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and JUDITH BROWNELL,Experitmtenttal Therapeutics Departmiient, Clinical
Research Division, Sanidoz Ltd., anid University Children.s Hospital,
Basel, Switzerland

A B S T R AC T In order to study the mechanism of
action of a Met-enkephalin (FK 33824) on the pituitary-
adrenal axis eight normal male volunteers were
subjected to an ACTH stimulation test. Lysine-vaso-
pressin (LVP), 5 IU, was injected intramuscularly after
pretreatment with 0.5 mg FK 33824 i.m. or a placebo.
In six of the subjects the opiate was again ad-
ministered preceding a single injection of 0.25 mg
ACTH p1-24 i.m. Blood was collected at regular
intervals and ACTH and cortisol concentrations
analyzed in all samples. LVP induced signiificant
plasma ACTH (P < 0.05) and cortisol (P < 0.001)
increases. Pretreatment with FK 33824 completely
antagonized the effect of LVP. Furthermore, the cortisol
elevation after exogenous ACTHwas not modified by
previous administration of FK 33824.

It is concluded that the Met-enkephalin derivative
FK 33824 directly suppresses ACTH release from the
pituitary without influencing adrenal synthesis of
cortisol.

INTRODUCTION

FK 33824 is a stable sulfoxidecarbinol analog of
methionine enkephalin found to have high affinity
for opiate receptors in rat brain (1) and in posterior
pituitary gland (2). A physiological mode of action
of the different enkephalin derivatives as putative
neurotransmitters or nieuromodulators has been re-
ported (3, 4). These data support a possible role for
enkephalinis in the regulation of the endocrine system,
and hormone profiles after treatment with these agents
have been outlined in animals and humans (5-8). As
has been demonstrated by Stubbs et al. (7) and del
Pozo et al. (8), FK 33824 administered to normal men
produces decreased plasma concentrations of ACTH
anid cortisol. These data, however, do not allow localiza-

Received for publication 17 Jatnuari 1980 atnd in revised
form 12 March 1980.

1 Abbr-eviatiotn use(d in this paper: LVP, ly sine vasopressini.

tion of the site of action of the opiate, i.e., whether
this takes place at pituitary or suprasellar level.
Furthermore, a concomitant effect on the adrenals
cannot be excluded. To characterize further the
mechanism of action of FK 33824 on the ACTH-adrenal
axis a study was undertaken in normal volunteers
using lysine-vasopressin (LVP)1 as the ACTH stim-
ulatory agent. Endogenous arginine-vasopressin
possesses corticotropin-release factor-like properties
(9, 10) and LVP has yielded reproducible results in the
testing of the ACTH-adrenal axis (11).

NIETHODS

Eight healthy male volunteers (mean age 28 yr) were selected
for the study and gave written consent before entering the
trial. Krieger and Zimmerman (11) have shown that 5-10 IU
of LVP administered intramuscularly or intravenously to
normal subjects increase plasma levels of ACTH after 15
min and cortisol after 30 min. Previous studies with 0.5 mg
FK 33824 i.m. demonstrated that plasma cortisol concentra-
tions declined steadily from 30 to 180 min after drug ad-
ministration (8). With this background the schedule for
substance application in the present study was devised.
After a 12-h fasting period a venous cannula was placed in
a forearm veinl at 8:00 a.m., and the subjects were kept in
restinig position. They received in a randomized design at
weekly intervals: (a) an intramuscular in-jection of 5 IU LVP
(Vasopressin, Sandoz Ltd.) at 60 min, following saline at time
0 (8:30 a.m.); (b) the same procedure was repeated but
administering 0.5 mg FK 33824 i.m. at time 0; and (c) an
injection of 0.25 mgACTHp1-24 i.m. (Synacthen, Ciba-Geigy,
Ltd., Basel, Switzerland) was given 60 min after 0.5 ing FK
33824 i.m. and compared with the same procedure after ad-
nministration of placebo. Blood sampling was performed at 0,
30, 60, 75, 90, 120, 180, and 240 min. All speciimens were
centrifuged at 4°C and stored at -20°C until assayed. Pre-
viously described radioiinmunoassay procedures were used
for plas-ma ACTH and cortisol determinations (12) in all
samples. Statistical evaluation was performed by one-way
analysis of variance, and Student's t test (for ACTHvalues).

RESULTS

As shown in Fig. 1(A), injection of 5 IU LVP 60 min
after placebo was followed by a significant (P < 0.05)
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FIGURE 1 As compared with a placebo (O) FK33824 suppressed the ACTHincrement (picograms
per milliliter induced by LVP below assay sensitivity (<17 pg/ml) and completely inhibited
the cortisol response (nanomoles per liter) (A and B, n = 8). The opiate was unable to counteract
the effect of ACTHj81-24 on cortisolemia (C, n = 6).

ACTHelevation peaking at 15 min, and by substantial
plasma cortisol increments (P < 0.001 compared with
base line 0-60 min, [B]).

FK 33824, injected at time 0, and LVP at 60 min
resulted in abolition of the stimulation of both ACTH
and cortisol (A and B).

In the last part of the trial in which a possible direct
effect of FK 33824 on the adrenals was studied, syn-
thetic ACTH f81-24 was administered. Fig. 1(C) shows
significantly increased cortisol concentrations (P
< 0.001, compared with base line 0-60 min) when
ACTHwas given 60 min after placebo. Cortisol levels
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rose from 15 min, reaching peak values after 120 min.
Administration of FK 33824 at time 0 did not modify
the action of ACTH(C), confirming the central mecha-
nism of action of the opiate.

DISCUSSION

It has been reported that plasma cortisol was sig-
nificantly suppressed below the physiological morning
decline in subjects treated with the 'Met-enkephalin
derivative FK 33824 (7, 8). Data recorded here clearly
show an inhibiting effect of the opiate on ACTHand
cortisol release after stimulation with LVP. Although
the existence of a different hypothalamic excitatory
pathway cannot be comiipletely ruled out (13), a direct
action of LVP on the pituitary gland can be assumed
on the basis of experimental and clinical data (9-11).
Appreciable anterior pituitary concentrations of en-
dogenous Met-enkephalin have been detected in milani
with immllunoreactive techniques (14), lending support
to an effect of FK 33824 at this level. The central mode
of action is further evidenced by the failure of FK
33824 to prevent the release of cortisol that follows
the administration of exogenous ACTH, and rules out a
dual effect at both the pituitary and adrenal level.
Furthermore, in vitro data have shown that FK 33824
neither modified the release of corticosteroine by
dispersed fasciculata cells of rat adrenals nor inter-
fered with the effect of ACTH on this system when
both substances were added simultaneouslI to the
medium 2

FK 33824 has been found to elevate plasma growth
hormonie and prolactini (6) and reduce ACTH (7) anid
vasopressin (15) in normnal volunteers. The effect on
growth hormone and prolactin is readily antagonized
by naloxone (7, 8). However, the actions oIn the
pituitary-adrenal axis and oIn vasopressin have been
found to be resistant to this agent (7, 15). The fore-
going data implicate the existenice of several types
of opiate receptors with differenit preferenices for
agonists-anitagoniists. Thus, results obtained by Lord et
al. (16) and confirmiied by Kosterlitz (17) have demon-
strated the presence of several subclasses of opiate
receptors. Essentially, pain andl morphinie addiction
potential are localized in the ,u receptor and this canl
be antagonized by naloxone, whereas enkephalini ac-
tions are mediated primarily through bindinig to 6
receptors. However, recent studies of Kream and Zukin
(1) show that in rat brain homogeniates FK 33824
interacts equcally well with ,t anid 8 opiate receptors.
Therefore, it is temptinig to speculate that the action
of FK 33824 not antagoinized by nialoxonie may be
me(diated by 8 receptors. Mloreover, Niet-enkephalin

2 Neher acnd Podesta. Unipublishe(d observations.

can exhibit endocrine properties partly different from
those of the prototype opiate morphine. Thus, Tolis
et al. (18) reported that morphine administered to
humans resulted in a significant increase in serum
prolactin without altering the levels of growth hormone
and cortisol, whereas FK 33824 elevates prolactin
and growth hormone while decreasing cortisol (7, 8).
It also would be tempting to attribute to Met-enkephalin
properties unrelated to opioid mechanisms because in
this particular case a direct effect on the pituiitary
gland speaks against the role of opiates as inter-
mediary neurotransmiiitters.
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