
Longitudinal studies have established that local muscle

training carried out under ischaemic, or severely fatiguing

conditions causes a significant attenuation of the pressor

response to exercise of the trained muscle (Sinoway et al.

1996; Mostoufi-Moab et al. 1998). This attenuation is also a

feature of cross sectional data gathered on those who

habitually exercise specific musculature under ischaemic or

acidotic conditions during exercise such as rock climbers

(Ferguson & Brown, 1997), sprint hurdlers (Carrington et al.

1999), and the more active heart failure patients (White et

al. 1999). However, the mechanisms which are responsible

for this attenuation remain unclear. It is well established

that there are both central command and peripheral reflex

components to the exercise pressor response (Krogh &

Lindhard, 1913; Alam & Smirk, 1937; Coote et al. 1971;

Gandevia & Hobbs, 1990). There is evidence that muscle

afferent activity is reduced during exercise of the specifically

trained muscle and that this results in attenuation of the

muscle sympathetic nerve activity (MSNA) and the

associated blood pressure increase normally seen during

exercise (Mark et al. 1985; Victor et al. 1988). Muscle chemo-

receptor afferent activity may be reduced because of a

decrease in metabolite accumulation in the trained muscle

as reported by Mostoufi-Moab et al. (1998), additionally, or

alternatively, there may be a decrease in the sensitivity of

the muscle afferents to metabolites as suggested by Sterns et

al. (1991). Where muscle metabolite accumulation during

exercise is small and does not engage the muscle chemoreflex,

sympathoexcitation may be caused by muscle mechano-

receptor stimulation (Sinoway et al. 1996). In this case it has

been postulated that the decrease in MSNA seen during

standardised exercise after training may be due to a

desensitisation of mechanoreceptive afferents (Sinoway et al.

1996). However, during such voluntary exercise a central

adaptation to muscle training remains a possibility, and

understanding of the coupling between sympathetic and

somatic motor outflows during volitional exercise, is far from

complete (Chizh et al. 1998).

During voluntary exercise it is not possible to separate

clearly the contributions to the pressor response made by

central command and peripheral reflex components. Since

the early work of Alam & Smirk (1937) the technique of
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1. The effect of calf raise training of the dominant limb on the pressor response to isometric

exercise of the triceps surae was examined in the trained dominant limb and the

contralateral untrained limb. Blood pressure and heart rate responses to electrically evoked

and voluntary exercise at 30% maximum voluntary contraction (MVC), followed by post-

exercise circulatory occlusion (PECO), were compared before and after a 6 week training

period.

2. In the trained limb the diastolic blood pressure rise seen during electrically evoked exercise

was reduced by 27% after training. However, the response during PECO was not

significantly affected.

3. During voluntary exercise of the trained limb, diastolic blood pressure rise was reduced by

28%, and heart rate rise was significantly attenuated after training. During PECO no

significant effects of training were observed.

4. Voluntary exercise of the untrained limb resulted in a 24% reduction in diastolic blood

pressure rise after the training period, and a significant attenuation of the heart rate

increase during exercise. Responses to electrically evoked exercise and PECO of the

untrained limb remained unaltered after training.

5. Attenuation of blood pressure and heart rate responses, in the contralateral untrained limb,

during voluntary but not electrically evoked exercise, indicates a training-induced alteration

in central command.
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post-exercise circulatory occlusion (PECO) has been used to

examine the contribution of muscle chemoreceptors to the

pressor response. However, distinguishing between the

contributions of muscle mechanoreceptor activation and

central command is more difficult since both are present

during voluntary muscle contraction and cease on muscle

relaxation. We have sought to identify more clearly the

possible adaptations to training in each of the muscle

afferent and central command components of the pressor

response to isometric exercise of the human triceps surae,

using electrically evoked exercise to remove the influence of

central command during standardised exercise. When this

exercise is followed by PECO, then the contributions made

by muscle chemoreflexes and muscle mechanoreflexes, to

heart rate and blood pressure responses, are apparent.

Comparison of these responses to involuntary exercise with

those seen during and after voluntary exercise at the same

standardised level, identifies the additional contribution,

and potential modification by training of central command.

Further evidence of central adaptation to training would be

revealed if responses to voluntary contraction of the

contralateral untrained limb, were to be modified by the

training, but those to electrically evoked exercise and PECO

were not.

METHODS

Subjects

Seventeen subjects (12 male, 5 female), with a mean (s.d.) age of

23·76 (5·11) years, took part in this study. Subjects were recruited

from the student population of the University of Birmingham and

were recreationally active. All subjects completed a general health

screening questionnaire and gave informed written consent. The

study had local Ethics Committee approval.

Experimental protocol

Tests were performed on both legs, before and after the training

period. The dominant leg was defined as the one with which

subjects would chose to kick.

Pressor response. The methods used to assess the pressor response

in the triceps surae were as described by Bull et al. (1989). Subjects

were seated in a dynomometer with the thigh clamped horizontally

just above the knee, and the ankle angle set at 85deg. Upward

force generated by the triceps surae was transmitted to a

transducer, the output from which was amplified and displayed on a

chart recorder and personal computer. Maximum voluntary

contraction (MVC) was taken as the highest force produced from

three attempts. Thirty per cent of MVC was calculated and

displayed on a chart recorder for the voluntary contraction of the

subject. For electrically evoked contraction, tetanic stimulation at

20 Hz, 50 ìs pulse width, and appropriate intensity, was used.

Two 8 min protocols were performed where the muscle contraction

was either voluntarily produced, or electrically evoked. During the

last 15 s of the initial 2 min rest period, lower leg circulatory

occlusion was initiated by thigh cuff inflation to 200 mmHg.

Occlusion continued until the end of the 6th minute of the protocol.

At 120 s, muscle contraction (either voluntary or involuntary)

commenced, this continued for 2 min and was followed by a further

2 min of post-exercise circulatory occlusion (PECO). Finally, blood

flow was restored for a further 2 min recovery period. Force output

of the involuntary protocol was maintained to 30% MVC by small

adjustments of the stimulus current (Digitimer D56). All subjects

were habituated to the methods during preliminary visits to the

laboratory. Blood pressure was recorded using a Finapres Blood

Pressure Monitor (Ohmeda), with the finger cuff positioned on the

middle finger of the left hand, maintained at heart level. Heart rate

was recorded using a three lead electrocardiogram (ECG) and heart

rate monitor (Cardiorater CR7, Cardiac Records Ltd). Force output,

blood pressure and ECG signals were transmitted to an analog-to-

digital converter (Cambridge Electronic Design 1401 plus), and

displayed and analysed (Spike 2, v2.15) on a personal computer

(Tandon TM7002). For each signal, sampling frequency of analog-

to-digital conversion was 1000 Hz. Prior to the onset of each

protocol, subjects rested in the dynamometer for several minutes in

order to obtain a basal circulatory state. Blood pressure and heart

rate measurements were taken from the nearest cardiac cycle to

each 30 s interval, throughout the 8 min protocol.

Muscle characteristics. These were assessed using the same

dynamometer discussed earlier. Time-to-peak tension (TPT), peak

tension (PT), and half-relaxation time (RT50), were assessed from

electrically evoked maximal twitch responses of the triceps surae

under isometric conditions, after the methods of Davies et al. (1982).

Fatigue test. To examine the relationship between possible

training-induced changes in muscle fatigue resistance, and

adaptation of the cardiovascular responses to exercise, a sub-group
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––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table 1. Comparison of contractile characteristics (means ± s.e.m.) of the triceps surae in trained

and untrained limbs, assessed before (Pre) and after (Post) 6 weeks training

––––––––––––––––––––––––––––––––––––––––––––––
Trained Untrained

–––––––––––––– –––––––––––––––
Pre Post Pre Post

––––––––––––––––––––––––––––––––––––––––––––––

TPT (ms) 125 ± 2·4 127 ± 3·7 127 ± 3·0 129 ± 3·3

RT50 (ms) 92 ± 4·6 91 ± 5·0 93 ± 3·3 89 ± 3·6

PT (N) 96 ± 6 98 ± 7 98 ± 6 101 ± 7

MVC (N) 986 ± 49 986 ± 46 953 ± 49 1000 ± 46

†Pï,20 (N) 603 ± 38 595 ± 49 542 ± 34 542 ± 50

†FI 120s 0·17 ± 0·02 0·21 ± 0·01 * 0·21 ± 0·01 0·18 ± 0·01

––––––––––––––––––––––––––––––––––––––––––––––

Abbreviations: time-to-peak tension (TPT), half-relaxation time (RT50), peak tension (PT), maximum

voluntary contraction (MVC), peak tetanic tension at 20 Hz (Po,20), fatigue index (FI). n = 17 unless

otherwise stated, †n = 9, *P < 0·05.

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––



of nine subjects (8 male, 1 female) also performed ischaemic fatigue

tests, both before and after the training period (Fisher et al. 1998).

The initial maximal tetanic tension at 20 Hz (Po,20) was assessed by

stimulating the muscle at 20 Hz for 300 ms, using incremental

increases in stimulus current intensity. The stimulus current was

then set at the level which produced 60% of Po,20. The fatigue

protocol consisted of trains of stimuli at 20 Hz lasting 300 ms

repeated once every second for 2 min. Blood flow was occluded

throughout the test, by inflating a thigh cuff to 200 mmHg.

Fatigue indices (FI) were calculated at 60, 90 and 120 s by dividing

force at each time point by the initial force.

Training protocol

All subjects trained their dominant leg three times a week, over a

period of 6 weeks. Throughout the training study, subjects

continued with their normal recreational activity. Training sessions

consisted of four sets of 30 heel raises, performed at a rate of one

heel rise and lower per second. Each set was separated by 1 min

rest periods. Subjects kept a constant steady rate of heel rise and

lowering, by following a digital metronome set at a rate of

60 beats min¢. When the rate could not be sustained, or subjects

could not heel raise maximally (as judged by failure of the top of

the head to reach a previously determined maximal height), the

exercise was stopped and the number of repetitions noted. Once

four sets of 30 heels raises could be achieved, subjects exercised

carrying a load of 10% body mass. On successful completion of the

four sets of heel raises, this load was subsequently increased for the

following training period by 5%.

Statistical analysis

All data are presented as means (± s.e.m.). For exercise and PECO

phases of the protocol, summary measures were calculated

(Matthews et al. 1990), and compared using Wilcoxon’s signed-rank

test. These are given as average values (analogous to area under the

curve) for changes in blood pressure and heart rate for the four

measurements made in each experimental phase, relative to the

four control resting levels, taken between 0 and 90 s of the protocol.

Statistical significance was taken at the 5% level.

RESULTS

Muscle contractile characteristics

There were no significant differences in the muscle twitch

characteristics, MVC values, tetanic force at 20 Hz, or FI

between limbs before training. The training programme did

not significantly alter twitch characteristics or maximum

voluntary force generation in either limb (Table 1). Muscle

fatigue resistance was increased in the trained limb as

indicated by the significant increase in mean (s.e.m.) FI

from 0·17 (0·02) before training, to 0·21 (0·01) after training

(P < 0·05).

Pressor responses before training

All subjects were normotensive with an initial resting

systolic blood pressure (SBP) of 132 (2·8) mmHg, diastolic

blood pressure (DBP) of 73 (1·8) mmHg, and heart rate

(HR) of 72 (2·9) beats min¢. No differences were found

between mean resting values prior to stimulated and

voluntary contraction protocols.

Comparison of electrically evoked and voluntary

protocols in both limbs. Voluntary and electrically evoked

contraction caused blood pressure and heart rate to rise

progressively during isometric exercise of each limb (Fig. 1).

Prior to training of the dominant limb, average blood

pressure increases were significantly higher during

voluntary than evoked exercise of this limb (SBP, P < 0·05;
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Figure 1

Mean (± s.e.m.) changes from baseline values of all subjects

(n = 17), in systolic blood pressure (SBP), diastolic blood

pressure (DBP), and heart rate (HR) during involuntary (þ)

and voluntary (±) contraction protocols, before training

(trained leg).



DBP, P < 0·005). Average values for blood pressure and

heart rate changes during contraction, using the two

experimental protocols and for each limb, are given in

Table 2. At the commencement of PECO, blood pressure fell

but was maintained at a level still above base line until the

restoration of circulation to the lower leg (Fig. 1). The

average blood pressure increase seen in PECO following

voluntary contraction did not differ significantly from that

seen following evoked contraction in either limb. Heart rate

rapidly returned to baseline levels during PECO in both the

contraction protocols (Fig. 1). There were no significant

differences between the heart rate responses to exercise of

the two limbs, during either protocol prior to training.

Pressor responses after training

There was a significant fall in mean resting SBP following

training, to 124 (2·6) mmHg (P < 0·05), but no differences

were observed in mean resting DBP (69 (1·8) mmHg), or

HR (71 (2·6) beats min¢).
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Table 2. Summary of average changes (4 values) during isometric contraction of triceps surae,

elicited by voluntary or electrical stimulation

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Voluntary Stimulated

––––––––––––––––––– ––––––––––––––––––––
Trained Untrained Trained Untrained

–––––––– ––––––––– ––––––––– ––––––––
Pre Post Pre Post Pre Post Pre Post

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

SBP (mmHg) 21 (2·4) 14 (1·8) ** 17 (2·1) 14 (2·5) 14 (1·6) † 14 (2·2) 14 (1·7) 15 (1·5)

DBP (mmHg) 12 (1·4) 9 (1·3) ** 11 (1·8) 8 (1·3) * 7 (0·7) ‡ 5 (0·9) * 7 (0·9) 7 (0·9)

MAP (mmHg) 15 (1·6) 10 (1·4) ** 13 (1·8) 10 (1·6) 10 (0·8) 8 (1·2) 9 (1·0) 10 (1·0)

HR (beats min¢) 8 (1·8) 4 (1·4) * 12 (2·6) 3 (1·4) * 4 (1·2) 2 (1·2) 6 (1·4)† 3 (1·2)

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Values are given for measurements made before (Pre) and after (Post) training of one limb (trained)

compared with responses elicited during contraction of opposite limb (untrained). n = 17; means (s.e.m.).

* Significantly different from Pre value (P < 0·05), ** significantly different from Pre value (P < 0·005),

† significantly different from voluntary (P < 0·05), ‡ significantly different from voluntary (P < 0·005).

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2

Mean (± s.e.m.) changes in diastolic blood pressure (DBP) of all subjects (n = 17), before (pre, þ) and after

(post, ±) training during: A, involuntary protocol (trained leg); B, voluntary protocol (trained leg) ;

C, involuntary protocol (untrained leg); and D, voluntary protocol (untrained leg).



Trained limb: electrically evoked contraction. The mean

rises in SBP, mean arterial blood pressure (MAP) and DBP

seen at the end point of contraction following training, were

consistently smaller than the rises prior to training, but

these differences did not reach significance. Heart rate rise

during evoked contraction was not significantly affected by

training. The significant reduction in average change in DBP

over the contraction period following training (Table 2), is

noteworthy since DBP changes are likely to be most

sensitive to vascular resistance change (see Discussion). The

trend towards lower average blood pressure during PECO

(Fig. 2A) did not reach significance (P = 0·06). There were

no significant differences in the fall in DBP from the end

point of exercise, and the start of PECO, before and after

training.

Untrained limb: electrically evoked contraction. There

were no significant changes in average blood pressure or

heart rate responses during contraction or PECO (Table 2).

Figure 2C shows the consistency of the DBP response to

electrically evoked contraction.

Trained limb: voluntary contraction. The mean peak

blood pressure and heart rate rises seen at the end of

contraction, were smaller than pre-training values, but

again these differences did not reach conventional

significance levels. However, the average rises in SBP, MAP,

DBP, and HR over the contraction phase, were significantly

reduced following training (Table 2). Average DBP rise

during PECO fell from 5 (0·9) mmHg before training, to

3 (1·1) mmHg after training (Fig. 2B), but this did not reach

significance (P = 0·07).

Untrained limb: voluntary contraction. SBP and MAP

rises during voluntary contraction of the untrained limb or

PECO, were not altered in the post-training test. However,

average DBP rise during contraction was significantly

reduced from the pre-training value (Table 2), but not

during PECO (Fig. 2D). Average heart rate rise during

contraction was significantly reduced following training

(Table 2).

In the dominant trained leg, changes in DBP averaged

during the contraction phase of the involuntary and

voluntary protocols, fell by a mean of 27 and 28%,

respectively, after training. In the untrained leg, the

average change in DBP increased slightly in the involuntary

protocol, while in the voluntary protocol, a fall of 24% was

observed. These changes in the group mean data are

summarized in Fig. 3.

Relationship between muscle fatigue resistance and

pressor responses

Absolute values for fatigue index were unrelated to blood

pressure or heart rate changes during either protocol, both

before and after training. However, in the trained limb the

change in muscle fatigue resistance following training was

found to correlate with the attenuation of the blood pressure

rise during evoked exercise. The percentage change in

fatigue index following training was inversely related to the

percentage change in MAP at the end point of contraction

phase (r = −0·78, P = 0·01). This is given by the regression

equation ÄMAP = −1·58ÄFI + 39·99 (Fig. 4), where Ä is

expressed as a percentage.

DISCUSSION

The purpose of this study was to examine the effects of a

high intensity calf muscle training protocol on the

mechanisms which control the pressor response to isometric

exercise. Where previous studies have examined these

mechanisms using voluntary exercise often followed by

PECO, it has been difficult to distinguish between possible

training-induced changes in central command, and the

different muscle afferent inputs to the response. In the

present study we attempted to make this distinction by
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Figure 3

Percentage change in average diastolic blood pressure (DBP)

of all subjects (n = 17), from pre-training values to post-

training values, during the contraction phase of voluntary

(%) and involuntary (5) protocols, for trained and untrained

legs.

Figure 4

Relationship between percentage changes in mean arterial

pressure (MAP) and fatigue indices (FI), following training

(trained leg), n = 9.



comparing pressor responses to standardised isometric

exercise performed using two exercise modes, the first using

voluntary muscle contraction, which potentially involves

central command as well as muscle mechanoreceptor and

muscle chemoreceptor stimulation, and the second using

electrically evoked contraction at the same force level. Here

central command is removed but muscle receptor activity

should remain at the same level as in the voluntary exercise

mode. Both forms of exercise were followed by PECO where

muscle chemoreceptor activity predominates. Comparison of

responses to voluntary contraction with those produced by

electrically evoked contraction both before and after

training should indicate the extent of any adaptation in

central command caused by training. Comparison of

responses measured at the end of evoked exercise, involving

both mechanoreceptors and chemoreceptors, with those seen

during PECO, involving only chemoreceptors, shows the

involvement of muscle mechanoreceptors and muscle chemo-

receptors, and whether this is altered by training.

A previous study from this laboratory found good

agreement between responses to voluntary and electrically

evoked contraction at 30% MVC and in the early phase of

PECO (Bull et al. 1989). In the present study data gathered

during voluntary exercise agree well with this earlier report.

However, prior to training, blood pressure changes during

electrically evoked exercise of the dominant (trained) limb

were significantly lower than those seen during voluntary

exercise of the same limb (Fig. 2A). Heart rate was also

significantly lower during electrically evoked exercise, when

compared with voluntary exercise of the non-dominant

(untrained limb). In both limbs, during PECO following

voluntary and stimulated contractions, blood pressure was

lower than previously reported. These findings would be

compatible with a reduced muscle afferent input

contributing to the pressor response from the triceps surae

of the subjects before training commenced. This could be

explained by the initial training status of the muscle and

perhaps slightly greater use and adaptation of the dominant

limb. Alternative explanations could be: altered central

nervous system processing of, and output derived from

afferent signals, or altered neurally mediated peripheral

cardiovascular responses to afferent activity, in these

subjects. Attenuation of the pressor response to electrically

evoked contraction of the triceps surae, is a feature of

muscle habitually exposed to acidotic conditions (Carrington

et al. 1999). In the study of Bull et al. (1989) the subjects

were sedentary medical students, in the present study the

subjects were active (though not highly specialised) sports

science students. From the PECO data following both modes

of exercise in the present study, where DBP increase was

only approximately 60% of that seen by Bull et al., it could

be inferred that muscle chemoreceptor activity was already

at a reduced level prior to training. This may also account

for the smaller heart rate increase during evoked exercise in

the present study. However, it is also possible that muscle

mechanoreceptors were desensitised in the calf muscles of

our subjects before training started (Sinoway, 1996), and

this could also mediate the attenuated heart rate response

seen during 2 min of evoked exercise (Coote et al. 1971;

McMahon & McWilliam, 1992)

The effector pathway of much muscle afferent activity is

sympathoexcitation, which via MSNA can alter vascular

resistance and thereby may affect total peripheral resistance

(TPR). Since diastolic blood pressure change is more

reflective of TPR change than either systolic blood pressure

or mean arterial pressure, we have paid particular attention

to DBP in our data analysis. Following training of the

dominant limb there was a small but significant attenuation

of the diastolic blood pressure rise during electrically evoked

exercise, but the decreases seen during PECO did not reach

statistical significance. If a significance level of 0·05 is

strictly adhered to, it would be logical to concluded that no

change in muscle chemoreceptor activity has occurred,

though a trend is apparent. In the absence of central

command during electrically evoked exercise, and accepting

for a moment that there is no significant change in muscle

chemoreflex-mediated response, a decrease in muscle

mechanoreceptor contribution to sympathoexcitation during

exercise is a possibility. Furthermore, since MVC was

unchanged after training, the force level sustained during

exercise was the same both before and after training. As the

mechanical stimulus remained constant, and if we accept that

the muscle mechanoreceptor contribution to the response may

have decreased, a training-induced desensitisation of muscle

mechanoreceptors would be implied. This conclusion

supports the speculation of Sinoway et al. (1996), which was

based upon training-induced attenuation of MSNA and

mean arterial pressure rises, during rhythmic voluntary

handgrip exercise. Here, the test exercise was at a level

which, it is claimed, did not engage the muscle chemoreflex,

and since there was no evidence of altered central command,

the only other explanation for decreased MSNA was

attenuated muscle mechanoreceptor afferent drive. In the

present study, further evidence for unchanged muscle

chemoreflex activity after training, comes from examination

of DBP responses during PECO following voluntary

exercise. Here the non-significant difference between pre-

and post-training values, supports the view that the already

low level of muscle chemoreceptor drive was not further

reduced. In other previously less active subjects, a training

effect may well have been observed (Pieploi, 1996). If muscle

chemoreflex activity was not significantly reduced by

training, then the attenuation of blood pressure and heart

rate responses during voluntary exercise following training

in the trained limb, could be due to reductions in either

muscle mechanoreceptor drive, central command, or a

combination of both. During evoked exercise following

training, we had evidence in the trained limb compatible

with reduced mechanoreceptor activity, as only DBP change

was attenuated significantly and this during exercise. In

contrast, during voluntary exercise after training, we found

not only the DBP attenuation seen during evoked exercise,
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but in addition, attenuated SBP, MAP and heart rate rises.

A combination of decreased muscle mechanoreceptor drive

and central command in the trained limb is the probable

explanation for these observations, particularly where the

heart rate and SBP changes are concerned (Victor, 1989;

McClain et al. 1994).

Further evidence of central adaptation to the training

comes from comparisons between pre- and post-training

data in the trained limb and contralateral untrained limb. It

is clear from the electrically evoked data, that the training

regime had no effect on the muscle afferent input to the

pressor response in the untrained limb, since cardiovascular

responses were unchanged both during exercise and PECO

(Fig. 2C). However, during voluntary contraction of the

untrained limb, DBP (Fig. 2D) and heart rate rises were

attenuated after training, but neither were altered from pre-

training values during PECO. Therefore the changes can

only be explained by decreased central command during

exercise. This is clear evidence of a cross-over effect from the

trained limb to the untrained limb (Fig. 3), which must be

mediated via central pathways during exercise.

It is unlikely that a simple habituation effect explains our

results for two reasons. Firstly, the subjects were carefully

habituated to the tasks required of them before baseline

measures were taken. Secondly, pre- and post-training

measures were made more than 6 weeks apart. A simple

explanation is that voluntary activation of the trained

muscles had become more effective as a result of training,

and that this efficiency gain was transferred to the

untrained limb. Davies et al. (1985) found cross over of 40%

of the strength gain, from trained to untrained limb, in a

hand muscle training study. Lewis et al. (1984) found a 50%

voluntary strength gain in quadriceps, transferred to the

untrained limb. Furthermore, they found a significant

reduction in EMG activity after training, in both the trained

and untrained limbs, during a task performed at the same

absolute force as in the pre-training trials. When the task

was set at the same relative (% MVC) level as in pre-training

tests, the EMG was the same in pre- and post-training

trials, in both limbs. Interestingly, blood pressure and heart

rate rises were smaller in the post-training trials carried out

at the same absolute level in both limbs, but were unchanged

during exercise level at the same relative level. However, we

found no changes in maximum voluntary isometric strength

in either limb over the training period. Our subjects were

therefore required to exercise at the same absolute and

relative intensity, both before and after training, in each

limb. On this basis, it is perhaps unlikely that the level of

voluntary drive was different (reduced) during the 30%

MVC post-training tests of either limb.

Significant increases in fatigue resistance were observed in

the trained leg, following training. This adaptation was not

observed in the untrained leg. As the fatigue assessment

was performed under ischaemic conditions, the trained

active muscle may have adapted by increased tolerance, or

decreased accumulation, of products of anaerobic

metabolism, and therefore was better able to maintain force.

The small adaptations seen in the pressor response

correlated with this increase in fatigue resistance,

indicating that some peripheral change must have occurred.

One possibility linking the pressor response and muscle

fatigue could be pH. It is known that muscle pH and

sympathoexitation are linked during exercise (Victor et al.

1988). It is possible that the trained muscle may have

increased its capacity to buffer H¤ (Saltin et al. 1990),

resulting in greater fatigue resistance. Clearly, measurement

of interstitial muscle pH would be needed to examine this

further. It is likely that these adaptations are also observed

when the muscle is subjected to other activities involving

anaerobic conditioning. Indeed, we have demonstrated

attenuated pressor responses during involuntary exercise, in

athletes trained to tolerate high levels of anaerobic exercise

(Carrington et al. 1999), and the postural muscles of active

chronic heart failure patients (White et al. 1999). This is

supported by the present findings where percentage changes

in MAP were related to percentage changes in fatigue

resistance, following training. To our knowledge, no

previous studies have observed this relationship.

In conclusion, following one legged calf raise training, we

have demonstrated alterations in the central control of the

pressor response, which cross over to the contralateral

untrained leg. Smaller adaptations in the peripheral reflex

components of the pressor response were observed, which

correlated with the change in fatigue resistance of the

trained limb.
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