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Nuclear magnetic resonance

studies on maturation of skele-

==k
NMR (B#53EM), water proton relaxation time (77w b VIEFIEEHE), **Na, Skeletal
muscle CE#H)

E 5

NMR spectrometry = #BFHICIGE L, 50X E @RICHES WA DK T v b v R
& A D *Na BE A RE L. NMR O#EIiz JEOL FX 900 FT-NMR spectrometer
Tl > 7e. BMRONRIIAGBY 7% vROBWHTH D, K7 r b vftEf CH-T.) i
RIOREL 12 HIEI, 19 H & 20 HBIE, 4% 8H, 15 A, 22 HOMETTe-7. *Na ®
BECIL 12~14 HEBIE, 19 BB, 4~6 B 20 A8 R L.

"H-Th RN FEEBMEIC A8 > € 2.0824+0.091 #, 1.605+0.106 %, 1.321+0.107 B,
1.108+0.038 #, 1.0870.053 F & Wik{ETF L1-.

“Na JRE S RERICET L, 59.5%3.51 uEq/gm, 49.0+4.95 yEq/gm, 47.5-+3.87 vEq/
gm, 10.3%£2.13 uEq/gm TH - fc.

BRI OERBILEL OREBHICHE - TET L, 'H-T, BRI & &k B3 3e 5 BB BI (52
Bl KoBEE KL gelatin B DO 'H-T: BT EBRGOFR L h EIEE LT
B0, 'H-T BB RIETRTF L LTERBLUNDMORFOBERTE I Wi F
CTHRMEC I D EME ELcs v F OBHEH O H-T: BRI % B Lich 2013 505 5
nish e,

NMR THIZE S hic Hifk o “Na §E &, flame photometry Tl L7z Na* % M
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Bl hd, NMRIZL% ®Na OBHRIIFEEEMBICK ->C81.9% »b 54.7% ~ L &
Tl 2oz EnbKT e b vOFEEFERLET ThEBAD *Na 0OFEFRERL, B
BORBIESBAOEILIC L VEEINSZ ENERIZ L.

1 LD

WS 3E8 nuclear magnetic resonance (LA
NMR &B53) 1%, 4 AEZEAWFEOH LR
FEE LTHRERZBODOH S, EEADILH
L LT NMR ZBED i EALIHFTHS
25, NMR i s d 5 1 o0EELMAIMEL,
REROFHEC VB EF LickEOLF o
B L Wh EIARDB.

L1tV 2 NMR DAEERA~DOEAITA b &<
FHERVCLEENDBETHAS5L, 12120
F—RELOWTEDOERN X W RS S hinld
T 7o,

2513 NMR EAEREBRZE DR
SR FENFRERSZ EFLHFELOD, TTIX
EEOBERBORBFEBICOWT, K7e b vig
FIRS RN O Ak D *Na RE OB a2 HE Lic.

2 BERAS

(1) B¥F: K7 e b vHEER CH-T) KR
BED D HEBY 74 vRED 12 HE (n=
12), 19F & 20 HIE (n=12), 8 H#E (n=T7),
15 Bt (n=10) 1T 22 B (n=6) D%
B Ute, Wik D Na JREERIE D 7o dicik 12~
14 BIE (»=10), 19 BE (n=12), 4~6 HH#
(n=6), 20 B (n=8) DHgffi% A\ 7.

(2) BReEES: FIRAMED T AL S TH-T: B
RI% T 5 cdic, 170~200gm D7 A A X —
Ry rO—QlOBEHFELTML, MESBL
17 BB a8 L, BB E L.

(3) gelatin B : KHOEOEIIC X5 'H-Th
RO X4 b edicgKE 90%, 80%, 710%
60% 1tk S iz gelatin BBIR Z1ERL L7z,

3 5 &

1) BERORAE: BRTH DB OFRIUL
r 2 VIR T TT e\, YA RE B EHAl gt
B, B, —BEBEECIDKE LoD
BEIRE. OB UDE—ERICL T
BRI 8 Ryfdlic "H-Ty BsEI O ZEB) A 885 L2,
Z ORFEPNICE W TUMEDOE T /ety - 7. 48
DERITZ ORFMPICKET Licb D TH 5.

(2 FEALSNELCERIOLME: £ TDR
#lix JEOL FX 90Q FT-NMR spectrometer C
fTichbhi. 'H-T: KEOBIECIX 5mme Bkt
h, ®Na ©FHICIE 10mme &% ¥ L
Avi-ER0EIL, 5mme BT, &5 10mm
L1, 10mmg FTIX0.5g T &Lk

HEE % NMR probe PIIC #HE L &M[#E T 5
#l L#. probe P30 R 'H-T, RRIRIER
1% 29°C, ®Na JIBIZZER L Lic. Awics oF
WoOIBEREEL, 77 b VT 89.6 MHz, *Na
Tl 23.65 MHz T#H - 1=

H-T, Rl o JIZE VL, 180°-c-90° <1 A RFic
X % inversion recovary % F\y, 180° ~2v R
DIFITER S LIy ZF VRER R B IRE L
oo cEEEA 018, 028, 0.4%, 0.6
1%, 28, 38, Qo®) rZ&beei7 (8

CARKDOY I FAEBEELE (K1), chivBbh

To REEFIERAR X b JERAR D T RRIC X » T, I
& HE L.
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Bl 1 Samples of spectra for measurements of water proton T: time by inversion

recovary method: a; pure water, b; amniotic fluid, c¢; 12-day chick embryo’s muscle,

d; 20-day chick’s muscle, and e; 15-day chick’s muscle.

Rk D PNa BE © JIE D 721 F 3 BRan o
Na* #&HF T 5 EBEREKR» L HRBEREIED,
IR VREREER L. TEEI vEbh
®Na DA77 b awH2iRmLe. TOvY

2 The *Na NMR spectrogram in pectoral muscle
of an 8-day-chick: 1200 scans and the operating
field for sodium-23 was set to 23.65 MHz.

F L O TEEN D D WmEHIC S v CTERFO
“Na PLEE & SEH L7c.

(3) ko &XKEDRE: HEHF o —E
70°C DA — 7 v TR L, 6B & 24 BRI
BEEYHIEL, BEELZBREROENSESKE
EH Lk,

4 = B

(1) K7e v TR RBERLSEHEA~E
REELOoOH 5 B0 BRHEO H-T: K%
fbxFE 1R Lz, 'H-T: BT B RERICHE -
THBEBEHWCETLTE D, 12 HBERRG T
1%,2.0820.091#,12 A & 20 )R T 1.605+0.106
™, 8 BBET1.321+0.107 %, 15 HHET1.108+
0.038 %, 20 HBET 1.087+0.053 W ThH 7. &
DOEEFHOEKEDS 93% 2B 76% ~EET L.

# 1 Changes of proton T: time and water content in pectoral muscles of chick

embryos and chicks.

stage 12-day chick 19 & 20-day
embryo chick embryo 8-day chick 15-day chick 22-day chick
pectoral m. (n=12) (n=12) (n=7) (n=10) (n=6)
Preton T: time (sec) 2.082=£0.091 1.605+0.106 1.321+0.107 1.108+0.038 1.087+0.053
Water content (%) 93.0 86.0 83.0 78.0 76.0
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gelatin R © 'H-Ty K2 MET 5 &, &K
B 90% D gelatin I Tl 2.12 %, 80% T 1.40
#, 70% ©0.96 %, 60% TO0.62FTHh 7.

Rk & gelatin B D& KE & H-T: KD
BREN 3R L. WAILA—DEKETH
T H-T: R Biffic s X L <
AN

rotn T1 time
(sec.)
—0—

20\
3.000 '\\ 0---0 gelatin solution
\
‘\ @—e pectoral muscle
\
\
\
\
\
\
e}
2.000F N\
©
o}
)
<
< —
2 o\ Y
o \
R \
g 8 P\g
T T 2 AN
1.000 5 o, & = Q
< o S N N
© <& o 1 N
5o 4 ~
o, = & N
5o <& (0]
E 2
Q o o
5 R
o
iz}
<
|O 1 1 1
90 80 70 60 water content %

(W/V)

3 Two exponential curves represented gelatine
solutions (0) and pectoral muscles (@) respec-
tively.

Brihikts 58 & 17 8o ko 'H-T: Fi%x
K 4 Lic, fiith 5 Bk CEMH O 'H-Ty
RN ER T AEAA D > en, 58, 17BOW
FThick W T BRI X 5 FEBCER ORBRIT
Bohigh ot

(2) MO Na JRE: ARG ORE D H
A O ®Na 2EY NMR THEL, #¥K0K%

i
(o}
12}
E O control muscles
| @ denervated muscles
=
1.2+
1.1 H
. i - g :
5] a
1.0F o B
[}
s}
5 weeks 17 weeks

4 Proton Ti time in the denervated gastrocum-
emius muscles of rats. The muscles were exa-

mined at 5 & 17 weeks after the operation.

¥ETH5 flame photometry I X % Na* JEE &
W Lz (B 2). WIROBEEE R VTS B
BoF b)Y 2RHOREBE R - TEF L, W
THOEMIC S\ T% flame photometry I X %
B2 ®*Na-NMR 2 X 5 b D L h B\ xR Lz
2, BREEhZ L1k, ¥Na-NMR OBH R b
HEHAD 81.9% B A D 54.7% ~NE B Lic T
Lthnr (K5).

% 2 Sodium concentration in developing chicks,
pectoral muscles, measured by sodium-23 NMR

spectrometer and by flame photometer.

#Na-NMR Flame
Pectoral spectrometry photometry NMl(QéF)lame
muscles (¢Eq/gm)  (pEq/gm) i

12-14 day
chick embryo| 59.5=3.51 72.6=1.76 81.9=4.74
(n=10)

19-day chick

embryo 49.0=4.95 68.3=4.22 73.4=4.29
(n=12)

4-6-day chickl 47 53 87 71.0=3.63 65.2=4.69
(n=6)

20-day chick| 19 39 13 18.8=1.61 54.7=7.35
(n=8)
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5 Change of ratio of NMR visible sodium in the
course of maturation of pectoral muscles from

chick embryos and chicks.

5 & &

BpOFRB L, BN, B, £EN
@ e agE s, NMRIZFESERNCE, chb
DEBE S R—ERC R W CRFFCEHRIL 5 588
HxBETHEEL LTINS,

ERGORBICIES HOEKECEREOEL
D WTIL D S O W O WCTIEEED B
o A e 7 4 —IEEHSS THANLDRT
Jete. T ORERBIESTFICS NMR 2 SHA S
BHrowcih, EEEHOSR b VIEMRHE 2
¥Na EES? NAIE IR, Thb O THb
NEREBIIVWTHOEBENLDOLDOTH D, KiF
ZRDRECIAERD D OFEFEREE LY NMR TER L
T=DITF A DRENRH TH B, BeLTILE
eV HESL, FI<F v 7 REETHDHD,
H-T, B0 2L, GKEOEMADRBRH T
VXPE A D B HEADOEALIZN 3 1R S h iR e s
Ealc BIED 1EE LTERINDDTH
5.
H-T: B 0 BTk o 4 7K & DBk TFb
Thaz EIFETambhTne”? 2 L ThH B,

2 1L A U4k CRIE Lic gelatin BKR D 'H-T,
B & O Tha KT 52 21t XoT,
H-T: BRI & KB DS T o EF0EE L
Zr5c twm L. NMR X vk, &
DFWE L DA K 8%, & DD BN 827%,
MRS 10% CEaShb & s ™.

Hxrx, HOXRBE-T NaBELETTS
CrHEHE LN, BrBEEL BbhhicBiit
NMR CHitHEh 5 ®Na JEEO RHR) RERE
Bt o TETFT LIz & THB. 2D LITRARDL
{7 we b VIERRENET A & LRKDOE
FEHEOBGEEL OB, To& h L LIEA
SO LI AMFRETHS. ExbhsBHEL
T3, WaNOBES FILAY OBIMTHE > T “Na
NEFNC T v FTENIENSH T ETHD.

o R Lo BURVESERAESE L LT, B
X5 EHEG TR TH-T B B b L & v
5L EnBBH. HORBNHOBEEDHEML
T BT H A1k LEMTERA B LTT
BRTH . i T H-T: BRI AL LRSS
TRAGEAL Lish - e HEIX, HEEE; 7R
b VIETIRIC B 2 B B R T LRIRT b
DEEZLRE., LA H-T: K “Na #E
IR HEELRTIX, MRARRKOZELX
DhF b Y YA RYFSIARES DR R
DR L BREDORENEELE LD .

NMR OEZAOQGE & LTE, "TH-NMR 1IZ X
DEKBOMER NERI), TMRIZ X
BHETUBOA e 7 4 —ER I AF—DF
W'D 7o X OISR 2B D00 B B.
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