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= Abstract =
Assessment of Abnormality in Skeletal Muscle Metabolism in Patients with
Chronic Lung Desease by *P Magnetic Resonance Spectroscopy

Won Kyoung Cho, M.D., Dong Soon Kim, M.D., Tae Hwan Lim, M.D., Chae Man Lim, M.D.,
Sang De Lee. M.D., Youn-Suck Koh, M.D., Woo Sung Kim, M.D., Won Dong Kim, M.D.

Department of Internal Medicine, Department of Diagnostic Radiology, Asan Medical Center,
College of Medicine, University of Ulsan, Seoul, Korea

The functional derangement of skeletal muscles which may be attributed to chronic hypoxia has been accepted
as a possible mechanism of exercise impairment in patients with chronic obstructive pulmonary disease
(COPD). The metabolc changes in skeletal muscle in patients with COPD are characterized by impaired oxida-
tive phosphorylation, early activation of anaerobic glycolysis and excessive lactate and hydrogen ion production
with exercise. But the cause of exercise limitation in patients with chronic lung disease without hypoxia has not
been known. In oredr to evaluate the change in the skeletal muscle metabolism as a possible cause of the exer-
cise limitation in chronic lung disease patients without hypoxia, we compared the muscular metabolic data of
seven male patients which had been derived from noninvasive ¥P magnetic resonance spectroscopy(MRS)
with those of five age-matched normal male control persons. ¥P MRS was studied during the sustained isomet-
ric contraction of the dominant forearm flexor muscles up to the exhaustion state and the recovery period.
Maximal voluntatry contraction(MVC) force of the muscle was measured before the isometric exercise, and
the 30% of MVC force was constantly loaded to each patient during the isometric exercise. There were no dif-
ferences of intracellular pH (pHi) and inorganic phosphate/phosphocreatine(Pi/PCr) at baseline, exhaustion
state and recovery period between two groups. But pHi during the exercise was lower in patients group than
the contral group (p < 0.05). Pi/PCr during the exercise did not show significant difference between two
groups. These results suggest that the exercise limitation in chronic lung disease patients without hypoxia also
could be attributed to the abnormalities in the skeletal muscle metabolism.

Key words : *P magnetic resonance spectroscopy, Exercise limitation, Chronic lung disease patients without
hypoxia, Skeletal muscle metabolism
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2& F28080] 2ug vl =, Allard T
AAH Y ] FTHAZE AU Bl 2
# (muscle strength) o] 744 go] gled 8 &5
89 2R ol BAES &F Tl vAEAS
& 2% v o). ole 429 7% A A
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Table 1. Physical characteristics in subjects

ARG 5o FH9] W= Ao WeHAe
o 7108k WA 23 AAaFoR I FAHT
o] tjApdz} 0 Yo 4A o, dFE
o] HA AFEL AAZTE TR B ES Yo
2 AT, old] AxFEL AiAFE
glov} &%) functional class I WYAl= I AXY]
ZETVE 343 &5 Y TAE Yehie
AN ARUREL dgog, & &5 0E ZAXE
W 2 A 1 (P) drAES] & W38 st
=8 drgge 95doz #FY 4 e P
MRSE o] &84, olEeA At FAZS thAl W3}
£ Hls=3k A9 A1) tAle} vlm BEdte R
A, olBNME &5 5T a9 T 7HoEA G4
FAZ tiAl ¥l #98 e got Ead
3kt

S Uy
1. o7 i
799 94 HAgE 2 Qe JA ST 5

H)5=3k dade] AR A FAEE tes Y
3, $atFe] HE A5 56.7 £ 12.1419e9 o

Control Patient p-value
Age(years) 51.6 £ 13.6 56.7 = 1.21 NS
AC(cm) 259 £ 0.7 24.1 £ 1.9 NS
MVC({t-lbs) 122 + 1.6 9+ 3.6 NS
BMI(kg/m?) 225 £ 1.3 21.9 £ 44 NS
FVC(L/sec.)* 4.3 £ 0.4(98%) 3.0 £ 0.9(71%) p < 0.05
FEV,(L/sec.)* 3.4 £+ 0.6(103%) 1.36 + 0.4(44%) p < 0.05
Pa0O,(mmHg) 85.6 £ 17.8
PaCO,(mmHg) 41.3 + 5.7
pH 7.4 £ 0.02

AC. forearm circumference
BMI. body mass index
NS. non-significant

MVC. maximal voluntary contraction force of wrist joint
* 9 predicted value is shown in parenthesis
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Fig. 1. Typical stack plots of ¥P MRS spectra ob-
tained from one patient with a time
resolution of 2minutes. The first spec-
trum showed the muscular metabolic
state of the resting period. With the exer-
cise(second and third spectra), PCr peak
was decreased and Pi peak showed the re-
ciprocal change to the PCr peak. During
the recovery period, the spectra returned
to the level of the resting spectrum. No
significant changes were seen in ATP
peaks during the exercise and the recov-
ery period

Z3¢] FE AFE 51.6 £ 13.64AQh ol A
A &4, A8F FPPEA 22 E FHRE
AL 274e B 19 BAIE ue} 2o} 799 g
T 5 689 WA AAHAY $AEL theophyl-
lineAAE 83l g, 149 HFEEF &
A= prednisolong E-g3lx Uw, I I &
¢ FoF W49 Bigle fidden gt 3 25 A
Aoz IRt

2.4y

Zh QY] AuE A2 gido s ¥P MRS ZAE
QAA, 5A B 20872 FEA 2R s
o9 (Fig. 1), 5L tidele] 2 Agshe 2.8
% &EAA (wrist joint) o] 2FA FAE Hu5E
go| 30%°l AFhe FAE =2 E 5 FIe
H, g4 £5831 e o2 $HAA 4% f2g
L Zu7}2] S 3 A)$-% (isometric contraction) & A
&3 g stk P MRS ZHAM 289 inor-
ganic phosphate(Pi), phospocreatine(PCr) %
aden- osin triposphate(ATP)2) gt& 28 7tAo
2 de 7} ~¥EYYA g A& (signal)e] BH
& ARl I H, AT A4} (oxida-
tive phosphorylation) +8& utgdsle Pi/PCrg
] (ratio) & AlArE}gx, PCro] th3t Pig slalo)%
%k (chemical shift) & 2 2€] M2 pH(intracellu-
lar pH, pHi) & A48},

3. BAH 2|

£ A foR dojels HE £ BEUAE B
d3lx, ¥ 7He] Hl@E unpaired t-testE o] &

ahof Aa3a}sich.

2 o

QYA ZAT MEY pHis §x0] 7.06 + 0.04,
t=2Fo] 7.05 + 0.042 4ol 2lol7t figlont,
$5A12 22% pHis $#Alio] 6.82 £ 0.1, J&F
0] 6.97 + 0.052 fAlA FoJstA wEtck(Fig.
2). 2z} S48 & Aol pHie $xito] 6.
70 £ 0.10, thRF0] 6.78 * 0.09= Frlro] W
AEe RYPout EAFoR o3 aelx gl
THAE O AaAddis) 58 AxY Pi/PCre
S AAl Ao 0.13 + 0.03, h2TFo] 0.13 +
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Fig. 2. The change of pHi of forearm flexor muscles with the isometric contraction

The values are expressed as mean + S.EM.
R : recovery period

E : exercise period

0.022 ¥Z7 zto)7} i, 535 L 4% 9
2 Ao Ae Aol 42t 0.63+0.11, 0.90+0,
73, thxTo| 2z} 0.68 £0.05, 1.14+0.852 ¥4
G BARCZ FofF Aol U%iTh(Fig. 3).
3|8 27] 4839 FAH #FF Pi/PCre] 3B L2
£ 8AEe] 0.22 £ 0.13/min, tJxFo] 0.29 + 0.
22/mino2 f¥ Aole §i%l:, pHizt PFA
50%TEoR 3EHEY Aze ARE Aol
392 + 220sec, tiZFe] 369 + 160sec2 =}o]7}
ATt EXEALE BAFe] 2.79 + 0.74sec,
2o 2.83 + 0.42secE 2§ ol ot
(Table 2).

*p < 0.05
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Fig. 3. The change of Pi/PCr of forearm flexor muscles with the isometric contraction

Table 2. Muscular metabolic data derived from *P-Magnetic Resonance Spectroscopy examina-

tion
Control Patient p-Value

Rest

pHi 7.05 + 0.04 7.06 = 0.04 NS

Pi/PCr 0.13 £ 0.02 0.13 + 0.03 NS
Exercise

pHi 6.97 + 0.05 6.82 = 0.1 p < 0.05

Pi/PCr 0.68 + 0.05 0.63 + 0.11 NS
Exhaustion state

pHi 6.78 = 0.09 6.70 + 0.10 NS

Pi/PCr 1.14 + 0.85 0.90 + 0.73 NS
Recovery

rate of Pi/PCr(/min)* 0.29 £ 0.22 0.22 £ 0.13 NS

11,2 of pHi**(sec) 369 + 160 392 + 220 NS
Exercise time(min) 2.83 + 0.42 2.79 £ 0.74 NS

PHi. intracellular pH

*. recovery rate during the initial 4 minutes

** time to recover to the level of 50% of baseline value
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19 ool BIES 25 &5 ©E ATP 44
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g o8 WA Fr|IPATEEL §F ATP
AL A2 AAE o ATP B4ET 18~19
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e A2 Al g2 Ws} eds A g AE &
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