Effects of Various Catecholamines on
High-Energy phosphates of Rat Liver and
Brain during Hemorrhagic Shock
Measured by *'p-NMR Spectroscopy
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The effects of dopamine, epinephrine and norepinephrine on energy
metabolism as well as intracellular pH in rat liver and brain during hemorrhagic
shock were examined by in vivo *!P-NMR spectroscopy. The hemorrhagic shock
was induced by arterial bleeding to a mean arterial pressure (MAP) of 30-40
mmHg. Upon the induction of hemorrhagic shock, there was a dramatic fall in
adenosine triphosphate (ATP) and a rise in inorganic phosphate (Pi) in the liver.
The intracellular pH indicated severe acidosis. However, no change in these pa-
rameters was observed in the brain during hemorrhagic shock. After infusion
of the above catechollamines following 10 min of hemorrhagic shock, MAP in-
creased to 90-100% of its control value. Only dopamine improved hepatic energy
metabolism, whereas brain evergy metabolism was not affected by any of them.
This suggests that dopamine protects liver function during hemorrhagic shock
without affecting brain energy metabolism. (Key words: *! P-NMR, hemorrhagic
shock, catecholamine, liver, brain)

(Okuda M, Muneyuki M, Sogabe T et al.: Effects of various catecholamines on
high-energy phosphates of rat liver and brain during hemorrhagic shock measured

by 31P-NMR spectroscopy. J Anesth 3: 200-209, 1989)

Hemorrhagic shock is usually treated with
blood transfusion or intravenous fluid admin-
istration. However, upon drastic induction
of this condition, the use of catecholamines
may become important if a vessel with a
diameter large enough to accommodate a
rapid infusion is difficult to obtain during
emergency treatment. Many studies have ex-
amined the effects of catecholamines on the
splanchnic circulation! ~*, most of them con-
cerning the non-shocked state. There are also
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many reports about the effect of these cat-
echolamines on cerebral blood flow (CBF)
under normal conditions’ . However, to our
knowledge, there are no data about the
effects of catechol-amines on hepatic and
cerebral energy metabolism during hem-
orrhagic shock, and therefore the present
study was carried out to investigate these
aspects of catecholamine action. *'P-NMR
spectroscopy was used for these studies be-
cause in vivo 3'P-NMR spectroscopy has
proven to be a valuable non-invasive te-
chinique for the assessment of phosphorus-
containing metabolites and intra-cellular pH
(pHi)!®!!. Thus the dynamic changes in
hepatic and cerebral adenosine triphosphate
(ATP), inorganic phosphate (Pi) and phos-
phocreatine (PCr), as well as pHi during
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Table 1. Summary of data from rat liver and brain during hemorrhagic shock

[Liver] A B
MAP mmHg 115 % 6 38 £ 2**
pHi 7.18 £ 0.02 7.04 £ 0.04*
MP % 100 133.5 £ 15.3
Pi % 100 176.0 + 18.5*
ATP % 100 57.8 £ 5.2%*
Pi/ATP 0.61 x 0.02 1.79 =+ 0.35*

[Brain]
MAP mmHg 124 +4 39 £ 5**
pHi 7.22 £ 0.03 7.21 £ 0.02
MP % 100 101.8 £ 74
Pi % 100 111.8 + 4.6
PCr % 100 93.4 £ 2.2
ATP % 100 99.2 £ 3.6
PCr/Pi 5.23 £ 0.25 4.70 £ 0.37

C D E

36 = 3** 38 & 2%* 105 = 6
6.89 £ 0.02** 6.77 £ 0.04** 7.15 £ 0.02
164.0 = 14.0* 183.8 * 16.0%* 102.0 + 2.7
230.5 = 30.4* 263.5 £ 26.1** 114.5 = 5.7
34.3 £ 2.1%* 21.8 & 3.0%* 96.3 & 2.7
4.22 *+ 0.55%* 7.66 £ 0.73** 0.76 + 0.07

40 * 6** 38 & 4** 126 = 6
7.17 £ 0.03 7.11 % 0.03 7.22 £ 0.02
100.4 £ 11.3 120.2 £ 10.1 109.4 = 5.2
128.4 £ 9.3 133.0 £ 8.6 123.0 £ 8.6
93.2 = 3.9 89.4 = 3.2 97.2 £ 3.8
105.6 + 2.8 105.6 £ 3.8 105.4 = 2.5
4.52 £ 0.56 4.28 = 0.50 4.55 £ 0.50

The concentrations of each metabolite are expressed as a percentage of their control values. The
experimental conditions were the same as described in the legend to figure 1.
Values are means + SEM. Significant difference from control (*P < 0.05, **P < 0.01).

hemorrhagic shock and catecholamine infu-
sion, were evaluated by *!P-NMR.

Materials and Methods

Animal preparations: Male Wistar rats
(weighing around 300 g) were anesthetized
with an intraperitoneal injection of sodium
pentobarbital (50 mg/kg). After a tra-
cheotomy, the animals were connected to
a constant-volume respirator (AIKA EVM
50A) and mechanically ventilated wit a 60%
nitrogen and 40% oxygen gas mixture via the
intubated cannula. The right femoral artery
and vein were cannulated for blood pressur
monitoring and drug injection, respectively.
When all these procedures had been com-
pleted, the animals were divided into two
groups for 3'P-NMR spectral analysis of the
liver and the brain. Both groups were subdi-
vided into four groups: 1, hemorrhagic shock
with no treatment (liver, n=4; brain, n=5);
2, hemorrhagic shock with dopamine infu-
sion (liver, n=4; brain, n=5); 3, hemor-
rhagic shock with epinephrine infusion (liver,
n=4; brain, n=5); 4, hemorrhagic shock with
morepinephrine infusion (liver, n=>5; brain,
n=>5). For 3'P-NMR spectral analysis of
the liver, the peritoneal cavity was opened
via a midline incision and a surface radio-

frequency coil (two turns, 10 mm in diame-
ter) was attached to the left medial hepatic
lobe. For 3'P-NMR spectral analysis of the
brain, the coil was placed on the skull, after
the removal of hair from the head.

NMR spectra: 3'P-NMR spectra were
recorded at 80.65 MHz on a spectrometer
(phospho-Energetics, Inc.) equipped with a
wide-bore BEM-140/200 magnet (4.7 Tesla).
The spectra were obtained with a pulse-
repetition time of 2 s; the sum of 75 scans
was recorded usingl5-us (for the lover) and
22.5-us (for the brain) radiofrequency pulses
at 2.5 min intervals. For data analyses, a
line broadening of 10 Hz was applied. The
intensity of the signals was evaluated as the
area under the peaks, and the intracellular
pH (pHi) of the liver was calculated from the
chemical shift of the Pi signal using a-ATP
as an internal standard and the following
equation!?:

pHi (liver) = 6.75 + log $;=s 085

The pHi of the brain was calculated from
the chemical shift of the Pi signal using

phosphocreatine (PCr) as an internal stand-
ard and the following equation!®:4

pHi (brain) = 6.75 + log &= 3_.12



202 Okuda et al

0 100 200  ppm

Fig. 1. 3'P-NMR spectra obtained from in
vivo rat liver during hemorrhagic shock.

A, coatrol spectrum; B, C and D, 2.5-5, 7.5-10
and 17.5-20 min after the induction of hemor-
rhagic shock, respectively; E, 7.5-10 min after the
reinfusion of blood. 1, ATP-B-phosphate; 2, ATP-
a-phosphate and ADP-a-phosphate; 3, ATP-y-
phosphate and ADP-3-phosphate; 4, Pi; 5, phos-
phomonoesters, including AMP and glucose-6-
phosphate.

where «a represents the chemical shift of Pi.
After the recording of control spectra,
hemorrhagic shock was induced by with-
drawing a total of about 6 ml of blood
in several protions and the mean arterial
blood pressure (MAP) was maintained at
30-40 mmHg. In the non-treatment group,
this state was maintained for 20 min and
the blood was reinfused over approximately
2.5 min. Spectra were analyzed at 2.5-5, 7.5~
10 and 17.5-20 min of hemorrhagic shock
and at 7.5-10 min of recovery. In the cat-
echolamine infusion group, following 10 min
of hemorrhagic shock, each catecholamine
was infused for 10 min. The infusion was
then stopped and the blood was reinfused
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over approximately 2.5 min. The spectra
were analyzed at 7.5-10 min of hemorrhagic
shock, after 2.5-5.0 and 7.5-10 min of cat-
echolamine infusion and at 7.5-10 min of
recovery. The infusion rates of the cate-
cholamines were initially a 10-ug bolus fol-
lowed by 15 ug/kg/min for dopamine, and a
0.5-ug bolus followed by 0.2 pg/kg/min for
both epinephrine and norepinephrine.

Results are given as meant+SEM. Sta-
tistical comparisons were performed using
Student’s paired t-test, with a P value of <
0.05 considered statistically significant.

Results

Liver: The mean arterial pressure (MAP)
was maintained at 30-40 mmHg during hem-
orrhagic shock (table 1). The 3 P-NMR spec-
tra recorded from rat liver showed the char-
acteristic resonances of phosphomonoesters
(MP), inorganic phosphate (Pi), and a,f,
and v nuclei of ATP (figs. 1 and 2). Charac-
teristic changes in 3'P-NMR spectra during
hemorrhagic shock are shown in figure 1.
When the hemorrhagic shock was induced,
the intensity of the B-ATP signal rapidly
decreased along with a marked increase in
that of Pi. After the reinfusion of blood, the
changes in each resonance peak returned to
control levels.. The data obtained from 3!P-
NMR spectra in the non-treatment group are
summarized in table 1. The concentrations of
ATP decreased repidly with a concomitant
increase in Pi and MP. The intracellular pH
(pHi) dropped within 5 min from 7.18 to
7.04. The liver energy metabolism worsened
progressively during 20 min of hemorrhagic
shock. After 10 min of blood reinfusion,
all these changes returned almost to the
control values. In the catecholamine infu-
sion groups, MAP was maintained at 120%
of its control value during the infusion of
catecholamines in each group. After reinfu-
sion of the blood that had previously been
withdrawn following the cessation of cate-
cholamine infusion, MAP was 90-110% of
its control value. Typical *P-NMR spectra
obtained from rat liver before and after the
infusion of catecholamines are shown in fig-
ure 2. In all the groups, a reduction in the
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Fig. 2. 3'P-NMR spectra obtained from in
vivo rat brain during hemorrhagic shock.

The experimental conditions were the same as
described in the legend to figure 1.

1, ATP-B-phosphate; 2, ATP-a-phosphate
and ADP-a-phosphate; 3, ATP-y-phosphate and
ADP-SB-phosphate; 4, PCr; 5, Pi; 6, phos-
phomonoesters, including AMP and glucose-6-
phosphate.

intensity of the 3-ATP signal and an increase
in that of Pi were recongized after the in-
duction of hemorrhagic shock(fig. 2-B). After
the infusion of dopamine, the (-ATP and
Pi signals almost returned to those in the
control spectra (fig. 2-a). When epinephrine
was infused, slight restorations were seen in
the intensities of the (-ATP and Pi sig-
nals. There was no obvious restoration of
individual peaks after the infusion of nore-
pinephrine. The changes in MP, Pi and ATP
obtained from the areas under the peaks,
pHi and Pi/ATP ratio are summarized in
table 2. The Pi value in all the groups in-
creased to 230-240% of the control value
10 mim after the induction of hemorrhagic
shock, and the levels of ATP decreased to
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20% those of the controls. Ten minutes after
the infusion of dopamine, the levels of Pi,
ATP and Pi/ATP ratio returned to those of
the control and the severe intracellular aci-
dosis induced by the hemorrhagic shock was
markedly improved. When epinephrine was
infused, there was a slight improvement in
hepatic energy metabolism and intracellular
acidosis, but this was not statistically sig-
nificant. When norepinophrine was infused,
there was no improvement in hepatic energy
metabolism. All these returned to control
values after a volume of blood equal to that
which had previously been withdrawn was
reinfused.

Brain: The characteristic resonance peaks
of phosphomonoesters (MP), inorganic phos-
phate (Pi), phosphocreatine (PCr) and the
a, 3, and v nuclei of ATP were recognized in
each spectrum obtained from rat brain (figs.
3 and 4). There were no obvious changes in
individual peaks during hemorrhagic shock
and catecholamine infusion (figs. 3 and 4).
Changes in MAP, pHi, MP, Pi, Pcr, ATP
and PCr/Pi are summarized in tables 1
and 3. Neither hemorrhagic shock nor cate-
cholamine infusions caused any major fluctu-
ations in MP, Pi, Pcr and ATP relative to
controls nor any significant changes in pHi.

Discussion

Recently 3'P-NMR spectroscopy has been
adopted in research concerning phosphate
compounds in organs, tissues and cells. The
conventional method used for the determi-
nation of phosphate compounds requires the
excision of tissue, freezing and extraction.
Therefore degradation, which occurs during
these procedures, makes it difficult to ob-
tain the real in vivo value. The use of
in vivo NMR techniques allows us to fol-
low non-invasively the dynamic changes in
high-energy phosphates as well as pHi. The
present experiments demonstrated that 3!P-
NMR spectroscopy is a practical method for
in vivo evaluation of drugs influencing he-
patic and cerebral metabolism during various
conditions.

Energy metabolism during hemorrhagic

shock
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Table 2. Summary of data from rat liver during hemorrhagic shock and catecholamine
infusion

[dopamine] A B C D E
MAP mmHg 121 £38 39 £ 2%+ 156 £ 8** 143 £ 4** 117 £ 6
pHi 7.21 £ 0.02 6.84 = 0.04** 7.04 = 0.04* 7.15 = 0.02 7.16 £ 0.02
MP % 100 179.8 £ 6.7** 120.5 £ 8.4 102.5 *+ 4.5 102.5 = 5.1
Pi % 100 230.8 £ 26.2* 134.0 = 13.9 106.5 = 7.6 100.8 = 3.5
ATP % 100 23.8 = 9.5* 71.0 + 6.3* 90.5 * 5.8 95.0 = 2.2
Pi/ATP 0.69 £ 0.03  10.01 * 2.38* 1.38 £ 0.34 0.80 + 0.03 0.73 £ 0.03

[epinephrine]
MAP mmHg 114 £ 11 40 = 2** 149 = 7* 148 £ 6* 119 £ 7
pHi 7.19 + 0.01 6.79 = 0.04** 6.82 = 0.05** 6.95 + 0.05* 7.16 % 0.02
MP % 100 178.3 & 19.1* 187.0 * 15.1* 172.8 + 22.8* 105.8 £ 1.7
Pi % 100 236.5 = 27.0% 239.3 + 30.2* 201.5 + 24.9* 106.5 = 6.8
ATP % 100 24.8 + 4.0** 17.8 *+ 5.0%* 31.5 = 11.2* 94.3 = 2.7
Pi/ATP 0.70 £ 0.01 7.07 £ 1.30* 10.55 X 2.95% 10.81 * 3.17 0.80 £ 0.08

[norepinephrine]
MAP mmHg 113 £ 9 38 & 4** 150 & 9** 151 + g** 110 £ 15
pHi 7.21 £ 0.03 6.81 = 0.03** 6.84 = 0.02** 6.86 = 0.04** 7.18 £ 0.03
MP % 100 194.4 + 6.8** 195.6 £ 7.3*%* 177.6 & 14.5** 99.8 £ 7.7
Pi % 100 229.8 = 22.3*%* 2354 % 29.5%% 212.2 * 31.7** 113.6 £ 9.0
ATP % 100 18.2 & 2.5*%* 21.6 & 5.0%* 36.8 & 4.8** 94.4 = 6.6
Pi/ATP 0.71 £ 0.04  10.10 & 2.28* 8.71 £ 1.38** 6.21 *+ 1.1* 0.08 = 0.10

The concentrations of each metabolite are expressed as a percentage of their control values. The
experimental conditions were the same as described in the legend to figure 3.
Values are means = SEM. Significant difference from control (*P < 0.05, **P < 0.01).

(a) (b)
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Fig. 8. 3'P-NMR spectara obtained from in vivo rat liver during hemorrhagic shock and
catecholamine infusion.

(a) dopamine, (b) epinephrine, (c) norepinephrine. A, control spectra; B, 7.5-10 min after
the induction of hemorrhagic shock; C and D, 2.5-5 and 7.5-10 min after the infusion of cate-
cholamines, respectively; E, 7.5-10 min after the reinfusion of blood.

1, ATP-B-phosphate; 2, ATP-a-phosphate and ADP-a-phosphate; 3, ATP-y-phosphate and
ADP-g-phosphate: 4, Pi; 5, phosphomonoesters, including AMP and glucose-6-phosphate.
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Table 3. Summary of data from rat brain during hemorrhagic shock and catecholamine

infusion

[dopamine] A B C D E
MAP mmHg 127 £ 8 39 + 3** 147 = 6** 142 + 10** 131 = 8
pHi 7.21 = 0.01 7.23 £ 0.01 7.19 £ 0.03 7.18 = 0.01 7.17 = 0.02
MP % 100 107.4 + 4.1 105.8 £ 5.5 105.8 = 5.9 111.8 + 4.9
Pi % 100 105.0 * 5.5 102.8 £ 4.8 107.6 = 7.1 108.4 = 6.4
PCr % 100 98.2 = 2.1 98.2 + 3.9 97.8 + 3.2 98.2 £ 2.5
ATP % 100 98.0 = 4.1 100.8 £ 2.8 97.0 £ 1.5 954 £ 1.0
PCr/Pi 4.75 £ 0.74 4.42 £ 0.21 4.52 £ 0.60 4.34 £ 0.50 4.30 = 0.50

[epinephrine]
MAP mmHg 121 = 10 37 & 3** 141 * 8* 142 = 7* 116 £ 6
pHi 7.23 £ 0.01 7.22 = 0.01 7.22 = 0.01 7.22 £ 0.02 7.22 £0.01
MP % 100 111.2 = 3.8 107.6 £ 4.2 109.2 = 4.4 104.6 = 4.5
Pi % 100 107.8 + 4.7 110.6 £ 3.8 110.8 + 8.0 1104 *+ 3.1
PCr % 100 99.4 £ 0.6 100.8 = 1.3 99.8 £ 1.7 100.8 = 1.9
ATP % 100 100.0 = 1.6 100.6 £ 2.1 99.0 = 4.1 101.4 = 2.6
PCr/Pi 4.89 £ 0.20 4.56 + 0.52 4.50 £ 0.19 4.52 + 0.78 4.49 *+ 0.53

[norepinephrine]
MAP mmHg 126 £ 6 35 + 5** 146 + 7** 144 + 8* 121 £ 8
pHi 7.23 £ 0.01 7.17 + 0.02 7.16 *+ 0.02 7.15 * 0.03 7.22 £ 0.02
MP % 100 1102 £ 7.5 109.6 = 5.8 108.0 + 9.05 110.8 £ 7.5
Pi % 100 115.2 = 6.2 117.2 £ 11.7 114.2 + 6.0 112.2 £ 5.2
PCr % 100 944 + 14 92.0 + 2.2 91.2 + 2.6 95.8 = 3.1
ATP % 100 101.8 + 2.7 1004 £+ 2.6 100.0 + 3.4 104.4 + 4.7
PCr/Pi 5.05 = 0.76 4.83 = 1.04 4.24 = 1.19 4.27 £ 0.90 4.33 £ 0.66

The concentrations of each metabolite are expressed as a percentage of their control values. The
experimental conditions were the same as described in the legend to figure 3.
Values are means = SEM. Significant difference from control (*P < 0.05, **P < 0.01).

(a) (b) (c)
4 4 4

\ o mn

-100 ] 100 200 ppm -0 [ 100 200 ppm  -100 0 100 200 pom

Fig. 4. 3'P-NMR spectra obtained from in vivo rat brain during hemorrhagic shock and
catecholamine infusion.  (a) dopamine, (b) epinephrine, (c) norepinephrine. The experimental
conditions were the same as described in the legend to figure 3.

1, ATP-B-phosphate; 2, ATP-a-phosphate and ADP-a-phosphate; 3, ATP-y-phosphate and
ADP-{G-phosphate; 4, PCr; 5, Pi; 6, phosphomonoesters, including AMP and glucose-6-phosphate.
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It is generally accepted that there is de-
creased total hepatic blood flow as well as
a reduction in portal venous and mesenteric
blood flow after hemorrhage!—'%. Hanson
and Johnson Preported that autoregulation
of the hepatic artery was most evident at
pressures above 80 mmHg. Krarup!® demon-
strated that hemorrhagic shock resulted in
hepatic glycogenolysis and peripheral gly-
colysis, but that splanchnic elimination of
ethanol, consumption of oxygen and hepatic
dye elimination did not decrease, and the
hepatic redox level remained unaltered in the
cat. In the present study, however, hemor-
rhagic shock caused a dramatic fall in ATP
and a rise in Pi accompanied by a fall in
pHi. This difference might have been due
to the severity of the shock. In kararup’s
study, MAP was maintained at around 88
mmHg during hemorrhagic shock, but MAP
in the present study was around 30 mmHg.
Kamiike?® showed a rapid decrease of ATP
in ischemic rat liver, whick was produced by
clumping of the pedicles. A severe decrease
or interruption of liver blood flow there-
fore leads to rapid deterioration of the liver
energy state.

As far as we know, there are no re-
ports about brain energy metabolism dur-
ing hemorrhagic shock studied by !P-NMR
spectroscopy. Kassik et al.?! reported the ef-
fect of hypotension on the concentration of
phosphorus metabolites in brain tissue using
the freeze-clumping method, and also its ef-
fect on the intracellular pH calculated from
CO, tension and bicarbonate concentration.
They reported that a mean arterial pressure
of 25-35 mmHg caused moderate decreases
in phosphocreatine and ATP concentrations
and a fall in pHi. Brierley et al. 22 demon-
strated that the beginning of circulatory and
metabolic changes, and the occurrrence of
irreversible structural tissue damage, both
occurred below a perfusion pressure of 25
mmHg. In the present study, 30-40 mmHg
of hypotension did not lead to any changes
in phosphate compounds or pHi. Qur results
are thus in agreement with these previous
studies?!2?

Effect of catecholamines on the liver

J Anesth 1989

Many investigators have reported an in-
crease in hepatic blood flow after epinephrine
administration. Shoemaker et al.! showed
that increased hepatic blood flow pro-
duced by epinephrine occurred with and
closely paralleled the increase in pressure
gradient across the liver. On the other
hand, intravenous administration of nore-
pinephrine decreased the pressure gradient
across the liver and reduced the hepatic
blood flow?>. Robie et al.?* demonstrated
that dopamine infusion increased renal and
mesenteric blood flow and decreased vascu-
lar resistance. These findings suggest that
epinephrine and dopamine improve liver
energy metabolism, whereas norepinephrine
worsens it. However it is not clear whether
these catecholamines act in the same man-
ner in severe hemorrhagic shock. In the
present study epinephrine showed a slight
non-significant improvement in the energy
metabolism and pHi. Norepinephrine showed
no improvements, but did not worsen the
condition further. On the other hand, en-
ergy metabolism modified by hemorrhagic
shock was restored markedly by infusion of
dopamine. The presence of vasoactive re-
ceptor sites in the liver vascular bed has
been reported by many investigators?%2%. Al-
though alpha-receptors have been reported
to be present in the hepatic arterial and
portal venous vessels and beta receptors ap-
pear to be present in the hepatic arterial
bed, beta-receptors have not been shown to
have much, if any, significance in the por-
tal vessels?6:27. It is difficult to explain why
the epinephrine infusion group showed slight
improvement in hepatic energy metabolism
compared with the norepinephrine infusion
group. It can be hypothesized that the dif-
ference may be due to the beta-agonist prop-
erty of epinephrine. The alpha-adrenergic
property of epinephrine and norepinephrine
may lead to vasoconstriction of the hepatic
and the mesenteric arteries, but total hepatic
blood flow was maintained due to an increase
in, or redistribution of cardiac output, by
vasoconstriction of peripheral vascular beds.
This effect may be more prohounced due to
the beta-adrenergic property of epinephrine.
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Goldberg?®, Yeh?®, and Higgins® have
suggested a specific vasodilator action
of dopamine on splanchnic and hepatic
dopaminergic receptors. However, Maestracci
et al. 30 reported that dopamine increased
the hepatic blood circulation by increasing
cardiac output, and that there was no evi-
dence for the presence of splanchnic and hep-
atic dopaminergic receptors. In the present
study, dopamine, like epinephrine and nore-
pinephrine, produced an increase in arterial
blood pressure. In contrast to these two
catecholamines, dopamine significantly im-
proved liver energy metabolism. Therefore,
it is strongly suspected that dopaminergic
receptors are present in mesenteric or he-
patic vascular beds. The author postulates
that the primary mechanism responsible for
restoration of hepatic energy metabolism by
dopamine infusion is the dilation of mesen-
teric artery by dopaminergic receptor stim-
ulation, because the hepatic arterial bed
was already maximally dilated during hem-
orrhage due to the autoregulation mecha-
nism. The dilation of mesenteric artery may
produce greater portal venous blood flow
through the mesenteric artery covined with
increasing cardiac output.

Effects of catecholamines on the brain

In helical strips of dog cerebral artery,
norepinephrine constricts the cerebral arter-
ies in a dose dependent manner but its effect
was only 20% of that of the peripheral arter-
ies and the effect of epinephrine on the cere-
bral arteries has been demonstrated to be
even weaker®!~3%. Dopamine in low concen-
tration produced a relaxation in helical strips
of monkey cerebral artery®*. After adminis-
tration of epinephrine and norepinephrine
CBF has been noted to increase3®3¢
decrease®, or remain constant®’. Dopamine
has been domenstrated to increase the CBF
in medium doses®. It si generally beleved
that chathecholamines are unable to cross
the blood brain barrier (BBB)3%-40. It
is expected that cerebral oxgen consump-
tion would not be affected by these cat-
echolamines. On the other hand, it has
been shown that epinephrine increased the
cerebral oxygen consumption while nore-
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pinephrine did not3®. Moreover, there is a
possibility that the BBB may be disrupted
during hemorrhagic shock. Therefore, the
complexity of these findings make it difficult
to evaluate how these catecholamines affect
the cerebral energy metabolism during hem-
orrhagic shock. In the present study, none of
the catecholamines used during hemorrhagic
shock caused any worsening of the brain
energy state.

It is difficult to state which catecholamine
is the drug of choice for the brain dur-
ing hemorrhagic shock. However, with the
effects on the liver in mind, dopamine is
considered to be the catecholamine of choice
in the emergency treatment of hemorrhagic
shock. Furthermore, comparing epinephrine
with norepinephrine, the former is recom-
mended because of its beta-agonist proper-
ties for the liver. Finally, this study shows
that the 3!P-NMR technique has proved
to be useful in evaluating organ energy
metabolism in a critical state, and its man-
agement.
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