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Abstract The purpose of the present study was to de-
termine if gender differences exist in the maximal accu-
mulated oxygen deficit (MAOD) or in the blood lactate
(Lac™) and catecholamine responses to the MAOD test
(120% peak oxygen uptake to exhaustion). The MAOD
for cycling was measured in ten untrained male and ten
untrained female subjects using the method described by
Medbg et al. (Anaerobic capacity determined by maxi-
mal accumulated oxygen deficit. J Appl Physiol 64: 50—
60, 1988). Blood Lac™ and catecholamine concentrations
were measured at rest, exhaustion and for 30 min fol-
lowing the MAOD test. Dual-energy X-ray absorpti-
ometry was used to measure lean body mass (LBM) and
to estimate the active muscle mass (AMM) for cycling.
Males achieved a significantly higher MAOD than fe-
males following correction for AMM [126.3 (5.6) versus
108.3 (6.1) ml - kg AMM™', P = 0.04]. The peak blood
lactate concentration ([Lac™]) in males [13.6
(0.9) mmol - 17'] was significantly higher than in females
[10.0 (1.0) mmol - 1"']. Males obtained a 68% higher
peak epinephrine concentration ([Epi]) than females, but
the difference was not significant [1268 (188) pg - ml™!
versus 755 (179) pg - ml™', P = 0.066]. However, plasma
[Epi] was significantly higher for males than females at
1 min [824 (116) versus 489 (116) pg - ml™', P = 0.036]
and 3 min [330 (52) versus 179 (42) pg - ml™', P = 0.039]
into the recovery period. No gender-dependent differ-
ences in the norepinephrine concentration were observed
at any time. Peak [Lac™] was significantly correlated with
MAOD (ml - kg AMM ™) in females (r = 0.75), but not
in males (r = 0.09). The peak plasma [Epi] was not sig-
nificantly correlated with MAOD (ml - kg AMM™") or
peak [Lac™] in either group. These findings suggest that
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there are gender-dependent differences in MAOD even
when expressed relative to the AMM for cycling. The
higher blood [Lac™] in males compared to females
obtained after supramaximal exercise was not caused
by enhanced secretion of Epi. The greater MAOD in
untrained males was not caused by a greater ability to
produce Lac™ or by enhanced secretion of Epi.
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Introduction

The maximal amount of adenosine triphosphate (ATP)
that can be produced through anaerobic metabolism
during a single supramaximal exercise bout is called the
anaerobic capacity (AC) (Green and Dawson 1993).
Anaerobic ATP production is difficult to measure and
the validity of most methods used to determine AC is
questionable (Gastin 1994; Green and Dawson 1993).
The maximal accumulated oxygen deficit (MAOD)
method described by Medbe et al. (1988) has been used
to examine differences in AC among endurance athletes,
sprinters and untrained subjects (Medbe and Burgers
1990). Several researchers (Carlson and Naughton 1993;
Medbo and Burgers 1990; Naughton et al. 1997;
Ramsbottom et al. 1997; Weyand et al. 1993) have also
compared MAOD values obtained from male and fe-
male subjects. However, these studies have not reported
MAOD values expressed relative to an accurate measure
of active muscle mass (AMM).

Although gender-dependent differences in AC have
been reported, the magnitude of the difference remains
uncertain. Part of this uncertainty may be due to dif-
ferences in the method used to measure AC. Maud and
Shultz (1986) reported that the higher AC of males is
significantly related to their greater lean body mass
(LBM). When AC values are expressed relative to
LBM, gender-dependent differences are not significant
(Maud and Shultz 1986). In contrast, Weyand et al.
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(1993) demonstrated that trained males have a 20%
higher MAOD than trained females, even after con-
trolling for differences in the AMM for cycling. How-
ever, Weyand et al. (1993) and others (Winter et al.
1991) used fat-free leg volume as an estimate of the
AMM for cycling. This method of estimating the AMM
for cycling does not include the gluteal muscle group,
which has been demonstrated to be important to cy-
cling performance (Griffith 1997; Mohr et al. 1981).
Dual-energy X-ray absorptiometry (DEXA) is a precise
alternative to existing anthropometric methods used to
estimate the AMM for cycling (Fuller et al. 1992). The
AMM for cycling measured using DEXA in the present
study includes the LBM of the legs and the gluteal
muscle group, but it does not include bone mineral
content (BMC).

In addition to discrepancies in the methods used,
differences in training status and the use of both en-
durance- and sprint-trained subjects may also contribute
to the uncertainty concerning differences in AC attrib-
utable to gender. The subjects studied by Weyand et al.
(1993) were from diverse athletic backgrounds, such as
running and gymnastics, and differences in their training
status may have influenced the MAOD values obtained.
Therefore, the greater MAOD values obtained for male
athletes compared to female athletes could be partly due
to differences in their training background. In the pre-
sent study, we controlled for training status by including
only untrained male and female subjects.

Previous studies have found that males have higher
blood lactate concentrations ([Lac™]) than females after
supramaximal exercise (Gratas-Delamarche et al. 1994;
Naughton et al. 1997; Ramsbottom et al. 1997). This
suggests that males have a greater capacity than females
to generate ATP via anaerobic glycolysis (Jacobs et al.
1983; Naughton et al. 1997). A higher rate of anaerobic
glycolysis could partly account for the observation that
males have a higher AC than females (Naughton et al.
1997). In addition, Brooks et al. (1990) and Gratas-
Delamarche et al. (1994) found that males have signifi-
cantly higher plasma epinephrine concentrations ([Epi])
than females following ten 6-s sprints and after 30 s of
high-intensity exercise. The stimulation of muscle gly-
cogenolysis by Epi may help males to sustain a higher
rate of glycolytic flux compared to females during ex-
haustive supramaximal exercise. This could contribute
to males having a greater ability than females to produce
ATP from glycolysis and provide for a greater AC. No

previous study has examined the relationship between
MAOD and exercise-induced changes in blood Lac™ and
catecholamine concentrations in untrained male and
female subjects. Therefore, the purpose of the present
study was to determine if gender differences exist in the
MAOD for cycling or in the blood Lac™ and catechol-
amine responses of untrained male and female subjects
to the MAOD test.

Methods

Subjects

Ten untrained male and ten untrained female subjects volunteered
to participate in this study. The physical characteristics of the
subjects are presented in Table 1. Subjects were considered un-
trained if they were not training and had not participated or
competed in a sport for 24 months. Following familiarization with
all testing equipment and experimental procedures, written in-
formed consent was obtained from each subject. The Griffith
University Human Research Ethics Committee approved this
study.

Experimental protocol

Each subject attended four testing sessions on separate days within
a 4-week period. Subjects were instructed not to engage in vigorous
physical activity for 48 h prior to visiting the Exercise Science
Research Laboratory. Session one involved the measurement of
steady-state oxygen uptake (O,) at three submaximal power out-
puts as well as the determination of the peak VO, reached during
cycling. During session two, steady-state 'O, was measured at
three higher submaximal power outputs. The third session was used
to measure the AC for cycling using the MAOD method described
by Medbg et al. (1988). Venous blood samples were obtained prior
to the MAOD test, immediately at exhaustion and at 1, 3, 5, 10, 15,
20 and 30 min of recovery. These samples were subsequently ana-
lyzed for blood Lac™ and plasma catecholamine concentrations.
During the final session, body composition and the AMM for cy-
cling were determined using DEXA.

Submaximal exercise bouts

Steady-state O, was measured at six submaximal power outputs
using a Lode (Excalibur Sport) electronically braked cycle ergo-
meter. Subjects performed 2 min of unloaded cycling at 70
rev - min~! and then the predetermined power output was applied
immediately for 10 min. The power output for the six submaximal
exercise bouts varied between 20 and 75% of the peak 'O,. Oxygen
uptake was measured using open-circuit spirometry techniques
(MedGraphics, Cardiorespiratory Diagnostic Systems). Oxygen
uptake values measured at 9 and 10 min were averaged and re-
ported as the steady-state 'O, for the corresponding power output.

Table 1 Physical characteristics of the subjects. Values presented are means (SE). (LBM Lean body mass, AMM active muscle mass for
cycling, including leg and gluteal muscle groups.) LBM and AMM do not include bone mineral content

Age (years) Height (cm) Body mass (kg) LBM (kg) Body fat (%) AMM (kg)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Males 23.3 1.1 175.1 1.3 77.9 2.2 58.0 1.2 17.6 14 28.4 0.8
Females 24.7 1.4 169.6 1.5 62.7 1.6 43.0 1.0 23.9 1.8 21.9 0.5
P value 0.441 0.008* 0.000* 0.000* 0.006* 0.000*

* Significant difference between males and females



Thirty minutes of recovery was allowed between each submaximal
exercise bout. Heart rate and rhythm were monitored continuously
during the test using a CMS5 electrode configuration and a
Lohmeier electrocardiograph (M 607). Data collected from the six
submaximal exercise bouts were used to establish the VO,—power
relationship. The linear regression of the O,—power relationship
was used to calculate the power output corresponding to 120% of
the peak VO,. The calculated power output was used in the sub-
sequent MAOD test. This method of estimating the power output
associated with a given level of oxygen demand is described else-
where (Medbg et al. 1988).

Determination of peak oxygen uptake

The peak VO, for cycling was determined using a continuous,
incremental exercise protocol conducted on a Lode cycle ergome-
ter. Pedal rate was maintained at 70 rev - min~' throughout the
test. After 3 min of unloaded cycling, the power output was
increased by 20 W - min™' for females and 25 W - min™" for males
until exhaustion. Heart rate and rhythm were monitored continu-
ously and the O, was measured breath-by-breath (MedGraphics,
Cardiorespiratory Diagnostic Systems) and averaged over 30-s
intervals. The two highest V'O, values were averaged and reported
as the peak V'O, for cycling.

The MAOD test for cycling

All MAOD tests were performed at 7 a.m. following an overnight
fast. Subjects warmed up by cycling at 50 W for 5 min followed by
2 min of unloaded cycling at 70 rev - min~'. The linear regression
equation of the six submaximal cycling bouts was used to calculate
a power output predicted to elicit 120% of the peak VO, for
cycling. This workload was then applied immediately following the
7-min warm-up period. Heart rate and rhythm were monitored
continuously and VO, was measured breath-by-breath (Med-
Graphics, Cardiorespiratory Diagnostic Systems) throughout the
exercise bout. The test was terminated when the subject could no
longer maintain the pedalling frequency above 60 rev - min~' de-
spite verbal encouragement. The time to exhaustion for the MAOD
test was recorded to the nearest second. The MAOD for each
subject was calculated in oxygen consumption equivalents as the
difference between the accumulated oxygen demand of exercise and
the measured oxygen uptake during the MAOD test. Absolute
MAOD values were reduced by 9% to correct for reductions in the
O, stores of the body (Medbg et al. 1988). MAOD values were
expressed in absolute terms and relative to body mass (BM), LBM
and the estimated AMM for cycling. Previously (unpublished da-
ta), we have demonstrated that this method of determining MAOD
for cycling is highly repeatable in untrained male and female sub-
jects (intra-class correlation coefficients of 0.983 for time to
exhaustion and 0.968 for MAOD values).

Determination of body composition and AMM

The same technician performed a whole-body scan on each subject
using DEXA (QDR 4500 Hologic, Waltman, Mass., USA) to as-
sess body composition. Whole-body values were presented as total
mass (g) and separately for fat mass (g and % of total body mass)
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and LBM (g). The total LBM for both legs and the gluteal muscle
group was measured and reported as the AMM (kg) for cycling.
Lean body mass and AMM are reported independently of BMC.

Blood lactate and plasma catecholamine concentrations

Thirty minutes prior to the MAOD test, a 22-gauge catheter was
inserted into the subject’s antecubital vein. The catheter was flushed
with heparinized saline to maintain patency. Five milliliters of blood
was obtained at rest, immediately at exhaustion and at 1, 3, 5, 10, 15,
20 and 30 min of recovery. Whole-blood [Lac™] was determined
using an automated blood Lac™ analyzer (Yellow Spring Instru-
ments, Model 2700) and a cell-lysing agent. In addition, plasma was
separated and stored at —70°C until the samples could be analyzed
for norepinephrine and Epi concentrations using high-performance
liquid chromatography with electrochemical detection (Schneider
et al. 1992, 2000; Waters Plasma Catecholamine Manual 1986). The
between-day and within-day coefficients of variation were less than
5% and 3% for both Epi and norepinephrine, respectively.

Statistical analysis

Results are presented as means and standard error (SE) of the
mean. Independent t-tests were used to determine gender-depen-
dent differences in physical characteristics and the peak exercise
values. Regression analysis was used to determine relationships
between MAOD, peak [Lac™] and peak [Epi]. Blood Lac™ and
plasma catecholamine concentrations were compared for gender
differences using analysis of variance with a repeated-measures
design for time. Newman-Keuls post-hoc analysis was used where
appropriate. Statistical significance was accepted at P < 0.05.

Results
Physical characteristics of the subjects

There was no significant difference in the mean ages of
the two groups. Females had a significantly higher per-
centage body fat and lower mean values for BM, LBM
and AMM than males (see Table 1).

Peak exercise values for incremental cycling

The peak exercise values obtained during incremental
cycling are given in Table 2. Peak V'O, expressed in ab-
solute terms and relative to BM (ml - kg~! - min™') was
significantly higher for males than for females. However,
when peak V'O, was expressed relative to LBM (ml -
kg LBM™' - min™!), no difference was found between
the two groups. Males achieved a significantly higher
peak power output during incremental cycling than
females. There were no significant gender-dependent

Table 2 Peak values obtained

during incremental cycling. Peak VO, ggaker W)
Values presented are means . . _ . w
(SE). (IE)BM.Lean body (- min™) (ml - kg™! ‘min™) (ml - kg LBM™! - min™!
ﬁ’ﬁfﬁef"”k VO, peak oxygen 1 e 3.43 (0.16) 43.4 (1.5) 59.2 (2.6) 315 (14)
p Females 241 (0.11) 38.5 (1.8) 55.9 (1.6) 237 (10)
P value 0.000* 0.036* 0.301 0.000*

* Males significantly higher than females
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differences in peak HR [males 195 (4) versus females 193
(3) beats - min~") or respiratory exchange ratio (RER)
[males 1.25 (0.02) versus females 1.24 (0.02)] values.

MAOD test results

Males [331 (16.7) W] cycled at a higher power output
than females [247 (11.6) W] and performed significantly
more total work [51.5 (3.8) versus 34.5 (1.9) kJ]. How-
ever, when expressed relative to LBM (W - kg LBM™),
males and females cycled at similar relative power out-
puts [5.7 (0.3) versus 5.7 (0.2) W - kg LBM™']. The time
to exhaustion for the MAOD test was not significantly
different between the two groups. Males obtained a
significantly greater absolute MAOD for cycling than
females (see Table 3). In addition, when MAOD was
expressed relative to AMM (ml - kg AMM™!), males
obtained a significantly higher MAOD than females.

Blood lactate and plasma catecholamine responses
to supramaximal cycling

The change in blood [Lac™] following the MAOD test
for male and female subjects is presented in Fig. 1.

While the resting blood [Lac™] was not significantly
different for the two groups, the mean peak blood [Lac™]
of 13.6 (0.9) mmol - I"' for males was significantly
higher than the value of 10.0 (1.0) mmol - 1”' obtained
for females. Blood [Lac™] remained higher for males
than for females throughout recovery. However, gender-
dependent differences were not found to be significant
at 3 and 5 min.

No significant difference between males and females
was found for resting plasma Epi or norepinephrine
concentrations. The mean peak plasma [Epi] obtained
after exercise was 68% higher for males than females,
but the difference was not statistically significant
(P =0.066). However, plasma [Epi] was significantly
higher for males than females at 1 and 3 min of the
recovery period (see Fig. 2). No gender-dependent dif-
ferences in [Epi] were observed after 3 min of recovery.
The mean peak plasma norepinephrine concentration of
4192 (548) pg - ml™! obtained for males was not signifi-
cantly different from the value of 4392 (491) pg - ml™!
obtained for females (P = 0.789). In addition, there were
no gender-dependent differences in plasma norepineph-
rine concentration measured at any time after exercise.
Plasma Epi and norepinephrine concentrations returned
to resting levels by 10 min of the recovery period for
both groups.

Table 3 Time to exhaustion

and maximal accumulated Time to

Maximal accumulated oxygen deficit

oxygen deficit values. Values exhaustion (s)

presented are means (SE). V) (ml-kgBM™)  (ml-kg LBM™)  (ml- kg AMM™)
AMM Acti le mass f
gychng BM body mass. LpM  Males 161 (16) 36(02) 463 (2.4) 61.8 (2.7) 126.3 (5.6)
lean bc;dy mass) ’ Females 140 (5) 2.4(0.2) 382(2.6) 55.2 (3.1) 108.3 (6.1)
P value 0.257 0.000* 0.035% 0.126 0.043*
* Significant difference between males and females
Fig. 1 Blood lactate concen- 16 -
tration measured prior to exer- *
cise, immediately at exhaustion
and at 1, 3, 5, 10, 1s, 20 and 14 7 * O Males
30 min of recovery. Males l ® Females
significantly higher than 12 N
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Fig. 2 Plasma epinephrine 1600 -
concentration measured prior
to exercise, immediately at 1400
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Relationships between MAOD and blood variables

Peak [Lac™] was significantly correlated with MAOD
expressed relative to AMM (ml - kg AMM ™) in females
(r=0.75, P=0.010), but not in males (r=0.09,
P =0.412). Peak plasma [Epi] was not significantly
correlated with MAOD (ml - kg AMM™") or peak
[Lac™] in either group.

Discussion

The present study demonstrates that untrained male
subjects have a higher MAOD for cycling than
untrained female subjects when expressed both in ab-
solute terms and relative to the AMM for cycling. Males
maintained a 17% higher MAOD even when values were
expressed relative to AMM. We used DEXA in the
present study to assess body composition and to provide
a precise estimate of the AMM for cycling. In addition,
the AMM for cycling included the LBM of the legs and
the gluteal muscle group and excluded BMC. Winter
et al. (1991) suggested that the gluteal muscle group is
one of the major muscle groups involved in cycling and
is largely ignored when traditional methods of deter-
mining the AMM for cycling are used. No previous
study has used DEXA to provide an accurate estimate of
the AMM for cycling.

The use of both endurance- and sprint-trained male
and female subjects in previous studies (Naughton et al.
1997; Weyand et al. 1993) has contributed to some of
the uncertainty surrounding gender-dependent differ-
ences in AC. Medbe and Burgers (1990) reported sig-
nificantly higher MAOD values for sprint-trained
athletes than for endurance-trained athletes, whereas the
MAOD for running was not significantly different

Recovery Time (min)

between endurance athletes and untrained subjects.
These researchers (Medbg and Burgers 1990) also found
that high-intensity interval training significantly
increased MAOD values in males but not in females.
Thus, differences in MAOD between male and female
athletes may be partly caused by training adaptations.
The present study eliminated the effect of training on
MAOD by including only untrained subjects. A study by
Medbeg and Burgers (1990) also found higher MAOD
values for untrained males than for untrained females,
but these investigators did not express MAOD values
relative to AMM. The greater MAOD expressed relative
to the AMM for cycling found in males in the present
study suggests that there are physiological, biochemical
and/or structural differences between the muscle tissue
of untrained males and females (Komi and Karlsson
1978; Sale and Spriet 1996; Simoneau and Bouchard
1989).

The calculation of MAOD in oxygen consumption
equivalents partly depends on the estimation of the
oxygen cost (demand) of the exercise performed at an
intensity that exceeds the peak VO,. The oxygen cost
of supramaximal exercise was calculated from the VO,—
power relationship established from six submaximal
exercise bouts. The assumption of similar mechanical
efficiencies across such a wide range of exercise intensi-
ties and the assumption that the VO,—power relationship
is linear have recently been questioned (Bangsbo 1996;
Green and Dawson 1995). However, even if the calcu-
lation of the absolute oxygen cost during the MAOD
test is not precise, the main finding of the present study
would not change, because of a constant error in the
calculation of MAOD for both groups. The measure-
ments of MAOD in the present study provide an esti-
mate of anaerobic energy production that is useful for
comparative purposes where an identical methodology
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has been used and the assumptions associated with this
method are the same for both groups. Furthermore, the
correlation coefficients for the VO,—power relationship
were similar for male (r = 0.996 £ 0.001) and female
(r=10.995 £ 0.001) subjects, suggesting that any error
associated with the regression analysis was similar for
the two groups.

Although blood [Lac™] represents the balance
between Lac™ production and appearance in the blood
and the rate of Lac™ removal from the blood, [Lac™] is
widely used as an index of the rate of anaerobic glyc-
olysis during high-intensity exercise (Naughton et al.
1997; Saltin 1990). It is not likely that the higher blood
Lac™ concentrations in males compared to females after
the MAOD test were caused by Lac™ being removed
more slowly from the blood. In the present study, the
decline in [Lac™] between 10 and 30 min of the recovery
period was significantly greater in males [AS.7
(0.4) mmol - I"'] than in females [A4.1 (0.5) mmol - 17'].
Therefore, the difference in blood [Lac™] between male
and female subjects suggests a greater rate of Lac™
production rather than a slower rate of Lac™ removal
from the blood.

The higher blood [Lac™] obtained after exercise in
males suggests that males are able to utilize anaerobic
glycolysis to a greater extent than females during activ-
ities with a high anaerobic component. Early work by
Jacobs et al. (1982, 1983) indicated that the maximal
rate of muscle glycogenolysis during a 30-s cycle sprint
was lower in females than in males. However, the peak
[Lac™] and MAOD (ml - kg - AMM™) values obtained
in the present study were not significantly correlated for
male subjects, whereas this relationship was significant
for data from female subjects. Gratas-Delamarche et al.
(1994) also demonstrated that, for males, the peak [Lac™]
is not significantly correlated with work (W - kg BM™")
during 30 s of supramaximal cycling, while this rela-
tionship was found to be significant for the females’
data. These researchers suggested that a successful per-
formance during 30 s of supramaximal cycling is inde-
pendent of the rate of anaerobic glycolysis in males.
Also, Bangsbo et al. (1993) demonstrated similar find-
ings for male soccer players, cyclists and runners, re-
porting that a high peak [Lac™] was not related to a high
MAOD. It may be concluded from the present study and
from the results presented by other researchers that
anaerobic glycolysis cannot account for the higher
MAOD found in males compared to females.

The influence of catecholamines on lactate production
during submaximal exercise is well established (Kinder-
mann et al. 1982; Mazzeo 1991; Mazzeo and Marshall
1989; Schneider et al. 2000; Stainsby et al. 1984).
Naughton et al. (1997) suggested that gender-related
differences in the plasma catecholamine responses to
supramaximal exercise might contribute to the higher
blood [Lac™] found in male compared to female subjects.
Therefore, the higher [Lac™] observed in males might be
partly caused by an increased ability to stimulate muscle
glycogenolysis/glycolysis via Epi secretion. The increase

in [Epi] induced by the MAOD test in the present study
was found to be significantly greater in males than in
females. Previous research has also demonstrated a sig-
nificantly greater plasma Epi response to supramaximal
exercise in males than in females (Brooks et al. 1990;
Gratas-Delamarche et al. 1994). Despite male subjects
having a greater mean Epi response to supramaximal
exercise, a significant relationship between peak [Epi] and
peak [Lac™] was not observed in the present study for
either male or female subjects. Thus, there is no strong
physiological link between peak [Lac™] and peak [Epi]
and the males’ greater Lac™ response to supramaximal
exercise was probably not caused by enhanced secretion
of Epi. The results of the present study indicate that
muscle glycogenolysis during supramaximal exercise is
not essentially controlled by Epi release. Other factors,
such as a rise in inorganic phosphate (Chasiotis 1988;
Hirvonen et al. 1987), ADP (Bangsbo et al. 1992; Nevill
et al. 1989) and cellular Ca>" (Richter et al. 1982) levels,
are important to the regulation of muscle glycogenolysis
during exercise. The significant contribution of increased
cellular Ca?*, ADP and inorganic phosphate concen-
trations to the control of glycogenolysis might explain
the poor correlation obtained between peak blood [Lac™]
and peak [Epi] in both male and female subjects in the
present study.

Epinephrine, as well as having regulatory effects on
metabolism within muscle, must also be considered for
its effects on active muscle blood flow. Despite extensive
investigation, the control of blood flow during dynamic
exercise is not fully understood. There is limited evidence
to suggest that sympathetic beta-adrenergic receptors
play a major role in increasing active muscle blood flow
(Buckwalter et al. 1998). However, it is possible that
male subjects, with their increased secretion of Epi, were
able to increase muscle blood flow to a greater extent
compared to female subjects.

Increased muscle blood flow could improve muscle
function through an oxygen-independent mechanism.
This is thought to involve the removal of metabolites
such as hydrogen ions and delay the onset of muscle
fatigue. Nevertheless, peak plasma [Epi] was not signif-
icantly correlated with MAOD or peak [Lac™] in either
group.

The norepinephrine concentration measured in plas-
ma has previously been used as an index of sympathetic
nervous system (SNS) activity (Mazzeo 1991). The
norepinephrine responses to the MAOD test were simi-
lar for males and females in the present study and sug-
gest that the level of SNS activity during exercise was the
same for both groups. This was also supported by the
similar peak heart rates obtained during the MAOD test
for male [184(5) beats - min~'] and female [181(4) beats -
min~'] subjects in the present study. The catechol-
amine response of male and female subjects to supra-
maximal exercise reported in the present study is similar
to that reported elsewhere. Brooks et al. (1990) and
Gratas-Delamarche et al. (1994) found that males had
higher Epi concentrations in plasma after supramaximal



exercise than females, but there were no such gender-
dependent differences for norepinephrine. The greater
Epi response to supramaximal cycling at the same level
of SNS activity suggests that males have a greater
capacity for adrenomedullary secretion compared to
females. However, the mechanism responsible for the
greater secretion of Epi in males than in females has not
been determined.

In summary, males had a greater absolute MAOD
than females and maintained a 17% greater MAOD
than females, even when values were expressed relative
to the AMM for cycling. The exercise-induced blood
Lac™ and plasma Epi responses to supramaximal cycling
were greater in males than in females. The greater
MAOD demonstrated by males in the present stydy was
not due to a greater ability to produce Lac™ or to en-
hanced secretion of Epi.
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