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In vivo Nuclear Magnetic Resonance Spectroscopy
A New Devise for Research in Brain Metabolism
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(Director: Prof. Tadashi MIYATAKE)

In this paper we have summarized our recent studies on brain metabolism by using
new experimental techniques, namely in vivo nuclear magnetic resonane spectroscpy
(MRS). We have build NMR probes with surface coil, which radiates rf waves and
also gets NMR signals from tissues in situ. The NMR machines we have used are
JEOL FX270 NMR spectrometer and JEOL GX270 NMR spectrometer, they have a
superconducting magnet with 6.35 tesla of magnetic field strength.

The measurement conditions we have used are as followed: for® P-MRS observation
frequency (OBSFR); 109. 14MHz, pulse width (PW); 13usec, pulse delayed (PD);
2sec, and FID aquisition times (ACQ); 200times. The conditions for »Na-MRS
OBSFR 71.35MHz, PW 15xsec, PD 0.1sec, and ACQ 100times, and for ®C-MRS
OBSFR is 67.80MHz, PW 154 sec, PD1.0sec, ACQ 450times and gated proton decoupling
was done.

The post-natal developmental changes of brain phosphorus metabolits were
measured by ¥P-MRS in rats. The PCr/Pi ratio increased in sigmoid fashon at the
time of 2 weeks after birth, and that got plateau at 10 weeks of age. The peakes
of phosphomonoesters, highest at birth decreased its intensity during maturation.

In the acute brain ischemia a series of events had occured. The most dramatic
events were failure of brain energetics. We have observed acute failure of energy
metabolism in the acute ischemic brain by * P-MRS. The PCr and ATP of the brain
decreased and the Pi peak increased during the brain ischemia induced by bilateral
caroted occulusion in the gerbils. Sodium pump function of the brain tissues monitored
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by #Na-MRS was failed promptly after ischemia insult, and the function of the
pump returned to only partially normal level after reperfusion of the circulation. The
glucose metabolites, @ —and §f —anomers of glucose, lactate, and glutamate and glu-
tamine were detected by '*C—MRS. The lactate level increased just after BLCO in
the gerbil brain. Monitouring of the BBB function is one of fascinating ability of
NMR sopectroscopy. We have caluculated T; relaxation time of the brain tissue by
Gd-DTPA enhanced MRI and could find out that hyperpermiability of BBB was
continued for a long time after reperfusion of circulation had achieved when the ener-
getics of the brain returned to normal level. In vivo MRS is one of new devises for

brain research developing recently in conjunction with widespreading of the methods

of MRI.

Key words: NMR spectroscopy, Brain Metabolism.
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Fig. 1 Signal selectivity in depthwise
direction with changes of pulse
width. At 10zsec pulse width the
signal intensity of hexamethyl
phosphoramide (HMPA) enhanced
and at 50#sec of pulse width
signal of phosphoric acid was
amplifeid.

6us 100us 240us

Bmm . . .

16us 60us 200us

4mm . . .

16us 55us i55us

—o—0o—@

surface coil

4mm . . .

8mm . . ‘

L A ] v
! 3mm Tmm Himm

Fig. 2 The map of the 90° pulse width.
A test sample tube filled with
phosphoric acid was placed in
front of the surface coil.
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Fig. 3 Variation of ¥ P-NMR signal intensity with pulse repetition time.
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Fig. 4 A standard curve for measurements Fig. 5 *P—NMR spectra of an intact rat

of ATP concentrations in solutions. brain obtained with a surface coil.
By using our surface coil method Peak assignments are as follows:
the concentrations of ATP in 1;f—ATP, 2;¢—ATP, 3;7—ATP,
solutions can estimated from the 4;phosphacreatine, 5;phosphodiesters,
peak height of #— ATP signal of 6;inorganic phosphate, 7; phospho-
the ¥P—NMR spectrum. monoesters, and Ref.; external refer-
ence of hexamethyl phosphoramide.
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Fig. 6

Post-natal developmental changes of phosphorous

compounds in the rat brain measured by in vivo

3 P~MRS.
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Post-natal developmental changes of phosphoruos
the rat

brain. PCr/Pi ratio
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after birth. The

level

of phosphomonoesters

(PME) decreased during maturation of the brain.
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Fig. 9 %Na—MRS of ischemic gerbil brain:
an influx of sodium to cytosol
IBCHEMIA took place 1 min after BLCO, and
NMR visible sodium returned
gradually after reperfusion.
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Fig. 8 3'P—MRS changes during and )
after 3min brain ischemia induced ; , 15-30min
by bilateral caroted occulusion »
(BLCO) in gerbil brain. U
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Fig. 10 A sequential changes of 1*C—MRS MM 45-60min

of rat brain after injection of 250

mg/kg of [1-13C] glucose intra- opH
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Fig. 11 Time course of the level of [1-13C]
glucose (@) and [3—'3C] lactate
(O) in rat brain during 30 min
ischemia.
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Fig. 12 Changes in T1 values of ischemic
gerbil brain after treatment of
Gd—-DTPA.
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Table 1 Energetics indexes of human brain by 'P-MRS.

Hamilton et al. Younkin et al.| Radda et al. | Yuasa et al.
(1986) (1984) (1986) (1986)
normal infants asphyxia normal adult | normal adult
infant frontal occipital
28 weeks 42 weeks (n=7) (n=8) (n=5)
PCr/ATP 0.96+0.39 1.8240.4 0.7+0.4 1.03+0.11 0.72+0.24
PCr/Pi 0.774+0.24 1.0940.24 1.3+0.7 3.11+1.15 3.02:+1.49
PME/ATP 3.15+1.04 2.67+1.04 1.5+0.6 0.7 +£0.14 0.43+0.18
PDE/ATP 2.20+1.14 2.21+1.15 1.6+0.7 2.07+0.36 0.59+0.33
PME/ATP 1.2+0.6
pHi 6.98:+0.34 7.11+0.3 7.1+0.1
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