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ABSTRACT

Pollutants in the environment and exposure to them lead to medical ailments around the world. The present study
aimed to evaluate the protective effect of evening primrose oil and fish oil against fenitrothion pesticide-induced
toxicity in rats. Male Wistar rats weighing 150-220 g, were randomly distributed into seven groups, the first
served as control. The second group received fenitrothion, the third and fourth groups were supplemented with
fish oil and evening primrose oil, respectively. Rats of group five were exposed to fish oil and fenitrothion. The
sixth group was exposed to evening primrose oil and fenitrothion. Rats of the seventh group were exposed to fish
oil and evening primrose oil and fenitrothion. The results showed that the activities of serum alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma-glutamyl
transferase (GGT), and the levels of bilirubin (BIL), total protein (TP), albumin (ALB), glucose (GLU),
cholesterol (CHOL), triglycerides (TG), low-density lipoprotein cholesterol (LDL-c), very low-density
lipoproteins cholesterol (VLDL-c), and superoxide dismutase (SOD) were noticeably increased in rats
administered fenitrothion. However, the level of serum high-density lipoprotein cholesterol (HDL-c) and
glutathione (GSH) were markedly decreased. It was found that fish oil and evening primrose oil decreased the
physiological unsettling influences initiated by fenitrothion. Moreover, the antioxidant properties of these oils
supported the bioactive roles of its defensive impacts on fenitrothion toxicity. Finally, the present findings suggest
that these oils may be utilized as preventive components against the toxicity of fenitrothion because of their
antioxidant properties.
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INTRODUCTION

Environmental pollution is the third issue of global crisis [1]. A wide range of chemicals is continuously released
to the aquatic environments [2]. It can cause several prominent health issues. Pesticides are one of the renowned
toxicity producers and cause environmental pollution [3]. There are many factors on which the toxicity of the
pesticides relies upon for instance chemical properties, exposure period, doses, exposure methods, genetics,
gender, age, the status of nutrition and variety of cases of individuals who suffer from several degrees of exposure
[4].

The classification of pesticides was recorded based on the chemical structure. The World Health Organization
(WHO) classified them, the spectrum of the family ranging from the organochlorine and organophosphorus
compounds to inorganic compounds [5-7]. Organophosphorus compounds are one of the most common types of
organic pollutants found in the environment [8]. Also, the organophosphorus pesticides can attack various systems
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of living bodies, for instance, nervous system, liver, immune system, urinary system and hematological system
[9-20].

It was reported that organophosphorus pesticides cause oxidative stress and changes in the antioxidant system
[21]. Whereas, the antioxidants provide a safeguard from the oxidative attacks in the body. There are several
antioxidants reported in many scientific studies such as olive oil, corn oil, fish oil and evening primrose oil [4, 22,
23].

Fenitrothion IUPAC name: O, O-dimethyl O-(3-methyl-4-nitrophenyl) phosphorothioate) is a pesticide classified
in the family of organophosphate pesticides and comparatively inexpensive globally and thus widely used. It is
one of the extensively used pesticides in agriculture [24]. Moreover, several investigations showed that
fenitrothion could induce histopathological, biochemical and physiological alterations in experimental animals
(El-Shenawy, 2010; Taib et al., 2013; Elzoghby et al., 2014; Abdel-Ghany et al., 2016; Jayusman et al., 2014;
Tahoun et al., 2018) [21, 25-29].

Fish oil contains omega-3 polyunsaturated fatty acids (PUFAs) that appear to play several useful roles for human
health [30]. Omega-3 (additionally alluded to as ®-3 or n-3) long-chain polyunsaturated fats are a group of mixes.
There is growing evidence that fish oil may have great health benefits including reducing inflammation and the
prevention of cancers [22, 31, 32].

Evening primrose (Oenothera biennis) is a plant belonging to family Onagraceae [33]. It contains about 50% to
70% linoleic acid (LA) and 7% to 10% vy-linolenic acid (GLA) [33, 34]. These essential fatty acids are important
as cellular structural elements and as precursors of prostaglandins. Accordingly, evening primrose oil contains
omega-6 acid, which may contribute to the proper functioning of human tissues because they are precursors of
anti-inflammatory eicosanoids and decreased the seriousness of oxidative pressure [33, 35, 36].

The present study aimed to investigate the expected protective effect of evening primrose oil and fish oil against
fenitrothion pesticide-induced biochemical and physiological alterations in male rats.

MATERIALS AND METHODS

Experimental Animals:

Adult male albino rats of the Wistar strain (Ratfus norvegicus) weighing 150-220 g were used in the present study.
Rats were housed in standard plastic cages and maintained under controlled laboratory conditions of humidity
(65%), temperature (20+1°C) and 12:12 h light: dark cycle. Rats were fed on normal commercial chow and had
free access to water ad libitum. The experimental treatments were conducted following the ethical guidelines of
the Animal Care and Use Committee of King Abdulaziz University.

Experimental design:
A total of sixty-three adult male rats were randomly distributed into seven experimental groups, nine rats each
and the experimental groups were treated as follows:
=  Group 1: rats were untreated and served as control.
= Group 2: rats were orally administered 10LDso dose of fenitrothion (30 mg/kg b.w.) by using the stomach
tube day after day for four weeks.
=  Group 3: rats were orally administered with 300 mg/kg b.w. of fish oil by using the stomach tube day after
day for four weeks.
=  Group 4: rats were orally administered with 300 mg/kg b.w. of evening primrose oil by using the stomach
tube day after day for four weeks.
=  Group 5: rats were orally administered with 300 mg/kg b.w. of fish oil then given “LDsy dose of
fenitrothion (30 mg/kg b.w.) using stomach tube day after day for four weeks.
= Group 6: rats were orally administered with 300 mg/kg b.w. of evening primrose o0il and then given 1LDso
dose of fenitrothion (30 mg/kg b.w.) using stomach tube day after day for four weeks.
=  Group 7: rats were orally administered with 300 mg/kg b.w. of evening primrose oil and 300 mg/kg b.w.
of fish oil then given’L.Dso dose of fenitrothion (30 mg/kg b.w.) using stomach tube day after day for four
weeks.

Blood serum analyses:
At the end of the experimental period, rats fasted for 12 hours, water was not restricted and then anesthetized with
diethyl ether. Blood samples were collected from orbital venous plexus in non-heparinized tubes, centrifuged at
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2500 rpm for 15 minutes and blood sera were then collected and stored at -80°C. Serum levels of ALT and AST
were determined using the methods of Reitman and Frankel (1957) [37]. The method of McComb and Bowers
(1972) was carried out to determine the level of ALP [38]. The serum level of GGT was evaluated using the
method of Szasz (1969) [39]. Serum levels of bilirubin, total protein, albumin, and glucose were determined using
the methods of Doumas er al. (1973) [40], Peters (1968) [41], Doumas et al. (1997) and Trinder (1969) [42],
respectively. The level of serum cholesterol was measured according to the method of Richmond (1973) [43]. The
serum level of Triglycerides was estimated using the method of Fossati and Prencipe (1982) [44]. Serum levels
of HDL-c, LDL-c, and VLDL-c were estimated using the method of Warnick (1983) and Friedewald et al. (1972),
respectively [45, 46]. The method of Malstrom ef al. (1975) was used to determine the level of serum SOD and
the method of Beutler et al. (1963) was used to measure the level of serum GSH [47, 48].

Statistical Analysis:

The data were statistically analyzed with a completely randomized design by using the Statistical Package for
Social Sciences (SPSS for Windows, version 12.0). Significant differences between treatments were tested with
Student’s #-test and ANOVA analysis.

RESULTS

Levels of serum ALT, AST, ALP, GGT, bilirubin, total protein, albumin, glucose, cholesterol, triglycerides, HDL-
¢, LDL-c, VLDL-c, SOD and GSH in control, fenitrothion, fish oil, evening primrose oil, fish oil plus fenitrothion,
evening primrose oil plus fenitrothion, fish oil and evening primrose oil mixture plus fenitrothion are shown in
(Figs.1A-G). Fenitrothion administration showed a significant increase in the levels of serum ALT, AST, ALP,
GGT, bilirubin, total protein, albumin, glucose, cholesterol, triglycerides, LDL-c, VLDL-c, and SOD; but the
levels of serum HDL-c and GSH were decreased compared to control group.

Administration of fenitrothion resulted in a significant (P<0.01) increase in the activity of the enzymes ALT
(311%), AST (403%), ALP (166%), and GGT (289%) compared to control group. Administration of fish oil and
evening primrose oil resulted in nonsignificant increases in the activity of the enzymes. ALT (-1.8% and 0.2%
respectively), AST (7.2% and -4.3% respectively), ALP (3.7% and -5.4% respectively) and GGT (-13.7% and
4.9% respectively) compared to control group. Moreover, treatment with fish oil and fenitrothion resulted in
significant (P<0.01) decreases in the levels of ALT (-54.17%), AST (-54.70%), ALP (-41.40%) and GGT (-
50.88%) compared to fenitrothion group. Also, there were significant (P<0.01) decreases in the levels of ALT (-
64.72%), AST (61.73%), ALP (-57.10%) and GGT (-53.22%) in rats treated with both evening primrose oil and
fenitrothion compared to fenitrothion group. Moreover, the levels of ALT (-77.86%), AST (-80.78%), ALP (-
65.36%) and GGT (-69.79%) were significantly (P<0.01) decreased in rats treated fish oil and evening primrose
oil and fenitrothion when compared to fenitrothion group (Table 1).

Administration of fenitrothion G2 resulted in significant (P<0.01) increases in serum bilirubin concentration
(213%), total protein (34%), albumin (83.9%) and glucose (86.9%) compared to control group. Administration of
fish oil G3 and evening primrose oil G4 resulted in nonsignificant increases in the levels of serum bilirubin (0%
and -8.1% respectively), total protein (-0.4% and 3.5% respectively), albumin (6.6% and 0.4% respectively) and
glucose (7.4% and -2.5% respectively) compared to control group. Administration of fish oil and fenitrothion
resulted in significant (P<0.01) decreases in the levels of serum bilirubin (-64.40%), total protein (-21.25%),
albumin (-45.63%) and glucose (-38.51%) compared to fenitrothion group. Administration of evening primrose
oil and fenitrothion resulted in significant (P<0.01) decreases in the levels of serum bilirubin (-71.73%), total
protein (-19.77%), albumin (-43.52%) and glucose (-51.07%) compared to fenitrothion group.

Administration of fish oil with evening primrose oil plus fenitrothion resulted in significant (P<0.01) decreases in
the levels of serum bilirubin (-78.01%), total protein (-28.22%), albumin (-45.26%) and glucose (-51.07%)
compared to fenitrothion group (Table 2).

Administration of fenitrothion G2 resulted in significant (P<0.01) increases in the concentration of the serum
cholesterol (79.1%), triglyceride (78%), LDL (134%) and VLDL (77.9%) compared to control group. On the
other hand, the administration of fenitrothion G2 resulted in significant (P<0.01) decreases in serum HDL
concentration (-23%) compared to the control group. Administration of fish oil G3 and evening primrose oil G4
resulted in non significant changes in the concentrations of the serum cholesterol (-1.5% and 22.1% respectively),
triglyceride (0.2% and -0.5% respectively), HDL (0.8% and 1.1% respectively), LDL (-2.8% and 33.4%
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respectively), and VLDL (0.1% and 0.5% respectively) compared to control group. Administration of fish oil with
fenitrothion resulted in significant (P<0.01) decreases in serum cholesterol concentrations (-39.80%), triglyceride
(-45.31%), LDL (-52.77%), and VLDL (-45.30%) compared to fenitrothion group. On the other hand, the
administration of fish oil with fenitrothion resulted in significant (P<0.01) increases in serum HDL concentrations
(34.32%) compared to the fenitrothion group. Administration of primrose oil with fenitrothion resulted in
significant (P<0.01) decreases in the concentrations of the serum cholesterol (-45.38%), triglyceride (-44.44%),
LDL (-60.70%), and VLDL (-44.44%) compared to fenitrothion group. On the other hand, the administration of
primrose oil plus fenitrothion resulted in significant (P<0.01) increases in serum HDL concentrations (42.09%)
compared to the fenitrothion group. Administration of fish oil with evening primrose oil plus fenitrothion resulted
in significant (P<0.01) decreases in the concentrations of the serum cholesterol (-44.02%), triglyceride (-39.58%),
LDL (-59.08%) and VLDL (-39.59%) compared to fenitrothion group. On the other hand, the administration of
fish oil plus evening primrose oil with fenitrothion resulted in significant (P<0.01) increases in the concentrations
of the serum HDL (42%) compared to fenitrothion group (Table 3).

Administration of fenitrothion G2 resulted in significant (P<0.01) increases in the concentration of the serum
SOD (66.2%) compared to the control group. On the other hand, the administration of fenitrothion G2 resulted in
significant (P<0.01) decreases in serum GSH concentration (-80.3%) compared to the control group.
Administration of fish oil G3 with evening primrose oil G4 resulted in no significant changes in serum SOD
concentrations (-1.9% and -0.0% respectively) and GSH (-5.4% and 5.3% respectively) compared to the control
group. Administration of fish oil with fenitrothion resulted in significant (P<0.01) decreases in serum SOD
concentrations (-36.19%) compared to the fenitrothion group. On the other hand, the administration of fish oil
with fenitrothion resulted in a significant (P<0.01) increase in serum GSH concentrations (436.88%) compared to
the fenitrothion group. Administration of primrose oil with fenitrothion resulted in significant (P<0.01) decreases
in serum SOD concentrations (-34.65%) compared to the fenitrothion group. On the other hand, the administration
of primrose oil plus fenitrothion resulted in significant (P<0.01) increases in serum GSH concentrations
(379.88%) compared to the fenitrothion group. Administration of fish oil plus evening primrose oil with
fenitrothion resulted in significant (P<0.01) decreases in the concentrations of the serum SOD (-42.98%)
compared to fenitrothion group. On the other hand, the administration of fish oil plus evening primrose oil with
fenitrothion resulted in significant (P<0.01) increases in the concentrations of the serum GSH (414.87%)
compared to fenitrothion group (Table 4).

Table 1: Effect of fish oil, primrose oil, and their combination on serum ALT, AST, ALP, and GGT levels
measured in control and fenitrothion-treated animals.

Parameter |\ + L) AST (U/L) ALP (U/L) GGT (U/L)
Groups
Control (G1) 17.48+3.76 20.97+7.43 51.00+6.87 19.45+3.28
. 72.00+11.75* | 105.58%8.83° 135.67+13.31° | 75.67+13.63"
Fenitrothion (G2) G11%) (403%) (166) (289%)
N 17.16+3.28 22.50+6.40P 52.89+6.53 16.78+3.23
Fish Oil (G3) (-1.8%) (7.2%) (3.7%) (-13.7%)
17.52%3.10° 20.06+4.14° 48.00+4.74 204245 86
Pri il (G4
rimrose Oil (G4) 0.2%) (-4.3%) (-5.4%) (4.9%)
N . 33.0047.46°0¢ | 47.8324.6255¢ | 79504142430 | 37.17+7.03%b<
Fish Oil + Fenitrothion (G5) (88.7%) (128%) (55.8%) 91.1%)
% differencefrom (G2) -54.17% -54.70% -41.40% -50.88%
i ] . 25.4045.94704 | 40.40%2.70704 5820+13.41° | 35404865404
Primrose Qil + Fenitrothion (G6) (45.3%) (92.6%) (14.1%) (82%)
% differencefrom (G2) -64.72% -61.73% -57.10% -53.22%
Fish Oil + Primrose Oil + Fenitrothion | 15.94+2.44° 20.29+2.14° 47.0042.830¢ | 22.86+6.445<
(G7) (-0.8%) (-3.2%) (-7.8%) (17.5%)
% difference from (G2) 77.86% -80.78% -65.36% -69.79%

Results are expressed as mean = SEM. * P<0.01 significant compared to the control group. ® P<0.01 significant compared to the fenitrothion
group. “P<0.01 significant compared to the fish oil + fenitrothion group. ¢ P<0.01 significant compared to the primrose oil + fenitrothion
group. () Percentage difference from control
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Table 2: Effect of fish oil, primrose oil, and their combination on serum bilirubin, total protein, albumin, and
glucose levels measured in control and fenitrothion-treated animals.

Parameter Total Protein Glucose
Bilirubi 1 Al i 1
Groups ilirubin(mg\dl) (e\dI) bumin (g\dl) (mg\dI)
Control G1 0.61+0.25 7.01+£0.74 4.36+0.65 94.8346.68
. . 1.91+0.15* 9.46+0.442 8.02+0.88* 177.33+16.612
Fenitrothion G2 (213%) (34%) (83.9%) (86.9%)
b b b b
Fish Oil G3 0.61+£0.22 6.98+0.71 4.65+0.71 101.89+9.13
(0%) (-0.4%) (6.6%) (7.4%)
Primrose Oil G4 0.56+0.21° 7.26+0.84° 4.38+0.61° 92.44+14.94°
(-8.1%) (3.5%) (0.4%) (-2.5%)
' . . . 0.68+0.24° 7.45+0.48° 4.36+0.47° 108.83+18.10°
Fish Oil + Fenitrothion G5 (11.4%) (6.2%) (0%) (147%)
% difference from (G2) 64.40%- -21.25% 45.63%- -38.51%
. . . . 0.54+0.22° 7.59+0.66° 4.53+0.55° 86.60+13.59°
Primrose Oil + Fenitrothion G6 (-11.4%) (8.2%) (3.8%) (-8.6%)
% difference from (G2) 71.73%- -19.77% 43.52%- -51.07%
Fish Oil + Primrose Oil + Fenitrothion 0.42+0.27° 6.79+0.62° 4.39+0.64° 86.00+7.85%¢
G7 (-31.4%) (-3.1%) (0.6%) (-9.3%)
% difference from (G2) 78.01%- -28.22% 45.26%- -51.41%

Results are expressed as mean + SEM. * P<0.01 significant compared to the control group. ® P<0.01 significant compared to the fenitrothion
group. ‘P<0.01 significant compared to the fish oil + fenitrothion group. () Percentage difference from control.

Table 3: Effect of fish oil, primrose oil, and their combination on serum cholesterol, triglyceride, high-density
lipoproteins (HDL), low-density lipoproteins (LDL), and very-low-density lipoproteins (VLDL) levels
measured in control and fenitrothion-treated animals.

Parameter Cholesterol Triglyceride HDL LDL VLDL
Groups (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
Control G1 12550 £13.59 | 75.83 778 43.83 +3.49 81.67+1372 | 15.17+1.56
Fenitrothion G2 224.83 £66.34° | 135.00£53.09° | 33.50 28.17° | 191.33 £73.49° | 27.00 £10.62°
(79.1%) (718%) (-23%) (134%) (77.9%)
N 12356 £12.34° | 760024390 | 4422+499° | 7933 £1342° | 1520 +0.88°
Fish Oil G3
(-1.5%) 0.2%) (0.8%) (-2.8%) 0.1%)
Primrose Ofl G4 | 15333 514820 | 754426230 | 4433 24.03° jl‘j&%?_b 15.0 +1.25
(22.1%) (-0.5%) (1.1%) 33.4%) (-0.5%)
Fish Ol + 13533 £14.46° | 73.8324.45° | 45.00434° | 9033 £12.99° | 14.77 0.89°
Fenitrothion G5 (7.8%) (-2.6%) (2.6%) (10.6%) (-2.6%)
% d'ffe('é;;e from -39.80% 4531% 34.32% 52.77% -45.30%
Primrose Oil + 122.80 £11.08%¢ | 75.00 +4.18° | 47.60+6.88° | 75.2048.79%¢ | 15.00 +0.84°
Fenitrothion G6 (-2.1%) (-1.0%) (8.6%) (-7.9%) -1.1%)
% d‘ffe(’é‘z‘)ce from 45.38% -44.44% 42.09% 60.70% 44.44%
F&i‘?;;i:;ﬁizie 125.86 +11.425¢ | 81.57 £9.88° 4757 +4.12° | 7829 £11.91%¢ | 16.31 £1.98°
. 0.2%) (7.5%) (8.5%) (-4.1%) (7.5%)
% d'ffe(z'zl)ce from -44.02% -39.58% 42% -59.08% -39.59%

Results are expressed as mean = SEM. # P<0.01 significant compared to the control group. ® P<0.01 significant compared to the fenitrothion

group. () Percentage difference

from control.
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Table 4: Effect of fish oil, primrose oil, and their combination on serum superoxide dismutase (SOD) and
reduced glutathione (GSH) levels measured in control and fenitrothion-treated animals.

P
arameter SOD (u\ml) GSH (ng\ml)
Groups
Control G1 181.17+12.73 17.47+2.48
301.17+11.21°7 3.43+1.14*
Feni hi 2
enitrothion G’ (66.2%) (-80.3%)
16.52+2
177.67+10.33°
Fish Oil G3 77(6179(70) 33 0.38°
7 (-5.4%)
. . 181.00+12.18° 18.41+2.65°
Primrose Oil G4 (0.0%) (5.3%)
. . . . 192.17+23.13° 18.8242.74°
Fish Oil + Fenitrothion G5 (6.07%) (7.7%)
% difference from (G2) -36.19% 436.88%
196.8045.07%¢ 16.46+2.26°
Pri il + Feni hi
rimrose Oil + Fenitrothion G6 (8.6%) (-5.7%)
% difference from (G2) -34.65% 379.88%
N bd " b
Fish Oil + Primrose Oil + Fenitrothion G7 17]('_751 ;S/(jz 17(6]66;0)82
% difference from (G2) -42.98% 414.87%

Results are expressed as mean + SEM. * P<0.01 significant compared to the control group. ® P<0.01 significant compared to the fenitrothion
group. ¢ P<0.05 significant compared to the primrose oil + fenitrothion group. () Percentage difference from control.
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Figure 1. Levels of serum ALT (A), AST (B), ALP (C), GGT (D), bilirubin (E), total protein (F), albumin (G),
glucose (H), cholesterol (I), triglycerides (J), HDL (O), LDL (L), VLDL (M), SOD (N) and GSH (K) in serum
from control, fenitrothion, fish oil, evening primrose oil, fish oil plus fenitrothion, evening primrose oil plus
fenitrothion and fish oil with evening primrose oil plus fenitrothion-treated rats.

DISCUSSION

The exposure of humans to pesticides and other toxicants has turned to a chief health issue. Organophosphorus
insecticides have been linked with numerous physiological, biochemical and histopathological modifications [4,
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49, 50]. The present study was aimed to evaluate whether pretreatment with fish oil and evening primrose oil
would have protective effects on fenitrothion-induced hepatorenal injury in male rats. In this study, levels of
serum ALT, AST, ALP, GGT, bilirubin, total protein, albumin, glucose, cholesterol, triglycerides, LDL-c, VLDL-
¢, and SOD were significantly higher in fenitrothion-treated rats. While there were decreases in the level of serum
HDL and GSH in rats exposed to fenitrothion. ALP is a zinc metalloenzyme, which has a centered serine moiety;
they liberate inorganic phosphate from various organic orthophosphates. The enzyme is present in almost all body
tissues. In the liver, ALP is present in the bile ducts microvilli and on the surface of the hepatocytes. The increased
serum concentration of ALP is usually presented during liver illness or bone disease [51].

AST and ALT enzymes are found normally in the cytosol of hepatocytes and have a role in converting amino
acids into alpha-keto acids. In cases of hepatotoxicity, where the cell loses the protective membrane, the enzymes
leak into the blood and their levels rise. Therefore, AST and ALT are used to examine liver function. There is an
inverse relationship between the level of AST and ALT and the liver function [52-54].

GGT is a glycoprotein attached to the cell membrane. GGT supports the transport of the gamma-glutamyl group
to peptides, amino acids, and water. The level of GGT increases markedly in the case of liver diseases such as
acute viral hepatitis and cholestasis. It is used to differentiate if the elevated level of ALP is due to liver or bone
disease because in the case of hepatic damage GGT correlates well with ALP [51].

Exposure to organophosphate pesticide is the main cause of elevated serum ALT, AST, ALP, and GGT levels
which were previously reported in several studies [4, 12, 55-59]. In the present study, fenitrothion illustration
noticeably increased ALP, AST, ALP and GGT activity as compared to the control group. This result agrees with
many previous findings [21, 25, 26, 28, 60, 61].

Furthermore, in the present study, fenitrothion administration significantly influenced the excretory and synthetic
function of the liver as indicated by the observed alterations that occurred in albumin, bilirubin, total protein,
glucose, triglycerides, cholesterol, HDL-c, LDL-c, and VLDL-c. The research of Abdel-Ghany et al. (2016)
supported this study's results. The study examined the influence of oral administration fenitrothion on the liver,
lung function and kidney of rats. The findings of the research illustrated that the damage in the functioning of the
liver was reported, which can be validated by the increase in the bilirubin level. Moreover, like this study results,
Elhalwagy et al. (2008) research found that fenitrothion caused an increase of total cholesterol, triglycerides and
glucose levels while causes a decrease in plasma total protein [62]. The results of the present study agreed also
with those obtained by Zidan (2015) who declared an increase in albumin, protein, bilirubin, and cholesterol in
animals treated with pesticides. These study results are consistent with the data reported by Al-attar et al. (2017)
which showed that the levels of total protein, albumin, glucose, and total cholesterol were markedly elevated in
rats administered with diazinon. Opposite to our results are those of Afshar et al. (2008) who found a decrease in
total protein and triglycerides levels in rats treated with fenitrothion [63].

During the present work, a marked elevation in the concentration of triglycerides and cholesterol in the serum of
rats exposed to fenitrothion, a remarkable decline in the level of HDL-c, and a remarkable increase in the
concentration of LDL-c were observed. The current alterations in lipids picture coincide with prior investigations
that concluded that the animals supplied with insecticides exhibited serious changes in concentrations of different
blood lipids [12, 13, 64-69]. Increased serum triglyceride levels together with a reduced level of serum HDL-c
comprise one of the most prevalent atherogenic pictures of lipid metabolism. These modifications in the blood
lipid picture may be referred to the stimulated lipolysis and fatty acid synthesis. The expansion in serum all out
cholesterol levels may be attributed to the blockage of the liver bile canaliculus, which lessens or stops cholesterol
emission into the duodenum [70]. Expanded serum cholesterol levels might be an indication of liver harm. Besides
that, Agbor et al. (2005) told that the expansion in blood triglycerides levels may result from an increment in the
pace of arrangement and the pace of discharge of triglycerides by the parenchyma cells into the circulation system
[71]. Moreover, the expansion in serum cholesterol might be ascribed with the impact of pesticides on the
penetrability of the liver cell membrane [72].

It is obvious from the present results that, the concentration of serum glucose displayed a significant increase in
rats administered fenitrothion. Hyperglycemia was reported as one of the famous symptoms of insecticides’
toxicity by Lasram et al. (2009) and Ruckmani et al. (2011) [73, 74]. Thus, blood glucose might be used as an
indicator of the toxicity of organophosphorus insecticides. Both increase in glucose production and a decrease in
glucose utilization may lead to hyperglycemia [75]. Besides, Pournourmohammadi et al. (2007) disclosed that the
clear alteration in serum sugar concentration after insecticides exposure is suggestive of altered carbohydrate
metabolism and increases the hydrolysis of liver glycogen [76].
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Reduced glutathione (GSH) played an important role in antioxidant defense. It might directly scavenge free
radicals or indirectly converted free radicals by glutathione S-transferase and glutathione peroxidase to a non-
toxic species [77]. This study data showed that fenitrothion significantly decreased GSH activity compared to
normal control levels. Supporting the present study results, were those of Ahmed et al. (2000) who demonstrated
that, subchronic exposure to malathion caused the increase in the malondialdehyde concentration [78], GSH
concentration, and decreases in the activities of superoxide dismutase (SOD), catalase, glutathione peroxidase,
glutathione reductase and glutathione-S-transferase in the RBC of rats. They suggested that organophosphorus
insecticides might incite oxidative pressure prompting of free radicals and modifications non-enzymatic and
enzymatic antioxidants. The antioxidant enzymatic system constitutes the main internal mechanism that is
responsible for the eradication of the free radicals produced in the body. SOD save tissues from superoxide radical
[79]. This study data showed that fenitrothion significantly increased SOD activity compared to normal control
levels. Opposite to this study results, previous works showed reduced SOD activity following fenitrothion
injection in rats, indicating deteriorated antioxidant activity during massive free radicals’ production which is
usually removed by the antioxidant enzymes such as SOD [80, 81]. The results of the present study agreed with
many other studies’ findings [4, 82, 83]. El-Shenawy (2010) showed that fenitrothion, endosulfan, and abamectin
decreased the activities of the antioxidant enzyme glutathione peroxidase mostly by fenitrothion.

There are plentiful kinds of omega-3 fatty acids that vary depending on their chemical structure and molecular
size. The three most known omega-3 unsaturated fats are Eicosapentaenoic acid (EPA), Docosahexaenoic acid
(DHA) and alpha-linolenic acid (ALA). EPA primary capacity is to deliver chemicals called Eicosanoids, which
help reduce inflammation [31]. DHA is an exceedingly substantial factor for healthy brain growth and function
[84]. ALA can be converted into EPA and DHA. ALA is one of the fundamental sources of energy production in
living organisms [85].

Fish oil is the oil extracted from the tissues of oily fish. They constitute the omega-3 fatty acids, eicosapentaenoic
acid (EPA), and docosahexaenoic acid (DHA). These unsaturated fats are antecedents of specific eicosanoids that
are perceived to limit irritation in the body and improve hypertriglyceridemia [85-87]. The most promising
evidence supports supplementation for the prevention of cardiac death [88]. Furthermore, fish oil and omega-3
fatty acids have been investigated in a wide range of other diseases like depression [89, 90], anxiety [91-93],
tumors, and macular degeneration, and so far their advantageous role in these diseases has also not been proved.
Evening primrose oil contains about 50% to 70% cis-linoleic acid (LA) and 7% to 10% cis-gamma (GLA) [33,
94]. These essential unsaturated fats are significant as cell basic components and as antecedents of prostaglandins.
In this study, fish oil and primrose oil, natural products were used that are rich in omega-3 fatty acids, the
prominent antioxidant molecules. The results demonstrated a decrease in the toxic effects of fenitrothion on the
liver synthetic and excretory function and an increase in the non-enzymatic antioxidant, GSH in fish oil, primrose
oil, and the mixture groups. Omega-3 fats are a crucial part of human cell membranes. It helps decrease the number
of liver fats [95]. Spadaro et al. (2008) reported that serum ALT and triglyceride levels, as well as fatty liver,
improved after polyunsaturated fatty acid administration. Besides, fish oil reversed high-fructose diet-induced
dyslipidemia, as it significantly decreased triglycerides level [96]. A recent meta-analysis has reported that omega-
3 fatty acids improved liver fat, GGT, triglyceride, and HDL in patients with non-alcoholic fatty liver disease
[97]. Moreover, omega-3 fatty acids significantly decreased diclofenac-induced liver injury as it significantly
decreased the activities of ALT, AST, and alkaline phosphatase, but, significantly raise the total antioxidant
capacity and the activities of superoxide dismutase, catalase, and glutathione peroxidase [98]. The results of
Moghadamnia et al. (2017) showed that the administration of fish oil omega-3 product produced a
hepatoprotective impact against thioacetamide model of liver toxicity [99]. They showed that the mean
concentration of ALT, AST, GGT, LDH, and bilirubin exhibited a pronounced reduction in the animals
supplemented with fish oil omega-3 rather than thioacetamide supplemented group. Furthermore, the fish oil
omega-3 treated group offered a marked lowered serum albumin level.

It was presented that omega-3 fatty acid exerted a favorable impact on the antioxidant status of both healthy
animals as well as animals’ model of oxidative stress [100-102]. Postnatal consumption of omega-3-containing
food repaired prenatal ethanol-induced oxidative stress as confirmed by increased GSH and decreased
thiobarbituric acid reactive substances [100]. Martorell et al. (2015) reported that athletes who administered diet
mixed with DHA and have a 25% increase in serum concentration of DHA ameliorated serum SOD and CAT and
reduced MDA and nitrotyrosine [103].
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The results of other authors agree with the present study results, as El-Kossi ef al. (2011) stated that the impact of
treatment with evening primrose oil in diabetic rats significantly decreased serum levels of glucose, total
cholesterol, triglycerides, low-density lipoprotein cholesterol, thiobarbituric reactive substance (a marker of
oxidative pressure), and increased the levels of high-density lipoprotein cholesterol and total antioxidant capacity.
The results obtained in this study agreed with the results of many previous works. It appears that the consumption
of fish oil omega-3 complements preserved against the fenitrothion model of hepatotoxicity by quenching reactive
oxygen species and enhancement of GSH synthesis. Because there are no previous studies that describe the
hepatoprotective action of fish oil omega-3 complements in the fenitrothion model of liver damage, it is
impossible to compare this work’s results with others. Accordingly, further experimental works should proceed
in order to investigate the liver antioxidant enzymes and molecular alterations stimulating apoptosis, hence the
impacts of fish oil omega-3 complements on curing liver damage can be estimated with a lot of reality. The result
of this work presented that both fish oil and primrose oil improved liver function in this mice model of
hepatotoxicity. Consequently, if confirmed by more studies, it is likely to combine fish oil omega-3 complements
and/or primrose oil with the food of persons with fenitrothion-induced hepatotoxicity.

The results of the present study could conclude that consumption of fish oil and/or primrose oil protected the rats
against the deleterious effects of fenitrothion organophosphorus insecticides. In addition, fish oil and/or primrose
oil protected the liver and testis against the damaging effect of fenitrothion. Fish oil and/or primrose oil also
exerted an anti-hyperlipidemic effect in fenitrothion-induced toxicities. These actions of fish oil and/or primrose
oil may result from their antioxidant effects.
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