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1999.-Natural killer (NK) cells are important in combating 
viral infections and cancer. NK cytolytic activity (NKCA) is 
often depressed during recovery from strenuous exercise. 
Lymphocyte subset redistribution and/or inhibition of NK 
cells via soluble mediators, such as prostaglandin (PG) E2 and 
cortisol, are suggested as mechanisms. Ten untrained (peak 
0 2 consumption = 44.0 ± 3.5 ml· k.g-1. min -l) men completed 
at 2-wk intervals a resting control session and three random­
ized double-blind exercise trials after the oral administration 
of a placebo, the PG inhibitor indomethacin (75 mg/day for 5 
days), or naltrexone (reported elsewhere). Circulating 
CD3-CD16+/56+ NK cell counts, PGE2, cortisol, and NKCA 
were measured before, at 0.5-h intervals during, and at 2 and 
24 h after a 2-h bout of cycle ergometer exercise (65% peak 0 2 
consumption). During placebo and indomethacin conditions, 
exercise induced significant (P < 0.0001) elevations ofNKCA 
(>100%) and circulating NK cell counts (>350%) compared 
with corresponding control values. With placebo treatment, 
total NKCA was suppressed (28%; P < 0.05) 2 h after exercise, 
and a postexercise elevation (36%; P = 0.02) of circulating 
PGE2 was negatively correlated (r = 0.475, P = 0.03) with 
K-562 tumor cell lysis. NK counts were unchanged in the 
postexercise period, but at this stage CD14 + monocyte num­
bers were elevated (P < 0.0001). Indomethacin treatment 
eliminated the postexercise increase in PGE2 concentration 
and completely reversed the suppression of total and per 
CD16+56+ NKCA 2 h after exercise. These data support the 
hypothesis that the postexercise reduction in NKCA reflects 
changes in circulating PGE2 rather than a differential lympho­
cyte redistribution. 
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THE BODY DEPLOYS NATURAL killer (NK) cells as its :first 
line of defense in combating viral infections and the 
development of specific cancers (3, 6). Strenuous or 
prolonged exercise may reduce immune surveillance; 
suggested mechanisms include lymphocyte subset redis­
tribution and/or the release of various soluble media­
tors (39). Despite considerable research (4, 35, 41), the 
precise mechanisms and physiological significance of 
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exercise-induced changes in NK cytolytic activity 
(NKCA) remain unclear (19, 41). 

Controversy centers on whether the postexercise 
suppression of NKCA reflects changes in the cytolytic 
capacity of individual NK cells or whether changes in 
NKCA simply mirror alterations in the circulating NK 
cell count (5, 36, 40). Several investigators have ob­
served a correspondence between fluctuations in NKCA 
and NK cell concentrations (19, 46, 50), supporting the 
hypothesis that the exercise-induced modulation of 
cytolysis reflects no more than a redistribution of 
effector lymphocyte subsets within the peripheral blood. 
However, postexercise depression of NKCA is notal­
ways accompanied by a reduction in the number of 
circulating NK cells (35, 40, 53), suggesting possible 
downregulation by endocrine and/or paracrine media­
tors. 

Possible negative modulators ofNKCA include pros­
taglandin (PG) E 2 and cortisol (13, 20), both of which 
can be elevated after exercise (4, 10). The inhibitory 
action ofPGE2 on NK cells is mediated via elevation of 
intracellular cAMP (9, 23) after stimulation of cell 
surface PGE2 receptors that are positively coupled to 
adenylyl cyclase (22). Increased cAMP is thought to 
suppress NKCA by interfering with specific steps along 
the lytic pathway (7, 30, 45). This sequence of events 
can be countered by the nonsteroidal anti-inflamma­
tory drug indomethacin, which blocks PGE2 biosynthe­
sis via inhibition of cyclooxygenase activity (57). Maxi­
mal suppression of PG production occurs with doses 
between 50 and 150 mg (1). In addition to the indepen­
dent effects of PGE2 on NKCA, low circulating levels of 
PGE2 can synergize with endogenous glucocorticoids to 
inhibit cell-mediated immune function (16, 34). 

The magnitude and kinetics of changes in plasma 
PGE2 concentration with exercise are poorly character­
ized (26), and evidence concerning the putative role of 
endogenous PGE2 in exercise-induced suppression of 
NKCAis conflicting (36, 40). Interpretation ofprevious 
investigations is complicated by a lack of data on 
circulating PGE2, failure to utilize randomized, double­
blind, placebo-controlled protocols, and-failure to in­
clude a nonexercise control session for comparison with 
matched exercise responses. In this context we aimed 
to extend earlier investigations, using a double-blind, 
counterbalanced and placebo-controlled design, relat­
ing NK cell counts and NKCA throughout the exercise 
and recovery period to plasma concentrations of PGE2 
and cortisol. Our primary hypotheses were that a 
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