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Summary: The urea cycle enzymes, carbamoyl-P-synthetase, ornithine transcarbamylase, arginase and other
enzymes related to ammonia metabolism, such as glutamate dehydrogenase, glutamine synthetase and alanine and
aspartate aminotransferases, have been studied in thioacetamide-induced liver disease in rats. Urea and ammonia
were determined both in serum and in liver extracts. Glutamate and aspartate were determined in liver extracts.

There was a marked decrease (in brackets: fraction of control) in carbamoyl-P-synthetase (0.23), ornithine trans-
carbamylase (0.36) and arginase (0.62). The accumulation of ammonia (3.22) and the decreased urea level (0.80)
are well known indications of liver failure.

Glutamate dehydrogenase and glutamine synthetase increased respectively to 1.50 and 1.33, and the changes in
glutamate and aspartate levels were respectively 1.68 and 0.92; this indicates that the metabolic route: 2-oxoglutarate
-* glutamate -* glutamine is increased, and thereby compensates for the low rate of urea formation. Aminotransferase
activities were respectively 0.43 and 0.25. No significant differences were found in serum aminotransferases, or in
the concentrations of ammonia and urea.

Der Einfluß von Thioacetamid auf die Enzyme des Harnstoffcyclus in der Rattenleber

Zusammenfassung: Die Enzyme des Harnstoffcyclus Carbamylphosphatsynthetase, Ornithintranscarbamylase sowie
Arginase und die mit dem Ammoniakstoffwechsel verbundenen Enzyme Glutamatdehydrogenase, Glutaminsynthetase
sowie Alaniil· und Aspartataminotransferase wurden an Ratten mit durch Thioacetamid verursachter Lebererkran-
kung untersucht.

Harnstoff und Ammoniak würden in Serum und Leberextrakten bestimmt, Glutamat und Aspartat nur in Leber-
extrakten. Die Ergebnisse zeigen einen deutlichen Abfall (in Klammern: relative Änderung, Kontrolle = 1,0) der
Carbamylphosphatsynthetase (0,23), Ornithiiitranscarbamylase (0,36) und Arginase (0,62). Die Zunahme von
Ammoniak (3,22) und die Abnahme von Harnstoff (0,80) sind wohlbekannte Anzeichen für den Leberschaden.

Der Anstieg der Glutamatdehydrogenase und Glutaminsynthetase auf 1,50 bzw. 1,33 und die Veränderungen der
Glutamat (1,68)- und Aspartat (0,92)-Konzenträtion zeigen, daß der Stoffwechselweg: 2-Oxoglutarat -> Glutamat -*·
Glutamin die geringe Hanistoffbildung kompensiert. Relative Alanin- und Aspartataminotransferase-Aktivität be-
trügen 0,43 bzw. 0,25. Keine signifikanten Unterschiede wurden für die Aminotransferasen sowie die Ammoniak-
und Harnstoffkonzentration im Serum gefunden.

*) Enzymes: Carbamoyl-P-synthetase, ATP: carbamate phos-
photransferase (EC 2.7.2.5);
Ornithine transcarbamylase, carbamoylphosphate-Z,-ornithine
carbamoyltransferase (EC 2.1.3.3);
Arginase, L-arginine amidinohydrolase (EC 4.5.3.1);
Glutamate-oxaloacetate transaminase, I,-aspartate: 2-oxo-
glutarate amihotransferase (EC 2.6.1.1);
Glutamate-pyruvate transaminase, ,-alanine: 2-oxoglutarate
aminptransferase (EC 2.6.1.2);
Glutamate dehydrogenase, X-glutamate: NAD oxidoreduc-
tase (deaminating) (EC 1.4.1.2);
Glutamine synthetase, ,-glutamate: ammonia ligase (ADP-
forming) (EC 6.3.1.2).

Introduction

Since 1948 (1) thioacetamide has been widely studied.
Most experiments have been carried out on the in-
duction of hepatic necrosis, cirrhosis and tumours in rats.
Schweitzer &Schaetz'(2) reported that thioacetamide-
induced cirrhosis resembles human cirrhosis more
closely than other experimental forms. RodriguezOlleros
et al., (3,4) studied thioacetamide effects in dogs and
they reported the development of atrophic cirrhosis.
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Tab. 2. Free ammonia, urea, glutamate and aspartate in serum and in liver extracts in thioacetamide-treated rats.

Metabolite Control Thioacetamide Fraction P<

Ammonia liver
serum

Urea liver
serum

Glutamate liver
Aspartate liver

220 ± 32(4)
46 ± 2 (4)

4497 ± 57(4)
6875 ± 27(3)
2118 ± 170(4)

697 ± 110 (4)

710 ±146 (5)
50 ± 2.2 (4)

3594 ± 77 (5)
6380 ± 47 (3)
3558 ± 270 (4)
641 ± 78 (4)

3.22
1.08
0.80
0.93
1.68
0.92

0.01
N.S.
0.01
N.S.
0.05
N.S.

Values are expressed as μπιοΐ/kg of fresh liver or μπιοΐ/ΐ of serum. Figures in parenthesis are the number of experimental observations.
Results are given as means ± S.E.M.

Tab. 3. Effect of thioacetamide on the aminotransferases in rat liver and serum.

Enzyme

Aspartate aminotransf erase serum
liver

Alan in e aminotransferase serum
liver

Control

0.051 ±0.007
52.9 ± 5.4

0.017 ± 0.001
26.7 ± 1.92

Thioacetamide

0.046 ± 0.006
22.8 ± 2.3
0.015 ± 0.003
6.8 ± 0.95

Fraction

0.91
0.43
0.90
0.25

P<

N.S.
0.001
N.S.
0.001

Values are expressed as kU/kg of fresh liver or kU/1 of serum. A unit is defined as the amount catalysing the formation of 1 /imol of
product per min at 37 °C.
Results are given as means of six animals ± S.E.M.

cycle. Carbamoyl-P-synthetase and ornithine trans-
carbamylase are mitochondrial enzymes, while the
remainder are located in the cytosol (17).

Liver extracts from rats intoxicated by thioacetamide
showed a lower level of urea than that observed in con-
trol animals. A considerable decrease in carbamoyl-P-
synthetase, ornithine transcarbamylase and arginase was
observed in thioacetamide-treated animals. Moreover,
thioacetamide treatment produced a high ammonia
concentration, accompanied by an increase in glutamate
dehydrogenase activity and in the concentration of
glutamate. These altered values seem to show that one
effect of thioacetamide liver toxicity is to produce a
decrease in the flux of urea formation and a marked
accumulation of ammonia, both recognized symptoms
of liver failure.

Amino groups from various amino acids are first trans*
ferred to 2^oxoglutarate to yield glutamate, and the
glutamate pool is the main nitrogen donor to urea cycle,
either as aspartate or as ammonia. Under normal con-
ditions about 0.90 of the oxidized glutamate is con-
verted to aspartate (via aspartate aminotransferase) and
only 0.10 is converted to ammonia (via glutamate dehy-

drogenase) (17, 18). The decreased level in aspartate
aminotransferase activity and the enhanced activity of
glutamate dehydrogenase in thioacetamide treated liver
is probably a consequence of the increased ammonia
concentration.

It is well known that ammonia increases under certain
circumstances such as high protein diet, diabetes, etc.;
the urea cycle functions like a regulatory mechanism,
increasing its activity and consequently maintaining the
intracellular ammonia at a normal level. By this mechanism
the cell protects itself from the toxic effect of ammonia
accumulation. There are two main mechanisms for the
elimination of ammonia: the urea cycle and the for-
mation of glutamine via glutamate dehydrogenase and
glutamine synthetase. The urea cycle is inhibited in thio-
acetamide-treated rats, and there is consequently an
increase of ammonia; this inhibits 2-oxoglutarate
formation (19). In spite of the fact that glutamate
dehydrogenase is increased (see tab. 4), glutamate
formation is limited by the low concentration of 2-oxo-
glutarate. Therefore, as ammonia increases 2-oxoglutarate
decreases and the glutamate dehydrogenase is not able to
remove the ammonia by the reductive biosynthesis of
glutamate.

Tab. 4. Effect of thioacetamide on glutamate dehydrogenase and glutamine synthetase.

Enzyme Control Thioacetamide Fraction P<

Glutamate dehydrogenase NADH*
NAD**

Glutamine synth'etase

26.8 ±4.3(4)
0.81 ± 0.22 (4)
2.17 ± 0.43 (3)

40.2 ±4.1 (4)
1.72 ±0.28 (4)
2.89 ± 0.22 (3)

1.50
2.12
1.33

0.01
0.001
N.S.

Values are expressed as kU/kg of fresh liver. A unit of enzyme is defined as the amount catalysing the formation of 1 μπιοί of
product per min at 37 °C.

** l-^^^utaratrand ammonia formation. Figures in parenthesis are the number of experimental observations. Results are given
as means ± S.E.M.
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Aminotransferases are linked to the urea cycle. The
conversion of glutamate to aspartate provides half of the
urea nitrogen that enters the urea cycle as aspartate. In
the extramitochondrial area, oxidation of malate or
transamination of aspartate yield oxaloacetate. When
soluble aspartate aminotransferase decreases, as in the
case of thioacetamide-treated rats, the oxaloacetate pool
becomes lower, but availability of aspartate for urea
synthesis is not significantly affected. The degree of
involvement of aspartate aminotransferase, alanine amino-
transferase and glutamate dehydrogenase in urea synthesis
depends on the level of urea precursors.

These findings, particularly the rise in glutamate
dehydrogenase activity when .the urea cycle is inhibited,
provide new evidence on the regulatory mechanism
involved in the control of ammonia metabolism in the
liver under pathological conditions.
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