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The physical and physiological behavior of sickle cell trait carriers
(AS) is somewhat equivocal under strenuous conditions, although this
genetic abnormality is generally considered to be a benign disorder.
The occurrence of incidents and severe injuries in AS during exercise
might be explained, in part, by the lactic acidosis due to a greater
lactate influx into AS red blood cells (RBCs). In the present study, the
RBC lactate transport activity via the different pathways was com-
pared between AS and individuals with normal hemoglobin (AA).
Sixteen Caribbean students, nine AS and seven AA, performed a
progressive and maximal exercise test to determine maximal oxygen
consumption. Blood samples were obtained at rest to assess haema-
tological parameters and RBC lactate transport activity. Lactate in-
fluxes [total lactate influx and monocarboxylate transporter (MCT-1)-
mediated lactate influx] into erythrocytes were measured at four
external ['*C]-labeled lactate concentrations (1.6, 8.1, 41, and 81.1
mM). The two groups had similar maximal oxygen consumption.
Total lactate influx and lactate influx via the MCT-1 pathway were
significantly higher in AS compared with AA at 1.6, 41, and 81.1 mM.
The maximal lactate transport capacity for MCT-1 was higher in AS
than in AA. Although AS and AA had the same maximal aerobic
physical fitness, the RBCs from the sickle cell trait carriers took up
more lactate at low and high concentrations than the RBCs from AA
individuals. The higher MCT-1 maximal lactate transport capacity
found in AS suggests greater content or greater activity of MCT-1 in
AS RBC membranes.

lactate influx; monocarboxylate transporter; hemoglobin S; lactate
transport capacity

SICKLE CELL ANEMIA IS A genetic abnormality of red blood cells
(RBCs) that affects more than 150 million individuals, mainly
of African origin. In the French West Indies, 1 of 300 new-
borns is affected by this disease (10). Affected individuals have
RBCs containing an abnormal hemoglobin (Hb) S with a
reduced affinity for O, (25). Sickle cell trait (SCT) is charac-
terized by the heterozygous presence of Hb A and Hb S (AS
genotype). The prevalence of SCT is ~8% in the African-
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American population (3), reaching up to 40% in some West
African populations (27).

SCT is generally considered benign, not being associated
with clinical symptoms in physiological conditions (26). How-
ever, numerous incidents, severe injuries (rhabdomyolysis,
splenic syndrome, tissue necrosis, renal deficiency), and unex-
plained sudden death during exercise have been reported, albeit
anecdotally (18). The physical and physiological behavior of
exercising SCT carriers (AS) remains equivocal, and contro-
versial data have been documented. Although the presence of
Hb S should result in lower aerobic capacity, most studies have
reported similar aerobic performances in AS and controls (1,
13, 20, 24). Impaired O, delivery to muscles from AS RBCs
during exercise could result in a greater participation of anaer-
obic metabolism in exercising muscles. This should lead to an
earlier rise in blood lactate concentration ([La]) as noted in
subjects with abnormal O, transport (34). However, most
studies matching AS and normal Hb (AA) subjects in terms of
both physical performance and physical activity demonstrate
lower blood [La] in AS during incremental exercise (1, 13, 24).

A recent study from Connes et al. (7) strongly suggested that
a high level of RBC lactate transport activity might compensate
the rise in blood [La] induced by exercise, leading to hypolac-
tatemia. Moreover, faster lactate influx into AS RBCs than into
AA RBC:s has been suggested (30) to explain the occurrence of
sudden death under strenuous conditions in some SCT indi-
viduals (8), but this has never been specifically demonstrated.
The aim of the present study was thus to investigate RBC
lactate transport activity in AS and AA subjects having the
same level of aerobic physical fitness. We particularly focused
the study on the RBC lactate transport activity via the major
lactate transport pathway, the monocarboxylate transporter
(MCT-1) pathway.

MATERIALS AND METHODS
Subjects

Nine AS subjects and seven AA subjects participated in the present
study. The physical and hematological characteristics of the subjects
are summarized in Table 1. All were students at the Faculty of Sports

The costs of publication of this article were defrayed in part by the payment
of page charges. The article must therefore be hereby marked “advertisement”
in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
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SICKLE CELL TRAIT AND LACTATE TRANSPORT

Table 1. Anthropometric and hematological data in AS and AA subjects

Age, yr Height, cm Weight, kg Hb, g/dl Hcet, % Hb S, % Ret, %
AS(n=9) 24.1%£32 181.3=1.7 76.03.4 14.7£0.2 42.0=0.7 38.0x£0.8 0.96x0.07
AA(n=17) 19.6*0.5 179.0=1.7 68.9+2.7 14.5*0.3 42.0=0.9 1.19+0.15

Values are means * SE. Hb, hemoglobin; Hct, hematocrit; Ret, reticulocytes; AA, normal hemoglobin group; AS, sickle cell trait group. There were no

significant differences between groups.

in the University of the French West Indies and Guyana and took part
in the same training program. They practiced athletic activities regu-
larly (12 £ 2.1 h/wk) but never at a high level. The subjects who did
not have the required training status or who were unwilling to follow
the study protocol were excluded.

Protocol

At the beginning of the university year (2004-2005), all new
students of the Faculty of Sports underwent Hb screening. Nine AS
subjects were detected in this screening program and included in the
study. Subjects with anemia and/or a-thalassaemia were excluded.
The subjects were informed of the procedures and purposes of the
study, which was approved by the local Ethics Committee, and gave
written consent to participate. All were from the French West Indies
(Martinique, Guadeloupe) and French Guyana. Venous blood samples
were obtained from AA and AS in resting conditions to assess
hematological parameters and RBC lactate transport activity. The two
groups also performed a progressive and maximal exercise test to
determine the maximal O» consumption (V02 max), the maximal aer-
obic power output (MAP), and blood [La] at rest and at maximal
exercise.

SCT Diagnosis and Blood Analysis

To test for the Hb type, venous blood was drawn into tubes
containing EDTA and screened by isoelectric focusing. The results
were confirmed by citrate agar electrophoresis. The various hemoglo-
bins were isolated and quantified by high-performance liquid chro-
matography. A test of solubility confirmed the presence of Hb S.
Positive test results for SCT were determined by the presence of Hb
S (<50%) and a normal percentage of Hb A2 (16). Hb concentration,
hematocrit (Hct), percentage of reticulocytes, and mean corpuscular
volume were also studied for the indirect diagnosis of anemia and
a-thalassaemia, which results in hematological modifications (20, 26).

Maximal Exercise Test and Blood Lactate Analysis

The progressive and maximal exercise test began with a 3-min
warm-up at 60 W. Pedalling speed remained constant (at 70 rpm)
throughout testing, and the load was increased by 30 W every minute
until VO, max Was reached. Oxygen uptake (V0») was considered
maximal if at least three of the following criteria were met: /) a
respiratory exchange ratio of >1.10; 2) attainment of age-predicted
maximal heart rate [210 — (0.65 X Age) = 10%]; 3) an increase in
Vo, lower than 100 ml with the last increase in work rate; and 4) an
inability to maintain the required pedalling frequency (70 rpm) despite
maximum effort and verbal encouragement. A 5-min recovery period
was then implemented with 2 min of pedalling and 3 min of rest.
Fingertip arterialised blood microsamples were taken with a lancet
(B-D micro-Fine, Becton Dickinson) for lactate analysis at rest and at
V02 max. The blood [La] was determined with an instrument for the
resolution of lactate (Accusport, Boeringer Mannheim, Mannheim,
Germany) and a testing strip (BM-Lactate, Roche Diagnostics, Mann-
heim, Germany). This instrument has been demonstrated to be valid
and reliable (2).

Preparation of RBCs for Lactate Influx Assay

Transport of lactate across the erythrocyte membrane proceeds by
three distinct pathways: /) nonionic diffusion (NI) of the undissoci-

ated acid; 2) the band 3 system, an inorganic anion-exchange system;
and 3) the MCT-1-mediated pathway (22). In the present study, we
measured total lactate influx, MCT-1-mediated influx, and influx via
band 3 and NI together.

Five milliliters of venous blood were drawn from each subject into
heparinized vacutainers and used immediately. The techniques for
preparation of RBCs and lactate influx measurements were modified
from previously published methods (28, 29). The initial Hct was
determined for all blood samples. Half (2.5 ml) of each blood sample
was transferred to a 50-ml conical tube.

The RBCs were isolated by centrifugation at room temperature
(20°C, 10 min, 1,000 g). The plasma and buffy coat were removed by
aspiration, leaving only the RBC pellet. The pellet was then depleted
of lactate by inversion mixing with 30 volumes of chloride buffer (150
mM NaCl, 10 mM Na-Tricine, pH 8.0 at 37°C, osmolality ~315
mosmol/kg H,O) and incubation in a water bath for 30 min at 37°C.
At the end of the incubation, the RBCs were sedimented at room
temperature (20°C, 10 min, 1,000 g) and the supernatant was removed
by aspiration. The cells were then washed two times with chloride
buffer. After the final wash, the RBC pellets were separately sus-
pended (hematocrit 30%) in HEPES buffer (90 mM NaCl, 50 mM
HEPES, pH 7.4 at 37°C, osmolality ~267 mosmol/kg H>O). This
suspension was divided into two aliquots, each containing 1 ml. One
of the two stock cell suspensions contained no lactate transport
inhibitors. One millimolar p-chloromercuriobenzoic acid (PCMBS;
Sigma, Sigma-Aldrich) was added to the second stock cell suspension
to inhibit the MCT-1-mediated pathway. The two aliquots were
incubated in a water bath for 30 min at 37°C, and Hct was determined
in a sample of each stock cell suspension.

Influx Assay

Total lactate influx. Twenty-five microliters of stock cell suspen-
sion were incubated in 75 pl of HEPES influx buffer for 20 s at 37°C.
The HEPES influx buffer contained ['*C]La (200 disintegrations-
min~'-nmol~") at four unlabeled [La] values of 2, 10, 50, and 100
mM, pH 7.4, with final concentrations, respectively, of 1.6, 8.1, 41,
and 81.1 mM. The incubation was stopped with 5 ml of an ice-cold
stop solution [150 mM NaCl, 10 mM Na-2-(N-Morpholino) ethane-
sulfonic acid, pH 6.5] and tubes were immediately iced. The cells
were spun by centrifugation (4°C, 10 min, 1,000 g) and were washed
twice with the ice-cold stop solution to eliminate extracellular radio-
activity. After the final centrifugation, RBCs were lysed and depro-
teinized with 0.5 ml of 4.2% perchloric acid and centrifuged (4°C, 10
min, 1,000 g). Then, 0.4 ml of the supernatant was pipetted into
scintillation vials containing 5 ml of scintillation liquid (Amersham
Biosciences) and counted in a liquid scintillation counter (Packard
1900CA liquid scintillation analyzer).

MCT-1-mediated lactate influx. The cells were suspended in
HEPES buffer containing PCMBS to block the MCT-1 pathway.
Tubes were treated exactly as for the total lactate influx assay.

In all conditions, blank controls were run to test the residual
extracellular radioactivity, as well as to correct for any transmembrane
lactate exchange that might have occurred despite the ice-cold stop
solution.

All measurements were made in triplicate.
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SICKLE CELL TRAIT AND LACTATE TRANSPORT

Calculation of Lactate Influx

With PCMBS inhibiting the MCT-1 pathway, influx measured in
the PCMBS-treated erythrocytes is the sum of lactate transport via the
band 3 pathway and NI. Therefore, MCT-1-mediated lactate influx
was estimated by subtracting the influx into the PCMBS-treated RBCs
from the total lactate influx (MCT-1-mediated lactate influx + band
3-mediated lactate influx + NI-mediated lactate influx).

Lactate influx was calculated in nanomoles of lactate per milliliter
of cells per minute. The percentage of contribution from the MCT-1
pathway was calculated by dividing MCT-1 lactate influx by the
corresponding total lactate influx.

The Michaelis-Menten coefficients for MCT-1, i.e., the constant of
Michaelis-Menten (K,,) and the maximal lactate transport capacity for
MCT-1 (Vimax), were determined by curve fitting using GraphPad
prism 4 for Windows.

Statistical Analysis

Values are means * SE. A Student’s 7-test was used to compare
anthropometric data, V05 max, maximal heart rate, MAP, hematolog-
ical parameters (Hb concentration, Het, and percentage of reticulo-
cytes), and Michaelis-Menten coefficients for MCT-1 between the two
groups. Blood [La] was compared between the two groups at rest and
at maximal exercise using a two-way (group X time) ANOVA for
repeated measures. A two-way (group X concentrations) ANOVA for
repeated measures was also used to compare the different pathways of
RBC lactate transport activity in AS and AA. Pairwise contrasts were
used when necessary to determine where significant differences oc-
curred. Statistical significance was established at o = 0.05. StatView
software was used to perform statistical analysis.

RESULTS

Anthropometric Characteristics, Hematological Data, and
Exercise Response

The AS and AA groups were similar for anthropometric data
(age, height, and weight), hematological data (Table 1), and
maximal exercise responses (V02 max, maximal heart rate, and
MAP) (Table 2). The blood [La] did not differ between the two
groups and increased during exercise to reach similar values in
AS and AA (Table 2).

RBC Lactate Transport Activity

Total lactate influx into erythrocytes increased significantly
with the increase in external [La] in both groups (P < 0.001)
(Fig. 1). AS had greater values of total lactate influx into
erythrocytes than AA at 1.6, 41 (P < 0.05), and 81.1 mM (P <
0.001). At moderate external [La], i.e., 8.1 mM, there was no
significant difference between the two groups.

MCT-1-mediated lactate influxes also increased with exter-
nal [La] in both groups (P < 0.001). RBC lactate transport

Table 2. Maximal exercise responses and blood lactate
concentrations in AS and control subjects

[La]
VO2max, HRmax, [La] rest, maximum,

ml'min~"kg~!  beats/min MAP, W mM mM
AS (n =9) 38.6+2.6 1776 2767139 19*+0.2 10.6%£1.0
AA (n=17) 453*+19 17710 284.3*=57 2.0*x0.1 11.7%1.5

Values are means = SE. VOomax, maximal oxygen uptake; HRmax, maximal
heart rate; MAP, maximal aerobic power output; [La], lactate concentration.
There were no significant differences between groups.
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Fig. 1. Total lactate influx into red blood cells (RBCs) of sickle cell trait (AS)

and control (AA) subjects measured at 4 external lactate concentrations ([La]).

Values are means * SE. Significant differences between AS and AA at 1.6, 41,
and 81.1 mM [La]: *P < 0.05; **P < 0.001.

activity was higher in AS than in AA at low and high external
[La], ie., 1.6, 41 (P < 0.05), and 81.1 mM (P < 0.001)
(Fig. 2).

The fractional contribution of MCT-1 to total lactate influx
decreased with external [La] (Table 3).

Band 3- and NI-mediated lactate influxes are reported in
Table 4. Whatever the external [La], no statistical difference
was observed between the two groups.

As shown in Fig. 3, Vinax for MCT-1 was significantly higher
in AS compared with AA (P < 0.05). However, there was no
statistical difference for K,,, which was identical for the two
groups (Fig. 4).

DISCUSSION

The main findings of the present study were that /) total
lactate influxes and MCT-1-mediated lactate influxes were
significantly higher in SCT carriers than in the control group at
1.6, 41, and 81.1 mM of external [La]; and 2) the Vi,.x of the
MCT-1 pathway was significantly higher in AS than in AA.

Although Skelton et al. (29) did not find great differences
between lactate transport activity in aerobically trained sub-
jects, sprinters, and untrained subjects, they observed faster
lactate transport activity at 1.6 mM in the aerobic group
compared with the sprinters and untrained individuals and
higher total lactate influx at 41 mM in the sprinters compared
with the untrained subjects. This suggests that training status
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Fig. 2. Monocarboxylate transporter (MCT-1)-mediated lactate influx into
RBCs of AS and AA groups at 4 external [La]. Values are means = SE.
Significant differences between AS and AA at 1.6, 41, and 81.1 mM [La]:
*#P < 0.05; **P < 0.001.
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Table 3. Fractional contribution of monocarboxylate
transporter to total lactate influx at four [La]

1.6 mM 8.1 mM 41 mM 81.1 mM
AS (n =9) 93*1 89*2 73%2 59*3
AA (n=17) 92+1 86+3 69+£5 48+3

Values are means * SE (in %). There were no significant differences
between groups.

and aerobic physical fitness might influence the activity of
RBC lactate transport (even if the influence is minor). This
hypothesis is supported by an animal study that demonstrated
that RBC lactate influx varied with the aerobic capacity of the
animals (28). In the present study, we therefore carefully chose
control subjects with the same aerobic physical fitness and
anthropometric parameters as the AS group. The V03 max and
MAP values noted in the present study were not very high but
were similar in the two groups, indicating that AS and controls
had the same aerobic capacity and training status. Indeed, the
differences found between the groups for the RBC lactate
transport activity cannot be explained by physical fitness dif-
ferences.

The higher RBC lactate transport activity reported in AS
compared with AA at 1.6, 41, and 81.1 mM seems to be
directly related to the higher MCT-1-mediated lactate influx
found in AS. It remains unclear why we failed to find a
significant difference at 8.1 mM of external [La]. However, at
this [La] in both groups, this lack of difference and the greater
variability in the individual results of both groups might be
linked. We chose to focus on MCT-1 because this has been
reported to be the major pathway of lactate influx into RBCs
(22, 28), a result confirmed in our study (Table 3). We did not
find a difference between the two groups for the band 3 plus NI
pathways.

The greater Vi,ax observed for MCT-1 in AS compared with
AA suggests either increased MCT-1 activity on the RBC
membranes or a greater expression of MCT-1 transporters. The
hypothesis of higher MCT-1 content in AS will need confir-
mation by Western blotting. An increased MCT-1 activity
would not be due to the presence of younger cells in the AS
RBC population since the reticulocyte percentage did not differ
between AS and AA (Table 1). Greater activity could be the
result of the presence of some effector of MCT-1. One possi-
bility proposed by Pattillo and Gladden (21) for sickle red cells
is that the amount of CD147 (neurothelin), a chaperone that is
thought to regulate the MCT-1 activity, could be greater in AS.
The lack of difference in K, between the two groups indicates
that MCT-1 had the same affinity for lactate in both groups.

The values found for RBC lactate transport activity at high
external [La] and for Vi« were lower than the values reported
by previous studies in humans (6, 7, 21, 29). In horses, some

Table 4. Band 3- and NI-mediated lactate influx into RBCs
measured at four external [La] in AS and AA groups

1.6 mM 8.1 mM 41 mM 81.1 mM
AS (n =9) 19.6%3.2 76.9*5.7 376.0+25.4 843.9+60.4
AA (n=17) 15.0£2.3 82.7+10.9 348.3+65.2 729.1+75.9

Values are means = SE (in nmol'ml~!-cells”'*min~!). No significant
differences were observed between groups.

SICKLE CELL TRAIT AND LACTATE TRANSPORT
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Fig. 3. Maximal lactate transport capacity via MCT-1 (Vimax) in AS and AA
subjects. Values are means = SE. *Significantly different Vimax from AA (P <
0.05).

studies reported that RBC lactate transport activity might be
dependent on the breed (32, 33). In humans, Skelton et al. (29)
proposed that the differences observed for RBC lactate trans-
port activity between a group of African-American sprinters
and other groups composed of Caucasians were possibly re-
lated to differences in ethnic origin. The subjects tested in the
present study were exclusively composed of students from the
French West Indies and French Guyana, whose populations are
of African origin but characterized by a high degree of racial
intermixing. Ethnic differences rather than the accuracy of the
measures may thus be at the origin of the lower values found
in the present study for Vimax and RBC lactate transport activity
at high [La]. We used exactly the same methodology as
Skelton et al. (28, 29) and Connes et al. (6, 7). Moreover, the
fractional contribution of MCT-1 to total lactate transport
activity decreased with the rise in external [La], reflecting the
saturation properties of the MCT-1 pathway, as already re-
ported by previous studies (6, 7, 9, 21, 28, 29).

Our results contrast with those of the recent study from
Pattillo and Gladden (21), who investigated RBC lactate trans-
port activity in sickle cell disease, SCT, and healthy subjects.
They found higher MCT-1-mediated lactate influx in subjects
with sickle cell disease compared with the other two groups.
However, they observed no difference between SCT carriers
and healthy subjects. The reasons for the differences between
our results and those of Pattillo and Gladden are unknown at

9.00
8.00
7.00
6.00
5.00

4.00

Km (mM)

3.00

2.00

1.00

0.00 A
AS AA

Fig. 4. The constant of Michaelis-Menten (Kn,) for MCT-1 in each group.
Values are means = SE. There were no significant differences between groups.
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SICKLE CELL TRAIT AND LACTATE TRANSPORT

this time (21). However, it is notable that the main difference
between the two studies is the level of physical fitness in the
groups. If training status and aerobic physical fitness influence
the activity of RBC lactate transport (7, 28, 29), one assumes
that final conclusions could not be drawn from Pattillo and
Gladden’s study (21) regarding the role of exercise on RBC
lactate transport activity in SCT carriers.

Juel et al. (17) showed that chronic hypoxia increases
MCT-1 expression in RBCs. Erythropoietin, the production of
which can be stimulated by hypoxia and hypoxemia (19, 23),
is known to increase MCT-1-mediated lactate influx (7). Hyp-
oxia and erythropoietin could thus be involved in the synthesis
of MCT-1 in AS red cells, but further studies are needed to
prove this effect.

Another factor that might explain the greater lactate trans-
port in AS RBCs, as advanced by Pattillo and Gladden (21), is
related to Plasmodium falciparum. This malarial parasite, en-
demic to areas where both sickle cell disease and malaria rage,
is a homolactate fermenter and produces large quantities of
lactic acid in infected cells (21). The presence of this parasite
in infected RBCs causes alterations in the cell membranes that
accommodate the metabolic processes of P. falciparum. A
more efficient lactate transport across the RBC membrane
might be a genetic adaptation to malarial exposure, although
the subjects participating in the present study were not infected
by P. falciparum. Further studies will be necessary to test this
hypothesis.

The physiological effect of a high MCT-mediated lactate
influx is likely to be an increase in lactate and H" fluxes from
plasma to erythrocytes. During exercise, the accumulation of
lactate and H* within the muscle contributes to the appearance
of fatigue (11, 15). The increased storage of lactate and ions in
RBCs reduces the levels of these ions in plasma, leading to a
greater gradient from interstitial fluid to plasma, and poten-
tially improves the rate of release from muscle (17). This
greater total amount of lactate anions and hydrogen ions taken
up by erythrocytes might lead to a better redistribution in
different places in the body (7). These mechanisms are thought
to delay or limit fatigue and hence to improve exercise perfor-
mance (7). Indeed, the higher RBC lactate transport activity
might delay muscle fatigue and improve exercise performance
in AS to compensate the impaired blood oxygen transport
capacity due to the presence of Hb S.

The higher total and MCT-1-mediated lactate influxes ob-
served in AS could also explain why some studies have
described significantly lower blood [La] after the 4 mM lactate
threshold in AS subjects (13, 31). Other investigations have
reported higher [La] during the last two increments of a graded
test (12), but this contrasting result may be explained by a
heterogeneous training status and differences in physical fit-
ness between the tested subjects (12). Bile et al. (1) and Sara et
al. (24) noted a significantly lower blood [La] during a ramp
exercise test in sedentary and trained AS, respectively. In these
studies, AS were carefully matched with a control group for
physical activity and physiological performance (1, 24). Based
on the “lactate shuttle” mechanism (4, 5), the pathophysiolog-
ical process involved in the lowered lactate in AS subjects
during incremental exercise could be due to both greater uptake
by RBCs and greater utilization by muscles. The lactate taken
up by RBCs is then redistributed among the different body
parts. According to Connes et al. (7), greater RBC lactate
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transport activity might compensate the rise in blood [La]
induced by exercise, leading to hypolactatemia. In the present
study, we failed to find a difference between AS and AA in
blood [La] at rest or maximal exercise. Unfortunately, we did
not determine the blood [La] kinetics during exercise, and it is
thus possible that AS had lower blood [La] than AA during
lower intensity exercise but not at maximal exercise. Similar
results were reported in athletes treated with erythropoietin:
they had higher RBC lactate transport activity and lower blood
[La] at submaximal intensity during a ramp exercise test but
the same maximal [La] (7).

However, greater RBC lactate transport activity in AS
should also lead to greater lactate and H* accumulation in
RBCs, resulting in severe intra-erythrocytic lactic acidosis
(14). As suggested by Smith et al. (30), a greater lactate influx
into the RBCs of AS than of AA could be involved in the
reported cases of sudden death in SCT carriers after strenuous
exercise (8). Excessive uptake of lactate by AS RBCs could
trigger the sickling process because of the subsequent dehy-
dration caused by activation of the volume- and pH-dependent
K*/C1~ cotransport channels (30). This may lead, in turn, to
hypoxia through microvascular obstruction and, sometimes, to
fatal medical complications (8, 30).

The data in the present study show that the RBCs from SCT
carriers have increased lactate transport activity via the MCT-1
pathway. The MCT-1 of RBCs from AS might be either
overexpressed or differently regulated, perhaps via CD147.
This study indicates the complexity of lactate clearance in SCT
carriers. However, lactate transport via RBCs is only an inter-
mediary step in lactate homeostasis. Muscle, which is the
primary site of lactate production and combustion, plays a
great role in the regulation of lactate metabolism during exer-
cise (4). Further research should investigate the expression of
the different isoforms of MCT in RBCs and skeletal muscle.

ACKNOWLEDGMENTS

The authors thank Dr. C. Saint-Martin for performance of the hematological
and Hb electrophoretic studies. We thank the staff of the Centre Intégré de la
Drépanocytose “Guy Mérault,” Dr. Laurent Larifla and Dr. Frantz Etienne
from the Department of Cardiology of the Academic Hospital of Pointe-a-
Pitre, and Laurent Marlin for collaboration.

GRANTS

This work was supported by the Secrétariat d’Etat a 1’Outre-Mer and
Conseil Régional de la Guadeloupe (fellowship to S. Fagnété).

REFERENCES

1. Bile A, Le Gallais D, Mercier B, Martinez P, Ahmaidi S, Prefaut C,
and Mercier J. Blood lactate concentrations during incremental exercise
in subjects with sickle cell trait. Med Sci Sports Exerc 30: 649—-654, 1998.

2. Bishop D. Evaluation of the Accusport lactate analyser. Int J Sports Med
22: 525-530, 2001.

3. Bitanga E and Rouillon JD. Influence of the sickle cell trait heterozygote
on energy abilities. Pathol Biol (Paris) 46: 4652, 1998.

4. Brooks GA. The lactate shuttle during exercise and recovery. Med Sci
Sports Exerc 18: 360-368, 1986.

5. Brooks GA. Intra- and extra-cellular lactate shuttles. Med Sci Sports
Exerc 32: 790-799, 2000.

6. Connes P, Bouix D, Py G, Caillaud C, Kippelen P, Brun JF, Varray A,
Prefaut C, and Mercier J. Does exercise-induced hypoxemia modity
lactate influx into erythrocytes and hemorheological parameters in ath-
letes? J Appl Physiol 97: 1053-1058, 2004.

7. Connes P, Caillaud C, Mercier J, Bouix D, and Casties JF. Injections
of recombinant human erythropoietin increases lactate influx into eryth-
rocytes. J Appl Physiol 97: 326-332, 2004.

J Appl Physiol « VOL 100 « FEBRUARY 2006 « WWW.jap.org

9002 ‘vT Yare\ uo Bio ABojoisAyd-del woiy pspeojumoq



http://jap.physiology.org

=
Q
2
£
A
o
2
£
<
o
=
S
=
Pl
=
Q
|

432

10.

11.

12.

13.

14.

15.

16.

17.

. Davis AM. Sickle-cell trait as a risk factor for sudden death in physical

training. N Engl J Med 318: 787, 1988.

. Deuticke B, Beyer E, and Forst B. Discrimination of three parallel

pathways of lactate transport in the human erythrocyte membrane by
inhibitors and kinetic properties. Biochim Biophys Acta 684: 96-110,
1982.

Diara JP, Bibrac A, Saint-Martin C, Keclard L, and Etienne-Julan M.
Interest of the early undertake of sickle cell disease: experiment of
Guadeloupe. In: La Drépanocytose, edited by Girot R, Bégué P, and
Galactéros F. Montrouge, France: John Libbey Eurotext, 2003, p.
303-315.

Fitts RH. Cellular mechanisms of muscle fatigue. Physiol Rev 74: 49-94,
1994.

Freund H, Lonsdorfer J, Oyono-Enguelle S, Lonsdorfer A, Dah C,
and Bogui P. Lactate exchange and removal abilities in sickle cell trait
carriers during and after incremental exercise. Int J Sports Med 16:
428-434, 1995.

Gozal D, Thiriet P, Mbala E, Wouassi D, Gelas H, Geyssant A, and
Lacour JR. Effect of different modalities of exercise and recovery on
exercise performance in subjects with sickle cell trait. Med Sci Sports
Exerc 24: 1325-1331, 1992.

Helzlsouer KJ, Hayden FG, and Rogol AD. Severe metabolic compli-
cations in a cross-country runner with sickle cell trait. JAMA 249:
777-779, 1983.

Hogan MC, Gladden LB, Kurdak SS, and Poole DC. Increased [lactate]
in working dog muscle reduces tension development independent of pH.
Med Sci Sports Exerc 27: 371-377, 1995.

Hue O, Julan ME, Blonc S, Martin S, Hertogh C, Marlin L, Pallud C,
and Le Gallais D. Alactic anaerobic performance in subjects with sickle
cell trait and hemoglobin AA. Int J Sports Med 23: 174177, 2002.
Juel C, Lundby C, Sander M, Calbet JA, and Hall G. Human skeletal
muscle and erythrocyte proteins involved in acid-base homeostasis: adap-
tations to chronic hypoxia. J Physiol 548: 639-648, 2003.

. Le Gallais D, Bile A, Mercier J, Paschel M, Tonellot JL, and Dauver-

chain J. Exercise-induced death in sickle cell trait: role of aging, training,
and deconditioning. Med Sci Sports Exerc 28: 541-544, 1996.

. Levine BD. Intermittent hypoxic training: fact and fancy. High Alt Med

Biol 3: 177-193, 2002.

. Monchanin G, Connes P, Wouassi D, Francina A, Djoda B, Banga PE,

Owona FX, Thiriet P, Massarelli R, and Martin C. Hemorheology,
sickle cell trait, and a-thalassemia in athletes: effects of exercise. Med Sci
Sports Exerc 37: 1086-1092, 2005.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

SICKLE CELL TRAIT AND LACTATE TRANSPORT

Pattillo RE and Gladden LB. Red blood cell lactate transport in sickle
disease and sickle cell trait. J Appl Physiol 99: 822—-827, 2005.

Poole RC and Halestrap AP. Transport of lactate and other monocar-
boxylates across mammalian plasma membranes. Am J Physiol Cell
Physiol 264: C761-C782, 1993.

Roberts D and Smith DJ. Erythropoietin concentration and arterial
hemoglobin saturation with supramaximal exercise. J Sports Sci 17:
485-493, 1999.

Sara F, Hardy-Dessources MD, Voltaire B, Etienne-Julan M, and Hue
O. Lactic response in sickle cell trait carriers in comparison with subjects
with normal hemoglobin. Clin J Sport Med 13: 96-101, 2003.

Seakins M, Gibbs WN, Milner PF, and Bertles JF. Erythrocyte Hb-S
concentration. An important factor in the low oxygen affinity of blood in
sickle cell anemia. J Clin Invest 52: 422432, 1973.

Sears DA. Sickle cell trait. In: Sickle Cell Disease: Basic Principles and
Clinical Practice, edited by Embury SH, Hebbel RP, Mohandas N, and
Steinberg MH. New York: Raven, 1994, p. 381-394.

Sergeant GR and Sergeant BE. Distribution of sickle cell disease. In:
Sickle Cell Disease: Oxford Univ. Press, 2001, p. 16-30.

Skelton MS, Kremer DE, Smith EW, and Gladden LB. Lactate influx
into red blood cells of athletic and nonathletic species. Am J Physiol Regul
Integr Comp Physiol 268: R1121-R1128, 1995.

Skelton MS, Kremer DE, Smith EW, and Gladden LB. Lactate influx
into red blood cells from trained and untrained human subjects. Med Sci
Sports Exerc 30: 536-542, 1998.

Smith JA, Telford RD, Kolbuch-Braddon M, and Weidemann MJ.
Lactate/H™ uptake by red blood cells during exercise alters their physical
properties. Eur J Appl Physiol Occup Physiol 75: 54—-61, 1997.

Thiriet P, Lobe MM, Gweha I, and Gozal D. Prevalence of the sickle
cell trait in an athletic West African population. Med Sci Sports Exerc 23:
389-390, 1991.

Vaihkonen LK, Heinonen OJ, Hyyppa S, Nieminen M, and Poso AR.
Lactate-transport activity in RBCs of trained and untrained individuals
from four racing species. Am J Physiol Regul Integr Comp Physiol 281:
R19-R24, 2001.

Vaihkonen LK and Poso AR. Interindividual variation in total and
carrier-mediated lactate influx into red blood cells. Am J Physiol Regul
Integr Comp Physiol 274: R1025-R1030, 1998.

Wasserman K, Beaver WL, and Whipp BJ. Mechanisms and patterns of
blood lactate increase during exercise in man. Med Sci Sports Exerc 18:
344-352, 1986.

J Appl Physiol « VOL 100 « FEBRUARY 2006 «+ WWW.jap.org

9002 ‘vT Yare\ uo Bio ABojoisAyd-del woiy pspeojumoq



http://jap.physiology.org

