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Fig. 1 Free induction decay (FID) and its
Fourier transform (NMR-spectrum) recorded
from the isolated perfused rat heart. NMR
parameters: 45° pulse, 0.5sec interval, 1,200
transients (10 min).
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Table 1 NMR properties of nuclei commonly used in biomedical research

Nucleus Resonance frequency Natural Spin quantum Relative
(MHz) at 6.3 T. abundance (%) number sensitivity
'H 270 99. 99 1/2 1.00
BC 67.88 1. 108 1/2 1.59 %102
15N 27.35 0.37 —1/2 1.04x10-3
O 36. 61 3.7x10-2 —5/2 2.91 x10-2
1 254,02 100 1/2 0.833
2Na 71.42 100 312 9.25x10-2
ip 109. 30 100 1/2 6.63 x10-2
sC1 26.46 75. 53 3/2 4,70x10-3
BK 12.61 93. 10 3/2 5.08 x 10—
5%Co 64.11 100 7/2 0.277

Table 2 Myocardial concentrations of ATP and creatine phosphate (CP)
—Comparison of 3'P-NMR data with those obtained with acid extraction

methods
ATP Cp
Method - .
pmol/g pmol/g pmol/g pmol/g
wet wt dry wt wet wt dry wt
3IP-NMR 5.09+0.10 27.0+0.5 5.85+0.10 31.0+0.5
Acid extraction methods
Berne & Rubio 5.43+0.42
Kao et al. 21.0+1.0 26.0+1.0
Neely et al. 22.0+1/0 25.0+1.0
Reibel & Rovetto 23.2+2.5 31.1+2.8
Kannengiesser et al. 4.79+0. 14 6.19+0. 37
Watts et al. 17.7+0.6 34.2+2.9

mean=+S.E. Cited from Ref. 44)~49).
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Fig. 2 Effect of global ischemia on the high energy phosphate compounds
in the rat heart as studied with *P-NMR.
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Heart perfusion apparatus
used for NMR measurement
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(SCM: superconducting magnet )
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Fig. 3 Schematic illustration of experimental
set-up of our NMR experiments.
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255 B LT B0, LERTO ATP %% gk
HEVWOIBIKRELERYFOLEbR 5 L, global
ischemia & regional ischemia CILAHHTHE CESRERE T
ENED EBBhADT, &b ORI Fibh
BTl L. CoXS Bl X B OF=%
¥ — B 3T % R OBEA~D NMR o
IRE Ly AR E A SO B S BE IR T
B3040, B TG & B RE A LR RIRRC JUE
KB EWS NMR oFEEFIHLTRIINC X5 DR
A3 5 B &R it OEERT x-3% 3
TER & OBI#EZBE L, BILOHHR#EOR S BRInFE
RIMATOOEREEZ I L TR B TH B LW 5 fEHRY
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BT\54, KT Lavanchy 59 3@k NMR %
AT diltiazem o @ fnOF B35 (ER % Bt

L diltiazem 230 LCEENRIERAEZET
HRRCHE L TWBH, %07 — 2% B2 Lo
TERMBLACREBLL Tk b diltiazem RBHCR3
SEEER DD EVIBRIEETTERV. WThic
X NMR X ALy FRIC RIFC e s 2 &
KB E, OBEE L ORIBFRIE S FRERDTA 2 Y —
= v 7T RS Bk BRI S EE X 5.

A ESEOHAET BC BB\ L H 7n EieonTikE]
FIR Ty, Zhboa R Lo RE
DI LTFHMEHEREE R BD. KRRE=7 %o b
BOENETr—TOHRLERC LY, HZEOBWHD
Wikt PR E LIEHROBENEINS.
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Abstract—Nuclear magnetic resonance (NMR) spectroscopy and its application to bio-
medical research. Mikio NAKAZAWA and Shoichi IMAI (Department of Pharmacology,
Niigata University School of Medicine, 757, Asahimachi-dori 1, Niigata 951, Japan). Folia
pharmacol. japon. 92, 1~9 (1988)

The principles of nuclear magnetic resonance (NMR) spectroscopy were explained and its
application to biomedical research discussed. With 31P-NMR, it is feasible to conduct a
continuous, non-invasive measurement of the contents of myocardial high-energy phosphate
compounds and the intracellular pH (determined by monitoring the pH dependent shift of
the inorganic phosphate peak relative to that of creatine phosphate), and to correlate them
with the mechanical function. The determination of the free magnesium concentration is
also possible on a similar principle to that for pH determination (the shift of MgATP
peaks relative to ATP is utilized in this case). It is estimated to be 0.3mM and was
found not to be changed during ischemia. Several examples of studies including our own
conducted to delineate the ischemic derangements of the myocardial energy metabolism
and the effects of various interventions thereupon were illustrated. Finally a brief mention
was made of the saturation transfer technique. This is the only method with which one
can study the kinetics of the enzyme reactions under in vivo conditions. The application
of the method for analysis of the creatine kinase reaction and the ATP synthesis was
demonstrated.



