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Abstract

The effect of dexamethasone on hypotension induced by -, k- and 3-opioid receptor agonists was investigated in pentobarbital-
anaesthetised rats. Morphine (nonselective opioid receptor agonist), DAGO (p-Ala?-N-methyl-[Phe?-Gly 5-ol Jenkephalin; p.-opioid recep-
tor-selective agonist), U50-488H (trans( 4 )-3,4-dichloro-N-methyl-N-(2[ 1pyrrolidynyl]cyclohexyl)-benzeneacetamide; k-opioid receptor-
selective agonist) and deltorphin 11 (3-opioid receptor-selective agonist), given intravenously, 5 wmol /kg, induced hypotension in rats.
This hypotension was characterised by a fall in mean arterial blood pressure in 1-2 min that recovered in 30 min for morphine and
U50-488H and in 5 or 20 min for DAGO and deltorphin I1, respectively. Dexamethasone per se at a dose of 7.5 pmol /kg, i.v. did not
significantly modify the mean arterial blood pressure of animals. Dexamethasone administration 90 min, but not 30 or 60 min, before the
opioid agonists injection, prevented the hypotension induced by morphine or U50-488H, but not that induced by DAGO or deltorphin I1.
Pretreatment with RU-38486 (mifepristone; 7.5 wmol /kg, i.v.), a glucocorticoid receptor antagonist, 15 min before the steroid, prevented
dexamethasone inhibition of hypotension induced by morphine and U50-488H. Furthermore, pretreatment with cycloheximide, a protein
synthesis inhibitor (3.5 wmol /kg, i.v.), was also able to abolish the effects of dexamethasone on morphine- and U50-488H-induced
hypotension. Results of the present study indicate that dexamethasone inhibited k-opioid receptor-mediated hypotension in rats, indicating
a further important functional interaction between corticosteroids and the opioid system at k receptors. The ability of cycloheximide and
RU-38486 to block dexamethasone effects indicates that steroid interference with k-opioid receptor-mediated hypotension involves a

protein synthesis-dependent mechanism via glucocorticoid receptors. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Cardiovascular control by opioid peptides is a well-
known phenomenon (Feuerstein and Siren, 1987) and,
besides their presence in the central nervous system, opioid
peptides are present in the heart, blood vessels, sympa
thetic nerves and adrenal glands (Hahnbauer et al., 1982;
Starke et al., 1985). In vivo experimental evidence indi-
cates that opioid administration induces bradycardia, hy-
potension, with an impairment of baroreceptor and
chemoreceptor reflex activity (Holaday, 1983; Kastin et
al., 1984; Feuerstein and Siren, 1987). It has been reported
that opioids could act as modulators of arterial blood
pressure under stress conditions (McCubbin, 1993; Bruehl
et a., 1994) or during hypertension (Widera et al., 1992)
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and arrhythmia (Rabkin, 1993). Indeed, hypotension in-
duced by septic or haemorragic shock has been shown to
augment the plasma concentration of endogenous opioids
(Mei et a., 1992), suggesting that opioids may play an
important physiological role in the cardiovascular system.
These have been significant advances in the understanding
of opioid receptor involvement in cardiovascular control
(Douglas and Kitchen, 1992) and now it is generaly
agreed that -, k- and 3-opioid receptors are involved in
the cardiovascular system control.

In our previous work, we have demonstrated that dexa-
methasone is able to modify the effects of opioids in
analgesia, constipation, hypermotility, epilepsy and depen-
dence (Pieretti et al., 1991, 1992, 1994; Capasso €t al.,
1992, 1996), indicating an important interaction between
glucocorticoids and the opioid system. However, although
the corticosteroid—opioid interaction has been widely stud-
ied, the effects of corticosteroids on the hypotension in-
duced by selective opioid receptor agonists are unknown.
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This report concerns the effects of dexamethasone on
opiate-induced hypotension and, if so, for possible effects,
through the involvement of which specific opiate receptor
subpopulation and its probable mechanism of action. The
effect of dexamethasone on the hypotension induced by
morphine (nonselective opioid receptor agonist), DAGO
(p-Ala2-N-methyl-[Phe*-Gly >-ol Jenkephalin; p.-opioid re-
ceptor-selective agonist), U50-488H (trans( + )-3,4-dichlo-
ro-N-methyl -N - (2[1pyrrolidynyl] cyclohexyl)- benzeneace-
tamide; k-opioid receptor-selective agonist) and deltorphin
Il (5-opioid receptor-selective agonist) in pentobarbital-
anaesthetised rats is evaluated.

2. Material and methods
2.1. Animals

Adult mae Wistar rats (200-250 g; Charles River,
Italy) were used. Animal care and use followed the direc-
tions of the Council of the European Communities for
animal experimentation. The animals were housed in
colony cages (five rats each) with free access to food and
water. They were maintained in a climate- and light-con-
trolled room (22 + 1 °C, 12/12-h dark /light cycle) for at
least 7 days before using.

2.2. Surgical technique

Rats were anaesthetised with pentobarbital (60 mg/kg,
i.p.) and supplemental doses (1,/10 dilution) were given
i.v. when respiratory and blood pressure distress was ob-
served so as to ensure an adequate level of anaesthesia. A
thermal blanket kept to 37 °C was used to control the body
temperature. The trachea was cannulated and all animals
were artificialy ventilated with a stroke volume of 10
ml /kg at arate of 60 strokes/min, aregimen which keeps
blood gases at normal levels in the rat (MacLean and
Hiley, 1988). The Ieft carotid artery was cannulated with a
polyethylene cannula (PE 50) for blood pressure measure-
ment, by connection with a Bentley 800 Trantec pressure
transducer (Basile Comerio, Italy) and recorded by a Ther-
mal Arraycorder WR 7400 (Graphtec Tokyo). The lines
were filled with heparinised saline (5 units/ml). A PE 50
catheter was inserted in the internal jugular vein for drug
administration.

The electrocardiogram (ECG) and the heart rate were
recorded by insertion of needles to the upper and lower
limbs and to the chest area connected to the electrocardio-
graph (Cardiette; Italy).

2.3. Experimental protocol

After the surgical procedure the rats were allowed 30
min to stabilise before opioid administration. Each animal
received only one opioid once. After administration of
morphine (5 wmol /kg), DAGO (5 pmol /kg), U50-488H

(5 wmol /kg) or deltorphin 11 (5 wmol /kg) blood pressure
was monitored up to 30 min; this time was experimentally
chosen since a complete reversion of vascular opioid-in-
duced hypotension was observed in 30 min.

In preliminary experiments, naloxone (1-10 wmol /kg,
i.v.; depending on opioid agonist used), a nonspecific
opioid receptor antagonist, was administered 5 min before
opioid agonist injection to confirm an involvement of
opioid receptors.

Dexamethasone was administered intravenously at dif-
ferent time intervals (30, 60 or 90 min before each opioid
agonist) at a dose of 7.5 wmol /kg that was previously
reported to prevent the neuronal effect of morphine (Pieretti
et a., 1992).

Finaly, RU-38486 (mefipristone; 7.5 wmol /kg), the
specific competitive antagonist of glucocorticoid receptor,
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Fig. 1. The effect of morphine (n=12), DAGO (n=6), U50-488H
(n=18) or deltorphin Il (n=6), 5 wmol /kg (i.v.), on the mean arterial
blood pressure (MABP; A) and heart rate (HR; B) in pentobarbital-
anaesthetised rats. In A, results are expressed as means+ SE.M. of
percentage changes of basal mean arterial blood pressure and here they
are shown for up to 15 min whereas observation was for 30 min. This
time was experimentally chosen since a complete reversion of hypoten-
sion was observed. In B, results are expressed as means+ SE.M. of
beats/min. All curves for hypotension yielded statistically significant
(P < 0.01) effective values (mmHg) as compared to basal mean arterial
blood pressure by one-way analysis of variance (ANOVA) and Bonfer-
roni’ s post-test for multiple comparison; “P < 0.05 and * “ P < 0.01.
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or cycloheximide (3.5 wmol /kg), an inhibitor of protein
synthesis, was administered 15 min before dexamethasone.

2.4. Qatigtical analysis

The hypotension was calculated as percent of mean
arterial blood pressure values and results are expressed as
means+ S.E.M. Statistical comparisons were carried out
by using one-way analysis of variance (one-way ANOVA)
and Bonferroni’s post-test for multiple comparison calcu-
lated by GraphPad Instat program (GraphPad Software).
Results were considered significant at P < 0.05.

2.5. Drugs

All drugs used in the experimental sessions were pur-
chased from Sigma Aldrich (Milan, Italy) with the excep-
tion of morphine HCI purchased from Carlo Erba (Milan,
Italy).
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3. Reaults

3.1. Effect of opioids on mean arterial blood pressure and
heart rate in rats

The basal value of mean arterial blood pressure of rats
was 98.8 + 5.1 mmHg (n= 32). Intravenous administra-
tion of morphine (n=12), DAGO (n=6), U50-488H
(n=28) or deltorphin Il (n=16) at a dose of 5 wmol /kg,
induced a significant (P < 0.01) hypotension in pento-
barbital-anaesthetised rats (Fig. 1A). Morphine produced a
rapid fall in mean arterial blood pressure that reached a
maximum in 1 or 2 min and partially recovered in 5 min,
followed by a lasting phase which completely recovered in
30 min (Fig. 1A). DAGO-induced hypotension was similar
in onset to that with morphine, but had completely recov-
ered in 5 min (Fig. 1A). Conversely, the hypotension
induced by U50-488H or deltorphin 1l was slow in onset
and recovery, and of smaller peak magnitude than that
elicited by morphine and DAGO (Fig. 1A). The above
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Fig. 2. The effect of dexamethasone (DEX; 7.5 wmol /kg, i.v.) on the hypotension induced by morphine (A; n=4), U50-488H (B; n=4), DAGO (C;
n=4) and deltorphin I (D; n=4) in pentobarbital-anaesthetised rats. Dexamethasone was administrated 90 min before opioid agonist injection (5
wmol /kg, i.v.). Results are expressed as means + S.E.M. of percentage changes of basal mean arterial blood pressure (MABP) and here they are shown
for 15 min whereas the observation was for 30 min. The dexamethasone curve for morphine and U50-488H, but not for DAGO and deltorphin 11, showed
statistical significance (P < 0.01) as compared to the opioid aone, using one-way anaysis of variance (one-way ANOVA) and Bonferroni’s post-test for
multiple comparison; “P < 0.05 and * * P < 0.01. Data of control curves are the same reported in Fig. 1.
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Fig. 3. The effect of RU-38486 (RU; 7.5 pmol /kg, i.v.; n=4) and
cycloheximide (CHX; 3.5 wmol/kg, i.v.; n=4), on dexamethasone
(DEX; 7.5 wmol /kg, i.v.) prevention of the effect on the hypotension
induced by morphine (5 wmol /kg, i.v.) in pentobarbital-anaesthetised
rats. RU and CHX were given 15 and 30 min before dexamethasone,
respectively. Dexamethasone was given 90 min before morphine. Results
are expressed as means+ S.E.M. of percentage changes of basa mean
arterial blood pressure. The morphine curve with RU-38486 or cyclohex-
imide resulted in statistically significant values (P < 0.01) compared to
dexamethasone alone but not to opioid alone, by one-way analysis of
variance (oneway ANOVA) and Bonferroni's post-test for multiple
comparison; “P < 0.05 and * “P < 0.01 for morphine+ DEX vs. mor-
phine; 8P < 0.05 and 88P < 0.01 for morphine+ DEX vs. morphine+
CHX +DEX; “P < 0.01 for morphine+DEX vs. morphine+ RU + DEX.
Data for control or DEX curves are the same as reported in Figs. 1 and 2,
respectively.

opioid hypotension was totally prevented by naloxone
(1-10 wmol /kg, i.v.; n= 3 for each opioid agonist) pre-
treatment (data not shown).

The administration of morphine, DAGO and deltorphin
Il (5 wmol /kg, i.v.) did not significantly affect heart rate
(Fig. 1B). In contrast, U50-488H (5 wmol /kg, i.v.) in-
duced a significant (P < 0.01) reduction of heart rate (Fig.
1B) and this effect was prevented by na oxone (5 wmol /kg,
i.v.).

3.2. Effect of dexamethasone on the hypotension induced
by opioids in rats

Dexamethasone per se a a dose of 7.5 wmol /Kkg, i.v.
did not significantly modify mean arterial blood pressure
or heart rate of the animals when administered 30, 60 or 90
min before the opioid.

The administration of dexamethasone 30 min (n=3)
and 60 min (n= 3) before each opioid agonist did not
significantly modify opioid hypotension. Dexamethasone,
administered 90 min before opioid injection (n=6 for
each opioid agonist used), was able to prevent only the
hypotension induced by morphine and U50-488H (Fig. 2A,
B), whereas neither DAGO nor deltorphin I1-induced hy-

potension was modified (Fig. 2C, D). Although dexa
methasone seems to induce an increase in mean arterial
blood pressure after DAGO hypotension (Fig. 2C), this
increase was not statistically significant (P > 0.05). Fur-
thermore, dexamethasone, 90 min before the opioid ago-
nist, was aso able to prevent the U50-488H induced
reduction of heart rate (basal value was 350 + 37 beats/
min, after U50-488H was 279 4+ 20 beats/min and after
dexamethasone + U50-488H was 370 + 10 beats/min).

3.3. The effect of RU-38486 and cycloheximide on dexa-
methasone prevention of morphine- and U50-488H-in-
duced hypotension

The glucocorticoid receptor antagonist, RU-38486, ad-
ministered to the rats 15 min before dexamethasone per se
at an equimolar dose (7.5 wmol /Kkg, i.v.; n=4 for each
opioid receptor agonist used), did not significantly modify
mean arterial blood pressure, heart rate or morphine-U50-
488H-induced hypotension (data not shown). In contrast,
RU-38486 was able totally to reverse the dexamethasone
prevention of morphine- or U50-488H-induced hypoten-
sion in rats (Figs. 3 and 4).
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Fig. 4. The effect of RU-38486 (RU; 7.5 pmol /kg, i.v.; n=4) and
cycloheximide (CHX; 3.5 wmol /kg, i.v.; n=4), on dexamethasone
(DEX; 7.5 pmol /kg, i.v.) prevention of the hypotension induced by
U50-488H (5 wmol /kg, i.v.) in pentobarbital-anaesthetised rats. RU and
CHX were given 15 and 30 min before dexamethasone, respectively.
Dexamethasone was given 90 min before U50-488H. Results are ex-
pressed as means+ S.E.M. of percentage changes of basal mean arteria
blood pressure. The U50-488H curve with RU-38486 or cycloheximide
yielded statistically significant values (P < 0.01) compared to dexa
methasone alone and to opioid alone, by one-way anaysis of variance
(one-way ANOVA) and Bonferroni’s post-test for multiple comparison;
“P<0.05and “"P <0.01 for RU-38486-+DEX vs. RU-38486; §P <
0.05 and 88P < 0.01 for RU-38486+ DEX vs. RU-38486+ CHX + DEX;
AP < 0.01 for RU-38486+ DEX vs. RU-38486+ RU +DEX. Data for
control or DEX curves are the same as reported in Figs. 1 and 2,
respectively.
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Also, cycloheximide (3.5 wmol /kg, i.v.; n=4), the
protein synthesis inhibitor, given 15 min before dexa
methasone, completely and significantly abolished the cor-
ticosteroid prevention of morphine- and U50-488H-in-
duced hypotension (Figs. 3 and 4).

The administration of cycloheximide per se did not
affect mean arterial blood pressure, the heart rate or mor-
phine- or U50-488H-induced hypotension (data not shown).

4, Discussion

The present results indicated that dexamethasone re-
duces opiate hypotension in rats and that the steroid was
effective to prevent hypotension when it was administered
90 min before opioid agonists. Dexamethasone is able to
reduce the hypotension induced by morphine and U50-
488H, whereas it is ineffective on DAGO and deltorphin
I1-induced hypotension. These results indicate an important
functional interaction between glucocorticoids and opioid
hypotension, primarily at the k receptor, because the steroid
was able to block only k-mediated hypotension without
altering w- and &-induced hypotension.

Since corticosteroids mediate their effects by involving
specific glucocorticoid receptors and protein synthesis, we
also investigated the effects of the glucocorticoid receptor
antagonist, RU-38486 (Gaillard et al., 1984, 1985; Mogu-
ilewski and Philbet, 1984; Peers et al., 1988; Ratka et al.,
1988a,b), and the protein synthesis inhibitor, cyclohex-
imide (Blackwell et al., 1980), on the effects induced by
dexamethasone on opiate-induced hypotension. Both RU-
38486 and cycloheximide are capable of blocking the
dexamethasone prevention of morphine and U50-488H
hypotension. These results confirm and extend our previ-
ous findings (Pieretti et al., 1991, 1992, 1994; Capasso et
al., 1992, 1996), indicating that corticosteroid-opioid inter-
action might involve, at vascular levels, k opiate receptors.

Corticosteroids exert many of their effects on target
cells through intracellular receptor mechanisms (O’ Malley
and Means, 1974; Thompson and Lippman, 1974; Barnes
and Adcock, 1993). Two types of receptors for corticos-
teroids are known, type 1 and type 2 (De Kloet and Reul,
1987). Type 2 receptors display a higher affinity for
synthetic glucocorticoids, such as dexamethasone, than
does corticosterone (Reul and De Kloet, 1986), and RU-
38486 antagonises dexamethasone effects at the type 2
receptor binding sites (Gaillard et al., 1984, 1985; Mogu-
ilewski and Philbet, 1984; Peers et al., 1988). In the
present study, the possible involvement of glucocorticoid
receptors was confirmed by experiments performed with
RU-38486, which blocks the dexamethasone reduction of
opiate hypotension. Dexamethasone also displays a time-
related inhibitory effect on opiate hypotension. Various
reports in the literature support the view that effects medi-
ated by corticosteroids are time-related and involve intra
cellular mechanisms or protein synthesis (O'Malley and
Means, 1974; Thompson and Lippman, 1974; Church and

Miller, 1978; Blackwell et al., 1980). Our results indicate
that the inhibitory effects of dexamethasone on opiate
hypotension are prevented by cycloheximide, a protein
synthesis inhibitor, which suggests that dexamethasone
may exert inhibitory effects on opiate hypotension through
a protein synthesis-dependent mechanism. The dexametha-
sone lag time, 90 min, required for the appearance of
corticosteroid action further support this hypothesis. There-
fore, considering that steroid action depends on receptor
occupation and protein synthesis (Blackwell et al., 1980),
the results obtained with RU-38486 and cycloheximide
suggest that, in our experiments, dexamethasone reduces
opioid hypotension through a synthesis-dependent mecha-
nism via glucocorticoid receptors.

The ability of dexamethasone to reverse the hypoten-
sion mediated by k-, rather than that mediated by w- and
d-opioid receptor agonists, may be related to the different
intracellular biochemical mechanisms mediating the ac-
tions of opioids, since w- and d-opioid receptor agonists
increase K* conductance, whereas k-opioid receptor ago-
nists reduce Ca®* conductance (North, 1986).

However, athough it seems that the effect induced by
k-opioid receptor agonists is mainly due to the excitation
of cholinergic neurones, as with p.- and &-opioid receptor
agonists, it is unknown whether these two opioid agonists
activate the same neurones, and whether the sequence of
biochemical and neuronal events leading to the develop-
ment of hypotension and its symptoms is different for the
three agonists (Valeri et al., 1990). Our data, however,
may aso indicate the existence of hypotension systems
that are activated in different ways, depending on biochem-
ical or neuronal mechanisms which are till unclear (per-
sonal communication).

The discussion about possible mechanisms by which
dexamethasone causes a reducing effect on opiate hypoten-
sion is still open.

It has been reported that naloxone is able to reverse the
hypotension of endotoxin shock, suggesting that endor-
phins might be involved in the pathophysiology of septic
shock (Holaday and Faden, 1978; North, 1986). The effect
of naloxone to reverse the hypotension of both endotoxin
and hypovolemic shock suggests that endorphins might be
critical hypotensive factors in other forms of shock (burn
shock, neurogenic shock, etc.) (Holaday and Faden, 1978;
Faden and Holaday, 1979). In this respect, it was aso
suggested that the established therapeutic efficacy of syn-
thetic corticosteroids (Gilbert, 1960; Nies, 1972) in the
treatment of shock may be a partial consequence of their
inhibitory effects on pituitary B-endorphin release (Guil-
lemin et al., 1977). The enhanced sensitivity of adrenalec-
tomised animals to shock states (Zweifach and Thomas,
1957) as well as to intravenous B-endorphin injections
(Holaday et al., 1977), the effects of both of which are
attenuated by corticosteroid pretreatment, is also consistent
with the hypothesis that endorphin release is important in
the pathophysiology of shock.
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Also, it has been demonstrated that phospholipase A,
plays an important role in the pathogenesis of the hypoten-
sion of endotoxin shock (Vadas and Hay, 1983; Green et
al., 1991; Pruzanski et a., 1992a,b) because high levels of
circulating phospholipase A, were detected in volunteers
following intravenous administration of endotoxin (Pruzan-
ski et al., 1992a,b).

Therefore, given the above evidence, we cannot exclude
the possibility that, under our experimental conditions,
opioid hypotension may be mediated by the involvement
of phospholipase A , and that the ability of dexamethasone
to block opioid hypotension may be related to the inhibi-
tion of phospholipase A, activity through phospholipase
A, inhibitory proteins (Blackwell et al., 1980). The ahility
of RU-38486 and cycloheximide to block the dexametha-
sone effect may further support this hypothesis.

On the other hand, we cannot exclude another possibil-
ity: dexamethasone may exert its action on opiate hypoten-
sion by a mechanism that probably alters the sensitivity to
opioids. This hypothesis may be supported by results of
severa studies showing a link between glucocorticoids and
the opiate system, most prominently regarding the gluco-
corticoid-induced changes of opioid receptors. In this re-
gard, it has been suggested that glucocorticoids may act,
directly or indirectly, upon the same neuronal pathways as
do recognized opiates (La Bella et al., 1978). This latter
work supports the possibility that glucocorticoids may
interact with receptors having a lesser affinity for recog-
nized opiates, but which are coupled to the activation of
the same neuronal pathway. Also, glucocorticoids may
produce their effects by controlling the rate of production,
release or degradation of endogenous opioid ligands (La
Bella et al., 1978). Furthermore, the steroid-dependent
changes in opioid receptors and related to altered opioid-
induced hypotension have been suggested as a possible
mechanism underlying this interaction (Ratkaet al., 1988h).
This hypothesis was further supported by data showing
that the number of opioid receptors and some morphine
effects are reduced in stressed animals in which high
corticosteroid levels are detected (Seeger et al., 1984).

Finally, the finding that dexamethasone is able to block
the hypotension induced by opioids suggests that glucocor-
ticoids play a important role in the control of the cardio-
vascular system. This finding may well provide an expla-
nation for the clinical observation that patients with adrenal
insufficiency are more susceptible to the development of
severe circulatory failure in response to low-grade endo-
toxemia (Cullen et a., 1980). On the other hand, the
physio-pathological significance of the effects exerted by
dexamethasone in opioid-induced hypotension may be rel-
evant, considering the several diseases related to drug
abuse. For example, one of the most important life-threa-
tening adverse effects occurring during opiate overdose is
hypovolemic shock and the fact that dexamethasoneis able
to block opiate hypotension, makes it a particularly attrac-
tive potential therapeutic agent.

In conclusion, the present results indicate an important
interaction between corticosteroids and k-opioid systems
in mediating changes in arterial blood pressure.
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