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TABLE I

Effect of one hour's training on median (range) concentrations of metabolites in four bodybuilders

Exercise Recovery

Basal 45 min 60 min 63 min 66 min 70 min 90 min 120 min

Lactate
(mmoli.-') 2.4 (1.4-3.2) 14.1(13.7-18.3) 12.0 (9.3-13.9) 10.2 (8.7-11.6) 8.3 (7.3-10.5) 7.6 (4.8-8.1) 4.2 (3.04.9) 2.7 (1.7-2.9)

3-hydroxybutyrate
(JAmol.l-1 32.0 (26-54) 50.0(38-87) 49.0 (42-83) 52.0 (45-87) 52.0 (47-91) 45.0 (44-110) 46.0 (37-72) 53.0 (36-66)

CO2 content
(mmol.1-1) 23.0 (22-29) 11.0(10-12) 15.0 (12-17) 16.0 (15-17) 16.0 (12-18) 19.0 (18-21) 22.0 (18-22) 22.0 (16-24)

Creatinine
(Imol.1-) 95.0 (85-100) 115.0(110-130) 110.0 (110-130) 110.0 (110-120) 110.0 (100-120) 105.0 (100-110) 98.0 (95-110) 95.0 (90-100)

Phosphate
(mmol.1-1) 1.05(0.85-1.11) 1.5(110-130) 0.85(0.70-1.25) 0.75(0.60-1.15) 0.68(0.60-1.05) 0.63(0.50-0.95) 0.65(0.50-0.90) 0.78(0.60-0.85)

AST (U.l-1) 40.0 (29-41) 72.0(65-73) 65.0 (61-69) 65.0 (56-71) 64.0 (56-80) 54.0 (42-62) 48.0 (33-62) 42.0 (28-54)
CK (U.1-1) 318.0 (112-345) 365.0(165-435) 360.0 (170-435) 360.0 (170-435) 360.0 (175-430) 335.0 (185-395) 358.0 (175-390) 345.0 (180-415)
Albumin (g.1-1) 46.0 (45-50) 51.0(49-56) 48.0 (47-55) 48.0 (46-50) 47.0 (45-54) 47.0 (46-51) 47.0 (45-49) 47.0 (46-47)
Zinc(limol.1-1) 16.3 (13.0-17.0) 15.0(13.0-16.0) 14.5 (12.5-15.0) 14.0 (12.5-15.6) 13.5 (12.5-15.0) 13.5 (12.5-14.0) 13.3 (12.5-14.5) 12.5 (11.5-15.0)

potassium ions across cell membranes is an over simplifica-
tion (Editorial, The Lancet, 1986). The fall in phosphate
levels during the recovery period may indicate an intra-
cellular phosphate shift in order to replenish high energy
phosphate stores. The rise in AST during and immediately
after exercise presumably reflects a "leak" in muscle
cellular enzymes into plasma. Regular training decreases
the CK response to exercise but does not completely
abolish it (Clarkson et al, 1987). The elevated CK concentra-
tions prior to the acute exercise in these bodybuilders may
therefore reflect the response to recent periods of training.
They may also be influenced by the subjects' muscle bulk. It
is not possible to say whether CK showed a further signifi-
cant rise during acute exercise.

There is disagreement about the ability of exercise to
produce an acute phase response (Myers et al, 1987). Any
fall in albumin or transferrin and rise in C-reactive protein or
caeruloplasmin would not have occurred during the one
hour recovery time used in our study. However, plasma zinc
and the zinc/albumin ratio fell significantly from the end of
exercise. A fall in zinc has also been observed 6 hours after
cycling (Myers et al, 1987) but was considered to be
probably due to the circadian rhythm of this cation. Our
data may support the opinion that changes can occur in zinc
metabolism prior to the acute phase protein response.

This study in bodybuilders shows biochemical changes
in response to exercise especially in terms of blood lactate
acid and plasma zinc concentrations.
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Title: OPERATIVE APPROACHES IN ORTHOPAEDIC SURGERY AND TRAUMATOLOGY
Editors: R. Bauer, F. Kerschbaumer and S. Poisel
Publishers: Georg Thieme Verlag Stuttgart, New York. Thieme Medical Publishers Inc., New York 1987

Price:DM398 326pages Figures Index Hardcover ISBN3137055016

This is the best illustrated tome on operative approaches I have seen. We are taken through the approaches from skin down
to the target area, usually joint or bone, in lucid steps. The troublesome structures that have to be avoided are all displayed.
Unless one wished to embark on do-it-yourself surgery this book is for the practising orthopaedic surgeon or for those
studying for higher exams in orthopaedic surgery.
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