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ABSTRACT

Objective: The objective of this study was to investigate the effect of silymarin extract from Silybum marianum against nickel-induced alterations in
haematological indices, kidney dysfunction and renal antioxidant defence system.

Methods: Male albino Wistar rats were divided into four groups seven each. Control, silymarin, nickel and nickel plus silymarin. Silymarin was
administrated orally (100 mg/kg b. wt) and nickel as nickel sulfate (NiSO4+ 6H20) was given intraperitoneally (20 mg/kg b. wt) at alternative days.
The experiment continued for three consecutive weeks. Body weight was recorded regularly. After overnight fasting, animals were killed and serum
creatinine, serum urea, serum uric acid, hematological parameters and renal antioxidant markers were determined.

Results: The treatment with nickel led to a significant decrease in body weight with an increase in both absolute and relative kidney weights and a
significant increase in renal markers, which confirmed by histopathological alteration. A microcytic anemia was also observed, which was manifested by
a reduction of red blood cells count (RBC), hemoglobin (Hb) concentration, platelet counts (Plt), hematocrit and white blood cells counts (WBC). The
level of lipid peroxidation was increased. Whereas, GSH concentration and enzymatic antioxidants SOD, GSH-Px and CAT activities were decreased. The
co-treatment with methanolic extract of milk thistle attenuated the variation in the hematological and renal markers, decreasing renal lipid peroxidation
(p<0.05) with a concomitant increasing reduced glutathione content (p<0.01) and restoring the antioxidant enzymes (SOD, CAT, GSH-Px) in kidney, as
well as an improvement in histological changes compared to those previously noticed in nickel group.

Conclusion: To conclude, these findings demonstrated that silymarin extract effectively improved heamatotoxicity and nephrotoxicity caused by nickel.
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INTRODUCTION

Nickel (Ni) is a metallic element that is naturally present in the
earth’s crust. Due to the unique physical and chemical properties,
metallic nickel and its compounds are widely used in modern
industry. Therefore, humans and animals are exposed to nickel via,
occupational and environmental setting occurs chiefly through
smelting, mining, electroplating, refining operation during
manufacture of steel and other alloys, batteries, paints and medical
implants [1]. High quantity of nickel has been reported to cause
various toxicities such as pulmonary, renal and cardiovascular
effects [2]. Carcinogenic and mutagenic potential of nickel were also
demonstrated [3]. This element is transported by blood and is
retained by various tissues or excreted, mainly through urine,
making thus the kidney the most target organ of nickel toxicity and
carcinogenicity [4]. Studies in the distribution of nickel following
acute i. p. injection of nickel in rats showed that the highest
accumulation of nickel was in the kidney [5]. Toxic nephropathy
with proteinuria, amino acid urea, reduced urea clearance,
morphologic changes in the kidney glomerulus and proximal tubules
have been also observed [6]. The most plausible mechanism of
nickel toxicity by which causes cell death or damages the genetic
material involves oxidative stress, which leads to lipid peroxidation
and oxidation of both DNA and proteins, which results finally in cell
apoptosis and nephrotoxicity [7, 8]. Nickel was found also to be
harmful for hematopoiesis and female reproduction [9]. The
heamtotoxic effects include chromosomal abnormalities of the bone
marrow and hematopoietic system [3, 10]. The toxic effects of nickel
might be prevented by some exogenous supplementation of
antioxidant compounds, which play an important role against the
adverse effects of reactive oxygen and nitrogen species [11].
Silymarin is a standardized mixture of antioxidant flavonolignans
extracted from the seeds of Silybum marianum (L) Gaertn. (milk

thistle plant, Asteraceae). [12]. It is a free radical scavenger and a
membrane stabilizer that prevents lipoperoxidation and reduced
glutathione depletion in some experimental models [13]. It has been
also reported that having multiple pharmacological activities
including hepatoprotectant, an anti-inflammatory agent, anti-
bacterial, anti-allergic, antiviral, anti mutagenic, antineoplastic, and
antithrombotic agent [14]. Silymarin is widely used for hepatic and
biliary disorders [15]. Thus, the present investigation was
undertaken to evaluate the protective effects of silymarin against
nickel-induced hematotoxicity and nephrotoxicity.

MATERIALS AND METHODS
Chemicals

Nickel sulfate, 2-thiobarbituric acid (TBA), butylated hydroxy-
toluene (BHT), 5, 5’-dithiobis-2-nitrobenzoic acid (DTNB),
trichloroacetic acid (TCA), nitro blue tetrazolium (NBT), 1-chloro 2,
4-dintrobenzene (CDNB) were obtained from Sigma Chemical Co.
(St. Louis, France) and all other chemicals were of analytical grade.

Plant extracts preparation

The seeds of Silybum marianum were collected from North-East of
Algeria (Guelma Province), during summer 2012. The plant was
identified by the Department of Botany. The fruits were manually
separated from the heads and freed of the pappus, and finely
powdered. Milk thistle seeds (100g) were defatted with n-hexane by
maceration at room temperature for overnight, then this defatted
powder was extracted with 80% aqueous methanol for 72 h at room
temperature. Extracts were filtered and concentrated using rotary
evaporator. After extraction, the extract was filtered, concentrated in
a rotary evaporator at a temperature not exceeding 50 °C under
reduced pressure and stored in a refrigerator [16].
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Experimental design

Male (Wistar) rats (180-220 g) were obtained from Pasteur
Algiers Institute, Algeria. Animals were maintained under
standard conditions of temperature and humidity with 12 h
light/dark cycle and fed standard pellet diet and water ad-libitum
for two weeks as an adaptation period. Then rats were randomly
divided into four groups of seven animals each: Group I, normal
control rats were administrated 1 ml of normal saline. Group II,
rats orally administered with silymarin extract (100 mg/kg, b. wt.)
[17]. Group III received intra peritoneally nickel sulfate (20 mg/kg
b. wt.) on alternate days [18]. Group 1V, rats treated also in the
same way with both nickel sulfate and the extract of Silybum
marianum simultaneously. The period of the experiment continued
for three weeks. Then, animals were sacrificed by cervical
decapitation after overnight fasting. Serum was separated by
centrifugation for 10 min at 3000 rpm and stored at-20 °C for the
biochemical analysis. The kidney was removed immediately,
rinsed in ice cold saline 0.9%. Then, the first kidney was
homogenized in 2 ml ice cold TBS (50 mmol Tris, 150 mmol NaCl,
pH 7.4). The homogenate was centrifuged at 10.000 g for 15 min at
4 °C and the resultant supernatant was frozen at-20 °C for
oxidative parameters determination. The second kidney was fixed
in 10% neutral formalin and used for histological examination.

Biochemical analysis

Uric acid, creatinine and urea as a dysfunction kidney markers were
assessed using commercial diagnostic kits (Spinreact, Spain, ref:
creatinine-1001111, urea-1001329 and uric acid-1001011).

Hematological parameters determination

Red blood cell (RBC) count, white blood cell (WBC) count,
hemoglobin concentration (Hb), hematocrit and platelet count (Plt)
were estimated by the electronic automate coulter MAXM (Beckman
Coulter Inc. Fullerton, USA).

Assessment of oxidative stress parameters
Lipid peroxidation (LPO) level

The lipid peroxidation level in kidney homogenate was measured as
malondialdehyde (MDA); it reacts with thiobarbituric acid (TBA) as
a TBARS to produce a red coloured complex that has a peak
absorbance at 532 nm [19]. 125 pl of supernatants were mixed with
50 pl of TBS and 125 pl of TCA-BHT (trichloroacetic acid-
butylhydroxytoluene) in order to precipitate proteins and then was
centrifuged. 200 pl of the new supernatants were mixed with 40 pl
of HCI (0.6 M) and 160 pl of TBA dissolved in 26 mmol Tris, and the
mixture was heated at 80 °C for 10 min. The absorbance of the
resulting supernatants was measured at 530 nm. The amount of
MDA was calculated using a molar extinction coefficient 1.56x105
M/cm.
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Reduced glutathione (GSH) concentration

Kidney GSH content was estimated using a colorimetric technique
[20], which based on the development of yellow color when (DTNB) is
added to compounds containing sulfhydryl groups. In brief, 0.8 ml of
homogenate supernatant was added to 0.3 ml of 0.25% sulfosalicylic
acid, and then tubes were centrifuged. Supernatant (0.5 ml) was mixed
with 0.025 ml of 0.01 M DTNB and 1 ml phosphate buffer (0.1 M, pH
7.4). Finally, the absorbance was recorded at 412 nm. Total GSH
content was expressed as nmol GSH/mg protein.

Antioxidant enzymes assays

Superoxide dismutase (SOD) activity was determined by measuring its
ability to inhibit the photoreduction of NBT [21]. Catalase (CAT)
activity was assayed spectrophotometrically as described by Aebi [22];
the H202 decomposition rate was followed by monitoring absorption
at 240 nm. Glutathione peroxidase activity (GSH-Px) was assayed by
the method based on the reaction between glutathione remaining after
the action of GSH-Px and 5, 5-dithio-bis (2-nitrobenzoic acid) to form a
complex that absorbs maximally at 412 nm [23].

Renal proteins content determination

Protein was measured by the method of Bradford [24], using bovine
serum albumin as a standard.

Histological evaluation

Histological evaluation was performed on slices of the kidney and
portion of specimen fixed in 10 % formalin and embedded in
paraffin wax. Then sections were cut at 4 pm in thickness, stained
with haematoxylin and eosin and viewed under a light microscope
for histological changes [25].

Statistical analysis

Data are given as means+SEM. Statistical significance of the results
obtained for various comparisons was estimated by applying one-
way analysis of variance (ANOVA) followed by Student’s t-test and
the level of significance was set at p<0.05.

RESULTS

Effect of treatment on body weight, absolute and relative
kidney weights

Body weight, absolute and relative kidney weights of animals subjected
to different treatments were shown in table 1. The body weight of
animals exposed to nickel was decreased significantly (p<0.01) as
compared to control rats. Treatment with silymarin showed an
improvement (p<0.05) in final body weight compared to nickel group.
The absolute and relative kidney weights were significantly increased
(p<0.01) in nickel treated animals and conversely a significant decrease
was noticed (p<0.01) in the co-treatment with silymarin.

Table 1: Effect of nickel and its combination with silymarin (Sil) on body weight, absolute and relative kidney weights

Experimental groups Body weight (g) kidney weights
Initial Final Absolute (g) Relative (g/100g b. wt)
Control 201.33+6.5 250.3+6.8 0.6+0.03 0.45+0.02
Sil 205.83+3.3 251.7+4.5 0.56+0.05 0.45+0.04
Ni 202.33+6.9 181.7+11.3" 0,8+0.03" 0.92+0.1"
Ni+Sil 203+5.94 228.7+6.6* 0.58+0.04## 0.50+0.04##

Values are given as mean+SEM of seven rats each group. Statistically significantly different from control: *p<0.01; from Ni: #p<0.05, ##p<0.01

Table 2: Effect of nickel and it combination with silymarin (Sil) on serum kidney biochemical markers; creatinine, urea and uric acid after
three weeks of treatment

Experimental groups Creatinine (mg/d) Urea (mg/dl) Uric acid (mg/dl)
Control 37.32+2.28 5.68+0.34 2.5+0.17

Sil 38.1+3.26 5.88+0.49 2.9+0.13

Ni 55.02+5.29" 8.1+0.44™ 3.88+0.24"

Ni+Sil 31+1.32## 5.93+0.11+# 2.61+0.2##

Values are given as mean+SEM of seven rats each group. Statistically different from control: “p<0.01; from Ni: #p<0.05, ##p<0.01.
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Effects of treatments on plasma biochemical parameters administration of nickel compared to the control group. However,
treatment with silymarin (100 mg/kg) significantly indicated

As seen from table 2, serum creatinine, serum urea and serum uric amelioration in the recorded kidney function markers.

acid levels were significantly increased (p<0.01) following

Table 3: Effect of nickel and its combination with Silymarin (Sil) on red blood cells (RBC), hematocrit, heamoglobin concentration (Hb),
white blood corpuscle (WBC) and blood platelet (Plt) counts

Groups Red blood cells (10¢cell/pl) Hematocrit (%) Hb (g/dl) White blood cells (103cell/pl) Plt (103cell/pnl)
Control 9.47+0.18 50.55+1.04 17.3+1.2 11.75+0.52 674.5¢51.1

Sil 8.56+0.26 45.88+1.44 16.4+0.7 11.5+1.22 625.8+42.6

Ni 5.9+0.2"* 33.7£2.64™" 11.02+0.53" 6.06+0.35™" 481.6+63.4"
Ni+Sil 8.1+0.27### 44.22+1.45* 15.03+1.1# 10.10£0.53### 594.8+35.7#

Values are given as mean+SEM of seven rats each group. Statistically differences from control: p<0.05, “p<0.01, **p<0.001; from Ni: #p<0.05, #*#p<0.001.

Effect of treatments on hematological parameters 1
o
Nickel treatment resulted in a significant decrease of red blood cells % gz %
(RBCs) counts, platelet (PIt) counts and white blood cell (WBC) E 0.7 ok
counts (p<0.001), hematocrit and hemoglobin (Hb) concentration I 0.6
(p<0.01) in nickel group when compared to control group. 6 S 05
Q0 =
For the group treated with nickel associated with silymarin extract, E S 04
. . . . = 0.3
the results showed a correction of anemia which was manifested by = 0.2
a significant increase in red blood cells (RBCs): (p<0.001), ; 0'1
hematocrit, heamoglobin and platelet counts: (p<0.05), an g '0
improvement of white blood cell (WBC) count (p<0.001) compared . . .
to the group treated with nickel (table 3). Control sil Ni Ni+Sil
Effects of treatments on kidney oxidative stress parameters g 80
= 70 *
As seen from fig. 1, the exposure to nickel led to an increase of MDA g : *
level (p<0.01), accompanied by a reduction (p<0.01) in GSH £ 60 =
concentration in kidney compared to control group. These fig. also £ 50
shows that the combination of silymarin extract administration to § 40
rats with nickel decreased the toxic effect of nickel in kidney, which 8
were manifested by a reduction in MDA (p<0.05) and an increase in I 30
GSH (p<0.01). The administration of nickel caused also a significant g 20
decline of SOD (p<0.01), GSH-Px (p<0.001) and catalase (p<0.01) = 10
activities (fig. 2). However, the co-administration of silymarin '&
extract led also a recovery in these renal enzymes activities. o 0
Control Sil Ni Ni+Sil
_ 09 90
g o8 w _ 80
2 07 £ 70 i
3 06 c 60 b
£ os # g 50 I
=3 = 40
S 04 =]
= g
0.3 8 20
0.2 10
o Control Sil Ni Ni+Sil
Control sil Mi Ni+Sil
Fig. 2: GSH-Px, CAT and SOD activities in the kidney of control
= 100 e rats, treated with Sil, Ni and Ni+Sil after three weeks of
g 20 treatment, Values are given as mean+SEM of seven rats each
2 80 e group. Significantly differences from control:
3 70 “p<0.01,"p<0.001; from Ni: #p<0.05, ##p<0.01
£ 60
i 50
B 40 Histopathology results
;g Fig. 3 (A-D) demonstrates the histopathological examination of the
10 kidney sections of control and the experimental rats. H and E kidney
o stained sections showed a normal histopathology of the glomeruli
Control sil Ni Ni+sil and tubules in the cortex and medulla in kidney section of both
control and silymarin groups (fig. 3 A and B). Whereas, some
Fig. 1: MDA and GSH concentrations in the Kidney of control nephrotoxic lesions were observed in nickel animals, which were
rats, treated with Sil, Ni and Ni+Sil after three weeks of indicated by congestions of the interstitial tissues, vacuolar and
treatment, Values are given as mean+SEM of seven rats each tubular necrosis (fig. 3C). On the other hand, the severity of the
group. Significantly differences from control: “p<0.01; from Ni: histopathological lesions in kidney was decreased due to the
#p<0.05, ##p<0.01 combined treatment with silymarin (fig. 3D).
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Fig. 3: Photomicrograph of kidney stained with (H & E, x400). (A) Normal morphology of the renal parenchyma with well-defined
glomeruli and tubules, (B) Kidney section from silymarin extract treated rats showing nearly similar appearance to that of the control
group. (C) Nickel sulfate exposed rats, showing cloudy swelling of tubules with congestions of the renal interstitium (arrows), vacuolar

degeneration of tubular epithelial cells ( * ), (D) Kidney section from nickel sulfate and silymarin extract treated rats, showing almost
normal appearance of glomeruli and tubules

DISCUSSION

It is known that kidney is the most target organ of toxicity [26]. A
number of drugs, chemicals and heavy metals have been shown to
alter its structure and function. Animal experiments and human
studies are conclusive about metabolic adverse effects and
nephrotoxicity of nickel compounds [27]. Silymarin, a very strong
antioxidant compound, is well documented for the attenuation of
oxidant mediated renal damage induced by various xenobiotics [28].
Therefore, this study was devoted to determine the beneficial effects
of silymarin extract on nickel-induced kidney injury and
heamatotoxicity in rats. According to the findings obtained, a
significant reduction was observed in body weight of nickel exposed
group. The decreased body weight is concomitant with previously
reports [29]. This reduction in weights might as a result of the
overall increased degeneration of lipids and proteins [30]. Findings
indicated also an increase of absolute and relative kidney weights,
which might be explained by the hypertrophy and the selective
accumulation of nickel in the kidney [26, 31]. Nevertheless, these
morphological changes observed in nickel administered rats were
attenuated by treatment with the co-administration of silymarin. It
was reported undoubtedly in many studies that silymarin has a
significant protective effect against damage induced by heavy metals
such as arsenic and cadmium [32, 33]. The measurements of
creatinine, urea, and uric acid are considered a tool for clinical
diagnosis of renal dysfunction following acute and chronic oxidative
injury these markers are the end products of various metabolic
pathways that are excreted in the urine via glomerular filtration
whose serum levels are an indicator of renal functions [34]. So the
significant augmentation in serum urea, creatinine and uric acid
upon nickel exposure possibly as a result of cellular damage due to
the excess free radical production [35], this testifies to the
installation of renal insufficiency, and may result in a decrease in
reabsorption at renal epithelium and disruption of glomerular
filtration rate, which was seen in histopathological examination. In
other words, the decline in glomerular filtration may be due to a
decrease in the number of functional nephrons [36]. Mathur et al.
[37] showed that nickel accumulates in the kidneys by inducing
many lesions which the most common are hyperemia and

parenchymal cell degeneration with necrotic foci. Furthermore, it
was well documented that nickel mainly accumulates in kidney
because these organ contain most of the metallothionein, a metal
binding protein with high affinity for nickel [38].

The treatment with silymarin led to a protection against nickel
induced nephrotoxicity, which was manifested by decreased plasma
creatinine, urea and acid uric levels and normal histopathological
sections. Similarly, previous investigations mentioned that siymarin
protected against cisplatin-induced renal toxicity [39], lead [40] and
adriamycin [41]. The improvement in the histopathological changes
including the recovery of some glomeruli, the decrease in the
congestion and inflammatory infiltration perhaps due to the
contributory self-healing mechanism restoring the kidney structure
and function [28].

The exposed to a nickel induced reduction in red blood cells counts,
hematocrit, heamoglobin concentration, platelets counts. Thus, it
was suggested that nickel may adversely affect the hematopoietic
process and bone marrow activity resulting in a reduction of red
blood cells and hemoglobin, which is likely due to iron deficiency or
chemically induced anemia [27, 42].

Nickel is also found to induce oxidative injury in erythrocytes
following generation of reactive oxygen species (ROS) [38]. In
addition, the low hemoglobin concentration in this study may be as a
result of a decrease in the succinyl and glycine pools, as well as the
key enzymes such as, ALAD (Aminolevulinic Acid Dehydratase) that
are required in the hem biosynthesis [43]. The leucopenia after
nickel treatment may be attributed to the inhibition of white blood
cell maturation, their release from tissue reservoir or occurrence of
leucopoenia in an organism as a response to a stress caused by toxic
compounds associated with allergic reaction [27]. A Surprisingly, the
co-treatment with silymarin effectively attenuated the nickel
induced alterations in the hematological variables and thereby
protecting the heme from nickel induced oxidative stress, by it's
effective antioxidative and free radical scavenging activities [44].
Nickel is well known to produce oxidative damage in the kidney by
enhancing lipid peroxidation [45]. In biological systems,
malondialdehyde (MDA), a degradation product of lipid
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hydroperoxides, this is considered as an index of lipid peroxidation.
The data obtained in this study confirm that chronic intoxication
with nickel caused an increase of LPO concentration in kidneys of
rats as indicated by the significant increase in MDA. It has been
reported that administration of nickel resulted in the accumulation
of iron, which in turn generate ROS via Haber-Weiss and Fenton'’s
reaction [35, 46]. The significant decrease in reduced glutathione in
nickel treated group was correspondingly with previous reports [47,
48]. The results showed also that nickel administration induced a
significant decrease SOD, CAT and GSH-Px activities. This probably is
the consequence of the intracellular accumulation of ROS with
subsequent development of kidneys injury, and might be due to their
increased utilization in scavenging free radicals induced by the
metal, thus causing irreversible inhibition in their activities or due to
direct binding of the metal to the active sites of these enzymes [49].
In other words, SOD was inhibited by hydrogen peroxide, while GSH-
Px and catalase were inhibited by an excess of superoxide radical
[50]. It was noticed also that the co-treatment with silymarin
provided a significant protection against nickel induced
nephrotoxicity by decreasing the level of MDA and increasing GSH
level. This could be attributed to the excellent antioxidant properties
of silymarin [51]. This property seems to be due to its ability to
scavenge free radicals. Moreover, Silymarin can result in elevation of
glutathione levels through the maintenance of GSH homeostasis in
the body [52]. This might be the reason for elevated glutathione
levels observed during silymarin treatment. The administration of
silymarin also significantly protected SOD and GSH-Px activities by
directly scavenging ROS as well as by inhibiting lipid peroxidation.
Ahmed et al. [53]. Reported that the protective effects of silymarin
are mediated, in part by its antioxidant defence ability and the
scavenging of free radicals; It has been also shown that silymarin has
the ability to chelate with redox metals and to reduce lipid
peroxidation by induction of both enzymatic and non-enzymatic
antioxidants [51, 54].

CONCLUSION

The findings of this study demonstrated that the exposure to nickel
provoked nephrotoxicity, disturbed the hematological and the renal
antioxidant parameters. However, the coadministration of silymarin
extract have ameliorative effects on these disturbances caused by
nickel, which probably through its antioxidant properties and
inhibiting ROS generation.
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