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Effect of a swim training on homocysteine and cysteine levels in rats
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Summary. The purpose of this study was to investigate the effects of a
8-week of swim training on total plasma homocysteine and cysteine levels
in 16 male Sprague-Dawley rats aged 17 weeks. We also evaluated the
activity of hepatic cystathionine 3-synthase (CBS), an enzyme involved in
the metabolism of Hcy, the concentration of plasma glutathione, taurine,
and a fraction of vitamin B6: the pyridoxal 5-phosphate (PLP). After one
week of acclimatization, rats were randomly divided into two groups: 8
non-trained (NTR) and 8 trained rats (TR). Following the training peri-
od, body weight gain was lower in TR than in NTR. Plasma homocysteine
did not differ among groups while significantly lower plasma cysteine
and taurine levels were found in TR (157.83 & 8.6 umol/L; 133.01 +
9.32 umol/L; P<0.05) compared with data of NTR (176.19 +
4.9 pmol/L; 162.57 + 8.16 umol/L; P < 0.05). No significant changes in
hepatic CBS activity were observed in TR compared with NTR. More-
over, values for plasma glutathione and PLP concentrations were not
affected by training.

These results indicate that training reduces plasma cysteine and taurine
levels whereas it does not modify other studied parameters. Thus, physical
training may regulate cysteine metabolism.
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Introduction

Homocysteine is a naturally occuring sulfur containing
non protein amino-acid. It is either remethylated to me-
thionine, or converted to cysteine in what is known as the
transsulfuration patway. The metabolism of homocysteine
to cysteine is catabolized by two vitamin B6 dependent
enzymes, i.e. cystathionine (-synthase (CBS) which ca-
talyses the condensation of homocysteine with serine to
form cystathionine, and cystathionase, which catalyses

the hydrolysis of cystathionine to cysteine (Banerjee
et al., 2003).

Cysteine is another amino-acid containing sulfhydryl
group. Its chemical structure and physicochemical proper-
ties are similar to those observed with homocysteine.
Cysteine is irreversibly metabolized in liver to yield either
glutathione, either taurine, or inorganic sulfate in urine.

Moderately increased concentrations of total homocyste-
ine (tHcy) have been shown to be a strong independent risk
factor for cardiovascular disease (Hankey and Eikelboom,
1999), as well as increased concentration of total cysteine
(tCys) (Arakietal., 1989; Mansoor etal., 1995; Verhoefetal.,
1996).

Physical exercise is reported to lower the incidence of
cardiac events (Erikssen et al., 1998). On the contrary,
sedentary life is considered to be a risk for cardiovascular
diseases (Blair et al., 1995; De Backer, 1998; Hardman,
1996).

To our knowledge, the effects of exercising on plasma
homocysteine and cysteine concentrations in rats have not
been extensively studied. In addition, few data are available
with regard to any metabolic derivates of homocysteine
having a potential vascular toxicity. Therefore, we investi-
gated the effects of a 8-week swim training (1 hour/day,
5 days/week) in rats on plasma homocysteine, cysteine,
glutathione, taurine and CB, an enzyme which is involved
in the metabolism of homocysteine. Moreover, since vita-
min B6 is an important cofactor of the transsulfuration



338 V. Gaume et al.

that is frequently responsible for change tHcy and tCys
levels, we also measured the pyridoxal 5'-phosphate (PLP;
the principal active form of vitamin B6).

Materials and methods

Animals

Sixteen Sprague-Dawley male rats aged 17 weeks and weighing 160—180 g
at the beginning of the experiment were used. Rats were fed a standard
diet (AO4-SAFE, Villemoison-Epinay-Sur-Orge, FRANCE), and provid-
ed with water ad libitum for an acclimatization period of one week. They
were housed in groups of four in stainless steel cages in a well-ventilated
room under controlled environmental conditions temperature (22 + 2°C),
relative humidity (50-60%), and photoperiod (12h light/dark schedule).
After this acclimatization period, rats were randomly divided into two
groups: non-trained rats (NTR, n= 8) and trained rats (TR, n=8). All rats
were inspected daily and weighed once per week.

The research was conducted under the guidelines of the French
Ministry of Agriculture for experiments on animals.

Training program

Exercised animals were subjected to a swimming program which had
been validated by Guilland et al. (1988). After one week adaptation
period, exercise consisted in swimming up to 1h/d, 5d/wk, for a total
of 8 wks. Animals swam (4 per group) in a plastic container (diameter:
50cm; depth: 50cm) filled with water maintained at a temperature of
35 £ 1°C. Rats could not touch the bottom or hang on the sides and were
supervised during the entire swimming time.

During training, exercise duration was held constant while exercise
intensity was increased every week: each rat was loaded with increasing
weight (1% of body weight in the first week 1 to 5% in the last week).

Body weight

Body weight of each rat was measured every week. At the end of train-
ing, each rat was housed alone in a polyethylene cage for 2 days in order
to measure the consumed amount of food and drink.

Collection of blood and tissue

At the end of the experimental protocol, food was withheld overnight. The
next morning, 24 hours after the last exercise training period, rats were
anaesthetised with pentobarbital (60 mg/kg). Following a midline ab-
dominal incision, blood samples were collected via abdominal aorta using
10-ml plastic syringes fitted with 23-gauge needles. Blood samples were
immediately centrifuged at 4000 x g for 10min at 4°C. Plasma was re-
moved and stored at —80°C until analysis. Then, livers were rapidly re-
moved, washed in physiological saline buffer, frozen in liquid nitrogen
and stored at —80°C.

Biochemical analysis

Plasma homocysteine, cysteine and glutathione analysis

Total plasma homocysteine, cysteine and glutathione concentrations were
measured by HPLC (ESA 580 Kontron instruments 400; Kontron;
Strasbourg, France) with fluorometric determination (Bio-Tek, SFM 25;
Kontron) after derivation of thiols with 7-fluoro-2,1,3-benzodiazole-4
sulfonamide according to the method described by Durand et al. (1996).

Samples (20 ) were analysed by HPLC equipped with a fluorescence
detector set at Ao 385nm and A, 515 nm. The eluent phase consisted of
0.1 M-KH,PO, buffer (pH 3.25) containing acetonitrile (100 ml/L), and
the rate was fixed at 1.2ml/min. Separation was carried out on a
250 x 4.6 mm, 5 pum diameter Nucleosil C18 analytical column (Interchim
Montlugon France) maintained at 35°C.

Twenty pl of 1.55M NaOH, 250L pul of 0.125M borate buffer (pH 8)
and 30 ul of 4.6 mM-7-fluoro-2,1,3-benzoxadiazole-4-sulfonamide solu-
tion (in borate buffer) were added to 100 pl filtered supernatant fraction.
After derivation at 50°C for 20 min, the samples were rapidly cooled and
40 pul 1 M-HCL were added. After standard calibration of thiols, Hey, Cys
and glutathione concentrations were determined by the area quotient of
N-acetylcysteine.

Plasma taurine

Plasma taurine was determined with an amino acid analyser (L-8800,
Hitachi, Japon).

Cystathionine beta synthase activity in liver

The enzyme activity was measured by a modified method as described
by Shinichi et al. (1998). The assay mixture contained 100 mM Tris HCL,
pH 8.6, ImM PLP, 1mM cystathionine (Cth), 5SmM [14 C] serine
(~500 cpm/nmoL), 15 mM Homocysteine (Hey) and 20 uL. (~400 g of
total proteins) of homogenate in a final volume of 100 pL. The reaction
was incubated for 30 min in a 37°C bath, and stopped by the addition of
25 pL of formic acid. The volume was adjusted to 1 mL with Buffer A
(25 mM maleic acid pH 1.8, LiCl 0.2 M). The mixture was centrifuged at
10.000 g for 10min at RT, and the supernatant loaded onto a 0.8 x 4cm
column (Bio-Rad Poly-Prep) containing 1 mL of Dowex 50WX2-200 res-
in from Sigma (equilibrated with 4 x 5 mL of buffer A). The column was
washed with 1mL, 3mL and 3 x 5mL of buffer A to eliminate the
[14C]ser. The [14C]Cth was eluted with 2 x 3mL of buffer B (Acetic
acid 50mM, pH 4.8, LiCl 0.8 M) and 3 mL of product was collected in
a scintillation vial. The radioactivity was counted by adding 15mL of
Hionic-Fluor (Packard) as scintillation fluid. Negative control was ob-
tained by replacing the homogenate by bovine serum albumin.

Vitamin B6 analysis

Plasma pyridoxal 5'-phosphate (PLP) concentration in plasma extracts
was measured using a reverse-phase HPLC method as described by
Edwards et al. (1989).

Statistical analysis

Values are expressed as mean + SEM. The significance of differences be-
tween groups was calculated by an one-way analysis of variance (ANOVA)
followed by a Tukey-Kramer unpairwise post-hoc test.

The level of significance was set at p<0.05. All analyses were per-
formed using Sigma Stat 2.03.

Results

During the test period, all animals gained weight than the
beginning. Moreover, as shown on Fig. 1, from week 7,
body weight of TR was significantly lower than the one of
NTR. This decrease occured despite the fact that TR con-
sumed more daily food intake than NTR (25.1 4+ 0.7 g/day
vs. 20.1 £+ 1.6 g/day; P<0.05).
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Fig. 2. Total plasma homocysteine (A), cysteine (B), glutahione (C) and taurine (D) levels in non-trained and trained rats. Hatched columns represent
the values of non-trained rats and dark columns represent the values of trained rats. *P <0.05
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Fig. 3. Cystathionine beta synthase activity liver in non-trained ([]) and
trained rats (). Hatched columns represent the values of non-trained
rats and dark columns represent the values of trained rats

Following the training period, plasma homocysteine
concentrations did not differ among groups (2.93 &+
0.35 pmol/L in TR vs. 2.98 £ 0.33 in NTR pmol/L). Con-
versely, significantly lower cysteinemia was found in TR
group (157.83 & 8.6 umol/L) compared with data of NTR
(176.19 £ 4.9 umol /L; P<0.05).

Mean values for plasma glutathione were not signifi-
cantly different between both groups.

Plasma taurine concentrations appeared to be lower
in TR (133.01 £9.32 umol/L) than NTR (162.57 +
8.16 umol/L; P<0.05) (Fig. 2).

As shown on Fig. 3, no significant change in hepatic
cystathionine J-synthase activity was observed in TR
(99.16 £ 9.7 mmol /h/mg of total protein) compared to the
values of NTR (92.83 4 4.89 mmol /h/mg of total protein).

Post-training values for pyridoxal —5 phosphate were
not different in TR compared to those of NTR (292.50 +
24.65 mmol/ vs. 318.87 & 36.43 mmol /L respectively).

Discussion

The main results of the present study indicated that a
8-week swim training did not change the baseline plasma
homocysteine levels in Sprague-Dawley rats despite a
significant decrease in cysteine levels. This induced exer-
cise decrease in cysteinemia was associated with a de-
crease in plasma taurine concentrations. Moreover, trained
rats showed identical values in hepatic cystathionine (-
synthase (CBS) activity and glutathione levels to those
measured in non-trained rats. In addition, swim train-
ing did not modify the plasma pyridoxal-5' phosphate
concentrations.
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To our knowledge, there are few literature data avail-
able on the effects of physical exercise on plasma homo-
cysteine and especially on cysteine levels in rats.

Our observations are in accordance with the results of
De Cree et al. (2000) and Wright et al. (1998) who also
found in humans no effect of acute, submaximal exercise
of relatively short duration on the plasma homocysteine
levels.

Other studies reported a decrease in homocysteine
levels in healthy men following a resistance training for
8 weeks (Steenge et al., 2001) or in cardiac rehabilitation
patients submitted to 12 weeks of aerobic exercise
(30-40 min/d) at 70-80% of maximal heart rate (Ali et al.,
1998). Furthermore, reduced homocysteine level was
observed after a high and low-intensity resistance exercise
training in older healthy adults (Vincent et al., 2003). In
contrast, Hermann et al. (2003) showed that a high inten-
sity interval training lasting 3 weeks induced an increase
(by about 10%) in homocysteine. In the same way, Bailey
et al. (2000) reported a 10% increase in resting homocys-
teine after 4 weeks of cyclo-ergometer training in healthy
men.

These discrepancies in data may be caused by different
methodologies. In these last findings, the authors inves-
tigated either young, or older healthy subjects, who can
not be compared with our experimental animals. More-
over, the differences could be explained by the divergent
method used in the measurement of plasma tHcy between
our study and those described by other laboratories.
Indeed, the standardized pre-analytical conditions are nec-
essary for reliable measurement of this plasma thiol. As
pointed out by Zighetti et al. (2004), blood samples must
be maintained on crushed ice until separation of plasma
from blood cells to minimize the artifactual changes.

In addition, gender, age, intensity, duration and amount
of training represent as many factors which may explain
different values in tHcy. In our study, the training imposed
could be insufficient in intensity and duration to induce a
decrease in homocysteine.

It is quite well documented that vitamin B6 (pyridoxal
5'-phosphate; PLP) is a cofactor of cystathionine (-
synthase (CBS) involved in Hcy metabolism. Homocys-
teine is converted to cystathionine to form cysteine via the
transsulfuration pathway, which is facilitated by two pyr-
idoxal 5'-phosphate-dependent enzymes, cystathionine
[-synthase and ~y-cystathionase (Cooper, 1983). So, the
intake of vitamin B6 in particular plays a central role
(Selhub et al., 1993). A vitamin B6 supplementation is
responsible for moderate or intermediate basal hypo-
homocysteinemia and hypercysteinemia (Smolin et al.,
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1982). Here, rats were not supplemented with vitamin B6,
and no change neither in plasma pyridoxal 5'-phosphate
nor in hepatic activity CBS were observed after training.
So, this might explain the lack of change in homocysteine
levels in trained group.

Studies investigating Hcy in rats after a physical exer-
cise lasting several weeks are inexistant and more data is
needed to understand the behavior of Hcy after training.

While effort has been directed to study homocysteine as
an important indicator of cardiovascular disease, little
attention has been given to cysteine, one the most abun-
dant thiols in plasma which is structurally similar and
metabolically linked to homocysteine. Recently, the asso-
ciation of high plasma levels of total cysteine with the
risk of thrombosis has been reported (Jacob et al., 1999;
Marcucci et al., 2001). On the contrary, no research inves-
tigated the effects of exercise program on tCys. In a pre-
vious investigation, we reported for the first time that a
chronic physical activity induced a decrease in basal
plasma tCys concentration in middle-age subjects (Gaume
et al., publication in progress). These results are confirmed
in this present study in which exercise training was ef-
fective in decreasing tCys levels. It is noteworthy to men-
tion that this reduction was found in Sprague Dawley rats
with “normal” restings values of cysteine. The mecha-
nism by which exercise reduces plasma cysteine levels
is currently unknown. Exercise has been shown to affect
amino-acid and protein metabolism (Felig and Wahren,
1971; Henriksson, 1991). Although, cysteine metabolism
during exercise has not been examined extensively, it is
possible that its uptake or production may be influenced
by physical activity. The increased metabolic demands of
exercise could decrease cysteine and then taurine levels,
the taurine being synthesised endogenously from cysteine.
Taurine is also a sulfur amino acid with high levels in
skeketal muscle (Jacobsen et al., 1968). We may suppose
that during exercise, the taurine was more used by skeletal
muscle, decreasing its plasma concentration. However, it
is not possible to distinguish between increased produc-
tion or decreased utilisation during exercise. Few articles
have referred to the effects of taurine with exercise
(Pitkanen et al., 2002; Takekura et al., 1986; Watanabe
et al., 1987). Only Matsuzaki et al. (2002) have shown
that the taurine concentration in rats skeletal muscles was
decreased with exercise. Our paper makes no mention of
changes in muscular taurine concentration because it has
not been assessed.

The metabolism of cysteine itself is of a large complex-
ity, taking part in various biochemical pathways, there-
fore, further investigation is needed.

To conclude, this study indicates that training could
reduce plasma cysteine and taurine levels whereas it does
not modify other studies parameters. Thus, this study sug-
gests that physical training could regulate cysteine metab-
olism. Nevertheless, the effects of physical exercise in
lowering cysteine concentrations require further investi-
gation. These results stress on the importance of studying
homocysteine and cysteine levels simultaneously to dis-
tinguish their respective roles in prevention of CVD and
their relation with physical exercise.
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