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Changes in plasma enzyme activities in
professional racing cyclists

P Mena, M Maynar, J E Campillo

Abstract
Objective-To reports changes in plasma
levels in professional racing cyclists.
Methods-Plasma levels of the intracell-
ular enzymes aspartate aminotransferase,
alanine aminotransferase, y glutamyl
transpeptidase, lactate dehydrogenase,
and alkaline phosphatase were measured
resting and after exercise in professional
cyclists participating in two road races:
Vuelta Cicista a Valencia (800 km,
beginning of the cyclist season), and the
top rank race Vuelta a Espafia (2700 km,
at the end of cyclist season).
Results-A significant increase in plasma
aspartate aminotransferase, alanine am-
inotransferase, and alkaline phosphatase
was observed at the end of the race over
the corresponding paired start values
(P < 0.05). The increase in plasma lactate
dehydrogenase after the race was only
statistically significant (P < 0-05) in the
Vuelta a Espafia. The longer the duration
ofthe cycle tour race, the greater were the
increases in aspartate aminotransferase
and alanine aminotransferase levels. The
high levels returned to their start values
during the overnight resting period.
Conclusions-The presence of these en-
zymes in the blood is probably due to
mechanically damaged muscle cells leaking
their contents into the interstitial fluid.
(BrJt Sports Med 1996;30:122-124)
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It is well established that there is an increase
in plasma activities of various intracellular
enzymes after long term physical exercise.1
Apart from the value that measurement of
these variables has for the sportsmen and
women themselves and for sport in general,
there are also major clinical implications.
There are, however, remarkable differences in
the degree to which plasma enzyme activities
increase with exercise. Intensity, duration, and
type of exercise, and individual variability are

the most important determining factors.'
In contrast to the well defined effect of acute

exercise, there is little information on the effect
of chronic exercise, on intracellular enzyme
plasma levels, and only a few studies have been
performed during real professional trials.2"
We had a unique opportunity to investigate

the changes in plasma activity levels of the
intracellular enzymes aspartate aminotrans-
ferase (AST), alanine aminotramsferase
(ALT), -y glutamyl transpeptidase (GGT),

lactate dehydrogenase (LDH), and alkaline
phosphatase (ALP) in professional cyclists who
were competing in two races of different
lengths: the Vuelta Ciclista a Valencia (800 km/
6 days) and the Vuelta Ciclista a Espafia (2700
km/20 days).

Methods
The professional cyclists were participants in
two races of different lengths, the "Vuelta
Ciclista a Valencia" (VCV, 800 km, 6 days, in
February, at the beginning of the cycling
season, n = 34) and the top rank "Vuelta
Ciclista a Espafia" (VCE, 2700 km, 20 days,
in May, at the end of the cycling season,
n = 15), and a stage of the Vuelta Ciclista a
Espafia (234 km/5 h, n = 17). Informed
consent was obtained from all subjects and
from the medical staff of the cycling teams.
Blood samples (10 ml) were drawn from an

antecubital vein into chilled tubes containing
3-8 % sodium citrate as anticoagulant. The
blood was immediately centrifuged at 40C and
840 g for 10 min to separate cells from plasma.
There was no visible haemolysis in the samples,
and this was verified by plasma haemoglobin
determination. Basal samples were obtained on
the first day of the race after an overnight fast,
when subjects were resting, and in most cases
when the cyclist was still in bed at the hotel.
Post-race samples were obtained immediately,
within 30 min after the end of the corres-
ponding stage, before the cyclists had lunch. In
the case of the single stage, samples were taken
at the beginning and end of the stage, as in the
previous case, and a third sample on the
following day, after the night's rest.
AST, ALT, GGT, and ALP activity assays

were carried out using products from
B6ehringer Mannheim for automated methods.
LDH was assayed using a commercial kit from
Boehringer Mannheim for manual analysis.

All results are expressed as mean(SD). The
statistical analysis was performed by the
Wilcoxon test for paired data.

Results
Table 1 shows the changes observed in plasma
AST, ALT, LDH, ALP, and GGT activities in
17 cyclists at the start and end of a 234 km
stage. The last column shows the enzyme
activities on the following morning, before the
start of the next stage. An increment of high
level of significance (P < 0x00 1) in AST and
ALP and also a significant rise (P < 0 05) in
ALT were observed after the stage. On the
following morning, the levels had returned to
the resting values.
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Table 1 Plasma levels of aspartate transaminase (AST),
alanine transaminase (ALT), lactate dehydrogenase
(LDH), alkaline phosphatase (ALP), and
fy glutamyltransferase (GGT) in 17 cyclists at the beginning
and at the end ofa 234 km stage of the Vuelta Ciclista a
Espaila and 24 h later, before starting the next stage
(recuperation). Values are means (SD)

Enzyme (mU/ml) Start End Recuperation

AST 20 (7) 25 (6)** 21 (7)t
ALT 23 (8) 27 (7)* 23 (9)t
LDH 129 (21) 137 (25) 118 (39)
ALP 50 (10) 68 (17)** 59 (I1)tt
GGT 11 (2) 8 (3) 8 (2)

**P < 0-001 v start ttP < 0 01 v end
*P < 0.05 v start tP < 0 05 v end

Table 2 shows the chronic changes observed
in the levels of these enzyme activities at the
start and at the end of two races of different
length and duration. GGT did not change
significantly, while the AST, ALT, ALP, and
LDH activities increased at the end of the races
compared with the corresponding start values.
The longer the duration of the cycle tour

race, the greater were the increases in plasma
AST, ALT, and LDH.
Plasma malondialdehyde values increased at

the end of the single stage [1800(1-91) v
6 76(0 84) mM], as well as at the end of the
VCE [10-08(1 14) v 4 84(0 65) mM] and the
VCV [7-34(0 99) v 4 04(0 38) mM].

Discussion
The increase in plasma enzyme activities after
physical exercise has been well established in
various studies. Several hypotheses have been
proposed to account for the presence in plasma
of high levels of enzyme activities with a
generally intracellular origin. The hypoxia
hypothesis,5-7 changes in membrane per-
meability after brief exercise,8 and cellular
damage by either exercise induced mechanical
proccesses9 or by oxygen free radical induced
lipoperoxidation processesIO'3 have been
invoked as explanations.
The present results show that there was a rise

in AST, ALT, LDH, and ALP activities in
plasma as a consequence of both acute and
chronic exercise.
The results after acute exercise concur with

those of other workers'4 15 who used ergo-
metric tests to show that there exist temporary
increments in AST, ALT, and LDH after acute
exercise.

In acute exercise (the stage), these activities
decrease after the recovery period (from the
end of stage to the start of the before next), but
they do not return to the basal values. This

Table 2 Plasma levels ofaspartate transaminase (AST),
alanine transaminase (ALT), lactate dehydrogenase
(LDH), alkaline phosphatase (ALP) and
y glutamyltransferase (GGT) in professional cyclists before
and after two races of different duration. Values are means
(SD)

Enzyme VCVrace, 800 km VCV race, 2700 km
(mU/mi) (n = 34) (n = 15)

Start End Start End

AST 25 (8) 34 (14)* 21 (6) 43 (84t
ALT 22 (8) 27 (7)t 21 (9) 34 (64t
LDH 98 (22) 108 (23) 138 (35) 162 (31)*
ALP 60 (14) 82 (144t 53 (12) 64 (14)f
GGT 9 (4) 9 (2) 11 (2) 11 (3)

shows that there is a cumulative effect during
a race with several stages, illustrated by the
finding that the enzyme increments seem to
depend on the length of the race (number of
stages) and, in general, on the duration of the
exercise. 1415
The starting values in the two races were

similar, with a separation in time of two
months. This indicates that the increases in
these enzymes are reversible with the values
returning to the basal level after several days of
rest between trials. No differences were found
in the resting values when obtained with
subjects recumbent or in the supine position.
In both situations, the subject was in the hotel
room, having made only a minimum of
movements.
An important fact, shown in table 2, is the

increase in AST and LDH at the beginning of
the season during early training (800 km, VCV
race) with respect to the late races (2700 km,
VCE race). This is probably due to the start of
training after two to three months of relative
rest.
The plasma AST, ALT, and LDH activities

correlated positively at the beginning and, even
more so, at the end of the trials, when increases
are detected (AST/ALT, r= 0-87, P < 000001;
AST/LDH, r=0-71, P<0 005; ALT/LDH,
r=0-63, P<0-01). These enzyme levels also
correlated at the end of stage (AST/ALT,
r=0-61, P<0 01; AST/LDH, r=0 55,
P<0 05; ALT/LDH, r=0-67, P<0 005).
These would be explained by assuming that
these increases have a common origin for this
entire enzyme group. However, ALP - which
is increased by acute and chronic exercise - was
not correlated with the other enzymes. The
causes of the rise in this enzyme are still
unknown, but its origin is probably not the
same as that of AST, ALT, and LDH, which
are muscular in origin.
The presence of these enzymes in the blood

supply is probably due to mechanically
damaged muscle cells leaking their contents
into the interstitial fluid. It is unlikely that
peroxidation of membrane lipids and further
cytolysis is involved in the cause of these
processes since there was no correlation
between the increments in the plasma enzymes
and the malondialdehyde levels (a peroxidation
marker), as measured in all the cyclists.
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OCCASIONAL PIECE

Clinical Tests in Sports Medicine

Achilles tendon rupture
The Achilles tendon in the thickest tendon
in the body and the tendon most com-
monly ruptured. In certain cases, however,
up to 25% of these injuries are initially
missed, particularly if a palpable gap is not evi-
dent.

ACTIVE PLANTAR FLEXION TEST (AGAINST
GRAVITY)
If a standing patient is asked to actively
plantarflex to stand in a "tiptoe" position, there
is reduced plantarflexion on the side of the
tendon rupture. Although false negatives are
rare, false positives are common due to reflex
inhibition from other pathologies in the region
of the ankle joint and calf.

SIMMONDS' OR THOMPSON'S SQUEEZE TEST
This test was initially described by Simmonds
in 1957 and Thompson and Doherty in 1962.
With the patient lying prone and ankles clear
of the examination couch the examiner
squeezes the patient's calf. In an intact
musculotendinous unit, plantarflexion of the
ankle joint will occur, this effect being absent

or markedly reduced in the presence ofAchilles
tendon rupture. Unfortunately a false negative
result can occur in the presence of an intact
plantaris tendon.

COPELAND'S TEST

This was initially described in 1990 and
consists of insufflation of a sphygmomano-
meter cuff around the mid-calf, with the
patient relaxed in the prone position. The cuff
is inflated to 100 mm Hg with the foot in
plantarflexion. Dorsiflexion in the presence of
an intact Achilles tendon results in raised
pressure to approximately 140 mm Hg, while
the pressure remains unchanged in the
presence of a complete Achilles tendon
rupture.

Although these tests are sensitive, particularly
in the acute rupture, they can be more difficult
to assess in the presence of delayed rupture
with incomplete healing. Imaging with real
time ultrasound or magnetic resonance may in
these circumstances be helpful in further
assessment; ultrasound has the advantage of
being an easier dynamic study.
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