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Abstract The catecholamine metabolites normetaneph-

rine (NMET) and metanephrine (MET) increase in

response to acute exercise. However, changes in cate-

cholamine ‘nephrines’ during sprint training are unclear.

Therefore, the aim of this study was to examine the plasma

nephrine and catecholamine (noradrenaline, NA; adrena-

line, AD) responses to a laboratory-based cycle test before

and after a 7-week period of cycle sprint training. Ten

healthy men completed a 2-min cycle test at a power output

equivalent to 110% of pre-training VO2max before and

after 7 weeks of laboratory based sprint cycle training,

three times per week. Resting and post-sprint venous blood

samples were taken. Resting plasma nephrines and cate-

cholamines increased significantly following exercise

(P \ 0.05). Post-exercise NA and NMET were reduced

after training (P \ 0.05) and a trend for a reduction in AD

(P = 0.09) and MET (P = 0.07) was observed. The results

demonstrate a reduction in exercise-induced increases in

plasma nephrine concentrations following sprint training.

This suggests catechol-O-methyl transferase activity is

coupled to high intensity cycle exercise. These findings

may aid in the understanding of catecholamine regulation

during high intensity exercise and sprint training.

Keywords Metanephrine � Normetanephrine �
Maximal exercise � Catecholamines � Training

Introduction

Changes in plasma catecholamine concentrations (nor-

adrenaline NA, adrenaline AD) provide an important

indicator of alterations to whole body sympatho-adrenal

activity during physical exercise (Kjær 1999). Catechola-

mines play important roles in the cardiovascular, metabolic

and immune systems and in determining exercise capacity

by acting as both neurotransmitters and hormones (Kaiser

et al. 1986; Winder et al. 1987).

Metabolism of catecholamines is important for circula-

tory clearance of biologically potent biogenic amines thus

preventing prolonged stimulation of tissue adrenoceptors

and consequent elevations in cardiorespiratory and

metabolic rates. O-methylation of NA and AD by catechol-

O-methyl transferase (COMT) produces the ‘nephrines’

normetanephrine (NMET) and metanephrine (MET),

respectively. Clinically, nephrines have been shown to be

good markers of both increased (Raber et al. 2000) and

decreased (Merke et al. 2000) sympatho-adrenal activity.

Furthermore, it has previously been demonstrated that the

concentrations of urinary (Pequignot et al. 1978) and

plasma (Zamecnik 1997; Raber et al. 2003; Bracken et al.

2009) nephrines increase in response to various forms of

exercise below and above the maximal rate of oxygen

consumption. We have previously reported that plasma

nephrine and catecholamine responses to repeated cycle

sprints increased with peak NMET increasing 60% and

MET 230% from resting values. Furthermore, changes

in plasma nephrine concentrations explained 33–36% of

the variance in parent amine concentrations between
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participants (Bracken et al. 2009). The above-mentioned

findings suggest a role for exercise-induced increases in

COMT activity that may aid in metabolising the increased

catecholamine concentrations with exercise.

The changes in plasma catecholamines following vari-

ous forms of exercise training have been characterised. The

magnitude of the plasma catecholamine response to an

acute bout of endurance exercise is dependent on the

exercise duration and the relative stress of physical activ-

ity, i.e. the exercise intensity at a certain percentage of

maximal oxygen consumption (Kjær 1998). Therefore, the

plasma NA and AD response to sub-maximal exercise after

a period of aerobic training are blunted when performed at

the same absolute workload (Winder et al. 1978, 1979).

The effect of endurance training on the plasma catechol-

amine response to sub-maximal exercise at the same rela-

tive intensity increases (Greiwe et al. 1999; Hagberg et al.

1984; Winder et al. 1978), decreases (Hartley et al. 1972)

or is unaltered (Brooks et al. 1984; Peronnet et al. 1981;

Winder et al. 1979). Similar results have been found with

sprint training programmes where, for example, an aug-

mented plasma NA and AD response to a single bout of

cycle exercise performed at 130% VO2max to exhaustion

following 7 weeks of sprint training was demonstrated but

on a separate occasion when workload and time were

matched to pre-training volumes, peak plasma NA was

significantly reduced post-training whereas plasma AD was

not different (Harmer et al. 2000).

Though there is considerable research on the catechol-

amine responses to various types of physical training there

is a severe paucity of research examining the impact of

physical training on plasma nephrine concentrations. One

study examined the urine catecholamine and nephrine

responses to 4 days of increased cycle training in national

level road cyclists (Filaire et al. 2002). Increased urine

concentrations of both nephrines were observed during the

post-training recovery period for up to 48 h. Following

72 h MET returned to baseline but urine NMET concen-

tration was lower than the control values. Another study

from the same group looked at the same indices after

8 months and found significant increases in urine MET in

response to a progressive increase in training load (Filaire

et al. 2004). These studies provide useful information on

the gross changes in urine nephrines but are limited in the

absence of corresponding catecholamine data. Further-

more, given the short half-life of plasma catecholamines

and nephrines (2–3 and \ 4 min, respectively, Goldstein

et al. 2003) the measurement of plasma concentrations

would offer an advantage in better understanding the

changes in catecholamine metabolism in response to a

period of physical exercise and training.

It remains to be determined what effects, if any, a

defined period of sprint training has on exercising plasma

nephrine concentrations. Sports and exercise activities

often elicit high intensity bouts and are frequently inter-

spersed with limited recovery periods. Such ‘intermittent

activities’ are seen in a wide variety of racquet sports

(tennis, squash, badminton), court games (basketball, vol-

leyball, netball) and field games (football, rugby, hockey).

There is limited information on the effects of regular

training in this type of exercise on the sympatho-adrenal

system. Therefore, the aim of this study was to examine the

plasma MET, NMET, NA and AD responses to a labora-

tory-based cycle test before and after a 7-week period of

cycle sprint training.

Materials and methods

Participants

With written University Research Ethics Committee

approval, ten healthy but non-specifically active male

participants volunteered to take part in this study. After

receiving a full explanation of the protocol, all participants

completed written informed consent and medical history

forms prior to participation in the study. The physical and

physiological characteristics of the participants were age

20 ± 2 years, stature 177 ± 5 cm, body mass 79.9 ± 8.4 kg

and estimated body fat 15.2 ± 3.0%.

Study design

Participants attended the laboratory 25 times, once for

familiarisation on the cycle ergometers (Bosch ERG 551

and Monark 824e) and preliminary measurement of maxi-

mal rate of O2 consumption, twice for the experimental

trials and a further 21 occasions over 7 weeks to perform

training (three sessions per week). There was at least one

full day of rest between training sessions.

Preliminary testing

At least 1 week prior to the experimental trials participants

reported to the laboratory for an incremental workload test

on an electromagnetically braked cycle ergometer (Bosch

ERG 551) to determine VO2max. The initial workload was

set at 75 W and increased by 25 W every 3 min thereafter

until volitional exhaustion or when participants could not

maintain a cadence of at least 40 rev min-1. Expired air

samples were collected in the last minute of each stage and

were subsequently analysed for fractional concentration of

oxygen (FEO2) and carbon dioxide (FECO2) by sampling

through a paramagnetic transducer (Servomex series 1100,

Crowborough, UK) and an infrared analyser (Servomex

Model 1490). The oxygen and carbon dioxide analysers
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were calibrated before each test using certified gases

(British Oxygen Co., London, UK). The minute ventilation

(VE) was determined using a dry gas meter (Harvard Ltd,

Edenbridge, UK) previously calibrated against a precision

3 l gas syringe (Hans Rudolph, Kansas City, MO, USA).

All participants fulfilled the criteria for attainment of the

maximal rate of O2 consumption (VO2max), namely a heart

rate of C 95% of age predicted maximum before the final

exercise intensity and/or respiratory exchange ratio values

were C 1.00. Exercise workloads for the experimental tri-

als were determined by regression analysis of incremental

VO2 and workload values. Participants performed the same

incremental test at least 1 day after the last training session

and 48 h prior to the final experimental test.

Main exercise trial procedures

Before arriving at the laboratory for the main experi-

mental trial, participants were instructed to abstain from

strenuous activity and to avoid foods containing high

biogenic amine content or caffeinated drinks for 24 h

prior to testing (Bracken et al. 2005) as the influence of

foodstuffs/drinks containing high concentrations of these

amines such as cheese, coffee, chocolate and red wine

may adversely affect resting endogenous concentrations.

On arrival to the laboratory for the experimental trial

stature was measured to the nearest 0.1 cm (Seca Sta-

diometer 208), body mass, measured to the nearest

0.1 kg (Seca Beam Balance 710) and estimated per-

centage body fat using skinfold calipers were deter-

mined using the equations of Durnin and Womersley

(1974) with all measurements taken from the right hand

side of the body using a Harpenden skinfold callipers

(John Bull, England). Following this, a heart rate mon-

itor was placed around the subject’s chest (Polar

Accurex Plus HRM, Polar Instruments Ltd, Finland).

Participants were then seated whilst a 21-gauge catheter

was placed in an antecubital vein. Saline was infused

periodically to keep the catheter patent. Twenty minutes

later resting blood samples (10 ml ? 1 ml) were taken.

Following this, participants mounted the cycle ergometer

and sat quietly for 5 min before beginning the cycle test

which was performed at a power output required to

elicit 110% of VO2max for 2 min. Following training,

the post-training experimental test consisted of cycling

at the same power output that elicited 110% of the pre-

training VO2max.

Blood samples treatment

Blood samples (10 ml) were taken at rest and immediately

following exercise. An additional 1 ml of venous blood

was obtained and immediately capped, kept on ice then

measured within 1 h for blood pH. The rest of the blood

sample was placed in 10 ml lithium-heparinised tubes.

From this sample, duplicate aliquots (100 ll) of blood were

immediately deproteinised in 1 ml of ice-cold perchloric

acid (0.3 M) and the concentration of blood lactate was

later determined using an enzymatic assay (Maughan

1982). Haemoglobin concentration was determined using

the cyanomethaemoglobin technique (Sigma Diagnostics

kit no. 525-A) and packed cell volume was determined

using the capillary centrifuge technique from which chan-

ges in plasma volume (PV) were estimated (Dill and Costill

1974). A 1 ml aliquot of plasma was stored frozen (-70�C)

until later determination of NMET and MET concentra-

tions using a commercially available enzyme linked

immunoassay kit (Labor Diagnostica Nord, Germany

Code: BA 10-1400). Briefly, plasma placed in lithium-

heparinised tubes was used for determination of plasma

nephrines. The assay first acylated the plasma samples to

their corresponding N-acyl-derivatives and based upon a

competitive enzyme immunoassay used a microtiter plate

format. MET and NMET were bound to the solid phase of

the microtiter plate. The acylated sample nephrines and

solid phase nephrines competed for a fixed number of

antiserum binding sites and when the system was in equi-

librium, free antigen and free antigen–antiserum complexes

were removed by washing. The antibody bound to the solid

phase catecholamine metabolite was detected by an anti-

rabbit IgG–peroxidase conjugate using TMB as a substrate.

The reaction was measured at 450 nm with the amount of

antibody bound to the solid phase nephrines inversely

proportional to the nephrine concentration.

To the remainder of the blood sample 200 ll of

0.1 mol l-1 of both ethylene glycol bis-(b-aminoethyl

ether)-N0,N0,N0,N0-tetraacetic acid as anticoagulant and

glutathione as antioxidant were added. Samples were

centrifuged for 10 min at 3,000 rev min-1 with the plasma

separated and stored at -20�C for later analysis of cate-

cholamines. Plasma NA and AD concentrations were

determined according to an alumina extraction method

with minor modifications using HPLC with electrochemi-

cal detection (Gilson HPLC pump, model 307: Gilson

electrochemical detector, model 141; Bracken et al. 2005).

One hundred microlitres of sample was injected into a

HPLC column (Spherisorb S5 ODS2) and eluted with a

mobile phase (monochloroacetic acid 11.14 g l-1, NaOH

3.37 g l-1, NaOS 0.74 g l-1 and EDTA 0.09 g l-1, pH 3.0).

Before separating plasma catecholamines in the HPLC

column, a standard solution containing 100 nmol l-1 NA,

AD, dihydroxybenzylamine; (HO)2C6H3CH2NH2���HBr;

MW 220.1, Sigma-Aldrich) and DA was injected several

times until retention times and peak heights were identical

and the base line was stable. The flow rate was set at

2 ml min-1. The chromatogram was analysed by computer
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integration (Chromjet, Thermo Separation Products). The

coefficients of variation for plasma catecholamines were;

NA 4.8% and AD 5.9% using HPLC and for plasma

nephrines: NMET 8.1% and MET 8.6% using EIA.

Training

The sprint training programme is outlined in Table 1 and

was based on several principles of training, i.e. overload,

specificity (frequency, intensity, duration and mode) and

reversibility (Bompa 1999). Participants completed 21

supervised sprint sessions performed on a cycle ergometer

(Monark 824e) and over the course of the training period

were asked to continue with normal diet, activity and

training commitments. In session 2 participants’ power was

determined according to Lakomy (1986) and workload

determined for the first ten sprints each week as an index of

the changes in performance over the 7 weeks training.

Participants completed each training session separated by

at least 1 day with the first session 3 days after the pre-

training experimental trial. Prior to participating in any

sprint training session, all participants performed a warm-

up consisting of leg stretching and 5 min sub-maximal

intensity cycling (* 60 W). All sprint sessions were per-

formed on a cycle ergometer against a loading of 7.5%

body mass, which was individually determined before each

session. Session 1 was designed to progressively reduce the

inter-sprint recovery each week. Therefore, in week 1

participants performed twenty 6-s sprints with 30 s

recovery between sprints with a reduction in recovery time

of 3 s each week to a final inter-sprint recovery period of

12 s by week 7. Session 2 was designed to increase the

number of sprints each week from twenty 6-s sprints in

week 1 to fifty such sprints in week 7, an increase of five

sprints per week. Recovery period was constant at 30 s

between each sprint in this session. Session 3: The weekly

third session was designed to increase sprint duration from

twenty 6-s sprints in week 1 to twenty 18-s sprints by week

7, an increase in sprint duration by 2 s per sprint each

week. Recovery time between each sprint was kept con-

stant at 30 s. In all sessions there was a 5-min recovery

period between each set of ten sprints. All participants

were verbally encouraged to maximally exert themselves in

every session. On successful completion of the training

programme participants performed the final experimental

trial 1 week after completing the final supervised training

session to allow sufficient recovery time from the pro-

gramme but not enough time for deconditioning to occur.

Statistical analysis

Data were analysed using SPSS software (version 13; SPSS

Inc., Chicago, IL, USA). Data were presented as the

mean ± SD, with significance level set at P \ 0.05. All

data were assessed for normality (Shapiro–Wilk’s test).

Data were analysed using a repeated measures ANOVA

Table 1 Summary of 7-week sprint training programme performed by participants (n = 10)

Week

1

Week

2

Week

3

Week

4

Week

5

Week

6

Week

7

Session 1

No. of sets 2 2 2 2 2 2 2

No. of sprints per set 10 10 10 10 10 10 10

Sprint duration (s) 6 6 6 6 6 6 6

Between sprint recovery (s) 30 27 24 21 18 15 12

Between set recovery (s) 300 300 300 300 300 300 300

Session 2

No. of sets 2 2.5 3 3.5 4 4.5 5

No. of sprints per set 10 10 10 10 10 10 10

Sprint duration (s) 6 6 6 6 6 6 6

Between sprint recovery (s) 30 30 30 30 30 30 30

Between set recovery (s) 300 300 300 300 300 300 300

Session 3

No. of sets 2 2 2 2 2 2 2

No. of sprints 10 10 10 10 10 10 10

Sprint duration (s) 6 8 10 12 14 16 18

Between sprint recovery (s) 30 30 30 30 30 30 30

Between set recovery (s) 300 300 300 300 300 300 300
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with a Tukey post hoc test where appropriate. Mauchly’s

test was consulted and Greenhouse–Geisser correction

applied if the assumption of sphericity was violated.

Results

Performance parameters

The body mass of participants increased from a pre-train-

ing value of 80.1 ± 8.4 to 80.9 ± 9.1 kg following train-

ing. The maximal power output elicited in the incremental

cycle test to exhaustion increased by 9.9 ± 0.8% following

sprint training (pre-train 262.5 ± 17.7 vs. post-train

288.4 ± 19.4 W, P \ 0.05). Interestingly, the absolute

maximal rate of oxygen consumption increased by

2.9 ± 0.3% (pre-train 2.78 ± 0.44 vs. post-train 2.86 ±

0.41 l min-1, P \ 0.05) but not when scaled to the relative

increase in body mass (pre-train 34.7 ± 10.5 vs. post-train

35.4 ± 11.25 ml kg-1 min-1, NS). Peak heart rate increased

from 198 ± 7 to 200 ± 9 beats per minute (P \ 0.05). The

performance responses to sprint training are shown in Fig. 1.

The total work (kJ) over the first ten sprints in session 2 sig-

nificantly increased from week 2 onwards with the greatest

amount of work achieved over ten 6-s sprints in week 7

(P \ 0.05).

Plasma normetanephrine and metanephrine

The plasma NMET and MET responses to exercise and

training are outlined in Fig. 2a, b, respectively. Prior to

exercise, resting plasma NMET concentrations of 0.49 ±

0.07 nmol l-1 increased following exercise to 0.97 ±

0.33 nmol l-1 (P \ 0.05). After training, resting plasma

NMET concentrations were unaltered but peak NMET

concentrations were lower than the pre-training equivalent

value (post-train 0.63 ± 0.09 nmol l-1, P\ 0.05), repre-

senting a 34% reduction in peak values. Plasma MET con-

centrations at rest were also unaltered with training and

although not reaching significance there was a lower peak MET

concentration following exercise in response to sprint training

(pre-train 0.27 ± 0.17 vs. post-train 0.18 ± 0.09 nmol l-1,

P = 0.07).

Plasma catecholamines

The plasma catecholamine responses to high intensity

exercise and sprint training are shown in Fig. 3a, b. Plasma

NA increased from a resting value of 1.7 ± 0.5 to

18.4 ± 5.3 nmol l-1 following high intensity exercise

before training (P \ 0.05), representing a 10.8-fold
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Asterisk indicates a significant difference from rest values

(P \ 0.05). Dagger indicates a significant reduction from pre-train
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Catecholamine nephrines and sprint training 1355

123



increase. Sprint training did not alter resting values but

peak values were lower compared to the equivalent pre-

training value (post-train 14.6 ± 7.0 nmol l-1, P \ 0.05).

Pre-training resting plasma AD concentrations of 0.8 ±

0.2 nmol l-1 increased 4.3-fold following exercise to

3.3 ± 1.0 nmol l-1 (P \ 0.05) and similar to plasma MET

there was a lower peak value after sprint training (post-

train 2.9 ± 1.4 nmol l-1, P = 0.09).

Blood acid-base status

The responses of blood acid-base variables are shown in

Table 2. There was a significant decrease in resting blood

pH after exercise before or after training (P \ 0.05) but

with less of a decline observed following post-training

cycle exercise (P \ 0.05). Resting blood lactate

concentration was unaltered with training but the increase

in post-exercise value was attenuated by 31 ± 8% fol-

lowing sprint training (P \ 0.05).

Heart rate

Resting heart rate was unaltered with sprint training yet the

post-training mean heart rate was lower than the pre-

training value (P \ 0.05, Table 2). The post-training

exercise represented a lower percentage of pre-training

peak heart rate (pre-train 86.9 ± 3.8 vs. post-train

82.8 ± 3.6%, P \ 0.05).

Estimated changes in plasma volume

Changes in PV with exercise were similar following

training (Table 2, NS).

Discussion

This study examined the plasma nephrine and catechol-

amine responses to a laboratory-based cycle test before and

after a 7-week period of cycle sprint training. The results

demonstrated a significant increase in plasma nephrines in

response to a 2-min test at 110% VO2max. Furthermore,

plasma catecholamine and NMET concentrations were

reduced in response to sprint cycle training.

The sprint cycle training programme consisted of 21

sessions that progressively increased sprint duration,

number of sprints and reductions in inter-sprint recovery

time. The typical power outputs elicited by participants

were three to four times that in excess of power output at

VO2max. The total work completed by participants over ten

6-s sprints improved by * 12% as a result of the sprint

training programme. Indeed, significant improvements in

power output were noted after as little as three exercise

sessions. In the early stages of sprint training there is an

increase in nerve conduction velocity along the motor axon

and an improved co-ordination pattern of muscles (Ross

and Leveritt 2001) which may account for some of the

early increases in power during the sprint training sessions.

However, cellular adaptations in the form of increases in

glycolytic enzyme activity (glycogen phosphorylase,

phosphofructokinase and lactate dehydrogenase) have also

been shown following similar sprint training programmes

(Linossier et al. 1993). Greater amounts of muscle creatine

phosphate and glycogen stores in response to sprint training

can also increase total energy production from adenosine

triphosphate (Barnett, et al. 2004). It has been shown that

muscle buffering capacity is greater in previously untrained

individuals in response to sprint training (Bell and Wenger

1988) and this increased intramuscular and/or extracellular
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Fig. 3 Plasma a noradrenaline (NA) and b adrenaline (AD) concen-

trations of participants (n = 10) at rest and after exercise, before (pre-

train) and after (post-train) 7 weeks of sprint training (mean ± SD).

Asterisk indicates a significant difference from rest values (P \ 0.05).

Dagger indicates a significant reduction from pre-train values

(P \ 0.05)
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buffering capacity could attenuate the reduction in glyco-

genolytic rate found during performance of intermittent

exercise (Gaitanos et al. 1993). The above-mentioned

adaptations all help to explain the likely lesser metabolic

perturbation observed in the post-training cycle test.

Plasma nephrines (i.e. NMET and MET) provide an

additional marker of sympatho-adrenal activity as they

serve as a good indication of extraneuronal catecholamine

metabolism (Raber et al. 2000). Therefore, they offer fur-

ther information on the sympatho-adrenal response to

exercise by allowing examination of the interrelationships

of several amines and related metabolites. High concen-

trations of COMT are found in non-neuronal cells such as

adrenal medulla chromaffin cells, hepatocytes, and the

kidneys but interestingly, not in the sympathetic nerves. The

resting NMET concentrations measured in this study illus-

trate the very low concentrations measured in plasma and

provide an indicator of extraneuronal NA metabolism.

There was a 51% increase in plasma NMET concentrations

in response high intensity exercise prior to beginning the

sprint training programme suggesting evidence of elevated

COMT activity in extraneuronal cells following exercise.

Interestingly, there was a 34% reduction in post-exercise

NMET concentrations following 7 weeks of sprint training.

This suggests that the rate of COMT activity (and conse-

quent NMET formation), similar to plasma catecholamine

concentrations, may be dependent on the relative workload

such that the exercise test that was performed following

training was performed at a lower percentage of the par-

ticipants’ new maximal rate of oxygen consumption. What

is also interesting is that although NMET appears as a

sensitive marker of NA metabolism, it is not the primary

product of NA metabolism as monoamine oxidase prefer-

entially metabolises NA to dihydroxyphenylglycol within

the sympathetic nerve terminal (Esler et al. 1990). There-

fore, differences in NMET with sprint training may be due

to altered rates of distribution to organs and sites containing

COMT. On the other hand, MET is a primary route for AD

metabolism, and chromaffin cells possess high quantities of

COMT (Goldstein et al. 2003). Therefore, the adrenal

medulla represents not only the primary site of AD secre-

tion but also a major site for AD metabolism and as such

changes in plasma MET concentrations represent altera-

tions in the metabolic rate of AD (Goldstein et al. 2003).

Prior to beginning the sprint training programme resting

concentrations of plasma MET significantly increased by

200–300% following exercise demonstrative of an

increased rate of AD metabolism. Following sprint training,

peak plasma MET concentrations exhibited a trend for a

lower circulating concentration (P = 0.07). This trend

suggests evidence of a lower rate of COMT activity within

adrenal medulla chromaffin cells following sprint training

and might be indicative of COMT activity being coupled to

the relative workload of high intensity cycle exercise.

From the results of the present study, the lower plasma

NA response during the cycle exercise test was coupled to

the relative intensity of the work. As such, the pre-training

power output that equated to 110% of participants’ maxi-

mal rate of oxygen consumption represented a lower per-

centage of the participants’ maximum values attained

following sprint training, as both maximum workload and

rate of oxygen consumption values increased following

sprint training. Plasma NA and AD responses to sub-

maximal exercise are dependent on both exercise intensity

and duration. Above a relative threshold intensity (* 40–

50% VO2max), plasma concentrations increase exponen-

tially with exercise intensity (Kjær et al. 1985) and at a

constant sub-maximal exercise intensity increase linearly

with exercise duration (Kjær 1998). Therefore, the relative

stress of the exercise, in large part, determines the mag-

nitude of the circulatory increase in catecholamines. The

peak plasma NA concentration was 21% lower after

training, results which mirror the findings of Harmer et al.

(2000) that demonstrated lower plasma NA responses of

Table 2 Heart rate, blood lactate, blood pH, haemoglobin, haematocrit and estimated changes in plasma volume (PV) of participants at rest,

following exercise, before (pre-train) and after (post-train) 7 weeks of sprint training (n = 10, mean ± SD)

Pre-training Post-training

Rest Post-exercise Rest Post-exercise

HR (bpm) 70 ± 11 172 ± 8* 68 ± 11 164 ± 8*�

Lactate (mM) 0.3 ± 0.1 10.6 ± 2.0* 0.4 ± 0.2 7.3 ± 1.1*�

pH (U) 7.36 ± 0.03 7.09 ± 0.06* 7.37 ± 0.04 7.19 ± 0.09*�

Hb (g dl-1) 14.8 ± 0.6 16.2 ± 0.8* 14.9 ± 0.5 16.3 ± 0.6*

Hct (%) 43 ± 2 49 ± 2* 44 ± 1 50 ± 2*

D PV (%) -18.1 ± 4.0 -18.4 ± 2.8

*Significant difference from rest values within each trial (P \ 0.05)
� Significant difference from pre-train values (P \ 0.05)
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participants completing the same high intensity exercise

test (130% VO2max) before training following 7 weeks of

sprint training. Plasma AD increased three- to fourfold in

response to exercise and there was a trend for a smaller

increase following exercise in post-train (P = 0.09). Har-

mer et al. (2000) found no differences in the plasma AD

response to cycle exercise performed at the pre-training

intensity (130% VO2max) following 7 weeks of sprint

training yet when the exercise was performed to exhaustion

(new 130% VO2max) on another occasion post-training

plasma AD was significantly higher (Harmer et al. 2000).

The mechanisms responsible for the reduction in cate-

cholamines and nephrines with sprint training in our study

are not clear but it is possible that high intensity training

led to a greater disinhibition of motor neurons and lesser

overall recruitment of the available muscle mass (Ross and

Leveritt 2001). The lower plasma catecholamine concen-

trations following sprint training might also be due to lower

sympathetic nerve activity caused by parallel reductions in

the activation of motor and sympathetic nerve centres in

the brainstem with exercise and/or via mechanoreceptor

feedback from group III and IV afferent nerve fibres

resulting in less post-ganglionic/adrenal medulla chromaf-

fin cell catecholamine release (Vissing 2000).

In conclusion, this study examined the plasma nephrine

and catecholamine responses to a laboratory-based cycle

test before and after a 7-week period of cycle sprint

training and found a significant increase in plasma neph-

rines in response to a 2-min test at 110% VO2max. Fur-

thermore, plasma NMET and NA concentrations were

reduced in response to sprint cycle training, with a trend for

a decrease in plasma MET and AD. The results suggest

COMT activity may be coupled to the relative workload of

high intensity cycle exercise.
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Waldhäusl W, Roden M (2000) Diagnostic efficacy of uncon-

jugated plasma metanephrines for the detection of pheochromo-

cytoma. Arch Int Med 160:2957–2963

Raber W, Raffesberg W, Waldhausl W, Gasic S, Roden M (2003)

Exercise induces excessive normetanephrine responses in hyper-

tensive diabetic patients. Eur J Clin Invest 33(6):480–487

Ross A, Leveritt M (2001) Long-term metabolic and skeletal muscle

adaptations to short-sprint training: implications for sprint

training and tapering. Sports Med 31(15):1063–1082

Vissing J (2000) Muscle reflex and central motor control of

neuroendocrine activity, glucose homeostasis and circulation

during exercise. Acta Physiol Scand 170 Suppl 647:5–26

Winder WW, Hagberg JM, Hickson RC, Ehsani AA, McLane JA

(1978) Time course of sympatho-adrenal adaptation to endur-

ance exercise training in man. J App Physiol 45(3):370–374

Winder WW, Hickson RC, Hagberg JM, Ehsani AA, McLane JA

(1979) Training-induced changes in hormonal and metabolic

responses to sub-maximal exercise. J App Physiol 46(4):

766–771

Winder WW, Yang HT, Jaussi AW, Hopkins CR (1987) Epinephrine,

glucose, and lactate infusion in exercising adrenodemedullated

rats. J App Physiol 62(4):1442–1447

Zamecnik J (1997) Quantification of epinephrine, norepinephrine,

dopamine, metanephrine and normetanephrine in human plasma

using negative ion chemical ionization GC-MS. Can J Anal Sci

Spectrosc 42(4):106–112

Catecholamine nephrines and sprint training 1359

123


	Plasma catecholamine and nephrine responses following 7 weeks of sprint cycle training
	Abstract
	Introduction
	Materials and methods
	Participants
	Study design
	Preliminary testing
	Main exercise trial procedures
	Blood samples treatment
	Training
	Statistical analysis

	Results
	Performance parameters
	Plasma normetanephrine and metanephrine
	Plasma catecholamines
	Blood acid-base status
	Heart rate
	Estimated changes in plasma volume

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


