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oxidation during low- and high-intensity exercise. Am. J. 
Physiol. 272 (Endocrinol. Metab. 35): El065-El070,1997. -In 
the present study we examined the hypothesis that fatty acid 
oxidation is less during high-intensity exercise than during 
moderate-intensity exercise because of inhibition of long- 
chain fatty acid entry into the mitochondria. Six volunteers 
exercised at 40% peak oxygen consumption (voZpeak) for 60 
min and at 80% Vozpeak for 30 min on two different occasions. 
[lJ3C]oleate, a long-chain fatty acid, and [l-14C]octanoate, a 
medium-chain fatty acid, were infused for the duration of the 
studies. Lipids and heparin were infused during exercise at 
80% vo2 peak to prevent the expected decrease in plasma free 
fatty acid (FFA) concentration. Plasma oleate and total FFA 
availability were similar in the two experiments. Oleate 
oxidation decreased from 2.8 ? 0.6 (40% V@p&) to 1.8 t 
0.2 pmol l kg-l l min+(80% 90 2peak, P < 0.05), whereas octano- 
ate oxidation increased from 1.0e-05 ? l.0e-06 (40% 902pe&) to 
1.3e-05 5 5.1e-06 ~mol*kg-l*min-l (80% voZpeak, P < 0.05). 
Furthermore, the percentage of oleate uptake oxidized de- 
creased from 67.7 t 2.8% (40% VO2peak) to 51.8 t 4.6% (80% 
vo 2 peak, P < 0.05), whereas the percentage of octanoate 
oxidized was similar during exercise at 40 and 80% vogpeak 
(84.8 t 2.7 vs. 89.3 t 2.7%, respectively). Our data suggest 
that, in addition to suboptimal FFA availability, fatty acid 
oxidation is likely limited during high-intensity exercise 
because of direct inhibition of long-chain fatty acid entry into 
mitochondria. 
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FATTY ACID RELEASE into plasma and oxidation decrease 
as exercise intensity increases from 65 to 85% of peak 
oxygen consumption (+O 2peak) (12). However, the fall in 
plasma free fatty acid (FFA) availability cannot fully 
explain the decrease in fatty acid oxidation because, 
when plasma FFA concentration was raised to 2 mM 
during exercise at 85% VOzpeak, it remained lower than 
during exercise at 65% ?Ozpeak, although fatty acid oxi- 
dation increased (12, 13). We have recently presented 
data supporting the hypothesis that the intracellular 
glucose availability determines the nature of substrate 
oxidation in human volunteers at rest (18). Specifically, 
we have shown that an increase in glycolytic flux, by 
infusing insulin and glucose, decreases fat oxidation by 
inhibiting fatty acid entry into the mitochondria (17). 
This concept has been previously tested in isolated rat 
hearts, in which it was shown that increased glucose- 
derived acetyl-CoA levels activated acetyl-CoA carbox- 
ylase, resulting in an increase in malonyl-CoA inhibi- 
tion of fatty acid oxidation (14). In the present study, we 
tested the hypothesis that fatty acid oxidation de- 

creases during high-intensity exercise because of inhibi- 
tion of long-chain fatty acid (LCFA) entry into the 
mitochondria, possibly mediated by the increase in 
glycolytic flux during high-intensity exercise. 

The mechanism by which glycolytic flux may regu- 
late fatty acid oxidation is not well understood. A 
potential mechanism has been proposed from work in 
rat livers (7). Activated LCFA must bind to carnitine, a 
reaction catalyzed by the enzyme carnitine palmitoyl- 
transferase I (CPT-I), to enter into the mitochondrial 
matrix (5). The product of this reaction, fatty acyl- 
carnitine, is transported across the inner mitochondrial 
membrane via the carnitine-acylcarnitine translocase 
system (11). Findings from in vitro studies suggest that 
increased pyruvate availability increases malonyl-CoA 
formation (7-9), which inhibits CPT-I (7), thereby 
decreasing fatty acid oxidation. We have recently dem- 
onstrated that this mechanism may operate in human 
volunteers at rest, based on the observation that accel- 
erated glycolytic flux inhibited LCFA but not CPT-I- 
independent medium-chain fatty acid (MCFA) oxida- 
tion (17). 

The mechanism(s) regulating fatty acid oxidation 
during exercise might be different from that at rest. 
Unlike that in the resting state (17), the ratio of 
intramitochondrial acetyl-CoA to nonesterified CoA in- 
creases as exercise intensity increases (4), which could 
decrease fatty acid P-oxidation via feedback inhibition 
of 3-ketoacyl-CoA thiolase (15). If this is the case, then 
both LCFA and MCFA oxidation would be affected 
because both undergo P-oxidation once they have en- 
tered the mitochondria. 

The aim of the present study was to test the hypoth- 
esis that inhibition of LCFA entry into mitochondria is, 
at least in part, responsible for the decrease in fatty 
acid oxidation during high-intensity exercise. We com- 
pared LCFA and MCFA oxidation during exercise at 40 
and 80% ?O 2peak in human volunteers. Isotopic tracers, 
[ 1-13C]oleate and [ 1-14C]octanoate, were infused to de- 
termine LCFA and MCFA oxidation, respectively. Un- 
like oleate, which requires CPT-I for oxidation, octano- 
ate can freely diffuse across the inner mitochondrial 
membrane (5). Therefore, if inhibition of LCFA entry 
into the mitochondria decreases fatty acid oxidation 
during exercise at 80% VO2peaky oleate, but not octano- 
ate, oxidation should decrease in the transition from 
low- to high-intensity exercise. 

METHODS 

Volunteers 

Six male volunteers (age 30 rfr. 3 
* 4.0 iTO2peak 34.1 

yr, weight 74 ? 8 kg, height 
173.8 cm, t 3.2 ml kg-l*rnin-l) partici- 

0193-1849/97 $5.00 Copyright. o 1997 the American Physiological Society El065 



El066 REGULATION OF FATTY ACID OXIDATION DURING EXERCISE 

pated in this study. All volunteers were healthy, as indicated 
by comprehensive history, physical examination, and stan- 
dard blood and urine tests, and consented to participate in 
this study, which was approved by the Institutional Review 
Board and the General Clinical Research Center of the 
University of Texas Medical Branch at Galveston. 

Experimental Design 

All experiments were performed in the morning, after the 
volunteers had fasted overnight (i.e., 12 h). Teflon catheters 
were placed percutaneously into an antecubital vein for 
isotope infusion and into a contralateral dorsal hand vein, 
which was heated for sampling of arterialized venous blood. 
After blood and breath samples were obtained for the determi- 
nation of background enrichments, one of the following two 
experimental protocols was performed. 

ProtocoZ 1. The volunteers performed exercise either at 
40% ire +eak for 60 min (Fig. 1, upper panel) or at 80% VoQeak 
for 30 min (Fig. 1, lower panel). The order of the trials was 
randomized and -1 wk separated the two trials. At the 
beginning of exercise, an infusion of [1-14C]octanoate (ICN 
Radiochemicals, Irvine CA; prime = 16.0 nCi/kg, constant 
infusion = 1.0 nCi* kg-l 0min-l) and [1-13C]oleate (99% 
enriched, MSD Isotopes, Montreal, Canada; 0.15 pmol l kg-l l 

min), MCFAs and LCFAs, respectively, were started and 
continued for the duration of the exercise. The bicarbonate 
pools were primed via bolus infusions of NaH14C03 (30 
nCi/kg) and NaH13C03 (5.5 pmolkg) at the beginning of the 
study. During the 80% VoQ& trial, a lipid emulsion (In- 
tralipid 20%, Kabi, Clayton, NC; 0.5 ml l kg-l l h-l) containing 
LCFA [linoleic (50%), oleic (26%), palmitic (lo%), linolenic 
(9%), and stearic (3.5%)] was infused together with heparin 
(Elkins Sinn, Cherry Hill, NJ; bolus of 7.0 U/kg; continuous 
infusion of 7.0 U l kg-l l h-l). Lipids were given during exer- 
cise at 80% vo2peak to prevent the expected decline in plasma 
FFA concentration observed during strenuous exercise (12). It 
was not necessary to infuse octanoate during exercise at 80% 
vo 2 peak, since there is virtually no octanoate in plasma, and 
thus the specific activity (SA) of plasma octanoate should be 
the same as the SA of the octanoate infusate in both groups. 

ProtocoZ 2. On separate occasions the volunteers repeated 
protocol 1 (Fig. 1) without isotope infusion. Only breath 
samples were collected during these tests and were used to 
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Fig. 1. Schematic representation of study design. Upper panel: 
exercise at 40%. peak oxygen consumption (VOgpeak). Lower panel: 
exercise at 80% vo2peak. 

quantify changes in breath carbon dioxide (CO2) carbon 
enrichment due to the shift in substrate mix observed in the 
transition from rest to exercise (23). 

Blood samples were obtained before tracer infusion and 
every 5 min during the infusion for determination of plasma 
oleate enrichment and plasma triacylglycerols (TG), FFA, 
insulin, lactate, and glucose concentration. Breath samples 
for determination of 13C02 enrichment and 14C02 SA were 
collected before tracer infusion and every 5 min during the 
study. Indirect calorimetry was performed during the last 10 
min of each study for estimation of VOW and carbon dioxide 
production (VCO,). 

Assays 

Expired air for measurement of 14C02 SA was collected in 
3-liter anesthesia bags, and CO2 was trapped by bubbling 
through a 1:4:9 solution of phenolphthalein (0.1% solution; 
Fisher Scientific, Fair Lawn, NJ), benzethonium hydroxide 
(1.0 M solution; Sigma Chemical, St Louis, MO), and absolute 
ethanol to trap exactly 1 mmol of CO2. Scintillation fluid (10 
ml of toluene, 0.04% 2,5-diphenyloxazole; Sigma Chemical, 
St. Louis, MO) was added immediately in the vial, and 14C02 
SA (disintegrations l min-l l mmol-l) was determined using a 
liquid scintillation counter. Ten milliliters of expired air were 
injected into evacuated tubes for determination of the 13C02- 
to-12C02 ratio. Briefly, CO2 was isolated from the breath 
samples before analysis by isotope ratio mass spectrometry 
by passage through a water trap, followed by condensation in 
a liquid nitrogen trap to allow other gases to be evacuated. 
The 13C02-to-12C02 ratio was then determined with a SIRA 
VG Isotech triple-collector isotope ratio mass spectrometer 
(Cheshire, UK). The ratio is reported in units of tracer-to- 
tracee ratio (TTR), which is defined as: TTR = (13C/12C)sa - 
(13C/12C)ref - [(13C/12C)bk - (13C/12C)refl, where sa is sample, 
ref is reference gas, and bk is baseline sample. 

Blood samples (6 ml) were collected into prechilled tubes 
containing 120 ~1 of 0.2 M ethylene glycol-bis (P-aminoethyl 
ether)-N,N,N’,N’-tetraacetic acid, and plasma was immedi- 
ately separated by centrifugation and frozen until further 
processing. This procedure prevents in vitro lipolysis of TG in 
plasma from volunteers who were given heparin (Sidossis and 
Wolfe, unpublished observation). Plasma oleate enrichment 
was determined by following previously described procedures 
(22). Briefly, FFA were extracted from plasma, isolated by 
thin-layer chromatography, and converted to their methyl 
esters. The isotopic enrichment of oleate was determined by 
gas chromatography-mass spectrometry (Hewlett-Packard 
5992) by selectively monitoring ions’ mass-to-charge ratios of 
296 and 297. 

Plasma glucose and lactate concentrations were measured 
on a glucose-lactate analyzer (2300 STAT; Yellow Springs 
Instruments, Yellow Springs, OH). Plasma insulin concentra- 
tion was determined using a radioimmunoassay method 
(Incstar, Stillwater, MN). Plasma TG concentration was 
measured enzymatically (RA-500; Technicon Instruments, 
Terrytown, NY). Plasma oleate and total FFA concentrations 
were determined by gas chromatography (Hewlett-Packard, 
5890) with the use of heptadecanoic acid as an internal 
standard. 

Calculations 

Carbohydrate and total fatty acid oxidation rates were 
calculated from the indirect calorimetry data using stoichio- 
metric equations (3). VOW and VCO~ values were the average 
over the last 10 min of each study. Fatty acid oxidation was 
determined by converting the rate of TG oxidation 
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Fig. 2. Plasma oleate carbon enrichment during exercise at 40 (A) 
and 80% 90 2p& (B). Values are means + SE for 6 volunteers. 

(g-kg-l= min-l) to its molar equivalent, assuming the average 
molecular mass of TG to be 860 g/mol(3), and multiplying the 
molar rate of TG oxidation by three because each molecule 
contains three moles of fatty acids. 

The rate of appearance (R,) of oleate in plasma was 
calculated as: R, = F/E,, where F is oleate tracer infusion rate 
and E, is oleate carbon enrichment in plasma (the mole 
fraction of C-13 oleate) averaged over the last IO min of each 
study. The steady-state equation was used in the calculation 
of R,, since our subjects reached an isotopic plateau in plasma 
oleate carbon enrichment during both exercise intensities 
(Fig. 2). FFAR, was derived by dividing the R, of oleate by the 
fractional contribution of oleate to the total FFA concentra- 
tion, as determined by gas chromatography. The values for R, 
at 80% VOZpeak are the result of both endogenous and exog- 
enous (i.e., infused lipids) sources. 

The rates of 13C02; and 14COz excretion, resulting from the 
oxidation of [ I-13C]oleate and [ 1-14C]octanoate,. respectively, 
were calculated as: labeled CO2 excretion = VCO~ X Eco~, 
where EcoB is breath CO2 carbon enrichment averaged over 
the last 10 min of each study. In some untrained individuals 
exercising at high intensities, breath h02 overestimates 
cellular CO2 production, as indicated by the fact that the 
respiratory exchange ratio exceeds one. Thus, when the 
respiratory exchange ratio exceeded one, we used an esti- 
mated Vco2, calculated by assuming a respiratory exchange 
ratio of one. When the estimated Vco2 is used, “labeled CO2 
excretion,” although still an overestimation, is a more accu- 
rate representation of the true cellular CO2 production. 

The absolute rates of [ 1-13C]oleate and [lJ4C]octanoate 
oxidation (pm01 l kg-l l min) were then calculated as: sub- 
strate oxidation = labeled CO2 excretion/E, X ar, where ar is 
the acetate correction factor estimated from Ref. 16. The SA of 
the octanoate infusion mixture was used as the octanoate 
enrichment in plasma, since there is virtually no octanoate in 
plasma. Plasma fatty acid oxidation was determined by 
dividing the R, of oleate by the fractional contribution of 
oleate to the total FFA concentration, as determined by gas 
chromatography. 

For the determination of breath carbon enrichment during 
exercise in protocoZ 1, the values for breath carbon enrich- 
ment obtained during exercise in protocol 2 (i.e., without 
tracer infusion) were used as the background value (see 
experimental protocoZ 2). 

Statistical Analysis 

Differences between plasma oleate, TG, FFA, oleate, glu- 
cose, insulin, and lactate concentrations, and the calculated 
rates of fatty acid kinetics and oxidation during exercise at 40 
and 80% Vozpeak p ( rotocol l), were identified using a paired 
t-test. Statistical significance was considered present if P < 
0.05. Values are presented as means t SE. 

RESULTS 

The volunteers exercised at 38 t 2% Qoapeak and at . . 
81 IL 2% voq& . during the “40% Vozpeak)’ and at “80% 
vo 2 peak ” trials, respectively. Plasma substrate and hor- 
mone concentrations are presented in Table 1 as the 
average of the last 10 min of both exercise intensities. 
Plasma oleate, TG, insulin, and glucose concentrations 
were similar in the two trials. Plasma FFA concentra- 
tion was maintained constant via infusion of lipids and 
heparin during exercise at 80% eO2pe& (Fig. 3). Plasma 
lactate concentration increased from 1.2 mM during 
exercise at 40% iTO2peak 
80% ?O2peak 

to 6.4 mM during exercise at 
(P < 0.05; Fig. 4). Plasma oleate enrich- 

ment reached an apparent plateau within 15 min from 
the beginning of the exercise during both exercise 
intensities (Fig. 2). 

Oleate and total plasma FFA oxidation significantly 
decreased during exercise at 80% QO‘Jpeak (Table 2). In 
contrast, octanoate oxidation increased significantly 
during exercise at 80% ?Ozpe& (Table 2). The percent- 
age of oleate tracer that was taken up by cells and 
oxidized decreased from 67.7 t 2.8% during exercise at 
40% vo2 peak . to 51.8 ? 4.6% during exercise at 80% 
vo 2 peak (P < 0.05; Fig. 5), whereas the percentage of 
octanoate oxidized did not change significantly (84.8 t 

Table 1. Substrate and hormone concentrations 
during exercise 

40% voz peak 80% vo, peak 

Triacylglycerol, mmol/l 1.5 + 0.3 1.6 + 0.2 
FFA, mmol/l 0.40 + 0.11 0.37 7t 0.04 
Oleate, mmol/l 0.16 + 0.05 0.14 + 0.02 
Glucose, mmol/l 5.0 + 0.1 5.15 0.1 
Lactate, mmol/l 1.2 + 0.1 6.4 + 0.4* 
Insulin, pU/ml 22.0 t 6.1 25.6 + 6.7 

Values are means + SE for 6 volunteers. v@pe&, peak oxygen 
consumption; FFA, free fatty acid. *P < 0.05 vs. exercise at 40% 
vo 2 peak - 
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Fig. 3. Plasma free fatty acid concentration during final 30 min of 
exercise at 40 (0) and 80% VOzpeak (0). Values are means + SE for 6 
volunteers. 

2.7 and 89.3 t 2.7% during exercise at 40 and 80% . 
vo 2 peak, respectively; Fig. 5). Total fatty acid oxidation, 
calculated from *indirect calorimetry, decreased from 
8.8 t 1.1 (40% VO2peak) to 0.1 t 1.1 pmol*kg-l=min-l 
(SO%+0 ‘)peak)e The difference observed between plasma 
fatty acid oxidation (tracer methodology) and total fatty 
acid oxidation (indirect calorimetry) questions the valid- 
ity of indirect calorimetry in estimating substrate 
oxidation rates during exercise at 80% VO2peak in un- 
trained or moderately fit volunteers. Furthermore, 
because the ?CO~ values are also used to estimate 
plasma fatty acid oxidation (tracer methodology), the 
calculated oleate and plasma fatty acid oxidation during 
exercise at 80% VO 2peak may represent overestimates of 
the true values. Nonetheless, the comparison of oleate 
and octanoate remains valid in this possible circum- 
stance, because each value would be overestimated to 
the same extent. 

When exercise was performed with no isotope infu- 
sion (protocol Z), breath carbon enrichment decreased 
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Fig. 4. Plasma lactateconcentration during final 30 min of exercise 
at 40 (0) and 80% VOzpeak (0). Values are means + SE for 6 
volunteers; *P < 0.05 vs. exercise at 40% iTOzpeak. 

Table 2. Fatty acid kinetics and oxidation 
during exercise 

40% v02peak 80% ire, peak 

Oleate R, 3.8 -+ 0.8 4.5 + 0.9 
FFA R, 11.6 + 2.2 12.4 t 2.6 
Oleate oxidation 2.8k0.6 1.8 t 0.2* 
Octanoate oxidation 1 Oedo5 + 1 Oepo6 . 1 3eeo5 t 5 lepo6 * 
Plasma fatty acid oxidation 8.3& ’ 4.9 t 1:0* 
Total fatty acid oxidation 8.8 + 1.1 0.12 1.17 

Values are means + SE for 6 volunteers and are in ,umol 
kg-l * min+; R,, 
VO 

rate of appearance. *P < 0.05 vs. exercise at 40% 
2 peak; “fdifference between plasma fatty acid oxidation (tracer 

methodology) and total fatty acid oxidation (indirect calorimetry) 
suggests that indirect calorimetry significantly underestimates fatty 
acid oxidation during high-intensity exercise in untrained men. 

from baseline by 6.75e- O7 
40% +02 peak, 

t 3.8e-O6 during exercise at 
whereas it increased by l.Ole-O5 t 6.0e-O6 

during exercise at 80% iTO2peak. These changes reflect 
alterations in fuel utilization during exercise (23). 

DISCUSSION 

We have recently suggested that glycolytic flux may 
regulate fat oxidation at rest by determining the rate of 
LCFA entry into the mitochondria (17). In the present 
study, we examined the hypothesis that fatty acid 
oxidation decreases during high-intensity exercise be- 
cause of inhibition of LCFA entry into the mitochon- 
dria, possibly mediated by the increase in glycolytic 
flux during high-intensity exercise. Oleate oxidation 
significantly decreased, whereas octanoate oxidation 
increased, during exercise at 80% compared with 40% . 
vo 2 peak* Furthermore, the percentage of oleate uptake 
that was oxidized significantly decreased during exer- 
cise at 80% qO2peak, whereas the percentage of octano- 
ate oxidized did not change. These data suggest that 
fatty acid oxidation during high-intensity exercise is 
likely limited by inhibition of LCFA entry into mitochon- 
dria. 

Oleate and octanoate oxidation values were com- 
pared on the basis of the assumption that the only 
difference in the oxidation of these fatty acids is the 
need for oleate to utilize the CPT-I for transport across 
the inner mitochondrial membrane. McGarry and Fos- 
ter (6) tested this hypothesis by comparing relative 

40 
Qleate Octanoate 

Fig. 5. Percentage of oleate and octanoate tracer uptake that was 
oxidized during exercise at 40 (open bars) and 80% Vo‘Jpeak (hatched 
bars). Means ? SE for 6 volunteers; *P < 0.05. vs. exercise at 40% 
VO 2 peak- 
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rates of oxidation of (-)-octanoylcarnitine, octanoate, 
and oleate in perfused rat livers. Their findings support 
the above assumption. 

Although it is known that both oleate and octanoate 
can be oxidized by most tissues in the body (2, 19, ZO), 
the exact proportionality of their oxidation in different 
tissues is uncertain. However, for the comparison of 
oleate and octanoate oxidation to be a valid model for 
inhibition of LCFA into the mitochondria, it is not 
necessary that both substrates be proportionally oxi- 
dized in all tissues. Nevertheless, the observed increase 
in MCFA oxidation during high-intensity exercise most 
probably occurred in skeletal muscle, the major site of 
LCFA oxidation during exercise. This is because 
splanchnic MCFA oxidation is expected to decrease 
rather than increase during high-intensity exercise due 
to a decrease in splanchnic blood flow (1, 21) and the 
absence of any increased metabolic activity. Thus the 
observed changes in oleate and octanoate oxidation 
during exercise at 80% Vozpeak most probably represent 
changes occurring primarily in the skeletal muscles of 
the volunteers. 

The rate of FFA appearance decreases as exercise 
intensity increases over 65% ?oZpeak, which results in a 
decrease in plasma FFA concentration (12). To main- 
tain constant FFA supply to the cells and to keep the 
isotopic enrichment of oleate precursor similar during 
exercise at 40 and 80% Vozpeak, we infused lipids and 
heparin during exercise at 80% ?oZpeak. Heparin was 
given to release lipoprotein lipase from the capillary 
endothelial surfaces and thus facilitate the breakdown 
of TG in the circulation. There was no need to infuse 
octanoate during exercise at 80% Vozpeak, since there is 
virtually no octanoate in plasma, and thus no changes 
in plasma octanoate concentration and SA were ex- 
pected. 

The relative concentration of fatty acids in plasma 
may affect their kinetics and oxidation. To prevent this 
effect, we maintained a constant concentration of oleate 
during the two exercise intensities to have a valid 
comparison for oleate oxidation during exercise at 40 
vs. 80% i70Qeak. On the other hand, oleate and octano- 
ate concentrations were significantly different, which 
raises the possibility that the observed differences in 
their kinetics and oxidation may have been due to 
differences in their relative concentrations. To compare 
the two fatty acids at similar concentrations we could 
have either decreased the oleate concentration or in- 
creased octanoate concentration. The situation of an 
extremely low oleate concentration, although poten- 
tially interesting, would be difficult to test experimen- 
tally because of the lack of effective means of reducing 
the oleate levels to that extent. For this reason, we 
increased the octanoate concentration in two experi- 
ments via infusion of unlabeled octanoate. Because the 
oxidation of octanoate is not dependent on the kinetics 
of CPT-I, the nature of response of octanoate oxidation 
to exercise would be expected to be unaffected by 
concentration, within a reasonable range. In these 
studies the percentage of octanoate tracer oxi- 
dized increased from 85.0 to 92.9%, and octanoate 

tracer oxidation increased from 1. le-05 to 1.3e-O5 
pmol l kg-l l min l 
with 40% ?02peak. 

during exercise at 80% compared 
These data suggest that the observed 

differences between octanoate and oleate tracer oxida- 
tion were not due to differences in their relative concen- 
trations. Because the two experiments in which unla- 
beled octanoate was infused confirmed our expectation 
that octanoate oxidation would be unaffected by concen- 
tration, we did not perform any further experiments 
manipulating the octanoate oxidation. 

The acetyl-CoA-to-CoA ratio increases significantly 
during exercise at 80 vs. 40% ?02peak (L. S. Sidossis, 
G. D. Lopaschuk, and R. R. Wolfe, unpublished observa- 
tion). An increase in the acetyl-CoA-to-CoA ratio could, 
theoretically, decrease l3-oxidation via feedback inhibi- 
tion of 3-ketoacyl-CoA thiolase (15). However, the re- 
sults of the present study do not support this hypoth- 
esis because, unlike oleate, octanoate oxi.dation 
significantly increased during exercise at 80% Vozpeak. 
This would not be possible if P-oxidation were inhib- 
ited. 

Accelerated glycolytic flux could decrease fatty acid 
oxidation by inhibiting CPT-I activity (17). During 
intense muscular activity, such as cycling at 80% . 
vo 2pe& in the present study, glycogenolysis and glycoly- 
sis are greatly stimulated, resulting in high rates of 
pyruvate and acetyl-CoA formation. Increased carbon 
flow through acetyl-CoA carboxylase could inhibit CPT-I 
activity and thus fatty acid entry into the mitochon- 
dria, probably via increased malonyl-CoA concentra- 
tion. Impairment of the availability of substrate for 
P-oxidation would therefore limit fatty acid-derived 
acetyl-CoA formation and oxidation. 

Although the exact site(s) of inhibition of fatty acid 
oxidation during exercise at 80% +&+eak cannot be 
proved from the present study, we can, however, ex- 
clude some of the potentially limiting steps. Thus it 
does not seem likely that fatty acid oxidation was 
inhibited due to suboptimal plasma FFA availability, 
since the rate of FFA appearance and plasma FFA 
concentration were made similar in the two trials via 
infusion of lipids during exercise at 80% Vo2pe&. The 
role of cytosolic fatty acid binding proteins in fatty acid 
oxidation has not been fully elucidated (lo), but the fact 
that they are abundantly expressed in cells makes it 
seem unlikely that they could be limiting in fatty acid 
oxidation. The only other sites where fatty acid regula- 
tion could occur are the activation step, catalyzed by 
the enzyme acyl-CoA synthetase (or thiokinase), and 
the esterification to carnitine, a reaction catalyzed by 
CPT-I. On the basis of the observation that, unlike 
octanoate, oleate oxidation significantly decreased dur- 
ing exercise at 80% v@p&, we conclude that, in 
addition to suboptimal FFA availability, fatty acid 
oxidation is likely limited during high-intensity exer- 
cise by inhibition of LCFA entry into mitochondria. 
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