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EHRENSING, R. H., A. J. KASTIN AND G. F. MICHELL. Antagonism of morphine analgesia by prolyl-leucyl
glycinamide (MIF-l) ill humans. PHARMACOL BIOCHEM BEHAV 21(6) 975-978, 1984.-Prolyl-Ieucyl-glycinamide
(MIF-l) has been observed to inhibit the analgesic effect of morphine in a series of animal studies. In the present study, the
naloxone-like properties of MIF-I were assessed in human subjects. Eight men received a capsule containing 60 mg of
MIF-I or placebo followed one hour later by a 10 mg intramuscular injection of moprhine in a double-blind, crossover
design at two visits 4 weeks apart. Experimental pain was induced by the cold pressor test administered45, 75, 120and 180
min after the morphine. Each subject recorded severity of painon a 100mmline scale every 5 sec during the 120 sec his foot
was immersed in the cold water tank and during the 60 seconds immediately following its removal. On a third visit,
baseline values were measured in the absence of morphine, MIF-I or placebo. Analysis of variance revealed that MIF-l
resulted in significantly higher scores (less analgesia) compared with placebo when measured at 45 and 75 min after
morphine during the immersion phase and during all four times the subjects were evalulated during the removal phase. The
results indicate that MIF-I can act in humans as an opiate antagonist.
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PRETREATMENT with the tripeptide prolyl-Ieucyl
glycinamide (MIF-l) has significantly reduced the analgesic
effect of morphine in a series of animal studies [5, 7, 8].
There have been no reported clinical trials of MIF-I as a
narcotic antagonist in humans. Accordingly, in this small
pilot study, we now report the initial administration of MIF-I
to humans to test its effectiveness as an antagonist of
morphine-induced analgesia against cold induced pain.

METHOD

Subjects

Eight male subjects, ranging in age from 21 to 32 years,
volunteered with informed written consent to take part in the
study and were paid $100 upon completion of their participa
tion. Before entering the study, a physical examination,
electrocardiogram, complete blood count (CBC), urinalysis,
and blood chemistries were carried out for each subject and
confirmed them to be in good health. The subjects did not

use any analgesic medications during the week before entry
into the study.

Apparatus

The cold pressor test was used to experimentally induce
pain. The test was administered using a technique similar to
that described elsewhere [6]. Briefly, an insulated 50-liter
tank was divided in half with a wire screen so that ice cubes
and water were confined to one-half and water alone re
mained in the other half. The temperature in the half of the
tank containing only water was maintained to within one-half
a degree of O°C.

The subject was instructed to submerge his right foot in
the side of the tank containing only water for 120 seconds. A
100 mm horizontal visual analog scale, similar to that de
scribed by Scott and Huskisson [11] was used to record sev
erity of pain. The left end of the scale was marked "no pain"
(zero rating) while the right end was marked "extreme pain"
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(l00 mm rating). At 5-sec intervals an 1800 Hz tone was
presented for 0.1 second; this was the subject's cue to mark a
vertical line through the point on the scale that best repre
sented the degree of pain experienced at that time. After
removal of his foot from the tank, the subject continued to
mark the scale for an additional 60 seconds.

Experimental Design and Procedure

Appropriate FDA and institutional review and approval
were obtained for the investigation. The study employed a
double-blind, crossover experimental design. Each subject
was required to come in for three visits, with a four-week
interval between visits.

On visit 1, the subject was randomly assigned to receive a
capsule containing either MIF-I 60 mg or an identically ap
pearing placebo capsule followed one hour later by a 10 mg
intramuscular injection of morphine. A 60 mg dose of MIF-l
was chosen because it has been demonstrated to be the most
effective dose in the treatment of clinically depressed pa
tients [3, 4, 13]. On visit 2, those subjects who received
MIF-l on visit I received placebo, and vice versa. The order
of administration of MIF·l and placebo was counterbalanced
so that one-half the subjects received MIF-I during visit I
and the remaining half placebo. On visit 3, the subjects were
tested without any MIF-1, placebo, or morphine, and these
values used as the baseline scores. On visits 1 and 2, the cold
pressor test was administered 45, 75, 120, and 180 min after
the subject was injected with morphine. On visit 3, the sub
ject was tested one time 15 minutes after arriving in the
testing room. Observations during all visits were made be
tween 8 a.m. and 12 noon.

Statistical Analyses

Treatment-by-treatment-by-subjects analyses of vari
ances (ANOVA) were used to simultaneously compare the
subjects' scores under the three different treatment condi
tions: MIF-1, placebo, and baseline. A separate ANOVA
was performed for each of the four time intervals at which
the subjects were tested during the immersion and removal
phases of the cold pressor test. Winer F-tests for simple
effects [14] were used to further assess any significant treat
ment x trials interactions.

RESULTS

The ANOVA performed on the data collected during the
120 sec immersion phase of the cold pressor test revealed
that for each one of the four time intervals the subjects were
tested there were significant main effects due to treatment:
F(2, 14)= 17.05, p<O.OOl at 45 min; F(2,14)= 10.06,p<O.OI at
75 min; F(2,14)=7.17,p<0.01 at 120min; and F(2,14)=9.27,
p <0.01 at 180 min after injection of morphine. Significant
treatment X trials interactions were revealed at 45 min,
F(46,322)=2.04, p<O.OOI, 75 min, F(46,322)=1.54, p<0.05,
and 120 min, F(46,322)=1.85, p<O.OI, after morphine; this
suggested that the MIF·l and placebo scores might differ
significantly from one another during the course of immer
sion for some, but not all, of the 24 trials tested. Accord
ingly, Winer F-tests for simple effects were used to further
explore the interactions. These revealed that during the final
one-third (40 sec) of immersion at 45 min and the final 25 sec
at 75 min after morphine, treatment with MIF-1led to signif
icantly higher pain scores, i.e., less analgesia, compared
with placebo (see Fig. 1 for significance levels).
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Baseline pain scores were significantly higher than those
of both MIF-l and placebo at 45 min and at 75 min. Although
the difference between the MIF-1 and placebo scores did not
reach significance at 120 min after morphine, there was a
difference in the relationship of each group to baseline values
during the final 50 sec of immersion. During this time the
scores for MIF-l with morphine did not differ significantly
from those of baseline without morphine, while the scores
for the placebo with morphine were significantly lower than
baseline. MIF-I and placebo scores were not significantly
different from each other at 180min after morphine and both
were significantly lower than baseline.

The results of the A~OVA performed on the data col
lected during the 60 sec removal phase of the cold pressor
test were similar to those reported above for the immersion
phase but contained several notable differences. Significant
main effects of treatment were again revealed during all four
times of observation: F(2,14)=6.40, p<0.05 at 45 min;
F(2, 14)=5.19, p<0.05 at 75 min; F(2, 14)=4.65, p<0.05 at 120
min; and F(2,14)=4.03, p<0.05 at 180 min after injection of
morphine. In addition, significant treatment x trials interac
tions were found at all four testing times: F(22,154)=4.52,
p<O.OOI at 45 min; F(22,154)=3.70, p<O.OOI at 75 min;
F(22,154)=3.27, p<O.OOI at 120 min; and F(22,154)=3.76,
p<O.OOI at 180 min after morphine. Winer tests revealed
highly significant differences between MIF-l and placebo
during the first 30 sec of the 60 sec removal period at 45 min
and during the first 35 sec at 75 min after morphine (see Fig.
I for significance levels). With the exception of the first (5
sec) trial at 120 min, the MIF-l pain scores were significantly
greater compared with placebo during the first 35 sec of re
moval and, at 180 min after morphine, the two groups dif
fered significantly at 10 and 20 sec after removal.

In a comparison of baseline scores to MIF-l and placebo
at 45 min, with the exception of the first three trials (5, 10and
15 sec) the MIF-I group (with morphine) was not signifi
cantly different from baseline (without morphine) whereas
the placebo (with morphine) scores were significantly lower
compared with baseline from 5 through 45 sec after removal.
MIF-l scores did not differ significantly from those of
baseline at 75min after morphine except during the third trial
(15 sec after removal). In contrast, the placebo scores were
significantly lower than baseline during the entire initial 30
sec after removal. For both 120and 180 min after morphine,
the MIF-l scores were significantly less than baseline 5, 10
and IS sec after removal but could not be distinguished sig
nificantly from baseline during the remaining 45 sec. In con
trast, the placebo group differed significantly from baseline
during the initial 30 sec and 25 sec after removal at 120and
180 min after morphine, respectively, indicative of a greater
degree of analgesia when the subjects were treated with
placebo than MIF-1.

DISCUSSION

The present study confirms our previously published find
ings [5, 7, 8] of the opiate-antagonistic effects of MIF-1 and
extends them to a different type of pain and subject. The
results reported here with human subjects are consistent
with the concept that MIF-I has naloxone-like properties
and can, therefore, act as an opiate antagonist.

We observed significant decreases in analgesia (increases
in perceived pain) in the eight subjects after treatment with
MIF-I and morphine as compared with treatment with
placebo and morphine. It does not necessarily follow, how
ever, that a different experimental design or the use of a
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FIG. I. Mean 100 mm line pain ratings as a function of immersion time and time after removal as
measured during the four time intervals the subjects were tested (0 rating="no pain"; 100 mm
rating="extreme pain").

different modality of pain should produce the same results.
Our preliminary studies suggested the possibility that the
experience of pain by the subject before the ingestion of
MIF-1 might interfere with the opiate-antagonistic action of
this tripeptide. Therefore, in this study we were careful not
to expose the subjects to any pain before the administration
of MIF-1 and morphine. This involved postponement of
baseline readings to the third visit. Infliction of pain before a
subject received MIF-1 might precipitate stress-induced
endocrine and endogenous opiate changes that could com
pete with the effects of exogenously administered MIF-l.
This possibility was supported by results subsequently ob
tained in the mouse tail-flick test in which significantly

greater antagonism of morphine analgesia by MIF-1 oc
curred when basal readings were omitted before the injection
of MIF-1 and morphine [9]. It is also possible that MIF-1
may not antagonize the analgesic effects of opiates to pain
induced by electric shock, ischemia and means other than
the thermal extremes of heat and cold. Schull, Kaplan and
O'Brien [12] pointed to the different "quality, neural sub
strates, and/or adversiveness" of various types of painful
stimuli in their discussion of the different effects they found
for naloxone in the ischemic pain and cold pressor tests ad
ministered under different degrees of stress.

Some of the interrelationships of MIF-1, opiate peptides,
ACTH and cortisol supporting a role for MIF-1 in the per-
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ception of pain have been reviewed elsewhere [5] . Although
it is not established if MIF-I plays a physiological role as an
endogenous opiate antagonist, such a naturally occurring
naloxone-like substance might help explain variations in pain
sensitivity and response to opiate analgesics. Davis et al. [1]
have observed increased analgesia in depressed patients .
Other investigators have suggested there is a similarity in the
pharmacology of narcotic antagonists and anti-depressants
[2]. MIF-l has been reported to act as an anti-depressant [3,
4, 13] and now also is seen to have narcotic antagonist prop
erties in humans.

EHRENSING, KASTIN AND MICHELL

As we have suggested prev iously [5], there are a number of
possible mechanisms by which MIF-l could reduce the
analgesia associated with morphine. Although MIF-l could
act by preventing the action of morph ine at opiate receptors,
this does not appear to occur for mu and delta receptors [7,
8, 10). MIF-l could also block the release of endogenous
opiate-like peptides (e.g ., ,a-endorphin) or could indirectly
influence opiate activity by acting through dopamine recep
tors or its own peptide receptor. In conclusion, this study is,
to our knowledge, the first report of the antagonism of mor
phine analgesia in humans by a peptide.
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