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ABSTRACT
Pain sensitivity, mood, and plasma endocrine ;evels in man following

long-distance running: Effects of naloxone.

by Malvin N. Janal

Advisor: W. Crawford Clark, Ph.D.’

Anecdotal observations and research repoﬁs have suggested an
aésociation between stressful envriormental situations (e.g., war, auto
accidents, or athletic competition) and reduced sensitivity to painful
stimili. Further, exercise stress in particular has been associated with
mood elevation, popularly known as runner's high. These two phenamena,
analgesia and euphoria, are major effects of opiate drugs. Recent
demonstrations of endogenous opiate—like peptides and receptor sites in
the' central nervous system of all vertebrates suggest that stress may
have its effect on pain sensitivity and mood through alterations of
activity at the opiate receptor. To examine these relationships, the
effects of intense exercise on pain perception, mood, and plasma
endocrine levels in man were studied under naloxone and saline
conditions.

Twelve long-distance runners (mean weekly mileage= 41.5) were
evaluated on thermal, ischemic and cold pressor pain tests and on mood
visual analogue scales (VAS). Blood was drawn for determination of
plasma levels of beta-endorphin immunoreactivity (BEir), growth hormone
(GH), adrenocorticotrophic hormone (ACTH), and prolactin (PRL). These

procedures were undertaken before and after a 6.3 mile run at 85% of
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maximal aerobic capacity. Subjects participated on two occasions in a
double-blind procedure counterbalanced for drug order: on one day they
received two IV injections of naloxone (0.8 mg in 2 ml vehicle each) at
20 min interﬁials following the run; on the other day, two equal volume
injections of normal saline (2 ml). A

Sensory decision theory analysis of the responses to thermal
stimiluation showed that discriminability, P(A), was significantly
reduced post-run under the saline condition, a hypoalgesic effect;
response bias, B, was unaffected. Ischemic pain reports were
significantly reduced post-run on the saline day, also a hypoalgesic
- effect. Both effects were maximal prior to 25 min post-run. Naloxone
reversed the post—mn ischemic but not thermal hypoalgesic effects. Cold
pressor pain reports were not altered by the run. Joy, euphoria,
cooperation, and conscientiousness visual analogue scale ratings were
elevated post-run; naloxone attenuated the elevation in joy and euphoria
ratings only. In summary, the results show that.long-dist’ance running
produces hypoalgesia and mood elevation in man.

Plasma levels of BEir, ACTH, GH, and PRL were significantly
increased post-run. Correlational analysis of changes in pain
sensitivity and plasma hormone levels indicate an association of
analgesia and hyposecretion of ACTH and hypersecretion of PRL, effects
consistent with a cammon underlying opioid mechanlsm These effects were
evident only at test periods within 30 min of campletion of the run,
consistent with the half-life of beta-endorphin, suggesting that
activity of this peptide may underlie the covariation of analgesia and
changes in ACTH and PRL levels. Analysis of correlations between hormone
levels and mood reports did not consistently suggést opioid mediation of
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effects.

The effects of naloxone and correlations between behavioral changes
and pituitary hormone. levels implicate endogenocus opioid neural systems
as mechanismé. of same but not all of the run-induced alterations in mood

and pain perception.
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I. INTRODUCTION

Many anecdotal observations suggest that pain perception is
decreased during periods of stress or great emotional excitement: e.g.,
individuals injured in a fight, accident, or athletic event may be
unaware of pain until same time after the event. Anecdotal observations
also suggest mood alterations occur following stress; e.g., the
"runner's high" when the stressor is exercise. Opiates are well-known
for their dual pharmacoiogical actions of analgesia and euphoria. Thus,
it is not surprising that the endorphins (we use the term generically to
refer to any member of the class of endogenous morphine-like peptides),
whose activity is perhaps increased under stiess, may exert a similar
dual action on pain perception and mood by acting on the opiate
receptor. Observations such as these have stimulated interest in
controlled studies of the effects of stressful manipulations on pain
perception. |

In animals, a variety of stressors, such as inescapable foot shock,
forced cold-water swims, and restraint have been associated with
decreased sensitivity to pain for as long as two hours following the
stress (Akil, Madden, Patrick and Barchas, 1976; Bodnar, Kelly and

.Glusman, 1978). This phenamenon, stress-induced analgesia (SIA), has
recently been divided into five subtypes on the basis of differences in
putative mechanisms activated by the different stressors (Watkins and
Mayer, 1982). The demonstration of intrinsic pam regulatory systems
(Hayes, Bennett, Newlon and Mayer, 1978; Lewis, Cannon and Liebeskind,



}1980; Watkins and Mayer, 1982), raises the question of the role played
by these systems in the “modula_tion of pain perception following stress
in man. Unlike pain, however, mood may only be studied in man. Studies
- will be réviewed below which support the existence of pain, mood, and
pituitary function alterations following stress, particularly stress
operationalized as intense exercise. The present study is designéd to
correct previous methodological flaws and to test whether this single
cammon mechanism, increased central opioid activity, underlies
stress—-induced analgesia, mood elevation, and pituitary hormone level
changes. The following hypotheses will be tested:

(1) That the stress induced by a long, hard run will reduce the
perception of pain.

(2) That this stress will also elevate mood.

(3) That this stress will alter plasma levels of Beta-endorphin
immnoreactivity (BEir), ACTH, PRL and GH. |

(4) That alterations of pain and mood are attributable to
alterations in central opioid systems as demonstrated by reversal of
effects with the specific opioj.d antagonist naloxone. |

(5) That pain, mood, and hormone levels are all related to a
camon, stress—induced mechanism and run-induced changes in the
variables should therefore be correlated.

Previous literature related to hypotheses 1, 2, 3, and 4 are
critically reviewed below. There is very little literature related to
‘the inter-relationship of these variables. Thus, hypothesis 5. represents

a unique contribution of this study to the literature.



Effects of exercise on pain perception.

Several clinical reports of SIA in man have appeared. Colt (1980)
reviewing 26 cases of myocardial infarction in rumners, 18 of which were
fatal, found that the runners qontinued to run despite symptams of
myocardial ischemia. A ‘case study (Colt and Spyropoulos, 1979) reported
on a waran who continued her run despite'mmerous stress fractures of |
both tibiae. While exercise was inferred to be a causal factor, it is
not clear fram these reports whether running reduces the sensation of
pain or whether people who run tend to be either pain insensitive or
stoical.

Experimental studies of pain perception following exercise have also
appeared. Black, Chesher, Starmer and Egger (1979) tested i:ain
sensitivity to a tourniquet-ischénic stimulus. Briefly, this f:rocedure
involves expressing venous blood, inflating a cuff on the upper arm
above éystolic blood pressure, and exercising the hand; the cuff is left
in _plaée until the subjects tolerance is reached. In a single subject,
pain tolerance was increased folléwing 5 km runs at a slow pace
(approximately 8 min/km). Each of 15 such runs was followed by a
double-blind IV injection of saline or naloxone (0.4 or 1.2 mg); there
was no difference between these conditions, suggesting that the -
run-induced analgesia was either insensitive to naloxone or an
insufficient dose was used. Haier, Quaid and Mills (1981) tested the
effect of al mile- sélf—paced run in 15 subjects wl"o trained, on
~ average, 15 mi/wk. Running increased the time to report as painful the
pressure produced by a three pound weight on the index finger; this



4
effect was reversed by 10 by not by 2 my of naloxone. Interestingly, the
- naloxone effect was greatest in subjects who trained at Qreater

distancés (r = .55), suggesting an interaction of long-term conditioning
and the acute effects of a run. Because run intensity was not measured,
however, this effect qould be attributed to the better trained subjects
running harder and thus stressing themselves more than the less trained
subjects, or to long-term conditioning altérations in endorphin
activity, or to other causes.

" Pain, surgery and electrical non-painful stimmlation stressors have
also been studied. Jungkunz, Engel, King and Kuss (1983) tested four
groups of eight subjects each in a 2 by 2 factorial design with two
types of stress (ice—water foot immersion for 1-2 min or mental
arithmetic) and two types of drug (naloxone, 0.8 mg or saline, IV). Pain
threshold to a 100 ms constant-cdrrent stimulus delivered to the fingers
was increased following the cold-water stress oniy; this h’ypoalge;sic
effect reached a maximum at 30 min post-stress and was naloxone
reversible. Chen, Bramm and Treede (1983) stressed 10 subjects with the
submaximal effort tourniquet procedure. During this ‘stress, subject's
'rating of the intensity of electrical stimuli delivered to the fingers
of the other hand, as well as the amplitude of the vertex evcked
reponse, were reduced relative to both pre- and post-stress test
periods, which did not differ from one another. Thus, reduced pain
report did not outlast the stressor. The effects of naloxone were not
tested. Other data suggest that stimulation need not .be péinful to
reduce sensation. Clark, Hall and Yang (1974) have shown that electrical

stimulation of the median nerve at the wrist (18 mA, .1 ms pulses



delivered at 100 Hz) for 20 min reduces discriminability of both high
and low intensity thermal sfimuli. That this effect was specific to the
stimilated extremity suggests a peripheral neural fatigue rather than
central effects. |

Willer and colleagues have been unique in studying in man a
polysynaptic nociceptive spinal reflex, that of the biceps femoris
muscle following noxious stimilation of the sural nerve. They have shown
this reflex to have two camponents, a short latency one associated with
the application of light touch stimuli and a longer latency camponent
(pain reflex), present only with the application of noxious stimmli
(Willer, 1977), and occuring at the same intensity as the threshold of
pain report. The pain reflex has been shown to be depréssed by morphine
" chlorhydrate (0.3 mg/kg, IV) in a naloxone-reversible manﬁer (0.03
mg/kg, IV), while the monosynaptic H-reflex was unaffected (Willer and
Bussel, 1980). Further, these two effects have been demonstrated in
spinal patients, indicating the sufficiency of a direct spinal mechanism
in mediation of opioid effects on nociceptive reflex activity. Stress,
successive 2-min periods during which the subject anticipated the
delivery of a 70 mA stimulus to the sural nerve, increases the threshold
of the pain reflex (Willer, 1977; Willer, Dehen and Cambier, 1981).
Endogenous opioids have been implicated in the stress-induced elevation
of the pain reflex (Willer et. al, 198l1). Naloxone (5 mg, IV)
administered double-blind not only reverses this stress-induced
elevation of pain threshold, but results in a transient hyperalgesia
(sub-normal pain threshold). Naloxone without pain stress had no effect

on the reflex.



Critique. Psychophysical scaling .in the above studies has generally
relied on traditional threshold lr_ueﬂiodblogy, a procedure ‘who_se L
usefulness in pain assessment has been questioned. Clark (1969), has
compared thresmids with indices prbvided by sensory ‘decisidn theory
(sDT): 4', a measure of discriminability and an index of sensory |
functioning, and Lx, a measure of repc;i't criterion and an index of the
observer's attitude toward the report of pain. Under instructions
strongly suggesting the analgesic properties of a placebo, subjects
showed increased thresholds and Lx values indicative of increased
stoicism while discriminability remained unchanged. 'i‘hese results argue
that threshold may change under conditions of constant discriminability
and it is therefore unclear whether the hypoalgesia noted above reflects
alterations in response criterion; discri.minability', or both. In a later
-study, Yang, Clark; Ngai, Berkohitz, and Spector (1979) showed morphine,
a potent analgesic, to reduce discriminability and raise report
criterion to painful heat stimuli, whj.le diazepam, an anxioiytic, raised
report criterion with little effect on discriminability. Pain treshold
was raised by both drugs, more so for morphine. These data indicate that
SDT measures allow more precis;a definition of drug effects than
threshold measures alone. N

None of the studies cited above control for the distracting effects
of the stressor, making it unclear whether pain sensitivity is
specifically altered, or whether a general reduction in attention has
occurred. Same studies (eg, Chen et al., 1983), measure pain
concurrently with presentation of the stressor. We would not label this



 paradigm as as one that illustrates SIA, saving this designation for
paradigms that show effects following stressor termination. In these
latter types of study, assessment of other sensory modalities or
samatosensory non-pain sensation would be required to rule out
non-specific attentional deficits. If the Willer studies, e.qg., had
found unchanged post-stress H-reflexes, pain specific effects could be

argued.

vStudies reviewed above suggest a number of experimental issues:

(1) The time course of hypoalgesic effects has been little studied.
Jurngkunz et al. (1983) provide the most systematic ef;fort to date,
studying pain sensitivity before and at 5, 10, 15, 30, and 60 min after
stress. They found maximal effects at 30 min. Chen et al. (1983) found
effects during stress but not after. Other studies have only taken
single measurements, some during stress, others after. The pa.radlgm used
by Willer and colleagues is not amenable to nﬁlﬁple measﬁrements, and
would be unsuited to a time course analysis as the paj:adigm demands
study of cumulative stress periods. Clearly, when hypoalgesia develops
and how long it lasts are important questions that have only been
partially exblored. | '

(2) Various stressors have been used. While many have been shown to
produce naloxone-reversible hypoalgesic effects it is not clear that all
operate via the same mechanism. Animal studies have shown that varying
the parameters of foot-shock stress can lead to selective activation of
opioid-sensitive or -insensitivé antinociceptive systems (Lewis et al.,

1980; Watkins and Mayer, 1982), suggesting the importance of stressor



quality in the development of analgesia in man.

(3) Related closely to (2), previous studies have assessed only one
type of pain. Given the dual systems of rostrad pain transmission in man
(neo—- and paleospinothalamic; Barr, 1979) and the fact that different
animal tests reveél SIA of varying strengths and durations (Kelly,
1982), suggests the importance of studying multiple pain measures.

Summary. There have been both clinical and experimental reports of
hypoalgesic effects in man associated with diverse stressors including
running, ice-water immersion, tourniquet ischemia, and anticipation of
intolerable shock Where tested, naloxbne has been shown to block
‘hypoalgesia in most instances, Suggesting an opi:oid sensitive mechanism
mediating these effects. 'I'hese_ studies are, however, subject to
significant criticism, both with regard to algesiometry (types of pain)

and statistical design issues.
Effects of exercise on mood.

Exercise has been associated with mood elevation. Following
exercise, acute measures of anxiety are reduced (Bahrke and Morgan,
'1978; Berger and Owen, 1983; Markoff, Ryan, and Young, 1982; Morgan,
1979; Wilson, Berger, and Bird, 1981), anger is reduced (Markoff et al.,
1982), and depression is reduced in both clinically depressed
populations (Greist, Klein, Eischens, Faris, Gurman, and Morgan, 1979)
and among normal volunteers (Berger a;nd Owen, 1983; Wilson et al.,
1980). Jorgenson and Jorgenson (1979) have reported salutary effects of
habitual running; of scme nearly 500 runners questionned, more than 90%



reported increased emotional and physical well-being, and 73% reported
more friendships' since starting running. Similar findings are presented
by Callen (1973) on 424 rumners who reported reduced anxiety and
increased contentedness, happiness, altertness and mood. Runner's high
was reported to occur 44% of the time by 69% of the sample and 63%
believed the high to be a distance related phenomenon.

Some attempts have been made to assess Quantitative effects of
stressors. Wilson et al. (1980) found 10 marathoners (6- 20 mi, 6-7X/wk)
to be significantly less anxious, depressed and angry than a group of 10
joggers (1- 2 mi, 3-5X/wk), who in turn had less of these qualities on
the Profile of Mood States (POMS; McMair, I.orr,‘ and'Dropplenan, 1970)
than a group of 10 sedentary controls, suggesting that chronic exercise
improves mood in a dose-dependent manner. Chronic mood-elevating effects
of exercise, reduced anxiéty and depression,_ have also been reported in
a group of 20 subjects at risk for coronary‘ heart disease. (Folkinsv,
1976). Morgan (1l979) found reduced anxiety on the IPAT questionnaire in
groups exercising vigorously for both 15 ahd 45 min, but nbt in groups
that either rested or walked 1 mi, suggesting also an 'effect of acute
exercise stress.

Other studies indicate, however, that the effects noted can be
attributed to distraction. Bahrke and Morgan (1978) found significant
and equal anxiety reduction in each of 3 groups of 25 subjeéts, one
exercising at 70% of aerobic capacity on a t.readmill,‘ one practicing the
relaxat.ion response, and one that simply sat quietly. Similar mood '
elevation was found in 3 groups of approximately 10 subjects each which

either ran 1 mi (in less than 8 min), did a 40 min aercbics class, or
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ate (Wilson et al., 1981). These latter, negative, findings were both
found using the State form of the State-Trait Anxiety Ihventory (STAI;
Spielberger, Gorsuch, and Lushene, 1970), while the more positive.
findings were found with the POMS and IPAT, suggestimj greater
sensitivity of the POMS.

One study has tested the opioid relation to zun-inéuced anxiety
reduction. Markoff et al. (1982) injecting naloxone (0.8 mg,
subcutaneous) or salkine after axio mi training-pace run in 11 subjects,
failed to reve.fse post—rhn reductions in .anxiety and anger, suggesting
these mood alterations were not opioid mediated.

One study of the post-run time course of mood alterations found
reduced anxiety at 25 but not 5 min after a run of 45 min duration,
while a 15 min run gave reduced anxiety at both 5 and 30 min'test times
(Morgan, 1979), a result which suggests a relationship more camplex than
a sinple linear one.

In terms of parametric relations, three types of studies are needed;
(1) the effects of different intensities of exercise stress; (2) the
time course of mood elevation and return to baéeline; and, (3) the
interaction of stressor intensity and time course of mood-elevation.
Further, the admittedly circumstantial but seemingly powerful
association of exercise and runners high danands further investigation
of opioid effecté in spite of the negative Markoff et al.. (1982)
finding. Recently, naloxone infusions have been shown to
dose—dependently increase anxiety in normal volunteers (Ooheh, Cohen,
Pickar, Weingartner and Marphy, 1983), suggesting opioid-mediated
requlation of mood. It is conceivable that Markoff et al. (1982) failed
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to reverse run-induced mood alterations because they used too low a dose
of naloxone. | |

Two other methodological issues are suggested by the data. First, '
adequate controls for distractioxi, when applied, have sometimes shown
exercise to be no more anxiety-reducing than either.eating (Wilson et
al.,b 1981) or relaxation (Bahrke and Morgan, 1978) and at other times to
be superior (Wilson et al., 1980). As in the pain studies above,
controls for the non—specific distraction effects of stress are needed.
For example, mood states unrelated to anxiety shoud be examined, e.g.,
pleasure; cooperativeness; fear, conscientiousness and attention. '
Second, anxiety effects have been found ﬁsing the IPAT and POMS
inventories but not the STAI. There is same question, therefore, as to
validity and/or sensitivity of the STATI.

Critique and summary. Present studies éuggest a relationship of
mood-elevation and exercise, but do not go far enough in delineating
either parametric influences on mood elevation or physiological

mechanisms underlying mood elevation.
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Effects of exercise on plasma levels of pituitary hormones.

The levels of a number of pituitary and adrenal hormones (including
what are also known as neurotransmitters, néurohmrbrs and
neuromodulators) have been measured in the plasma and cerebrospinal
fluid (CSF) of man under a variety of stressful conditions. Studies
reviewed here will concentrate on exercise as the stressor‘, since there
are indications of different hormonal responses to different stressors
(Aubock and Konzett, 1983; Frankenhaeuser, Lundberg and Forsman, 1980;
Ward, Mefford, Parker, Chessney, Taylor, Keegan and Barchas, 1984).

Beta-endorphm Levels of plasma beta~endorphin immunoreactivity
(BEir; includes varying amount of cross-reactivity with beta-lipotropic
hormone, B-LPH) have consistently been shown to increase with acute
exercise stress (Bortz, Angwin, Mefford, Boarder, Noyce and Barchas,
1981; Carr, Bullen, Skrinar, Arnold, Rosenblatt, Beitens, Martin and
‘McArthur, 1981; Colt, Wardlaw and Franz, 1981; Farrell, Gates, Maksud
and Morgan, 1982; Fraioli, Moretti., Paolucci, Alicicco, Crescenzi and
Fortunio, 1986; Gambert, Garthwaite, Pontzer, Cook, Tristani, Duthie,
Martinson, Hagen and McCarty, 1981). Stressors have generally been quite
intense. Bortz et al. (1981) measured BEir in 34 subjects at the 60 and
100 mi points of the 1980 Western States 100 Race. Carr et al. (1981)
exercised 7 women on a bicycle ergometer for 1 hr at up to 85% of
aerobic capacity. Fraioli et al. (1980) stressed 8 athletes on a
treadmill at a speed of 15 kn/hr. Gambert et al. (1981) stressed 9
untrained subjects on a treadmill at 80% of maximal heart rate fqi' 20

min. One study that failed to find a significant BEir increase used a
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less intense stressor, a bicycle ergcmeterf at 15-20 mi/hr for .10 min
(Naber, Bullinger, Zahn, Johnson, Huhtaniemi, Pickar, Cohen and Bunney,
1981). Two studies have systematically varied stressor intensity. Colt
et al. (1981) found that 20 subjects who had run approximately 9 km at a
training pace (50-70% aerobic capacity) had smaller increases in BEir
than 15 subjects running the same distanee at 80-90% of aerobic capacity
(149 vs. 341% increases). Farrell et al. (1982), however, found no
difference in BEir levels in 6 runners tested at 60 and 80% of aerobic
capacity. Thus, while increased plasma BEir levels have been
consistently related to exercise, it is not ‘clear whether a monotonic or
step functiqn intensity-response relationship exists.

One study has addressed the important issue of the time course of
changes in BEir levels following stress. Fraioli et al. (1980) found a
5-fold increase in BEir immediately post-run, a 350% increase at 15 min,
and less than 200% at 30 min, indicating the importance of sampling
times in assessing BEir changes following stress. This is supported by
Gambert et al. (1981) who found BEir levels to increase continuously
during exercise on a treadmill at 80% of maximal heart rate, and to
return to baseline within 45 min of cessation of activity.

Two studies suggest that chronic exercise modifies the acute
post—exercise BEir response. Colt et al. (198l) showed an inverse
relation of BEir increase and training level, suggesting some form of
~ response adaptation. Carr et al. (1981), however, found a positive
training/BEir increase relation over a 2-month training period. These
~ contradictory findings are not presently resolvable. We might point out,
however, that: (1) the Colt et al. (1981) subjects had been training for
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much longer than two months and might therefore have achieved a further
change in endocrine response; and, (2) Carr et al. (1981) studied the
same subjects over time while Colt et al. (1981) employed separate.
groups. Since subjects self-selécted into higher 6r lower intensity
training regimens, selection bias is a possibie alternative explanation
in the latter study. These data si:lggést that during initiél phases of
training, ’ chronic exercise facilitates the BE response to acute stress,
and that at later stagés of training, this response is blunted.

Few workers have studied post-exercise indices of perceived stress
or their relation to BEir levels. Farrell et al. (1982) found an inverse
relation between BEir increases and perceived activity, a relationship
quite opposite to that suggested by physiologically-defined activity
levels. Naber et al. (1981) administered the MMPI and found state
anxiety to be positively lrelatedv to both baseline and post-stress levels
of BEir; they do not, however, report on the critical relation between
post-run changes in BEir and any psychological scales. While these
studies suggest that BE release may be responsive to factors other than
the physical stressor, the issue of the covariation of stressor,

- perceived stress, and BEir levels is still quite unexplored.

Some studies have shown a correlation between behavior and BEir
levels following surgical stress. Cohen, Pickar, and Dubois (1983) and
Cohen, Pickar, Dubois, Nurnberger, Roth, Cohen, Gerson, and Bunney
(1982) have shown post-.-surgi‘cal morphine requirements to be lower in
patients with higher post-surgery plasma BEir levels. Similar results
were obtained using CSF BEir levels (Tamsen, Hartvig, Dahlstram,

* Wahlstrom, and Terenius, 1980). Thus, some patients may require less
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post-surgery exogenous opiates because they produce more of their own.

These data raise the issue of what significance may be attributed to
levels of BEir in either the plasma or CSF.' While the emnients below may
be applicable to determining the functional significance of plasma
levels of any pif.uitary hormone, they are directed specifically at BE
because of the extensive speculation on and study of the activity of
this peptide. There are three major, although often unstated,
interpretations of increased piasma BEir levels: (1) Plasma BE makes its
way ‘back into the CNS to pi:oduce behavioral effects. (2) Plasma BE
reflects the activity of brain systems upstream of the pituitary which
have behavioral consequences. (3) Plasme BE is proportional to CNS BEir,
and thus reflects alterations at behaviorally meaningful locations.
These points will each be discussed in turn.

BE injected into the .CNS, either spinaliy or

introcerebroventricularly, reduces pain sensitivity in primete (Yaksh,
. Gross and Li, 1982; Yaksh and Rudy, 1978). Since the major source of
plasma BE is the anterior pituitary and there is no known target organ
outside the CNS sensitive to the pain-attenuating effects of BE, plasma
BE must presumably reenter the CNS to be directly analgesic. BE,
however, crosses the blood-brain barrier with great difficulty
(Rapaport, Klee, Pettigrew and Ohno, 1980). Foley, Kourides, Inturissi,
Kaiko, Zaroullis, Posner, Houde and Li (1979) have shown massive IV
injection BE (1-10 mg) to have no effect on pain, mood, vital signs or
pupil diameter, but to increase levels of PRL and decrease levels of GH
in man. Thus, an IV dose of BE 1000—feld greater than that found in
plasma following stress was sufficient to induce pituitary hormone
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responses but. was behaviorally i_nactive. Gérner, Sharp and Catlin
(1982), however, report that slow IV infusion of 7 - 15 mg of BE over 30
_ min led to a 5-fold increase in CSF BEir in 3 subjects at both 2 and 4
hr and 2-fold increases as long as 17 hr after infusion, suggesting that
Foley et al. (1979) failed to £ind penetrance due to use of a bolus
injection. Gerner et al. (1982) did not, however, assess either
behavioral (e.g., pain) or physiological (e.g., PRL release) indices of
opioid activity, so it is unknown whether these CSF increases affected
functionally meaningful sites. '

There have also been suggestions of cephalad flow in the pituitary
portal vessels, which would carry pituitary hormones directly back to
the hypothalamus or into the CSF and thus to other brain areas (Bergland
and P:age, 1980). while this transport has been demonstrated to be
anatomically feasible and would deliver BE to the arcuate nucleus where
BE cell bodies are located (Zinmerman, Liotta and Krieger, 1978),
evidence of physiologically meaningful operation of such a system has
not been demonstrated. .

These data make it fairly clear that BE measured in the plasma has
no direct effect on behaviorally meaningful sites in the CNS, leaving
only the two following indirect interpretations of its significance to

function:
(1) Release of hormones fram the pituitary is under the control of

specific neurons and neurotransmitters in the hypothalamus, which are in
turn responsive to other inputs. Thus, the presence of particular

hormones in the plasma allows inferencgs about systems further upstream.
This logic, while theoretically sound, is in reality difficult to apply
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due to the multiplicity of controls on the release of individual
pituitary hormones. ‘Still, use of thlS logic to understand the
biochemical nature of major depressive disorders has achieved same
success’ (Sachaf, Asnis, ,Halbrei.ch, Nathan, and Halpern, 1980). In the
present context, alterations in the CNS which lead to analgesia or mood
elevétion Acould also lead to pituitary secretion of BE; the hormone is
tﬁen a marker of central activity of sysfems mediating these behavioral
effects, although not; necessafily causal of their presence. There are
data indicating opioid‘ regulation of pituitary BE ;t:eleasé; In rats,
naloxone increases levels of hypothalamic and pituitary BE, suggesting a
tonic opioid inhibitory effect on pituitary-BE réiease (Lee, Panerai,
Bellabarba and Friesen, 1980). This might explain why opioid anesthetics
reduce the BEir increase to surgical stress noted by Cohen et al. (1982,
1983). The physiological function of this particular circuit may be
related to negative feedback responsive to BE released fram the adrenal
in man (Evan, Erdelyi, Wever and Barchas, 1983). Available data suggest,
.thérefore, that if stress increases central opioid activity, decreased
- plasma levels of BE should result.. |

(2) If plasma BE levels are proportional to central levels, they
‘could be used as a marker of activity in the CNS, where mood and pain
effects are mediated. However, in the one study relating these levels in
man, Sclachter, Wardlaw, 'I'indall. and Frantz (1953) failed to find a
cox_:relation in 13 cancer patients; it is not clear whether this is a a
result of the disease, but nevertheless does not support this
hypothesis. Studies of foot-shock stress in rats show increases". in

plasma but not central levels of BEir or enkephalin (Rossier, Frerich,
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Rivier, Ling, Guillemin and Bloom, 1977), and studies of caffeine
infusion show a similar dissociation of effects (Arnold, Cérr, Togasaki,
Pian and Martin, 1982). Thus, available data do nort‘ indicate covariation
of plasma and CNS opioids.

To summarize, plasma BE is uncorrelated with central BE and,
furthermore, does not gain entry to the CNS. Plasma levels are, howevér,
indicative of changes in central levels of other neurotransmitters,
although the multitude of possible mediators of BE release at present
precludes specifying effects due to a single transmitter. This
specificity may be achieved in future studies by employing- specific
transmitter antagonists (e.g., naloxone for opioids, propranolol for
beta~adrenegic receptors). .

ACTH. Plasma ACTH incréasés in man have been reported following
exercise stress (Fraioli et al., 1980; Gambert et al., 1981; Risch et
al., 1980). Cortisol increases have also been reported following
exercise (Carr et al., 198l1; Dessypris, Kuoppasalmi and Adlerkreutz,
1976) and surgical stress (Cohen et al., 1983). One study of the time
course (Carr et al., 198l) found the cortisol increaée to peak at 30 min
aftet exercise. That this is a reflection of the lag in adrenal response
to ACTH rather than a delay in the ACTH response itself is suggested by
Fraioli et al. (1980) who found a 10-fold ACTH increase immediately
following exercise which decreased to 4-fold at 15 min and returned to
baseline by 30 min. |

There is same evidence that the cortisol response to exercise ‘stress
has a high threshold. Hartley, Mason, Hogan, Jones, Kotchen, Morigey,

Wherry, Penington and Rickets (1972) have shown that 5 min ergometer
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work by 7 untrained subjects at 98% but not 40 or 70% of aerobic
capacity increasés plasmé corﬁisol: this result was unaffected by a 7 wk
training program. Similarly, Spiler and Molitch (1980) failed to find a
cortisol ‘increaske after 30 min of low intensity i:u'.cyc_:le woric. Work at
75% of aerobic capacity to exhaustion (40 min) doés, however, yield
cortisol increases (Hartley et al., 1972), suggesting that intensity and
duration of exercise interact. There are also suggestions that long
duration, low effort work is a better elicitor of ACTH release than
short duration, high intensity work. Kuoppasalmi, Naveri, Hehunen,
Harkoknen and Adlerkreutz (1976) found, in 5 subjects, that 3 300 m
maximal effort runs, with 3 min rests between efforts, failed to alter
plasma cortisol levels. Other data indicate that anxiety in a physically
nondemanding circumstance is associated with a'cortisol response.
Vaernes, Ursin, Darragh. and Lambe (1982) studied 62 nonswimming Navy
recruits who were required to jump into deep water and float for 5 min.
Plasma cortisol increased after the stress. Psychometric testing showed
the highest cortisol responders to report the greatest anxiety. These
data suggest that measures of perceived stress as well as specification
of the physical stressor are required to separate what may be
independent contributions to cortisol level increases. The hormonal
response to stress is further influenced by behavior: if coping
responses are available, the ACTH response to stress is attenuated
relative to uncontrollable stress (Weiss, 1968), and this effect is
related to hypothalamic levels of NE (Weiss, Goodman, Losito, Corrigan,
Charry and Bailey, 1981).

Immunocytochemical data indicate that ACTH cell bodies are located
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in the brain stem and niadiobaéal hypothalamus, while fibers are found in
the periventricular and amygdaloid nuclei, as well as the PAG (Watson,
Richard and Barchas, 1978), suggesting a neurotransmitter or
neuramodulatory role for ACTH in thé CNS. Central and plasma levels of
ACTH appeaf independent. Allen, Kendall, McGilvra and Vancura (1974)
found lumbar CSF and plasma levels correlated 0.2, and infused ACTH
failed to cross over into CSF in significant amounts. - |

Neuroendocrine control of pituitary ACTH secretion is complex,
involving multiple- regulators of the hypothalamus (which secretes
corticotropin releasing factor, CRF, from the suprachiasmatic nucleus)
as well as the possibility of direct releasing mechanisms in the
anterioi: pituitary. There is also evidence of opioid mediation of ACTH
release. Nalcﬁcone, 8 mg IV, (Naber, Pickar, Davis, Cohen, Jimerson,
Elchisak, Defraites, Kalin, Risch and Buchsbaum, 1981) but not 0.4 mg
(Spilerk and Molitch, 1980) inqreased plasma cortisol levels and
potentiated stress—-induced ACTH increases (Morley, Baranetsky, Wingert,
Carlson, Hershman, Melmed, Levin, Jamison, Weitzman, Chang and Varner,
1980). Administration of opioids depresses ACTH and cortisol levels
(Morley, 1983). Like BE, then, st.resé—induded increases in central
opioid activity should decrease plasma ACTH levels. Thus, changes in
plasma ACTH can be used to infer the activity of many different
neurotransmitter systems. It.would be hoped that future studies could
disentangle\ the meaning of post-stress éndocrine changes t_hrough use of
spedific transmitter antagonists.

While ACTH and BE are produced in equal molar quantities by cleavage
of the proopiocortin molecule (Guillemin et al., 1977), their release
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from pituitary stores may be independent under same circumstances.
Measurement of plasma levels attributable to the pituitary are further
confounded by release of fhése substances by the adrenal in man (Evans
et al., 1983). At rest, both plasma (Guillemin et al., 1977) and CSF
(Nakao, Oki, Tanaka, Horii, Nakai, Furui, Fukushima, Kuwayama and Imura,
1980) levels of BEir and ACTH are correlated approximatley 0.75.
Surgical stress (Cohen et al., 1983) or physostigmine infusion (Risch,
Kalin, Janowsky, Cohen, Pickar and Murphy, 1983), produce increased
levels of both peptides, but thé increases are uncorrelated (Cohen et
al., 1982). By contrast, amphetamine infusion ﬁelds correlated
increases in BE and ACTH immunoreactivity (Cohen et al., 1982). Pilot
data fail to show a correlation of ACTH and BE after exercise stress
(Gambert et al., 1981).

Prolactin (PRL). PRL is another anterior pituitary hormone
implicated in the response to stress. Plasma PRL leveis in man have been
shown to increase under surgical stress conditions (Adashi, Rebar,
Ehora, Naftolin and Yen, 1980; Corenblum and Taylor, 198l) as well as
the anticipation of surgery (Corenblum and Taylor, 1981). Vaernes et al.
(1982) report increased PRL levels in non-swimmers after treading deep
water for 5 min which were directly correlated with reports .of fear and
anxiety. PRL does not, however, seem involved only in negative emotional
stat.es. Jevning, Wilson and Vanderlaan (1978) report increased serum PRL
in 24 subjects practicing Transcendental Meditation but not 12 subjects
who sinply relaxed with eyes closed for 40 min. The effects of intense
exercise on PRL levels sﬁggest an intensity dependent phenamenon. Spiler
and Molitch (1980) failed to find any change in PRL levels after low
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inteﬁs’i_tY bicycle ergameter work, but Mayer, Wessel and Kobberling
(1980) found elevated plasma FRL levels in 10 untrained males exercising
on an ergcmeter for 20 min at 80% of aercbic capaéity. The latter study
is supported by Moretti, Fabbri,lGnessi, Cappa, Calzocari,: Fraioli,
Grossman and Besser (1983), who report large naiomne—reversible PRL
increases in trained athletes exercising at 80% of maximal HR.

An é:tensive literature indicates reliable release of PRL by either
endogenous or exogenous opiates and naloxone-induced reductions of basal
PRL levels in the rat (Bruni, van Vugt, Marshall and Meifes, 1977;
Dupont, Cusan, Ferland, Lemay and Labrie, 1979; Grandisen, Fratta and
Guidotti, 1980; Meites, Bruni and Van Vugt, 1979). Intraventricular BE
reieases PRL. This response is blocked by systemic naltrexone or section
of hypothalamic afferents. BE does not induce PRL release in in vitro
pituitary preparations (Grandison et al., 1980), indicating a neural,
hypothalamic role for opioids in PRL control. One way of activating
these hypothalamic afferents is through stress. Ether and suckling
(Dupont eftl al., 1979) as well as shock (Rossier, French, Rivier, ‘
Shibasaki, Guillemin and Bloam, 1980), heat, restraint or blood-sampling
stress (Meites et al., 1979) increase PRL levels in a
naloxone-reversible manner (Morley, 1983), suggesting that PRL release
is a marker of increased opioid neural activity in the hypothalamus.

It is believed that the common final path of this opioid circuit is
through disinhibition of tonic DA inhibition. Morphine and haloperidol
(a DA aritagonist) administered together result in a PRL release no
| greater than that seen with haloperidol alone, suggesting that DA
blockade and morphine act on the same system. This is supported by
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findings of PRL increases following administration of .sub-effective_
doses of morphine and haloperidol which summate to yield a PRL release
(Meites et al., 1979).

Dopamine and opiate challenges in man suggest similar mechanisms to
those seen in the rat. Haloperidol, morphine (Gold, Redmond, Donabedian,
.Goodwin and Extein, 1978), and methadone (Judd, Risch, Parker, Janowsky,
Segal and Huey, 1982) all induce PRL release from the pituitary.
Naloxone by itself fails to induce any change in PRL levels (Cohen et
al., 1983; Morley, 1983; Naber et al., 1981), suggesting the absence of
tonic opioid control of PRL lévels. Corenblum and Taylor (1981) show
that both during-surgery and pre-surgery (apprehensibn) PRL increases
are reversed by nalmconé, suggesting that stress-induced increases in
opioid activity will increase plasma PRL levels. Exercise may, however,
operate via a non—opioid mechanism. Mayer et al. (1980)' pretreated their
10 subjects with 4 mg of naloxone double~-blind and failed to block
exercise~induced PRL increases.

. Growth Hormone (GH). The effects of stress on GH levels are less
studied than those above. Exercise inducés a serum GH increase
(Kuoppasalmi et al., 1976; Moretti et al., 1983) that is independent of
changes in blood glucose level (Hunter and Greeanod, 1964), a potent GH
stimilus. Surgical stress also induces GH increases (Adashi et al.,
1980) while meditation (Jevning et al., 1978)_ has no effect. Subjects in
Vaernes et al. (1982) study of non-swimmers showed reduced post-swim GH
levels, although these were elevated before the swim. Reduced levels are
‘also found in restrained monkeys (Brown, Seggie and Chambers, 1978).
Primates and rodents have different GH responses to stress (Makara et



24
al., 1980), making sub~primate data unusable.

Three excitatory neurotransmitters are traditionaliy associated with -

-. GH regulation—— DA, NE, and S-HT. Recently, ih the rat, 6piates have
been shown to reliably increase serum GH and naloxone to reduce basal
levels (Bruni et al., 1977; Dupont et al., 1979; Grandison et al., 1980;
Meites et al., 1979), indicating opioid regulation of tonic levels of
GH. This issue is confused in man. Morley et al. (1980) report that 10
mg naloxone does not affect serum GH, while higher doses (6 mg/kg, Cohen
et al., 1983) reduce GH levels. GH increases were reversed by low-dose
naloxone administration in the Spiler and Molitch (1980) study, but
Mayer et al. (1980) failed to reverse GH increases with a high dose of
naloxone. These data indicate the need for further study of the
mechanism of GH response to different stressors in man.

In sumary, opioid activity has been shown to influence levels of
all the ‘pituitary hormones presented above. These data suggest that
opioid release PRL and GH and inhibit release of BE and ACTH fram the
pituitary. If exercise stress increases central opioid activity to
reduce pain sensitivity and elevate modd, this activity should also be
reflected in reduced ACTH and BEir, and increased PRL and GH levels.

While the data reviewed above indicate post-exercise stress
reductions in pain report, elevations of mood, and altered hormone
levels, no study to date has studied all three variables concurrently.
The concurrent data are important to obtain because: (1) stress levels
in hormone studies have generally been higher than those employed in
either the pain or mood studies, making carparisops among these studies
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difficuit; and (2) only by colleci:ing all three types of measures are
correlations’ between variables possible. ‘ |

The pain studies reviewed above may be faulted both for the lack of
breadth in their use of test sti.inuli and their faiiure to use
sophisticated psychophysical techniques. The present study incorporates
 three measures of pain sensitivity: thermal, tourniquet ischemic, and
that produced by ice water (cold pressor). The first assesses
| superficial, while the latter two assess deep pain. While tourniquet
pain may be attributed to ischemia, the pain associated with ice-water
immersion may be'va‘\riously attributed to the effects of cold fiber
stimulation, ischemia consequent to reduced hlood flow, and release of
5-HT from platelets. Superficial and deep pain systems were tested
separately because it has been suggested that they are differentially
responsive to opiates (Procacci, Zoppi and Maresca, 1977; Watkins and
Mayer, 1982) .

Attempts to relate stress-induced hormonal and behavioral changes
are hindered by statistical naievete. Correlations have been inferred
from concurrent changes in mean measures of pituitary function and
behavior (eg., pain thresholds) obtained before and after stress. This
is, of course, a fallacy; each of these changes, while temporally
contiguous, are not necessarily produced by t;.he same subjects. If
peptide levels are functionally related to behavior, then larger
stress-induced ,chénges in these levels will be found in those subjects
who evidence larger chahges in. behavior. These are the type of analyses
done in the present study.

Sensory deeision theory (SDT) is a psychophysical procedure that



separates the sensory or discriminative component of a threshold from
the psychological aspect. The sens‘ory;canponent, ar, or its |
nonparametric equivalent, P(A), provides a relatively pure measure of
discriminability between stimuli bf various intensities. The
psychological camponent, the likelihood ratio criterion, Ix, or its
nonparametric equivalent, B, identifies the subject's reluctance or
readiness to report a particular sensory experience as painful. Several
studies (Clark, 1969; Clark, Janal, Zeidenberg and Nahas, 1981) have
supported the interpretation of P(A) as reflecting the amount of
neurosensory infomlation arriving centrally, and of vB and Lx as indices
of the subject's attitude toward reporting pain, i.e., his stoicism or
lack of it. The use of SDi' in the present study allows the J'.nport;ant
ability to separate neurosensory from attitudinal miatims in pain

report.

26
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I1. METHODS

Subjects were 12 males, mean age 38.8 yr (SD 12.1) who trained an
average of 41.5 mi/wk (SD 14.0). They gave informed consent and were
paid $20.00 for each of 2 sessions conducted between 9 and 12 AM,

Procedure. Before the run, a 35 ml blood sample was drawn for plasma
endocrkine detérminations, and the 3 pain tests and mood scales’were
administered. Subjects then ran a 6.3 mi city-street course at a pace
they would ﬁse when racing. Effort was quantified as the $ V02 MAX (per
cent of maximum oxygen uptake) according to the method described by
Colt, Wang and Pierson (1981). The run was completed in an average of
43.9 min (SD 5.3) each day at a mean of 85.3 % VO2 MAX (SD 5.5), which
approaches the maximal effort for this distance. Immediately upon their
return, ‘another 35 ml blood sanple wasv drawn, folldwed by 2ml IV |
injections of either saline or naloxone (0.8 mg) to which the subject
and the pain tester were blind. Pain and mood testing followed, but was
interrupted after 20 min to administer a second injection of the same

substance (naloxone, 0.8 mg, or saline).

In session 2, the same procedure was followed but the other agent
(saline or naloxone) was given; drug order was randamly determined and
balanced over subjects.

Thermal Pain Test. Radiant heat stimmli of 390, 340, 50 and O
mcal/sec/sq an were presented by a subject-held Hardy-Wolff-Goodell
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dolorimeter (Williamson Development Co., Model RT2, West Concord, MA).
The stimulus duration was 3 sec unless the subject withdrew his arm.
Withdrawal latencies were determined within 0.0l sec by means of a
microswitch mounted on the tip of the ptojector. The output of the lamp
was calibrated at each of the stimulus intensities used by means of a
standard thermopile and a potentiometer—type galvananeter The 2 an
diameter heat st:.mull, 12 at each intensity, were presented randomly
with respect to intensity to 3 patches of IndJ.a ink applied to the volar
surface of each foreamm. Subjects were instructed to give their verbal
responses as quiekly as possible and to withdraﬁ the projector if the
stimulus became too painful. The intensity of each stimulus was rated
verbally on the following scale: Nothing; Maybe Something; Warm; Hot;
Very Faint Pain; Faint Pain; Pain; Very Painful; and behaviorally, by
the latency of Withdrawal.

k Data. were treated to yield the nonparametric SDT indices of
discriminability, P(A) and response criterion, B, and the parametric
index, Ix, as described by McNicol (1972). This method computes P(A) by -
the trapezoidal rule as the area below the ROC curve generated by
cumlating probabil-ities of hits and false alarms at each response
category. P(A) values of 0.5 mdlcate chance dlscrmunatlon, values of
1.0, perfect discrimination. B is camputed as the median response
category. High B values indicate a high criterion, few pain reports; the
measure ranges from 0 to the total number of response categories, in
this case, 12, including the 3 different withdrawal latencies. Ix was
computed es the ratio of the ordinates of overlapping noise and signal +

noise distributions at the criterion for Faint Paih. High Lx values
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indicate few reports of - pain. Ix was used because this measure provideé
an index of response criterion at each level of resp‘onse,» while B
: provideé the equivalent of an average ove;: these vérious léveis. The
P(A), B, and log transform of Ix values generated for the noxious
(390-340) and innocuous (50-0) pairs of intensities were used in data
énalysis. Further details ooncerning this test and the application of
SDT to the analysis of response data may be. found in Clark (1974) -and
Yang, Clark, Neai, Berkowitz and Spector (1979). |

Ischemic Pain Test. Details concerning the procedure and the
treatment of sensory reports are presented in full in vYang, Cla;k, and
Ngai (1980). In a sitting position, the subject raised his arm and an
Esmarch bandage was wrapped around the hand and am to the elbow to
express venous blood. An autamatic tourniquet cuff (Walter Kidde and
Co., Bloamfield, NJ) placed above the elbow was then inflated to 250
torr. The Esmarch bandage was removed, and the subject squeezed a hand
dynamometer to half of maximum strength for 20 2-sec periods. He the
reported his sensory experience every 10 sec using the scale: Nothing;
Slight Sensation, Non-painful; Strong Sensation, Ndn—painful; Faint
Pain; Definite Pain; Severe Pain. In addition, the subject was
instructed to use the numbers 1 througvh‘ 10 to differentiate finer
gradations of sensations within each of the categories above the first
(higher numbers indicated stronger sensation). Subjects were asked to
tolerate the tourniquet for as long as possible up to a maximum of 15
min. The verbal reports were converted to a numerical scale by assigning

"0" to Nothing, "1" to Slight Sensation, and continuing until "5" for
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Severe Pain. The ten numbers within each verbal rating category were
divided by 10 and summed with the category value. Thus, a rating of
"Strong Sensatlon, 5" would be scored as 2.5. The response at the 30 sec

point thhm each min was used in data analysis.

Cold Pressor ,Test. Determinations of the temperature of the distal
phalanx of the thumb were made with a precision thermometer (Bailey |
Instruments, Saddle Brook, NJ, 07662, Model BAT 8). The subject immersed
his hand up to the wrist in an ice water bath and gently moved it. He
was instructed to tolerate the stimulus as long as possible with the
maximmm time specifiec to be 3 min. D.1ring_this immersion, the subject
gave sensory reports of his sensation using the scale: Warm; Nothing; -.
Cool; Cold: Very Cold; Faint Pain; Definite Pain; Severe Pain. Within
the last category, the numbers 1 through 10 were used to express
additional increments. Immediately upon withdrawal from the water bath,
a second determination of thumb temperature was made. Verbal reports
were converted to a nmrtérical scale in a manner similar to that for
ischemia data above. The verbal reports elicited at 10 sec intervals and
thumb temperatures before and after immersion weré used in data
analysis.

Mood Tests. Mood was assessed using visual analogue scales (VAS)V.
Each 85-mm, horizontal line with descriptor words at each pole was
presented on a separate card. Scales of this type have been found
reliable and sensitive to variation in mood (Folstein and Luria, 1973).
The three Happiness scales had stems of "Emotionally, I feel...",

followed, respectively, by these poles on the VAS:
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Depressed--Euphoric.
Regretful-—Joyful.
Pleasant—Miserable.
>'I'he, other 7 scales were statements to which the subject made a mark to
indicate his agreement on scales with poles of "Not at all" and "Very
Much So". One of these was designed to asséss the subject's arousal or
energy level: |
I (feel, felt) I (will, did) have a good run today.
Two were'-desi.gned to assess anxiety:
I am apprehensive about these procedures.
I am worried about being hurt.
Two were designed to measure opiate-like and/or fatigue effects:
I f_eei alert and attentive.
I feel "out of it", as though I'm not really here.
Finally, two scales were designed to assess ,cooperat:;.on and
conscientiousness, the subjects desi:é to perform at his best:
I am pleased that I volunteered for this study.
I am concerned about doing well.

The per cent of full scale distance was used for data analysis.

Plasma Endocrine Determinations. Blood samples were collected in
 heparinized tubes and cooled in ice water until centrifuged (within 10
min) at 5 deg C for 20 min at 1500 g. Plasma was stored at =70 deg C
until analyzed. BEir was determined by a radioinnmnoassay (RIA)
procedure involving the extraction of BE and LPH using ODs (C18) silica
colums. After elution, the BEir was measured using a double antibody
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RIA procedure (Immnonuclear Corp., Stillwater, M¥). Plasma ACTH was
determined by a direct double antibody RIA equilibrium procedure
(Immunonuclear Corp., Stillwater, MN). PRL was»determined by the RIA
method of Frantz (1976). GH was measured by the RIA method of Frantz and
Rabkin (1964). '

Test times. It took 15 min to administer the thermal test, 20 min
for the ischemic, 5 min each for the cold pressor and mood scales, 10
min to collec£ blood samples, and 2 min to administer each IV injection.
Combined with the 5-10 min to return to the lab following the'r;'un, the

entire procedure took between 65 and 70 min. |

 Test lag .groﬁps. Each subject was randamly assigned to one of the 24
possiblé orders of pain and mood test administration; this same order
vwas kept pre- and post-run and on eacﬁ of the two test days. Although
each had a'different order, groups of three could be formed post hoc
which received one particular test in each of the 4 possible orders.
Thus, 3 subects received the thermal test test first, 3 rece:i&ed the
ischemic first, etc. In the text that follows, test lag will be used to
identify the time (20, 30, 40, and 50 min) that each of these groups
started each of these tests; this time was determined by the order and
number of antecedent test campleted by the subject.

Data Analysis. Two sets of hypotheses were analyzed: the effect of
running + saline on pain and mood and the effect of running + nalaxone
on these variables. First, to evaluate any absolute difference in pain

perception or mood as a result of running, each of the pain tests and
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nbod scales was analyzed for the saline day alone using pre- and
post-run scores as a repeated factor and test lag as a grouping factor
in a split-plot 2-way ANOVA (Dixon and Brown, 1979). For the thermal
data, ANOVAs using this design were run for each of P(A), B, and log ILx
as dependent variables. Analysis of the ischemic and cold pressor verbal
repbrt data used the above design with ischemic duration and immersion
duration as repeated factors, 3-way ANOVAs Mood scale data used the ;
same basic design with 2-way ANOVAs done separately for each scale. CD
refers to the critical difference between means. necessary for
significance (P < .05) in a priori (planned) t-tests; d_g follow CD in
parentheses. Second, to campare the effects of naloxone with those of
saline, post- minus pre-run difference scores were obtained and analyzed
by a split-plot ANOVA using drug as a repeated factor and including
other factors as specified above.
| Hormone data were analyzed using l-way ANOVA for repeated measures

on pre- and post-run levels for each hormone.
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III. RESULTS

Thermal Pain Test.

Discriminability. P(A) means by stimulus intensity, pre- vs
post-run period, and test lag (time after the run) for the saline
conditic:n are presented in Table 1. Results shéw reduced |
discriminability post-run at both noxious and innocuous intensities.
ANOVA at the 390-340 (noxious) intensity pair showed a period X test lag
interaction indicative of significantly reduced discriminabiiity
(F(3,8)= 9.5, P < .01) for those subjects tested at the 20 min lag
(CD(8)= 0.09; pre-run M= .85, post-run M= .69); values at longer lag
times were not significaht. ANOVA at the 50-0 (innoéuous) intensities
showed an overall period effect (F(1,8)= 10.9, P < .02) of reduced
post-run discriminability. The period X test lag interaction at the
innocuous intensity failed to reach significance (E(3,8)= 1.3, ns).
Post-hoc tests based on the error term from this interaction (CD(.05,
8)= .15) did, however, show a significant post-run reduction in the 40
and 50 min lag groups (at 40 min, pre-run l\f .71, posf—run M= .54; at 50
min, pre-run M= .80, post-run M= .64). Reductions in discriminability
for the lower intensity pairs aépear, therefore, to follow a different
tiine ocourse of activity, suggesting they are not mediated by the same
mechanism. .

Table 2 displays the mean P(A) scores by test lag, test period, _an'd‘
stimilus - intensity on the naloxone day. ANOVA failed to show significant
variation in discriminability as a function of any.of the experx.mental
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Table 1. Mean (SD) thermal P(A) scores by intensity (mcal/sec/sq cm),

Test
Lag
20

30

40

50

period and test lag (min) for the saline day.

Period

pre

post

pre

post

pre

post

pre

post

pre

post

Intensity

390-340 50-0
-85 (.04) .71 (.08)
.69 (.07) 62 (.20)
.83 (.01) 62 (.11)
.77 (.04) .61 (.06)
.74 (.04) .71 (.13)
.82 (.09) 54 (.04)
.81 (.07) .80 (.12)
.79 (.02) .64 (.22)

.81 71

.77 .60
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| Table 2. Mean (SD) thermal P(A) scores by intensity (mcal/sec/sq am),

Test

Lag
20

30

40

50

period and test lag (min) for the nalaxone day.

Period

pre

_ post

pre

post

pre

post

pre

pre

post

Intensity
390-340 50-0
.73 (.07) .60 (.11)
.71 (.15) .54 (.04)
.83 (.05) .58 (.04)
.77 (.10) .61 (.12)
.76 (.02) .61 (.04)
.75 (.05) .60 (.05)
.85 (.10) .62 (.23)
.80 (.09) .69 (.14)

.79 .60
.75 .61
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conditions (save intensity (F(1,8)= 26.6, P < .001), suggesting a
naloxone-mediated reversal cf post-run reductions in discriminability.

Direct cmpansons of saline and naloxone difference scores,
however, fail to support the hypothesis of oploid-mediated reductions in
discriminability. ANOVA on the mean post- minus pre-run difference
scores for the noxious stimulus intensities as a function of test lag,
intensity, and drug conditions (Table 3) shows that saline and naloxone
conditions yielded differences in the same direction. The test lag X
intensity X drug interacticn, the appropriate ANOVA effect for
determining naloxone reversal, failed to reach significance (F(3,8)=
2.0, P < .19). The CD based on the error term from this interaction
(.20, P < .05) shows that no camwparisons between drugs at equivalent
levels of lag and intensity differed significantly, failing to support
the hypothesis of opioid mediation of post-run reductions 1n
| discriminability seen at the 20 min lag on the saline day. Averaging
over test lag did yield a trend in the direction of naloxone
reversibility (drug X intensity interaction, F(1,8)= 2.2, P < .18,
CD(.05,8)= .10) for the innocucus stimuli (salines -.09, naloxone= .01).
cmlparison‘ of means shows significantly lower discriminability under
saline conditions (-'_.09) campared to naloxone (.01) for the low
intensity stimlus’pair. Thus, there is scmeindication that reductions
in the discriminability of the low intensity pair was opioid medieted,
although this effect was not tied to specific test lag periods.

Individual subject difference scores (Table 3) support the basic
conclusions reached from analysis of the mean data (Table 1). These

individual subject differences show: (1) for the 390-340 intensity pair
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Table 3. Thermal P(A) difference scores (POST- minus PRE-RUN) by

subject, test lag' (min), intensity (mcal/sec/sq cm) and drug condition.

Test -ID Saline Naloxone
Lag 390-340 50-0 390~-340 50-0
20 3 -12 =21 .24 -.08
7 -11  -.15 -.15 -.03
12 -.24 | .10 -.13 -.14
Mean -.16 -.09 -.01 -.08
30 4 -.02  -.02 0 -0l
5 -.06 -.07 -.06 .19
11 -.10 .06 -.14 -.07
Mean -.06 -.01 -.07 .04
40 1 03 -.21 .02 .05
6 14 -07 -.01 -.04
10 .06  -.23 -.04 -.01
Mean .08  -.17 01 0
50 2 -.11 .04 -.13 -.03
8 -.07 -.08 -.06 .07
9 .03 -.28 .01 .17
Mean .05 =11 -.06 .07
Column Mean -.05 -.09 -.04 .01
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under saline oconditions at the 20 min lag, all 3 subjects showed reduced
post-run discriminability, indicating that the mean data reported above
are representative; (2) similar conélusions are supportedy by the 50-0
mcal inténSity pair on the saline day at 40 min— but not for the 50 min
lag, where the extreme score of subject 9 biases the group data to
produce a mean effect; (3) under naloxcne conditions at the high
intensity and 20 min lag, 2 ofkthe 3 subjects showed post-run reductions
kin discriminability, while one evidenced a large increase. The latter | |
effect thus accounts entirely for the indication of
naloxone-reversibility suggested in the mean data.

Day Effects. ANOVAs camparing d;ay 1 pre-run vs. day 2 pre-run P(A)
and B scores by test lag, period and intensity failed to show any
differences between these control values. The absence of a day effect
suggests that the observed run effects are not a result of learning,
fatigue, or adaptation to the test procedure.

Report Criterion. ANOVAs on the report criterion, B, failed to
reveal any significant post~run effects for the séline condition alone
or relative to naloxone. These data may be found in Tables 4 and 5.
Analysis of Lx data also failed to show a post-run shift in reponse bias
(saline, pre vs post, t(1ll)= -.08,1 ns; naloxone, E(ll)= -.17, ns)
averagd over test lag. Incomplete data precluded doing ANOVAs evaluating
lag and intensity effects parallel to those presented for P(A) and B
above. -

Ischemic Pain Test.
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Table 4. Mean (SD) B values for salihe and naloxone days by test lag

Test
Lag
20 pre

post

30 pre

post

40 pre

post

50 pre

post

Mean pre

post

(min) and intensity (mcal/sec/sq am) (N= 12).

Saline
390-340 50-0

5.54 (1.56) 10.05 (0.31)
4.66 (2.83) 10.22 (0.19)
6.86 (1.45) 9.97 (0.42)
7.10 (0.80) 10.06 (0.39)
6.69 (1.91) 10.18 (0.03)
6.38 (1.91) 10.24 (0.19)
4.60 (2.16) 9.44 (0.50)
5.10 (2.15) 9.57 (0.09)

5.92 9.91

5.81 10.02

Naloxone

390-340
4.39 (2.32)
4.70 (2.56)

6.71 (1.58)
6.22 (1.43)

6.70 (1.76)
6.25 (1.77)

5.19 (2.28)
5.25 (2.54)

5.75
5.60

50-0
10.15 (0.40)
110.22 (0.41)

10.12 (0.27)
10.23 (0.22)

10.16 (0.36)
10.29 (0.08)

9.81 (0.40)
9.79 (0.52) -

10.16
10.13
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Table 5. Mean B difference scores (POST- minus PRE-RUN) for saline and
naloxone days by test lag (min) and intensity (mcal/sec/sq am) (N= 12).

Positive scores indicate increased post-run stoicism.

Test ~ Saline | Naloxone
Lag ID  390-340 50-0  390-340 50-0
 20 3 19 .43 1.09 .04
7 -.50 .29 .22 .05
12 -2.33 =21 a1 a1
Mean -.88 - .17 .47 .07
30 4 -7 .10 0 0
5 .48 .16 -1.57 .33
11 .95 0 Jd1 0
Mean .24 .09 -.50 o
40 1 -.94 -.06 -.97 .04
6 .15 .26 -.15 -.20
10 -4 0 -.23 .54
Mean -.31 .07. -85 .13
50 2 -1.00 .76 -.58 -.15
8 2.20 0 . .70 .09
9 30 .37 .05 -.01
Mean .50 .13 .06 -.02
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" Verbal report means partitioned by duration of ischemia, period, and
test lag for the saline condition are shown in Figure 1. Results showed
reduced pain reports when subjects were tested at 20 min post-run,

- increased reports when tested at 30 min and no éffects thereafter. ANOVA
failed to show a period X duration X test lag interaction (F(42,112)=
'1.2, P < .28). Hoﬁever, because a priori hypotheses predicted an effect
at 20 min, post hoc tests (CD (.05, 112)= 0.42, within test lags and
between periods) were done which showed that pain report was reduced
significantly in subjects tested 20 min after the run. Subjects tested
at 30 min showed significantly increased pain report between 5 and 9
min. Subjects tested after 40 min showed no pre~-post differences.

Figure 2 (Panel A) shows iséhehic verbal 'report means by drug
céndition, test period, and ischemic duration averaged over test lag.
ANOVA on the séli.ne data showed a significant period X ischemic duration
trend (F(14, 112)= 1.5, P < .12; CD(.05, 112)= .21), such that verbal
report was reduced post-run at all ischemic durations past 9 min and
significantly so at 11, 14 and 15 min. These data, presented above as a
function of test lag, showed the reduced‘post-run verbal report to be
most praminent in the 20 min lag group; Thus, these mean data represent
a "washed out" hypoalgesic effect that is mainly representative of the
performance of the 20 min lag group. They are presented again in order
to contrast the naloxone findings, presé.nted in Panel B of Figure 2.
ANOVA revealed a significant period X ischemic duration interaction
(F(14,112)= 2.1, P < .02; CD(.05,112)= .27). Comparison of means shows
increased reports of sensation post-run at all times after 6 min,
significantly so at min 7, 8, 9, 11, and 15. Thus, reduced post-run pain -
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Figure 1. Mean verbal report of stimulus intensity (2= Slight
Sensation, 4= Faint Pain, 6= Severe Pain) on the ischemic pain test as
function of period (pre-run= closed circle, post-run= open circle),

ischemic duration (min) and test lag (min) for the saline day.
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Figure 2. Ischemic verbal report (1= Slight Sensation, 3= Strong
Sensation, 5= Definite Pain) means by drug condition (saline, naloxone),
test period (pre-run, ciosed circle; post-run, open circle), and

ischemic duration (min) averaged over test lag (min) (N=12).
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report under saline and increased report under naloxone cénditions were
found, each relative to the same days' baseline and averaged over test
lag, suggesting a naloxone reversal of analgesia. There was no
interaction of test lag X period X ischemic duration on the naloxone day
(F(42,112)= 0.3, ns).

Direct camparisons of the post~ minus pre-run difference scores are
presented in Figure 3. ANOVA of the ischemic duration X drug interaction
(F(14,112)= 2.3, P < .01; CD (.05, 112)= .36), showed that significantly
more pain was reported under naloxone than saline ‘conditions at 7 to 15
min ischemic durations, i.e., at times when the stimulus was reporﬁed as
- between "Strong Sensation"™ and pain, confirming a reversal by naloxone
of analgesié seen on the saline day. Note that verbal report decrements
and their reversal occurred only at ischemic durations greater than 8
min, i.e., at times when the stimulus was reported to be painful, but
not at innocuous intensities. The test lag X duration X drug interaction
was insignificant (F(42,112)= 0.7, ns), although the naloxone-saline
difference was largest at the 20 min lag (see Figure 4).

‘I'hé proportion of post-run verbal reports to ischemic stitmlatioﬁ ‘

. reduced relative to pre-run reports are shown in Table 6 by subject,

drug condition, and duration of ischemia, which has been dichotomized
into periods of less than 8 min duration (innocuous stimulation) and
above 8 min (noxious stimulation). Proportions greater than .50 indicate
a preponderance of post-run reductions in verbal report. Under saline |
conditions, 20 min subjects‘ all reported less sensation post-run at both
"stimulus intensities.” These same subjects, under naloxone treatment,
showed considerable individual variability; at the shorter ischemic



Figure 3. Mean change m ischemic verbal report (POST- minus PRE-RUN)
averaged over test lag groups for the saline (’closed circle) and
naloxone (open circle) days as a function of ischemic duration (min).

Negative scores indicate post-run hypoalgesia.
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Figure 4. Ischemic verbal report change scores (POST- minus PRE-RUN) as
a function of ischemic duration (min), drug conditions, and test lag
(min) . Negative scores indicate post-run hypoalgesia (N= 12, 3 per test

lag group).
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Table 6. Proportion of reduced reports to ischemic stimulation by

subject, test lag (min), drug condition and ischemic duration (min).

Test D
Lag
20 2
5
11
Mean
30 3.
6
10
Mean
40 4
8
9
Mean
50 1
7
12
Mean
Column Mean

‘Innocuous
Saline Naloxone
1.0 1.0
1.0 0
1.0 .14
1.0 .38
1.0 .83
0 .43
0 .60
.33 .62
1.0 0
0 .71
U .20
.33 .30
1.0 .43
1.0 .50
.20 *
.73 .47
.60 .44

Noxious

Saline Naloxone

1.0 .50
1.0 .63
1.0 0
1.0 .38
1.0 0
0 0
0 0
.33 0
.75 1.0
.38 0
17 0
.43 33
0 0
1.0 1.0
* *
.50 .50
57 .30

* more than 50% of repbrts were tied, data excluded
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duration, subject 2 failed to show réversal, whiie at the longer
duration, all 3 subjects showed some degree of reversal. These data
support the hypothesis that naloxone reverses pqst-run reductions of
pain, kbut not innocuous sensations. For the 30 min group, i:he consistent
presence of J.ncreased pain reportb on the naloxone day at the longer, but
not the shorter, ischemic durations supports the mean finding (Figure 1)
of post-run hyperalgesia in this lag group. No consistent effects were
seen in the 40 or 50_min lag groups. Averaged over lag, ’at the later
ischemic du.ra_ltions there was a larger difference between saline and
naloxone (57% vs 30% reduced pain reports) than at the shorter durations
(60% vs 44%), suggesting 4that naloxone reversal was limited to reduced
perception of the stronger sensations. |

f)ay effects. Differences between day 1 and day 2 pre-run periods
were evaluated by ANOVA as a function of ischemic duration, day, and
test lag. Results showed less‘ intense reports (Day 2 M= 3.6 , Day 1 M=
3.1; F(1,8)= 9.1, P < .02). All interactions failed to reach
significance, indicating an equivalent reduction at all ischemic
durations and for all test lag groups. This finding supports the use
above of only within day camparisons when the absolute values of verbal
report are considered, and the comparison between days (drugs) of
difference scores only. | _

In summary, reports of painful but not nonpainful ischemic
stimulation were reduced post-run. This analgesic effect was reversed by
naloxone, indicating the presence of stress-induced opioid mechanisms of

analgesia.
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Cold Pain Test.

In brief, reports} of sensation to the cold-water stimulus failed to
show any post-run alteration in perception.

In the following analyses, verbal report data acquired during the
first 90 sec of ice-water immersion are used. Data beyond this point
ﬁere missing in 6 of the 12 éubjects. Where withdrawals occurred before
90 sec, the last verbal report given by the subject while his hand was
imneréed was used to fill the remaining cells of the data matrix. (This
wés generally the maximal verbal report, "Severe Pain 10".)

Figure 5 depicts mean verbal report over the first 90 sec of
immersion for the pre- and post-run periods and for the two drug
conditions. In general, post-run reports of pain were greater than
pre-run under both drug conditions. ANOVA of the saline data showed a
period X duration interaction (f‘,_(9,72)= 2.7, P < .02; CD(.05,72)= 0.5),
such that reduced post-run verbal report was found at 0 and 10 sec
durations and increased reports were found at 50, 70 and 90 sec
durations. There was no evidence of an interaction of tesf. lag with
period and duration (E(27,72)= 0.4, ns). On the nalcxone day, the period
X duration interaction failed to reach significance (F(9,72)= 0.2, ns).
Post-hoc camparisons (CD (.05,72)= 0.5) failed to show pre- vs post-run
report changés. while the magnitude of changes on thé naloxone day were
similar to those found with saline, the absence of significant naloxone
effects may be attributable to increased error variability on the
naloxone day (Error Mean Square= .44 vs .33).

Direct camparisons of post- mlnus pre-run diffe:_:ences under the two

drug conditions also failed to show effects due to test lag or immersion



Figure 5. Mean verbal report of cold pain (2= Cool, 4= Very Cold, 6=
Definite Pain) as a function of immersion duration (sec), drug

corditions, and test period (N= 12).
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duration (all P's > .25). It may be concluded that cold} stimulus
sensitivity was not reduced post-run; On the contrary, there is same
indication of increased post-run reports of pain that were unaffected by
either latency of post-run testing or the two drug conditions.

Verbal report data were also analyzed using the immersion time
required to report the sensation as either "Faintly" or "Definii:elyv
Painful™ as ANOVA criteria. Effects in this analysis camparable to those
presented above showed numerically higher P levels, suggesting the
ve.fbal report measure used above is the more sensitive index. No
significant effects were uncovered using the latter measuré.

ANOVA of thumb temperature (deg C) as a function of test lag,
period, drug, and immersion time (before immersion and after withdravml)‘
was also undertaken (see Table 7). Averaged over all conditions, the
mean pre-iftmersion temperature was 28.9 (SD= 2.5) and the mean
withdrawal temperature was 10.9 (Sb= 5.5). 'i'here was a trend toward
higher temperatures after the run (before immersion, +l.7,v F(1,11)= 2.9,
ns; after withdrawal, +.6, F(1,11)= 1.3, ns). Eight of the 12 subjects
showed increased post-run temperatures before immersion (binamial test
ns) and 7 of the 12 showed higher temperatures at withdrawal (binomial
test ns). Clearly, then, the data fail to confirm a consistent post—-run
increase in skin temperature.

ANOVA of the temperature drop during immersion also failed to reveal
significant run effecté (Table 8), although there was a.trend in the
direction of larget post-run mean drops (18.6 vs 17.4; F(1,11)= 0.8,
ns). Thus, the change in skin temperature associated with withdrawal was
not affected by the runm.
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Table 7. Mean thumb temperature (deg C) as a function of drug condition,
test lag (min), test period, and immersion duration (min) in ice-water

~ bath (N= 12).,

Test Pre-run Post-run

Lag Pre-immersion Withdrawal Pre-immersion Withdrawal

20 27.6 - 7.6 . 30.6 8.6
30 30.6 15.9 28.7 16.3
40 27.7 6.0 27.8 5.2
50 27.0 9.2 30.0 14.3
M 28.2 9.7 29.3 11.1
NALOXONE
20 30.2 10.2 32.1 10.8
30 32.2 16.7 -30.0 17.7
40 23.3 7.3 27.9 7.5
50 25.9 11,5 31.0 9.6

M 27.9 11.4 ' 30.2 11.4
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Table 8. Mean temperature drop (deg C) in ice-water bath as a function

of drug condition, test lag (min), and test period (N= 12).

Test Lag

20
30
40
50

, Pre-run

20.0
14.7
20.7
17.8

18.3

Post-run

22.0
12.3
22.6
15.7

18.2

Naloxone

Pre-run

20.0
15.5
16.1

14.4

16.5

Post=-run

21.3
12.3
20.4
21.4

18.9°
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Analysis of the day effect failed to show consistent changes for
either verbal report or skin temperature variables. | }

Mood Tests.

Table 9 shows mean ratings of euphoria and joy by test period and
test lag for the saline day. These VAS support the hypothesis that
running produced an improved mood. ANOVA showed a period X test lag
interaction on the Euphoria scale (F (3, 8)= 4.2, P < .05; CD (8)=
10.7), indicating more euphoric ratingé post=-run at test lags of 30 and
40 min only. A period X test lag interaction was also found on the Joy
scale (F (3, 8)= 6.2, P < .02; CD (8)= 16.4), which indicated more
joyful ratings post-run at the 30 min test lag only. Parallel data from
the naloxone day are presented in Table 10. ANOVA failed to reveal any
signficant effects under ‘this condition.

ANOVA on the post- minus pre-run differences showed naloxone-induced
reversals of Euphoria and Joy rating increases (see Table 11). ANOVA
showed an overall drug trend (Saline M= 10.7, Naloxone M= 2.1; 2(1,8)=
5.0, P< .06), indicative of attenuated increases of post-run Euphoria
ratings under naloxpne conditions. A test lag X drug trend (F(3,8)=
2.7), P< .12; CD (8) = 18.33) indicated that this naloxone effect was
maximal and significant only at 40 min. A test lag X drug trend (§(3,>8)v=
2.4, P < .15; CD (8)= 13.71) indicative of reduced ratings of Joy under
the naloxone condition at 30 min was also found. These data indicate
naloxone-reversal of post-run mood elevatioﬂ, supporting the hypothesis
of opioid med.;'.ation of these effects.
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Table 9. Mean (SD) Euphoria and Joy ratings (% of full scale distance)

Scale

Euphoria

Joy

by period'and test lag (min) for the saline day.

Test
Lag
20
30
40
50

20
30
40
50

54.1
48.2
33.3
63.9

62.0
46.7
44.3
71.0

(5.6)
(9.9)
(11.6)
(9.1)

(0.4)
(9.2)
(3.7)

(16.0)

Post

52.9
65.9
52.6

71.4

55.7
74.9
32.6
76.5

k3.0)
(15.4)
(13.0)
(8.2)

(9.3)
(4.8)
(7.7)
(13.5)
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Table 10. Mean (SD) Euphoria and Joy ratings (% of full scale distance)

Scale

Buphoria

Joy

by period and test lag (min) for the naloxone day.

Test
Lag
20
30
40
50

20
30
40
50

Pre

47.5
58.4

45.5

74.5

61.2
66.3
44.3
72.6

( 0.7)
(15.9)
( 6.5)
(27.6)

(10.1)
(18.8)
( 6.0)

(30.6) -

Post

55.3
66.7
44.3
75.7

60.0
64.7
41.6
74.5

(16.2)
( 8.3)
(13.4)
(23.4)

(29.1)
( 5.4)
( 8.5)
(20.7)
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Table 11. Mean (SD) Euphoria and Joy change scores (POST- minus PRE-RUN)

by drug and test lag (min). Positive scores indicate improved mood.

Scale

Euphoria

Joy

Test Lag

20
30
40
50

20
30
40
50

Saline

-1.2
17.6
18.8

7.5

-7.8
28.2
-11.8
5.5

( 6.2)
(12.4)
( 6.6)
( 4.5)

( 9.5)
(15.4)

(15.4)

( 2.7)

7.8
8.3
=-1.2
-6.7

_1.2
_1.6

’ —2.7

2.0

- Naloxone

(16.7)

(13.3) -

(12.7)
( 6.0)

(31.8)
(13.6)
( 3.0)
(10.0)
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This kconclusion is supported by analyses of individual subject data.
Table 12 shows, by subject, the post- minus pre—run- difference scores
for the Euphoria and Joy scalés by drug and test lag. Positive scores
indicate relatively improved post-run mood ratings. It may be seen that
all 40 min lag subjects showed improved post-run Euphoria ratings under
saline conditions and either reversed or attenuated improvement under
naloxone conditions. A similar, though less robust, effect may be seen
in the 30 and’ 50 min lag subjects on the Euphoria scale. The consistency
of these data support the conclusions drawn above fram the group means.
Similar observations may be made about the Joy scale, where 30 min lag '
subjects showed a consistent mood elevation on the saline day that was
reversed or attenuated under naloxone conditions.

Two other scales were affected by the run, equally under saline and
naloxone conditions and at all test lags. ANOVA showed increased concern
with "doing well" post-run (35.4 vs 25.8); and, increased pleasure
post-run at having volunteered for the study (73.6 vs 70.4), both P's <
.10. Thus, while the subjects were more conscientious and cooperative
post-run, these effects were not reversed by naloxone, while shifts in
euphoria and joy were. Ratings of energy, fatigue, and test anxiety were
unaffected by the run.

Analysis of differences in pre-run baselines between days 1 and 2
failed to show significant changes in the report of mood.

In summary, ratings of euphoria and joy were increased post-run in a
naloxoné—reversible manner, indicating an opioid mechanism 6f post-run
‘mood elevation. That other scales were also elevated, in a

naloxone-resistant manner supports the specificity of these findings.
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Table 12. Post- minus pre-run difference scores on Euphoria and Joy

scales by subject, test lag (min), and drug condition. Positive scores

Test

Lag

20

30

40

50

10

12

11

indicate improved mood.

| Euphoria

Saline Naloxone

26
14

21
10
17

22

20

Joy

Saline

38
22
12

Naloxone
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Plasma Endocrine Levels.

Figure 6 shows mean plasma levels of PRL, GH, BEir, and ACTH by test
period. All hormones increased significantly post~run: ANOVA showed a
period effect for PRL (F(1, 11)= 24.5, P < .001>; for GH, F(1, 11)= 5.5,
P < .04; for BEir, .E (1, 11)= 10.3), P < .01; and for ACTH, F(1, 11)=
10.3, P < .01). There was a trend toward reduced post-run increases of
ACTH on day 2 (F(1,11)= 4.3, 3 < .07). There were no differences between
days for the other hormones.

Relationship of pituitary hormone levels to each other and to post-~run

changes in level.

Tables 13 through 17 show the correlations of a) pre-run, b)
post-run, and ¢) post- minus pre-run differences in levels of PRL, GH,
BEir, and ACTH. Table 13 shows there were no significant correlations
among the pre-run hormone levels. Table 14 shows but one post-run
relation, BEir and GH covarying posi'tively. Thus, the post-run increases
of these hormones were predaminantly independent of one another. The
absence of a correlation between BEir and ACTH is pa‘rticularly
noteworthy. .

Table 15 depicts ;:orrelations between pre- and post-run levels of
the pituitary hormones. Pre-run PRL and ACTH were each associated with
pos.t-run levelé of the same substance, i.e., subjects who started with
" high or low levels of these substances retained their rank after the

run.



Figure 6. Mean levels of prolaction, growth hormone, beta—endqphin
immunoreactivity, and ACTH by test period (PRE- and POST-RUN) (Bars
indicate +/- SEM, N= 12),
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Table 13.

(N=12).

GH
BEir

ACTH

69

Correlations between pre-run levels of PRL, GH, BEir and ACTH

e 35
.41

-.24
-.09

BEir ACTH

.06

*P< .10

** p < .05



Table 14.

(N=12).

PRL
GH
BEir

ACTH

70

Correlations between post-run levels of PRL, GH, BEir and ACTH

.07

GH

«80%**

.29

BEir ACTH

.39

* P < .10

** p < .05



Table 15. Correlation between pre- and post-run plasma levels of PRI,

GH, BEir and ACTH (N= 12),

Post-run
Pre-run PRL GH BEir ACTH
PRL < 70%%
GH -.30 -.38
BEir 10 .47 .28
ACTH .49 .47 .38 «66%**
*P<.10

** P < .05
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Table 16. Correlations between pre-run levels and the (post- minus

pre-run) change in levels of PRL, GH, BEir and ACTH (N= 12).

Pre-run

PRL GH BEir aCTH
Post - Pre
PRL .25
GH .34 -.60%*
BEir 31 .15 -.42
ACTH .18 0  -.44 ' -.04

* P < .10

** P < .05
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Table 17. Correlations between post-run levels and (post- minus pre-run)

change in levels of PRL, GH, BEir and ACTH (N= 12).

Post-run
PRL GH BEir
Post ~ Pre _
PRL, .86%*
GH .31 9T
BEir .13 .43 .T6%*
ACTH -.35 -.05 .17

* P < .10

ST2%%

** P < .05
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While covariation in PRL and ACTH pre~ and post-run was found, there
were no significant between—hornbne relations. Data concerning the
contribution of pre- and post-run hormone levels to the post-run change
scores are presented in Tables 16 and 17. Table 16 shows an association
of post-run changes to pre-run levels only for GH, larger increases |
being found in subjects with lower baseline levels. Table 17 shows that
increments of each hormone were positively related to post-~run levels.
Except for GH, then, higher post-run levels of ail substances can be
attributed specifically to the effects of the run. Changes in any one
hormone were not related to either the pre- or post-run levels of any

other hormone.

Relationship of ’hormone levels to pain and mood reports.

To evaluate the interrelation of hormone levels and verbal reports
of pain and mood, while limiting the number of correlation coefficients
calculated, sumary measures of ischemic and cold stimalus: responses
were derived by averaging over stimilus duration. Since £here ‘were only
three cbservations per cell in the 3 X 4 matrix of stimulus type by test
lag, it was also necessary to collapse (average) over stimulus types and
test lags to allow a sufficient sample size for determination of
correlations. When data were collapsed over test lag, 12 pairs of
hormone and verbal report values became available for each stimulus type
(4 lag times multiplied by 3 subjects per lag). Similarly, when stimulus
type was collapsed, 9 pairs of observations became available (3 subjects
per stimulus multiplied by 3 stimulus types, mood data being excluded).
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When averaging over stimulus types, scores were converted to ranks to
‘make comparisons between the three types of stimulation possible. All
correlations are based on data from the saline day only.

"Partialling” in the text to follow refers to the calculation of the
partial correlation coefficient (cf. Cohen & Cohen, 1969) between
post-run hormone levels and post-run verbal reports fram which the mean
effects of either the pre-run verbal report or hormone level have been
statistically removed. These coefficients allow tests of hormone/verbal
report relationships unigquely éttributable to the run.

Coid Pressor. The relationship of plasma hormone levels to the time
to report FP. (Faint Pain), the minimmm pain level on the rating scale,
is shown in Table 18. The absolute levels of post-run PRL were directly
related to reduced pain report. Partialling pre-run verbal report
attenuated this relationship, however, indicating that absolute levels
of PRL can be accounted for by the baseline relationship of PRL and
verbal report ( r= .48). The relative increase in PRL was, however,
significantly related to longer FP report times and this reiationship
was unaffected by partialling pre-run verbal report. Partialling pre-run
hormone levels had no effect on either of these relationships. There
were no other significant pain report/hormone correlations. These data
demonstrate that increases in plasma PRL levels are a reliable correlate
of reduced post-run sensitivity to cold stimuli. Subjects showing the
greatest post-run analgesia had the greatest increase in plasma PRL

levels.

Ischemic Test. Table 19 shows ischemic pain report and hormone '



76

Table 18. Correlations between PRL, GH, BEir and ACTH levels and the

time (sec) to report the cold water stimulus as Faintly Painful (FP).

PRL, GH BEir ACTH
Pre-run
Pre-run FP .09 .41 .10 .06
Post-run
Pre-run FP .46 -.02 .24 ~-.06
Post-run FP 60** .14 .29 =15
Partials
Pre FP .45 -.10 -.26 -.11
Pre HORM L73%% .18 .21 -.31
PRIL~DIF GH-DIF BEir-DIF ACTH-DIF
Pre-run FP .57% -.13 .16 -.13
POSt-run FP 073** .10 002 ~e 32
Partials
Pre FP .57* .39 -.21  -.39
Pre HORM o 73%% .18 21 -.31
*P < .,10

** P < .05



Table 19. Correlations between PRL, GH, BEir and ACTH levels and

ischemic verbal report (VR) (averaged over the 11-15th min) (N= 12).

PRL GH BEir ACTH
Pre-run
Pre-run VR .48 .06 ~.39 ' -.08
Post-run
Pre"mn VR 136 —049 _-17 .04
Post-run VR .49 -.40 ~-.06 .18
Partials
Pre~run VR .45 .16 .25 «37
Pre-run HORM .14 -.38 .10 .18
PRI~DIF GH-DIF BEir-DIF ACTH—DIE
Pre-run VR .15 -.44 .12 .14
Post~run VR .25 -.39 .29 .18
Partials
Pre-run VR .34 -.14 .50 .17
Pre-run HORM .14 -.38 .10 .18
* P < .,10

** P < .05
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correlations. While none reached significance, some are stiil.worthy of
note, Both pre- and post-run levels of PRL were directly related to
their respective measures of pain report, such that pain reports were
higher in subjects with higher PRL levels. This relationship was
attenuated by partialling pre-run PRL levels, indicating that post-run
verbal report is related to post-run PRL in a manner similar to pre-run
PRL. This suggests a relationship between PRL levels and tonic control
of ischemic pain report but fails to support the presence of
run-specific effects. Post~run, absolute GH levels as well as increments
were inversely related to ischemic pain report, more pain associated
with lower GH levels. Both of these relationships of post-run verbal
report to GH were attenuated by partialling ocut pre-run verbal report.
This suggests the absence of a run-specific relationship between GH
‘levels and verbal report, but, like PRL, may indicate a tonic relation
between verbal report and GH levels. Thus, the ischemic test suggested a
baseline relation of hypoalgesia to low PRL levels but failed to show a

run effect. Other hormone levels were unrelated to ischemic pain report.

Thermal Pain Test. Pre-run, plasma PRL levels were inversely related
to discriminability of the high intensity stimulus pair, and positively
related to low-intensity report criterion (see Table 20). Thus, lower
PRL levels were associated w1th better baseline discriminability of the
high pair and more reports of low pair stimulus presence. There were no
other significant zéro—brder correlations between verbal report and
plasma hormone levels. However, when pre-run verbal report was

partialled out, greater stoicism in report of the high pair was related
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Tablé 20. Correlations and partial correlations between PRL, GH, BEir
and ACTH levels and indices of thermal discriminability (high intensity
pair, HIPA, low intensity pair, IOPA) and report criterion (HIB, LOB)

pre-run and post-run (N= 12).

PRL GH BEir ACTH
| Pre-run
Pre-run
HIPA -.58%* .07 .47 .05
HIB .28 .01 .05 .24
10PA -.14 -.06 .12 .14
I0B <63%* -.33 .09 -.04
Post-run
Post-run
HIPA .22 -.26 - =.14 .11
| HIB .24 -.05 -.11 .29
LOPA -.07 .05 -.07 -.41
0B .45 .31 .42 -.20

Post-run (partial pre~run VR/ pre-run hormone)

Post~run
HIPA .21/.39 -.25/-.09 -.16/-.06 .06/-.29
HIB -.02/.31 =.27/-.09 .63**/-,09 -.27/-.19
LOPA J1/.12 -.02/ .14 -.02/-.14 -.45/-.05

I-OB -02/- 23 olg/ .32 024/ 035 e 31/ .49

* P< .10

** P< ,05
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to lower levels of BEir, a suppressive effect of pre-run verbal report.
Table 21 shows that there were no significant correlations between the
post-run change in plasma hormone levels and pre- or post-run indices of
verbai report. There were no fun—specific correlations between verbal
report and either absolute or relative change in hormone levels.

In sumary, the pain data show three different effects: 1)
hypoalgesia was related only to the change in PRL levels, such that
greéter PRL increases were associated with reduced levels of verbal
report to cold stimuli; 2) higher levels of ischemic verbal report were
related to high PRL levels both pre- and post-run; and 3) at baseline,
low PRL levels were associated with high thermal discriminability of
noxious stimuli and a conservative criterion for reporting the presence
of low intensities. While the first finding s_hows a covariance of
post-run verbal report and PRL, the second finding shows a predictive
relation of post-run verbal report from pre-run PRL; the last indicates
only a baseline relation. Interestingly, only PRL levels were related to

variation in the verbal report of pain.
Effect of Test Time on Verbal Report/Hormone Relationships.

Results presented above related pain report coilapsed over test
time to hormone levels. Results below relate pre- and post-run pain
report collapsed over pain test to pre-, post-, and post- minus pre-run
hormone difference scores at each of the four lag times. To achieve
camparability of the Ehree pain measures, each subjects ratings were
transformed to a rank score (1 through 12), where low ranks indicate



Table 21. Correlations and partial correlations between PRL, GH, BEir
and ACTH changes in level and thermal dis‘criminability (HIPA, LOPA) and

report criterion (HIB, LOB) pre-run and post-run (N= 12).

PRL~DIF GH-DIF BEir-DIF ACTH-DIF
Pre-run
Pre-run
HIPA .23 .04 -.42 -.45
IOPA  -.29 .12 -.17 -.23
HIB .21 .08 .22 .44
I0B .39 .30 .29 .06
Post-run
Post~run
HIPA .36 -.37 .08 -.14
LOPA .06 0 -.23 -.49
HIB .31 -.05 -.03 .24
LOB 31 .27 .10 -.20

Post-run (Partial pre-run VR/ pre-run hormone)

Post-run
HIPA .42/.39  -.36/-.08  .01/-.06  -.25/-.13
LOPA .28/.12  -.09/ .14 -.16/-.14  =-.45/-.49
HIB 25/.31  .21/-.09  =.39/-.09  ~.25/ .25
LOB .04/.23  .08/.32 -.17/ .35  -.36/-.20

*P< .10 -

** P < .05
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lower levels of verbal report or post—~run ’reductions of pain report. For
the cold pressor test, the time to report FP was used as the rank
variable and fo’r' the ischemic test, the pain report average at the 11~15
min ischemic duration. For the thermal test, each of the P(A) and B
scores at the high (PAHI, BHI) and low intensities (PALO, BIO) were used .
as ranking variables. This required a total of four separaté analyses,
cambining each of the four thermal measures successively with the cold
and ischemic rank data. |

At the 20 min lag, the lowest levels of pain report were associated
with lowest absolute levels of ACTH (Table 23) and with smaller
increments in plasma ACTH level (Table 25). This effect’was greater when
BLO or PAHI lag variables were used than PALO or BHI and were unaffected
by partialling either pre-run verbal report or ACTH levels (Tables 24
and 26), indicating a run-specific effect. These data support the |
hypothesis.that a coammon opioid mechanism underlies alterations of pain
report and plasma ACTH levels.

There was a trend associating ai:solute levels as well as increments
in PRL levels (Tables 23 and 25, respectively). These effects were
samewhat attenuated by partiélling out pre-run pain report or hormone
levels (Tables 23 and 26), but still suggest a run—-specific effect.
Higher levels of PRL were found in those subjects who reported the least

amount of post-run pain, effects consistent with a ca‘rmon‘
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Table 22. Pre-run correlations between PRL, GH, BEir and ACTH levels and
verbal report of pain (collapsed over test stimulus) by thermal index

and test lag (min) (N= 9).

Verbal Report PRL GH BEir ACTH
 PAHI  lag 20 -.20 -.46 -.09 -.16
lag 30 -.01 .02 -.31 -.38
lag 40 -.33 .13 .16 -.03
lag 50 .16 .10 -.07 0
PALO lag 20 -.20 -.46 -.09 -.16
lag 30 -.01 02 -.31 -.38
lag 40 -.33 13 .16 -.03
lag 50 .16 .10 -.07 0
BHI  lag 20 .03 -.40 -.20 -.51
lag 30 .01 J1 -.66* -.26
lag 40 .06 -.22 13 -.29
lag 50 .01 .31 -.36 -.02
BIO  lag 20 ~.43 -52 . -.24 -.20 )
lag 30 -.15 .23 -.46 -.37
lag 40 -.04 -.03 .19 .12
lag 50 0 .37 -.49 -.06

* P <.10

** P < .05
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Table 23. Post-run correlations between PRL, GH, BEir and ACTH levels

and verbal report of pain (collapsed over test stimulus) by thermal

Verbal Report

PAHI lag
lag
lag
lag

PALO iag
lag
lag
lag

BHI lag
lag
lag
lag

"lag
lag
lag

20
30
40
50
20

30

40
50
20
30
40
50

20

30
40
50

index and test lag (min) (N= 9).

-.44
.39
.25
.34

-.39

-.14
.16
.37

-.47
.06
.23
.26

-.54

~e33
.21

21

GH

-.35
-.19
=.08
-.46

.21
-.42
-.12
-.31

.24
-.19
-.13
-.42
-.29

—042

-.52

BEir ACTH
-.41 J76%
.13 .35
.45 .39

-.33 -.15
.34 .35
-.29 -.30
.14 .04
-.33 -.32
300 .36
-.07 -.29
~-.05 .04
-26  -.15

-.30 .78%%

~-.38 -.20
.35 .26

-.31 -.02
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Table 24. Post-run partial correlations between PRL, GH, BEir and ACTH

levels and verbal report of pain (collapsed over test stimuli) by

Verbal Report

PAHI

PALO

BHI

lag
lag
lag
lag
lag
lag
lag
lag
lag
lag

20
30
40
50
20
30
40
50
20
30
40
50
20
30
40
50

thermal index and test lag (min) (N= 9).

FRL
-.32/-.24
.44/ .39
.37/ .21
.03/ .24
.12/-.58
J1/-.21
.07/ .13
.62*/ .34
-.35/-.60
.67*%/-.10
.69*/-.08
.33/ .10
-.36/-.44
.41/-.43
.59/ .17
.45/ .16

GH
e 36/—. 49
Al/-.12

. _.12/ 017

-.21/-.44
-.19/ .14
-.30/-.33
-.21/-.24
.55/-.23
.08/ .13
.16/-.11
.20/-.39
.25/-.34
~-.44/-.46

-.02/=.33

15/ .04

BEir
-.33/-.31
.53/ .14
.31/ .50
.17/-.25
.34/ .46
-.22/-.17
0/ .11
.24/-.33
.47/ .38
.59/ .19
-.08/-.10
.36/-.20
0 /-.16
.33/-.28
—;24/ .31
.07/-.16

* P < .10

** P < .05

ACTH
T5*%/ T4%%
15 /-.40
.40 / .29
.63% /-.32
.41/ .57
~.25/-.09
-.31/ .09
.11/~.60
.55/ .54
.01/ -.25
.38/ .07
.50/-.32
.88%%/ g0k
.06 / .06
.08 / .14
.56 /-.10
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Table 25. Post-run correlations between PRL, GH, BEir and ACTH change in

levels (POST- minus PRE-RUN) and the verbal report of pain (collapsed

over test stimuli) by thermal index and test lag (min) (N= 9).

Verbal Report

PAHI lag
lag
lag
lag

. PAIO lag

lag

lag

lag

BHI lag
lag
lag
lag

BLO lag
lag
lag

lag

20
30
40
50

20

30
40
50

20
30
40
50
20
30
40
50

PRL~DIF

~.43

.38

.23

.28

GH-DIF

—.21
-.23

-004

—034

BEir~-DIF

.22
.13

.58*

-.07
.53
.02
.04

-.28

.44

-.17
-.08

—001
21
.13

.10
.05

ACTH-DIF
. 74%*
-.45
.28
-.34
.57
-.06
.09
-.63*

DT
-.27

-.34
.80%*
A1
.14

-.11
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Table 26, Post-run partial correlations between PRL, GH, BEir and ACTH

change in levels (POST- minus PRE-RUN) and the verbal report of pain

(collapsed over test stimuli) by thermal index and test lag (min) (N=

Verbal Report

PAHI 1lag 20

PALO

BHI

lag
lag
lag
lag
lag
lag
lag
lag
lag
lag
lag
lag
lag
lag
lag

30
40
50
20
30
40
50
20
30
40
50
20
30
40
50

PRL~DIF

030/-'038
.38/ .35
.24/ .20

.26/ .23
-.29/-.53
.07/-.20
.46/ .12
.46/ .37
-.40/-.59
.55/-.11
.34/-.09
-.27/ .05
~.44/-.54
.22/-.40
.49/ .16
.37/ .17

9.

GH-DIF

-.28/-.45
-.01/-.13
-.26/ .16
-.23/-.46
-.23/ .14
~.36/-.34
~.18/-.24
.54/~.23
.03/ .14
.03/-.12
.36/-.39
.21/~.33
-.38/-.42
-.20/~-.33
.36/ .04
.20/-.56

BEir-DIF  ACTH-DIF

33/-11 J72%K), T4k
32/ .14 -.19 /-.45
.50/ .60% .24 / .30
.66%/-,28 .58% /-.34

.50/ .47 .51 / .65*%

:18/-.28 .12 /-.08
-.03/ .11 -.20 / .09
-.19/-.33 -.40 /-.63*

.51/ .39 .61* / .64*

.66%/.02 -.24 /-.27
-.13/-13 .02 / .08

.21/-.22 .31 /-.33

.53/~.01  .86%*/.81%*

J0%/-.42 17 /.10
-.35/ .33 -.19 /.15

42/-.25 .43 /-.11

* D¢ .10

** P < .05
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underlying opioid mechanism of action.
Mood Scales.

PRL. Pre-run (see Table 27), PRL levels were positively related to
ratings of joy, pleasure, and cooperation. However, post-run verbal
reports were independent of both absolute levels (Table 28) and
increases in post-run PRL levels (Table 30). Partialling out pre-run
ratings of euphoria resulted in an inverse relation between post-run PRL
levels and verbal report, suggesting a suppression of this relationship
by pre-run verbal report. These data demonstrate an association of
larger increases in post-run euphoria with lower PRL levels, effects
inconsistent with increased opioid activity at the pituitary. Thus,
while pre-run ratings of mood were consistent with expectations of
opioid activity, post-run relationships do not support an
opioid-mediated mechanism of the obtained mood elevation.

GH. Pre-run, GH levels were unrelated to the verbal report of mood
(Table 27). Post-run, a positive &end relating plasma GH to ratings of
alienation was found (Table 28). This was found when either pre-run
verbal report or pre-run hormone levels were partialled (Table 29).
Further, increasing post-run levels of GH were positively related to
ratings of alienation (Table 28); this relation, also unaffected by
partialling either pre-run verbal report or GH (Table 31) indicates a
run-specific dose-response relation of alienatioh to GH levels. This
relationship is consistent with increased post-run opioid activity,

which might be expected to concurrently elevate GH levels and lead to



Table 27. Pre-run correlations of mood ratings

BEir and ACTH (N= 12).

89

and levels of PRL, GH,

Scale PRL GH BEir ACTH
Apprehension -.32 .42 .26 ~-.20
Conscientious .05 -.36 .06 -.13
Anxiety .24 -.16 .50% .01
Optimistic/Pleased | .34 .28 =.52% .27
Alertness .39 0 O -.19
Euphoria .36 .43 -.59%x* .23
Alienation - .16 -.31 .34 -.03
Joy 51* .33 -.54% .24
Pleasant .62%% Jl -.50%%* .20
Coopefation .54* -.01 .06 -.11
* P < .10

** P < .05
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Table 28. Correlations of post-run mood ratings and levels of PRL, GH,

Scale

Apprehension
Conscientiousness
Anxiety ’
Optimism/Pleasure
Alertness
Euphoria
Alienation

Joy

Pleasant

Cooperation

PRL

.33
.01
-.06

BEir and ACTH (N= 12).

GH

=27
-.01
.39
-.10
-.36
-.13
.58%
.01
-.06

-.19

BEir

-.32
.02

.06
-.03
.23
.30
-.28
-.31
14

* P < .10

.09
«59%*
-.06
.09
.44
-.04
-.24
.03
-.05
.15

** p < .05
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Table 29. Post-run partial correlations of mood ratings and levels of

Scale

Apprehension

Conscientious

Anxiety
Optimism
Alertness
Euphoria
Alienation
Joy
Pleasant

Cooperation

PRL, GH, BEir and ACTH (N= 12).

Partial (pre VR/pre hormone)

PRL

-.09/-.36
-.07/-.15
-.07/-.01
.39/-.07
.11/-.40
-.60*/-.09
-.11/ .50%
-.28/ .05
-.38/-.05
.36/-.09

GH BEir
-.21/-.19 ;.44/F.41
| 0/ .07 .05/ .09

.36/ .26 .25/ .24
-.13/ .06 .01/ .14
-.21/-.25 .18/ .25
-.18/ .15 .10/ .36

JT2%%/ . 54% 42/ .20

0/ .20 19/ ;51*

.04/ .26 .09/ .57*

-.13/ .16 -.23/ .14
* P < .10

** P < .05

.16/ .25

J59%*/ 63%%

-.02/ .21
-.20/ .01
.24/ .56*%
-.29/-.04
.10/-.58%
-.21/-.02
-.33/ .03
-.09/ .32



92

Table 30. Post-run correlations of mood ratings and the (POST- minus

PRE-RUN) change in levels of PRL, GH, Beir and ACTH (N= 12).

Scale PRL~DIF GH-DIF BEir-DIF ACTH-DIF
Apprehension -.41 -.30 -.46 .25
Conscientious <-.10 -.06 .17 60**
Anxiety 0 .46 .09 .22
Optimism .07 -.19 .23 .01
Alert -.26 -.41 .46 .56%
Euphoria -.09 -.29 .46 -.05
Alienation .44 .58% -.03 -.57%
Joy .07 .14 61%* -.02
Pleasant 0 -.06 .66%*% .03
Cooperation .07 .19 .12 .32
* P < .10

% P < ,05
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Table 31. Post-run partial correlations of mood ratings and and change
in level of of PRL, GH, BEir and ACTH (N= 12). ' |
Scale PRI~DIF GH-DIF BEir-DIF ACTH-DIF

Apprehension -.08/-.36 -.14/-.19 -.45/-.52% .18/.26
Conscientious =.22/-.15 =-.09/ .07 .22/ .15 .58%/ ,62%*

Anxiety -.10/-.01 .44/ .26 .07/ .18 .28/ .25
Optimism .26/-.07 =-.19/ .06 -.08/ .19 ~-.19/ 0

Alert .03/-.80 -.32/-.25 .45/ .44 .15/ .G0%
Fuphoria ~.42/-.09 =-.30/ .15 =-.08/ .47 =.07/-.07

Alienation .11/ .50% .66**/.54* .19/ 0 =.29/-.59%*
Joy -.15/ .05 =-.09/ .20 .42/.62*%* ~,09/-.02
Pleasant -.18/-.05 -.10/ .26 .26/.66** -,25/ .03
Cooperatior; .33/-.09 ~-.03/ .16 =-.15/ .13 -.04/ .32

* P < .10
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dissociative (mind/body separation) phenamena.

BEir. Higher pre-run BEir levels were related to higher ratings of
worry about being hurt, lower ratings of fééling pleasant, less 1ikely
to have a good run, less alert and attentive, less ‘euphoric, and less
joyful (see Table 27). While dysphoric effects are consistent with
reduced central opioid activity plasma hormone levels would be expected
to increase with reduced central activity. ‘Post-run BEir increases
(Table 30) were positively related to ratings of joy and pleasure,
effects which were attenuated by controlling pre-run verbal report, but
not pre-run BEir (Table 31). Thus, while two of the three "happi_ness"'
scales showed a positive dose-response relation to BEir levels, this
effect was partially accounted for by the pre-run relation of joy and
pleasure with BEir. Thus, neither pre~ nor post-run data support a
relationship between changes in central opioid activity and the report
of mood.

ACTH. P‘re-run, ACTH levels and verbal report of mood were
independent (Table 27). Post-run plasma ACTH levels were positively
related to ratings of concern over doing well (conscientiousness) (Table
28); this association was unaffected by partialling either pre-run
verbal report or ACTH levels, indicating that higher conscientiousness
ratings were run-specifically related to higher levels of ACTH (Table
29). Table 28 shows that increases in post-run plasma ACTH levels were
positively relé.ted to: (1) ratings of concern over doing well, which was
unaffected by partialling pre-run verbal report or ACTH (Table 31); (2)
ratings of attention, which were attenuated by partialling pre-run

verbal report but not ACTH; and, (3) inversely related to ratings of
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alienation, which were also attenuated by controiling pre-run verbal
report but not ACTH. Thus, conscientiousness was run-specifically
related to both the absolute’ levels of and increases in ACTH levels,
while the relation of ACTH change to attentiveness and alienation could

be accounted for by baseline measures.
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IV. DISCUSSION

The intense stress of ﬁle run was demonstrated by performaxice at
85% of maximal aerobic effort. and sighi‘ficant increases in plasma levels
of the stress hormones BEir, ACTH, GH, and‘PRL. Under saline treatment,
discriminability of thermal stimuli was reduced post-run. This
hypoalgesic effect was roughly equivalent to that produced by morphine
sulfate (10 mg 1IV), whiéh reduch P(A) fram .82 to .75 15 min after
injection (Yang et al., 1979). The reduced discriminability may indicate
reduced central input of thermal information and was not the result of a
shift in attitude towards reporting pain. The ischemic test also showed
post-run hypoalgesia under the saline condition, an effect only samewhat
smaller in magnitude than that produced by 20 min inhalation of 33%
nitrous oxide (Yang et al., 1980). Both effects lasted for approximately
25 min post—ruh. In contrast, verbal report of less than painful
ischemic stimulation was unaffected by the run ahd thermal
discriminabiity of non-painful sensation was reduced at a different time
period (greater than 40 min post-run). This argues against attribution
of these effects to a general reduction of attention, and suggests a
specific alteration of pain sensations. Run-induced thermal and ischemic
hypoalgesia appear to be mediated by different mechanisms; naloxone
reversed effects on ischemic but not on thermal test stimuli. This
suggests that endogenous opioid mechanisms are only involved in the
modulation of ischemic pain, but indicates thét both opioid and

nonopioid antinociceptive systems (Watkins and Mayef, 1982; Terman,
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Shavit, Lewis, Cannon and Liebeskind, 1984) were activated by the run.

It is not clear why there was no change in response to cold
stimilation. While it was initially thought that ischemic and cold
stimulation would yield similar results because both are "deep" stimuli
(as opposed to superficial thermal stimmlation), and thus based in the
paleospinothalamic system. Present data suggest this conceptualization
is insufficient. These stimuli may still be processed through the same
neural substrate but be differently affected by stress; if, for example,
cold stimulation were more intense than ischemic and exceeded the
damping ability of stress-induced pain inhibitory mechanisms. To test
this hypothesis would require matching the intensity of these stimuli
(by using a refrigeration-controlled water bath) rather than using the
constant teinpe.rature (and extremely aversive) ice-water bath. This
raises the more general, and controversial, issue of what the adequate
stimulus for pain is when cold is applied. At least two major
possibilities exist: (1) cold receptors in veins signal the stimulus
(cf. Fruhstorfer and Lindblam, 1983); and (2) cold stimuli cause
vasoconstriction, the secondary effects of which cause pain (eg, through
reduced perfusion and subsequent ischemia (Abramson, 1967).

While a change in pain sensitivity might be expected with
alterations in body temperature, this is not a factor in the present
results. Thumb temperatures collected as part of the cold stimmlation
procedure indicate a return to pre—runA temperature levels by the time
test p‘rocedures began (approximately 20 min post-run). Increased
temperature may, however, have played a role in elevating hormone

levels, which were acquired only 5-10 min post-run; temperature
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recordings at that time are not, however, available.

iaoth joy and eupboria scale ratings were elevated post-run under
saline treatment. This effect was reversed by naloxone, a result
consistent with mediation of mood elevation by an endogenous opioid
system. By contrast, other measures showed the subjects anxiety and
attention were unaltered post-run. Mood elevation appeared at 30 and 40
min post-run, after the hypoalgesic effect had ceased; this difference
may reflect the stress-induced activation of different nerual systems.
This conclusion is supported by correlational analyses of post-run mood
and pain reports. Joy ratings were unrelated to pain reports and
euphoria ratings were related only to ischemic ratings (r= .57, P <
.05). The direction of this relationship was, however, contrary to the
predictions of a cammon opioid mechanism; hyperalgesia was related, if
at all, to increased euphoria ratings. Since both post-run ischemic pain
insensitivity and euphoria rating increases were reversed by naloxone,
this correlation suggests pain and mood are regulated by independent
opioid mechanisms. '

Elévated ratings on cooperation and conscientiousness scales, seen
at all post—run lags, were not reversed by naloxone, suggesting that
running also affected non-opioid systems. This conclusion is supported
by the naloxone-insensitive reduction in thermal discriminability noted
above, and with a previqus finding of run-induced naloxone-insensitive
mood changes (Markoff et al., 1982).

While all subjects were familiar with runner's high, and sare with
the possibility of a run-induced hypoalgesia, there are a number of

reasons to conclude that the results were not due to the effect of
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expectation. First, neither hypoalgesia nor euphoria were found under
the naloxone condition. Since there are no subjective effecfs at the
dose of naloxone used (Volavka, James, Reker, Pollock and Cho, 1979), it
is improbable that the subjects could have selectively reduced their
pain reports only under saline conditions. Second, mood effects did not
appear until 30 min post-run; we would expect an oblig‘ing subject to
report this during the first time period. Third, an expectation
hypothesis would predict.a reduced pain report and improved mood at all
test lags. Finally, there was no shift in the pain report criterion, B,
an index known to be sensitive to shifts in expectation. For example,
Clark» (1969) has shown a significant increase in the pain report
criterion to thermal stimuli, while discriminability remained constant
when strong suggestion of the analgesic effect of a placebo was given.

It remains to discuss possible relations among the ‘pain, mood, and
hormone effects with reference to a camon causal mechanism. To
sumarize the major results: (1) For the ischemic test stimulus, an
oéioid—mediated (i.e., naloxone-reversible) post-run hypoalgesia was
found. (2) For the thermal test stimulus, an opioid-insensitive
hypoalgesia was found. (3) Increased post-run ratings of joy and
euphoria were reversed by naloxone, consistent with opioid mediatioﬁ.
Previous research (reviewed in the Introduction, pp. 15-28) indicates
that increased central opioid activity at the pituitary level releases
PRL and GH and inhibits release of BE and ACTH. Therefore, (4) higher
post-run levels of PRL and GH are explicable by an opioid mechanism but
BE and ACTH increases are not. Clearly, therefore, not all effects are

attributable to opioid mechanisms.
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Additional information caomes from correlations between pain and mood
variables, on the one hand, and hormone variables, on the other. If both
types of variables are influenced by a cammon mechanism, one would
expect corfelations between them. Correlations between pam measures
averages over stimulus type at each lag time with hormonal changes will
be considered first. At the 20 min lag (where both thermal and ischemic
hypoalgesia was maximal), subjects reporting the least pain had the
smallest incrénents in ACTH, consistent with a opioid mediator. Also at
‘the 20 min lag,b reduced post-run reports of pain were associated with
higher levels of PRL. This effect is also consistent with
opioid-mediation: more central opiocid activity would be expected to
decrease pain sensitivity and facilitate pituitary PRL release. Thus,
covariation of hormonal changes and pain report are consistent with a
common opioid mechanism of action at short post-run intervals.

Correlational analyses of each stimulus type collapsed over lag
times provide less consistent findings which are not generally
attributable to jointy opioid effects: (1) Hypoalgesia to cold
stimulation was run-specificaily related to ‘increased PRL levels,
evidence of a dose-dependen£ opioid effect. Bowever, since there was no
significant post-run reduction in pain sensitivity on this test
stimilus, the meaning of this correlation is unclear. On the ischemic
test, where post-rﬁn hypoalgesia was found to be opioid sensitive, lower
PRL levels were found in those subjects who had more post-run analgesia,
contrary to an hypothesis of a cammon opioid mediator. For the thermal
stimulus, lower PRL levels were associated with high discriminability

and stoical pain report criteria. If lower PRL levels reflect reduced
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central (pituitary) opioid activity, highér discriminability is a
reasonable correlate of this activity, but more stoical report criteria
(fewer pain reports)’ are not. Further, these thermal pain relations were
noted only at baseline, thus were not a result of run-induced
alterations in neurotransmitter function. No consistent relationship of
pain sensitivity to GH, BEir, or ACTH levels wer~ found. These data
consistently suggest a relationship of PRL levels to pain report but do
not consistently support an underlying opioid system mediating these
effects.

To summarize, collapsing over type of pain stimalus yields
correlations which are consistent with mutual opioid mediation of
hormonal changes and pain sensitivity, viz., concurrent hypoalgesia and
reduced levels of ACTH and increased levels of PRL at 20 min. By
contrast, data averaged over time but providing separate correlations
for each pain test show a consistent relationship to PRL levels,
although the direction of these correlations consistently suggest an
opioid mechanism, Both of these sets of correlations may, however, be
expected to provide only minimal estimates of covariation between these
vé.riables since they average together positive and neutral, or negative,
relationships. For example, at the 20 min lag, the ischemic but not
thermal or cold tests showed opioid mediation. When these three tests
are collapsed, we might assume that indications of opioid mediation are
a primary r_esultAof the ischemic data. In spite of this, the pain
sensitivity/pituitary function relationship is consistent with
alterations in opioid activity. The ti.mev course of these effects is also

campatible with the short half-life of BE (approximately 20 min). Thus,
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it is quite reasonable to find greater consistency when averaging test
stimili at each time period than when looking at each stimalus over
time.

‘Mood alterations and hormone levels were uncorrelated, inconsistent
with the hypothesis that these changes may be attributed to a cammon
opioid mechanism. Two mood scales were‘consistently related to hormone
levels: (1) post-run GH levels, both absclute levels and increments,
increased with ratings of alienatjon, both effects consistent with
opiate actions. This scale did not, however, show a pre- vs. post-run
change under saline conditions which one would expect if opioid activity
were. increased. (2) Greater concern with doing well was associated with
both higher absolute levels and increases in post-run ACTH levels,
Further, while there was a trend in the direction of greater post—-run
conscientiousness, this change was naloxone-insensitive, suggesting that
the ACTH/conscientiousness relationship is independent of opioid
processes. (3) BEir was related, pre-run, to dysphoric ratings on a
nunber of scales (see Table 22). This may reflect general levels of
stress: being in a new environment, a "pain experiment", with unfamiliar
people and apparatus, etc. Post-run, higher BEir increases were related
to higher ratings of joy and pleasure (somewhat attenuated by
partialling pre-run ratings). However, this relationship is opposite to
what one would expect since higher central opioid activity elevates mood
_and reduces pituitary BE release. This suggests an independence of
factors affecting mood and pituitary hormone levels.

Plasma levels of BEir, ACTH, PRL, and GH were all increased by the

run, consistent with the findings of other investigators (Carr et al.,
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1 1979; Colt et al., 1981; Farrell et al., 1982; Fraioli et al., 1980;
‘Frewin et al., 1976; Gambert et al., 1981). Previous w;)rk would suggest
an integrated hormonal response to stress, particularly with respect to
ACTH and BEir levels (Guillemin et él., 1977). The reason for the lack
of correlation between these two levels is unclear, but four
possibilities suggest themselves: (1) BE and ACTH have different
half-lives (ACTH < BE); since hormohal’ samples were taken after the run,
it is possible that hormones were released concurrently but had been
cleared differentially before sampling. (2) While the run was an acute
stress (the subjects don't train as intensely as 85% of aerobic |
capacity), it may be cénceived as a chronic stressor, because they do
run long distances regularly. Since previcus studies have not used such
highly trained individuals, the present data may be seen in contrast to
the effects of an acute exercise stressor. The potential of habitual
exercise to alter the hormonal response to an individual stress exposure
is supported by studies showing differences in post-run BEir in
individuals at various levels of habitual activity (Carr et al., 1979;
Colt et al., 1981). (3) The present stressor is purely physical and
voluntarily performed. This contrasts with animal studies involving
exercise-stress, where the paradigm involved avoidance responding. Weiss
and Pohorecky (1984) have shown, in this context, that brain
neurotransmitter changes are different in animals that control footshock
than yoked controls, who have no control. (4) It is also possible that
ACTH and BE are not alw.ays released concurrently. Gambert et al. (1981)
also failed to find a BE/ACTH correlation in their exercise study,

supporting the present findings.
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Given the present lack 6f consistency regarding attribution of mood
elevation and pain insensitivity to opioid activity, future work should
consider the contribution of other neurotransmitter systems to pain and
mood alterations with exercise. One of the best documented brain
neurotransmitter alterations is that of NE depletion following learned
helplessness paradigms (Miller and Norman, 1979; Weiss et al., 1981).
Given the long history of an association of major depression and NE
activity (cf. Sachar et al., 1980), as well as more recent
demonstrations of ﬁE—n\ediated pain inihibitory brain stem pathways
(Yaksh, 1979), it is reasonable to hypothesize that NE mediates
stress-induced mood elevation and pain insensitivity. Indeed, animal
work suggests specific sensitivity of some deséending brain stem
pathways to phenoxybenzamine, a specific alpha-adrenergic antagonist
(Kuraishi, Harada and Takagi, 1979). In man, evidence suggests that
adrenergic systems mediate pain evoked potential augmenting/reducing
phenamena (Buchsbaum, 1984). Similar arguments may be advanced for
testing the effects of 5-HT antagonists following stressful
manipulations; alterations of 5-HT activity by tricyclic antidepressants
are by definition mood-elevating, and increased 5-HT activity in brain
stem pathways are pain inhibitory (Basbaum and Fields, 1984; Fields and
Basbaum, 1978).

Also on the horizon for future investigations are the effects of
exercise intensity and duration on pain sensitivity, mood and associated
hormone levels. Exercise intensity has not been sytematically
manipulated. If stress is conceptualized as the interaction of a

stimulus and an organismic response, it is imperative to have an
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objective assessment of the stimulus to avoid confounding of these two
factors. In the Black et al. (1979), Haier et al. (1981), and Jungkunz
et al. (1983) studies, a constant, low intensity stressor was ﬁsed.
While stressor intensity increases with increasing time of tourniquet
ischemia (Chen et al., 1983), that study assessed only one time period
during stress. The paradigm used by Willer and colleagues does not allow
assessment of effects due to time since their paradigm is dependent on
the cumulative effects of successive stress periods. Clearly, stressor
intensity is a potentially salient variable regulating the development
of hypoalgesia (what, for example, is the threshold of this response?),
as well as the degree of stress necessary to achieve maximal development
of analgesia. Knowlege of each of these extreines is necessary for the
potentially powerful application of SIA to clinical populafiaﬁs.
Similarly, stress duration, alone and in cambination with stress
intensity is an unexplored and potentially salient parameter of stimulus
presentation. Parametric studies of stressor intensity and duration are
therefore strongly advocated in future work.,

In the present study,' post-run hormone levels were drawn immediately
after the run, while pain and mood testing occurred up to 50 min after
this. Therefore; the correlation of hormone levels to behavioral
responses derived here might be expected to be reduced, as the
half-lives of these hormones are all less than 30 min. Future work
should therefore also consider in more detail the time course of
alterations in pain, mood, and hormone levels. This would entail the
simaltaneous monitoring of these variables before, during, and after

treadmill or ergometer exercise. In this way, relationships suggested to
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be weakly present in this study may be maximized, permitting more
reliable inferences about the processes underlying these covariations.

It is also important to note that the stress induced in this study
consisted almost solely of physical exertion. This is in contrast, e.g.,
to the stress of fear experienced by soldiers in battle, the shock of an
accident, or even the st;ress of a mental arithmetic task. To illustrate,
consider the difference between the present stressor and a run of
similar distance in which the sﬁbject is being chased by an armed
assailant. The effects on pain sensitivity, therefore, of emotional
arousal, by itself or in combination with physical exertion, remain

intriguing subjects for future work. '



107

V. BIBLIOGRAPHY

Abramson, D.I. Circulation in the extremities. N.Y.: Academic Press,
1967, p. 268.

_Adashi, E.Y., Rebar, R.W., Ehara, Y., Naftolin, F. and Yen, S.S.
Impact of acute surgical stress on anterior pituitary function in female
subjects. American Journal of Obstetrics and Gynecology, 1980, 138,
609-614.

Rkil, H., Madden, J., Patrick, R.L. and Barchas, J.D. Stress-induced
increase in endogenocus opiate peptides: concurrent analgesia and its
partial reversal by naloxone. In: H.W. Kosterlitz (Ed.), Opiates and
Endogenous Opiate Peptides. Amsterdam: Elsevier/North-Holland Press,
1976, pp. 63-70.

Allen, J.P., Kendall, J.W., McGilvra, R., and Vancura, C.
Immunoreactive ACTH in cerebrospinal fluid. Journal of Endocrinology and
- Metabolism, 1974, 38, 586-593.

Arnold, M.A., Carr, D.B., Togasaki, D.M., Pian, M.C., and Martin,
J.B. Caffeine stimulates B-endorphin release in blood but not
cerebrospinal fluid. Life Sciences, 1982, 31, 1017.

Aubock, J. and Konzett, J. Ischaemic pain versus mental task: Effect
on plasma arginine vasopressin in man. Pain, 1983, 15, 93-99.

Bahrke, M.S. and Morgan, W.P. Anxiety reduction following exercise
and meditation. Cognitiye Therapy Research, 1978, 2, 323-333.

Barr, M.L. The human nervous system: An anatomic viewpoint.
Hagerstown, MD.: Harper and Row, 1979, 339 pp.

Basbaum, A.I. and Fields, H.L. Endogenous pain control systems:
Brainstem spinal pathways and endorphin circuitry. Annual Review
Neuroscience, 1984, 7, 309-338.

Berger, B.G. and Owen, D.R. Mood alteration with swimming-- Swimmers
really do "feel better". Psychosomatic Medicine, 1984, 45, 425-433.

Bergland, R.M. and Page, R.B. Pituitary-brain vascular relations: A
new paradigm. Science, 1980, 18-24.

Black, J., Chesher, G.B., Starmer, G.A. and Egger, G., The
painlessness of the long-distance runner, Medical Journal of Australia,
June 2] 1979' 522_5230

. Bodnar, R.J., Kelly, D.D., and Glusman, M. Stress- induced analgesia:
Time-course of pain reflex alterations follwing cold-water swims.
Bulletin of the Psychonamic Society, 1978, 11, 333-336.




108
Bortz, II, W., Angwin, P., Mefford, I.N., Boarder, M.R., Noyce, N.,
and Barchas, J.D. Catecholamines, dopamine and endorphin levels during
extreme exercise. New England Journal of Medicine, 1981, 305, 466-467.

kBrown, G., Seggie, J., and Chambers, J. Psychoneuroeridocrinology and
growth hormone: A review. Psychoneuoepdocrinolbgy, 1978, 4, 131-153.

Bruni, J.F., Van Vugt, D., Marshall, S. and Meites, J. Effect of
naloxone, morphine, and methionine enkephalin on serum prolactin,
luteinizing hormone, follicle stimilating hormone and grmrth hormone.
Life Sciences, 1977, 21, 461-466.

Buchsbaum, M.S. Qua.nt:.f:.catmn of analgesic effects by evokd
potentials. In B. Bramm (Ed.), Pain measurement in man:
Neurophysiological correlates of pain. Amsterdam: Elsevier Press, 1984,
281-300. ;

A

Callen, K.E. Mental and emotional aspects of long-distance running.
Psychosamatics, 1983, 24, 133-150.

Carr, D.B., Bullen, B.A., Skrinar, G.S., Arnold, M.A., Rosenblatt,
M., Beitins, I.Z., and McArthur, J.W. Physical conditioning facilitates
the exercise~induced secretion of beta-endorphin and B-lipotropin in
women. New England Journal of Medicine, 1981, 305, 560-562.

Chen, A.C.N., Bramm, B., and Treede, R.-D. Stress induced analgesia
(SIA) in man: Modulation of pain-related brain evoked potential. Society
for Neuroscience Abstracts, 1983, 9, 1062.

Clark, W.C. Sensory decision theory analysis of the placebo effect on
the criterion for pain and thermal discriminability. Journal of Abnormal -
Psychology, 1969, 74, 363-371.

Clark, W.C., Hall, W., and Yang, J.C. Changes in thermal
discriminability and pain report criterion after acupuncture or
transcutaneous electrical stimilation. In J.J. Bonica and D.
Albe-Fessard (Eds.), Advances in pain research and therapy, Vol. 1.
N.Y.: Raven Press, 1976, pp. 769-773.

Clark, W.C., Janal, M.N., Zeidenberg, P., and Nahas, G.G. Effects of
moderate and high doses of marihuana on therma pain: A sensory decision
theory analysis. Journal of Clinical Pharmacology, 1981, 21, 299S-310S.

Cohen, J. and Cohen, P. Applied multiple regression/correlation
analysis for the behavioral sciences. Hillsdale, N.J.: Erlbaum, 1975,
290 pp.

Cohen, M.R., Cohen, R.M., Pickar, D., Weingartner, H., and Murphy,
D.L. High-dose naloxone infusions in normals. Archives of General
Psychiatry, 1983, 40, 613-619.

Cohen, M.R., Pickar, D., and Dubois, M. The role of the endogenous
opioid system in the human stress response. Psychiatric Clinics of North




109
America, 1983, 6, 457-471. ‘

Cohen, M.R., Pickar, D., Dubois, M., Nurnberger, J. Roth, Y., Cohen,
R.M., Gershon, E., and Bunney, Jr., W.E. Clinical and experimental
studies of stress and the endogenous opioid system. Annals of the New -
York Academy of Sciences, 1982, 398, 424-432.

Colt, E.W.D. Letter to New England Journal of Medicine, 1980, 302,
" 57. :

Colt, E.W.D. and Spyropoulos, E. Running and stress fractures.
British Medical Journal, Sept. 22, 1979, 706.

Colt, E.W.D., Wang, J. and Pierson, R.W. The effect on body water of
running 10 miles. Journal of Applied Physiology: Respiration,
Environment and Exercise Physiology, 1981, 45, 999-1001.

Colt, E.W.D., Wardlaw, S.L. and Frantz, A.G. The effect of running on
plasma beta-endorphin. Life Sciences, 1981, 28, 1637-1640.

Corenblum, B. and Taylor, P.J. Mechanisms of control of prolactin
release in response to apprehension stress and anesthesia-surgery
stress. Fertility and Sterility, 1981, 36, 712-715.

Dessypris, A., Kuoppasalmi, K., and Adlerkreutz, H. Plasma cortisol,
testosterone, androstenedione and luteinizing hormone (IH) in a
non—-campetitive marathon run. Journal of Steroids and Biochemistry,
1976, 7, 33-37.

Dixon, W.J. and Brown, M.B. (Eds.). BMDP-79: Biomedical camputer
programs, P series. Berkeley: University of California Press, 1979, pp.
540-580.

Dupont, A., Cusan, L., Ferland, L., Lemay, A., and Labrie, F.
Evidence for a role of endorphins in the control of prolactin secretion.
In: R. Callu et al. (Eds.), CNS effects of hypothalamic hormones and
other peptides. N.Y.: Raven Press, 1979, 283-300.

Evans, C.J., Erdelyi, E., Weber, E., and Barchas, J.D. Identification
of pro—-opiomelanocortin-derived peptides in the human adrenal medulla.
Science, 1983, 221, 957-960.

Farrell, P.A., Gates, W.K., Maksud, M.G., and Morgan, W.P. Increases
in palsma B-endorphin/B-lipotropin immunoreactivity after treadmill
running in humans. Journal of Applied Physiology: Respiration,
Environmental and Exercise Physiology, 1982, 52, 1245-1249.

Fields, H.L. and Basbaum, A.I. Brainstem control of spinal pain
transmission-- transmission neurons. Annual Review of Physiology, 1978,
40, 217-248.

Foley, K.M., Kourides, I.A., Inturissi, C.E., Kaiko, R.F., Zaroulls,
C.G., Posner, J.B., Houde, R.W., and Li, C.H. Beta-endorphin: Analgesic



110
and hormonal effects in humans. Proceedings National Academy of

Folkins, C.H. Effects of physmal training on mood. Journal of
Clinical Psychology, 1976, 32, 385-388.

. Folstein, M.F. and Luria, R. Reliability, validity and clinical
application of the visual analogue mood scale. Psychological Medicine,
1973, 3, 479-486.

Fraioli, F., Moretti, .C., Paolucci, D., Alicicco, E., Crescenzi, F.
and Fortunio, G. Physical exercise stimulates marked concommitant
release of beta~endorphin and adrenocorticotropic hormone (ACTH) in
peripheral blood in man, Experientia, 1980, 36, 987-989.

Frankenhaeuser, M., ILundberg, U., and Forsman, L. Dissociation
between sympathetic-adrenal and pituitary-adrenal responses to an
achievement situation characterized by high controllability: Caomparison
between Type A and Type B males and females. BJ.ologJ.cal Psychology,
1980, 10, 79-91.

Frantz, A.G. Bioassay and radioimmunoassay of prolactin. In: H.N.
Antoniades (Ed.), Hormones in blood: detection and assay. Cambridge:
Harvard University Press, 1976, 449-463. :

Frantz, A.G. and Rabkin, M.J. Human growth hormone: Clinical
measurement, response to hypoglycemia and suppression by
corticosteroids. New England Journal of Medicine, 1964, 271, 1375.

Frewin, D., Frantz, A.B. and Downey, J.A. The effect of ambient
temperature on growth hormone and prolactin release to exercise.
Australian Journal of Experimental Biology Medicine and Science, 1976,
5_4~, 97—10].-

Fruhstorfer, H. and Lindblam, U. Vascular participation in deep cold
pain. Pain, 1983, 17, 235-242.

Gambert, S.R., Garthwaite, T.L., Pontzer, C.H., Cook, E.E., Tristani,
F.E., Duthie, E.H., Martinson, D.R., Hagen, T.C., and McCarty, D.J.
Running elevates plasma beta-endorphin (B-EP)/beta lipotropin (B-LPH)
and ACTH in untrained human subjects. Proceedings Society Experimental
Biology and Medicine, 1981, 168, 1-4.

Gambert, S.R., Hagen, T.C., Garthwaite, T.L., Duthie, Jr., E.H., and
McCarty, D.J. Exercise and the endogenous opioids. New England Journal
of Medicine, 1981, 305, 1590-1591.

Gerner, R.H., Sharp, B., and Catlin, D.H. Peripherally administered
B-endorphin increases cerebrospinal fluid endorphin immunoreactivity.
Journal of Clinical Endocrinology and Metabolism, 1982, 55, 358- . -

Gold, M.S., Redmond, D.E., Donabedian, R.K., Goodwin, F.K., and
Extein, I. Increases in serum prolactin by exogenous and endogenous



1
opiates: Evidence for antidopamine and antipsychotic effects. American
Journal of Psychiatry, 1978, 135, 1415-1416.

Grandison, L., Fratta, W., and Guidotti, A. Localization and
characterization of opiate receptors regulating pituitary secretion.
Life Sciences, 1980, 20, 1633-1642. .

Greist, J.H., Klein, M.H., Eischens, R.R., Faris, J., Gurman, A.S.,
and Morgan, W.P. Running as treatment for depress1on. Carprehensive
Psychlatry, 1979, 20, 41-54.

Guillemin, R., Vargo, T., Rossier, J., Minick, S., Ling, N., Rivier,
C., Vale, W., and Bloom, F.E. B-endorphin and adrenocorticotropin are
secreted concamitantly by the pituitary gland. Sc1ence, 1977, 197,
1367—1369

Haier, R.J., Quaid, K. and Mills, J.S.C. Naloxone alters pain
perception after jogging. Psychiatric Research, 1981, 5, 231-232.

Hartley, L.H., Mason, J.W., Hogan, R.P., Jones, L.G., Kotchen, T.,
Mougey, E.H., Wherry, F.E., Penington, L.L. and Rickets, P.T. Multiple
hormonal responses to prolonged exercise in relation to physical
training. Journal of Applied Physiology: Respiration and Exercise
Physiology, 1972, 33, 607-610.

Hayes, R.L., Bennett, G.J., Newlon, P. and Mayer, D. Behavioral and
physiological studies of non-narcotic analgesia in the rat elicited by
certain environmental stimmli. Brain Research, 1978, 155, 69-90.

Hunter, W.M. and Greenwood, R.C. Studies on the secretion of human
pituitary growth hormone. British Medical Journal, 1964, 5386, 804-807.

Immunonuclear Corporation, Kit H4600 (beta-endorphine procedure),
Stillwater, MN., 1981.

Immunonuclear Corporation, Kit H2400 (ACTH procedure), Stillwater,
MN., 1981l.

Jeffcoate, W.J., Rees, L., McLoughlin, L., Ratter, S.J, Hope, J.,
Lowry, P.J., and Besser, G.M. B—endorphm in human cerebrospinal fluid.
Lancet, 1978, 2, 119-121.

Jevning, R., Wilson, A.F., and Vanderlaan, E.F. Plasma prolactin and
growth hormone during meditation. Psychosamatic Medicine, 1978, 40,
329-333.

- Jorgenson, C. and Jorgenson, D. Effect of running on perception of
self and others. Perceptual and Motor Skills, 1979, 48, 242.

Judd, L.L., Risch, S.C., Parker, D.C., Janowsky, D.S., Segal, D.S.,
and Huey, L.Y. The effect of a methadone challenge on:the prolactin and
growth hormone responses of psychiatric patients and normal controls.
Psychopharmacology Bulletin, 1982, 18, 204-207.




112

Jungkunz, G., Engel, R.R., King, U.G;, and Kuss, H.J. Endogénous
opiates increase pain tolerance after stress in humans. Psychiatric
Research, 1983, 8, 13-18.

Kelly, D.D. The role of endorphins in stress-induced analgesia. In K.
Verebey (Ed.), Opioids in mental illness: Theories, observations, and
treatment possibilities. Annals New York Academy of Science, 1982, 398,
260-271. :

Kuoppasalmi, K, Naveri, H., Rehunen, S., Barkoknen, M., and
Adlerkreutz, H. Effect of strenuous anaerobic running exercise on plasma
growth hormone, cortisol, luteinizing hormone, testosterone,
androstenedione, estrone and estradiol. Journal of Steroids and
Biochemistry, 1976, 7, 823-829.

Kuraishi, Y., Harada, Y. and Takagi, H. Noradrenaline regulation of
pain-transmission in the spinal cord mediated by alpha-adrenoceptors.
Brain Research, 1979, 174, 333-336.

lee, S., Panerai, A.E., Bellabarba, D., and Friesen, H.G. Effect of
endocrine modifications and pharmacological treatments on brain and
pituitary concentrations of B-endorphin. Endocrinology, 1980, 107,
245-248.

lewis, J.W., Cannon, J.T. and Liebeskind, J.C., Opioid and nonopioid
mechanisms of stress analgesia, Science, 1980, 208, 623-625.

Markoff, R.A., Ryan, P. and Young, T. Endorphins and mood changes in
long-distance running. Medicine and Science in Sports and Exercise,
1982, 14, 11-15.

Mayer, G., Wessel, J., and Kobberling, J. Failure of naloxone to
alter exercise induced growth hormone and prolactin release in normal
man. Clinical Endocrinology, 1980, 13, 413-416. :

Meites, J., Bruni, J.F., and Van Vugt, D.A. Effects of endogencus
opiate peptides on release of anterior pituitary hormones. In: R. Collu
et al. (Eds.), CNS effects of hypothalamic hormones and other peptides.
N.Y.: Raven Press, 1979, 261-271.

Miller, N.E. and Norman, W.H. Learned helplessness in humans: A
review and attribution-theory model. Psychological Bulletin, 1979, 86,
93~118.

Moretti, C., Fabbri, A., Gnessi, L., Cappa, M., Calzocari, A.,
Fraioli, F., Grossman, A., and Besser, G.M. Naloxone inhibits exercise
induced release of PRL and GH in athletes. Clinical Endocrinology
(Oxford), 1983, 18, 135-138. :

Morgan, W.P. Anxiety reduction following acute physical activity.
Psychiatric Annals, 1979, 9, 141-147.




113
Morley, J.E., Baranetsky, N.G., Wingert, T.D., Carlson, H.E.,
Hershman, J.M., Melmed, S., levin, S.R., Jamison, K.R., Weitzman, R.,
Chang, R.J., and Varner, A.A. Endocrine effects of naloxone-induced
opiate receptor blockade. Journal of Clinical Endocrinology and
Metabolism, 1980, 50, 251-257.

McNair, D., Iorr, M., and Droppleman, L. Manual: Profile of mood
states. San Diego: Educational and Industrial Testing Service, 1971.

McNicol, D. A primer of signal detection theory. London: George Allen
and Unwin, 1972, 242 pp.

‘Naber, D., Bullinger, M., Zahn, T., Johnson, J.L., Huhtaniemi, P.,
Pickar, D., Cohen, M.R., and Bunney, Jr., W.E. Stress effects of
B-endorphin in human plasma: Relationships to psychophysical and
psychological variables. Psychopharmacology Bulletin, 1981, 17, 187-189.

Naber, D., Pickar, D., Davis, G.C., Cohen, R.M., Jimerson, D.C.,
Elchisak, M.A., DeFraites, E.G., Kalin, N.H., and Buchsbaum, M.S.
Naloxone effects on B-endorphin, cortisol, prolactin, growth hormone,
HVA, and MHFG in plasma of normal volunteers. Psychopharmacology, 1961,
74, 125-128.

Nakao, K., Oki, S., Tanaka, I., Horii, K., Nakai, Y., Furui, T.,
Fukushima, M., Kuwayama, N., and Imura, H. Immunoreactive B-endorphin
and adrenocorticotropin in human cerebrospinal fluid. Journal of
Clinical Investigation, 1980, 66, 1383-1389.

Procacci, P., Zoppi, M. and Maresca, M. Expermental pain in man.
Pain, 1977, 6, 123-140.

Rapoport, S.T., Klee, W.A., Pettigrew, K.D., and Ohno, K. Entry of
opioid peptides into the central nervous system. Science, 1980, 207,
84-86.

Risch, S.C., Kalin, N.H., Janowsky, D.S., Cohen, R.M., Pickar, D. and
Murphy, D.L. Co-release of ACTH and B-endorphin immunoreactivity in
human subjects in response to central cholinergic stimulation. Science,
1983, 224, 77.

Rossier, J., French, E.D., Rivier, C., Ling, N., Guillemin, R. and
Bloom, R.E. Foot-shock induced stress increases B-endorphin levels in
blood but not brain. Nature, 1977, 270, 618-620.

Rossier, J., French, E., Rivier, C., Shibasaki, T., Guillemin, R.,
and Bloom, F.E. Stress-induced release of prolactin: Blockade by
dexamethasone and naloxone may indicate B-endorphin mediation.
Proceeding of the National Academy of Sciences, USA, 1980, 77, 666-669.

Sachar, E.J., Asnis, G., Halbreich, U., Nathan, R.S., and Halpern, F.
Recent studies in the neuroendocrinology of major depressive disorders.
Psychiatric Clinics of North America, 1980, _3, 313-326.




114

Schlachter, L.B., Wardlaw, S.L., Tindall, G.T., and Frantz, A.G.
Persistence of B-endorphin in human cerebrospinal fluid after
hypophysectomy. Journal of Clinical Endocrinology and Metabollsm, 1983,
57, 221-224.

Spielberger, C.D., Gorsuch, R.L., and Lushene, R.E. Manual for the
state-trait anxiety mventory. Palo Alto: Consulting Psychologists
Press, Inc., 1970.

Spiler, I.J. and Molitch, M.E. Iack of modulation of pituitary
hormone stress response by neural pathways involving opiate receptors.
Journal of Clinical Endocrinology and Metabolism, 1980, 50, 516-520.

Stevenson, G.R. Enkephalin experiences. Runners World, March, 1980,
15.

Tamsen, A., Hartvig, P., Dahlstrom, B., Wahlstraom, A., and Terenius,
L. Endorphins and on demand pain relief. Lancet, 1980, 1, 769.

Terman, G.W., Shavit, Y., Lewis, J.W., Cannon, J.T., and Liebeskind,
J.C. Intrinsic mechanisms of pain inhibition: Activation by stress.
Science, 1984, 226, 1270-1276.

Vaernes, R., Ursin, H., Darragh, A., and Lambe, R. Endocrine response
patterns and psychological correlates. Journal of Psychosamatic
Research, 1982, 26, 123-131.

Volavka, J., James, E., Reker, D., Pollock, V., and Cho, D.
Electroencephalographic and other effects of naloxone in normal men.
Life Sciences, 1979, 25, 1267-1272.

Ward, M.M., Mefford, I.N., Parker, S.D., Chessney, M.A., Taylor,
C.B., Keegan, D.L., and Barchas, J.D. Epinephrine and norepinephrine
responses in continuously collected human plasma to a series of
stressors. Psychosamatic Medicine, 1983, 45, 471-486.

Watkins, L.R. and Mayer, D.J. Organization of endogenous opiate and
nonopiate pain control systems. Science, 1982, 216, 1185-1192.

Watson, S.J., Richard, C.W., and Barchas, J.D. Adreno- corticotropin
in rat brain: Immanocytochemical localization in cells and axons.
Science, 1978, 200, 1180-1182.

Weiss, J.M. Effects of coping responses on stress. Journal of
Camparative and Physiological Psychology, 1968, 251~ 260. -

Weiss, J.M., Goodman, P.A., Iosito, B.G., Corrigan, S., Charry, J.M.,
. and Bailey, W.H. Behavioral depression produced by an uncontrollable
stressor: Relatlonshlp to norepmephrme, dopamine, and serotonin levels
in various regions of rat brain. Brain Research Reviews, 1981, 3,
167-205.




115
Weiss, J.M. and Pohorecky, L. Uptake of tyrosine is differentially
affected by pred1ctab1e as opposed to- unpred:.ctable stressors. Socmty
for Neuroscience Abstracts, 1984, 10, 98.

Wlller, J.C. Comparative study of perceived pain and noc1cept1ve
flexion reflex in man. Pain, 1977, 3, 69-80

Wlller, ‘J.C. Ant1c1pat10n of pain-produced stress:
Electrophysiological study in man. Physiology and Behavior, 1980, 25,
49-51,

Willer, J.C. and Bussel, B. Evidence for a direct spinal mechanism of
morphine-induced inhibition of nociceptive reflexes in humans. Brain

Willer, J.C., Dehen, H. and Cambier, H. Stress-induced analgesia in
humans: Endogenous opioids and naloxone-reversible depression of pain
reflexes. Science, 1981, 212, 689-691.

Wilson, V.E., Berger, B.G., and Bird, E.I. Effects of running and of
an exercise class on anxiety. Perceptual and Motor Skills, 1981, 53,.
472-474.

Wilson, V.E., Morley, N.C., and Bird, E.I. Mood profiles of marathon
runners, joggers, and non-exercisers. Perceptual and Motor Skills, 1980,
50, 117-118.

Yaksh, T.L. Direct evidence that spinal serotonin and noradrenaline
terminals mediate the spinal antinociceptive effects of morphine in the
periaqueductal gray. Brain Research, 1979, 160, 180-185.

Yaksh, T.L., Gross, K.E., and Li, C.H. Studies on the intrathecal
effect of beta-endorphin in primate. Brain Research, 1982, 241, 261-269.

Yaksh, T.L. and Rudy, T.A. Narcotic analgesics: CNS sites and
.mechanisms of action as revealed by intracerebral injection techniques.
Pain, 1978, 4, 299-360.

Yang, J.C., Clark, W.C., Ngai, S.H., Berkowitz, B., and Spector, S.
Analgesic action and pharmacokinetics of morphine and diazepam in man:
An evaluation by sensory decision theory. Anesthesiology, 1979, 51,
495-502.

Yang, J.C., Clark, W.C. and Ngai, S.H. Antagonism of nitrous oxide
analgesia by naloxone in man. Anesthesiology, 1980, 52, 414-417.

Zimmerman, E.A., Liotta, A., and Krieger, D.T. B-lipotropin in brain:
Localization in hypothalamic neurons by immunoperoxydase technique. Cell
and Tissue Research, 1978, 186, 393-~398.




