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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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As the urea cycle represents an important detoxifying
mechanism, the pattern of change in its intra- and extra-
mitochondrial enzymes and metabolites is of interest
for a better understanding of the effect of thioacetamide
on liver metabolism. The metabolic significance of the
urea cycle is well known as the main pathway for the
removal of ammonia in ureotelic animals (5). There are,
however, other routes for ammonia utilization, whereby
ammonia is used to form metabolites such as glutamate
and glutamine.

The present work attemps to study the changes of the
urea cycle enzymes and those enzymes related to
ammonia metabolism in rat liver, following thioacetamide
administration. The knowledge thus gained may help in
the understanding of the pathogenesis of liver diseases.

Materials and Methods

The chronic condition was induced by intraperitoneal admini-
stration of thioacetamide to male Wistar rats weighing 180-
220 g. Thioacetamide-treated animals were injected for a period
of 28-30 days with a freshly prepared solution of thioacet-
amide in saline (NaCl 0.15 mol/1) at a dose level of 50 mg/d · kg
body weight. Controls received a similar volume of saline. From
4 to 8 animals were used for each experiment.
Ammonia dependent carbamoyl-P-synthetase was measured by
the method of Chabas et al., (6) in the mitochondria! fraction
obtained according to Grisolia &Mendelson (7). Ornithine trans-
carbamylase was measured as described by Caravaca & Grisolia
(8) in the same fraction, while arginase was determined in the
soluble fraction according to Schimke (9). Mitochondrial
glutamate dehydrogenase was measured as described by Strecker
(10), soluble aminotransferases were determined according to
Bergmeyer & Bernt (11,12), and glutamine synthetase was
determined by the procedure offqbal & Ottaway (13) in the
soluble fraction of essentially blood free liver homogenates.
Liver homogenates were obtained in 0.25 mol/1 sucrose,
0.02 mol/1 Tris buffer pH 7.4 and 0.1 mmol/1 dithioerythritol
in the proportion l g tissue: 4 ml medium. All values are given
as Mmoles of substrate transformed per min measured at 37 °C
per kg of fresh liver or 1 of serum.
Urea, ammonia, glutamate and aspartate were determined in
neutralized perchloric acid extracts of freeze clamped livers
obtained as described by Lagunas et αϊ, (14) and in serum. Urea
was measured as ammonia after treatment with urease. Ammonia
was determined spectrophotometrically with 2-oxoglutarate
and glutamate dehydrogenase (glycerol suspension). Glutamate
and aspartate were determined as described by Pfleiderer (15,
16). Values are given as Mmoles per kg of fresh liver or 1 of
serum.
Measurements were made on a Unicam SP-1800 spectrophoto-
meter with a scale expansion unit. Results are expressed as
means ± S.E.M. Fisher's P values where Ρ is greater than 0.05
are considered as not significant (N.S.).

Pyruvate kinase and lactate dehydrogenase were obtained from
Sigma Chem Co. Other enzymes and nucleotides were obtained
from Boehiinger Mannheim GmbH (Mannheim Germany). All
other biochemicals were obtained from Merck.

Results

As shown in table 1, the mitochondrial enzymes carba-
moyl-P-synthetase and ornithine transcarbamylase
decreased to a very low values: 0.23 (p < 0.001) and
0.36 (p < 0.001), respectively. Also arginase decreased
markedly to 0.62 (p < 0.001) in the liver of thioacet-
amide-treated rats. These results, accompanied by an
increase in the level of free ammonia to 3.22 (p <
0.001), and a decreased concentration of urea (0.80,
p < 0.01) in liver extracts of thioacetamide-treated rats
(tab. 2), clearly demonstrate a significant disturbance in
the urea cycle. Glutamate was increased to 1.64 (p <
0.05) and aspartate decreased slightly to 0.90 (N.S.) in
liver extracts of thioacetamide treated rats.

In order to clarify the mechanism(s) of these changes,
the activities of the main enzymes connected with the
major flux of ammonia such as glutamate dehydrogenase,
glutamine synthetase and alanine and aspartate amino-
transferase were also determined. As can be seen in
table 4, glutamate dehydrogenase was significantly
higher in thioacetamide-treated rats than in the controls.
Glutamate dehydrogenase was measured in the mito-
chondrial fraction and its increased activity was shown
both for glutamate formation (1,50, p < 0.01) and for
glutamate oxidation (2.12, p < 0.001).

The increase of glutamine synthetase to 1.33 was not
significant. Table 3 shows that in the thioacetamide-
treated rats aspartate and alanine amin transferase
decreased to 0.43 (p < 0.001) and 0.25 (p < 0.001),
respectively, when compared to the controls. The same
enzyme activities in serum reveal a less consistent
decrease to 0.91 and 0.90 for aspartate and alanine
aminotransferases respectively.

Discussion

When testing metabolic disturbances produced by a
toxic agent or a drug, the measurements of several
enzymes linked in a metabolic cycle or chain are more
revealing than those of an individual enzyme. The activ-
ity of the urea cycle in liver is interesting, particularly
because of the different location of the enzymes of this

Tab. 1. Enzymes of the urea cycle in thioacetamide-treated rat liver.

Enzyme

Carbamoyl-P synthetase
Ornithine transcarbamylase
Arginase

Control
(kU/kg)

2.33 ± 0.07 (4)
136.8 ± 24.4 (4)

1749 ± 104 (8)

Thioacetamide
(kU/kg)

0.54 ± 0.17(4)
49.3 ± 5.6(4)

1093 „ ± 136 (8)

Fraction

0.23
0.36
0,62

P<

0.001
0.001
0.001

Values are expressed as kU/kg of fresh liver. A unit is defined as the amount catalysing the formation of 1 μιηοΐ of product per min
at37°C.
Figures in parenthesis are the number of experimental observations. Results are given as means ± S.E.M.
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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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