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Cerebral energy metabolism following ESWL brain injury
model and effects of cerebral protective drugs

Choong Jin Whang, M.D., FA.CS. and Yang Kwon, M.D.

Department of Neurological Surgery, Asan Medical Center, College of Medicine
University of Ulsan, Seoul, Korea

The goal of this study was to introduce a new method inducing an ex-
perimental brain injury model using ESWL(Extracorporeal Shock Wave
Lithotripsy) and to evaluate findings of localized lesions on 'H MR imaging
and the response of cerebral energy metabolism using a P MR spectro-
scope to the ESWL brain injury in cats. This study also examined effects of
cerebral protecitive drugs.

1) There were no statiscally significant changes in pH at all measurement

points.

In the trauma group, initial decrease of PCr/Pi was seen at 30 to 60

minutes with return to control levels by 2 hours after injury(P<0.05),

followed by a second decline at 4 hours which lasted until 8 hours after
injury.

3) Significant recovery in PCr/ Pi(P<0.05) was observed in both the THAM
and dexamethasone treated groups at all measurement points and in the
mannitol treated group only temporary recovery at 30 and 60 minutes(P
<0.05).

4) High intensity signals were seen on 'H MR imaging in traumatized
animals.

2

This study demonstrated the immediate and persistent recovery of cerebral
energy metabolism using THAM or dexamethasone and an immediate but
transient effect with mannitol in traumatized animals.

Key Words : Cerebral energy metabolism - 'H MR imaging - P MR spectroscope - ESWL brain

injury, cerebral protective drugs.

INTRODUCTION

It is now well proven that alterations in cerebral
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energy metabolism after head injury occur in both
clinical and experimental studies(Unterberg et al.,
1988). Changes in cerebral energy metabolism are
suggested by the presence of lactic acidosis in the
cerebrospinal fluid clinically, indicating an increase
in anaerobic glycolysis(Cold et al., 1975 ; Crockard
& Taylor, 1972 ; Sullivan et al., 1976 ; Unterberg et
al., 1988; Vink et al., 1987). Furthermore, an in-
crease of tissue lactate(Anderson et al., 1988) has
been shown in experimental studies.
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The works indicated that when hypoventilation
was superimposed on trauma, which requires a
marked increase in oxygen demand where oxygen
delivery is inadequate, this would result in relative
ischemia as described by Siesjo(Siesjo, 1988) as
cerebral blood flow insufficient for adequate oxygen
maintenance, but sufficient to supply carbohydrate
substrate. This would cause a shift from aerobic
(mitochondrial) to anaerobic (glycolytic) pathways of
energy production to result in an increase in lac-
tate (Aarabi and Long, 1979; Cold et al., 1975;
Crockard & Taylor, 1972; DeSalles et al., 1986 ;
Enevoldsen et al., 1976; Giannotta et al., 1987 ;
Hass, 1975; Inao et al., 1988 ; Jane et al.,, 1982 ;
Rabow et al., 1986; Rao et al., 1978 ; Seitz and
Ocker, 1977 ; Unterberg et al., 1988 ; Wagner et al.,
1985; Zupping, 1970). Direct neurochemical
measurements have demonstrated changes in tis-
sue pH and high-energy phosphates after traumatic
experimental brain injury in both rats(Nilsson et al.,
1977 ; Nilsson and Ponten, 1977) and cats(Yang et
al., 1985).

The goal of this investigation was to introduce a
new method inducing experimental brain injury in
cats using ESWL, and to evaluate findings of the
lesion on '"H MR imaging. The study was also to
evaluate the response of the cerebral energy meta-
bolism and the possible effects of cerebral protec-
tive drugs. Phosphorus-31(*'P) magnetic resonan-
ce(MR) spectroscopy was utilized for its unique
opportunity for non-invasive and continuous monitor-
ing of tissue pH, PCr, inorganic phosphate(Pi) and
adenosine triphosphate(ATP) concentrations in the
brain(Unterberg et al., 1988; Vink et al., 1987).

Until recently, methods inducing experimental
brain injury have been by either stunner(Yang et al.,
1985), fluid percussion(Sullivan et al., 1976), penet-
rating missile(Crockard et al., 1977) or penetrating
drill(Crockard et al., 1982). With the rapid develop-
ment of nuclear magnetic resonance(NMR) technol-
ogy, the method of NMR spectroscopy has been
widely applied to study metabolic changes in head
injury(Anderson et al, 1988; Jane et al., 1982;
Unterberg et al., 1988 ; Vink et al., 1987).

However, the degree of experimentally induced
lesions varied depending upon the use of the
method and individual experience of each techni-
que producing brain injury to make it difficult to
correlate changes in cerebral metabolism and de-
gree of experimentally induced brain lesion in a
rather accurate manner. In addition, most NMR
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spectroscopy used for studies has been 2 to 2.34
Tesla which would result in higher chances of giv-
ing relatively less accurate values than expecte-
d(Anderson et al., 1988 ; Jane et al., 1982 ; Unter-
berg et al., 1988).

MATERIALS AND METHODS

Materials

Twenty five adult mongrel cats, each weighing
25 to 3.5kg, were used for this study. These were
randomly selected into 5 groups each containing 5
cats.

Methods

The animals were randomly assigned into five
groups.

Group I : 5 cats with craniectomy only.

Group II : 5 cats with craniectomy and ESWL
trauma. -

Group Il : 5 cats with craniectomy and ESWL
trauma followed by THAM treat-
ment.

Group N : 5 cats with craniectomy and ESWL
trauma followed by Dexamethasone
treatment.

" Group V : 5 cats with craniectomy and ESWL
trauma followed by Mannitol treat-
ment

Surgical preparation

The 25 cats were anesthetized with intramuscular
Ketamine 25mg/kg and Atropine 0.08mg/kg and
maintained with 1% halothane(30% Oxygen, 70%
Nitrous Oxide) through mechanical ventilation with a
Harvad ventilator(15cc/kg, 10-12/min).

A catheter was placed in the femoral artery for
pressure monitoring and withdrawl of blood sam-
ples. An intravenous route was maintained via the
antecubital vein, and the animal was positioned in a
head' frame. Skin and muscle over the right side of
the scalp were retracted and the temporo-parietal
bone was exposed. A craniectomy(3X5cm) was
made along the right temporo-parietal bone to ex-
pose the marginal, suprasylvian, and ectosylvian
gyrus for ESWL injury and the double tuned *'P MR
spectroscopy surface coil(19mm in diameter) was
attached.

Core body temperature, measured by rectal



Head injury, ESWL model and cerebral energy metabolism

probe, was maintained at 37-38°C using soft cot-
tons. The systemic arterial blood pressure was
maintained at the range of 120-160mmHg.

Experimental protocol

After surgical preparation of the animal, *P MR
spectroscopic measurements .of brain pH, phos-
phocreatine(PCr), inorganic phosphate(Pi) and B
-ATP were obtained and samples of arterial blood
were withdrawn for measurement of pH, PaCO,,
PaO,, bicarbonate and base excess.

The ventilator was adjusted to deliver a tidal
volume of 15cc/kg at a rate of 12 breaths/minute
to maintain PaCO, at 355mmHg and PaO, above
100mmHg and bicarbonate was given to correct
any base deficit. In the control group(n=>5), energy
metabolism with *P MR spectroscopy was mea-
sured after craniectomy.

In trauma groups, the animals were subjected to
ESWL injury after craniectomy, and were randomly
assigned to one of the 3 treatment groups(group I
-V).

Group III, which was subjected to ESWL injury
was given an initial dose of THAM intravenously
and then follwed by an injection(1ml/kg) every hour
after trauma for 8 hours.

Group IV animals were treated with intravenous
Dexamethasone 6mg/kg after ESWL injury.

Group V animals were treated with 2mg/kg of
mannitol after trauma.

At 8 hours after trauma, the animals were sacri-
ficed by intravenous injection of KCI. The brains
were removed and fixed with formalin for gross and
pathologic examination.

ESWL(Extracorporeal Shock Wave Lithotripsy)
brain injury

A third generation Donier MPL(Germany) was
used in this experiment. White matter of the right
marginal or suprasylvian gyrus was targeted by a
doppler ultrasonagraphic guidance. 500 pulse wave
with 25KV power was transmitted in each craniecto-
mized animal to produce brain damage.

%P Magnetic Resonance Spectroscopic Tech-
nique

The MR spectroscopic measurements were made
in a Bruker Biospec 4.7/30(Zurich, Switzerland)
with a usable inner diameter of 300mm and a Bo
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Fig. 1. Area bounded by the dashed line represents the limits
of the surface coil sensitive volume(radius=9.5mm) from which
the magnetic resonance spectroscopy signals arise.

field of 4.7 tesla, and *P resonant frequency was
tuned at 81.049 MHz. Acquisition depth was 9mm,
which represented that *P spectrum containd the
signals from the brain volume of 9mm radius from
the coil surface(Fig. 1). Round double tuned surface
coiIs(‘H(inner diameter : 25mm), *P(inner diameter :
18mm)) were used for both transmission and recep-
tion of the radiofrequency signals.

Magnetic field homogeneity was optimized by

- shimming on the hydrogen signal from the brain.

The spectral width was 6KHz and 16K data points
were collected for each scan in an acquisition time
of 1.356 seconds. Scans were repeated every 2-3
seconds, and 512 scans were averaged to achieve
an adequate signal-to-noise ratio. Total time to
obtain an averaged spectrum was 19.6minutes. The
area under the Pi, PCr, and the three adenosine
phosphate peaks of ATP above an arbitrary base-
line was determined in each spectrum by a com-
puterized integration procedure on APS/3000 com-
puter. The intracellular pH was calculated from the
chemical shift of the Pi resonance peak relative to
the PCr resonance peak using the following
equation(Petroff et al., 1985; Taylor et al., 1983;
Zochoden et al., 1988).

_ Pilshift)—3.27
PH = 672100 5 55 pi(shif

Confirmation of lesions using 'H MR imaging

Proton density weighted MR images(TR/TE:
1550/100msec) were followed up in each ex-
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perimented animal after 8 hours. Six to seven im-
ages were obtained using a multisectional imaging
technique. Acquisition matrixes were 256X256 with
8.0cm of field of view(FOV) and 3.0mm slice thick-
ness.

RESULTS

Changes in pH

Values of pH in control animals before and 30
minutes after craniectomy were 7.085%0.015 and
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7.07710.016, respectively. Values of pH in trauma-
tized animals showed 7.090%0.028 before and
7.051%0.022 30 minutes after trauma. There were
no statistically significant changes seen in either
control or traumatized groups at all measurement
points within an 8 hour duration. Values of pH in
group TM(THAM treated after trauma) before and 30
minutes after were 7.082+0.023 and 7.075%0.033,
respectively. In group IV(Dexamethasone treated af-
ter trauma) they were 7.103%0.024 and 7.105%
0.047 and in group V (mannitol treated after
trauma) they were 7.089+0.012 and 7.079+0.021,

iﬁuma
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There were no statistically significant changes in values of pH in all control, traumatized and treated groups
at all measurement points from 30minutes until 8 hours.

Table 1. Brain tissue pH level before and at various times after injury*

Study group control 30min 60min 120min 180min 240min 300min 360min 420min 480min
Control (n=5) 708510015 707710016 705810030 705910027 708740038 708510036 706510027 705610024 704110014 700820011
ESWL (n=>5) 700010008+ 70512002 706110023 706810022 709740022 708010016 706810028 705210027 703310027 7.02610006
Tdeated ("=5) 708210023+ 707510083 707310088 7.06110013 7.10010088 7.108+0040 71590067 71060029 7.112£0024 707020015
Dieated (n=5) 710810024+ 710510047 706910021 709610034 706910020 700610026 712740052 7096510026 707310017 700440034
Mteated (n=5) 70890012+ 707910021 707140016 708140019 705610009 706640012 705040020 704240019 708540021 702840020
T: THAM  D: Dexamethasone M: Mannitol

“Data are means *standard error of the means.
+ before craniectomy

There were no statistically siginificant changes in valus of pH in all control, traumatized and treated groups at all measurment points

form 30minutes until 8 hours.
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Fig. 3. Graph showing changes of PCr/Pi in the control group(n=5), ESWL trauma group(n=>5) and T, D,
M-treated group(each group n=5). Changes of PCr/Pi in traumatized animals were found to be biphasic-
the initial decrease of PCr/Pi(P<0.05) was followed by recovery of the changes in 2 and 3 hours to the level
of the control group, but significant decrease in PCr/Pi was observed 4 hours after injury (P 0.05). Significant
recovery in PCr/Pi(P<0.05) was observed in both THAM and dexamethasone treated animals at all
measurement points from 30minutes after treatment until 8 hours. In the mannitol treated group, recovery of
PCr/Pi was noted at 30 minute and 60 minute measurement points(P<0.05) after treatment, but no
significant changes were seen thereafter in comparison with traumatized animals.

Table 2. Phosphocreatine/inorganic phosphate(PCr/Pi) ratio before and at various times after injury*

Study group control 30rmin 60min 120min 180min 240min 300min 360min 420min 480min 7
Control (n=>5) 487940132 485510187 473310163 458010309 467310165 460210196 453410283 453210401 463610284 467010203
ESWL (n=5) 485420160+ 3212401664 356210.383% 364710346 326510301 2955F0.363% 2535102854 2683103714 2420103804 2344103154

Theded (=5) 4800607+ 4780104484 420305144 4304H0576% 4426406564 4578104058 440204874 4450103768 414504674 4117403694
Dieded (1=5)  ASTA+064+ 4754205608 4253H02004 3860H0114% 421403094 452004404 4231103804 3917+0018% 401510588 410+0486%
Mieded (1=5) 49060655+ 4350102804 4217404334 384310411 3547H041T 32406424 262605004 271903878 267703074 2425403678

T: THAM  D: Dexamethasone M: Mannitol
*Data are means tstandard error of the means.
+ before craniectomy
# significant difference from control value : P<0.05

Changes of PCr/Pi in traumatized animals were found to be biphasic-the initial decrease of PCr/Pi(P<0.05) was followed by recovery of the changes in
2 and 3 hours to the level of the control group, but significant decrease in PCr/Pi was observed 4 hours after injury(P<0.05).

Significant recovery in PCr/Pi(P<0.05) was observed in both THAM and dexamethasone treated animals at all measurement points from 30minutes
after treatment until 8 hours. In the mannitol treated group, recovery of PCr/Pi was noted at 30 minute and 60 minute measurement points(P<0.05) after
treatment, but no significant changes were seen thereafter in comparison with traumatized animals.
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respectively. Again, there were no statistically signifi-
cant changes in values of pH in each traumatized
and treated animal group at all measurement points
from 30 minutes until 8 hours after injury(Fig. 2 and
Table 1).

Changes in PCr/ Pi

Measurements of PCr/Pi in control and trauma-
tized animals are shown in Fig. 3 and Table 2.
Values of PCr/Pi in control animals before and 30
minutes after craniectomy were 4.879+0.132 and
4.8557+0.187, respectively and in traumatized anim-
als before and 30 minutes after trauma were 4.854
+0.160 and 3.2122%0.166 respectively. Decrease in
value was also seen one hour post-trauma with
3.56210.383 showing significant changes(P<0.05).
In traumatized animals, PCr/Pi recovered in 2 and
3 hours showed no significant difference compared
with the control group, but significant decreases in
PCr/Pi(P<0.05) were again observed 4 hours after
injury until 8 hours in comparison with the control
group. Significant recovery in PCr/Pi(P<0.05) was
observed in both THAM and dexamethasone tre-
ated animals at all measurement points from 30
minutes after until 8 hours. In the mannitol treated
group, recovery of PCr/Pi was observed at 30 mi-
nute and 60 minute measurement points(P<0.05)
after treatment, but no significant changes were
seen thereafter in comparison with traumatized ani-
mals(Fig. 3 and Table 2).

Changes in ATP

The time course of the changes in B-ATP in
each group is shown in Table 3. Values of B-ATP
in control animals before and 8 hours after craniec-
tomy were 43.5415.86 and 45.4514.87, respec-
tively and in traumatized group before and 8 hours
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after were 46.36£4.72 and 47.80%6.04, respective-
ly, showing no significant differences between con-
trol and traumatized groups. Observation also con-

TOMIKON

LSAN MEDICAL
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Fig. 4. ESWL(24KV, 500X shock wave)-induced non-
hemorrhagic cerebral contusion(A, B). Proton density WI(SE
1550/100) MR scans show irregular shaped high signal lesion
in the white matter of the right cerebrum(arrows) 8 hour after
injury.

Table 3. Beta-Adenosine Triphosphate(B -ATP) levels before and at various times after injury*

- Study group _control i - 8hr
Control 43541586 45.4514.87
ESWL 46.361+4.72 47.80%6.04
T-treated 48521+6.33 46.491+6.21
D-treated 49.94+6.25 4751472
_ Mreated 48504525 4539556

T: THAM D : Dexamethasone M : Mannitol

“Data are means Estandard error of the means. The B-ATP values were not significantly changed during the entire experimental

period.
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cluded no statistically significant difference between
traumatized each treated group(Table 3).

Changes in 'H MR Imaging

High signal densities were observed in both the
gray and the white matter of the brain without any
mass effect or signal changes in the brain stem on
proton density of MRI scan in every traumatized
animal at the end of an 8 hour measurement point-
(Fig. 4).

Changes in Neuropathology

Macroscopic and microscopic neuropathological
examinations were performed on all brains. Gross
examination showed localized areas of varying de-
grees of cortical contusion at marginal, suprasylvian
and ectosylvian gyri(Fig. 5). Microscopic neuro-
pathological examination of the traumatized brain
revealed varying degrees of petechial hemorrhages
in the cortex(Fig. 6), but no definite differences were
observed on H and E stain in areas between nor-
mal and abnormal brain tissues in the vicinity of the
high signal on MR Imaging.

Fig. 5. Dorsal view of feline cerebral hemispheres showing
cortical contusion at marginal, suprasylvian and ectosylvian
gyri. Normal gyri are shown on the left hemisphere.
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Fig. 6 Cortical intracerebral hemorrhage(ICH) at the lesion site
after ESWL injury(H & E stain, X100).

DISCUSSION

Among the various methods inducing ex-
perimental brain injury, there have been substantial
studies accumulated of fluid percussion induced
brain lesion using NMR technology. However, the
produced lesions were not constant, which makes it
difficult to correlate with the changes in cerebral
metabolism and the degree of experimentally in-
duced brain lesion in an accurated manner(Ander-
son et al., 1988 ; Ishige et al., 1987 ; Unterberg et
al, 1988 ; Vink et al., 1987).

ESWL (Extracorporeal Shock Wave Lithotripsy) ori-
ginally designed to destroy kidney stones, was
used to make the focal brain lesion in this study.
During the treatment of kidey stones, subcapsular
or perirenal bleeding was the most commonly ex-
perienced adverse effect, directly attributable to the
externally applied shock waves(Knapp et al., 1988).

The extent of the renal injury by shock waves
solely depended on the energy(generator voltage)
applied. The rupture of small veins in the kidney,
caused by the cavitation bubble in the path of
shock waves, induced intraparenchymal hematoma
and other secondary effects. Injury to the renal cells
was also produced by the high pressure of shock
waves(Delius et al., 1988. Eisenberger et al., 1991 ;
Lingeman et al, 1989; Newman et al., 1987).

The following reasons were presumed in making
the experimental brain injury model using ESWL
attractive.

1) Since renal injury resulting from ESWL therapy
has been frequently documented through va-
rious imaging techniques and laboratory stu-
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dies, conversely adverse effects of ESWL can
be used for creation of focal lesions in the
pbrain.

2) Lesions involving both the gray and white mat-
ter of the brain may be made selectively by
ESWL focused shock waves. Fluid percussion
brain injury which has been most frequently
used in inducing experimental brain injury
often accompanied subarachnoid hemorrhage
or petechial hemorrhages in the thalamus
and/or brain stem in addition to the target
area(Anderson et al., 1988 ; Ishige et al., 1987
; Unterberg et al., 1988 ; Vink et al., 1987).

3) The model is simple and reproducible.

In this study, 500 shock waves were delivered to
craniectomized cats to induce high signal focal le-
sions on the proton density-weighted MRI scans.
Lesions were varied in size and shape. A few pre-
sumptions were brought to account for having va-
rious sized lesions induced by ESWL shock waves.
Firstly, technical problems of focusing on the target
may influence the results. When shock waves were
given to the animal, the convex surface of the re-
flector of the ESWL should be in contact with the
convex surface of the craniectomized brain. Thus,
the high pressure of shock waves delivered may
cause the reflector to vibrate away from the original
aim. Secondly, different individual responses to the
ESWL injury might have brought such results. In a
clinical study, abnormal lesions in MRI were found
in 63-85% of the treated human kidneys(Recker et
al., 1990).

There has been a wide scope of studies done of
metabolic changes in head injury using the techni-
que of NMR spectroscopy. The value of PCr/Pi in
group I was 4.910.13 which was similar to pre-
viously published values found in rats(Petroff et al.,
1985 ; Shoubridge et al., 1982; Vink et al.,, 1987),
dogs(Shoubridege et al., 1982), and humans(Bet-
tomley et al., 1984). Various results were reported in
changes of PCr/Pi after a fluid-percussion injury.
Moderate injury(3.2 atm) in cats did not alter its
value(Nilsson et al., 1977 ; Recker et al., 1990 ; Un-
terberg et al., 1988). But suvere injury(4-5 atm) in
rats caused a transient decrease in PCr/Pi which
returned to normal after 30 min(Ishige et al., 1987 ;
Nilsson and Ponten, 1977 ; Vink et al, 1987). In
another report, a biphasic decrease was the result
of a moderate injury(2.120.4 atm) and a high
injury(3.910.9 atm) in rats and a sustained de-
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crease followed a severe injury(5.920.7 atm)(Vink
et al., 1987).

Our results were biphasic decline of PCr/Pi as
shown in Vink et al(1987). In their study, the degree
of decline in PCr/Pi was linearly correlated to the
degree of injury. They found the initial decline in
PCr/Pi was temporally similar to the changes in H*
concentration, concluding that a significant fraction
of the transient PCr/Pi changes was most likely a
reflecton of H* buffering by the creatine kinase
reaction : PCr+ADP+H" —ATP+-Cr. Thus, the first
decline of PCr/Pi was explained by the reduced
capacity of energy production by traumatized brain
tissues.

The second deline of PCr/Pi was assumed to be
a reduced state of tissue to maintain bioenergetic
status due to reduction in mitochondria oxidative
phosporlylation(Vink et al., 1987). In 1985, Yang et
al, indicated the decrease in PCr without any
changes in ATP(Yang et al., 1985). No decrease in
ATP levels suggested the reversability of the energy
metabolism.

In this study, the initial decrease in PCr/Pi was
recovered 2-3 hours after injury, then PCr/Pi de-
clined again.

Several factors to explain the decrease in PCr/Pi
following experimental brain injury may be consi-
dered. One of the hypotheses is that decrease of
the regional blood flow may result in decline in
tissue oxygen. But reports have indicated various
results, including no changes, temporary decrease
of the blood flow followed by increase, or vice versa
in animal studies(Duckrow et al., 1981 ; Gaab et al.,
1980; Gobiet et al., 1976; Lewelt et al., 1980;
Nilsson and Nordstrom, 1977 ; Saunders et al.,
1979). An experimental result suggested blood
volume to be below 20 ml/100g/min to cause
changes in PCr/Pi, which would lead to general-
ized cerebral edema(Crockard et al., 1982). Thus,
the report concluded that decline in tissue oxygen
was not the only cause of decrease in PCr/Pi.
Another hypothesis is that the decrease of PCr rep-
resents abnormalities of energy production to the
mitochondrial dysfunction.

The cause of mitochondrial dysfuction was libera-
tion of the free fatty acids, such as arachidonate,
which changes the permeability of the inner mem-
brane of mitochondria. The mitochondrial dysfunc-
tion and the uncoupling of electron transport are the
reasons why ATP production is reduced, which
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means the reduction of PCr in the ATP-PCr pool(El-
lis et al., 1981; Wei et al.,, 1982).

The reports of the changes in the brain tissue pH
are various. The decrease of brain tissue pH was
not noted(Yoshida and Marmarou, 1991), or tran-
sient decrease which returned to control level within
1 hour without any change of PCr/Pi ratio(Unter-
berg et al., 1988), or with change of PCr/Pi
ratio(Ishige et al., 1987 ; Vink et al., 1987).

In this study, there was no decrease of brain
tissue pH level at any time during the injury
observation period. There are many reasons to ex-
plain such results.

First, the first spectrum was obtained 30-40min
after injury because of shimming time which re-
quired 15-25min. Therefore, it was possible that the
acquired spectrum showed the recovered state of
brain tissue pH because immediate change in brain
tissue pH could not be observed in our study.

Second, focal brain lesions induced by ESWL at
the white matter were identified with proton density
weighted MR scans. So, the spectrum acquired
using surface coil could include both the trauma-
tized and surrounding normal brain tissue.

Third, the degree of injury induced by ESWL was
not so an severe injury as reported in fluid-
percussion injury(Vink et al., 1987).

Fourth, physiologic states such as systolic blood
pressure, PaO,, PaCO,, and the animal state were
different from the clinical states.

Fifth, mechanical factors which induced focal
brain lesion in this study were different from the
other brain injury models.

After the experiments, the study evaluated the
metabolic changes of brain tissues that occurred
with the use of THAM, Dexamethasone and Man-
nitol on an experimental brain injury and the efficacy
of treatment modalities.

THAM, an alkalinizing agent, accepts hydrogen
ion(H*) which | allows it to shift the CO,-HCO;
equilibrium toward bicarbonate and lower PaCO,,
which increases arterial pH and decreases base
deficit.

It can cross the plasma membrane and reverse
the intracellular acidosis(Nahas, 1963). THAM ame-
liorated the acidosis of brain tissue and reversed
the brain swelling in dogs(Nahas, 1963 ; Rosner
and Becker, 1984) and decreased intracranial
pressure and rocovered the power spectrum of
EEG(Gaab et al., 1980). But, there was no definite
recovery of the brain tissue pH levels in a fluid
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percussion brain injury model in cats(Yoshida and
Marmarou, 1991).

In this study, the brain tissue pH levels revealed
no change during the 8 hour observation period in
both the THAM and the non-treated group. The
effects of THAM in regards to the level of the brain
tissue pH could not be confirmed because the
changes of tissue pH levels were insignificant be-
tween the ESWL injury group and the control group.
But, the PCr/Pi recovered quickly and was main-
tained continuously from 30min to 8 hour after injury.

THAM is eliminated in its ionized form with
equimolar amounts of bicarbonate, acting at least
as an osmotic diuretic. Its effect can relieve the
brain edema following brain injury(Goetz et al., 1961
; Seitz and Ocker, 1977), thus the brain may main-
tain the energy metabolism in the normal state.

Despite the widespread clinical use of glucocorti-
coids for the acute treatment of head injury, con-
troversy exists regarding the effectiveness of these
druge to enhance survival or neurological recovery-
(Braakman et al., 1983 ; Clasen et al., 1965 ; Coop-
er et al, 1979; Dick et al., 1976; Faupel et al.,
1976 ; Gobiet et al., 1976 ; Gudeman et al.,, 1979 ;

Hall, 1985; Maxwell et al., 1975: Nelson, 1974

Neuenfeldt et al., 1974 ; Pappius and McCann,
1969 ; Pappius and Wolfe, 1983; Tornheim and

" Mclaurin, 1978). On one hand, there have been

many reports on the use of high dose dexametha-
sone which have suggested a significant reduction
in the mortality rate and improvement in the neurolo-
gical outcome after head injury(Hall, 1985 ; Maxwell
et al., 1975 ; Neuenfeldt et al., 1974 ; Pappius and
McCann, 1969 ; Pappius and Wolfe, 1983). In con-
trast, other reports have failed to document signifi-
cant objective improvement(Braakman et al., 1983 ;
Clasen et al., 1965; Cooper et al., 1979 ; Dick et
al, 1976; Gudeman et al., 1979; Nelson, 1974;
Tormmheim and MclLaurin, 1978).

In this experiment, high dose dexamethasone
was used immediately after injury. The PCr/Pi ratio
recovered soon after treatment and was maintained
during the 8 hour observation period.

High dose steroids restore energy production in
the intracellular mitochondria by the combination of
effects such as, inhibition of lipid peroxidation, lipid
hydrolysis, inhibition of eicosanoid formation, inhibi-
tion of progressive development of post traumatic
ischemia, and reversal of intracellular calcium accu-
mulation(Feeny et al., 1981).

The osmotic agent, mannitol can reduce blood
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viscosity and relieve brain edema which in turn can
reduce intracranial pressure. Lower blood viscosity
can increase the cerebral blood flow to the ische-
mic area after focal infarction(Little, 1978), but only
transient effects were reported(Meyer et al., 1987 ;
Sundt et al., 1967 ; Sundt and Waltz, 1967).

In this experiment, mannitol was given immediate-
ly after trauma. The PCr/Pi was restored 30min.
and 60min. after injury, but afterwards there was no
effect. The temporary effect of the mannitol may be
explained on the basis of relieving early glial edema
developing immediately after traumatic neuronal in-
jury, but not for persistent glial edema.

CONCLUSION

In conclusion, the changes in the cerebral energy
metabolism that represent reversible focal brain in-
jury by use of ESWL include a biphasic decline of
PCr/Pi and no change in the level of brain tissue
pH and ATP.

Analyzing the cerebral energy metabolism after
injury through the *P MR spectroscope, this study
was able to find improvement of the cerebral ener-
gy metabolism immediately and continuously with
THAM and Dexamethasone, but only transiently with
Mannitol.
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