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A custom-built *P NMR spectrometer with 5.6 Tesla, horizontal magnet was used

to determine the changes of 7n wivo phosphorus metabolism of the rat brain in various
pathological conditions. *P  NMR spectroscopy readily demonstrated cerebral metabolic
deterioration and/or recovery iz vivo, in terms of the changes in relative concentrations
of phosphate metabolites such as adenosine triphosphate (ATP), phosphocreatine (PCr)
and inorganic phosphate (Pi), and the alterations of intracellular pH (pHi) calculated
from the chemical shift of the Pi peak relative to the PCr peak, following different
kinds of brain insults.

25-minute hypoxia caused the decrease in PCr and the increase in Pi with ATP’s
unchanged. After 15-minute global ischemia, PCr and ATP peaks completely disappeared,
which recovered after the restoration of cerebral blood flow. *P NMR spectroscopy
clearly showed metabolic deterioration associated with focal cerebral infarction in the rat

with middle cerebral artery occluded 24 hours previously. Severe impact trauma provoked
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progressive deterioration of cerebral phosphorus metabolism. This alteration was notified

even at the first five-minute spectrum.

The author has demonstrated that in vivo *P NMR spectroscopic measurement would

be useful and fascinating to evaluate in vivo phosphorus metabolism at various patholo-

gical states repeatedly and noninvasively.
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1 Control P NMR spectrum of the
anesthetized rat brain at 5.6 Tesla
(upper) and computer fitted spectrum
(lower), providing the signal intensity
(area) and the chemical shift of each
resonant peak. Each numerical num-
ber has been assigned as follows: 1;
B-ATP, 2; a-ATP together with a-
ADP, NAD, and NADH, 3; y-ATP
and B-ADP, 4; phosphocreatine, 5;
inorganic phosphate, 6; sugar phosp-
hate and phosphomonoester.
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2 P NMR spectrum of control(lower)
and at the end of 25-minute hypoxia
as low as 30 mmHg of PaO.(middle),
showing the decrease in the PCr peak
and the increase in the Pi peak with
the ATP’s peaks unchanged. 30 min-
utes after the recovery from hypoxia,
the spectrum (upper) is identical as
the control.

PAz braR1 (FR) ©md. 2V hr—
NANXZ b X BB R PCr/Pi 38 XU pHI @
SEEEIREFRFER, 2.5 (N=28) $X0°7.20 (N
=28) Thot.
A, E@FE (X2)

Pa0: 30mmHg T 25 5D A< b v (HFR)
1%, PCr D{E TR X Pi o8 RS i,
B5 by 7e ATP OB LE &S fiehs - T, [EIEE

i | ..]\,/\,\1\
o T,

\

e A

R D A B B
10 0 -10 -20

3 ¥P NMR spectral changes following
global ischemia in the 4-vessel occl-
usion rat model. a, control spectrum
(lower). b, 15 minutes after global
ischemia, the Pi peak showed the
marked increase in its peak height
and severe brain acidity compatible
with the decrease in the Pi chemical
shift relative to the PCr peak(middle).
¢, 30 minutes after the restoration of
bilateral carotid artery flow, the PCr
and ATP’s peaks appeared again,
comparable with control spectrum,
though the Pi peak slightly shifted
Cupper).
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BILATERAL CAROTID ARTERY OCCLUSION & HYPOTENSION

B] 4 Up to 60 minutes after the occlusion of bilateral carotid arteries and hemorrhagic hypoten-
sion as low as 50 mmHg of mean arterial blood pressure, the PCr/Pi ratio decreased to
0.2 and pHi became 6.63 (left lower). Following the restoration of bilateral carotid artery
flow and normal blood pressure, the PCr peak almost returned to control, otherwise the
PCr/Pi ratio and pHi remained lower (right lower).

Lt MCAO 24 hrs

A \W\ WWW | : "VWM,

22 0 0 10 30 oo o -10 -20 -30 een

Rt Lt

B 5 P NMR spectra obtained from the injured hemisphere (right
figure) with middle cerebral artery occlusion done 24 hours
previously and from the contralateral intact hemisphere (left
figure). Note the apparent differences between spectrum in each
hemisphere.
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6 Changes in ¥P NMR spectra following
severe fluid percussion impact of 7-8
atmosphere. The PCr and ATP’s peaks
progressively decreased and the Pi peak
became dominant. These changes never
returned to control during the experi-
ments.
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