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Summary. Our previous study on human skeletal
muscle undergoing ischemia and reperfusion has
revealed that granulocytes, which infiltrate the muscle
tissue in large numbers, play an important role in
mediating fibre injuries by producing superoxide anion
(O5) which is responsible for membrane lipid
peroxidation. In the current study, five patients
undergoing aortic reconstructive surgery were given
acetyl-carnitine (2 mg/kg i.v. plus 1 mg/kg/min for 30
min) prior to the induction of ischemia. Muscle biopsies
and blood samples were examined: a) after anaesthesia;
b) at the end of ischemia; and c¢) 30 min after
reperfusion, with the aim of elucidating whether acetyl-
carnitine could prevent the infiltration and/or the
activation of granulocytes and eventually skeletal
muscle injuries. During ischemia and reperfusion
complement activation recruited numerous granulocytes
into the muscle tissue, but, contrary to the untreated
samples, the ability for O3 -generation of these cells
remained at low levels and was comparable to that of
ischemia even when molecular O, was reintroduced to
the tissue. Accordingly, the morphological changes of
the postischemic muscle fibers were substantially
reduced when compared to the untreated samples; in
fact, the mitochondrial swelling was only moderate and
the intramitochondrial dense bodies were small and
scarce. The current findings support a positive role of
acetyl-carnitine in ameliorating the ischemia-reperfusion
(I-R)-induced damage of human skeletal muscle.
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Introduction

There is considerable evidence that skeletal muscle
undergoes biochemical and morphological changes
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during ischemia-reperfusion (I-R) (Andersson et al.,
1979; Kloner et al., 1979; Sjostrom et al., 1982; Harris et
al., 1986; Ferrari et al., 1988). Although ischemia by
itself may produce irreversible damage, most of the
injuries occur after reoxygenation of the tissue, when O,
is available for generation of the reactive oxygen
metabolites, which, in turn, are responsible for
membrane lipid peroxidation (Bulkley, 1987). Recently,
it has been suggested that granulocytes, which infiltrate,
in large numbers, the ischemic reperfused muscle
represent an important local source of O, free radicals
(Engler et al., 1986; Korthuis et al., 1988; Loewe et al.,
1988; Romson et al., 1988; Smith et al., 1989).

There are several studies which reveal that L-
carnitine and its derivatives -known to be essential
cofactors of fatty acid oxidation- are capable of reducing
the I-R-induced injuries of the skeletal muscle and
myocardium (Goa and Brogden, 1987). Accordingly, it
has been shown that L-carnitine reduces superoxide
production by circulating granulocytes draining the
ischemic and reperfused human lower limbs (Novelli et
al., 1990). Based on these observations, a study on
human skeletal muscle was carried out with the aim of
elucidating whether administration of acetyl-carnitine
prevents the infiltration and/or activation of granulocytes
and eventually reduces the morphological changes of the
muscle tissue undergoing I-R.

Acetyl-carnitine was chosen because recent studies
indicated that this derivative of L-carnitine is
preferentially taken up by muscle tissue during ischemia
(Barlett et al., 1989; Hiatt et al., 1989).

Materials and methods

Fourteen patients, all males, aged 50-72 years,
bearing an aortic aneurysm underwent aortic re-
constructive surgery. None of them was diabetic or had
clinical or angiographic signs of chronic ischemia of
legs.

After a premedication with atropine (0.01 mg/kg) and
meperidine (1 mg/kg) anaesthesia with thiopental
sodium (4 mg/kg) and atracurium besylate (0.6 mg/kg)
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was induced and then maintained with nitrous oxide,
oxygen and isoflurane. The patients were connected to a
volume-controlled ventilator (Draeger, Werck AV1,
Lubeck, Germany) and the respiratory parameters were
regulated in order to maintain a normal ETCO,
(Capnolog, Draeger, Werck). No steroids were given
before or during aortic surgery. No blood was transfused,
and fluidotherapy consisted in polysaline solutions.

The aorta was clamped below the renal arteries and
its occlusion lasted 45-60 min.

The patients were divided into two grous: a control
group of 9 patiens and an acetyl-carnitine-treated group
of 5 patients. The patients of the latter group were given
an i.v. bolus of acetyl-carnitine (2 mg/kg), followed by
an i.v. infusion of the same drug at the dose of 1 mg/kg/
min for 30 min before the clamping of the aorta.

From each patient of the two groups, muscle biopsies
from the superior third of femoral quadriceps of the right
leg, as well as blood samples from the homolateral
saphenous vein, were taken: (a) after induction of
anaesthesia; (b) 5 min before declamping; and (c) 30
min after reperfusion. For the evaluation of superoxide
anion production, blood samples were collected as in a),
b), 5 min after reperfusion (b’); in two out of five
patients, a further blood sample was taken 30 min after
reperfusion (c). In the acetyl-carnitine-treated group the
blood samples and the muscle biopsies taken at time a)
were collected before acetyl-carnitine administration.

Fully informed consent was obtained from all the
patients.

For the morphological analysis small pieces of
muscle tissue were immediately fixed by immersion in
cold 4% glutaraldehyde in 0.1M cacodylate buffer, pH
7.4, at room temperature, and postfixed in 1% OsO, in
0.1IM phosphate buffer, pH 7.4, at 4 °C. The specimens
were dehydrated in a graded acetone series, passed
through propylene oxide and embedded in Epon 812.
The tissue fragments were embedded with the muscle
fibres running parallel to the plane of section. Semithin
sections 1-2 pm thick were cut and stained with
toluidine blue-Na tetraborate and observed under a light
microscope. Ultrathin sections were also obtained from
the same specimens. They were stained with uranyl
acetate and alkaline bismuth subnitrate (Riva, 1974) and
examined under a Siemens Elmiskop 102 electron
microscope at 80 kV.

Concerning the blood analysis, plasma levels of C3
and C4 complement fractions were determined by
immunonephelometric method (Array Protein System,
Beckman, Fullerton, CA) and expressed as mg/dl.

The number of neutrophils/mm3 was evaluated by a
standard automatic device (Backer Instr. Corp.,
Bethlehem, USA).

Superoxide anion (O5) production by the whole blood
was measured according to Bellavite et al. (1983) in both
the absence and presence of N-formyl-methionyl-leucyl-
phenylalanine (FMLP, 10-'M, Serva, Heidelberg,
Germany), a formylated polypeptide which stimulates
the oxidative metabolism of granulocytes. Blood
samples (200 ul) were preincubated for 5 min at 37 °C

with cytochalasin B (5 pg/ml; Aldrich Chimica SRL,
Milan, Italy) and then challenged for a further 5 min
with FMLP in the presence of cytochrome C (1 mg/ml,
Sigma Chemical Co, St. Louis, MO).

Superoxide anion production was assayed by
measuring superoxide dismutase inhibitable cyto-chrome
C reduction and values are expressed as nmoles
cytochrome C reduced/10° cells/5 min.

Statistical analysis was carried out by SPSS
(Microsoft, USA).

Data obtained at each experimental time were
analysed with one-tailed or two-tailed t test. p< 0.05 was
considered significant.

Values are expressed as mean £ SD.

Results
Patients not given acetyl-carnitine (controls)

Detailed informations on muscle tissue undergoing I-
R have been reported in our previous paper (Formigli et
al., 1992). Briefly, after the induction of anaesthesia, the
hematological parameters studied were within the
normal values, as well as the light and electron
microscopic features of the muscle biopsies. Upon
ischemia, a substantial accumulation of granulocytes
inside the muscle tissue, complement activation and
increase in the number of neutrophils in the blood
draining the ischemic tissues were found. Moreover,
blood neutrophils revealed a reduced ability for O3
generation after FMLP stimulation with respect to their
basal activity. Muscle fibers showed mitochondria with
numerous, large-sized dense bodies within their matrix.
At reperfusion, tissue neutrophil infiltration,
complement activation and increase in number of blood
neutrophils in the blood draining the muscle tissue were
still present. However, the latter revealed an enhanced
O3 generation when compared to ischemia. In addition,
focal mitochondrial swelling, diffuse intermyofibrillar
oedema and increase in number and size of the
intramitochondrial dense bodies were common findings
(Fig. 9).
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Fig. 1. Acetyl-carnitine-treated patients. Ischemic muscle: numerous
granulocytes in the lumen of blood capillary. Semithin section, stained
with toluidine Blue-Na tetraborate. x 650
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Patients given acetyl-carnitine.
Morphology

After the induction of anaesthesia, the muscle
biopsies revealed the same structural and ultrastructural
features as those of the control counterparts.

Ischemia: at the end of the ischemic period, light
microscopy showed that numerous granulocytes
infiltrated the muscle tissue. They formed large clusters
in the blood capillaries and sometimes nearly occluded
their lumena (Fig. 1). Granulocytes were also found to
adhere to the inner and outer blood capillary wall and
some of these cells were even caught in transit across the
endothelium (Fig. 2). Other granulocytes were also
interspersed between the skeletal fibers (Fig. 3). Electron
microscopy showed that most of the infiltrating
granulocytes were neutrophils which exhibited a normal
ultrastructure. They formed many pseudopodia at their
cell surface, but none of them was seen to release their
granules (Fig. 4).

The connective tissue matrix between the muscle
fibres was extremely electron lucent and had few
collagen fibres or was completely devoid of them (Figs.
4, 5). The muscle fibres usually showed large-sized
mitochondria with zig-zag cristae (Fig. 6) and some of
them contained small electron-dense bodies within their
matrix.

Reperfusion: 30 min after reperfusion, light
microscopy still revealed a conspicuous granulocyte
accumulation in the muscle tissue. Electron microscopy
showed that intermyofibrillar oedema was only an
occasional finding and -when present- it was clearly
associated with loss of glycogen particles (Fig. 7). Only

Fig. 2. Acetyl-carnitine-treated patients. Ischemic muscle: granulocytes
tightly adhere to the inner face of a blood capillary (arrows). One of
them (arrowhead) is seen in transit across the capillary wall. Semithin
section, stained with toluidine Blue-Na tetraborate. x 440

a few mitochondria were moderately swollen (Fig. 7)
and others contained scarce and small electron-dense
bodies (Fig. 8). The latter retained almost the same size
as in the ischemic period, at variance with intra-
mitochondrial dense bodies of the reperfused control
muscles which instead reached a very large size upon
reintroduction of the oxygen to the tissue (Fig. 9).

Blood analysis

After the induction of anaesthesia, hematological
parameters investigated were within the normal values.

Ischemia: at the end of the ischemic period there were
clear-cut signs of complement activation. In fact, C3 and
C4 complement fractions decreased significantly (110t
19 mg/dl to 83+10 mg/dl and from 27.3%+2.5 mg/dl to
18.2+£3.4 mg/dl respectively, p< 0.001). This was
associated with an increase in the number of neutrophils
in the blood draining the ischemic muscle (from 4040+
880/mm3 to 5753+961/mm3, p< 0.05). Superoxide
production from the blood granulocytes after FMLP
stimulation resulted to be significantlg/ lower during
ischemia (from 18.7£5 nmol/C cyt/10° cells/5 min to
10.3+5.7 nmol/C cyt/10° cells/5 min, p< 0.05). When
these data were compared with those of the controls
(Figs. 10A,B, 11), no significant differences were

Fig. 3. Acetyl-
carnitine-treated
patients.
Ischemic
muscle: a large
number of
granulocytes is
found in the
connective
tissue matrix.
Semithin section,
stained with
toluidine Blue-Na
tetraborate.

X 1,150
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Fig. 4. Acetyl-carnitine-treated patients. Ischemic muscle: neutrophils are in the close vicinity of a capillary vessel. They show many pseudopodia at the

cell surface and lie in a very electron-lucent connective tissue matrix. Electron microscopy. x 7,500

Fig. 5. Acetyl-carnitine-treated patients.
Ischemic muscle: a neutrophil is found
near skeletal muscle fibre. Note the
clearing of the connective tissue matrix
due to the oedema. Electron microscopy.
x 14,000
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revealed.

Reperfusion: 30 min after reperfusion, C3 and C4
fractions did not significantly change with respect to
ischemia (from 83+10 mg/dl to 69+7 mg/dl and from
18.2+3.2 mg/dl to 15.4+2.6 mg/dl respectively, NS) and
neutrophil number in the blood draining the muscle was
further increased (from 5753+96/mm- to 8549+1812/
mm3, p< 0.05). No significant difference was revealed
when compared to the controls (Figs. 10A,B, 11).

Five minutes after reperfusion the O3 production from
blood granulocytes still remained at a low level without
a significant difference when compared to that observed
during ischemia (from 10.3+5.7 nmol/C cyt/106 cells/5
min to 12.245.3 nmol/C cyt/10° cells/5 min, NS).

In two out of the 5 patients examined, a further blood
sample was taken 30 min after reperfusion. In this
sample, the O3 production was still at a low level (13.7+
1.3 nmol/C cyt/106 cells/5 min) and not significantly
different from that of the ischemic period (Fig. 12). In
the acetyl-carnitine-treated group O3 generation
measured five minutes after reperfusion was
significantly lower than in the controls (p< 0.05, Fig.
12).
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Fig. 6. Acetyl-camnitine-treated patients. Ischemic muscle: a detail of a
muscle fibre showing mitochondria with zig-zag cristae (arrow). Electron
microscopy. x 50,000

Moreover, in the treated-group the O5 generation after
30 min of reperfusion remained at lower levels than in
controls (p< 0.05, Fig. 12).

Discussion

Abdominal aortic reconstructive surgery is a suitable
model for inducing the I-R syndrome in human skeletal
muscles of legs (Novelli et al., 1990; Formigli et al.,
1992). In such an experimental condition we have
previously revealed that upon reperfusion a large number
of granulocytes recruited into the muscle tissue by
complement activation was associated with substantial
ultrastructural alterations of the muscle fibres (Formigli
et al., 1992).

As soon as molecular O, was reintroduced to the
tissue, the accumulated granulocytes became activated
and able to generate superoxide anion. Since there is
considerable evidence that O3 derived free radicals
account for at least part of I-R induced damage (Bulkley,
1987), our previous results strongly suggest that
infiltrating granulocytes play an important role in the
pathogenesis of I-R syndrome of human skeletal muscle.
In the current study we have revealed that in patients

Fig. 7. Acetyl-carnitine-treated patients. Reperfused muscle: a detail of
muscle fibre showing intermyofibrillar oedema and one moderately
swollen mitochondria (arrows). Electron microscopy. x 28,000
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undergoing the same surgery that acetyl-carnitine
treatment is capable of preventing -at least in part- the
tissue damage induced by I-R in the skeletal muscle of
legs. However, complement activation and the
consequent neutrophil infiltration into the muscle tissue
were still the most distinctive features of the ischemic as
well as of the reperfusion period similar to the untreated
control muscle. It is well known that complement
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Fig. 8. Acetyl-carnitine treated patients. Reperfused muscle: muscle
fibre shows mitochondria containing small-sized electron-dense bodies
within their matrix. Electron microscopy. x 28,000
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activated during ischemia (Crawford et al., 1988)
produces fragments which play an important role in
attracting and activating granulocytes within the injured
tissues (Sacks et al., 1978; Jacobs et al., 1980). During
ischemia, granulocytes still showed numerous pseudo-
podia at the cell surface as a sign of intense migratory
activity, and the oedema of the connective tissue matrix
was the result of an increased vascular permeability

Fig. 9. Control group patients. Reperfused muscle: muscle fibre with
mitochondria containing numerous large-sized dense bodies. Compare
with those of Fig. 8. Electron microscopy. x 28,000

40
> Ac-treated
# Controls
30
5
&
Eoot
b
O
10
0 | ] 1 |
a b c
time

Fig. 10A,B. Changes in C3 and C4 complement fractions in blood draining the muscle after induction of anaesthesia (a), at the end of ischemia (b) and
30 min after reperfusion (c). No statistically significant difference was found between controls and acetyl-carnitine-treated patients (NS).
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Fig. 11. Changes in neutrophil number in blood draining the muscle
after induction of anaesthesia (a), at the end of ischemia (b) and 30 min
after reperfusion (c). Values in controls and in acetyl-carnitine-treated
group were similar (NS).

which accompanied the active diapedesis of these cells
as well.

Upon reperfusion, the ultrastructural alterations of the
muscle fibres appeared greatly reduced when compared
to those of the patients not given acetyl-carnitine.
Accordingly, the accumulating granulocytes revealed a
reduced ability of O3 generation both at early and later
times of reperfusion when compared to untreated
samples. Their reduced function was consistent with
previous studies showing that L-carnitine affects
superoxide anion production by granulocytes draining
the ischemic and reperfused muscle (Novelli et al.,
1990). Ultrastructurally, the muscle fibre alterations
consisted mainly of a mild mitochondrial swelling with
the presence of small and scarce intramitochondrial
dense bodies.

These intramitochondrial dense bodies are known to
be sites of Ca2* accumulation due to an alteration in the
intracellular calcium homeostasis (Khandoudi et al.,
1989; Vlessis and Mela-Riker, 1989). Their reduction in
size and number, when compared to those of the
untreated samples strongly suggests that administration
of acetyl-carnitine favours functional integrity of skeletal
fibres.

Consistent with these observations are numerous
studies indicating that L-carnitine and its derivatives
exert a positive effect in ameliorating the I-R injuries
(Liedtke et al., 1981; Paulson et al., 1986; Brevetti et al.,
1991; Dubelaar et al., 1991) in tissues such as skeletal
muscle and myocardium, whose energetic metabolism
relies on carnitine-mediated fatty-acid oxidation. Indeed,
it has been shown that infusion of acetyl-carnitine
(Hulsmann et al., 1988) prevents the leakage of cytosolic
enzymes in myocardial fibres of isolated rat hearts.
Moreover, the drug administration reduces lactate
production and maintains normal ATP levels in patients
affected by ischemic heart disease (Ferrari et al., 1984;
Bohler et al; 1986). The ability of L-carnitine and its
derivatives in preventing I-R injuries may be explained
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Fig. 12. Changes in superoxide anion production by neutrophils in blood
draining the muscle after induction of anaesthesia (a), at the end of
ischemia (b) at 5 min reperfusion (b’) and 30 min after reperfusion (c). At
early and later reperfusion (time b’, c) superoxide anion production
remains at a significantly lower level in acetyl-carnitine-treated patients
than in control patients (*, p< 0.05).

taking into acount their role in cell energetic metabolism
(Goa and Brogden, 1987). In fact, L-canitine and its
derivates facilitate the entry of long chain fatty acids into
mitochondria where they undergo beta oxidation and
eventually produce energy. Hence, carnitines contribute
not only to ATP generation, but also limit lactate
production and the consequent acidosis. Moréover, it has
been recently hypothesized that the protective effect of
carnitine may be based, at least in part, on the
stabilization of the plasma membrane which, in turn,
could prevent the loss of cytosolic enzymes from muscle
fibres and thus improve cellular integrity (Hulsmann et
al., 1988).

Therefore, it is conceivable that in the presence of
acetyl-carnitine the skeletal muscle fibres may improve
their energetic metabolism. This hypothesis is supported
by the finding of large-sized mitochondria with zig-zag
cristae, which are characteristic of metabolically-active
tissues (Pappas and Brandt, 1959).

Moreover, recently, it has been demonstrated that
several local factors released during ischemia and
reperfusion, such as platelet activating factor, phospho-
lipase C, calcium, tumor necrosis factor and other
cytokines, may converge towards a final activation of
membrane-bound NADPH oxidase of granulocytes.
Thus, these local factors may be capable of priming
neutrophils to enhance their responses to stimuli which
would be otherwise uneffective (Braquet et al., 1989). In
such a view it is likely that acetyl-carnitine treatment
may prevent skeletal muscle from releasing similar local
factors so that granulocytes, which still infiltrate the
tissue in large numbers upon reperfusion, would not find
other stimulants apart from complement fragments to
trigger their oxidative metabolism.

In conclusion, the present findings support a
favourable effect of acetyl-carnitine on skeletal muscle
recovery after a period of I-R.



690

Muscle and acetylcarnitine

Acknowledgements. The authors are grateful to Prof. T. Bani-Sacchi for
the valuable advice and criticism in the preparation of the manuscript, to
Prof. D. Bertini for providing muscle biopsies, and to Sigma-Tau Co.
(Rome, ltaly) for kindly providing acetyl-carnitine. Paper supported, in
part, by a 40% grant of MURST, Rome, Italy.

References

Andersson J., Eklof B., Neglen P. and Thomson P. (1979). Metabolic
changes in blood and skeletal muscle in reconstructive aortic
surgery. Ann. Surg. 189, 283-289.

Bartlett K., Bhuiyan A.K.M.J., Aynsley-Green A., Butler P.C. and Alberti
K.G.M.M. (1989). Human forearm arteriovenous differences of
carnitine short-chain acylcarnitine and long-chain acylcarnitine. Clin.
Sci. 77, 413-416.

Bellavite P., Dri P., Della Bianca V. and Serra M.C. (1983). The
measurement of superoxide anion production by granulocytes in
whole blood. A clinical test for the evaluation of fagocyte function
and serum opsonic capacity. Eur. J. Clin. Invest. 13, 363-368.

Bohles H., Nopeney T., Akcetin Z., Rein J. and Von der Emde J. (1986).
The effect of preoperative L-carnitine supplementation on myo-
cardial metabolism during aorto-coronary-bypass surgery. Curr.
Ther. Res. 3, 429-436.

Braquet P., Paubert-Braquet M., Koltai M., Bourgain R., Bussolino F.
and Hosford D. (1989). Is there a case for platelet activating factor
antagonists in the treatment of ischemic states? TIPS 10, 23-30.

Brevetti G., Angelini C., Rosa M., Carrozzo R. Perna S., Corsi M.,
Matarazzo A. and Marcialis A. (1991). Muscle carnitine deficiency in
patients with severe peripheral vascular disease. Circulation 84,
1490-1495.

Bulkley G.B. (1987). Free radical-mediated reperfusion injury: a
selective review. Br. J. Cancer 55, 66-73.

Crawford M.H., Grover F.L., Kolb W.P., McMahan C.A., Rurke R.A.,
MaManus L.M. and Pinckard R.N. (1988). Complement and
neutrophil activation in the pathogenesis of ischemic myocardial
injury. Circulation 78, 1449-1458.

Dubelaar M.L., Lucas C.M.H.B. and Hulsmann W.C. (1991). Acute
effect of L-carnitine on skeletal muscle force tests in dogs. Am. J.
Physiol. 260, E189-E193.

Engler R.L., Dahlgren M.D., Morris D.D., Peterson M.A., Schmid-
Schonbein G.W. (1986). Role of leukocytes in response to acute
myocardial ischemia and reflow in dogs. Am. J. Physiol. 251, H314-
H322.

Ferrari R., Cucchini F. and Visioli O. (1984). The metabolic effect of L-
carnitine in angina pectoris. Int. J. Cardiol. 5, 213-216.

Ferrari R., Ceconi C., Curello S., Cargnoni A., Condorelli E., Belloli S.,
Albertini A. and Visioli O. (1988). Metabolic changes during post-
ischaemic reperfusion. J. Mol. Cell Cardiol. 20, 119-133.

Formigli L., Domenici Lombardo L., Adembri C., Brunelleschi S., Ferrari
E. and Novelli G.P. (1992). Neutrophils as mediators of human
skeletal muscle ischemia-reperfusion syndrome. Human Pathol. 23,
627-634.

Goa K.L. and Brogden R.N. (1987). L-carnitine. A preliminary review of
its pharmacokinetics, and its therapeutic use in ischaemic cardiac
disease and primary and secondary carnitine deficience in
relationship to its role in fatty acid metabolism. Drugs 34, 1-24.

Harris K., Walker P.M., Mickle D.A.G., Harding R., Gatley R., Wilson
G.J., Kuzon B., McKee N. and Romaschin A.D. (1986). Metabolic
response of skeletal muscle to ischemia. Am. J. Physiol. 250, H213-

H220.

Hiatt W.R., Regensteiner J.G., Wolfel E.E., Ruff L. and Brass E.P.
(1989). Carnitine and acylcarnitine metabolism during exercise in
humans. J. Clin. Invest. 84 , 1167-1173.

Hulsmann W.C., Dubelaar M.L., Lamers J.M.J. and Maccari F. (1988).
Protection by acylcarnitines and phenylmethylsulfonyl fluoride of rat
hearts subjected to ischemia and reperfusion. Biochem. Biophys.
Acta 847, 62-66.

Jacobs H.S., Craddock P.R., Hammerschmidt D.E. and Moldow C.F.
(1980). Complement-induced granulocyte aggregation. N. Engl. J.
Med. 302, 789-794.

Khandoudi N., James F. and Fevray D. (1989). Influence of intracellular
pH on mitochondrial calcium during ischemia of the isolated rat
heart. Histochem. J. 21, 99-106.

Kloner R.A., Fishbein M.C., Hare C.M. and Maroko P.R. (1979). Early
ischemic ultrastructural and histochemical alterations in the
myocardium of the rat following coronary artery occlusion. Exp. Mol.
Pathol. 30, 129-143.

Korthuis R.J., Grisham M.B. and Granger D.N. (1988). Leukocyte
depletion attenuates vascular injury in postischemic skeletal muscle.
Am. J. Physiol. 254, H823-H827.

Liedtke A.J., Nellis S.H. and Whitesell L.F. (1981). Effects of carnitine
isomers on fatty acid metabolism in ischemic swine hearts. Circ.
Res. 48, 859-866.

Loewe O.G., Murry C.E., Richard V.J., Weischedel G.R., Jennings R.B.
and Reimer A. (1988). Myocardial neutrophil accumulation during
reperfusion after reversible or irreversible ischemic injury. Am. J.
Physiol. 255, H1188-1198.

Novelli G.P., Adembri C., Brunelleschi S., Livi P., Rossi R. and Pratesi
C. (1190). Oxygen-radicals production during ischemia-reperfusion
of the lower limbs in man: inhibitory effects of L-carnitine. Curr. Ther.
Res. 48, 903-911.

Pappas G.D. and Brant P.W. (1959). Mitochondria. Fine structure of the
complex patterns in the mitochondria of Pelomyxacarolinenensis
Wilson (Chaos chaos L.). J. Biophys. Biochem. Cytol. 6, 85-90.

Paulson D.J., Traxler J., Smichmidt M., Noonan J. and Shug A.L.
(1986). Protection of ischaemic myocardium by L-propionyl camnitine:
effects on the recovery of cardiac output after ischaemia and
reperfusion, carnitine transport and fatty acid oxydation. Cardiov.
Res. 20, 536-541.

Riva A. (1974). A simple and rapid staining method for enhancing the
contrast of tissue of previously treated with uranyl acetate. J.
Microsc. 19, 105-108.

Romson J.L., Hook B.G., Kunkel S.L., Abrams G.D., Schork A. and
Lucchesi B.R. (1988). Reduction of the extent of ischemic
myocardial injury by neutrophil depletion in the dog. Circulation 67,
1016-1023.

Sacks T., Moldow C.F., Craddock P.R., Bowers T.K. and Jacobs H.S.
(1978). Oxygen radicals mediate endothelial cell damage by
complement-stimulated granulocytes. J. Clin. Invest. 61, 1161-1167.

Sjostrom M., Neglen P., Friden J. and Eklof B.O. (1982). Human
skeletal muscle metabolism and morphology after temporary
incomplete ischaemia. Eur. J. Clin. Invest. 12, 69-79.

Smith J.K., Grisham M.B., Granger D.N. and Korthuis R.J. (1989). Free
radical defense mechanisms and neutrophil infiltration in
postischemic skeletal muscle. Am. J. Physiol. 256, H789-H793.

Vlessis A.A. and Mela-Riker L. (1989). Potential role of mitochondrial
calcium metabolism during reperfusion injury. Am. J. Physol. 256,
C1196-C1206.

Accepted June 21, 1994



