 
marked increase in brain ODC activity. One likely 
explanation for this effect can be that CTOP prevents 
endogenous /3-endorphin and possibly other naturally 
occurring opioid peptides from interacting with /z- 
opioid receptors, and thereby from decreasing tissue 
ODC activity. Thus, CTOP-evoked increases in brain 
ODC levels could actually reflect an inhibition of en- 
dogenous opioid function. This is particularly impor- 
tant as, contrary to the general thought that opioid 
systems (i.e. opioid peptides and opioid receptors) are 
normally quiescent under basal conditions, it suggests 
that they exert a tonic inhibitory influence on ODC 
and that it occurs, at least in part, via /z-opioid recep- 
tors. A more complex dose-response relationship seems 
to exists regarding CTOP:/z-opioid receptor interac- 
tions and liver ODC activity. Whereas intermediate 
doses of CTOP (0.15 and 0.75 /zg) produced an in- 
crease in hepatic ODC levels, higher doses (3.75 and 
7.5 /zg) produced a mild, though consistent, fall in 
enzyme levels. The bases for these disparate liver ODC 
responses to CTOP remain obscure. One possibility is 
that, at high doses, CTOP might act as partial ~-opioid 
receptor agonist. The finding that only liver ODC 
levels showed a decrease could reflect a higher sensitiv- 
ity of ~-opioid receptors controlling peripheral ODC 
to/z-opioid receptor agonists vs. those controlling cen- 
tral ODC. The fact that the inhibitory effect of /3-en- 
dorphin on liver ODC activity was relatively larger 
compared to the brain is consistent with this idea. 
Alternatively, tz-opioid receptors influencing brain 
ODC may be physically located in brain regions more 
distant from the site (i.c.v.) of CTOP and /3-endorphin 
injection than those influencing liver ODC, and there- 
fore, more difficult to reach by the drug. 

If brain/~-opioid receptors do indeed play a promi- 
nent role in mediating the tonic inhibition of ODC 
activity throughout the body by endogenous opioids, 
one might expect that central administration of sub- 
stances with known selectivity towards this opioid re- 
ceptor type, other than /3-endorphin, also should be 
able to lower tissue ODC activity. We tested this 
hypothesis by injecting (i.c.v.) PL017, a highly prefer- 
ential/z-opioid receptor agonist (Chang et al., 1983), to 
a separate group of rat pups. As predicted, PL017 
significantly decreased brain and liver ODC activity. 
Furthermore, as was the case with /3-endorphin, coin- 
jection of CTOP with PL017 abolished the ODC effect 
of PL017 in both tissues. The comparable antagonism 
of PL017 and fl-endorphin by the /.~-opioid receptor 
antagonist CTOP confirms that the two are acting at 
the same site, and shows that fl-endorphin stimulates 
/z-opioid receptors to inhibit ODC activity. 

Emerging evidence indicates that /z-and 6-opioid 
receptors do not always exist as separate entities 
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throughout the CNS, but they may be physically associ- 
ated and functionally coupled to form a tx/S-opioid 
receptor complex in discrete brain regions (Smith et 
al., 1983; Schoffelmeer et al., 1988; Bals-Kubik et al., 
1990). This macromolecular structure is visualized as 
consisting of two sites, one binding tx-opioid receptor 
ligands and the other binding S-opioid receptor lig- 
ands. More importantly, it has been proposed that 
/3-endorphin may exert some effects by activating both 
/x- and S-sites simultaneously, and that they can be 
inhibited if either site is blocked. Consistent with this 
concept, the blockade of ei ther/x- or 6-opioid recep- 
tors has been recently shown to be sufficient to fully 
abolish the stimulation of dopamine release in the 
nucleus accumbens (Spanagel et al., 1990) and the 
reinforcing effects (Bals-Kubik et al., 1990) induced by 
/3-endorphin in rats. In our studies, the possibility 
therefore exists that i.c.v./3-endorphin decreases tissue 
ODC activity via functionally linked tx- and 6-opioid 
receptors. If so, ICI-174,864, a highly selective 6-opioid 
receptor blocker (Cotton et al., 1984; Cowan et al., 
1985), should be as effective as CTOP in antagonizing 
/3-endorphin's ODC effects. However, unlike CTOP, 
ICI-174,864 failed to reverse /3-endorphin-induced 
suppression of ODC activity at doses which have been 
shown to block 8-opioid receptor-mediated responses 
of the peptide (Shook et al., 1988; Spanagel et al., 
1990; Bals-Kubik et al., 1990). Therefore, it seems clear 
that/3-endorphin acts upon one distinct i.e. ~- but not 
~-opioid receptor site to inhibit ODC activity. It should 
be pointed out, however, that the inability of ICI- 
174,864 to affect tissue ODC responses to/3-endorphin 
does not necessarily exclude S-opioid receptors from 
mediating ODC effects of other endogenous opioids. 
In fact, in these experiments, ICI-174,864 profoundly 
elevated hepatic ODC basal levels when given alone. 
This observation indicates that 6-opioid receptors may 
also be involved in the tonic regulation of hepatic ODC 
activity, since ICI-174,864 by itself enhanced basal ODC 
levels (presumably by blocking endogenous opioids: S- 
opioid receptors interactions). Thus, during normal 
development, ODC activity may be controlled, at least 
in part, by multiple CNS endogenous opioid systems 
acting through distinct opioid receptor types. 

If endogenous opioids do interact with /x- and S- 
opioid receptors to tonically inhibit tissue ODC expres- 
sion (a key growth-promoting enzyme) in infant rats, 
one can anticipate that interruption of opioid:opioid 
receptor interactions during the first postnatal weeks 
should alter development. In fact, it has been shown 
that daily administration of naltrexone (which shows 
high affinity for both IX- and S-opioid receptors) from 
birth, in a dose regimen that produces a continuous 
blockade of opioid receptors, dramatically increases 
body and brain size in young rats, increases the num- 
ber of brain cells, and accelerates the appearance of 

physical characteristics and spontaneous m o t o r /  
sensorimotor behaviour (Hauser et al., 1987). 

In the periphery, fl-endorphin has been proposed to 
interact with a /3-endorphin-selective receptor type 
commonly referred to as the e-opioid receptor (Schulz 
et al., 1981; Garz6n et al., 1985; Illes et al., 1987). 
While there is now evidence indicating that e-opioid 
receptors also are present in the brain of many species, 
including the rat (Johnson et al., 1982; Chang et al., 
1984; Nock et aI., 1993), their role in CNS/~-endorphin 
function remains controversial. For example, by selec- 
tively stimulating centrally located e-opioid receptors 
supraspinally administered /3-endorphin has been hy- 
pothesized to produce antinociceptive effects in mice, 
which can be blocked by coinjection of fl-endorphin- 
(1-27) (a putative e-opioid receptor antagonist), but 
not by naloxone or CTOP (Suh et al., 1988; Suh and 
Tseng, 1990). However, Smith et al. (1992) provided 
evidence indicating that the receptor mediating the 
antinociceptive response to fl-endorphin injected into 
the periaqueductal gray region of awake rats is phar- 
macologically distinct from the e-opioid receptor. Fur- 
thermore, Kamei et al. (1993) reported that the anti- 
tussive effect of i.c.v. /3-endorphin was not blocked by 
fl-endorphin-(1-27). In our studies we have found that, 
in contrast to CTOP, ~-endorphin-(1-27) affected nei- 
ther liver ODC responses to /3-endorphin when given 
together nor basal ODC levels when given alone. It 
therefore seems clear that centrally located e-opioid 
receptors contribute neither to the ODC effects of 
i.c.v, administered /3-endorphin nor to the tonic con- 
trol of ODC activity by endogenous opioid in rat pups. 

In an earlier study (Bartolome et al., 1986), we 
reported that naloxone (a preferential iz-opioid recep- 
tor antagonist) prevented fl-endorphin from inhibiting 
ODC activity in the brain but not in the liver when 
coinjected i.c.v, into rats of the same age used in the 
present experiments. From those findings we con- 
cluded that brain ODC responses to fl-endorphin are 
mediated by 'classical' opioid receptors, while hepatic 
ODC responses to the peptide occur through central 
mechanisms independent of its opioid character. How- 
ever, the current more extensive studies with more 
potent and selective opioid receptor antagonists do not 
support this conjecture. We now know that /3-en- 
dorphin acts upon the same opioid receptor type, i.e. 
lz-opioid receptors, to influence both brain and liver 
ODC and, therefore, one would expect both tissue 
ODC responses to i.c.v. /3-endorphin to be naloxone- 
reversible. At present we have no explanation for this 
discrepancy. The failure of naloxone to block the liver 
ODC effect cannot be attributed to an insufficient 
dose since, in that study, we found that higher doses 
actually decreased basal liver ODC levels when given 
alone (which would have invalidated the results ob- 
tained). It needs to be mentioned that naloxone not 
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a lways  has  b e e n  s h o w n  to e f f ec t i ve ly  b l o c k  t z -op io id  

r e c e p t o r - m e d i a t e d  e f f ec t s  o f  op io ids .  F o r  i n s t ance ,  

m o r p h i n e  (a typ ica l  / z -op io id  r e c e p t o r  agonis t )  inh ib i t s  

f o r s k o l i n - s t i m u l a t e d  a d e n y l a t e  cyc lase  ac t iv i ty  in t h e  

e m b r y o n i c  ch i ck  b ra in ,  b u t  this  e f f e c t  is n o t  r e v e r s e d  by 

n a l o x o n e  (Sake l l a r i d i s  a n d  V e r n a d a k i s ,  1986). 

I n  s u m m a r y ,  t h e  r e su l t s  o b t a i n e d  i n d i c a t e  t ha t  i.c.v. 

/ 3 - e n d o r p h i n  s u p p r e s s e s  O D C  e x p r e s s i o n  in b o t h  c e n -  

t ra l  a n d  p e r i p h e r a l  t i s sues  o f  i n f an t  ra t s  by spec i f ica l ly  

ac t i ng  u p o n  b r a i n  / z - o p i o i d  r e c e p t o r s .  A l so ,  t h e y  sug-  

ges t  t ha t  e n d o g e n o u s  C N S  o p i o i d  sys tems  m a y  exe r t  a 

t on ic  i nh ib i t o ry  i n f l u e n c e  on  O D C  act iv i ty  a n d  do  so by 

s t i m u l a t i n g  /z- as  we l l  as 3 - o p i o i d  r e c e p t o r s .  T h e  exis- 

t e n c e  o f  a f i n e - t u n e d  r e g u l a t i o n  o f  t i s sue  O D C  act iv i ty  

by e n d o g e n o u s  o p i o i d  sys tems  adds  f u r t h e r  s u p p o r t  to  

o u r  h y p o t h e s i s  t ha t  C N S  / 3 - e n d o r p h i n ,  a n d  poss ib ly  

o t h e r  r e l a t e d  o p i o i d  p e p t i d e s ,  p l ay  an  i m p o r t a n t  ro l e  in 

c o n t r o l l i n g  p o s t n a t a l  d e v e l o p m e n t .  
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