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ABSTRACT

The aim of the present study was to explain whether serum autotaxin activity might be
a target for regulation of liver fibrosis and to evaluate the hepato-protective and anti-
fibrotic effects of histidine in thioacetamide induced liver fibrosis in rats. The study
was carried out on 100 albino rats, classified into 5 groups each of 20 rats: group |
(control group), group II: rats were given histidine intra-peritoneally, group I1I: rats
were injected intra-peritoneally with thioacetamide, group 1V: rats were injected with
L-histidine together with thioacetamide, group V: rats were injected with TAA for one
month then treated with intra-peritoneal injection of L-histidine for another month. At
the end of experiment, blood and liver were collected for determination of some liver
enzymes, plasma total antioxidant capacity, serum autotaxin activity and liver tissue
hydroxyproline. Thioacetamide treatment caused significant increases in liver
enzymes, autotaxin activities and liver hydroxyproline, but with a significant decrease
in plasma total antioxidant capacity. Upon treatment with histidine significant
decreases in liver enzymes, autotaxin activities and liver hydroxyproline were
observed with a significant increase in plasma total antioxidant capacity in group 1V
and significant decrease in group V. Conclusion: histidine as an antioxidant has a
protective effect on thioacetamide-induced liver fibrosis , its beneficial effects in rats
might be not only by inhibition of collagen synthesis and increasing total antioxidant
capacity, but also by inhibition of autotaxin activities, thus reducing its capacity to
produce lysophosphatidic acid which has a role in liver fibrosis.

Keywords: autotaxin, histidine, liver fibrosis, thioacetamide, total anti-oxidant
capacity,

INTRODUCTION with increased oxidative stress and
activation of hepatic stellate cells
Liver fibrosis is characterized by (HSCs)™.

altered hepatic function and excessive The development of fibrosis
accumulation of extracellular matrix involves a multitude of events and
proteins including collagen that occurs factors, the majority of these
in most types of chronic liver molecules were found to be proteins
diseases!!. or peptides”. More recent data show

Previous experiments showed that
treatment of rats with thioacetamide
(TAA) resulted in liver cell damage,
fibrosis and/or cirrhosis, associated

significant involvement of
phospholipids in the development of
fibrosis. These phospholipids include
for example lysophosphatidic acid
(LPA)™ which can be generated from
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phospholipids by the action of
lysophopsholipase D [LPLD or
autotaxin (ATX)], which cleaves the
choline group from
lysophosphatidylcholine (LPC) to
generate LPA, so that ATX plays a
pivotal role in the production of
LPAP!. LPA and its receptor can play
an important role in the development
of fibrosis as it involves stimulation of
fibroblast migration, increased
vascular permeability and connective
tissue growth factor secretion by a
number of cells; all events known to
be involved in the fibrotic process."

The progression of liver fibrosis
often develops into irreversible
cirrhosis and is associated with liver
cancer. Therefore, it is urgent to
reduce the damage to the liver and to
slow down the progress of liver injury
to fibrosis and cancer'®!.

ATX is implicated in a variety of
biological processes during normal
development and under pathological
conditions. For instance, it has been
described as being a key in the
metastatic  process.™! So, the
presence of ATX might turn cancer
cells into very aggressive, metastasis-

induced tumors, with poor
prognoses”!.
Several studies have

demonstrated the beneficial effect of
antioxidants in protecting the liver
against TAA-induced  injury™”.
Histidine in addition to routine
metabolic role as a protein building
block, it is an effective scavenger of
toxic oxygen species by direct
interactions of the histidine imidazole
ring with singlet oxygen or by
interfering with the redox reactions
involving metal ions that produce the
hydroxyl radical™ . Therefore, it is

useful in the protection of cells and
tissues from a variety of inflammatory
disease processes'?.

So, the aim of this study was to
explain whether serum ATX activity
might be a target for regulation of
liver fibrosis and to evaluate the
hepatoprotective ~ and  antifibrotic
effects of histidine in TAA induced
liver fibrosis in rats.

MATERIAL & METHOD

The current study was carried out on
100 albino rats, weighing 150-250g.
During the study, animals were
housed in wire mesh cages and were
fed standard rat chew and allowed free
access to water. They were kept under
constant environmental conditions
(25°C and 12 h dark light cycle). Rats
were acclimatized prior to
experimental study by one week. All
animals were weighed at the
beginning and at the end of the study.
Died rats were excluded from the
study. Rats were classified into 5
groups each of 20 rats : group I
(control group); group II (histidine
group): rats were given intra-
peritoneal injection of histidine (170
mg/kg twice a week for one month),
group III (TAA group): rats were
injected intra-peritoneally with TAA
(200 mg/kg twice a week for one
month), group IV (TAA plus histidine
group): rats were injected L-histidine
(170 mg/kg) together with TAA (200
mg/kg) twice a week for one month)
,group V (TAA then histidine group):
rats were injected with TAA (200
mg/kg twice a week for one month
then treated with intra-peritoneal
injection of L-histidine (170 mg/kg
twice a week for another one month).
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Histidine and TAA were obtained
from Sigma-Aldrich Chemical Co.,
USA and were dissolved in distilled
water. At the end of treatment
schedules, animals were scarified by
decapitation, samples (blood/liver)
were collected; part of blood was
collected in plain tubes (no
anticoagulant) to obtain serum, and
the other part was collected on
K,EDTA coated tubes to obtain
plasma, then all samples centrifuged
at 3000 rpm for 20 min at 4°C and
samples  were  transferred to
polypropylene micro-tubes and stored
at - 70°C until analysis.
[1  Serum samples were used for
assessment of:
1.Liver enzymes: ALT and GGT
by Randox kit according to
Reitman and Frankel™! and by
spectrum kit according to Saw
et al." respectively.
2.ATX activity according to
(Sajdok et al., 1995 1t is
based on colorimetric
determination of the product of
ATX reaction, choline, using
choline oxidase/peroxidase
system, by microtitration plate
technique at 490 nm using
ELISA reader
[0 Plasma samples were used for
assessment of total antioxidant
capacity (TAC) according to
Benzie and Strain"®. It measures
the ferric reducing ability of
plasma (FRAP). At low pH, when
a ferric tripyridyltriazine (Felll-
TPTZ) complex is reduced to the
ferrous form (Fell), an intense
blue color with an absorption
maximum at 593 nm develops,
and the rate limiting factor of
Fell-TPTZ, and hence color

formation is the reducing ability
of the sample.

[0 Liver was removed, washed with
ice cold saline to remove
extraneous materials, and stored
at-70°C  for assessment of
hydroxyproline content according
to Bergman and Loxley,""
which  was  modified by
Medugorac!™®!, in which
hydroxyproline was oxidized into

pyrrole followed by coupling

with p-dimethyl-amino
benzaldhyde forming a red color,
which was measured
spectrophotometrically at 456
nm.
N.B. Liver fibrosis was confirmed by
histological examination of

hematoxylin and eosin stained liver
sections.
Statistical analysis

All data were expressed as mean
+ standard deviation (SD). Statistical
analysis was done using one-way
analysis of variance (ANOVA), and
post-hoc comparisons were carried out
using Tukey‘s t-test. Pearson
correlation test was used to find out
the correlation between the studied
parameters. P values <0.05 were
considered as significant.

RESULTS

Results are shown in tables 1, 2
and 3 according to this, TAA
treatment caused significant increases
in ALT, GGT serum levels, ATX
activities and liver hydroxyproline
tissue levels with, significant decrease
in plasma TAC. Upon treatment with
histidine either simultaneously with
TAA or after induction of hepatic
fibrosis, significant decreases in ALT,

125



Bull. Egypt. Soc. Physiol. Sci. 30 (1) 2010

El-Batch et al.

GGT serum levels, ATX activities and
liver hydroxyproline tissue levels
were observed, with a significant
increase in plasma TAC in group IV
and significant decrease in group V.
In TAA treated group (group III) and
in histidine treated groups (groups IV,
V): ALT, GGT and liver

hydroxyproline tissue levels were
significantly positively correlated with
ATX , but significantly negatively
correlated with TAC, with no
significant correlation between ATX
activity and TAC plasma level (tables
2,3).
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Table (1): Comparison between the studied groups as regards all the studied parameters

Group I Group II Group III Group IV Group V F P
(n=20) (n=20) (n=20) (n=20) (n=20)
ALT(UN) <0.001
5.7£1.6 222423 35.7£2.7 6.2+1.8 7.2+2 789.5 all groups are significant except I
vs. IV, Ivs.Vand IV vs. V
GGT (U <0.001
all groups are significant except I
6.84+0.6 19+1.4 39.9+£2.3 6.4+0.5 7.5+0.7 2557 vs. IV, I vs. V and IV vs. V
ATX <0.001
(nmol/ml/min) all groups are significant except II
0.29+0.01 0.65+0.1 2.6£0.7 0.7+0.2 0.66+0.4 124.8 vs. IV, I vs. V and IV vs. V
TAC(umol/l) <0.001
762.5+48.9 | 72294617 | 267.4+121.9 | 702.5+70.1 | 354.4+110.3 1412 | @l groups are significant except I
vs. I, I vs. IV and Il vs. IV
Hydroxproline <0.001
(hg/gliver tissue) | 103 8,59 129482 18344456 | 1258+57 | 141.7+86 37.8 | @llgroups are significant except Il

vs. IV, Il vs. Vand IV vs. V

Group I (control group), group Il (Histidine group), group Il (TAA group), group IV (TAA plus histidine), group V (TAA then
histidine). Alanine aminotransferase (ALT), gamma glutamyltransferase (GGT), autotoxin (ATX), total antioxidant capacity (TAC)
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Table (2): Correlation between the studied parameters in TAA treated group (I11)

TAA (n=20) ALT ATX TAC Hydroxproline

ALT r - 0.74* -0.86* 0.63*
unm P-value = -—-- <0.001 <0.001 0.003
GGT r 0.77* 0.81* -0.71% 0.72%
un P-value <0.001 <0.001 0.001 <0.001
ATX r 0.74* -0.30 0.74*
(nmol/ml/min) P-value <0.001 - >(.09 <0.001
Hydroxproline R 0.63* 0.74* -0.71% e
(ng/g liver tissue) P-value 0.003 <0.001 <0.001  eemee-

Alanine aminotransferase (ALT), gamma glutamyltransferase (GGT), autotoxin
(ATX), total antioxidant capacity (TAC)

Table (3): Correlation between the studied parameters in histidine treated groups
(group IV, V)

Histidine treated ALT ATX TAC Hydroxproline

(n=40)

ALT r 0.51* -0.56* 0.74*
(um P-value = --—---- 0.001 <0.001 <0.001
GGT r 0.66* 0.40%* -0.85%* 0.85%*
um P-value  <0.001  0.010 <0.001 <0.001
ATX r 0.51*% - -0.23 0.43*
(nmol/ml/min) P-value 0.001 - 0.156 0.006
Hydroxproline r 0.74* 0.43* -0.89* -
(ng/g liver tissue) P-value <0.001 0.006 <0.001 -

Alanine aminotransferase (ALT), gamma glutamyltransferase (GGT), autotoxin
(ATX), total antioxidant capacity (TAC)

DISCUSSION

collagen synthesis which can be
reflected on the hydroxyproline

Oxidative stress might play an content™. In the current study in
important role in TAA-induced liver TAA induced liver fibrosis group,
injury"®!. In the current study, liver hydroxyproline levels were

hepatocyte necrosis and inflammation
induced by TAA resulted in
significant increase of ALT and GGT
levels (which are commonly used as
biochemical markers of liver injury),
as compared to control group?*?!,

It is well known that liver
fibrosis is the result of increased

significantly increased in comparison
to control. This finding came in
accordance to those of Lai et al.,
Wang et al., Das et al.1?#*%25],

A common link between chronic
liver damage and hepatic fibrosis may
be related to oxidative stress?®*",
Living organisms have developed a
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complex antioxidant network to
counteract reactive species that are
detrimental to life. So, it is essential to
measure these antioxidants,

However, the number of different
antioxidants makes it difficult to
measure each antioxidant separately.
The possible interaction among
different antioxidants in vivo could
also make the measurement of any
individual antioxidant less
representative  of  the  overall
antioxidant status. Therefore, several
methods including FRAP assay, have
been developed and used to determine
the TAC of wvarious biologic
samples'®!.

In the current study, the TAA
induced liver fibrosis group showed
significant decrease in TAC in
comparison to control group, that
finding came in accordance with that
of Horoz et al.””!] who stated that
TAC was significantly lower in
fibrotic group than in normal one.

From another point of view, ATX
has been gaining attention because it
could be involved in cancer invasion
and metastasis as an autocrine motility
factor®™! ATX is a key enzyme in
the synthesis of LPA, a lipid mediator
with a wide range of biological
actions including the stimulation of
proliferation and contraction in HSCs,
a pivotal player in hepatic fibrosis™**!.

In the present study, ATX
activity was significantly increased in
TAA- induced liver fibrosis group as
compared to control one. This result
came in accordance with that of
Watanabe et al.®!, who reported that
LPA level and serum ATX activity
were increased in rats with various
liver injuries; suggesting that plasma
LPA level and serum ATX activity

were increased in liver injury in
relation to its severity and that ATX
activity is one of the determinants of
LPA. Moreover, Yanase et al., Ikeda
et al.B**53% added that LPA stimulates
proliferation, contraction, migration
and inhibits apoptosis in rat HSCs,
also LPA inhibits DNA synthesis
induced by growth factors in rat
hepatocytes in primary culture. These
in vitro findings raise the possibility
of involvement of LPA in the
mechanism of liver fibrosis or
regeneration. However, it was
speculated that ATX mRNA in the
liver was not altered in rats treated
with carbon tetrachloride for 8 weeks,
indicating that ATX production was
not increased at the transcriptional
level. In the present study, serum
ATX  activity was  increased
correlatively with the extent of liver
fibrosis, suggesting that serum ATX
activity may be increased in relation
to the reduced liver function. This
suggestion is supported by the finding
of Watanabe et al.*”! who found quick
elevation of serum ATX activity at 3 h
after hepatectomy so that the increase
of serum ATX activity in liver injury
might be due to the decrease of
clearance of ATX, not to the increase
of its production, possibly in the liver
but, the exact mechanism of the
enhanced serum ATX activity needs
to be further elucidated.

Oxidative stress induces collagen
synthesis and plays a major role in
hepatic  fibrosis. Consequently,
antioxidants have emerged as potent
anti-fibrotic agents. Previous and
recent findings on the anti-fibrotic
potential of antioxidants could
attenuate hepatic fibrosis in rodents
and may exert beneficial effects in
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patients with chronic liver diseases by
retarding  the  progression  of
experimental hepatic fibrosis through
inhibition of collagen synthesis and
decreasing oxidative stress'*2!.

According to the mentioned
suggestions, L-histidine was chosen as
antioxidant to detect its effect on the
present TAA-induced liver fibrosis.

In the current study, in histidine
treated groups; histidine had the
capabilities of not only returning ALT
and GGT serum levels, but also,
decreased hydroxyproline level, to
near control values. Also, in histidine
treated group, it prevented the
decrease of TAC demonstrating the
antioxidant effect of histidine. Such
effect cannot be detected when
histidine is given after induction of
liver fibrosis, which could be
explained on the bases that oxidative
stress is out of its anti-oxidant
capacities. These results came in
accordance with those of Liu et al.*®!,
who concluded that histidine could
elevate the activity of catalase and
glutathione peroxidase (GPX), as well
as enhance the mRNA expression of
catalase and suppress CYP2EI
activity =~ which  causes =~ ROS
overproduction. ~ These  findings
indicated that histidine possessed
enzymatic  antioxidant  activities,
which definitely contributed to hepatic
antioxidant protection. Also, it could
exhibit antioxidant activities via non-
enzymatic actions such as scavenging
free radicals and binding divalent
metal ions.""!

Consistently, the data presented
herein showed that histidine had the
capabilities of decreasing ATX serum
activities in a significant manner as
compared to TAA group but with still

significant differences with the
control. Clair et al., (2005)*! stated
that L-histidine-induced inhibition of
the ATX enzymatic activities is
predominantly noncompetitive, i.e.
Vmax is decreased significantly,
while Km is not significantly affected.
Free L-histidine, appears to be unique
in its ability to inhibit
lysophospholipase D (LPLD), and
hence regulate a major source of LPA,
in living systems. Since LPA has
significant pathological effects, the
regulation of its formation is of
considerable interest. Furthermore,
they reported that L-histidine
inhibition of LPLD is not a simple
stoichiometric chelation of metal ions
but is more likely a complex
interaction with a variety of moieties,
including the metal cation, at or near
the active site.

Moreover, in the present study,
ALT, GGT and liver hydroxyproline
tissue levels were significantly
positively correlated with ATX, but
significantly negatively correlated
with TAC, with no significant
correlation between ATX activity and
TAC plasma level which came in
accordance with the findings of
Watanabe et al.**! who reported that
the serum ATX activity was
significantly correlated positively with
serum hyaluronic acid and with the
histologic stage of fibrosis.

Finally, in the present study
following intra-peritoneal injection of
histidine alone a significant increase
in the serum levels of ALT and GGT
and increased liver hydroxyproline
level were observed which indicate
that histidine alone may induce cell
injury. Rauen et al." stated that
histidine toxicity is mediated by an
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iron dependent pathway. Histidine can
chelate Fe’" ions and also can form
adduct with H,0O,. Therefore, it is
possible that simultaneous binding of
Fe?* ions and H,0O, to histidine can
facilitate hydroxyl radical generation
in the close neighborhood of DNA
molecules and results in their
enhanced degradation. Such finding is
supported by studies  showing
enhancing effect of histidine on
single-strand  breaks in  DNA,
cytotoxicity of H202[4” and
superoxide-Fe**-ascorbate- dependent
lipid peroxidation!**,

Mozdzan et al*¥ found that
histidine strongly augmented the DNA
degradation. Addition of histidine and
alanine to carnosine that mimics
partial carnosine hydrolysis caused the
decrease in DNA protection. Also,
equimolar mixture of histidine and
alanine that resembles total carnosine
hydrolysis enhanced the degradation
of DNA molecules. These indicate
that carnosine may have biphasic
activity; first intact dipeptide serves as
antioxidant protecting DNA
molecules and second degraded
carnosine due to pro-oxidant activity
of released histidine can enhance the
DNA destruction. Therefore, the exact
mechanism of histidine alone on liver
injury needs further investigations.
Until further investigations designed
discern the role of L-histidine in liver
fibrosis are conducted, explanations
for the preferential histidine effect are
only speculative.

Recommendations
1. Further studies will be needed to
evaluate the role of histidine
administration in  human as
adjuvant therapy in cases of liver
fibrosis.

2. Assessment of the effect of
another imidazole containing
drug (carnosine) on hepatic
fibrosis.
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