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Abstract
Many hepatoprotective non-chemical preparations have been recommended as complementary medicine for the
treatment of liver disorders. We have utilized a well-defined model of liver injury to study the efficacy of GLU-9599 (a
oral bioavailable glutathione-based compound added with selenium, L-cysteine and vitamin C) designed to support
liver detox function. Wistar albino rats were divided into five groups. Group I represented the healthy control group;
Groups II-IV were given carbon tetrachloride (CCl4) intragastrically. Rats were exposed to CCl4 after they had been
pretreated for five days with either saline, silymarin extract, YHK (am herbal Japanese compound with putative
hepatoprotective effects) or GLU-9599. After inducing hepatic damage, Group II served as control CCl4; Group III
and IV were given silymarin (reference hepatoprotective) and YHK whereas Groups V was administered GLU-9599.
Animals were sacrificed 24 hours after receiving CCl4. Liver enzymes and hepatic histology formed the basis for
evaluating the efficacy of the treatments. Samples of livers were observed under microscope and electron
microscopy (TEM) for the histopathological changes. Levels of marker enzymes such as alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) significantly increased in CCl 4 treated rats (Group II). Groups III, IV and
V intoxicated with CCl4 and treated with the above hepatoprotective agents showed a significant decrease of the
activities of these two enzymes (p<0.05). However, GLU-9599 provided a significantly stronger effect than YHK
(p<0.05) and a trend improvement as compared to sylimarin. This was confirmed at histology and TEM whereas the
others hepatoprotective compounds had only limited benefits on morphological abnormalities. In conclusion
GLU-9599 could be a promising hepatoprotective compound of safe profile although extensive clinical studies are
warranted.
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Introduction
Liver is an important organ actively involved in metabolic functions
and is a frequent target of a number of toxicants. Carbon tetrachloride
(CCl4) has been widely used for inducing experimental hepatic
damage due to free radicals generation during its metabolism by
hepatic microsome, leading to lipid peroxidation and consequent liver
damage [1-3]. Indeed, it is well documented that the hepatotoxicity of
CCl4 is related to its reductive dehalogenation by cytochrome P450
2E1 [4] in the hepatic endoplasmic reticulum to the highly unstable
trichloromethyl radical (•CCl3). This is subsequently converted into a
trichloromethyl peroxyl radical (•OOCCl3) damaging cellular
membranes [5]. The resulting hepatic injury occurs within 5 min after
oral administration of CCl4 and is characterized by leakage of cellular
enzymes into the blood stream and by liver necrosis and fibrosis [6-8].
Besides increased lipid peroxidation, CCl4 also depletes intracellular
glutathione (GSH) levels, indicating that GSH loss might result from
the detoxification of CCl4 by GSH conjugation [9]. Glutathione is a
low-molecular-weight, water-soluble reduced-thiol and tripeptide
molecule mostly concentrated in hepatocytes which modulates
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intracellular redox balance by preferentially binding electrophilic
molecules [10]. This represents a key antioxidant by exerting a most
important function in the detoxification of either endogenous
metabolic products and xenobiotic compounds such as pollutants,
heavy metals and drugs [11]. Indeed, depending on the availability of
cysteine and the enzymatic activity of glutamate cysteine ligase, its rate
of formation depends on its generation from GSH disulfide form or, on
the contrary, its depletion reflects xenobiotics burden. Although
restoration of GSH by de novo formation is usually a quick process,
when the amount and rate of its destruction or consumption exceeds
the regeneration rate of GSH, excess oxidated products are free to
initiate hepatotoxicity by conjugating hepatic macromolecules [12].
The aim of the present study was to test the hepatoprotective
properties of a GSH-based compound on CCl4-induced experimental
liver injury model as compared to other hepatoprotective molecules.
The aim of the present study was to test the hepatoprotective
properties of a GSH-based compound on CCl4-induced experimental
liver injury model as compared to other hepatoprotective molecules.
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Materials and Methods
Animal population and study design
Sixty adult male albino Wistar rats weighing 200-220 g and with
identical numbers of male and female in each group. were used in the
experiments. The animals had free access to normal standard chow diet
(Rodent LaboChow, Purina) and tap water for 3 weeks. Throughout
the experiment, the animals were housed, three per cage, in laminar
flow cages maintained at 22 ± 2 oC, 50-60% relative humidity and
under a 12-hour light/dark lighting cycle. The animals were kept in
these facilities for at least one week before the experiment. Animal care
and treatment was carried out in accordance with the Guide for the
Care and Use of Laboratory Animals published by the US National
Institutes of Health (NIH Publication no. 85-23, revised in 1996). The
protocols used in this study were approved by the ethics committee of
ReGenera Research Group.
Animals were randomly divided into 5 groups (I-V), each having 12
animals, Group I served as normal control. As in vivo hepatotoxicity
model, animals of Groups II-V were administered intraperitoneally a
single dose of 2 ml/kg body weight of 50% CCl4 dissolved in olive oil
(15% v/v) [7]. After CCl4 intoxication, Group II served as untreated
control CCl4. Group III served as positive control and was given
silymarin (20 mg/kg in water) once a day for 21 days. Group IV
followed the same schedule but treated with YHK (panax pseudoginseng, eucommia ulmoides, glycyrrhiza radix, Kyotsu Jigyo, Tokyo,
Japan) purchased from the market, at the dosage of 20 mg/kg and
Group V was administered orally GLU-9599 (content per 100 mg: GSH
36 mg in a patented orally-bioavailable form, vitamin C 6 mg, Lcystein 7.4 mg, selenium 8 mcg, Olimed ltd, London, UK) at a dose of
20 mg/kg body weight per day diluted in 2ml of water and instilled in
the mouth, for a period of 21 days. To rule out the hepatotoxic effect of
the anaesthetics employed, also the animals from the healthy control
group were anesthetized.

Assessment of Liver Damage

After completing the treatment, rats were anesthetized with
pentobarbital (50 mg/kg, ip), the abdomen was cut opened and the
blood samples were collected from the aorta artery to be kept at room
temperature for 90 min, and then centrifuged (12,000 rpm for 10 min
at 4°C) to obtain serum.. This was finally was kept at -20 oC until assay.
Liver damage was assessed by testing serum levels of alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) using a
standard photometric method using a bichromatic analyzer (Integra
700, Roche Diagnostics).
Five-hundred milligrams of liver tissue was homogenized by
employing a motor-driven Teflon-glass homogenizer with 5 up-anddown strokes in ice. The solution used for the homogenization
consisted of 3.75 mL of 0.1 M sodium phosphate/0.005 M ethylendiamin-tetra-acetate (EDTA) buffer (pH 8.0) and 1.0 mL of 25%

Healthy control

Histological evaluation
The livers were perfused via the portal vein with 20 ml PBS to
remove blood prior preservation in neutral buffered formalin and
processing for paraffin embedding, following the standard
microtechnique to fixation in 10% formalin. Staining was performed
with haematoxylin and eosin as well as trichromic Mason´s technique
and histopathological changes were semi-quantitatively assessed (scale
ranging from 0: no changes to 6: maximum changes) by two
experienced pathologists, blinded to the treatment received as for:
steatosis, necrosis, inflammatory infiltrate, portal reaction, hepatocyte
degeneration, Kupffer cell activity, vasodilatation, interstitial
haemorrhage and cholestasis.

Transmission electron microscopy evaluation
For electron microscopic observation, the liver specimens were
fixed with 2.5% glutaraldehyde and post-fixed in 1% osmium tetroxide.
The tissue samples were dehydrated through a graded alcohol series
and embedded in Epok 812. Ultrathin sections were cut on a Porter
MT 5000 ultramicrotome with a diamond knife, then stained with
uranyl acetate and lead citrate. The sections were examined at 75 kV
under a Hitachi H-800 electron microscope.

Statistical analysis
All values are expressed as means ± SEM. Comparison between any
two groups was performed using Student´s t-test. Statistically
significant differences between groups were defined as P<0.05.
Calculations were performed with the Microsoft ExcelTM program.

Results

Biochemical evaluation

Group

metaphosphoric acid. The homogenate was centrifuged at 60,000 X g
for 60 min at 0'C t separate the acid supernatant. This supernatant was
then employed for the assay of GSH and lipid peroxide (LPO). GSH
and LPO were analyzed fluorometrically by the method of Hissin and
Hilf [13] and Ohkawa [14], respectively by employing the supernatant
prepared from liver samples.

Serum

Biochemical changes
Results in Table 1 revealed a significant elevation of serum AST and
ALT activity in CCl4 treated group (p<0.05), indicating, as expected,
that CCl4 induced severe liver damage. As compared to untreated
intoxicated controls, GLU-9599 and, to a lesser extent silymarin
significantly reduced the extent of AST and ALT elevation in the
treated animals (p<0.05). Such effect was found to be more effective
than what observed with YHK (p<0.05), the latter yielding the weakest
reduction of liver enzymes. As compared to the normal control group,
the animal treated with the CCl4 showed significant (p<0.01) decrease
in the level of GSH and increase of LPO. Such changes were partially
but significantly mitigated by either silymarin and YHK (p<0.05).
YHK seemed to exert the least protective effect but this didn’t reach a
statistically significant difference when compared to silymarin.
Liver Tissue

AST (U/l)

ALT (U/l)

GSH (μg/g)

LPO (MDA nmol/g)

60.3 ± 0.9

70.3 ± 0.8

3917.3 ± 138.7

14.7 ± 0.09
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CCl4

228.4 ±3.8*

267.2 ± 4.9*

989.2 ± 44.6*

98.7 ± 0.05*

CCl4+sylimarin

99.2 ± 2.7§

121.1 ± 3.9§

2598.6 ± 89.9§

30.4 ± 0.06§

CCl4+YHK

112.6 ± 3.2§

136.6 ± 2.7§

2345.3 ± 126.6§

33.5 ± 0.02§

CCl4+GLU-9599

79.5 ± 1.3**

84.3 ± 0.8**

3878.3 ± 211.7**

22.2 ± 0.05**

Table 1: Biochemical analysis of the effect of three different potential hepatoprotective preparations in CCl4 induce acute liver injury. Values
represent the mean ± SD of 10 determinations.*p<0.001 vs healthy control; §p<0.05 vs. untreated CCl4 group; **p<0.05 vs. silymarin- and YHKtreated CCl4 group.

Histological changes
CCl4-induced liver injury occurs rapidly. In this study, hepatic
necrosis was seen in the lobular regions 6h after the administration of
CCl4 (in-house data). Hepatocytes necrosis, macrovesicular steatosis,
granulomatous inflammatory reaction, disrupted portobiliar space and
dilated central veins were observed in the untreated CCl4 group (Table
2, Figure 1a, p<0.0001 vs healthy control). The changes with either
silymarin and YHK provided some protection from the most severe
inflammation but the histological scores were not significantly
different from untreated animals (Figures 1b and 1c). In particular,
such changes were only partly mitigated in the groups which were
administered silymarin and YHK (Table 2, Figures 1b and 1c, p<0.05
vs untreated CCl4 group). On the contrary, a significant beneficial
improvement of all the above morphological abnormalities with
minimal histological injury was scored in the group which was
administered GLU-9599 (Table 2, Figure 1d, p<0.01 vs sylimarine- and
YHK-treated animals).
Histological Healthy
parameters control

CCl4* CCl4+sylimarin§

CCl4+YHK§

CCl4+GLU
-9599**

Steatosis

0

5

2

3

1

Necrosis

0

5

2

3

1

Inflammator
y infiltrate

0

4

2

3

1

Portal
reaction

0

3

1

2

0

Hepatocyte
degeneratio
n

0

4

1

1

0

cell 0

4

2

1

1

Kupffer
activity

Interstitial
haemorrhag
e

0

5

1

2

1

Vasodilatatio
n

0

4

3

3

1

Cholestasis

0

3

0

1

0

Table 2: Histological scoring of the effect of three different potential
hepatoprotective preparations in CCl4 induce acute liver injury.
Semiquantitative evaluation of the changes in liver parenchyma (0=no
changes, 6=maximum changes). *cumulative evaluation: p<0.001 vs.
healthy control; § cumulative evaluation: p<0.05 vs. untreated CCl4
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group; **cumulative evaluation: p<0.05 vs. Silymarin and YHK-treated
CCl4 group.

Figure 1: Histopathological result of liver parenchyma. Light
microphotographs of haematoxylin and eosin stained sections of
the formalin-fixed livers 200X. a) CCl4 control group showing
venous dilatation with hemorrhages, necrotic hepatocytes present
primarily in the area around central veins and in the foci of
damaged hepatocytes with polymorphonuclear infiltration, reactive
reactions in portobiliary space, microvesicular steatosis in their
vicinity and increased activity of Kupffer cells; b) group treated with
20 mg/kg of silymarin and c) group treated with 20 mg/kg of YHK
both showing reactive changes, scavenging reaction around the
central vein, disrupted portobiliar space. Hepatocytes necrosis,
macrovesicular steatosis, granulomatous inflammatory reaction and
dilated central veins in the perivenous area of the liver parenchyma;
d) group treated with 20 mg/kg of GLU-9599 showing lower grade
inflammatory reaction with granulomatous aggregates. Apparent
reduction of perivenular macrovesicular steatosis and necrosis of
hepatocytes with regenerative processes.

Electron microscopy
Normal control group showed a normal liver architecture,
hepatocytes very well arranged, central and portal veins without
alterations (not shown). Vacuolated hepatocytes with severely dilated
endoplasmic reticulum, lipid droplets, no glycogen granules, activated
Kupffer cells, macrophages and myoflbroblast-like cells around the
central veins were observed 72 h after administration of CCl4 (Figure
2A). The group intoxicated with CCl4 and treated either with either
silymarin or YHK had only minor prevention of the damage and the
two treatments resulted to be quite comparable among them (Figures
2B and 2C, silymarin vs. YHK: p<0.09, not significant).
The group treated with GLU-9599 showed vacuolated hepatocytes
with only a moderately dilated endoplasmic reticulum, many glycogen
granules and ribosomes and reduced number of macrophages and
hepatic stellate cells around the central veins without fibrosis as
compared to rats treated with CCl4 alone, were observed (Figure 2D).
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alcoholic liver disease and those subjects taking multiple medications
burdening liver metabolization mechanisms.
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Figure 2: Vacuolated hepatocytes with severely dilated endoplasmic
reticulum, lipid droplets, no glycogen granules, activated Kupffer
cells, macrophages and myoflbroblast-like cells around the central
veins were observed 72 h after administration of CCl4.

Discussion
CCl4 is metabolised in hepatocellular microsomes and generating a
number of oxidative damage of lipid and protein cellular substrates.
Indeed, this xenobiotic is a well established noxious compound
affecting the generation of free radical oxidative [1-4]. This is because,
under physiological conditions, there is an intricate interplay between
multiple regulatory enzymes controlling the intracellular balance
between the oxidized disulfide form and the reduced one depending
on the intracellular need for activating conjugation reactions and
extracellular requirements to decrease these phenomena [15]. When a
proper cellular GSH concentration is lacking, several accumulating
oxidative and nitrosative reactive intermediates such as peroxide,
superoxide and peroxynitrite radicals, will invariably modify cellular
lipidic macromolecules and enhance DNA adduct formation [15,16].
Some of our group had previously shown either in vitro and in vivo
experimental studies that YHK, a known hepatoprotective compound
in Japan, exerts a significant protective effect on hepatocellular damage
and on liver microcirculation in an ischemia-reperfusion model
[17,18] as well as exerting potent in vitro protective effect on metalinduced oxidative stress of hepatocytes [19]. Nonetheless, to date, there
has been no further published experimental research or clinical study
confirming its effectiveness. Moreover, the lack of any prove of a
stringent batch-to-batch control from producer raises some concern.
This is often a crucial weakness in such kind of herbal compounds and
may justify the virtual disappearance of YHK from the validated and
properly published clinical scientific reports.
In the present study, administration of GLU-9599 decreased the
CCl4 induced elevated enzyme levels in group V. This suggests the
maintenance of structural integrity of hepatocytic cell membrane or
regeneration of damage liver cells by the compound. Thus, it is evident
from the present study that GLU-9599 has hepatoprotective effect in
CCl4 induced liver damage. The hepatoprotective mechanism of this
GSH-based compound requires further studies, although the high oral
GSH bioavailability is likely to represent a major factor to be advocated
for. GLU-9599 proved to provide greater protection than silymarin and
YHK preparation. This property seems to differentiate this formulation
by other would-be oral GSH which indeed had failed to show any
substantial benefit on redox balance [20].
While its specific mechanisms make it less liable to be applied in
metabolic syndromes or chronic liver diseases cases, these data, along
with the most recent clinical pharmacokinetic studies [21] raise the
possibility that this agent may be applied in the management of human
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