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ABSTRACT

Background: Carbon tetrachloride (CCly) causes hepatic injury. Galectin-3 is a
member of the lectin family; several studies have suggested that Gal-3 could repair
liver damage. Objective: To estimate Gal-3 expressions in different periods after CCl,
administration and to explore the mechanism of repair of the injured liver by Gal-3
either through modulation of apoptosis or oxidative stress. Materials and methods:
Twenty male mice (age 6 weeks; weight 25-30 g) were divided into 4 groups of 5 mice
each in separate cages with free access to food and water. Group (I): Control group.
Groups II, 11l and 1V administered orally CCl, as a single dose 50% (W/W); CCl, in
olive oil at 2 ml/kg of body weight and left for 48, 72 and 96 hours respectively. The
period of repair of hepatocytes injured by CCl,; and signaling proteins intrinsic to
these periods were examined. Results: A 30 kDa polypeptide was detected by both
RT-PCR and Western blot analysis using anti-galectin-3 antibody in livers from mice
48 to 96 hours after administration of a single dose of CCl, and was identified as
galectin-3 in hepatocytes. Levels of Gal-3 were significantly higher in liver of mice at
48 to 72 hour after CCl, treatment compared to the control. Its level was reduced at
96 hours after CCl, administration. Bcl-2 levels increased significantly during the
experimental period after administration of CCl,, where presented in low amount in
the control mice. Caspase-3 was detected in trace amount in control mice, increased
after 48 and 72 hours from administration of CCl, and then decreased gradually at
96 hours. Both tissue homogenate levels of nitric oxide and lipid peroxidation showed
marked increase at 48 hours as compared to controls. Their levels decreased
gradually at 72 and 96 hours after CCl, administration. The tissue homogenate levels
of antioxidants CAT, GSH and SOD activity of all groups were significantly
decreased at 48 hours and then increased gradually at 72 and 96 hours after CCl,
administration but did not reach to normal level. Conclusion: Gal-3 plays an
important role in repairing the hepatocellular damage which occurred by CCl,
through its role as anti-apoptotic agent and against free radical generation.

Abbreviations: Carbon tetrachloride (CCl,), Gal-3(galactin-3), ROS (reactive
oxygen species), RT-PCR (reverse transcriptase-polymerase chain reaction).
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INTRODUCTION

Galectin-3 is a member of the
galectin family, which consists of
animal lectins”. It is approximately
30 kDa and contains a carbohydrate-
recognition-binding domain of about
130 amino acids that enable the
specific binding of B-galactosides®.
Also, it is encoded by a single gene,
LGALS3, located on chromosome 14,
locus q21-q229. During
development, Gal-3 is detected in
most types of cells including the
hepatocytes in human and mouse
embryos”. It is also present in rat
neonate livers by 9 days after birth,
but fells to a trace level in the adult
liver®.

Animal models of hepatic
damage provide a means to study the
cell and molecular mediators of
damage in a serial manner during both
progression and recovery. Several
approaches to induction of liver
damage have been described. One of
these, CCl, intoxication in rats and
mice is probably the most widely
studied. In addition, the CCl; model is
the best characterized with respect to
histological, biochemical, cellular,
and molecular changes associated
with the development of the damage.
CCly can be given intraperitoneally or
by oral administration; it induces
hepatic damage mainly through
hepatocyte apoptosis ©.

Galectin-3 was induced in the
cytoplasm of periportal hepatocytes
and in livers from rats at 48 to 72
hours after administration of a single
dose of CCl4; suggesting that it plays
a role in repair or survival of the
injured hepatocytes .

Apoptosis is the process of
programmed cell death that may occur
in multicellular organisms. Apoptosis
plays a very important role in
regulating a variety of diseases that
may result from an abnormal ratio of
pro- and anti-apoptotic factors®.

B- cell leukemia/lymphoma 2
(Bcl-2) is the founding member of the
Bcl-2 family of apoptosis regulator
proteins. Bcl-2 proteins interact with
each other to promote and inhibit
apoptosis. It was suggested that Gal-3
binds Bcl-2 through its carbohydrate
recognition domain so the increase of
Gal-3 increases its binding with Bcl-2
and so suppresses of apoptosis .

Caspases or cysteine-dependent
aspartate-directed proteases are a
family of cysteine proteases that play
essential roles in apoptosis. Caspase-3
is the key member of -effector
caspases .

Damage due to oxidative stress
and free radicals is one of the
important factors for hepatic damage
using CCly. This action could be
through the increase in the level of
nitric oxide, lipid peroxidation and
decreased activities of antioxidant
enzymes and generation of free
radicals V. The antioxidant activity
or inhibition of the generation of free
radicals is important in providing
protection against hepatic damage. It
has been proposed that antioxidants,
which maintain the concentration of
reduced glutathione (GSH), super
oxide dismutase (SOD) and catalase
activity, may restore the cellular
defense mechanism and block lipid
peroxidation "2,

Aim of the study The aim of the
present study was to estimate Gal-3
expression in different periods after
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CCl; administration and to study its
role in repair of the injured mice liver,
then explore the mechanism of repair
of the injured liver either through
modulation of apoptosis or oxidative
stress.

MATERIALS & METHODS

Animals and treatments:

The experimental procedures
were carried out according to the
National  Institute  of  Health
Guidelines for Animal Care and
approved by The Ethics Committee of
the Al-Azhar University, Assuit.
Twenty male mice (age 6 weeks;
weight 25-30 g) were divided into 4
groups of 5 mice each, in separate
cages with free access to food and
water. Group (I): Control group.
Groups II, III and IV administered
orally CCly as a single dose 50%
(W/W); CCly in olive oil at 2 ml/kg of
body weight "¥. and left for 48,72 and
96 hours respectively.

The animals were sacrificed by
cervical decapitation. Liver was
separated from each mouse and
washed several times with 0.9%
sterile saline solution to remove any
blood from the tissues and was
transferred to filter paper to remove

Concentrationof RNA(ug/ul) :[

b) RT-PCR assay:

RT/PCR premix kit (Bioron Cat
No.:122020-96) which consists of
premix tubes that contain all the
components necessary for cDNA
synthesis and amplification in one

excess saline solution.
Homogenization buffer was added to
liver tissue (0.5 g from the liver with
4.5ml from 0.25M sucrose buffer).
The tissue samples were homogenized
by tissue homogenizer (IKA ULTRA-
TURRAX® T25) at 40,000 rpm. The
supernatant extracts were collected in
Ependorf tubes and frozen at -40°C
till assay of NO, TBARS, CAT, GSH
and SOD. All steps of that operation
were performed rapidly and in ice
path.

Drugs and Chemicals:

CCI, and olive oil were
purchased from Sigma chemical
Company (St., Louis, MO, USA).
Methods:

1- Detection of galactin-3, Bcl-2, and

Caspase-3 by RT-PCR analysis:
a) RNA isolation:

Total RNA fractions were
prepared using RNA Kit (Omega Bio-
Tek) to provide a rapid method for the
isolation of total RNA. The
concentration of RNA was determined
by measuring the absorbance at 260
and 280 nm using double stream
spectrophotometer (T80 UV/Vis.
Spectrometer PG Instruments LTd,
UK) and through the following
equation:

(62.9xA260 —36A280)xDilution factor]

1000

tube as Reverse transcriptase and
DNA polymerase enzymes.

The various cDNAs were
polymerase chain reaction (PCR)
amplified with specific primers
(Pupmed, gene bank, nih, RNA
workbench 4) in 50 upl of PCR
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reactions containing 10x PCR buffer
(10 pl), 2ul deoxyribonucleoside- 5'-
triphosphate, RT-PCR preMix (2 pl),
distilled water (18 pl), 8pl primer (4pl
for each primer), and 10ul RNA. The
amplification conditions consisted of
an initial denaturation at 94°C for 5
minutes, followed by 37 cycles of
94°C for 30 seconds, and 55°C for 30
seconds, with a final extension at
72°C for 1 minute. The PCR products
were analyzed with 1.5% (w/v)
agarose electrophoresis.

Primer design:

The primer for galectin-3 (Gal-3);
sense primer; 5'-GGGTGT CCT CTC
CAT TTG AC-3' and antisense primer
5'-CCG GCG TAT ATC ATG ATG
GG-3' (Pupmed, gene bank, nih, RNA
workbench 4).

The primer for Bcl-2; sense
primer 5-GAC GGA GAA GAA
TGT CCT TA-3' and antisense primer
5'-CGA CCT TGT CGT ACT GAG
CA-3' (Pupmed, gene bank, nih, RNA
workbench 4).

The Primer for Caspase-3; sense
primer 5'-GAC CAT GGA GAA
CAA CAA AAC-3' and antisense
primer 5-GGC AGG CCT GAA TGA
TGA AG-3'(Pupmed, gene bank, nih,
RNA workbench 4).

2- Detection of galectin-3 by

Western blot analysis:

Liver was homogenized in 10
mM  Tris=HCl buffer (pH 7.5)
containing 140 mM NaCl, then
denatured at 95°C for 5 min in the
presence of 2% SDS and 5% 2-
mercaptoethanol and stored at -70°C
until the time of experiment. 50ug. of
total supernatant liver homogenate
was used in each lane ™.

Anti  Gal-3 antibody 1:200
dilution and anti-rat Ig secondary

antibody was used in 1:1000 dilutions.
Enhanced chemiluminescence (ECL)
detection kit was used to detect the
chemiluminescence were used in
western blot.

3-Biochemical analysis:

The tissue levels of NO and
TBARS (oxidative stress markers)
were determined by chemical methods
according to the methods described by
Van Bezooijen et al., ™, and Buege
and Aust " respectively. Also, the
tissue levels of catalase (CAT),
glutathione (GSH) and superoxide
dismutase (SOD) activity (anti
oxidants) were determined by
chemical methods according to the
methods of Clairborne 17, Beutler et
al. " and Marklund .
Histological Examination:

After scarifying animals, parts
from the livers were rapidly removed,
preserved in 10% buffered formalin,
washed, dehydrated in ascending
grades of 95% ethanol and cleared in
xylene.  The  specimens  were
embedded in paraffin blocks and Sum
thickness tissue sections were cut by
Leica microtome, mounted on slides
and stained with hematoxylin and
eosin. The slides were examined by
light microscope (Olympus BX50)
and photographed. All histological
evaluations were made under blind
conditions.

Statistical analysis:

Statistical analysis was achieved
using Graph Pad In Stat. software Inc,
Program, version 4.0 Philadelphia,
San Diego CA, (2003). Data were
presented as mean + SD and the levels
of significance were accepted with p
<0.05. Multiple comparisons were
done wusing one way ANOVA
followed by Tukey-Kramer test as

32



Bull. Egypt. Soc. Physiol. Sci. 31 (1) 2011

multiple comparison post ANOVA band besides of marker's band (DNA
test. ladder) shows the low level of Gal-3
in the control. Over expression of Gal-

RESULTS 3 is markedly increased after 48 and

72 hr from treatment with CCl, in
comparison to controls. In other hand,
the expression is markedly reduced
after 96 hours .

1- RT-PCR Results:
Figure (1) shows the expression
of Gal-3 in all studied groups. The

1000 bp

S04 bp

Maiker Control 48 hours 72 hours 96 hours
Figure (1)

Figure (2) shows the expression of Bcl-2 in all studied groups. The Bcl-2
increased gradually during the experimental periods (48, 72& 96 hours after
administration of CCly) as compared to controls using DNA ladder markers.

1000 bp

500 bp

Marker Controls 48 hours 72 hours 96 hours
Figure (2)

Figure (3) shows the expression of caspase in all studied groups. The caspase
increased after 48 hours after CCly administration as compared to controls and then
decreased gradually during the experimental stages.
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Marlker Controls

48 hours

72 hours 96 hours

Figure (3)

2- Western Blot results: Figure (4)
shows Galectin-3 protein expression
determined by western blot in all
experimental groups (control, mice
treated with CCly and left for 48, 72
and 96 hours) using Gal-3 antibody.
The detection a 30 kDa protein
appearing in liver of mice at 48 to 72
hours after CCl; administration, the
expression of Gal-3 reached its
maximum at 48 to 72 hours after
treatment with CCly. Over expression
of Gal-3 is markedly increase after 48
and 72 hours from treated with CCly.

Controls

After 48 hours

The molecular weight (demonstrated
according to position in acrylamide
gel, because it is not visible in western
analysis On other hand, the expression
markedly reduced after 96 hours.
Immunoblot analysis using Gal-3
antibody as a probe demonstrated that
liver extract prepared from normal
mice contained trace amount of Gal-3.
Thus, Gal-3 appears in a process of
liver injury. Since immunoblot
analysis using Gal-3  antibody
indicated that Gal-3 is present in
cytosolic liver from 48 to 72 hours.

After 72 hours After 96 hours

Figure (4)

Biochemical changes: Biochemical
changes induced by oral
administration of CCl; (2 ml/kg) in
adult male mice are presented in table

(1). There was a significant increase
in TBARS and NO and decrease in
antioxidants (GSH and SOD activity)
at 48, 72 and 96 hr than controls.
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Table (1): Tissue levels of NO, TBARS, CAT, GSH and SOD activity in all studied

groups.
Biochemical Group I: Treated mice with CCl,
Controls Group II: Group III: Group IV:
(n=5) Mice left for Mice left for Mice left for
48 hr 72 hr 96 hr
(n=5) (n=5) (n=5)
NO
(uM/g wet tissue)  34.15+4.47 78.48+5.66 59.6545.5 51.20+6.4
P*<0.001 P*<0.05 P**<0.05
TBARS
(uM/g wet tissue) 1.192+0.25 4.04+ 1.08 3.53+0.47 2.45+0.23
P*<0.001 P*<0.001 P*<0.05
P**< (.01
CAT
(U/mg protein) 0.0370+£0.009  0.0137+0.007  0.0145+0.003  0.0236+0.008
P*<0.001 P*<0.01
GSH
(uM/mg protein) 17.36+2.18 10.44+2.434 13.00+1.118 16.16+1.483
P*<0.001 P*<0.05 P**<0.001
P**>0.05
SOD activity
(U/mg protein) 14.83+1.87 4.793+£0.867  8.008 +1.167  10.70 £1.425
P*<0.001 P*<0.001 P*<0.01
P**<0.05 P**<0.00
P***<(.051

NO, nitric oxide; TBARS, thiobarbituric acid reactive substaances; CAT, catalase;
GSH, glutathione reductase; SOD, superoxide dismutase. Presented values are means
+SD. n, number; hr, hours. *mice of group II, III, IV versus controls (group I).

** mice of group III, IV versus group II. *** mice of group III versus IV.
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Fig. 5: Light photomicrograph of mice liver from the control group:
demonstrating: 1a&1b: Normal hepatocytes surrounding the central vein (CV). They
are polygonal with pale vesicular nuclei and prominent nucleoli. They have an
esinophilic granular cytoplasm. The hepatic sinusoids (s) are narrow and lined by
endothelial cells and Von Kupffer cells. 1¢ The portal vein tributaries (PV) and the
branch of the bile duct (arrow) are enclosed in a fine connective tissue stroma within
the portal tract. (H&E stain. Mic. Mag. 1a X 200 and 1b &1c¢ X400)

L2¢] 2d]

Fig. 6: Light photomicrograph of the liver of mice treated with CCl, after 48 hours
revealing: 2a: Vacuolar changes (*) in the hepatocytes. Note many of the
hepatocytes have two nuclei (arrows). 2b: Dilated and congested portal vein (PV).
The portal tract containing the portal vein (PV) and the bile duct (B) also showed
inflammatory cell infiltration. 2¢: Focal area of congested blood sinusoids within the
hepatic tissue (S) surrounded with inflammatory cells (arrows). 2d: Degenerated cells
around the central vein (CV) with pyknotic nuclei (arrows) and vacuolated cells (*).
(H&E stain. Mic. Mag. X400)
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Fig. 7: Light photomicrograph of the liver of mice treated with CCly after 72 hours
revealing: 3a: An intact hepatic architecture with mild degree of vacuolation (arrow).
3b: Most of the hepatocytes with normal cytoplasmic appearance around the central
vein (CV). Occasional small aggregates of inflammatory cells also appeared (arrow).
3c: Many hepatocytes with normal cytoplasmic appearance and few with vacuolated
cytoplasm (*) with focal inflammatory cell at the periphery of the classic lobule.

(H&E stain. Mic. Mag. X400)

Flg 8: L1ght photomlcrograph of the liver of mice treated with CCl4 after 96 hours
demonstrating: 4a: An intact hepatic architecture with no inflammatory cells in the
portal area (PV: portal vein, B: bile duct). 4b: Hepatocytes with normal nuclear and
cytoplasmic appearance (arrows). Few degenerated cells also appeared (oval arrow).
4c¢: Prominent connective tissue stroma between the hepatic lobules (arrows).

DISCUSSION

In the present study, the
appropriate dose of CCl; causes
pericentral hepatocyte death
approximately 24 hr after its
administration, the pericentral lesion
thus formed can be restored to a
normal architecture by repairing and
regeneration of  the cellular

components during an approximately
2-week period post-treatment®. The
reproducible nature of the chemically
induced liver injury allows the study,
at a tissue level, of the proteins
involved in the regulation of
hepatocyte death and regeneration. On
the other hand, acetaminophen and
some other therapeutics can similarly
injure the liver in humans @7
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implying that drug induced liver
injury is a serious problem in patients
under particular conditions. Therefore,
identification of proteins that protect
and ameliorate the injury is useful for
understanding the mechanisms of
serious liver injury and developing
suitable treatments, as well as the
understanding of mechanisms for
viability control in hepatocytes.

Liver damage after CCl, treatment
is generally considered to result from
two main effects; firstly, hepatocyte
apoptosis®. Secondly, decrease in the
activity of some hepatic antioxidant
enzymatic mechanisms leading to an
increase in some free radicals like
lipid peroxidation and nitric oxide ®V.

The result of the present study
exhibited marked increase in the RNA
expression and protein synthesis of
Gal-3 at 48 and 72 hours after
administration of CCl; than the
controls. On the other hand, the
expression was markedly decreased at
96 hours after treatment with CCl, as
compared to controls. These results
are comparable with previous studies
which showed that Gal-3 was induced
in the cytoplasm of periportal
hepatocyte of adult rat liver with
inflammation caused by CCl,
treatment. The Authors study clarified
that Gal-3 is induced as a
consequence of augmentation of Gal-
3 gene transcription ™22,

B- cell leukemia/lymphoma 2 is
an anti-apoptotic protein molecule
involved in regulation of apoptosis. In
the current study, the RNA expression
of Bcl-2 increased gradually during
the experimental stages, it was present
in low amount in the controls and
increased after treatment with CCl, in

all stages of the experiment (from 48
to 96 hr) after CCl, treatment.

The previous findings of the
increase in  Bcl-2  could be
compensatory to overcome the
damage occurred in the liver by
ccL®.

The present results are in harmony
with other results that explained the
relation between Bcl-2 and Gal-3 that
was due to the similarity between Bcl-
2 and Gal-3 in structure. Both proteins
are rich in proline, glycine and alanine
amino acid residues in their N
terminal and contain Asp-Trp-Gly-
Arg in the C terminal ©.

Another explanations for the anti
apoptotic role of Gal-3 regarding to
Bcl-2 was reported; firstly, it was
suggested that Gal-3 binds Bcl-2
through its carbohydrate recognition
domain, so the increase of Gal-3 at 48
and 72 hours after CCl; treatment
increases its binding with Bcl-2 so
this explains the anti-apoptotic action
of Gal-3®). Secondly, it was reported
that Gal-3 is equally significant for its
anti-apoptotic activity as it is for Bcl-
2. Bcl-2 translocation to the
mitochondrial membrane leads to
anti-apoptotic activity resulting from
blocking cytochrome release so this is
another explanation for the anti-
apoptotic action of Gal-3%*.

Janicke et al. @ study suggests
that caspase activation is essential for
the occurrence of the apoptotic
phenotype of cell death. A variety of
caspase substrates are involved in the
regulation of DNA structure, repair
and replication. Carbon tetrachloride
induces marked histopathological
changes and increase in the levels of
apoptotic proteins. CCl; treatment
significantly increased the levels of
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apoptotic proteins such as caspases-
329,

In the present study, both RNA
expression and tissue levels of
caspase-3 were detected in trace
amount in the control group,
moreover markedly increased at 48 hr
after CCl, treatment compared to the
control  group, then gradually
decreased in both 72 and finally at 96
hr after CCl; treatment but not
reached to the control level. These
results are in harmony with similar
results reported by Moon et al.*”
who showed that caspase-3 which is
pro-apoptotic protein increased at 48
hr after CCl; treatment, which
indicates the damage occurred in the
liver by CCl; due to hepatocellular
apoptosis, followed by decreased
levels due to the partial repairing
occurred in the liver cells as a result
of the release of Gal-3 with its anti-
apoptotic effect.

Carbon  tetrachloride is a
hepatotoxic agent and it is the well
established animal model for free
radical-induced liver injury, CCl,
treatment significantly increased the
levels of one of the free radicals
inflammatory mediators which is iNos
and decreased the levels of GSH
SOD and CAT with subsequent
increase in the apoptotic proteins %
In the present study, oxidative stress
was assessed by measuring TBARS, a
product of lipid peroxidation, NO as
free radical and some antioxidants as
GSH, SOD and CAT.

Data from the current study
revealed that mice at 48 hr after
treatment  with CCl;  showed
significant increase in tissue levels of
both TBARS and NO and significant
decrease in GSH, SOD and CAT.

Increased generation of ROS and
decreased antioxidants in liver tissues
has been reported in many models of
CCly induced hepatic injury in
animals. Boll et al. ®® explained the
mechanism of lipid peroxidation using
CCl; which was through a reaction
with oxygen to form CCl;-OO* which
initiates lipid peroxidation reactions.
On the other hand, the repair of
hepatic cells as a result of the release
of Gal-3 at 72 hr after CCl4 treatment
and its regeneration of hepatic cells
may explain the reduced levels of
both TBARS and NO in comparison
to 48 hr group, with a subsequent
increase  of the  anti-oxidant
parameters. At 96 hr group the liver
supposed to be repaired so the
lowering of the generation of the free
radicals and the increase in the anti-
oxidant parameters would be more
pronounced.
In conclusion: Gal-3 plays an
important role in repairing the
hepatocellular damage which occurred
by CCl, through different mechanisms
as the following: Firstly, Gal-3 has a
role as anti-apoptotic agent due to the
similarity between Gal-3 and Bcl-2 in
structure and functions. Secondly,
through its role against free radical
generation
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