BMRZICESSy PESAFHICEKEITS
B—RBEAHOEIL

BRI A0S X F £ EH
K s

N 7 X E

Mo & —

| o B A

BREBAZEFDE-NH K K BT
AALFHE M £ B OE O

BWRZF IR ANEZTE Y (Hb) BOETER IR TR, Mok 58k
SHY A HEDOSGHLIEIT S, LML, BROZIx ¥~ VESHERMET
T 5L SVIRZAFEICETS B & EESERENERELIN L LHEINTL
51, X, #RZ & IEMHIRIC, BEHEBOQR I LV TF 7300 THS B —guani-
dinopropionic acid{ 8—GPA) OEOHRE(3-6)ZEICLD, BrlF—) VB
VAVPMET LABTH. L by FUTEREEED ERIEDH LN THE, 0k
D f;%%ﬁ_i\ oI ALF - VEEVANADEHBE T T &, FhEARTS
oD T ANF—REDPFB SN REASEDR LI LEETETLH5DTHS,
ERRHICET S 8 —XEERSTE. I 2y NI TBREEOSVHREETHE L
VOHELHBH(T.8). ZDAAZXLBHSHTID, I T AARTIE, B
B B —XEFRBMRZICKO EHFEINLOMERT Lz, X, BrxlF—1 Uik
LANVHED S LD ICHREOBEICEZEZA LSS, I Fay FY 7BEOHIEEE
PRI L > TEAIBSD 8 —XEHROREERARS I Lickb, I hary Y7
BEEOME S EICBR L TELT 2003 L1z,

A &
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3k WistarRiES v PEEBICRD 3FRICIT; 1) 2ppm Feff (170365,
Teklad, Madison, WI, USA) . 2) 6ppm FeB¥ (TD 77346, Teklad, 3)
100ppm FeRf (2ppm Fefxicferric citrated L TO#A100ppmdi, TD 92118,
Teklad). fFRHEEEHCERY opair feedingl ., BFICIGU, OS5 RIT#HE
L7zA B3 EHA G208 T/ HO—EE L, KERA A k% FEICERS
Bz, 29 MR F—=YI22~3EF 2T L. ERATERIZF2FCRUL5% IR
B, BHES 1205 R IcI0 B A, WI4LGEBEE, sodiun-pentobarbital DIEREMEE
A (5mg/100g body weight IZKDBBEL/2T v FOREL B SEER) Itk
SELVF—) UBEHEY P-BRSHE (NMR) #E (KEEFE. BEM
1707200 ZRWTRIE L 7. s8I 3FRk 4 SEEOREFOITHIA L /2D THIES 5,

FDH’, NNY va—F 4 v Uiy ) v OSBRI DRI L . ik @8
B (AAR7 723 48, H- DZAOHBERIANT b2 Yy MEEM L.
X B AREHRL., BERUER. FARITAMKC 1 Ny 77— ThEDF
A X L1z, #Dk, succinate dehydrogenase (SDH, 10) . cytochrome oxidase
(CO, 11). lactate dehydrogenase (L DH, 12}, citrate synthase (C S, 13).
B —hydroxyacyl CoA dehydrogenase (HA D, 14) | creatine kinase (CK, 15)
FRUCY R BOERIE L, X MADES AHHIE, 2347 EcOCT compound
EFVETE &, BERETAD LIt Y RY 7 AP TIREEE L, 20K, 55
AA A5 v b (—20°C) T20umEOKEMUIF Z/ERK L. 8 —ZBEEOEAREHE
(Bmax) RO (Kd)%autoradiographyZ AW T L, SFEIR2VT
MU X7 D TEHBE T 5. BEMOBFEEREICIZANOVARUStudent t-test
EHO, p<0L0BLNLTEREE L,

HREUEE

Table LIS B LIS, 2> bo—AEE (100ppn Fe) ©13.6%0.5g /100m
(AT, 6 ppm FeDERZ AR S TIMHHBERESE 050, 28/ 100mf & B EICHD
L7z(p <0.001), 2ppm FeBTIREMMEISETL . HbL~ILZ3.420.1g /100mf
L Gppm Feffdk 0 HEETH -7 (p<0.001) . N2 hZ Uy MEICHLALIR
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HEDGED SN, 6%k 2ppn FefffOEIEETIIEN -7,
NMRick BAH#ERICE S L EMITETL TS 6ppn FeRTEHELRIVF 1)
YBRLUANVEERECHREN/ (Table2), LLES S, 2ppn FeRTIRHCY
V7 F ) v (PCODEEEICD Uiz, P CriNATRTPCr (Pi+
PCr)Hid100% T 6 ppn FeB¥k D bEBICEMTH - 72(p <0.001), K#EOE -
FIF—Y ERMEERMTICE T 6ppm FerTIIZE(LLIIWS, LD,
2ppm FeRicdk 5 P Crl ORI ENTIC K » THRERE N T B(1,
Fhusdl, BB VB (PHEFREI EFT20TI), AHETSH. 2ppn Feffd
Pi,/PCrihifthd 2 HOEL D bBHFICSHETH 72 (p<0.001), 7F/ e
3y B (ATP) LRAVE 2ppm FeRTELLSW, LU, PCriEDmED
ok 2ppm FeBEOP Cr Total ATPLuho 2 X DEWEGIICH D, i
6ppm FeBficthl TEIHEMEMNE SN (p <0.05) . pHb 2ppm Fefick D
BT BHEHER0 oA, METHIREREESSICBE ST T,
ESABcBIT ABATEHEII Table 3R LTH S, HEERETHLSDHLE
CORIKITHRZICKDIET Ui, COEMICIE 6 KU 2 ppm FeBRENICEIZ 3 5 12
A IR EE720 DS D HAEME 6 pond D 2 ppn FeFEHRIZEN - 72(p <0.01) .
FMEBFDI FAVEFNT by 7 ABETHLCSKUIHADE. 6ppn Fe&
TiE, LS 70 2ppm FeBiICED 2y bo—UMEL 0 L LA FR L,
BhEm T RLF—=Y VEBRLASVERRRICINS b, e DLIFIOHE(1,18) £[E UIE
A RTHERTCHS, LDHIZ6 LU 2ppn Fe® T, HiCar bo—A0OF 2 f£i2/E
LS nrchi(p <0.001) MELR ZBBRIC R ERAD SN S » 7z, CKiEHI,
2ppm FeftMEWERICH O, 7 /37 BX O DHIEMEE,. Gppn FelEk D ERE
B -7 (p<0.0D) .

Autoradiographyic & Do 8 —REEDIEGHEE R I saturation curvellid
SRESHREZDEENR SN (Fig. 1) . 100ppm FeFHiclb~T, $RZOEE
RIECHABMETLTWA I &btbihb, 8 —AERD Braxi3#/RZ Tirb L7z

(Tabled, p<0.001), &ZAM, KdcdBFERELIED NI -T2,
e~ T, Bmax@EDEZEFFROHMEDET TR HMOBDICERL 2 LD TH
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A &Mbins, E.Bnaxid 6ppm Feffk Db 2ppn FeFFAEISE L (p <0.001),
BRI ORI U TSNS D ENFEENE, f—RERONHIRGLDE
B2, LorbE—BHicbuTtype D &0 Htype I fiberDiZAd 3 fZHE0T
EHFONTVBE), R-T, B FHEEKIZI b2y FY THE e OBEREM
ELEDHRBEER LENROIFET A2 I EARBINTHAS,

LIhL, AFEORERICE B &, 8 —ZBEBKOE(LE, LDHRUCKOAL S
FIPIVFITHETHLCSRUHADOE LY -~ 32 BEA3LDTH-
tzo MartinS@ick»Th bL—= 2k 0k MEREDOC SiEEIZ ERE L7285,
B—ZBERFIEDL ST ERIBONTVWS, UL, SDHRCOOD
HiEe & B K D188 — T LA, b SDHEHEBIL TO Iz, B
KB 5 B - ZARFOEREEI L EFEINTHELAYL SDH &S hDBEM
HLIEPTREEINLD,

F&

Ty MBI BERZN, T AHD L - FEFRRRITHERCZO A H =X L
R U, MAHYEENHG ¢ /1000 EMA L 2 TEEDEKRZICLEN, Bnax
AUET U7z, EHHbBEDS 48 /10008 T4 3 &, BoaxidEic@b Lz, L
L. ZEKOHIMEEED S - 720O T, BmaxDE T @EREOEDIC L - T
EfelEpREEINS, X, B -RHEEORTIE I by U TEIZ 0BRGN
ERIEOEENRH L EFHNTVAS, T v 7 ABRL2CBEILNL, %3E
DEFAZIENE GFCSDH)Y LoMBENRN I Edthihat,

S5

1. Ohira, Y., L.-J. Cartier, M. Chen, and J.0. Holloszy. Induction of an
increase in mitochondrial matrix enzymes in muscle of iron-deficient rats, A
m J. Physiol, 253 (CellPhysiol, 22}: C639-C644, 1987.

2. Ohira, M. and Y. Ohira, Effects of exposure to cold on metabolic chara

cteristics in gastrocnemius muscle of frog (Rana pipiens). J. Physiol. (Lond

—191—



on) 395 : 589-595, 1988.

3. Ohira, Y., M Kanzaki, and C.-S. Chen. Intramitochondrial inclusious ¢
aused by depletion of creatine in rat skeletal muscles. Jpn. J. Physiol. 38
: 159-166, 1988.

4, Chira, Y., T. Wakatsuki, N. Inoue, K. Nakamura, T. Asakura, K. Ikeda,
T. Tomiyoshi, and M. Nakajoh. Non-exercise-related stimulation of mitochondr
ial protein synthesis in creatine depleted rats. In “Integration of Medical
and Sports Sciences”, vol. 37, ed. by Y. Sato, J. Poortmans, [. Hashimoto, a
nd Y. Oshida, Karger, Basel, pp. 318-323, 1992

5.  Ren, J.-M., C.F. Semenkovich, and J.0. Holloszy. Adaptation of muscle
to creatine depletion : effect on GLUT-4 glucose transporter expression. Am.
J. Physiol. 264 (CellPhysiol. 33): €146-C150, 1993.

6. Shoubridge, E.A., R.A. J. Challiss, D.J. Haves, and G. K. Radda. Biochem
ical adaptation in the skeletal muscle of rats depleted of creatine with the
substrate analogue S-guanidinopropionic acid. Biochem. J. 232 : 125-131, |
985.

7. Wiltiams, R.S., M.G. Caron, and K. Daniel. Skeletal muscle S-adrener
gic receptors : variations due to fiber type and training. Am. J. Physiol. 2
46 (Endocrinol. Metab. 9): E160-E167, 1984.

§. Martin, WH, I, AR Coggan, R.J. Spina, and J.E. Saffitz. Effects o
f fiber type and training on B -adrenoceptor density in human skeletal muscle
. Am, J. Physiol. 257 (Endocrinol. Metab. 20): E736-E742, 1989

9. RERE. NBCE. L, BRR—. BRIBT. M. MERE. Ik
K. ST, BOEE, SXSRORNOBESGHONE « RS 4E
RN RIT TR - SEOBRESHROMOMRBMIC R THE, PR 4ER
EIFBHIIRLBHRHEE, HI - WHRRETC 0 EEL, 2E4AER
4=, pp. 199-208. 1993,

10, Singer, T.P. Determination of the activity of succinate, NADH, choline,

—192—



and a -glycerophosphate dehydrogenase. Methods Biochem Anal. 22 : 123-175,
1974.

11.  Wharton, D.C. and A. Tzagoloff. Cytochrome oxidase from beef heart mit
ochondria. Methods Enzymol. 10 : 245-250, 1967.

12, Pesce, A, R.H McKay, F. Stolzenbach, R.D, Cahn, and N. 0. Kaplan. Com
parative enzymology of LDH. J. Biol. Chem. 239 : 1753—1781; 1964,

13.  Srere, P.A. Citrate synthase. Methods Enzymol. 13 : 3-5, 1969.

14, Winder, W.W., K.M. Baldwin, and J. 0. Holloszy. Enzymes involved in ket
one utilization in different types of muscle : adaptation to exercise. Eur.
J. Biochem. 47 : 461-467, 1974

15, Oscai, L.B. and J.0. Holloszy. Biochemical adaptations in muscle. II.
Response of mitochondrial adenosine triphosphatase, creatine phosphokinase,
and adenylate kinase activities in skeletal muscle to exercise. J. Biol. Che
m 246 : 6968-6972, 1971

16.  Lowry, 0.H., N.J. Rosebrough, A.L. Farr,and R.J. Randall. Protein meas
urement with the Folin phenol reagent. J.Biol. Chem, 193 : 265-275, 1951

17.  Ohira, Y., K. 3aito, T. Wakatsuki, W. Yasui, T. Suvetsugu, K. Nakamurs,
H. Tanaka, and T. Asakura. Responses of /A-adrenoceptor in rat soleus to p
hosphorus compound levels and/or unloading. Am. J. Physiol. {CellPhysiol.),
In press.

18.  Cartier, L.-J., Y. Ohira, M. Chen, R.W. Cuddihee, and J.0. Holloszy. P
erturbation of mitochondrial composition in muscle by iron deficiency. J. Bi

ol. Chem. 261 : 13827-13832, 1986.

—193—



Table 1

Hemoglobin and hematocrit levels

100 ppm Fe 6 ppm Fe 2 ppm Fe
{n=8) (n=8) (n=8)
Hemoglobin «x R
(g/100ml) 13.6 £ 0.5 53.0+0.2 3.4+0.1
Hematocrit *E “aw
(%) 40.9+ 1.6 15.0+£ 0.9 14.1+1.3

MeantSEM. ***: p<0.001 vs. 100 ppm Fe group, and t+1t:
p<0.001 vs. 6 ppm Fe group.

Table 2

Results of *’P-NMR analyses

100 ppm Fe 6 ppm Fe 2 ppm Fe
(n=7) (n=7) (n=5)

. et

Pi/PCr 93113 98 + 15 226 + 22

Bt

PCr/(Pi+PCr} - 916 £ 11 912 + 12 817 £ 15

.f.

PCr/Total ATP 1,868 + 176 1,840 £ 87 1540 + 41

pH 7.11 £ 0.10 7.28 £ 0.09 6.95 + 0.06

Meant+SEM. Pi: inorganic phosphate, PCr: phosphocreatine, and
ATP: adenosine triphosphate. ***: p<0.001 vs. 100 ppm Fe group, and t:
p<0.05 and t1t: p<0.001 vs. 6 ppm Fe group.
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Table 3

Enzyme activities In soleus muscle

100 ppm Fe 6 ppm Fe 2 ppm Fe
(n=8) (n=6) (n=9)
SDH LR tew 14
{umol/min/g wet wt) 14.2 £ 3.1 4.1 +t0.4 2.9+0.3
e T
{pmol/min/g protein) 90.7 £ 17.8 31.5+ 5.5 21.0+2.2
a) ’ L N L]
(pmol fmin/g wet wt) 27.2 + 3.1 125+ 0.5 145+ 1.4
® ok LE N ]
{umol/tin/g protein) 185.3 £+ 22,9 97.2 + 9.6 103.1 £ 11.9
CcS ' M G 8
[pmoel /min/g wet wt) 23.9 % 0.6 24.5 + 0.3 29.1 + 0.6
*
(mol/min/g protein) 169.0 £ 12.5 186.0 + 14.0 1998+ 2.2
HAD *x 43
{umol/min/g wet wt) 277t 1.4 26.3 1+ 2.1 38.7 £ 3.0
[pmol/min/g protein) 201.5 + 27.8 205.1 + 13.2 265.6 + 21.7
LDH LR R * K K
{nol/min/g wet wi} 115.6 + 11,7 216.1 £ 14.9 206.6 £ 17.4
L R ] EE R ]
{umol/min/g protetn) 810.6 + 98.0 1674.4 + 185.5 1451.8 + 131.2
CK
(umol/min/g wet wt) 1379+ 9.6 145.6 + 6.6 126.1 £ 8.3
LA
(umol/min/g protein) 995.1 + 107.2 1076.8 & 72.3 860.8  52.0

MeaniSEM. SDH: succinate dehydrogenase, CO: cytochrome oxidase,
CS: citrate synthase, HAD: B-hydroxyacyl CoA dehydrogenase, LDH: lactate
dehydrogenase, and CK: creatine kinase. *: p<0.05, **: p<0.01, and ***:
p<0.001 vs. 100 ppm Fe group, and tt: p<0.01 and ttt: p<0.001 vs. 6 ppm
Fe group. . :

Table 4

The maximum binding capacity and dissociation constant
of B-adrenoceptors in soleus

100 ppm Fe 6 ppm Fe 2 ppm Fe
(n=4) (n=4) (n=4)
Bmax LR **ﬁ'T.‘.T
{fmal/mg protein) 130.6 £ 1.5 99.8+ 4.4 52.9 + 3.6
Kd
(pM) 314+ 04 328+ 1.5 36.0 2.2

Mean+SEM. DBmax: maximum binding capacity and Kd:
dissociation constant. ***: p<0.001 vs, 100 ppm Fe group, and +t+;
p<0.001 vs. 8 ppm Fe group.
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Fig. 1

Saturation curve
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