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Abstract

Leucine decarboxylation in rat brain was investigated during acute hepatic failure, induced by
partial hepatectomy after carbon tetrachloride (CCl4) pretreatment of rats. These rats presented
metabolic alkalosis, and had significantly higher levels of arterial blood and brain ammonia than
control and CCl4-treated rats. Brain leucine decarboxylation was elevated in rats with hepatic
failure. This alteration correlated with arterial blood ammonia concentrations, and probably with
elevated brain ammonia levels, as brain ammonia levels were directly related to arterial blood
ammonia.
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Abstract. Leucine decarboxylation in rat brain was investigated during acute
hepatic failure, induced by partial hepatectomy after carbon tetrachloride (Ccl,)
pretreatment of rats. These rats presented metabolic alkalosis, and had significantly
higher levels of arterial blood and brain ammonia than control and CCl,-treated
rats. Brain leucine decarboxylation was elevated in rats with hepatic failure. This
alteration correlated with arterial blood ammonia concentrations, and probably with
elevated brain ammonia levels, as brain ammonia levels were directly related to
arterial blood ammonia.
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Hepatic encephalopathy is a common, major complication of acute and chron-
ic hepatic failure. This hepato-neurological syndrome is characterized by disturbed
consciousness and a high frequency of slow waves in electro-encephalogram (EEG)
tracings in addition to severe liver dysfunction (1). Although the pathogenesis
of hepatic encephalopathy has not been established firmly, several ‘toxic’ sub-
stances are thought to accumulate in the blood, and their effects on the brain
are considered responsible for the neurological abnormalities (2). Ammonia,
mercaptans, and fatty acids, among others, have been identified clinically and
experimentally as candidates for the toxic substances (3-6).

Besides increased levels of these substances, plasma amino acid imbalances
are observed in patients with hepatic failure, and reflect liver damage and a gen-
eral catabolic state (7). Plasma levels of aromatic amino acids (AAA) (phenyl-
alanine and tyrosine) are elevated in hepatic failure. Increased influx of AAA
into the brain may lead to ‘false neurotransmitters’, an alternate explanation to
the ‘blood toxin’ theory (8). Accelerated neutral amino acid transport into the
brain has been observed experimentally and clinically (9, 10), but detailed investi-
gation of brain amino acid metabolism during hepatic insufficiency is lacking.
The present study was designed to investigate one of the major metabolic fates
of neutral amino acids, leucine decarboxylation, in the rat brain during acute

hepatic failure. The effects of impaired ammonia metabolism on these reactions
also were examined.
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MATERIALS AND METHODS

Chemicals. L-(1-**C)-leucine (55 mCi/mmol) were purchased from Amersham Co. (U.K.).
Enzymes were purchased from Sigma Chemical Co. (U.S.A.). Other reagents were from
Sigma Chemical Co. or Wako Pure Chemical Co. (Japan).

An animal model of acute hepatic failure. Male Sprague-Dawley rats, weighing 200 to 350 g
each, were used throughout the study. They were maintained in a constant temperature
environment of about 25 C on Oriental Laboratory Chow MF (Oriental Yeast Co., Japan).
To precipitate acute hepatic failure, 20 % carbon tetrachloride (CCl,) in liquid paraffin (8 ml
per kg body weight) was administered intragastrically to overnight-fasted rats. Twenty-four
h after the CCl, administration, a two-thirds partial hepatectomy was performed by the Higgins
and Anderson method (11). The rats were decapitated 12 h after the hepatectomy. Sham
operated rats, which were administered liquid paraffin alone, served as controls. Heparinized
blood specimens were obtained from the abdominal aorta just before sacrificing. Arterial
blood gas was analyzed with a Model 165/2 pH/Blood Gas System (Corning Co., U.S.A.).
Plasma was separated for ammonia determination. In the ammonia-loading study, ammonium
acetate was injected intraperitoneally at varying doses (1.7 to 5.1 mmol per kg body weight)
12 h following partial hepatectomy. Fifteen min later, the rats were sacrificed by freezing
in liquid nitrogen ; their brains were fixed in situ.

Brain and blood ammonia determinations. Analysis of brain and blood ammonia concent-
rations was performed according to Folbergrova et al. (12). Frozen cerebral tissue was rapidly
removed from the skull, and stored at —70 C until assayed. Frozen specimens, weighing
about 50 mg, were transferred to centrifuge tubes and 2 volumes of 0.1 N HCl in 99 % methanol
(—207C) were added. The samples were crushed with a Teflon pestle, and 5 volumes of
ice-cold 0.3 M HCIO, containing 1 mM EDTA were added. After thorough mixing, this
suspension was centrifuged (10,000 rpm in a Hitachi RPR-18 Rotor, 10 min, at 4 C). The
supernatant was neutralized by adding 150 u1/ml of a solution containing 1.6 N KOH, 0.4 M
imidazole, and 0.4 M KCI ; and recentrifuged (3,000 rpm in a Hitachi YE Tube-rack, 10 min,
4C). Ammonia concentrations of the brain extracts and plasma specimens were determined
with an enzymatic kit (Kyowa Medex Co., Japan) (13), in which the reagent mixture consisted
of 0.5 ml of sample and 2.6 ml of reactant (100 mM phosphate buffer solution at pH 7.5,
5.4 mM «a-ketoglutarate, 0.07 mM NADPH,-Na,, and 12.7 unit/ml glutamate dehydrogenase
in 1.2 mM glycerol). Blood ammonia levels were determined within 2 h of sampling.

Leucine decarboxylation. Leucine decarboxylation activity in the rat brain was measured
by 'CO, liberation from L-(1-"C)-leucine, with a modification of the method of Paul and
Adibi (14). Both cerebral hemispheres, weighing 1.5-1.7 g, were homogenized in a glass tube
with a motor-driven glass pestle (10 stroke, 4 C). The homogenization medium consisted of
50 mM Tris-HC! (pH 7.5), 100mM KCl, 1 mM ATP, 5mM MgSO,, and 1 mM EDTA.
Protein concentrations were determined according to Lowry et a/(15). According to preliminary
studies, the optimal protein concentration was 4.9 mg/ml (1 : 9 w/v dilution at homogeni-
zation). The incubation medium consisted of 137.5 mM NaCl, 1.8 mM MgSO,, 0.6 mM
KH,PO,, 24.3 mM Na,HPO,, 1.9 mM NaH,PO, (pH 7.4), 2 mM a-ketoglutarate, 4 mM NAD,
0.4 mM L-leucine, 0.5 4Ci of L-(1-*C)-leucine, and 0.25 ml of brain homogenate, in a final
volume of 2.5 ml, and contained 1.23 mg of protein. Incubation tubes were sealed with rubber
caps and shaken for 60 min (37 C). To trap liberated HCO,, 10 X 25 mm strips of filter
paper (No. 2, Toyo Roshi Co., Japan) each containing 50 ul of NCS Solubilizer were suspended
from the rubber caps. The reaction was terminated by adding 0.25 ml of 2.5 N H,SO,. After
additional incubation for 1 h, the filter papers were transferred into vials containing 6 ml of
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toluene-PPO-POPOP (2000 : 10 : 1, v/w/w). Radio activity was counted in a Beckman
scintillation counter (LSC-701, U.S.A.).

RESULTS

Blood and brain ammonia levels. The vital activities of partially hepatectomized
rats pretreated with CCl, were diminished generally, and responses to pain stimuli
were delayed. These rats presented elevated glutamic pyruvic transaminase activi-
ties and serum bilirubin concentrations, prolonged prothrombin times, high ampli-
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Fig. 1. Correlation between arterial blood and brain ammonia levels in CCl,-treated, partially
hepatectomized rats and control rats. Doses of ammonium acetate are described in the text.

TaBLE 1. ARTERIAL BLOOD AND BRAIN AMMONIA MEASUREMENTS AND ARTERIAL GAS ANALYSES

Control Ccal, CCl, + Partial
4) 3) Hepatectomy (6)

Ammonia

Blood (umol/1) 40+ 6 60 + 9% 117 + 30%*%* 4 #

Brain (umol/kg) 263 + 50 488 + 82** 822 + 119%** £ 4
Gas Analysis

pH 7.54 + 0.05 7.63 + 0.04* 7.73 + 0.05%** 4

PO, (mmHg) 92.6 +17.2 107.0 + 12.1 136.1 + 6.8%** # #

PCO, (mmHg) 229+ 24 29.0 £ 0.8%* 33.6 & 3.5%%* ¢

HCO," (mEq/1) 19.6 + 0.8 33.3 + 4.9%** 46.2 + 3.6%** # &

Mean + SD. () Number of rats.
*, %%, *%* compared with control ; and #, # # compared with CCl,.
* and # p<0.05; ** p< 0.0l ; *** and # # p<0.005.
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tude slow waves in EEG, and significant increases in brain water content (data
not shown). Marked abnormalities were not detected in control and CCl,-treated
nonhepatectomized rats. Thus, they were considered to have acute hepatic failure
(16).

Arterial blood and brain ammonia levels and arterial blood gas concentrations
were measured in these three groups (Table 1). Combined CCl, administration
and partial hepatectomy induced a three-fold elevation in arterial blood and brain
ammonia levels, though CCl, administration alone caused only mild elevations.

Leucine Decarboxylation (pmol/mg protein/hr)

Control 3) ]-I _Nﬂ
hl e

Fig. 2. Leucine decarboxylation in brain homogenates from control, CCl,-treated, and acute
hepatic failure rats. Horizontal lines at the end of each bar represent SD of the means. The numbers
of rats tested are shown in parentheses.

r= 0.70 p<0.05

Leucine Decarboxylation (pmol/mg protein/hr)

| . CCl4 + Partial Hepatectomy]
o CCl,
e Control

0 L i L

0 50 100 150
Arterial Blood Ammonia Concentration (umol/l

Fig. 3. Correlation between arterial blood ammonia levels and brain leucine decarboxylation.
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Blood pH and bicarbonate ion levels increased in the order of control, CCl,-treated,
and hepatic failure rats ; thus, the degree of metabolic alkalosis was in proportion
to the severity of hepatic insufficiency.

In order to investigate the correlation between arterial blood and brain am-
monia levels, various doses of an aqueous ammonium acetate solution were injected
intraperitoneally into the control (1.7 to 5.1 mmol per kg body weight) and hepatic
failure (1.7 — 3.4) rats. A strong correlation between blood and brain ammonia
levels was observed in both groups (Fig. 1). The regression line of acute hepatic
failure rats was steeper. In hepatic failure rats, brain ammonia contents were
much higher than in controls even at similar blood concentrations.

Decarboxylation of leucine. Leucine decarboxylation was assayed in the brain
homogenates from the three groups (Fig. 2). There was no difference in the
rates between control and CCl,-treated rats. However, CO, production in the
homogenates from the hepatic failure rats was increased by 36 %. Arterial blood
ammonia levels were correlated positively with leucine decarboxylation (Fig. 3).

DISCUSSION

In hepatic failure, severely deteriorated liver function and portal-systemic
shunting result in the accumulation of several toxic substances in the circulating
blood. These toxic substances, such as mercaptans, fatty acids, and especially
ammonia, are thought to be involved in the pathogenesis of hepatic encephalopathy
(3-6). However, pharmacological doses of ammonia far in excess of those achieved
during liver failure are required to cause experimental encephalopathy (17). Be-
cause blood ammonia levels correlate poorly with the severity of hepatic encepha-
lopathy (18), synergistic effects of various toxins with ammonia are postulated
to explain the pathogenesis of encephalopathy (19, 20).

Plasma amino acid imbalances are also observed in hepatic failure. Fischer
et al. (21) suggested that increased entry of plasma AAA into the cerebral envi-
ronment causes high levels of brain octopamine and tyramine. The explanation
of hepatic encephalopathy as due to impaired amino acid metabolism is called
the ‘false neurotransmitter theory’ (8). Intraventricular infusion of octopamine
in rats resulted in a 20,000-fold increase in that amine, and a 90 % reduction
in brain noradrenaline and dopamine in the absence of coma (22).

Branched chain amino acid (BCAA)-enriched infusions to encephalopathic
patients improve their condition (10). The metabolic fates of BCAA in the brain
seem to be involved in the pathogenesis or maintenance of hepatic encephalopathy.
As to why BCAA infusion improves the neurologic condition, previous authors
have reasoned that elevated plasma BCAA levels competitively inhibit the cerebral
uptake of AAA, decreasing false neurotransmitters in the brain (8, 21).

In the present study, it was shown that leucine oxidation activities were
increased in proportion to blood ammonia levels in rats with acute hepatic failure,
and thus the hyperammonemic state probably accelerated leucine oxidation in
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the brain homogenates. Leucine is first converted to «-isocaproic acid, which
liberates CO, in the next step, producing glutamate from a-ketoglutarate in a
transamination reaction involving BCAA transaminase (23, 24). Increased leucine
oxidation may aid in the detoxification of ammonia, because the glutamate pro-
duced by transamination is converted to glutamine by combination with an am-
monia molecule. This is the major pathway of ammonia removal in the brain,
which lacks the urea cycle. Improvement of hepatic encephalopathy after infusion
of a BCAA-enriched solution might be, in part, due to removal of brain ammonia
facilitated by BCAA oxidation. The fact that ammonia levels of postmortem
brains of cirrhotics, who were treated with high doses of valine, were significantly
lower than those in untreated cirrhotics (25) offers clinical support for this hypo-
thesis. '
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