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A model of amputated and replanted legs were used for the study on the energy
metabolism during long-period skeletal muscle ischemia. The energy metabolic changes
and intracellular pH were measured continuously and non-invasively by *P-MRS

technique.

Immediately following ischemia, phosphocreatine declined and inorganic phosphate

rose. However, ATP was maintained for 2 hours.

During ischemia, phosphocreatine was not detected after about 3.5 hours and ATP was
no longer detectable after about 5 hours. On the other hand, intracelluar pH began

declining linearly after 30 minutes.

All cases of 4-hour ischemia and 57% of 5-hour ischemia recovered. And all cases of

6-hour ischemia did not recover.
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Consequently irreversible changes to the energy metabolism of skeletal muscle were

caused by an ischemia of longer than 5 hours.
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1 30, 60, 120, 180 4> Tlx, #1244, 0.43+
0.03, 0.674+0.02, 0.91+0.02, 0.98+0.01 &
&R, £/, Pi, PCr, XU g-ATP (L4
T ATP) OfExfE (B-ATP/ (Pi+PCr+8—
ATP)) (Fig.3) ¥, FHMATD 14.3+1.0 =5t
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Time course of the changes in high energy
metabolites during skeletal muscle ischemia,
31P-NMR spectra recorded from the calf
muscles of a single rat during 6 hours of
ischemia. Chemical shifts (spectral position)
defined as positive in the high-frequency
direction with phosphocreatine chosen as the
internal chemical shift standard.
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Time course of the changes in Pi/ (Pi+
PCr) during period of 4.5 hours of ischemia.
Values are means, and error bars represent +
SE.(n=7) Pi: inorganic phosphate, PCr:
phosphocreatine
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Fig.3 Time course of the changes in g-ATP/
(Pi+PCr+3-ATP) during period of 5 hours
of ischemia. Values are means, and error
bars represent = SE.(n=7) Pi : inorganic phos-
phate, PCr : phosphocreatine
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B0 R (FLEWEL | 4 RRRIREIMIC 381 2 kR
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(Pi+PCr))i13 0.1 ATz L, MAEam pH 1349
7.0 E CEUE L7z, %72, &b BLEEFITIIE
Bt 180 43T b EREEL 0.82, #FAPY pH 149 6.
0 THotens, 24 BFEBICE, IRV IV E
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Fig.4  Time course of the changes in intracellular
pH during period of 3.5 hours of ischemia.
Values are means, and error bars represent +
SE.(n=7) It was impossible to calculate the
intracellular pH because of no PCr signal

after 3.5 hours of ischemia. PCr: phospho-

creatine
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Fig.5 Time course of the changes in high energy
metabolites after periods of 4 hours of is-
chemia. (A): These spectra show the most
rapid recovery. (B) : These spectra show the
slowest recovery. (C) : Both case (A) and case
(B) recovered to the same degree after 24
hours of reperfusion.

NpHK 6.0 ETTHo, F/, BELZ»-
7T, R 90 BB L TH PCr v 7
NVOHBRIZR SNk o7z (Fig.6)., &5612,

6 FERAREIMIC B\ TIE, EIEZER 0% (74150

BRAOBMINICN T 2 [EMEOHE ~P-MRS T~

) THYH, 5EEEMOEEL 2ok
FIRRAERR TR 90 HMEBL TH,PCr DY 70D
HIFIEZD sz o7 (Fig. 7).
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Fig.6  Time course of the changes in high energy
metabolites after periods of ischemia. (A):
These spectra show that PCr signal appeared
within 90 minutes of reperfusion, and which
indicated the tendency of recovery. (B):
These spectra show that the signal did not
appear and indicated no tendency of recov-
ery. PCr: phosphocreatine
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Fig.7  Time course of the changes in high energy
metabolites after periods of 6 hours of is-
chemia. These spectra indicated no tendency
of recovery and Pi signal did not decrease
even after 90 minutes of reperfusion. Pi:
inorganic phosphate
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Fig.8 This figure indicates the relationship

between ischemic time and recovery. White
bar : the number of total samples. Black bar :
the number of recovered samples.
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between Pi/(Pi+PCr) and intracellular pH
during ischemia. (n=7) Pi: inorganic phos-
phate, PCr : phosphocreatine
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