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Abstract The present study was aimed to evaluate the influence of flaxseed oil on renal toxicity

induced by thioacetamide in male rats. The animals were distributed into four groups. Rats of

the first group were served as control. Rats of the second group were exposed to thioacetamide.

Rats of the third group were treated with flaxseed oil and thioacetamide. Rats of the fourth group

were treated with flaxseed oil. Significant increases of blood creatinine and uric acid were observed

in TAA-treated rats after three weeks. In thioacetamide group, the levels of serum creatinine, blood

urea nitrogen and uric acid were significantly elevated after six weeks. Histopathologically, the renal

sections from thioacetamide-treated rats showed severe alterations in the structure of renal corpus-

cles including a degeneration of glomeruli and Bowman’s capsules. Administration of flaxseed oil

protects the observed biochemical and histopathological alterations induced by thioacetamide expo-

sure. Hence, the results of this study suggest that flaxseed oil protects against thioacetamide-induced

renal injury and the protective influence of flaxseed oil may be attributed to its antioxidant role.
� 2016 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The kidney is a vital organ to implement important roles such
as an excretion of toxic substances and metabolites, and home-
ostasis maintenance (Ferguson et al., 2008). The kidney is a

major target organ for toxic factors (Kim and Moon, 2012).
Globally, renal (kidney) dysfunctions are considered as a
major health problem. (Schieppati and Remuzzi, 2005; Nasri,

2014). Chronic renal dysfunctions can lead to increased risk
of cardiac disease and costs of healthcare (McLaughlin et al.,
2001; Vlagopoulos and Sarnak, 2005; Marcen, 2006). More-

over, they increase the percentage of deaths yearly
(Schieppati and Remuzzi, 2005). The increased prevalence of
chronic diseases, including chronic renal dysfunctions and dis-
eases is attributed to the aging population and advanced life

expectancy (Nasri, 2014). Acute renal injury is related to dif-
ferent causes such as chemical toxicity, burns, shock, sepsis,
trauma and severe diarrhea, at any age (Bicalho et al., 2015).

Thioacetamide (TAA) is a classic liver toxic chemical used
for the induction of liver fibrosis and cirrhosis (Nozu et al.,
1992). Exposure of TAA causes liver cirrhosis and hepatic
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neoplasms at medium and long terms respectively in experi-
mental animals (Becker, 1983; Muller et al., 1988). TAA
induced apoptosis in the rat liver based on histochemical

observations (Ledda-Columbano et al., 1991). Additionally,
TAA can stimulate the hepatic DNA synthesis and mitosis
for liver regeneration (Mangipudy et al., 1995). TAA is a

hepatotoxin frequently used in experimental investigations
because its effectiveness to induce liver disorder in experimen-
tal animals (Reddy et al., 2004; Wang et al., 2004). Moreover,

many studies showed that TAA caused liver fibrosis and inju-
ries of kidney, brain, lung, stomach, intestine and spleen in
experimental animals (Al-Bader et al., 2000; Liu et al., 2000;
Caballero et al., 2001; Latha et al., 2003; Al-Attar, 2011,

2012; Kadir et al., 2013; Zargar, 2014; Al-Attar and
Shawush, 2015; Al-Attar et al., 2015, 2016; Hsin et al., 2016).

The plant kingdom contains a large number of medical

herbs that are used in many crude forms such as syrups, tea,
powders and liniments (Solecki, 1975). The traditional treat-
ment of different illnesses is successful using herbal con-

stituents. Globally, most populations depend on medical
herbs for the treatment of different diseases (Mamun et al.,
2003). Flaxseed oil is one of the famous plant oils which is

extracted from the seeds of the plant Linium usitatissimum.
However, the seeds of Linium usitatissimum are used as edible
oil in different countries. Many nutritional, physiological, bio-
chemical and pharmacological researches focused on the

effects of flaxseed extracts due to the health properties of flax-
seed constituents (Abdel-Moneim et al., 2010; Akpolat et al.,
2011; Khan et al., 2012; Rizwan et al., 2014; Jangale et al.,

2016; Yari et al., 2016). The aim of the present study is to
investigate the influence of flaxseed oil against TAA-induced
renal injury in male rats.

2. Materials and methods

2.1. Animals

Male rats (Rattus norvegicus), weighing 91.5–129.8 g were uti-

lized in the present study. Rats were procured from the Exper-
imental Animal Unit of King Fahd Medical Research Center,
King Abdulaziz University, Jeddah, Saudi Arabia. Rats were
allowed to adapt to the laboratory conditions for one week

before the initiation of experimentation. Throughout the per-
iod of adaptation and experimental durations, rats were
housed using plastic cages in a room at 20 ± 1 �C with 65%

of humidity and 12:12 h light–dark cycle. Rats were fed chow
diet and tap water ad libitum. The adaptation and experimental
treatments were carried out according to the ethical guidelines

of the Animal Care and Use Committee of King Abdulaziz
University.

2.2. Experimental protocol

A total of sixty rats were distributed into four groups, fifteen
of rats each. Rats of group 1 were served as controls and were
intraperitoneally injected with saline solution (0.9% NaCl),

twice weekly. Rats of group 2 were given 250 mg/kg body
weight of TAA (Sigma–Aldrich Corp., St. Louis, MO, USA)
by intraperitoneal injection, twice weekly. Rats of group 3

were orally supplemented with flaxseed oil (Sigma–Aldrich
Corp., St. Louis, MO, USA) at a dose of 2 g/kg body weight/
Please cite this article in press as: Shaikh Omar, A.M. The potential protective influe
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day. Moreover, they were intraperitoneally injected with TAA
at the same dose given to group 2. Rats of group 4 were
intraperitoneally injected with saline solution (0.9% NaCl),

twice weekly and were orally supplemented with flaxseed oil
at a dose of 2 g/kg body weight/day.

2.3. Blood serum analysis

After three and six weeks, rats were fasted for 12 h and then
anesthetized using diethyl ether. Blood samples were collected

from orbital venous plexus in serum separator tubes. After
centrifugation process (2500 rpm for 15 min), the blood sera
were collected and kept at 4 �C. Creatinine value was estimated

according to the method of Larsen (1971). Blood urea nitrogen
(BUN) level was measured using the method of Patton and
Crouch (1977). The method of Young (1990) was used to
determine the level of uric acid.

2.4. Histopathological examination

After blood sampling at three and six weeks, rats were dis-

sected and kidney tissues were collected and fixed in 10% buf-
fered formaldehyde. Kidney tissues were dehydrated with
different ethanol solutions and embedded in paraffin, then

cut into 4 l thick sections. These sections were stained with
hematoxylin and eosin and examined using a
photomicroscope.

2.5. Statistical analysis

The data were analyzed using the Statistical Package for Social
Sciences (SPSS for windows, version 12.0). The data were

expressed as mean ± standard deviation (S.D.) and values
were analyzed using a two-way analysis of variance (ANOVA)
to evaluate the differences between the mean values of experi-

mental groups. The results were regarded statistically signifi-
cant at P was less than 0.05.

3. Results

Fig. 1(A–C) shows the levels of serum creatinine, BUN and
uric acid in all experimental groups after three weeks. Remark-

able elevations in the levels of serum creatinine (67.2%) and
uric acid (68.8%) were observed as compared with control
rats. On the other hand, insignificant alterations of serum cre-

atinine and BUN levels were noted in flaxseed oil plus TAA
and flaxseed oil treated rats as compared with control rats.
Moreover, no statistically significant differences were observed
in the level of serum BUN in rats treated with TAA, flaxseed

oil plus TAA and flaxseed oil as compared with control group.
Fig. 2(A–C) shows the levels of serum creatinine, BUN and
uric acid in all experimental groups after six weeks. In the

TAA group, the levels of serum creatinine (34.5%), BUN
(30.1%) and uric acid (39.3%) were significantly elevated as
compared with the control group, while these parameters were

statistically unchanged in flaxseed oil plus TAA and flaxseed
oil treated rats compared with control rats.

Histopathologically, normal structures of renal cortex and
medulla were observed in control rats. Fig. 3A shows the nor-

mal structure of renal (Malpighian) corpuscle. After three
nce of flaxseed oil against renal toxicity induced by thioacetamide in rats. Saudi
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Figure 1 (A–C) The levels of serum creatinine (A), BUN (B) and

uric acid in control, TAA, flaxseed oil plus TAA and flaxseed oil

treated rats after three weeks. aindicates a significant difference

between control and treated groups. bindicates a significant

difference between rats treated with TAA and flaxseed oil plus

TAA and flaxseed oil.
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Figure 2 (A–C) The levels of serum creatinine (A), BUN (B) and

uric acid in control, TAA, flaxseed oil plus TAA and flaxseed oil

treated rats after six weeks. aindicates a significant difference

between control and treated groups. bindicates a significant

difference between rats treated with TAA and flaxseed oil plus

TAA and flaxseed oil.

The potential protective influence of flaxseed oil against renal toxicity induced by thioacetamide in rats 3
weeks, similar observations were noted in rats subjected to
flaxseed oil plus TAA (Fig. 3C) and flaxseed oil (Fig. 3D). In
rats treated with only TAA, there were several alterations in

the structure of many renal corpuscles including a degenera-
tion of glomeruli and Bowman’s capsules (Fig. 3B). After six
weeks of TAA treatment (group 2), the treated rats revealed

advanced renal architecture destruction including increases of
Please cite this article in press as: Shaikh Omar, A.M. The potential protective influe
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the degeneration and necrosis of glomeruli and Bowman’s cap-
sules (Fig. 4A and B). Moreover, the histopathological exami-
nation of flaxseed oil plus TAA (Fig. 4C) and flaxseed oil
(Fig. 4D) treated rats showed normal renal corpuscle

structures.
nce of flaxseed oil against renal toxicity induced by thioacetamide in rats. Saudi
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Figure 3 (A–D) Renal corpuscle micrographs of control (A), TAA (B), flaxseed oil plus TAA (C) and flaxseed oil (D) treated rats after

three weeks. Original magnification (�1000).
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4. Discussion

As seen in the present study, the levels of serum creatinine,
BUN and uric acid were statistically increased in rats treated
with only TAA. Moreover, the present findings were confirmed

by the histopathological alterations of renal corpuscles. It is
known that the increase of creatinine, BUN and uric acid in
serum indicates renal injury. Moreover, the disturbance of kid-

ney functions led to the decline of creatinine excretion and
increase its level in blood which accompanied with renal disor-
der (Hayes, 1994). Furthermore, the main waste products of

protein metabolism are creatinine, BUN and uric acid which
must be excreted by kidney, so the increase of these parameters
in blood is considered as a major marker of renal injury
(Panda, 1999). TAA is considered as a nephrotoxic chemical

factor due to its heaped up and fast elimination injury through
free radical pathway (Dashti et al., 1997; Silva, 2004; Begum
et al., 2011). Damage of different tissues by TAA is due to

its metabolites (sulfoxide and sulfone) distribution via different
organs such as blood, kidney, liver, adrenals (Edward and
Baker, 1974). Additionally, the extensive metabolic process

of TAA led to produce acetate which appear in urine within
24 h (Spira and Raw, 2000; Kadir et al., 2011). The main toxic
effect of TAA is for specific cells such as liver and kidney cells,
and cortical thymocytes. Experimental investigations showed

that the injury of kidney by toxin is attributed to the inhibition
of glomerular filtration rate as a result of occlusion and back
Please cite this article in press as: Shaikh Omar, A.M. The potential protective influe
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leak of renal filtrate and reactive oxygen species (Edward
and Baker, 1974; Leena and Balaraman, 2005).

In the study of Kadir et al. (2013), they showed that the
levels of blood urea and creatinine were increased in TAA trea-

ted rats as a result of the nephrotoxicity. Histopathological
evaluation of renal tissues for the TAA treated group revealed
severe histopathological changes. Additionally, they reported

that the renal histopathological evaluation showed severe
alterations which are confirmed by tubular epithelial cell
necrosis, diffuse tubular swelling, glomerular congestion and

inflammatory cell infiltration. Al-Attar et al. (2015) demon-
strated that TAA intoxication caused renal dysfunction in
male mice. The renal dysfunction was confirmed by the

increases of serum creatinine, BUN and uric acid levels, and
histopathological alterations of renal corpuscles. Furthermore,
they showed that TAA caused more changes in cortex than
medulla.

The present results showed that the pretreatment of rats
with flaxseed oil improved the biochemical and histopatholog-
ical alterations induced by TAA exposure. This indicated the

effectiveness of flaxseed oil in prevention of TAA nephrotoxi-
city. The possible mechanism of the studied flaxseed oil as
renal protective factor may be attributed to its antioxidant

effect which inhibits and blocks the influence of TAA. The
antioxidants occurring in food play many functions to block
and reduce the oxidation processes which led to the prevention
of oxidative stress. Many types of antioxidant factors extracted
nce of flaxseed oil against renal toxicity induced by thioacetamide in rats. Saudi
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Figure 4 (A–D) Renal corpuscle micrographs of TAA (A and B), flaxseed oil plus TAA (C) and flaxseed oil (D) treated rats after six

weeks. Original magnification (�1000).
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from herbal sources were extensively studied due to their
antioxidative properties. (Rice-Evans et al., 1996; Kähkönen
et al., 1999; Dragland et al., 2003; Yoo et al., 2008; Sharma

et al., 2016). However, it is very important to increase the
antioxidants in our food as preventive agents against oxidative
stress and many diseases (Rubiolo et al., 2008). Moreover,
antioxidants are used as food additives to block the oxidative

activities of lipids (Wasowicz et al., 2004; El Bedawey et al.,
2010; Erukainure et al., 2012).

Khan et al. (2012) examined whether intake of fish oil/flax-

seed oil would have protective effect against sodium
nitroprusside-induced nephrotoxicity in male rats. In sodium
nitroprusside treated rats, the levels of serum creatinine and

BUN were evoked and the levels of lactate dehydrogenase
and glucose-6-phosphate dehydrogenase were also increased.
The levels of malate dehydrogenase, glucose-6-phosphatase,
fructose-1,6-bisphosphatase and malic enzyme were statisti-

cally decreased. The levels of enzymes of brush membrane
(alkaline phosphatase, c-glutamyl transpeptidase and leucine
amino peptidase) were declined. Moreover, the levels of cata-

lase and glutathione peroxidase were decreased with an eleva-
tion of lipid peroxidation. These results indicate that sodium
nitroprusside caused renal injury. Supplementation of fish oil

and flaxseed inhibited the alterations induced by sodium nitro-
prusside exposure. They suggested that omega-3 polyunsatu-
rated fatty acids-enriched fish oil and flaxseed attenuated the
Please cite this article in press as: Shaikh Omar, A.M. The potential protective influe
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nephrotoxicity and oxidative damage induced by sodium nitro-
prusside intoxication.

In addition, Rizwan et al. (2014) investigated the influence

of flaxseed oil on renal injury induced by sodium arsenate. The
nephrotoxicity of sodium arsenate was detected by increases of
serum creatinine and BUN values. Renal enzymes levels of
brush border membrane were statistically decreased. More-

over, lipid peroxidation and total sulfhydryl groups were chan-
ged. The levels of some enzymes and antioxidant defense
system were decreased due to sodium arsenate exposure. Addi-

tionally, they demonstrated that sodium arsenate caused severe
renal histopathological injury. Flaxseed oil treatment attenu-
ated the alterations of these measured parameters and the

renal histological structures induced by sodium arsenate expo-
sure. Based on the present findings, it can be concluded that
this study shows that flaxseed oil produces significant anti-
nephrotoxicity influence in TAA treated rats. Further studies

are needed to know the mechanism action of flaxseed oil
against the nephrotoxicity induced by TAA and other toxic
factors.
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