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ABSTRACT

PETERSON, I. M., T. A. TRAPPE, E. MYLONA, F. WHITE, C. P. LAMBERT, W. J. EVANS, and F. X. PIZZA. Tbuprofen and
Acetaminophen: Effect on Muscle Inflammation after Eccentric Exercise. Med. Sci. Sports Exerc., Vol. 35, No. 6, pp. 892896, 2003.
Purpose: We examined the influence of ibuprofen and acetaminophen on muscle neutrophil and macrophage concentrations after novel
eccentric contractions. Methods: Twenty-four males (25 = 3 yr) were divided into three groups that received the maximal
over-the-counter dose of cither ibuprofen (1200 mg-d™1), acetaminophen (4000 mg-d™ 1), or a placebo after eccentric contractions of
the knee extensors. Biopsies from the vastus lateralis were taken before and 24 h after exercise. Inflammatory cells were quantified
in muscle cross-sections using immunohistochemistry. Results: Macrophage concentrations were elevated by 1.5- to 2.5-fold (P <
0.05) at 24 h postexercise relative to preexercise concentrations, whereas neutrophil concentrations were not significantly elevated.
Muscle inflammatory cell concentrations were unaffected by treatment with ibuprofen or acetaminophen when compared with placebo.
Conclusions: Maximal over-the-counter doses of ibuprofen or acetaminophen, when administered therapeutically, do not affect muscle
concentrations of neutrophils or macrophages 24 h after a novel bout of eccentric contractions. Key Words: NEUTROPHILS,
MACROPHAGES, NONSTEROIDAL ANTIINFLAMMATORY DRUGS, ANALGESICS, MUSCLE INJURY, RESISTANCE EX-

ERCISE

ontraction-induced skeletal muscle injury and the

resulting muscle soreness, mflammation, and dys-

function is often treated with nonsteroidal antiin-
flammatory drugs (NSAIDs; e.g., ibuprofen) and/or analge-
sics (e.g., acetaminophen). The mechanism for the
therapeutic effect of NSAIDs and analgesics in treating
inflammation and pamn has largely been ascribed to their
ability to inhibit the synthesis of prostaglandins (14). In
addition to inhibiting prostaglandin synthesis, NSAIDs also
interfere with aspects of inflammatory cell function. Spe-
cifically, NSAIDs have been demonstrated to reduce both
neutrophil chemotaxis and activation in vitro (1,7,19). Pros-
taglandin nhibition via NSAIDs is thought to act both
centrally and peripherally to reduce the perception of pain
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and attenuate the mflammatory response, respectively (14).
Analgesics, alternatively, possess minimal antiinflammatory
actions and provide relief from pain mainly by blocking
prostaglandin synthesis centrally (14). Despite their known
mechanisms of action, few investigators have examined
whether NSAIDs or analgesics influence inflammatory cell
concentrations and prostaglandins in muscle after injurious
exercise in humans.

The majority of previous investigators who have exam-
ined the efficacy of NSAIDs or analgesics in treating con-
traction-induced muscle injury have investigated their in-
fluence on muscle soreness, muscle dysfunction, and blood
creatine kinase activity in the hours to days after injurious
exercise. Although a few investigators have reported a re-
duction 1n either muscle soreness (8,12), muscle dysfunction
(8,12), or blood creatine kinase activity (20) after contrac-
tion-induced muscle injury, the majority of studies failed to
demonstrated a beneficial effect of NSAIDs or analgesics
(3,10,20,24). This finding may be attributable to their in-
ability to blunt muscle inflammatory cell concentrations
after injurious exercise. The purpose of the present study
was to quantify the influence of acetamimophen and ibupro-
fen on muscle neutrophil and macrophage concentrations
after contraction-induced muscle injury in humans.



METHODS

Subjects. The 24 males (age 25 = 3 yr, height 180 + 6
cm, weight 81 = 6 kg and bedy fat 17 + 8%) used in the
present study were the same subjects and part of the same
protocol used by Trappe et al. (27,28). Subjects were pre-
screened to rule out cardiovascular, metabolic, and neuro-
muscular disease, and had not participated in a resistance
exercise training program for at least 6 months before this
study. Qualifying volunteers then signed a written informed
consent form. Institutional approval was obtained at The
University of Arkansas for Medical Sciences and The Uni-
versity of Toledo.

Experimental design. Subjects were randomly as-
signed in a double-blind fashion to one of three experimen-
tal groups: acetaminophen, ibuprofen, or placebo. Each
group (eight subjects per group) received the same total
number and color of capsules. Maximal over-the-counter
doses were given to the acetaminophen (three doses 1500/
1500/1000 mg to equal 4000 mg-d ) and ibuprofen (three
doses of 400 mg to equal 1200 mg-d™1) groups while the
placebo group received pills indistinguishable from the drug
capsules. Imtial drug doses were administered at the onset of
the injury protocol (0800 h), with additional doses given at
6-h intervals (1400 and 2000 h, respectively). A fourth dose
was administered the following mornming approximately 5 h
before the second biopsy (0800 h). At the doses adminis-
tered in this study, ibuprofen and acetaminophen have sim-
ilar pharmacokinetic properties. Ibuprofen and acetamino-
phen are known to appear in the plasma within 10 min,
achieve peak plasma levels within 0.5-2 h, and have a
half-life of approximately 2 h {2.5,15).

Experimental procedures. After a 15-min warm-up
consisting of light cycling and stretching of the lower limbs,
the maximal load that each subject could lift concentrically
with their knee extensors was determined (Cybex Norm,
Lumenex, Ronkonkoma, NY). The experimental protocol
involved unilateral eccentric contractions of the knee exten-
sors with each leg on a muscle dynamometer in the isotonic
mode (Cybex Norm). To perform eccentric contractions, the
leg was passively raised to 0° of flexion then lowered to 90°
of flexion while subjects resisted. Each subject performed
10-14 sets of 10 repetitions at an intensity of 120% of their
concentric 1-repetition maximum. Variable sets (10-14)
were performed to achieve muscle fatigue on each subject.
When the weight was lowered in under 0.5 s, the subject was
considered fatigued, and the protocol was stopped after the
completion of that set.

Muscle biopsies were performed on the vastus lateralis of
the dominant leg 48 h before and on the nondominant leg
24 h after the injury protocol under local anesthetic (1%
Kylocaine HCI) {4). Muscle tissue samples were placed on
a cork in mounting medium (Tragacanth Gum, Sigma
Chemical Inc., St. Louis, MO), frozen in isopentane cooled
to the temperature of liquid nitrogen (—190°C), and then
frozen and stored at —70°C.

Immunohistochemistry. Frozen cross-sections (10
pm) were cut, adhered to gelatin-coated slides (0.04% chro-
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mium (IIT)-potassium sulfate-0.4% gelatin), and stored at
—20°C. Muscle sections were placed on a tray surrounded
by wet towels, air dried for 30 min, fixed in cold acetone for
10 min, and then air dried for 10 min. After a 5-min wash
with 15 mM phosphate-buffered saline (PBS), sections were
incubated for 5 min with a 0.03% hydrogen peroxide solu-
tion (J. T. Baker, Phillipsburg, NI). After a quick wash
tollowed by a 5-min wash with PBS, sections were treated
with a blocking buffer (final concentration: 29.7 mg-mL ™"
bovine serum albumin, 0.05% tween 20, 0.2% gelatin in
universal buffer; Sigma Chemical) for 30 min, washed again
with PBS for 5 min, then the primary antibody was applied.
Neutrophils and macrophages were 1dentified using a mono-
clonal mouse antthuman CD15 antibody (1:50 in PBS)
(Dako Laboratories, Carpinteria, CA) and a monoclonal
mouse antthuman CD68 antibody (1:100 in PBS) (Dako
Laboratories), respectively. Sections were then placed in an
airtight contamer with moist towels and incubated overnight
at 4°C. The following day, sections were washed twice in
PBS for a total of 30 min, and the secondary antibody was
applied for 30 min. Biotinylated goat antimouse Igh (1:200
in PBS) (Vector Laboratories, Burlingame, CA) and biotin-
ylated horse antimouse IgG (1:200 in PBS) (Vector Labo-
ratories) were used to bind the neutrophil and macrophage
primary antibodies, respectively. Sections were then washed
in PBS for 30 min and horseradish peroxidase-avidin D
(1:1000) (Vector Laboratories) was applied for 45 min.
After a 10-min wash in PBS, sections were developed using
an AHEC peroxidase substrate kit (3-amino-9-ethylcarbazole)
(Vector Laboratories), which elicited a red reaction product
that was then viewed under a light microscope. The reaction
was stopped by rinsing slhides with distilled water. Slides
were then mounted with an agueous mounting medium
(Biomeda Corp., Foster City, CA), air dried overnight at
room temperature, and stored at 4°C. Control sections were
stained using an identical procedure except the primary
antibodies were omitted to control for nonspecific binding
of the secondary antibodies.

Inflammatory cell concentrations were quantified by
counting CD15 and CD68 positive cells using a light mi-
croscope (Olympus America Inc., Melville, NY) equipped
with an eyepiece counting grid and Normarski optics
(400}). Area of the muscle sections were also determined
(200}) by counting all y-intercepts that intersected with the
muscle section on the counting grid. Inflammatory cell
concentrations were expressed relative to muscle cross-
sectional volume (cellsmm ).

Statistical analysis. Two-way analysis of variance
with repeated measures (ANOVA; SigmaStat 2.03; Sigma
Chemical Corporation) was performed to identify treatment
and time effects for concentrations of neutrophils and mac-
rophages. A one-way ANOVA was performed to identify
treatment effects for percent change of neutrophils and
macrophages from pre- to postexercise. Student-Newman-
Keuls post hoc testing was utilized to locate differences
when the observed F-ratio was significant (P <C 0.035).
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FIGURE 1—Inflammatory cell con-
centrations. A. Neutrophil concen-
trations (CD15) before and 24 h after 0 7 T T |
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placebo (PLA) ingestion. B. Macro-
phage concentrations (CD68) before
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RESULTS DISCUSSION

Subject characteristics were similar for all three groups
(28). Muscle neutrophil concentrations were not signifi-
cantly altered 24 h after the eccentric contractions (Fig. 1A).
Muscle macrophage concentrations, however, were elevated
by 1.5-to 2.5-fold in all three treatment groups 24 h after the
eccentric protocol (P < 0.01) (Fig. 1B). Muscle inflamma-
tory cell concentrations were unaffected by treatment with
ibuprofen or acetaminophen (Fig. 1) when compared with
placebo. Percent change from pre- to postexercise was also
similar for neutrophils and macrophages between different
drug treatments (Table 1). Although differences in preexer-
cise inflammatory cell concentrations between groups ap-
pear large, there were no significant differences detected.
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The major finding of the present study was that over-the-
counter doses of ibuprofen or acetaminophen did not influ-
ence muscle inflammatory cell concentrations 24 h after
eccentric contractions in humans. Muscle soreness, blood
creatine kinase activity, and muscle prostaglandin E,
(PGE,) concentrations were similarly unaffected by drug
treatment (27,28). Interestingly, both acetaminophen and
ibuprofen reduced protein synthesis and prostaglandin F,,
(PGF,,) concentrations after eccentric contractions (27,28).
Taken together, these data may indicate that therapeutic
dosing of ibuprofen or acetaminophen does not influence
muscle soreness and inflammation but impairs protein syn-
thesis in humans after eccentric exercise.
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TABLE 1. Percent change from pre-exercise values.

Placebo Acetaminophen Ibuprofen
Neutrophils 146 + 217 —-222+76 —8.7 £30.0
Macrophages 837.5 = 5037 2486 = 133.7 147.8 = 126.6

Values are mean = SEM.

Based on previous investigators who demonstrated an
increase in muscle leukocyte concentrations after eccentric
contractions in humans (13,16,17,25,26), we hypothesized
that neutrophil concentrations would be significantly ele-
vated postexercise. Contrary to our hypothesis, neutrophils
were not significantly elevated 24 h postexercise n any of
the treatment groups (Fig. 1A). MacIntyre et al. (16) re-
ported a significant increase in radiolabeled neutrophils in
muscle 2 and 4 h after eccentric contractions. The early rise
in muscle neutrophils reported by MacIntyre et al. (16) is
consistent with numerous investigators who reported that
blood neutrophils are elevated within 12 h of recovery {rom
eccentric contractions (6,18,20-23). These investigators
also reported that blood neutrophil concentrations return to
baseline by 24 h postexercise. Assuming that a temporal
relationship between changes in blood and muscle neutro-
phil concentrations exist, it is possible that muscle neutro-
phils were elevated in the present study before our 24-h
sampling time point.

The significant increase in muscle macrophage concen-
trations (Fig. 1B) in this study 1s consistent with Stupka et
al. (26), who reported an increase in CD68 positive cells
24 h after eccentric exercise. Neither drug, however, signif-
icantly blunted macrophage accumulation indicating that
muscle macrophages were not attenuated by therapeutic
doses of ibuprofen or acetaminophen 24 h after novel ec-
centric contractions. Trappe et al. (28) reported in the same

REFERENCES

1. Asramson, S., H. Korcaax, R. Lupewia, et al. Modes of action of
agpirin-like drugs. Proc. Natl. Acad. Sci. US4 82:7227-7231,
1985.

2. Aveert, K. 8., A. J. SEowmen, P Winkmzow, R, G, Storn, W. I
Murray, and J. G. Waoner. Bioavailability studies of acet-
aminophen and nitrofurantoin. J. Clin. Pharmacol 14:264-—
270, 1974,

3. Barras, P, J A Craig, J. Ropmsow, D. M. Warsn, G. D. BAXTER,
and J. M. Atren. Managing delayed-onset muscle soreness: Lack
of effect of selected oral systemic analgesics. Arch. Phys. Med.
Rehabil 81:966-972, 2000.

4. BerastrOm, J. Muscle electrolytes in man. Scand. J. Clin. Lab.
Med 14:511-513, 1962.

5. Burwuan, T. H., and R. M. Ssorr (Editors). Drugs Facts and
Comparisons. St. Lous, MO: Facts and Comparisons, 1999, pp.
1449, 1479.

6. Carvwon, I. G, 5. F. Orencorg, R, A. FELDmG, et al. Acute phase
regponge in exercise: interaction of age and vitamin E on neutro-
phils and muscle enzyme release. dm. J. Physiol 259:R1214—
R1219, 1990.

7. Disz-Gowziarez, F., I. GonziLez-Avvaro, M. R, Campanero, etal.
Prevention of in vitro neutrophil-endothelial attachment through
shedding of L-selectin by nonstercidal antiinflammatory drugs.
J. Clin. Invest. 95:1756-1763, 1995.

8. Dupiey, G. A., J. Cerrxawskt, A. Memrop, G. Gous, A. Baro-
win, and M. Scarrone. Efficacy of naproxen sodium for exercise-
induced dysfunction muscle injury and soreness. Clin. J. Sports
Med. 7:3-10, 1997.

DRUG TREATMENT AND MUSCLE INFLAMMATION

group of subjects that both ibuprofen and acetaminophen
administration reduced muscle PGF,,, but not PGE, con-
centrations 24 h after contraction-induced muscle injury.
The role of stable prostaglandins in muscle inflammation
can be difficult to decipher in vivo because they are known
to exert pro- (e.g., PGE,) and anti-inflammatory (e.g.,
PGF, ) properties (30), and because of the myriad of factors
that may influence the trafficking of inflammatory cells into
njured muscle independent of prostaglandins (11). Recent
data, however, indicate that PGF,,_, may facilitate the reso-
lution of inflammation (30). Therefore, the lack of drug
effect on muscle macrophage concentrations in this study
may reflect the inability of therapeutic doses of these drugs
to blunt, in skeletal muscle, proposed mediators of inflam-
mation (PGE,) (9,29) while attenuating proposed modula-
tors of inflammation (PGF, ) (9.30).

In summary, therapeutic doses of ibuprofen or acetamin-
ophen do not blunt muscle inflammatory cell concentrations
24 h after a novel bout of eccentric contractions mn humans.
Interpretation of these results in combination with those of
Trappe et al. (27,28) may indicate that in addition to being
an effective treatment for muscle soreness and inflamma-
tion, therapeutic doses of ibuprofen or acetaminophen may
negatively regulate muscle growth after eccentric exercise
by inhibiting protein synthesis. Further investigations at
earlier and later time points are needed to conclude whether
over-the-counter doses of these drugs are an appropriate
treatment for inflammation caused by a novel bout of ec-
centric contractions.

This study was supported in part by McNeil Consumer Products
Co. and NIH grant AG-00831 (WJE).

9, Dun, C. I, D. A. WoLovamey, I. P. Giroup, and S. Yamamoro.
An appraigal of the interrelationships between prostaglanding and
cyclic nucleotides in inflammation. Biomedicine 24:214-220,
1976.

10. Grossmaw, I M., B. L. Arworn, D. H. Perrmy, and D. M. Kamier.
Effect of ibuprofen use on delayed onset muscle soreness of the
elbow flexors. J Sport Rehabil 4:253-263, 1995,

11. Growwos, M. D, and M. J. Davies. Chemotaxis in myogenesis.
Basic Appl. Myol. 6:469-483, 1996.

12. Hassew, S. M., J. C. Dawers, J. G. Dwvmng, et al. Effect of
ibuprofen use on muscle soreness, damage, and performance: a
preliminary investigation. Med. Sci. Sports Exerc. 25:9-17, 1993,

13. Herrsrew, Y., U. Fravwosen, N. @rriensran, B, Smom, and E. AL
Ricarer, Xanthine oxidase in human skeletal muscle following
eccentric exercise: a role in inflammation. J. Physiol 498:239—
248, 1997.

14. Hersm, E. V., P. A. Moorg, and G. L. Ross. Over-the-counter
analgesics and antipyretics: a critical assessment. Clin. Ther. 22:
500-548, 2000.

15. Locrwoop, G. F., K. 8. Atpsrr, W. R. GrieseE, et al. Pharma-
cokinetics of ibuprofen in man. I. Free and total area/dose rela-
tionships. Clin. Pharmacol Ther. 34:97-103, 1983,

16. Macmryre, D. L., W. D. Rep, D. M. Lyeter, and D. C. McrENZIE.
Different effects of strenuous eccentric exercise on the accumu-
lation of neutrophils in muscle in women and men. Eur. J Appl.
Physiol. 81:47-53, 2000.

17. Macmryre, D. L, W.D. REm, D. M. Lyster, L. J. Szasz, and D. C.
Mcrenzie. Presence of WBC, decreased strength, and delayed

Medicine & Science in Sports & Exercises 895



18.

19.

20.

21.

22.

23.

24.

soreness in muscle after eccentric exercise. J. Appl Physiol. 80:
1006-1013, 199¢.

Marag, C., R. Lewvkes, and B. Siopmi. Effects of eccentric exercise
on the immune system in men. J Appl Physiol 86:461-468,
1999.

Primcer, M. H., C. Capopicr, P. RoseEnTHar, et al. Modes of
action of aspirin-like drugs: salicylates inhibit Erk activation and
integrin-dependent neutrophil adhesion. Proc. Natl Acad Sei
USA 95:14540-14545, 1998,

Przzs, F. X, D. Cavenper, A. STocksrp, H. Bavims, and A.
Beioare. Anti-inflammatory doses of ibuprofen: effect on neutro-
phils and exercise-induced muscle injury. frt J Sports Med
20:98-102, 1999,

Przzs, F. X, B. H. Davig, S. D. Hewricksonw, et al. Adaptation to
eccentric exercise; effect on CD64 and CD11b/CD18 expression.
J Appl. Physiol 80:47-53, 1996.

Pizza, F. X, 1. B. Mircgern, B, H. Davis, R. D. Starume, R W.
Heorrz, and N. Brorow. Exercise-induced muscle damage: effect
on circulating leukocyte and lymphocyte subsets. Aded Sci. Sports
Exerc. 27:363-370, 1993,

Sware, L. L., J. A. Bowo, D. Hovgerr, et al. Differential white cell
count after two bouts of downhill running. frt. J. Sports Med.
19:432-437, 1998.

Swurrm, L. Lo, R T. Georee, T. C. Cumnier, et al. Do over-the-
counter analgesics reduce delaved onset muscle soreness and

896  Official Journal of the American College of Sports Medicine

25

26.

27

28.

29.

30.

serum creatine kinase values? Sports Med Train Rehabil 6:81—
88, 1995.

Sturpks, N., S. Lowrker, K. Coorwevxo, J. M. Bovrcror, C.
Hoceew, and M. A. Tarwoporsky. Gender differences in muscle
inflammation after eccentric exercise. J Appl Physiol 89:2325-
2332, 2000.

Stupka, N., M. A. Tarwoporsgy, N. J. Yarorey, and S. M. Pum-
ups. Cellular adaptation to repeated eccentric exercise-induced
muscle damage. J. Appl. Physiol 91:1669-1678, 2001.

Traree, T. A., F. Waite, C. P. Laveert, D. Cesar, M. HELLER-
sTEm, and W. I. Evaws. Effect of ibuprofen and acetaminophen on
postexercize muscle protein synthesis. Am. J. Physiol 28:E551-
E356, 2002.

Trareg, T. A, J. D. Fruckey, F. Warre, C. P. Laveerr, and W. J.
Evaws, Skeletal muscle PGF,,, and PGE, in response to eccentric
registance exercigse: influence of ibuprofen and acetaminophen.
J. Clin. Endocrinol. Metab. 86:5067-5070, 2001.

Urica, T. R, E. B. Daxay, J. H. Wirriswvs, and R, X. N1, In vivo
induction of neutrophilia, lymphopenia, and diminution of neu-
trophil adhesion by stable analogs of prostaglanding E,, E,, and
F,.. Am. J. Pathol 124:33-58, 1986.

WiLovemsy, D. A., A. R. Moore, P. R. Cotviie-Nasm, and D.
Grroy. Resolution of inflammation. fnt. J. fmmunopharmacol.
22:1131-1135, 2000.

http://www.acsm-msse.org



