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Background: In order to detoxify ammonia, mammalian livers use carbamoyl phosphate synthetase (CPS) and glutamine
synthetase (GS) for conversion into respective non-toxic urea and glutamine. CPS is expressed in the periportal hepatocytes
whereas GS is contained in the pericentral hepatocytes.

Obijective: To examine the expressional changes of CPS and GS in the liver being induced to become cirrhotic by hepatotoxin
thioacetamide (TAA).

Material and Method: Twenty-five male Wistar rats were divided into 5 groups of 5 animals each. Group 1 was for control.
Groups 2 to 5 were treated with 200 mg/kg TAA intraperitoneally three times weekly for 1, 2, 3 and 4 months respectively. The
immunohistochemical technique was employed in order to elucidate the expression of CPS and GS in each animal group.
Results: As centro-central fibrous bridging developed in the course of TAA treatment, expression of CPS declined dramatically
and that of GS was no longer restricted to the pericentral hepatocytes. In month 4, CPS-positive hepatocytes were only found
in some regenerative nodules, whereas GS expression became confined to the nodular periphery. Proper CPS staining
required tissue fixation in a mixture of methanol, acetone and water (2:2:1 v/v) as opposed to 4% paraformaldehyde.
Conclusion: In response to the hepatotoxin TAA, the liver attempts to regenerate by means of conserving persistent CPS-

positive hepatocytes and rearranging GS-positive hepatocytes in response to vascular obstruction.
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One of the main functions of mammalian
liver is the detoxification of ammonia® which is a waste
product of protein and amino-acid catabolism. Despite
ammonia plays central role in several biochemical
pathways, its high concentration can promote acid-
base imbalance® and induce hepatic encephalopathy®
%, Hepatocytes are well equipped in conversion of
ammonia into nontoxic urea and glutamine molecules®.
The periportal hepatocytes that express carbamoyl
phosphate synthetase (CPS) are responsible for urea
synthesis, whereas the pericentral hepatocytes that
contain glutamine synthetase (GS) synthesize
glutamine®, CPS determines the rate of urea
synthesis®, whereas the GS-positive pericentral
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hepatocytes scavenge ammonia to ensure complete
ammonia detoxification*!V. CPS and GS are, therefore,
crucial enzymes in a healthy liver. However, their
expression pattern in the process during the liver
becomes cirrhotic due to hepatotoxins or viral infections
is not known. The sulfur-containing water-soluble
compound thioacetamide (TAA) is a known specific
hepatotoxin which causes hepatocyte necrosis and liver
failure®?, Thus far, changes of GS and CPS expression
patterns of during TAA-induced cirrhosis were not
studied. Therefore, the aim of the present study is to
elucidate the temporal changes in expressions of the
two ammonia-detoxifying enzymes in TAA-induced
cirrhotic liver.

Material and Method
Animal model

Twenty-five male Wistar rats weighing 120-
150 grams were obtained from the Animal Center,
Mahidol University, Thailand. The present study was
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performed in accordance to the Thai guidelines for the
handling of experimental animals and was approved by
the Animal Ethics Committee of the Faculty of Medicine,
Srinakharinwirot University (under license No. 6/2551).
The rats were fed ad libitum. Five rats were designated
as ‘controls’, while the remaining rats were assigned to
four treatment groups of five rats each. The experimental
groups were intraperitoneally injected three times
weekly with 200 mg/kg thioacetamide for 1, 2, 3, or 4
months®. Animals were sacrificed after O,/CO, gas
inhalation by decapitation. Blood from the heart was
collected and sent to a standard private laboratory
(BRIA lab Co, Ltd.) for analysis of the liver function.

Tissue preparation and fixation

After the midline abdominal-wall incision from
the pubic symphysis to the xyphoid process of the
sternum was made, the livers were removed and fixed
overnight by immersion in a mixture of methanol,
acetone and water (MAW; 2:2:1 v/v) or in 4%
paraformaldehyde at 4°C. All samples were dehydrated
in a graded series of ethanols, embedded in paraplast,
sectioned into 5-7 um thick slices, and mounted on
poly-L-lysine-coated slides. The slides were stored at
4°C.

Immunohistochemistry

Slides were deparaffinized in xylene,
rehydrated in a descending series of graded ethanols,
and washed in PBS for a minimum of 5 minutes. Sections
were outlined using a “Pap” pen (Research product
International Corp., USA), blocked in TENG-T (10 mM
Tris,5mM EDTA, 150 mM NaCl, 0.25% gelatin, 0.05%
Tween-20; pH 8.0) with 10% fetal bovine serum (FBS)
for 30 minutes in a moist incubation chamber. Without
prior washing, TENG-T was replaced by primary antisera
against GS (BD Transduction Laboratories, USA) and
CPS®9; a gift from Dr. W.H. Lamers, Amsterdam, the
Netherlands, antibodies diluted 1:200 and 1:1,000,

respectively, in the blocking solution. Sections were
incubated overnight in a moist incubation chamber at
room temperature. The following day, sections were
washed 3 times with PBS prior to incubation for 2 hours
at room temperature with alkaline phosphatase-
conjugated goat anti-rabbit 1gG (CPS) or goat anti-
mouse IgG (Sigma, Germany; GS). Both secondary
antibodies were dissolved at 1:100 in blocking solution.
Then, the sections were washed thrice in PBS prior
incubation at room temperature in nitroblue
tetraliumchloride/5-bromo-4chloro-3-indolyl phosphate
(NBT/BCIP, toluidine salt; Dako Inc. Glostrup, Denmark)
diluted in 200 mM Tris pH 9.5, 100 mM NacCl, and 50
mM MgCl,. Concentrations of antibody and staining
times were chosen to assure a linear relationship
between antibody binding and staining intensity®®,
The reaction was stopped in bidistilled water. Then,
sections were quickly dehydrated through an
ascending series of graded ethanols, cleared in three
washes of xylene, and mounted in Permount (Merck,
Germany).

Tissue analysis

The sections were examined under
computerized light microscope and areas portraying
prominent changes in CPS and GS expression were
photographed at objective lens 40X.

Statistical analysis

To compare the values of liver function test
among animal groups at various times of TAA
treatment, one-way ANOVA analysis with Tukey's post-
hoc test was utilized. Asignificant difference was set at
p<0.05.

Results
Liver function test (Table 1)

The plasma liver function test obtained from
the TAA-treated rats showed that there was first a

Table 1. Plasma AST, ALT and AP enzyme levels in control and experimental rats treated for 1-4 months

AST ALT AP
Control 106 + 17* 37+ 1% 163 + 18
Month 1 88+ 12 31+6 126 +8
Month 2 166 + 56 36+3 105 + 14
Month 3 139 + 14* 40 + 1* 136 + 11
Month 4 433 + 86* 203 + 44* 160 + 13

Asterisks (*) refer to values significantly different from the control rats (p < 0.05)
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decrease, then an increase in aspartate aminotranferase
(AST) and alanine aminotransferase (ALT), while
alkaline phosphatase (AP) changed much less and
possible slower. AST in the control (106.27 + 17.00)
was higher than those in 1-month (88.5 + 11.60). Then
the levels in 2-months (166.83 + 55.84) and 3-months
(139.43 + 14.46) were increased. AST level in 4-months
(433.10 + 85.98) was approximately four folds of the
control. ALT level was significantly increased in the 4
month (203 + 43.84) which was over five times of the
control (36.97 + 1.19). As for AP, there was much less
change among the TAA-treated groups and control.

Effect of TAA

At 1-month of treatment by TAA, both the
visceral surface and histological appearance of the liver
could not be distinguished from those of the control.
At 2-months, nodules were not yet readily visible but
hepatocyte deaths were observed as indicated by a
fainter staining of hematoxylin and eosin staining.
However, after 3-months of TAA-treatment, diffusion
of micronodules and macronodules could be observed.
By 4-months, a mixed pattern of nodules coat the
physical surface of the liver and the liver was reduced
in size compared to untreated livers. Additionally, at
this enhanced stage of cirrhosis, fissures of the lobes
disappeared and liver seemed not possess any distinct
lobes. On the histological level, distinct regenerative
nodules and newly formed vessels which did not follow
the expected portal triad organization and central veins
were observed; collagen fibers surrounded newly
formed nodules.

Carbamoyl phosphate synthetase (CPS)
CPS was detected in ten or more hepatocyte

SV
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layers surrounding the portal veins of the control (Fig.
1) and 1-month of TAA-treated livers (Fig. 2). At this
stage, the liver possessed a homogenous and evenly
distributed pattern of expression (Fig. 2). When the
application of TAA progressed from 2- to 3-months,
immunostaining for CPS was partially positive in
individual hepatocytes (Fig. 2). At TAA-treatment for
4-months, expression of CPS declined heterogeneously
among regenerative nodules. Some nodules contained
a pool of CPS whereas other nodules did not (Fig. 2).

Glutamine synthetase (GS)

The control and 1-month of TAA treated
groups shared the same expression pattern of GS which
was presented to surround the central veins in one to
two complete concentric rings (Fig. 1, 2). However, its
staining intensity faded accordingly to the progression
of TAAapplication (Fig. 2). As the histological feature
of the liver began to alter due to the formation of
bridging fibrotic septa, GS was no longer found around
central veins but instead, around the incomplete rims
of regenerative nodules (Fig. 2).

Discussion

The liver enters cirrhosis once it becomes
hyperammonemia via both the degeneration and change
in zonation of CPS- and GS-positive hepatocytes
originally expressed in the periportal and pericentral
zones respectively. Furthermore, the change in its
vascular pattern and formation of fibrous bridgings,
which, as observed in Fig. 2, eventually encloses new
nodules, can be understood as a way the liver attempts
to block and fend off incoming ammonia. Immuno-
histochemical analysis reveals a change in the zonation
of both CPS and GS enzymes, which can also be

Immunostaining pattern for the presence of CPS and GS in the control rat liver CV, central vein
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Fig. 2 Immunoexpression of the CPS (left column pictures) and GS (right column pictures) in the livers after treatment
with TAA for 1-month (TAAL), 2-months (TAA2), 3-months (TAA3), and 4-months (TAA4). Note that CPS and
GS were stained on adjacent sections. CV, central vein; nodule, hepatic regenerative nodule
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explained as the effort of the liver during regeneration.

Between the two ammonia-metabolizing
enzymes, CPS is one with higher expression®®, Its large
population in the liver tissue is required since, in view
of ammonia detoxification, it functions are in a high-
capacity/low-affinity manner®. In healthy livers, CPS
is found in 9-12 hepatocyte layers thick around the
afferent portal vein and in the center of the liver and
maintains a homogenous distribution throughout each
acinus lobulation. It is rarely expressed around the
central vein®®, but once cirrhosis is induced and
destruction of the zonation pattern occurs, CPS can
also be found in the pericentral zone shown in the
present study. By the third month of continuous TAA
treatment, CPS expression is no longer shown around
the hepatic portal veins and arteries but instead,
resides in certain regenerative nodules. The shift in
the liver histology can be understood as an attempt to
protect the small amount of surviving CPS-positive
hepatocytes. Ammonia will not be able to enter the
nodules since they are protected by collagen fibers
and other extracellular matrix components.

As opposed to the 94% of CPS-positive
hepatocytes, GS is only positive in 7-8% of the
hepatocytes®. GS is found in 2-3 hepatocyte layers
thick but often found in continuous, distinct concentric
circles surrounding the central veins or larger branches
of the hepatic vein in the parenchyma. However, smaller
population of GS is not a subordinate one since it
executes in a low-capacity/high-affinity manner in
detoxifying ammonia®®, GS employs the role of a
“scavenger”, thereby ensures complete ammonia
detoxification. The complementary functions of CPS
and GS are of extreme importance to a healthy liver®?,
The third month of TAA treatment marks the fibrosis-
turn-cirrhosis stage of liver disease as fibrous matter
accumulates and encircles newly formed and enclosed
nodules. The pattern of GS, which originally surrounds
the central veins, alters to follow encircling fibers.
Having a competitive, rummaging nature, GS works
faster and more efficiently than would CPS in critical
situations like a hyperammonemic one. Hence, GS is
observed along the contours of regenerative nodules
to pick-up incoming ammonia. Another hypothesis
involves in the direction of perfusion. The change in
vasculature may result in a change of blood perfusion
from antegrade (portal to caval vein) flow to a retrograde
(caval to portal vein) flow hence the change in the
pattern of distribution of GS®.

TAA has been selected to be the toxin for
this hepatological study as opposed to intragastric
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administration of carbon tetrachloride (CCl,), which
often results in high mortality rates, a low portal venous
pressure, and high susceptibility to necrosis“®,
Previous studies®®2? have shown that injury induced
by CCI, causes severe necrosis of perivenous GS-
positive hepatocytes while those induced by TAA
gives rise to slowly developing cirrhosis which is
observed in the present study. Comparatively, CCL,
induces micronodular cirrhosis, 27% mortality rate, more
necrosis and cellular swelling®®, which is not the case
observed in our use of TAA. In conclusion, the use of
TAA in the present study also gives support for more
prominent regenerative nodules and fibrosis in a
fashion that well defines and reflects major features in
the human disease.

It could be concluded that the changes of
CPS and GS leading to four months of continuous TAA
treatment gives rise to the possibility of liver
regeneration despite withdrawal of toxins as would be
in the case of viral infections. The rearrangement and
decline of CPS and GS patterns demonstrates a new
target in which liver cirrhosis could be preventable or
how liver regeneration could be induced.
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