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Abstract A double-blind crossover field study was 
performed to investigate the effects of acute L-carnitine 
supplementation on metabolism and performance of 
endurance-trained athletes during and after a mara- 
thon run. Seven male subjects were given supplements 
of 2 g L-carnitine 2 h before the start of a marathon run 
and again after 20 km of the run. The plasma concen- 
tration of metabolites and hormones was analysed 1 h 
before, immediately after and 1 h after the run, as well 
as the next morning after the run. In addition, the 
respiratory exchange ratio (R) was determined before 
and at the end of the run, and a submaximal perfor- 
mance test was completed on a treadmill the morning 
after the run. The administration of L-carnitine was 
associated with a significant increase in the plasma 
concentration of all analysed carnitine fractions (i.e. 
free carnitine, short-chain acylcarnitine, long-chain 
acylcarnitine, total acid soluble carnitine, total carni- 
tine) but caused no significant change in marathon 
running time, in R, in the plasma concentrations of 
carbohydrate metabolites (glucose, lactate, pyruvate), 
of fat metabolites (free fatty acids, glycerol, ]~-hy- 
droxybutyrate), of hormones (insulin, glucagon, corti- 
sol), and of enzyme activities (creatine kinase, lactate 
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dehydrogenase). Moreover, there was no difference in 
the result of the submaximal performance test the 
morning after the run. In conclusion, acute administra- 
tion of L-carnitine did not affect the metabolism or 
improve the physical performance of the endurance- 
trained athletes during the run and did not alter their 
recovery. 

Key words Carnitine • Endurance exercise • 
Ergogenic.  Marathon 

Introduction 

The use of carnitine as a potential ergogenic aid is 
widespread among athletes of any performance cat- 
egory. Several mechanisms have been proposed as to 
how the administration of carnitine could improve 
physical performance. It has been suggested that 
L-carnitine could increase fatty acid oxidation, since it 
is required for transport of fatty acids across the inner 
mitochondrial membrane (Fritz 1955). In addition, it 
has been found that carnitine in skeletal muscle acts as 
a buffer of free coenzyme A (CoA), which is critical in 
maintaining normal energy metabolism in skeletal 
muscle (Friolet et al. 1994). An improvement in phys- 
ical performance caused by one or both of these mecha- 
nisms would require that a sufficient amount of 
L-carnitine enters skeletal muscle. Hultman et al. (1991) 
have calculated that a carnitine bolus of 2 g would 
theoretically increase the muscle carnitine content by 
only one or two percent. Recently, Brass et al. (1994) 
have shown that a short-term intravenous administra- 
tion of carnitine did not change the muscle carnitine 
content at all. Even after long-term supplementation 
with 4 g'd-1 for 14 days no increase in muscle total 
carnitine content has been found (Barnett et al. 1994). It 
has been proposed that carnitine may stabilize the 
immune system against a downregulation and weaken- 
ing induced by extreme exercise (Uhlenbruck and van 
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Mill 1992), for which only an increase in blood carni- 
tine content would be necessary, but also in this case no 
effects on performance could be expected. 

In several studies the effects of an acute or chronic 
carnitine supplementation on both progressive high- 
intensity and endurance exercise have been investi- 
gated, with some studies showing an increase and 
others no change in physical performance (for reviews 
see Ceretelli and Marconi 1990; Wagenmakers 1991). 
Cooper et al. (1986) have examined the influence of 
carnitine administration on very long-lasting exercise 
such as marathon running. However, in that study only 
few physiological parameters were analysed and the 
supplementation was provided chronically (4 g-d 1 
for 10 days). To the best of our knowledge, the effect of 
a carnitine bolus on endurance exercise performance 
has so far not been investigated. Nevertheless, and in 
spite of some evidence that an acute carnitine adminis- 
tration will not alter muscle performance, this is a com- 
mon administration pattern among athletes in practice. 

The aim of this study was therefore to assess whether 
a carnitine bolus provided just before and during 
a marathon run had any influence on running perfor- 
mance and on energy metabolism during and after the 
run. Moreover, a submaximal performance test in the 
morning after the run was done to investigate possible 
effects on the recovery. 

Methods 

SubJects 

to the sequences of the treatment. A wash-out period of 4 weeks was 
chosen between the treatments. During the wash-out period the 
athletes followed their habitual eating and training patterns. The 
subjects were advised to eat qualitatively the same carbohydrate rich 
meals for breakfast on the running day and for dinner the day before 
the run on both occasions. No physical activity was allowed the day 
prior to the run, and 2 days before the run only slight exercise was 
permitted. 

The running distance was 42.8 km (altitude difference: 800 m). The 
respiratory exchange ratio (R) was determined on a treadmill before 
the start and at the end of the run using a half-open system (Oxycon 
Sigma, Mijnhardt, Bunnik, Netherlands). The athletes were forced to 
drink 125 ml of sugared tea (65 g sucrose .1-1) every 5 km during the 
run and 500 ml during the recovery period of 1 h. In addmon, they 
were allowed to drink water ad libitum, but food intake was not 
permitted After both runs, the subjects were advised to eat quali- 
tatively and quanntatlvely the same food between 1 h after the run 
and the morning after the run. 

The L-carmtine or placebo was administered 2 h before the start 
(two tablets containing 1-g L-carmtine or placebo), and after 20 km 
of the run (two tablets containing 1-g L-carmtlne or placebo). The 
L-carnitine and placebo were mdmtinguishable in shape and taste, 
and were kindly supphed by Sigma-Tau, Zofingen, Switzerland. 

Blood sampling 

Blood samples (20 ml) were collected from the antecubital vein into 
Vacutainer tubes (Becton Dickinson Vacutamer System, Rutherford 
New Jersey. USA) 1 h before (tl), immedlately after (t2), 1 h after (t3), 
and the morning after the run (t4). For glucagon analysis 500 KIU 
Aprotinin (Bohrmger Mannheim GmbH, Mannhelm, Germany) 
were added to a glass tube containing 1-ml blood, which was 
immediately centrifuged for 10 rain at 4cC and 2000 g. and the 
plasma was stored in a glass tube at - 2 0  °C. The remaining 19-ml 
blood were also centrifuged and the plasma was stored under the 
same conditions without additive. 

Ten endurance-trained male athletes volunteered to take part in this 
study and gave their written consent after having been informed 
about the purpose and possible risks of the study. The athletes were 
chosen on condition that they would be able to perform two mara- 
thon runs (maximal runmng rime for one marathon: 31/2 h) within 
4 weeks. As three subjects did not complete both runs, only seven 
subjects were included in statistical analysis. Some physical charac- 
teristms of athletes are shown in Table 1. 

Experimental design 

The study was designed using the double-blind crossover techmque 
and performed as a field test. The athletes were allocated at random 

Biochemical analysis 

The carnltme concentration fractions were analysed using a radio- 
enzymatic assay as originally described by Cederblad and Lindstedt 
(1972) and modified by Brass and Hoppel (1978). A volume of 1 ml of 
6 % (w: w) perchlorlc acid was added to 1-ml plasma and centrifuged 
for 2 min at 10,000 g. Free carnitlne (free Cn) and total acid soluble 
carnltine (TAS Cn) were determined in the supernatant, and long- 
chain acylcarnitine (LCA Cn) was analysed m the pellet after alka- 
line hydrolysis. Total carnitine (total Cn) was calculated as the sum 
of TAS Cn and LCA Cn, and short-chain acylcarnitine (SCA Cn) as 
the difference between TAS and free Cn. 

The hormone concentrations were analysed using commer- 
cially available radio-immunoassay kits (insuhn: Kabi Pharmacia 

Table 1 Characteristics of the subjects, go2 max Maximal oxygen uptake 

Subject no. Age Body mass Height Body Mass Index 1/O2 max 
(year) (kg) (cm) (ml.mln- 1 kg 1) 

1 24 69 177 22.0 73 
2 39 72 190 19.9 54 
3 35 72 182 21.7 60 
4 32 72 178 22.7 62 
5 48 67 171 22.7 61 
6 37 64 173 21.4 68 
7 36 67 175 21.9 56 
Mean 36 69 178 21.8 62 
SEM 3 1 2 0.4 2 
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Diagnostics, Uppsala, Sweden: glucagon and cortisol: Diagnostic 
Products Corporation, Los Angeles, USA), and all other metabolites 
using enzymatic assays at 37°C on a COBAS-MIRA analyser 
(Hoffmann-La Roche, Basel, Switzerland). 

Submaximal performance test 

After the last blood sample the morning after the run, a submaximal 
exercise test was performed on a treadmill to determine the aerobic- 
anaerobic threshold. Following a light warming-up the athletes 
exercised at four intensities on the treadmill at increasing running 
speeds beginning with 10 kin'h-1. The increment in speed was 
2 kin-h-1 After having completed 3 mm at a given speed, a hy- 
peraemlzed blood sample (20 ~tl) was taken from the earlobe and 
lactate concentration was immediately analysed enzymatically using 
a LP 400 photometer (Dr. Lange, Zurich, Switzerland). During the 
test, the heart rate was recorded using a heart rate monitor (Sport 
Tester PE 4000, Polar Electro, Kempele, Finland). The running 
speed at the 4-mmol lactate concentration threshold was determined 
by nonlinear regression. 

Statistical analysis 

Using the Statgraphics software (STSC Inc., Rockvllle Maryland, 
USA) a Friedman two-way analysis by ranks was performed to 
detect treatment differences between the times tl to t3. In addition, 
a Wilcoxon paired rank test was performed within the treatment 
groups with the carnitine fractions. The significance level was set at 
P = 0.05. 

(SEM 0.01), carni t ine 0.85 (SEM 0.01)] did no t  differ 
significantly between the two groups.  

Carn i t ine  f ract ions  

The  results of  the Cn  fract ions are listed in Table  2. 
Carn i t ine  admin i s t r a t ion  was associa ted with a signifi- 
can t  increase in the p l a sma  concen t r a t i on  of  all carni-  
t ine f ract ions  c o m p a r e d  to the p lacebo  group.  The  
wi th in -g roup  analysis  in the carn i t ine- t rea ted  g r o u p  
revealed a significant e levat ion in the p l a sma  concen-  
t ra t ion  of  all carni t ine fract ions immedia te ly  after and  
1 h after the run  c o m p a r e d  to the respective values at 
the start. Similarly, the p lacebo  g r o u p  showed  a signifi- 
cant  increase in p l a sma  concen t ra t ions  of  TAS Cn, 
SCA Cn, L C A  Cn, and  tota l  Cn  immedia te ly  after and  
1 h after the run,  bu t  free Cn  had  decreased significantly 
at these two times. In  the m o r n i n g  after the run, p l a sma  
concen t ra t ions  of  free C n  and  tota l  Cn  were still elev- 
a ted in b o t h  t r ea tmen t  g roups  and  SCA Cn  and  L C A  
Cn  had  re turned  to baseline concen t r a t ions  (tl). The  
SCA Cn: TAS Cn  rat io had  increased significantly 
immedia te ly  after and  1 h after the run  and  had  re- 
tu rned  to p re - run  values in b o t h  g roups  the m o r n i n g  
after the run. 

Results 

R u n n i n g  t ime and  R 

The  runn ing  t ime of  the p lacebo  g r o u p  [198 (SEM 8) 
min]  was no t  significantly different f rom tha t  of  the 
ca rn i t ine -supplemented  g r o u p  [197 (SEM 9) min] .  The  
m e a n  R before the run  [p lacebo  h00  (SEM 0.01), carni-  
tine 1.00 ( S E M  0.00)] and  after the run  [p lacebo  0.86 

Metabol i tes  and  h o r m o n e s  

P l a s m a  concen t ra t ions  of  the different metabol i tes  and  
hormones ,  and activities of  enzymes are listed in Table  3. 
Statistical analysis revealed no significant differences 
be tween the two g roups  for concen t ra t ions  of  c a r b o h y -  
dra te  metabol i tes  (glucose, lactate, pyruvate) ,  fat 
metabol i tes  (free fat ty acid (FFA),  ~ - h y d r o x y b u t y r a t e  
(BHB), glycerol), h o r m o n e s  (insulin, g lucagon,  cortisol), 

Table 2 Characteristics of the plasma carmtine pool at different times. The asterisks denote a sigmficant difference (P < 0.05) within the 
individual treatment group compared to tl (Wilcoxon paired rank test). The P value shows the level of significance of the Friedman two-way 
analysis by ranks (the time t4 was not considered). Free Cn free carnitine, TAS Cn total acid soluble carnitlne, SCA Cn short-chain 
acylcarnitme, LCA Cn long-chain acylcarmtine, Total Cn total carnitine 

Parameter Treatment Before r u n  (/1) After run (t2) After run + i h (t 3) + 1 day (t4) P value 

Mean SEM Mean SEM Mean SEM Mean SEM 

41.5 2.9 *33.0 1.4 *33.8 3.6 *47.9 2.6 0.005 
45.8 2.0 *70.0 4.9 *70.9 7.4 *58.0 4.2 
47.0 2.6 *56.2 2.4 "51.6 3.1 *56.5 3.7 0.000 
52.8 1.7 "109.4 7.3 '110.6 10.2 *66.0 5.1 
5.6 0.7 "23.1 1.6 "17.9 2.4 *8.6 2.2 0.000 
7.0 0.8 *39.3 4.7 *39.8 4.1 8.0 1.6 
4.4 0.2 *8.4 0.9 *6.2 0.6 *4.4 0.3 0.000 
5.1 0.2 "13.0 1.3 "12.6 1.5 "5.1 0.4 

51.4 2.8 *64.6 2.9 *57.8 3.6 *60.9 3.8 0.000 
57.9 1.6 "122.4 8.3 '123.2 11.5 "71.2 5.2 
0.12 0.02 "0.41 0.02 *0.35 0.04 0.15 0.03 0.074 
0.13 0.02 *0.36 0.03 *0.36 0.03 0.12 0.02 

Free Cn Placebo 
(~mol • 1-1) Carnitine 
TAS Cn Placebo 
(#tool ' 1-1) Carnatlne 
SCA Cn Placebo 
(pmol' 1 1) Carnltme 
LCA Cn Placebo 
(#mol' 1-1) Carnitine 
Total Cn Placebo 
(#mol. 1 1) Carnitine 
SCA Cn: Placebo 
TAS Cn Carnitlne 
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Table 3 Metabolite and hormone concentrations, and enzyme activities at different times. The time t~ was not considered for the statistical 
analysis among the treatments. The P-value shows the level of significance of the Friedman two-way analysis by ranks. FFA Free fatty acid, 
BHB/3-hydroxybutyrate, LDH Lactate dehydrogenase CK creatine klnase 

Parameter Treatment Before run (t 1) After run (t2) After run + 1 h (t3) + 1 day (t4) P value 

Mean SEM Mean SEM Mean SEM Mean SEM 

Glucose Placebo 5.3 0.4 6.3 0.2 7.3 0 4 4.9 0.3 0.83 
(mmol - 1-1) Carmtine 4.4 0.3 6.1 0.5 7.7 0.5 4.7 0.3 
Lactate Placebo 1.3 0.1 1.3 0.1 1.5 0.2 1.2 0.2 0.83 
(mmol' i- 1) Carnitine 1.4 0.1 1.4 0 1 1.5 0.1 1.3 0.2 
Pyruvate Placebo 80 10 90 10 90 10 80 20 0.18 
(#mol 1 -1 )  Carnitme 80 10 90 10 100 10 I10 10 

FFA Placebo 0.16 0.04 1.57 0.10 1.08 0.12 0.15 0.02 0.51 
(mmoI' 1-1 ) Carmtine 0.16 0.03 1.58 0.12 1.06 0.17 0.16 0.03 
Glycerol Placebo 0.05 0.01 0.15 0 01 0.07 0.01 0.06 0.01 0.83 
(mmol" 1 - 1) Carnitine 0.05 0.01 0.13 0.01 0.08 0.01 0.07 0.01 
BHB Placebo 20 10 100 10 140 30 30 0 0.07 
(#tool. l- 1) Carmtine 20 10 170 40 260 70 30 10 

Insulin Placebo 20.0 5.5 3.6 0 7 6.5 1.4 8.6 1.5 0.65 
(#U' 1 - 1 )  Carnitine 15.7 3.6 3.0 0.5 6.4 1.5 12.0 3.3 
Glucagon Placebo 220 20 290 20 210 10 - 0.83 
Ing' 1 - 1 )  Carnltine 220 20 290 30 210 10 - 
CorUsol Placebo 610 50 1310 90 1060 80 480 60 0 51 
(nmol ' 1 -1)  Carnitine 620 70 1270 100 1110 100 410 40 

LDH Placebo 510 110 1040 60 800 70 720 70 0.83 
(U-1 1) Carmtine 750 100 1000 110 910 90 880 70 
CK Placebo 160 20 430 60 420 50 2060 940 0.13 
(U- 1 - i) Carnitine 240 60 460 50 480 50 1180 390 

and enzyme activities (lactate dehydrogenase,  creatine 
kinase). 

Submaximal  per formance  test 

The running speed at the 4 -mmol  lactate threshold was 
16.1 (SEM 0.5) km.h -1 versus 15.4 (SEM 0.3) k m ' h  1 
(P > 0.05) for the placebo and the carnit ine group,  
respectively. 

Discussion 

The main  finding of our  s tudy was that  no significant 
changes were detected in p lasma  concentra t ions  of 
ca rbohydra te  and fat metaboli tes ,  hormones ,  and in 
R between the placebo and carni t ine-treated groups. 
Since t rea tment  with carnit ine did not  affect R at the 
end of the mara thon ,  we can assume that  substrate  
utilization during the run was not  modif ied by carni- 
tine. This m a y  explain why no difference in perfor-  
mance,  i.e. running time, could be detected between the 
two t rea tment  groups.  Our  results concerning R are 
comparab le  with previous findings of Marcon i  et al. 
(1985), who also has not  found differences in R between 
placebo and carni t ine-treated subjects during a similar 

endurance exercise test (120 min at 65 % maximal  oxy- 
gen uptake,  1/O2 max),  a l though the carnitine supple- 
menta t ion  was chronic. Other  studies using different 
designs have repor ted  either a decrease in R after 
L-carni t ine supplementa t ion  (Goros t iaga  et al. 1989: 
Maure r  1987; Wyss et al. 1990) or no difference between 
placebo and carni t ine-treated subjects (Brass et al. 
1994; Greig et al. 1987; Oyono-Enguel le  et al. 1988; 
Wyss et al. 1990). Al though these studies differ in carni- 
fine adminis t ra t ion and type and intensity of the exer- 
cise performed,  the exact reason for the divergent 
results remains unclear. 

P l a sma  F F A  and glycerol (see Table  3) had  an al- 
mos t  identical t ime course in bo th  t rea tment  groups. As 
the glycerol concentra t ion in p lasma can be considered 
as an indicator  of lipolysis, our  results indicated that  
acute adminis t ra t ion  of carnitine had no significant 
effect on adipose tissue lipolysis during exercise. In line 
with our  results, no significant changes in either p lasma 
F F A  or glycerol at rest or after exercise have been 
detected in studies of chronic carnitine supplementa-  
t ion (F6hrenbach et al. 1993; Goros t i aga  et al. 1989; 
Maure r  1987; Oyono-Enguel le  et al. 1988; Soop et al. 
1988; Wyss et al. 1990). In one study, a significant 
decrease in percentage of body  fat f rom 12.74 % at 
12.18 % has been repor ted  in 17 highly trained athletes 
during a precompet i t ion  training phase  after long- term 
adminis t ra t ion  of L-carnit ine (30 m g ' d - l . k g - i  
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body mass for 3 weeks; F6hrenbach et al. 1993). 
However, because there was no control group in this 
study, the possibility cannot be excluded that the de- 
crease in body fat was mainly due to the highly inten- 
sive training per se and not to the action of L-carnitine. 

A high correlation (r = 0.92) between total Cn con- 
tent in liver and hepatic ketogenesis has been described 
in rats (McGarry et al. 1975). The same correlation 
probably exists in human liver, although the rate of 
ketogenesis in rat liver cells has been shown to be 
higher than in human liver cells (Emmison and Agius 
1988). Similar to the carnitine concentration in plasma, 
the hepatic carnitine concentration may have been in- 
creased after administration of carnitine, since it has 
been well established that plasma and liver carnitine 
pools interact closely with each other (Bremer 1983; 
Ruff et al. 1991). Significantly higher blood BHB con- 
centrations at rest and after 60 rain of bicycle exercise 
at 50 % 1/O2 max have been described after a 28 day- 
long supplementation with 2 g ' d - 1  L-carnitine 
(Oyono-Enguelle et al. 1988). In our study, the plasma 
BHB concentrations were not statistically different be- 
tween the treatment groups. In any case, since during 
exercise fatty acid oxidation in the liver accounts only 
for a minor part of whole-body fatty acid oxidation, no 
change in R and, more important, no effects on perfor- 
mance would be expected after an increase in liver fatty 
acid oxidation. As described above, there was no de- 
tectable treatment difference in our R result or in the 
study of Oyono-Enguelle et al. (1988). 

Similar to fat metabolites, the exercise-induced cha- 
nges in plasma concentrations of carbohydrate metab- 
olites did not differ between the two groups (see 
Table 3). Together with the R data, this indicated that 
glucose utilization during the run was not altered by 
carnitine. It has been found that by acting as an acetyl- 
CoA acceptor and thus reducing product inhibition of 
the pyruvate dehydrogenase complex (Newsholme and 
Leech 1994), carnitine might diminish lactate produc- 
tion during supramaximal exercise. However, acute 
intravenous carnitine administration has been shown 
not to increase muscle carnitine content (Brass et al. 
1994), which would be necessary if lactate production 
were to be affected. Moreover, even after supramaximal 
exercise following chronic carnitine supplementation 
no effect on lactate accumulation in muscle (Barnett et 
al. 1994) or plasma lactate concentration has been 
observed (Greig et al. 1987; Marconi et al. 1985; Trappe 
et al. 1994; Wyss et al. 1990). 

No treatment effect was registered in the response 
pattern of concentrations of the hormones insulin, 
glucagon, and cortisol (see Table 3). To our knowledge, 
there are no data available about these hormones dur- 
ing exercise after L-carnitine supplementation. 

In summary, an acute L-carnitine load of 2 g before 
and during a long-distance run did not cause any 
improvement in running performance. Similarly, there 
were no significant difference in R and plasma concert- 

tration of metabolites and hormones between the treat- 
ment groups. Moreover, no treatment effect was ob- 
served in the performance at the aerobic-anaerobic 
threshold during a submaximal test the morning after 
the run. In line with the failure of acute carnitine 
administration to increase muscle carnitine content, the 
present results demonstrated that an acute L-carnitine 
supplementation had no ergogenic effect and did not 
improve the recovery in endurance-trained athletes 
performing a long-distance run. 
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