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Abstract p-Galactosamine (p-GalN), which is an
established experimental toxin, primarily causes liver
injury by the generation of free radicals and depletion
of UTP nucleotides. p-GalN intoxication also induces
renal dysfunction thus, renal failure is often associated
with the end-stage of the liver damage. We have
investigated both preventive and curative effects of
ellagic acid (EA) in this study. EA treatment at a
gavage dose of 20 mg/kg body weight was adminis-
tered before and after intraperitoneal (i.p.) injection of
D-GalN at a dose of 750 mg/kg. Tissue and blood
samples of animals were collected for morphological
and biochemical evaluations. Our study results suggest
that EA treatment both prior to and after the toxin
administration successfully altered the toxic effects on
the rats. Moreover, pre-treatment of EA was more
protective than post-treatment indicated by histopatho-
logical and biochemical values. In conclusion, EA
treatment both before and after p-GalN intoxication
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could protect kidney tissues against p-GalN induced
oxidative stress.
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Introduction

Acute liver diseases are of a global concern and
treatments have limited efficacy. Toxic agents cause
an acute damage on liver and kidney where the toxic
substances are metabolized and excreted respectively.
There is a need for clinical applications of therapeu-
tically effective natural agents with reduced toxicity
(Tolstikov et al. 2007). Acute liver failure due to GalN
administration is well-documented (Keppler et al.
1968; Makin et al. 1997; EI-Mofty et al. 1975). GalN
is a toxic substance whose toxic effect is associated
with the depletion of UTP nucleotides followed by the
formation of UDP hexosamines (Kmiec et al. 2000).
This results in the inhibition of transcription (Keppler
et al. 1974). GalN-induced liver injury has also been
linked to renal failure (Javle et al. 1998). Anand et al.
(2002) showed that treatment of p-GalN results in
renal failure manifested by the decrease in renal blood
flow, creatinine clearance in renal cortex. It was also
reported that a patient suffering from liver disease
showed a decrease in the renal blood flow, indicating
renal vasoconstriction (Guarner et al. 1987). Sire et al.
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(1983) reported that GalN damaged the enzymes
involved in the transport of substrates into the
mitochondria by raising caspase-3 and reactive oxy-
gen radical levels (Quintero et al. 2002) and, as a
result, phospholipids composition of the membrane is
modified (Sire et al. 1983). Flavonoids, which are also
a group of polyphenolic antioxidants, occur naturally
in vegetables and fruits. Ellagic acid [EA (2,3,7,8-
tetrahydroxy[ 1]-benzopyrano [5,4,3-cde][1]benzopy-
ran-5,10-dione)] is also a naturally occurring phenolic
constituent in certain fruits and nuts, like raspberries,
strawberries, walnuts, longan seed, mango kernel
pomegranate (Soong and Barlow 2004). EA is known
to possess a variety of biological activities including
potent antioxidant anticancer and antimutagen prop-
erties (Hassoun et al. 1997). Even though the exact
molecular mechanism of EA remains unknown, its
potent scavenging action on OH and (O, ™) might be
responsible for these effects (Han et al. 2006). All
these taken into account, the present study aims to
investigate the therapeutic and protective effects of
EA on p-GalN-induced kidney damage in rats.

Materials and methods
Materials

EA and p-GalN were supplied by Sigma Chemicals
Company (St. Louis, MO, USA) with the remaining
chemicals and biochemicals obtained from local firms.

Animals experimental design

Sprague—Dawley strain male rats weighing 180-240 g
were used in the present study (n = 35). Rats were
kept in controlled laboratory conditions where they
were fed with pellet and tap water. They were
categorized into five groups randomly, each of them
containing seven rats. Animals were kept daylight and
dark cycle for 12 h at a temperature of 22 + 2 °C,
along with humidity of 45-50 % in automated
controlled rooms. All animal procedures complied
with the approval obtained from the Animal Welfare
Committee of Anadolu University.

EA was suspended in DMSO and administered to
the animals by gavage at a single dose of 20 mg/kg.
D-GaIN was suspended in saline and injected
intraperitoneally (i.p.) to the animals at a single dose
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of 750 mg/kg. On the first day (24 h after applica-
tions of the agents to the animals at day 0) animals in
groups 1, 2 and 3 were sacrificed (Table 1). On the
second day (24 h after the p-GaIN (750 mg/kg) and
EA (20 mg/kg) administration to the animals at first
day) groups 4 and 5 were sacrificed (Table 1). 24 h
after last administration the rats were anaesthetized
with ether and the blood was drawn by cardiac
puncture. The kidneys were removed and washed
with ice-cold 0.9 % NaCl. The dose and administra-
tion period have been selected corresponding to the
previous studies (Rosillo et al. 2011; Shi et al. 2008;
Zhou et al. 2008).

Light Microscopic Evaluation

Kidneys were cut into small pieces and fixed in
Bouin’s solution. Following dehydration in ascending
series of ethanol (70, 90, 96, 100 %), tissue samples
were cleared in xylene, and then embedded in paraffin
and 5-6 um thick sections were made. Sections were
stained with Haematoxylin—Eosin (H-E) and Mas-
son’s trichrome (Masson).

Immunohistochemistry

Sections were deparaffinized and rehydrated. Antigen
retrieval by citrate buffer (pH 6.0) was done with
heating the sections in a microwave at 700 W for
10 min. After blocking with 3 mL/L H,O, and swine
serum, sections were exposed to incubation with the
primary antibodies, directed against Bcl-2 (Abcam,
Cambridge, UK), Bax (Abcam) and caspase-3
(Thermo, Waltham, MA, USA) at dilutions of Ultra
vision quanta detection system (Thermo Scientific),
respectively.

Biochemistry assays

Sera were obtained from the blood samples by
centrifugating for 10 min at 3000 rpm. Serum lactate
dehydrogenize (LDH), blood urea nitrogen (BUN) and
creatinine (Cre) levels were analyzed with an auto-
mated biochemical auto-analyzer (HITACHI-917).

Statistical analysis

A package software version of SPSS 12.0 for windows
was used in assessing the data obtained in the present



Cytotechnology (2016) 68:1763-1770 1765
Table 1 Description of the Days 0 1 2
experimental groups aqd the Group
doses of applied chemicals
1 Saline (0.5 mL) Sacrifice
2 DMSO (0.2 %, 0.5 mL) Sacrifice
3 p-GalN (750 mg/kg) Sacrifice
4 EA (20 mg/kg) p-GalN (750 mg/kg) Sacrifice
5 p-GalN (750 mg/kg) EA (20 mg/kg) Sacrifice

study. The difference observed for serum LDH, BUN
and Cre levels in the study groups were assessed via
one-way ANOVA. The numerical value (p) for the
difference was determined as significant when
p < 0.05.

Results

EA prevents histopathological changes caused
by p-GalN

Hematoxylin-eosin stained samples were observed
under light microscope (Leica DM6000 B). Structure
of kidney tissues of the control group (Group 1) were
normal. Kidney tissues of 0.2 % DMSO-administrated
rats (Group 2) were almost negligibly impaired.
However, kidney structures of the rats given
750 mg/kg p-GalN (Group 3) were severely impaired.
Inflammation, tubular dilatation, narrowing in Bow-
man’s space, vascular congestion in the interstitial
region, and tubular damages were detected in the
experimentally damaged kidney tissues (Fig. 1 and
Table 2). In Group 4, there was a near-normal kidney
cortex along with a reduced tubular damage. Further-
more, both vascular congestion and narrowing in
Bowman’s space of Malpighian corpuscles were
determined to be far less than those in Group 3. As
for the last group, there was reduced tubular damage
and a near-normal kidney cortex, though the damage
was of a far less extent in comparison with Group 4.
Also, there was partial vacuolization in some of the
tubules and fractional glomerular damage in Mal-
pighian corpuscles. Kidney samples of Group 4 in
which EA was injected 24 h before p-GalN treatment
were better protected against toxicity than those in
Group 5, in which EA was given 24 h after the p-GalN
administration. Besides, the results of Group 5 were
remarkably similar to those of Control Group (Fig. 1).

EA decreased apoptosis

Kidney specimens cultivated from all study groups
were immunohistochemically stained to determine
concentration and intensity of Bcl-2, Bax and caspase-
3 antigens. In Group 3, the number of Bcl-2 positive
kidney cells were decreased (Fig. 2) while the number
of caspase-3 and Bax positive kidney cells were
significantly increased (Fig. 2) when compared to that
of the control and DMSO groups, which was of
statistical significance (p < 0.05). Furthermore, Bcl-2
positive kidney cells increased in Groups 4 and 5,
while the number of caspase-3 and Bax positive
kidney cells showed a significant decrease compared
to Group 3, which was also of statistical significance
(» < 0.05) (Fig. 3). Immunohistochemical findings
showed that EA pre-treatment seems to provide a
better protection than EA post-treatment against
toxicity.

Biochemical results

D-GalN (Group 3) administration increased serum
LDH, BUN and Cre levels. Both pre and post
treatment of EA to the GalN intoxication decreased
serum LDH, BUN and Cre level significantly
(p < 0.05) (Table 3).

Discussion

D-GalN-induced acute liver failure in rats is the result
of high free radical production that leads to oxidative
stress (Catal and Bolkent 2008). Experimental liver
injury is reported to be associated with the develop-
ment of renal failure (Gezginci-Oktayoglu et al. 2008).
Moore et al. (1991) reported severe hepatocyte injury
or massive hepatic necrosis is accompanied by renal
failure in approximately 50 % of patients (Moore et al.
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Fig. 1 Kidney with normal histological structures (group 1)
(a) and (group 2) (b) (Glomerulus (Open arrow), proximal
tubule (PT), distal tubule (DT), kidney with damaged histolog-
ical structures by D-GalN (group 3) (c¢) (Tubular damage,
narrowing, Bowman’s space (right arrow) and vacuolization
(triangle). A near-normal kidney cortex, along with tubular
damage, is observed in group 4 (d) (vascular congestion and

Table 2 Histological scores of the study groups

narrowing observed in the Bowman space of the Malpighian
corpuscles were reduced compared to the damaged group). A
near-normal kidney cortex, along with tubular damage, is
observed in group 5 (e), though the damage did not completely
disappear compared to group 4. Partial vacuolization in some
tubules (right arrow) (b) and partial glomerular damage in the
Malpighian corpuscles (triangle)

Groups Tubular damage Glomerular damage Congestion ~ Narrow in Bowman space Inflammation  Total
Score

1 0 0 0 0 0 0

2 0 0 0 0 1 1

3 3 3 3 3 2 14*

4 0 1 0 0 1 2

5 1 1 1 1 0 3

* Statistical significance p < 0.05 compared to control group (Group 1)
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Fig. 2 The immunohistochemical staining of kidney speci-
mens of different study groups. Activated caspase-3 and Bax in
control group (1) and 0.2 % DMSO-treatment group (2) show
no staining in normal kidney cell (a, ¢, d, f) while Bcl-2 protein
expression in control group shows a less-intense staining on
normal cells as shown by the arrow heads (b, e). Caspase-3 and
Bax protein expression in the b-GalN-treated group (3) show a
more intense staining of kidney cells and a diffused staining as
shown by the arrow heads (g, i) while activated Bcl-2 staining

1991). It has also been determined that a patient with a
liver disease had a decline in renal blood flow that
indicated renal vasoconstriction (Guarner et al. 1987).
Anand et al. (2002) also showed that treatment of D-
GalN results in renal failure that manifests itself

St M
Y

A

was decreased in p-GalN-treated group compared to the normal
cell as shown by the arrow heads (h). Activated Caspase-3 and
Bax immunostaining of kidney treated with EA before p-GalN
(group 4) and p-GalN before EA (group 5) show a less intense
staining of kidney cells as shown by the arrow heads (j, 1, m,
o) while Bcl-2 protein expression in EA before and after p-GalN
groups show an intense staining of kidney cells as shown by the
arrows (k, n) (bar 50 pm)

through the decrease in the renal blood flow, creatinine
clearance, along with a rise in plasma endothelin-1
(ET-1) concentration, and also upregulation of ET-1
receptors in renal cortex. Catal and Bolkent (2008)
reported that animals administered 500 mg/kg p-GalN
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Fig. 3 Intensity of immunolabelling score of activated caspase-
3 positive cells in the groups. * p < 0.05 compared to control
(Group 1)

Table 3 Serum BUN, Cre and LDH levels of the blood sam-
ples taken from rats

Group BUN (mg/dL) Cre (mg/dL) LDH (U/L)
Mean + SD Mean £ SD Mean + SD

1 14.86 = 1.21  0.20 £ 00 576.71 + 49.40

2 1619 + 1.84  0.20 & 00 592.29 + 42.41

3 19.42 4 0.98*®  0.23 £ 0.008™" 956.29 + 83.04™°

4 14.85 + 1.32°  0.20 & 00° 664.14 + 47.73°

5 1639 + 1.52°  0.20 £ 00° 640.86 + 141.52°

p p < 0.001 p < 0.001 p < 0.001

All values are the mean £ SD (n = 7)
# p <0.001 compared to control

® p < 0.001 compared to Group 2

¢ p < 0.001 compared to Group 3

had distinct degenerative changes, particularly in the
proximal tubular cells and glomerulus when compared
to the kidney tissues of control groups. In addition, in
the group administered p-GalN, serum urea, creatinine
and LDH levels were found to be significantly higher
than those of the control groups. The renal dysfunction
due to 800 mg/kg GalN treatment was also manifested
by the increase in serum creatinine and BUN levels as
compared to the normal group of mice (Sinha et al.
2007). Ghosh et al. (2012) showed that p-GalN
significantly increased the protein expression of Bax,
cytochrome c, caspase 3/9. The same exposure, on the
other hand, reduced the protein expression of Bcl-2 in
the cytosol. Our study results suggest that the injection
of 750 mg/kg p-GalN causes degenerative changes in
the kidney tissue, a significant rise in the number of
caspase-3-positive (Fig. 3) kidney cells while decreas-
ing the number of Bcl-2 (Fig. 4) protein expression
along with a rise in the levels of BUN, Cre, and LDH
activities (Table 3). Also the number of activated Bax
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Fig. 4 Intensity of immunolabelling score of activated Bcl-2
positive cells in the groups. * p < 0.05 compared to control
(Group 1)

positive kidney cells was significantly increased
(Fig. 5).

Various antioxidants such as melatonin (Rezzani
et al. 2005), lycopene (Atessahin et al. 2006), lipoic
acid (Amudha et al. 2006) and green tea (Mohamadin
et al. 2005) have been investigated for their potential
effects to prevent the side effects of toxic substances.
There is another type of antioxidants, flavonoids,
which are richly found in fruits and vegetables.
Flavonoids have many functions as antioxidants,
scavengers of free radicals, chelating agents, and
modifiers of various enzymatic and biological reac-
tions (Khanduja et al. 1999). EA is a naturally
occurring plant polyphenol (Soong and Barlow
2004) that exhibits antioxidative properties both
in vivo (Hassoun et al. 1997) and in vitro (Seeram
et al. 2005). EA has wide array of biological proper-
ties, ranging from radical scavenging, to chemopre-
ventive (Atessahin et al. 2006; Turk et al. 2008) and
antiapoptotic properties (Turk et al. 2010). The
antioxidant effects of EA on cytotoxicity have been
evaluated by different studies. For example, it was
reported that EA (2 mg/kg) can improve cyclophos-
phamide (CP)-induced testicular and liver damage by

124
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Intensity of Bax immunolabelling

EA+D-GalN  D-GalN+EA

Fig. 5 Intensity of immunolabelling score of activated Bax
positive cells in the groups. * p < 0.05 compared to control
(Group 1)



Cytotechnology (2016) 68:1763-1770

1769

preventing lipid peroxidation and reducing apoptosis
through scavenging ROS (Turk et al. 2011). It was also
reported that EA can regulate Cre and BUN concen-
trations, elevate the levels of glutathione (GSH), and
reduce the necrotic lesions in renal tubular tissues
(Atessahin et al. 2007). Plasma Cre and BUN levels
were found to be increased more than four- and
tenfold, respectively, following either CP treatment or
CP combined with 10 mg/kg EA. However, Cre and
BUN concentrations decreased by at least half (from
3.3 to 1.4 mg/dL and from 31 to 16 mg/dL, respec-
tively) when 30 mg/kg EA was administered prior to
and post CP treatment (Al-kharusi et al. 2013). Our
study showed similar results to the above-mentioned
studies, we have found that kidney damage induced by
750 mg/kg p-GalN, was decreased in groups that were
given EA, there was also reduction in the serum levels
of LDH, BUN, Cre. EA also decreased the number of
activated Bax and caspase-3 kidney cells and also
increased the number of Bcl-2 positive cells.
Histopathological observations further confirm the
membrane stabilizing effect of EA in p-GalN chal-
lenged rats. EA was found to be more effective in
curing kidney damage in pretreated groups than the
post-treated groups. In conclusion, kidney tissue
necrosis induced by p-GalN was prevented by the
treatment of EA. Thus, EA treatment resulted in
significant renoprotection against D-GalN-induced
kidney injury in rats.
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