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Abstract

L-Carnitine supplementation can stimulate erythropoiesis, reduce exercise-induced plasma lactate concentrations
and decrease post-exercise muscle damage. Next to horses, Greyhounds represent the premier animal racing
species and perform short-duration, very high-intensity exercise that has the potential to incur substantial
muscle damage. Under resting and standard racing conditions (5/16 mile), we tested the novel hypotheses that
L-carnitine supplementation in Greyhounds would: (1) elevate haematocrit at rest and immediately post-exercise;
(2) reduce peak post-exercise plasma lactate; and (3) reduce indices of muscle damage (plasma creatine phospho-
kinase, CPK and aspartate aminotransferase, AST). Six conditioned Greyhounds (30.1 = 1.6kg) underwent a ran-
domized placebo-controlled crossover study to determine the effects of 6 weeks of L-carnitine supplementation
(100mgkg ™" of body weight/day) at rest and following a maximal speed 5/16 mile race. In accordance with
our hypotheses, L-carnitine elevated resting and immediately post-race haematocrit (control, 60.1 £ 1.7, L-carni-
tine, 63.6 £ 1.7; P < 0.05) and reduced peak post-race plasma CPK and AST concentrations (both P < 0.05).
Those dogs with the highest peak post-exercise plasma CPK concentrations under placebo conditions evidenced
the greatest reduction with L-carnitine supplementation (r = 0.99, P < 0.01). However, contrary to our hypoth-
eses, L-carnitine did not change peak post-exercise plasma lactate concentrations (control, 27.0 = 2.1, L-carnitine,
27.7 £ 1.3; P > 0.05). We conclude that L-carnitine supplementation increases the potential for oxygen transport
and reduces plasma indicators of muscle damage, CPK and AST in racing Greyhounds.

Keywords: haematocrit; oxygen transport; muscle damage; aspartate aminotransferase; creatine phosphokinase;
lactate; maximal exercise

Introduction
Skeletal muscle constitutes the principle reservoir of

Carnitine, first extracted from muscle in 19052 and
named from the Latin carnis (flesh or meat), is best
known for its role as a cofactor (L-carnitine) of carni-
tine acyltransferase, which transports long-chain fatty
acids across the mitochondrial inner membrane. With-
out L-carnitine, the mitochondrial inner membrane
would be impermeable to long-chain fatty acids and
fatty acyl CoA esters®. Other important functions of
carnitine include maintaining the acetyl CoA/CoA
ratio, which acts to control pyruvate dehydrogenase
(PDH) and thus lactate production and accumulation.
Carnitine also reduces the catabolism of purines,
free radical formation and sarcolemmal disruption

and is associated with decreased muscle soreness’.

carnitine in the body. However, during high-intensity
exercise, intramuscular carnitine concentrations plum-
met, decreasing to values approaching that required
for half-maximal activity of carnitine acyltransferase
for carnitine (0.25-0.45mM1~ ",

Given the potential to impact human athletic perform-
ance, L-carnitine supplementation has been widely
investigated and there is scientific support, some of it
equivocal, for L-carnitine supplementation resulting in:
(1) improved maximal oxygen uptakes’6 @mot)’; (2)
improved exercise performance® (not)’; (3) elevated
erythropoiesislo; (4) reduction of muscle damage and
soreness after maximal exercise!''?; and (5) reduced
lactic acid accumulation®'? (not)M.
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L-Carnitine supplementation increases the plasma
carnitine concentration and, in species as diverse as
mice and pigeons, this leads to an elevation in heart
and skeletal muscle L-carnitine pools'5’16. However,
even in the horse where increased plasma concen-
trations are not observed, L-carnitine supplementation
is still associated with capillary and possibly oxidative
enzyme adaptations to training'”.

Racing Greyhounds engage in very intense exercise of
short duration (typically 5/16 mile, ~28-32s) and there
are several putative mechanisms by which r-carnitine sup-
plementation may benefit these athletes. Specifically,
sprint exercise places disproportionate demands on sub-
strate-level phosphorylation, i.e. phosphocreatine break-
down and anaerobic glycolysis leading to lactate
accumulation. Ifitis possible to increase the participation
of fat as an energy source, rapid glycogen depletion
within type I fibres'® may be avoided. Any slowing of gly-
colysis would also be expected to retard lactic acid pro-
duction and thus reduce the accumulation of hydrogen
ions, thereby constraining any deleterious effects on the
contractile machinery. Greyhounds also have an extra-
ordinarily well-developed oxygen transport system with
very large hearts (approaching 2% body mass)'® and pre-
sumably, therefore, high cardiac outputs and potential for
oxygen delivery to the working muscles. During whole
body exercise, it is generally recognized that humans
and animals at maximal oxygen uptakes evidence a
supply limitation to maximal oxygen utilization®>'. If 1-
carnitine has an erythropoietic effect in Greyhounds,
this may further increase exercise oxygen transport by
elevating arterial oxygen content. The elevated maximal
oxygen uptakes reported after carnitine supplemen-
tation>® may potentially have resulted from such an
increase in arterial haematocrit. Finally, short-term, high-
intensity sprint running has the propensity to incur sub-
stantial muscle damage in humans®* and it is likely that
this also occurs in racing dogs. Whether L-carnitine sup-
plementation can reduce muscle damage in Greyhound
dogs as it does in humans'"'? has not been determined.

The purpose of the present investigation was to test
the novel hypotheses that L-carnitine supplementation
in racing Greyhounds would: (1) elevate systemic hae-
matocrit (at rest and immediately post-exercise);
(2) reduce peak post-race plasma lactate accumulation;
and (3) decrease plasma indicators of muscle damage
(creatine phosphokinase, CPK and aspartate amino-
transferase, AST).

Methods

Animals

Six healthy Greyhound dogs that had previously been
raced on the track were acquired for this investigation.
There were four intact females and two intact
males ranging in age from 2 to 4 years and weighing
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30.1 = 1.6kg. They were housed at the National
Greyhound Association Park in Abilene, Kansas in indi-
vidualized standard Greyhound wire crates (approxi-
mately 42 inches long X 26 inches wide X 36 inches
high) with shredded paper for bedding. They were
turned out into a 20’ X 30’ run three times per day for
20- to 30-min intervals. The dogs were fed Iams (Iams
Mini Chunks®, Iams Company, Dayton, OH, USA),
adult dog food (3.5-4 cups; minimum of 26.0% crude
protein, minimum of 15.0% crude fat, maximum of
5.0% crude fibre and maximum of 10.0% moisture),
once daily in the evening and had access to water
during turnout times. The Greyhounds were up to
date on vaccinations including distemper virus, adeno-
virus, parainfluenza virus, parvovirus and Bordetella
bronchiseptica, as well as being on monthly Heartguard
Plus. All procedures used were approved by the Kansas
State University Animal Care and Use Committee.

Experimental protocol

Each dog completed one simulated race on the 5/16
mile training track after each of the following
conditions in a randomized crossover design: no treat-
ment, placebo and L-carnitine supplementation. Either
a liquid supplement of L-carnitine at a dosage of
100mgkg ' or an equivalent amount of water was
administered as a top dressing on the feed daily depend-
ing on whether the animal was in the treatment or pla-
cebo group. Consumption of the entire diet was
observed for each animal. Prior to the simulated race,
each dog had a custom-made seven French flexible
introducer catheter (Polyurethane Peel-Away Catheter,
Access Technologies, Skokie, IL, USA) placed asepti-
cally under local anaesthesia (2% lidocaine) in either
the right or left jugular vein with a short extension
set attached to the catheter and sutured to the skin
via elastikon butterflies and 2.0 Braunamid. Resting
blood samples and rectal temperatures were obtained
from the dogs before being transported by a climate-
controlled dog trailer approximately 2 miles to a local
training track. Greyhounds were divided into three
heats with two dogs in each heat and run on the
track in a race-simulated timed run (5/16 mile distance)
around the 4/16th mile track, chasing a lure. The Grey-
hounds were caught immediately after reaching the
lure, with venous blood samples being obtained
within 15-30s postrace. Additional catheter samples
and rectal temperatures were collected from each dog
at 10, 20 and 30 min and 1, 3 and 5 h post-exercise. In
addition, follow-up samples were obtained at 24, 48h
and 1 week postrace from the jugular vein with 21 G
1” vacutaner needles and processed in a manner identi-
cal to the post-exercise samples. A second identical run
(run 2) was performed 8 weeks after the first run, with
treatment and control groups being reversed.



L-carnitine and racing Greyhounds

Blood analysis

At sampling times, both heparinized and ethylene-
diamine tetraacetic acid (EDTA) samples were obtained
and placed immediately on ice. Initial processing of the
heparinized samples included spun haematocrits
(Micro-capillary Centrifuge, Model MB, International
Equipment Company, Needham, Heights, MA, USA)
read with a micro-haematocrit reader. All blood samples
were centrifuged and the plasma was recovered
and frozen at —70°C for storage prior to analysis, as
appropriate. A portion of the heparinized plasma was
analysed for creatine phosphokinase (CPK; Hitachi
911, Roche Diagnostics, Indianapolis, IN, USA), aspar-
tate aminotransferase (AST; Hitachi 911, Roche Diagnos-
tics, Indianapolis, IN, USA), glucose (GLU; Nova CCX,
Nova Biomedical, Waltham, MA, USA) and plasma
lactate (La; Nova CCX, Nova Biomedical, Waltham,
MA, USA). 1-Carnitine (Total, Free and Ester) was quanti-
fied using a radioisotopic enzymatic method (Metabolic
Analysis Labs, Madison, WI)*>. Plasma NEFAs (FFA)
were determined on the EDTA-treated samples using
a commercial enzymatic-colorimetric assay (NEFA-C
kit number 994-75 409, Wako, Richmond, VA).

Statistical analysis

A paired rtest indicated no significant differences
between the two control runs and therefore these
two trials were averaged. Differences in measured
variables over time were analysed using a mixed-
effects model where time is a fixed effect and dog
and dog X time are random effects. The response
equals overall effect + dog effect + time effect +
dog X time interaction 4 error, where dog and dog X
time are random effects. When significant differences
were found, a least-square means post hoc test was
used to determine where differences existed. The Stat-
istical Analysis System Program 9.1.2 statistical pack-
age (SAS Institute, Incorporated, Cary, NC, USA) was
used for the ANOVA. Pearson product moment corre-
lations were used to determine relationships between
variables. A paired #test was used to determine
whether differences existed between conditions for
peak values of AST and CPK. The SigmaStat 3.0 statisti-
cal package was used to analyse the correlations
and paired data. One-tailed tests were utilized where
appropriate directional a priori hypotheses were
tested as indicated. Significance was accepted at
p = 0.05 level for all variables.

Results

L-Carnitine levels

The resting plasma L-carnitine levels were substantially
greater in the treated dogs, as expected. Total, free and
ester L-carnitine levels were 27.7 £ 3.8, 23.7 = 3.2
and 4.0 = 0.7 wmoles1™" for control conditions and
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1853 + 6.6, 152.7 = 7.7 and 32.6 * 5.2 umolesl ™!
for treatment trials, respectively (all p < 0.05).

Indications of muscle damage

When treated with L-carnitine, the Greyhounds exhib-
ited a decrease in muscle damage (p < 0.05, one-
tailed) as evidenced by reduced peak concentrations
of plasma CPK and AST (Fig. 1; Tables 1, 2). Those
dogs with the greatest degree of muscle damage
(as assessed by peak CPK concentrations) on the pla-
cebo trial evidenced the largest reductions following
L-carnitine treatment (r = 0.99, placebo CPK wversus
delta CPK with treatment, p < 0.05). There were
also significant correlations between: (1) peak CPK
and AST on the placebo trial (= 0.99); (2) peak
CPK and peak AST on the treatment trial (» = 0.88)
and (3) delta (placebo treatment) peak CPK and
delta peak AST (r = 0.93).

Metabolic and baematologic variables

Plasma FFAs were significantly reduced in the treatment
condition at rest, were not different immediately post-
exercise and were higher at 10min post-exercise
in the L-carnitine treatment condition (Table 1 and
Fig. 2). Haematocrit was significantly elevated in the
treatment versus placebo condition at rest and immedi-
ately post-exercise (Fig. 3). No differences existed
between treatment and placebo conditions at rest or
immediately post-exercise in plasma glucose (Tables 1
and 2), plasma lactate (Tables 1 and 2), race times
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Fic. 1 Effect of L-carnitine supplementation on peak plasma cre-
atine phosphokinase (CPK; panel A) and peak plasma aspartate
aminotransferase (AST; panel B) concentrations following a
simulated 5/16th mile race (number of dogs = 6). Data are pre-
sented as mean + SE. *Placebo-treated Greyhounds demon-
strated higher peak plasma CPK and AST than L-carnitine-treated
Greyhounds post-exercise (P = 0.05, one-tailed). Inset in panel A
illustrates individual Greyhound results
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Table 1 Measured variables under treatment with placebo
Plasma Plasma

Haematocrit lactate Plasma glucose Plasma Plasma
Time period (%) (mmoll~T) FFA (mmoll™") (mgdl™7) CPK (IUI™Y) AST (IUITT
Rest 55+ 1 1.9+0.3 0.45 = 0.07 126.7 £ 2.4 104.3 £ 19.4 274 £ 3.4
IPE 60 = 2 23.7 £1.7 0.40 = 0.09 177.3 £ 5.4 219.6 £ 79.0 39.8 £ 7.1
10 min 61 +2 254 +23 0.37 = 0.05 196.7 + 8.6 200.3 + 15.2 43.3 = 5.1
20 min 60 = 1 19.3 1.7 0.26 = 0.08 171.4 £ 9.6 198.5 = 25.0 49.2 £ 6.2
30min 57 =1 9.7 £ 0.7 0.39 = 0.06 149.8 = 9.6 193.3 = 23.8 51.7 = 6.1
1h 552 2.7 *04 0.64 = 0.09 132.0 = 4.6 238.3 = 43.0 52.8 £ 6.7
3h 52+ 2 1.5+0.2 0.78 = 0.20 123.9 = 3.4 626.6 = 218.0 68.6 = 11.1
5h 53 +2 1.2 +0.1 0.77 = 0.13 119.7 = 3.8 816.8 = 417.1 76.6 = 14.5
24h 53 + 1 1.3+0.2 0.46 = 0.08 118.9 £ 1.0 947.8 = 768.3 77.7 =40.5
48h 52 +1 1.4+0.3 0.32 = 0.06 120.4 £ 3.1 460.4 £ 341.7 54.2 + 26.3
7 days 53 +2 1.2+0.2 0.31 = 0.06 119.9 £ 1.2 108.6 = 11.7 32.0+238

Time period column refers to the time samples following immediate post-exercise (IPE) being drawn at the indicated times, post-exercise. Individual dogs

may have demonstrated ‘peak’ values at different times post-exercise.

(treatment; 33.19 £ 0.24s: placebo; 33.22 + 0.47s:
L-carnitine) or rectal temperature (106.4 £ 0.6°F:
placebo; 106.3 * 0.4°F: L-carnitine) (all P > 0.05).

Discussion

The principal novel findings of this investigation are
that L-carnitine supplementation (100 mgkg ") in racing
Greyhound dogs elevates systemic haematocrit at rest
and immediately post-exercise and reduces peak plasma
CPK and AST indicators of muscle damage. These results
suggest that L-carnitine supplementation might facilitate
greater oxygen transport during maximal exercise,
whilst reducing muscle damage and potentially enhancing
postrace recovery. Given previous research in
humans®'*'* and the putative intracellular actions of
L-carnitine with respect to enhancing pyruvate flux
through PDH*?| the unchanged peak post-exercise
plasma lactate concentration was not expected. Consider-
ing that plasma lactate accumulation reflects a complex
interaction between lactate production and removal pro-
cesses as well as distribution dynamics amongst different
compartments, it would be speculative to consider that
these data indicate an unchanged muscle lactate pro-
duction. Notwithstanding this consideration, however,

Table 2 Measured variables under L-carnitine treatment

the present data do not support the hypothesis that
L-carnitine supplementation decreases muscle lactate
production in racing Greyhounds.

Comparison with previous literature

To our knowledge, there have been no studies to date
examining the effects of L-carnitine supplementation
in racing Greyhounds. However, there are data in
other species supporting that L-carnitine may:

1. Stimulate erythropoiesis'® that may underlie the elev-
ated systemic haematocrit found at rest and following
exercise in the present investigation. As discussed
below, L-carnitine supplementation has been found to
increase maximal oxygen uptake in some>® but not
all” studies. Because maximal oxygen uptake during
large muscle mass exercise is generally limited by
oxygen delivery (as demonstrated by the proportional
increase in maximal oxygen uptake with elevated
oxygen delivery)®®?7 VeV 20 jf the same maximal
cardiac output is achieved at a higher haematocrit,
and therefore arterial oxygen content, an improved
maximal oxygen uptake would be expected.

2. Reduce muscle damage consequent to intense exer-
cise>! 12 rVieW 2 The mean peak level of plasma
CPK found in the placebo trial in the present inves-

Haematocrit Plasma lactate Plasma FFA Plasma glucose Plasma CPK Plasma AST
Time period (%) (mmoll™) (mmoll™") (mgdl™) ur (ur
Rest 59 + 1* 1.9+03 0.25 + 0.07* 127.0 = 34 101.3 =95 347 £25
IPE 64 + 2* 252 +17 0.41 £0.08 186.3 = 13.7 165.3 = 22.6 448 + 3.5
10 min 64 + 2~ 27713 0.57 = 0.10" 195.7 = 15.4 230.8 = 33.5 53.8 £ 3.7
20min 62 + 1* 17.8 1.2 0.31 = 0.10 165.6 = 16.9 239.8 = 46.4 572+t 4.4
30min 60 + 2~ 103+ 1.6 0.40 £ 0.04 158.3 = 15.8 231.2 + 33.6 60.7 £ 55
1h 57 £ 1* 24+05 0.60 £ 0.07 139.7 = 2.6 2472+ 31.6 60.3 £ 5.7
3h 57 + 2* 1.0 £0.2 0.72 £ 0.08 128.8 = 3.3 339.0 = 45.8 66.5 £ 5.4
5h 55 + 2~ 1.0 £ 0.1 0.65 + 0.05 1245 + 3.5 390.7 = 72.8 68.3 £ 6.3
24h 57 + 2~ 1.9+03 0.50 £ 0.07 136.7 = 12.4 212.3 = 50.5* 44.3 + 4.5*
48h 58 + 1* 1.6 £0.2 0.42 + 0.07 124.8 = 5.1 195.2 = 90.9 345+ 44
7 days 59 + 1* 1.4 +£0.2 0.30 £ 0.10 128.7 = 3.9 148.7 = 32.5 44.0 = 8.1

Time period column refers to the time samples following immediate post-exercise (IPE) being drawn at the indicated times, post-exercise.* Indicates L-carni-
tine-treated animals significantly different from placebo-treated animals. Individual dogs may have demonstrated ‘peak’ values at different times post-exercise.
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FiG. 2 Plasma free fatty acid concentrations (FFAS) in L-carnitine-
treated Greyhounds and placebo-treated Greyhounds at rest and
immediately post-exercise (number of dogs = 6). Data are pre-
sented as mean = SE. *L-Carnitine-treated Greyhounds demon-
strated lower resting free fatty acids (FFAs) than placebo-treated
Greyhounds (P < 0.05)

tigation was ~1350IU1"" and occurred between 5
and 24h postexercise. This level is higher than
that observed after prolonged moderate exercise in
Beagles®®, slightly below those present in endur-
ancerun sled dogs®” and far lower than that
observed following intense eccentric weightlifting
exercise in humans (>7000TU1 H?°. 1-Carnitine
supplementation reduced peak plasma CPK levels
close to 35% in the present investigation, which is
somewhat less than the ~70% demonstrated by
Volek et al® following intense repetitive squat exer-
cise (subjects supplemented 2g/day of L-carnitine
for 3 weeks).

66 1 *
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64 - m L-carnitine
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Haematocrit (%)

54 1
52 4

50
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Time period

Fic. 3 Haematocrit of Greyhounds treated with L-carnitine and pla-
cebo at rest and immediately post-exercise (number of dogs = 6).
Data are presented as mean *= SE. *L-Carnitine-treated Grey-
hounds demonstrated an elevated haematocrit at both rest and
immediate post-exercise time points versus placebo-treated Grey-
hounds (P < 0.05)
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3. Reduce blood/plasma lactate levels following intense
exercise®'®.  Although there is also evidence
suggesting that a reduction in blood or plasma lactate
might not be a universal finding following L-carnitine
supplementation in humans'?, it is pertinent that
the peak plasma lactate levels found post-exercise in
the Greyhounds (~27 mmoll™") are far higher than
reported for humans following maximal exercise
(e.g. 8-12mmol 171)8’13"4. Moreover, the theoretical
basis for L-carnitine reducing lactate production by
exercising muscle has been challenged. Specifically,
as mentioned in the introduction, L-carnitine suppo-
sedly enhances PDH activity (and therefore provides
an increased oxidation of pyruvate and decreased lac-
tate production) by constraining or preventing an
increase in the acetyl CoA/CoA ratio’. However, the
notion that PDH activity is dependent upon the
acetyl CoA/CoA ratio is undermined by the fact that,
during high intensity exhausting exercise, PDH
activity increases simultaneously with the acetyl
CoA/COA ratio™.

Potential for elevated oxygen delivery and
utilization

In dogsz(’, asin humans®’, there is sufficient muscle mito-
chondrial capacity to raise the maximal oxygen uptake
when oxygen delivery is enhanced by elevated cardiac
output (pericardectomy)26 or arterial oxygen content
review 20.21.27 Hence, if the 6% increase in systemic hae-
matocrit found herein is not accompanied by a decrease
in either haemoglobin oxygen saturation or reduced
muscle blood flow, there should be an equivalent
increase in maximal oxygen uptake. It is pertinent that
a fall in cardiac output with polycythemia in exercising
dogs does occur during submaximal exercise, but this
is consequent to the increased oxygen content’’.
When methaemoglobin was used to prevent the poly-
cythemia from increasing oxygen content, a 15%
increase in systemic haematocrit did not elevate sys-
temic vascular resistance. Thus, in the dog as for the
horse>?, there is no reason to suspect that the increase
in haematocrit found herein will cause any reduction
in cardiac output during maximal exercise. Moreover,
the elevated systemic haematocrit will likely lead to an
increased lung and muscle oxygen-diffusing capacity
that may actually accentuate the achievable maximal
oxygen uptake above that attributable to increased con-
vective oxygen delivery alone®*>>. The present investi-
gation did not demonstrate any improvement in
running performance associated with the L-carnitine
supplementation. However, elevated muscle oxygen
delivery in other species is typically associated with
improved muscular performance and hence future
investigations, possibly on a larger scale involving
actively competing Greyhound dogs, may be warranted.
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Mechanism for reduced muscle damage

The muscle damage that results from high-intensity
exercise, particularly that with a large eccentric com-
ponent, has a complex aetiology. One putative scen-
ario is detailed below. High-intensity exercise that
stimulates the adenylate kinase reaction (2 ADP —
ATP + AMP) leads to the oxidation of AMP to hypox-
anthine. There is also an increase in intracellular cal-
cium that activates calcium-dependent proteases
which convert xanthine dehydrogenase to xanthine
oxidase, which subsequently catalyses the formation
of hypoxanthine to xanthine and converts it to uric
acid during intense exercise’?. Molecular oxygen is
used as an electron acceptor for these reactions that
produce the superoxide radical which, in turn, can
combine with iron to form hydroxyl radicals and
damage the polyunsaturated fatty acid component of
the sarcolemmal membrane, causing cytosolic proteins
such as CPK, AST and myoglobin to leak into the circu-
lation. That inhibition of xanthine oxidase with allo-
purinol during exercise decreases reactive oxygen
species generation, plasma concentrations of muscle
proteins and decreases muscle damage®® supports
the participation of the above schema in exercise-
induced muscle damage. L-Carnitine supplementation
in humans has been demonstrated to impact several
of the steps presented above. Specifically, L-carnitine
reduces plasma hypoxanthine, xanthine oxidase,
serum uric acid as well as plasma malondialdehyde, a
product of lipid peroxidation®.

Volek and colleagues® have considered that r-carni-
tine supplementation might exert at least part of its
beneficial effect on free radical production and
muscle damage by enhancing the oxidative regener-
ation of ATP and thereby limiting the availability of
AMP for oxidation to hypoxanthine. The present
investigation revealed an intriguing correlation
between the increase in systemic haematocrit and
decrease in plasma CPK that potentially supports

7.

6 y=0.886x + 0.4 o
r=0.886

5.
4
3
2.

Rank of delta haematocrit

0 T T T T
0 1 2 3 4 5 6 7

Rank of delta CPK

Fic. 4 Relationship between rank changes in haematocrit versus
rank changes in creatine phosphokinase (CPK) in six Greyhound
dogs treated with L-carnitine and placebo (r= 0.89; P < 0.05)
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this notion (Fig. 4). An appropriately designed pro-
spective scientific evaluation of this hypothesis
would be valuable.

Conclusions

In racing Greyhounds, L-carnitine supplementation (at
100 mgkg " of body weight per day) significantly elev-
ated systemic haematocrit and reduced peak plasma
CPK concentrations ~70% (Fig. 1). The dose chosen
for the current investigation was based on data pub-
lished for equids and humans. The magnitude of the
CPK rise suggested that extensive muscle damage is
not incurred during standard racing conditions. How-
ever, there is the possibility that prevention or
reduction of any such damage may help maintain
peak Greyhound performance over the course of the
racing season or multiple seasons. Moreover, carnitine
supplementation is legal and will not interfere with
drug testing. This question and the role of the L-carni-
tine-induced elevation of haematocrit in reducing
muscle damage and potentially improving racing per-
formance deserve to be evaluated in a larger-scale pro-
spective study. No evidence was found for L-carnitine
decreasing peak plasma lactate concentrations.

Acknowledgements

We are grateful to the following individuals who con-
tributed significantly to this work: Maury Flynn, Dr
Jim Smart, Rhonda Beaupret, Sue Hageman, Dr
Danielle Padilla, Dr José Cruz, Jonuel Cruz, Darin
Tamplin, Melissa Peterson, Katie Edwards, Darcy
Olson, Kally Bowen, Shayna C. Poole, Lindsey McClin-
tock, Joe Larson, Barb Lutjemeier, Joe Hodson, Ron
Kaptur, Marie Benitez, Jean Caunlenbergh, Andrew
Steiber, Stephanie Day, Christine Rotunno, Dr Milton
Bird, Dr Leo Ferreira, Kim Lawson, Dr Debra Hall,
Jim Dager and Coy Macy. This work received funding
support from Lonza, Inc.

References

1 Gulewitsch WKR (1905). Zur Kenntnis der Extraktions-
stoffe der Muskeln 2. Mitteilungen uber das Carnitin
(extracted substances in muscle, report on carnitine).
Hoppe-Seyler’s Zeitschrift fiir Physiologische Chemie 45:
326-330.

2 Karlic H and Lohninger A (2004). Supplementation of L-car-
nitine in athletes: does it make sense? Nutrition 20:
709-715.

3 Volek JS, Kraemer WJ, Rubin MR, Gomez AL, Ratamess NA
and Gaynor P (2002). -Carnitine L-tartrate supplementation
favorably affects markers of recovery from exercise stress.
American Journal of Physiology. Endocrinology and
Metabolism. 282: E474-E482.

4 Brass EP and Hiatt WR (1998). The role of carnitine and
carnitine supplementation during exercise in man and in



L-carnitine and racing Greyhounds

10

11

12

13

14

15

16

17

18

19

20

individuals with special needs. Journal of the American
College of Nutrition 17: 207-215.

Arenas J, Huertas R, Campos Y, Diaz AE, Villalon JM and
Vilas E (1994). Effects of L-carnitine on the pyruvate dehy-
drogenase complex and carnitine palmitoyl transferase
activities in muscle of endurance athletes. FEBS Letters
34: 91-93.

Vecchiet L, Di Lisa E Pieralisi G, Ripari P, Menabo R,
Giamberardino MA and Siliprandi N (1990). Influence of
L-carnitine administration on maximal physical exercise.
European Journal of Applied Physiology and Occu-
pational Physiology 61: 486-490.

Oyono-Enguelle S, Freund H, Ott C, Gartner M, Heitz A,
Marbach J, Maccari E Frey A, Bigot H and Bach AC
(1988). Prolonged submaximal exercise and L-carnitine in
humans. European Journal of Applied Physiology and
Occupational Physiology 58: 53-61.

Dragan IG, Vasiliu A, Georgescu E and Eremia N (1989).
Studies concerning chronic and acute effects of L-carnitine
in elite athletes. Physiologie 26: 111-129.

Trappe SW, Costill DL, Goodpaster B, Vukovich MD and
Fink WJ (1994). The effects of L-carnitine supplementation
on performance during interval swimming. International
Journal of Sports Medicine 15: 181-185.

Matsumura M, Hatakeyama S, Koni I and Mabuchi H (1998).
Effect of L-carnitine and palmitoyl-L-carnitine on erythroid
colony formation in fetal mouse liver cell culture. American
Journal of Nepbrology 18: 355-358.

Giamberardino MA, Dragani L, Valente R, Saggini R and
Vecchiet L (1996). Effects of prolonged L-carnitine adminis-
tration on delayed muscle pain and CK release after
eccentric effort. International Journal of Sports Medicine
17: 320-324.

Kraemer WJ, Volek JS, French DN, Rubin MR, Sharman MJ,
Gomez AL, Ratamess NA, Newton RU, Jemiolo B, Craig BW
and Hakkinen K (2003). The effects of L-carnitine L-tartrate
supplementation on hormonal responses to resistance exer-
cise and recovery. Journal of Strength and Conditioning
Research 17: 455-462.

Siliprandi N, Di Lisa F and Menabo R (1990). Clinical use of
carnitine past, present and future. Advances in Experimen-
tal Medicine and Biology 272: 175-181.

Barnett C, Costill DL, Vukovich MD, Cole KJ, Goodpaster
BH, Trappe SW and Fink WJ (1994). Effect of r-carnitine
supplementation on muscle and blood carnitine content
and lactate accumulation during high-intensity sprint
cycling. International Journal of Sport Nutrition 4:
280-288.

Costell M and Grisola S (1993). Effect of carnitine feeding
on the levels of heart and skeletal muscle carnitine of
elderly mice. FEBS Letters 315: 43-46.

Janssens GP, Hesta M, Debal V, Debraeker J and De Wilde RO
(2000). L-carnitine supplementation in breeding pigeons:
impact on zootechnical performance and carnitine metab-
olism. Reproduction, Nutrition, Development 40: 535-548.
Rivero JLL, Sporleder HP, Quiroz-Rothe E, Vervuert I, Coenen
M and Harmeyer J (2002). Oral r-carnitine combined with
training promotes changes in skeletal muscle. Equine Veter-
inary Journal Supplement 34: 269-274.

Thomson JA, Green HJ and Houston ME (1979). Muscle gly-
cogen depletion patterns in fast twitch fibre subgroups of
man during submaximal and supramaximal exercise. Pflu-
gers Archives 379: 105-108.

Gunn HM (1989). Heart weight and running ability. Journal
of Anatomy 167: 225-233.

Poole DC (1997). Influence of exercise training on skeletal
muscle oxygen delivery and utilization. In: Crystal RG, West

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

147

JB, Weibel ER and Barnes PJ (eds) The Lung: Scientific
Foundations. New York, NY: Raven Press, pp. 1957-1967.
Poole DC and Erickson HH (2004). Heart and vessels: Func-
tion during exercise and response to training. In: Hinchcliff
KW, Geor RJ and Kaneps AJ (eds) Equine Sports Medicine
and Surgery - Basic and Clinical Sciences of the Equine Ath-
lete. New York, NY: WB Saunders, pp. 699-727.

Klapcinska B, Iskra J, Poprzecki S and Grzesiok K (2001).
The effects of sprint (300m) running on plasma lactate,
uric acid, creatine kinase and lactate dehydrogenase in com-
petitive hurdlers and untrained men. The Journal of Sports
Medicine and Physical Fitness 41: 306-311.

Parvin R and Pande SV (1977). Microdetermination of
(—)carnitine and carnitine acetyltransferase activity. Ana-
lytical Biochemistry 79: 190-201.

Dunnett M, Harris RC, Dunnett CE and Harris PA (2002).
Plasma carnosine concentration: diurnal variation and
effects of age, exercise and muscle damage. Equine Veterin-
ary Journal Supplement 34: 283-287.
Constantin-Teodosiu D, Cederblad G and Hultman E (1992).
PDC activity and acetyl group accumulation in skeletal
muscle during prolonged exercise. Journal of Applied
Physiology 73: 2403-2407.

Stray-Gundersen J, Musch TI, Haidet GC, Swain DP,
Ordway GA and Mitchell JH (1986). The effect of pericar-
diectomy on maximal oxygen consumption and maximal
cardiac output in untrained dogs. Circulation Research
58: 523-530.

Gledhill N (1982). Blood doping and related issues: a brief
review. Medicine and Science in Sports and Exercise 14:
183-189.

Chanoit GP, Lefebvre HP, Orcel K, Laroute V, Toutain PL and
Braun JP (2001). Use of plasma creatine kinase pharmacoki-
netics to estimate the amount of exercise-induced muscle
damage in Beagles. American Journal of Veterinary
Research 62: 1375-1380.

Piercy RJ, Hinchcliff KW, DiSilvestro RA, Reinhart GA,
Baskin CR, Hayek MG, Burr JR and Swenson RA (2000).
Effect of dietary supplements containing antioxidants on
attenuation of muscle damage in exercising sled dogs.
American Journal of Veterinary Research 61: 1438-1445.
Clarkson PM, Kearns AK, Rouzier P, Rubin R and Thompson
PD (2006). Serum creatine kinase levels and renal function
measures in exertional muscle damage. Medicine and
Science in Sports and Exercise 38: 623-627.

Lindenfeld J, Weil JV, Travis VL and Horwitz LD (2005).
Regulation of oxygen delivery during induced polycythemia
in exercising dogs. American Journal of Physiology. Heart
and Circulation Physiology 289: H1821-H1825.

Wagner PD, Erickson BK, Kubo K, Hiraga A, Kai M, Yamaya
Y, Richardson R and Seaman J (1995). Maximum oxygen
transport and utilization before and after splenectomy.
Equine Veterinary Journal Supplement 18: 82-89.

Dane DM, Hsia CC, Wu EY, Hogg RT, Hogg DC, Estrera AS
and Johnson RL Jr (2006). Splenectomy impairs diffusive
oxygen transport in the lung of dogs. Journal of Applied
Physiology 101: 289-297.

Hellsten Y, Hansson HA, Johnson L, Frandsen U and Sjodin
B (1996). Increased expression of xanthine oxidase and
insulin-like growth factor I IGF-I) immunoreactivity in skel-
etal muscle after strenuous exercise in humans. Acta Phy-
siologica Scandinavica 157: 191-197.

Vina J, Gimeno A, Sastre J, Desco C, Asensi M, Pallardo FV,
Cuesta A, Ferrero JA, Terada LS and Repine JE (2000). Mech-
anism of free radical production in exhaustive exercise in
humans and rats; role of xanthine oxidase and protection
by allopurinol. IUBMB Life 49: 539-544.



