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Abstract

Background: Thioacetamide causes lipid and kidney dysfunction.Omega-3 unsaturated fatty acids prevent the progression of renal
diseases.

Objectives: This study aimed to assess the protective effects of omega-3 fish oil supplement on thioacetamide induced lipid and
kidney dysfunction in male rats.

Methods: In this experimental study, 42 male rats were divided into 6 groups of 7: control group sham group which received 0.4
mL olive oil as a solvent, Thioacetamide group receiving thioacetamide at a dose of 150 mg/kg once as intraperitoneal injection, Ex-
perimental groups of 1, 2 and 3 which received omega-3 fish oil supplement at the doses of 100, 200, 300 mg/kg orally for 3 months
respectively and then they received thioacetamide at the dose of 150 mg/kg intraperitoneally for once. The levels of serum creati-
nine, BUN, total cholesterol, LDL, HDL, FBS, triglyceride, sodium and potassium were measured. The pathological changes of tissue
samples of the kidneys were studied after hematoxylin-eosin staining. The data were analyzed by SPSS-18 software and using one
way ANOVA and Tukey as post hoc test. Significant level was considered to be P < 0.05.

Results: The mean serum levels of potassium in the second experimental group significantly decreased (5.26 & 0.02) compared to
the group receiving thioacetamide (6.50 £ 0). The mean serum sodium in all experimental groups decreased significantly com-
pared to the group receiving thioacetamide. The mean serum levels of total cholesterol in experimental group 3 (66.80 =+ 1.46)
significantly decreased compared to the group receiving thioacetamide (84 + 0.57). No significant changes were observed in the
mean serum levels of FBS, BUN, HDL, LDL, triglycerides and creatinine in all experimental groups compared to the group receiving
thioacetamide. All the experimental groups improved renal histological changes induced by thioacetamide and these protective
effects were dose-dependent (P < 0.05).

Conclusions: The results of this study showed the protective effect of omega-3 fish oil supplement against thioacetamide induced
lipid and renal dysfunction in male rats.
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1. Background

Kidneys are vulnerable to damages caused by reactive
oxygen species (ROS) [1]. Kidney damage can happen by
an increase in the volume of blood flow to the kidneys
and the filtration of a large amounts of toxins (which can
be condensed in renal lobules). The kidneys respond to
the increased toxins by creating multiple morphological
changes which are together with interstitial or tubular
changes and nephropathy [2].

Unsaturated fatty acids are named after the location of
the double bond of the final carbon- methyl called omega
carbon. Eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) are among the Omega -3 fatty acids. Humans

cannot synthesize these acids and they have to be obtained
from food .The main sources of omega-3 are planktons and
marine fishes [3]. In the study done by Ashtiyani et al. in
2012 it was shown that the oral adminstration of omega-
3 could alleviate tissue damage, oxidative stress and the
reperfusion induced kidney dysfunction [4]. Aukema et
al. in 2013 identified that fish oil diet can improve renal
glomerular damage [5]. Omega-3 polyunsaturated fatty
acids prevented an excessive malondialdehyde production
in LPS-treated animals and stabilized renal Na, K-ATPase [6].
Omega 3 fatty acids can activate PPAR alpha (Peroxisome
proliferator-activated receptor alpha) whereby the expres-
sion of oxidative fatty acids increases, resulting in a reduc-
tion in plasma and hepatic triglycerides [7].
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Lipid and renal toxicities are associated with the
toxic effects of drugs. High doses of these drugs can
cause kidney failure and lipid mal-performance. Thioac-
etamide is an organic compound with the formula of
CH;CSNH,.Thioacetamide is generally used as fungicidal
and is a strong liver poison [8]. Thioacetamide is a
strong nephrotoxic substrate [2]. By oxidase system func-
tion, thioacetamide is metabolized to its toxic metabolites
sulfine (sulfoxide) and sulfene (sulfone) which are then
spread in several organs, including plasma, liver, kidney,
bone marrow, adrenal and other tissues [9,10].

2. Objectives

Kidney and cardiovascular diseases are the major cause
of morbidity and mortality. There is evidence that omega-
3 fatty acids could have a role in improving kidney and
cardiovascular diseases. Due to the high incidence of kid-
ney and cardiovascular diseases and the numerous side
effects of chemical drugs, it is needed to look for safer
drugs with lower side effects and higher effectiveness. In
the present study, with respect to the low side effects of
omega-3 polyunsaturated fatty acids, the protective effects
of omega-3 fish oil supplement against lipid and renal dys-
function in thioacetamide induced male rats were investi-
gated.

3. Methods

3.1. Animal Experiments

This was an experimental study. Animals were col-
lected from Fars Razi vaccine and serum research institute.
All guidelines for ethical conduct in the care and use of lab-
oratory animals developed by the Ministry of Health and
Medical Education were observed in the present study 42
male Wistar rats weighing 200 & 10 grams and age range
from 2.5 to 3 months were randomly divided into 6 groups
of 7 and were kept in standard cages under identical con-
ditions at a temperature of 22 to 20°C and a photoperiod
of 12 hours of daylight and 12 hours of darkness. They had
free access to food and water except at the time of testing
and they were tested only once.

3.2. Experimental Design

Test animals were divided into 6 groups of 7 as fol-
lows: The control group which experienced no stress in-
cluding no oral administration. Sham group which re-
ceived 0.4 mL olive oil as a solvent of omega-3 fish oil
supplement daily and orally for 3 months; Thioacetamide
group: animals in this group received thioacetamide at
a dose of 150 mg/kg intraperitoneally once at the end of

the 3 months; The experimental group 1: animals in this
group received 100 mg/kg of omega-3 fish oil supplement
daily orally for 3 months and a single intraperitoneal in-
jection of thioacetamide at a dose of 150 mg/kg at the end
of 3 months; The experimental group 2: animals in this
group received 200 mg/kg of omega-3 fish oil supplement
daily orally for 3 months and a single intraperitoneal in-
jection of thioacetamide at a dose of 150 mg/kg at the end
of 3 months; The experimental group 3: animals in this
group daily received 300 mg/kg of omega-3 fish oil supple-
ment orally for 3 months and a single intraperitoneal injec-
tion of thioacetamide at a dose of 150 mg/kg at the end of
the 3 months period. The doses of thioacetamide (Stigma-
Aldrich, Switzerland) were selected according to previous
studies [11,12].

3.3. Biochemical Study

As the toxic effects of thioacetamide usually becomes
apparent about 2 days after the injection, 48 h after the last
injection all animals were anesthetized with ether (Merck,
Germany), and their blood samples were directly taken
from the hearts.

The obtained blood samples were kept under labora-
tory conditions for 20 minutes and then were centrifuged
at 5000 rounds per minute for 15 minutes (Hettich, Ger-
many).

3.3.1. Determination of Creatinine

After the serum was isolated, creatinine was measured
by colorimetric method (by the kit from Darman Kay,
Iran). In this method creatinine reacted with bicarbonate
ion which produced a red-orange color. The greater the
amount of creatinine, the more intense the color [13].

3.3.2. Determination of BUN

Blood urea nitrogen was measured by enzymatic hy-
drolysis. In this method, urea was hydrolyzed by ure-
ase ammonium enzyme and ammonium ion was created
which could be measured by spectrophotometry. In Berth-
elotreaction,ammonia reacted with hypochlorite, phenol,
acatalyst, and alkali to produce a stable blue complex (in-
dophenol) [14].

3.3.3. Determination of Glucose

The blood glucose was measured by glucose oxidase
method (aromatic test method). The oxygen released from
glucose in the presence of glucose oxidase changed to 4-
Aminoantipyrine and phenol in the presence of peroxi-
dase formed kinonimin. The level of kinonimin was eval-
uated by photometry which measured the amount of glu-
cose directly [15].
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3.3.4. Determination of Cholesterol and Triglyceride

The total cholesterol was measured by enzymatic
method (by the kit from Darman Kav, Iran).In this
method the oxygen freed from cholesterol reacted with
4-Aminoantipyrine in the presence of oxidized cholesterol
and created kinonimin which could be measured by pho-
tometry which determined the amount of cholesterol. LDL
cholesterol was calculated using the Friedwald Equation:

LDL — C = (Total — C) — (HDLfCJr %) (1)
HDL cholesterol was measured by colorimetric
method (by the kit from Darman Kay, Iran). In this
method phosphotungstic acid with lipoprotein created
sedimentation in the presence of magnesium.

Serum triglyceride levels were measured by enzymatic
method (by the kit from Darman Kav, Iran).In this method,
first glycerol was isolated from fatty acids by lipase en-
zyme. After some steps, the oxygen released from glyc-
erol with 4-Aminoantipyrine and phenol in the presence
of peroxidase enzyme formed quinoneimine whose level
was measured by photometry which was directly corre-
lated with triglyceride [16].

3.3.5. Determination of Sodium and Potassium
Sodium and potassium were measured by Flame Pho-
tometer (Jenway, England) [17].

3.4. Histological Tests

The kidneys were removed after necropsy. The tissues
were stabilized in formalin buffer 10%. The dehydration
was done by alcohol with different concentrations (from
low to high). For clearing, the tissues were placed in two Xy-
lene containers. Then in the infiltration stage, the tissues
were soaked in melted paraffin (65°C), each for an hour.
In the molding stage leukhardt parts were used .All tissue
slides were cut at 4 - 5 micron and hematoxylin-eosin was
used to stain the tissues .All histological evaluations were
done under the supervision of an experienced pathologist
[18].

3.5. Statistical Analysis

SPSS software (Version18, Chicago, IL, USA) was used
for data analysis. The ANOVA test was performed on the
data. Tukey test was used to evaluate the significant differ-
ences of the data (Tukey-HSD) and all the differences were
considered as significant at. The values of serum creati-
nine, blood urea nitrogen, total cholesterol, LDL choles-
terol, HDL cholesterol, triglycerides, glucose, sodium and
potassium were presented at.
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4. Results

The serum concentrations of BUN, sodium, potassium,
creatinine, total cholesterol, HDL and LDL cholesterol, and
triglyceride in experimental, control, sham and thioac-
etamide groups were compared and statistical analysis
was performed. Results were presented in tables. Tukey
test was done to check the statistical analysis and values at
P < 0.05 were considered as significant.

The average concentration of serum BUN in the group
receiving thioacetamide showed a significant decrease
compared with the control group. The average concen-
tration of serum BUN in all experimental groups receiv-
ing omega-3 fish oil supplement and thioacetamide signif-
icantly reduced in comparison to the control and sham
groups. Moreover, the average concentration of serum
BUN in all experimental groups receiving omega-3 fish
oil supplement and thioacetamide increased compared to
the group receiving thioacetamide, but it was not signifi-
cant (Table 1). The average concentration of potassium in
the group receiving thioacetamide significantly increased
compared with the control and sham groups. The aver-
age serum potassium concentration only in the experi-
mental group receiving 300 mg/kg omega-3 fish oil supple-
mentand thioacetamide increased significantly compared
to the control and sham groups. Furthermore, the mean
serum potassium concentration only in the experimental
group receiving 200 mg/kg omega-3 fish oil supplement
and thioacetamide showed a significant decrease com-
pared to the group receiving thioacetamide (Table 1). The
mean serum sodium concentration in all experimental
groups receiving omega-3 fish oil supplement and thioac-
etamide compared to the control and sham group signifi-
cantly decreased. Also, the average serum sodium concen-
tration in all experimental groups receiving omega-3 fish
oil supplement and thioacetamide significantly decreased
compared to the group receiving thioacetamide (Table 1).
Comparing the mean serum creatinine levels between ex-
perimental, control, sham, thioacetamide groups did not
show significant changes (Table 1).

The average concentration of serum FBS in the group
receiving thioacetamide compared with the control and
sham groups showed a significant decrease. The mean
FBS concentration in all experimental groups receiving
omega-3 fish oil supplement and thioacetamide showed
no significant changes in comparison to the control group
and the sham group. In addition, the average concentra-
tion of serum FBS in all experimental groups receiving
omega-3 fish oil supplement and thioacetamide increased
compared to the thioacetamide group, but the change was
not significant (Table 2).

The average concentration of serum total cholesterol
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Table 1. The Effects of Different Doses of Omega-3 Fish Oil Supplement on Renal Dysfunction Induced by Thioacetamide in Male Rats

Groups BUN, mg/dL Cr, mg/dL K, meq/L Na, meq/L
Control 28.60 + 1.07° 0.76 £ 0.02 5.58 £ 0.02° 193.2 + 118
Sham 24334 0.55 0.77 £ 0.02 5.75 + 0.01° 192.3 1 2.03
Thioacetamide 19.66 £ 0.88 0.75 + 0.03 650+ 0 197.2 + 0.58
100mg/kg omega-3 fish oil supplement and thioacetamide 2350 + 0.85 0.72 £ 0.02 5.83 - 0.04 166.5 & 1.52"°
200mg/kg omega-3 fish oil supplement and thioacetamide 2033 + 0.33° 07+0 5.26 & 0.02° 170.4 £ 1.21°¢
300mg/kg omega-3 fish oil supplement and thioacetamide 20.75 + 0.94° 0.66 = 0.04 7.26 + 0.08° 180.2 4 1.59”¢

Abbreviations: BUN, blood urea Nitrogen; Cr, Creatinine; K, Potassium; Na, Sodium.

A significant difference between thioacetamide group and control and sham groups at P < 0.05.
A significant difference between the control and sham groups and the experimental groups (omega-3 fish oil supplement and thioacetamide) at P < 0.05.
“Asignificant difference between thioacetamide group with experimental groups (omega-3 fish oil supplement and thioacetamide) at P < 0.05.

Table 2. The Effects of Different Doses of Omega-3 Fish Oil Supplement on Thioacetamide Induced Lipid Dysfunction in Rats

Groups Total Cholesterol, mg/dL ~ HDL Cholesterol, mg/dL  LDL Cholesterol, mg/dL TG, mg/dL FBS, mg/dL
Control 52.75 +3.32° 20.50 +1.04 24.50 4 0.98 49 +3.47 177.5 £ 8.19°
Sham 56.25 +3.77° 21.60 1 1.07 27.66 £ 0.55 50 + 3.86 166 + 6.57

Thioacetamide 84 4+ 0.57 20 + 0.57 28.80 + 0.92 75 4 6.80 126 - 1.00

100 mg/kg omega-3 fish oil supplement 70.66 % 0.55 21.83 £ 0.90 27.50 £ 0.79 59.67 376 146.8 & 6.23
and thioacetamide

200 mg/kg omega-3 fish oil supplement 7+1.22° 21.80 £ 0.58 26 +0.71 59.50 £2.50  153.6 +7.94
and thioacetamide

300 mg/kg omega-3 fish oil supplement 66.80 1 1.46° 20.80 £ 0.58 26.80 £ 0.58 49.75 £ 4.11 143.6 £ 3.62

and thioacetamide

Abbreviations: FBS, fasting blood sugar; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglyceride.

A significant difference between thioacetamide group and control and sham groups at P < 0.05.

A significant difference between the control and sham groups and the experimental groups (omega-3 fish oil supplement and thioacetamide) at P < 0.05.
“Asignificant difference between thioacetamide group with experimental groups (omega-3 fish oil supplement and thioacetamide) at P < 0.05.

in the group receiving thioacetamide significantly in-
creased compared to the control and sham groups. The
average concentration of serum total cholesterol in the ex-
perimental groups receiving 100, 200 mg/kg omega-3 fish
oil supplement and thioacetamide showed significant in-
creases compared to the control and sham groups. In ad-
dition, the average concentration of serum total choles-
terol only in the experimental group receiving 300 mg/kg
omega-3 fish oil supplement and thioacetamide showed
significant decrease compared to the thioacetamide group
(Table 2). No significant changes were detected in the aver-
age serum of HDL cholesterol, LDL cholesterol and triglyc-
eride between experimental, control, sham, and thioac-
etamide groups (Table 2).

4.1. Histological Findings

Control and sham groups had normal glomerulus with
a healthy normal Bowman’s capsule (Figure 1A and 1B). The
histological results of different kidney parts of the rats
treated with thioacetamide showed renal morphological

damage and necrosis of tubular epithelial cells (Figure 1C).
In the group receiving thioacetamide, the Bowman capsu-
lar space in most of the cells was too much while in the
experimental groups 1, 2, and 3 receiving Omega-3 fish oil
supplements and thioacetamide it was minimized. These
protective effects were dose dependent. In addition, in the
group receiving thioacetamide, blood cells were observed
in renal tubules, while this was not the case in the experi-
mental groups 1, 2 and 3 receiving omega-3 fish oil supple-
ment and thioacetamide. In the group receiving thioac-
etamide, cellular infiltration was observed in some areas
of the renal capsule. This was rarely seen in the experi-
mental groups, 1, 2 and 3 which received omega-3 fish oil
supplement and thioacetamide that is because of the dose-
dependent protective effect (Figure 1C, 1D, 1E, and 1F).

5. Discussion

The mean serum potassium concentration in only the
experimental group receiving omega-3 fish oil supple-
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Figure 1. Photomicrographs of different parts of kidney (magnification X10)

A, control group; B, sham group; C, group receiving thioacetamide; D, E, F, experimental groups receiving omega-3 fish oil supplement at the doses of 100,200 and 300 mg/kg,

respectively and thioacetamide.

ment at the dose of 200 mg/kg significantly reduced com-
pared to the group receiving thioacetamide. The mean
serum sodium concentration in all experimental groups
receiving omega-3 fish oil supplement and thioacetamide
showed a significant decrease compared to the group re-
ceiving thioacetamide.This means that the omega-3 fish oil
supplement has protective effects on kidney cells against
the damage caused by thioacetamide, a fact which was also
confirmed in histopathological studies. In general, the re-
sults of this study are in line with the results of other re-
searchers [19].

In 2013, Khan and colleagues studied the protective ef-
fects of omega-3 unsaturated fatty acids against the oxida-
tive damage and nephric toxicity induced by nitrite in rat
kidney. Sodium nitrite changed the activities of urea nitro-

Zahedan | Res Med Sci. 2016; 18(11):e4781.

gen, serum creatinine .Fish oil diet modified renal parame-
ters. The results showed that fish oil rich in omega-3 might
reduce oxidative damage and nephrotoxocity induced by
sodium nitrite [20]. In the study conducted by Fassett and
colleagues in 2010 it was shown that Omega-3 fatty acids
were beneficial in the treatment of kidney diseases. In vivo
and in vitro studies supported the effects of omega-3 on
inflammatory pathways involved in kidney disease. It has
been shown that omega-3 in patients with Immunoglobu-
lin A nephropathy decreases blood pressure and prevents
the progression of renal disease [21]. The study done by
Ajami et al. in 2013 demonstrated that the exposure to DHA
+ EPA prevented the cellular death and oxidative stress in-
duced by ischemia reperfusion through reducing creati-
nine clearance and MDA level [22]. A study conducted by
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An et al. in 2009 showed that omega-3 supplement could
reduce the upregulation of profibrotic, proinflammatory
and prooxidant routes and modified tubulointersititial fi-
brosis [23]. In the study done by Takase et al. in 2011 it
was indicated that EPA blocked the development of tubu-
lointersititial damage in models with Thy-1 nephritis and
had inhibitory effects on inflammatory molecules by regu-
lating IKBa in cultured renal cells [24]. The study that Ab-
dou et al. conductd in 2014 declared that omega-3 fatty
acids prevented renal toxicity induced by lead in rats [25].
Peake et al. in 2011 concluded that consuming fish oils pre-
vented the oxidative stress, fibrosis and inflammation re-
lated to kidney damage in rats [26]. In the study done by
Hassan and Grantin 2009 showed that oral administration
of omega-3 fatty acid can increase survival following renal
injury [27].

The results of this study showed that the admin-
istration of omega-3 fish oil supplement in rats with
thioacetamide-induced lipid dysfunction significantly de-
creased total cholesterol. The average concentration of
serum total cholesterol only in the experimental group
receiving 300 mg/kg omega-3 fish oil showed significant
decrease compared to the thioacetamide recipient (P <
0.05). In the study done by Martini et al. (2008) it was
found that dietary restriction and supplements contain-
ing omega-3 can stop blood cholesterol increase by regu-
lating the activity of HMG COA R through controlling the
production of ROS and phosphorization [28]. The study
of Wergedahl et al. (2009) indicated that a combination
of fish oil (FO) and fish protein hydrolysates could lower
plasma cholesterol levels, which was due to their effect in
reducing HDL cholesterol; while the concentration of hep-
atic total cholesterol increased in comparison to the con-
trol rats and the rats fed by diets containing FPH or FO
alone. The cholesterol-lowering effect of FPH and FO was
due to the decrease in the secretion of low density lipopro-
teins (LDL) from the liver [29]. In a study in 2012, Kim et
al. found that omega 3 fatty acids had protective effects
against insulin resistance induced by obesity and hepatic
steatosis. Omega-3 could also improve hyperlipidimia in-
duced by diet and fatty liver through inducing the expres-
sion of cytochrome CYP7A1 and the activation of choles-
terol catabolism to bile acid [30]. In their study Al-Gayyar et
al. in 2012 concluded that the consumption of fish oil for 6
months could improve lipid profiles in patients with none
alcoholic fatty liver disease (NAFLD) [31]. In the study done
by Sekhon-Loodu et al. in 2014 it was indicated that ap-
ple flavonols and omega-3 polyunsaturated fatty acid-rich
fish oil significantly improved blood lipid profiles in rats
with diet-induced hyperlipidemia and LPS-induced acute
inflammation [32].

The results of this study showed that the mean serum

concentration of FBS in all experimental groups receiving
omega-3 fish oil and thioacetamide increased compared to
the group receiving thioacetamide; however, it was not sig-
nificant.

The study of Kaushik et al. in 2009 showed that a
high intake of long chains of omega-3 fish oil didn’t de-
crease the risk of type 2 diabetes mellitus, on the contrary,
the consumption of omega-3 fish oil could lead to an av-
erage expansion of the disease [33]. Omega-3 fatty acids
may increase the concentration of blood glucose with-
out causing other adverse metabolic conditions. In ob/ob
mice the absorption of dietary fish oil could increase in-
sulin sensitivity in adipose and hepatic tissue [34]. In gen-
eral, in mice fed with fish oil Omega-3, the up-regulation
of insulin receptor substrate-2 (IRS-2), insulin receptor
substrate-1(IRS-1), Peroxisome proliferator-activated recep-
tor gamma (PPAR &) genes and GLUT 2, 4 and increase in
the production of adiponectin and AMP kinase phospho-
rylation have been observed [33]. It was also found that
PPAR alpha played a key role in modulating the effects of
omega-3. In wild rats with PPAR alpha insulin sensitiv-
ity could be corrected by fish oil while in mice without
PPAR alpha, these supplements would remove the modi-
fied hepatic sensitivity, suggesting that EPA, DHA found in
fish oil may improve insulin sensitivity in projects related
to PPAR alpha. The results showed that omega-3 played a
role in glucose homeostasis [34]. In the study conducted
by Oh and Walenta in 2014 it was indicated the omega-3
fish oil fatty acid had beneficial effects on obesity and glu-
cose homeostasis whose effects were mostly due to its anti-
inflammatory properties exerted through affecting its re-
ceptor (free fatty acid receptor 4 (FFAR4)) [35]. The study
done by Feillet-Coudray et al. in 2013 showed that a diet
rich in omega-3 fatty acids stabilized and improved sensi-
tivity to insulin [36]. Bouchard-Mercier et al. in 2014 in-
dicated that a variety of genes, encoding sterol regulatory
element binding transcription factor 1 (SREBF1), modified
insulin sensitivity in response to fish oil supplementation
[37].

In general, the results of this study are in line with the
results of other researchers .it appears that the oral admin-
istration of omega-3 fish oil supplement could exert pro-
tective effects on thioacetamide induced lipid and renal
toxicity by neutralizing free radicals, stimulating the ac-
tivity of antioxidant enzymes, and reducing the produc-
tion of inflammatory cytokines. However, more research is
needed in thisrespect.While studying the sources, no simi-
lar study could be found on the protective effects of omega-
3fish oil on lipid and renal changes within 3 months, so we
were not able to compare our results with them .In future
studies it is necessary to compare the renal antioxidant en-
zymes. Also, the molecular changes in the genes that cause
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cell death should be studied so that it will be more con-
clusively possible to find the effects of this supplement on
hepatic and renal toxicities in rats.

The results show that oral administration of omega-
3 fish oil supplement has protective effects on thioac-
etamide induced lipid and renal dysfunction. But people
should be careful when taking it long-term because it may
cause adverse effects on their kidneys .If further studies
confirm these results, it will be advisable to add omega-3
fish oil supplement to the diet of people with Lipid and kid-
ney dysfunction.
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