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ABSTRACT The free fatty acid (FFA) uptake and
oxidation and the carbohydrate substrate exchange of
Wg muscles were studied during exercise in 14 patients
with occlusive disease of the iliac or femoral arteries be-
fore and 3-6 mnonths after reconstructive vascular surgery
and in 5 healthy subjects. '4C-labeled oleic acid was in-
fused continuously at rest and during exercise at work
loads of 150-400 kg-m/min. The arterial concentration of
FFA was similar both at rest and during exercise in pa-
tients and controls. The patients showed a smaller in-
crease in the fractional turnover of FFA during exercise.
Leg uptake and release of FFA in terms of micromoles
per liter plasma did not differ significantly either at rest
or during exercise between patients and controls. FFA
oxidation could not be measured at rest but exercise data
showed a lower fractional oxidation of FFA (P < 0.001)
in the patient group (53±6%) compared with the con-
trols (84±2%). For the entire material, fractional oxi-
dation of FFA showed a significant negative regression
on the lactate/pyruvate ratio in femoral venous blood.
The ventilatory respiratory quotient (RQ) and the leg
muscle exchange of glucose and lactate in the patients
exceeded that of the controls. When six patients were
studied after reconstructive surgery, fractional oxida-
tion of FFA had risen from a preoperative value of
47±8 to 90±10%, other data for leg muscle FFA me-
tabolism being unchanged.

It is concluded: (a) that substrate catabolism by the
leg muscles during exercise in these patients proceeds

A preliminary report on some of the results was presented
at the Karolinska Institute Symposium on "Muscle Metabo-
lism during Exercise" held in Stockholm, Sweden, 6 Septem-
ber 1970 (1).
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in excess of the simultaneous capacity to oxidize acetyl-
CoA in the tricarboxylic acid cycle, and (b) oxidation
of FFA by contracting muscle is related to the muscle
cell redox state.

INTRODUCTION
The free fatty acids (FFA)' of plasma provide a major
part of the fuel used for energy production in muscle in
the postabsorptive state both at rest and during mild
to moderately heavy exercise. Using isotopic FFA
tracers it has been possible to determine the fraction of
the FFA entering muscle that is immediately oxidized
by exercising muscle (fractional oxidation). During
light bicycle exercise this fraction is reported to be
75-100% in healthy individuals (2, 3). During rhyth-
mic exercise with the forearm flexor muscles the fraction
was found to be inversely related to the work intensity;
moderately heavy exercise yielded values in the range
40-100%. The fractional oxidation correlated negatively
to the lactate/pyruvate ratio and positively to the rate
of oxygen consumption (4, 5). The radioactivity not re-
covered as `CO2 during FFA-"C oxidation is not re-
tained in the, muscle tissue but leaves the muscle as wa-
ter-soluble metabolites, at least partly in the form of
acetate and 3-hydroxybutyrate (5). These findings sug-
gest that FFA oxidation depends not only on the FFA
inflow to muscle but also on the oxygen supply and the
intramuscular redox state during exercise. Both the
latter variables are profoundly altered during exercise
in patients with obstructive arterial disease of the lower

'Abbreviations used in this paper: A-FV, arterial and
femoral venous; FFA, free fatty acids; PCA, perchloric
acid; RQ, respiratory quotient.
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TABLE I
Clinical Data on the Patients

Angiography*

Com. Com. Sup. Pop.
Duration of Claudication iliac femoral femoral liteal Postop.

Patient Age Height Weight symptoms distance art. art. art. art. study

yr cm kg yr m

F. N. 57 172 78 it 90 +++ +++
E. B. 61 184 70 i 230 +++ +++ yes
R. J. 64 178 74 17 90 +++ + + + yes
M. E. 60 172 72 1 120 +++
H.E. 45 178 77 1 300 ++
S. L. 51 184 70 4 50 + + +++ +
B.M. 44 180 69 1 200 +++
G. N. 61 182 86 6 300 + ++ +++ + yes
W. B. 63 170 59 10 180 + + +++ ++
B. A. 48 169 77 2 115 +++ ++ yes
T. C. 43 177 96 2 130 + +++ +
D. J. 52 176 79 14 180 + + +++ +
C. K. 50 174 74 5 300 + + +++ yes
N. L. 50 169 75 1 230 +++ yes

* + denotes less than 75% occlusion of the vessel, ++ more than 75% occlusion, and +++ total occlusion.

extremities (6, 7). Since there is no available data on
FFA metabolism during physical exertion in this condi-
tion, the present study was undertaken to further charac-
terize the relationship between oxygen availability and
FFA oxidation by exercising muscle. For this purpose a
group of patients with severely impaired leg blood flow
capacity due to obstructive arterial disease was studied
before and after reconstructive surgery. The patients and
a group of healthy volunteers were studied at rest and
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FIGURE 1 Arterial concentrations of individual FFA at rest
in the supine and sitting positions and during exercise in the
patient group. Data are given as mean ± sE for palmitic
(16: 0), stearic (18: 0), oleic (18:1), and linoleic acid
(18:2).

during a period of bicycle exercise during infusion of
labeled oleic acid. The concentrations of individual FFA
in plasma were measured by a gas chromatographic
method and the FFA oxidation was evaluated from the
production of 14CO2 from the leg muscles.

METHODS
Subjects and procedures. 14 male patients with angio-

graphically verified obstructions of the arteries of the lower
extremities were studied. All patients developed typical symp-
toms of intermittent claudication during walking. Clinical
data for the patients are given in Table I. Six patients were
restudied 3-6 months after reconstructive surgery. No pa-
tient required insulin or oral antidiabetic agents and none
was obese. A group of control subjects was also studied, con-
sisting of five healthy male volunteers (age 40-52 yr), em-
ployed by the Stockholm fire department and participating in
regular health controls. The nature, purpose, and possible
risks involved in the study procedure were carefully ex-
plained to the patients and controls before obtaining their
voluntary consent to participate.

The studies were performed in the morning with the sub-
jects in the postabsorptive state after 12-14 hr of fasting.
Teflon catheters were inserted percutaneously into a brachial
artery, an antecubital vein, and the femoral vein of the leg
to be studied. The tip of the latter catheter was placed 10-15
cm on the distal side of the inguinal ligament.

Albumin-bound oleic acid-1-'4C was infused intravenously
at a constant rate (0.6-1.0 /sGi/min) for 20 min with the
subject resting in the supine position and also during the
subsequent exercise period of 35-55 min. The work was per-
formed in the upright position on a bicycle ergonmeter. The
work load selected for the patients was the highest pre-
determined individual level which the patient was able to
tolerate for at least 30 min. The work loads were in the
range 150-400 kg-m/min (mean -SE: 280±20 kg-m/min)

3062 L. Hagenfeldt, J. Wahren, B. Pernow, R. Cronestrand, and S. Ekestrom



for patients, while all controls exercised at 400 kg-m/min.
Blood samples for the measurement of individual FFA and
FFA radioactivity, "CO, oxygen content, glucose, lactate,
and pyruvate concentration were obtained simultaneously
from the artery and the femoral vein at timed intervals at
rest in both supine and sitting position and during exercise.
Expired air was collected in Douglas bags at rest and after
10 and 40 min of exercise for the determination of pulmonary
oxygen uptake.

Oleic acid-1-14C (SA 53.7 mCi/mmole) was obtained from
the New England Nuclear Corp. (Dreieichenhain, Ger-
many) and bound to human serum albumin as described
elsewhere (4).

Analytical methods. Individual plasma FFA were mea-
sured by gas chromatography using heptadecanoic acid as an
internal standard (8). In this procedure, the FFA are
extracted according to Dole and Meinertz (9) and the FFA
radioactivity was determined on the first heptane extract.
This figure was corrected for the radioactivity of esterified
fatty acids remaining in the heptane extract after alkaline
extraction. The 14CO2 content of blood was determined as
described elsewhere (10). Glucose (11), lactate (12), and
pyruvate (13) were measured in whole blood using enzymatic
techniques. Oxygen saturation was determined spectropho-
tometrically (14) and hemoglobin concentration by the cy-
anmethemoglobin technique (15). Hematocrit was measured
using a microcapillary hematocrit centrifuge and corrected
for trapped plasma (16). Expired air was analyzed with
the Scholander microtechnique. Labeled acetate in blood
was identified by recrystallization as the S-benzylthiouronium
salt (5).

For the various chemical analyses, the error of the method
expressed as the coefficient of variation was as follows: total
FFA 2.3%, oleic acid FFA-14C 1.7%, glucose 1.3%, lactate
6.8% (0-1 mmoles/liter) and 3.2% (1-10 mmoles/liter),
pyruvate 8%o, oxygen saturation 0.9% (10-50%) and 0.4%o
(90-100%), hemoglobin concentration 1.2%o. For glucose,

lactate, pyruvate, oxygen saturation, and hemoglobin con-
centration duplicate analyses were made. The recovery of
4CO2 from blood was 95±3%.

Calculations. The fractional uptake (f) of oleic acid was
calculated on the basis of its arterial (A) and femoral ve-
nous (FV) radioactivity: f = 4C - 18: 1A-FV/1C-18: 1A.
The uptake of oleic acid (U, micromoles/liter plasma) to
the leg muscles was calculated as the product of f and the
arterial plasma concentration of free oleic acid. Release of
oleic acid (R, micromoles/liter) was estimated as the dif-
ference between U and the net arteriovenous difference for
unlabeled oleic acid across the leg (18: 1A-FV) : R= U-18:
IA-FV. The fractional oxidation of the oleic acid (fos) was
determined as: fox = 100 X (14CO2 FV-A) /Q(4C -18: 1A-FV) per
cent after hematocrit correction. The turnover rate of oleic
acid was calculated as the amount of radioactivity infused
per unit time divided by the oleic acid specific activity. The
fractional turnover of oleic acid was calculated as its turn-
over divided by its arterial concentration. The plasma vol-
ume was not determined and the fractional turnover is there-
fore expressed in terms of liters per minute.

Data in the text, tables, and figures are given as mean
-'SE. Standard statistical methods have been employed in
analyzing the data, using the paired t test when applicable.
Comparisons of exercise data between patients and controls
were made in part by analysis of variance using linear com-
binations of means as described by Snedecor and Cochran
(17).

RESULTS

Preoperative results
Data on heart rate and pulmonary oxygen uptake at

rest and during exercise in the patient and control groups
are given in Table II. All patients developed mild to
moderate symptoms of fatigue and/or pain from the
afflicted leg during exercise. Heart rate at rest was
slightly higher in the patient group (P < 0.05) and rose
more in response to exercise in the patients (P < 0.001),
than in the controls despite the lower average work in-
tensity in the former group. Basal oxygen uptake did not
differ between the groups but the controls showed a
14-18% higher pulmonary oxygen uptake during exer-
cise (P < 0.01). The ventilatory RQ did not differ at
rest but was significantly higher in the patient group
during exercise (P < 0.01).

ARrterial concentration and turnover of FFA. Only
the four main FFA (palmitic, stearic, oleic, and linoleic
acid) were determined and the total FFA concentration
represents the sum of these four acids. The arterial FFA

Specif ic actrvity of odk acid,
K%T wcyn$ wl
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FIGURE 2 Specific activity of oleic acid in arterial plasma
and leg fractional uptake of oleic acid at rest in the supine
and sitting positions and during exercise for patients
(0-0) and controls (O----0). Data are given as
mean +SE. The difference in SE of oleic acid specific activity
between the groups is due to the fact that the rate of infusion
of radioactivity differed between the patients but was the
same in all control subjects.
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concentration at rest was the same in the patients and the
controls and the changes during exercise were similar in
both groups (Table II). In the patient group the con-
centrations of all four individual FFA fell significantly
at the transition from the supine to the sitting position
(P < 0.01, Fig. 1). The concentrations of palmitic, oleic,
and linoleic acid then rose during exercise (P <0.01)
and reached values 20-30% above the resting value mea-
sured in the supine position. The concentration of
stearic acid, on the other hand, decreased during the
first part of the exercise period, being significantly
lower than in the sitting position after 5 and 15 min of
exercise (P < 0.001). After 45 min of exercise, the
stearic acid level was still below that observed during
the supine rest period (P < 0.01). Results for the con-
trol subjects with regard to individual FFA did not
differ significantly from the findings in the patient
group.

The specific activity of oleic acid had not reached
a constant level at the first observation after the start of
the infusion in the resting state in the patients (Fig. 2).
However, the following two values for oleic acid specific
activity did not differ significantly and only these were
used for calculating the oleic acid turnover at rest. The
fall in oleic acid concentration on changing from the
supine to the sitting position was associated with a cor-
responding increase in its specific activity (P < 0.05)
and there was no change in the circulating level of radio-
activity and, hence, neither in the fractional turnover of
oleic acid. During exercise the oleic acid specific activity
decreased from the peak observed in the sitting position
to a constant level that was reached after about 30 min
in the patients and after approximately 15 min in the
control subjects. The plateau value of specific activity
used for calculating oleic acid turnover during exercise
was the mean of at least three measurements in each
subject.

The turnover of oleic acid at rest was the same in pa-
tients and controls and correlated to the arterial oleic
acid concentration (Table III, Fig. 3). The difference
between patients and controls regarding fractional turn-
over of oleic acid at rest (0.97 compared with 1.07,
Table III) was statistically significant (P <0.05).
However, variations in plasma volume (not measured)
may have contributed to this difference. The turnover of
oleic acid increased more during exercise than did the
arterial concentration, so that the fractional turnover
was higher than at rest (P < 0.01). The increase in
fractional turnover of oleic acid induced by exercise was
greater in the control subjects than in the patients (P <
0.005). The regression of turnover of oleic acid on its
arterial concentration persisted during exercise in both
groups (Y = 0.91X + 76, P < 0.01 for the patients;
Y = 1.51X + 57, P < 0.01 for the controls).

Leg uptake and release of FFA. The arterial-femoral
venous (A-FV) FFA difference at rest was 23±26

4001
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FIGURE 3 Turnover of oleic acid at rest in relation to its
arterial concentration in patients (0) and controls (0).
(Y=0.89X+23, n= 19, r=0.88, P <0.001).

Amoles/liter in the patient group and 54±20 /Amoles/liter
in the controls. Neither of these values differs signifi-
cantly from zero. During exercise a significant A-FV
difference of FFA (P < 0.001) was observed in both
groups, amounting to 89±+19 /Amoles/liter in the patients
and 82±13 Amoles/liter in the controls.

The fractional uptake of oleic acid in the leg at rest
was similar in both groups (Fig. 2). On changing to
the sitting position, the fractional uptake fell in both
groups (P < 0.001), the decrease being significantly
greater in the controls (P < 0.005). The patient group
showed a further decrease during the initial phase of
exercise (P < 0.02), so that the fractional uptake of
oleic acid during exercise became similar in the two
groups and amounted to about 50% of the resting value
observed in the supine position.

The uptake of oleic acid, calculated on the basis of
uptake of the tracer FFA and expressed in micromoles/
liter plasma, underwent changes similar to those observed
for its fractional uptake (Fig. 4). A decrease was thus
noted in both groups when the position was changed from

TABLE II I
Turnover of Oleic Acid at Rest and during

Exercise in Patients and Controls

Turnover Fractional turnover

Rest Exercise Rest Exercise

,umoles/min liter/min
Patients, preop. 2394±18 317 431*$ 0.974±0.03T 1.27 ±0.08*t
Patients, postop. 232 416 371 ±50* 0.91 40.05 1.21 40.10*
Control subjects 256418 499±44* 1.07±0.03 1.72±0.03*

* Differs significantly from the corresponding value at rest (P < 0.01-
0.001).
$ Differs significantly from the corresponding value for the control subjects
(P < 0.05-0.001).
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TABLE IV
Recovery of Radioactivity from the Oxid&tion of Oleic Acid-1-14C

A-FV FV-A FV-A Recovery
oleic acid-14C 14CO, PCA-14C (2)* + (3)* X 100

Exp. (1) (2) (3) (1)* Acetate-14C:

dpm/ml blood dpm/ml blood dpm/ml blood % per cent of FV PCA-14C
1 101 38 48 85
2 277 232 45 100
3 244 164 36 82 66, 69§
4 212 153 77 109 39

* Refer to column numbering.
f These analyses were made on PCAextract from 5 to 10 ml femoral venous blood. Acetate was recrystallized
twice as the S-benzylthiouronium salt after addition of 3 mmoles of carrier acetate (5). The final specific
activity of the salt was 0.5-1.5 dpm/mg.
§ Duplicate analyses.

supine to sitting (P < 0.01). It should be noted, how-
ever, that the values calculated for the sitting position
are based on a rapidly changing arterial FFA concen-
tration and should thus be interpreted with caution. The
mean uptake during exercise was 50-60% of that ob-
served at rest in the supine position.

Similar changes were also found in the release of
oleic acid from the leg (Fig. 4). A fall was observed on
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FIGURE 4 Leg uptake and release of oleic acid at rest in the
supine and sitting positions and during exercise for patients
(e-e) and controls (O----O). Data are given as
mean ± SE.

changing the resting position (P < 0.01). During ex-
ercise the release of oleic acid amounted to about 50%
of the simultaneous uptake, as compared with 75-80%
at rest.

Oxidation of FFA. It was not possible to measure
the oxidation of the labeled oleic acid at rest due to the
slow turnover of the bicarbonate pool of the leg tissues.
During the initial phase of exercise, the production of
4CO2 in the leg often exceeded the simultaneous uptake
of labeled oleate, indicating a washout of these sluggish
pools, in which label had accumulated during infusion
in the resting state. The production of 1'CO2 reached
a constant level after about 25-30 min of exercise and
the fractional oxidation of oleic acid was estimated
from the data obtained during the last 20 min of exer-
cise. It amounted to 53±6% in the patient group and
84±2% in the controls (P < 0.001) and showed a sig-
nificant negative regression on the lactate/pyruvate ra-
tio measured in femoral venous blood (r- 0.83, P <
0.001, Fig. 5).

In four of the experiments in the patient group the re-
lease of radioactive water-soluble metabolites was de-
termined by measuring the FV-A difference of radio-
activity in a neutralized perchloric acid (PCA) extract
of the blood. The sum of 14CO2 production and PCA
radioactivity in these experiments amounted to 94±6%
of the FFA-14C uptake (Table IV). Radioactive acetate
was identified in the femoral-venous PCAextract in two
of the experiments, making up 39 and 68% of femoral-
venous PCA extractable radioactivity.

Oxygen uptake and carbohydrate metabolism (Table
II). The A-FV oxygen difference did not differ between
the two groups at rest but rose more in the patients dur-
ing exercise (P < 0.05). The arterial level of glucose did
not differ at rest and rose slightly and approximately
equally in both groups during exercise. The A-FV dif-
ference for glucose was similar in the two groups at rest
and grew gradually during the exercise period in both

3066 L. Hagenfeldt, J. Wahren, B. Pernow, R. Cronestrand, and S. Ekestrom



groups, though for the entire period of exercise the dif-
ference was greater in the patient group (P < 0.02).
The arterial concentrations and the A-FV differences
for lactate and pyruvate at rest were similar for the two
groups. Arterial levels and A-FV differences both rose
more markedly in the patient group in response to ex-
ercise (P < 0.001). The femoral venous lactate/pyruvate
ratio did not differ between the two groups at rest but
rose to higher values during exercise in the patient group
(P <0.001).

Postoperative results
Six of the patients were restudied 3-6 months after

vascular surgery, when the symptoms of fatigue and
claudication on walking had disappeared. The postop-
erative study was performed at the same work load as
in the preceeding study and the infusion of labeled FFA
and the blood sampling were conducted in the same way.
No symptoms of fatigue or pain occurred during the
exercise period. The results are summarized in Table V.
Heart rate during exercise was lower postoperatively
(P <0.001), while the pulmonary oxygen uptake and
the RQwere unchanged. The arterial FFA level as well
as the uptake and release of FFA by the leg had not
changed significantly after reconstructive surgery. How-
ever, the fractional oxidation of oleic acid in the leg
during exercise increased from a preoperative value of
47±8 to 90±10% in the postoperative study (P < 0.001).
A simultaneous decrease in the femoral venous lactate/
pyruvate ratio was observed in five of the six patients.
In the regression between fractional oxidation and the
lactate/pyruvate ratio, the postoperative measurements
therefore tended to move upwards to the left along the
previously observed regression line (Fig. 6).

The A-FV oxygen difference was unchanged at rest
but rose less during the postoperative exercise period
(P < 0.01). The arterial level of glucose was slightly
higher both at rest and during exercise (P <0.01) in
the postoperative study, but the A-FV glucose differ-
ence was not significantly changed. The arterial levels
of lactate and pyruvate during exercise were mainly
unchanged during exercise postoperatively but the FV-A
lactate difference was significantly lower (P <0.001).
The FV-A difference for pyruvate was not significantly
altered postoperatively. The average lactate/pyruvate
ratio was slightly lower after the operation both at rest
(P < 0.05) and during exercise (P < 0.01).

DISCUSSION
The work intensity at which the patients exercised was
chosen as the highest they could sustain for 30-40 min,
The control subjects, on the other hand, all exercised at
400 kg-m/min, which was the highest work intensity
employed in the patient group. This difference in work

Fractioxidatiom

cent100

0

75\0

50 *

25-

Lactae itPyruvateFV
10 20 30 40

FIGuRE 5 Fractional oxidation of oleic acid during exer-
cise in relation to the femoral venous lactate/pyruvate ratio
in patients (0) and controls (0) ( =- 2.38X + 103, r=
0.83, P < 0.001).

load is reflected in the slightly higher pulmonary oxygen
uptake in the control group. The differences between
the two groups for all other metabolic variables mea-
sured were in the opposite direction to what would be
expected on the basis of the difference in work inten-

Fractional oxidation
ioo per cent

75-

50-

25-

LactateFVyruvateFV
10 20 30 40

FIGURE 6 Fractional oxidation pre- (0) and postopera-
tively (0) in relation to the femoral venous lactate/pyruvate
ratio. The solid line represents the regression of fractional
oxidation on femoral venous lactate/pyruvate ratio seen in
preoperative patients and control subjects (Fig. 5).
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sity. It is thus apparent that the somewhat lower work
load in the patient group does not affect the validity of
comparisons between the two groups.

Despite the somewhat lower work intensity for the
patients, their increase in heart rate during exercise was
higher. This may be due to a difference in physical fitness
between the two groups but, to some extent it may also
be connected with the fact that all the patients com-
plained of fatigue and pain in the leg muscles during
the latter part of the exercise period. None of these
symptoms occurred in the control groups and muscle
pain during submaximal exercise has been shown to in-
duce an increase in heart rate (18). This explanation
for the greater increase in heart rate among the patients
during exercise is further supported by the observation
that the rate was lower at the same work intensity in
the six who were restudied after reconstructive surgery,
when these patients experienced no pain or symptoms of
fatigue.

The limitation in blood flow through the diseased legs
of the patients was compensated for by an increased ex-
traction of oxygen from the blood during exercise, re-
sulting in a lower femoral venous oxygen saturation
compared with the controls. Since the leg blood flow
was not measured it is not possible to determine if this
rise in oxygen extraction was large enough to fully com-
pensate for the reduction in blood flow. It seems reason-
able to assume, however, that a relative lack of oxygen
in fact limited the performance of at least some of the
patients in whom the femoral venous oxygen saturation
decreased to values below 10%.

FFA metabolism. The increase in fractional turnover
of oleic acid elicited by the exercise is most likely due
to an augmented utilization of FFA in the working
muscle. The uptake of FFA by exercising muscle is
linearly related to the FFA inflow, i.e. plasma flow times
arterial plasma concentration (19). The latter was the
same in patients and controls and the lower fractional
turnover of oleic acid in the patients was therefore prob-
ably a consequence of a reduced leg blood flow and,
hence a decreased inflow of FFA to the exercising
muscles.

The oxidation of FFA by the exercising leg muscle
was severely impaired in the patients in comparison with
the controls. This may, at least in some of the patients
have been due to a lack of oxygen in the muscle cells
as discussed above. However, the uptake of both oxygen
and FFA, calculated per liter blood, was the same for
the patients and the controls. Therefore the reduction
of leg blood flow in the patient group decreased the sup-
ply of oxygen and FFA to the same extent. Thus the
lower fractional oxidation cannot be explained on the
bssis of a disturbed balance between the availability of
FFA and oxygen. The impaired total supply of oxygen
restricts the oxidative phosphorylation so that the con-
stant demand for adenosine triphosphate (ATP) re-

generation imposed by the exercise must be covered by
a larger contribution from glycolysis. This increased
breakdown of carbohydrate may have been elecited by a
low energy charge of the adenine nucleotides (20) as a
consequence of the reduced oxidative phosphorylation,
and it was reflected by a higher ventilatory RQ, a more
efficient uptake of glucose, and a higher production of
lactate and pyruvate in the patient group. The increased
availability of pyruvate for oxidative decarboxylation
will then increase the production of acetyl-CoA from
carbohydrate and it seems reasonable to explain the low
fractional oxidation in terms of the imbalance between
an increased production of acetyl-CoA and a low oxi-
dative phosphorylation. This hypothesis is consistent
with the correlation observed between the fractional
FFA oxidation and parameters of carbohydrate metabo-
lism such as the venous-arterial lactate difference (4)
and the lactate/pyruvate ratio (present study).

The fate of the "C-labeled FFA not appearing as "CO2
is not readily determined in a continuous infusion study
of the current type due to the low levels of radioactivity
obtained. However, in the four patients who received the
highest rate of oleic acid-14C infusion (1 ACi/min) it
was possible to demonstrate that the FFA label not re-
covered as "CO2 left the leg muscles quantitatively in the
form of perchloric acid extractable water-soluble metabo-
lites. The presence of labeled acetate in femoral-venous
blood was demonstrable in two subjects (Table IV).
The phenomenon of partial FFA oxidation during mus-
cular exercise has been studied more extensively in
healthy individuals during different types of forearm ex-
ercise. By infusing FFA-"C into the brachial artery it
was possible to establish that the FFA fractional oxida-
tion was related to the work intensity, complete oxida-
tion being achieved at low work loads and values of 40-
60% being reached during strenuous exercise (4, 5). In
the latter studies acetate and 3-hydroxybutyrate were iden-
tified among the FFA oxidation products leaving the
muscle. These findings support the notion that in healthy
subjects performing strenuous exercise as well as in the
present patients with impaired blood flow capacity of
the legs exercising at a light work load, the restriction
of fatty acid oxidation occurs at the level of acetyl-CoA
utilization.

It should be noted that a functional impairment of
the mitochondria or a decrease in their number per
gram muscle would have similar metabolic effects. With
regard to the fractional oxidation of FFA, it is note-
worthy that the current results agree with findings for
paretic muscle during electrically induced exercise (21).
In the latter study the fractional oxidation of FFA was
low despite an adequate supply of oxygen. The muscle
tissue in both these patient groups lacks the training
effect of normal physical activity and it is possible that
this is associated with changes in the mitochondrial ap-
paratus that are partly responsible for the observed im-
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pairment of FFA oxidation capacity. Further support for
this formulation may be obtained from comparisons
with the contrasting state of physically trained muscle,
which has a greater number of mitochondria per gram
muscle and a higher capacity for the oxidation of fatty
acids (22).

The change from supine to sitting position at rest was
associated with changes in the FFA metabolism that
cannot be fully understood on the basis of the present
data. The blood samples obtained in the sitting position
were drawn 1-2 min after the change in posture, during
which time the arterial FFA concentration fell 15-20%.
The arterial level of radioactivity did not change and
the fractional turnover of oleic acid was thus not influ-
enced, indicating that the fall in the arterial concentration
of FFA was due to a decrease in the influx of FFA to
the circulation. This is most readily explained on basis
of a diminished blood flow through subcutaneous adipose
tissue as a result of increased sympathetic activity elicited
by the change in body posture. An augmented sympathetic
tone affects the lipolytic process in two ways, triglycer-
ide hydrolysis being stimulated but the FFA formed be-
ing trapped in the adipose tissue as a consequence of
vasoconstriction and decreased blood flow (23). The si-
multaneous decrease in the fractional uptake of oleic acid
is more difficult to interpret. One would rather have ex-
pected a change in the opposite direction since the frac-
tional FFA uptake correlates negatively to the arterial
FFA level as well as to the blood flow (19). Repeated
samples were otbained in the sitting position in a few
experiments and the results indicate that the fractional
uptake of oleic acid fell only transiently, returning to
the initial level within 5-10 min. A redistribution of the
blood flow through the leg or a change in the area of
the capillary bed may well serve to explain this transient
change in fractional FFA uptake. An intact circulation
and vasomotor regulation seems to be a prerequisite for
this phenomenon since the decrease in fractional uptake
of oleic acid was greater in the control subjects than in
the patients.

Many authors have described an initial fall in the
plasma FFA concentration during exercise (6, 24). In
the present study there was no further decrease in FFA
from the level reached when the subjects sat up. This
may have been an effect of the relatively light work in-
tensity but the possibility remains that the earlier con-
clusions were based on a decrease of FFA from levels
observed during supine rest and that this decrease actu-
ally occurred before exercise started.

The increase in plasma FFA during exercise was not
reflected by the concentration of stearic acid, which
throughout the exercise period remained below the level
observed at rest. The composition of plasma FFA thus
changes considerably during exercise. This finding un-

derscores the importance of calculating FFA specific
activities on the basis of the concentration of the indi-
vidual acid actually used as a tracer and not on total
plasma FFA concentrations (25).
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