. . . () er |
as»\ Medical Science Journal Copyright © The Author(s)

for Advance Research Vol. 2,No. 2, June 2021
—— e-ISSN: 2774-4892

Relationship Between Hepatotoxicity That Induced by
CCL4 and Regucalcin Protein Marker

Murtadha M. Jawad'*
!College of Health and Medical Techniques /Kufa, Al-Furat Al-Awsat Technical University,31003 Al-Kufa, Iraq
*e-mail: kuh.dr.mur@atu.edu.iq

ABSTRACT

This review deals with the world's most important problem, which is hepatotoxicity. As a result of the
distinctive location of the liver and its effect on all the substances entering the body and manufactured
from it, the wastes resulting from metabolism, as well as its functional nature in the equation and
removal of toxins. Therefore, the liver is one of the most influential and first organs in the human
body because of the major functions it shows. Therefore, most of the research targets the liver through
a number of chemicals, including carbon tetrachloride. Carbon tetrachloride is widely used, and its
work depends on destroying hepatocytes through a group of chemical reactions with a group of
chemical compounds for the liver such as fats and proteins, thus producing harmful substances such
as free radicals, whose damage depends on the concentration and period of exposure to carbon
tetrachloride. In order to determine the extent of the influence of the liver, there must be evidence.
Our choice of Regucalcin was because it is closely related to several physiological functions,
including: its role in maintaining the level of calcium on a regular basis in addition to its anti-
programmed effects of cell death by inhibiting factors that break down the DNA strand by inhibiting
the action of a group of enzymes. And other factors that destroy cells. Thus, the presence of
Regucalcin inside and out of cells is evidence of the extent of damage and damage to hepatocytes and
their dissolution. Therefore, Regucalcin can be considered a criterion for assessing the extent and
degree of damage to the liver.
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HEPATOTOXICITY:

The liver disorders are one of the world
problems. Despite its frequent occurrence,
high morbidity and high mortality, its medical
management are currently inadequate, so far
not yet any therapy has successfully prevented
the progression of the hepatic disease, even
though newly developed drugs have been used
to treat chronic liver disorders, these drugs
have often side effects. Therefore, it is
essential to find suitable herbal drugs that
could replace the chemical ones (Jawad,
Murtadha M. Homady, Merza H. and
Aldujaili, Arshad N., 2018).

Liver injury due to chemicals (or) infectious
agents may lead to progressive liver fibrosis
and ultimately cirrhosis and liver failure

(Szymonik-Lesiuk et al., 2003). However, no
effective treatment that delays disease
progression and complications has yet been
found. Recent studies suggest that traditional
herbs and micronutrients such as carotenoids
and selenium may be useful for this purpose
(Murugesan et al.,2009).
CARBON TETRACHLORIDE

Carbon tetrachloride CCL4 is widely used
for experimental induction of liver damage
(Miyazaki et al., 2009). The principle role of
carbon tetrachloride (CCL4) in inducing
hepatic damage in lipid peroxidation and
decreased activities of antioxidant enzymes
and generation of free radicals (Tirkey et
al.,2005; Ohata et al., 2008).
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Carbon tetrachloride has been widely used
as a model of toxicity-induced chronic liver
injury, progressing to fibrosis and cirrhosis
(Khan et al.,2009; Kim et al., 2010a). Even
though the model does not mimic the injury
pattern in human HCV infection, it provides a
useful tool for understanding the mechanism
underlying the HCV-mediated fibrogenesis,
where a similar pattern of inflammatory
changes is seen (Sreelatha et al., 2009).
Furthermore, the histopathological changes
(fatty degeneration, centrilobular necrosis,
fibrosis, cirrhosis and even cancer), alterations
in liver function, severe malnutrition and the
disturbances in plasma levels of branched-
chain amino acids observed in cirrhotic rats are
similar to those observed in human cirrhosis
(Xiao-hui et al., 2007; Adewale et al., 2014).
The model, in addition, provides an alternative
to predict a true anti-fibrotic drug effect
(Prakash et al., 2008).

REGUCALCIN PROTEIN MARKER:
STRUCTURE OF REGUCALCIN:

Regucalcin (RGN) was discovered in 1978
as a Ca2+ -binding protein that does not
contain the EF- hand motif of Ca2+ binding
domain (Yamaguchi., 2011a). Because of its
relationship to ageing and its molecular mass
of 30 kDa, this peptide was also designated
senescence marker protein-30 (SMP30) (Lai et
al., 2011).

The regucalcin gene (rgn) is localised on the
X chromosome (Yamaguchi., 2011b), and its
gene is identified in over 15 species consisting
of the regucalcin family, and the gene species
are highly conserved in vertebrate and
invertebrate species (Yamaguchi., 2013a). The
expressions of regucalcin mRNA and protein
are regulated through various transcription
factors which are involved in cell signal
transduction with stimulation of hormone and
cytokine (Yamaguchi, 2013b).

Regucalcin is evolutionarily conserved only
in higher animals and this gene is not found in
yeast (Arai et al., 2009). The amino acid
sequence of mouse RGN showed 94%
similarity to rat RGN and 89% to human RGN.
In fact, the entire primary structure of RGN is
conserved among humans and rodents,
suggesting that its complete structure is
required for the physiological function of RGN
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(Sato et al., 2012).The primary structure of
RGN protein did not show the known Ca2+
binding domain, such as an EF-hand motif, and
it may represent a calcium binding protein of a
novel type (Amano et al., 2010).

The Ca2+ -binding constant was found to be
4.19 x 105 M-1 by equilibrium dialysis, and
there appear to be six or seven high-affinity
binding sites for Ca2+ per molecule of protein.
The hydropathy profile of RGN showed that
there was a hydrophobic sequence in both N-
terminal and C-terminal regions of the RGN
molecules. However, the protein showed a
hydrophilic character as molecule (Iwama et
al., 2011). The regucalcin molecule contains
aspartic acid (24 residues) and glutamic acid
(16 residues) which were suggested to be
related with Ca2+ -binding (Nakagawa and
Yamaguchi, 2006). Recently, the crystal
structure of the human RGN has been
determined by X-ray diffraction and the
protein has a 6-bladed B-propeller fold, and it
contains a single metal ion Figure (1). Also,
both Zn2+ and Ca2+ -bind to the same metal-
binding site in an identical manner. This is
interesting, as normally the coordination of
Zn2+ is quite distinct from that of Ca2+ in
enzymes (Yamaguchi, 2005).

A
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Figure (1): showing crystal structure of
human Regucalcin (RGN) with calcium
(Ca2+) bound, (Adapted by Chakraborti
and Bahnson, 2010).

Previous studies, with rat and mouse RGN,
have reported that Zn2+ is the metal of choice
in gluconolactonase activity and Ca2+ -in cell
regulation and homoeostasis (Chakraborti and
Bahnson., 2010). In rat tissues, Northern blot
and immunohistochemical analyses showed
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that RGN was specifically expressed in the
liver and kidney, where its immunoreactivity
was localised in the hepatocytes (in the nuclei
and cytoplasm) and the renal tubular epithelia
(Ishikawa et al., 2012). It is expressed in other
rat tissues, namely, brain, lung, epidermis,
stomach, adrenal gland, ovary, testis,
mammary gland and prostate (Maia et al.,
2008)

In human tissues, RGN was moderately
expressed in the pancreas and heart, in addition
to the expression in the liver and kidney
(Kondo et al, 2008). RT-PCR and
immunohistochemical analyses showed that
RGN mRNA and protein were expressed in the
cytosol and nuclei of breast and prostate
epithelial cells (Maia et al., 2009).

In livers of rats, RGN decreases androgen-
independently with ageing. Northern blot
analysis showed a marked increase of RGN
mRNA in livers of neonatal and young rats.
The substantial amounts of protein and
transcript were maintained in adults up to 3-6.5
months of age (Son et al., 2008). In the kidney,
RGN mRNA and protein started to increase at
day 21 and reached near-maximal levels at day
35. The levels of transcript and protein
remained high in adults up to 3M of age
(Yumura et al., 2006). As the ageing process
progressed to senescent stages, the levels of
transcript and protein decreased significantly
in the liver and kidney of aged rats. The age-
associated decrease of RGN in the liver and
kidney may be in a large part controlled at
transcriptional levels (Handa et al., 2009). The
high expression of RGN in the tissue-maturing
process and adult suggests that RGN may be
required for the maintenance of highly
differentiated hepatic and renal functions
(Hasegawa et al., 2010).

FUNCTION OF REGUCALCIN:
ROLES OF RGUCALCIN IN CALCIUM
MAINTENANCE:

Regucalcin was initially discovered in 1978
as a regulatory protein in calcium signalling.
That has been shown to play a pivotal role in
cell regulation: maintaining of intracellular
calcium homeostasis, suppressions of signal
transduction, inhibition of translational protein
synthesis, nuclear deoxyribonucleic acid
(DNA) and ribonucleic acid (RNA) synthesis,
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regulation of gene expression, and anti-effects
on proliferation and apoptosis in many cell
types (Yamaguchi., 2013c).

Regucalcin is translocated from the
cytoplasm to nucleus of cells, and also it binds
to the mitochondria and microsomes.
Regucalcin has been shown to suppress Ca2+
signalling, which is involved in various Ca2+
calmodulin-dependent  and  independent
protein kinases and protein phosphatases.
Moreover, regucalcin plays a pivotal role in
cell regulation: maintaining of intracellular
Ca2+ homoeostasis (Marques et al., 2014a).

REGUCALCIN ANTI-APOPTOTIC
EFFECT:

Regucalcin also has a suppressive effect on
various signaling pathways from the cytoplasm
to nucleus in proliferating cells and regulates
nuclear function in including deoxyribonucleic
acid (DNA) and ribonucleic acid (RNA)
synthesis and the overexpression of
endogenous regucalcin was found to suppress
apoptosis in modeled rat hepatoma cells and
normal rat kidney proximal epithelial cells
induced by wvarious signaling factors
(Harliansyah, 2016). Suppressive effect of
regucalcin on apoptosis is related to inhibition
of nuclear Ca2+ activated DNA fragmentation,
Ca2+ calmodulin-dependent nitric  oxide
synthase, caspase-3, Bax, cytochrome C,
protein tyrosine kinase, protein tyrosine
phosphatase in the cytoplasm and nucleus.
Moreover, regucalcin stimulates Bcl-2 mRNA
expression and depresses enhancement of
caspase-3, Apaf-1 and Akt-1 mRNAs
expression (Goldar et al., 2015).

A high concentration of NO, which is
produced by inducible NO synthase, has been
shown to suppress cell proliferation and induce
cell apoptosis (Monier and Suzanne, 2015). It
has been reported that a low concentration of
NO, which is produced by endothelial NO
synthase, protects against cytotoxic effects of
reactive oxygen species in cells (Tower, 2015).
Whether endogenous regucalcin suppresses
NO production in H4-II-E cells is unknown at
present, although it inhibits NO synthase
activity (Shalini et al., 2015). It is speculated,
however, that regucalcin depresses NO
production in H4-II-E cells, endogenous
regucalcin may have the anti-apoptotic effect
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due to suppressing NO production in hepatoma
cells (Correia et al., 2016).

Moreover, overexpression of regucalcin has
been shown to have a suppressive effect on
TNF-a-induced apoptosis in human hepatoma
HepG2 cells (Rahbar et al., 2015). Akt, which
is a survival factor in cells, has been shown to
activate in transfectants (Nakagawa and
Yamaguchi, 2008).

Regucalcin suppresses lipopolysaccharide
(LPS)-induced apoptosis. LPS induces cell
apoptosis (Chakraborti and Bahnson, 2010).
LPS causes a decrease in the number of H4-11-
E cells (wild-type), inducing cell death and
apoptosis (Nikapitiya et al., 2008). This
decrease was completely protected by
overexpressing of endogenous regucalcin with
culture for 12-48 h (Arun et al., 2011). Thus,
overexpression of endogenous regucalcin has
suppressive effects on LPS-stimulated cell
death and apoptosis. Regucalcin suppresses on
calcium signaling-induced apoptosis, Calcium
channel blockers, the endoplasmic reticulum
Ca2+ ATPase inhibitor thapsigargin and
calcium ionophores are potent to lead several
cell types to apoptosis (Justet et al., 2016).
Thapsigargin is an inhibitor of Ca2+ ATPase
in the endoplasmic reticulum (Ca2+ store) in
cells, and treatment with thapsigargin causes
an elevation of sustained Ca2+ concentration
in cells and induces apoptosis in hepatoma
cells (Orrenius et al., 2015; Vaz et al., 2016).

Regucalcin as Biomarker in Various
Disease:

The expression of the regucalcin gene and
its protein has been shown to alter with various
metabolic diseases, and regucalcin plays an
important role in the development of many
pathophysiologic states. Serum regucalcin has
been found to increase with liver injury, and
also urinary regucalcin is elevated with kidney
damage, suggesting a useful tool as a
biomarker for diagnosis (Yamaguchi, 2010).
Moreover, regucalcin has been shown to be a
good tool in early diagnosis of Alzheimer’s
disease and other brain diseases (Kim et al.,
2010b).

Regucalcin has been demonstrated to play a
pivotal role in cell regulation in various tissues
and cell types (Elchuri et al., 2007).
Regucalcin is translocated from the cytoplasm
to nucleus of cells with a mechanism of
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calcium signalling system, and the cytoplasmic
regucalcin can bind to the mitochondria and
microsomes (Park et al., 2010a). Regucalcin
has been shown to suppress the activity of
various protein  kinases and  protein
phosphatases due to binding to their proteins
and calmodulin (Lv et al., 2008). Moreover,
regucalcin plays a pivotal role in cell
regulation: maintaining of intracellular Ca2+
homoeostasis.  Suppression of  protein
synthesis at the translational process
(Yamaguchi et al., 2008).

There is growing evidence that regucalcin
may be a key molecule which is related to the
development of various diseases, regucalcin
has been shown to play a pathophysiologic role
in the disorders of liver and kidney, in which
the protein is greatly expressed as figure (2)
(Nakagawa  and  Yamaguchi,  2005).
Furthermore, regucalcin has been found to
involve in lipid metabolism, diabetes, and
osteoporosis (Arbillaga et al., 2008). Thus, it
has been suggested that regucalcin is involved
in disease. Estimation of regucalcin in disease
condition may be a diagnostic significance as a
biomarker.
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Fig(2): showing regucalcin has been
demonstrated to play a pivotal role in cell
regulation in various tissues and cell types

(Klawitter et al., 2010).

REGUCALCIN IN LIVER DISEASE:

Regucalcin is remarkably expressed in the
liver among various tissues. The concentration
of regucalcin was estimated to be 80 and 52pg
in the livers of male and female rats,
respectively. Regucalcin over 2 % of total
proteins is expressed in liver cells (Vaz et al.,
2016).

Copyright © The Author(s)



Medical Science Journal for Advance Research,

Vol. 2, No. 2, June 2021

Regucalcin plays a multifunctional role as a
suppressor protein in signal transduction in cell
regulation (Marques et al., 2014b). Hepatic
regucalcin mRNA and its protein expressions
have been shown to suppress with liver
damage and disorder, suggesting an
involvement of regucalcin in the development
of liver disease (Yamaguchi, 2015).
Regucalcin has been found to be connected
with the development of hepatocellular
carcinogenesis and considered as new markers
for the liver preneoplastic foci in rats treated
with diethylnitrosamine and 2-
acetylaminofluorene after partial hepatectomy
which induces an increase in proliferating
cells. Suppression of regucalcin gene
expression was seen from the early stage in the
development of carcinogenesis and this
suppression is suggested to take a part in the
development of carcinogenesis in liver cells
(Williams et al., 2016).

The suppression of regucalcin expression
accelerates the enhancement of various
signalling pathways in liver cells, it may
generate a possible circumstance for the
development of carcinogenesis. In this aspect,
the suppression of the regucalcin gene in
carcinogenesis with chemical feeding in vivo
may play a pathophysiological role in the
development of carcinogenesis (Williams.,
2010). Moreover, regucalcin has been
identified to be biomarkers associated with the
development of hepatocellular carcinoma in
superoxide dismutase-deficient mice in vivo
(Harikrishna et al., 2016). Regucalcin showed
a divergent alteration in samples. Whereas
elevated regucalcin levels were observed with
no obvious neoplastic changes, a marked
reduction in regucalcin is observed with fully
developed hepatocellular carcinoma (Marques
et al., 2014b).

The decrease in regucalcin, which plays a
role as a suppressor in various signalling
pathways in proliferating cells (Davis et al.,
2015), may lead to development in
carcinogenesis. Overexpression and deficiency
of endogenous regucalcin in the liver have
been found to induce a disorder of lipid
metabolism in the liver (Pardo and Stuhmer,
2014).  Overexpression of  regucalcin
stimulated glucose utilisation and lipid
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production in liver  cells,
hyperlipidemia (Okada et al., 2015).

Interestingly, involvement of regucalcin in
insulin resistance has been shown in modelled
rat hepatoma cells in a culture system with the
use of the cytokine tumour necrosis factor-
alpha (TNF-a) and insulin (Lai, 2010), which
mimics insulin resistance in human type-2
diabetic Mellitus. Regucalcin has been
reported to be implicated in the pathogenesis
of the nonalcoholic fatty liver disease,
therefore hepatic regucalcin was decreased
with a fibrosis and an increase in the serum
low-density lipoprotein (Laakso and Kuusisto,
2014). The level of regucalcin dependent on
the stage of disease was changed. There may
be a correlation between regucalcin levels and
disease prognosis. However, it is not known
whether decreased hepatic regucalcin is a
result or a cause of cirrhosis (Arbillaga et al.,
2008).

The function of regucalcin in the liver
fibrosis has been explored in regucalcin
knockout mice and this In vivo effect was
confirmed using isolated hepatic stellate cell
(HSC). In carbon tetrachloride (CCL4)-
induced liver fibrosis, the nuclear
translocation, which is downstream in
signalling transduction of transforming growth
factor beta (TGF-b), was found to be
significantly inhibited in the liver of regucalcin
knockout mice (Zhang et al., 2014).
Suppression of hepatic regucalcin may partly
lead to the liver fibrosis through enhancement
of PPAR-gamma expression (Qu et al., 2014).

It has been examined whether serum
regucalcin has a potential sensitivity as a
specific biochemical marker of chronic liver
injury in rats orally administered with a
comparatively lower dose of CCL4, among
various serum biochemical markers for
hepatitis, the change in serum regucalcin was a
potential for chronic liver damage in rats (Kim
et al., 2015). Moreover, regucalcin is found to
release in the serum of human subjects with
hepatitis, and regucalcin was found in the
serum of patients with chronic liver injury,
although the protein was not detected in the
serum of normal subjects (Kadhim, M. M.
Aldujaili, A. N. and Homady, M. H., 2017).

Regucalcin is stable for temperature and is
not decomposed with the freeze for longer

inducing
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periods, the determination of serum regucalcin
was valuable as a diagnostic tool for chronic
liver injury with a comparatively lower level of
serum GOT and GPT activities, Thus, serum
regucalcin may be a potential sensitivity as a
biochemical marker for hepatitis (Callegari et
al., 2013).

Finding, that regucalcin is important as a
potential biomarker for the diagnosis of liver
failure, has also been supported by studies in
the plasma and liver tissues of mice and
humans with acute liver failure using a two-
dimensional electrophoresis (2-DE), mass
spectrometry proteomics assay, Western blot,
and real time-PCR analysis, and these data
validated that regucalcin protein levels were

only elevated in the plasma of mice with acute
liver failure (Purohit et al., 2013). Further
analysis revealed that D-galactosamine/
lipopolysaccharide (GalN/LPS) induced the
downregulation of regucalcin protein levels in
the liver tissues 25 and 16% in the GalN/LPS-
treated mice and in the treated mice that
survived, respectively (Amano et al., 2014).

The study of (Yamaguchi, 2014a) supports
the view that regucalcin is a potential
biomarker for the diagnosis and prognosis of
acute liver failure. Regucalcin may play an
important role in a self-protective mechanism
in survival, and participates in the
pathophysiological processes of acute liver
failure Table (1).

Table (1): showing regucalcin as an indicator of several cases diseases.

Disease Tissue or sample Regucalcin change Refs.
Liver injury Liver | Decrease (Lv et al., 2008)
Carcinogenesis Liver Decrease (Elchuri et al.,2007)
Insulin resistance Liver Decrease (Nakashima and
Yamaguchi, 2007)
Nonalcoholic Liver Decrease (Park et al., 2010)
fatty liver disease
Kidney damage Kidney | Decrease (Klawitter et al.,
Urine Increase 2010)
Hepatitis Serum \ Increase (Lv et al., 2008)
Hypertension Kidney Decrease (Nakashima and
Yamaguchi, 2007)
Alzheimer’s Serum Increase (Yamaguchi, 2014b)
Disease
Parkinson’s disease Brain Increase (Van et al., 2012)

REFERENCES

Adewale O.B, Adekeye A.O, Akintayo C.O,
Onikanni A, Sabiu Saheed (2014).Carbon
tetrachloride (CCl4)-induced hepatic damage
in  experimental Sprague-Dawley rats:
Antioxidant potential of Xylopia aethiopica.
PHYTO; 3(2): 118-123.

Amano, A., Tsunoda, M., Aigaki, T. et al (2014).
Effect of ascorbic acid deficiency on
catecholamine synthesis in adrenal glands of
SMP30/GNL knockout mice, Eur J Nutr. 53:
177.

Arai KY, Sato Y, Kondo Y, Kudo C, Tsuchiya H,
Nomura Y, Ishigami A, Nishiyama T (2009).
Effects of vitamin C deficiency on the skin of
the senescence marker protein-30 (SMP30)
knockout mouse. Biochem Biophys Res
Commun 385:478-483.

MSJAR Page 40

Arbillaga L, Vettorazzi A, Gil AG, van Delft JH,
Garcia-Jalon JA, Lopez de Cerain A (2008).
Gene expression changes induced by
ochratoxin A in renal and hepatic tissues of the
male F344 rat after oral repeated
administration. Toxicol Appl Pharmacol
230:197-207.

Arbillaga L, Vettorazzi A, Gil AG, van Delft JH,
Garcia-Jalon JA, Lopez de Cerain A (2008).
Gene expression changes induced by
ochratoxin A in renal and hepatic tissues of the
male F344 rat after oral repeated
administration. Toxicol Appl Pharmacol
230:197-207.

Arun P, Aleti V, Parikh K, Manne V, Chilukuri N
(2011). Senescence marker protein 30
(SMP30) expression in eukaryotic cells: the

Copyright © The Author(s)



Medical Science Journal for Advance Research,

Vol. 2, No. 2, June 2021

existence of multiple species and membrane
localization. PLoS One 6:¢16545.

Callegari E, Elamin BK, Sabbioni S, Gramantieri L,
Negrini M (2013). Role of microRNAs in
hepatocellular  carcinoma: a  clinical
perspective. Onco Targets and Therapy.6:
1167-1178

Chakraborti S, Bahnson BJ (2010). Crystal structure
of human senescence marker protein 30:
insights linking structural, enzymatic, and
physiological functions. Biochemistry
49:3436-3444.

Chakraborti S, Bahnson BJ (2010). Crystal structure
of human senescence marker protein 30:
insights linking structural, enzymatic, and
physiological functions. Biochemistry
49:3436-3444.

Correia S, Vaz CV, Silva AMS, Cavaco JE, Socorro
S (2016). Regucalcin counteracts tert-butyl
hydroperoxide and cadmium-induced
oxidative stress in rat testis. J Appl Toxicol.

Correia S, Vaz CV, Silva AMS, Cavaco JE, Socorro
S (2016). Regucalcin counteracts tert-butyl
hydroperoxide and cadmium-induced
oxidative stress in rat testis. J Appl Toxicol.

Correia S, Vaz CV, Silva AMS, Cavaco JE, Socorro
S (2016). Regucalcin counteracts tert-butyl
hydroperoxide and cadmium-induced
oxidative stress in rat testis. J Appl Toxicol.

Cristian Justet, Julio A(2016). Hernandez, Alicia T
orriglia, Silvia Chifflet Fast calcium wave
inhibits excessive apoptosis during epithelial
wound healin Cell Tissue Res,365: 343.

Davis SJ, Sheppard KE, Anglesio MS, George J,
Traficante N, Fereday S, Intermaggio MP,
Menon U, Gentry-Maharaj A, Lubinski J,
Gronwald J, Pearce CL, Pike MC, Wu A,
Kommoss S, Pfisterer J, du Bois A, Hilpert F,
Ramus SJ, Bowtell DD, Huntsman DG,
Pearson RB, Simpson KJ, Campbell IG,
Gorringe KL (2015). Enhanced GAB2
expression is associated with improved
survival in high-grade serous ovarian cancer
and sensitivity to PI3K inhibition. Mol Cancer
Ther 14:1495-1503.

Elchuri S, Naeemuddin M, Sharpe O, Robinson
WH, Huang TT (2007). Identification of
biomarkers associated with the development of
hepatocellular carcinoma in CuZn superoxide
dismutase deficient mice. Proteomics 7:2121—
2129.

Elchuri S, Nacemuddin M, Sharpe O, Robinson
WH, Huang TT (2007). Identification of
biomarkers associated with the development of
hepatocellular carcinoma in CuZn superoxide
dismutase deficient mice. Proteomics 7:2121—
2129.

Copyright © The Author(s)

Goldar S, Khaniani MS, Derakhshan SM, Baradaran
B (2015). Molecular mechanisms of apoptosis
and roles in cancer development and treatment.
Asian Pac J Cancer Prev 16: 2129-2144,

Handa S, Maruyama N, Ishigami A (2009). Over-
expression of senescence marker protein-30
decreases reactive oxygen species in human
hepatic carcinoma Hep G2 cells. Biol Pharm
Bull;32:1645-8.

Harikrishna,

P.A. M. Shende, K. K. Reena, Jobin Thomas,
S. K. Bhure (2016). Purification of Regucalcin
from the Seminal Vesicular Fluid: A Calcium
Binding Multi-Functional Protein, al. Protein
J,35: 310. August 2016, Volume
35, Issue 4, pp 310-317

Harliansyah (2016). Viability and Apoptotic Effect
of Selenite on Human Liver Cancer Cell Line
(HepG2). Int J Recent Sci Res. 7(6), pp. 11781-
11783.

Hasegawa G, Yamasaki M, Kadono M, Tanaka M,
Asano M, Senmaru T, et al (2010). Senescence
marker protein-30/gluconolactonase deletion
worsens glucose tolerance through impairment
of acute insulin secretion.
Endocrinology;151:529-36.

Ishikawa Y, Hashizume K, Kishimoto S, Tezuka Y,
Nishigori H, Yamamoto N, Kondo Y,
Maruyama N, Ishigami A, Kurosaka D. (2012).
Effect of vitamin C depletion on UVR-B
induced cataract in SMP30/GNL knockout
mice. Exp Eye Res 94:85-89.

Iwama M, Shimokado K, Maruyama N, Ishigami A.
(2011). Time course of vitamin C distribution
and absorption after oral administration in
SMP30/GNL  knockout mice. Nutrition
27:471-478.

Khan MR, Rizvi W, Khan GN, Khan RA, Shaheen
S. (2009). Carbon tetrachloride induced
nephrotoxicity in the rat: Protective role of
Digera muricata. J Ethnopharmacol, 122:91—
99.

Khan R.A, Muhammad R Khan and Sumaira
Sahreen (2012).CCl4-induced hepatotoxicity:
protective effect of rutin on p53, CYP2E1 and
the antioxidative status in rat BMC
Complementary and Alternative Medicine,
12:178.

Kim HY, Kim JK, Choi JH, Jung JY, Oh WY, Kim
DC, Lee HS, Kim YS, Kang SS, Lee SH, Lee
SM (2010a). Hepatoprotective effect of
pinoresinol on carbon tetrachloride-induced
hepatic damage in mice. J. pharmacol.
Seci.,112(1): 105-112.

Kim SH, Moon JY, Lim YM et al (2015).
Association of insulin resistance and coronary

MSJAR Page 41


http://link.springer.com/article/10.1007%2Fs00441-016-2388-8#author-details-1
http://link.springer.com/article/10.1007%2Fs00441-016-2388-8#author-details-2
http://link.springer.com/article/10.1007%2Fs00441-016-2388-8#author-details-3
http://link.springer.com/article/10.1007%2Fs00441-016-2388-8#author-details-3
http://link.springer.com/article/10.1007%2Fs00441-016-2388-8#author-details-4
http://link.springer.com/article/10.1007/s10930-016-9674-x#author-details-1
http://link.springer.com/article/10.1007/s10930-016-9674-x#author-details-2
http://link.springer.com/article/10.1007/s10930-016-9674-x#author-details-3
http://link.springer.com/article/10.1007/s10930-016-9674-x#author-details-4
http://link.springer.com/article/10.1007/s10930-016-9674-x#author-details-5
http://link.springer.com/journal/10930/35/4/page/1

Medical Science Journal for Advance Research,

Vol. 2, No. 2, June 2021

artery remodeling: an intravascular ultrasound
study. Cardiovasc Diabetol 14:74

Kim YS, Song MY, Park JD, Song KS, Ryu HR,
Chung YH, Chang HK, Lee JH, Oh KH,
Kelman BJ, Hwang IK, Yu I1J. (2010b).
Subchronic oral toxicity of silver nanoparticles.
Part Fibre Toxicol; 7:20.

Klawitter J, Klawitter J, Kushner E, Jonscher K,
Bendrick-Peart J, Leibfritz D, Christians U,
Schmitz V  (2010).  Association  of
immunosuppressant-induced protein changes
in the rat kidney with changes in urine
metabolite patterns: a proteo-metabonomic
study. J Prot eome Res 9:865-875.

Kondo Y, Sasaki T, Sato Y, Amano A, Aizawa S,
Iwama M, Handa S, Shimada N, Fukuda M,
Akita M, Lee J, Jeong KS, Maruyama N,
Ishigami A. (2008). Vitamin C depletion
increases superoxide generation in brains of
SMP30/GNL  knockout mice. Biochem
Biophys Res Commun 377:291-296

Kondo Y, Sasaki T, Sato Y, Amano A, Aizawa S,
Iwama M, Handa S, Shimada N, Fukuda M,
Akita M, Lee J, Jeong KS, Maruyama N,
Ishigami A. (2008). Vitamin C depletion
increases superoxide generation in brains of
SMP30/GNL  knockout mice. Biochem
Biophys Res Commun 377:291-296

Laakso M, Kuusisto J. (2014). Insulin resistance and
hyperglycaemia in cardiovascular disease
development. Nat Rev Endocrinol 10(5):293—
302.

Lai P, Yip NC, Michelangeli F. (2011). Regucalcin
(RGN/SMP30) alters agonist- and
thapsigargin-induced cytosolic [Ca2+]
transients in cells by increasing SERCA
Ca2+ATPase levels. FEBS Lett.585:2291-4.

Lai P. (2010). SPCA and regucalcin: expression,
activity and regulation in mammalian
Ca2+homeostasis. PhD thesis, University of
Birmingham Research Archive, The University
of Birmingham

Lv S, Wang JH, Liu F, Gao Y, Fei R, Du SC, Wei
L. (2008). Senescence marker protein 30 in
acute liver failure: validation of a mass
spectrometry ~ proteomics  assay. BMC
Gastroenterol 8:17. doi:10.1186/1471-230X-8-
17.

Lv S, Wang JH, Liu F, Gao Y, Fei R, Du SC, Wei
L. (2008). Senescence marker protein 30 in
acute liver failure: validation of a mass
spectrometry ~ proteomics assay. BMC
Gastroenterol 8:17. doi:10.1186/1471-230X-8-
17.

M. M. Jawad, M. H. Homady, and A. N. Aldujaili,
“Protective Effect of Phenolic Extract of Urtica
dioica leaves against Carbon Tetra-Chloride

MSJAR Page 42

Induced Hepatotoxicity in Male Rats,” Res. J.
Pharm. Technol., vol. 10, no. 8, p. 2619, Sep.
2017, doi: 10.5958/0974-360X.2017.00465.6.

M. M. Kadhim, A. N. Aldujaili, and M. H. Homady,
“Assessment Of Hepatoprotective Role of
Phenolic Extract of Urtica Dioica and Silver
Nanoparticles in Male Rat Induced by Carbon
Tetra-Chloride,” Vol. 10, No. 2, Pp. 305-312,
2017, Doi: 10.7324/Rjc.2017.1021631.

Maia C, Santos C, Schmitt F, Socorro S (2009).
Regucalcin is under-expressed in human breast
and prostate cancers: effect of sex steroid
hormones. J Cell Biochem;107:667-676.

Maia CJ, Santos CR, Schmitt F, Socorro S (2008).
Regucalcin is expressed in rat mammary gland
and prostate and down-regulated by 17beta-
estradiol. Mol Cell Biochem;311:81-86.

Marques R, Vaz CV, Maia CJ, Gomes M, Gama A,
Alves G, Santos CR, Schmitt F, Socorro
S.(2014b). Histopathological and in vivo
evidence of regucalcin as a protective molecule
in mammary gland carcinogenesis. Exp Cell
Res 330:325-335

Marques R, Vaz CV, Maia CJ, Gomes M, Gama A,
Alves G, Santos CR, Schmitt F, Socorro
S.(2014b). Histopathological and in vivo
evidence of regucalcin as a protective molecule
in mammary gland carcinogenesis. Exp Cell
Res 330:325-335

Marques R, Vaz CV, Maia CJ, Gomes M, Gama A,
Alves G, Santos CR, Schmitt F, Socorro
S.(2014b). Histopathological and in vivo
evidence of regucalcin as a protective molecule
in mammary gland carcinogenesis. Exp Cell
Res 330:325-335

Miyazaki T, Bouscarel B, Tkegami T, Honda A,
Matsuzaki Y (2009). The protective effect of
taurine against hepatic damage in a model of
liver disease and hepatic stellate cells. Adv.
Exp. Med. Biol.643:293-303.

Monier B, Suzanne M. (2015). The morphogenetic
role of apoptosis. Curr Top Dev Biol 114:335—
362.

Murugesan GS, Sathishkumar M, Jayabalan R,
Binupriya AR, Swaminathan K, Yun SEZ
(2009).  Hepatoprotective and  curative
properties of Kombucha tea against carbon
tetrachloride-induced toxicity. J Microbiol
Biotechnol, 19:397-402.

Nakagawa T and Yamaguchi M (2005). Hormonal
regulation of regucalcin mRNA expression in
cloned normal rat kidney proximal tubular
epithelial NRK52E cells. J Cell
Biochem, 95:589-97.

Nakagawa T, Yamaguchi M (2008). Nuclear
localization of regucalcin is enhanced in culture
with protein kinase C activation in cloned

Copyright © The Author(s)



Medical Science Journal for Advance Research,

Vol. 2, No. 2, June 2021

normal rat kidney proximal tubular epithelial
NRKS52E cells. Int ] Mol Med 21:605-610.

Nakagawa T, Yamaguchi M (2008). Nuclear
localization of regucalcin is enhanced in culture
with protein kinase C activation in cloned
normal rat kidney proximal tubular epithelial
NRKS2E cells. Int J Mol Med 21:605-610.

Nakashima C, Yamaguchi M  (2007).
Overexpression of regucalcin suppresses gene
expression of insulin signaling-related proteins
in cloned rat hepatoma H4-II-E cells:
involvement of insulin resistance. Int J Mol
Med 20:709-716.

Nikapitiya C, De Zoysa M, Kang HS, Oh C, Whang
I, Lee J. (2008). Molecular characterization and
expression analysis of regucalcin in disk
abalone (Haliotis discus): intramuscular
calcium  administration  stimulates  the
regucalcin mRNA expression. Comp Biochem
Physiol B Biochem Mol Biol 150:117-124.

Ohata Y, Ohashi K, Matsura T, Tokunaga K,
Kitagawa A, Yamada K (2008). Octacosanol
attenuates disrupted hepatic reactive oxygen
species metabolism associated with acute liver
injury progression in rats intoxicated with
carbon tetrachloride J. Clin. Biochem.
Nutr.42(2): 118-125.

Okada H, Senmaru T, Fukui M, Kondo Y, Ishigami
A, Maruyama N, Obayashi H, Yamazaki M,
Nakamura N, Hasegawa G (2015). Senescence
marker protein-30/gluconolactonase deficiency
exacerbates diabetic nephropathy through
tubular injury in a mouse model of type 1
diabetes. J Diabetes Investig 6:35-43

Orrenius S, Gogvadze V, Zhivotovsky B (2015).
Calcium and mitochondria in the regulation of
cell death. Biochem Biophys Res Commun
460:72-81.

Pardo LA, Stuhmer W (2014). The roles of K(+)
channels in cancer. Nat Rev Cancer 14:39—48.

Park E, Bae E (2010a). Repeated-dose toxicity and
inflammatory responses in mice by oral
administration of silver nanoparticles. Environ.
Toxicol. Pharm. 30: 162—168.

Park H, Ishigami A, Shima T, Mizuno M,
Maruyama N, Yamaguchi K, Mitsuyoshi H,
Minami M, Yasui K, Itoh Y, Yoshikawa T,
Fukui M, Hasegawa G, Nakamura N, Ohta M,
Obayashi H, Okanoue T (2010b). Hepatic
senescence marker protein-30 is involved in the
progression of the nonalcoholic fatty liver
disease. J Gastroenterol 45:426—434.

Prakash O, Singh GN, Singh RM, Mathur SC,
Bajpai M, Yadav S (2008). Protective effects of
herbal formula against carbon tetrachloride-
induced hepatoxicity. Int.J. Pharmacol.4: 282-
286.

Copyright © The Author(s)

Purohit V, Rapaka R, Kwon OS, Song BJ (2013).
Roles of alcohol and tabacco exposure in the
development of hepatocellular carcinoma. Life
Sci; 92(1): 3-9.

Qu H, Wang H, Deng M, Wei H, Deng H (2014).
Associations between longer habitual day
napping and non-alcoholic fatty liver disease in
an elderly Chinese population. PLoS One
9(8):105583

Rahbar Saadat Y, Saeidi N, Zununi Vahed S,
Barzegari A, Barar J. (2015). An update to
DNA ladder assay for apoptosis detection.
Bioimpacts 5:25-28.

Rahbar Saadat Y, Saeidi N, Zununi Vahed S,
Barzegari A, Barar J. (2015). An update to
DNA ladder assay for apoptosis detection.
Bioimpacts 5:25-28.

Sato Y, Arai KY, Nishiyama T, Nomura Y,
Kishimoto Y, Aizawa S, Maruyama N,
Ishigami A (2012). Ascorbic acid deficiency
leads to epidermal atrophy and UVB-induced
skin pigmentation in SMP30/GNL knockout
hairless mice. J Invest Dermatol 132:2112—
2115.

Shalini S, Dorstyn L, Dawar S, Kumar S (2015).
Old, new and emerging functions of caspases.
Cell Death Differ 22:526-539.

Shin JW, Chung Y-H (2013). Molecular targeted
therapy for hepatocellular carcinoma: current
and future. World J Gatroenterol. Oct; 19(37):
6144-6155.

Son TG, Kim SJ, Kim K, Kim MS, Chung HY, et al.
(2008). Cytoprotective roles of senescence
marker protein 30 against intracellular calcium
elevation and oxidative stress. Arch Pharm Res
31: 872-877.

Sreelatha S, Padma PR, Umadevi M (2009).
Protective effects of Coriandrum sativum
extracts on CCl4- induced hepatotoxicity in
rats. Food Chem. Toxicol,
doi:10.1016/j.fct.2009.12.022.

Szymonik-Lesiuk SM, Czechowska M, Stryjecka-
Zimmer M, Somka A, Madro K, Celiski M,
Wielosz M (2003). Catalase, superoxide
dismutase, and glutathion peroxidase activities
in various rat tissues after carbon tetrachloride
intoxication. J. Hepatobil. Pancr. Surg.10:309—
315.

Tirkey NG, Kaur G, Vij K, Chopra K (2005).
Hesperidin, a citrus bioflavonoid, decreases the
oxidative stress produced by carbon
tetrachloride in rat liver and kidney. BMC
Pharmacol, 5:15-21.

Tower J (2015). Programmed cell death in aging.
Ageing Res Rev 23:90-100.

Van Dijk KD, Berendes HW, Drukarch B,
Fratantoni SA, Pham TV, Piersma SR,

MSJAR Page 43



Medical Science Journal for Advance Research,

Vol. 2, No. 2, June 2021

Huisman E, Breve JJ, Groenewegen HJ,
Jimenez CR, van de Berg WD (2012). The
proteome of the locus ceruleus in Parkinson’s
disease: relevance to pathogenesis. Brain
Pathol 22:485—498.

Williams GM (2010). Chemicals with carcinogenic
activity in rodent liver. In: McQueen CA (ed)
Comprehensive toxicology, vol 9., Academic
PressOxford, England, pp 221-250

Williams, G.M., Duan, J., latropoulos, M.J. et al
(2016). Sex differences in DNA damage
produced by the carcinogen 2-
acetylaminofluorene in cultured human
hepatocytes compared to rat liver and cultured
rat hepatocytes February Arch Toxicol;90:
427, Volume 90, Issue 2, pp 427432

Xiao-hui H, Liang-qi C, Xi-ling C, Kai S, Yun-jian
L, Long-juan Z (2007). Polyphenol
epigallocatechin-3-gallate inhibits oxidative
damage and preventive effects on carbon
tetrachloride—induced hepatic fibrosis. Nutr.
Biochem.3:511-515.

Yamaguchi M (2005). The role of regucalcin in
maintaining cell homeostasis and function
(review). Int J Mol Med 15:371-389

Yamaguchi M (2010). Regucalcin and metabolic
disorder: osteoporosis and hyperlipidemia are
induced in regucalcin transgenic rats. Mol Cell
Biochem 341:119-133.

Yamaguchi M (2011a). The transcriptional
regulation of regucalcin gene expression. Mol
Cell Biochem 346:147-171.

Yamaguchi M (2011b). Regucalcin and cell
regulation: rtole as a suppressor in cell
signaling. Mol Cell Biochem 353:101-137.

Yamaguchi M (2013a). Hormonal regulation of
regucalcin gene expression: involvement in cell
metabolism. Hormonal Studies. 2052-8000-1-
1.

Yamaguchi M (2013b). The role of regucalcin in cell
nuclear regulation: involvement as a
transcription factor. Cell Tissue Res. 354:331—
341.

Yamaguchi M (2013c). Suppressive role of
regucalcin  in liver cell proliferation:
involvement in carcinogenesis. Cell Prolif
46:243-253.

Yamaguchi M (2014a). Regucalcin Serves as a
Suppressor Protein in Hepatocarcinogenesis.
Cell Sig Cancer 1: 101.

Yamaguchi M (2015). Involvement of regucalcin as
a suppressor protein in human carcinogenesis:
insight into the gene therapy. J Cancer Res Clin
Oncol  8:1333-1341.141: 1333  August
2015, Volume 141, Issue 8, pp 1333-1341

Yamaguchi M, Otomo Y, Uchiyama S and
Nakagawa T (2008). Hormonal regulation of

MSJAR Page 44

regucalcin mRNA expression in osteoblastic
MC3T3-E1 cells. Int ] Mol Med ,21:771-5.

Yumura W, Imasawa T, Suganuma S, Ishigami A,
Handa S, Kubo S, et al (2006). Accelerated
tubular cell senescence in SMP30 knockout
mice. Histol Histopathol.21:1151-6.

Zhang Y, Zhang T, Zhang C (2014). Prediction of
metabolic syndrome by non-alcoholic fatty
liver disease in northern urban Han Chinese
population: a prospective cohort study. PLoS
One 9(5):96651

Copyright © The Author(s)


http://link.springer.com/journal/204/90/2/page/1
http://link.springer.com/journal/432/141/8/page/1

