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Abstract

Background: Galactosamine (GalN), an established experimental toxin, mainly causes liver injury
via the generation of free radicals and depletion of UTP nucleotides. Renal failure is often associated
with end stage liver damage. GalN intoxication also induces renal dysfunction in connection with
hepatic disorders. Present study was designed to find out the effect of a protein isolated from the
leaves of the herb Cajanus indicus against GalN induced renal damage.

Methods: Both preventive as well as curative effect of the protein was investigated in the study.
GalN was administered intraperitoneally at a dose of 800 mg/kg body weight for 3 days pre and
post to protein treatment at an intraperitoneal dose of 2 mg/kg body weight for 4 days. The
activities of antioxidant enzymes, superoxide dismutase (SOD), catalase (CAT), glutathione
reductase (GR) and glutathione-S-transferase (GST), levels of cellular metabolites, reduced
glutathione (GSH), total thiols, oxidized glutathione (GSSG) and lipid peroxidation end products
were determined to estimate the status of the antioxidative defense system. In addition, serum
creatinine and urea nitrogen (UN) levels were also measured as a marker of nephrotoxicity.

Results: Results showed that GalN treatment significantly increased the serum creatinine and UN
levels compared to the normal group of mice. The extent of lipid peroxidation and the level of
GSSG were also enhanced by the GalN intoxication whereas the activities of antioxidant enzymes
SOD, CAT, GR and GST as well as the levels of total thiols and GSH were decreased in the kidney
tissue homogenates. Protein treatment both prior and post to the toxin administration successfully
altered the effects in the experimental mice.

Conclusion: Our study revealed that GalN caused a severe oxidative insult in the kidney. Protein
treatment both pre and post to the GalN intoxication could protect the kidney tissue against GalN
induced oxidative stress. As GalN induced severe hepatotoxicity followed by renal failure, the
protective role of the protein against GalN induced renal damages is likely to be an indirect effect.
Since the protein possess hepatoprotective activity, it may first ameliorate GalN-induced liver
damage and consequently the renal disorders are reduced. To the best of our knowledge, this is
probably the first report describing GalN-induced oxidative stress in renal damages and the
protective role of a plant protein molecule against it.
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Background

Galactosamine (GalN) is a well known toxin and has been
found to possess various adverse effects in liver. Its toxic
effect is associated with the depletion of UTP nucleotides
followed by the formation of UDP hexosamines [1] and
leads to the inhibition of transcription and consequently
the translation processes [2]. The development of acute
liver failure due to the administration of GalN is well doc-
umented [3-5]. Javle et al reported that GalN-induced
liver injury is associated with the development of renal
failure [6]. Recently, the term hepatorenal syndrome
(HRS) has been introduced to define the development of
renal failure in the absence of clinical, anatomical or path-
ological causes of that failure. Classically, HRS is associ-
ated with the end-stage liver cirrhosis and it has been
observed that renal failure occurs with this liver disease in
about 50% of patients [7]. A very recent report of Anand
et al revealed that renal failure appeared with acute liver
damage where the histological status of the kidney was
normal but the renal blood flow was decreased |[8].
Although oxidative stress has been reported as one of the
major causes in GalN induced liver damages [9-11], it is
not, however, clear whether GalN-induced renal disorders
occur via the generation of reactive oxygen species fol-
lowed by oxidative stress in the kidney or not.

Herbal medicines have been used traditionally world
wide for the prevention and treatment of various diseases.
Earlier studies reported that medicinal herbs play a protec-
tive role against GalN induced liver damage [12-14]. In
India medicinal plants are widely used in the ayurvedic
medicines for the treatment of various health problems.
Some of the important medicinal plants are Silybum mari-
anum [15,16]; Picrorhiza kurroa [17]; Curcuma longa [18];
Phyllanthus niruri [19-23]; Terminalia arjuna [24-26];
Andrographis paniculata [27] etc. The herb Cajanus indicus,
an important medicinal plant, has been widely used in
folklore medicine in India and many other countries for
the treatment of various hepatic disorders [28,29]. In our
laboratory a 43 kD protein has been isolated and purified
to homogeneity from the leaves of this herb [30] and
believed to be an active principle responsible for its bene-
ficial action. It has been found that that the protein pos-
sesses a protective role against various toxins (such as
carbon tetrachloride, chloroform, thioaectamide etc.)
induced hepatic disorders [31-34]. The free radical scav-
enging activity of this protein was determined from its
DPPH radical quenching ability [31]. The present study
was conducted to find out whether GalN caused renal
damage by inducing oxidative stress in the kidney and
whether the protein of our interest could ameliorate that
effect. Experiments were designed accordingly to evaluate
both the preventive as well as curative role of this protein
against GalN induced renal toxicity in vivo. The extent of
renal damage caused by GalN intoxication and the protec-
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tive effect of the protein were evaluated by measuring the
i) level of serum creatinine and urea nitrogen (UN) ii)
activities of the intracellular enzymes namely, superoxide
dismutase (SOD), catalase (CAT), glutathione reductase
(GR) and glutathione-S-transferase (GST) iii) levels of cel-
lular metabolites like reduced glutathione (GSH), total
thiols, oxidized glutathione (GSSG) and iv) extent of lipid
peroxidation in the kidney tissue homogenates of all the
experimental animals.

Methods

Plant

Cajanus indicus is a shrub belonging to the family Legumi-
nosae and subfamily papilionacea. Fresh young leaves
were collected from Bose Institute experimental farm.

Animals

Swiss albino mice (male, body weight 20 + 2 g) were used
for the experiments. The animals were acclimatized under
standard laboratory conditions for a fortnight before start-
ing the experiments. They were provided with standard
diet and water ad libitum. They were maintained under
standard conditions of temperature (30°C) and humidity
(50%) with an alternating 12 hours light/dark cycles. All
the experimental studies were conducted in conformity
with the guidance for care and standard experimental ani-
mals study ethical protocols. The animals were divided
into several groups, each group having six mice.

Chemicals

Bovine serum albumin (BSA) and Bradford reagent were
purchased from Sigma-Aldrich Chemical Company, (St.
Louis, MO) USA. Kit for determination of creatinine and
UN were purchased from Span Diagnostic Ltd. Ammo-
nium sulphate [(NH,),SO,], 1- chloro-2,4-dinitroben-
zene (CDNB), D(+)-galactosamine hydrochloride
(GalN), 5,5'-dithiobis(2-nitrobenzoic acid) [DTNB, (Ell-
man's reagent)|, ethylene diamine tetraacetic acid
(EDTA), N-ethylmaleimide (NEM), nicotinamide ade-
nine dinucleotide reduced (NADH), nitro blue tetrazo-
lium (NBT), oxidized glutathione (GSSG), phenazine
methosulphate (PMT), potassium dihydrogen phosphate
(KH,PO,), reduced glutathione (GSH), sodium pyro-
phosphate, trichloro acetic acid (TCA), thiobarbituric acid
(TBA), vitamin E were bought from Sisco Research Labo-
ratory, India.

Preparation of the homogeneous protein from the leaves
of Cajanus indicus

The protein was purified from the leaves of Cajanus indicus
according to the method described by Sarkar et al [30].
The leaves were homogenized in 20 mM tris-HCI buffer,
pH 7.4 and the supernatant was brought to 60%
(NH,),SO, saturation. The pellet was reconstituted and
dialyzed in tris-HCI buffer, passed through DEAE Sepha-
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dex column and eluted in linear gradient of 0-1 M NaCl
in tris buffer. The active fraction eluted at 0.2 M NaCl was
concentrated and applied on a Sephadex G-50 column.
The bioactive fraction obtained was subjected to a C;,
hydrophobic column for reverse phase column chroma-
tography. The homogeneity of preparation was deter-
mined by SDS-polyacrylamide gel electrophoresis (SDS-
PAGE).

Protein estimation

The protein concentration of the experimental samples
was measured according to the method of Bradford [35]
using crystalline BSA as standard.

Pre treatment with the protein

The pre-treatment group was divided into five sub-groups
each consisted of six mice. The first group, which received
only the vehicle, served as normal control. The second
group, served as toxin control, in which GalN was admin-
istered intraperitoneally at a dose of 800 mg/kg body
weight once daily and the treatment was carried out for 3
days. The third group of mice was pre-treated with the
protein by intraperitoneal injection at a dose of 2 mg/kg
body weight once daily and the treatment was carried out
for 4 days followed by the toxin treatment for another 3
days. The animals were then sacrificed under anesthesia
and kidneys were collected. A well-known antioxidant
agent vitamin E, (at a dose of 200 mg/kg body weight)
and a non-relevant protein, BSA (at a dose of 2 mg/kg
body weight) were used as the positive and negative con-
trols respectively for the study.

Post-treatment with the protein

The post-treatment group was divided into five sub-
groups each consisted of six mice. The first group, served
as normal control, received only the vehicle. The second
group received GalN at a dose of 800 mg/kg body weight
intraperitoneally (once daily) for 3 days and served as the
toxin control. The third group of mice was intoxicated
with GalN (800 mg/kg body weight, once daily) for 3 days
followed by intraperitoneal administration of the protein
at a dose of 2 mg/kg body weight once daily for 4 days.
The fourth group received GalN (800 mg/kg body weight,
once daily) for 3 days and then kept for another 4 days
without any treatment to observe whether there is any nat-
ural recovery or not. A positive control group was kept in
which mice were treated with 200 mg/kg body weight
vitamin E for 4 days after GalN intoxication. Mice were
then sacrificed under anesthesia and kidneys were col-
lected.

Preparation of kidney homogenates

The kidney tissues were homogenized using glass homog-
enizer in 100 mM potassium phosphate buffer containing
1 mM EDTA, pH 7.4 and centrifuged at 12,000 g for 30
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minutes at 4°C. The supernatant was collected and used
for following experiments.

Assessment of marker of nephrotoxicity

Estimation of creatinine level

Blood samples collected from puncturing mice hearts
were kept overnight at 4°C to clot and then centrifuged at
3,000 g for 10 minutes. Creatinine level was measured
from serum samples according to the method of Bonses
and Taussky [36].

Estimation of UN level

Estimation of UN level has been carried following the
method of Crocker [37]. Like creatine measurement,
blood samples were collected from puncturing mice
hearts and kept overnight at 4°C to clot. Sera from the
samples were collected by centrifuging the blood samples
at 3,000 g for 10 minutes. UN level in all the experimental
samples were measured by using a kit from Span Diagnos-
tics Limited, India.

Estimation of lipid peroxidation end products

The extent of lipid peroxidation in terms of thiobarbituric
acid reactive substances (TBARS) formation was measured
according to the method of Esterbauer and Cheeseman
[38] using the extinction co-efficient of MDA, which is
1.56 x 10> M-lcmL.

Assay of antioxidant enzymes

SOD assay

The activity of SOD was measured following the method
originally developed by Nishikimi [39] and then modi-
fied by Kakkar [40]. One unit of SOD activity is defined,
as the enzyme concentration required inhibiting chro-
mogen production by 50% in one minute under the assay
condition.

CAT assay

The enzyme CAT converts H,O, into water. The CAT activ-
ity was measured by the method of Bonaventura [41].
One unit of CAT activity is defined as the amount of
enzyme, which reduces 1 umol of H,0O, per minute.

GST assay

GST catalyzes the conjugation reaction with glutathione
in the first step of mercapturic acid synthesis. The activity
of GST was measured by the method of Habig and Jakoby
[42]. One unit of GST activity is 1 pmol product forma-
tion per minute.

Assay of GR

GR activity was measured according to the method of
Smith [43]. The enzyme activity was calculated using
molar extinction coefficient of 13,600 M-lcm-!. One unit
of enzyme activity is defined as the amount of enzyme,
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which catalyzes the oxidation of 1pmol NADPH per
minute.

Assay of cellular metabolites from kidney homogenates
GSH assay

GSH level was measured according to the method of Ell-
man [44]. A standard curve was drawn using different
known concentrations of GSH solution. With the help of
this standard curve, GSH contents were calculated.

GSSG assay

GSSG level was measured according to the method of His-
sin and Hilf [45]. The absorbance of the sample was meas-
ured at 412 nm.

Assay of total thiols
The total thiols (total sulfhydryl groups) content was
measured according to the method of Sedlak and Lindsay
[46] with some modifications. The content of total thiols
was calculated using molar extinction coefficient of
13,600 M-1cm-!.

Statistical analysis
All the values are represented as mean + S.D. (n = 6). The
statistical differences among different groups were anal-
ised by Student's t-test. P values of 0.05 or less were con-
sidered significant.

Results

Effect on nephrotoxicity markers

Creatinine levels

The creatinine levels in serum obtained from the normal
control mice, toxin control mice, mice treated separately
with protein, vitamin E and BSA followed by GalN intox-
ication, mice treated separately with protein, vitamin E
after GalN intoxication and mice kept for normal recovery
after GalN administration are shown in figure 1. The cre-
atinine level was elevated in toxin control (0.85 + 0.038
mg/dl) compared to the normal control (0.66 + 0.026
mg/dl), whereas protein pre-treatment reduced the level
(0.68 + 0.029 mg/dl). There was reduction of creatinine
level (0.65 + 0.033 mg/dl) in protein post- treated group
of mice. The normal recovery after toxin administration
was very slow (0.79 + 0.036 mg/dl).

UN levels

Figure 2 represents UN level in serum of all the experi-
mental animals. In toxin control an increase in UN level
(44.68 + 1.98 mg/dl) has been observed compared to the
normal control (26.57 + 1.22 mg/dl), whereas protein
pre-treatment attenuated the level (30.71 + 1.39 mg/dl).
Protein post treatment also reduced the UN level (27.47 +
1.29 mg/dl). The normal recovery after toxin administra-
tion was not significant (40.62 + 1.78 mg/dl).

http://www.biomedcentral.com/1472-6882/7/11

Effect on the end products of lipid peroxidation

Figure 3 shows the levels of MDA in kidney tissue
homogenates obtained from all the experimental mice.
MDA level (41.22 + 0.92 nmol/g tissue) in kidney tissue
homogenates of GalN treated mice was found to be higher
than that level compared to normal control mice (27.99 +
0.59 nmol/g tissue). Pre-treatment with the protein fol-
lowed by toxin administration decreased the level (15.35
+ 0.45 nmol/g tissue). Post treatment with the protein
after toxin administration decreased MDA level (10.17 +
0.52 nmol/g tissue) also. The normal recovery after toxin
treatment was very slow (40.91 + 0.82 nmol/g tissue).

Effect on antioxidant enzymes

SOD activities

SOD activities in kidney tissue homogenates of all experi-
mental mice are shown in figure 4. SOD activity was
reduced in toxin control mice (19.21 + 0.85 unit/mg pro-
tein) compared to the normal control (80.55 + 1.61 unit/
mg protein). There was increase in SOD activity in the
protein treated mice (85.65 + 1.71 unit/mg protein) prior
to GalN administration and in protein treated mice
(99.82 +2.09 unit/mg protein) after GalN administration.
No significant normal recovery (30.25 + 0.83 unit/mg
protein) after toxin treatment was observed.

CAT activities

CAT activities in kidney tissue homogenates of all experi-
mental mice are shown in figure 5. There was decreased
CAT activity in toxin control (176.96 + 3.89 umol/min/
mg protein) compared to the normal control (348.31 +
6.62 pmol/min/mg protein). Pre as well as post-treatment
with the protein increased CAT activity. The activities were
336.06 + 7.22 pmol/min/mg protein and 344.49 + 7.41
pmol/min/mg protein respectively. The normal recovery
after toxin treatment was not significant (192.95 + 4.51
pmol/min/mg protein).

GST activities

GST activities in kidney tissue homogenates of all experi-
mental mice are shown in figure 6. A decreased GST activ-
ity was observed in toxin control (1.16 + 0.03 umol/min/
mg protein) compared to the normal control (3.01 + 0.08
pmol/min/mg protein). Protein treatment prior to GalN
intoxication caused an elevation in GST activity (3.35 +
0.09 pmol/min/mg protein). GST activity (2.78 + 0.04
pmol/min/mg protein) was also elevated in mice group
treated with protein after toxin administration. The nor-
mal recovery after toxin treatment was very slow (1.48 +
0.03 umol/min/mg protein).

GR activities

GR activities in kidney tissue homogenates obtained from
all the experimental mice are shown in figure 7. There was
reduction of GR activity in toxin control (142.18 + 2.74
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Figure |

Effect of the protein on creatinine level in GalN induced kidney damage in mice. Left and right panel show preventive and cur-
ative effect of the protein respectively. Cont: creatinine level in normal mice, GalN: creatinine level in only GalN treated mice,
Protein + GalN: creatinine level in which the protein was given prior to GalN administration, VitE + GalN: creatinine level in
which vitamin E was administered prior to GalN treatment, BSA + GalN: creatinine level in which BSA was given before GalN
administration. GalN + Protein: creatinine level in which the protein was given after GalN administration, GalN + Vit E: creat-
inine level in which vitamin E was administered post to GalN treatment and Recovery: creatinine level in mice which were
treated with GalN for 3 days and kept next 4 days without any treatment. Each column represents mean + SD, n = 6. "a" indi-
cates the significant difference between the vehicle control and toxin treated groups, "b" indicates the significant difference
between the toxin treated and protein treated groups and "c" indicates the significant difference between the toxin treated and
vitamin E treated groups. (P2 < 0.01, P>< 0.01, P<< 0.01).
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Figure 2

Effect of the protein on UN level in GalN induced kidney damage in mice. Left and right panel show preventive and curative
effect of the protein respectively. Cont: UN level in normal mice, GalN: UN level in only GalN treated mice, Protein + GalN:
UN level in which the protein was given prior to GalN administration, VitE + GalN: UN level in which vitamin E was adminis-
tered prior to GalN treatment, BSA + GalN: UN level in which BSA was given before GalN administration. GalN + Protein:
UN level in which the protein was given after GalN administration, GalN + Vit E: UN level in which vitamin E was administered
post to GalN treatment and Recovery: UN level in mice which were treated with GalN for 3 days and kept next 4 days with-
out any treatment. Each column represents mean + SD, n = 6. "a" indicates the significant difference between the vehicle con-
trol and toxin treated groups, "b" indicates the significant difference between the toxin treated and protein treated groups and
"c" indicates the significant difference between the toxin treated and vitamin E treated groups. (P2 < 0.01, P> < 0.01, P<< 0.01).
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Figure 3

Effect of the protein on TBARS formation in GalN induced kidney damage in mice. Left and right panel show preventive and
curative effect of the protein respectively. Cont: MDA content in normal mice, GalN: MDA content in only GalN treated mice,
Protein + GalN: MDA level in which the protein was given prior to GalN administration, VitE + GalN: MDA level in which vita-
min E was administered prior to GalN treatment, BSA + GalN: MDA level in which BSA was given before GalN administration.
GalN + Protein: MDA content in which the protein was given after GalN administration, GalN + Vit E: MDA level in which
vitamin E was administered post to GalN treatment and Recovery: MDA content in mice which were treated with GalN for 3
days and kept next 4 days without any treatment. Each column represents mean + SD, n = 6. "a" indicates the significant differ-
ence between the vehicle control and toxin treated groups, "b" indicates the significant difference between the toxin treated
and protein treated groups and "c" indicates the significant difference between the toxin treated and vitamin E treated groups.
(P2<0.01,P><0.01, P<<0.01).
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Figure 4

Effect of the protein on SOD activity in GalN induced kidney damage in mice. Left and right panel show preventive and curative
effect of the protein respectively. Cont: SOD activity in normal mice, GalN: SOD activity in only GalN treated mice, Protein +
GalN: SOD activity in which the protein was given prior to GalN administration, VitE + GalN: SOD activity in which vitamin E
was administered prior to GalN treatment, BSA + GalN: SOD activity in which BSA was given before GalN administration.
GalN + Protein: SOD activity in which the protein was given after GalN administration, GalN + Vit E: SOD activity in which
vitamin E was administered post to GalN treatment and Recovery: SOD activity in mice which were treated with GalN for 3
days and kept next 4 days without any treatment. Each column represents mean + SD, n = 6. "a" indicates the significant differ-
ence between the vehicle control and toxin treated groups, "b" indicates the significant difference between the toxin treated
and protein treated groups and "c" indicates the significant difference between the toxin treated and vitamin E treated groups.

(P2< 0.01, P>< 0.01, P<< 0.01).
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Figure 5

Effect of the protein on CAT activity in GalN induced kidney damage in mice. Left and right panel show preventive and curative
effect of the protein respectively. Cont: CAT activity in normal mice, GalN: CAT activity in only GalN treated mice, Protein +
GalN: CAT activity in which the protein was given prior to GalN administration, VitE + GalN: CAT activity in which vitamin E
was administered prior to GalN treatment, BSA + GalN: CAT activity in which BSA was given before GalN administration.
GalN + Protein: CAT activity in which the protein was given after GalN administration, GalN + Vit E: CAT activity in which
vitamin E was administered post to GalN treatment and Recovery: CAT activity in mice which were treated with GalN for 3
days and kept next 4 days without any treatment. Each column represents mean + SD, n = 6. "a" indicates the significant differ-
ence between the vehicle control and toxin treated groups, "b" indicates the significant difference between the toxin treated
and protein treated groups and "c" indicates the significant difference between the toxin treated and vitamin E treated groups.
(P2<0.01,P><0.01, P<<0.01).
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Figure 6

Effect of the protein on GST activity in GalN induced kidney damage in mice. Left and right panel show preventive and curative
effect of the protein respectively. Cont: GST activity in normal mice, GalN: GST activity in only GalN treated mice, Protein +
GalN: GST activity in which the protein was given prior to GalN administration, VitE + GalN: GST activity in which vitamin E
was administered prior to GalN treatment, BSA + GalN: GST activity in which BSA was given before GalN administration.
GalN + Protein: GST activity in which the protein was given after GalN administration, GalN + Vit E: GST activity in which
vitamin E was administered post to GalN treatment and Recovery: GST activity in mice which were treated with GalN for 3
days and kept next 4 days without any treatment. Each column represents mean + SD, n = 6. "a" indicates the significant differ-
ence between the vehicle control and toxin treated groups, "b" indicates the significant difference between the toxin treated

and protein treated groups and "c" indicates the significant difference between the toxin treated and vitamin E treated groups.
(P2<0.01,P><0.01, P<< 0.01).
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nmol/min/mg protein) compared to the normal control
(293.38 + 6.78 nmol/min/mg protein). Elevation of GR
activity (340.12 + 8.33 nmol/min/mg protein) was
observed in protein pre-treatment group. Post treatment
with the protein increased GR activity (303.82 + 7.17
nmol/min/mg protein) also. A little normal recovery
(166.72 + 4.05 nmol/min/mg protein) after toxin treat-
ment was observed.

Effect on cellular metabolites

GSH levels

Figure 8 shows the levels of GSH in kidney tissue homoge-
nates obtained from all the experimental mice. There was
decrease of GSH level in toxin control (33.77 + 1.52
nmol/mg protein) compared to that of normal control
(48.41 + 2.28 nmol/mg protein), whereas protein pre-
treatment increased the level (50.44 + 2.32 nmol/mg pro-
tein). An increased GSH level (51.23 + 2.43 nmol/mg pro-
tein) was observed in kidney homogenates obtained from
the mice treated with the protein after toxin administra-
tion. There was no significant normal recovery (37.01 +
1.77 nmol/mg protein) after toxin treatment.

GSSG levels

The levels of GSSG in kidney tissue homogenates
obtained from all the experimental mice are shown in fig-
ure 9. GSSG level in toxin control (2.24 + 0.098 nmol/mg
protein) was found to be higher than that level compared
to normal control (1.14 + 0.051 nmol/mg protein). Pre-
treatment with the protein followed by toxin administra-
tion decreased the level (1.11 + 0.049 nmol/mg protein).
GSSG level (1.09 + 0.052 nmol/mg protein) has been
found to decrease in post-treatment group of mice. The
normal recovery after toxin treatment was very slow (2.01
+ 0.095 nmol/mg protein).

Levels of total thiols

Figure 10 shows the levels of total thiols in kidney tissue
homogenates obtained from all the experimental mice
groups. Toxin treatment decreased the level of total thiols
(253.28 + 5.32 nmol/mg protein) compared to the nor-
mal control group (541.25 + 10.83 nmol/mg protein)
whereas protein pre-treatment increased the level (440.83
+ 11.25 nmol/mg protein). Post treatment of the protein
after GalN intoxication increased the level of total thiols
(433.73 £ 10.11 nmol/mg protein) compared to toxin
control group. No significant normal recovery (264.88 +
5.29 nmol/mg protein) after toxin treatment was found.

Vitamin E treatment pre and post to GalN intoxication
could protect kidney by preventing alterations in all the
antioxidant indices described in the present study,
whereas BSA did not show any protective activity.

http://www.biomedcentral.com/1472-6882/7/11

Discussion

The aim of the present study was to investigate whether
the protein isolated from the herb Cajanus indicus pos-
sesses any preventive as well as curative role against GalN
induced renal damages. Results suggest that administra-
tion of GalN at a dose of 800 mg/kg body weight for 3
days significantly altered the status of the antioxidant
defense system in the kidney. Protein treatment both pre
and post to the toxin administration restored the activities
of all the intracellular antioxidant enzymes as well as level
of cellular metabolites.

Reports on the mechanism of GalN induced hepatotoxic-
ity suggests that GalN inhibits the synthesis of RNA as well
as protein via reduction of cellular UTP, a substrate for
RNA polymerase. GalN shifts the equilibrium between the
uridine phosphate consuming and producing reactions,
in favor of the former via the rapid formation and accu-
mulation of UDP amino sugars [2]. Studies from Quin-
tero et al [47] showed that free radical dependent pathway
is involved in GalN induced hepatic apoptosis and necro-
sis in rat hepatocytes. Mangeney-Andreani et al [10] sug-
gested that energy metabolism of hepatocytes was also
inhibited by GalN application. In addition, report from
Sire et al [48] reveals that GalN damaged the enzymes
involved in the transport of substrates to the mitochon-
dria and consequently modified the phospholipid com-
position of the membrane. It has been observed that
patient suffering with liver disease have a decrease in renal
blood flow, indicating renal vasoconstriction and this
effect is more prominent in those people affected with
HRS [49]. Earlier studies reported that endothelin-1 (ET-
1), one of the most potent vasoconstrictor in biological
system, induces renal vasoconstriction as well as reduc-
tion in glomerular filtration rate (GFR), renal blood flow
and sodium excretion [50]. Uchida et al [51] and
Sakamoto et al [52] reported that various cells within the
kidney tissue either express mRNA for ET-1 or can synthe-
sis ET-1 and thus it reveals that ET-1 may, therefore, have
a paracrine or autocrine effect. It has been observed that
the levels of plasma ET-1 concentration are elevated in
patients with severe liver disease and HRS [53]. Annand et
al [8] reported that GalN intoxication causes liver injury
followed by renal impairment, which is manifested by the
decrease in renal blood flow, creatinine clearance as well
as increase in plasma ET-1 concentration and also up-reg-
ulation of ET-1 receptor in renal cortex although kidneys
are histologically normal. Thus study also suggests that
renal failure also appears to be secondary to liver failure.

In the present study we found that GalN administration at
a dose of 800 mg/kg body weight for three days caused
enhanced oxidative insult in the kidney tissue as evi-
denced by the increased renal TBARS level and depletion
in the activities of endogenous antioxidant enzymes such
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Figure 7

Effect of the protein on GR activity in GalN induced kidney damage in mice. Left and right panel show preventive and curative
effect of the protein respectively. Cont: GR activity in normal mice, GalN: GR activity in only GalN treated mice, Protein +
GalN: GR activity in which the protein was given prior to GalN administration, VitE + GalN: GR activity in which vitamin E was
administered prior to GalN treatment, BSA + GalN: GR activity in which BSA was given before GalN administration. GalN +
Protein: GR activity in which the protein was given after GalN administration, GalN + Vit E: GR activity in which vitamin E was
administered post to GalN treatment and Recovery: GR activity in mice which were treated with GalN for 3 days and kept
next 4 days without any treatment. Each column represents mean £ SD, n = 6. "a" indicates the significant difference between
the vehicle control and toxin treated groups, "b" indicates the significant difference between the toxin treated and protein
treated groups and "c" indicates the significant difference between the toxin treated and vitamin E treated groups. (P2< 0.01, P

<0.01, P<<0.0l).
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Figure 8

Effect of the protein on GSH level in GalN induced kidney damage in mice. Left and right panel show preventive and curative
effect of the protein respectively. Cont: GSH level in normal mice, GalN: GSH level in only GalN treated mice, Protein + GalN:
GSH level in which the protein was given prior to GalN administration, VitE + GalN: GSH level in which vitamin E was admin-
istered prior to GalN treatment, BSA + GalN: GSH level in which BSA was given before GalN administration. GalN + Protein:
GSH level in which the protein was given after GalN administration, GalN + Vit E: GSH level in which vitamin E was adminis-
tered post to GalN treatment and Recovery: GSH level in mice which were treated with GalN for 3 days and kept next 4 days
without any treatment. Each column represents mean * SD, n = 6. "a" indicates the significant difference between the vehicle
control and toxin treated groups, "b" indicates the significant difference between the toxin treated and protein treated groups
and "c" indicates the significant difference between the toxin treated and vitamin E treated groups. (P2< 0.01, P> < 0.01, P<<
0.01).
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Figure 9

Effect of the protein on GSSG level in GalN induced kidney damage in mice. Left and right panel show preventive and curative
effect of the protein respectively. Cont: GSSG level in normal mice, GalN: GSSG level in only GalN treated mice, Protein +
GalN: GSSG level in which the protein was given prior to GalN administration, VitE + GalN: GSSG level in which vitamin E was
administered prior to GalN treatment, BSA + GalN: GSSG level in which BSA was given before GalN administration. GalN +
Protein: GSSG level in which the protein was given after GalN administration, GalN + Vit E: GSSG level in which vitamin E was
administered post to GalN treatment and Recovery: GSSG level in mice which were treated with GalN for 3 days and kept
next 4 days without any treatment. Each column represents mean + SD, n = 6. "a" indicates the significant difference between
the vehicle control and toxin treated groups, "b" indicates the significant difference between the toxin treated and protein
treated groups and "c" indicates the significant difference between the toxin treated and vitamin E treated groups. (P2< 0.01, P
<0.0l, P<<0.01).
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Figure 10

Effect of the protein on levels of total thiols in GalN induced kidney damage in mice. Left and right panel show preventive and
curative effect of the protein respectively. Cont: total thiol level in normal mice, GalN: total thiol level in only GalN treated
mice, Protein + GalN: total thiol level in which the protein was given prior to GalN administration, VitE + GalN: total thiol
level in which vitamin E was administered prior to GalN treatment, BSA + GalN: total thiol level in which BSA was given before
GalN administration. GalN + Protein: total thiol level in which the protein was given after GalN administration, GalN + Vit E:
total thiol level in which vitamin E was administered post to GalN treatment and Recovery: total thiol level in mice which were
treated with GalN for 3 days and kept next 4 days without any treatment. Each column represents mean + SD, n = 6. "a" indi-
cates the significant difference between the vehicle control and toxin treated groups, "b" indicates the significant difference
between the toxin treated and protein treated groups and "c" indicates the significant difference between the toxin treated and
vitamin E treated groups. (P2 < 0.01, P>< 0.01, P<< 0.01).
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as SOD, CAT, GR and GST. GalN intoxication also
reduced the level of total thiol and GSH followed by the
increase in GSSG level. The renal dysfunction due to GalN
treatment was also manifested by the increase in serum
creatinine and UN levels as compared to the normal
group of mice. Protein treatment at a dose of 2 mg/kg
body weight for 4 days both prior and post to the toxin
administration attenuated the increased creatinine and
UN levels compared to the toxin control. Administration
of the protein restored the activities of intracellular anti-
oxidant enzymes SOD, CAT, GR and GST. The decreased
level of ROS scavengers like GSH and total thiols were also
enhanced by the protein treatment both prior and post to
the GalN intoxication. The content of total thiols includes
the protein-bound thiols as well as nonprotein-bound
thiols. It has been reported that the former usually con-
tribute more (a few fold higher than the later) to the total
thiols contents [54]. The protein also ameliorated the
enhanced level of TBARS as well as the level of GSSG com-
pared to the toxin control.

As reported from the earlier studies of our laboratory, the
protein could scavenge DPPH radicals as well as restore
the activities of different antioxidant enzymes and attenu-
ate various toxin-induced enhancement of lipid peroxida-
tion [31-34]. The detail mechanism of action of this
protein necessary for the protective action against hepatic
and renal damages is not yet fully known. As it possesses
hepatoprotective activity, it appears that the amelioration
of renal damage may not be its direct action to the kidney.
GalN induced renal failure appears at the end stage of liver
cirrhosis; so protecting the liver from that severe damage
it indirectly possesses protective role against GalN-
induced disorders in the kidney.

Although a number of very recent reports revealed that
protein molecules from various plant sources possess
antioxidant and hepatoprotective activities like the pro-
tein of our interest [55-57], similarities among their struc-
tural features could not be related at this stage because of
the lack of knowledge on their structures. These reports
also lack the knowledge of the exact mechanism of actions
of those protein molecules; only some biochemical prop-
erties are known and that could be compared to the pro-
tein of our interest.

Conclusion

In conclusion we would like to mention that GalN admin-
istration caused oxidative insult in the kidney. Protein
treatment both prior and post to the toxin administration
normalize that stress in the organ. As GalN induced renal
failure seems to occur at the end stage of liver cirrhosis, the
protective role of the protein against GalN induced renal
damages is likely to be an indirect effect probably comes
to play via the protection of hepatic disorders. Further

http://www.biomedcentral.com/1472-6882/7/11

works are however needed to define the exact mechanisms
by which the protein exhibits this protective action and
are currently in progress.

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions

MS: made substantial contributions to the design of the
study, the collection of the data as well as the interpreta-
tion and analysis of the data and drafted the manuscript.

PM: made substantial contributions to the design of the
study, the collection of the data as well as the interpreta-
tion and analysis of the data and drafted the manuscript.

PCS: the investigation-in-charge for the study, guided MS
and PM for all the experiments, interpretation and analy-
sis of the data as well as edited the manuscript.

All authors read and approved the final manuscript.

Acknowledgements

The work has partly been supported by the Department of Atomic Energy
(DAE), Government of India (a Grant-In-Aid to PCS, Sanction No. 2002/37/
35/BRNS/2065). PM acknowledges the receipt of a UGC ad-hoc fellowship.
MS acknowledges the receipt of financial support from DAE. The authors
are grateful to the Director of Bose Institute for providing the laboratory
facilities and Mr. Prasanta Pal for excellent technical assistance for the
study.

References

I. Kmiec Z, Smolenski TR, Zych M, Mysliwski A: The effects of galac-
tosamine on UTP levels in the livers of young, adult and old
rats. Acta biochimica Polonica 2000, 47:349-353.

2. Keppler D, Pausch J, Decker K: Selective uridine triphosphate
deficiency induced by D-galactosamine in liver and reversed
by pyrimidine nucleotide precursors. Effect on ribonucleic
acid synthesis. | Biol Chem 1974, 249:211-216.

3. Keppler D, Lesch R, Reutter W: Experimental hepatitis induced
by D-galactosamine. Exp Mol Pathol 1968, 9:279-290.

4. Makin AJ, Hughes RD, Williams R: Systemic and hepatic hemody-
namic changes in acute liver injury. Am | Physiol 1997,
272:617-625.

5.  El-Mofty SK, Scrutton MC, Serroni A, Nicolini C, Farbar JL: Early
reversible plasma membrane injury in galactosamine
induced liver cell death. Am J Pathol 1975, 79:579-595.

6. Javle P, Yates ), Kynaston HG: Hepatoplanchnic hemodynamics
and renal blood flow and function in rats with liver failure.
Gut 1998, 43:272-279.

7.  Epstein M: Hepatorenal syndrome. In The kidney in liver disease 4th
edition. Edited by: Epstein M. Philadelphia: hanley and belfus Inc;
1996:75-108.

8.  Anand R, Harry D, Holt S, Milner P, Dashwood M, Goodier D, Jarmu-
lowicz M, Moore K: Endothelin is an important determinant of
renal function in a rat model of acute liver and renal failure.
Gut 2006, 50:111-117.

9. Hu HL, Chen RD: Changes in free radicals trace elements and
neurophysiological function in rats with liver damage
induced by D galactosamine. Biol Trace Elem Res 1992, 34:19-25.

10. Mangeney-Andreani M, Sire O, Montagne-Clavel J, Nordmann R,
Nodmanna J: Inhibitory effect of D galactosamine administra-
tion on fatty acid oxidation in rat hepatocytes. FEBS Lett 1982,
145:267-270.

Page 16 of 18

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11051199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11051199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11051199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4809627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4809627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4809627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4952077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4952077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1137005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1137005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1137005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10189857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10189857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1382518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1382518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1382518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7128823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7128823

BMC Complementary and Alternative Medicine 2007, 7:11

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31

32.

Han KH, Hashimoto N, Shimada K, Sekikawa M, Noda T, Yamauchi
H, Hashimoto M, Chiji H, Topping D, Fukushima M: Hepatoprotec-
tive effect of purple potato extract against D galactosamine
induced liver injury in rats. Biosci Biotechnol Biochem 2006,
70:1432-1437.

Sugiyama K, He P, Wada S, Saekai S: Teas and other beverages
suppress D galactosamine induced liver injury in rats. | Nutr
1999, 129:1361-1367.

Gyamfi MA, Yonamine M, Aniya Y: Free radical scavenging action
of medicinal herbs from Ghana: thonningia sanguinea on
experimentally induced liver injuries. Gene Pharmacol 1999,
32:661-667.

Lim HK, Kim HS, Choi HS, Oh S, Jang CG, Choi J, Kim SH, Chang M:
Effect of acetyl bergenin against D galactosamine induced
hepatotoxicity in rats. Pharmacol Res 2000, 42:47|-474.

Farghali H, Kamenikova L, Hynie S, Kmonickova E: Silymarin effects
on intracellular calcium and cytotoxicity: a study in perfused
rat hepatocytes after oxidative stress injury. Pharmacol Res
2000, 41:231-237.

Kang JS, Jeon Y], Park SK, Yang KH, Kim HM: Protection against
lipopolysaccharide inducedsepsis and inhibition of inter-
leukinl beta and prostaglandin E2 synthesis by silymarin. Bio-
chem Pharmacol 2004, 67:175-181.

Chauhan CK, Nanivadekar SA, Billimoria FR: Effect of a herbal
hepatoprotective product on drug metabolism in patients of
cirrhosis and hepatic enzyme function in experimental liver
damage. Ind | Pharmacol 1992, 24:107-110.

Donatus IA, Sardjoko Vermeulen NP: Cytotoxic and cytoprotec-
tive activities of curcumin. Effects on paracetamol-induced
cytotoxicity, lipid peroxidation and glutathione depletion in
rat hepatocytes. Biochem Pharmacol 1990, 39:1869-1875.
Venkateswaran PS, Millman |, Blumberg BS: Effects of an extract
from Phyllanthus niruri on hepatitis B and woodchuck hepa-
titis viruses: in vitro and in vivo studies. Proc Nat/ Acad Sci USA
1987, 84:274-278.

Unander DW, Webster GL, Blumberg BS: Usage and bioassays in
Phyllanthus (Euphorbiaceae). IV. Clustering of antiviral uses
and other effects. | Ethnopharmacol 1995, 45:1-18.

Chatterjee M, Sil PC: Hepatoprotective effect of aqueous
extract of Phyllanthus niruri on nimesulide-induced oxidative
stress in vivo. Indian | Biochem Biophys 2006, 43:299-305.
Chatterjee M, Sarkar K, Sil PC: Herbal (Phyllanthus niruri) pro-
tein isolate protects liver from nimesulide induced oxidative
stress. Pathophysiology 2006, 13:95-102.

Bhattacharjee R, Sil PC: The protein fraction of Phyllanthus
niruri plays a protective role against acetaminophen induced
hepatic disorder via its antioxidant propertes. Phytother Res
2006, 20:595-601.

Bharani A, Ganguly A, Bhargava KD: Salutary effect of Terminalia
Arjuna in patients with severe refractory heart failure. Int |
Cardiol 1995, 49:191-199.

Karthikeyan K, Sarala Bai BR, Gauthaman K, Sathish KS, Niranjali
Devaraj S: Cardioprotective effect of the alcoholic extract of
Terminalia arjuna bark in an in vivo model of myocardial
ischemic reperfusion injury. Life Sci 2003, 73:2727-2739.

Manna P, Sinha M, Sil PC: Aqueous extract of Terminalia arjuna
prevents carbon tetrachloride induced hepatic and renal dis-
orders. BMC Complement and Altern Med 2006, 6:33.

Choudhuri BR, Poddar MK: Andrographolide and kalmegh
(Andrographis paniculata) extract: in vivo and in vitro effect
on hepatic lipid peroxidation. Methods Find Exp Clin Pharmacol
1984, 6:481-485.

Ghosh A, Biswas K: Bhartiya Banausadhi. Volume 2. Edited by:
Chatterjee A. Calcutta University Press, Calcutta; 1973:332-334.
Kirtikar KR, Basu BD, Blatter E, Caius JF, Mhaskarr RS, Eds: Indian
Medicinal Plants. Volume I. Probasi Press, Calcutta; 1935:809-81 1.
Sarkar K, Ghosh A, Kinter M, Mazumder B, Sil PC: Purification and
characterization of a 43kD hepatoprotective protein from
the herb Cajanus indicus L. Protein | 2006, 25:411-421.

Ghosh A, Sarkar K, Sil PC: Protective effect of a 43kD protein
from the leaves of the herb, Cajanus indicus L on chloroform
induced hepatic-disorder. | Biochem Mol Biol 2006, 39:197-207.
Ghosh A, Sil PC: A 43kD protein from the leaves of the herb,
Cajanus indicus L, modulates chloroform induced hepatotox-
icity in vitro. Drug Chem Toxicol 2006, 29:397-413.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

55.

56.

http://www.biomedcentral.com/1472-6882/7/11

Sarkar K, Sil PC: A 43kDa protein from the herb Cajanus indi-
cus L. protects thioacetamide induced cytotoxicity in hepa-
tocytes. Toxicol In Vitro 2006, 20:634-640.

Sarkar K, Ghosh A, Sil PC: Preventive and curative role of a 43
kD protein from the leaves of the herb Cajanus indicus L on
thioacetamide induced hepatotoxicity in vivo. Hepatol Res
2005, 33:39-49.

Bradford MM: A rapid and sensitive method for the quantita-
tion of microgram quantities of protein utilizing the princi-
ple of protein-dye binding. Anal Biochem 1976, 72:248-254.
Bonses RW, Taussky HH: On the colorimetric determination of
creatinine by the Jaffe reaction. | Biol Chem 1945, 158:581-591.
Crocker CL: Rapid determination of urea nitrogen in serum
or plasma without deproteinization. Am | Med Technol 1967,
33:361-365.

Esterbauer H, Cheesman KH: Determination of aldehydic lipid
peroxidation products: Malonaldehyde and 4-hydroxynone-
nal. Methods Enzymol 1990, 186:407-421.

Nishikimi M, Rao NA, Yagi K: The occurrence of superoxide
anion in the reaction of reduced phenazine methosulphate
and molecular oxygen. Biochem Biophys Res Commun 1972,
46:849-854.

Kakkar P, Das B, Viswanathan PN: A Modified spectrophotomet-
ric assay of superoxide dismutase. Ind | Biochem Biophys 1984,
21:130-132.

Bonaventura J, Schroeder WA, Fang S: Human erythrocyte cata-
lase: an improved method of isolation and a revalution of
reported properties. Arch Biochem Biophys 1972, 150:606-617.
Habig WH, Jakoby WB: Glutathione S-transferases. The first
enzymatic step in mercapturic acid formation. | Biol Chem
1974, 249:7130-7139.

Smith IK, Vierheller TL, Thorne CA: Assay of glutathione reduct-
ase in crude tissue homogenates using 5,5'-dithiobis (2-
nitrobenzoic acid). Anal Biochem 1988, 175:408-413.

Ellman GL: Tissue sulfhydryl group. Arch Biochem Biophys 1959,
82:70-77.

Hissin PJ, Hilf RA: A fluorometric method for determination of
oxidized and reduced glutathione in tissues. Anal Biochem
1976, 74:214-226.

Sedlak J, Lindsay RH: Estimation of total, protein-bound, and
non protein sulfhydryl groups in tissue with Ellman's rea-
gent. Anal Biochem 1958, 24/25:192-205.

Quintero A, Pedraja CA, Siendones E, Kamal EISaid AM, Colell A,
Garcia-Ruiz C, Montero JL, De la Mata M, Fernandez-Checa JC, Mino
G, Muntane J: PGEI protection against apoptosis induced by
D-galactosamine is not related to the modulation of intrac-
ellular free radical production in primary culture of rat hepa-
tocytes. Free Radic Res 2002, 36:345-355.

Sire O, Mangenev M, Montagne J, Nordmann R, Nordmann J: Carni-
tine palmitoyltransferase I. Inhibition by D-galactosamine
and role of phospholipids. EurJ Biochem 1983, 136:371-375.
Guarner F, Hughes RD, Gimson AE, Williams R: Renal function in
fulminant hepatic failure: haemodynamics and renal pros-
taglandins. Gut 1987, 28:1643-1647.

Firth JD, Ratcliffe P), Raine AE, Ledingham ]JG: Endothelin: an
important factor in acute renal failure. Lancet 1988,
2(8621):1179-1182.

Uchida S, Takemoto F, Ogata E, Kurokawa K: Detection of
endothelin-| mMRNA by RT-PCR in isolated rat renal tubules.
Biochem Biophys Res Commun 1992, 188:108-113.

Sakamoto H, Sasaki S, Hirata Y, Imai T, Ando K, Ida T, Sakurai T, Yan-
agisawa M, Masaki T, Marumo F: Production of endothelin-1 by
rat cultured mesangial cells. Biochem Biophys Res Commun 1990,
169:462-468.

Moore K, Wendon |, Frazer M, Karani J, Willams R, Badr K: Plasma
endothelin immunoreactivity in liver disease and the hepato-
renal syndrome. N Engl | Med 1992, 327:1774-1778.

Khan SM, Sobti RC, Kataria L: Pesticide-induced alteration in
mice hepato-oxidative status and protective effects of black
tea extract. Clin Chim Acta 2005, 358:131-138.

Oh PS, Lee §J, Lim KT: Hypolipidemic and antioxidative effects
of the plant glycoprotein (36 kDa) from Rhus verniciflua
stokes fruit in triton WR-1339-Induced hyperlipidemic mice.
Biosci Biotechnol Biochem 2006, 70:447-456.

Lee §J, Oh PS, Ko JH, Lim K, Lim KT: Protective effect of glyco-
protein isolated from Ulmus davidiana Nakai on carbon tet-

Page 17 of 18

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16794324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16794324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16794324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10395599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10395599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11023710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11023710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11023710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10623491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10623491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10623491
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14667940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14667940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14667940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2353930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2353930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2353930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3467354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3467354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3467354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7739222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7739222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7739222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17133737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16542828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16542828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16542828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16718736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16718736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16718736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7649665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7649665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13679240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13679240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6513681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6513681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6513681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17091391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16584636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16584636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16584636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16931441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16403433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16403433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16403433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16087394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=942051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=942051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=942051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6056194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6056194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2233308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2233308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2233308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4400444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4400444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4400444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5044042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5044042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5044042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4436300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4436300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3239770
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3239770
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3239770
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13650640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=962076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=962076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12071354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12071354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12071354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6628388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6628388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6628388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3322960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3322960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3322960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2903385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2903385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1384475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1384475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2192707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2192707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1435931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1435931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1435931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15885683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15885683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15885683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16495662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16495662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16393475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16393475

BMC Complementary and Alternative Medicine 2007, 7:11

rachloride-induced mouse liver injury. | Pharm Pharmacol 2006,
58:143-152.

57. Tsoi AY, Ng TB, Fong WP: Antioxidative effect of a chymot-
rypsin inhibitor from Momordica cochinchinesis (Cucurbita-
ceae) seeds in primary rat hepatocyte culture. | Pep Sci 2005,
11:665-668.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1472-6882/7/11/prepub

http://www.biomedcentral.com/1472-6882/7/11

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 18 of 18

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16393475
http://www.biomedcentral.com/1472-6882/7/11/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Plant
	Animals
	Chemicals
	Preparation of the homogeneous protein from the leaves of Cajanus indicus
	Protein estimation
	Pre treatment with the protein
	Post-treatment with the protein
	Preparation of kidney homogenates
	Assessment of marker of nephrotoxicity
	Estimation of creatinine level
	Estimation of UN level

	Estimation of lipid peroxidation end products
	Assay of antioxidant enzymes
	SOD assay
	CAT assay
	GST assay
	Assay of GR

	Assay of cellular metabolites from kidney homogenates
	GSH assay
	GSSG assay
	Assay of total thiols

	Statistical analysis

	Results
	Effect on nephrotoxicity markers
	Creatinine levels
	UN levels

	Effect on the end products of lipid peroxidation
	Effect on antioxidant enzymes
	SOD activities
	CAT activities
	GST activities
	GR activities

	Effect on cellular metabolites
	GSH levels
	GSSG levels
	Levels of total thiols


	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

